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1.0 Introduction 
Energy Fuels Resources Corporation (Energy Fuels) personnel performed calibrations on 
January 6, 2009.  The calibrations were performed at all five of the ambient air monitoring 
sites at the Piñon Ridge Mill Site located approximately 15 miles from Naturita, Colorado.  
The five ambient air monitoring sires include two PM10(particulate matter less than 10 μm) 
and five TSP(total suspended particulate) samplers.  Audits of the air monitoring systems 
and calibrations of the two meteorological monitoring systems located on-site were 
performed by Inter-Mountain Laboratories (IML) on January 14, 2008.  Results of the 
January 14 calibrations and audits are reported by IML under a separate cover.  The Piñon 
Ridge Mill Site is operated by Energy Fuels.  Following is a list of the air monitoring sites 
and associated equipment: 
 
Site 1 – North Site (10m Tower) 
• PM10 Sampler – Thermo FRM 2000 PM10 
• TSP Sampler – Tisch Hi-Vol 5170 

Site 2 – East Site (30m Tower) 
• PM10 Sampler – Thermo FRM 2000 PM10 
• TSP Sampler – Tisch Hi-Vol 5170 

Site 3 – West Site 
• TSP Sampler – Tisch Hi-Vol 5170 

Site 4 – Cooper Site (Upwind Resident) 
• TSP Sampler – Tisch Hi-Vol 5170 

Site 5 – Carver Site (Downwind Resident) 
• TSP Sampler – Tisch Hi-Vol 5170 

2.0 Calibration Methodology and Accuracy Goals 

2.1 Calibration References and Equipment 
The calibrations were conducted in accordance with the following guideline documents: 

• Ambient Monitoring Guidelines for the Prevention of Significant Deterioration (PSD), 
EPA-450/4-87-007, May 1987 

• Ambient Air Monitoring Requirements for the Air Pollution Control Division of the 
Colorado Department of Public Health and Environment, Technical Services Program 
Air Pollution Control Division, April 2001 

• Quality Assurance Handbook for Air Pollution Measurements Systems, Vol. II – 
Ambient Air Quality Monitoring Program, EPA-454/B-08-003, December 2008 

• U.S. Nuclear Regulatory Commission Regulatory Guide, Office of Standards 
Development, Regulatory Guide 4.14 – Radiological Effluent and Environmental 
Monitoring at Uranium Mills, Revision 1, April 1980 
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All calibration equipment is referenced to an NIST-traceable standard at least annually.  
NIST-traceable certifications for the calibration equipment can be found in Appendix A.  The 
following equipment was required for the calibrations: 
 
• Streamline Pro MultiCal System, Model S with external temperature probe, capable of 

accurately measuring flow rate over a range of 2.0 to 20 liters per minute(lpm) to the 
nearest 0.01 lpm, measuring temperature over the range of -30 °C to 50 °C to the 
nearest 0.1 °C, and measuring barometric pressure over the range 0.25 to 1.1 atm to 
the nearest 0.002 atm. 

• Variable resistance transfer standard (calibration orifice) with faceplate. 
• Two Digital manometers (ranges of 0-20 in. water and 0-40 in. water). 

2.2 PM10 Samplers 
The PM10 Sampler calibrations included a verification of the flow, barometric pressure, 
ambient temperature, and filter temperature.  In addition, external and internal leak checks 
were conducted on the instrument.  The calibration methods are briefly described as 
follows: 

Flow - The flow calibration was completed by removing the inlet of the sampler and 
installing the Streamline Pro calibration system.  The difference between the calculated flow 
of the Streamline Pro and the sampler flow were compared to the acceptance criteria. 

Ambient Temperature - The ambient temperature calibration was completed by collocating 
the Streamline Pro external thermometer with the ambient temperature sensor on the 
sampler.  The difference between the temperature recorded by the Streamline Pro and the 
sampler ambient temperature was compared to the acceptance criteria. 

Filter Temperature - The filter temperature calibration was completed by collocating the 
Streamline Pro external thermometer with the filter temperature sensor on the sampler.  The 
difference between the temperature recorded by the Streamline Pro and the sampler filter 
temperature was compared to the acceptance criteria. 

Barometric Pressure - The barometric pressure calibration was completed by comparing 
the Streamline Pro barometric pressure reading with that of the sampler.  The difference 
between the pressure recorded by the Streamline Pro and the sampler pressure was 
compared to the acceptance criteria. 

External Leak Check - The external leak check was conducted by the samplers automated 
external leak check function.  The sampler reports the results of the leak check with a 
“pass” or “fail” and a calculated leakage rate. 

Internal Leak Check - The internal leak check was conducted by creating a vacuum within 
the internal components of the system using a solid disk in place of the filter.  The loss of 
vacuum was measured over a 30 second period and compared to the acceptance criteria. 
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2.3 TSP Samplers 
Calibrations of the TSP Samplers were completed by finding the numerical relationship 
between the sampler output (volumetric flow rate) and its flow indicator (stagnation pressure 
ratio).  The stagnation pressure is measured in an area of low pressure underneath the filter 
caused by the resistance to airflow through the filter.  The stagnation pressure ratio is a 
mathematical relationship of stagnation and ambient pressures.  To find the numerical 
relationship a multiple point (multi-point) calibration was completed on the sampler. The 
multi-point calibration used five points to calculate the flow rates and the resulting slope and 
intercept for the sampler.  The flow rates, calculated differences between the sampler 
output and flow indicator at each flow rate, and the correlation coefficient were compared to 
the acceptance criteria. 

2.4 Calibration Thresholds 
Accuracy goals of the air monitoring stations are shown in Tables 1 and 2 below: 
 

Table 1  
PM10 Sampler Criteria 

Sensor Specifications 
Ambient Temperature ±2.0 °C 
Filter Temperature ±2.0 °C 
Pressure ± 10 mm Hg 
Flow Rate ±2.0 percent of observed (±0.33 lpm) 
External Leak Check <5.0 in. Hg / 60 seconds 
Internal Leak Check <8.5 in. Hg / 30 seconds 

 
Table 2  

TSP Sampler Criteria 
Sensor Specifications 

Flow Rate between 1.1 to 1.7 m3/min (min. of three points)
Difference Percentage ±2.0 percent 
Correlation Coefficient >0.990 

3.0 Calibration Results 
Calibration results for the PM10 Samplers and the TSP Samplers can be found in 
Appendices B and C, respectively. 

4.0 Findings/Recommendations 
The calibrations of the two PM10 samplers and five TSP samplers were all within the 
calibration specifications during the 1st Quarter of 2009. 



 

 Appendix A 
 Calibration Equipment Certifications 















 

Appendix B 
PM10 Sampler Calibration Sheets 



Energy Fuels Resources Corporation Piñon Ridge Mill Site Rev. 04/23/08

Parameter

A/I
Amb. T
Filter T

Pressure
Flow

Sensor
Amb. T
Filter T
Pressure
Flow 16.7916.7

0.0072
0.0066
-0.0363

-1.4
1.0
620

Actual
-1.9
0.5

621.1

0.5

Partisol PM10 FRM Monthly Verification/Maintenance

As-Found Calibration ValuesSite Name:    Pinon Ridge Mill Site, Site #1                                         
Date:    1/6/09                                                    Offset

Time:    1100                                                    -0.0003
Technician Name:    Zach Rogers, Jess Fulbright                              

Condition of Instrument:    Good                                                                                     

                                                                                                                               

Specification

0.5

Sensors Verification

Sampler ID #:    1-2                                      
Streamline Pro cal. expires:    12/3/09                       

0.09

Streamline Pro Control Unit S/N:    C070906                                  

Indicated

Span

0.9993

1.1

0.9656
Streamline Pro Measurement Unit S/N:    S070906                               

Difference

-0.0058

+/- ˚C verification, +/- 2 ˚C audit
+/- ˚C verification, +/- 2 ˚C audit

+/- 10 mmHG
16.7 L/min +/- 4.0% (+/- 0.66 l/min)

Internal Leak Check: Pass

                                                                                                                               

Sensor
Amb. T
Filter T
Pressure
Flow

External Leak Check:  Internal Leak Check: 

(< 8.5" Hg / 30 sec.)

16.7 L/min +/- 2.0% (+/- 0.33 l/min)

Leakage Rate Initial Vacuum
{inches Hg}

Final Vacuum
{inches Hg}{mmHg/min}

+/- ˚C verification, +/- 2 ˚C audit
+/- 10 mmHg

Difference Specification
+/- ˚C verification, +/- 2 ˚C audit

All Sensors Are Within Specifications, No Calibration Required

17.75

Repairs and/or Calibrations Performed:    

Sensors Re-Verification
Indicated Actual

(< 8.5" Hg / 30 sec.)

External Leak Check:   Pass

19.75

Initial Vacuum
{inches Hg}

Final Vacuum
{inches Hg}



Energy Fuels Resources Corporation Piñon Ridge Mill Site Rev. 04/23/08

Parameter

A/I
Amb. T
Filter T

Pressure
Flow

Sensor
Amb. T
Filter T
Pressure
Flow

External Leak Check:  Pass Internal Leak Check: Pass

                                                                                                                               

Sensor
Amb. T
Filter T
Pressure
Flow

External Leak Check:  Internal Leak Check: 

(< 8.5" Hg / 30 sec.)

Leakage Rate Initial Vacuum
{inches Hg}

Final Vacuum
{inches Hg}{mmHg/min}

+/- 10 mmHg
16.7 L/min +/- 2.0% (+/- 0.33 l/min)

+/- ˚C verification, +/- 2 ˚C audit
+/- ˚C verification, +/- 2 ˚C audit

Sensors Re-Verification
Indicated Actual Difference Specification

Partisol PM10 FRM Monthly Verification/Maintenance

Site Name:    Pinon Ridge Mill Site, Site #2                                        As-Found Calibration Values
Date:    1/6/09                                                    Offset Span

Time:    1300                                                    -0.0020 0.9996
Technician Name:    Zach Rogers, Doug Roberts                              -0.0003
Sampler ID #:    2-2                                      -0.0032
Streamline Pro cal. expires:    12/3/09                       -0.0075
Streamline Pro Control Unit S/N:    C070906                                  -0.0115 0.9898
Streamline Pro Measurement Unit S/N:    S070906                              

Condition of Instrument:    Good                                                                                     

                                                                                                                               

Sensors Verification
Indicated Actual Difference Specification

-1.3 0.4 1.7 +/- ˚C verification, +/- 2 ˚C audit
1.4 1.8 0.4 +/- ˚C verification, +/- 2 ˚C audit
620 619.3 0.7 +/- 10 mmHg
16.6 16.93 0.33 16.7 L/min +/- 2.0% (+/- 0.33 l/min)

Initial Vacuum
{inches Hg}

Final Vacuum
{inches Hg}

Leakage Rate 
{mmHg/min}

20 16.25
(< 8.5" Hg / 30 sec.)

All Sensors Are Within Specifications, No Calibration Required

Repairs and/or Calibrations Performed:    

73



 

Appendix C 
TSP Sampler Calibration Sheets 

 



High Volume Sampler Flow Rate Calibration
Network: Energy Fuels Resources

Sampler ID: 1-1-TSP
AIRS Site ID: N/A Sampler Type: Tisch TE-5170-DV-BL

Sampler Calibration Date: 1/1/09 Calibrated By: Jess Fulbright
Orifice ID: 1258 Orifice Calibration Date: 12/10/08

Ambient Temperature (°C): 6.1 Ambient Pressure ("Hg): 24.63
Ambient Temperature (°K): 279.3 Ambient Pressure (mmHg): 626

Orifice Relationship: Qa = [SQRT{(ΔP)*(Ta/Pa)}-b]*[1/m]
where m = 0.982 and b = -0.003

Sampler:
Calibration Point ΔP Pstg/13.6 P1 P1/Pa

1 5.4 0.39 24.24 0.9840
2 6.4 0.47 24.16 0.9808
3 8.3 0.61 24.02 0.9753
4 12.8 0.94 23.69 0.9617
5 19.6 1.44 23.19 0.9414

Orifice:
Calibration Point ΔP Qa(orf) Qa/sqrt(Ta) Qa(eq) % diff

1 3.33 1.2443 0.0745 1.2441 0.0%
2 3.28 1.2349 0.0739 1.2390 0.3%
3 3 26 1 2311 0 0737 1 2300 0 1%3 3.26 1.2311 0.0737 1.2300 -0.1%
4 3.16 1.2122 0.0726 1.2079 -0.4%
5 2.96 1.1733 0.0702 1.1749 0.1%

Sampler Calibration: Use this equation for subsequent flow calculations:
Slope 10.2820 Qa = {[P1/Pa - 0.2183] * [SQRT(Ta)]} * {1/10.2820}

Intercept 0.2183
r 0.9939

Failure Temp (°C) -65.2

Notes:

0.93
0.94
0.95
0.96
0.97
0.98
0.99

0.96 1.00 1.04 1.08 1.12 1.16 1.20 1.24 1.28

P1
/P

a

Actual Flow Rate (m3/min)

Sampler Performance at Calibration Conditions



High Volume Sampler Flow Rate Calibration
Network: Energy Fuels Resources

Sampler ID: 2-1-TSP
AIRS Site ID: N/A Sampler Type: Tisch TE-5170-DV-BL

Sampler Calibration Date: 1/1/09 Calibrated By: Jess Fulbright
Orifice ID: 1258 Orifice Calibration Date: 12/10/08

Ambient Temperature (°C): 7.9 Ambient Pressure ("Hg): 24.51
Ambient Temperature (°K): 281.1 Ambient Pressure (mmHg): 623

Orifice Relationship: Qa = [SQRT{(ΔP)*(Ta/Pa)}-b]*[1/m]
where m = 0.982 and b = -0.003

Sampler:
Calibration Point ΔP Pstg/13.6 P1 P1/Pa

1 5.2 0.38 24.12 0.9844
2 8.4 0.62 23.89 0.9749
3 13.0 0.95 23.56 0.9611
4 16.6 1.22 23.29 0.9503
5 23.3 1.72 22.79 0.9300

Orifice:
Calibration Point ΔP Qa(orf) Qa/sqrt(Ta) Qa(eq) % diff

1 3.21 1.2287 0.0733 1.2263 -0.2%
2 3.11 1.2094 0.0722 1.2114 0.2%
3 3 01 1 1899 0 0710 1 1900 0 0%3 3.01 1.1899 0.0710 1.1900 0.0%
4 2.91 1.1700 0.0698 1.1729 0.3%
5 2.78 1.1436 0.0682 1.1412 -0.2%

Sampler Calibration: Use this equation for subsequent flow calculations:
Slope 10.7162 Qa = {[P1/Pa - 0.2003] * [SQRT(Ta)]} * {1/10.7162}

Intercept 0.2003
r 0.9973

Failure Temp (°C) -58.1

Notes:

0.92
0.93
0.94
0.95
0.96
0.97
0.98
0.99

0.96 1.00 1.04 1.08 1.12 1.16 1.20 1.24 1.28

P1
/P

a

Actual Flow Rate (m3/min)

Sampler Performance at Calibration Conditions



High Volume Sampler Flow Rate Calibration
Network: Energy Fuels Resources

Sampler ID: 3-1-TSP
AIRS Site ID: N/A Sampler Type: Tisch TE-5170-DV-BL

Sampler Calibration Date: 1/1/09 Calibrated By: Jess Fulbright
Orifice ID: 1258 Orifice Calibration Date: 12/10/08

Ambient Temperature (°C): 4.7 Ambient Pressure ("Hg): 24.47
Ambient Temperature (°K): 277.9 Ambient Pressure (mmHg): 622

Orifice Relationship: Qa = [SQRT{(ΔP)*(Ta/Pa)}-b]*[1/m]
where m = 0.982 and b = -0.003

Sampler:
Calibration Point ΔP Pstg/13.6 P1 P1/Pa

1 5.4 0.40 24.08 0.9838
2 12.4 0.91 23.56 0.9628
3 16.6 1.22 23.25 0.9502
4 21.7 1.60 22.87 0.9347
5 25.5 1.88 22.60 0.9233

Orifice:
Calibration Point ΔP Qa(orf) Qa/sqrt(Ta) Qa(eq) % diff

1 3.28 1.2358 0.0742 1.2396 0.3%
2 3.16 1.2130 0.0728 1.2097 -0.3%
3 3 06 1 1937 0 0716 1 1918 0 2%3 3.06 1.1937 0.0716 1.1918 -0.2%
4 2.95 1.1721 0.0703 1.1697 -0.2%
5 2.84 1.1501 0.0690 1.1535 0.3%

Sampler Calibration: Use this equation for subsequent flow calculations:
Slope 11.7163 Qa = {[P1/Pa - 0.1123] * [SQRT(Ta)]} * {1/11.7163}

Intercept 0.1123
r 0.9948

Failure Temp (°C) -67.5

Notes:

0.92
0.93
0.94
0.95
0.96
0.97
0.98
0.99

0.96 1.00 1.04 1.08 1.12 1.16 1.20 1.24 1.28

P1
/P

a

Actual Flow Rate (m3/min)

Sampler Performance at Calibration Conditions



High Volume Sampler Flow Rate Calibration
Network: Energy Fuels Resources

Sampler ID: 4-1-TSP
AIRS Site ID: N/A Sampler Type: Tisch TE-5170-DV-BL

Sampler Calibration Date: 1/1/09 Calibrated By: Jess Fulbright
Orifice ID: 1258 Orifice Calibration Date: 12/10/08

Ambient Temperature (°C): 0.6 Ambient Pressure ("Hg): 24.80
Ambient Temperature (°K): 273.8 Ambient Pressure (mmHg): 630

Orifice Relationship: Qa = [SQRT{(ΔP)*(Ta/Pa)}-b]*[1/m]
where m = 0.982 and b = -0.003

Sampler:
Calibration Point ΔP Pstg/13.6 P1 P1/Pa

1 5.2 0.39 24.41 0.9845
2 11.6 0.85 23.95 0.9656
3 14.8 1.09 23.71 0.9562
4 20.4 1.50 23.30 0.9394
5 26.9 1.98 22.82 0.9201

Orifice:
Calibration Point ΔP Qa(orf) Qa/sqrt(Ta) Qa(eq) % diff

1 3.25 1.2130 0.0733 1.2145 0.1%
2 3.14 1.1923 0.0721 1.1900 -0.2%
3 3 06 1 1771 0 0712 1 1777 0 1%3 3.06 1.1771 0.0712 1.1777 0.1%
4 2.95 1.1558 0.0699 1.1558 0.0%
5 2.82 1.1301 0.0683 1.1306 0.0%

Sampler Calibration: Use this equation for subsequent flow calculations:
Slope 12.6720 Qa = {[P1/Pa - 0.0540] * [SQRT(Ta)]} * {1/12.6720}

Intercept 0.0540
r 0.9990

Failure Temp (°C) -63.0

Notes:

0.91
0.92
0.93
0.94
0.95
0.96
0.97
0.98
0.99

0.96 1.00 1.04 1.08 1.12 1.16 1.20 1.24 1.28

P1
/P

a

Actual Flow Rate (m3/min)

Sampler Performance at Calibration Conditions



High Volume Sampler Flow Rate Calibration
Network: Energy Fuels Resources

Sampler ID: 5-1-TSP
AIRS Site ID: N/A Sampler Type: Tisch TE-5170-DV-BL

Sampler Calibration Date: 1/1/09 Calibrated By: Jess Fulbright
Orifice ID: 1258 Orifice Calibration Date: 12/10/08

Ambient Temperature (°C): -0.2 Ambient Pressure ("Hg): 24.34
Ambient Temperature (°K): 273.0 Ambient Pressure (mmHg): 618

Orifice Relationship: Qa = [SQRT{(ΔP)*(Ta/Pa)}-b]*[1/m]
where m = 0.982 and b = -0.003

Sampler:
Calibration Point ΔP Pstg/13.6 P1 P1/Pa

1 5.3 0.39 23.95 0.9839
2 10.5 0.77 23.57 0.9684
3 16.1 1.19 23.15 0.9512
4 21.3 1.57 22.77 0.9356
5 27.4 2.02 22.32 0.9171

Orifice:
Calibration Point ΔP Qa(orf) Qa/sqrt(Ta) Qa(eq) % diff

1 3.28 1.2282 0.0744 1.2294 0.1%
2 3.17 1.2075 0.0731 1.2078 0.0%
3 3 06 1 1864 0 0718 1 1840 0 2%3 3.06 1.1864 0.0718 1.1840 -0.2%
4 2.94 1.1630 0.0704 1.1622 -0.1%
5 2.80 1.1350 0.0687 1.1365 0.1%

Sampler Calibration: Use this equation for subsequent flow calculations:
Slope 11.8682 Qa = {[P1/Pa - 0.1005] * [SQRT(Ta)]} * {1/11.8682}

Intercept 0.1005
r 0.9990

Failure Temp (°C) -68.0

Notes:

0.91
0.92
0.93
0.94
0.95
0.96
0.97
0.98
0.99

0.96 1.00 1.04 1.08 1.12 1.16 1.20 1.24 1.28

P1
/P

a

Actual Flow Rate (m3/min)

Sampler Performance at Calibration Conditions




