
 
 
 
 

MEMORANDUM 

405 S 8th St, Ste 331, Boise, ID 83702 
P 208.472.8837  /  F 678.441.9978 

To: Mr. David Krizek, Hudbay Minerals Inc., Copper World, Inc. 
From: David E.B. Strohm II, Trinity Consultants 
Date: May 30, 2023 

RE: Blasting NOx Emission Factor (EF) Determination and Documentation 

This memorandum documents the source and applicability of the nitrogen oxide (NOx) emission factor (EF) 
used to calculate emissions from blasting with ammonium nitrate and fuel oil (ANFO) at the Copper World 
Project (Project). 

Background 
The Copper World Project is a proposed open-pit mining facility owned and operated by Copper World, Inc. 
(Copper World), located approximately 28 miles southeast of Tucson, Arizona in Pima County.  
 
Blasting is performed within the Project’s open pit’s. ANFO blasting agents will be used for nearly all rock 
breakage in dry ground.  
 
Blasting has the potential to emit NOx emissions. Uncontrolled NOx emissions from blasting with ANFO are 
calculated using an emission factor found in Atmospheric Environment 42 (2008) 7874-7883 "NOx Emissions 
from Blasting Operations in Open-Cut Coal Mining" by Moetaz I. Attalla, Stuart J. Day, Tony Lange, William 
Lilley, and Scott Morgan. This reference is included in Exhibit 1. The emission factor is 0.9 kg per metric ton 
based on reported average on page 7881 of the reference, excerpt shown below: 
 

The average flux level for all the blast plumes measured was 0.9 kg t--1. 
 
The use of this emission factor has recently undergone regulatory scrutiny and has been approved for use 
by the City of Albuquerque Environmental Health Department for the GCC Rio Grande, Inc. – Tijeras Facility 
located in Tijeras, NM. 

Emission Factor Development 
In 2006, the “NOx Emissions from Blasting Operations in Open-Cut Coal Mining" by Moetaz I. Attalla, Stuart 
J. Day, Tony Lange, William Lilley, and Scott Morgan study was conducted in the Hunter Valley, New South 
Wales, Australia to develop a new approach to measure acidic gas emissions from blasting in open-cut coal 
mining.  
 
In the study, portable Differential Optical Absorption Spectroscopy (DOAS) was used to monitor blasts. The 
DOAS used a spectrometer to determine the NO2 concentration profile, measured in parts per million meter 
as a function of time. Data was recorded from the initiation of each blast until the NO2 concentration profile 
was no longer distinguishable from the surrounding sky. Ground level measurements were taken using a 
Greenline 8000 portable gas analyzer, an instrument capable of continuous, simultaneous analysis of O2, 
CO2, CO, SO2, NO, and NO2. The blasts were also videotaped to record the dimensions of the blasts as a 
function of time as well. Stills from the videos were then used to calculate the volume of each blast plume 
at specified timestamps.  
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To estimate the NO2 concentration from each blast at any given time, the NO2 concentration profile was 
divided by the depth of the plume as recorded by the DOAS and measured in the video of the blast. The 
mass of NO2 released from each blast was then calculated by multiplying the NO2 concentration by the 
volume of the plume. Measurements made on the Greenline 8000 indicated a general trend of increasing 
NO2 with increasing NO, with a relative proportion of NO to NO2 to be 27 to 1. Based on the NO2 
measurements and estimated NO derived from the proportion to NO2, the average emission flux of NOx 
from the blasts studied was 0.9 kt/t (0.9 kg/mt). 

Other Agency Approval 
The City of Albuquerque Environmental Health Department Air Quality Program (AQP) has reviewed the Title 
V air permit renewal application for the GCC Rio Grande, Inc. – Tijeras Facility originally submitted in 2021 
and follow-up additional information submittals in 2022 and 2023. A draft permit was issued by the AQP on 
May 17, 2023 which incorporated these NOx blasting emission factors.1 The renewal application and 
supplemental information included quarry blasting with ANFO, and utilized the NOx emission factor derived 
from the “NOx Emissions from Blasting Operations in Open-Cut Coal Mining” of 0.9 kg/mt. The AQP 
reviewed the methodology and results of the study and determined2 that this 0.9 kg/mt NOx emission factor 
derived from the study was conservative and reasonable.  
 

 
1 Statement of Basis - Title V Operating Permit, GCC Rio Grande – Tijeras Plant, Permit No. 0532-RN2. Draft issued May 17, 
2023. See Section 6, blasting activities, “The NOx and SO2 emission have decreased based on the updated emission factor 
and calculation. The Facility is in compliance with the NAAQS and NMAAQS.”  
2 Item 7a of City of Albuquerque Environmental Health Department August 5, 2022 letter from Kyle Tumpane to permit file 
with subject: Concerns with second response to the incompleteness determination for GCC Rio Grande, Inc. – Tijeras Facility 
Title V Permit #0532-RN1 Renewal (#0532-RN2). 
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Exhibit 1 
 
 

Peer Reviewed Reference for  
NOx Blasting Emission Factor Development 
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