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Document Date: 04/14/2010 

Apnl 14. 2010 DAQC-384-10 
Site ID 14151 (Bl) 

Christy Woodward 
Denison Mines (USA) Corporation 
1050 17"̂  Street. Suite 950 
Denver. Colortido 80265 

Dear Ms. Woodwartl: 

Re: Annual Report Ibr La Sal Mine 

On March 2010. the ljt;ili Division of Air O^tnlity (DAQ) received Denison Mines annual 
report for La Sal Mine. The informntion Denison Mines subniitted has been reviewed and appears 
to satisfy all the requirements of 40 CFR 61.24 (j)(l-2. 4-S): ,A.nnual reporting requirements. In 
regards to the radon emission test rcsidts required by 4f) CFR 61.24(a)(3), Denison Mine's has 
requested to comply with an altemate radon emission testing model. In accordance widi 40 CFR 
61.23 (b), EP.A nuisL trranl prior approval for iilili/.inL; an altemative model for i"adon emission 
testing. The protocol for using an alternate method ol radon emission testinu mstcad of the 
C O M P L Y R model is pending EPA's approval. 

Thank you for your submittal. Please direct any questions to Sarah Malluche at (SO]) 530-4046 or 
by email at MiiaLiucliL-...' Lil;i:i.L;uv. Questions may also be directed to .lay Morris at (SOl) 530-4070 
or by email at jpn'o-t i v.>;j|i-.4i_n.:.n. , 

Sincerelv. 

.lay Morris 

Minor Source Compliance Manager 
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April 14, 2010 

Christy VVoodward 
Denison Mines (LfSA) Corporation 
1050 17-'' Street. Suite 050 
Denver, Colorado 80265 

DAQC-384-10 
Site ID 14151 (Bl) 

Dear Ms. VVoodward: 

Re: .Ajuuiai Report tbr La Sal Mine 

On March 31, 2010, die Mtah Division of Air Quality iDAQ) received Demson Mines annual 
report for La Sal Mine- The infomiation Denison Mines subniitted lias heen reviewed on April 
13, 2010. and appears to satisfy all the requirements of 40 CFR 61.24 la)(l-2, 4-8): .Ajinual 
rejiorling requirenients.-. In regard to 40 CFR.̂ OJ .24(a)(3|,,Demsojî JV:1ine's has requested to 
comply with an a]Lerna(e\isnfission testing modcL^ In accordancg^ Wjitli 4(f CFR 61.23 (b), EP.A 
must grant prior approval for utilizing an alternative model fbr/lemission testing tl>ai mur.l. btj-
r-qiiivalrni tn COMPLY-R. T h ^ protocol; is pending EPA's approval. FinTTTf̂ TTOrcr-Dem^n 
MinesH>as-beetri's^unnaiidS^requ4fed-^t)--i^ 

Tiiank you for your stibrnittal. Direct any questions Lo .lay Morris at (801) 536-4079 or 
Jpmorris'̂ f̂.'utah.gov. 

Sincerelv, 

.lay Monis 

Minor Source Compliance Manager 
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March 30, 2010 

Cheryl Heying 
Division Direcior 
Utah Department of Environmental Quality 
Air Quality Division 
150 North 1950 West 
Salt Lake City, Ulah 
84114^820 

7 

Re: 40 Code of Federal Regulations, Part 61, Subpart B Reporting for the La Sal Mine Complex 

Dear Ms. Heying: 

This transmittal letter contains armual reporting for Denison Mines (USA) Corp.'s ("Denison's**) La Sal Mine 
Complex, per 40 Code of Federal Regulations (CFR), Part 61, Subpart B. The La Sal Mine Complex includes 
several underground uranium mines in one mining complex. The enclosed report is the annual report for 2009. 

Also enclosed is a copy of an application to EPA Headquarters under 40 CFR 61.23(b) for approval for Denison 
to demonstrate compliance with the emission standard in 40 CFR 61.22 for the La Sal Mine Complex through 
the use of AERMOD rather than COMPLY-R, and a report entitled Dose Estimation From La Sal, Utah Mines, 
dated March 2010, prepared by SENES Consultants Limited, in support of the enclosed annual report and 
application. 

Please feel free to call me (303.389.4136) or David Frydenlund, Vice President, Regulatory Affairs and Counsel 
(303.389.4130) with any questions you may have. 

Yours very truly. 

CHRISTY WOODWARD 

ENVIRONMENTAL COORDINATOR 

Enclosure. 

cc; Denison Mines (USA) Corp., File 
David Frydenlund, Philip Buck and Terry Welz, Denison Mines (USA) Corp. 
Angelique Diaz, U.S Environmental Protection Agency 
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March 30, 2010 

Reid J. Rosnick 
Radiation Protection Division (6608J) 
U.S. Environmental Protection Agency 
1200 Peimsylvania Ave., NW 
Washington, DC 20460 
202.343.9563 

^m^y~^. 

Re: Application Under 40 CFR 6L23(b) for Approval to Use AERMOD Rather than COMPLY-R 
for Demonstrating Compliance with 40 CFR 6L22 for the La Sal Mine Complex 

Dear Mr. Rosnick: 

This is an application to the U.S. Environmental Protection Agency (*'EPA*') Headquarters under 40 Code 
of Federal Regulations ("CFR") 61.23(b) for approval for Denison Mines (USA) Corp. ("Denison") to 
demonstrate compliance with the emission standard in 40 CFR 61.22 for Denison's La Sal Mine Complex 
(the "Mine"), located near La Sal Utah, through the use of AERMOD rather than COMPLY-R. 

Under 40 CFR 61.22, emissions of radon-222 to the ambient air from an underground uranium mine shall 
not exceed those amounts that would cause any member ofthe public lo receive in any year an effective 
dose equivalent ("dose") of 10 millirems per year ("mrem/year"). Further, 40 CFR 61.23(a) provides that 
compliance wiih this emission standard shall be detennined and the effective dose equivalent calculated 
by the EPA computer code COMPLY-R, although 40 CFR 61.23(b) provides that owners or operators 
may demonstrate compliance with this emission standard through the use of computer models that are 
equivalent to COMPLY-R, provided that the model has received prior approval from EPA headquarters. 

During a conference call between Denison representatives and representatives of EPA head office, EPA 
Region 8 and the State of Utah Department of Environmental Quality, Division of Air Quality on 
February 23, 2010, Denison advised that it did not believe COMPLY-R was a suitable model to 
determine compliance with the emission standard in 40 CFR 61.22 at the Mine, due to the complex site-
specific features ofthe Mine. Denison requested guidance as to how it should proceed to obtain prior 
approval from EPA headquarters to the use of the EPA-approved AERMOD model as a more 
sophisticated basis for demonstrating compliance with those standards. It was determined during the 
conference call that Denison would perform an analysis of the suitability of each of those models to the 
sile specific features at the Mine, including a comparison of emission results from each model, and 
prepare a report that would support an application by Denison for EPA approval of the use of AERMOD, 



rather lhan COMPLY-R for demonstrating compliance with the emission standards at the Mine. It was 
further agreed that such report and application could be submitted to EPA headquarters simultaneously 
with the submittal of the aimual NESfLAPs Report for the Mine, a copy of which is enclosed with this 
application. 

Denison engaged SENES Consultants Limited ("SENES") to evaluate the suitability of COMPLY-R for 
calculating doses to members of the public in the vicinity ofthe Mine in comparison to AERMOD, and to 
calculate the doses to such members ofthe public. SENES issued its Report (the "SENES Report") 
entitled Dose Estimation for Radon Emissions From La Sal, Utah Mines, dated March 2010, a copy of 
which is included with this application. A CD with input and output files and data for numerous 
COMPLY-R and AERMOD modeling runs, and other relevant information, is included as Appendix E to 
the SENES Report. 

In its report, SENES concluded that COMPLY-R is not a suitable model for calculating doses in the 
vicinity of the Mine, due to the complex features associated with the Mine, and that AERMOD will 
provide much more accurate estimates of such doses. SENES concluded that the COMPLY-R model is 
unduly conservative for the Mine because it is not equipped to accurately deal with the multiple sources 
and receptors spread over a broad area, the complex terrain and elevations and the variable emission rates 
associated with the Mine. By comparison, AERMOD will provide more accurate model predictions of 
the radon concentrations and doses because it is equipped to handle multiple sources and receptors, 
complex terrain and variable emission rates. SENES concluded that, while the COMPLY-R model may 
not be unduly conservative for other sites, the AERMOD model is proposed for use in evaluating the dose 
from radon emissions at the Mine. 

The dose results for AERMOD, calculated by SENES, show doses ranging from 4.3 lo 8.9 mrem/yr for 
the 8 receptors in the vicinity ofthe Mine. See Table 5.1 and the discussion in Sections 4.0 and 5.0 ofthe 
SENES Report, These doses are less than the 10 mrem/yr standard set out in 40 CFR, and are considered 
by SENES to be ihe best estimate of doses in the vicinity of the Mine. 

COMPLY-R was run in a number of different ways, from the simple base case to increasingly more 
complex ways in an attempt to take into consideration the multiple sources and receptors, complex terrain 
and variable emission rales at the Mine site. See Sections 3.0 and 5.0 ofthe SENES Report. Al l of those 
runs resulted in one or more receptors exceeding the 10 mrem/yr standard. However, SENES concluded 
that in using COMPLY-R, an accurate dose estimate incorporating the monthly variation in emissions and 
elevation changes at the Mine was not possible. SENES fiirther concluded that the investigation into 
monthly emissions and sensitivity of elevations in site terrain suggests that COMPLY-R is overly 
conservative for the Mine site, and lhat, although COMPLY-R may be appropriate for simpler cases (e.g. 
single sources, distant receptors, constant emissions through the year), it should only be considered as a 
screening model for a complex site such as the Mine. SENES therefore recommended the use of 
AERMOD lo address the sile-specific conditions at the Mine. 
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As a result ofthe foregoing analysis, Denison hereby requests approval from EPA Headquarters under 40 
CFR 61.23(b) for approval for Denison to demonstrate compliance with lhe emission standard in 40 CFR 
61.22 for the Mine through the use of AERMOD rather than COMPLY-R. 

Please feel free to call me (303.389.4130) or Christy Woodward, Environmental Coordinator 
(303.389.4136) with any questions you may have. 

Yours very truly, 

D A V I D C . FRYDENLUND 

VICE PRESIDENT, REGULATORY AFFAIRS A N D COUNSEL 

cc: Angelique Diaz, EPA, Region 8 
Cheryl Heying, UDAQ 
Philip G. Buck 
Ron F. Hochstein 
Harold R. Roberts 
Jo Ann S. Tischler 
Christy Woodward 
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I 
DENISON MINES (USA) CORP. 

40 CODE OF FEDERAL REGULATIONS 61 SUBPART B 

LASAL MINES 
LA SAL, SAN JUAN COUNTY, UTAH 

2009 ANNUAL COMPLIANCE REPORT 

MARCH 2010 

Denison Mines (USA) Corp, 
1050 17"* Street, Ste. 950 
Denver, Colorado 80265 

(303) 628-7798 



Name and Location ofthe Mine: 

Denison Mines (USA) Corp. ("Denison") has reopened the La Sal Mine Complex (the "Mine"), 
near La Sal in San Juan County, Utah, which includes the Pandora, Beaver Shaft and other mines 
in the same mine complex. The Mine site is generally located at Universal Transverse Mercator 
(UTM) coordinates 654,311 meters (m) east and 4,241,669 m north (North American Datum 
[NADJ S3), zone 12. 

Name ofthe Person Responsible for Operation and Preparer of Report: 

Denison Mines (USA) Corp. 
1050 I Street, Ste. 950 
Denver, Colorado 80265 
303.628.7798 (phone) 
303.389.4125 (fax) 

Denison is the operator ofthe Mine, an active underground uranium mine which will mine over. 
100,000 tons of ore during the life ofthe mine and has an annual ore production rate greater than 
10,000 tons. Based on this information, the Mine is subject to Code of Federal Regulations 
(CFR) 40 Part 61, subpart B - National Emissions Standards for Hazardous Air Pollutants, and 
Denison is submitting this aimual compliance report in confomiance with these standards. 

Determination of Model to be Used to Determine Compliance with Emission Standards: 

Under 40 CFR 61.22, emissions of Radon-222 to the ambient air from an underground uranium 
mine shall not exceed those amounts that would cause any member of the public to receive in any 
year an effective dose equivalent ("dose") of 10 millirems per year ("mrenVyear"). Further, 40 
CFR 61.23(a) provides that compliance with this emission standard shall be detemiined and the 
effective dose equivalent calculated by the U.S. Enviroimiental Protection Agency ("EPA") 
computer code COMPLY-R, although 40 CFR 61.23fb) provides that owners or operators may 
demonstrate compliance with this emission standard through the use of computer models that are 
equivalent to COMPLY-R, provided that the model has received prior approval from EPA 
headquarters. 

During a conference call between Denison representatives and representatives of EPA head 
office, EPA Region S and the State of Utah Department of Environmental Quality, Division of 
Air Quality on February 23, 20)0, Denison advised that it did not believe COMPLY-R was a 
suitable model to detemiine compliance with the emission standard in 40 CFR 61.22 at the Mine, 
due to the complex site-specific features ofthe Mine. Denison requested guidance as to how it 
should proceed to obtain prior approval from EPA headquarters to the use ofthe EPA-approved 
AERMOD model as a more sophisticated basis for demonstrating compliance with those 
standards. It was determined during the conference call that Denison would perform an analysis 
ofthe suitability of each of those models to the site specific features at the Mine, including a 
comparison of emission results from each model, and prepare a report that would support an 
application by Denison for EPA approval ofthe use of AERMOD, rather than COMPLY-R for 
demonstrating compliance with the emission standards at the Mine. It was fiirther agreed that 
such report and application could be submitted to EPA headquarters simultaneously with the 
submittal ofthis Report. 

Denison engaged SENES Consultants Limited ("SENES") to evaluate the suitability of 
COMPLY-R for calculating doses lo members of the public in the vicinity ofthe Mine in 



comparison to .AERMOD. and to calculate the doses to such members ofthe public. SENES 
issued its Report (the "SENES Report") entitled Dose Esiimation for Radon Emi.'tsions From La 
Sal, Utah Mines, dated March 2U10, a copy of which is included with this Report. A CD with 
input and output tiles and data for numerous COMPLY-R and AERMOD modeling runs, and 
other relevant information, is included as Appendix E to the SENES Report. 

In its report, SENES concluded that COMPLY-R is not a suitable model for calculating doses in 
the vicinity ofthe Mine, due to the complex features associated with the Mine, and lhat 
AERMOD will provide much more accurate estimates of such doses. SENES concluded that 
the COMPLY-R model is unduly conservative for the Mine because it is not equipped to 
accurately deal with the multiple sources and receptors spread over a broad area, the complex 
terrain and elevations and the variable emission rates associated with the Mine. By comparison, 
AERMOD will provide more accurate model predictions ofthe radon concentrations and doses 
because it is equipped to handle multiple sources and receptors, complex terrain and variable 
emission rates. SENES concluded that, while the COMPLY-R model may not be unduly 
conservative for other sites, the AiiRMOD model is proposed for use in evaluating the dose from 
radon emissions at the Mine. 

Results of the Emissions Testing and Dose Calculation: 

Testing for Radon-222 from the vent holes at the Mine was completed in accordance with 40 
CFR 61, Appendix B, Method 115, Seclion 1 ("Radoii-222 emissions from Underground 
Uranium Mine Vents"). Specifically, Denison tested Radon-222 emissions per Sections 1.1.1 
("Continuous Measurement") and 1.2 ("Test Methods and Procedures"). Seclion 1.1.1 specifies 
that the Radon-222 concentration shall be continuously measured at each mine vent whenever the 
mine ventilation system is operational. Radon-222 emissions rates were calculated and recorded 
utilizing monthly Radon concentration data and ventilation rate measurements. The Mine began 
underground development operations in April of 2007 and reported 2007 and 2008 data in March 
of 2008 and 2009 respectively, using COMPLY-R. 

Denison used Method A-7 to analyze Radon-222 and used commercially-available, alpha track 
Radon-222 detectors to continuou.sly collect Radon-222 emissions on a monthly basis for January 
through December of 2009, as per previous reports and industry practice. 

The dose results for AERMOD, calculated by SENES, show doses ranging from 4.3 to 8.9 
mrem/yr for the 8 receptors in the vicinity of the Mine. See Table 5.1 and the discussion in 
Sections 4.0 and 5.0 ofthe SENES Report. These doses are less than the 10 mrem/yr standard set 
out in 40 CFR, and are considered by SENES to be the best estimate of doses in the vicinity of 
the Mine. 

COMPLY-R was run in a number of different ways, from the simple base case to increasingly 
more complex ways in an attempt to take into consideration the multiple sources and receptors, 
complex terrain and variable emission rates at the Mine site. See Sections 3.0 and 5.0 of the 
SENES Report. All of those runs resulted in one or more receptors exceeding the 10 mrem/yr 
standard. However, SENES concluded that in using COMPLY-R, an accurate dose estimate 
incorporating the monthly variation in emissions and elevation changes at the Mine was not 
possible. SENES funher concluded that the investigation into monthly emissions and sensitivity 
of elevations in site terrain suggests that COMPLY-R is overly conservative for the Mine site, 
and that, although COMPLY-R may be appropriate for simpler cases (e.g, single sources, distant 
receptors, constant emissions through the year), it sliould only be considered as a screening model 



for a complex site such as the Mine. SENES therefore recommended the use of AERMOD to 
address the site-specific conditions at the Mine. 

List of Ventilation: 

A list of stacks or vents or other points where radioactive materials are released to the 
atmosphere, including their localion, diameter, flow rate, effiuenl temperature and release height 
is set out in Table 2.1 oflhe SENES Report. 

Description of Effluent Controls: 

Effluent control is based on the duration of work shifts by the underground miners. Mining 
operations in 2009 were based upon a forty hour per week, single shift format; however, due to 
unusual mining conditions, most vents were run 24 hours a day, 7 days a week, 365 days per year 
at the Pandora Mine. Operations at the Beaver Shaft were started in January 2009 and the vents 
were initially run only when miners were woridng, essentially 20 days per month for at least the 
first 2 to 3 months ofthe year. However, unless Denison was confident of a fan run time, to be 
conservative, lhe vents were assumed to have run 24 hours per day, 365 days per year for all of 
the mine ventilation systems. 

Although there are 18 vents al the mine site, not all vents for the mine are exhausting all of the 
time. Sometimes vents are used to pull fresh air into the mine. Radon is tested and modeled only 
for air emissions and not when the vents are used to pull fresh air into the Mine. 

Distances from Points of Release to the Nearest Residence, School, or Business or Office: 

Distances from the sources to the receptors, being the distances from the points of release to the 
nearest residence, school, business or office are set out in Table 2.5 ofthe SENES Report. A map 
showing the sources and receptors is included as Figure 1.1 of the SENES Report. The nearest 
residence is used as a private residence during the months of April through September and is 
located 284 meters from the nearest exhausting mine venL 

Distances from nearest farm producing vegetables, milk and meat: 

The nearest residence is used as a private residence during the months of April through 
September and is located 284 meters from the nearest exhausting mine vent. There are no farms 
producing vegetables or milk in the vicinity. There are some cattle grazing from time to time on 
nearby range land. 

Values used for other user-supplied input parameters: 

Values used for other user supplied input parameters are provided in the following locations: 

• Radon emissions (Ci) from monthly measurements from exhaust venls are set out in 
Tables 2.2(a) and (b) ofthe SENES Report; 

• Radon emissions (Ci^s) and monthly emission factors used for AERMOD modeling are 
set out in Table 2.3 of the SENES Report; and 

• Meteorological inputs are set out in Appendix E of the SENES Report. 



Certification 

'T Certify under penalty of law that 1 have personally examined and am familiar with the 
information submitted herein and based on my inquiry of those individuals immediately 
responsible for obtaining the information, I believe that the submitted infomiation is true, 
accurate and complete./l am aware that there are significant penalties for submitting false 
information ino(uding/he possibility of fine and imprisonment. See I8,LJ.S.C. 1001." 

Signed: 

res id 

Date: yylio 
C. Fiydenlund 

nt. Regulatory Affairs and Counsel 



I 

DOSE ESTIMATION FOR RADON EMISSIONS 
FROM LA SAL, UTAH MINES 

Prepared for: 

Denison Mines (USA) Corp. 

Prepared by: 

SENES Consultants Limited 
121 Granlon Drive, Unit 12 

Richmond Hill, Ontario 
L4B3N4 

March 2010 

Printed on Recycled Paper Contitining Piist-Consumcr Fibre 



DOSE ESTIMATION FOR RADON EMISSIONS 
FROM LA SAL, UTAH MINES 

Prepared for: 

Denison Mines (USA) Corp. 

Zivorad Radonjic, B.Sc. 
Senior Environmental 

Meteoroloeist 

Prepared by: 

Amon Ho. B.Sc. 
Environmental Scientist 

Ron Stager, M.Math. P.Eng. 
Senior Environmental 

Statistician/Engineer 

Reviewed bv: 

Leo Lowe, Ph.D., P.Phys., CRadP 
Principal, Senior Health and Environmental Physicist 

Approved by: 

Douglas Chambers, Ph.D. 
Vice-President, Directorof Radioactivity and Risk Smdies 

March 2010 

I 
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EXECUTIVE SUIVIIVIARY 

Denison Mines (USA) Corp, ("Denison") operates the La Sal Mine complex, located near La 
Sal, Utah, which includes the currently active Pandora Mine and Beaver Shaft Mine (the La Sal 
Mine Complex is collectively referted to in this Report as the "Mine"). 

Under 40 Code of Federal Regulafions ("CFR") 61.22, emissions of radon-222 to the ambient air 
from an underground uranium mine shall not exceed those amounts that would cause any 
member ofthe public to receive in any year an effective dose equivalent ("dose") of 10 millirems 
per year C'mrem/y'*). Further, 40 CFR 61.23(a) provides that compliance with this emission 
standard shall be determined and the effective dose equivalent calculated by the U.S. 
Environmental Protection Agency (*'EPA*') computer code COMPLY-R, although 40 CFR 
61.23(b) provides lhat owners or operators may demonstrate compliance with this emission 
standard through the use of computer models lhat are equivalent to COMPLY-R, provided that 
the model has received prior approval from EPA headquarters. 

The purpose of this Report is to evaluate the suitability of COMPLY-R for calculating doses to 
members of the publie in the vicinity of the Mine in comparison to another more sophisticated 
EPA model, AERMOD to calculate radon concentrations, and to report the doses to such 
members of the public using the more appropriate ofthe two models. As will be summarized 
below in this Executive Summary and detailed in this Report, we have concluded thai 
COMPLY-R is not a suitable model for calculating doses in the vicinity ofthe Mine, due to the 
complex features associated with the Mine, and that AERMOD will provide much more accurate 
esfimates of such doses. 

COMPLY-R is a screening level model that is best suited to model a single emission source, a 
low number of receptors on flat terrain at an appreciable distance from the source, and a 
relatively constant rate of emissions. This is because: 

• If a mine has more than one emission source, such as more than one exhausting air vent, 
and more than one receptor (i.e., a member of the public for which a dose calculation 
must be made), COMPLY-R attributes the highest dose received by a member of the 
public ("Highest Receptor from Vent 1'*) from one vent ("Vent I") to the hypothetical 
maximum exposed receptor. Then, the dose to the receptor with the highest dose from 
lhe second vent (̂ 'Highest Receptor from Vent 2'*) is added to the hypothetical maximum 
exposed receptor. Since, liie Highest Receptor from Vent 1 may not be the same receptor 
as the Highest Receptor from Vent 2, the dose to the maximum exposed receptor does not 
reflect the dose to any specific receptor and overestimates the actual dose received. This 
overstatement ofthe doses will generally increase as the number of vents and the number 
of receptors increases. In essence, in determining the highest dose to a member of the 
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public in the vicinity of a mine, COMPLY-R adds the highest doses from all venls and 
attributes them to one member ofthe public. This is equivalent to assuming that the same 
member ofthe public is the person most impacted by each vent. This cannot be the case 
where there are a number of receptors and a number of vents and the receptors are not 
equidistant from the vents. This limitation of COMPLY-R becomes more and more 
apparent the greater the distances between vents and receptors. Further, COMPLY-R 
does not calculate the dose to each receptor in a multi-receptor scenario. COMPLY-R 
merely outputs the hypothetical highest dose to a member of the public, without 
identifying the person or outputting the doses attributable to each of the other receptors. 

• COMPLY-R does not take into account differences in elevation or terrain among the 
emission sources (e.g., vents) and the receptors. It assumes that all emission sources and 
receptors are on flat terrain. For example, COMPLY-R does not lake into account the 
fact that emissions from a source that is elevated relative to a receptor will be subject to 
lower concentrations than if the source and the receptor are at equal elevations. The 
lower concentrations result from the centre of the plume travelling higher above the 
receptor than if the source and receptor were at the same elevation. 

• COMPLY-R inputs average annual emission rates for all emission sources, and links 
those average emission rates to the average annual meteorology for the site. It does not 
take into account variations in emission rates or meteorology during the year. As a result, 
varying emissions over the year cannot be linked to varying meteorological conditions 
over the year. For example, COMPLY-R is not able lo distinguish between a simation 
where a vent is exhausting mainly during months of the year where the predominant wind 
direction and frequency is directed away from a receptor, and a situation where the same 
vent is exhausting in months where the predominant wind direction and frequency may 
be directed towards the receptor. COMPLY-R will attribute the same dose lo the 
receptor in either of those situations. 

For these reasons, COMPLY-R should be considered a conservative model for predicting doses 
in simple situations, such as for a mine with one vent in flat terrain and with relatively constant 
emission rates. However, COMPLY-R will generally overstate doses for mines thai have 
numerous vents and numerous receptors, particularly where the vents and receptors are 
distributed over a broad area. In those cases, COMPLY-R should be considered a screening 
level model. If the application of COMPLY-R in those circumstances shows the highest dose to 
a member of the public being lower than the 10 mrem/y standard, then that should be considered 
lo be a very conservative evaluation. However, if the applicadon of COMPLY-R shows that the 
highest dose to a member ofthe public exceeds the 10 mrem/y standard, the dose estimate may 
be conservatively overstated and a more refined model should be employed. 
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The Mine is a perfect example of a simation where COMPLY-R should not be relied upon to 
calculate doses to members ofthe public, for the following reasons: 

• The Mine has 18 emission sources (vents) and there are eight receptors in the vicinity of 
the Mine. The venls and receptors are spread over a distance of approximately 3.75 miles 
(see Figure 1.1). The distances between each receptor and each vent vary considerably, 
as does the terrain. COMPLY-R will assume that the maximum receptor receives the 
highest dose from each of the 18 venls. A review of Figure 1.1 will indicate that this 
cannot possibly be the case in reality. 

• The terrain in the vicinity of the Mine is varied and complex. The elevations oflhe vents 
range from 7,046 to 7,533 feet (2148 m to 2296 m) above mean sea level ("fmsl") and the 
elevations of the receptors range between 6,980 and 7,360 fmsl (2128 ni lo 2243 m). The 
terrain is far from fiat. COMPLY-R does not take these features into account in its 
dispersion modeling. 

• Emission rates from the Mine vents are not constant. They vary month by month. The 
fan in a particular vent may be tumed off for a period of time, or it may be set to exhaust 
(upcast) air from the mine, or reversed to intake (downcast) fresh air into the mine. 
COMPLY-R cannot take these variations in emission rates into account and cannot link 
those variations in emissions to variations in meteorological conditions over the same 
time periods. 

Further COMPLY-R is of no use in monitoring lhe doses to members of the public on an 
ongoing basis throughout the year, for mine operations planning, because it does not attribute a 
dose to each receptor. It is not possible, for example, to run COMPLY-R to determine the 
impact of the operation of a particular vent on a particular receptor. However, that information 
may be useful in planning Mine operations during the year, such as in determining whether or 
not a particular vent should be upcast or downcast at any particular lime, or the potential impact 
to each receptor ofthe addition of any new vents throughout the year. 

In an attempt to determine whether or not COMPLY-R can be run in a manner that takes into 
account the complex feamres associated with the Mine, and to provide a comparison to the more 
modem and sophisticated AERMOD, COMPLY-R was run with the following adjustments: 

• In order to avoid attributing the highest dose from each vent to the same receptor, 
COMPLY-R was mn 8 separate times: once for each receptor using the correct distances 
from each receptor to each vent. This allowed a dose to be calculated for each receptor, 
without attributing the highest dose associated with each vent to tlie same receptor. This 
resulted in a significant reduction in the highest dose to a member of the public from 
Mine activities. It also calculated a dose for each receptor. 
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• In order to take into account variations in emission rates throughout the year, each ofthe 
foregoing 8 runs was mn 12 times, once for each month, using the emission and 
meteorological data for each month. This resulted in a total of 96 COMPLY-R mns. The 
12 monthly doses to each receptor were then added to arrive at the annual dose for the 
receptor. This resulted in a refinement of the results. As expected, the doses to some 
receptors decreased and to others increased, with a reduction in the dose to the maximum 
receptor. 

• In order to lest the impact of varied terrain on COMPLY-R, the modelled vent stack 
height was increased for two receptors, to attempt lo account for the fact that those 
receptors are located at a lower elevalion than the vents. This resulted in a further 
reduction in the doses to those receptors. 

The net result of the foregoing adjustments to the application of COMPLY-R was to cmdely 
approximate the results thai were achieved from a simple application of AERMOD, AERMOD 
takes into account multiple receptors and emission sources, varying emission rates and varied 
terrain. However, it took more than 100 COMPLY-R mns to cmdely approximate the results 
from a single AERMOD mn. 

The EPA's regulatory model AERMOD is widely used for regulatory purposes and is well suited 
to dealing with multiple sources and time varying emissions rates and importantly, has been 
evaluated by EPA for use in complex terrain. Radon progeny concentrations and doses were 
calculated using the conservative dose estimation method described for COMPLY-R, The same 
emissions and meteorology were used for the AERMOD estimates as for COMPLY-R; therefore, 
differences in dose are due to the differences in the models and use of available information. 

The AERMOD results are considered to be superior to COMPLY-R, even after the adjustments 
to the application of COMPLY-R described above are made, in thai the air dispersion modelling 
is more advanced and sophisticated and takes into account not only elevation differences bul 
hourly weather data. Moreover, AERMOD is an EPA approved regulatory model for air 
dispersion. AERMOD calculates a predicted radon concentration to each receptor, which can 
then be converted into a dose to the receptor, so is better suited for plarming mine operations on 
an ongoing basis. 

The dose results for AERMOD, using the same conservative dose conversion factors as 
employed in COMPLY-R, show doses ranging from 4.3 to 8.9 mrem'y for the 8 receptors in the 
vicinity ofthe Mine, based on 2009 data, which included unusually high emissions in January 
2009 due lo the start up of mine ventilation after 20 years of dormancy. More normal operations 
would be expected to result in doses ranging from 3.2 to 7.1 mrem/y. These latter doses are less 
than the 10 mrem/y standard, and represent approximately 1.5% to 3.3% of the average annual 
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background radiation dose from radon and its decay products to adults living in the United 
States , or in the range of dose an airline passenger would receive from cosmic radiation for a 
return trip between Chicago and San Francisco". 

This Report concludes that the COMPLY-R model is unduly conservative for the Mine because 
ofthe sile-specific features ofthe Mine, and it is not possible lo develop an accurate estimate of 
dose using COMPLY-R. The AERMOD approach provides more accurate model predictions of 
the dose than COMPLY-R for the Mine because of the large elevation changes around the site 
and because it incorporates time-varying emissions and uses hourly meteorological data. While 
the COMPLY-R model may not be unduly conservative for other sites, the AERMOD model is 
proposed for use in evaluating the dose from radon emissions at the La Sal mine. 

' The average background dose from radon and progeny lo adults in the United States is 212 mrem/y (NCR? 2009. 
Section 3.5.12). Background doses on the Colorado Plateau can be expected to be higher lhan the national 
averajje. 

" A single Chicago to San Francisco trip gives a dose ofappro.ximalely 2 mrem (NCRP 2009) and for a round trip of 
4 mrem. 
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1.0 INTRODUCTION 

Denison Mines (USA) Corp. ("Denison") operates the La Sal Mine complex, located near La 
Sal, Utah, which includes the currently active Pandora Mine and Beaver Shaft Mine (the La Sal 
Mine Complex is collectively referred to in this Report as the "Mine"). 

1.1 R E G U L A T O R Y F R A M E W O R K 

Under 40 Code of Federal Regulations ("CFR") 61.22, emissions of radon-222 ("radon") to the 
ambient air from an underground uranium mine shall not exceed those amounts that would cause 
any member of the public to receive in any year an effective dose equivalent ("dose") of 
10 millirems per year ("mrem/year"). [For perspective on this dose, the average background 
radon dose to adults in the United States is about 212 mrem/y (NCRP 2009).] Further, 40 CFR 
61.23(a) provides that compliance with this emission standard shall be determined and the 
effective dose equivalent calculated by the U.S. Environmental Protection Agency ("EPA") 
computer code COMPLY-R, although 40 CFR 61.23(b) provides that owners or operators may 
demonstrate compliance with this emission standard through the use of computer models that are 
equivalent to COMPLY-R, provided that the model has received prior approval from EPA 
headquarters. 

The purpose ofthis Report is lo evaluate the suitability of COMPLY-R for calculating doses to 
members of the public in the vicinity of the Mine in comparison to another more sophisticated 
EPA model, AERMOD, and to calculate the air dispersion and subsequently the doses to such 
members of the public using the more appropriate of the two models. As summarized in the 
Executive Summary and detailed in this Report, we have concluded that COMPLY-R is not a 
suitable model for calculating doses in the vicinity of the Mine, due to the complex feamres 
associated with the Mine, and that AERMOD will provide much more accurate estimates of such 
doses. 

XZl L A S A L M I N E C O M P L E X 

Mining is performed at the Mine over a broad spatial extent with the locafions of vents and 
receptors presented in Figure 1.1. The code sources and receptor locations are shown 
superimposed on a Google map with UTM coordinates as preferted for AERMOD modelling in 
Figure 1,2, 
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Figure L.2 Sources and Receptors Used in Air Dispersion Modelling 
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1.3 OBJECTIVES OF THIS REPORT 

EPA's COMPLY-R Code is routinely used to assess the potential doses from radon associated 
wiih radon emissions from underground mines. The COMPLY-R Code provides a conservative 
(screening level) assessment of dose from radon; however, the atmospheric dispersion aspects of 
the code are relatively simple, potentially leading to considerable overestimation of airbome 
radon concentrations and resulting doses at receptor locations. The objective ofthe assessment 
described in this Report is to investigate running various implementations of COMPLY-R lo 
address the complexity of the Mine and the use of AERMOD to more accurately reflect the air 
dispersion process. The basis of each approach, namely the use of COMPLY-R and the 
AERMOD altemative, is briefly discussed along with the results of applying each approach. 

The following Report includes: 

• Chapter 2.0 Dispersion Models and Supporting Data, which provides a description of the 
dispersion model and supporting data required for the modelling; 
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Chapter 3.0 COMPLY-R Modelling, which provides predicted doses for various 
implementations of COMPLY-R; 
Chapter 4.0 Dispersion Results and Dose Estimation using the AERMOD Model, which 
provides the predicted radon and radon progeny concentrations and the resulting doses 
using AERMOD to predict radon concentrations; 
Chapter 5.0 Discussion, which provides a discussion on COMPLY-R and the 
improvements when using AERMOD at the Mine; 
Chapter 6.0 Conclusions; and 

Chapter 7.0 References, which provides a list of references used in the Report. 
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2.0 DISPERSION MODELS AND SUPPORTING DATA 

The COMPLY-R model and the AERMOD model, an EPA regulatory air dispersion model, 
were used as the air dispersion model for the Mine site. This Report uses the same input data for 
bodi models. The key data for the models are described within this chapter. 

2A DISPERSION MODELS 

COMPLY R is the EPA's reference model for assessing the dose from radon from mine upcasts. 
The COMPLY R model is discussed in Seclion 3, 

As noted eariier in this Report, the EPA's regulatory air dispersion code AERMOD was also 
used to estimate atmospheric dispersion. AERMOD is a steady state Gaussian plume dispersion 
model that can be used to assess pollutant concentrations from a wide variety of complex 
industrial settings including multiple stacks, fugitive emissions, and building wake effects. The 
AERMOD Modelling Syslem consists of two pre-processors (AERMET version 06341 and 
AERMAP version 09040) and the dispersion model AERMOD. The AERMOD Model is the 
regulatory model currently recommended by the EPA for simulating short-term air quahty 
impacts from industrial complexes (40 CFR Part 51). 

2.2 D A T A 

2.2.1 Vent Characteristics 

Table 2,1 lists the stack height, stack diameter, average exit velocity and the exit temperature for 
each vent stack (source) that was used in the dispersion modelling. This information was 
provided by Denison. 
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2.2.2 Radon Emission Rates 

Radon emissions were determined by Denison on a montlily basis for each exhausting vent at the 
facility. The average radon concentration for the period was determined using Landauer track-
etch detectors deployed in the exhaust air stream. The volume discharged during the month was 
determined by the measured dimension of the vent, the esiimated flow rate and the duration of 
sampling. Denison then estimated the total emission of radon by multiplying the average radon 
concentration by volume discharged. These monthly emissions are shown in Table 2.2. In the 
course of operating the Mine over the year each vent may be exhausting air (upcast), intaking air 
(downcast) or neutral (fan mmed off) from lime lo time, depending on the ventilation needs of 
the mine; therefore, there is variability in the amount emitted from month to month for the same 
source. A value of 0 Ci/month indicates that the vent was not exhausting to the environment 
during that month. 

It was noted that emissions for January were unusually elevated. Based on discussions with 
Denison, this appears to be the result of opening the Beaver Shaft portion of the mine, which had 
been closed off for approximately 20 years, and exhausting the stale Beaver mine air through the 
Pandora vents. To assess the impacts of more typical emissions, the January emissions were 
replaced by the highest emissions from any other month for eaeh source (Table 2.2b), and the 
dose calculations were re-run. Based on the lotal radon released in the year, it is seen from 
Tables 2.2a and 2.2b that under a more typical regime of mine operations, the total radon 
released would be approximately 20% lower. 
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For air modelling using AERMOD, the emission rates were converted to emission rates per 
second (Ci/s) based on the number of seconds for each month. It should be noted however, that 
the exact periods of the measurements in Table 2.2 do not necessarily coincide with the exact 
start and end date of the nominal month and may include fewer days within the month or, in 
some cases, some days from adjacent months, ll was assumed thai the emission rate (Ci/s) 
during the measurement period applied to all days in the nominal month for the measurement. 
The monthly emissions are shown in Table 2.3. 
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2.2.3 Meteorology 

Local meteorological data is not available for the Mine site. Since hourly data for the Lisbon 
Valley meteorological station (approximately 30 km south of the site) was not available, an 
analysis which involved comparison of terrain, wind direction, and wind frequency was 
conducted to fmd an altemative meteorological station that had hourly data required for the 
AERMOD modelling. 

Based on this analysis, the meteorological station found to be most appropriate was the station at 
the Grand Junction Airport in Colorado (CO) (85 km northeast of the site). The location of 
Grand Junction with respect to La Sal is shown in Figure 2.1 

Figure 2.1 Shows Locations of Met Stations with Terrain Orientation (Google Earth) 
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The Grand Junction wind rose, in Figure 2.2 shows the frequency of wind and wind speeds. 
Based on the on-site terrain configuration and expected wind direction (i.e., prevailing winds are 
from the northwest and southeast in Lisbon Valley and, based on anecdotal evidence, in La Sal) 
the Grand Junction meteorological data appears to be representative ofthe conditions at La Sal 
and Lisbon. Table 2.4 shows a comparison of the wind frequency and direction between Grand 
Junction and Lisbon Valley. An exact comparison between the stations \s difTicult since the 
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Grand Junction data used is based on a five year average while the Lisbon Valley summary is for 
a single year. Differences may arise due to year-to-year variability. Il can be seen from 
Table 2.4 that there is a reasonable similarity between the Lisbon Valley and Grand Junction 
wind frequency and direction. In particular, there is a high frequency of winds from a 
southeasterly direction at both locations. Therefore the EPA data set for Grand Junction Airport, 
CO (for the period 1987-1991) was considered to be representative ofthe Mine vicinity and was 
used for the modelling in this Report [EPA 2009 (http://www.epa.gov/scram001/) available on 
the SCRAM Web page]. This location is regulatory-approved for use of COMPLY-R and has 
been accepted by the State of Utah Department of Enviroimiental Quality, Division of Air 
Quality ("UDAQ"*) for purposes of modelling in connection with the issuance of a State Air 
Approval Order for the Mine. 

Figure 2.2 Wind Rose Grand Junction Airport (1987-1991) 
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Table 2.4 Wind Frequency by Direction for Grand Junction and Lisbon Valley 

Wind Grand Junction (87-91) Lisbon Valley (1996) 
Direction (from) Frequency (%) Frequency (%) 

N 6 6 
NNE 3 3 
NE 4 3 

ENE 5 4 
E 9 6 

ESE 17 13 
SE 12 10 

SSE 6 4 
S 5 2 

SSW 2 2 

sw 2 1 

wsw 2 3 

w 6 13 
WNW 6 15 

NW 7 6 
NNW 5 8 
Calms 4 0 

2.2.4 Terrain 

Due to the change in elevations in the area surrounding die Mine, terrain data were included in 
the dispersion modelling for AERMOD, AERMAP is the terrain pre-processor used to calculate 
a representative terrain-influence height "hill scale" associated with each receptor within the 
modelling domain. The terrain data input (EPA 2004c and 2004d) for AERMAP were obtained 
from the USGS web site. As can be seen in Figure 2.3, the terrain rises towards the northeast 
and flattens out towards the southwest. As COMPLY-R is not equipped lo handle changes in 
elevations, this terrain data was not included in the COMPLY-R modelling. (Section 3.5 of this 
Report demonstrates how terrain changes at the Mine significantly impact the COMPLY-R 
modelling.) 
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Figure 2.3 Terrain Used in Air Dispersion Modelling 
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2.2.5 Receptor Grid 

Radon concentrations were predicted by AERMOD not only at the specific receptor locations but 
on a surrounding grid. Al l AERMOD modelling was undertaken in the Universal Transverse 
Mercator (UTM) coordinate system. The coordinate system used for mapping was North 
American Damm 1983 (NAD83), Zone 12. A satellite photograph geo-referenced to NAD83 
was used as a base map. 

The AERMOD model was based on a rectangular receptor grid centered on the mine site and 
extending out to a distance of approximately 5 km. A grid with 200 m spacing was used. The 
calculated concentrations at these points were used to prepare concentration isopleths and to 
detennine the maximum receptor concentrations. In addition, the AERMOD modelling was 
conducted at the discrete receptor locations identified as closest to the vents. 

Figure 2.4 shows the modelling grid used in the air dispersion modelling, for the domain 
presented in Figure 1.2, 

>50iy-0-March 2010 2-11 Denison Mines - La Sal, Ulah 



Dose Estimation for Radon Emissions from La Sal, Utah Mines 

Figure 2.4 Air Dispersion Modelling Grid 
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As COMPLY-R uses a much simpler dispersion modelling code, this receptor grid system was 
not input into the COMPLY-R modelling. 

2.2.6 Plume Rise 

The ability of the atmosphere to disperse pollutants is dependent on the height of release. The 
height of release is a combination of the physical height ofthe vent and the plume rise of the 
vented air with the plume rise being dependent on emission velocity (momentum) and 
temperature (buoyant plume rise). Typically, the greater the total height of release, the greater 
the atmospheric dispersion will be, particularly for locations near the source. Plimie rise is 
potentially an important consideration at the Mine as illustrated in Figure 2.5 which shows the 
exhausted air from one vent as reflected in the visible water vapour. The air rises vertically in a 
plume before being dispersed horizontally. 

Air dispersion models such as AERMOD estimate the plume rise from the momentum (velocity) 
of the release and thermal buoyancy (e.g., warm air rises). COMPLY-R assumes the maximum 
of momentum or thermal buoyancy rise. Denison provided information indicating a constant exit 
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