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EXECUTIVE SUMMARY

On December 4, 2008, Darrin Barton of URS Corporation conducted performance and
technical system audits of the Midlothian, Texas ambient air collection and chemical analysis
monitoring program in Midlothian, Texas. The audits provided an independent assessment of the

monitoring program.

There are five (5) monitoring locations involved in this program, identified as Sites 1, 2,
3a, 4, and 5. Each location contains specific monitoring equipment and measurement systems as
part of a network designed to document air quality. All monitoring equipment and measurement
systems associated with the network were found to be in operation at the time of the audit and
were subsequently audited. Performance audit results indicate acceptable responses for

measurement systems and monitoring equipment.

Performance audit results are presented in this report. Any identified concerns or
observations, were reported to the URS project team via a corrective action report (CAR) at the
conclusion of the audit. For each issued CAR, the project team will initiate measures to resolve
the identifed area in a timely manner and a follow up concerning any CAR’s will be conducted

during the next audit.
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1.0 Introduction

On December 4, 2008, Darrin Barton of URS Corporation conducted performance and
audits of the Midlothian, Texas ambient air collection and chemical analysis monitoring progfam
in Midlothian, Texas. This report, along with the attached appendices, documents the audit
procedures, performance audit results, and identified concerns and observations. Where
applicable, recommendations are offered to improve overall operations and quality control. At
the conclusion of the audit, the auditor met with the project staff to discuss all results, identified

concerns and observations.

1.1 Purpose
This audit was conducted as part of an independent URS quality assurance program for

the Midlothian Ambient Air Collection and Chemical Analysis monitoring project. The
objectives of the audit were to provide an assessment of the performance for air quality and

meteorological monitoring equipment and to evaluate the technical systems employed.

1.2 Scope
The monitoring program for the Midlothian Ambient Air Collection and Chemical

Analysis monitoring project consists of a network of five (5) monitoring locations with the

following monttoring measurement systems:

e Sites 1,2, 3¢, 4, and 5.
— Meteorological monitoring systems measuring wind direction, wind speed,
temperature, barometric pressure and precipitation;

e Sites 1, 2, 3¢, 4, and 5.
—High-volume time-integrated PM,y air monitors to collect particulate samples for
the determination of metals other than Cr®". Low-volume time-integrated air
monitors to collect particulate samples for cr®.
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1.3  Audit Procedures

Performance audits were conducted by comparing field measurements to an audit
standard of known quality or through artificial field tests in which the instrument response is
predicted. In each case, results were obtained and compared to the audit criteria for accuracy.

Audit criteria used to assess each measured parameter are derived from the following:

e Quality Assurance Handbook for Air Pollution Measurement Systems, Volume II:
Ambient Air Specific Methods, Section 2.11, EPA/600/R-94/038b, revised April
1994;

e Quality Assurance Handbook for Air Pollution Measurement Systems, Volume I'V:
Meteorological Measurements, EP A/600/R-94/038d, revised April 1994; and

o Quality Assurance Project Plan (QAPP) for Midlothian, Texas Ambient Air
Collection and Chemical Analysis.

Performance audit results for ecach measurement are summarized in this report, with
detailed documentation provided in the appendix. Specific procedures and methods employed

for the audit are described in the subsections below.

1.3.1 High-Volume PM,, Sampler
Each PM,p sampler was audited using a certified Volumetric Flow Control (VFC) orifice
comparing the calculated audit flow rate to the sampler calibration flow rate and the designed

(ideal} flow rate.

1.3.2 Cr® Sampler
The TEOM unit was audited for flow rate accuracy for the main flow. Flow rate

accuracy was tested using a NIST-traceable volumetic flow meter for each portion of the flow

system.

1.3.3 Wind Direction

Wind direction was audited for two independent characteristics: alignment of the sensor
with respect to true north and output linearity. Alignment was tested using a certified compass
transit by comparing the response of the sensor to the known magnetic declination. Output
linearity was tested in 30-degree increments using a-linearity device in both the closckwise and
counterclockwise directions. These results were used to determine the maximum total error over

the range of the-sensor. Additionally, the condition of each sensor’s bearings was inspected.
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1.3.4 Horizontal Wind Speed

Wind speed was audited using a constant velocity motor drive unit for which several
specific rates of revolution correspond to known wind speeds. In addition, the condition of each
sensor’s bearings was checked to ensure that the starting threshold (i.e., lowest detectable wind

speed) was within manufacturer’s specification.

1.3.5 Temperature
Temperature was audited by comparing the measured response against a collocated

NIST-traceable digital thermometer over several time intervals.

1.3.6 Barometric Pressure
Barometric pressure was audited by comparing the measured response against a

collocated NIST-traceable barometer over several time intervals.

1.3.7 Precipitation
Precipitation was audited by introducing a known amount of water into the gauge bucket

and testing against the predicted response.




2.0 Audit Results

The following tables contain a summary of the performance audit results by measurement
parameter. Detailed performance audit data are contained in the field audit data sheets section
(Appendix A).

Table 2-1. PMyo Audit Results

Sampler Calculated Aucll{;tlz;low ﬁesign Flow
Site P Audit | Sampler Flow | ... o, | Rate Difference :
Serial 3, . Difference (%) o Pass / Fail
Number Number Flow (m’/min} (Criteria (%)
(m*/min) PHErtd = | (Criteria + 10%)
7%)

. 580 1.085 1.096 1.0 4.0 Pass

675 1.085 1.073 -1.1 4.0 Pass

641 1.080 1.045 3.2 -4.4 Pass

2 585 1.098 - 1.1 0.3 2.9 Pass

726 1.098 1.054 -3.9 29 Pass

3 6673 1.085 1.063 2.1 -4.0 Pass

C

6671 1.102 1.076 2.4 2.4 Pass

A 6670 1.096 1.079 -1.5 3.0 Pass

6672 1.114 1.086 2.5 -1.4 Pass

583 1.086 1.095 0.9 -39 Pass

5 .
584 1.103 1.1 03 2.4 Pass
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Table 2-2. Cr®* Flow Rate Audit Results

Site Expected Measured Measurement Ervor
Nut:lber Channel Flow Rate Flow Rate (%) Pass / Fail
(LPM) (LPM) (Criteria 1 10%)
) 1 15.0 15.62 4.1 Pass
2 15.0 1547 3.1 Pass
1 15.0 16.06 7.1 Pass
2 2 15.0 14.86 09 Pass
1d 150 15.89 5.9 Pass
1 15.0 16.24 83 Pass
3c
2 15.0 16.15 7.7 Pass
4
2 15.0 15.24 1.6 Pass
I 15.0 15.04 0.3 Pass
5
2 15.0 14.92 -0.5 Pass
Table 2-3. Wind Direction Audit Results
Site Sensor Height Alignment Max Lmef;rlty Max Tozai '
Number (meters) Error (%) Error (°) Error (°) Pass / Fail
(Criteria £ 2°) (Criteria £ 3°) (Criteria £ 5°)
1. 10 - -14 1.68 -3.07 Pass
2 10 -0.4 -1.25 -1.65 Pass
3c 10 1.6 -2.58 4.02 Pass
4 10 1.6 2.82 4.12 Pass
5 10 -1.4 -2.62 -2.52 Pass

2.2




Table 2-4. Horizontal Wind Speed Audit Results

(e [ samenagn [ Aieet T S Tt Eror oy g
(mph) (mph)
0.6 0.6 0.0 Pass
4.2 4.2 0.0 Pass
) 10 10.1 10.1 0.0 Pass
18.5 18.5 0.0 Pass
36.4 36.4 0.0 Pass
54.3 54.3 0.0 Pass
0.6 0.6 0.0 Pass
4.2 4.2 0.0 Pass
10.1 10.1 0.0 Pass
2 10 185 185 0.0 Pass
36.4 364 0.0 Pass
54.3 54.3 0.0 Pass
0.6 0.6 0.0 Pass
4.2 4.2 0.0 Pass
20 0 10.1 10.1 0.0 Pass
18.5 18.5 0.0 Pass
364 36.4 0.0 Pass
543 54.3 0.0 Pass
0.6 0.6 0.0 Pass
42 4.2 0.0 Pass
) 0 10.1 10.1 0.0 Pass
18.5 18.5 0.0 Pass
36.4 36.4 0.0 Pass
54.3 54.3 0.0 Pass
0.6 0.6 0.0 Pass
4.2 4.2 0.0 Pass
; 0 10.1 10.1 0.0 Pass
18.5 18.5 0.0 Pass
364 364 0.0 Pass
543 54.3 0.0 Pass




Table 2-6. Temperature Audit Results

Site Sensor Height Reference Sens?r Measurement Error (°C) .
Temperature Reading - Pass / Fail
Number (Meters) o o (Criteria + 1.0° C}
(°C) )
1 L1 1.8 2.1 0.4 Pass
3.1 3.1 0.0 Pass
5 11 9.7 9.5 0.2 Pass
9.7 9.6 0.1 Pass
3¢ 1.1 9.2 9.0 0.2 Pass
4 1.1 5.2 5.7 0.5 Pass
5 1.1 8.7 8.6 -0.1 Pass
Table 2-7. Barometric Pressure Audit Results
Site Sensor Heioht Reference Sensor Measurement Error
Number Me ters)g Pressure Reading (mm/Hg) Pass / Fail
(mm/Hg) (mm/Hg) (Criteria £+ 7.6 mm/Hg)
1 1.1 756.6 7547 -1.9 Pass
757.4 7554 -2.0 Pass
7567 754.0 2.7 Pass
2 1.1
756.7 7542 2.5 Pass
3¢ 1.1 752.7 750.9 -1.8 Pass
4 1.1 753.5 751.1 2.5 Pass
5 1.1 751.6 749.9 -1.7 Pass
Table 2-8. Precipitation Audit Results
. . Input Sensor 0
Nusx:[:;er Selﬁ:; tlézl)ght Volume Reading Measélr,im‘?nila]l;;r () Pass / Fail
(Inches) (Inches) (Criteria £ 10%)
1 0.6 .10 .09 -10.0 Pass
2 0.6 .10 .09 -10.0 Pass
3c 0.6 .10 .09 -10.0 Pass
4 0.6 .10 .09 -10.0 Pass
5 0.6 .10 .10 0.0 Pass
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3.0 Discussions and Recommendations

This section focuses on concerns identified during the audit. An audit concern can be a
performance audit results that does not meet the criteria, or a technical systems audit result of
any condition that may adversely affect quality. Three categories are used to rank the audit
concerns critical, major and minor. Each level of concern is defined in the following paragraphs,
along with an explanation of any audit issues that are so categorized. General recommendations
for corrective actions are listed at the end of the section, where applicable. Appended to this
report are the field data worksheets (Appendix A), audit equipment traceability (Appendix B)

and corrective action reports (Appendix C).

3.1 Critical Concerns

Critical concerns are situations that will adversely impact data quality and have a
significant effect on successful project operations. Nonconforming audit results that indicate
measurements out of quality control requirements are classified as critical concerns. These
concerns require immediate action to ensure that the measurement quality will retumn to in-

control conditions. Critical concerns must be addressed and corrective action documented and

reported to the project team. Based on the results of this audif, no critical concerns were
identified.

3.2 Major Concerns

Major concerns may not immediately affect successful project operations, but may
potentially impact data quality and could lead to data invalidation. Measurement systems outside
the audit objective are classified as major concerns. A written response normally is required for
major concerns so that acknowledgment of the problem and a corrective action plan can be

communicated and implemented effectively. Based on the results of this audit, no major

concerns were 1dentified.

3.3 Minor Concerns

Minor concerns are typically based on observed inconsistencies in implementation of
procedures, or performance audit results that indicate potential for future problems. Data
validity is not compromised, but a degree of inefficiency or the beginning of a larger problem
could result from these situations. Based on the results of this audit, no minor concerns were
‘identified.
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3.4 General Recommendations
There were no concerns identified during the QA audit. The monitoring equipment

responses were all acceptable and the technical system audit found no deficiencies.

3-2



4.0 Response Requirements
The current Quality Assurance database used for corrective action reports requires input
from field operations staff, data editors, QA staff and project management prior to closure. No

concerns were noted during this audit, and consequently no response is required.
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APPENDIX A

Field Data Worksheets




Site 1D:

Midlothian CAMS 52(Site 1)

Tower Height:

Wind Direction Audit Data Sheet (360 Sensor)

10 Meters Audit Device: Compass Transit

Date: December 4, 2008 Sensor Level: yes Model: Lietz 115
Time: 950-1120 CST Vane Condition: good Serial #: 32100
Sensor ID: Met One 020 C Bearing Condition: good Cert. Expiration: November 18, 2009
Serial #: Y2145 Last Field Calibration: n/a ) Linearity Device: Mat One Degree Wheel
Serial #: 1
“ Reference. || ™
Cangle (deg) || Rotation
4] ow
30 ow _ B
60 cw
9 - cw
120 cw
150 cw
180 oW
210 cw
240 cw
270 oW
300 cw | s0209 [ 209 4
330 cw
360 cow 1.66 0.26
330 oW 1.68 0.28
300 cow 1.25 -0.15
270 cow 0.82 -0.58
240 cow . 0.48 -0.92
210 cow -0.05 -1.45
180 cow -0.48 -1.88
150 oW -0.63 -2.03
| 120 cew -0.84 -2.24
90 cow . -0-90 -2.30
60 cow -1.34 -2.74
30 cow -1.67 -3.07
Mean: 0.54 0.01
Maximum Hysteresis Error : 0.05 =
Maximum Normalized Linearity Error : i 1.68
o Specification : +/- 3 |degrees
Maximum Total Error : -3.07
Specification : +/- 5 |degrees

True North Alignment

Known Declination:

Expected Magnetic Compass Reading for True North:

Actual Magnetic Compass Reading w/ Vane Aligned to 180/360:
Alignment Error:

Data Correction:

Alignment Correction:

Degrees

{Degrees

Degrees

None

None

. Agtion Taken

Alignment meets specification. No action required.

Specification : /- 2 degrees

Auditor : Darrin Barton

Notes :

URS

Rev. 8.7 (3/08)



Horizontal Wind Speed Audit Data Sheet

Site 1D: Midlothian CAMS 52(Site 1) Tower Height: 10 Meters Audit Device: Anemometer Drive
Date: December 4, 2008 Sensor Level: yes Model: RM Young 18811
Time: 950-1120 CST Cup Condition: good Serial #: 10501

Sensor [D: Met One 010 C i Bearing Check: 0.2 g-cm CCW Cert. Expiration: June 18, 2008
Serial #: A1796 0.2 g-cm CW Torque Device: RM Young Torque Disc
Last Field Calibration: nfa Serial #: 1

0 . 0.6 . 0 0.8 0.8

60 . 4.2 . 60 4.2 4.2
160 10.1 10.1 . 160 10.1 10.1
300 18.5 18.5 . 300 8.5 18.5
600 36.4 36.4 . 600 36.4 364
900 54.3 54.3 . 900 54.3 54.3

Specification: +/- 0.4 Specification: +/- 0.4

Auditor: Darrin Barton URS

Rev. B.7 (3/08)
Notes:



Temperature Audit Data Sheet

Site ID: Midlothian CAMS 52(Site 1) Sensor Height: 3.5 Audit Device: Digital Thermometer
Date: December 4, 2008 Sensor Condition: good Model: VWR
Time: 905-955 CSsT Sensor Level: yes Serial #: 230058352
Sensor ID: Mel One 060A-2 Aspirator Condition: working Cert. Expiration: July 29, 2009
Serial #: 53468 Last Field Catibration: n/a

“AuditRéférence . - ‘Station Prob
mparison Al Temperaturé {deg'€) || . Temperature {deg.C)-
Collocated Measurement 1.75 2.1
Collocated Measurement 3.1 3.15

Specification: +/- 1.0

URS

Auditor: Darrin Barton Rev. 8.7 {3/08)

Notes:



Site ID: Midiothtan CAMS 52(Site 1)
Date: December 4, 2008
Time: 1055 CST
Sensor ID: Met One
Serial #: X6391

Precipitation Audit Data Sheet

Sensor Height: 2 inches

Sensor Condition: good
Sensor Level: yes
Sensor Clean: yes

Last Field Calibration: n/a

““nput Volum

80.0

|

Audit Device: Acrytic Buret
Model: Cole Parmer
Serial #: 2
Cert, Expiration: none

0.08 I 10.0%

Auditor : Parrin Barton

Notes:

Specification: +/- 10.0

URS

Rev. 8.7 (3/08)




Barometric Pressure Audit Data Sheet

Site ID: Midlothian CAMS 52(Site 1) Sensor Height: 3.5' Audit Device: Baromeier/Altimeter
Date: BDecember 4, 2008 Sensor Condition: good Model: Airs-Vaisala
Time: 905- CST Sensor Level: yas Serial #: OF1475
Sensor ID: Vaisala Last Field Calibration: n/a Cert. Expiration: May 1, 2009

Serial # unknown

305 Collocated Meastrement ' 754.7 R

955 Collocated Measurement 755.4 -2.0

Specification: +/- 7.6

Auditor: Barrin Barton Rev. 8.7 {3/08)

Notes:



PM,; / VOLUMETRIC FLOW CONTROL {VFC)

PERFORMANCE AUDIT DATA
Site ID: Midlothian CAMS 52(Site 1) Audit Device: Vatiable QOrifice
Date: December 4, 2008 Serial #: R53
Time: 830-900 . CST Slope: 0.98474
Pressure (P,) (mm Hg): 756.6 Intercept: -0.00778
Temperature {T,} (F): 35.0 Correlation: 0.99905

Cert. Exp. Date: September 30, 2008

Temperature (T,} (C): 1.7

ent Difference’

|2 {Audit vs. Design).

-4.0%

-4.0%

1. From Sampler Look-Up Table or Calibration Data
2. Acceptance Criteria: 7%

3. Acceptance Criferia: +10%

. SAMPLER CALIBRA

“Sampler’

(| Pressure Ratio .

mpler -
lope:; "

o ipE DRI mmHY) | pate :
580 0.9524 11/19/08 12.2996
675 0.9501 11/19/08 12.0731
AUDITOR: Darrin Barton

Notes:

URS

Rev. 8.7 (3/08)



cr® Sampler
PERFORMANCE AUDIT DATA

Site ID: Midlothian CAMS 52(Site 1) Audit Flow Meter : BIOS Cry Cal
Date: December 4, 2008 Model No: DC Lite
Time: 1000-1015 CST Serial No: 4989
ANALYZER ID: ERG CR6-15 Cert. Exp. Date :

Serial #: 15.0

Tnlet:Flow Audit Data

] 4.13%
| 3.13%
2. Acceptance Criteria: +10%

AUDITOR: Darrin Barton URS

Rev. 8.7 (3/08)
Notes:



Wind Direction Audit Data Sheet (360 Sensor)

Site ID: Midlcthian Old CAMS 302(Site 2)
Date: December 4, 2008
Time: 1300-1430 C8T
Sensor ID: Met One 020 B

Serial #: J3045

Tower Height:

Sensor Level:

Vane Condition:
Bearing Condition:
Last Field Calibration:

10 Meters
yes

good
good

nfa

Audit Device: Compass Transit
Model: Lietz 115
Serial #: 32100
Cert. Expiration: November 18, 2009
Linearity Bevice: Met One Degree Wheel

Serial #: 1
;- Reference. C8ensor T LU L Sengor [ Measuremeint - Hysteresis. “ Normalized:
sAngle(deg) Rotation.: || ‘Réspanse{deg)|[- .= Errori{deg) rror (deg) - Linearity Error (deq):
0 _ow 0.50 0.50 0.25
- cw 31.20 1.20 0.95
60 cw 61.00 1.00 075
90 . ow 91.00 1.00 _ 0.75
120 cw 120.30 0.30 0.05
150 cw B 1580.50 0.50 0.25
180 | ow 179.90 -0.10 -0.35
3 210 oW 210.00 0.00 -0.25
240 oW 240.00 0.00 -0.25
| 270 cw 270.00 0.00 -0.25
300 cw 300.00 0.00 - -b.25
330 cw 329.00 -1.00 ) -1.26
360 oW 0.60 -~ 0.60 0.10 0.35 0.30 -0.10
330 oow 329.00 -1.00 0.00 -1.25 -1.25 -1.65
300 cow 0.00 0.00 -0.25 -0.25 -0.65
270 CCW 0.00 0.00 o025 -0.25 -0.65
240 cow 0.00 0.00 -0.25 -0.25 -0.65
210 cow 0.00 0.00 -0.25 -0.25 -0.65
180 . cew 0.00 B G.10 -0.25 -0.30 -0.70
150 COW B 0.00 6.50 -0.25 0.00 -0.40
120 cow 0.00 0.30 -0.25 -0.10 -0.50
a0 cow 1.00 G.00 0.75 0.75 0.35
60 oow 1.00 0.00 0.75 0.75 0.35
30 cow 1.00 0.20 0.75 0.85 0.45
Mean: i 0.25 ..0.10
Maximum Hysteresis Error : _ = 0.50 I
Maximum Normalized Linearity Error - 1.25
~____Specification : +~ 3 |degrees
Maximum Total Error: | -1.65
Specification : +/- § |degrees
True North Alignment
Known Declination: HEMD - o
Expected Magnetic Compass Reading for True North: Dggrees
Actual Magnetic Compass Reading w/ Vane Aligned to 180/360: 3| Degrees
Alignment Error: -0.40]|Degrees
Data Correction: |None
Alignment Correction: |Nonhe
Action Taken |

Alignment meets specification. No action required.

Specification : +~ 2 degrees

Auditor : Darrin Barton

Notes :

URS

Rev. 8.7 (3/08)



Horizontal Wind Speed Audit Data Sheet

Site ID: Midlothian Cld CAMS 302(Site 2} Tower Height: 10 Meters Audit Device: Anemometer Drive
Date: December 4, 2008 Sensor Level: yes Model: RM Young 18811
Time: 1300-1430 CsT Cup Condition: good Seriai #: 10501

Sensor ID: Met One 010 B i Bearing Check: 0.2 g-cm CCW Cert. Expiration: June 18, 2009
Serial #: H1085 0.2 g-cm CW Torque Device: RM Young Torque Disc
Last Field Calibration: n/a Serial #: 1

160 10.1 10.1 0.0 10.1 10.1 .0
300 18.5 18.5 0.0 18.5 18.5 0.0
600 364 36.4 0.0 36.4 364 0.0
900 54.3 54.3 0.0 900 54.3 54.3 0.0
Specification: +/- 0.4 Specification: +/- 0.4

Auditor: Darrin Barton URS

Rev. 8.7 (3/08)
Notes:



Temperature Audit Data Sheet

Site ID: Midlothian Old CAMS 302(Site 2} Sensor Height: 3.5' Audit Device: Digital Thermometer
Date: December 4, 2008 Sensor Condition: good Model: VWR
Time: 1320-1330 CSsT Sensor Level: yes Serial #: 230058352
Sensor ID: Met One 060A-2 Aspirator Condition: working Cert. Expiration: July 29, 2009
Serial #: unknown Last Field Calibration: nfa

.- - Station Probe
. Temperature {deq C) -
9.5
9.6 -0.1
Specification: +/- 1.0

Collocated Measurement
1330 Collocated Measurernent

URS

Auditor: Darrin Barton Rev. 8.7 (3/08)

Notes:



Site ID: Midlothian Old CAMS 302(Site 2)
Date: December 4, 2008

Time: 1320
Sensor ID: Met One
Serial #: unknown

Precipitation Audit Data Sheet

Sensor Height: 2 inches
Sensor Condition: good
Sensor Level: yes
Sensor Clean: yes
Last Field Calibration: nfa

0.10

Audit Device: Acrylic Buret
Model: Cole Parmer
Serial #: 2
Cert, Expiration: none

Auditor : Darrin Barton

Notes:

Specification: +/- 10.0

URS

Rev. 8.7 (3/08)



Barometric Pressure Audit Data Sheet

Site ID: Midlothian Old CAMS 302(Site 2} Sensor Height: 3.5 Audit Device: Barometer/Altimeter
Date: December 4, 2008 Sensor Condition: good Model: Airs-Vaisata
Time: 1320-1330 CsT Sensor Level: yes Serial #: OF1475
Sensor ID: Vaisala Last Field Calibration: n/a ) Cert, Expiration: May 1, 2002

Serial #: unknown

- Timeof adit Reference-

S thiAudit e T S E TG Son, ‘Barometric Pressure (mmHg) | Baror
1320 Coligcated Measuremant 756.7 .
1330 Coliocated Measurement 756.7 754.2 -2.5
Specification: +/- 7.6
Auditor: Darrin Barlon Rev. 8.7 {3/08}

Notes:



PM,, / VOLUMETRIC FLOW CONTROL (VFC}
PERFORMANCE AUDIT DATA

Site ID: Midlothian Old CAMS 302(Site 2) Audit Device: Variable Orifice
Date: December 4, 2008 Serial #: R53

Time: 1140-1150 CST Slope: 0.98474

Pressure (P,) (mm Hg): 757.5 intercept: -0.00778
Temperature (T,) (F): 47.0 Correlation: 0.99995
Temperature (T,) (C): 8.3 Cert. Exp. Date: September 30, 2009

F

641 3.00 23.0 7.080 1.045 T 3.2%  44%

585 3.10 19.8 1.098 1.100 0.3% -2.9%
1. From Sampler Look-Up Table or Calibration Data
2. Acceptance Criteria: 7%
3. Acceptance Criteria: +10%

. SAMPLER CALIBRATION DATA i i)
“.:Calibration” o[l - Sampler .

i Dater :1»'.125:.3 i Slope sl rrel;
02/04/08 11.4853 0.2279 1.0000
11/20/08 12.2142 0.1499 1.0000

AUDITOR: Darrin Barion ‘IRS

Rev. 8.7 (3/08)

Notes:




PM,, / VOLUMETRIC FLOW CONTROL (VFG)
PERFORMANCE AUDIT DATA

Site ID: Midlothian Old CAMS 302(Site 2) Audit Device: Variable Orifice
Date: December 4, 2008 Serial #: R53

Time: 1140-1150 CST Slope: 0.98474

Pressure (P,) (mm Hg): 757.5 Intercept: -0.00778
Temperature (T,) (F): 47.0 Correlation: 0.99905
Temperature (T,) (C): 8.3 Cert. Exp. Date: September 30, 2009

< e ASa i) A9 INEIMING- - ) (Sampler vs. Audit) | (Audit vs. Des
726 3.10 20.3 . 1.054 -3.9% =2.9%

1. From Sampler Look-Up Table or Calibration Dala

2. Acceptance Criteria; x7%

3. Acceptance Criteria: +10%

. Sampler | . Sam Sam
o Slope! -l uvIntergeptt.. ) Corrélation
11,4053 T.0000

AUDITOR: Darrin Barton m

Rev., 8.7 (3/08)

Notes:



Site ID:
Date;
Time:

ANALYZER ID:

Serial #:

cr® Sampler
PERFORMANCE AUDIT DATA

Midiothian Old CAMS 302(Site 2) Audit Flow Meter : BIOS Cry Cal
December 4, 2008 Model No: DCLite
1200-1210 CST Serial No: 4989

ERG CR6 Cert. Exp. Date :

s/in 1 and s/ 24

" Sample Inlet Flow Audit Data

=2 Measured Flow Rate -
ate Py {LPM).
15 16.06
15 14.86
15 15.89
2. Acceptance Criteria: +10%

AUDITOR: Darrin Barton URS

Rev. 8.7 (3/08)



Wind Direction Audit Data Sheet (360 Sensor)

Site ID: Midlothian Triangle Park(Site 3c) Tower Height: 10 Meters Audit Device: Compass Transit
Date: December 4, 2008 Sensor Level: yes Model: Lietz 115
Time: 1520-1545 CSsT Vane Condition: good Sertal #: 32100
Sensor ID: Met One 020 C Bearing Condition: good Cert. Expiration: November 18, 2009
Seriat #: F5701 Last Field Calibration: n/a Linearity Device: Met One Degree Wheel
Serial #: %
T Measurement . ze - Total
£l biError{deg) ‘[l:tinearity Error Error (deg)
250 F 1.92
3.00 2.42
3.00 2.42
. 2.00 1.42
2.00 1.42
1.00 0.42
0.00 -0.58
-1.00 __-1.58
-2.00 -2.58
-2.00 258
- -2.00 -2.58
' -2.00 -2.58
360 oow 2.50 2.50 0.00 1,92 1.92 3.52
330 cow 328.00 -2.00 0.00 -2.58 -2.58 -0.98
300 oW 298.00 -2.00 0.00 -2.58 -2.58 -0.98
270 cow 270.00 . 0.00 2.00 -0.58 -1.58 0.02
240 cow o 240.00 G.00 2.00 -0.58 -1.58 0.02
210 oW 208.00 -1.00 0.00 -1.58 -1.58 0.02
180 cow 180.00 G.06 0.00 -0.58 -0.58 1.02
150 cow 151.00 1.0C 0.00 0.42 0.42 2.02
120 cow 122.00 2.00 0.00 1.42 1.42 3.02
90 cow 93.00 3.00 1.00 2.42 1.92 3.52
60 cew 63.00 3.00 0.00 2.42 2.42 4.02
36 cow 33.00 3.00 Q.00 2.42 2.42 4.02
Mean: 0.58 042
{[Maximum Hysteresis Error : 2.00 o
[[Maximum Normalized Linearity Error : o -2.58
B Specification : #/- 3 |degrees
Maximum Total Error : 4.02

Specification : v/ § |degrees

Expected Magnetic Compass Reading for True North:
Actual Magnetic Compass Reading w! Vane Aligned to 180/360:
Aflignment Ervor:
Data Correction:
Alignment Correction:

True North Alignment

Known Declination:

EMD

Degrees

Degrees

1.60

Degrees

None

None

Action Taken

Alignment meets specification. No actlion required.

Auditor :

Notes :

Specification : +/- 2 degrees

Darrin Barton

URS

Rev, 8.7 (3/08)




Site [D:
Date:
Time:

Sensor ID:
Serial #:

Met One 010 B

Horizontal Wind Speed Audit Data Sheet

Midlothian Triangle Park{Site 3c¢)
December 4, 2008

CST

Tower Height: 10 Meters

Sensor Level: yes
Cup Condition: good
Bearing Check:

Last Field Calibration: n/a

0.2 g-cm CCW
0.2 g-cm CW

Audit Device: Anemometer Drive
Model: RM Young 18811
Serial #: 10501
Cert. Expiration: June 18, 2009
Torque Device: RM Young Torque Disc

10.1

18.5 . 300 18.5 0.0
36.4 0.0 600 36.4 0.0
54.3 0.0 200 54.3 0.0

Auditor:

Notes:

Specification: +/- 0.4

Specification: +/- 0.4

URS

Rev. 8.7 (3108}



Temperature Audit Data Sheet

Site ID: Midlothian Triangle Park{Site 3¢} Sensor Height: 3.5' Audit Device: Digital Thermometer
Date: December 4, 2008 Sensor Condition: good Model: VWR
Time: 1455 CST Sensor Level: yes Serial #: 230058352
Sensor ID: Met One 060A-2 Aspirator Condition: warking Cert. Expiration: July 29, 2009
Serial #: G7946 Last Field Calibration: n/a

: Vi Station Probe s
ormparison; . Temperaturei{deg C).

1455 T Collocated Measurement 1 9.14 9.0
Specification: +/- 1.0

)

URS

Auditor: Darrin Barton Rev. 8.7 (3/08)

Notes:



Precipitation Audit Data Sheet

Site ID: Midlothian Triangle Park{Site 3c) Sensor Height: 2 inches Audit Device: Acrylic Buret
Date: December 4, 2008 Sensor Condition: good Model: Cole Parmer
Time: 1505 CST Sensor Level: yes Serial #: 2

Sensor ID: Met One Sensor Clean: yes Cert. Expiration: none
Serial #: B2029 Last Field Calibration: n/a

Specification: +/- 10.0

URS

Augditor : Darrin Barton Rev. 8.7 (3/08)

Notes:



Site ID:
Date:
Time:

Sensor |D:
Serial #:

Barometric
Midlothian Triangle Park({Site 3c) Sensor Height
December 4, 2008 Sensor Condition
1455 CST Sensor Level
Vaisala Last Field Calibration:
urtknown

Pressure Audit Data Sheet
1 3.5 Audit Device: Barometer/Altimeter
: good Model: Airs-Vaisala
. yes Sertal #: OFi475
_nla Cert. Expiration: May 1, 2008

1455 Collocated Measurement

Auditor:

Notes:

Darrin Barton

Specification: /- 7.6

Rev. 8.7 (3/08)



PM,, / VOLUMETRIC FLOW CONTROL (VFC)

PERFORMANCE AUDIT DATA
Site ID: Midlothian Triangte Park{Site 3c) Audit Device: Variable Orifice
Date: : December 4, 2008 Serial #: R53
Time: . 1430-1445 CsT Slope: 0.98474
Pressure (P.) {mm Hg): 7566 tntercept: -0.00778
Temperature (T} {F): 35.0 Correlation: (.89985

Temperature {T.,) (C): 1.7 Cert. Exp. Date: September 30, 2009

-4.0%
-2.4%
1. From Sampler Look-Up Table or Caiibration Data
2. Acceptance Criteria; £7%

3. Accepfance Criteria: 10%

6671 3.20 19.2 7102

s “Correlati

0.9529

117/20/08

11.8087

1.0000

0.9526

11/20/08

12.0629

1.0000

AUDITOR: Darrin Barton

Notes:

URS

Rev. 8.7 (3/08)



Cr® Sampler
PERFORMANCE AUDIT DATA

Site ID: Midlothian Triangle Park(Site 3¢} Audit Flow Meter : BIOS Cry Cal
Date: December 4, 2008 Model No: DC Lite
Time: 1455-1515 Serial No : 4989
ANALYZER ID: ERG CR6 Cert. Exp. Date :

Serial #: 9.0

Sample infetFlowAuditDatai il 0 0

~Measuréd Flow Rate

B (LPMY: Sy ij
16.24 8.27%
16.15 7.67%

2. Acceptance Criteria: +10%

AUDITOR: Darrin Barton URS

Rev. 8.7 (3/08)
Notes:



Wind Direction Audit Data Sheet {360 Sensor)

Site I1D: Midlothian Jaycee Park (Site 4) Tower Height: 10 Meters Audit Device: Compass Transit
Date: December 4, 2008 Sensor Level: yes Model: Lielz 115
Time: 1725-1755 CST Vane Condition: good Serial #: 32100
Sensor ID: Met One 020 B Bearing Condition: good Cert. Expiration: November 18, 2009
Serial #: unknown Last Field Calibration:"n/a Linearity Device: Met One Degree Wheel
Serial #: §
" Reference = . Sensor . L Sengor
Anglei(deg) [ Rotatiorn /Resporise:{deq}:
0 ow 240
30 ow 32.00
60 ow 61.00
90 ow 91.00
120 ow 121.00
150 cw 151.00
180 cw 180.00
210 cw 209.00
240 ow .238.00
270 oW 268.00
300 ow 298.00
330 cw 329.00 .
360 oW 3.00 3.00 0.60 2.82 2.52 4.12
330 cow - 330.00 0.00 1.00 -0.18 -0.68 0.92
300 oW 300.00 0.0¢ 2.00 -0.18 -1.18 0.42
270 cow 268.00 -2.00 0.00 -2.18 -2.18 -0.58
240 cew 239.00 -1.00 1.00 -1.18 -1.68 -0.08
210 oow 209.00 -1.00 0.00 -1.18 -1.18 G.42
180 cow 180.00 0.00 0.00 -0.18 -0.18 1.42
150 oW 1561.00 B 1.00 0.00 B 0.82 0.82 2.42
120 COW 121,00 1.00 0.00 0.82 0.82 2.42
90 cew 91.00 1.00 coo 1 0.82 0.82 2.42
60 oW 61.00 1.00 0.00 0.82 0.82 242
30 cow 31.00 1.00 1.00 0.82 i.32 2.92
Mean: . 0.18 047
Maximum Hysteresis Error: 2.00
Maximum Normalized Linearity Error o 2.82 I
Specification : +/- 3 |degrees
Maximum Total Error : _ 4.12
Specification : +/ 5 |degrees

Known Declination:

Expected Magnetic Compass Reading for True North:

Actuzl Magnetic Compass Reading wi Vane Aligned to 130/360:
Alignment Ervor:

Data Correction:

Alignment Correctlon:

True North Alignment

4EMD
:6|Degrees
H{Degrees

Degrees

None

None

Action Taken:

Alignment meets specification. Mo action required.

Specification : +/- 2 degrees

Auditor : Darrin Barton

MNotes :

URS

Rev, 8.7 (3/08)



Site I1D:
Date:
Time:

Sensor ID:
Serial #:

Horizontal Wind Speed Audit Data Sheet

Midlothian Jaycee Park (Site 4) Tower Height: 10 Meters
December 4, 2008 Sensor Level: yes
1725-1755 CST Cup Condition: good

Met One 010 B Bearing Check:

unknown

Last Field Calibration: nfa

.2 g-cm CCW
0.2 g-cm CW

Audit Device: Anemometer Drive
Model: RM Young 18811
Serial #: 10501
Cert, Expiration: June 18, 2008
Torque Device: RM Young Torque Disc
Serial #: 1

06

4.2

10.1

18.5

36.4

900

543

Auditor:

Notes:

Specification: /- 0.4

Darrin Barton

Specification: +/- 0.4

URS

Rev. 8.7 {3/08)



Temperature Audit Data Sheet

Site iD: Midlothian Jaycee Park {Site 4) Sensor Height: 3.5 Audit Device: Digitai Thermometer
Date: December 4, 2008 Sensor Condition: good Model: VWR
Time: 1805 CST Sensor Level: yes Serial #: 230058352
Sensor ID: Met One 060A-2 Aspirator Condition: working Cert. Expiration: July 29, 2009
Serial #: unknown Last Field Calibration: nfa

“~Abdit Reference ..
PAFIS |t~ Temperaturé:(deg C). 7[> -Tes
Measurement 5.23

1805 I Collocated

Specification: +/~ 1.0

URS

Auditor: Darrin Barton Rev. 8.7 {3/08)

Notes:



Site ID:
Date:
Time:

Sensor ID:
Serial #:

Precipitation Audit Data Sheet

Midlothian Jaycee Park (Site 4) Sensor Height:
December 4, 2008 Sensor Condition:
1850 CsT Sensor Level:
Met Cne Sensor Clean:
unknown Last Field Calibration:

2 inches Audit Device: Acrylic Buret
good Model: Cole Parmer
yes Serial #: 2

yes Cert. Expiration: hone

nfa

.09

Auditor :

Notes:

Darrin Barton

Specification: +/- 10.0

URS

Rev. 8.7 (3/08)



Site ID:
Date:
Time:

Sensor iD:
Serial #:

Barometric Pressure Audit Data Sheet

Midlothian Jaycee Park (Site 4) Sensor Height: 3.5 Audit Device: Barometer/Aliimeter
December 4, 2008 Sensor Condition: good Model: Airs-Vaisala

1805 CST Sensor Level: yes Serial #: OF1475

Vaisala Last Field Calibration: n/a Cert. Expiration: May 1, 2009
unknown ’

‘Coimiparisor

7511

1805 i Collocated Measuremen

Auditor:

Notes:

Specification: +- 7.6

URS

Darrin Barton Rev. 8.7 {3/08)



PM,, / VOLUMETRIC FLOW CONTROL {VFC)

PERFORMANCE AUDIT DATA
Site ID: Midlothian Jaycee Park (Site 4) Audit Device: Variable Orifice
Date: December 4, 2008 Serial #: R5&3
Time: 1755-1805 CST Slope: 0.98474
Pressure (P} (mm Hg): 751.1 Intercept: -0.00778
Temperature (T,) {F): 41.5 Correlation: 0.99995
Temperature (T,) (C): 53 Cert. Exp. Date: September 30, 2009

B

-3.0%
-1.4%
1. From Sampler Look-Up Table or Calibration Data
2, Acceplance Criteria: *7%

3. Acceptance Criteria: £10%

6672 3:20 20.2 1.114 1.086

. © Sampler |
Cn D . : te i g : CI Gorrelation
6670 0.8500 11/20/08 12.0629 1.0000
6672 0.0498 11720/08 15.1388 0.1508 1.0000

AUDITOR: Dairin Barton URS

Rev. B.7 (3/08)

Notes:




cr® Sampler
PERFORMANCE AUDIT DATA

Site ID: Midlothian Jaycee Park (Site 4) Audit Flow Meter : BIOS Cry Cal
Date: December 4, 2008 ModelNo: DC Lite
Time: 1810-1815 CST Serial No: 4989
ANALYZER ID: ERG CR6 Cert. Exp. Date :

Serial #: 16.0

e samplelnielHDWAudltData T R P
" “"Measured FlowRate ..~ - - S e
O EPMY. o e
15.51
15.24

2. Acceptance Criteria: +10%

AUDITOR: Darrin Barton URS

Rev. 8.7 (3/08)

Notes:



Wind Direction Audit Data Sheet (360 Sensor)

Site ID: Midlothian Water Treatment Plant(Site &) Tower Height: 10 Meters Audit Device: Compass Transit
Date: December 4, 2008 Sensor Level: yes Model: Lietz 115
Time: 1600-1700 - CST Vane Condition: good Serial #: 32100
Sensor 1D: Met One 020 B Bearing Condition: good Cert. Expiration: November 18, 2008
Serial #: K3069 Last Field Calibration: n/a Linearity Device: Met One Degree Wheel
Serial #: 1
< Reference ||’ Sensor - Measurement 72" Hysteresis’ “Normalized - [ ' Average Total
sAngle {deg): Response (deg) - Error{deg). | o Error {deg) o |:Lingarity Ervor (deg) || ‘Error (deg) - :)l Error (deg) - |
0 2.70 370 108
30 31.70 1.70 0.08
60 561.90 1 180 0.28 -
a0 970 - 1.70 ) 0.08
120 121.30 1.30 -0.32
150 15050 0.50 112
180 180.00 0.00 -1.62
210 210.00 0.00 462 | —
240  240.00 0.00 -1.82
270 3 269.00 -1.00 -2.62
300 300.00 0.00 -1.62
330 330.00 0.60 i 162
360 cow 1.15 118 1.55 -0.47 0.30 -1.10
330 cow 332,00 2.00 2.00 CE 062 202
300 cew 302.00 2.00 2.00 0.38 -0.62 -2.02
270 cew 272.00 2.00 1.00 0.38 -1.12 -2.52
240 b cow 242.00 2.00 —2.00 0.38 -0.62 202
210 cow 212.00 - 2.00 2.00 0.38 062 | 202
180 cow 183.00 3.00 300 | 1,38 042 152
150 cow 153.00 3.00 2.50 1.38 0.13 -1.27
130 cow 124,00 4.00 2.70 238 1.03 -0.37
ad cow 93.00 3.00 1.30 1.38 0.73 -0.67
60 cew ~63.00 3.00 1.10 138 0.83 -0.57
30 cow 33.00 3.00 1.30 1.38 0.73 -0.67
Mean: o 1.62 1.87 -
[Maximum Hysteresis Error : B 3.00
[[Maximum Normalized Linearity Error: - -2.62
Specification : +/- 3 |degrees B
Maximum Total Error :
B Specification : +/- 5 |degrees
True North Alignment
Known Declination: A EMD
Expected Magnetic Compass Reading for True North: 355.6|Degrees - ) ]
Actual Magnetic Compass Reading w! Vane Aligned to 180/360: 57| Degrees
Alignment Error: -1.40|Degrees
Data Correction: [None
Alignment Correction: [None
Action Taken
Alignment meets specification. No action required.

Auditor :

Notes :

Specification : +/- 2 degrees

Darrin Barton

URS

Rev. 8.7 (3/08)



Horizontal Wind Speed Audit Data Sheet

Site ID: Midlothian Water Treatment Plant{Site 5) Tower Height: 10 Meters Audit Device: Anemometer Drive
Date: December 4, 2008 Sensor Level: yes Model: RM Young 18811
Time: 1600-1700 CST Cup Condition: good Serial #: 10501

Sensor ID: Met One 010B Bearing Check: 0.2 g-cm CCW Cert. Expiration: June 18, 2008
Serial #: G1380 0.2 g-cm CW Torque Device: RM Young Torgue Disc
' Last Field Calibration: n/a Serial #: 1

101

18.5 0.0 300 18.5 18.5 0.0

35.4 0.0 600 36.4 36.4 0.0

54.3 0.0 900 54.3 54.3 0.0
Specification: +/- 0.4 Specification: +/~ 0.4

Auditor: Darrin Barton URS

Rev. 8.7 (3/08)
Notes:



Site ID: Midlothian Water Treatment Plant(Site 5)
Date: December 4, 2008
Time: 1645

Sensor iD: Met One 060A-2
Serial #: unknown

Temperature Audit Data Sheet

Sensor Height: 3.5'
Sensor Condition: good
Sensor Level: yes
Aspirator Condition: working
Last Field Calibration: n/a

Audit Device: Digital Thermometer
Model: VWR
Serial #: 230058352
Cert. Expiration: July 29, 2609

‘Comparison:

Coilocated Measurement ]

- Station Probe-- " I
Temperature (deg C) - |}

8.6

Auditor: Darrin Barton

Notes:

Specification: +/ 1.0

URS

Rev. 8.7 (3/08)




Precipitation Audit Data Sheet

Site ID: Midiothian Water Treatment Plant(Site 5) Sensor Height: 2 inches Audit Device: Acrylic Buret
Date: December 4, 2008 Sensor Condition: good Model: Cole Parmer
Time: 1640 CST Sensor Level: yes Serial #: 2

Sensor ID: Met One Sensor Clean: yes Cert. Expiration: none
Serial #: unknown Last Field Calibration: n/a

Specification: +/- 10.0

URS

Auditor : Darrin Barton Rev. 8.7 {3/08)

Notes:



Barometric Pressure Audit Data Sheet

Site ID: Midlothian Water Treatment Plant(Site 5) Sensor Height: 3.5 Audit Device: Barometer/Altimeter
Date: December 4, 2008 Sensor Condition: good Model: Airs-Vaisala
Time: 1645 CST Sensor Level: yes Serial #: OF1475
Sensor ID: Vaisala Last Field Calibration: nfa Cert. Expiration: May 1, 2002

Serial #: unknown

1645 Collocated Measurement

Specification: +/- 7.6

URS

Auditor: Darrin Barton Rev. 8.7 (3/08)

Notes:



Site ID:

Date:

Time:

Pressure (P,) (mm Hg):
Temperature (T,) {F):
Temperature (T,) {C):

PM,, / VOLUMETRIC FLOW CONTROL (VFC)

PERFORMANCE AUDIT DATA

Midlothian Water Treatment Plant(Site 5)

December 4, 2008
1610-1620

751.6

485

9.2

Audit Device:
Serial #:
Slope:
Intercept:
Correlation:
Cert. Exp. Date:

Variable QOrifice
R53

0.98474
-0.00778
0.99995

September 30, 2008

0.9%

-3.9%

-0.3%

-2.4%

1. From Sampler Look-Up Table or Calibration Data

‘Pressure Ratio - -
4fPa){mm Hg):

Slope-

0.9513

T1702/08

12.2892

0.9491

11/20/08

12.2246

0.1485

AUDITOR: Darrin Barton

Notes:

2. Acceptance Criteria: 7%
3. Acceptance Criferia: £10%

URS

Rev. 8.7 (3i08)



cr® Sampler
PERFORMANCE AUDIT DATA

Site ID: Midlothian Water Treatment Plant{Site 5) Audit Flow Meter : BIOS Cry Caf
Date: . December 4, 2008 ModetNo: DC Lite
Time: 1620-1630 CST Serial No: 4989
ANALYZER ID: ERG CR6 Cert. Exp. Date :

Serial #: 14.0

nple Inlet Flow Audit Data

0.27%
14.92 -0.53%
2. Acceptance Criteria: +10%

AUDITOR: Darrin Barton URS

Rev. 8.7 (3/08)
Notes:



APPENDIX B

Audit Standards Traceability Documentation




501 W. 6™ St.
Austin, TX 78701
512/478-8793

10713 Metric Blvd.
Austin, TX 78758
512/837-8991

106 W. Nakoma St.
San Anionio, TX 78216
210/681-4280

G4 SPATIAL TECHNOLOGIES

November 18, 2008

Myz. Darrin Barton
URS, Inec.

9400 Amberglenn
Austin, TX 78729

Dear Mr. Barton,

This letter certifies that your Lietz Sokkisha Model 115 transit, serial number 32100, has
been examined and fotind to be operating within normal parameters, Inasmuch as this
is a manual instrument using vernier scales, accuracy is highly dependent on the care
and skill of the operator. However, when used properly, the instrument will generate
one minute precision in both vertical and horizontal readings. A complete calibration
of the instrument was preformed and all features are functioning to within factory

specifications.

Please let me know if I can be of further assistance.

Thank you,
MNeal Hagoﬁod

Nt &4
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CALIBRATION PROCEDURE
18801/18810 ANEMOMETER DRIVE

DWG: CP18801(A)
REV: C101167 PAGE: 30of3

BY: 7147 DATE: 10111107
YOUNG CHK: JC W.C. GAS-12
CERTIFICATE OF CALIBRATION AND TESTING
MODEL: 18810 {Comprised of Models 18820 Control Unit & 18831 Motor Assembly)
SERIAL NUMBER: _lesor

R. M. Young Company cerfifies that the above eguipment was inspected and calibrated prior to
shipment in accordance with established manufacturing and testing procedures. Standards
established by R.M. Young Company for calibrating the measuring and test equipment used in
controlling product quality are traceabls to the National Institute of Standards and Technology.

(1)
@)

Nominal Output Calculated Indicated
Motor Freguency Rpm {2} Rpm 3}
Rpm Hz {1)

60 3720 (0 Lo
120 @40 | 2.0 (Z0
240 (230 740 2.0
420 22.40 q420 Y720
600 B200 LOO 000
810 4370 c {0 &0
990 5250 Q9 o 990

. B/Clockwise and Counterclockwise rotation verified

Measured at the optical encoder output.

Frequency output produces 320 pulses per revoiution of motar shaft.

Indicated on the Contrel Unit LCD display. Note: Divide indicated rpm by 10 to calculate
actual motor rpm.

* Indicates out of tolerance

Eﬂo Calibration Adjustments Required

[ As Found

[ As Left

Traceable frequency meter used in calibration Model: DPS 740 SN: H §03

Date of inspection
Inspection Interval

Filename: CP18801(A).doc

L /13 /0%

One Year

Tested By é ;p
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Calibration complies with 1ISO 9001
@A & |SO/EC 17025 AND ANSINCSL Z540-1
NS
Ll b Calibration ~ Cert. No.: 4000—1939847

Cenificata No. 1750.01
Traceabie® Certificate of Calibration for Digital Thermometer

(

\\\“\
a/,, i

i

Instrument Identification:
. URS Comp., 3400 Amberglen Bivd., Aftn: James Clarke, Austin, TX 78729 US.A. {RMA944141)

Model: 61220-601 S/N: 230058352 Manufacturer : Caontrol Company
Model: 61220-604 SIN: 230058318
Standards/Equipment: )
Desgcription Serial Number Due Date NIST Traceable Reference
Temperature Calibration Bath TC191 ’ AT9341
Thermistor Module AZT129 106/17108 10002252556
Temperature Probe . 3039 10/26/08 A7710039-4
Temperature Probe - 148 3J06/09 A82225037-3
Thermister Module A17118 8/30/08 . AT831032
Temperature Calibration Bath TC218 AT3332
Certificate Information:
Technigian: 68 Procedure: CAL-06 Cal Date: 7/26/08 Cal Due; 7/29/09

Test Conditions: 23.0°C 4900 %RH 1014 mBar

Calibration Data:

Lhnit(s} Nominal As Found in Tol Nominal As Left In Tol Min Max +uc TUR
°C 0.co1 -0.003 - Y 0.001 -0,003 Y -0.049 0.051 0.043 3.8:1
C 25.001 24,998 Y 25.001 24.998 Y 24.951 25051 | 0.013 3.81

T C 50.001 59.995 Y 60.001 50.995 Y . 59951 60.051 0.018 2.8:1
v 100.001 100.008 Y 100.001 100.008 Y 99,951 100.051 0.013 381

This Instrument was calibrated using instruments Traceable to National Institute of Standards and Technology.

A Test Uncartainty Ratio of al least 4:1 is maintained unless atherwise stated and is calculated using tha expanded measurement uncertainty. Uncertainty evaluation includes the inswument under
test and is calculaled in accerdance with the IS0 “Guide 10 the Expression of Uncertainty in Measurerment” (GUM). Tha uncertainty represents an axpandad uncertainly using a coverags factor k=2
to approximale a 95% confidence lsvel. In loleranca conditions are based on lest resuits faling within specified fimits with no raduction by the uncartainty of the maasurement, The results conlained
herelh relala anly la tha item calibraled. This certificate shafl not ba reproduced except in full, without wiltten approval of Gontrol Company.

Nominal=Standard's Reading; As Lefi=instrument's Raading; In Tol=in Tbleraﬁne; WinfMax=Acceptance Range; iuc=Measurement Uncertainty, TUR=Test Uncentainty Ratio;
Accuracy=(Max-Min)f2; Date=MMIDDNY
Doosbors,

Wallace Berry, Technica! ger

Maintaining Accuracy:

In our opinien once cafibrated your Digital Tharmometar shauld maintain its accuracy. Thera is no exact way to determine how long calibration wilt be malntained. Digitat Thermometers change
little, if any st all, but can be affected by aging, temperalurs, shock, and contamination.

Recalibration:

For tactary calibration and re-cartificalion traceable o National tnstitule of Standards and Technalogy contact Centrol Company.

- CONTROL COMPANY 4455 Rex Road Friendswood, TX 77548 USA
Phone 281 482-1714  Fax 281 482-2448 service@control3.com  www.controld.com

Gomirel Company is an iSO 17025:2005 Catibration Laboratory Accredited by (AZLA) American Association for Laboralery Accreditalion, Certificate No. 1750.01.
Contral Company is [S0 9001:2000 Quality Cartifiad by (DNV} Det Norske Veritas, Cerlificale No. CERT-01 805-AQ-HOU,
International Labaralory Accraditation Cooperation {ILAC) - Multilateral Recognition Arrangement {MRA},

Page 1 of 1 Traceablet® is a registered trademark of Control Company © 2005 Control Company



INNOCAL® NIST Traceable [ e 1

INNOVATIVE CALIBRATION SOLUTHONS Ca]ibl'aﬁ()ll Report 27567

5 East B C
\Glimo:sHillz n:lei;o;urt Reference Number: 15405
. PO Number: 94684

TOLL FREE: 1-866-466-6225 URS Corp
FAX; 847-247-2984 9400 Amberglen Bivd
www.InnoCalSoluions.com Austin, X 78720
ACCREDITED
CAUBRATION CERT 1746.01
Manufactarer: AR Inc. Calibration Date;: 05/01/2008
Model Number: AIR-HB-1A Calibration Due Date:  05/01/2009
Description: Pressure, Barometer, Digital ’ Calibration Interval: 12 Months
Asset Number: 17414-12 Condition As Found: Out of Tolerance
Serial Number: OF1475 Condition As Left: in Talerance, No adjustment
Procedure: NAVAIR 17-20MP-216
Remarks:

Performed calibration traceable to NIST. The barometer was outside of the manufacturer's accuracy *As Found” for barometric pressure, Applied
-0.97 mBar correction prior to performing "As Left” data, Performed "As Left" documentation. Barometer is now within manufacturer's acouracy
and in good working order. The calibration was performed at Latitude 42.233603 Longitude -87.948128 at an elevation of 737" above sea level.
Received State-Meter was retumed with & dead battery. "As Found" data was performed with zero correction applied as when the battery is
replaced the correction needs 1o be manually re-entered via holding down the Set/Zero Key along with the Mode key, arraw down or up to the
correction desired, release key's. The "As Loft” data was collected after inpuiting the -0,97 mBar correction which was noted on the previous NIST
certificate # 19600,

Standards Utilized

=
Catlibrator, Reference Pressure Monitor 12/03/2007 | 12/03/2008

¢
CP05020 DH INSTRUMENTS ING RPM4 BA100KS

Calibra}:ion Data

E N-TESTE Nc
Ambient Pressure 990.0 mbar 991.53 990.06 X | 989.5 to 990.5 mbar [TUR 4.0:1]
{EMU 0.12 mbar]
Dacraasing Barometric Pressure Test 1030.0 mbar i031.5 10301 X | 1029.5to 1030.5 mbar [TUR 3.9:1]
i fEMU 0.13 mbar]
| 950.0 mbar 951.6 950.0 X | 949.5to 950.5 mbar [TUR 4.2:1]
: [EMU 0.12 mbar]
[ 805.0 mbar 206.3 804.8 X | 804.5 to 805.5 mbar [TUR 4.7:11
[EMU 0.11 mbar]
| 610.0 mbar 611.3 609.9 X ] 609.51t0610.5 mbar [TUR 5.6:1]
[EMU 0.08% mbar]
Increasing Barometric Pressure Taest 805.0 mbar B06.3 804.8 X | 804.5 to 805.5 mbar [TUR 4.7:1]
[EMU 0.11 mbarj
| 950.0 mbar 951.6 950.0 X | 948.5 to 950.5 mbar [TUR 4.2:1]
[EMY 0.12 mbar]
| 1030.0 mbar 1031.5 10301 X | 1029.5 10 1030.5 mbar [TUR 3.9:11
{EMU 0.13 mbar]

Temperature: 22°C
Humidity: 50% AH
Test No.: 27587 Ziggler, Jeff _ Metrologist  847-327-5335 Colling, Bob 5/1/2008

Name Title Fhoee Name Date

This report may not be reproduced, except in full, without writfen permission of Innocal. The resulfs stated in this report relate only to the iterns fested or
calibrated. Measurements reporied herein are traceabfe to SI units via national standards maintained by NIST and were performed in compliance with
MiL-STD-45662A, ANSINCSL Z540-1-1984, 10CFRS0, Appendix B, IS0 9002-94, and 1SC 17025:2605. The estimated maasurement uncentainty (EML)
reparted on this ceriificate is being reported af a confidence level of 95% or K=2 unless otherwise noted in the remaris section.
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TiSCH ENVIROMENTAL, ENC.
145 S0UTH MIAMI AVE,
VILLAGE OF CLEVES, OH 45002
513.467.9000

877.263.7610 TOLL FREE
513.467.9009 Fax
WWW.TISCH-ENV.COM

AIR POLLUTION MONITORING EQUIPMENT

CRIFICE TRANSFER STANDARD CERTIFICATION WORKSHEET TE-5028A

Date -~ Sep 30, 2008 Rootsmeter S/N 9833620 Ta (K) - 295
Operator Tisch Orifice I.D. - R53 Pa {mm) - 749.3
METER ORFICE
PLATE VOLUME VOLUME DIFF RDITY DIFF DIFF
OR START STOP VOLUME TIME Hg HZ20
VDC # {(m3) {m3) (m3) {min) {mm} {(in.)
1 NA NA 1.00 1.2600 4.5 1.50
2 NA NA 1.00 0.9730 7.4 2.50
3 NA NA 1.00 0.8910 8.9 3.00
4 NA NA 1.00 0.8230 10.3 3.50
5 NA NA 1.00 0.6220 17.6 6.00

(x axis)} (v axis) (x axis) (v axis)
Vstd QOstd Va Qa
0.9899 0.7857 1.2223 0.99490 0.788%9 0.7685
0.3%8s61 1.0135 1.5779 0.5501 1.0r76 0.9921
0.9841 1.1045 1.7285 0.8881 1.1090 1.0868
0.9822 1.1935 1.8670 C.9862 1.1984 1.1739
0.9724 1.5634 2.4445 0.9764 1.5698 1.53&69
Ostd slope {m) = 1.57250 Qa siope {m) = 0.98474
intercept {b) = -0.01238 intercept (b) = -0.00778
coefficient (r) = 0.999585 coefficient (r) = 0.99995
Yy axis = SQRT[H20(Pa/750) (298/Ta) ] ¥y axis = SQRT[H20(Ta/Pa)]

CALCULATIONS
Vstad Diff. Vol[{Pa~Diff. Hg}/760](298/Ta)

0
a
cr
aF
It 0

Vetd/Time

Va = Diff Vol [(Pa-Diff Hg)/Pa]

= Va/Time

For subsequent flow rate calculations:

Qstd = 1/m{ [SQRT (H2C (Pa/760) (298/Ta)}i- b}
Qa = i/m{ [SQRT H20{Ta/Pa)]- b}




TiSCH ENVIROMENTAL, ING,
145 SoutH M1AM] AVE.
VILLAGE OF CLEVES, OH 45002
513.467.9000

877.263.7610 TOLL FREE
513.467.9009 FAX
WWW.TISCH-ENV.COM

AIR POLLUTION MONITORING EQUIFMENT

Qstd/Qa and Qstd vs deltaH
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* y-axis equations:

Qstd series: ( Pa )[ T std }
\/AH Pstd Ta

Qa series: \/(A H(Ta /Pa))




Bios International Calibration Certificate

Report No, 65305 URS Corporafion

‘Product DCL-MH 9400 Amberglen Blvd.

Serial No. 4988 Austin TX 78720

Gal. Date 22 January 2008 Acct. No. URSAUS NVLAP Lab Code 200661
Annual Maint. Recommended PO No.

As Received Test Data

Calibration Standards Used
All units tested in accordance with Bios International Corporation test number PR05-2 Rev B or PR01-10 Rev B using high-purity bottled nitrogen.

Asset Number Description _GalDate Duye Date

ML-500-10 100427 ML-800 fow Flow Celt 5/4/2007 5{4/2008,

ML-500-44 102677 ML-500 High Flow Cell 10/22/2007 __10/22/2008

Technician Sonia Otero Lab. Pressure 748.2 mmHg

Lab. Temperature 226 °C

Instrument Lab Standard Lab Standard Aitowable GCondition
Reading {mlimin) Reading {(ml/fmin} Unit No. Deviation Deviation Shipped
200 200,455 100427 -0.23% 1.00% in tolerance
5003 5009.25 102677 =0.12% 1.00% in tolerance
18890 17018 102677 -0,16% 1.00% in tolerance

The allowable deviation consists of the RSS of the expanded uncertainties of the working standards (0.25%], experimantal errors {0.25%), and the error of the device under test
{DUT), which is the remainder of the alfowable deviation,

As Shipped Test Data

Calibration Standards Used
All units tested in accardance with Bios International Corporation test number PR0S-2 Rev B or PR01-10 Rev D using high-purity bottted nitrogen,

Asset Number  Description Cal Date Due Dafe
. ML-500-10 102174 ML-500 Low Flow Cell 5242007 5/24/2008
. ML-500-44 102677 ML-500 High Flow Cell 10/22/2007  10/22/2008
Technician Zenalda Ortiz Lab. Pressure 747.01 mmHy

Lab. Temperature 222 °C

Instrument Lab Standard Lab Standard Aliowahle Condition
Reading (mimin Reading (pl/min) Unit N Deyiati Deviati Shi
1889 200.045 102174 0.07% 1.00%. in tolerance
4984 ’ 5005.65 . 102677 -0.43% 1.00% in tolerance
16970 17026.5 102677 -0.33% 1.00% in tolerance

The allowable deviation consists of the RSS of the expanded uncertainties of the working standards 10.25%), experimental errors {0.26%), and the etror of the device under test
{DUT), which is the remainder of tha allowabla deviation, .

Each DryCal flow calibrator is dynamically tested by comparing it to a iaboratery standard primary piston prover of much higher accuracy -
(+0.23% or better} but of similar aperating principles. Flow generators of 20.03% stability are used for the comparison, Use of provers of
similar construction to the device under test assures the validity of the flow generator as a transfer standard. The primary laboratory
standards are qualified by direct measurement of their dimensions (diameter, length of measured path, time base) agalnst NIST traceable
gauges and instrumenis (NIST numbers avaflable upon request). A rigorous analysis of their accuracy in accordance with the International
Guide to Unceriainty in Measurements has been performed, assuring thelr traceable accuracy. Test procedures ensure tfemperature matching
of the laboratory standards and the davice under test.

Bios International Corparation Printed 22 January 2008
10 Park Place, Butler, NJ 07405 USA Page 1of 2
www.biosint.com

CAL0O2-15 Rev A Tris repost shall not be reproduced exceptin full,-\wlthoul the wrilten approval of Bios Internallonal Corporalicn. Reslts only relate 10 the items calibrated.
All calibrations performed in accordance with 150 17025,




Bios International Galibration Certificate

Report No, 65305 URS Corporation

Product DCL-MH 9400 Amberglen Bivd.

Serial No. 4989 Austin TX 78729

Cal. Date 22 January 2008 Acct. No. URSAUS NVLAP Lab Code 200651
Annual Maint. Recommended PO No.

sy 7 A o

Harvey Padden, President

Bios Internationai Corporation Printed 22 January 2008
10 Park Place, Butier, NJ 07405 USA Page 2 of 2
www_biosint.com

CALIZ-15 Rev A This raport shall not be reproduced except in full, wilthiout the wiitten approval of Bios Intemational Corporetion. Resulls enly relate o the jtems calibraled.
All calibrations perfarmed in accordance with IS0 17026,




