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Introduct ion 

The Air Pol lu t ion Control Div is ion (APCD) requires that appl icants for Ai r 
Pol lu t ion Emission Permits provide information s u f f i c i e n t to evaluate a 
proposed source's impact on ex is t ing and future a i r q u a l i t y . Ai r qua l i t y data 
is needed for ind icat ing "baseline" condit ions in the pro ject area and as 
model input in the evaluation of compliance with the appl icable State and 
Federal ambient a i r qua l i t y standards. 

Air qua l i t y data is also used as a means of determining that the source's 
control methods are performing as designed, and that exceedances are not 
occurr ing. In the case of environmental cleanup act ions, a i r qua l i t y data may 
be col lected as part of baseline studies used to determine remedial act ions. 
Data may also be col lected during the remedial act ion i t s e l f , to ascertain 
that control measures are adequately l i m i t i n g po l lu tant releases to the 
environment. 

Meteorological data i s used for model se lect ion, as a model input , and in 
the select ion of monitoring s i tes for post-construct ion monitoring. In areas 
of the state where l i t t l e or no a i r qua l i t y or meteorological data i s 
ava i lab le , the appl icant is required to co l l ec t i t . I t i s imperative that 
va l id data be col lected. The fo l lowing are the Air Po l lu t ion Control 
D iv is ion 's requirements for co l lec t ion and submission of th is data. These 
requirements may be modified only with the approval of the Air Po l lu t ion 
Control Div is ion, 
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Quali ty Control and Qual i ty Assurance 

The Air Po l lu t ion Control Div is ion requires that a i r qua l i t y data meet 
s t r i c t qua l i t y control guidel ines. In general, the EPA's Prevention of 
S ign i f icant Deter iorat ion data qua l i t y guidelines w i l l apply. Data w i l l meet 
speci f ied l i m i t s for percent data recovery, precision and accuracy. 
Monitoring must be conducted according to EPA reference or equivalent 
methods. In the case of non-cr i te r ia po l lu tan ts , the monitoring method i s 
subject to Div is ion approval. Monitors must be s i ted a t locations which 
represent maximum a i r qua l i t y impacts and are approved by the APCD. 
Addit ional monitoring may be required at locat ions that r e f l e c t population 
exposure. Sites must meet EPA s i t i n g c r i t e r i a . 

As a minimum, each qua l i t y control program must have operational 
procedures for each of the fo l lowing a c t i v i t i e s : 

(1) select ion of methods, analyzers, or samplers 

(2) t ra in ing 

(3) i n s t a l l a t i o n of equipment 

(4) select ion and control of ca l i b ra t ion standards 

(5) ca l ib ra t ions 

(6) zero and span checks and adjustments o f automated analyzers 

(7) control checks and the i r frequency 

(8) control l i m i t s for zero, span, and other control checks, and 
respective correct ive actions when such l i m i t s are surpassed 

(9) ca l ib ra t ion and zero/span checks for mul t ip le range analyzers 

(10) preventative and remedial maintenance 

(11) recording and va l ida t ing data 

(12) data qua l i t y assessment (precision and accuracy); 

(13) documentation of qua l i t y control information 1. 

These a c t i v i t i e s must be explained in the monitoring plan. 

Appendix D contains a copy of 40 CFR 58, Appendix B, Quali ty Assurance 
Requirements for PSD Ai r Monitoring. This document should serve as basic 
guidance for a l l qua l i t y con t ro l /qua l i t y assurance programs submitted to the 
APCD. 

Sections 3.1, 3.3, 4.1, 5.1 of the PSD Quali ty Assurance Guidelines deal 
with precision assessments and may not necessarily be mandatory for monitoring 
required by the APCD. 

1. above l i s t i n g taken from 40 CFR 58, appendix B, 
March 19, 1986 update. 
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The ca l ib ra t ion and qua l i t y assurance procedures for meteorological 
monitoring instruments that are recommended by the manufacturer and discussed 
in EPA's Quali ty Assurance Handbook for Air Pol lu t ion Measurement Systems: 
Volume IV, Meteorological Measurements must be followed. Cal ibrat ions and 
audits should be conducted on a six-month frequency. 
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Monitoring Plan 

Al l monitoring projects i ns ta l l ed as an APCD requirement must be out l ined 
in a monitoring plan and are subject to the wr i t ten approval of the APCD. The 
plan must be submitted and approved by the Div is ion p r io r to the star t -up of 
the monitoring pro jec t . 

The monitoring plans should be s imi la r to those produced as a PSD 
requirement. Table 1 i s a modified descr ipt ion of the minimum contents for a 
PSD monitoring plan. This provides a good ou t l i ne to fo l low in w r i t i ng 
monitoring plans for APCD requirements. 
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Table I : Minimum Contents of a Monitoring Plan 

I . Source Environment Descript ion (w i th in 2 Km of source) 

- topographical descr ipt ion 
- land-use descr ipt ion 
- topographical map of source and environs ( inc lud ing locat ion of 

ex is t ing stat ionary sources, roadways, and monitoring s i t es ) . 

- c l imatological descr ipt ion 
- descript ion of s i t e a c t i v i t y (new p lan t , environmental cleanup, mine, 

e t c ) . 

- nearby population 

I I . Sampling Program Descript ion 

- Time period fo r which the po l lu tan t (s ) w i l l be measured 

- rat ionale for locat ion of monitors ( inc luding modeling resul ts and 
analys is) . 

I I I . Monitor Site Description 

- Universal transverse mercator (UTM) coordinates or 
other coordinate designations 

- height of sampler ( a i r intake) above ground 

- height of meteorological tower, and parameters measured 

- distance from obstruct ions and heights of obstruct ions 

- distance from other sources (stat ionary and mobile). 

- photographs of each s i te ( f i ve photos; one in each 
cardinal d i rect ion looking out from each ex is t ing 
sampler or where a future sampler w i l l be located, and 
one closeup of each ex is t ing sampler or where a future 
sampler w i l l be located. Ground cover should be 
included in the closeup photograph). 

IV. Methodology Descript ion (also refers to meteorological equipment) 

- name of monitor manufacturer 
- descr ipt ion of ca l i b ra t i on system to be used 
- standard operating procedure for ca l i b ra t ion 
- descript ion of audi t system to be used 
- standard operating procedure for audi t 
- type of flow control and flow recorder 
- standard operating procedures fo r f i l t e r pad changes 
- standard operating procedures for da i ly instrument 

checks 
- maintenance schedule 
- equations used for ca lcu la t ing par t i cu la te 

concentrations and correct ing them to standard 
condit ions. 
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- precision check - method and procedures 
- zero-span check-method and procedures, control l i m i t s 
- f i l t e r condi t ioning and analysis procedures 
- ca l ib ra t ion of laboratory equipment 
- procedures for maintaining NBS t r a c e a b i l i t y 

V. Data Reporting 

- descr ipt ion of data acqu is i t ion system 

- type of s t r i p chart recorder and ca l i b ra t i on 

- procedures for ve r i f y i ng that data i s being cor rec t l y 
recorded 

- format of data submission 

- frequency of data report ing 

- procedure for immediate report ing of an exceedance 

- chain of custody 

- storage of records 

VI. Quality Assurance Program 

- ca l ib ra t ion frequency 

- independent quar ter ly audi t program 

- in ternal qua l i t y control procedures 

- data precision and accuracy ca lcu la t ion procedures 

- goal fo r percentage data recovery 

- acceptable audi t performance l i m i t s 

- act ion taken in response to a f a i l e d audi t 

VI. Personnel 

- organizational chart 

- d iv is ion of respons ib i l i t i es 

- t ra in ing 

*Note: major port ions of the above ou t l i ne were taken from "Ambient 
Monitoring Guidelines for Prevention of S ign i f i can t Deter iorat ion (PSD) EPA 
450/4-80-012. November 1980. 

Additions made by Colorado APCD. 
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MONITORING 

Ai r Quality 

Pol lutants to be monitored may include any or a l l o f the pol lu tants l i s t e d 
below, depending on the emissions and source type associated with the 
app l icant 's proposed a c t i v i t y : 

1. Sulfur Dioxide, SO2 
2. Total Suspended Par t icu la tes , TSP 
3. Part iculate 10 microns or less i n diameter, PM10 
4. Nitrogen Dioxide, NO2 
5. Carbon Monoxide, CO 
6. Ozone, O3 
7. Lead, Pb 
8. A i r Toxics and Hazardous A i r Pol lutants 
9. A i r Quality Related Values (acid p rec ip i t a t i on , 

vegetation, v i s i b i l i t y , e t c ) . 

Sources subject to Prevention of S ign i f i can t Deter iorat ion regulations may 
be required to monitor the pol lu tants that are " s i gn i f i can t " according to PSD 
de f i n i t i on . These are bas ica l ly the po l lu tants regulated in Regulation 8 
(NESHAPS) and Regulation 6 (New Source Performance Standards). Requirements 
may depend on the a v a i l a b i l i t y of a monitoring method. 

The Ai r Pol lu t ion Control Div is ion w i l l accept only the Federal Reference 
and Equivalent methods, fo r monitoring c r i t e r i a a i r po l lu tants . These methods 
are approved by the U.S. Environmental Protection Agency and are published i n 
the Federal Register. For cases where a reference method i s not ava i lab le , 
the monitoring method must be approved by the Div is ion. In addi t ion, qua l i t y 
assurance procedures, s imi lar to those required for PSD monitoring, shall be 
performed as speci f ied by EPA guidel ines. 

In the co l lec t ion of continuous baseline data, the appl icant shal l co l l ec t 
va l id a i r qua l i t y data over at least 75 percent ( ca l i b ra t ion time, i f not 
unreasonable, counts toward the 75 percent) of each quarter i n one f u l l 
calendar year. A l l data w i l l be col lected in such a way that d i rec t 
comparison with a i r qua l i t y standards i s possible. 

The fol lowing procedures for monitoring pol lu tants have been i n s t i t u t e d by 
the State of Colorado in the in te res t of assuring that the a i r po l l u t i on data 
col lected from a l l monitoring projects i s of a consistent qua l i t y . These 
procedures are designed to supplement the Federal Reference Procedure only , 
and are in no way intended to a l t e r the methods of sample co l lec t ion speci f ied 
in 40 CFR Part 50 appendix B, of the Federal Register. 

1. The basic procedure to be followed is speci f ied in 
the above l i s t e d reference. Only EPA - approved 
methods for the co l lec t ion of par t icu la tes and 
gaseous data w i l l be sanctioned unless p r io r 
wr i t ten approval has been obtained from the Colorado 
Department of Health, Ai r Po l lu t ion Control Div is ion. 



2. A l l par t i cu la te s i tes shall be selected so that they 
are a t least two meters, but not more than 15 meters, 
above ground. Sites shall be or iented in a manner 
that w i l l minimize the inf luence of unpaved roads or 
other obvious point sources. (This is an operational 
suggestion only , since inappropriate s i t e locat ion 
with respect to speci f ic sources can adversely a f f e c t 
your data). The sampler shal l be free from 
obstruct ions in the near v i c i n i t y . Gaseous and 
par t icu la te s i tes shall be selected so as to meet EPA 
s i t i n g c r i t e r i a . 

3. A l l par t i cu la te samples shal l be co l lected from 
midnight, Mountain Standard (not dayl ight) Time, on a 
schedule that coincides with the State schedule. 
Monitoring frequency shall be as required by the 
APCO, and may range from a dai ly to a one- in-s ix day 
frequency. Schedules may be obtained from the A i r 
Pol lu t ion Control Div is ion. 

4. Part icu late sampler ca l ib ra t ions shall be performed: 
(1) a f t e r brush changes: (2) major motor 
maintenance; (3) change of flow measuring device, 
i f i t i s subject to var ia t ions from un i t to un i t 
(rotometers); or (4) a t a minimum of once per 
quarter . A l l ca l ib ra t ions shal l be car r ied out as 
speci f ied i n the above l i s t e d Federal Register. 
Gaseous ca l ib ra t ions should be conducted a f t e r (1) 
major maintenance or repairs or (2) a t a minimum of 
once per quarter . 

Certain PM10 uni ts shal l be ca l ib ra ted a t 40 cfm ac tua l , rather than 
at a standard f lowrate, i n order to maintain the cutpo in t . 

5. The monitoring plan should include a sample of the 
calculat ions involved in determining the par t i cu la te 
concentrations ( i . e . , temperature and pressure 
correct ions, time and flow ca lcu la t ions) . I t should 
also include descript ions of ca l i b ra t i on and f lowrate 
measurement procedures for both par t i cu la te and 
gaseous po l lu tan ts , as well as a descr ipt ion o f any 
precision calculat ions and equipment used. 
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6. Evidence that the o r i f i c e used in ca l i b ra t i on o f the 
par t icu la te sampler has received a primary ca l i b ra t ion 
on an acceptable Roots meter must be submitted to the 
Ai r Pol lu t ion Control Div is ion at the i n i t i a t i o n of a 
sampling pro jec t . Cal ibrat ion i s avai lable through 
Region V I I I EPA, Surveil lance and Analysis Section. 
The APCD requires that t h i s EPA ca l i b ra t i on be used, 
i f possible. Gaseous standards must be NBS -
traceable, and meet a l l current EPA t r a c e a b i l i t y 
requirements. 

7. Audit resul ts shal l accompany the data as i t i s 
submitted to the Air Pol lu t ion Control Div is ion for 
review. An audi t shal l be conducted on a l l po l lu tan t 
samplers, a t least once per quarter . Precision 
resu l ts , i f required, shal l also be submitted. 

8. The State may supply an annual qua l i t y assurance 
audi t which may include any, or a l l , o f the 
fo l lowing, as requested by the contractor . 

a. f i e l d flow audi t using the State's o r i f i c e 
b. laboratory practices review 
c. ca l ib ra t ion review 
d. f i e l d ca l ib ra t ion method review 
e. gaseous accuracy audits 
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Meteorology 

In monitoring meteorology, the appl icant shal l co l l ec t va l i d data over a t 
least 75 percent of each quarter . Appendix A discusses exposure and s i t i n g 
considerations for meteorological monitoring equipment. Parameters to be 
monitored may consist of any or a l l of the fo l lowing, depending on the size 
and type of p ro jec t : 

1. Wind speed and Direct ion - Wind Speed and d i rec t ion 
shall be col lected at a minimum height of 10 meters 
above the ground fo r a l l proposed sources. For 
sources that w i l l have emission releases from stacks 
higher than 10 meters, addi t ional data shal l be 
col lected at the proposed stack height . For sources 
with physical stacks greater than 60 meters, a 60 
meter meteorological tower supplemented with upper a i r 
data may be used. Data shal l be recorded a t no 
greater than 10 - minute in te rva ls and vector averaged 
by hour. 

2. Temperature and Humidity - Data shal l be continuously 
recorded or measured once per hour. Monitor shall be 
located at "ground l eve l " . 

3. Atmospheric S t a b i l i t y and Inversion Height 
Low level atmospheric s t a b i l i t y may be determined by 
means of a tower equipped with temperature sensors at 
various heights, a tethered bal loon, a bivane 
anemometer, or any other method approved by the Ai r 
Pol lu t ion Control D iv is ion. 

Upper a i r data, where required, shal l be co l lected using 
a radiosonde for temperature and a theodol i te or radio-
theodol i te fo r winds or other methods and equipment where 
appl icable and approved by the APCD. The frequency of 
sampling for upper a i r data may be l im i t ed to 15 days per 
seasonal quar ter , i f supplemented with tower data. Upper 
a i r samples must be taken a t a minimum of twice a day to 
obtain the maximum and minimum mixing heights. 

Atmospheric s t a b i l i t y can be measured i n a number o f ways. 
The preferred method i s to use ver t i ca l sigma phi . In order of 
next preference are the modified sigma theta method, sigma theta, 
the Pasqu i l l -G i f fo rd method and the lapse rate method. The 
various methods acceptable to the APCD are explained i n Appendix 
B. 
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Tracer Studies - Tracer studies may be required to 
determine flow character is t ics over rough te r ra in . 

They w i l l be required on a case-by-case basis and may 
be in conjunction with or in place of other monitoring 
techniques. (See Appendix C for Tracer Test 
Guidelines for Western Colorado). 
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Air Quality-Related Values 

Any PSD "source which w i l l have or i s l i k e l y to have an impact on any 
designated Class I area may be required to conduct monitoring to establ ish the 
condit ion of and impact on a i r q u a l i t y re lated values in such Class I area(s) 
both p r io r to completing an app l ica t ion for a permit to construct and during 
the construct ion and operation of such source." 

(Colorado Air Quality Control Commission Regulation No. 3, Section XIV, 
Federal Class I Areas). 

The Federal Land Manager o f the Class I Area sha l l , together with the 
Div is ion, determine the parameters to be monitored pr io r to permit 
app l ica t ion. A i r qua l i t y re lated values of i n te res t to the Div is ion are ac id 
p rec ip i t a t i on , v i s i b i l i t y , and vegetation. The monitoring methods used for 
these parameters are subject to Div is ion approval. The maximum amount of AQRV 
monitoring that may be required i s 3 parameters. The Federal Land Manager 
must also review and approve a l l monitoring methods. 

The U.S. Department of Agr icul ture Forest Service has prepared a document 
"Guidelines for Measuring Physical, Chemical, and Biological Conditions of 
Wilderness Ecosystems" which describes monitoring techniques which may be 
required by the APCD. 
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Si t ing 

Monitoring s i tes shal l be located so as to show the actual background 
condit ions or speci f ic source impacts as indicated. A map showing topographic 
features of the area and the proposed monitoring locat ions shal l be included 
in the monitoring plan. The speci f ic locat ions of the equipment shall comply 
with guidelines as set for th below and in Appendix B. 

I t i s advised that a meeting with APCD personnel be set-up to discuss the 
instrument s i t i n g before plans are f i na l i zed . Also, i f possible a s i te v i s i t 
by APCD personnel i s recommended. 

Once a secure and accessible area for locat ing the s ta t ion has been 
establ ished, a t ten t ion must be given to the s i t i n g of the monitoring probe. 
Table 2 presents the recommended probe s i t i n g c r i t e r i a for each of the 
pol lu tants of i n te res t . The c r i t e r i a were selected to standardize s i t i n g 
pract ice. In add i t ion , i t was desired to be as close as possible to the 
breathing zone without obstruct ing pedestrian t r a f f i c or subjecting the intake 
of the probe to vandalism. Further, ve r t i ca l and horizontal distances above 
supporting structures were speci f ied to minimize the e f fec ts of the a i r stream 
passing near surfaces where chemical reactions may take place and to avoid 
s i tuat ions where unusual micro-meteorological condit ions may ex is t . 

Distances from inf luencing sources were also speci f ied to standardize the 
e f fec ts these sources have on the measurement process. This is essential i f a 
comparable data base i s to be developed. Also, distances from vegetation were 
speci f ied since they can serve as po l lu tant sinks. 
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It is important to note that the separation 
distances shown in Figure 2 are measured 
from the edge of the nearest traffic lane of the 
roadway presumed to have the most 
influence on the site. In general, this 
presumption is an oversimplification of the 
usual urban settings which normally have 
several streets that impact a given site. The 
effects of surrounding streets, wind speed, 
wind direction and topography should be 
considered along with Figure 2 before a final 
decision is made on the most appropriate 
spatial scale assigned to the sampling station. 

8.4 Other Considerations. For those areas 
that are primarily influenced by stationary 
source emissions as opposed to roadway 
emissions, guidance in locating these areas 
may be found in the guideline document 
Optimum Network Design and Site Exposure 
Criteria for Particulate Matter. 

Stations should not be located in an 
unpaved area unless there is vegetative 
ground cover year round, so that the impact 
of wind blown dusts will be kept to a 
minimum. 

e. Section 8 "Probe Mater ia l and 
Pollutant Sample Residence T ime" is 
redesignated as section 9. 

f. Section 9 "Waiver Provisions" is 
redesignated as section 10. 

g. Section 10 "Discussion and 
Summary" is redesignated as section 11; 
the Table 5 therein is revised to read as 
follows: 

11. Discussion and Summary. * * * * * 

TABLE 5.—SUMMARY OF PROBE SITING CRITERIA 

Pollutant Scale 
Height 
above 

ground, 
meters 

Distance from 
supporting structure, 

meters Other spacing criteria 
Height 
above 

ground, 
meters Vertical Hor izonta l 

SO2 All 3-15 >1 >1 1. Should be > 2 0 meters from the dripline and must be 10 
meters from the dripline when the tree(s) act as an obstruc-
tion. 

2. Distance from inlet probe to obstacle, such as buildings, 
must be at least twice the height the obstacle protrudes 
above the inlet probe.b 

3. Must have unrestricted airflow 270* around the inlet probe, 
or 180 if probe is on the side of a building. 

4. No furnace or incinerator flues should be nearby. 

3-15 >1 >1 1. Should be > 2 0 meters from the dripline and must be 10 
meters from the dripline when the tree(s) act as an obstruc-
tion. 

2. Distance from inlet probe to obstacle, such as buildings, 
must be at least twice the height the obstacle protrudes 
above the inlet probe.b 

3. Must have unrestricted airflow 270* around the inlet probe, 
or 180 if probe is on the side of a building. 

4. No furnace or incinerator flues should be nearby. 

1. Should be > 2 0 meters from the dripline and must be 10 
meters from the dripline when the tree(s) act as an obstruc-
tion. 

2. Distance from inlet probe to obstacle, such as buildings, 
must be at least twice the height the obstacle protrudes 
above the inlet probe.b 

3. Must have unrestricted airflow 270* around the inlet probe, 
or 180 if probe is on the side of a building. 

4. No furnace or incinerator flues should be nearby. 

co.._ Micro 3±1/2 >1 

> 1 

>1 

> 1 

1. Must be > 1 0 meters from street intersection and should be 
at a midblock location. 

2. Must be 2-10 meters from edge of nearest traffic lane. 
3. Must have unrestricted airflow 180 around the Inlet probe. 
1. Must have unrestricted airflow 270 around the inlet probe, 

or 180 if probe is on the side of a building. 
2. Spacing from roads varies with traffic (see Table 1). 

Middle Neighborhood 3-15 

>1 

> 1 

>1 

> 1 

1. Must be > 1 0 meters from street intersection and should be 
at a midblock location. 

2. Must be 2-10 meters from edge of nearest traffic lane. 
3. Must have unrestricted airflow 180 around the Inlet probe. 
1. Must have unrestricted airflow 270 around the inlet probe, 

or 180 if probe is on the side of a building. 
2. Spacing from roads varies with traffic (see Table 1). 

O3 All 3-15 > 1 > 1 1. Should be > 2 0 meters from the dripline and must be 10 
meters from the dripline when the tree(s) act as an obstruc-
tion. 

2. Distance from inlet probe to obstacle, such as buildings, 
must be at least twice the height the obstacle protrudes 
above the inlet probe. 

3. Must have unrestricted airflow 270 around the inlet probe, 
or 180 if probe is on the side of a building. 

4. Spacing from roads varies with traffic (see Table 2). 

3-15 > 1 > 1 1. Should be > 2 0 meters from the dripline and must be 10 
meters from the dripline when the tree(s) act as an obstruc-
tion. 

2. Distance from inlet probe to obstacle, such as buildings, 
must be at least twice the height the obstacle protrudes 
above the inlet probe. 

3. Must have unrestricted airflow 270 around the inlet probe, 
or 180 if probe is on the side of a building. 

4. Spacing from roads varies with traffic (see Table 2). 
NO2 All 3-15 > 1 >1 1. Should be > 2 0 meters from the dripline and must be 10 

meters from the dripline when the tree(s) act as an obstruc-
tion. 

2. Distance from inlet probe to obstacle, such as buildings, 
must be at least twice the height the obstacle protrudes 
above the inlet probe. 

3. Must have unrestricted airflow 270* around the Inlet probe, 
or 180* if probe is on the side of a building. 

4. Spacing from roads varies with traffic (see Table 3). 

All 3-15 > 1 >1 1. Should be > 2 0 meters from the dripline and must be 10 
meters from the dripline when the tree(s) act as an obstruc-
tion. 

2. Distance from inlet probe to obstacle, such as buildings, 
must be at least twice the height the obstacle protrudes 
above the inlet probe. 

3. Must have unrestricted airflow 270* around the Inlet probe, 
or 180* if probe is on the side of a building. 

4. Spacing from roads varies with traffic (see Table 3). 

1. Should be > 2 0 meters from the dripline and must be 10 
meters from the dripline when the tree(s) act as an obstruc-
tion. 

2. Distance from inlet probe to obstacle, such as buildings, 
must be at least twice the height the obstacle protrudes 
above the inlet probe. 

3. Must have unrestricted airflow 270* around the Inlet probe, 
or 180* if probe is on the side of a building. 

4. Spacing from roads varies with traffic (see Table 3). 

Pb Micro 2-7 > 2 1. Should be > 2 0 meters from the dripline and must be 10 
meters from the dripline when the tree(s) act as an obstruc-
tion. 

2. Distance from sampler to obstacle, such as buildings, must 
be at least twice the height the obstacle protrudes above the 
sampler. 

3. Must have unrestricted airflow 270* around the sampler 
except for street canyon sites. 

4. No furnace or incineration flues should be nearby. 
5. Must be 5 to 15 meters from major roadway. 

Pb 2-7 > 2 1. Should be > 2 0 meters from the dripline and must be 10 
meters from the dripline when the tree(s) act as an obstruc-
tion. 

2. Distance from sampler to obstacle, such as buildings, must 
be at least twice the height the obstacle protrudes above the 
sampler. 

3. Must have unrestricted airflow 270* around the sampler 
except for street canyon sites. 

4. No furnace or incineration flues should be nearby. 
5. Must be 5 to 15 meters from major roadway. 

1. Should be > 2 0 meters from the dripline and must be 10 
meters from the dripline when the tree(s) act as an obstruc-
tion. 

2. Distance from sampler to obstacle, such as buildings, must 
be at least twice the height the obstacle protrudes above the 
sampler. 

3. Must have unrestricted airflow 270* around the sampler 
except for street canyon sites. 

4. No furnace or incineration flues should be nearby. 
5. Must be 5 to 15 meters from major roadway. 
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TABLE 5.—SUMMARY OF PROBE SITING CRITERIA—Continued 

Pollutant Scale 
Height 
above 

ground, 
meters 

Distance from 
supporting structure, 

meters 

Vertical Horizontal 

Other spacing criteria 

Middle, neighborhood, 
urban and regional. 

2-15 >2 

PM10 Micro. 2 -7 >2 

Middle, neighborhood 
urban and regional 
scale. 

2-15 >2 

1. Should be > 2 0 meters from the dripline and must be 10 
meters from the dripline when the tree(s) act as an obstruc-
tion. 

2. Distance from sampler to obstacle, such as buildings, must 
be at least twice the height the obstacle protrudes above the 
sampler. 

3. Must have unrestricted airflow 270 around the sampler. 
4. No furnace or incineration flues should be nearby. 
5. Spacing from roads varies with traffic (see Table 4). 
1. Should be meters from the dripline and must be 10 

meters from the dripline when the tree(s) acts as an obstruc-
tion. 

2. Distance from sampler to obstacle, such as buildings, 
must be at least twice the height the obstacle protrudes 
above the sampler except for street canyon sites. 

3. Must have unrestricted airflow 270 around the sampler 
except for street canyon sites. 

4. No furnace or incineration flues should be nearby 
5. Spacing from roads varies with traffic (see Figure 2) 

except for street canyon sites which must be from 2 to 10 
meters from the edge of the nearest traffic lane. 

1. Should be > 2 0 meters from the dripline and must be 10 
meters from the dripline when the tree(s) act as an obstruc-
tion. 

2. Distance from sampler to obstacle, such as buildings, must 
be at least twice the height the obstacle protrudes above the 
sampler. 

3. Must have unrestricted airflow 270* around the sampler. 
4. No furnace or incineration flues should be nearby. 
5. Spacing from roads varies with traffic (see Figure 2). 

When probe is located on rooftop, this separation distance is in reference to walls, parapets, or penthouses located on the roof. 
b Sites not meeting this criterion would be classified as middle scale (see text). 

Distance is dependent on height of furnace or incineration flues, type of fuel or waste burned, and quality of fuel (sulfur, ash or lead 
content). This is to avoid undue influences from minor pollutant sources. 

h. Section 11, References, is 
redesignated as section 12. and the list 
of references is amended by adding 
references 29 and 30 as follows: 

12. References. 

29. Koch. R.C. and H.E. Rector. Optimum 
Network Design and Site Exposure Criteria 
for Particulate Matter, GEOMET 
Technologies, Inc., Rockville, MD. Prepared 
for U.S. Environmental Protection Agency, 
Research Triangle Park. NC. EPA Contract 
No. 68-02-3584. EPA 450/4-87-009. May 1987. 

30. Burton. R.M. and J.C. Suggs. 
Philadelphia Roadway Study. Environmental 
Monitoring Systems laboratory, U.S. 
Environmental Protection Agency, Research, 
Triangle Park, N.C. EPA-600/4-84-070 
September 1984. 

Appendix F—(Amended) 

14. Appendix F is amended as fol lows 
a. The following is added to the end of 

the table of contents: 

2.7 Particulate Matter (PM 10) 
2.7.1 Site and Monitoring Information 
2.7.2 Annual Summary Statistics 

Number 
of values 

Greater than 400.. 

b. In section 2.2, the title is revised, 
subparagraph 2.2.2 is revised, and 
subparagraph 2.2.3 is added to read as 
follows: 

2.2 Total Suspended Particulates (TSP) 2.2.3 Episode and Other Unscheduled 
* * * * * Sampling Data. List episode measurements. 

2.2.2 Annual Summary Statistics. Annual other unscheduled sampling data, and dates 
arithmetic mean ( g/m 3 ) as specified in of occurrence. List the regularly scheduled 
Appendix 3 of Part 50. Daily TSP values sample measurements and date of occurrence 
exceeding the level of the 24-hour PM10 that preceded the episode or unscheduled 
NAAQS and dates of occurrence. If more measurement. 
than 10 occurrences, list only the 10 highest c. Section 2.7 is added to read as follows: 
daily values. Sampling schedule used such as 2.7 Particulate Matter (PM10) 
once every six days, once every three days. 2.7.1 Site and Monitoring Information. 
etc. Number of additional sampling days City name (when applicable), county name, 
beyond sampling schedule used. Number of and street address of site location. SAROAD 
24-hour average concentrations in ranges: site code. Number of daily observations. 

2.7.2 Annual Summary Statistics. Annual 
Number arithmetic mean ( g/m3) as specified in 
of values Appendix K of Part 50. All daily PM10 values 

Range: above the level of the 24-hour PM10 NAAQS 
0 to 50 ( g/m3) and dates of occurrence. Sampling schedule 
51 to 100 — — used such as once every six days, once every 
101 to 150 three days, etc. Number of additional 
151 to 200 - sampling days beyond sampling schedule 

201 to 250 used. Number of 24-hour average 
251 to 300 . . . . 
301 to 400 concentrations in ranges: 

- 15 -



DATA REPORTING 

Air qua l i t y data w i l l be submitted to the APCD on a quar ter ly (seasonal) 
basis. Al l data reported w i l l be presented in the formats shown in Figures 1 
and 2, unless pr io r arrangements have been made with the APCD. A l l quar ter ly 
data w i l l be submitted wi th in f o r t y - f i v e (45) days of the end of the quarter . 
Each quar ter ly report should include audi t resu l t s , ca l i b ra t i on records and 
the reasons for excessive (greater than three (3) days) down time periods. 
Instrument tes t ing informat ion, as well as copies of instrument maintenance 
logs w i l l be submitted upon request. 

At the end of a year o f monitoring, a summary report u t i l i z i n g a l l va l i d 
a i r qua l i t y and meteorological data w i l l be submitted to the APCD. This 
report w i l l contain an evaluation of the data as well as a summary. Summary 
reports are due w i th in 45 days of the end of the year or a t the time a permit 
i s applied f o r , whichever comes f i r s t . The a i r qua l i t y summary data should 
include: 

a. S ta t i s t i ca l evaluation ind ica t ing the f i r s t 5 
maximums and percent i le rankings. 

b. Indicate any suspect data that cannot be discounted. 

The format should fo l low the example in f igure 3. 

The annual meteorological data should include: 

a. Jo in t frequency d i s t r i bu t i on by s t a b i l i t y class (STAR 
program output ) . 

b. L i s t o f the top f i ve "worst case" days by hour g iv ing 
the meteorological data for each hour. What 
meteorological data const i tutes a "worst-case" day 
w i l l vary according to the sources. Generally, 
pers istent wind d i rec t ion and low wind speeds lead to 
worst-case condit ions. For low-level sources 
(ground-level to 10m) s t a b i l i t i e s D thru F w i l l cause 
the highest impacts. For elevated sources (above 
30m), s t a b i l i t i e s A thru D w i l l generally cause the 
highest impacts, unless there i s elevated te r ra in 
nearby. Dispersion modeling i s the most re l i ab le 
method of obtaining worst-case days. Contact APCD i f 
assistance i s needed i n t h i s determination. 

- 16 -
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REDUCTION IN MONITORING AND REPORTING REQUIREMENTS 

The Ai r Pol lu t ion Control Div is ion (APCD) may consider a reduction of the 
monitoring and report ing requirements a f t e r a review of the f i r s t year 's 
Quarterly and Annual Data Summary Reports. 

USE OF PARTIAL YEAR DATA 

" In general, the continuous a i r qua l i t y monitoring data that i s required 
under subparagraph c or the preappl icat ion monitoring o f a i r qua l i t y re lated 
values required by Section XIV.B, shall have been gathered over a period of 
one year and shall represent the year preceding receipt o f the app l ica t ion , 
except that the Div is ion may determine that a complete and adequate analysis 
can be accomplished over a period shorter than one year (but not to be less 
than four months): or (2) by the use of ex i s t i ng representative a i r qua l i t y 
data. When ex is t ing background ambient a i r levels of a po l lu tan t are 
reasonably estimated to be small and a monitoring network would not r e l i ab l y 
measure the predicted background concentrations, the Div is ion has the 
d iscret ion to not require a source owner or operator to generate 
preconstruction monitoring data for that po l l u t an t . " (Regulation 
I I I . I V . D , 3 , a ( i i i ( D ) . 

I f pa r t i a l year data i s gathered, i t should represent the season(s) of 
maximum expected po l lu tan t impact. These time periods vary from po l lu tan t to 
po l lu tan t . Maximum seasons also vary from locat ion to loca t ion , according to 
sources impacting that area. Therefore, projects wishing to co l l ec t pa r t ia l 
year data must f i r s t consult with the Div is ion concerning the locat ion and 
monitoring duration of any pro jec t . 

UTILIZATION OF DATA COLLECTED BY OTHERS 

In many instances, h i s t o r i ca l data has been or i s being col lected w i th in 
the general area of the app l icant 's proposed pro jec t . I t may be possible to 
u t i l i z e the h i s to r i ca l data i f i t can be demonstrated that the data accurately 
represents the actual background condit ions of the s i te o f the proposed 
pro jec t . Use o f h i s t o r i c a l data requires p r io r approval by the A i r Po l lu t ion 
Control Divis ion and may be conditioned upon the app l icant 's demonstrating the 
necessary corre lat ions by conducting a short- term, but extensive, monitoring 
program. Such programs shall be planned on pro jec t -by-pro jec t basis p r io r to 
commencement of monitoring. The c r i t e r i a fo r determining whether data i s 
"representative" i s l i s t e d below. 
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REPRESENTATIVE" DATA POLICY 

In the case of PSD or other permits, the State has the d iscre t ion to 
accept data col lected in other locat ions as "representat ive" of a s i t e . This 
pol icy states the factors that e f f e c t the s ta te ' s decision in moving to accept 
or re jec t claims of representativeness. A l l determinations w i l l be made on a 
case by case basis. 

Quality Assurance 

The qua l i t y assurance of the data set must be commensurate with that which 
would be required of an on-s i te data co l lec t ion e f f o r t . Example: A data set 
proposed for a PSD monitoring exemption must meet PSD requirements. Records 
of qua l i t y control and the data recovery level must be acceptable. 

Currentness 

The data set must have been co l lec ted recent ly . Generally, t h i s would 
mean w i th in the past f i ve years. In any case, i f new major sources have 
located in the area since the data was co l lec ted, i t might not be 
representat ive, and a new data base would be required. 

Topography 

The topography of the area where the data was o r i g i n a l l y co l lected should 
be s imi lar to the pro ject area. For example, data col lected on the plains 
would not be representative of a r i ve r val ley or mountainous area. 

Population Centers 

The re la t ionship to population centers should be s im i la r for the two 
s i tes . For example, rural data is not acceptable for an edge-of-town or 
in-town s i tua t ion . Data col lected in a small town i s not acceptable for a 
c i t y s i tua t ion . 

Pol lutant Scale 

The nature of the po l lu tan t involved also a f f ec t s the decision. Some 
po l lu tan ts , such as ozone, have s imi la r levels on a region-wide scale. 
Others, such as CO, may vary widely w i th in a small geographic area. 

Sources 

Proximity to sources, and the nature of those sources, must be s imi lar fo r 
the two s i tes . 

Meteorology 

The meteorology of the pro ject s i t e must be comparable to that of the 
monitoring s i t e . Factors such as e levat ion, p rec ip i t a t i on , predominant wind 
d i rec t ion , s t a b i l i t i e s , and wind speeds should be s im i la r . 

0979D/pg 1-16/07-26-88/NC/j j - 2 2 -
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GUIDELINES FOR LOCATING METEOROLOGICAL INSTRUMENTS 
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Exposure of Instruments 
Ronald C. H i l f i k e r 

Exposure of Surface Instruments 

INTRODUCTION 

Exposure of instrumentation is un-
doubtedly one of the most important steps 
in any air pollution study. It is absolutely 
necessary to locate the instrumentation in 
such a manner that the measurements are 
representative of the area in which one is 
interested. In some cases, such as street 
level measurements in a city, it is desirable 
to obtain measurements of extremely local 
phenomena, but generally in air pollution 
meteorology, measurements that are re-
presentative of a fairly large area are 
desired. In this latter case, extreme care 
must be taken to ensure that the parameter 
being measured is not influenced by nearby 
obstacles. 

An example of the effect of a building 
on regional wind flow is shown in Figure 1. 

F i g

ure 1a shows two identical aerovanes 
counted on a tower approximately 20 feet south 
of a 12 foot high building. The only 
difference in exposure between the two 
aerovanes is the 6 foot difference in height. 
It can be seen from Figure lb that when the 
wind is blowing from the west, both sensors 
are apparently free of building influence, 
with both wind traces indicating typical 
mechanical type turbulence. However, when 
the wind shifts to the north-west, the 
turbulence characteristics change markedly 
in the wind flow being sensed by the Bendix 
aerovane at the 6 foot level. At the 12 
foot level, the Belfort aerovane continues 
to indicate typical mechanical type turbulence. 
Which trace is indicative of the regional 
wind flow? It is the purpose of this chapter 
to explore the concepts needed to answer this 
question. 

Belfort aerovane 
B e n d i x a e r o v a n e 

6 ft 

12 ft 

Grassy field 

20 f t -

Building C 

Figure 1 Location of wind equipment that produced the traces of figure lb 

Ronald C. Hilfker 
Regional Meteorologist 
EPA Region I 
Boston, Massachusetts 02203 

P A . M E . m m . 1 3 b . 9 . 7 1 
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EXPOSURE OF INSTRUMENT 

Wind trace produced by the Aerovane of Figure 1. 
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EXPOSURE OF INSTRUMENTS 

Figure 2 Typical flow pattern around a cube with one face to the wind 

ANEMOMETERS AND WIND VAXES 

In recent years, an attempt has been 
made at standardizing the height above 
ground at which "surface wind" measurements 
will be taken. The World Meteorological 
Organization (WMO) and the National Oceanic 
and Atmospheric Administration (NOAA) have 
agreed on 10 meters for this standard height. 
Ideally the measurements would be taken over 
level, open terrain, but very rarely do 
these conditions exist in an air pollution 
survey area. What rules of thumb or 
guidelines can be followed if obstructions 
are present in the vicinity of the spot 
where wind measurements are to be taken? 

Figure 2 illustrates a typical flow 
pattern around a cube chat has one face 
normal to the wind flow. From Figure 2 
several things can be noted: 

1) The flow is disturbed on one up-
wind and downwind sides of the 
obstruction. 

2) The flow is disturbed above the 
building co a height of about 1 
to 1 1/2 building heights above 
the roof. 

3) Very near the roof of the building 
a reverse flow occurs. 

streamline 

mean v e l o c i t y p r o f i l e 

potential 
flow 

secondary 
wake 

primary 
wake 

return 
flow 

exhaust gas 



Exposure of Instruments 

Figure 3 Building effect on wind 

Figure 3 shows a more extensive view 
of the disruption in the ambient air flow 
around an obstruction. From Figure 3, one 
can formulate three rules of thumb for 
locating a wind system around an obstruc-
tion while keeping the sensor located in 

the ambient air flow: 

1) The sensor must be located a 
distance upwind of the building 
equal to the building height. 

2) If the sensor is to be located on 
the roof of the building it must 
be at least one building height 
above the roof. 

In locating wind sensors in rough 
terrain or in valley situations, it will be 

necessary to determine if effects such 
as channeling, slope and valley winds, etc., 
are of greatest importance, or whether flow 
above these, influences is the parameter to 
be sensed. As in the urban situation, i f 
the study centers upon elevated pollution 
sources, it may be desirable to avoid the 
local influences. However, if pollution 
from ground level sources is being emphas-
ized, local influences may be of great 
importance. Remember that topographic in-
fluences such as hills, ridges, etc., pro-
duce flow patterns s imi lar to these shown 
in Figures 2 and 3. 

3) The sensor must be located a 
d i s tance of 5 to 10 building 
heights in the downwind d i r e c t i o n . 

These guide l ines would apply cos t 
d i r e c t l y to a c u b i c a l obs t ruc t ion standing 
by i t s e l f on open, l e v e l t e r r a i n . As the 
shape of the obs t ruct ion changes or as 
more obstruct ions become i n v o l v e d , the 

problem becomes much more complex. For 
example, suppose that i t i s des i red to 
make measurements of the ambient a i r f low 
in the downtown area of a l a rge c i t y . Most 
probably the above gu ide l ines could not be 
met because of the c l o s e proximity of the 
obstruct ions in a downtown area . A modi f i ca-
t ion of these gu ide l ines must be used. The 
sensor should be mounted on the roof of the 
t a l l e s t s t r u c t u r e a v a i l a b l e , a d i s tance 
above the roof determined by the proximity 

of t a l l e r bu i ld ings (using Guidel ines 1 and 
3 ) , and the height of the bu i ld ing above 
the surrounding s t r u c t u r e s u t i l i z i n g 
Guideline 2). The exact height at which 
to locate the sensor would depend an the 

particular case. 

TEMPERATURE 

As with wind sensors, thermometers are 
usually placed at a standard height above 
ground. This standard height has been set, 
by international agreement, at 1.23 to 2 
meters (4-5.5 feet) above a grassy surface. 
Environmental considerations produce the 
following three rules of thumb for exposure 
of temperature sensors. 

1) The sensor must be shielded from 
direct solar radiation. 

2) The sensor must be well ventilated 
at a constant ventilation rate, 
(not less than 4-5 m/sec.) 

3) The sensor must be uninfluenced 
by nearby features that might 
affect temperature. 

If the sensor is of the thermocouple 
or thermister type, the aspirated shield 
of Figure 4 will fulfill the requirements 
of (1) and (2) above. 

A-5 
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Exposure of Instruments 

Duct 

Motor assembly 

Figure 4 - Aspirated solar radiation shield 

If a standard thermometer is to be exposed, 
the cotton region shelter of Figure 5 will 
fulfill requirement (1) above. Ventilation 
will be natural and therefore variable in 
rate so the requirement of rule (2) is not 
met exactly, but for standard thermometers, 
the error or effect is negligible. 

If the shelter of Figure 5 is to be used, 
care should be taken to orient the door to-
wards the north co eliminate solar heating of 
the thermometers while caking a reading. The 
thermometers should also be located as close 
to the center of the shelter as possible. 

Requirement (3) above ensures that ambient 
air temperature is being measured, and not 
the temperature of a micro-environment such 
as the air very near the south side of a 
brick building or near an asphalt roadway or 
parking lot. 

RELATIVE HUMIDITY 

Since relative humidity is not only a function 
of the amount of water vapor in the atmosphere, 
but is also dependent on temperature, exposure 
criteria outlined for temperature should also 
be observed tor relative humidity. 

Figure 5 - Cotton region type 

instrument shelter 

assembly 

Shield assembly 

north 

Thermometer bulbs 
should be at l e a s t 
3 inches from the 
top, bottom, and 
sides of s h e l t e r 
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Exposure of Instruments 

PRECIPITATION 

The previous section describes the design 
and operation principles of rain gauges. Care 
must be taken in the exposure of a rain gauge 
to ensure that the collection efficiency of 
the gauge is not reduced. Wind and its associ-
ated turbulence are the two cost important 
factors that would tend to change the collec-
tion efficiency of the gauge. If the wind 
blows the rain into the gauge on a slant, the 
collection area is changed and therefore the 
efficiency would be changed producing an 
error in the indicated rainfall. If consider-
able turbulence exists around the gauge, the 
rainfall itself will be disturbed, again 
producing errors in the indicated rainfall. 
These considerations produce the following 
guidelines: 

1) The gauge should be free of over-
hanging obstructions. 

2) The gauge should be a sufficient 
distance from obstacles to avoid 
local eddys. 

3) The gauge should be sheltered from 
the possiblity of high wind speeds 
at the gauge. 

Ideally, all three criteria could be met if 
the gauge was located in a clearing in a woods 
or orchard where the diameter of the clearing 
13 about equal to the height of the surround-
ing trees. A windshield, such as the one 
shown in Figure 6, can also be installed co 
reduce the distortion of the air flow around 
the gauge. 

RADIATION 

Solar radiation measurements require exposure 
that will insure no obstructions between the 
sun and the sensor during any part of the 
year, and in the case of total solar radia-
tion (direct and diffuse) as clear a view as 
possible of the entire sky is necessary. 

Figure 6 - Shielded rain gauge 

The measurement of net radiation requires 
that the sensor be placed far enough away 
from the earth's surface to receive terrestial 
ial radiation over a representative area, 
yet not far enough from the surface to receive 
radiation from a thick air layer above the 
surface. For net radiation measurements, a 
height between 1 and 2 meters (3 to 6 feet) 
is generally recommended. 
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Exposure of Instruments on Towers or Stacks 

INTRODUCTION 

In striving to meet the exposure criteria 
outlined in the last section, it is often 
necessary co mount meteorological sensors on 
towers or masts. Unless these sensors are 
mounted properly, errors will be introduced 
in the measurements due to the influence of 
the tower on the parameter being sensed. It 
is the purpose of this section to set forth 
guidelines to eliminate these tower induced 
errors. 

WIND SYSTEMS 

If a wind system (anemometer and vane) are 
Co be mounted on top of a tower, little con-
cern is needed as to exposure. If, however, 
wind equipment is to be installed on the side 
of the tower, precautions should be taken to 
ensure that the wind measurements are not 

influenced by the tower. An analysis by Gill 
and Olsson (1967) has shown that the turbulence 
in the wake of lattice-type towers is moderate 
to severe, and that in the wake of solid 
towers and stacks is extreme, often with re-
versal of flow. 

Another study by Moses and Daubek (1961) re-
vealed that the air flow on the lee side of 
a tower may be reduced to about one-half its 
true value under light wind conditions and 
about 25% for higher winds (10-14 mph). The 
study also revealed that when the wind blow-
ing toward the anemometer made an angle of 
20 to 40° with respect to the sides of the 
tower adjacent to the anemometer, the measured 
wind speed exceeded the true wind speed by 
about 3 0 % . 

These studies illustrate the necessity of 
proper exposure. 

Tower 

Poor measurements 
for t h i s s e c t o r 

Location of 
wind sensors 

Accurate wind measurements 
for t h i s s e c t o r 

N 

Figure 1 - Wind sensor exposure on a tower 
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Exposure of Instruments 

Figure 1 illustrates the correct exposure of 
a wind sensor on an open tower. The following 
exposure criteria should be observed: 

1) The boom should extend outward from 
a corner of the tower into the wind 
direction of primary concern. 

2) The boom should place the sensor out 
from the tower a distance not less 
than the length of a side of the tow-
er. (length D in Figure 1) 

3) The wind sensors should be located at 
heights of minimum tower density, and 
above or below horizontal cross mem-
bers. 

If the above guidelines are followed, the 
following accuracies can be expected: 

1) For a boom length of 1D, measurements 
of wind speed are true within + 10% 
for a 310° sector of arc. 

2) For a boom length of 20 the wind speed 
is accurate within + 10% for a 330° 

sector of arc. 

i ) For these two arcs, wind direction is 
accurate co within approximately + 5%. 

With a boom length of 1 -2D, wind speed and 
direction measurements within + 5% can only 
be obtained for a 240 - 270° sector of arc. 
This is the case illustrated in Figure 1. 

It has been found in practice that the maximum 
practical boom length is about 20-30 feet. If 
the wind sensors are to be mounted on very 
large towers (TV towers or fire look-out tow-
ers), the sector of arc yielding accurate wind 
measurements may drop co 180° due to the fact 
that the boom length may be less than 1D. 

In any case, if accurate wind measurements are 
required for an arc sector greater than that 
produced by the above exposure criteria, it 
is recommended that two sets of speed and 
direction sensors be placed at 180 apart in 
the manner prescribed in the above guidelines. 

EXPOSURE OF WIND SENSORS ON CLOSED TOWERS OR 
STACKS 

Preferably, closed cowers or stacks should not 
be used to support meteorological sensors. If 
a stack must be used, the following exposure 
guidelines should be observed: 

1) The boom should place the sensor out 
from the stack a distance not less 
than 2 stack diameters. 

Accurate wind 
measurements 
for t h i s s e c t o r 

Location o f 
wind sensors 

Boom 

Poor measurements 
for t h i s s e c t o r 

Stack 

Figure 2 - Wind sensor exposure on a stack 



2) Instruments should never be located 
within 2-5 stack diameters of the top 
of an active stack. 

Figure 2 illustrates the correct exposure of 
a wind sensor on a stack. If the above guide-
lines are used one can expect accurate wind 
measurements (± 5 to 10% of true value) 
through an arc of only 180° as shown in Figure 
2. As with towers, if accurate wind measurements 
through a full 360° of Azimuth are desired, 
it is recommended that two sets of wind systems 
be used. These two systems should be located 

180 apart, and exposed according to the 
above guidelines. 

TEMPERATURE SYSTEMS 

Temperature sensors should also be exposed on 
booms out from the cower structure to assure 
that the temperature of the air sampled is 
not influenced by thermal radiation from the 
tower itself. Temperature sensors should never 
be mounted on stacks. 

Booms for temperature sensors need not be as 
long as for wind sensors, but generally, both 
wind and temperature sensors are located on 
the same boom at about the same distance from 

the tower. The temperature sensors themselves 
must be shielded and ventilated as described 
in the previous section. 

SPACING OF WIND AND TEMPERATURE SYSTEMS 

Figure 3 illustrates a typical spacing of wind 
and temperature systems on a tower. Wind 
sensors are normally spaced at logarithmic 
height intervals (10, 20, 40, 80, 160 meters) 
because of the normally logarithmic change of 
wind speed with height. 

Temperature measurements should be made at 
close intervals near the ground, and at approx-
imately equal intervals at greater heights 
as shown in Figure 3. A logarithmic spacing 
is not necessary since temperature profiles 
become approximately linear a short distance 
from the surface. 

With both wind and temperature, provisions 
must be made for swinging or telescoping the 
boom in order to service the sensors. Pro-
visions also must be made for orienting the 
wind vane correctly when the boom is in the 
service position. 

E x p o s u r e o f I n s t r u m e n t s 

Figure 3 - Vertical spacing on a tower 

W,TD 160 meters 
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Exposure of Instruments 

Exposure of Airborne Instruments 

INTRODUCTION 

The measurement of meteorological parameters 
aloft may require the use of such devices as 
balloons, aircraft, rockets, etc. With many of 
these methods, surface-based receiving and re-
cording instrumentation is necessitated. 
Therefore, a discussion of the exposure of air-
borne Instruments must also include a discussion 
of the exposure of the surface-based support 
equipment. 

EXPOSURE OF SURFACE BASED SYSTEMS 

The measurement of wind aloft by balloon track-
ing may involve the use of radar or radio 
direction-finding equipment. Sites for radio 
and radar equipment should be on relatively 
high ground with the horizon as free from obs-
tructions as possible. Of greatest importance 
to free balloon launchings is that there be no 
nearby obstructions to hinder the flight of the 
balloon. The operation or captive balloons 
(wiresondes) should be carried out only in 
open areas and never near power lines. Part-
icular care should be taken to properly ground 
all captive balloon equipment and operations 
should be carried out only during periods of 
minimal atmospheric electrical potential. It 
should be noted chat FAA authorization is 
necessary for most captive balloon operations. 

EXPOSURE OF AIRCRAFT MOUNTED SYSTEMS 

The main exposure problem associated with 
measurements from an aircraft is the fact 
that the sensors must be exposed to undisturbed 
turbed air. Fixed wing propellor slip-
streams and helicopter downwash must be 
avoided. For temperature measurements, en-
gine and cabin heat must also be avoided, 
and a correction must be made for airspeed. 

Vibration of receiving and recording ins-
trumentation in the aircraft may also be 
a problem. 

The following guidelines are suggested for 
exposure of aircraft mounted sensors: 

1) On fixed wing aircraft, sensors are 
most effectively mounted on the wing-
tips, forward of the wing not less 
than two feet. 

2) On a helicopter, sensors are most 
effectively mounted on the forward 
tip of one of the skids, provided a 
forward speed of about 15 m/sec is 
maintained. This forward speed would 
project the downwash behind the sensor. 

3) To reduce recorder vibrations, mount-
ings of sponge rubber or plastic 
should be used. 

REFERENCES: 

Exposure of Meteorological Instruments 

1) Gill, G.C., Olsson, L.E., Sela, J., 

and Suda, M., "Accuracy of Wind Measure-
ments on Towers or Stacks", Bulletin of 
the A.M.S., Vol. 48, No. 9, Sept 1967 
pp 665-674 

2) Moses, H., and Daubek, H.C., "Errors in 
Wind Measurements Associated with Tower-
mounted Anemometers", Bulletin of the 

A.M.S., Vol. 42, No. 3, 1961 pp 190-194 
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The fol lowing section is taken from the EPA document, "On-Site 
Meteorological Program Guidance for Regulatory Modeling Appl icat ions" , 
EPA-450/4-87-013. June 1987. 

The APCD recommends that th is reference be consulted for guidance 
preparing meteorological monitoring plans. 
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3.0 SITING AND EXPOSURE 

The concepts of s i t i n g ( i . e . , hor izontal and ve r t i ca l probe placement) 

( i . e . , spacing from obstruct ions) of meteorological instruments 

and towers are covered in t h i s section fo r the eight variables of i n t e res t . 

General guidance is provided by var iab le , followed by discussions of special 

s i t i n g considerations for complex t e r r a i n , coasta l , and urban s i t es . As a 

general rule of thumb, an instrument should be s i ted away from the inf luence 

of obstructions such as bui ldings and t rees , and in such a pos i t ion that i t 

can make measurements that are representat ive of the general state of the 

atmosphere in the area of i n t e res t . Secondary considerations such as 

access ib i l i t y and secur i ty must be taken into account, but should not be 

allowed to compromise the qua l i t y of the data. In addi t ion t o the standard 

qua l i t y assurance procedures mentioned in Section 8 .0 , annual s i t e inspec-

t ions are recommended to ve r i f y the s i t i n g and exposure of the instruments. 

Approval fo r a pa r t i cu la r s i t e se lect ion should be obtained from the permit 

granting agency p r io r t o i n s t a l l a t i o n . 

3.1 General Guidance 

3.1.1 Wind Speed and Wind Di rect ion 

3.1.1.1 Probe placement 

The standard exposure height of wind instruments 

over l e ve l , open t e r r a i n is 10m above the g r o u n d . Open t e r r a i n is defined 

as an area where the distance between the instrument and any obstruct ion i s 

at least ten times the height of that o b s t r u c t i o n . 3 , 5 , 6 , 1 3 . The slope of the 

t e r ra i n 1n the v i c i n i t y of the s i t e should be taken i n to account when deter -

mining the re la t i ve height of the obst ruc t ion . 3 An obstruct ion may be man-made 
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(such as a bu i ld ing or stack) or natural (such as a h i l l or a t r ee ) . The 

sensor he ight , its height above obst ruct ions, and the height/character of 

nearby obstruct ions should be documented. Where such an exposure cannot be 

obtained, the anemometer should be insta l led at such a height that i t i s 

reasonably unaffected by local obstruct ions and represents the approximate 

wind values that would occur at 10m in the absence of the obstruct ions. 

This height , which depends on the « t e n t , he ight , and distance of obstruc-

t ions and on s i t e a v a i l a b i l i t y , should be determined on a case-by-case 

basis. Addit ional guidance on the evaluation of ve r t i ca l p r o f i l e s (Section 

6.1.3) and surface roughness (Section 6.4.2) may be helpful 1n determining 

the appropriate height . 

I f the source emission point is substant ia l l y above 

10m, then addi t ional wind measurements should be made at stack top or 100m, 

whichever is lower.4 In cases wi th stack heights of 200m or above, the 

appropriate measurement height should be determined by the Regional Of f ice 

on a case-by-case basis. Because maximum prac t ica l tower heights are on 

the order of 100m, wind data at heights greater than 100m w i l l most l i k e l y 

be determined by some other means. Elevated wind measurements can be obtained 

via remote sensing (see Section 9 .0 ) . Ind i rec t values can be estimated by 

using a logar i thmic wind-speed p r o f i l e re la t ionsh ip . For t h i s purpose, 

instruments should be located at mu l t ip le heights (at least three) so that 

s i t e - s p e c i f i c wind p ro f i l es can be developed. 

3.1.1.2 Obstructions 

(a) Bui ldings 

Aerodynamic e f fec ts due t o bui ld ings and 

A-14 



other major s t ruc tures, such is cooling towers, are discussed in the "Guide-

l i n e fo r Determination of Good Engineering Pract ice Stack Height (Technical 

Support Document fo r the Stack Height Regulations) -Revised,"1 4 and "Handbook 

on Atmospheric D i f f u s i o n . " 1 5 If wind instruments must be mounted on a bu i ld ing 

(or other large s t ructure) due to the lack of su i tab le open space, then the 

measurement should be made at s u f f i c i e n t height to avoid the aerodynamic wake 

area. This height can be determined by on-s i te measurements ( e . g . , smoke 

releases) or wind tunnel studies. As a ru le of thumb, the t o t a l depth of the 

bui ld ing wake is estimated to be approximately 2.5 times the height of the 

bu i ld ing.3 

(b) Trees 

In addi t ion to the general rules concerning 

obstructions noted above, addi t ional considerations may be important for 

vegetative features ( e . g . , growth ra tes) . Seasonal e f fec ts should also be 

considered for s i tes near deciduous t rees . For dense, continuous forests 

where an open exposure cannot be obtained, measurements should be taken at 

10m above the height of the general vegetative canopy. 

(c) Towers 

Sensors mounted on towers are frequent ly 

used to co l lec t wind speed measurements at more than one height . To avoid 

the inf luence of the s t ructure i t s e l f , closed towers, stacks, cool ing towers, 

and s imi la r so l i d structures should not be used to support wind instruments. 

Open-latt ice towers are preferred. Towers should be located at or close to 

plant elevat ion i n an open area representat ive of the area of in teres t . 

Wind instruments should be mounted on booms 

at a distance of at least twice the diameter/diagonal of the tower (from 
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the nearest point on the tower) in to the p reva i l ing wind d i rec t i on or wind 

d i rec t ion of in terest .1 ,3 ,5 Where the wind d i s t r i b u t i o n is strongly bimodal 

from opposite d i rec t i ons , such as in the case of up-val ley and down-valley 

f lows, then the booms should be at r i gh t angles to the predominant wind 

d i rec t ions . The booms must be strong enough so that they w i l l not sway or 

v ibrate s u f f i c i e n t l y to inf luence standard dev ia t ion (sigma) values in strong 

winds. Folding or co l laps ib le towers are not recommended since they may not 

provide s u f f i c i e n t support to prevent such v ib ra t ions , and also may not be 

r i g i d enough to ensure proper instrument o r ien ta t ion . The wind sensors 

should be located at heights of minimum tower density ( i . e . , minimum number 

of diagonal crossmembers) and above/below horizontal cross-members.3 Since 

pract ica l considerations may l i m i t the maximum boom length, wind sensors on 

large towers ( e . g . , TV towers and f i r e look-out towers) may only provide 

accurate measurements over a cer ta in arc. In such cases, two systems on 

opposite sides of the tower may be needed to provide accurate measurements 

over the en t i re 360°. I f such a dual system is used, the method of switching 

from one system to the other should be care fu l l y spec i f ied. A wind instrument 

mounted on top of a tower should be mounted at least one tower diameter/diag-

onal above the top of the tower s t r uc tu re . 1 

(d) Surface roughness 

The surface roughness over a given area 

re f lec ts man-made and natural obst ruct ions, and general surface features. 

These roughness elements e f fec t the hor izontal and ve r t i ca l wind pat terns. 

Differences i n the surface roughness over the area of in teres t can create 

di f ferences in the wind pattern that may necessitate addi t ional measurement 

s i t es . A method of estimating surface roughness length, z 0 , is presented in 
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Section 6 .4 .2 . I f an area has a surface roughness length greater than 0.5m, 

then there may be a need for special s i t i n g considerations (see discussion 

in Sections 3.2 and 3 .4 ) . 

3.1.1.3 S i t i ng considerations 

A s ingle wel l - located measurement s i t e can be used 

to provide representative wind measurements fo r non-coastal, f l a t t e r r a i n , 

rura l s i tua t ions . Wind instruments should be placed tak ing in to account the 

purpose of the measurements. The instruments should be located over l e v e l , 

open t e r r a i n at a height of 10m above the ground, and at a distance of at 

least ten times the height of any nearby obst ruct ion. For elevated releases, 

addi t ional measurements should be made at stack top or 100m, whichever is 

lower.4 In cases wi th stack heights of 200m or above, the appropriate measure-

ment height should be determined by the Regional Of f ice on a case-by-case basis. 

3.1.2 Temperature, Temperature Di f ference, and Water Vapor 

The s i t i n g and exposure c r i t e r i a fo r the three temperature-

related variables are s im i la r and, thus, w i l l be discussed together here. 

Where important, d i f ferences between variables are mentioned. Although 

water vapor content may be measured in a number of ways, the recommended 

procedure is to measure dew point temperature, Td. 

3.1.2.1 Probe placement 

The recommended ve r t i ca l heights fo r probe place-

ment are 2m for temperature and 10m and 2m for temperature d i f f e rence . 5 Where 

ver t i ca l temperature d i f fe rence measurements are used in determining stable 

plume r i se , the measurements should be made across the plume r ise layer , wi th a 
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minimum separation of 50m. For s i tes that experience large amounts of snow, 

adjustments to the temperature measurement height may be necessary, but 

the temperature probe should not be above 10m. For analysis of cool ing 

tower impacts, measurements of temperature and dew point should also be 

obtained at source height and w i t h i n the range of f i n a l plume height . The 

measurement of temperature d i f f e rence fo r analysis of c r i t i c a l d i v i d i n g 

streamline he igh t , H c r i t , a parameter used in complex t e r r a i n modeling, i s 

discussed in Section 3 .2 .3 . 

The sensor should be located over an open, leve l 

area at least 9m i n diameter. The surface should be covered by short grass, 

o r , where grass does not grow, the natural earth surface.
3 , 1 3

 Instruments 

should be protected from thermal rad ia t ion (from the ear th , sun, sky, and 

any surrounding objects) and adequately ven t i l a ted using aspirated sh ie lds .1 

Forced asp i ra t ion ve loc i t y should exceed 3 m/s, except f o r l i t h i u m ch lo r ide 

dew ce l l s which operate best i n s t i l l air.
3

 I f louvered she l ters are used 

instead fo r p ro tec t ion (at ground level o n l y ) , then they should be or iented 

wi th the door fac ing nor th . Temperature data obtained from n a t u r a l l y - v e n t i -

la ted shel ters w i l l be subject to large errors when wind speeds are l i g h t 

( less than about 3m/s). 

Temperature sensors on towers should be mounted on 

booms at a distance of about one diameter/diagonal of the tower (from the 

nearest point on the tower ) . 3 In t h i s case, downward fac ing asp i ra t ion shie lds 

are necessary. 

3 .1 .2 .2 Obstruct ions 

Temperature sensors should be located at a distance 

of at least four times the height of any nearby obs t ruc t ion and at leas t 30m 
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from large paved a reas . 3 , 1 6 Other s i tuat ions to avoid include: large indus-

t r i a l heat sources, roof tops, steep slopes, sheltered hol lows, high vegeta-

t i o n , shaded areas, swamps, areas where frequent snow d r i f t s occur, low 

places that hold standing water a f te r ra ins , and the v i c i n i t y of a i r e<hausts 

(e .g . , from a tunnel or subway).3,13 

3.1.2.3 S i t i ng considerations 

In s i t i n g temperature sensors, care must be taken 

to preserve the character is t ics of the local environment, especial ly the 

surface. Recommended measurement heights are 2m fo r temperature and 10m and 

2m for temperature d i f fe rence. Protect ion from thermal rad ia t ion (wi th 

aspirated radiat ion shields) and s ign i f i can t heat sources and sinks is c r i t i -

ca l . S i t ing recommendations are s im i la r fo r dew point measurements, which 

may be used for modeling input in s i tua t ions involv ing moist releases, such 

as cooling towers. For temperature d i f fe rence measurements, sensors should be 

housed in ident ica l aspirated rad iat ion shields wi th equal exposure. 

3.1.3 Prec ip i ta t ion 

3.1.3.1 Probe placement 

A ra in gage should be s i ted on level ground so the 

mouth is horizontal and open to the sky.3 The underlying surface should be 

covered with short grass or gravel . The height of the opening should be as 

low as possible (minimum of 30 cm), but should be high enough to avoid 

splashing in from the ground. 

Rain gages mounted on towers should be located 

above the average level of snow accumulation.16 In add i t ion , co l lec tors should 

be heated i f necessary to properly measure frozen p rec ip i t a t i on .6 
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3.1.3.2 Obstructions 

Nearby obstruct ions can create adverse e f fec ts 

on p rec ip i ta t i on measurements ( e . g . , funnel ing, r e f l e c t i o n , and turbulence) 

which should be avoided. On the other hand, p rec ip i t a t i on measurements may 

be highly sensi t ive to wind speed, especial ly where snowfall contr ibutes a 

s ign i f i can t f r ac t i on of the t o t a l annual p rec ip i ta t ion .5 Thus, some shel ter-

ing is desirable. The need to balance these two opposite e f fec ts requires 

some subject ive judgment. 

The best exposure may be found in orchards, openings 

in a grove of t rees , bushes, or shrubbery, or where fences or other objects 

act together to serve as an e f fec t i ve wind-break. As a general ru le , in 

sheltered areas where the height of the objects and t h e i r distance to the 

instrument is uniform, t h e i r height (above the instrument) should not exceed 

twice the distance (from the inst rument) . 1 6 In open areas, the distance to 

obstructions should be at least two, and preferably f ou r , times the height of 

the obstruct ion. I t i s also desirable in open areas which experience s i g n i f i -

cant snowfall to use wind shields such as those used by Nat ional W e a t h e r 

S e r v i c e . 3 , 1 3 , 1 6 

3.1.3.3 S i t i ng considerations 

In view of the s e n s i t i v i t y to wind speed, every 

e f f o r t should be made to minimize the wind speed at the mouth opening of a 

p rec ip i ta t i on gage. This can be done by using wind sh ie lds. Where snow i s 

not expected to occur in s i gn i f i can t amounts or wi th s i gn i f i can t frequency, 

use of wind shields is less important. However, the catch of e i ther frozen 
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or l i q u i d p r e c i p i t a t i o n is inf luenced by tu rbu len t f low at the c o l l e c t o r , and 

t h i s can be minimized by the use of a wind sh ie l d . 

3.1.4 Pressure 

On-si te measurements of pressure are des i rab le , but not 

necessary. The standard atmospheric pressure fo r the s t a t i o n e levat ion 

w i l l o f ten be of s u f f i c i e n t accuracy to represent t rue pressure fo r d ispers ion 

ca l cu l a t i ons . 5 

3.1.5 Radiat ion 

3 .1 .5 .1 Probe placement 

Pyranometers used fo r measuring incoming (so la r ) 

rad ia t ion should be located wi th an unres t r i c ted view of the sky in a l l 

d i rec t i ons dur ing a l l seasons, w i th the lowest so lar e levat ion angle pos-

s i b l e . Sensor height i s not c r i t i c a l f o r pyranometers. A t a l l p la t form or 

roof top is a des i rab le location.
3

 Net radiometers should be mounted about 

1m above the ground. 3 , 5 

3.1 .5 .2 Obstruct ions 

Pyranometers should be located to avoid obstruc-

t ions cast ing a shadow on the sensor at any t ime. A lso, l i g h t colored wal ls 

and a r t i f i c a l sources of rad ia t ion should be avo ided . 3 , 5 Net radiometers 

should also be located to avoid obst ruct ions to the f i e l d of view both upward 

and downward.3,5 

3.1 .5 .3 S i t i n g considerat ions 

Solar rad ia t ion measurements should be taken 1n 

open areas f ree of obs t ruc t ions . The ground cover under a net radiometer 
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should be representative of the general s i t e area. The given app l ica t ion 

w i l l govern the co l lec t ion of solar or net rad ia t ion data. 

3.2 Complex Terrain Sites 

The regulatory d e f i n i t i o n of complex t e r r a i n can include a wide 

var ie ty of topographic se t t ings , ranging from a s ing le isolated h i l l r i s i n g 

out of an otherwise f l a t p la in to very rugged te r ra i n where the t e r r a i n 

exerts a major inf luence on the local f low, a f fec t i ng t ransport and disper-

sion of the po l lu tant plume(s) of concern. While t e r ra i n features can be 

considered obstructions to the wind flow and should be avoided, s i t i n g 

decisions must take in to account which features of the al tered flow should 

actua l ly be measured, i f those features have an e f fec t on the plume. 

Because of ve r t i ca l inhomogeneity in complex t e r r a i n , i t is more 

important than 1n the f l a t t e r r a i n case to take measurements at the level 

of the plume that is being modeled. Horizontal inhomogeneities caused by 

channeling and other flow d i s to r t i ons fur ther complicate the s i t i n g process. 

Density-driven downslope and upslope f lows, channeling of the flow around 

te r ra i n obstacles or along the axis of a va l l ey , wind speed-up over the 

crest of t e r r a i n , and l i nger ing stagnant condit ions in the bottoms of 

closed va l leys , are but a few of the physical phenomena that can be important 

i n a s i t i n g decis ion. 

The ideal s i t i n g so lut ion in complex t e r r a i n involves s i t i n g a 

t a l l tower between the source in question and the t e r r a i n obstacle of concern. 

The tower should be t a l l enough to produce measurements at the level of the 

plume, and should provide measurements of a l l variables at several l eve l s . 
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Other t e r ra i n in the area should not be so severe as to a f fec t plume trans-

port in a d i f f e r e n t manner than what i s measured by the tower. 

Since there are not many s i tuat ions where t h i s ideal can be achieved, 

a s i t i n g decision in complex t e r r a i n must involve some compromises. The 

basic choices in s i t i n g a meteorological tower in complex t e r ra i n include 

s i t i n g one tower, s i t i n g mu l t ip le towers, or u t i l i z i n g a Doppler SODAR (see 

Section 9.0) that would include at least a 10-meter tower and may be supple-

mented by addi t ional tower measurements. Other components of the s i t i n g 

decision include determining spec i f i c tower loca t ions , whether or not a 

tower can be s i ted on nearby t e r r a i n , and measurement heights. Careful 

planning is essential in any s i t i n g decis ion. Since each complex t e r ra i n 

s i t ua t i on has unique features to consider, no spec i f i c recommendations can 

be given to cover a l l cases. However, the s i t i n g process should be essen-

t i a l l y the same i n a l l complex t e r r a i n s i t ua t i ons . Recommended steps i n 

the s i t i n g process are as fo l lows: 

1. Define the variables that are needed for a pa r t i cu la r applica-

t i o n . 

2. Develop as much information as possible to def ine what t e r r a i n 

influences are l i k e l y to be important. This should include examination of 

topographic maps of the area wi th t e r r a i n above physical stack height ou t l ined . 

Preliminary estimates of plume r ise should be made to determine a range of 

expected plume heights. I f any nearby or on-s i te meteorological data are 

ava i lab le , they should be analyzed to see what can be learned about the 

spec i f i c t e r r a i n e f fec ts on a i r f low pat terns. An evaluation by a meteoro-

log i s t based on a s i t e v i s i t would also be desi rable. 
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3. For each required var iab le , a l t e rna t i ve measurement locations 

and techniques should be examined. Advantages and disadvantages of each 

technique/ locat ion should be considered, u t i l i z i n g as a s ta r t i ng point the 

discussions presented above and elsewhere in t h i s document. 

4. Optimum network design should be determined by balancing the 

advantages and disadvantages i den t i f i ed in step 3. 

I t i s pa r t i cu l a r l y important in complex t e r r a i n to consider the 

end use of each var iable separately. Guidance and concerns spec i f i c to the 

measurement of wind speed, wind d i r ec t i on , and temperature d i f ference in 

complex t e r r a i n are discussed in the fo l lowing sect ions. 

3 .2 .1 Wind Speed 

At a minimum, wind speed should be measured at stack top or 

100m, whichever is lower, fo r plume r i se ca lcu la t ions . I t i s preferable to 

measure wind speed from a tower located near stack base e levat ion, however, 

a tower on nearby t e r r a i n may also be used t o measure wind speed in some 

circumstances. In t h i s l a t t e r case, the higher the tower above t e r r a i n the 

bet ter ( i . e . less compression e f f e c t ) ; a 10-meter tower generally w i l l not 

be s u f f i c i e n t . The measurement locat ion should be evaluated for representa-

tiveness of both the d i l u t i o n process and plume r i se . 

Great care should be taken to ensure that the tower is not 

sheltered in a closed val ley (which would tend t o over-estimate the occur-

rence of stable condit ions) or placed in a locat ion that is subject to stream-

l i n e compression e f fec ts (which would tend to underestimate the occurrence 

of stable condi t ions) . I t 1s not possible to completely avoid both of these 

concerns. I f a s ingle su i tab le locat ion cannot be found, then a l te rna t i ve 
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approaches, such as s i t i n g two or more towers, should be evaluated in 

consultat ion with the Regional Of f ice . -

A Doppler SODAR has the potent ia l to provide the required 

measurements without the problems enta i led by locat ing a tower on nearby 

t e r r a i n . SODARs have t h e i r own special s i t i n g requirements and l im i ta t i ons 

which are discussed in Section 9.0. 

3.2.2 Wind Direct ion 

The most important considerat ion in s i t i n g a wind d i rec t i on 

sensor in complex t e r r a i n is that the measured d i rec t i on should not be biased 

in a par t i cu la r d i rec t ion that is not experienced by the po l lu tant plume. 

For example, instruments on a meteorological tower located at the bottom of 

a wel l -def ined val ley may measure d i rec t ions that are influenced by channeling 

or densi ty-dr iven upslope or downslope f lows. I f the po l lu tant plume w i l l be 

affected by the same f lows, then the tower s i t e is adequate. Even i f the 

tower is as high as the source's stack, however, appreciable plume r i se may 

take the plume out of the val ley inf luence and the tower's measured wind 

d i rec t ion may not be appropriate for the source ( i . e . , biased away from the 

source's area of c r i t i c a l impact). 

The determination of potent ia l bias in a proposed wind 

d i rec t ion measurement is not an easy judgement t o make. Quite of ten the 

s i tua t ion is complicated by mul t ip le f low regimes, and the existence of bias 

is not evident. This potent ia l must be considered, however, and a ra t iona le 

developed for the choice of measurement loca t ion . 

Research has indicated that a s ing le wind measurement 

l oca t i on /s i t e may not be adequate to def ine plume transport d i rec t i on in 

A-25 



some s i tua t ions . 5 While the guidance in t h i s document is concerned pr imar i l y 

wi th means to obtain a s ingle hourly averaged value of each var iab le , it 

may be appropriate to u t i l i z e more than one measurement of wind d i r ec t i on 

to calculate an "e f fec t i ve " plume transport d i rec t i on for each hour. 

3.2.3 Temperature Dif ference 

The requirements of a pa r t i cu la r app l icat ion should be used 

as a guide in determining how to make measurements of ve r t i ca l temperature 

d i f ference in complex t e r r a i n . Stable plume r i se and the c r i t i c a l d i v i d i ng 

streamline height ( H c r i t ) , which separates flow that tends to move around a 

h i l l (below H c r i t ) from flow that tends to pass over a h i l l (above H c r i t ) , are 

both sens i t ive to the ver t i ca l temperature gradient . The height ranges of 

in teres t are from stack top to plume height fo r the former and from plume 

height to the top of the t e r r a i n feature for the l a t t e r . The d i rec t measure-

ment of the complete temperature p r o f i l e is often desirable but not always 

p rac t i ca l . The fo l lowing discussion presents several a l ternat ives fo r 

measuring the ver t i ca l temperature gradient along wi th some pros and cons. 

Tower measurement: A tower measurement of temperature 

d i f ference can be used as a representation of the temperature p r o f i l e . The 

measurement should be taken between two elevated leve ls on the tower (e .g . 

50 and 100 meters) and should meet the spec i f i ca t ions for temperature 

d i f ference discussed in Section 5.0. A separation of 50m between the two 

sensors 1s preferred. The tower i t s e l f could be located at stack base 

elevat ion or on elevated t e r r a i n : optimum locat ion depends on the height of 

the plume. Both locat ions may be subject t o rad ia t ion e f fec ts that may not 

be experienced by the plume i f i t i s s i g n i f i c a n t l y higher than the tower. 
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The ver t i ca l extent of the temperature probe may be p a r t i a l l y in and p a r t i a l l y 

out of the surface boundary layer , or may 1n some s i tuat ions be en t i r e l y 

contained in the surface boundary layer whi le the plume may be above the 

surface boundary layer . 

Balloon-based temperature measurements: Temperature p ro f i l es 

taken by balloon-based systems can provide the necessary information but are 

often not pract ica l fo r developing a long-term data base. One possible use 

of balloon-based temperature soundings is in developing bet ter "de fau l t " values 

of the potent ia l temperature gradient on a s i t e - s p e c i f i c basis. A possible 

approach would be to schedule several periods of intensive soundings during the 

course of a year and then derive appropriate defau l t values keyed to s t a b i l i t y 

category and wind speed and/or other appropriate var iables. The number and 

scheduling of these intensive periods should be established as part of a 

sampling protocol . 

Deep-layer absolute temperature measurements: I f the ve r t i ca l 

scale of the s i tua t ion being modeled i s large enough (200 meters or more), 

i t may be acceptable to take the d i f ference between two independent measure-

ments of absolute temperature ( i . e . , temperature measurements would be 

taken on two d i f f e r e n t towers, one at plant s i t e and one on t e r ra i n ) to serve 

as a surrogate measurement of the temperature p r o f i l e . This approach must be 

j u s t i f i e d on a case-by-case basis, and should be taken only wi th caution. 

I t s appl icat ion should be subject to the fo l lowing l i m i t a t i o n s : 

° Depth of the layer should be 200 meters at a minimum; 

The measurement height on each tower should be at least 

60 meters; 
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° Hor izontal separation of the towers should not exceed 

2 k i lometers ; 

No in te rna l boundary layers should be present, such as -

near shore l ines; and 

° Temperature p r o f i l e s developed w i th the two-tower system 

should be v e r i f i e d w i th a program of balloon-based tem-

perature p r o f i l e measurements. 

3.3 Coastal Sites 

The unique meteorological condi t ions associated wi th local scale 

land-sea breeze c i r cu l a t i ons necessi tate special considerat ions. For example, 

a s tab ly s t r a t i f i e d a i r mass over water can become unstable over land due to 

changes in roughness and heating encountered dur ing daytime condi t ions and 

onshore f low. An unstable thermal internal boundary layer (TIBL) can de-

velop, which can cause rapid downward fumigat ion of a plume i n i t i a l l y re-

leased in to the stable onshore f low. To provide representat ive measurements 

for the e n t i r e area of i n t e r e s t , mu l t i p l e s i t es would be needed: one s i t e 

at a shorel ine loca t ion ( t o provide 10m and stack height/plume height wind 

speed), and addi t ional in land s i t es perpendicular t o the o r i en ta t i on of the 

shorel ine t o provide wind speed w i t h i n the TIBL, and estimates of the TIBL 

height . Where t e r r a i n i n the v i c i n i t y of the shore l ine is complex, measure-

ments at add i t iona l l oca t i ons , such as b l u f f tops , may also be necessary.5 

Further spec i f i c measurement requirements w i l l be d ic ta ted by the data input 

needs of a p a r t i c u l a r model. A report prepared fo r the Nuclear Regulatory 

Commission17 provides a de ta i l ed discussion of considerat ions for conducting 

meteorological measurement programs at coastal s i t e s . However, due to the 
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lack of any recommended model for EPA regulatory appl icat ions that spec i f i -

ca l ly addresses a shorel ine source, no spec i f i c recommendations are made 

for the co l lec t ion of measurements beyond those generally required for a 

non-coastal , rural source. 

3.4 Urban Sites 

Urban areas are characterized by increased heat f l u x and surface 

roughness. These e f f e c t s , which vary hor izon ta l l y and v e r t i c a l l y w i th in 

the urban area, a l t e r the wind pattern r e l a t i ve to the out ly ing rural areas 

(e .g . , average wind speeds are decreased). The close proximity of bui ld ings 

in downtown urban areas often precludes s t r i c t compliance with the previous 

sensor exposure guidance. For example, i t may be necessary to locate 

instruments on the roof of the t a l l e s t avai lable bu i ld ing . In such cases, 

the measurement height should take into account the proximity of nearby 

t a l l bui ld ings and the d i f ference in height between the bu i ld ing (on which 

the instruments are located) and the other nearby t a l l bu i ld ings. 

In general, mu l t ip le s i tes are needed to provide representative 

t a t i v e measurements in a large urban area. This is especial ly t rue fo r 

ground-level sources, where low- leve l , local in f luences, such as s t reet 

canyon e f f ec t s , are important, and for mu l t ip le elevated sources scattered 

over an urban area. However, due to the l im i t a t i ons of the recommended 

guidel ine models ( i . e . they recognize only a s ingle value for each input 

var iable on an hourly bas is ) , and resource and prac t ica l cons t ra in ts , the 

use of a s ingle s i t e is necessary. At the very l e a s t , the s ingle s i t e 

should be located as close to the source in question as possible. 
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3.5 Recommendations 

I t is recommended that fo r non-coastal, f l a t t e r r a i n , rura l 
s i tua t ions , wind instruments should be located over l e v e l , open t e r r a i n at 
a height of 10m above the ground, and at a distance of at least ten times 
the height of any nearby obstruct ion. For elevated releases, addi t ional 
measurements should be made at stack top or 100m, whichever is lower. For 
stack heights of 200m or above the appropriate measurement height should be 
determined by the Regional Of f i ce on a case-by-case basis. 

In s i t i n g temperature sensors, i t i s recommended that care be 
taken to preserve the charac ter is t i cs of the local environment, especial ly 
the surface. Recommended measurement heights are 2m for temperature and 
10m and 2m fo r temperature d i f fe rence. Protect ion from thermal rad iat ion 
(with aspirated rad ia t ion shields) and s i gn i f i can t heat sources and sinks 
is c r i t i c a l . I f temperature d i f ference i s to be used in determining stable 
plume r i s e , i t should be measured across the plume r i se layer . A separation 
of 50m between the two sensors is preferred fo r these elevated temperature 
d i f ference measurements. 

Every e f f o r t should be made to minimize the wind speed at the 
mouth opening of a p rec ip i ta t ion gage. This should be done by using wind 
shields where s ign i f i can t snowfall occurs. Radiation measurements should 
be taken in open areas free of obstruct ions. 

Speci f ic s i t i n g recommendations cannot be given to cover a l l 
possible s i tuat ions in complex t e r r a i n . The process of s i t i n g instruments 
in complex t e r ra i n should begin wi th def in ing the variables that are needed 
for a given appl icat ion. The process should also include def in ing what 
t e r r a i n inf luences are l i k e l y to be important, using information from 
topographic maps in conjunction wi th prel iminary estimates of expected 
plume height range, and any nearby meteorological data. A l te rna t i ve measure-
ment locations and techniques should then be i d e n t i f i e d and an optimum 
design selected by balancing the advantages and disadvantages of the various 
options. 

Special s i t i n g considerations also apply to coastal and urban 
s i t es . Mul t ip le s i tes are often desirable in these s i t ua t i ons , but model 
input l im i ta t i ons usually require select ion of a s ingle "best" s i t e fo r 
modeling appl icat ions. Judgements on s i t i n g in these specials s i tua t ions 
should be made in consultat ion wi th the appropriate Regional Of f i ce . 

I f the s i t i n g recommendations in t h i s section cannot be achieved, 
then a l ternate approaches should be developed in conjunction wi th the 
Regional Of f ice . Approval fo r a pa r t i cu la r s i t e select ion should be obtained 
from the permit granting agency p r io r to i n s t a l l a t i o n of a meteorological 
monitoring system. 
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STABILITY CATEGORIES 

Atmospheric s t a b i l i t y i s an expression o f the d i f f u s i v e potent ia l o f the lower 
atmosphere i n est imat ing the d ispers ion o f a i r po l l u t an t s . ( 1 ) There are a 
number of methods u t i l i z e d fo r est imat ing atmospheric s t a b i l i t y categories 
depending on the a v a i l a b i l i t y o f input data and the actual output need. 

The National Cl imatic Center's STAR program r e l i e s on the establishment o f 
hourly s t a b i l i t y data and i t i s suggested the method o f c l a s s i f i c a t i o n be tha t 
of P a s q u i l l . ( 2 ) This method i s designed to u t i l i z e data normally ava i lab le 
from National Weather Observation s i tes which may or may not apply to 
background a i r monitoring s i t ua t i ons . 

Since Pasqu i l l ' s method was establ ished, a number o f other c l a s s i f i c a t i o n 
schemes have been developed. These other refinements are designed to u t i l i z e 
d i f f e r e n t meteorological measurements in an e f f o r t to more c losely re la te the 
atmospheric s t a b i l i t y category to a t rue dispers ion c h a r a c t e r i s t i c . 

The fo l lowing methods are considered to be acceptable to the Colorado A i r 
Po l lu t ion D iv is ion fo r the purposes o f es tab l i sh ing s t a b i l i t y categories as 
input to the STAR c l a s s i f i c a t i o n s . Many people consider some methods to be 
bet te r than others fo r various reasons. (1,4,5) It is the p o s i t i o n o f the 
A i r Po l lu t i on D iv is ion tha t each group determine which method they feel i s the 
most appl icable to t h e i r s i t ua t i on or input data. The preparat ion o f the STAR 
data should speci fy which method was u t i l i z e d when the data submittal i s made. 

Method I 

Pasquil l S t a b i l i t y Categories (1) 

Night 
Surface wind 
speed a t 10m 

(m sec-1 ) Strong Moderate S l i gh t 

Inso la t ion Thinly overcast 
or >4 /8 
low cloud < 3/8 cloud 

2 A 

A-B 
B 

C 
C 

A-B 
B 

B-C 
C-D 
D 

B 
C 
C 
D 
D 

2-3 

3-4 
4-6 
>6 

E 
D 
D 
D 

F 
E 
D 
D 
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Method I I 

Lapse Rate (3) 

S tab i l i t y Lapse Rate Centigrade Wind Speed 
Class Degrees/100 meters (meters per second )a 

A Greater than 1.9 < 1.0 
B 1.7 to 1.9 < 2.6 
C 1.5 to 1.7 < 3.1 
D 0.5 to 1.5 A l l 

E -1.5 to 0.5 < 2.6 
F Less than -1.5 < 1.5 

a One meter per second equals 2.2 mph. 

The lapse rate i s defined as the rate o f decrease of temperature in the 
atmosphere with height. Thus, a pos i t ive lapse rate indicates a decrease in 
temperature with height , while a negative lapse rate indicates an increase in 
temperature with height. 

I f a temperature lapse rate indicated a par t i cu la r s t a b i l i t y class but the 
wind speed does not meet the c r i t e r i a fo r that s t a b i l i t y c lass, then the 
s t a b i l i t y is moved one s t a b i l i t y class closer to neutral s t a b i l i t y . I f the 
wind speed is greater than 6 knots, the s t a b i l i t y is D, or neutra l , 
independent of the lapse rate (Burns and McDonnell, 1980a) 

Method I I I 

Sigma Theta (4) 

The sigma theta method involves e i ther a) the d i rec t measurement of the 
standard deviat ion of the horizontal wind d i rec t i on , b) estimation of the 
standard deviat ion by d iv id ing the hourly range by 6, c) hand ca lcu la t ing the 
standard deviat ion by v isua l l y reading a representative number of wind 
d i rect ions wi th in the hour. I t i s suggested that th is method be used only 
when machine determined standard deviat ions are col lected during the 
monitoring process or when only a very l im i ted number o f hourly values need be 
determined. 

Range of Standard 
S t a b i l i t y Category Deviation, Degrees 

A > 22.5 
B 22.5> > 17.5 
C 17.5> > 12.5 
D 12.5> > 7.5 
E 7.5> > 3.8 
F 3.8> 
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These c r i t e r i a are appropriate for steady-state condi t ions, a measurement 
height of 10 m, for level t e r r a i n , and an aerodynamic surface roughness length 
of 15 cm. Care should be taken that the wind sensor is responsive enough for 
use in measuring wind d i rec t ion f luc tua t ions . 

A surface roughness factor of (z0 /15 cm)0.2, where z0 i s the average 
surface roughness in centimeters w i th in a radius of 1-3 km of the source, may 
be applied to the table values. I t should be noted that th i s fac to r , while 
theore t i ca l l y sound, has not been subjected to rigorous tes t ing and may not 
improve the estimates in a l l circumstances. A table of z0 values that may 
be used as a guide to estimating surface roughness i s given in 
Smedman-Hogstrom and Hogstrom.8 

These c r i t e r i a are from a NRC proposal.9 I t would seem reasonable to 
r e s t r i c t the possible categories to A through D during daytime hours w i th a 
r e s t r i c t i o n that for 10-m wind speeds above 6 m/s, condit ions are neutral . 
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Method IV 

Modified Sigma Theta (5) 

This method, u t i l i z e d by NUS Corporat ion, i s a modi f ica t ion which i s appl ied 
to a l t e r i n g nightime sigma theta values to cor rec t for wind meander. 
Nighttime i s defined as the accepted Pasquill values o f 1 hour before sunset 
to one hour a f t e r sunrise. During day l i gh t , the normal sigma theta values 
would be u t i l i z e d . The fo l lowing table shows the n ight adjustments. 

Method For Estimating S t a b i l i t y Class for 
At Night From Measurement o f 

Night i s defined as the period o f one hour p r i o r to sunset to one hour a f t e r 
sunrise. 

I f the Then the 
s t a b i l i t y And i f the wind speed u i s s t a b i l i t y class 
class i s (m/s) (mi/h ) fo r i s 

A 

u <2.9 u <6.4 F 

2.9 <u <3.6 6.4 <u <7.9 E 

3.6 <u 7 . 9 < u D 

B u < 2.4 u < 5.3 F 

2 . 4 < U < 3.0 5 . 3 < u < 6.6 E 

3 . 0 < u 6.6 <u D 

C u < 2.4 u < 5.3 E 

2 . 4 < u 5 . 3 < u D 

D no r e s t r i c t i o n D 

E no r e s t r i c t i o n * * E 

F no r e s t r i c t i o n * * * F 
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**The or ig ina l Mitchel l and Timbre 10 table had no 
wind speed r e s t r i c t i o n s ; However, the o r ig ina l 
Pasquill c r i t e r i a suggest that for wind speeds 
greater than 5 m/s, neutral condit ions should be 
used. 

***The or ig ina l Mitchel l and Timbre 10 table had no 
wind speed res t r i c t i ons ; however, the o r ig ina l 
Pasquill c r i t e r i a suggest that for wind speeds 
greater than or equal to 5 m/s, the D category 
would be appropriate, and for wind speeds between 3 
m/s and 5 m/s, the E category should be used. 
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Method IV 

Vert ical Sigma Phi 

S t a b i l i t y Class Ophi 
A 
B 

C 
D 
E 
F 

>11.50 
10-11.5° 
7.8°-10° 
5.0°-7.8 
2.4° - 5.0 

<2.4° 

The sigma phi method involves the determination of the standard deviat ion of 
the ver t i ca l wind by d i rec t measurement. This method re l ies on the 
u t i l i z a t i o n of a ver t i ca l wind speed sensor equipped to record the speed and 
standard deviat ion of the speed. 

These c r i t e r i a are appropriate for steady-state condi t ions, a measurement 
height of 10 m, for level t e r ra i n , and an aerodynamic surface roughness length 
of 15 cm. Care should be taken that the wind sensor i s responsive enough for 
use in measuring wind d i rec t ion f l u c t a t i ons . 7 

A surface roughness factor of (zo/15 cm) 0 . 2 , where zo is the average 
surface roughness in centimeters w i th in a radius of 1-3 km of the source, may 
be applied to the table values. I t should be noted that th is fac to r , while 
theore t i ca l l y sound, has not been subjected to rigorous tes t ing and may not 
improve the estimates in a l l circumstances. A table of zo values that may 
be used as a guide to estimating surface roughness is given in 
Smedman-Hogstrom and Hogstrom.8 

These c r i t e r i a were adapted from those presented by Smith and Howard.11 I t 
would seem reasonable to r e s t r i c t the possible categories to A through D 
during the daytime hours and to categories D through F during the night t t ime 
hours. During the daytime, condit ions are neutral for 10-m wind speeds equal 
to or greater than 6 m/s, and during the n ight , condit ions are neutral for 
10-m wind speeds equal to or greater than 5 m/s. 
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TRACER TEST GUIDELINES FOR WESTERN COLORADO 

Many resident ia l developments and industr ia l projects are now locat ing 
in mountainous regions of Colorado. The assessment of a i r po l lu t ion impacts 
is a problem in complex topography where air flow is dominated 
terrain- induced e f fec ts . Simple dispersion models have a d i f f i c u l t time 
simulating d i f fus ion and transport processes in th is environment. Several 
well-designed, s i te -spec i f i c t racer tests can prove very useful in 
surmounting these d i f f i c u l t i e s and providing the development with a proper 
impact assessment. The objectives of a tracer gas experiment are twofold: 

1) To simulate po l lu tant movement from i t s source to the impact areas 
in order to better understand the d i f fus ion and transport 
processes of the s i t e ; 

2) to provide a data base for evaluation and ca l i b ra t ion of an a i r 
po l lu t ion dispersion model. 

There are several factors which need to be considered when designing 
and conducting a tracer tes t . Some of these factors have been enumerated by 
EPA (1981). Other factors have been brought to the Air Pol lu t ion Control 
Div is ion 's (APCD) at tent ion during the review of previously submitted tracer 
studies. APCD recommends the fol lowing guidelines be addressed when 
performing tracer tests in Colorado. 

1. Tracer Gas 
A suitable atmospheric t racer should be used. Ideal ly an atmospheric 

t racer should be a substance which when introduced in to the atmosphere 
is dispersed and transported in a manner s imi lar to a selected 
po l lu tan t . I t must be something not normally present in the atmosphere 
at concentrations in the experimental range of i n te res t . 
Experimentally, the tracer gas should be easy to release, c o l l e c t , and 
analyze; i t should be re la t i ve l y inexpensive, non-toxic, and unaffected 
by f a l l o u t and washout. The tracer should be nondepositing so long as 
the pol lutant in question can be assumed to be nondepositing. 
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Among the atmospheric tracers that come closest to meeting these 
c r i t e r i a are su l fur hexafluoride (SF6), f luorescent pa r t i c les , 
halocarbons, uranine dye and glass spheres. Of these SF6 is probably 
the best choice. I t has been used extensively in mountainous te r ra in 
and techniques for i t s release, sampling, and analysis are well 
established and re l i ab le . 

2. Tracer Sampling Period 
The tracer tests should provide a data base over a sampling period 

which is easi ly related to the standard in question. Short-term (1 to 

24 hour) concentrations w i l l usually be the constraining standard for 

mountain developments. 

3. Meteorological Conditions 
The meteorological condit ions necessary for a successful t racer tes t 
should be defined pr io r to conducting the tes t . These condit ions 
should be defined to assess the impact of the source during worst-case 
meteorological regimes. To increase the chances that the worst-case 
condit ions ex is t during the test period i t is suggested that at least 
two tracer tests are run for each selected worst-case regime. Two 
tracer tests is de f i n i t e l y the minimum for obtaining a deferrable 
s t a t i s t i c a l data base during a given set of worst-case condit ions. A 
minimum of three tests per regime should be considered in a tes t plan 
to improve the s t a t i s t i c a l basis and to compensate for tests that may 
have been during meteorological condit ions that deter iorated from the 
design c r i t e r i a during the tes t period. I t is a rare occurence that 
a l l tests conducted during a f i e l d intensive take place under design 
condit ions. 

Each project should conduct i t s own analyses to determine worst-case 
meteorological condit ions. Most mountain developments w i l l consist of 
sources with re la t i ve l y low release heights (less than 30 meters) 
located in the val leys. Due to the strong temperature inversions and 
channeling of winds that occur at night in val leys, drainage wind 
conditions w i l l usually create the highest, short-term concentrations 
from these sources (Mahoney and Spengler, 1975). Seasonal va r ia t ion of 
worst-case condit ions and emission rates must also be examined. For 
example, a ski town w i l l experience much higher emissions during the 
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winter (ski season). Whiteman (1980) found very l i t t l e seasonal 
var ia t ion in the depth of the nocturnal inversions in western Colorado 
val leys. During winter , drainage winds w i l l tend to have a longer 
persistance (usually causing higher impacts) and higher wind speeds 
(usually causing lower impacts) than they have in the summer. A l l 
these factors must be considered when deciding on a worst-case 
meteorological regime. 

I t is sometimes possible to get a rough estimate of how close the 
meteorological conditions that existed during the tracer test were to 
t rue worst-case condit ions. I f a i r pol lutant monitors and s imi lar 
emission sources already ex is t in the area, po l lu tant concentrations 
measured the day of the tracer tes t can be compared to high values 
previously measured at these same monitors. When re la t i ve l y high 
concentrations are measured by monitors during the tracer test i t gives 
j u s t i f i c a t i o n to the notion that worst-case condit ions existed while 
the tracer test was conducted. This c o r r e l a t i o n of t racer test data 
to a i r qual i ty data from nearby s i tes should take in to consideration 
s i te speci f ic dif ferences in the source/receptor re lat ionship 
(elevation di f ferences, wind d i rec t ion , and distance). A comparison of 
th is type should be made whenever possible. 

4. Number and Location of Samplers 
The number and locat ion of the t racer samplers should be su f f i c i en t 
obtain a general understanding of the transport and dispersion 
character is t ics of the study area. The number and locat ion of t racer 
samplers should also insure measurement of the maximum impact. Tracer 
samplers should be placed at sensit ive receptors which could 
po ten t ia l l y be impacted by the source. Tracer samplers which are 
capable of operating on the i r own power ( i . e . , do not need a d i rec t 
e lec t r i ca l hookup) should be used i f needed to meet these object ives. 
Use of continuous tracer gas samplers is often advantageous. Since 
measurements are instantaneous, data can be used to in te rp re t hourly 
readings at f ixed stat ions during var iable winds or f low reversal 
s i tuat ions. Another useful sampling technique is a mobile t racer gas 
analyzer. 
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In some s i tuat ions consideration should be given to obtaining a 

ver t i ca l p r o f i l e of the t racer gas d i s t r i bu t i on . This information 
could be useful in cases when the plume is kept a l o f t by an inversion 
and suddenly brought to the ground in a morning fumigation episode. 
The p o s s i b i l i t i e s of th i s phenomena occuring could be analyzed i f a 

ver t ica l p r o f i l e were avai lable. 

5. Tracer Release Height 
The release height of the t racer should correspond as closely as 

possible to the estimated e f fec t i ve stack height (stack height plus 

plume r ise) of the proposed source. One of the plume r ise equations 
avai lable ( ex. Briggs, 75) could be used to calculate the e f fec t i ve 
plume height under the predefined meteorological condit ions i f the 
necessary stack parameters are avai lable. I f these parameters are not 
avai lable a leg i t imate estimate of the e f fec t i ve stack height should be 
made. When making th is estimate, the e f fec t i ve stack height used 
should insure maximum source impact at the areas of concern, under 
meteorological condit ions targeted as worst-case. 

6. Location of Tracer Release 
The locat ion of the tracer release should correspond as closely as 
possible to the source locat ion. I f mult iple-sources are involved the 
locat ion of the sources and the ex is t ing airsheds at the s i te should be 
examined. The tracer release point would preferably be cent ra l l y 
located and in the airshed which w i l l inf luence a major i ty of 
emissions. An area source (or l i ne source) release could be 
considered i f the a i r qua l i t y analysis does not require the impact from 
each speci f ic source. In some cases two t racer gases may have to be 
released. 

7. Meteorological Data 
There are two reasons for co l lec t ing meteorological data during tracer 
tes ts . One is that the meteorological data taken can help explain the 
transport and d i f fus ion character is t ics of the s i te and the t racer 
concentrations found. The other is that the data can be used for 
va l idat ion and ca l i b ra t i on of a dispersion model. The meteorological 
data system should be designed wi th these factors in mind (Section 9). 

C-5 



The complex c i r cu la t i on of a mountain-valley environment, with i t s 
slope, va l ley , and an t i - va l ley f lows, emphasizes the need for adequate 
data co l lec t ion . In almost all cases temperature, wind d i rec t ion , and 
wind speed w i l l be needed at several locat ions; the tracer release 
point and sensit ive receptors being the most important. 

Other important meteorological variables are atmospheric s t a b i l i t y and 
inversion height. The sigma-phi (ver t i ca l wind d i rec t ion f luc tuat ion) 
and modified sigma-theta methods of ca lcu la t ing s t a b i l i t y are 
ant ic ipated to be better correlated to actual dispersion rates in 
complex te r ra in (EPA, 1981). Vert ical soundings of wind speed, wind 
d i rec t ion , and temperature are useful in understanding the ver t i ca l 
structure of the atmosphere and inversion height. This information can 
be obtained from ver t ica l soundings by a tethersonde or s imi lar system 
by t a l l meteorological instrument towers, or by doppler acoustic 
sounders. For some tracer tes ts , especial ly those involving a 
re la t i ve l y high tracer gas release height, ver t i ca l sounding may have 
to be taken at several locat ions. I f a tethersonde system is used an 
e f f o r t should be made to take ver t ica l measurements near the time of 
c r i t i c a l atmospheric events, such as val ley wind flow reversals. 

8. Background Tracer Gas 
Allow a su f f i c i en t amount of time between tracer tests to insure that 
non-negligable amount of t racer gas released in an ea r l i e r t racer test 
have not persisted in the immediate airshed. The fac t that no tracer 
gas from an ea r l i e r tes t remains can be ve r i f i ed by taking tracer gas 
samples an hour or two before the tracer gas is released for the next 
tes t . The appearance of an area of low tracer gas concentration would 
be possible ind icator of th is phenomenon. Pretest and upwind 
monitoring can also determine i f there i s a s ign i f i can t background 
concentration of the tracer test gas. SF6 is used throughout the 
world as an insu la t ing gas in high-voltage power transformers and 
switches. Leakage of SF6 from th is equipment to the atmosphere has 
produced a current SF6 background concentration of 0.5 parts per 
t r i l l i o n by volume. Pretest monitoring w i l l help discover any local 
sources of SF6 which could a f fec t t racer test resu l ts . 
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Depending on the type of t racer tes t , background concentrations as high 
as 5-10 ppt may be acceptable as long as the fo l lowing condit ions are 
met: 

A. Primary plume impact concentrations are at least 1 or 2 orders of 

magnitude greater than the background. 

B. The background concentrations do not change s i gn i f i can t l y during 

the experiment. 

C. The background concentrations are uniform throughout the study 

area. 

I t i s important in th i s s i tua t ion to co l l ec t samples at several 
locations outside the plume impact region to properly assess the 
background concentration. 

Dispersion Modeling 
As stated ea r l i e r one of the primary objectives of a t racer test is to 
provide a data base for evaluation and ca l ib ra t ion of an a i r po l lu tant 
dispersion model. The choice of which model to use should be made on a 
case-by-case basis. Numerical, Gaussian Puf f , and box are a l l types of 
models which have had some success in simulating dispersion and 
transport processes in complex t e r ra i n . I t is highly desirable to 
select a model type or even bet ter a speci f ic model p r io r to designing 
the tracer program. The required inputs in the model w i l l d ic tate the 
minimum speci f icat ions to the co l lec t ion of meteorological data 

(Section 7) as well as the tracer sampler array (Section 4). 

There are several reasons why tracer tes t data by i t s e l f should not be 
used for estimating a i r po l l u t i on impacts. A project may have mul t ip le 
sources in d i f f e ren t locat ions wi th d i f f e ren t plume r ises. Releasing 
tracer gas at every locat ion at every height would be d i f f i c u l t . Often 
the exact locat ion of the various sources i s not known at the time of 
the tracer tes t study. Tracer tests are run under a l im i ted number of 
meteorological condit ions and wi th a l im i ted number of t racer gas 
samplers. I t is v i r t u a l l y impossible fo r a t racer tes t to provide 
concentration estimates at a l l locat ions during a l l types of 



meteorological condit ions. Dispersion modeling can overcome many of 
these l im i ta t ions and provide for a more complete analysis or future 
concentrations. 

Qua l i t y Assurance 
A wr i t ten qual i ty assurance program should be prepared pr io r to 
conducting a t racer tes t program. Some of the important points which 
should be considered when formulating a t racer tes t qual i ty assurance 
program are summarized below. Meteorology Research, Inc. has 
in compiling the l i s t . 

Tracer Release 

Veri fy the amount and rate of t racer release by measuring the 
weight loss from the tracer cyl inders at specif ied time in te rva ls . 

Accuracy of scales ve r i f i ed by a local weights and measures 
department or in-house ca l ib ra t ion . 

U t i l i ze regulator and flowmeter system to maintain a steady 
release rate. 

Leak-check release plumbing using bubble solut ion. 

Pressure check release l ines . 

Document procedures in f i e l d notebook or on forms. 

Tracer Samplers 

Check operational i n teg r i t y of samplers, i . e . , t iming, flow rate 
- - document operational parameters of samplers when checking in 
f i e l d . 

Run collocated samplers at one or more s i tes . 

Conduct preventive maintenance on on the tracer gas samplers to 
insure a data recovery rate of at least 75% for each sampler in 

operation. High data recovery rates are especial ly important in 
"Key" sampling locat ions. 
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Sample Detection 

Document the chain of possession of t racer samples. 

Mul t ip le ca l ib ra t ions of gas chromatograph (ca l ib ra t ion d r i f t 

occurs as contaminants bu i ld up in the column). This should 

include a pre and post tes t ca l ib ra t ion as a minimum. 

One point ca l ib ra t ion check during analysis to determine i f 
ca l ib ra t ion is d r i f t i n g . I f a s ign i f i can t deviat ion is noted, the 
gas chromatograph should be recal ibrated. 

Mul t ipo int ca l ib ra t ion of gas chromatograph - - at least three 
d i f fe ren t concentrations should be used on the most commonly used 
sens i t i v i t y range. 

Document source of ca l i b ra t i on gas (MBS standards do not e x i s t ) . 

Repeat 5 to 7 percent of analyses. 

Laboratory room a i r analysis - - i t is desirable to have the 
laboratory in a "clean" environment to minimize possible 
contamination of samples during storage and in jec t ion into the gas 
chromatograph. 

Release personnel should not be allowed near the analysis lab 
without a change of c lo th ing and "clean up." 

I t i s important to make sure that reused sample bags and syringes 
are tracer gas free each time they are used. Bags should be 
purged with t racer gas free a i r or nitrogen and f u l l y evacuated at 
least twice to purge the bag of any residual t racer gas. Syringes 
should be purged in the same manner. 

o Document a l l of the above items. 
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Independent Audit 

Includes an audit of the program by a team independent of the 

project manager. 

In the report ing phase of the program an attempt should be made to 
assign an error bound to the data set. At the present qual i ty control 
level with all aspects of the tracer system included an error bound 
between 10 and 20 percent is more common when using SF6 as the tracer 
gas. 

There have been several successful t racer tests run in Western Colorado. 
Documentation of these studies (Baskett, 1982; Chan, 1979) provide 
addit ional guidance on conducting tracer tests. 

I t is recommended that p r io r to conducting a tracer tes t program the tes t 
plan and qual i ty assurance program be reviewed by the APCD. This type of 
review w i l l help minimize problems when the tracer test study is l a te r 
submitted for approval. 
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Chapter I—Environmental Protection A g e n c y Part 58, A p p . B 

Appendix B--QUALITY ASSURANCE RE-
requirements for P R E V E N T I O N O F S I G -

N I F I C A N T D E T E R I O R A T I O N ( P S D ) A l R 

MONITORING 

I . General I n f o r m a t i o n 

T h i s Appendix specif ies the minimum 
quality assurance requirements of an organization 
nization operating a network of PSD stations 
tions T h e s e requirements are regarded as 

the mimimum necessary for the contro l and 
assessment of t h e quality of t h e P S D ambient 

ent air monitoring data submi t ted to E P A . 
Organizat ions are encouraged to develop 
and implement qual i ty assurance programs 
more extensive t h a n the min imum required 
or to cont inue such programs where they al-
ready exist . 

Qual i ty assurance consists of two distinct 
and equally important functions. O n e func-
tion is the assessment of t h e quali ty of the 
monitoring data by est imating t h e i r preci-
sion and accuracy. T h e o ther funct ion Is t h e 
control , and improvement , of the qual i ty of 
the monitoring data by implementat ion of 
quality control policies, procedures and cor-
rective actions. T h e s e two funct ions form a 
control loop: W h e n the assessment funct ion 
indicates that the data quality Is inad-
equate . the control e f for t must be Increased 
until t h e data quali ty Is acceptable . 

In order to provide uni formity In t h e as-
sessment and reporting of data qual i ty , t h e 
assessment procedures are specif ied explicit-
ly in sect ions 3, 4, 5 and 6 of this Appendix. 

In contrast , t h e control and correct ive 
action function encompasses a variety of 
policies, procedures, speci f icat ions , stand-
ards. and corrective measures which have 
varying ef fec ts on the resulting data qual-
ity. T h e selection and degree of specif ic con-
trol measures and correct ive act ions used 
depend on a number of factors such as t h e 
monitoring methods and equipment used, 
field and laboratory conditions, t h e objec-
tives of the monitoring, t h e level of data 
quali ty needed, t h e exper t i se of personnel , 
the cost of control procedures, pol lutant 
concentrat ion levels, e tc . Accordingly, qual-
ity control requirements are specif ied in 
general terms, in sect ion 2 of this Appendix, 
to allow each organization to develop a qual-
ity control system which Is most e f fec t ive 
for its own c i rcumstances . 

F o r purposes of this Appendix "organiza-
tion' ' is defined as a source owner/operator , 
a government agency, or the i r c o n t r a c t o r 
which operates an ambient air pollution 
monitoring network for P S D purposes. 

2 Quality C o n t r o l REQUIREMENTS 

2.1 Each organization must develop and 
implement a quality control program consisting 
sisting of policies, procedures, specif ications, 
standards, and documentat ion necessary to: 

(1 ) Meet the monitoring ob ject ives and 
quality assurance requirements of the 
permit grant ing author i ty . 

2) Minimize loss of air quality data due to 
mal funct ions or out-of-control conditions. 

T h e quali ty control program must be described 
scribed in detail , suitably documented, and 
approved by the permit granting author i ty . 

2.2 Pr imary guidance for developing t h e 
quali ty control program is contained in ref-
erences 1 and 2. which also contain many 
suggested procedures, checks, and control 
specif icat ions. Sec t ion 2.09 of re ference 2 
describes specif ic guidance for the develop-
m e n t of a qual i ty control program for P S D 
a u t o m a t e d analyzers and manual methods. 
Many specif ic qual i ty control checks and 
speci f icat ions for manual methods are in-
cluded in t h e respective reference methods 
described In Part 50 of this chapter , or in 
t h e respective equivalent method descrip-
t ions available from E P A (see reference 5). 
S imi lar ly , qual i ty control procedures related 
to specif ical ly designated reference and 
equivalent analyzers are contained In their 
respective operation and Instruction man-
uals. T h i s guidance, and any o t h e r pertinent 
Informat ion from appropriate sources, 
should be used by organizations In developing 
ing their qual i ty control programs. 

As a minimum each quality control pro-
gram must have operational procedures for 
each of the following activities: 

( 1 ) Se lec t ion of methods, analyzers, or 
samplers . 

( 2 ) Instal lat ion of equipment . 
( 3 ) Cal ibrat ion. 
(4 ) Zero and span checks and ad jus tments 

of automated analyzers. 
(5) Control checks and their frequency 

(6) Control l imits for zero, span and o t h e r 
control checks , and respective corrective ac-
tions when such limits are surpassed. 

(7 ) Cal ibrat ion and zero/span checks for 
multiple range analyzers. 

(8 ) Preventive and remedial maintenance . 
(9 ) Recording and validating data. 
(10 ) Documenta t ion of quality control In-

formation. 
2 3 Pollutant Standards. 
2.3.1 Gaseous standards (permeat ion 

tubes, permeation devices or cylinders of 
compressed gas) used to obtain test concentrat ions 

trat ions for CO, S O , and NO, must be work-
ing standards cert if ied by comparison to a 
National Bureau of S tandards ( N B S ) gas 
eons S t a n d a r d R e f e r e n c e Material ( S R M ) A 
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traceabil i ty protocol for cert i fying work-

ing s tandard by direct comparison to an 
N B S S R M is given In re ference 3. Direct use 
of an NBS S R M as a working s tandard Is 
not prohibi ted but is discouraged because of 
t h e limited supply and expense of N B S 
S R M ' s . 

2.3.2 Test concent ra t ions for ozone must 
be obtained in accordance with t h e UV pho-
tometr i c cal ibrat ion procedure specif ied in 
Appendix D of Par t 50 of th is c h a p t e r , or by 
means of an ozone t ransfer s tandard which 
has been cert i f ied. Consult re ference 4 for 
guidance on ozone transfer standards. 

2.3.3 Flow measurements must be made 
by a flow measuring Ins trument which Is 
t raceable to an author i ta t ive volume or 
o t h e r s tandard 

2.4 P e r f o r m a n c e and S y s t e m Audit Pro-
grams 

T h e organization operat ing a P S D moni-
toring network must part ic ipate In E P A ' s 
nat ional per formance audit program. T h e 
permit grant ing author i ty , o r EPA, m a y 
conduct system audits of t h e ambient air 
monitoring programs of organizat ions operat ing 
ating P S D networks. S e e sect ion 1 4.16 of 
re ference 1 and reference 6 for additional 
Informat ion about these programs. Organi-
zat ions should c o n t a c t e i t h e r the appropriate 
ate EPA Regional Qual i ty Contro l Coordi-
nator or the Qual i ty Assurance B r a n c h . 
E M S L / R T P . at t h e address given In refer-
ence 3 for Instructions for part ic ipat ion. 

3 . D A T A Q U A L I T Y A S S E S S M E N T R E Q U I R E M E N T S 

3.1 Precision of Automated Methods. 
A one-point precision check must be car-

ried out at least once every two weeks on 
each automated analyzer used to measure 
S O , NO , O, and CO. T h e precision check is 
made by chal lenging t h e analyzer with a 
precision check gas of known concent ra t ion 
between 0.08 and 0.10 ppm for S O , NO and 
O analyzers, and between 8 and 10 ppm for 
C O analyzers . T h e standards from which 
precision check test concentra t ions are ob-
tained must meet t h e speci f icat ions of sec-
tion 2.3. E x c e p t for cer ta in C O analyzers de-
scribed below, analyzers must opera te In 
t h e i r normal sampling mode during t h e pre-
cision check , and the test a t m o s p h e r e must 
pass through all filters, scrubbers , condi-
t ioners, and o t h e r components used during 
normal ambient sampling and as much of 
the ambient air inlet system as is pract icable 
ble. If permitted by the associated operat ion 
or instruct ion manual , a C O analyzer may 
be temporari ly modified during t h e preci-
sion check to reduce vent or purge flows, or 
the lest a tmosphere may enter the analyzer 
at a point o t h e r than the normal sample 
inlet , provided that the analyzer 's response 

Is not likely to be altered by these devi-
at ions from the normal operat ional mode. 

If a precision check is made in c o n j u n c t i o n 
tion with zero/span adjustment , it must be 

made prior to such zero and span ad jus tments 
ments . T h e di f ference between the ac tual 
concentra t ion of t h e precision check gas 
and the concentra t ion indicated by t h e ana-
lyzer is used to assess the precision of t h e 
monitor ing data as described In sect ion 4.1. 
R e p o r t data only from a u t o m a t e d analyzers 
t h a t are approved for use In t h e P S D net-
work. 

3.2 Accuracy of Automated Methods. 
E a c h sampling quarter , audit each analyz-

er t h a t monitors for S O , NO , O, or CO at 
least once. T h e audit is made by chal lenging 

the analyzer with at least one audit gas o f 
known concentra t ion f rom each of the fol-
lowing range which fall within t h e measure-
m e n t range of t h e analyzer being audited: 

Audit point Concentration range, ppm 

SO NO O CO 

0 03 -0 08 
0 15-0 20 
0 35-0 45 
0 80 0 90 

3-8 15-20 35-45 80-90 

T h e s tandards from which audit gas t es t 
c o n c e n t r a t i o n s a r c obtained must meet t h e 
speci f icat ions of sect ion 2.3. Working and 
t r a n s f e r s tandards and equipment used for 
auditing must be di f ferent from t h e stand-
ards and equipment used tor cal ibrat ion and 
spanning. T h e auditing standards and calibration 
brat ion s tandards m a y be referenced to t h e 
same N B S S R M or primary UV p h o t o m e t e r . 
T h e audi tor must not be t h e operator/ana-
lyst who conducts t h e routine moni tor ing . 
ca l ibrat ion and analysis. 

T h e audit shal l be carr ied out by allowing 
t h e analyzer to analyze an audit test a tmos-
phere In t h e s a m e m a n n e r as described for 
precision checks In section 3.1. T h e except ion 

tion given In sect ion 3.1 for cer ta in C O ana-
lyzers does not apply for audits. 

T h e di f ference between t h e actual concen-
t ra t ion of t h e audit test gas and t h e concen-
trat ion Indicated by t h e analyzer Is used to 
assess t h e accuracy of the monitoring data 
as described in section 4.2. R e p o r t data only 
from automated analyzers t h a t are ap-
proved for use In the P S D network. 

3.3 Precision of Manual Methods. 
3.3.1 TSP Method. F o r a given organiza-

t ion's monitoring network, one sampling si te 
must have collocated samplers. A s i te with 
t h e h ighest expected 24 hour pollutant con-
c o n c e n t r a t i o n must be selected. T h e two sam-
plers must be within 4 meters of each o t h e r 
but at least 2 meters apart to preclude air-
flow Interference . Cal ibrat ion, sampling and 
analysis must be t h e same for both col locat-
ed samplers as well as for all o t h e r samplers 
In t h e network. T h e collocated samplers 
must be operated as a minimum every third 
day when continuous sampling Is used. 
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W h e n a less frequent sample schedule is 
used, the collocated samplers must be operated 

at least once each week. F o r each pair 
of col located samplers , designate one sam-
pler as the sampler which will be used to 
report air qual i ty for t h e si te and designate 
the o t h e r as t h e duplicate sampler . T h e dif-
ferences in measured concentra t ion ( /m ) 
between the two col located samplers are 
used to calculate precision as described in 
section 5.1. 

3.3.2 Pb Method. T h e operat ion of collocated 
samplers at one sampling si te must be 

used to assess t h e precision of t h e re ference 
or an equivalent Pb method. T h e procedure 
to be followed for P b methods is the same 
as described in 3.3.1 for t h e TSP method. If 
approved by the permit granting author i ty , 
t h e col located T S P samplers may serve as 
the col located lead samplers. 

3.4 Accuracy of Manual Methods. 
3.4.1 TSP Method. Each sampling q u a r t e r 

audit the flow ra te of each high-volume 
sampler at least once. Audit the flow ra te at 
one flow rate using a reference flow device 
described in section 2.2.8, pages 3-5, of re ference 
ence 2, or a s imilar t rans fer flow standard. 
T h e device used for auditing must be differ-
ent from the one used to ca l ibrate t h e flow 
of the high-volume sampler being audited. 
T h e auditing device and t h e ca l ibrat ion 
device may both be referenced to t h e s a m e 
primary flow s tandard. With t h e audit 
device In place, operate t h e high-volume 
sampler at its normal flow rale . T h e differ-
ence in flow rate (in m / m i n ) between the 
audit flow measurement and t h e flow indi-
cated by t h e sampler 's normal flow indica-
tor are used to ca lculate accuracy as de-
scribed in section 5.2. 

G r e a t care must be used in auditing high-
volume samplers having flow regulators be-
cause the introduction of resistance plates 
In t h e audit device can cause abnormal flow 
pat terns at the point of flow sensing. F o r 
th is reason, t h e orifice of the flow audit 
device should be used with a normal glass 
fiber f i l ter in place and without res is tance 
plates in auditing flow regulated high-
volume samplers , or o t h e r steps should be 
taken to assure t h a t flow pat terns arc not 
perturbed at t h e point of flow sensing. 

3.4.2 Pb Method. F o r the re ference 
method (Appendix G of P a r t 50 of this 
c h a p t e r ) during each sampling q u a r t e r 
audit the flow rate of each high-volume Pb 
sampler at least once. T h e procedure to be 
followed for lead methods is t h e s a m e as de-
scribed in section 3.4 t for t h e T S P method. 

For each sampling quarter , audit the Pb 
analysis using glass fiber f i l ter strips con-
taining a known quant i ty of lead. Audit 
samples are prepared by depositing a Pb so-
lution on 1.9 cm by 20.3 cm ( inch by 8 
i n c h ) unexposed glass f iber fi lter strips and 

allowing to dry thoroughly. T h e audit sam-
ples must be prepared using reagents differ-

ent from those used to cal ibrate the Pb analytical 
equipment being audited. Prepare 

audit samples in the following concentration 
ranges: 

Pb concentration Equivalent ambient Ranges Pb Concentration 

1 100 to 300 0 5 to 1 5 
2 600 to 1,000 3 0 to 5 0 

Equivalent ambient Pb concentration in 
based on 

sampling of 17m min for 24 hours on cm cm (8 inch 
x 10 inch) glass fiber filter. 

Audit samples must be ex t rac ted using the 
same e x t r a c t i o n procedure used for exposed 
filters. 

Analyze at least one audit sample in each 
of t h e two ranges each day that samples are 
anlayzed. T h e di f ference between the audit 
concentra t ion (in Pb/strip) and the ana-
lyst 's measured concentra t ion (in P b 
str ip is used to ca lculate accuracy as 
described in sect ion 5.4. 

T h e accuracy of an equivalent method is 
assessed In the same m a n n e r as the reference 
ence method. T h e flow auditing device and 
P b analysis audit samples must be compatible 
ble with t h e specif ic requirements of t h e 
equivalent method. 

4. C A L C U L A T I O N S FOB A U T O M A T E D M E T H O D S 

4.1 Single Analyzer Precision. 
E a c h organization, at the end of each sam-

pling quarter , shal l ca lculate and report a 
precision probabi l i ty interval for each analyzer 
lyzer. Direct ions for calculat ions are given 
below and direct ions for reporting are given 
In sect ion 6. If monitoring data are Invali-
dated during t h e period represented by a 
given precision check , the results of tha t 
precision check shal l be excluded from the 
calculat ions. Calculate t h e percentage dif-
fe rence (d ) for each precision cheek using 
equat ion 1. 

where: 
Y analyzer 's indicated concentrat ion from 

t h e precision check 
X known concentrat ion of the test gas 

used for t h e precision check. 
For each ins t rument , ca lculate t h e quarter-
ly average (d ), equation 2, and the s tandard 
deviation (S ), equation 3. 
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where n Is t h e n u m b e r of precision c h e c k s 
on t h e i n s t r u m e n t made during ther sam-
pling quar ter . F o r example , n should be 6 or 
7 if span c h e c k s are made biweekly during a 
quar ter . 

Ca lcula te the 95 percent probabil i ty l imits 
for precision using equat ion 4 and 5. 
Upper 95 P e r c e n t Probabi l i ty 

L i m i t = d + 1.96 S , (4 ) 
Lower 95 P e r c e n t Probabi l i ty 

Limit =d - 1.96 S, (5) 
4.2 Single Analyzer Accuracy. 
E a c h organization, a t t h e end of each 

sampling quarter , shal l ca lcula te and report 
t h e percentage di f ference for each audit 
concentra t ion for each analyzer audited 
during t h e quarter . Direct ions for calcula-
t ions are given below (direct ions for report-
ing are given In sect ion 6). 

Ca lcula te and report t h e percentage dif-
ference (d ) for each audit concentra t ion 
using equat ion i where Y is t h e analyzer 's 
Indicated concentra t ion from t h e t h audit 
check and X is t h e known concentra t ion of 
t h e audit gas used for the audit check . 

5 . C A L C U L A T I O N S F O R M A N U A L M E T H O D S 

5.1 Single Instrument Precision for TSP 
and Pb. E s t i m a t e s of precision for a m b i e n t 
air qual i ty measurements from t h e T S P and 
P b m e t h o d s are ca lculated from results ob-
tained from t h e col locat ion of two samplers 
at one sampling si te as described In sect ion 
3.3.1 for T P S and 3.3.2 for Pb. At t h e end of 
each sampling quarter , calculate and report 
a precision probabil i ty interval using weekly 
col locat ion sampler results . Direct ions for 
ca lculat ion are given below and direct ions 
for reporting are given in sect ion 6. 

F o r t h e paired measurements described in 
section 3 3.1 or 3.3.2 ca lcula te t h e percent-
age di f ference (d ) using equat ion 1 where Y 
is t h e T S P or Pb concentra t ion measured by 

t h e duplicate sampler and X is t h e T S P or 
Pb concent ra t ion measured by t h e sampler 
reporting air quality for t h e site. Calculate 
the quarter ly average percentage d i f ference 
(d ), equat ion 2, s tandard deviation (S ), 

equat ion 3, and upper and lower 95 percent 
probabil i ty limits for precision (equat ions 6 
and 7). 

Upper 95 Percent Probabi l i ty Limit 
d, 96S, 2 (6) 

Lower 95 Percent Probabi l i ty Limit 

d 96S, 2 (7 ) 
5.2 Single Instrument Accuracy for TSP. 
Each organization, a t the end of each sam-

pling quarter , shal l ca lcula te and report t h e 
percentage di f ference for each high-volume 
sampler audited during t h e quarter . Direc-
t ions for ca lculat ion are given below and di-
rec t ions for report ing are given in sect ion 6. 

F o r the flow rate audit described in sec-
tion 3.4. let X represent t h e known flow 
r a l e and Y represent t h e Indicated flow 
ra te . Calculate the percentage d i f ference 
(d ) using equat ion . 

5.3 Single Instrument Accuracy for Pb. 
E a c h organization, a t t h e end of each sam-
pling quarter , shal l ca lculate and report t h e 
percentage di f ference for each high-volume 
lead sampler audited during t h e quarter . Di-
rec t ions for ca lculat ion are given in 5.2 and 
direct ions for report ing are given In sec t ion 
6. 

5.4 Single-Analysis-Day Accuracy for Pb. 
E a c h organizat ion, at t h e end of each sam-
pling quarter , shal l ca lculate and report t h e 
percentage di f ference for each P b analysis 
audit during t h e quarter . Direct ions for cal-

calculations are given below and direct ions for 
report ing are given in sect ion 8. 

F o r e a c h analysis audit for P b described 
In sect ion 3.4.2, let X represent t h e known 
value of t h e audit sample and Y t h e indicat-
ed value of Pb. Ca lcula te t h e percentage dif-
fe rence (d ) for each audit a t each concen-
t ra t ion level using equat ion 1. 

6. ORGANIZATION REPORTINg REQUIREMENTS 

At t h e end of each sampling quarter , t h e 
organizat ion must report t h e following d a t a 
assessment in format ion : 

( 1 ) F o r a u t o m a t e d analyzers—precision 
probabi l i ty limits from section 4.1 and per-
c e n t a g e di f ferences from section 4.2, and 

( 2 ) F o r manual methods—precision prob-
abil i ty limits from sect ion 5.1 and percent-
age di f ferences from sect ions 5.2 and 5.3. 
T h e precision and accuracy in format ion f o r 
t h e ent i re sampling q u a r t e r must be submit -
ted with the a ir monitor ing data. All d a t a 
used to ca lculate reported es t imates of pre-
cision and accuracy including span checks , 
col located sampler and audit results must be 
made avai lable to t h e permit grant ing au-
thor i ty upon request . 
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A P P E N D I X C—AMBIENT AIR Q U A L I T Y 
M O N I T O R I N G M E T H O D O L O G Y 

1.0 P u r p o s e 

T h i s appendix specif ies t h e monitor ing 
methods (manual methods or automated 
analyzers) which must be used in S t a t e am-
bient air qual i ty monitoring s ta t ions . 

2 . 0 S T A T E A N D LOCAL A I R M O N I T O R I N G 
S T A T I O N S ( S L A M S ) 

2.1 E x c e p t as otherwise provided in til ls 
appendix, a monitoring m e t h o d used in a 
S L A M S must be a re ference or equivalent 
m e t h o d as defined in 50.1 of th is chapter . 

2.2 Any analyzer for S O , C O or O , pur-
chased before February 18, 1978, may be 
used In a S L A M S until F e b r u a r y 18, 1980. 
Any analyzer for NO. purchased before January 
uary 3, 1978, may be used In a S L A M S until 
J a n u a r y 3, 1980. Any method for lead in use 
before J u n e 6, 1979, may be used in a 
S L A M S until J u n e 5, 1980. 

2.2.1 Any analyzer for S O , C O or O, 
purchased before February 18, 1978, may be 
used in a S L A M S until F e b r u a r y 18, 1980. 

2 2 2 Any analyzer for NO purchased 
before J a n u a r y 3, 1970, may be used in a 
S L A M S until J a n u a r y 3, 1980. 

2 3 Any manual method or analyzer pur 
chased prior to cance l la t ion of its re ference 
or equivalent m e t h o d designation under 

53.11 or 53.16 of this c h a p t e r may be 
used In a S L A M S following cancel lat ion for 
a reasonable period of t ime to be deter-
mined by t h e Administrator . 

2.4 Use of Nonconforming Analyzers in 
Certain G e o g r a p h i c a l Areas. 

2.4.1 The S t a t e may use an analyzer that 
is not a re ference or equivalent method In a 
S L A M S in a part icular geographical area if 
t h e analyzer was purchased prior to February 
ary 18, 1975. and the Administrator deter 
mines: 

2.4.1.1 T h a t the analyzer (or the method 
of which the analyzer Is representat ive) 
m e e t s all t h e requirements of Par t 53 of this 
c h a p t e r tha t would apply if an application 
for a re ference or equivalent method deter-
minat ion were submit ted for the method of 
which t h e analyzer Is representat ive except : 
(A) t h e test for in ter fe rence equivalent spec-
ified In 53 .23(d) of this chapter , and ( B ) re-
quirements of S u b p a r t C of Part 53 of this 
c h a p t e r . If applicable, to the ex tent t h a t 
fai lure to meet t h e Subpar t C requirements 
results from sensit ivity to interferants ; and 

2.4.1.2 T h a t in ter ferants tha t cause or 
would cause the analyzer to fall the require-
m e n t s of 53 .23(d) and Subpar t C of Part 53 
of this c h a p t e r do not occur In significant 
c o n c e n t r a t i o n s In t h e geographical area In 
which use of t h e analyzer Is proposed For 
purposes of th is sect ion (2.4), a "signif icant 
c o n c e n t r a t i o n " m e a n s one that would cause 
a m e a s u r e m e n t error equal to or greater 
than t h e lower detectable limit specif ication 
in T a b l e B-1 In Subpart B of Part 53 of this 
c h a p t e r . 

2.4.2 R e q u e s t s for approval under this 
sect ion (2 .4) must meet the submitta l re-
qu i rements of sect ion 2.7. Except as pro-
vided In subsect ion 2.7.3. each such request 
must conta in the information specified In 
subsect ion 2.7.2 In addition to the following 

2.4.2.1 T h e da le on which t h e analyzer 
was purchased: 

2.4 2 2 An Identif ication and description 
of t h e geographical area in which use of the 
analyzer is proposed: 

2.4.2.3 S u c h data or o t h e r Information as 
may be necessary to demonstrate that the 
in ter ferants re ferred to in section 2.4.1.2 do 
not occur In significant concentrat ions in 
the geographical area in which use of the 
analyzer Is proposed: and 

2.4.2.4 T e s t data for tests conducted with 
t h e analyzer in accordance with S u b p a r t C 
of P a r t 53 of this c h a p t e r in the geographi-
cal a r e a In which use of the analyzer is proposed 
posed. If S u b p a r t C would apply if an appli-
cat ion for a re ference or equivalent m e t h o d 

165 



2 5 3 0 Federal Register / Vol. 48. No. 14 / Thursday, January 20, 1983 / Rules and Regulations 

concentrat ions for CO, SO, and NO 
must be traceable to either a National 
Bureau o f S tandards (NBS) S t a r 
Reference Material (SRM) or art NBS/ 
EPA-appraved commercial ly a v a i l a b l e 
Certified Reference Mater ia l/CRM). 
CRM's are described in Reference 7, and 
a list of CRM sources is a v a i l a b l e from 
the address shown for Reference 7. A 
recommended protocol for certifying 
gaseous standards again an S R M or 
C R M is given in References 2 and 3. 
Direct use of a CRM a s a working 
standard is acceptable but direct use of 
an NBS SRM a s a working s tandard is 
discouraged because of the l imited 
supply and expense of SRM's . 

6. By adding "CRM," to the third 
sentence of the fourth paragraph of 
sect ion 3.1.2 of Appendix A to read: 
* * * T h e auditing standard* and 
calibration s tandards may be referenced 
to the same NBS SRM, CRM or primary 
UV photometer. 

7. By adding the following inference to 
Appendix A: 

References 

7. A procedure for Establishing Traceability 
of Gas Mixtures to Certain National 
Bureau of Standards Standard Reference 
Materials EPA-600/7-81-010, Joint 
publication by NBS and EPA. Available 
from the U.S. Environmental Protection 
Agency, Environmental Monitoring 
Systems Laboratory (MD-77). Research 
Triangle Park, North Carolina 27711. May 
1981. 

Appendix B — [ A m e n d e d ] 

8. By revising paragraph 2.3.1 of 
Appendix B. "Qual i ty Assurance 
Requirements for Prevention of 
Significant Deterioration (PSD) Air 
Monitoring," to read as fol lows: * * * * 

2.3.1 Gaseous standards (permeation 
tubes, permeation devices or cyl inders 
of compressed gas) used to obtain test 
concentrat ions for CO, S O , and NO 
must b e t raceable to either a Nat ional 
Bureau of S tandards (NBS) gaseous 
Standard Reference Material (SRM) or 
an NBS/EPA-approved commercial ly 
avai lable Certified Reference Material 
(CRM). CRM's are described in 
Reference 7. and a list of CRM sources is 
avai lable from the address shown for 
Reference 7. A recommenced protocol 
for certifying gaseous s tandards against 
an SRM or CRM is given in References 2 
and 3. Direct use of a CRM as a working 
standard is acceptable , but direct use of 
an NBS SRM as a working s tandard is 
discouraged b e c a u s e of the limited 
supply and expense of SRM's . 

9. By adding, " C R M , " to the third 
sentence of the second paragraph of 
sect ion 3.2 of Appendix B to read: 

The auditing standards and calibration 
standards may be referenced to the 
same NBS SRM, CRM, or primary UV 
photometer. 

10. By adding the following re ference 
to Appendix B: 

References * * * * * 

7. "A Procedure for Establishing Traceability 
of Gas Mixtures to Certain National 
Bureau of Standards Standard Reference 
Materials." EPA 00/7-81-010, Joint 
publication by NBS and EPA. Available 
from the US Environmental Protection 
Agency, Environmental Monitoring 
Systems Laboratory (MD-77), Research 
Triangle Park, North Carolina 27711 May 
1981. 

BILLING CODE 

* * * Please note that the 1982 CFR 
contains a major typographical 
e r ror . The 95% Probabi l i ty Limits 
in Section 5.1 should be -
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a. The first phrase in the first sentence 
of sect ion 3.3 is revised to read as 
follows: " F o r each network of manual 
methods , " * * * 

b. The following sentence is inserted 
after the second sentence in section 3.3 

1 Conc. times 100 for CO. 

Appendix B — [ A m e n d e d ] 

10. Appendix B is amended as follows: 
a. T h e heading of paragraph 3.3.1 is 

revised to read as fol lows: 

3.3.1 TSP and PM10 Methods. * * * 

b. T h e first paragraph of 3.4.1 is 
revised to read as fol lows: 

3.4.1 TSP and PM10 Methods. Each 
sampling quarter, audit the flow rate of each 
sampler at least once. Audit the flow at the 
normal flow rate, using a certified flow 

reference 2). The flow 
transfer standard used for the audit must not 

be the same one used to calibrate the flow of 
the sampler being audited, although both 
transfer standards may be referenced to the 
same primary flow or volume standard. The 
difference between the audit flow 
measurement and the flow indicated by the 
sampler's flow indicator is used to calculate 
accuracy, as described In paragraph 5.2. * * * * * 

C. Sect ion 5.1 is revised to read as 
follows: 

5.1 Single Instrument Precision for TSP, Pb 
and PM10. Estimates of precision for ambient 
air quality particulate measurements are 
calculated from results obtained from 
collocated samplers as described in section 
3.3. At the end of each sampling quarter. 

" F o r particulate matter, a network for 
measuring PM10 shall b e separa te from a 
T S P network. " 

c. T h e measurement l imits for PM10 
are added to the list of limits in sect ion 
5.3.1: "PM10: 20 g/m 3 . " ; the word " a n d " 

calculate and report a precision probability 
interval, using weekly result from the 
collecated samplers. Directions for 
calculations are given below, and directions 
for reporting are given in section 6. 

For the paired measurements obtained as 
described in sections 3.3.1 and 3.3.2, calculate 
the percent difference (d ) using equation la , 
where Y is the concentration of pollutant 
measured by the duplicate sampler, and X, is 
the concentration measured by the sampler 
reporting air quality for the site. Calculate the 
quarterly average percent difference (d ) 

equation 2, standard deviation equationil 
3; and upper and lower 95 percent probability 
limits for precision, equations 6 and 7. 

(1a) 
Upper 95 percent probability limit = d, + 

1.96S / 2 
(6) 

Lower 95 percent probability limit = d, - 1 . 9 6 
S / 2 

(7) 
d. In paragraph 5.2, change the 

heading to read "Single Instrument 
Accuracy for TSP and PM10," and 

is deleted from the third limit; and the 
period at the end o f the fourth limit is 
replaced by a comma and the word 
" a n d . " 

d. T a b l e A - 1 is revised to read as 
fol lows: 

Parameters reported 

Actual concentration and 
measured 
concentration. 

Two concentration 
measurements. 

Actual concentration and 
measured (indicated) 
concentration tor each 
level. 

Actual concentration and 
measured (indicated) 
concentration for each 
audit solution. 

Actual flow rate and Row 
rate indicated by the 
sampler. 

1. Same as for TSP; 2. 
Actual concentration and 
measured (indicated) 
concentration of audit, 
samples ( g Pb/strip). 

replace the phrase " e a c h high volume 
s a m p l e r " with the phrase " e a c h high-
volume or PM10 sampler . " 

Appendex C—[Amended] 

11. In Appendix C, sec t ions 2.0, 4.0, 
and 5.0 are amended as fol lows: 

a. In sect ion 2.0, paragraphs 2.2.1 a n d 
2.2.2 are deleted and paragraph 2.2 is 
rev ised to read as fo l lows: * * * * * 

with the NAAQS for particulate matter, the 
high volume sampler described in Appendix 
B of Part 50 of this chapter may be used in a 
SLAMS as long as the ambient concentration 
of particles measured by the high volume 
sampler is below the PM10 NAAQS. 

If the TSP sampler measures a single value 
which is higher than the PM10 24-hour 
standard or has an annual average greater 
than the PM10 annual standard, the high 
volume sampler designated as a substitute 
PM10 sampler must be replaced with a PM10 
sampler. For the 24-hour standard, the TSP 
sampler should be replaced with a PM10 
sampler before the end of the calendar 
quarter following the quarter in which the 
exceedance occurred. For the annual 
standard, the PM10 sampler should be 

TABLE A-1.—MINIMUM DATA ASSESSMENT REQUIREMENTS 

Method Assessment method Coverage Minimum frequency 

Precision: 
Automated methods 

for SO NO O3, 
and CO. 

Manual methods 
including lead. 

Accuracy: 
Automated methods 

for SO NO O 
and CO. 

Manual methods for 
SO and NO 

TSP, PM10 

Lead 

Response check at concen-
tration between .08 and 
.10 ppm (8 & 10 ppm for 
CO). 

Collocated samplers 

Respose check at .03-.08 
ppm;1 .15-.20 ppm; 1 

. 3 5 - 4 5 ppm; 1 . 8 0 - 9 0 
ppm 1 (if applicable). 

Check of analytical proce-
dure with audit standard 
solutions. 

Check of sampler flow rate.... 

1. Check sample flow rate 
as for TSP; 2. Check ana-
lytical system with Pb 
audit strips. 

Each analyzer.. 

1 site for 1 -5 sites; 2 sites 
6 - 2 0 sites; 3 sites > 2 0 
sites; (sites with highest 
conc.). 

1. Each analyzer, 2 . 2 5 % of 
analyzers (at least 1). 

Analytical system 

1. Each sampler; 2. 2 5 % of 
samplers (at least 1). 

1. Each sampler; 2. Analyti-
cal system. 

Once per 2 weeks.. 

Once per week.. 

1. Once per year, 2. Each 
calendar quarter. 

Each day samples are ana-
lyzed, at least twice per 
quarter. 

1. Once per year; 2. Each 
calendar quarter. 

1. Include with TSP, 2. 
Each quarter. 
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diameter less than or equal to a nominal 
10 micrometers] by: 

(1) A reference method b a s e d on 
Appendix J and designated in 
a c c o r d a n c e with Part 53 of this chapter, 
or 

(2) An equivalent method designated 
in a c c o r d a n c e with Part 53 of this 
chapter . 

§50.7 [Removed and reserved] 
3. Sect ion 50.7 is removed and 

reserved. 
4. In Appendix G, reference 10 is 

removed and reserved and sect ion 5.1.1 
is revised to read as follows: 

5.1.1 High-Volume Sampler. Use and 
calibrate the sampler as described in 
Appendix B to this Part. 

5. Appendix I is added and reserved. 

Appendix I [Reserved] 

6. Appendix J is added to read as 
follows: 

Appendix J — R e f e r e n c e Method for the 
Determination of Particulate Matter as 
PM 1 0 in the Atmosphere 

1.0 Applicability. 
1.1 This method provides for the 

measurement of the mass concentration of 
particulate matter with an aerodynamic 
diameter less than or equal to a nominal 10 
micrometers (PM10) in ambient air over a 24-
hour period for purposes of determining 
attainment and maintenance of the primary 
and secondary national ambient air quality 
standards for particulate matter specified in 

50.6 of this chapter. The measurement 
process is nondestructive, and the PM10 
sample can be subjected to subsequent 
physical or chemical analyses. Quality 
assurance procedures and guidance are 
provided in Part 58, Appendices A and D, of 
this chapter and in References 1 and 2. 

2.0 Principle. 
2.1 An air sampler draws ambient air at a 

constant flow rate into a specially shaped 
inlet where the suspended particulate matter 
is inertially separated into one or more size 
fractions within the PM10 size range. Each 
size fraction in the PM10 size range is then 
collected on a separate filter over the 
specified sampling period. The particle size 
discrimination characteristics (sampling 
effectiveness and 50 percent cutpoint) of the 
sampler inlet are prescribed as performance 
specifications in Part 53 of this chapter. 

2.2 Each filter is weighed (after moisture 
equilibration) before and after use to 

determine the net weight (mass) gain due to 
collected PM10. The total volume of air 
sampled, corrected to EPA reference 
conditions (25* C, 101.3 kPa), is determined 
from the measured flow rate and the 
sampling time. The mass concentration of 
PM10 in the ambient air is computed as the 
total mass of collected particles in the PM10 
size range divided by the volume of air 
sampled, and is expressed in micrograms per 
standard cubic meter ( g/std m3). For PM10 
samples collected at temperatures and 
pressures significantly different from EPA 

reference conditions, these corrected 
concentrations sometimes differ substantially 
from actual concentrations (in micrograms 
per actual cubic meter), particularly at high 
elevations. Although not required, the actual 
PM10 concentration can be calculated from 
the corrected concentration, using the 
average ambient temperature and barometric 
pressure during the sampling period. 

2.3 A method based on this principle will 
be considered a reference method only if (a) 
the associated sampler meets the 
requirements specified in this appendix and 
the requirements in Part 53 of this chapter, 

and (b) the method has been designated as a 
reference method in accordance with Part 53 
of this chapter. 

3.0 Range 
3.1 The lower limit of the mass 

concentration range is determined by the 
repeatability of filter tare weights, assuming 
the nominal air sample volume for the 
sampler. For samplers having an automatic 
filter-changing mechanism, there may be no 
upper limit. For samplers that do not have an 
automatic filter-changing mechanism, the 
upper limit is determined by the filter mass 
loading beyond which the sampler no longer 
maintains the operating flow rate within 
specified limits due to increased pressure 
drop across the loaded filter. This upper limit 
cannot be specified precisely because it is a 
complex function of the ambient particle size 
distribution and type, humidity, filter type, 
and perhaps other factors. Nevertheless, all 
samplers should be capable of measuring 24-
hour PM10 mass concentrations of at least 300 

g/std m3 while maintaining the operating 
flow rate within the specified limits. 

4.0 Precision. 
4.1 The precis ion of PM10 samples must 

be 5 g/m3 for PM10 concentrations below 80 
/m3 and 7 percent for PM10 concentrations 

above 80 g/m3, as required by Part 53 of this 
chapter, which prescribes a test procedure 
that determines the variation in the PM10 
concentration measurements of identical 
samplers under typical sampling conditions. 
Continual assessment of precision via 
collocated samplers is required by Part 58 of 
this chapter for PM10 samplers used in certain 
monitoring networks. 

5.0 Accuracy. 
5.1 Because the size of the particles 

making up ambient particulate matter varies 
over a wide range and the concentration of 
particles varies with particle size, it is 
difficult to define the absolute accuracy of 
PM10 samplers. Part 53 of this chapter 
provides a specification for the sampling 
effectiveness of PM10 samplers. This 
specification requires that the expected mass 
concentration calculated for a candidate 
PM10 sampler, when sampling a specified 
particle size distribution, be within ± 1 0 
percent of that calculated for an ideal 
sampler whose sampling effectiveness is 
explicitly specified. Also, the particle size for 
50 percent sampling effectiveness is required 
to be 10±0.5 micrometers. Other 

specifications related to accuracy apply to 
flow measurement and calibration, filter 
media, analytical (weighing) procedures, and 
artifact. The flow rate accuracy of PM10 
samplers used in certain monitoring networks 
is required by Part 58 of this chapter to be 
assessed periodically via flow rate audits. 

6.0 Potential Sources of Error. 
6.1 Volatile Particles. Volatile particles 

collected on filters are often lost during 
shipment and/or storage of the filters prior to 
the post-sampling weighing 3. Although 
shipment or storage of loaded filters is 
sometimes unavoidable, filters should be 
reweighed as soon as practical to minimize 
these losses. 

6.2 Artifacts. Positive errors in PM10 
concentration measurements may result from 
retention of gaseous species on filters . 
Such errors include the retention of sulfur 
dioxide and nitric acid. Retention of sulfur 
dioxide on filters, followed by oxidation to 
sulfate, is referred to as artifact sulfate 

formation, a phenomenon which increases 
with increasing filter alkalinity . Little or no 
a ifact sulfate formation should occur using 
filters that meet the alkalinity specification in 
section 7.2.4. Artifact nitrate formation, 
resulting primarily from retention of nitric 
acid, occurs to varying degrees on many filter 
types, including glass fiber, cellulose ester, 
and many quartz fiber filters . Loss 
of true atmospheric particulate nitrate during 
or following sampling may also occur due to 
dissociation or chemical reaction. This 
phenomenon has been observed on Teflon® 
filters 8 and inferred for quartz fiber 

filters The magnitude of nitrate 
errors in PM10 mass concentration 
measurements will vary with location and 
ambient temperature; however, for most 
sampling locations, these errors are expected 
to be small. 

6.3 • Humidity. The effects of ambient 
humidity on the sample are unavoidable. The 
filter equilibration procedure in section 
designed to minimize the effects of moisture 
on the filter medium. 

6.4 Filter Handling. Careful handling of 
filters between presampling and 
postsampling weighings is necessary to avoid 
errors due to damaged filters or loss of 
collected particles from the filters. Use of a 
filter cartridge or cassette may reduce the 
magnitude of these errors. Filters must also 
meet the integrity specification in section 
7.2.3. 

6.5 Flow Rate Variation. Variations in the 
sampler's operating flow rate may alter the 
particle size discrimination characteristics of 
the sampler inlet. The magnitude of this error 
will depend on the sensitivity of the inlet to 
variations in flow rate and on the particle 
distribution in the atmosphere during the 
sampling period. The use of a flow control 
device (section 7.1.3) is required to minimize 
this error. 

6.6 Air Volume Determination. Errors in 
the air volume determination may result from 
errors in the flow rate and/or sampling time 
measurements. The flow control device 
serves to minimize errors in the flow rate 
determination, and an elapsed time meter 
(section 7.1.5) is required to minimize the 
error In the sampling time measurement. 

7.0 Apparatus. 
7.1 PM10 Sampler. 
7.1.1 The sampler shall be designed to: 
a. Draw the air sample into the sampler 

inlet and through the particle collection filter 
at a uniform face velocity. 
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b. Hold and seal the filter in a horizontal 
position so that sample air is drawn 
downward through the filter. 

c. Allow the filter to be installed and 
removed conveniently. 

d. Protect the filter and sampler from 
precipitation and prevent insects and other 
debris from being sampled. 

e. Minimize air leaks that would cause 
error in the measurement of the air volume 
passing through the filter. 

f. Discharge exhaust air at a sufficient 
distance from the sampler inlet to minimize 
the sampling of exhaust air. 

g. Minimize the collection of dust from the 
supporting surface. 

1.2 The sampler shall have a sample air 
inlet system that, when operated within a 
specified flow rate range, provides particle 
size discrimination characteristics meeting all 
of the applicable performance specifications 
prescribed in Part 53 of this chapter. The 
sampler inlet shall show no significant wind 
direction dependence. The latter requirement 
can generally be satisfied by an inlet shape 
that is circularly symmetrical about a vertical 
axis. 

7.1.3 The sampler shall have a flow 
control device capable of maintaining the 
sampler's operating flow rate within the flow 
rate limits specified for the sampler inlet over 
normal variations in line voltage and filter 
pressure drop. 

7.1.4 The sampler shall provide a means 
to measure the total flow rate during the 
sampling period. A continuous flow recorder 
is recommended but not required. The flow 
measurement device shall be accurate to ± 2 
percent. 

7.1.5 A timing/control device capable of 
starting and stopping the sampler shall be 
used to obtain a sample collection period of 
24 ± 1 hr (1.440 ± 8 0 min). An elapsed time 
meter, accurate to within ± 1 5 minutes, shall 
be used to measure sampling time. This meter 
is optional for samplers with continuous flow 
recorders if the sampling time measurement 
obtained by means of the recorder meets the 
± 1 5 minute accuracy specification. 

7.1.8 The sampler shall have an 
associated operation or instruction manual as 
required by Part 53 of this chapter which 
includes detailed instructions on the 
calibration, operation, and maintenance of 
the sampler. 

7.2 Filters. 
7.2.1 Filter Medium. No commercially 

available filter medium is ideal in all respects 
for all samplers. The user's goals in sampling 
determine the relative importance of various 
filter characteristics (e.g., cost, ease of 
handling, physical and chemical 
characteristics, etc.) and, consequently, 
determine the choice among acceptable 
filters. Furthermore, certain types of fillers 
may not be suitable for use with some 
samplers, particularly under heavy loading 
conditions (high mass concentrations), 
because of high or rapid increase in the filter 
flow resistance that would exceed the 
capability of the sampler's flow control 
device. However, samplers equipped with 
automatic filter-changing mechanisms may 
allow use of these types of filters. The 
specifications given below are minimum 
requirements to ensure acceptability of the 

filter medium for measurement of PM10 mass 
concentrations. Other filter evaluation 
criteria should be considered to meet 
individual sampling and analysis objectives. 

7.2.2 Collection Efficiency percent. 
as measured by the DOP test (ASTM-2986) 
with 0.3 m particles at the sampler's 
operating face velocity. 

7.2.3 Integrity. ± 5 g/m3 (assuming 
sampler's nominal 24-hour air sample 
volume). Integrity is measured as the PM10 
concentration equivalent corresponding to 
the average difference between the initial 
and the final weights of a random sample of 
test filters that are weighed and handled 
under actual or simulated sampling 
conditions, but nave no air sample passed 
through them (i.e., filter blanks). As a 
minimum, the lest procedure must include 
initial equilibration and weighing, installation 
on an inoperative sampler, removal from the 
sampler, and final equilibration and 
weighing. 

7.2.4 Alkalinity. <25 microequivalents/ 
gram of filter, as measured by the procedure 
given in Reference 13 following at least two 
months storage in a clean environment (free 
from contamination by acidic gases) at room 
temperature and humidity. 

7.3 Flow Rate Transfer Standard. The 
flow rate transfer standard must be suitable 
for the sampler's operating flow rate and 
must be calibrated against a primary flow or 
volume standard that is traceable to the 
National Bureau of Standards (NBS). The 
flow rate transfer standard must be capable 
of measuring the sampler's operating flow 
rate with an accuracy of ± 2 percent. 

7.4 Filter Conditioning Environment. 
7.4.1 Temperature range: 15 to 30 C. 
7.4.2 Temperature control: ± 3 C. 
7.4.3 Humidity range: 20% to 45% RII. 
7.4.4 Humidity control: ± 5 % RH. 
7.5 Analytical Balance. The analytical 

balance must be suitable for weighing the 
type and size of filters required by the 
sampler. The range and sensitivity required 
will depend on the filter tare weights and 
mass loadings. Typically, an analytical 
balance with a sensitivity of 0.1 g is 
required for high volume samplers (flow rates 
>0.5 m3/min). Lower volume samplers (flow 
rates <0.5 m3/min) will require a more 
sensitive balance. 

8.0 Calibration. 
8.1 General Requirements. 
8.1.1 Calibration of the sampler's flow 

measurement device is required to establish 
traceability of subsequent flow 
measurements to a primary standard. A flow 
rate transfer standard calibrated against a 
primary flow or volume standard shall be 
used to calibrate or verify the accuracy of the 
sampler's flow measurement device. 

8.1 2 Particle size discrimination by 
inertial separation requires that specific air 

velocities be maintained in the sampler's air 
inlet system. Therefore, the flow rate through 
the sampler's inlet must be maintained 
throughout the sampling period within the 
design flow rate range specified by the 
manufacturer. Design flow rates are specified 
as actual volumetric flow rates, measured at 
existing conditions of temperature and 
pressure (Q ). In contrast, mass 
concentrations of PM10 are computed using 

flow rates corrected to EPA reference 
conditions of temperature and pressure (Q ). 

8.2 Flow Rate Calibration Procedure. 
8.2.1 PM10 samplers employ various types 

of flow control and flow measurement 
devices. The specific procedure used for flow 
rale calibration or verification will vary 
depending on the type of flow controller and 
flow indicator employed. Calibration in terms 
of actual volumetric flow rates (Q ) is 
generally recommended, but other measures 
of flow rate (e.g., Q ) may be used provided 
the requirements of section 8.1 are met. The 
general procedure given here is based on 
actual volumetric flow units (Q ) and serves 

to illustrate the steps involved in the 
calibration of a PM10 sampler. Consult the 
sampler manufacturer's instruction manual 
ana Reference 2 for specific guidance on 
calibration. Reference 14 provides additional 
information on the use of the commonly used 
measures of flow rate and their 
interrelationships. 

8.2.2 Calibrate the flow rate transfer 
standard against a primary flow or volume 
standard traceable to NBS. Establish a 
calibration relationship (e.g., an equation or 
family of curves) such that traceability to the 
primary standard is accurate to within 2 
percent over the expected range of ambient 
conditions (i.e.. temperatures and pressures) 
under which the transfer standard will be 
used. Recalibrate the transfer standard 
periodically. 

8.2.3 Following the sampler 
manufacturer's instruction manual, remove 
the sampler inlet and connect the flow rate 
transfer standard to the sampler such that the 
transfer standard accurately measures the 
sampler's flow rate. Make sure there are no 
leaks between the transfer standard and the 
sampler. 

B.2.4 Choose a minimum of three flow 
rates (actual m3/min). spaced over the 
acceptable flow rare range specified for the 
inlet (see 7.1.2) that can be obtained by 
suitable adjustment of the sampler flow rate. 
In accordance with the sampler 
manufacturer's instruction manual, obtain or 
verify the calibration relationship between 
the flow rate (actual m3/min) as indicated by 
the transfer standard and the sampler's flow 
indicator response. Record the ambient 
temperature and barometric pressure. 
Temperature and pressure corrections to 
subsequent flow indicator readings may be 
required for certain types of flow 
measurement devices. When such corrections 
are necessary, correction on an individual or 
daily basis is preferable. However, seasonal 
average temperature and average barometric 
pressure for the sampling site may be 
incorporated into the sampler calibration to 
avoid daily corrections. Consult the sampler 
manufacturer's instruction manual and 
Reference 2 for additional guidance. 

8.2.5 Following calibration, verify that the 
sampler Is operating at its design flow rate 
(actual m3/min) with a clean filter in place. 

8.2.6 Replace the sampler inlet. 
9.0 Procedure. 
9.1 The sampler shall be operated in 

accordance with the specific guidance 
provided in the sampler manufacturer's 
instruction manual and in Reference 2. The 
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general procedure given here assumes that 
the sampler's flow rate calibration Is based 

on flow rates at ambient conditions (Q) and 
serves to illustrate the steps involved in the 
operation of a PM10 sampler. 

9.2 Inspect each filter for pinholes, 
particles, and other imperfections. Establish a 
filter information record and assign an 
identification number to each filler. 

9.3 Equilibrate each filter in the 
conditioning environment (see 7.4) for at least 
24 hours. 

9.4 Following equilibration, weigh each 
filter and record the presampling weight with 
the filter identification number. 

9.5 Install a prewashed filter in the 
sampler following the instructions provided 
in the sampler manufacturer's instructional 
manual. 

9.6 Turn on the sampler and allow it to 
establish run-temperature conditions. Record 
the flow indicator reading and. if needed, the 
ambient temperature and barometric 
pressure. Determine the sampler flow rate 
(actual m3/min) in accordance with the 
instructions provided in the sampler 
manufacturer's instruction manual. NOTE.— 
No onsite temperature or pressure 
measurements are necessary if the sampler's 
flow indicator does not require temperature 
or pressure corrections or if seasonal average 
temperature and average barometric pressure 
for the sampling site are incorporated into the 
sampler calibration (see step 8.2.4). if 
individual or daily temperature and pressure 
corrections are required, ambient 
temperature and barometric pressure can be 
obtained by on-site measurements or from a 
nearby weather station. Barometric pressure 
readings obtained from airports must be 
station pressure, not corrected to sea level, 
and may need to be corrected for differences 
in elevation between the sampling site and 
the airport. 

9.7 if the flow rate is outside the 
acceptable range specified by the 
manufacturer, check for leaks, and if 
necessary, adjust the flow rate to the 
specified setpoint. Stop the sampler. 

9.8 Set the timer to start and stop the 
sampler at appropriate times. Set the elapsed 
time meter to zero or record the initial meter 
reading. 

9.9 Record the sample information (site 
location or identification number, sample 
date, filter identification number, and 
sampler model and serial number). 

9.10 Sample for 2 4 ± l hours. 
9.11 Determine and record the average 

flow rate (Q ) in actual m3/min for the 
sampling period in accordance with the 
instructions provided in the sampler 
manufacturer's instruction manual. Record 
the elapsed time meter final reading and, if 
needed, the average ambient temperature and 
barometric pressure for the sampling period 
(see note following step 9.6). 

9.12 Carefully remove the filter from the 
sampler, following the sampler 
manufacturer's instruction manual. Touch 
only the outer edges of the filter. 

9.13 Place the filter in a protective holder 
or container (e.g.. petri dish, glassine 
envelope, or manila folder). 

9.14 Record any factors such as 
meteorological conditions, construction 

activity, fires or dust storms, etc., that might 
he pertinent to the measurement on the filter 
Information record. 

9.15 Transport the exposed sample filter 
to the filter conditioning environment as soon 
as possible for equilibration and subsequent 
weighing. 

9.16 Equilibrate the exposed filter in the 
conditioning environment for at least 24 
hours under the same temperature and 
humidity conditions used for presampling 
filter equilibration (see 9.3). 

9.17 Immediately after equilibration, 
reweigh the filter and record the 
postsampling weight with the filter 
identification number. 

10.0 Sampler Maintenance. 
10.1 The PM10 sampler shall be 

maintained in strict accordance with the 
maintenance procedures specified in the 
sampler manufacturer's instruction manual. 

11.0 Calculations. 
11.1 Calculate the average flow rate over 

the sampling period corrected to EPA 
reference conditions When the 
sampler's flow indicator is calibrated in 
actual volumetric units (Q ), Q is calculated 
as: 

where 

Q = average flow rate at EPA reference 
conditions, std m3/min: 

Q = average flow rate at ambient conditions, 
m3/min; 

P = average barometric pressure during the 
sampling period or average barometric 
pressure for the sampling site, Pa (or 
mm Hg); 

T = average ambient temperature during the 
sampling period or seasonal average 
ambient temperature for the sampling 
site. K: 

T =standard temperature, defined as 298 K; 
P = standard pressure, defined as 101.3 kPa 

(or 760 mm Hg). 
11.2 Calculate the total volume of air 

sampled as: 
V = Q 
where 
V = total air sampled in standard volume 

units, std m3; 
t = sampling time, min. 

11.3 Calculate the PM10 concentration as: 

where 
PM10 = mass concentration of PM10, g/std 

m3; 
= final and initial weights of filter 

collecting PM10 particles, g; 
10 = conversion of g to g. 

Note.—If more than one size fraction in the 
PM10 size range is collected by the sampler, 
the sum of the net weight gain by each 
collection filter is used to 
calculate the 

PM10 mass concentration. 
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7. Appendix K is added to read as 
follows: 
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Appendix E 

Federal Standards 

E-1 



Pol lutant 
Type of 
Standard 

Time 
Interval 

Ef fect ive 
Year 

Concentration 
ug/m3 PPM 

Carbon Monoxide Federal 

Primary & 
Secondary 

1 -hour 
8-hour 

1977 
1977 

40,000 
10,000 

35 
9 

Nitrogen Dioxide Federal 

Primary & 
Secondary 

1 year 
(arith) 

1971 100 0.05 

Ozone Federal 

Primary & 
Secondary 

1-hour 1979 235 .12 

Sulfur Dioxide Federal 

Primary & 

Secondary 

24 hour 1975 
1 yr. ( a r i t h . ) 1975 
3-hour 1975 

365 

1,300 

0.14 
0.03 
0.50 

Part iculates 
10 microns 
or less in 
diameter (PM10) 

Federal 

Primary & 24-hour 1987 
Secondary 1 y r . ( a r i t h . ) 1987 

150 
50 

Lead Federal 

Primary Ave. 3-months 1978 1.5 

E-2 



Appendix F 

Colorado State Standards 

F - 1 



These are the same as the Federal, with addi t ional Standards as noted 
below. 

Pol lutant Type of Standard 
Time 

Interval 
Ef fect ive 

Year 
Concentration 
ug/m3 PPM 

Total 
Suspended 
Part iculates 

State Primary 

State Secondary 

24-hour 1975 
1 year (geo.) 1975 

24-hour 1975 
1 yr (geom.) 1975 

260 
75 

150 
60 

Lead State 1 month 1978 1.5 

Hydrogen 
Sulf ide 

State 1 hour 1978 142 .100 

Beryll ium State 30 day average 1986 0.01 
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