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1.0 INTRODUCTION 

In December 2003, Kennecott Minerals Company (”KMC”), retained Golder Associates Inc. 

(“Golder”) to conduct an Environmental Baseline Study (EBS) of a proposed nickel-copper mining 

site (Eagle Project) within the Yellow Dog Plain, Michigamme Township, located in northwestern 

Marquette County, Michigan.  Figure 1 shows the general location of the KMC Eagle Project.  In 

conjunction with the EBS, Golder initiated the installation and operations of a solar-powered air 

quality and meteorological monitoring station to measure and archive baseline ambient air quality and 

meteorological data.  This report presents methods and results for data collected from June 2004 

through May 2005.  Figure 2 identifies the location of the air/met monitoring station relative to the 

proposed mining facility and ore body. 

1.1 Background 

The overall scope of the 2004-2005 air/met program was to document the temporal occurrences 

of particulate matter (PM) with aerodynamic size of 10 micrometers (μm) or less (PM10) as well as 

selected meteorological parameters.  The meteorological parameters include wind speed, wind 

direction, temperature, relative humidity, solar radiation, and precipitation (rainfall and snowfall) in 

the project area (Appendices A through L).  The overall Scope of Work (SOW) was provided by 

Golder in the work plan (Golder, 2003)   

The purpose of the EBS is to collect data for use in: 

• Support of future feasibility studies by KMC; 

• Characterize environmental elements relevant to baseline/environmental impact 
statement (EIS) programs; and  

• Permitting under programs such as the Title V Air Quality program.  

The EBS was prepared in advance of a defined project concept and regulatory/public input.  

Consequently, other data outside the scope of these studies may be required in the future to address 

project specific issues.   

1.2 Objectives 

Two of the principal objectives of the EBS are to collect data for use in support of future mine 

feasibility studies by KMC, and to characterize environmental elements relevant to baseline 
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environmental conditions in support of permitting activities.  The specific objectives of the air/met 

monitoring includes the following:  

• To develop a regional baseline air quality and meteorological database to identify 
the quality of the existing physical environment in the vicinity of future mining 
activities; and 

• For use in an Environmental Impact Study (EIS), if needed, to support future 
State and federal permits for future project activities. 
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2.0 SCOPE AND METHODS OF INVESTIGATION 

Golder initiated a comprehensive field effort to establish the ambient air quality and meteorological 

conditions in the vicinity of the Eagle project in support of the project’s environmental baseline study 

and permitting activities.  Golder has utilized accepted U.S. Environmental Protection Agency (EPA) 

sampling and analysis methodologies and techniques to collect the baseline data.   

Regional meteorological data are available from National Oceanographic and Atmospheric 

Administration’s (NOAA) National Weather Service (NWS) edited data collected at the Marquette 

County Airport (MQT).  Both monthly and annual summaries are available to the public through the 

NWS’ National Climatic Data Center (NCDC) website http://www.ncdc.noaa.gov/oa/ncdc.html.    

Additionally, a comprehensive Quality Assurance (QA) program has been developed specifically for 

the project which includes an independent performance audit program and an Operations and 

Maintenance Manual.    

2.1 Literature Review 

There are several regulatory and non-regulatory requirements for collecting baseline air quality and 

meteorological data, as discussed in the initial 2003 work plan (Golder, 2003).  These regulations 

have been enacted to control discharges of regulated pollutants into the atmosphere to meet air quality 

standards for specified designated sources.  Included in both federal and state air quality regulations 

are well defined sources and categories that require review and permitting.  These include: 

• Part 55, Air Pollution Control, of the Natural Resources and Environmental 
Protection Act, 1994 PA 451, as amended (Act 451) which includes rules and 
regulations regarding ambient air quality standards, air permit requirements, and 
air emission limitations.  The Michigan Air Pollution Control Rules have been 
adopted pursuant to Public Act 451 (http://www.michigan.gov/deq/0,1607,7-135-
3310_4108-10430--,00.html).  

• Michigan Department of Environmental Quality (MDEQ) Title V Air Permits.  
This information provides data on air emissions for facilities that are required to 
have an operating permit under the Title V air regulations 
(http://www.deq.state.mi.us/aps).   

• Air monitoring data are compiled by the EPA on their website 
(http://www.epa.gov/air/data) for pollutants for which ambient air quality 
standards have been developed [i.e., PM, PM10, sulfur dioxide (SO2), carbon 
monoxide (CO), nitrogen dioxide (NO2), ozone (O3), and lead (Pb)].  These data 
supplement those data supplied by MDEQ.  In some instances, although data are 
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available through 2002, they are not complete and do not report data from all 
available monitoring stations. 

• Air emissions data are also compiled by the EPA on their website for pollutants 
emitted by facilities that are generally reported to state agencies.  Emission data 
are available through 1999 for PM10, SO2, CO, nitrogen oxides (NOx), volatile 
organic compounds (VOCs) as a precursor to O3, and Pb. 

The current National Ambient Air Quality Standards are summarized by pollutant on Table 1. 

Only the respirable particulates less than 10 micrometers (µm) in diameter (i.e., PM10) are being 

monitored for this baseline study.  The selection of PM10 is based on the expectation that the project 

will not emit any significant quantities of the other criteria pollutants.  MQT station pressure was used 

to calculate the standard temperature and pressure corrections for the collected PM10 concentrations. 

2.2 Quality Control 

The previously submitted Operation and Maintenance (O&M) Manual was submitted to KMC in 

August 2004 (Golder, 2004) to reflect the newly installed air/met monitoring equipment.  The O&M 

Manual provided site-specific maintenance, calibration, sampling, and data downloading procedures.  

As part of the work plan for environmental baseline study data collection, Golder performed biannual 

audits on the equipment at the air quality and meteorological monitoring station.  Performing an audit 

is vital to assure that the QA criteria for air and meteorological monitoring stations are being met.  

The audits are performed by Golder staff not responsible for the day-to-day operations and 

maintenance of the monitoring equipment or network.  The audit is used to assess the precision and 

accuracy of the data measured and recorded by the total measurement system (sample collection, 

sample analysis, and data processing).  The total measurement system was validated and qualified by 

the performance audits.  The audits were performed in November 2004 and May 2005.  The results of 

the audits are provided in Appendices M and N.  The air quality equipment that was included in 

this audit was the Met One Inc. Model BAM 1020 Continuous PM10 Particulate Monitor.  The 

R.M. Young Inc. meteorological parameters included in the audit were wind direction, wind speed, 

temperature, precipitation, and solar radiation.  The results of the audit indicate that the air quality and 

meteorological data collected by the project’s monitoring station are valid. 
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Table 1. NAAQS for Criteria Pollutants 
 

Primary 
(Health Related)a 

Secondary 
(Welfare Related) a 

Pollutant Type of Average 
Standard Level 
Concentration Type of Average 

Standard Level 
Concentration 

8-hourb 9 ppm (10 mg/m3) No secondary standard 
CO 

1-hourb 35 ppm (40 mg/m3) No secondary standard 

Pb Maximum Quarterly 
Average 1.5 µg/m3 Same as Primary Standard 

NO2 
Annual Arithmetic 

Mean 
0.053 ppm 

(100 µg/m3) Same as Primary Standard 

Maximum Daily  
1-hour Averagec 

0.12 ppm 
(235 µg/m3) Same as Primary Standard 

O2 
4th Highest 8-hour 
Daily Maximumd 

0.08 ppm 
(157 µg/m3) Same as Primary Standard 

Annual Arithmetic 
Meane 50 µg/m3 Same as Primary Standard 

PM10 

24-houre 150 µg/m3 Same as Primary Standard 

Annual Arithmetic 
Meanf 15 µg/m3 Same as Primary Standard 

PM2.5 
98th Percentile 

24-hourf 65 µg/m3 Same as Primary Standard 

Annual Arithmetic 
Mean 80 µg/m3 (0.03 ppm) 

SO2 
24-hourb 365 µg/m3 (0.14 ppm) 

3-hour b 1,300  µg/m3 
(0.50 ppm) 

 
Note:   mg/m3 = milligrams per cubic meter. 
               ppm = parts per million. 
            µg/m3 = micrograms per cubic meter. 
 
a  Parenthetical value is an approximate equivalent concentration. 
b  Not to be exceeded more than once per year. 
c  The standard is attained when the expected number of days per calendar year with maximum hourly average 

concentrations above 0.12 ppm is equal to or less than one, as determined according to Appendix H of the 
Ozone NAAQS. 

d  The 8-hour standard is met when the three-year average of the annual fourth highest daily maximum. 8-hour 
O2 concentration is less than or equal to 0.08 ppm. 

e  The annual PM10 standard is attained when the expected annual arithmetic mean concentration is less than or 
equal to 50 (3-year average); the 24-hour standard is attained when the expected number of days above 150 
µg/m3 is equal or less than one per year. 

f  The annual PM2.5 standard is met when annual average of the quarterly mean PM2.5 concentrations is less than 
or equal to 15 µg/m3, when averaged over three years.  If spatial averaging is used, the annual averages from 
all monitors within the area may be averaged in the calculation of the three-year mean.  The 24-hour standard 
is met when the 98th percentile value, averaged over three years, is less than or equal to 65 µg/m3. 

 
Source: Michigan DEQ 2001 Annual Report. 
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Ongoing training has been provided to KMC staff by Golder since the initial installation and 

operation of the monitoring station in March 2004.  Training included operations and maintenance of 

the monitoring equipment and data downloading, collection, validation, and processing. 
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3.0 RESULTS 

3.1 Introduction 

The PM10 monitor that has been installed at the project’s air/met station is a truly continuous-

reporting beta attenuation monitor (BAM) that analyzes and records hourly PM10 concentrations.  

This sampling method provides a continuous output of particle concentration.  The meteorological 

sensors on the 33-foot (10-meter) tower are used to gather horizontal wind speed/direction, relative 

humidity, ambient temperature, solar radiation, and relative humidity data.  Precipitation and snowfall 

is measured gravimetrically with a universal precipitation gauge.  All of the equipment is powered by 

a 16-panel solar array and deep-cycle storage battery system that enable continuous 24-hour 

operations. 

3.2 Air Quality Data 

The PM10 monitoring data has been collected at the Eagle Project site on a continuous hourly basis 

since March 2004.  For this report, the June 2004 through May 2005 data are provided.  None of the 

PM10 data exceeded the EPA or MDEQ 24-hour standards.  These data show the seasonal nature of 

the PM collected such as precipitation, local recreational, and silvi-cultural activities as well as 

biological contaminates (pollen, etc.).  As expected, the daily PM10 values are generally lower during 

the winter months when snowfall reduces the airborne and fugitive particulate material in remote, 

uninhabited rural areas.   

Summaries of the PM10 data collected at the Eagle Project monitoring station for the months of June 

2004 through May 2005 are included in Appendices A through L, respectively.  Subsections 3.2.1 

through 3.2.12 (Figure 1 from the monthly summary reports found in the Appendices), provide charts 

of the average daily PM10 concentration formulated from the hourly concentrations, monthly average, 

and the percent data capture for that month.  Note that none of the values exceed, nor come close to, 

the daily (24-hour) EPA ambient air quality PM10 standard of 150µg/m3.  The MDEQ daily standard 

is the same as EPA. 

The maximum daily (24-hour) PM10 concentration for the period of record was 57 µg/m3 

on September 5, 2004, with the second highest daily (24-hour) concentration of 51 µg/m3 on 

September 4, 2004. 
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One key component of QA data assessment is the amount of valid data collected during the sampling 

period, which is defined as data capture.  Data capture above 75 percent (or 45 minutes of valid data 

per hour, 18 hours of data per day, etc.) is acceptable.  The data capture exceeded 90 percent for all 

months except November 2004 (when the glass fiber filter tape broke and no data was collected from 

November 13 through 18) and April 2005 (when the sample pump of the BAM1020 malfunctioned 

from April 1 through 14).  The data capture for November is still above the QA criteria of 75 percent.  

However, the monthly data capture for April 2005 was 55 percent.  Once the faulty sample pump was 

replaced, the unit operated properly. 

3.2.1 June 2004 PM10 Summary 

Figure 1. KENNECOTT MINERAL CORPORATION EAGLE AMBIENT AIR/MET BASELINE
KMC EAGLE STATION

 DAILY AVERAGE PM10 CONCENTRATIONS
JUNE 2004
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3.2.2 July 2004 PM10 Summary 

Figure 1. KENNECOTT MINERAL CORPORATION EAGLE AMBIENT AIR/MET BASELINE
KMC EAGLE STATION

 DAILY AVERAGE PM10 CONCENTRATIONS
JULY 2004
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3.2.3 August 2004 PM10 Summary 
 

Figure 1. KENNECOTT MINERAL CORPORATION EAGLE AMBIENT AIR/MET BASELINE
KMC EAGLE STATION
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AUGUST 2004
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3.2.4 September 2004 PM10 Summary 

Figure 1. KENNECOTT MINERAL CORPORATION EAGLE AMBIENT AIR/MET BASELINE
KMC EAGLE STATION

 DAILY AVERAGE PM10 CONCENTRATIONS
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3.2.5 October 2004 PM10 Summary 
 

Figure 1. KENNECOTT MINERAL CORPORATION EAGLE AMBIENT AIR/MET BASELINE
KMC EAGLE STATION
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OCTOBER 2004
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3.2.6 November 2004 PM10 Summary 

Figure 1. KENNECOTT MINERAL CORPORATION EAGLE AMBIENT AIR/MET BASELINE
KMC EAGLE STATION

 DAILY AVERAGE PM10 CONCENTRATIONS
NOVEMBER 2004
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3.2.7 December 2004 PM10 Summary 
 

Figure 1. KENNECOTT MINERAL CORPORATION EAGLE AMBIENT AIR/MET BASELINE
KMC EAGLE STATION

 DAILY AVERAGE PM10 CONCENTRATIONS
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3.2.8 January 2005 PM10 Summary 

Figure 1. KENNECOTT MINERAL CORPORATION EAGLE AMBIENT AIR/MET BASELINE
KMC EAGLE STATION

 DAILY AVERAGE PM10 CONCENTRATIONS
JANUARY 2005
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3.2.9 February 2005 PM10 Summary 
 

Figure 1. KENNECOTT MINERAL CORPORATION EAGLE AMBIENT AIR/MET BASELINE
KMC EAGLE STATION

 DAILY AVERAGE PM10 CONCENTRATIONS
February 2005
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3.2.10 March 2005 PM10 Summary 

Figure 1. KENNECOTT MINERAL CORPORATION EAGLE AMBIENT AIR/MET BASELINE
KMC EAGLE STATION

 DAILY AVERAGE PM10 CONCENTRATIONS
MARCH 2005
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3.2.11 April 2005 PM10 Summary 
 

Figure 1. KENNECOTT MINERAL CORPORATION EAGLE AMBIENT AIR/MET BASELINE
KMC EAGLE STATION

 DAILY AVERAGE PM10 CONCENTRATIONS
April 2005
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3.2.12 May 2005 PM10 Summary 

Figure 1. KENNECOTT MINERAL CORPORATION EAGLE AMBIENT AIR/MET BASELINE
KMC EAGLE STATION

 DAILY AVERAGE PM10 CONCENTRATIONS
May 2005
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3.3 Meteorological Data 

Summaries of the meteorological data collected at the Eagle Project monitoring station from June 

2004 through May 2005 are presented in Appendices A through L.  Maximum, minimum (when 

appropriate), and average hourly values for each meteorological parameter are broken down on an 

hourly basis and can be found in these appendices.  Wind direction roses for each month can be found 

in each monthly Appendix.  It should be noted that wind direction is based on true north.   

3.3.1 June 2004 

The meteorological data summary for June 2004 indicated that the wind direction was primarily out 

of the west.  The average horizontal deviation of the wind direction for June was 23 degrees.  The 

horizontal wind speed averaged 7.2 miles per hour [(mph) 3.2 meters per second (m/s)], and the 

average monthly temperature was 58.1 degrees Fahrenheit (˚F) [or 14.5 degrees Celsius (˚C)].  The 

average monthly relative humidity was 67 percent.  The average solar radiation for June was 

273 watts per square meter.  The total precipitation for June was 1.5 inches [38 millimeters (mm)]. 
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3.3.2 July 2004 

The meteorological data summary for July 2004 indicated that the wind direction was primarily out of 

the south-southwest.  The average horizontal deviation of the wind direction for July was 22 degrees.  

The horizontal wind speed averaged 5.7 mph (or 2.4 m/s), and the average monthly temperature was 

62.4˚F (16.9˚C).  The average relative humidity was 75 percent.  The average solar radiation for June 

was 225 watts per square meter.  The total precipitation for July was 1.8 inches (45 mm). 

3.3.3 August 2004 

The meteorological data summary for August 2004 indicated that the wind direction was primarily 

out of the southwest.  The average monthly horizontal deviation of the wind direction was 21 degrees.  

The horizontal wind speed averaged 6.0 mph (or 2.7 m/s), and the average monthly temperature 

was 58.8˚F (14.9˚C).  The average relative humidity was 75 percent.  The average solar radiation for 

August was 213 watts per square meter.  The total precipitation for August was 5.4 inches (137 mm). 

3.3.4 September 2004 

The meteorological data summary for September 2004 indicated that the wind direction was primarily 

out of the south-southwest.  The average monthly horizontal deviation of the wind direction was 

19 degrees.  The horizontal wind speed averaged 8.3 mph (or 3.7 m/s), and the average monthly 

temperature was 62.1˚F (16.7˚C).  The average relative humidity was 72 percent.  The average solar 

radiation for September was 174 watts per square meter.  The total precipitation for September was 

1.3 inches (33 mm). 

3.3.5 October 2004 

The meteorological data summary for October 2004 indicated that the wind direction was primarily 

out of the south-southwest.  The average horizontal deviation of the wind direction for October was 

19 degrees.  The horizontal wind speed averaged 7.6 mph (or 3.4 m/s), and the average monthly 

temperature was 46.2˚F (7.9˚C).  The average relative humidity was 79 percent.  The average solar 

radiation for October was 89 watts per square meter.  The total precipitation for October was 

3.6 inches (92 mm). 
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3.3.6 November 2004 

The meteorological data summary for November 2004 indicated that the wind direction was primarily 

out of the southwest.  The average horizontal deviation of the wind direction for November was 

20 degrees.  The horizontal wind speed averaged 6.9 mph (or 3.1 m/s), and the average monthly 

temperature was 36.7˚F (2.6˚C).  The average relative humidity was 76 percent.  The average solar 

radiation for November was 43 watts per square meter.  The total precipitation for November was 

2.0 inches (50 mm). 

3.3.7 December 2004 

The meteorological data summary for December 2004 indicated that the wind direction was primarily 

out of the south-southwest.  The average horizontal deviation of the wind direction for December was 

19 degrees.  The horizontal wind speed averaged 8.0 mph (3.6 m/s), and the average monthly 

temperature was 19.8˚F (-6.8˚C).  The average relative humidity was 87 percent.  The average solar 

radiation for December was 26 watts per square meter.  The total precipitation for December was 

1.0 inches (26 mm). 

3.3.8 January 2005 

The meteorological data summary for January 2005 indicated that the wind direction was primarily 

out of the west.  The average monthly horizontal deviation of the wind direction was 19 degrees.  The 

horizontal wind speed averaged 7.2 mph (or 3.2 m/s), and the average monthly temperature was 

13.6˚F (-10.2˚C).  The average relative humidity was 75 percent.  The average solar radiation for 

January was 39 watts per square meter.  The total precipitation measured for January was 0.2 inches 

(5.2 mm). 

3.3.9 February 2005 

The meteorological data summary for February 2005 indicated that the wind direction was primarily 

out of the west-northwest.  The average monthly horizontal deviation of the wind direction was 

20 degrees.  The horizontal wind speed averaged 6.5 mph (2.9 m/s), and the average monthly 

temperature was 22.1˚F (-5.5˚C).  The average relative humidity was 81 percent.  The average solar 

radiation for February was 72 watts per square meter.  The total precipitation measured for February 

was 2.0 inches (51.7 mm). 
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3.3.10 March 2005 

The meteorological data summary for March 2005 indicated that the wind direction was primarily out 

of the west.  The average horizontal deviation of the wind direction for March was 22 degrees.  The 

horizontal wind speed averaged 6.3 mph (2.8 m/s), and the average monthly temperature was 24.8˚F 

(-4.0˚C).  The average relative humidity was 72 percent.  The average solar radiation for March was 

144 watts per square meter.  The total precipitation for March was 1.9 inches (47.8 mm). 

3.3.11 April 2005 

The meteorological data summary for April 2005 indicated that the wind direction was primarily out 

of the north northeast.  The average horizontal deviation of the wind direction for April was 

24 degrees.  The horizontal wind speed averaged 6.5 mph (2.9 m/s) and the average monthly 

temperature was 42.6˚F (5.9˚C).  The average relative humidity was 60 percent.  The average solar 

radiation for April was 215 watts per square meter.  The total precipitation measured for April was 

1.5 inches (37.5 mm). 

3.3.12 May 2005 

The meteorological data summary for May 2005 indicated that the wind direction was primarily out 

of the south-southwest.  The average horizontal deviation of the wind direction for May was 

24 degrees.  The horizontal wind speed averaged 6.5 mph (2.9 m/s), and the average monthly 

temperature was 49.8˚F (9.9˚C).  The average relative humidity was 67 percent.  The average solar 

radiation for May was 224 watts per square meter.  The total precipitation measured for May was 

1.7 inches (43.4 mm). 
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4.0 SUMMARY  

The results of the baseline meteorological monitoring including temperature, wind direction and 

speed, humidity, solar radiation, and precipitation have been presented for June 2004 through May 

2005.  

The air quality monitoring data indicate that the PM10 concentrations in the vicinity of the Eagle 

project are well below the daily (24-hour) EPA and MDEQ ambient standard of 150 µg/m3.  

Additionally, the average PM10 concentration for the monitoring period of 12 µg/m3 is well below the 

annual EPA and MDEQ ambient standard of 50 µg/m3. 
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2/7/2005  June.doc 

 

Figure 2 

Wind Speed, 1-Hour Average, m/s, KMC Eagle Station 

(Discluding Invalid Data) Overall Average:  3.22847 
Source:  Golder, 2005. 

 



































2/7/2005  July.doc 

 

Figure 2 

Wind Speed, 1-Hour Average, m/s, KMC Eagle Station 

(Discluding Invalid Data) Overall Average:  2.38051 
Source:  Golder, 2005. 

 



































2/7/2005  August.doc 

 

Figure 2 

Wind Speed, 1-Hour Average, m/s, KMC Eagle Station 

(Discluding Invalid Data) Overall Average:  2.66626 
Source:  Golder, 2005. 
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Figure 2 

Wind Speed, 1-Hour Average, m/s, KMC Eagle Station 

(Discluding Invalid Data) Overall Average:  3.67161 
Source:  Golder, 2005. 
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Figure 2 

Wind Speed, 1-Hour Average, m/s, KMC Eagle Station 

(Discluding Invalid Data) Overall Average:  3.37062 
Source:  Golder, 2005. 
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Figure 2 

Wind Speed, 1-Hour Average, m/s, KMC Eagle Station 

(Discluding Invalid Data) Overall Average:  3.11583 
Source:  Golder, 2005. 
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Figure 2 

Wind Speed, 1-Hour Average, m/s, KMC Eagle Station 

(Discluding Invalid Data) Overall Average:  3.65368 
Source:  Golder, 2005. 

 



































7/6/2005  Figure 2-Jan 2005 
 

 

Figure 2 
Wind Speed, 1-Hour Average, m/s, KMC Eagle Station 
(Discluding Invalid Data) Overall Average:  3.20531 
 
Source:  Golder, 2005. 

 

 

 



































7/6/2005  Figure 2-Feb 2005 

 

 

Figure 2 
Wind Speed, 1-Hour Average, m/s, KMC Eagle Station 
(Discluding Invalid Data) Overall Average:  2.91696 
 
Source:  Golder, 2005. 

 

 

 



































7/6/2005  Figure 2-Mar 2005 

 

 

Figure 2 
Wind Speed, 1-Hour Average, m/s, KMC Eagle Station 
(Discluding Invalid Data) Overall Average:  2.75693 
 
Source:  Golder, 2005. 

 

 

 



































7/6/2005  Figure 2-Apr 2005 
 

 

Figure 2 
Wind Speed, 1-Hour Average, m/s, KMC Eagle Station 
(Discluding Invalid Data) Overall Average:  2.91866 
 
Source:  Golder, 2005. 

 

 

 













Appendix L 

May 2005 Monthly Data Report with Windrose 





KMC EAGLE STATION
PM10 (µg/m3)

(One Hour Averages)

May 2005
Daily Daily Total

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 Avg. Max. Readings
DAY

1 6 4 1 3 6 5 6 3 5 7 4 3 2 3 2 1 1 0 0 0 2 7 9 5 4 9 24
2 2 5 5 1 4 0 0 0 2 3 0 0 1 0 0 3 2 0 1 1 4 8 8 7 2 8 24
3 8 7 4 0 2 8 7 4 1 0 0 1 1 4 5 3 2 4 5 7 0 16 13 15 5 16 24
4 8 10 12 8 6 11 11 9 4 0 0 0 0 2 5 3 1 5 9 30 15 14 19 19 8 30 24
5 24 19 22 20 22 24 27 33 24 21 25 20 16 19 14 19 18 19 19 24 37 33 39 39 24 39 24
6 37 39 35 31 30 25 23 25 15 12 12 9 7 15 14 14 12 5 6 12 14 23 20 12 19 39 24
7 10 6 6 7 5 5 4 4 5 4 3 1 0 0 0 3 5 4 19 20 20 32 26 20 9 32 24
8 20 22 24 26 21 25 18 17 10 11 11 11 12 9 16 18 18 16 16 11 18 25 32 24 18 32 24
9 24 25 26 28 21 21 24 21 22 26 15 3 4 7 10 11 9 8 21 27 30 31 37 31 20 37 24

10 32 16 14 15 14 14 15 5 1 0 0 1 7 10 7 7 9 6 7 5 4 1 3 17 9 32 24
11 11 10 5 0 1 7 6 2 3 3 3 2 3 5 1 0 0 0 0 0 4 8 6 8 4 11 24
12 11 7 5 3 0 0 0 2 0 0 0 1 3 1 0 5 7 5 4 3 5 6 7 2 3 11 24
13 0 3 4 6 7 9 9 4 3 7 9 7 4 2 2 2 0 0 5 8 8 8 9 10 5 10 24
14 10 6 5 6 7 7 7 7 5 5 3 1 2 3 2 0 6 7 8 6 3 4 5 3 5 10 24
15 2 4 2 2 1 1 5 7 3 0 1 4 4 4 3 1 2 2 0 3 6 5 3 2 3 7 24
16 3 2 2 6 5 4 4 2 0 0 0 0 3 2 0 3 3 0 0 1 4 7 9 9 3 9 24
17 9 11 7 2 4 4 4 7 5 1 0 3 4 3 5 8 AUD AUD 15 1 5 9 6 8 6 15 22
18 12 12 16 13 15 16 14 12 9 6 PF PF 17 23 16 25 45 24 21 20 25 22 25 25 19 45 22
19 18 24 23 16 25 16 16 21 25 17 17 18 14 17 12 12 12 11 8 17 12 17 17 19 17 25 24
20 15 19 14 19 13 13 11 9 8 8 6 7 9 9 21 11 6 16 23 16 15 17 28 22 14 28 24
21 15 14 10 8 10 18 13 12 10 7 4 21 14 19 12 16 11 29 23 25 40 28 22 18 17 40 24
22 13 11 11 17 15 19 21 20 22 21 22 25 15 21 16 12 13 11 9 17 19 18 18 16 17 25 24
23 19 20 18 17 11 11 15 6 7 11 10 6 7 3 1 3 2 2 4 7 16 13 16 16 10 20 24
24 8 15 12 12 11 10 11 7 4 4 3 2 4 5 4 5 4 3 2 3 6 9 8 10 7 15 24
25 12 10 7 6 6 6 5 5 5 0 0 0 0 0 2 8 7 6 6 8 10 10 7 6 6 12 24
26 8 7 9 10 15 11 12 9 3 1 1 3 5 6 7 6 3 0 0 6 5 9 12 11 7 15 24
27 11 10 9 6 6 0 0 3 4 3 3 5 5 2 0 0 0 0 1 3 4 6 9 11 4 11 24
28 11 5 3 4 3 4 7 5 0 2 2 0 0 5 2 0 1 4 7 9 10 83 30 16 9 83 24
29 10 11 11 8 3 3 2 2 0 0 0 0 0 0 0 4 5 6 11 9 7 19 14 85 9 85 24
30 48 21 22 14 10 10 11 6 0 0 0 2 2 3 5 4 2 5 4 3 7 42 43 55 13 55 24
31 35 11 9 9 7 7 9 4 0 0 0 1 10 10 7 7 9 6 5 9 10 12 28 23 10 35 24

Hour Avg.: 15 12 11 10 10 10 10 9 7 6 5 5 6 7 6 7 7 7 8 10 12 17 17 18

Hour Max.: 48 39 35 31 30 25 27 33 25 26 25 25 17 23 21 25 45 29 23 30 40 83 43 85

Readings 31 31 31 31 31 31 31 31 31 31 30 30 31 31 31 31 30 30 31 31 31 31 31 31

Monthly Avg.: 9.7 µg/m3 Standard Deviation: 9.6 Data Capture: 99.5 % Total Valid Hours = 740

System Codes: NA - Not  Available = 0 AUD - Audit = 2 ACAL - Auto Cal = 0
RNG - Range = 0 M&R - Maintenance & Repair = 0 INOP - InOperative = 0
Cal - Calibration = 0 MCAL - Manual Calibration = 0 LF - Low Flow = 0
MISS - Data Not Collected = 0 PF - Power Fail = 2

Table 2. KENNECOTT MINERAL CORPORATION EAGLE AMBIENT AIR/MET BASELINE

L Golder Associates



















7/6/2005  Figure 2-May 2005 
 

 

Figure 2 
Wind Speed, 1-Hour Average, m/s, KMC Eagle Station 
(Discluding Invalid Data) Overall Average:  2.90013 
 
Source:  Golder, 2005. 
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Executive Summary 

A comprehensive system and performance audits were performed on the Air Quality and 

Meteorological Monitoring Station of the Kennecott Minerals Company’s (KMC) Eagle Project, 

Marquette, Michigan by Golder Associates Inc (Golder).  The air quality and the meteorological 

audits were performed November 10 and 11, 2004.  The results of the audits indicate that the air 

quality and meteorological data collected by the KMC monitoring station are valid. 

 

The air quality equipment that was included in this audit was the Met One Inc. Model BAM 1020 

Continuous PM10 Particulate Monitor.  The R.M. Young Inc. meteorological parameters included in 

the audit were, wind direction, wind speed, temperature, precipitation, and solar radiation. 

 

As part of the Stage 1 and Stage 2 work plans for resource baseline data collection, Golder is to 

perform bi-annual audits on the air quality and meteorological station.  Independent auditing is vital 

to insure quality assurance (QA) for air and meteorological monitoring stations.  The audit is used to 

assess the precision and accuracy of the data measured and recorded by the total measurement system 

(sample collection, sample analysis, and data processing).  The total measurement system was 

validated and qualified by the performance audits.  The attached tables provide the audit results for 

each piece of equipment or sensor. 

 

The performance audit was successful and all the instrumentation passed the performance audit with 

the following exception and the reasons are noted.  The BAM 1020 flow check audit was not 

acceptable due to dirt causing a leak at the pump nozzle.  The nozzle was cleaned and the flow rate 

was audited and found acceptable. 

 

It is recommended that the data be summarized monthly in tabular form with graphs so that the data 

from the station can be reviewed to determine both proper equipment operations as well as data 

completeness (an example will be provided in the Operations and Maintenance Manual).  The project 

specific Operations and Maintenance Manual Appendices provide lists of spare parts for each sensor 

or component in the monitoring station. 
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 EAGLE PROJECT 

The KMC mine site is located in a rural area of the Yellow Dog plains in Michigamme Township of 

Marquette County in the Upper Peninsula of Michigan.  The site is remote and has no electrical 

power (utility based) to the site.  Therefore, the monitoring equipment is powered by a robust, stand 

alone solar power system consisting of 16 solar-panel arrays and batteries, which continuously 

provide sufficient power to all sensors and components of the data monitoring system.  Since the 

network is designed to monitor baseline air quality, a hybrid system (solar and generator power) 

which would produce air pollution products was eliminated as a choice of providing remote power.  

Golder chose to use a solar power design and supply company based in Michigan that has vast 

experience with providing solar powered energy systems in remote northern climates.  Additionally, 

the meteorological monitoring equipment manufacturer is also located in Michigan and has, as well, 

vast experience in providing robust meteorological monitoring systems to operate long-term and 

unattended in northern climates. 

The air quality equipment consists of a continuous PM10 sampler that operates using beta attenuation 

to determine mass loadings and concentrations of particulate matter.  The meteorological monitoring 

station consists of a wind speed anemometer, wind direction sensor, relative humidity sensor, 

pyranometer to measure solar radiation and temperature sensor mounted on a 10-meter (m) tower 

with lightning protection. A weighing bucket rain gauge, at ground level, was installed within the 

monitoring enclosure.  Station installation was completed by the end of March 2004. 

 

Golder performed a performance audit of the air quality equipment and meteorological sensors 

associated with air/met station at the Eagle Project Monitoring Station in April and May of 2004 and 

then again in November 2004.  This report presents the results of the November 2004 audit.  The 

performance criteria for the audit are provided in Table 1. 
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Table 1 

 

Measurement Audit Performance Criteria 

PM10 ± 6 % difference in value 

Wind Speed ± 3 MPH difference 

Wind Direction ± 5.0 º difference 

Temperature ± 1.0 ºC difference 

Relative Humidity ± 5.0 % difference 

Solar Radiation ± 5.0 % difference 

Precipitation  ± 0.1 inch difference 
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 AUDITED EQUIPMENT 

Air Quality Monitoring Equipment 

The BAM 1020 is a truly portable continuous reporting beta attenuation monitor (BAM).  A 

measurement of the mass concentration of dust particles is made using the principle of beta attenuation.  

Beta attenuation is a proven technology that has been used for particulate monitoring for over 

40 years.  A small C-14 source emits a constant 60 microcurie of high-energy electrons known as beta 

particles.  These beta articles are efficiently detected by an ultra sensitive scintillation detector and 

counter positioned near the source.  The filter paper is located between the source and the detector.  Both 

the beta source and detector are mounted in a special aerodynamic flow chamber.  The vacuum pump 

pulls a measured amount of air through the flow chamber, depositing the dust particles on the filter tape.  

As the build-up of dust particles increases the attenuation of the beta increases and changes the detector 

output.  This sampling method provides a continuous output of particle concentration. 

 

The BAM 1020 (serial number D1205) was audited using an independent calibration orifice from 

BGI Inc. Model DeltaCal (serial number 0316).  This orifice determines the flow rate during sampling 

with the resulting flow rates calculated and compared with the values that the BAM 1020 records.  

The flow rate audit reading for the sampler was 16.6 liters per minute (LPM) and the flow rate audit 

for the calibrator was 13.3 LPM.  The percent difference was 24.8, which is not within the criteria of 

a successful flow check percent difference requirement of +/- four percent.  A leak check was then 

performed and did not pass, the nozzle was cleaned and the flow was then calibrated.  A BAM 1020 

PM10 Calibration form is included with the audit sheets showing that the flow calibration passes. 

 

Several check and test were performed along with the above audit parameters including and analyzer 

self test, a zero calibration audit, and a leak check.  Only the leak check failed at first.  Once the 

nozzle was cleaned the leak check passed. 

 

The weather conditions during the audit overcast with a light rain.  Temperatures were in the single 

digits with moderate winds. 

 

Meteorological Monitoring Equipment 

Meteorological data is collected at a remotely powered monitoring station located adjacent to the 

BAM 1020 site and is used to describe the local and regional meteorology.  The specific location for 
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the station was selected based on USEPA standard guidelines for to ensure collection of 

representative data, such as permissible distance from buildings, allowable heights of nearby 

obstructions, proximity to areas prone to windblown dust, etc.  Meteorological sensors on the towers 

are used to gather horizontal wind speed/direction, relative humidity, ambient temperature, solar 

radiation and relative humidity data.  Precipitation and snowfall are measured with a Belfort universal 

precipitation gauge. 

The meteorological monitoring station will include: 

• R.M. Young Model 05103V High Performance Wind Monitor; 

• R.M. Young Model 41372VC Temperature/Relative Humidity Sensor; 

• R.M. Young Model 41003P Multi-plate Radiation Shield; 

• R.M. Young Model 70090 LiCor Solar Radiation Sensor; 

• Belfort Instruments Model 5915-20 Universal Precipitation Gauge; 

• R.M. Young Model 26700 Programmable Translator with Weatherproof Enclosure; and 

• Aluma Tower Model M-10M-PT 10-Meter Aluminum Tower and Base. 

 

The KEX monitoring stations measure hourly observations of wind direction, wind speed, 

temperature, relative humidity and solar radiation. 

The integrated wind speed and direction sensor is highly rugged and dependable.  The Model 05103V 

wind speed sensor is a four blade helicoids propeller.  Propeller rotation produces an AC sine wave 

voltage signal with frequency directly proportional to wind speed.  Slip rings and brushes are 

eliminated for increased reliability.  The wind direction sensor is a rugged yet lightweight vane with a 

sufficiently low aspect ratio to assure good fidelity in fluctuating wind conditions.  Vane angle is 

sensed by a precision potentiometer housed in a sealed chamber.  With a known excitation voltage 

applied to the potentiometer, the output voltage is directly proportional to vane angle.  A mounting 

orientation ring assures correct realignment of the wind direction reference when the instrument is 

removed for maintenance.  The instrument is made of UV stabilized plastic with stainless steel and 

anodized aluminum fittings.  Precision grade, stainless steel ball bearings are used.  Transient 

protection and cable terminations are in a convenient junction box.  The unit is designed to operate at 

temperatures ranging from -50ºC to +50ºC. 

 

The Model 41372 Relative Humidity/Temperature Probe combines a high accuracy, capacitance type 

humidity sensor and 1,000 ohm Platinum RTD temperature sensor in one probe.  The sensor output is 
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0-1 VDC for both temperature and relative humidity.  The sensors operate at temperatures ranging 

from -50ºC to +50ºC.  The probes are easily installed in the R.M. Young naturally ventilated 

(multi-plate) radiation shield.  A junction box is provided for cable terminations. 

 

The Model 41003P Multi-Plate Radiation Shield protects the temperature and relative humidity 

sensors from error-producing solar radiation and precipitation.  Its compact size and light weight 

make this shield useful for many applications.  The multiple discs have a unique profile that blocks 

direct and reflected solar radiation, yet permits easy passage of air.  The disc material is specially 

formulated for high reflectivity, low thermal conductivity, and maximum weather resistance. 

 
A Model 70090 LiCor Solar Radiation Sensor incorporates a multi-junction differential thermopile 

and a precision ground optical glass hemisphere that is transparent to wavelengths 280 to 

2,800 nanometers.  It is used for high precision, broad bandwidth measurements of global sun plus 

sky radiation.  It features a rapid response time, highly stable, silicon photodiode detector 

(blue enhanced).  The detector element is made of a silicon photodiode housed in a weatherproof 

anodized aluminum case with an acrylic diffuser. 

The Belfort Model 5915 Universal Precipitation Gauge is designed to provide accurate measurement 

of all forms of precipitation, over extended periods, without frequent maintenance.  This sensor 

incorporates an improved collector design, and higher capacity, while making use of special low drift 

transducer technology.  The weighing mechanism’s design significantly reduces wind induced errors 

and wetting losses common to other types of accumulating precipitation sensors.  Precipitation 

(rainfall or snow fall) is collected through a large 12” (305 mm) diameter orifice designed to limit 

snow build-up.  The large 20” (500 mm) capacity permits long term monitoring of snowfall in the 

area’s cold climate, where a substantial pre-charge of anti-freeze solution is required.  Potentiometric 

output for the purpose of transmitting data is used.  A precision gear train produces a resistance 

change proportional to the amount of rainfall received. 

The entire meteorological monitoring system is small, self-contained, and provides continuous 

recording and storage of the collected weather information.  The DAS is the central “brain” of the 

monitoring station in which the data collected by the sensors are recorded, manipulated, and stored 

for future use and analysis.  All meteorological data are recorded continuously. 

The audit results indicate that the R.M. Young meteorological monitoring system at that station is 

operating properly.  All of the sensor inputs were compared to known constants and a percent error 

Golder Associates 



 

was calculated.  The Model 5103 wind speed sensor was audited using an R.M. Young Selectable 

Speed Calibrator Model 18801.  This calibrator rotates the sensor at a known rotation per minute 

(RPM) to produce a known wind speed.  The percent error between the known wind speed and the 

recorded wind speed from the data logger was less than 1 meter per second or less than 2 percent 

overall.  The unit passed the audit. 

 

The wind direction sensor Model 5103 is aligned to true north and was compared to a Trekker Model 

420 compass.  Percent error was less than 1 percent or 1 degree difference.  The unit passed the audit. 

 

The temperature sensor Model 41372VC/VF was audited using calibrated Brooklyn 

Thermometer 436205.  The sensor and audit thermometer were compared in three environments:  

First, the sensors were isolated in a cooler at a low temperature; next the sensors were isolated 

underneath a winter coat and warmed to close to body temperature; and lastly, the sensors were 

compared under the ambient conditions.  The error was less than 5 percent or less than 1 degree.  The 

unit passed the audit. 

 

The Belfort Model 9654-6 weighing bucket precipitation gauge was audited using ten ~29 ounce 

weights (the weight of one inch of water).  The percent error was less than 4 percent and the 

difference was less than 2 millimeters.  The unit passed the audit. 

 

The Model 70090 solar radiation sensor was compared with a calibrated LiCor Model LI-189 

pyranometer.  The percent error was 6 percent, but it was only that high because of the low solar 

radiation readings caused by the overcast conditions. The absolute error was only 2 Watts per meter 

squared.  The unit passed the audit. 

 

Local meteorological conditions were windy and overcast during the audit with a light rain and 

temperatures in the single digits. 
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