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 INTRODUCTION 

Ambient air monitoring stations collecting pollutant data for comparison 
with national standards are independently assessed annually to verify 
compliance with state and federal mandates.  The assessment includes a 
detailed analysis of siting conditions for determination of whether air 
monitoring stations are situated and configured in accordance with U.S. 
EPA’s criteria.  This is to ensure representative sampling with 
unobstructed air flow to the probes/inlets, reduced risk of 
scrubbing/scavenging, and a rapid delivery time to the analyzers. 

In the AQS database, an AMP 380 site description report and AMP 390 
monitor description report are created when an air monitoring station 
initially begins operating.  With the passage of time, changes to the 
station need to be reflected in these reports.  Stations that meet siting 
criteria at the time of initial setup may no longer conform due to updated 
regulations or changes in surrounding conditions and land use or 
modifications to station equipment.  Many of the siting issues result from 
the growth of vegetation such as trees infringing on the minimum 
distance required from probe inlets and alterations to the sampling train. 

Site surveys, completed as part of the annual performance evaluation at 
each station, consist of obtaining physical measurements and 
observations.  These data are entered, confirmed, or updated in AIS.  A 
site drawing and a calculation of residence time for gaseous samplers is 
done every two years unless there has been a change in the station 
configuration. In that case, a new drawing or calculation will be 
generated during the first audit following the change.  The Site Survey 
Report is the final section of the performance audit report that is given or 
emailed to the site operator.  The site drawing stays with the site folder 
that is stored in a filing cabinet. 

It should be noted that the Site Survey Report is different from the site 
report that is maintained by the station operator.  Auditors may ask the 
station operator for a copy of their site report. 

AE.1.1 SUMMARY OF METHOD 

During a site survey, the auditor inspects the immediate vicinity of the air 
monitoring station and takes note of any vegetation or other physical 
structures that might violate siting requirements.  The auditor then 
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measures distances of inlets and probes from each other and from the 
potential obstacles in all directions.  Additionally, inlet and probe heights 
are measured.  If instruments are not at ground level then the roof or 
platform height is measured.  A site drawing is composed so that a 
graphic representation captures the relative positions of all instruments 
and obstacles at the air monitoring station.  Relevant measurements are 
recorded on a site drawing and entered into AIS. 

At air monitoring stations operating gaseous analyzers, a residence time 
must be calculated.  This is the time it takes an air sample extracted from 
the atmosphere to transit from the probe entry point, through the entire 
sample train, to a particular gaseous analyzer.  The auditor verifies that 
the sample train is clean and consists of only acceptable materials.  The 
lengths and inner diameters of the sample train sections are measured 
and recorded.  Flow rates are obtained for each section of the sample 
train.  This is done for each sampler.  Based on this information, the 
residence time can be calculated and verified using Excel® worksheets 
and in AIS. 

Other activities that are associated with siting include taking 
photographs, looking away and looking towards the inlet, and sighting of 
meteorological sensors/tower.  Both are described in the CARB Audit 
Procedures Manual for Air Quality Monitoring Volume V, Appendices AK 
and S respectively. 

AE.1.2 INTERFERENCES 

Large nearby buildings and trees extending above the height of the 
monitor inlet may present barriers or deposition surfaces.  Certain trees 
may also be sources of particulate matter (PM) in the form of detritus or 
pollen.  The proximity of the observable footprint can adversely affect 
measurement, representativeness, and accuracy of the pollutant data.  
This can be mitigated by locating all inlets at least, if not beyond, the 
mandated distance from trees, buildings, or other physical structures. 

The sample train for gaseous analyzers consists of a probe and sample 
line.  Stations may also have a manifold to accommodate sampling by a 
suite of analyzers and some of these analyzers have filter holders.  To 
ensure integrity of gaseous samples it is critical that they reach the 
analyzer as quick as possible after entrainment into the probe from the 
atmosphere.  Additionally, all of the sample train components need to 
remain free of visible degradation and contaminants, which can include 
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insects and spider webs.  Should these conditions not be verified, there 
is a strong likelihood that the pollutant measurements will be biased and 
inaccurate. 

When obtaining measurements for the site drawing a tape measure is 
used and distances are recorded to the nearest 0.1 m.  A rangefinder is 
used for measuring distances of obstacles that are inaccessible and 
further than 6m away from the inlet.  The resolution of the rangefinder is 
1m.  Any obstacles that are inaccessible or unsafe to access, yet less than 
6m away cannot be measured accurately.  Nonetheless, these obstacles 
should be documented and an approximate distance should be 
recorded.  If a particular distance is an estimate, it should be noted both 
on the site drawing and in the comments section in AIS. 

AE.1.3 PERSONNEL QUALIFICATIONS 

All new CARB auditors undertake a one-year training program that is 
documented and monitored by the QAS manager.  The training includes 
in-office reading and coursework, hands-on field experience conducting 
audits, and shadowing an experienced auditor for one year along with 
several in-field evaluations by the QAS manager. 

U.S. EPA reviews CARB’s training program regularly for approval as 
equivalent to U.S. EPA’s national certification and recertification courses.  
Auditors should be familiar with the regulations and guidance cited in the 
references section prior to conducting any audits without supervision.  
Each auditor is expected to have a minimum level of on the job training 
and familiarity with the audit equipment prior to conducting the audit. 

NOTE: A station operator familiar with the equipment must be present 
during the entire audit. 

AE.1.4 HEALTH, SAFETY, AND CAUTIONS 

All personnel must follow all general health and safety guidelines as 
described by the facility where the audit is conducted.  All audit 
equipment, should be used in the manner described in this SOP and in 
the appropriate operator’s manual. 

Falls from portable ladders are one of the leading causes of occupational 
fatalities and injuries.  Appropriate safety precautions should be taken 
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and auditors should be familiar with, and trained on, proper ladder 
usage. 

Care should be taken when accessing instrument probe and inlets, 
especially on station rooftops.  All surrounding areas considered for 
inspection and measurements should be easily and safely accessible. 

AE.1.5 EQUIPMENT AND MAINTENANCE 

AE.1.5.1 GENERAL EQUIPMENT 

The following equipment is considered general equipment for 
conducting a site survey and for determining residence time of gaseous 
analyzers: 

• A 50m tape measure (Figure AE.1) 

• A rangefinder (Figure AE.2) 

• A clinometer with a compass (Figure AE.3) 

• Digital calipers (Figure AE.4) 

• Site folder 

• Relevant worksheets 

• Black and blue pens 

• Clipboard 

• Laptop computer with AIS 

  



Volume V, Appendix AE, Revision 4 
Performance Audit Procedures for Conducting a Site Survey 

June 22, 2020 
Page 5 of 25 

 
 

 

Figure AE.1 Example of a 50m tape measure 

 

Figure AE.2 Example of a rangefinder 

 

Figure AE.3 Example of a clinometer with a compass 
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Figure AE.4 Example of digital calipers 

 

AE.1.6 MAINTENANCE AND CERTIFICATIONS 

Prior to departure from the office, it is the responsibility of the auditors 
to complete a van checkout sheet.  The auditors need to verify that they 
have the tape measure, the rangefinder, the clinometer/compass, and 
the digital calipers.  It is important to verify that all pieces of equipment 
are in working order.  None of these pieces of equipment requires 
laboratory calibration.  The calipers should read 0.0 mm when closed.  If 
they do not, a “zero” button that can be pressed at this time.  If readings 
from the calipers appear to be incorrect, a crude verification can be 
made against a metric ruler or against the centimeter increments on the 
tape measure. 

The rangefinder and digital calipers are battery operated.  During the 
pre-audit van checkout, it is important to verify that the battery has 
sufficient voltage.  It is highly recommended that a spare battery be 
onboard.  Keep in mind these are non-standard batteries and not readily 
available. 
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 AUDIT PROCEDURES 

AE.2.1 AUDIT PROCEDURE FOR DETERMINING OBSTACLES 

When starting a site survey it is important to observe the immediate and 
neighboring land use to consider the measurements that should be 
recorded for scrutiny with potential for influencing the data generated at 
the monitoring station.  Structures and vegetation at or above the probe 
or inlet height may influence the measurements because they can 
scavenge or scrub certain pollutants.  Additionally, these obstacles can 
hinder or deflect representative samples from being gathered by altering 
the natural dispersion of pollutants in the atmosphere. 

To aid in identifying obstacles that can result in siting violations it is 
necessary to have an understanding of three siting rules derived from 40 
CFR Appendix E to Part 58 - Probe and Monitoring Path Siting Criteria 
for Ambient Air Quality Monitoring.  These are the Dripline Proximity 
Rule, the Two-To-One Rule, and the 270° Arc Rule.  The order of 
application and interpretation of these three siting rules is not explicitly 
spelled out in the regulations.  Discussions with U.S. EPA Region 9 have 
resulted in an agreed upon interpretation that the drip-line proximity rule 
takes precedent over the other two. 

AE.2.1.1 DRIPLINE PROXIMITY RULE 

The drip-line rule is most simply interpreted as follows:  There shall be no 
vegetation such as branches or leaves within 10m of the probe/inlet at a 
height higher than the probe/inlet (Figure AE.5).  This distance is 
confirmed with either the range-finder or, if safely accessible, the tape 
measure.  Violation of the dripline rule results in a Corrective Action 
Notification, CAN unless the particular air monitoring station has a U.S. 
EPA waiver that addresses this violation.  A 20m dripline is desirable and 
provides a buffer for vegetation to grow over the course of the year. 
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Figure AE.5 Drip-Line Proximity Rule 

AE.2.1.2 TWO-TO-ONE RULE 

The two-to-one rule identifies obstacles that need to be noted on the 
site drawing.  Any tree or structure higher than half its distance from the 
probe/inlet qualifies as an obstacle (Figure AE.6).  A clinometer and 
rangefinder are used to determine if the inlets or probes at the air 
monitoring station satisfy the two-to-one rule with respect to any 
surrounding trees or other obstacles.  The Excel® worksheet, (Figure 
AE.7), requires the auditor to input several measurements if it is not 
possible to safely position their eye at the level of the inlet.  If the auditor 
can safely place their eye at the level of the inlet then they can simply 
sight the top of the potential obstacle with a clinometer.  This is done by 
keeping both eyes open with one eye looking through the clinometer 
and the other eye looking at the top of the potential obstacle.  A reading 
is taken in either degrees incline or the percent slope.  These appear in 
the viewfinder of the inclinometer (Figure AE.9).  Degrees incline is on 
the left while percent grade is on the right.  If the degrees incline is more 
than 26.6° or the percent slope is more than 50% then the two to one 
rule is exceeded and the obstacle has to be noted on the site drawing. 

 

Figure AE.6 Two to One Rule 
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Figure AE.7 Two to One Rule Excel® Worksheet 

AE.2.1.3 270° ARC RULE 

Whether or not obstacles, found to violate the two-to-one rule, result in 
the issuance of a CAN depends on the third rule, the 270° arc rule.  This 
rule states that there must be unrestricted airflow of 270° around the 
probe or sampler, or 180° if the probe is on the side of a building or a 
wall.  The 270° arc rule can be interpreted in two ways, either continuous 
or cumulative (Figure AE.8).  Nonetheless, an auditor needs to verify if 
trees and other obstacles exist upwind for the direction of the prevailing 
wind during the season when concentrations for a particular pollutant is 
high.  The bottom dial of our clinometer is a compass and can be used to 
ascertain direction and to figure out how much of the flow arc is 
unobstructed (Figure AE.9).  Additionally, our binoculars have a built in 
compass that can be used for this purpose. 
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Figure AE.8 270° Arc Rule 

 

Figure AE.9 Using a Clinometer 

An informed station operator should be aware of the prevailing wind 
direction during various seasons.  Keep in mind that wind is always given 
by the direction from which it arrives.  A North wind blows from the 
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North to the South.  Some operators will be able to provide a wind rose, 
(Figure AE.10). 

 

Figure AE.10 A Wind Rose Indicating Prevailing Southwesterly Wind 

An auditor should be familiar with reading a wind rose.  A wind rose is a 
graphic tool that gives a succinct view of how wind speed and direction 
are typically distributed at a particular location.  In this figure, the 
prevailing wind is from the Southwest. 

Figure AE.11 shows the prevailing wind patterns in the summer months 
in California.  This is the high season for ozone.  It is advised that auditors 
have some minimal knowledge of general prevailing wind directions 
throughout the state.  For example, the southern San Joaquin Valley will 
have prevailing Northwesterly wind.  If a Southeasterly wind is auto 
populating on the general site survey then this should be verified and 
corrected.  However, local topography can modify the prevailing wind at 
a particular locale. 
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Figure AE.11 Predominant Summertime Surface Winds in California 

The U.S. EPA can occasionally grant a siting exemption or waiver for an 
air monitoring station.  This is a formal procedure pursued by the air 
monitoring agency.  CARB QA section cannot grant this waiver.  
However, if a siting waiver exists then a CAN should not be issued for the 
particular siting violation.  The general comments section in AIS needs to 
mention the existence of the particular siting waiver and a copy of the 
waiver should reside in the site folder. 

AE.2.2 AUDIT PROCEDURES FOR SITE DRAWING 

Other than trees, obstacles include walls, parapets, and large pieces of 
rooftop equipment such as air conditioners.  These will need to be 
included in the site drawing along with any relevant trees or vegetation. 
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Figure AE.12 Measuring Distance between Inlets of Two Samplers 

 

Figure AE.13 Measurement of Inlet Height above Roof or Platform 

Once all obstacles and relevant pieces of vegetation have been 
identified, a site drawing is sketched out. 

Despite a range of individual artistic skills, it is important that the site 
drawing be composed in a fashion so that another individual can make 
sense of it without struggle.  The site drawing is a bird’s eye view of the 
air monitoring station with North clearly noted by an arrow.  It is good 
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practice but not obligatory to have north be the top of the page.  The 
edges of the rooftop or platform should be evident. 

Positions of all inlets, probes, instruments, met towers, obstacles, roads, 
and vegetation should be drawn in a way that is representative of their 
relative positions.  In the AQS database, an AMP 380 site description 
report and AMP 390 monitor description report can be obtained for the 
site.  For auditors that have AQS access these reports can be useful in 
verifying their site drawing and informing the site operator of any 
discrepancies. 

A tape measure is used for all relevant heights and distances that can be 
taken without risk to the auditor.  The height of the roof or platform can 
be obtained by carefully lowering the tape measure to the ground.  On 
windy days, this might require the help of the second auditor or possibly 
the station operator.  The heights of all inlets, probes, and 
meteorological equipment are measured (Figure AE.13) and recorded on 
the site drawing.  The horizontal distances (Figure AE.12) between 
probes and inlets also need to be measured and recorded on the site 
drawing (Figure AE.15). 

At air monitoring stations that contain a large number of samplers it is 
not necessary to record the horizontal distance from the center of each 
inlet to the center of every other inlet.  This would be counter-
productive, as the drawing would quickly become too busy and difficult 
to read.  Nonetheless, it is important to verify that the center of each 
inlet is at least 1m away from the center of another inlet.  Additionally, 
the distance to the closest inlet should be noted.  High volume PM10 
samplers should be 2m away from other probes/inlets.  If there is an air 
conditioner on the roof then it needs to appear in the site drawing and 
the horizontal distance to the nearest probe/inlet needs to be measured 
and recorded on the site drawing. 
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Figure AE.14 Utilizing a Rangefinder to Measure Inaccessible Obstacles 

All measurements are recorded on the site drawing worksheet (Figure 
AE.15) using International System of Units, SI, known as the metric 
system.  These distances are recorded to the nearest 0.1m or 10cm.  
Distances greater than 6m that are not accessible can be measured 
remotely using a rangefinder (Figure AE.2 and Figure AE.14).  The 
resolution on the rangefinder is 1m and the range is over 100m.  The 
clinometer reads in degrees above horizontal and in percent incline. 

During an annual station audit, a new site drawing is drawn up every two 
years.  This site drawing is verified and updated during annual audits on 
alternate years.  The original drawing and any subsequent minor updates 
should be done in pen.  These minor updates or changes need to be 
dated and initialed by the auditor conducting the site survey.  If major 
changes are noted then the site drawing will have to be redrawn. 
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Figure AE.15 Example of a Completed Site Drawing Worksheet 

The following is a checklist of everything that must be included on a site 
drawing: 

• Birds eye view of station 

• Arrow indicating North 

• Relative placement of monitors or inlets even if not audited 

• Location of air conditioners, parapets, walls, etc. 

• Inlet heights for all audited monitors 

• Distance to closest inlet for all audited monitors 

• Roof or platform height 

• Location and height of meteorological tower if present 
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• Distance to road 

• Distance to dripline 

• Location of trees or obstacles 

• Any notes that might be relevant or helpful for other auditors 

AE.2.3 AUDIT PROCEDURES FOR RESIDENCE TIME 

In addition to a site drawing, the auditors calculate the residence time in 
the sample train for each of the gases that are sampled at the air 
monitoring station.  Prior to taking any measurements an auditor needs 
to verify that the entire sample train is composed of only borosilicate 
glass, such as Pyrex®, and PFA or PTFE (Teflon®) tubing.  Stainless steel 
or brass in the sample train will result in a CAN.  Cleanliness of the 
sample train has to be evaluated during a full audit (Figure AE.16).  This 
is a visual inspection for deposits of dirt, ash, insect, and other debris 
along the length of the sample train.  This inspection can be conducted 
at the same time measurements are made for residence time.  Dirty 
portions of the sample train should be photographed and noted in the 
site survey. 

 

Figure AE.16 An Example of a Dirty Probe and a Sample Line with Spider 
Webs 

Calculation of residence time is done by first measuring the lengths of 
the constituent sections of the sample train using the tape measure 
(Figure AE.17).  The inner diameter of each section is measured using the 
digital calipers (Figure AE.18).  Lengths of Teflon tubing are noted in 
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meters to the closest 0.1m.  Lengths of Pyrex manifolds and other Pyrex 
tubes are noted to the closest 0.01m.  Inner diameters are noted in 
millimeters to the closest 0.1mm.  Auditors should not disconnect tubing 
or other coupling on the sample train.  It is common that the operator 
has a spare piece of tubing at the station.  If this is the same type of 
tubing then it can be used to verify the inner diameter. 

The measurements are recorded on a residence time worksheet (Figure 
AE.19).  In addition to these measurements, sampling flow rates, in liter 
per minute, have to be recorded for each gaseous sampler.  For 
example, a typical flow rate for an ozone sampler would be 0.650 to 
0.750 LPM.  The actual flow rate is taken off the analyzer.  If the station 
has a booster pump which pulls off the manifold, then the flow rate of 
this booster pump is noted as well.  If the booster pump does not have 
an inline rotameter or other flow indicator then the auditor can use their 
rotameter at the booster pump exhaust to determine the flow rate.  All 
measurements and flow rate data are noted on a residence time 
worksheet and then transcribed into an Excel® version of the worksheet 
that calculates residence time for all gases sampled at the site.  A passing 
residence time is 20 seconds or less.  Exceedances result in a CAN. 

 

Figure AE.17 Measuring the Length of a Teflon Sample Line 
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Figure AE.18 Measuring the Inner Diameter of a Teflon Sample Line 

Figure AE.19 Residence Time Worksheet 
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 DATA MANAGEMENT AND RECORDS 

Site drawings and residence time worksheets must be signed by the 
auditor who created them.  Corrections or updates should be initialed 
and dated.  Both sheets stay on page five of the site folder that is stored 
in the filing cabinet. 

AE.3.1 AUDIT INFORMATION SYSTEM 

Once the site drawing is complete, measurements can be entered into 
AIS.  In the instrument survey for each sampler, the following 
measurements are entered: 

• Distance to Collocated Monitor (If Applicable) 

• Inlet Height above Ground 

• Inlet Height above Structure 

• Distance from Obstructions on Roof (Horizontal) 

• Height above Inlet for Obstructions on Roof 

• Distance from Obstructions Not on Roof (Horizontal) 

• Height above Inlet for Obstructions Not on Roof 

• Distance from Trees (Dripline) 

• Distance to Furnace, Flue, or A/C 

Additionally, the following information is entered into the general site 
survey in AIS: 

• Distance to Nearest Roadway (If less than or equal to10m) 

• Unrestricted Airflow (Should be at least 270°, maximum is 360°) 

• Prevailing Wind Direction (The direction from which the wind blows) 

For each gaseous sampler it is necessary to enter the following into AIS: 
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• Flow rate for each section of the sample train (Change if auto-
populated)  

• Width of each of three component sections (mm) 

• Length of each of three component sections (m) 

AE.3.2 AUDIT DATA CALCULATIONS 

AIS calculates residence time for each gaseous sampler in a similar 
manner as the Excel® residence time worksheet.  These are basic 
calculations that calculate the volume of a long thin cylinder 
corresponding to each section of the sample train.  When divided by a 
flow rate (volume per unit time) for that section of sample train, the 
volumes cancel and the result is the time that the sample resided in that 
portion of the sample train as it transited through it.  This is referred to 
as the residence time. 

Volume / Flow Rate = Residence Time 

The pronounced difference between the Excel® spread sheet and AIS is 
that AIS does not allow for entry of more than three components of the 
sample train.  These are the probe, the manifold, and the manifold to 
instrument.  If the “manifold-to–instrument" section of the sample train 
contains a filter holder, the multiple diameters excel spreadsheet must 
be used.  This version of the excel sheet calculates a new effective tube 
length.  It can be thought of as compressing the short and wide filter 
holder to a long and narrow tube.  This effective tube length has the 
same volume as the filter holder but an inner diameter that is the same as 
the rest of the Teflon tube on that manifold-to-instrument portion of the 
sample train. 
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AE.3.3 SITING CRITERIA 

Table AE.1 summarizes the siting criteria. 

 

Table AE.1 Summary Table of Audit Criteria 

The siting criteria for each pollutant vary depending on the pollutant's 
properties and the requirements addressed in the guideline documents.  
The Siting Criteria Distances table (Table AE.1), provides a concise 
summary of criteria.  Note that height of instruments above ground is 
based on the scale that the station is designated to represent.  This scale 
can be found in the dossier for a particular station.  Stations designated 
for micro scale will have lower maximum height requirements for 
particulate and CO samplers.  All other scales will fall into a category 
where the maximum height of these samplers can reach 15m above 
ground. 
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Collocated monitors have to be specifically designated.  One is 
designated as the primary and the other is designated as the secondary.  
Collocation should not be assumed just because a station has two of the 
same type of monitor.  Collocated monitors must be within 4 meters of 
each other and at least 2 meters apart for flow rates greater than 200 
liters/min or at least 1 meter apart for samplers having flow rates less 
than 200 liters/min to preclude airflow interference, unless a waiver is in 
place.  In practice, the only samplers that we encounter on audits that 
exceed the 200 liters/min flow rate are the high volume PM10 samplers. 

AE.3.4 CORRECTIVE ACTIONS 

Deviation from siting criteria or exceedance of residence time will result 
in the issuance of a CAN.  The one exception is if the air monitoring 
station has been granted a waiver for a particular siting violation from the 
U.S. EPA.  The audit team must inform the site operator, prior to the end 
of the audit, if a CAN will be issued.  Refer to the SOP for Corrective 
Action Notifications (Volume V, Appendix AN) for guidance. 

AE.3.4.1 WAIVER OPTIONS 

A waiver of 40 CFR 58, Appendix E criteria may be requested from U.S. 
EPA, Region IX by the monitoring organization; however, U.S. EPA will 
not always grant waivers.  Requests for a waiver must be very well 
documented.  They must emphasize why the criteria cannot be met and 
demonstrate that the data are representative of monitoring objectives.  
Cost benefits, historical trends, etc., can be weighed as factors, but 
cannot be the sole reason for the waiver.  U.S. EPA evaluates each 
request, taking into account the effect the deviation will have on the 
data, especially to the pollutants of primary concern at a monitoring site.  
For example, if a siting factor for PM is not met, but the primary purpose 
of the site is to monitor SO2 concentrations, U.S. EPA will be more 
amenable to a waiver of the PM siting criterion.  U.S. EPA will also 
consider the impact of wind direction on pollutant concentrations when 
considering a waiver.  A site must be free of impairments in the 
windward direction of pollutant sources. 
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AE.3.5 RESULTS AND REPORTING 

AE.3.5.1 COMPILING PRELIMINARY AUDIT RESULTS 

1. Review site drawing and residence time sheet for completeness and 
accuracy, sign. 

2. Input relevant data from the worksheets into AIS to generate 
preliminary results and report.  The second auditor should review and 
verify that the worksheet and AIS entries match. 

3. Notify the operator of preliminary audit results and necessary follow 
up actions.  Exceedances of established audit criteria or deviation from 
operational standards may result in corrective action.  Vegetation that is 
close to becoming an obstacle should be noted in the comments section 
and discussed with the operator before concluding the audit. 

4. Forward a copy of the preliminary report to the operator upon return 
from the field. 
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