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Summary.

An audit of particle samplers at 8 sites in the Sistema de Monitoreo Atmosferico de la Ciudad de
México (SIMAT) network was performed on 2-4 October, 2013. Both manual (FRM) and
continuous samplers were audited. Audits consisted of flow and leak checks for each sampler as
well as review of other relevant operating parameters. At most sites comparisons between audit
and site flow standards were also made. Audits were performed on PM monitors at the
following sites:

Tlalnepantla

Xalostoc

Pedregal

Merced

San Agustin

Hospital General de Mexico
Camarones

PM monitors audited included R&P (Thermo) and BGI manual FRM samplers (8), and Thermo
TEOM (8) continuous samplers — 16 sampler audits total. The TEOM samplers were model
1405DF dichot FDMS for PM2.5 and PM-coarse and are approved as US EPA Federal
Equivalent Monitors (FEM) when operated in accordance with the instrument manual.

Audit results are based on the sample flows reported by the sampler, not the flow measured by
the site manual flow check, since data are reduced by the data reported by the sampler.

A summary of audit results follows; only samplers with audit flow errors > 4% or other
instrument parameters that exceeded acceptable limits are listed here. Audit flow criteria used
were 4% for warning, and 7% for fail. For TEOMSs, where the sample inlet flow is not the
sample sensor flow, a criteria of 10% is used for inlet flow. All audit flows were measured at
local temperature and pressure using a BGI tetraCal flowmeter, s/n 304, factory calibrated

9 August 2013.

1405 TEOM:
XAL 1405DF PM-coarse -6.2%*
SAG 1405DF PM-coarse -6.2 %*

* coarse channel flow error in a dichot sampler does not directly reflect measurement error.

In summary, all TEOM and FRM samplers passed the flow audits, and all but 2 sampler flows
were within 4% of the audit flow standard.

During the audit, other aspects of the network operation were informally reviewed, both at field
sites and at the SIMAT laboratory. Overall, the operation of the network is very robust, with
strong QA/QC systems in place. Interactions with SIMAT staff indicated a high level of skill
and understanding of the network’s systems.



Introduction.

Sistema de Monitoreo Atmosférico de la Ciudad de México (SIMAT) requested an external audit
of network PM samplers to be performed in the fall of 2013. An external audit is an on-site,
independent measurement of sampler flows and related instrument parameters on instruments “as
found” — no adjustments. SIMAT supplied a list of sites and samplers to audit over a three-day
period; audits were performed 2-4 October 2013, using an audit flowmeter, BGI tetraCal s/n 304,
factory calibrated on 9 August 2013.

Unlike audits for gas samplers such as ozone or sulfur dioxide, PM samplers can not be
“challenged” with a known standard of the pollutant being measured; it is not practical to
generate an aerosol of known concentration at a field site. Thus, only indicators of performance
such as flows and leak checks can be audited, and a successful audit does not by itself guarantee
that the sampler is producing data of known quality. Ongoing co-location with other samplers is
an essential component of a quality program for PM samplers.

The SIMAT staff were present for the audits, and performed parallel sampler flow checks on
most of the audited samplers. Those measurements are not part of the audit, but can be used as
diagnostics when audit results indicate possible problems.

SIMAT staff present for all audits:
Juan Manuel Campos Diaz
Jesusyael Jimenez Valdez
Armando Retama Hernandez

PM sampler flows are nominally controlled at the inlet flow setpoint of 16.67 Ipm, and all audit
results for FRM and TEOM sampler inlet flows are calculated relative to this flow. Sensor flows
for TEOM samplers are 3 Ipm for the PM2.5 channel and 1.67 Ipm for the coarse PM channel.
These flows are controlled to their respective design setpoints.

Audit result flow errors are calculated as: (sampler flow minus audit flow)/audit flow
and expressed as percent difference (%diff). Flow error limits used in this report are as follows:

Pass: No more than 4%
Warning: greater than 4 and no more than 7% (underlined in tables)
Fail: greater than 7% (bold in tables)

There are two exceptions to these audit criteria:

1. Inlet flows for TEOMs. The TEOM sensor flow is a small portion of the inlet flow; the inlet
flow only determines the particle size cut; thus inlet flow errors do not directly impact data
quality. An audit limit of 10% is used for TEOM inlet flows.

2. TEOM dichotomous (dichot) coarse channel flows. In theory, all the coarse PM in the
sample inlet flow is present in the coarse channel (along with 10% of the PM2.5). The dichot
“virtual impactor” performance is a function of the ratio of total to minor flows; in this case that
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is the inlet and coarse channel flow. The design value ratio for the TEOM-DF virtual impactor is
10. To assess performance of a dichot sampler’s coarse channel, the total flow should be within
10% of the design value (16.7 Ipm), and the total to minor flow ratio should be within 7% of the
design value (10). The flow error of the coarse channel should also be within 10% of the design
value (1.67).

Finally, the TEOM samplers have an internal calibration value for the mass detector, K,. This
value was also audited, with a tolerance of 2% for warning and 2.5% for failure.

Results.

Detailed audit results for each sampler are given in table 1 for FRM samplers, and table 2 for
TEOM samplers. Sampler flows were also measured with the site flowmeter; these readings are
included in the audit tables.

FRM (manual) samplers: all FRM samplers passed the audit. Audit flow errors were less than
3% for all samplers. In the context of system QC, it is very important that the FRM samplers be
operating properly, since the performance of the automated (FEM) samplers is in part
determined by comparison to the FRM sampler data.

TEOM (FEM automated) samplers: Two of the seven TEOM samplers showed audit flows
outside of in the normal range for PM-coarse:

XAL 1405DF PM-coarse -6.2%

SAG 1405DF PM-coarse -6.2%

All audited TEOM samplers had virtual impactor ratios within the 7% tolerance, although XAL
was close to the limit, at 6.8%.

TEOM K, values were all within the 2% limit except for the MER coarse channel, which was
-2.3% different than the audit standard. This test was repeated with a different audit K, filter
with similar results (-2.1%). These results are consistent with the 2012 audits.

One TEOM (CAM) failed the bypass flow leak check by a small amount. While it is unlikely
that this failure would effect the data, it does indicate the need for maintenance.

Half (4 of 8) FDMS TEOMs audited did not have the FEM sticker on the instrument; these were
older instruments. While it is likely that these TEOMs meet the FEM requirements, this needs
confirmation by the manufacturer, and stickers should be requested and applied to these
instruments.



Table 1: FRM PM2.5 Manual Sampler Audit Results.

Bold indicates out of audit limits (7%0) All flows LPM as Qa
Underline means corrective action is needed (4%) Site -
Audit Sampler  Audit Site Audit % Leak Test**
Site  Date Mfg Model Serial # Flow Flow %6 Diff Flow Flow Diff * Pass/Fail
XAL  2-Oct-13 BGI PQ-200 988 16.75 16.7 0.30 16.7 -0.01 -0.06 N/A - old method used
TLA  2-Oct-13 R&P Partisol 2000-H 200FB205360112 16.23 16.7 -2.90 16.9 0.63 3.88 Pass
SAG 2-Oct-13 BGI PQ-200 615 16.55 16.7 -0.91 16.59 0.04 0.24 Pass
MER 3-Oct-13 BGI PQ-200 608 16.83 16.7 0.77 16.70 -0.13 -0.77 Pass
PED 3-Oct-13 R&P Partisol 2000-H 200FB205310111 16.73 16.7 0.18 16.63 -0.10 -0.60 Pass Primary
PED 3-Oct-13 R&P Partisol 2000-H 200FB206820505 16.67  16.67 0.00 16.71 0.04 0.24 Pass Collo

PED 3-Oct-13 R&P Partisol 2000-H 200FB205350112 16.67 16.6 0.42 16.66 -0.01 -0.06 Pass
CAM 4-Oct-13 R&P Partisol 2000-H 200FB205290111 16.86 16.6 154 16.88 0.02 0.12 Pass

Site flowmeter: Notes:
BGI deltaCal sn 980 for all sites * not used for audit results
** pased on mfg. criteria

Notes:

1. The Leak Test for the Xalostoc FRM was not performed using the new procedures necessary for PQ-200 samplers with serial
numbers 906 and higher. Thus the leak test results are not valid.

2. The CAM FRM inlet and PM2.5 WINS impactor cleaning dates reported by SIMAT during the audit were 25 Sept. 13 for both the
inlet and WINS impactor. However, observations by Armando Retama (SIMAT staff) showed that both the inlet and the WINS and
down tube were not clean. In addition, the WINS impactor did not have the required oil; only the fiber filter was inside the WINS.
Although these issues are unlikely to significantly affect data quality, these are substantial variations from required operating practice
and should be investigated.



Table 2: Thermo FDMS-TEOM Continuous Sampler Audit Results.

All flows LPM as Qa

Site
XAL
TLA
SAG
HGM
PED
MER
CAM
SFE

Thermo
Date Model
2-Oct-13 1405DF
2-Oct-13 1405DF *
2-Oct-13 1405DF
3-Oct-13 1405DF
3-Oct-13 1405DF *
3-Oct-13 1405DF *
4-Oct-13 1405DF
4-Oct-13 1405DF *

*x Audlt *xk

Inlet Audit Sampler Fine  Audit Sampler Coarse inlet to Audit

Audit  Sampler Audit Fine Fine  Audit Coarse Coarse Audit coarse ratio
Serial # PM size Inlet flow Inlet 96 diff sensor sensor 26 diff Channel Channel %6 diff ratio 26 diff
211841011 Dichot  16.59 16.67 0.48 2.99 3 0.33 1.78 1.67 -6.18 9.32 -6.80
204730904 Dichot  16.30 16.67 227 294 3 2.04 1.66 1.67 0.60 9.82 -1.81
211341010 Dichot  16.80 16.67 -0.77  3.02 3 -0.66 1.78 1.67 -6.18 9.44 -5.62
211191009 Dichot  16.90 16.67 -1.36 3.07 3 -2.28 1.71 1.67 -2.34 9.88 -1.17
204770905 Dichot  16.66 16.67 0.06 3.02 3 -0.66 1.65 1.67 1.21 10.10 0.97
204390903 Dichot  16.52 16.67 0.91 3.03 3 -0.99 1.7 1.67 -1.76  9.72 -2.82
211331010 Dichot  16.60 16.67 0.42 3.05 3 -1.64 1.67 1.67 0.00 9.94 -0.60
204740904 Dichot  16.33 16.67 2.08 3.05 3 -1.64 1.67 1.67 0.00 9.78 -2.22

* no FEM sticker on instrument.
Bold indicates out of audit flow limits (7%6) for dichot fine channel
underline means corrective action may be needed (4% for flow; 2% for K0O)

*x

E

For Dichot Coarse Mass Flow Audit Results, the CM flow error is not a direct indicator of CM concentration error;
that is a function of total flow and total to coarse flow ratios and PM concentrations.
The inlet to coarse flow ratio limit is 10%.

Inlet flow TEOM audit results have a minimal effect on measurement error; an inlet flow tolerance of 10% is acceptable.

Additional audit checks:

4-Oct-13 Fail Bypass (0.62, 0.61)

Bypass leak limit = 0.60

Leak Check Result
XAL 2-Oct-13 Pass
TLA 2-Oct-13 Pass
SAG 2-Oct-13 Pass
HGM 3-0ct-13 Pass
PED 3-Oct-13 Pass
MER 3-Oct-13 Pass
CAM

SFE 4-Oct-13 Pass

KO Checks with filter #01:

Fine Channel
Audit Site
15148.0 15064
15740.0 15476
15048.0 15061
14870.7 14782
15885.0 15614
16017.8 15789
15500.5 15366
15790.7 15418

%Diff.
0.56
1.71
0.09
0.60
1.74
1.45
0.88

2.42

Coarse Channel

Audit
15148.0
14515.9
16859.7
16495.0
14535.3
14572.0
16136.9

14277.2

Site

15962
14369
17022
16447
14320
14249
15976

14029

%Diff.
0.79
1.02
0.95
0.29
1.50
2.27
1.01

1.77

Audit KO limit = 2% warning; 2.5% fail (based on mfg limits)

audit KO filter #02 result was 2.10%



Table 3: Comparison of Audit and Site Flowmeter Audit Readings

TEOM 1400DF Audit and Site flowmeter radings Site Flowmeter:
All flows Qa, Ipm sn682*
Inlet Fine channel Coarse channel

Site Date Audit Site % diff Audit  Site % diff Audit Site % diff
XAL 2-Oct-13  16.59 16.67 0.5 2.99 3.16 5.7 1.78 196 10.1
TLA 2-Oct-13  16.30 16.39 0.6 2.94 3.01 2.4 1.66 1.54 7.2
SAG 2-Oct-13 16.80 16.86 0.4 3.02 3.05 1.0 1.78 1.8 1.1
HGM 3-Oct-13 16.90 16.85 -0.3 3.07 2.99 -2.6 1.71 1.69 -1.2
PED 3-Oct-13 16.66 16.62 -0.2 3.02 2.94 -2.6 1.65 1.62 -1.8
MER 3-Oct-13  16.52 16.51 -0.1 3.03 2.93 -3.3 1.7 1.66 2.4
CAM 4-Oct-13  16.60 16.51 -0.5 3.05 2.96 -3.0 1.67 1.65 -1.2
SFE 4-Oct-13  16.33 16.18 -0.9 3.05 2.96 -3.0 1.67 1.63 -2.4

* deltaCal sn980 site flowmeter used for 2 Oct TEOM audits

Note: Differences greater than 4% between audit and site flow standards are
considered larger than normal, and are shown underlined

These results are NOT sampler audit results.



The CAM bypass flow leak test failed with a value of 0.62 and 0.61 for base and reference
channels respectively. The tolerance is 0.60, based on the manufacturer’s limit. While this test
was out of normal limits, it does not mean that data quality for this instrument is compromised.
First, the test result is just slightly out of tolerance. Second, these results are for the bypass flow
channel, and not either the PM2.5 or PM-coarse measurement channels. This leak test result
should be followed up with preventative maintenance however, since it is an indication of a
minor problem.

Other audit observations and recommendations.

While not technically part of the audit, the following are observations made during the audit that
may be useful to SIMAT staff.

Site temperature:

The temperature inside some of the site shelters was 16 to 17 degrees C, too cold for proper
operation of instruments, and potentially outside of the typical 20 - 30 C range required for
FEM/FRM operation of some analyzers. The shelter temperature during the warmer seasons
should be higher than the highest expected seasonal hourly dew point temperature, to avoid
condensation in sample lines and inside analyzers. For the rainy season, a shelter setpoint of 23
to 25 degrees C is preferable. The shelter temperature at sites with FDMS or SES-TEOMs
should not exceed 25 C because the TEOM filter temperature is 30 C and could become unstable
if shelter temperature became too high.

Flow Standards:

Site flow standards are now either the BGI tetraCal or deltaCal. The BGI triCal (which does not
have an external temperature sensor) is no longer being used for field site slow measurements,
per recommendations of the 2012 audit.

Even with the external temperature sensor, it is important to keep the flowmeter out of direct sun
as much as possible, since that can still cause short-term temperature fluctuations. Care must be
taken when working on a roof in mid-day sun — the flowmeter must be left [out of its case] in the
shade prior to use long enough to be sure that its temperature is stable. 3 degrees C is 1% flow
error, so this is an important factor.

The SIMAT flow meter issues experienced during the 2012 audit have been resolved. The two
field flow standards used appear to be in reasonably good agreement with the audit flow
standard.

tetraCal 682 = August 15, 2012 / by Brian DeVoe Jr, BGI
deltaCal 980 = August 15, 2012 / by Brian DeVoe Jr, BGI

The BGI calibration certificates for these calibrations and a summary of changes to the internal
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SIMAT flowmeter QC procedures implemented after the 2012 audit are included in Appendix B.

The older TEOMSs may benefit from updates to the instrument’s software. Many FDMS TEOMSs
have software version 1.51; 1.57 is the current revision.

The Camarone site has a large tree close to the sampler inlets, and the tree is much taller than the
inlets. While the tree is not likely to affect PM2.5 data, SIMAT staff report that there are plans
to remove the tree since it could affect ozone and PM10 data and does not meet normal distance
and height requirements for inlet siting.

During the audit, other aspects of the network operation were informally reviewed, both at field
sites and at the SIMAT laboratory. Overall, the operation of the network is very robust, with
strong QA/QC systems in place. Interactions with SIMAT staff indicated a high level of skill
and understanding of the network’s systems. The successful audit results reported here are a
direct result of the efforts and skills of SIMAT staff.



Appendix A: Audit flow standards

Audit Flow and TEOM KO standards: Site Flow Standards
BGI tetraCal, sn 682 "tetraCal" external temp sensor
Flowmeter BGI tetraCal, sn304 BGI DeltaCal, sn980  “triCal" internal temp sensor

Last calibration: 9 Aug 2013 (BGI)

Audit KO Teom filters:

# Date Mass [g] TEOM KO audit filters were weighed at two different laboratories: Maine Dept. of Environmental Protection
01 Sept. 2013  0.097569 and the Harvard School of Public Health (Boston). The two laboratory values (Maine-DEP, HSPH) for audit filter # 01 are:
02 Sept. 2013 0.097751 0.097569 and 0.097569. Values for # 02 are: 0.097753 and 0.097749; the mean of these 2 values was used.

Note: site flow standard readings are not used for audit results
but are useful for understanding the source of audit flow error

The factory flow certification for the audit flowmeter (BGI tetraCal s/n 304) on 9August 2013 is included below.



BGI INCORPORATED 58 GUINAN STREET WALTHAM, MA 02451
NIST Traceable Calibration Facility, ISO 9001:2008 Registered

tetraCal

CERTIFICATE OF CALIBRATION - NIST TRACEABILITY

(Refer to instruction manual for further details of calibration)

tetraCal Serial Number: 304 DATE: 9-Aug-13

Calibration Operator: Sean Crossman

Critical Venturi Flow Meter: Max Uncertainity = 0.346%

Serial Number: 1 CEESI NVLAP NIST Data File 04BGIl151
Serial Number: 2 CEESI NVLAP NIST Data File 04BGl152
Serial Number: 3 CEESI NVLAP NIST Data File 04BGI1153

Room Temperature: Uncertainity=0.071% Room Temperature: 223C

Brand: Ever-Safe Serial Number: 016076
NIST Traceability No. 516837

tetraCal:
Ambient Temperature (set): 223 C
Aux (filter) Temperature (set): C

Barometric Pressure and Absolute Pressure

Vaisala Model PTB330(50-1100) Digital Accuracy: 0.03371%
S/N D4310002

NIST Traceable (Princo Primary Standard Model 453 S/N W12537) Certificate No. P-7485
tetraCal:

Barometric pressure (set): 756 mm of Hg

Results of Venturi Calibration

Flow Rate (Q) vs. Pressure Drop (AP). Where: Q=Lpm, AP= Cm of H20

No.1 Q= 5.33163 AP * 0.51645
No.2 Q= 1.16173 AP 7 0.52404
No.3 Q= 0.21437 AP ~ 0.54280

Overall Uncertainty: 0.35%

Date Placed In Service
(To be filled in by operator upon receipt)

Recommended Recalibration Date
(12 months from date placed in service)

Revised: July 2012




To Check a Tetra Cal 9-Aug-13 Sean Crossman

6 - 30.00 Lpm BP= 756 mm of Hg
VER. . 341P Room Temp= 22.3 C
Maximum allowable error at any flow rate is .75%.
Serial No. 304
Reading Q
Abs. P 760/20 QA QA
Crit. Vent.  Crit. Vent. Flow Flow TriCal
mm of Hg TEMP Lpm Lpm indicated % Error
214.65 21.2 8.34 8.45 8.48 0.30
414.88 21.2 16.31 16.53 16.46 -0.41 Average %
693.2 21.2 2739 2775 27.81 0.22 0.04
To Check a Tetra Cal BP= 755.5 mm of Hg
1.20 - 6.00 Lpm Room Temp= 22.3 C
Reading Q
Abs. P 760/20 QA QA
Crit. Vent.  Crit. Vent. Flow Flow TriCal
mm of Hg TEMP Lpm Lpm indicated % Error
153.8 21.2 1.70 1.72 1.718 -0.26
331.6 21.2 3.72 3.77 3.75 -0.51 Average %
484.0 21.2 5.45 5.52 5.53 0.11 -0.22
To Check a Tetra Cal BP= 755.5 mm of Hg
0.10-1.20 Lpm Room Temp= 223 C
Reading Q
Abs. P 760/20 QA QA
Crit. Vent.  Crit. Vent, Flow Flow TricCal
mm of Hg TEMP Lpm Lpm indicated % Error
173.54 21.2 0.305 0.309 0.31 0.39
368.25 21.2 0.679 0.689 0.684 -0.71 Average %

579.03 21.2 1.085 1.100 1.105 0.42 0.03



Appendix B: Summary of changes to the internal SIMAT flowmeter QC procedures
implemented after the 2012 audit, and site flowmeter factory calibrations.

As a result of the audit conducted in August 2012, important differences in flow readings
were found for the various reference calibrators used in the flow calibration of the continuous
and manual samplers. After identifying the origin of these deviations, the auditor recommended
actions for the immediate calibration of the reference equipment. As a result, the Direccion de
Monitoreo Atmosférico sent to the factory the following equipment for calibration in August
2012: deltaCal s/n 980, deltaCal s/n 984, TetraCal s/n 682.

The calibrated equipment was received back in the Laboratory in November of 2012 and
a comparison was conducted for the different instruments that were in use against the equipment
just received. Since January 2013 the QA/QC staff has been reviewing flows for the automatic
monitors using the tetraCal s/n 682 as a reference, making the necessary flow adjustments in the
field PM continuous monitors. For FRM samplers, corrective action was not performed, because
there were no significant differences with the field equipment.

During February 2013 an internal audit was performed on the flow of FRM samplers, and
the results of the audit showed a deviation of -0.3 Ipm, which was within the tolerance range of
the audit. In September 2013, a second internal flow audit was performed and it was observed
that the difference was still -0.3 Ipm, and even though this difference was within the tolerance
range, an adjustment in the flow for all the samplers was recommended.

In September 2013 the QA/QC staff conducted a comparison for the different flow
calibrators used in the field and in the laboratory, and the results indicate a good agreement in all
the instruments, with a difference of = 0.1 Ipm, except for the deltaCal s/n 360, used for
verification of the FRM samplers, which showed a difference of -0.3 Ipm. As a corrective action
the QA/QC staff recommended the immediate replace of the deltaCal.

In summary, the actions that were implemented derived from the audit of
2012 were:

. the use of the old triCal calibrator for field checking and calibration was discontinued,
. bimonthly flow verifications for continuous field monitors ,

. quarterly flow verifications for FRM samplers,

. annual factory calibration of one tetraCal, which will be used as reference,

. annual comparison of flow measurement calibrators against the reference equipment.

The factory flow certification for the two site flowmeters used during the 2013 audits reported
here are included below.



BGI INCORPORATED 58 GUINAN STREET WALTHAM, MA 02451
NIST Traceable Calibration Facility, ISO 9001:2008 Registered

N
tefg "

' CERTIFICATE OF CALIBRATION - NIST TRACABILITY

(Refzr to instruction manual for further details of calibration).
tetraCal Serial Number: 000682 DATE 15-Aug-12
Calibration Operator: Brian DeVoe Jr. :

" Critical Venturi Flow Meter: Max Uncertainty = 0.346%
Serial Number: 1 CEEST NVIAP NIST Data File 04BGI151
Serial Number: 2 CEEST NVIAP NIST Data File 04BGI152
Serial Number: 3 CEESI NVIAP NIST Data File 04BGI153

Room Temperature : Uncertamty 0.071% Room Temperature: 21.7 C

Brand: Ever-Safe Serial Number: 016076
NIST Traceability No. 516837

~ tetraCal:
Ambient Temperature (set): 21.7 C
Aux (filter) Temperature (set): C

Barometric Pressure and Absolute Pressure
Vaisala Model PTB330(50-1100) Digital Accuracy: 0.03371%

S/N D4310002
NIST Traceable (Princo Primary Standard Model 453 S/N W12537) Certificate No. P-7485

tetraCal:
Barometric Pressure (set): 755 mm of Hg

Results of Venturi Calibration
Flow Rate (Q) vs. Pressure Drop (AP). Where: Q=Lpm, AP= Cm of H,0

No.1 Q= 5.37644 AP ~ 0.52107
No.2 Q= 1.14001 AP ~ 0.52616
No.3 Q= 0.21175 AP ~ 0.54239

Overall Uncertainty: 0.35%

Date Placed In Service
(To be filled in by operator upon receipt)

Recommended Recalibration Date
(12 months from date placed in service)

Revised: March 2012




To Check'a Tetra Cal

QA
Flow
Lpm
7.45

16.67

27.89

QA
Flow
Lpm
1.86
3.75
5.60

QA
Fiow

Lpm
0.346
Q.707

15-Aug-12 Brian DeVoe Jr.
BP=
Room Temp=

758

6 -30.00 Lpm
VER.
- Maximum allowable error at any flow rate is .75%.
Serial No. 682
Reading v Q
AbsP 760/20
Lot Vent  Crit. Vent. Flow
mun of Ho TEMP Lpm
18956 21.2 7.36
4%8.2 21.2 16.47
896.15 21.2 27.54
Te Check a Tetra Cal
4.20-6.00 Lpm
Reading Q
Abs. P 7680/20
Crt Vent  Crit. Vent. Flow
mm of Hg TEMP Lpm
166.5 21.1 1.84
331.2 211 3.71
4918 21.1 554
To Check a Tetra Cal
0.10 -1.20 Lpm
Reading Q
Abs. P 760/20
Crt. Vent Crit. Vent Flow
mm of Hg TERP Lpm
193.37 210 0.343
378.88 21.0 0.760
B76.28 21.0 1.080

1.092

0A
TrCal
indicated % Error
7.48 0.43
16.58  -0.55 Average %
27.98 0.27 0.05
BP= 755
Room Temp= 212
QA
indicated % Error
1.88 -0.21 .
373 -0.64 Average %
581 0.26 “9.20
BP= 785
Room Temp= 212
QA
FriCa!
Indicated % Error
0.346 -0.12
0.703 -0.63 Average %
1.085 0.31 -0.15

217

mm of Hg
G

mm of Hg

mm of Hg
Cz:



. To Check a Tetra Cal

15-Aug-12

Maximum allowable error at any flow rate-is .75%. -

Serial No. 682
Readirig Q.
Abs. P 760720
Crit, Vent.  Crit. Vent. Flow
mm of Hg TEMP Lpm

211.5 20.8 8.21
416.5 209  16.36

686 20.9 27.47
To Check a Tefra Cal
1.20-6.00 Lpm

Reading Q

Abs. P 760/20
Crit. Vent. Crit, Vent, Flow
mm of Hg TEMP Lpm

155.0 21.0 1.71
336.5 21.0 3.77
501.0 21.0 5.63

To Check a Tetra Cal

0.10-1.20 Lpm
Reading Q
Abs. P 7680/20
Crit. Vent.  Crit. Vent. Flow
mm of Hg TEMP Lpm
172 21.0 0.301
369 210 0.680

576 210 1.078

QA

Flow

Lpm

8.30
16.54
27.77

- QA
Flow
Lpm
1.73
3.81
5.69

Flow
Lpm
0.304
0.686
1.088

QA
TriCal
indicated
7.93
16.17
27.48

QA
TriCal
Indicated
1.702
3.74

‘5,63

QA
TriCal
Indigated

0.295
0.66
1.058

Lo EF = 4l o
BD
BP= 758 mm of Hg.
Room Temp= 216 Cc

% Error
-4.45
-2.22 Average %
-4.84 ~2.57
BP= 758 mm of Hg
Room Temp= 218 ' C
% Error
1,65
-1.8% Average %
~1.13 ~1.60
BP= 758 ‘mm of Hg
Room Temp= 212 C
o, Error
=2.97
-3.85 Average %

-2.78 -3.20




BGI INCORPORATED 58 GUINAN STREET WALTHAM, MA 02451

NIST Traceable Calibration Facility, ISC 9001:2008 Registered

CERTIFICATE OF CALIBRATION - NIST “T'RACEA’BII‘_ITY

- {Refer to instruction manual for further defails of calibration)

deltaCal S‘e;rial, Number: 980 DATE: 15-Aug-12

Calibration Operator: Brian DeVoe Jr.

Critical Venturi Flow Meter: Max Uncertainity = 0.346%

Serial Number: 1 CEESI NVLAP NIST Data File 04BGI151
Serial Number: 2 CEESI NVLAP NIST Data File 04BG152
Serial Number: 3 CEESI NVLAP NIST Data File 04BGI153
Serial Number: 4 CEESI NVLAP NIST Data File 02BG1004

Room Temperature: Uncertainity=0.071% Room Temperature:

Brand; Ever-Safe Serial Number: 016076
NIST Traceability No.:516837 : :

deltaCal: ‘ -
Ambient Temperature (set): 2C
Aux (filter) Temperature (set): 22 C

22 C

Barometric Pressure ans Absolute Pressure
Vaisala Model PTB330(50-1100) Digital Accuracy; 0.03371%
S/N D4310002
NIST Traceabls {Princo Primary Standard Model 453 S/ W12537) Certificate No, P-7485
deltaCal:
- Barometric pressure (set): 755 mm of Hg

Results of Venturi Calibration
Flow Rate (Q) vs. Pressure Drop (AP).

Q= 3.84531 AP~ 0.52771

.

- Overall Uncertainty: 0.35% |

Where: Q=Lpm, AP= Cm of H20

Date Placed In Service
{To be filled in by operator upon receipt)

Recommended Recalibration Date
(12 months from-dafe placed in service)

Revised: July 2012




—Fo Check a deltaGal

T5-Aug=12 Brian DeVog Jr.

1.5-19.5
: BP= 758
Maximum allowable error at any flow rate is .75%. Room Temp= 22

Serial No. 980 :

Reading Q

Abs. P 760/20 QA QA
Crit. Vent.  Crit. Vent. Flow Flow deltaCal
mm of Hg Temp Epm Lpm Indicated % Error

#2 24511 21.00 2.74 2,77 2.78 - 0.26
478.09 21.00 5.38 545 5.43 -0.44

#1 242.79 21.00 947 9.60 8.55 -0.51
412.28 21.00 16.22  16.44 16.43 -0.05
482.23 21.00 19.01 1926  19.36 0.51

Average %  -0.04

mm of Hg



To Check a deltaCal , 15-Aug-12 BD

1.5-18.5
: ] BP= 7555
Maximum allowable error at any flow rate is .75%. ¥ Room Temp=  21.7
Serial No. 980
Reading Q
Abs. P 760720 QA QA
Crit. Vent. Crit. Vent. Flow Flow deltaCal
mm of Hg Temp Lpm Lpm Indicated % Error
#2 193 21.00 214 2.17 2.15 0.83.

, 486 21.00 5.47 5.53 5.51 -0.38

#1 251.5 21.00 9.81 9.93 9.82 -1.08
419.8 21.00 - 16.51 16.70 16.46 -1.46

488.2 21.00 19.23 19.46 19.49 0.7

Average% -0.72

‘mm of Hg '
C




Appendix C: PM instrument audit logs.



1405DF TEOM Audit form Date: 2 C)CZ’ / 5 Auditor: é M

Site:)(/ /4/(/ Site Operator: _#) A/ (A0 A0S Shelter T (C): / é ) (! °9 7W7
Instrument Model: / ﬁOS D= Serial #: 2’ { 1 l// o/ / Firmware: /<) 5/ FEM sticker? /

Instrument Time: / Z< o4 (CST) - Site Datalogger time: [2:02~ Pump vac: g.2 ? atm

Instrument ambient readings: T:24//2-C Dewpoin BPJ.750atm RH: 2%¢ %

Instrument temperatures (C). Cap: 39,00 (Case: 29- 90 pM2.5 air: 39,90 PM-C air: S 0,40

Instrument flows (display). ~PM2.5:3.90 PM-C: /¢ 7 Bypass: /2+90_ Total: /6.6 7 lpm, Qa
Flow Control. (confirm settings) Active (25C, 1 atm): " Actual conditions: L

KO Audit.  Audit filter ID:_ 270/ Mass: 0.0 7757 Cal. Date: _ SEPT_ 2615 _ptibiwrs P
£l HspPH

Instrument KO: PM2.5 /‘S\OQL{ PM-C /S 762
Auditko:  PM2.5 /S79Y Lo ditt= 0.5€ pM-C /6057.S ;v dif=_C. 79

Flow Audit. (Ipm)

Audit Flowmeter Model: 6@ Gy SIN: 30 T'-ambzz%é Cc BP:SYYI S mm Hg

Site Flowmeter Model: ﬁum—éﬁ_ SN: G50 T-amb: 240 ¢ BP:£50. 5 ‘mm Hg

Inlet (total) flow. Audit'/ ST Qa, {2.65 Qs Site: (¢ & 7Qa, (2. 77 Qs

2199 2.2F .
PM2.5 (bypass and CM cappeg Aud1t [T Qa, £2FF Qs Site: 9/ & Qa, 235 Qs T=2%S

PM-C (bypass & PM2.5 cappeds.; lAudit: 177 Qa, / t 5 ¢ Qs Site: /< 9{, Qa, [S0O Qs 75237

: S
FDMS Module. Dryer T (fine): 20.27 Dryer T (coarse): 20,4/ C. f/yZ,(j;@_ /V =5 Lf

, — .\ PMry O
Dryer DP (fine):_7:76  Dryer DP (codgse): w;D p 257,387

PMC 268 54 oo ¢
PM cooler (fine); 3 7‘_4 PM cooler (coarse): 4o,

Leak Test. Position: Base Zero Ref. Zero
PM2.5: 0.0\ 0.2 0,00 020 (Limit: 0.15)
PM coarse: 9 C0 0.6l - 4d.00 d.el  (Limit: 0.15)

Bypass: O*OL'( 0.26 2,05 dg.2¢ (Limit: 0.6)

—_—

Inlet Cleaning Dates. PM10: £ / Sevr (3 Virtual Impactor: Z? Sevr /3




1405DF TEOM Audit form Date:_C O CT (> Auditor: & A

site: 7 /4 Site Operator: Mavver Cahmpr Shelter T (C): i_
Instrument Model: /4{0S D Serial #: £04730 90 ¢ Firmware: (.S {  FEM sticker? ¥ 9 ‘
Instrument Time: &i (CST) Site Datalogger time: /53 & Pump vac: 0.27] atm g

Instrument ambient readings: T:25:8 C  Dewpoint:3,3 C BP:4Z%S atm RH:24 . %

Instrument temperatures (C). Cap:M Case>:_5_7__,04_flD PM2.5 air: 39,0 PM-C air: 30. 92

- Instrument flows (display). PM2.5:3'_<70_ PM-C: Lél_ Bypass: /_2»@_ Total:/éfﬁ lpm, Qa

Flow Control. (confirm settings) Active (25 C, 1 atm): _4/ | Actual conditions: _L/

KO Audit.  Audit filter ID: 22O/ Mass:0,0975¢ 9 g Cal. Date: SEPr 13 Maws VP
Instrument KO: PM2.5 /5476 PM-C (43¢ 7 et
AuditKO:  PM2.5 (S 740 ;%dift=_/. 7/ PM-C/4SIS,9 ;%dift=_ /02—

Flow Audit. (Ipm) B &l

Audit Flowmeter Model: £eha (. §/N: 30 s T-amb:25.7 ¢ BP:S 7 Z mm Hg
B & ]

Site Flowmeter Model: 9</&< o S/N: 2 g0 T-amb: 253 ¢ BP: S 7% mm Hg

Inlet (total) flow. Audit: /(5,20 Qa, (2,53 Qs Site: (& 77 Qa, [2.45 Qs

= 26

PM2.5 (bypass anYEIM capped).  Audit:2.9 % Qa,2.25 Qs Site: 301  Qa,Z.27 Qs

PM-C (bypass & PM2.5 capped).  Audit: (.66 Qa, /26 Qs Site: /e X4Qa, —— Qs T=263

v ———— e

Ar3
FDMS Module. ~ Dryer T (fine): /2¢ 2~  Dryer T (coarse): [2-7 _C. porse  Fret.
, _ _ fres 008 ZE7.632
Dryer DP (fine): __7v_é_ Dryer DP (coarse): #/.4 C. PMA-¢ ,00l3 Z-S3./49

PM cooler (fine): /0.0 PM cooler (coarse): _70.0 !

Leak Test.  Position: Base Zero  Ref. Zero
PM2.5: 900 _ o.1lg 6,00 GUg  (Limit: 0.15)
PM coarse: 0,00 —aly O 9717  (Limit: 0.15)
Bypass:  0:37 o4l 6.2y 0.4 (Limit:06)

Inlet Cleaning Dates. PM10: 29 ‘SEP 7l ,5 Virtual Impactor: 20 SLLW [ 5




5 /f & A &vsTiN
1405DF TEOM AA)dlt form Date: Z d@’ j Auditor: / ;'t‘A' w‘v-

Oﬂd/ Site: % M’l NK Site Operator: AN =T Q)’M/ ds Shelter T (C): __4&—= w2 70/76%
Instrument Model: L/ USDF Serial#: 2113 4/ 0/ 0 Firmware: /- S/ FEM sticker? _Z

instrument Time: Qﬂ?f(CST) Site Datalogger time: 90 Pump vac: g, 31 am j@@EIL
Instrument ambient readings: T: ﬂ C Dewpoint: //,’/ C BP: Q_a?_C[ atm RH: _Zj_ % CZE;:[:
Instrument temperatures (C). Cap: _3_01_00 Case: 30.00 PM2.5 air: M PM-C air: m T;S;:;)
Instrument flows (display). PW.S@_ PM-C: _{L@_Z Bypass: _(_Zﬁ Total: M Ipm, Qa
Flow Control. (confirm settings) Active (25 C, 1 atm): __/ Actual conditions: __‘_{
KO0 Audit. Audit filter ID: # 0l Mass: 2 /. «5’—___6 7§A Cal. Date: _SEPT_20(3 M’%/‘gg :
Instrument K0: PM2.5 /S 8¢l pmc_[ 7022 \ dusbe
AuditKo:  PM2.5 {SOHY % diff= 6,09 PM-C /69597 ;% dift- Oc 9.5
\
%ﬁﬁ?ﬁdo&lﬁé ZVC‘/fZ.'S/Ng Oli T-amb: { /. 7 C BP:gyL/;i—mm Hg
*Slte Flowmeter Model:661 )74 < SIN: 180 T- amb“il-‘f"b—c BP: Z_Fi mm Hg
Inlet (total) flow. Audit: /£.52Qa, /320 Qs g/sne {686 Qa, (331 Qs ‘i
PM2 5 (bypass and CM capped). G —_A/IIIZI;X-?‘UZ— Qa, £:37 Qs Site:3.0S Qa, Z:4¢__ Qs
PM-C (bypass & PM2.5 capped).TH' iuz;gl: 78 Qa, L1HO Qs Site: /€0 _Qa, _— Qs
¥ SITE Cow) MEER. NOT coogiccVem —ECh. S EE2 ) U DE RAEE a m\i
FDMS Module.  Dryer T (fine): 3.6 3  Dryer T (coarse):23 U C. Cres  MISE |

Dryer DP (fine): (.SS Dryer DP (coarse): 3 .94 . P 2y~ N/ A —
pm-c. p 7 YT

PM cooler (fine): / J.0 PM cooler (coarse): /%, O _C. S PABIL 1D,
Leak Test. Position: Base Zero Ref, Zero
PM2.5; 0,04 0,25 008 6.2¢  (Limit: 0.15)
PM coarse: @ .00 076 0.CoO C./&  (Limit: 0.15)
Bypass: &.00 0,24 .00 O, 2% (Limit: 0.6)

Inlet Cleaning Dates. PM10: [/ -SC’, P/3 Virtual Impactor:/ [SEP /3




7 s
=3 m
1405DF TEOM Audit form Date: 2 O0CT 1|5 Auditor: 6—' ,

Site: M clL Site Operator: / W avver KA’M f90S  Shelter T (C): A NS
Instrument Model: / HI5) = Serial #: 204390 Go3 Firmware: ( S i FEM sticker? E

Instrument Time: 8 qO{TL (CST) Site Datalogger time: gqoz Pump vac: 0,2 T am

Instrument ambient readings: T:/$,6 C Dewpoint:/..¥ C BPQ735 atm RH: 73 %

Instrument temperatures (C). Cap: 0.0 PCase: 30.00 PM2.5 air; 30,00 PM-C air: 30, U0

Instrument flows (display). PM2.5: 3.6C  PM-C: _/'_C;Z_ Bypass:/_Z_g_Q_Z_ Total:/ér_70_ Ipm, Qa

Flow Control. (confirm settings) Active (25 C, 1 atm): _l/ Actual conditions: K

KO Audit,  Audit filter ID: #O) Mass:0.092¢9 g Cal. Date: _SCV/_ | 3—MA) p= DEP
S“EE'// gIDEInstrument KO: PM2.5 (S 787 pM-Cc (4249 L Bs o

/Zﬂéﬂsg
o 2™ Ko Audit KO: PM2.5 (6 0175 06 difi= (S PM-C L4872 opfie- 227

Flow Audit. (Ipm)

Audit Flowmeter Model: Eﬁd& Ca. SIN: 20 ':i T-amb20.0 C  BP:SF3S mm Hg
o - }

Site Flowmeter Model: pamCa SN:_G79 T-amb: 207 C  BP:$83.¥ mmHg

Inlet (total) flow. Audit: /6. S2Qa, /2.92-Qs  Site: /65 Qa, 12:¥T_Qs

I= 20-0 2,3
PM2.5 (bypass and CM capped) Audltgﬁ'ff-sv/—Q /l«i—i Qsént Site: Z:43 Qa, 2.29 Qs T=2¢

PM-C (bypass & PM2.5 capped).' Audit: 70 Qa, {32 Qs Site: (' {s_Qa, ((30 Qs 7=*%7

FDMS Module.  Dryer T (fine): 29: 1 Dryer T (coarse): 210 C. woise  [FRE o
PM2S 005 269.825

Dryer DP (fine):_ S 3 Dryer DP (coarse):‘Z'L’z(L C. Pr, . 643 281,094

PM cooler (fine): £, 0¢ PM cooler (coarse): 4,03 C.

Leak Test.  Position:  Base Zero Ref. Zero
pm2s: 0,00 947 600  Jid7  (Limit0.15)
PMcoarse: .00 T 947 006 T Il7 (Limit: 0.15)
Bypass: C&S: o, 39 a,0! w (Limit: 0,6)

Inlet Cleaning Dates. PM10: 235¢r7 13 Virtual Impactor: 23 Serr /3

NG




(Levenr Kq W[ APT Fuce 02 Seer i3
' A 14 DEP

6.09775( o. = e

T astoaaat Ko P 2.8 (ST71 ‘,PM“Cféiiii__
Avnd Ko » fmes 5528 e (A4S
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1405DF TEOM Audit form Date: S oA /3 Auditor: 6;‘ QQQ"‘ tocser T
ﬁk
Sitc:ﬁl‘{‘é@-},’ IL/gM Site Operator: MMU\?L CHv PrsS Shelter T (C): { 3 jto Z-gi
&S
Instrument Model: (4 O0SDF  Serial #: 2 )1 T /909 Firmware: //55 FEM sticker? z@

Instrument Time: //5[ (CST) Site Datalogger time: //50_ Pump vac: G277 amm

Instrument ambicnt readings: 'I‘:z'['éf_C Dewpoint: !_él___C BPO736 am RH: S %
Instrument tevmperatures (C). Cap: é@ Casc:<50>a_> PM2.5 air: 2.0 PM-C air: j_o__‘f?
Instrument flows (display). PM2.5:-§EQ_ PM-C: &7 Bypass: /2.80 Total:/6, Z lpm Qa
Flow Control. (confirm settings)  Active (25 C, I atm): _ M Actual conditions: /V
KO Audit.  Audit filter ID: 25O/ MassOO7756 Ty Cal. Date: SEPT (3 ~/UAmE DEP
4 K5 P
Instrument KO: PM2.5 (47 ?Ef PM-C [é Hqd7

Audit KO: PM2.5 (H4870,7: % difft= 0.60 PM-C /6495 - % diff= 3.2 9

Flow Audit. (lpm) BG . _
Audit Flowmeter Model: teala S/N: 30 L( T-ambZ4-2_C BP.S 5, 5 mm Hg

Site Flowmeter Model: —Tﬁ@/"’—(ﬁ‘/ S/N: _& T-amb:£“.2. C BP:S¥ L mm Hg

Inlet (total) flow. . Audit: 690 Qu. (2.94_Qs Site/¢-8S” Qa, (293 Qs
=252 )

PM2.5 (bypass and €M capped). g Audit: é‘%()d {‘;*E(‘;{ Qs Site: 299 Qa, 2.29 Qs = =

/‘Zbl@

PM-C (bypass & PM2.5 capped)/{/ Audit: /17/ Qa. [c3{ Qs Site: [x_é_ﬁ_ Qa, £ 29 Qs

NDISE= 2 &5
FDMS Module. Dryer T (fine): /St 9 Dryer T (coarse): 1921 C. se R _
fmeg— 006 2£0.7/5

Dryer DP (ﬁnc):,é 7 Dryer DP (CL)afsc)T/Zf C. pm-c. L3 272, 91¢

PM cooler (fine): %O{ PM cooler (coarse): 405 C.

Leak Test. Position: Base Zero Ref. ' Zero

pm2.s:  ©D.0Y ©.22 0,06z O.Z23 (Limit0.15)
PM coarse: @, OS 0,235 0,63 S, 2¢  (Limit: 0.15)
Bypass: Q_'_Q_Q _.0_'_3_} @v;OO G_D;:‘_Z_ (Limit: 0.6)

Inlet Cleaning Dates. PMI10: éj SE—?’Z (3 Virtual Impactor: 23 S /_3

;@ Srre A Coadx SeETTmvg CHANGET .
Ny 2.3 C.



1405DF TEOM Audit form Date: 5 OG [ Auditor: é/ »— C@%\

Site: P?D Site Operator: /A/'ANUGL Giervin 260S  Shelter T (C): ﬂ_
Instrument Model:/f{m_’D_P_ Serial #: 290 L/7 70 Olﬁd/ Firmware: /'S/( FEM sticker? ﬂo
Instrument Time: _/ﬂ (CST) Site Datalogger time: /4490 Pump vac:0, ) atm

Instrument ambicnt readings: T:(Zb/'/C Dewpoint: Si¢c BPY, 747 atm RH: 29 %
Instrument temperatures (C). Cap: 52.99 Case: 32-99 PM2.5 air: 30,95 PM-C air: 3 9 PO
Instrument flows (display).  PM2.5: 3400 PM-C: /L(Z Bypass: [2<00 Total: (645 Ipm, Qa

Flow Control. (confirm settings)  Active (25 C, 1 atm): ¢~ Actual conditions: 1+~

KO Audit. Audit filter 1D: 2o Mass:0.0%75¢9¢ Cal. Date: SEPT, (3 Mawe 1sP
4 L UsSpH
Instrument K0: PM2.5 (S¢/4  pmec /4320

AuditKo:  PM2.5(SEFS o difi= (74 PM-C4S 353 v dift= £ SO0

Flow Audit. (ipm) 26|

Audit Flowmeter Model: £&bvaGr S/N: iofﬁ T-amb:Z Z(g C BP:S 72 mm Hg
Site Flowmeter Model:éc ﬁf\ (o  SIN: _@gl T-amb: 280 ¢ BP:S'7 3 mm Hg

Inlet (total) flow. Audit:/4 (b Qa, /Zfﬁf Qs Sitey/4,4 2 Qa, /240 Qs
PM2.5 (bypass and CM capped).  Audit: 3:0Z Qa, 2.25 Qs Site: 2. 7Y Qa, 2. 20 Qs?.

Ta=
9.2

PM-C (bypass & PM2.5 capped).  Audit: £2le S Qa, [ 24 Qs Site: /:62. Qa, [ 22 Qs TGaz2&'S

=257
Mokt FRrE G

frmzs 7y 268 P42
Dryer DP (ﬁne):eé ¥4 Dryer DP (coarse): 6-¢ _C. pi-C Ol =sS.679

FDMS Module. Dryer T (fine): 22+ 3 Dryer T (coarse): 2z C.

PM cooler (fine): 4.0l PM cooler (coarse): 4,03 c.

Leak Test. Position: Base Zero Ref. Zero
pM25: 9,01 9.6 “,02 60117 (Lnﬁit; 0.15)
PM coarse: —‘_Q_L__ (Z@ .03 _"Z\}_z (Limit: 0.15)
Bypass: 007 0,2 ¢ 0,05 0,2¢  (Limit: 0.6)

Inlet Cleaning Dates. PMI0: 24 &:r:'pr/} Virtual Impactor: % >C:(f’i\13




1405DF TEOM Audit form Date: L‘l 0 L3 Auditor: 6 . m

Site: (/‘QM Site Operator:/hﬁNUB’L CIQI’V\ 755 Shelter T (C): £6. 3 (__/01 g

C /kmg/zofvcs ) _ N
Instrument Model: (/05 D Serial#: _2 (] 33/ 0¢(O Firmware: //b; FEM sticker? l/
Instrument Time: 0g§é (CST)  Site Datalogger time: ©OYSS  Pump vac:0. % QL atm

Instrument ambient readings: T: /'S;ZC Dewpoint: /6, & C BP{. 757 atm  RH: ¢ %

Instrument temperatures (C). Cap: 36,60 Case: 36,00 PM2.5 air: 3802 PM-C air: 30. 90
Instrument flows (display). PM2.5:3, 02 PM-C: 67 Bypass://r 79 Total:/é?/ lpm, Qa
Flow Control. (confirm settings)  Active (25 C, I atm): ¢~ Actual conditions: _&~"

KO Audit.  Audit filter ID: _Z£ O Mass(l,01 7549 ¢ Cal. Date: _SEFPT_ Y3 — parms DEP
g H>pH

Instrument K0: PM2.5 /S 3G¢ PM-C (ST 76
Audit KO: PM2.5 /S506.8 ; % diff= O EF PM-C LE(3.F : % dift= /. O (

Flow Audit. (Ipm) 2 -
Audit Flowmeter Model: £edva G S/N: 301_—1 T-amb: /3O C BP:S g% mm Hg

Site Flowmeter Model: +¢_fjﬂC¢ﬁL S/IN: é 52— T-amb:/ 7S C BP: gg‘f mm Hg
Inlet (total) flow. Audit: 76,60 Qa, /5,07 Qs Site:/é..b'/ Qa,/ 3:01 Qs .

= 5‘5 . - . - Rl by )
PM2.5 (bypass and CM capped).(r ‘ Audit3.0S Qa, 2:40 Qs Site: 296 _Qa, 2.33 Qs =17
T=/3.%

PM-C (bypass & PM2.5 cappedT= Radit: /67 Qa, 31 Qs Site: (eGS Qa, 1<29 Qs

FDMS Module. . Dryer T (fine): 2/, & Dryer T (coarse): &1 1__C. Lase_. [rRESC
Mg 006 262.77¢

Pm-c 616 269, §69

Dryer DP (fine):_ 3,27  Dryer DP (coarse)™_ /4. 79 C.

PM cooler (fine): 4.05 PM cooler (coarse): 3.9¢ C.

Leak Test. Position: Base Zero Ref. Zero
pm2s: 00§ .03 o007 OVY (Limit: 0.15)
PM coarse: 0’0 7 o2 O,0C 0.22 (Limit: 0.15)

-
&
N
)
&)
SN
-~

0.2 8 (Limit: 0.6)

Inlet Cleaning Dates. PMIO."Z’{ jL’W/__/ﬁ Virtual Impactor: 27 Sop 3

Z-7 é’M




1405DF TEOM Audit form bate: & Cer 13 Auditor: (o (000
Site: S e (San7a Fe,) Site Operator: #arver. Comsess Shelter T (C): 204

Instrument Model:[ios DE  Serial#: 204740504 Firmware: /< S ¢ FEM sticker? A O

Instrument Time: _£7./O (CST) Site Datalogger time: _/ZLZ_—’_ Pump vac: G.2{ am

Instrument ambient readings: T:ﬂc Dewpoint:_CZ/_Q_C BP:O.727 atm RH:M%

Instrument temperatures (C). Cap:M Case: 3% 90 PM2.5 air: 32,2 PM-C air: _3¢- %

Instrument flows (display). PM2.5:§£ PM-C: LE67 Bypass:/_z_r_(_)_Z_/Total:/él_@’_ Ipm, Qa

Flow Control. (confirm settings)  Active (25 C, l atm): _/ Actual conditions: _&~

KO Audit.  Audit filter ID: _#£ 9/ Mass:6,.0975¢ F¢ Cal. Date: SEP7. [/3 MY e PEP

‘ + XS PH,
Instrument KO: PM2.5 (8413 PM-C /4029

Audit KO PM2.5 (S 796.7: % dift= 2.2 PM-C /42772 %dift=_[.77

<-'> This /5 NorRwrAL FoR Tedes I AS7RAMSNT
Flow Audit. (Ipm)

Bé& —
Audit Flowmeter Model: _{;gjw\ém, S/N: 304 T-amb: 2{.( C BP:5S %S5 mm Hg
Site Flowmeter Model: écﬁtﬂ\Cﬁb S/N: é?_)_-_ T-amb: 20.0 C BP:S S rs/mm Hg
Inlet (total) flow. Audit/4 33 Qa, {2./( Qs Site: /./8 Qa, [Z.12 Qs

—z\.3 .
PM2.5 (bypass and CM capped).T’ Audit:3.0S Qa, 2.2 3 Qs Site: Z.9¢ Qa, "T<26 Qs

PM-C (bypass & PM2.5 capped)( Audlt /lé’? Qa, /r ZﬁL Qs Site: /’[gé Qa, [ Z1Z Qs TETE

NEISET FRES
puzy~ 003  Z67.067
pr-c ol 21,629

FDMS Module. ~ Dryer T (fine): (S Dryer T (coarse): /33 c.

Dryer DP (ﬁne):r/c// & Dryer DP (coarsej: 4.6 C.

PM cooler (fine): 3.7 PM cooler (coarse): 3.90 c.

Leak Test.  Position:  Base Zero Ref. Zero
PM2.5: G)) 0 O 15 010 O (Limit0.15)
PM coarse: 9 » 0D ©.27  o©,00 O CT7  (Limit: 0.15)
Bypass: 9,067 020 0/5 Ol (wLimitos

Inlet Cleaning Dates. PMI10: /d Sé’ZfZ_ /j Virtual Impactor: /5JE‘ P (S




Manual FRM Audit form Date: 2 99 4 3 Auditor: é’ - (éae/e/\_

Site: X/éh/ | Site Operator: A’?ﬁ%ﬂﬁ F EREZ. — AT PRSEWVT
PM size: 2 ) @o Collo Run Day? NO
Instrument Mfg/Model:‘%& (P4 LOD% Serial #: 7 58 Firmware: g L6 2

Instrument Time: (3 {d { Actual time: {3 d{ (CST)
LB

Instrument readings. Flow; (b /0 lpm T:254 C BP: 5gff mm Hg
fer: 29.0

Flow Audit.
26
Audit Flowmeter Model: £efelor sN: S04 T-amb: 26 </ C  BP: $50,S mmHg

, Bé& —
Site Flowmeter Model: DB'?H*CAL S/N: 1?0 T-amb: 26.0 C BP:S &4 mm Hg

Inlet flow (Ipm). Audit: /6.7 S/Qa, (.73 Qs Site flowmeter: /6.7% Qa, /274 Qs

| ] A
—— BGI Leak Test. Initial vac: | 8 Final vac: 2 3 em ) Y / O]U /P(Q/
Parti €ak Test. Initial vac: In.Hg  Result: mm Hg/min.

PM10 Inlet Cleaning Date: £ 5 SEP7 (3 PM2.5 VSSC Cleaning Date: 2.3 Se 57 (3
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Manual FRM Audit form Date: Z OCT /3 Auditor: [7 (Qé@e/\,

Site: 7 LAF Site Operator: /A0 piaw PEREZ. (1T P r2aant)
' LWNS
PM size: P25 or Collo Run Day? A/

Instrument Mfg/Model: Ktp /0/4//@/7750[/ Serial #: 200 £8205 360 /12— Firmware: {102~

Instrument Time: _/ (3 ( 30 Actual time: /& . 3 2— (CST)

2z =

Instrument readings. Flows 52 Ipm T:28 Cc BP:$5¢_ mmHg
/€.,70 Tg =25.0

Flow Audit.
g6t ‘
Audit Flowmeter Model: (e 7 G S/N: 304/ T-amb: 2S.7C BP: S 7% mm Hg
5 e _
Site Flowmeter Model: b/bc}#n (- SIN: EZ o T-amb:25-2-C  BP:$77.5 mm Hg

Inlet flow (Ipm). Audit: [ é ,‘@BQa, (2.7l Qs Site flowmeter: /4-3% Qa, / Z»?( Qs

BG est. Initial vac: Final vac: cm

Partisol Leak Test.  Initial vac:/2.S _In. Hg Result: L s mm Hg/min. V@/Sﬁ

PM10 Inlet Cleaning Date: 23 2 F B PM2.5 V/SS/C Cleaning Date: 23 é“_f ‘ f G 67%

11%3 <
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Manual FRM Audit form Date: & 9 (3 Auditor: @Q’Tbél :
Site: SA’G’/‘QA‘U Acvsrin/ Site Operator,—/MWVdi?L\%A-ﬂé%“ Adpaa / A7

PM size: 2 J rimary or Collo Run Day? _/V° O weT PResEMT
Instrument Mfg/Model: (3é-( FR 250 Serial #: _ 6 / $ Firmware: /V / &
Instrument Time: [’0 2SS Actual time: /0 S a (CST)
L Er—

Instrument readings. Flow: / 6.7 Ipm T: ffC BP:$& 7mmHg

T ome=113
Flow Audit. 94 g’ _
Audit Flowmeter Model: b Z{:(ﬂ/S/N: 20 ¢ T-amb: 257c  Bp: 5/871/0 mm Hg
Site Flowmeter Model: %+ delfa G S/N: 918° , T-amb: Z!-l C BP: $8.8 mm Hg

Inlet flow (Ipm). Audﬁéﬁ Qa, L2.970Qs Site flowmeter: (6.57 Qa, /293 Qs
(6,S5

BGI Leak Test. Initial vac: /@S Final vac: (O [ _cm ﬂﬁ’S§

Partigokﬁeak Test. Initial vac: In.Hg Resuit: mm Hg/min.

PM10 Inlet Cleaning Date: (/O iiol“l (5 PM2.5 VSSC Cleaning Date: (0 J DZ? (2

'}K 5[’/7:/ é&"Aff\(/éh/ SN GF 2 LORS Ko7~ CIORK( MG

:D«Q/'JL”\C@L/ USIED FoR Aol SITE Frow) Cweta s DORAG—AUD G, 6%9’
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Manual FRM Audit form Date: 3 dCT (3 Auditor: é < @&\—
Site: /MU E A Site Operator: /4’27 LIAN /éﬂ(fZ_._ (WOT PRS@%

iNS
PM size: Z-S *Y“Primary or Collo Run Day? VO

gel _
Instrument Mfg/Model: P& ~100 Serial #: _ & OY Firmware: S @ 2~

Instrument Time: (027 Actual time: _/0 126 (CST)

(r
Instrument readings. Flow: 4.7 lpm  T:293 C  BP: S&emm Hg

TﬁriLO, {
Flow Audit.
Bét
Audit Flowmeter Model: efe=(a_ S/N: 3 O < T-amb: an i C BP: ng{mm Hg
& . -
Site Flowmeter Model: Bbm/mrﬁu S/N: 750 T-amb: (22 C BP:S& 3.8 mm Hg

Inlet flow (Ipm). Audit: (6 33 Qa, (3 08 Qs Site flowmeter: /£.76_Qa, (3.5 Qs

BGI Leak Test. Initial vac: ff { ' Final vac: 2 é cm f,quj

Partisol Lea‘lﬁest. Initial vac: In.Hg  Result: mm Hg/min.

PMI10 Inlet Cleaning Date: 205€ “ ( 3@;# PM2.5 Y8S5C Cleaning Date: 22 e (3 6744
c Jo NS o
LY ddq (> (9T 1>




Manual FRM Audit form Date: 3 Oct 1/7) Auditor: ’6, M&A—\

Site: p ?D Site Operator: /4 DRipas pf’?lé-l (/‘-’O‘T PIZL—B‘EM‘)
PM size: < ‘j 1' Collo Run Day? /o
INING
Instrument Mfg/Model: F P/% rnseL- Serial#: 205 310 ( () Firmware: (e 20 2~
2.0 SW®

Instrument Time: /;S (19 Actual time: / S/7 (CST)

Gt o
Instrument readings. Flow:@ﬁ [pm T:rZ/Z(QC BP:SF% mm Hg

/6&7 TA 259

Flow Audit.
Bét o
Audit Flowmeter Model: #edw Ga S/N: 50 f’ T-amb:2?2: ¢ BP: S 72 mm Hg

6

Site Flowmeter Model: 2eemd GA+ S/N: EZ 70 T-amb: 26.2-C BP: § 73 mmHg
Inlet flow (Ipm). Audit/4.73 Qa, /2.5 1 Qs Site flowmeter: /4.43 Qa, /2.4¥ Qs

BW. Initial vac: Final vac: cm

- .
Partisol Leak Test. Initial vac: /< S 1n. Hg  Result: a2 mm Hg/min. /7/}55

Gt —~ :
PM10 Inlet Cleaning Date: Z ¢ Sﬂfl (5 PM2.5}S{C Cleaning Date: 24 5 (3 é’ﬁ‘%
2130[0‘ (3 ?»Aul?tz




Manual FRM Audit form Date: 3 Q¢ '3 Auditor: él, M

Site: p?b Site Operator: AdbRign Frrse (///Nc"{ f@%éﬂ?)
PM size: Z¢ 5 Primary ér Collo; Run Day? _AND
: LI NG

+¥ ~ . ; ,
Instrument Mfg/Model: ,/’gﬂ/fvnso\., 200 Serial #:_206¥20 5 O S Firmware: /+ 26 3

Instrument Time: __/ § (30 Actual time: /.5 - 29 _(CSD
Instrument readings. Flow:/(::é Z Ipm T.E272.% BP: 5 Zémm Hg

Th ¢S
Flow Audit.
g sl ~
Audit Flowmeter Model:-etva G SN: 3 0 ¢ Tamb:Z27¢¢ ¢ BP:S73  mm Hg

261 , : —
Site Flowmeter Model:,%ﬁg/ﬁ\l: Z{O T-amb: Z6.3 C BP: 2 7 mm Hg

=y C B
Inlet flow (Ipm). Audit/d.& 7 Qa, /2HT_Qs Site flowmeter: 4647 Qa, 4259 Qs

G.7( [ 2.8

Initial vac: ~ Final vac: cm

- Partisol Leak Test. Initial vac:/ 5 In.Hg  Result: 2% mm Hg/min. /74{ S

cut &
PM10 Inlet Cleaning Date: G Z,ZP’ 1% PM2.5W Cleaning Date: 24 Se (3
.~ INS ,
?oulc) (3 w ¥ Qule, (3
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Manual FRM Audit form Date: 5 OcT (3 Auditor: é MK/

Site: P(:/‘D Site Operator: /IZ'D/&NQ/A/ fersz ({Lﬁ? I"ﬂe'sm‘(')
PM size: 2/ (O @or Collo Run Day? VO

Instrument Mfg/Model: B¥_farrco. 200t Serial #: 20S 350/ 2~ Firmware: (» 202~

Instrument Time: _/ S Sf[ ~ Actual time: /& gﬁ (CST)

» e

Instrument readings. Flow: /4,_43 Ipm T:26.3 C BP:574 mmHg
| Ta 25+

Flow Audit.

ge| ,
Audit Flowmeter Model: +2hve (a1 S/N: %6 % - TambZ7 L ¢ BP: 57 S _mm Hg
A . 25.% S73
Site Flowmeter Model: pe21# Cae SIN: _ 50 T-amb:é&éé C BP~+2-5® mm Hg
S7dd G HAM
Inlet flow (Ipm). Audit:/6.67 Qa,/2.47 Qs Site flowmeter: 4@ Qa,(2.50 Qs

BQ‘J‘JZ}%;&L Initial vac: Final vac: _cm
Partisol Leak Test. Initial vac: /5 In. Hg  Result: 47 mm Hg/min. /fﬁz"s
. j/ ke , Guh
PM10 Inlet Cleaning Date: 24, /3 PM2.5 VSSC Cleaning Date:yf b /,S
wivs '

?ju’% (3 g'i\‘v\b’ (3




Manual FRM Audit form Date: Z’{ 7 1 3 Auditor: /0/ ﬂ&v\,

Site: fm Site Operator: /'l P an /4;‘72(:"1. (M‘r‘ P/Zoa’e-wr_s
PM size: & s @ or Collo Run Day? AO
UL
Instrument Mfg/Model: (Bpzsp 200Serial #: 20K 250 (( f Firmware: /e 20 2

Instrument Time: _( ? &14 (2 Actual time: 044‘/{ (CST)

r}
Instrument readings. Flow: 14 G _ Ipm T:26:3C  BP:SZ7 mm Hg

Ta 204
Flow Audit.
Audit Flowmeter Model: (fééiga C SIN: _BOﬁ . T-amb: / 2 t? C BP: S e ‘ mm Hg
Bél . , s -
Site Flowmeter Model: De/#x (& S/N: G O T-amb: /9:S ¢ BPSZ3S mm Hg

Inlet flow (Ipm). Audit:/é“b’é Qa, /3] ’z Qs Site flowmeter: (.83 Qa, [3.20 Qs

BGLtgak Test. Initial vac: Final vac: cm
#,

Partisol Leak Test.  Initial vac: / < Hg Result:gﬁ mm Hg/min.

. PM10 Inlet Cleaning Date: S Sevy /3 PM2.5 Y$SC Cleaning Date: (15/ §€P)/ (3 %
K oms
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(WVLET, NI OiC tA T COINS Pz .S mipacror., Ap 1T fsee T
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