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1. INTRODUCTION

Agrium Inc. (Agrium), formerly Agrium Products Inc., is proposing to continue operation of the “Carseland 
Nitrogen Operations” fertilizer manufacturing facility (the Facility) located in Wheatland County, Alberta. The 
Facility currently operates under the Environmental Enhancement and Protection Act (EPEA 2000) Operating 
Approval 1580-02-00, as amended. The current Operating Approval will expire on October 1, 2018 and 
therefore Agrium is submitting this Operating Approval Renewal Application to continue operation of the 
Facility. 

The purpose of this document is to provide a thorough and comprehensive Operating Approval Renewal 
Application. This document has been structured to follow the Guide to Content for Industrial Applications, 
Part 2: Renewals (Government of Alberta, June 2014), as well as supporting appendices.  

Construction of the CNO Facility began in 1974 and operations commenced in 1977. The Facility was 
originally owned by Cominco Fertilizers, a division of Cominco Ltd. In 1993, Cominco Fertilizers Ltd. became 
a publicly traded company. In 1997, the assets of the Carseland Facility were contributed to Agrium (an 
Alberta general partnership) with Agrium Products Inc., as managing partner. In 2017, Agrium underwent an 
entity restructuring and Agrium Products was amalgamated into Agrium Inc. Agrium plans to continue to 
operate the Facility and has no plans to close or decommission the Facility in the foreseeable future. 

Agrium has fulfilled the conditions of its current Operating Approval and is committed to fulfilling the 
requirements of its next approval. Any identified exceptions to conformance with the existing approval 
requirements were reported immediately to the appropriate authorities upon identification that a non-
conformance had occurred and both immediate and longer-term mitigating actions were taken as appropriate. 

The only significant change to the Facility during the current term of the Operating Approval was the 
construction of a Raw Water Storage Pond in 2009. Agrium has completed repairs and upgrades to the 
Facility however, the industrial process and final product remain consistent with the 2007 Operating Approval 
Application. 

Agrium aims to relentlessly pursue the prevention of all harm through managing risks in our organization by 
actively caring for each other, our customers, the community and the environment. Backed by this objective, 
a well-managed operation, and good relationships with the communities in which we operate Agrium looks 
forward to continued operations of our Carseland Nitrogen Operation in Alberta.  

 Alignment of this Document with Existing Environmental 1.1
Protection and Enhancement Act (EPEA) Approval and the Guide 

This Application has been developed to provide Alberta Environment and Parks with information to facilitate 
renewal of Operating Approval 1580-02-00. This document has been arranged such that numbering in the 
subsequent sections can be compared directly with the corresponding questions within the Guide to Content 
for Industrial Approval Applications (AEP 2014). 
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 Key Definitions 1.2

The key definitions used in this Application are provided below. Definitions are taken from the current 
Operating Approval with additions from EPEA and modifications, where needed, to align with common 
industry practice. 

Term Definition 

APEC An “Area of Potential Environmental Concern” is an area of a property identified 
as contaminated based on environmental data collected from an intrusive 
investigation (e.g. Phase 2 Environmental Site Assessment), or an area of a 
property that may potentially be contaminated based on the potential presence 
of contaminants related to past or present uses identified through a Phase 1 
Environmental Site Assessment. 

Application Application for Renewal of EPEA Approval developed in accordance with the 
Guide. This document in its entirety. 

Operating Approval Approval No. 1580-02-00 as amended, for the Carseland Fertilizer Operations 
Plant, effective October 31st, 2008 to October 1st, 2018. 

CNO Facility or Facility Includes the Plant. It Includes all buildings, structures, process and pollution 
abatement equipment, vessels, storage facilities, material handling facilities, 
roadways, pipelines and other installations and includes the land, located on NE 
6-22-26 W4M. 

Decommissioning The dismantling and decontamination of a plant undertaken subsequent to the 
termination or abandonment of any activity or any part of any activity regulated 
under the Act.  

Decontamination The treatment or removal of substances from the plant and affected lands. 

Dismantling The removal of buildings, structures, process and pollution abatement 
equipment, vessels, storage facilities, material handling facilities, railways, 
roadways, pipelines and any other installations that are being or have been 
used or held for use in connection with the plant. 

EPEA The Environmental Protection and Enhancement Act, R.S.A. 2000, c.E-12, as 
amended. 
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Term Definition 

Fugitive Emissions Atmospheric emissions from leaks (i.e., the loss of process fluid to the 
environment past a seal, threaded or mechanical connection, cover, valve seat, 
flaw or minor damage point) on equipment components in hydrocarbon service. 

Guide The Guide to Content for Industrial Project Applications (AEP 2014). 

Industrial Runoff Precipitation that falls on and/or traverses the plant developed area. 

Industrial Wastewater The composite of liquid wastes and water-carried wastes, any portion of which 
results from any industrial processes carried out on at the plant. 

Land Reclamation The stabilization, contouring, maintenance, conditioning or reconstruction of the 
surface of the land to a state that permanently returns the plant to a capability 
equivalent to its pre-disturbed state. 

Plant Includes all buildings, structures, process and pollution abatement equipment, 
vessels, storage facilities, material handling facilities, roadways, pipelines and 
other installations and includes the land that is being or has been used or held 
for or in connection with the Carseland Fertilizer Operations located on:  
NE 6-22-26 W4M that is being or has been used or held for or in connection 
with Agrium Inc.’s Carseland Nitrogen Operations fertilizer manufacturing 
facility.  

Plant Developed Area The areas of the plant used for the storage, treatment, processing, transport, or 
handling of raw material, intermediate product, by-product, finished product, 
process chemicals, or waste material.  

Site See definition for Plant. 
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10. CONFIRM PLANT OR FACILITY IDENTIFICATION

10.1 Main Activities of the Plant 

Confirm the accuracy of the description of the main activities of the plant or Facility with the 
most suitable classification referenced in the Activities Designation Regulation. If additional 
activities at the site are also classified as regulated activities, provide this description. 

Agrium Inc.’s (Agrium) Carseland Nitrogen Operations (CNO, or “Carseland”) is a wholesale fertilizer 
manufacturing plant and is a “fertilizer manufacturing plant” as designated in the Activities Designation 
Regulation Schedule 1, Division 2-Substance Release, Part 2 (b)(v). Construction of the CNO Facility began 
in 1974 and operations commenced in 1977. The Facility was originally owned by Cominco Fertilizers, a 
division of Cominco Ltd. In 1993, Cominco Fertilizers Ltd. became a publicly traded company. In 1997, the 
assets of the Carseland Facility were contributed to Agrium (an Alberta general partnership) with Agrium 
Products Inc., as managing partner. In 2017, Agrium underwent an entity restructuring and Agrium Products 
was amalgamated into Agrium Inc. The Facility produces and distributes anhydrous ammonia, aqua 
ammonia, granular urea fertilizer, and granular Environmentally Smart Nitrogen (ESN) fertilizer. These 
manufactured products are used by farmers to increase yields and condition soils for growing grain, corn and 
other food crops. 

The facility uses natural gas, air and water as feedstocks for the production of anhydrous ammonia. 
Anhydrous ammonia is sold as a fertilizer and sold in a dilute form as aqua ammonia. Anhydrous ammonia 
from the facility is also reacted with carbon dioxide, a by-product of the ammonia production process, to make 
granular urea. Anhydrous ammonia is used to supply the adjacent ammonium nitrate facility owned and 
operated by Orica Ltd.  

As an industrial manufacturing plant, the Facility operates under Operating Approval 00001580-02-00, as 
amended, issued by Alberta Environment and Parks (AEP) in accordance with the EPEA. The Operating 
Approval is located in Appendix 1. 

A detailed description of the plant processes can be found in Section 13.2, 13.3, 13.6 and Appendix 2. 

Anhydrous ammonia is stored in the Ammonia Storage Tank which has a maximum capacity of 53,207 cubic 
metres. Anhydrous ammonia that is not used to produce granular urea or sent to Orica Ltd. is loaded into rail 
cars or trucks for shipment offsite. Granular urea and ESN is stored in the Urea Storage Building which can 
hold 90,000 tonnes of product. Granular urea and ESN is loaded into rail cars or trucks for shipping to 
customers. 

Agrium is applying to AEP for an Operating Approval Renewal to continue the activity in subsequent years 
under the Environmental Protection and Enhancement Act (EPEA 2000). The following regulation applies to 
the Facility: 

• Activities Designation Regulation, Schedule 1, Division 2–Substance Release, Part 2(b)(v): a fertilizer
manufacturing plant.
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10.2 Location of the Plant 

Provide the location of the plant or Facility. Include: 

• legal land description; and
• latitude and longitude coordinates.

The Facility is located approximately 8 km west of Carseland, Alberta located in Wheatland County in the 
Province of Alberta. The location description is as follows: 

• Physical address: 265009 Township Road 221

• Land Location (Plant Site): NE 6-22-26 W4M

• Latitude and Longitude (Plant Site):

− Latitude: 50.84441 

− Longitude: -113.59098 

• Land Location (Surrounding Land Area owned by Agrium):

− SE 5-22-26 W4M 

− SW 5-22-26 W4M 

− SW 6-22-26 W4M 

− SE 7-22-26 W4M 

− SW 7-22-26 W4M 

− S ½ 8-22-26 W4M 

• Land Location (River Pumphouse):

− SE 24-21-27 W4M 

Please refer to Figure 1-Site Location Map for general location of the plant. 

10.3 Map Showing Plant in Relation to Towns, Villages and Other 
Features 

Provide a map showing the plant or Facility’s direction and distance to nearby towns, cities, 
villages, or residences and special areas (e.g., recreation areas, camps, or protected areas), 
other plants and facilities, and wetlands and watercourses or other potential locations of 
receptors. 

The location of the Carseland Facility in relation to nearby settlements, residences, special areas, and natural 
areas including watercourses can be seen in Figure 1–Site Location Map. The Facility Perimeter is shown in 
Figure 2–Plant Coordinates. 
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The Facility is located approximately 8 km west of the Hamlet of Carseland, Alberta in Wheatland County. 
The surrounding land use is primarily agricultural with some industrial facilities located in the vicinity. The 
Bow River is located approximately 5 km south of the Facility. The 12 Mile Coulee, a tributary to the Bow 
River, is used by the Western Irrigation District to transport irrigation water and is located east of the Facility, 
flowing towards the Bow River. 

Industrial facilities located within a 5 km radius of the Facility include the following: 

• Orica Ltd.

• Federated Co-op Ltd.

• Cargill AgHorizons

• Stella Jones Ltd.

• Richardson Pioneer

10.4 Project Size and Information about Area Potentially Affected by 
the Activity 

Provide information about the physical size and capacity of the plant or Facility site, and the 
area that has been, or has a reasonable potential to be affected by the activity. Provide maps 
and scaled diagrams. 

The Facility produces and distributes anhydrous ammonia, aqua ammonia, granular urea fertilizer, and 
granular ESN fertilizer while employing approximately 173 full-time employees. Typical production capacities 
of the Facility are outlined below in Table A: Plant Facilities & Typical Production Rates. The Facility is not 
currently producing Duration fertilizer; however, information regarding the Duration Plant is included in this 
Operating Approval Renewal Application in the event the Duration plant is restarted. The Facility location and 
area is shown in Figures 1 and 2, respectively. 

Table A Plant Facilities & Typical Production Rates 

Process Unit Product 
Typical Production Rate 

(mt/day) 

Ammonia 

Ammonia Ammonia 1,560 

Urea 

Urea Urea 2,225 
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Process Unit Product 
Typical Production Rate 

(mt/day) 

Controlled Release Urea (CRU) 

Duration Coated Urea 101 

ESN Coated Urea 672 

Utilities 

Utilities Water, Steam, 
Compressed Air 

Variable 

The plant site and holding ponds occupy about 100 hectares of the total land use area. The Facility land 
usage is described below in the Table B: Facility Land Area Usage. Land that is not occupied by the 
production Facility is used for wastewater irrigation from the Facility.  

Table B Facility Land Area Usage 

Component Approximate Development Area (Hectares) 

Agrium Plant Site 60 

Holding ponds 40 

Pasture, Hayland & Irrigated Land 557 

Land Area Usage Total 657 
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11. UPDATE TO PROJECT BACKGROUND

11.1 Regional Plans and Initiatives 

Identify all government approved regional initiatives or plans that pertain to the area with 
requirements that relate to environment and resource management for the activity, such as 
Land Use Framework Regional Plans and Management Frameworks, Integrated Resource 
Plans, Water Management Plans, or Municipal Development Plans. 

The only government regional initiative that pertains to the Facility is the South Saskatchewan River Basin 
Regional Plan (SSRB). Agrium, CNO is also a member of the Calgary Regional Airshed Zone (CRAZ). 

11.2 Public Interest Decisions 

Related to this project, identify any Hearing results or decisions by: 

• the Alberta Energy Regulator (AER);
• the Alberta Utilities Commission (AUC);
• the Natural Resources Conservation Board (NRCB);
• the local Regional Authority or Municipality; or
• the Canadian Environmental Assessment Agency (CEAA)

During the current term of the Operating Approval, there have been no hearings, nor decisions related to 
operations at the Facility by: 

• the Alberta Energy Regulator (AER);

• the Alberta Utilities Commission (AUC);

• the Natural Resources Conservation Board (NRCB);

• the local Regional Authority or Municipality; or

• the Canadian Environmental Assessment Agency (CEAA).

11.3 Environmental Impact Assessment 

There are no known Environmental Impact Assessments (EIA) conducted prior to the original Facility 
development or thereafter. 

11.4 Existing Approvals, Permits and Licences 

Identify any authorizations related to this project and their date of issuance, such as Leases, 
Permits or Approvals and their amendments. 

As an industrial manufacturing plant, the Facility operates under Operating Approval 1580-02-00, as 
amended, issued by AEP in accordance with the EPEA. The Operating Approval may be found in 
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Appendix 1. The Facility is a “fertilizer manufacturing plant” as designated in the Activities Designation 
Regulation, Schedule 1, Division 2-Substance Release, Part 2 (b)(v). All active authorizations related to the 
Facility are outlined in Table C: Operating Approvals, Licenses, and Authorizations. 

Table C Operating Approvals, Licenses, and Authorizations 

Authorization Approval No. Expiry Date 

License of Occupation 5982 N/A 

EPEA Operating Approval 1580-02-00 October 31, 2018 

EPEA Operating Approval Amendment 1580-02-01 October 31, 2018 

EPEA Operating Approval Amendment 1580-02-02 October 31, 2018 

AEP Water Diversion (Surface water–Original 
License) 

08038 None 

AEP Water Diversion (Surface water–Amendment) 00034473-00-01 None 

AEP Water Diversion (Surface water–Amendment) 00034473-00-02 None 

AEP Water Diversion (Surface water–Amendment) 00034473-00-03 None 

AEP Water Diversion (Groundwater–Plant Site) 00251403-00-00 July 18, 2023 

AEP Water Diversion (Groundwater–Agrium Farm) 00372554-00-00 May 2, 2027 

11.5 Related EPEA Applications 

Identify any current EPEA applications for other plants or facilities that may require 
coordination of the renewal process for this activity.  

Not Applicable. No other applications require coordination with this Operating Approval Renewal application. 

11.6 Financial Security 

Confirm the amount and the status of the financial security that is required for this activity, 
by providing the calculation for it, including the assumptions and justification for their use 
in the calculation. For more information on determining if financial security is required and 
how to calculate the amount, refer to Appendix A of the guide. 

Not Applicable. There is no financial security required for this Facility. 
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11.7 Project Timelines 

Provide project timelines and major milestones. 

The Facility is not proposing any changes to the activities conducted at the Facility as part of this Operating 
Approval Renewal application. A list of improvements and upgrades that have occurred since the 2007 
Operating Approval Renewal application can be found in Section 13.1. 

There is no date projected for the closure of the operations and the Facility will continue operating for the 
foreseeable future. 

Information on public consultation is provided in Section 11.8. 

11.8 Public Consultation and Stakeholder Engagement 

If public consultation or stakeholder engagement has, or will be, conducted outside of this 
approval renewal process, provide the following information: 

• target audience(s);
• type, purpose, and frequency of consultation or engagement; and
• identified environmental concerns and how they were, or will be, addressed in this

renewal application.

The Facility maintains communication on an ongoing basis with the community residents, businesses, and 
emergency response organizations in the area. These interactions include the following: 

• Annual neighbour and business visits by facility personnel;

• Annual Farmers Dinner hosted by the Facility for area residents;

• Joint emergency response simulations with local emergency responders; and

• Community donation programs.

For the purposes of this Operating Approval Renewal Application the following public consultation is planned: 

• Communication that Agrium Carseland Nitrogen Operations will be pursuing an Operating Approval
Renewal at the Annual Farmer’s Dinner (March 2017);

• Informational mail out to area residents (Q2, 2018);

• Posting of an ad in newspapers for the affected jurisdictions following acceptance of the application;
and

• Posting of relevant information on the Agrium homepage (Starting Q1, 2018):
https://www.agrium.com/en/sustainability/environment/operating-renewal.
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12. UPDATE CURRENT SETTING AND ENVIRONMENTAL
CONDITIONS

A detailed discussion on the Facility’s physical setting and environmental conditions are discussed in the 
most recent annual soils, groundwater and wastewater reports submitted to AEP in March 2017 and are 
briefly summarized in the following sections. 

12.1 Facility Contributions and Influences 

For this section, update the current setting and environmental conditions description, and 
also assess the Facility’s contributions to the influences (effects) in the area, highlighting 
changes over the past approval period. 

A detailed discussion on the current setting, environmental conditions, and Facility’s contributions to the area 
is presented in Section 12.2. 

12.2 Features of Local and Regional Landscape, Drainage, Surface 
Water Courses and Groundwater 

Describe the current setting and any changes to features of the local and regional 
landscape, drainage and surface watercourses, and groundwater. Identify and highlight any 
changes in land use and zoning for the site and adjacent lands, since the last approval 
period. 

12.2.1 Physical Setting 

The Facility is located approximately 8 km west of the Hamlet of Carseland Alberta in Wheatland County. The 
surrounding land use is primarily agricultural with some industrial facilities located in the vicinity. The Bow 
River is located approximately 5 km south of the Facility. The 12 Mile Coulee, a tributary to the Bow River 
that is used by the Western Irrigation District to transport irrigation water, is located east of the Facility and 
flows towards the Bow River. During the current term of the Operating Approval the following changes 
occurred to the physical setting of the Facility. 

• Construction of a Raw Water Storage Pond directly west of the plant developed area. The Raw Water
Storage Pond is designed to hold approximately 91,000m3 of water (2009):

− AEP Water Act Amendment 00034473-00-01; and 

− EPEA Section 67(3)b. 

• Installation of the Agrium River Pump house erosion protection structure (2010):

− AEP Water Act Approval 00265974-00-00;  

− Transport Canada Approval 8200-10-10082; and 

− Department of Fisheries and Oceans Authorization CA-10-0234. 
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• Construction of a bagged Fertilizer Storage Building (2013):

− EPEA Section 67(3)b. 

• Construction of an Administration building for employees in section NE 6-22-26 W4M (2014-2015); and

• Installation of the Agrium River Pump house infiltration gallery (2015):

− AEP Water Act Approval 00349111-00-00; 

− Transport Canada Letter of Authorization 2014-600094-002; and 

− Department of Fisheries and Oceans Letter of Authorization 14-HCAA-00933. 

During the current term of the Operating Approval, Federated Co-op Ltd. constructed a Fuel Storage and 
Distribution hub approximately 2 km east of the Facility. This has been the only significant change to the local 
or regional landscape outside of the Facility during the current term of the Operating Approval. 

12.2.2 Hydrogeology 

Groundwater depth at the Facility ranges from 0.095 to 5.960 metres below ground surface (mbgs). The 
shallow groundwater flow has been interpreted to be primarily towards the east, with some influence resulting 
from the man-made ponds and structures at the site. The estimated hydraulic gradient ranges from 0.010 to 
0.159 m/m across the site, with a linear groundwater velocity estimated at less than 0.2 m/year. (Pinchin 
West 2016 Annual Groundwater Monitoring Report). 

The surficial clay and silty clay till deposits identified at the site are extensive and may contain sand lenses. 
Post-glacial fluvial sand and gravel deposits occur in river valleys while thin sheets of post glacial lacustrine 
deposits may develop in low-lying areas of standing water. The distribution and thickness of the surficial 
deposits can be localized and dependent on their proximity to developed river valleys and abandoned glacial 
channels. Aquifers in the area are found both in surficial and bedrock sediments. Groundwater flow direction 
is typically dictated by surface topography and proximity to recharge and discharge areas. Bedrock aquifers 
in the area occur as water bearing sandstone of the Paleocene-aged Paskapoo Formation and the late 
Cretaceous to Paleocene-aged Scollard Formation providing yields that may range from 10 to 100 m3/day. 
Surficial aquifers occur in the water bearing Quaternary-aged glaciofluvial derived sands and gravel providing 
yields that range from 10 to 100 m3/day. Surficial groundwater is typically hard with high iron concentrations 
and Total Dissolved Solids (TDS) concentrations ranging from 500 to 2,000 mg/L while bedrock groundwater 
is chemically soft with low iron and high sodium concentrations and TDS levels ranging from 500 to 
1,500 mg/L. (Pinchin West 2016 Annual Groundwater Monitoring Report). 

The CNO site has 48 monitoring wells. Location of these wells and summary results of the historical and 
existing wells are provided in Appendix 5. All groundwater monitoring wells on site are installed in clay till 
overburden and have been installed in water-bearing sand lenses where encountered. No monitoring wells 
are installed in the bedrock material. 
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12.2.3 Stratigraphy and Geology 

Silty clay material was used during construction activities at the CNO Facility. The thickness of fill varies 
across the Site. The fill is underlain by naturally occurring silty clay. Occasional thin zones of organic rich soil 
are encountered throughout the Facility. Native soils at the site have been classified as predominantly orthic 
black chernozemic with inclusion of black solodized solonetz. Both soil types develop on till and the latter 
soils are naturally saline and sodic. (2010 Soil Management Program Proposal, WorleyParsons). 

The regional surficial geology is primarily of glacial origin, although the deposits have been locally reworked 
by glacial melt water and/or wind processes. In general, the site is underlain by sandstones, bentonitic 
mudstones and thin limestone beds of the Upper Cretaceous to Paleocene-aged Willow Creek Formation. 
The Willow Creek Formation is underlain by the Cretaceous-aged St. Mary River Formation and is overlain by 
the Tertiary sediments of the Porcupine Hills Formation. (2010 Soil Management Program Proposal, 
WorleyParsons). 

12.2.4 Bedrock Geology 

The general plant area is underlain by the sandstones, bentonitic mudstones and thin limestone beds of the 
Willow Creek (Paskapoo) Formation. The willow Creek Formation is Upper Cretaceous and Paleocene in 
age. The Willow Creek (Paskapoo) Formation is underlain by the St. Mary River Formation (Cretaceous) and 
is overlain by the Porcupine Hills Formation (Tertiary). (2010 Soil Management Program Proposal, 
WorleyParsons). 

Locally, bedrock strata dip to the east and are overturned, as the Porcupine Hills Formation underlies the 
Willow Creek (Paskapoo) Formation sodic. (2010 Soil Management Program Proposal, WorleyParsons). 

12.2.5 Hydrology 

There have been no changes to the surface water drainage features within the plant site during the current 
term of the Operating Approval. Precipitation that falls on the plant developed area is contained in collection 
ditches that flow to the Industrial Runoff Pond, which is discharged to the Irrigation Pond and used for 
irrigation of Agrium and Orica owned land adjacent to the Facility. Precipitation that falls outside of the plant 
developed area follows natural drainage patterns and road allowance ditches. 

Surface water drainage outside of the plant is generally sloped to the east towards the 12 Mile Coulee, 
located approximately 230 m from the plant site perimeter, and 750 m from the plant developed area. The 
12 Mile coulee discharges to the Bow River, located approximately 5 km south of the Facility. No discharge 
from the Facility occurs to the 12 Mile Coulee or Bow River. 

12.2.6 Land Use and Zoning 

The Wheatland County zoning for the area occupied by the Agrium Plant site was changed to Industrial–
General from Agricultural–General in 2014. The remaining land owned by Agrium is zoned as Agricultural–
General and had not changed during the current term of the Operating Approval. The area occupied by the 
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Facility is used for industrial purposes. Land surrounding the Facility owned by Agrium is used to grow 
various crops and is subject to the application of industrial wastewater effluent as per the conditions of the 
current Operating Approval. 

12.3 Current Ambient Air Quality, Influences and Environmental 
Pressures within 5 km Radius 

Describe the current ambient air quality and identify influences and environmental 
pressures within a 5-kilometre radius of the site, and assess any changes over the last 
approval period.  

Ambient air quality is defined by the influence of both natural and anthropogenic emission sources. For the 
purposes of this application, air quality is assessed at ground level, in the outdoor environment surrounding 
the CNO Facility. 

The following presents information on the current air quality (based on regional background and local 
monitoring and other regional influences).  

The regional topography consists of rolling to hilly terrain. The elevation at the plant is approximately 
1,067 metres above sea level (masl). Generally, there is a decrease in elevation to the east and south of the 
plant. (2009 Operational Soil Monitoring Program Report, WorleyParsons). 

The location of the Agrium CNO Air Monitoring Station is shown in Figure 1. The Air Monitoring Station is 
located approximately 1,400 m east of the plant developed area, and 500 m east of Facility perimeter. The 
station continuously monitors the levels of ammonia and nitrogen oxides (NO/NO2/NOx) in the ambient air as 
well as wind speed and direction. These parameters are reported to AEP in the monthly and annual air 
monitoring reports and all aspects of the measurements fall under the Air Monitoring Directive and must meet 
the requirements of the Air Monitoring Directive (AMD) and the Agrium Quality Assurance Plan.  

Agrium CNO constructed and installed a new ambient air monitoring station in 2014 which is operated and 
maintained by WSP Canada Inc. on behalf of both Agrium CNO and the adjacent Orica Facility. The previous 
ambient air monitoring station was operated by AGAT Laboratories and was removed only after the data 
validation process was completed with the new monitoring station.  

Ambient air results for the current operating period (2008 to 2016) are summarized in Table D: Ambient Air 
Results for Ammonia and Table E: Ambient Air Results for Nitrogen Dioxide. The primary sources of 
ammonia and nitrogen oxides from the Facility are from the Reformer Stack and the Urea Stack which are 
both subject to Operating Approval Limits. Compliance with these limits is confirmed by annual source 
emission surveys. Monitoring data are also compared to Alberta’s Ambient air quality Objectives (AAAQOs). 
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Table D Ambient Air Monitoring Results for Ammonia 

Parameter Units 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Annual Average 
Hourly 
Ammonia 
concentration 

ppb 13 10 30 40 30 40 40 36 26 

24-hour 
Maximum 
Average 
Ammonia 
Concentration 

ppb 140 280 180 360 120 250 171 291 174 

1-hour 
maximum 
Average 
Ammonia 
Concentration 

ppb 1,400 3,700 2,300 1,930 970 1,450 800 2,967 996 

1-hr AAAQO 
Exceedances 
(>2000ppb) 

# 0 1 1 0 0 0 0 2 0 

Operational 
Monitoring 
Time 

% 96.7 99.3 99.7 97.5 96.3 98.3 99.3 98.8 99.2 

Operation 
Monitoring 
Time <90% 
Incidents 

# 1 0 0 1 1 0 0 0 0 
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Table E Ambient Air Monitoring Results for Nitrogen Dioxide 

Parameter Units 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Annual Average 
Hourly NO2 
concentration 

ppb 4 5 4 4.0 4.1 5 7.2 4.5 4.21 

24-hour 
Maximum 
Average NO2 
Concentration 

ppb 22 24 24 19.6 18.5 26 25.9 17.8 19.3 

1-hour 
maximum 
Average NO2 
Concentration 

ppb 60 190 40 65 43.3 55 59.5 57.2 149 

1-hr AAAQO 
Exceedances 
(>159 ppb) 

# 0 0 0 0 0 0 0 0 0 

Operational 
Monitoring 
Time 

% 96.7 99.0 99.7 97.3 87.8 97.0 99.1 99.3 99.2 

Operation 
Monitoring 
Time <90% 
Incidents 

# 1 0 0 1 3 0 0 0 0 

Further information pertaining to the effectiveness and conformance of the operation of the Ambient Air 
Monitoring Station can be found in Section 14.18. Information pertaining to incidents related to the operation 
of the Ambient Air Monitoring Station can be found in Appendix 10. 

There are four nearby industrial facilities with a 5km radius of CNO that report air emissions to the National 
Pollutant Release Inventory (NPRI). These are the Orica Facility, Stella Jones Facility, Cargill AgHorizons, 
and Richardson Pioneer. During the current term of the Operating Approval, Federated Co-Op constructed a 
Fuel Storage Facility 2 km east of the Facility. No other physical changes have occurred during the current 
term of the Operating Approval. 

The Facility falls within the boundary of the Calgary Regional Airshed Zone (CRAZ). Agrium CNO is a 
member of CRAZ.  
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Details of the air dispersion modeling completed as part of this Operating Approval Renewal Application can 
be found in Section 13.15 and Appendix 3. 

12.4 Current Soil Monitoring Results and Changes over Last Approval 
Period 

Provide current soil monitoring results for the site and surrounding lands, and assess 
changes over the last approval period.  

Soil monitoring has been undertaken at the Facility as required by the Operating Approval. Section 12.4.2 
provides further details and results of the specific soil monitoring programs completed. 

12.4.1 Land Capability and Soil Classification 

The land area surrounding the Facility is classified as agricultural. The Facility is within the Western Alberta 
Plains Physiographic region (Agriculture Canada). It falls within the Thin Black Soil Zone in Soil Correlation 
Area No. 6. The immediate area is characterized by gently rolling topography with several small depressions. 

The Agricultural Regions of Alberta Soil Inventory Database (AGRASID) describes two soil polygons 
surrounding the Facility. Soil Polygon 11079 indicates the area surrounding the Facility as 2HAT(8)-5W(2). 
The 2HAT rating denotes 80% Class 2 soils (slight limitations that may restrict the growth of specified crops 
or require modified management practices) with the main land capability limitations being inadequate 
temperature (class H), inadequate moisture (Class A), and topography (Class T). The 5W denotes 20% 
Class 5 soils (severe limitations for sustained production of specified crops) with the main capability limitation 
being inadequate soil drainage (Class W). 

Soil Polygon 11122 indicates the area surrounding the Facility as 2HTA(8)-5M(2). The 2HTA rating denotes 
80% Class 2 soils (slight limitations that may restrict the growth of specified crops or require modified 
management practices) with the main land capability limitations being inadequate temperature (Class H), 
inadequate moisture (Class A) and topography (Class T). The 5M denotes 20% Class 5 soils (severe 
limitations for sustained production of specified crops) with the main capability limitation being inadequate 
water holding capacity/texture (Class M). 

Most soils on the developed portions of the Facility are either removed or disturbed with silty clay used as fill. 
The majority of soils are classified as Orthic Black Chernozem developed on medium or fined textured till with 
areas of poorly drained soils and solonetzic soils. 

The regional surficial geology is primarily of glacial origin, although the deposits have been locally reworked 
by glacial melt water and/or wind processes. In general, the site is underlain by sandstones, bentonitic 
mudstones and thin limestone beds of the Upper Cretaceous to Paleocene-aged Willow Creek Formation. 
The Willow Creek Formation is underlain by the Cretaceous-aged St. Mary River Formation and is overlain by 
the Tertiary sediments of the Porcupine Hills Formation. (2010 Soil Management Program Proposal, 
WorleyParsons). 
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12.4.2 Soil Monitoring Results 

The Facility has completed all Soil Monitoring and Management Programs as required by the Operating 
Approval. Soil Monitoring Program Proposals and Soil Monitoring Program Reports were submitted to AEP in 
2009 and 2014. Soil Management Program Proposals were submitted to AEP in 2010 and 2015. Soil 
Management Program Reports were submitted to AEP in all years that soil sampling was completed as 
defined in the applicable Soil Management Program Proposals. These programs have been effective in 
identifying and delineating areas of concern. Historical soil monitoring results and associated figures can be 
found in Appendix 4.  

Potential parameters of concern in soil at the Facility consist of nitrogen components from the production, 
storage, and handling of fertilizer products, salinity components from the wastewater ponds and historical 
landfills, and metals components from the handling of waste catalyst products and historical landfills. The Soil 
Monitoring/Management programs for the Facility have been designed and implemented in accordance with 
the AEP Soil Monitoring Directive (2009). The most recent Soil Management Proposal (approved in 2015) is 
currently effective and is being implemented at the plant. 

Improvements have been made to both housekeeping and product spill management to reduce the potential 
impact of Facility operations. Product spills are immediately addressed and mitigated to reduce the impact to 
localized soil and groundwater. 

As required by Section 4.8 of the current Operating Approval soil monitoring has been conducted annually 
since 2009.  

For purposes of Soil Monitoring and Management the Facility has been separated into the following areas 
(refer to site plans in Appendix 4).  

• Boneyard;

• Ammonia Plant Area;

• CRU Area (former boneyard);

• Green Area;

• Maintenance Area and Parking Lot;

• Northeast Area;

• Pond Area;

• Product Storage and Handling Area;

• South Landfill;

• Urea Plant Area;

• Ammonia Storage Tank Area;

February 2018 Agrium Inc. Page 21 



APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00 

CARSELAND NITROGEN OPERATIONS 

• Water Treatment Area;

• West Landfill; and

• Irrigated Fields.

A summary of areas where potential parameters of concern have been identified and assessed through Soil 
Monitoring and Soil Management Programs are outlined in Table F: Soil Monitoring Areas 2009-2016. Where 
monitoring has identified parameters that exceed Tier 1 Soil and Groundwater Remediation Guidelines 
(SGRG) or background conditions, the Facility has initiated further delineation in these areas. The Facility has 
implemented source control measures to mitigate the risk of further impacts to soil as described in Table F. 

Table F Soil Monitoring Areas 2009-2016 

Operational Area 
Potential 
Parameters of 
concern 

Status of Source and 
Actions Taken 

Proposed Further Action 

Boneyard–
Catalyst Storage 

Metals Active–Concrete containment 
in place for catalyst. Area has 
been delineated. 

Continued monitoring through 
Soil Monitoring Program 
Activities. 

Boneyard–
Historical Oil & 
Drum Storage 

Hydrocarbons Closed–No active source. None Required. Sampling has 
confirmed no exceedances. 

Boneyard–CRU 
Fines Area 

Salinity, ammonia, 
and soluble 
nitrogen 

Closed–No active source. None Required. CRU fines area 
no longer in use. 

South Landfill Metals Closed–Landfill is 
decommissioned. 

None Required. Historical metal 
exceedances not replicated in 
follow-up sampling. 

South Landfill Salinity, ammonia, 
and soluble 
nitrogen 

Closed–Landfill is 
decommissioned. 

Continued monitoring through 
Soil Monitoring Program 
Activities. 

West Landfill Salinity, ammonia, 
and soluble 
nitrogen 

Closed–Landfill is 
decommissioned. 

Continued monitoring through 
Soil Monitoring Program 
Activities. 

West Landfill Metals Closed–Landfill is 
decommissioned. 

None required. Historical metal 
exceedances not replicated in 
follow-up sampling. 
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Operational Area 
Potential 
Parameters of 
concern 

Status of Source and 
Actions Taken 

Proposed Further Action 

Product Storage 
and Handling 

Salinity, ammonia, 
and soluble 
nitrogen 

Active–Loading areas paved 
and housekeeping practices in 
place to mitigate product 
spills. 

Continued monitoring through 
Soil Monitoring Program 
Activities. 

Urea Plant Salinity, ammonia, 
and soluble 
nitrogen 

Active–Loading areas paved 
and housekeeping practices in 
place to mitigate product 
spills. 

Continued monitoring through 
Soil Monitoring Program 
Activities. 

Wastewater 
Ponds 

Salinity, ammonia, 
and soluble 
nitrogen 

Active. Continued monitoring through 
Soil Monitoring Program 
Activities. 

Green Area Salinity and 
soluble nitrogen 

Closed–No active source. None required. 

Maintenance Area 
and Parking Lot–
Fuel Storage 

Hydrocarbons Active–Concrete pad in place 
for fueling. 

Continued monitoring through 
Soil Monitoring Program 
Activities. 

Northeast Area Soluble Nitrogen Closed–No Active Source. None required. 

A summary of the Soil Monitoring programs completed during the current term of the Operating Approval and 
submitted to AEP as of the date of this Operating Approval Renewal submission is listed below. Detailed Soil 
Monitoring and Management Program results can be found in the applicable reports submitted to AEP.  

2009 Soil Monitoring Program Proposal (Agrium, March 2009) 

Soil Monitoring activities were proposed throughout the plant site for areas in which potential parameters of 
concern exist and/or historical soil activities had identified areas of concern. Authorization to implement the 
Soil Monitoring Program Proposal was received from AEP on October 5, 2009. 

2009 Soil Monitoring Program Report (WorleyParsons, December 2009) 

A summary report was submitted outlining the results determined from sampling completed as per the AEP 
Authorized Soil Monitoring Program Proposal. In total, 28 boreholes were advanced in the following areas for 
soil sampling purposes. 

• Boneyard Area;
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• CRU Area;

• Green Area;

• Maintenance Area and Parking Lot;

• Northeast Area;

• Pond Area;

• Product Storage and Handling Area; and

• South Landfill.

2010 Soil Management Program Proposal (WorleyParsons, June 2010) 

Based on the results of the 2009 Soil Monitoring Report, a Soil Management Program Proposal was 
submitted to AEP that outlined proposed activities to be completed in areas with potential exceedances of 
background soil conditions and/or Tier 1 SGRG levels. The timeframe proposed for Soil Management 
Activities was 2011-2013. Authorization to implement the Soil Management Program Proposal was received 
from AEP on July 20, 2010. 

2011 Soil Management Program Report (Matrix Solutions, March 2012) 

Soil Management activities completed in 2011 included the following: 

• Electromagnetic (EM 31 & EM 38) surveys in the Pond Area to investigate salinity impacts;

• Electromagnetic (EM 31 & EM 38) surveys in the Green Area to investigate salinity impacts; and

• Drilling two boreholes in the Pond Area in the vicinity of the Industrial Runoff Pond to investigate
soluble nitrogen impacts.

2012 Soil Management Program Report (Matrix Solutions, March 2013) 

Soil Management activities completed in 2012 included the following: 

• Drilling 8 boreholes in the Boneyard to delineate historical metals and soluble nitrate impacts;

• Drilling 2 boreholes in the South Landfill to confirm historical metals results;

• Drilling 2 boreholes in the Northeast area to confirm soil conditions;

• Drilling 7 boreholes in the Green area to assess the results of the 2011 EM survey and delineate
historical salinity impacts; and

• Drilling 3 holes east of the Irrigation Pond to assess soil salinity and install groundwater monitoring
wells.
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2013 Soil Management Program Report (PWL, March 2014) 

Soil Management activities completed in 2013 included the following: 

• Drilling 8 boreholes in the Product Storage and Handling Area to identify salinity and soluble nitrate
impacts, and confirm historical metals impacts;

• Drilling 2 boreholes in the Urea Plant Area to delineate salinity and soluble nitrogen impacts; and

• Drilling 2 boreholes in the boneyard to further delineate historical soluble nitrogen impacts.

2014 Soil Monitoring Program Proposal (PWL, March 2014) 

Soil Monitoring activities were proposed throughout the plant site in areas in which potential parameters of 
concern exist and/or historical soil activities had identified areas of concern. Authorization to implement the 
Soil Monitoring Program Proposal was received from AEP on July 31, 2014. 

2014 Soil Monitoring Program Report (PWL, December 2014) 

A summary report was submitted outlining the results determined from sampling completed as per the AEP 
Authorized Soil Monitoring Program Proposal. In total, 30 boreholes were advanced in the following areas for 
soil sampling purposes: 

• Green Area;

• Northeast Area;

• West Landfill;

• Product Storage and Handling;

• Urea Plant Area;

• Maintenance Area and Parking Lot;

• Boneyard;

• South Landfill; and

• Pond Area.

2015 Soil Management Program Proposal (PWL, June 2015) 

Based on the results of the 2014 Soil Monitoring Report, a Soil Management Program Proposal was 
submitted to AEP that outlined proposed activities to be completed in areas with potential exceedances of 
background soil conditions and/or Tier 1 SGRG levels. The timeframe proposed for Soil Management 
activities was 2015-2017. Authorization to implement the Soil Management Program Proposal was received 
from AEP on June 20, 2015. 
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2015 Soil Management Program Report (PWL, March 2016) 

Soil Management activities completed in 2015 included the following: 

• Drilling three boreholes in the boneyard to further delineate metals impacts related to catalyst storage
and handling; and

• Drilling four boreholes in the West Landfill area to investigate salinity and soluble nitrogen impacts.

2016 Soil Management Program Report (PWL, March 2017) 

Soil Management activities completed in 2016 included the following: 

• Drilling five boreholes in the Ponds area to further delineate salinity impacts;

• Drilling three boreholes in the West landfill area to delineate soluble nitrogen impacts; and

• Installing three nested groundwater wells to a maximum depth of 20 mbg downgradient of the Product
Storage and Handling area.

The 2017 monitoring has been completed and the report will be ready for submission on March 2018. 

12.4.3 Vegetation/Wetlands 

The vegetation at the Facility prior to the Facility development was agricultural. The vegetation is agricultural 
in the majority of the area surrounding the Facility. 

The Facility is located within the Foothills Fescue Natural Subregion. Agricultural is the principal land use with 
approximately 50% of the subregion being cultivated overall, ranging from 80% in the plains to less than 20% 
in the in the hilly uplands where grazing predominates. Wetlands are uncommon, occurring in about 3% of 
the subregion, and are mainly confined to depressions in undulating to hummocky terrain. (Natural Regions 
Subcomittee 2006). 

The prevalence of mountain rough fescue, parry oat grass and bluebunch fescue separate this subregion 
from the Mixed grass and Northern Fescue Natural Subregions. Vegetation types vary throughout the 
subregion and include creeping juniper, Parrry oatgrass, bluebunch fescue, june grass, mountain rough 
fescue, shrublands, riparian forests and willow, sedge and tufted hair grass (Natural Regions Subcommittee 
2006). 
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12.5 Pre-Disturbance Soil and Vegetation 

For the situations identified above, where the end land use is likely to return to a natural, 
agricultural or forested land, describe the soil and vegetation for the site prior to the 
previous development or disturbance considering the factors listed in 12.4. This information 
will guide efforts to monitor and salvage soil material for future reclamation of the site. 

Prior to development of the Facility, which began in 1974, the area was used for agricultural purposes. No 
additional disturbance is anticipated to occur. Agrium plans to continue operating the Facility for the 
foreseeable future and has no immediate plans for closure or decommissioning. 

12.6 Changes to Nature and Conditions of Wildlife in the Area over 
Approval Period 

Describe changes over the last approval period to the nature and conditions of wildlife in the 
area, include the species and their habitats, and identify any sensitive species and special 
habitats. 

There have been no significant changes to wildlife habitat during the current term of the Operating Approval 
at the Facility. The Operating Approval does not specify any additional monitoring requirements related to 
wildlife. Continuation of plant operations is not expected to result in any additional disturbance to wildlife.  

A search of the Fish and Wildlife Management Information System (FWMIS) identified the Prairie Falcon as 
being previously observed within 5 km of the Facility. No issues with the sensitive species above have been 
reported for the Facility. Fish species identified within 5 km of the Bow River Pumphouse include Brook 
Stickleback, Brown Trout, Bull Trout, Burbot, Emerald Shiner, Longnose Dace, Longnose Sucker, Mountain 
Whitefish, Rainbow Trout, Trout-Perch, and White Sucker.  

12.7 Potential Impact of Substance Release on Groundwater Quality 

Provide an assessment of the potential impact of substance release on the groundwater 
quality at the site based on current groundwater monitoring results. 

Groundwater monitoring has occurred at the Facility since the inception of plant operations in 1977. In order 
to continuously improve the site groundwater monitoring program, new wells have been installed on site 
over the operational life of the Facility. Additional monitoring wells were installed in 1986, 1993, 1995, 2000, 
2005, 2008, 2009, 2011, 2012, and 2016. The groundwater monitoring program currently includes 
51 groundwater wells located within the plant Facility, the ponds area, irrigated fields, and downgradient of 
the Facility. Groundwater sampling is completed twice annually, with the results reported to AEP by 
March 31 annually of the year following sampling completion. Information on existing wells, locations and 
Historical groundwater information is summarized in Appendix 5. For detailed information regarding all 
groundwater monitoring activities completed during the current Operating Approval refer to the Annual 
Groundwater Monitoring Reports (2008 to 2016) previously submitted to AEP. The 2017 Groundwater 
Monitoring Report will be submitted in March 2018.  
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Table G Groundwater Monitoring Areas 

Operational 
Area 

Potential 
Parameters of 
concern 

Status of Source & Actions taken Proposed Action 

South Landfill Nitrogen 
Compounds, 
Chlorides. 

Closed–Landfill is decommissioned. Continued monitoring 
through Groundwater 
Monitoring Program. 

West Landfill Nitrogen 
Compounds, 
Chlorides. 

Closed–Landfill is decommissioned. Continued monitoring 
through Groundwater 
Monitoring Program. 

Product Storage 
and Handling, 
Process Area 

Nitrogen 
compounds. 

Active–Impact from historical urea 
handling and spill management practices. 
Loading areas paved and housekeeping 
practices in place to mitigate product 
spills. 

Additional wells installed downgradient to 
delineate impact. 

Evaluate additional 
groundwater monitoring 
wells. 

Continued monitoring 
through Groundwater 
Monitoring Program. 

Irrigated Field 
Areas 

Nitrogen 
Compounds, 
Chlorides. 

Active–Impact from historical irrigation 
practices.  

Additional wells added to understand 
impact. 

Continue to evaluate 
source control measures 
to improve irrigation 
wastewater quality and 
reduce irrigation volumes. 

Wastewater 
Ponds 

Nitrogen 
Compounds, 
Chlorides. 

Active–Localized impact to area 
immediately adjacent to Ponds.  

Continued monitoring 
through Groundwater 
Monitoring Program. 

As part of the 2015 Groundwater Monitoring Report, Pinchin West Ltd. prepared a discussion of the historical 
trends for select groundwater contaminants and exposure pathways. This discussion included sampling 
locations within the Product Storage and Handling Area, the West Landfill area, the South Landfill and Pond 
Areas, and the Irrigated Fields (Table G). Elevated concentrations of nitrogen, ammonia and chloride above 
Tier 1 SGRG are considered to likely originate from plant operation sources. Following the presentation of 
results, the Facility has taken a source control and risk management approach to addressing these elevated 
concentrations and mitigate further impacts to soil and groundwater as listed below. All other contaminants of 
concern (COCs) (i.e., sulphate, sodium, TDS, electrical conductivity [EC]) were considered as likely 
representative of background soil and groundwater quality. 
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The PCOC sources in groundwater were generally linked to the following plant activities: 

• The historical urea handling and spill management practices in the loading areas and Urea Storage
building;

• The West and South Landfills and historical storage/handling of waste material in these areas;

• Storage of wastewater effluent in the Evaporation and Irrigation Ponds; and

• Historical and current irrigation practices in the Irrigated Fields.

Current source control practices at the Facility are summarized as follows: 

• Improved housekeeping practices have been implemented to reduce the frequency of product spills
and releases within the Product Storage and Handling Areas. Additionally, these areas have been
paved to mitigate the impact of produce spills and releases. No additional source control measures are
required in this area.

• The West and South Landfills are no longer active. A landfill assessment was completed in 2010 on
both landfills by Matrix, and Matrix did not recommend any landfill decommissioning activities. No
additional source control measures are required in these areas. The Landfill Assessment Report was
submitted to AEP in March 2011.

• Studies conducted on the Wastewater Ponds between 2000 and 2010 concluded that the impermeable
nature of the liner materials, dyke design, and the low permeability of the surrounding native soil profile
would result in negligible seepage from the ponds. The quality of the groundwater located
downgradient of the Pond Areas will continue to be monitored through the Groundwater Monitoring
Program.

• Improvements to the CNO Wastewater Management Program are being evaluated to ensure water
collected at the plant for irrigation purposes contains acceptable concentrations of COCs prior to use
within the Irrigation Fields area. These are further described in Section 12.9.

• Areas where chemicals are stored and offloaded have been paved to contain any incidental spills that
may occur. Spill response kits are located in close proximity to the storage and offloading locations to
assist in timely spill management.

Groundwater flow was evaluated in terms of both horizontal and groundwater migration potential. Based on 
previous hydraulic conductivity testing, the average horizontal flow at the Site is 0.03 metres per year 
(2012 Annual Groundwater Monitoring Report Matrix 2013). Vertical flow within the shallow water-bearing 
units at the Site was determined to be downward (2012 Annual Groundwater Monitoring Report Matrix 2013); 
however, an on-Site industrial-use well identifies a static water level within a deeper aquifer at approximately 
46 mbgs. Therefore, given the depth of the potable aquifer and the determined gradients, it is considered 
unlikely that vertical groundwater migration would influence the potable aquifer beneath the Site. 

As part of the monitoring, four exposure pathways were identified and discussed, including the potable water, 
freshwater aquatic life (FAL), agricultural irrigation and livestock watering pathways. The potential receptors 
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for these exposure pathways include: human receptors through ingestion of groundwater and ecological 
receptors (fish, invertebrates and plants, crops, livestock or wildlife).  

Given current activities at the Site, potential receptors for further consideration included ecological receptors 
in relation to potential migration towards Twelve Mile Coulee Creek, located approximately 750 m east of the 
plant developed area and 230 m east of the Site perimeter. Given the distance between the creek and the 
Site and the average horizontal flow rate of shallow groundwater, there has been no potential risk identified 
for the receptors at the creek as a result of current plant operations. Surface water quality will continue to be 
monitored at the creek, with groundwater monitoring wells situated between the creek and Site operational 
areas, with additional data collection potentially conducted to characterize the migration potential of 
groundwater in the deeper aquifer at the Site. 

A summary of the key findings from the historical groundwater monitoring and sampling program has been 
provided in the 2016 Groundwater Report and is summarized as follows: 

• During the spring sampling event, the depth to the groundwater surface ranged from 0.135 mbgs in
MW-21C to 5.298 mbgs in MW-37. During the fall sampling event, the depth to groundwater ranged
from 0.025 mags in MW-0 to 5.380 mbgs in MW-37. The direction of shallow groundwater flow across
the Site was consistent during both monitoring events and was generally towards the east, except for
the far west portion of the Site, where groundwater appeared to have a component flowing in a
southwesterly direction;

• The 2016 and historical analytical results continue to identify elevated electrical conductivity
measurements and concentrations of sodium, sulphate and TDS in groundwater samples collected
from the Site, surrounding area, and background locations and have been attributed to natural
background soil and groundwater conditions;

• The 2016 and historical analytical results identified pH measurements that exceeded the acceptable
range of the Tier 1 SGRG in groundwater samples obtained from the Product Storage and Handling
area while nitrate (as N), nitrite (as N), ammonia (as N), and chloride concentrations exceeded the Tier
1 SGRG in groundwater samples collected from the Product Storage and Handling Area, South and
West Landfill, Pond Area and Irrigated Fields. The Tier 1 SGRG impacts appear to be a result of plant
operations and/or irrigation practices. Periodic elevated concentrations of these parameters have also
been reported groundwater samples collected from other plant process areas, background wells, and
perimeter wells; and

• The Tier 1 SGRG exceedances identified in the groundwater samples obtained from the Irrigated
Fields area are being evaluated via Agrium CNO Water/Wastewater Treatment System changes and
improvements.
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12.8 Current Setting and Condition of On Site and Receiving 
Watercourses 

Describe and evaluate the current setting and condition of on-site and receiving 
watercourse(s) for the various environmental influences, effects and trends, and highlight 
any changes over the last approval period.  

The Facility does not discharge any wastewater effluent off-site or have any watercourses within the plant 
developed area of the Facility. The industrial runoff and effluent containment systems have not changed 
during the current term of the Operating Approval. All precipitation that falls on the plant site is contained on 
site in the runoff collection system and Industrial Runoff Pond. Precipitation that falls outside of the plant site 
on both Agrium owned land and adjacent farmland follows natural runoff gradients. Refer to Section 13.6 for 
further information on the Industrial Wastewater System. 

Agrium and the adjacent Orica Facility jointly monitor the 12 Mile Coulee which runs adjacent to the Orica 
Facility and 230m east of the Agrium Facility boundary (Appendix 7b). The 12 Mile Coulee is part of the 
Western Irrigation District (WID) systems that provide water for irrigation to local landowners. 

12.9 Changes to Land, Soil, Water and Groundwater Resulting from 
Waste Application or Wastewater Irrigation 

If waste application or wastewater irrigation has occurred, assess changes to the land, soil, 
water and groundwater in the application area(s) over the previous approval period. 

Existing Data, summary of the irrigation program, current and historical program. 

The Facility has used wastewater from the Irrigation Pond for irrigation purposes since inception. The 
wastewater used for irrigation is comprised of Agrium Cooling Tower Blowdown, Orica Cooling Tower 
Blowdown, Site Runoff, precipitation and domestic wastewater overflow from the wastewater lagoon. Land 
used for irrigation is owned by both Agrium and Orica. Prior to the issuance of the current Operating 
Approval, no limits were specified on water or receiving soil quality with respect to irrigation. No changes to 
the land use, drainage, or topography of the Irrigated Fields have occurred during the current term of the 
Operating Approval. The list of Irrigated Fields is shown in Table H: Irrigated Fields. 

Table H Irrigated Fields 

Field Name Land Location Irrigable Area (ha) 

Agrium Owned Land 

5 SE Pivot (south) SE 05-022-26 W4M 23 

5 SE Pivot (north) SE 05-022-26 W4M 23 
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Field Name Land Location Irrigable Area (ha) 

5 SW Pivot SW 05-022-06 W4M 34 

6 W Pivot S½ 06-022-26 W4M 61 

7 SE Pivot SE 07-022-26 W4M 45 

7 SW Pivot SW 07-022-26 W4M 45 

8 Pivot (east) S½ 08-022-26 W4M 56 

Orica Owned Land 

5 NE Pivot NE 05-022-26 W4M 46 

5 NW Pivot NW 05-022-26 W4M 32 

7 NE Pivot NE 07-022-26 W4M 45 

Agrium irrigates the surrounding irrigated fields with wastewater from the Irrigation Pond in accordance with 
the limits for electrical conductivity (2.5 dS/m), sodium adsorption ratio (9.0), and pH (6 to 9.5) specified in 
Table 4.2-A of the current Operating Approval (Appendix 1). In addition, sampling is conducted for the 
specified parameters and frequency as outlined in Table 4.2-B of the Operating Approval (Appendix 1). The 
general parameters of concern with wastewater application are chlorides, sodium, and sulphates that can 
contribute to elevated EC/SAR levels in the soil. Nitrogen and phosphorous levels in Irrigation Pond are not at 
a level that will lead to corresponding elevated levels in soils, and the annual nutrient balance calculations 
completed as part of the annual wastewater report recommend additional fertilizer application to meet crop 
growth requirements. 

All lands used for irrigation have had Level II Irrigability Studies completed. In 2009, Irrigability Studies were 
updated for several land parcels to meet current requirements and address historical changes to the fields 
(Matrix Solutions Inc. Level II Land Irrigability Classification December 2009). During the current term of the 
Operating Approval, one additional 32-hectare land parcel was added to the Irrigation Program. An 
agricultural suitability assessment and Level II Irrigability assessment were completed on the parcel and 
submitted to AEP as required by the Operating Approval prior to beginning operation (Matrix Solutions Inc. 
Irrigation Proposal, April 2013) 

Agrium completed baseline soil sampling of the irrigated fields as required by the Operating Approval. This 
baseline was used to establish electrical conductivity and sodium adsorption ratio limits as per Table 4.3-A of 
the Operating Approval (Appendix 1). On an annual basis, sampling is completed prior to the upcoming 
irrigation season to determine compliance with Operating Approval limits for EC, sodium adsorption ratio 
(SAR), plant-available nitrogen and phosphorous.  
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Results of annual Irrigated Field sampling compared to baseline for EC levels have been variable on an 
annual basis with most fields exceeding baseline levels in at least one sampling event. Exceedances of SAR 
levels compared to baseline have only been observed in Section 8-22-26 W4M in the 2012 and 2015 
sampling events. Actions planned to address EC levels in the Irrigation Pond and receiving soil are outlined in 
more detail further on in this section. 

Exceedances of plant-available nitrogen levels have been observed in Orica owned fields NW 5-22-26 W4M 
and NE 7-22-26 W4M. The elevated nitrogen levels are not believed to be directly related to wastewater 
application. The application rate of nitrogen from irrigation is well below the levels observed in these irrigated 
fields. No exceedances of plant-available phosphorous have been observed in any fields. 

A summary of soil data observed in each Irrigated Field is outlined below: 

SW 5-22-26 W4M 

• EC results are consistent with baseline levels in 0-15 cm and 60-150 cm depth. The 15-60 cm depth is
showing an increasing trend over the baseline.

• SAR results in the 0-15 cm and 60-150 cm depth are consistent with baseline, with the 15-60 cm depth
showing an increase.

• Plant-Available Nitrogen and Phosphorous results have all been within Operating Approval Limits.

SE 5-22-26 W4M (south half) 

• EC results are showing an increasing trend in the 0-15 cm depth. The 15-60 cm depth is consistent
with baseline levels and the 60-150 cm depth is consistent overall with baseline however has shown
significant variability on an annual basis.

• SAR results are showing an increasing over the baseline at all sampling depths.

• Plant-Available Nitrogen and Phosphorous results have all been within Operating Approval Limits.

SE 5-22-26 W4M (north half) 

• EC results in all depths have decreased from baseline results.

• SAR results are consistent with baseline in the 0-15 cm depth and decreased from baseline in the
15-60 cm and 60-150 cm depth.

• Plant-Available Nitrogen and Phosphorous results have all been within Operating Approval Limits.

SW 6-22-26 W4M 

• EC results in the 0-15 cm depth are showing an increasing trend, and the 15-60 cm and 60-150 cm
depths are showing an overall decreasing trend from baseline.
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• SAR results in all sampling depths are consistent with baseline levels.

• Plant-Available Nitrogen and Phosphorous results have all been within Operating Approval Limits.

SW 7-22-26 W4M 

• EC results in the in the 0-15 cm and 15-60 cm depth are showing results consistent with baseline
levels and the 60-150 cm depth is showing an overall decreasing trend compared to baseline.

• SAR results in the 0-15 cm and 15-60 cm are consistent with baseline with a decreasing trend
observed in the 15-60 cm depth.

• Plant-Available Nitrogen and Phosphorous results have all been within Operating Approval Limits.

SE 7-22-26 W4M 

• EC results in all depths are showing an overall increasing trend compared to baseline. Of note is that
this field has not received any wastewater irrigation application since the 2014 irrigation season,
however is still showing an increasing trend.

• SAR results are showing an increasing trend in all sampling depths.

• Plant-Available Nitrogen and Phosphorous results have all been within Operating Approval Limits.

S1/2 8-22-26 W4M 

• EC results in all depths are showing an overall increasing trend compared to baseline.

• SAR results in the 0-15 cm and 60-150 cm depth are consistent with baseline with an increasing trend
shown in the 15-60 cm depth.

• Plant-Available Nitrogen and Phosphorous results have all been within Operating Approval Limits.

NW 5-22-26 W4M (Orica) 

• EC and SAR results in all depths are consistent with baseline results.

• Plant-Available Nitrogen levels are elevated with one exceedance of Operating Approval Limits in the
0-150 cm depth. Levels are within compliance in the 0-60 cm depth allowing the field to still be irrigated
with crops other than alfalfa planted. Elevated nitrogen levels are believed to be a result of historical air
deposition on this field and not directly linked to historical wastewater application.

NE 5-22-26 W4M (Orica) 

• Results in the 0-15 cm and 15-60 cm depth are consistent with baseline results. The 60-150 cm depth
has shown an increasing trend compared to baseline.
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• Results in the 0-15 cm and 60-150 cm depth are consistent with baseline with a slight increasing trend
observed in the 15-60 cm depth.

• Plant-Available Nitrogen and Phosphorous results have all been within Operating Approval Limits.

NE 7-22-26 W4M (Orica) 

• EC and SAR results in all depths are consistent with baseline results.

• Plant-Available Nitrogen levels are elevated with one exceedance of Operating Approval Limits in the
0-150 cm depth. Levels are within compliance in the 0-60 cm depth allowing the field to still be irrigated
with crops other than alfalfa planted. Elevated nitrogen levels are believed to be linked to historical
wastewater sludge application on this field completed by Orica.

Groundwater monitoring wells were installed in all Agrium owned irrigated fields in 2009 and 2011. 
Groundwater monitoring of these wells was initiated in 2011 as required by Operating Approval Amendment 
1580-02-01 with a summary report submitted in 2014. The summary report identified that chloride and 
nitrogen compound levels were elevated in the irrigated fields in comparison to both background and Tier 1 
SGRG and recommended further monitoring due to the limited data available for the study. Monitoring wells 
have continued to be monitored twice annually with chloride, nitrate, and ammonia levels identified as 
parameters of concern when compared to background conditions and Tier One SGRG.  

In order to address parameters of concern identified in irrigated field groundwater and the periodic 
exceedances of soil baseline EC levels, the Facility has progressed the following projects to improve the 
quality of water used for irrigation: 

• Implementation of a chlorine dioxide generator system: A chlorine dioxide system was trialed by the
Facility to reduce the chloride levels in the Cooling Tower blowdown. While the trial system was
successful in reducing chloride levels, the system resulted in an increase in the sulphate levels in the
Cooling Tower Blowdown with no overall electrical conductivity reduction. The project trial was
discontinued as it did not meet the project objectives with respect to either a reduction in EC or
effective antimicrobial treatment within the Cooling Tower.

• Implementation of a new chemical program: The Facility implemented a new water treatment chemical
program in 2017. The changes associated with the new chemical program have included transitioning
from a neutral program to high alkalinity program (reducing sulphate loading) and altering the chlorine
addition ratio to improve the quality of the water sent to the Irrigation Pond from the Agrium Cooling
Tower Blowdown.

• Progressing engineering and operations evaluation of water treatment system options to reuse the
wastewater from the Irrigation Pond and/or reduce the volume currently discharged.

As required by Operating Approval Amendment 1580-02-01, Matrix Solutions Inc. completed a study on the 
impact of the Irrigation Program on the Irrigated Field soil and groundwater. The conclusion of the study was 
that the historical irrigation program had not resulted in any long-term significant impacts on the soil 
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conditions in the irrigated fields (Irrigation Pond Water Study Matrix Solutions 2013) However, variations in 
soil quality have been observed on an annual basis in certain irrigated fields. Refer to Appendix 6 for irrigated 
field soil results and location map. Irrigated field groundwater monitoring well results are included in Appendix 
5, and wastewater quality results are included in Appendix 7. 

12.10 Properties and Suitability of Land for Waste Application or 
Wastewater Irrigation 

For future proposed application locations, describe and evaluate the current properties and 
suitability of the receiving soil for irrigation/ land application, using applicable guidance. 

There are no additional areas proposed for wastewater application. During the current term of the Operating 
Approval one additional 32-hectare land parcel was added to the Irrigation Program in 2013. An agricultural 
suitability assessment and Level II Irrigability assessment were completed on the parcel and submitted to 
AEP as required by the Operating Approval prior to beginning operation. 

12.11 Restrictions to Waste Application or Wastewater Irrigation 

For future proposed application locations, describe and evaluate any restrictions to 
irrigation or land application of waste in the area.  

No restrictions with respect to the above conditions have been identified at the Facility. As per 
Sections 4.3.5(f) and 4.3.7(a) of the Operating Approval, evidence that water tables were >1.0 mbgs in the 
Irrigated Fields were submitted as part of the 2010 Irrigation Proposal. 

12.12 Aspatial and Spatial Information Pertaining to Q12.1 to Q12.11 

For 12.1 to 12.11, provide the information both aspatially (in tabular form) and spatially in 
scaled maps, diagrams or annotated aerial photographs. Please identify which information 
has been sourced from an Airshed organization or Watershed Planning and Advisory 
Council, and from which monitoring locations. 

Baseline information for environmental components can be found throughout Section 12 in their respective 
sessions: air quality (Section 12.3), soils (Section 12.4.1), vegetation (Section 12.4.3), wildlife 
(Section 12.6), groundwater (Section 0), surface water (Section 12.8), and wastewater (Section 12.9). 

12.13 Changes to Terms, Conditions and Commitments of Plans and 
Initiatives Identified in Q11.1 

For all government regional initiatives or plans identified in 11.1, approved or under 
development, identify and describe changes over the last approval period to any terms, 
conditions or commitments that relate to the environment. 

Not Applicable. The Facility has not had to make any changes in operations or commitments under any 
regional initiatives identified in Section 11.1. 
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12.14 Changes in Obligations and Opportunities for Plans and 
Initiatives Identified in Q11.1 

For all government regional initiatives or plans identified in 11.1, approved or under 
development, describe and highlight any changes to the plant or Facility’s environmental 
obligations, potential obligations or opportunities. 

Not Applicable. The Facility has not had to make any changes in operations or commitments under any 
regional initiatives identified in Section 11.1. 
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13. DESIGN AND EQUIPMENT PERFORMANCE EVALUATION

The Design and Equipment Performance Evaluation Section assures that an applicant has 
evaluated the design of a plant or Facility for its ability to achieve desired environmental 
outcomes and meet requirements, as well as evaluates opportunities to improve the design 
and performance.  

13.1 Changes to Equipment and Process Approved During Last 
Approval Period 

For 13.2 through 13.13, regarding equipment: 

• identify changes to equipment and process approved during the last approval
period, highlighting both new installations and removed or abandoned equipment;
and

• compare the equipment to current technology benchmarks.

Agrium has completed several improvements over the current term of the Operating Approval to reduce 
emissions, prevent unplanned releases, and mitigate spill potential. 

The following changes resulted in reductions in the amount of carbon dioxide vented to atmosphere: 

• The process to re-start the Urea Plant after a plant trip was improved to reduce the time required from
34 hours to 12-24 hours which reduces the amount of CO2 vented to atmosphere; and

• Made improvements made to the CO2 Compressor design resulting in an approximate annual
reduction of 1500MT of CO2, and approximate reduced energy usage of 25,000GJ annually.

The following changes were implemented to reduce ammonia or nitrogen oxide emissions during normal 
operations and prevent unplanned ammonia releases to atmosphere: 

• Lower NOX burners were installed in the A Boiler;

• The High Pressure Stripper (E101) was replaced in 2012 with an improved design after tube ruptures
resulted in 110,706kg of unplanned ammonia emissions during the current term of the Approval No
tube ruptures have occurred since the replacement was completed in 2012;

• Pressure control valves were installed on TK101 and TK102 to reduce the potential for stack emission
exceedances;

• New process and operational control changes were implemented that limit the E-101 level controller
from over pressuring T-101, which would cause and exceedance of ammonia emission limits in the
stack;

• Relocated the control of local flash drum pressure controllers on 110-F, 111-F and 112-F from the field
to the distributed control system to prevent lifting of flash drum pressure safety valves (2012);
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• Upgraded level control on 106F which has significantly reduced the frequency of Process Safety
Valves (PSVs) lifts at RV107F;

• Upgraded the mechanical seals on each of the four pumps in the ammonia compressor building to
ensure seal failure detection and vent leakage to a safe location (2015);

• Replaced the 2101-B Ammonia Tank Flare to reduce the potential for flare outages releasing ammonia
to atmosphere (2016); and

• Relocated the PSVs on the outlet of the R-101 reactor which allows the PSVs to be operated at their
intended pressure without premature lifts. Premature lifting of these PSVs has caused high ammonia
emissions in the stack.

Implemented the following process and equipment improvements to reduce the consumption of fuel gas 
(natural gas) for plant operations: 

• Upgraded the 103-C Waste Heat Boiler resulting in a potential energy savings of 29,000GJ/year
(2013); and

• Replaced the Reformer Air Pre-Heater which reduced potential consumption of fuel gas by
143,000 GJ/yr (2013).

The following projects were completed to upgrade equipment or improve processes to reduce the potential 
for environmental impact to soil or groundwater due to spills or leaks related to chemical or product storage: 

• Secondary containment was installed for tanks used on a temporary basis to contain ammonia fluids
during Urea Plant shut-downs (2016);

• The existing Ammonia Storage Tank earthen berm was upgraded to meet 110% secondary
containment requirements (2016);

• Double-walled tanks were installed or replaced for the following chemicals storage tanks:

− Diesel Storage Tanks at the River Pumphouse; 

− Lupranate (Isocyanate) Storage Tank; 

− Quadrol Storage Tank; 

− Caustic Storage Tank; 

− Sodium Hydroxide Storage Tank; 

− Firewater Pump Diesel Supply tank; and 

− Used Oil Collection Tanks. 

• Local and Distributed Control System alarms were installed on the Sulfuric Acid and Sodium Hydroxide
storage tanks to alert the field and control panel operators of potential overfills during offloading; and

• Paving improvements were made at chemical offloading locations to contain incidental spills.

February 2018 Agrium Inc. Page 39 



APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00 

CARSELAND NITROGEN OPERATIONS 

Improved processes were implemented in the Water Treatment Process to reduce wastewater generation 
and water supply requirements as follows: 

• Installation of new reverse osmosis unit to help reduce the ionic loading on the demineralization trains
and reduce flow to the evaporation pond by reducing regenerations. (2009) Small upgrades have been
completed following the original installation to maximize its operation; and

• Water treatment chemical program changes were implemented in 2016 to improve the quality of water
discharged to the Irrigation Pond and subsequently used to irrigate the surrounding fields.

Improved programs and procedures have been implemented to improve operational monitoring, response 
times, and identification of operational hazards to reduce the potential for plant upset conditions which can 
cause environmental releases, as follows: 

• New release modelling infrastructure and software, known as SAFER, was implemented for emergency
situations to improve the emergency response capability of the Facility to respond and contain an
environmental release;

• An Ammonia Operations Training Simulator was installed (2012) and Operator training program
developed which improved the quality of training for Ammonia Panel Operators and the ability to
minimize process safety and environmental risk;

• Distributed Control System changes have been implemented to provide better operational control and
response to upset conditions to reduce the potential for (PSVs) lifts; and

• A Process Safety Management Program, Reliability Program, and Continuous Improvement Program
were implemented at all Agrium Facilities to reduce the potential for unplanned releases, improve
operational performance and increase reliability of plant operations.

The following actions were taken to address plant noise: 

• CNO engaged HFP Acoustical Consultants to assess the noise impact of the CNO facility on the
surrounding community and to identify the site’s significant contributors. The preliminary sound
mapping/modeling identified obsolete silencers on existing continuous and/or episodic process vents,
compressor discharge piping and air inlets, and unsilenced episodic and or continuous plant vents, as
sources of plant noise.

• In 2017, CNO replaced and upgraded the top 3 ranked plant noise emitters: CO2 Vent Silencer (SP-
81), 50 psig urea steam vent (586000) and 900 psig Boiler House Steam Vent (SL-3340). Field testing
will be evaluated on the CO2 Vent Silencer and 50psig steam vent (586000) to assess their
effectiveness compared to manufacturer specifications. Field testing will not be completed in the
immediate vicinity for the 900 psig Boiler House Steam Vent (SL-3340) due to safety considerations as
this vent is only used during plant start-up and shut-down operations and non-essential personnel are
not permitted in the units during these periods.
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13.2 Plant process 

Describe the plant or Facility’s process and provide a process flow diagram of the specific 
industrial processes related to the industrial activity. Include both the processing operations 
(e.g., reactors, distillation, cooling towers, steam generation, compression, sulphur 
forming.) and the control processes (e.g., landfills, storage infrastructure, surface water 
runoff controls, industrial wastewater treatment facilities, particulate removal).  

The primary purpose of the Facility is to produce nitrogen based fertilizer. The plant processes are 
summarized in the following sections and process information for each operating process is detailed in 
Appendix 2, including Process Flow Diagrams. The processes have been separated into different operating 
units applicable to the Facility. The operating units are listed below: 

• Ammonia Plant;

• Urea Plant;

• ESN & Duration Plants;

• Utilities; and

• Loadout.

13.2.1 Ammonia 

Background, Overview & Capacity 

Purpose: 

• The purpose of the Ammonia Plant is to produce anhydrous ammonia. Ammonia is consumed by the
Urea Plant for the production of urea and by Orica to produce ammonium nitrate. Ammonia is also
loaded into rail cars and trucks for shipment.

History: 

• The Ammonia Plant is a single train Ammonia Plant that was built by the Canadian Kellogg Company
for Cominco Ltd. in 1976.

Plant Capacity: 

• The original plant design production of the unit was 1,043 tonnes per day. Ongoing improvements have
increased the average unit capacity to 1,550 tonnes per day, with a maximum daily production rate of
1,600 tonnes per day of anhydrous ammonia.

• The raw materials required for the production of ammonia are natural gas, steam and air. Hydrogen,
used to synthesize the ammonia, is produced from the natural gas and steam. Carbon dioxide is a by-
product of the hydrogen production.
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The raw materials used and production rates for the Ammonia Plant is shown in Table I: Ammonia Raw 
Materials and Production Rates. A mass balance summarizing the Ammonia Plant process inputs and 
outputs can be found in Section 13.3. 

Table I Ammonia Raw Materials and Production Rates 

Normal Maximum Upset 

Raw Materials 

Air (MTPD) 1739 1784 N/A 

Methane (MTPD) 682 699 N/A 

Demineralized Water 2793 2864 N/A 

Air (MTPD) 1739 1784 N/A 

Products 

Ammonia (MTPD) 1560 1600 N/A 

Major By-products 

Carbon Dioxide (MTPD) 1753 1907 N/A 

13.2.2 Urea 

Purpose: 

• The purpose of the Urea Plant is to produce solid granular urea. The granular product is sold for both
agricultural (fertilizer) and industrial (resin manufacture) applications. The main raw materials are
ammonia and carbon dioxide (Appendix 2).

History: 

• The Urea Plant was constructed in 1976 by Foster Wheeler for Cominco Fertilizers. It consisted of a
single train Stamicarbon design urea melt plant with a 4-train C&I Girdler Design melt granulation plant
with a nameplate capacity of 1,360 tonnes per day.
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Plant Capacity: 

Through continuous improvement initiatives over the years, including a major de-bottlenecking project in 
1996, the plant capacity was increased to 2,300 tonnes per day. Following the 1996 expansion, it was 
determined that the changes made were negatively affecting the reliability of the plant operation and the 
changes were decommissioned reducing the plant rate to 2,050 tonnes per day. Through improvements to 
the high-pressure loop and other improvements, this plant rate has subsequently been increased to 
2,245 tonnes per day. A list of process unit expansions can be found in Table J: Urea Plant. 

Table J Urea Plant Expansions 

Year Description 
Capacity 
(tonnes per day) 

1976 Original Plant Design 1,360 

1984 De-bottleneck 1,420 

1987 Expansion–New Equipment 1,600 

1992 De-bottleneck 1,750 

1994 De-bottleneck 1,900 

1995 Expansion–New Equipment 1,950 

1996 Expansion–New Equipment 2,300 

2005 1996 Expansion decommission 2,050 

2015 High Pressure Loop Pressure Increase 2,245 

The raw materials used and production rates for the Urea Plant are shown in Table K: Urea Raw Materials and 
Production Rates. A mass balance summarizing the Urea Plant process inputs and outputs can be found in 
Section 13.3. 

Table K Urea Raw Materials and Production Rates 

Normal Maximum Upset 

Raw Materials 

Ammonia (MTPD) 1245 1256 N/A 

Carbon Dioxide (MTPD) 1608 1622 N/A 
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Normal Maximum Upset 

Products 

Urea (MTPD) 2,225 2,245 N/A 

By-products 

Biuret (MTPD) 21.8 26.3 26.3 

13.2.3 ESN & Duration Plants 

Purpose: 

ESN Plant 

The ESN 150 Plant applies a patented polymer coating to urea fertilizer granules to control the release rate of 
nitrogen from the fertilizer when it is applied. The release rate of the nitrogen is designed to match the 
demand of the agricultural commodity crops, such as corn, being grown.  

• The “designed” release rate maximizes the nitrogen use efficiency by the crop and minimizes potential
losses to the environment under typical field conditions.

Duration Plant 

• The Duration Plant applies a patented polymer coating to granular urea in a manner similar to the ESN
150 Plant. The Duration product is marketed mainly to specialty vegetable growers and to professional
turf markets.

• Adjusting the polymer coating thickness allows the nitrogen release rate to be controlled to a desired
value with normal product values of 60 to 270 days.

History: 

ESN Plant 

• The ESN 150 Plant was started up in January 2006.

Duration Plant 

• The Duration “Semi-Works Plant” was started up in 1997 with an average annual capacity of 5,000
tonne at a coat weight of 5%.
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• The Duration Plant was expanded in 2003 to increase the production capacity to 40,000 tonnes per
year. This expansion involved the installation of larger chemical storage tanks, the upgrading of pumps
and flow meters, and the construction of a 3,000 tonne Storage Building with rail loading capabilities.

• The operation of the Duration Plant was discontinued in June 2017. However, the Duration Plant has
not been yet decommissioned in the event market conditions dictate the return to operation.
Information regarding the Duration Plant is left in this Operating Approval Renewal Application in the
event the plant is restarted at a future date.

Plant Capacity 

The ESN Plant and Duration Plant were designed to produce 245,000 tonnes and 40,000 tonnes per year 
respectively of coated urea. 

The raw materials used and production rates for the ESN Plant are shown in Table L: ESN Raw Materials 
and Production Rates and for the Duration Plant is shown in Table M: Duration Raw Materials and Production 
Rates. A mass balance summarizing the ESN and Duration Plants process inputs and outputs can be found 
in Section 13.3 and Appendix 2. 

Table L ESN Raw Materials and Production Rates 

Normal (MTPD) Maximum (MTPD) Upset (MTPD) 

Raw Materials 

Urea 652 672 0–672 

Castor Oil 11 11.53 0–11.53 

Quadrol 0.46 0.49 0–0.49 

Isocyanate 7.16 7.2 0–7.2 

Wax 0.93 0.94 0–0.94 

Pigment 0.05 0.053 0–0.053 

Products 

ESN (Coated Urea) 671.6 692.2 0–692.2 

By-products 

Off-Spec ESN 0 692.2 0–692.2 
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Table M Duration Raw Materials and Production Rates 

Normal Maximum Upset 

Raw Materials 

Urea (MTPD) 91–140 140 0–140 

Castor Oil (MTPD) 1.77–2.53 2.58 0–2.58 

Quadrol 0.1–0.15 0.15 0–0.15 

Isocyanate 1.31-0.87 1.91 0–1.91 

Wax 0.14-0.20 0.20 0–0.20 

Urea (MTPD) 91–140 140 0–140 

Pigment 0.03-0.05 0.05 0–0.05 

Products 

Duration (Coated Urea) 96–144 144 0–144 

By-products 

Off-Spec Duration 0 144 0–144 

13.2.4 Util it ies Plant-General 

Purpose: 

• The Utilities Plant has three primary circuits: water processing, steam generation, and compressed air.
The plant also operates the effluent management, Fire Water Systems, Cooling Water Towers, and
Ammonia Storage and Distribution.

History: 

• The Utilities Plant was commissioned in 1977. At that time, the plant produced four hundred and twenty
(420) tonnes per hour of steam, one hundred and sixty (160) litres per second of softened water and
two hundred and fifty (250) litres per second of compressed air. The throughput has since increased
due to changes made to the Ammonia Plant in 1996.

Plant Capacity: 

• The plant capacity is 520 tonnes per hour of steam, 0.13 cubic metres per second of softened water
and 0.85 cubic metres per second of compressed air.
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Ammonia Storage & Distribution 

• Ammonia Storage & Distribution includes two Ammonia Storage Tanks with a combined capacity of
approximately 36,500 tonnes. Tank pressures are controlled with a Refrigeration Compressor and
pumps. Two Flares exist for emergency situations.

The amount of raw water used for processing from the Bow River and Potable Water Well is listed in Table N: 
Raw Water Diversion From the Bow River and Table O: Well Water Usage. Water usage from both supply 
sources have been within licensed limits. The amount of water used from the well increased in 2013 and 
subsequent years as all plant domestic usage locations and safety showers were connected to the well 
system. Prior to 2013, some domestic usage locations and all safety showers were connected to the Bow 
River supply system. A mass balance for the water processing system is located in Section 13.3. 

Table N Raw Water Diversion from the Bow River 

Year Raw Water From River (m3/year) 

2008 4,410,753.86 

2009 4,389,984.73 

2010 4,251,314.28 

2011 4,168,403.76 

2012 4,377,869.21 

2013 3,970,197.60 

2014 3,915,080.02 

2015 4,703,148.00 

2016 4,773,403.00 

February 2018 Agrium Inc. Page 47 



APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00 

CARSELAND NITROGEN OPERATIONS 

Table O Well Water Usage 

Year Well Water Withdrawals (m3) 

2009 2847.4 

2010 2577.5 

2011 864.4 

2012 1135.1 

2013 4548.7 

2014 7963.4 

2015 5774.7 

2016 6360.5 

Wastewater Effluent System 

Overview: 

The Agrium Carseland Facility does not directly discharge any wastewater effluent to the surrounding 
watershed. Wastewater is either used for irrigation purposes on surrounding agricultural land, or stored in the 
Evaporation Pond. The system is described in the sections below and further in Section 13.6. 

The Agrium Carseland sewer systems, discussed further in Section 13.6, consist of the following: 

• Chemical Sewer; and

• Domestic Sewer.

The effluent ponds, discussed further in Section 13.6, consist of the following five (5) effluent containment 
ponds:  

• Industrial Runoff Pond;

• Irrigation Pond;

• Lime Ponds (two);

• Evaporation Pond; and

• Sewage Lagoon.
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13.2.5 Util it ies–Non Water Systems 

The Utilities plant also provides the following five (5) non-water systems. Detailed process information can be 
found in Appendix 2. 

• Compressed Air;

• Fuel Gas;

• Ammonia Heating;

• Nitrogen; and

• Oxygen.

13.2.6 Loadout Department–Granular Fertil izer Truck & Rail Shipping 

Purpose: 

• The Loadout Department loads granular fertilizer product for shipment via truck and rail hopper cars.
One granular fertilizer loading system is used for loading urea and ESN and a second granular fertilizer
loading system is used for loading Duration. These products shipped to agricultural markets in Western
Canada, the United States and offshore.

History: 

• The Loadout Department facilities for loading urea were constructed in 1976.

• In 2001 the Controlled Release Fertilizer rail loading Facility was constructed.

• In 2013 the Controlled Release Storage Building was constructed.

Shipping Capacity 

• The granular fertilizer loading units can load 870,000 tonnes of product annually.

13.2.7 Loadout Department–Liquid Fertil izer Truck & Rail Shipping 

Purpose:  

• This liquid fertilizer loading system loads liquid ammonia produced by the Ammonia Plant into truck
trailers and rail tanker cars for shipment to customers in Western Canada and the United States.

History: 

• The liquid ammonia Loadout units were constructed in 1976.
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Shipping Capacity: 

• The ammonia-loading unit can load up to 275,000 tonnes per year.

13.3 Describe the Substances that are generated 

Describe the substances that are generated in a typical operating day at the plant or Facility. 

13.3.1 Ammonia 

The main process outputs of the Ammonia Plant are ammonia and carbon dioxide. All material inputs and 
outputs are summarized with a block diagram in Figure 3–Ammonia Unit Process Material Balance Block 
Diagram, and in Table P Ammonia Material Balance Information 

Ammonia Material Balance Information: 

• Inputs (Raw Material or Intermediate Products) for Ammonia:

− Natural Gas. A 100% Methane basis is used for reporting the material balance. Variations in 
the natural gas composition will impact the balance; 

− Air; and 

− Steam / Demineralized Water. Steam and demineralized water are imported from and exported 
to the utilities systems, and are recycled within the Ammonia Plant steam generation system. 
These are not included in the balance. Only water that will be consumed by the process or 
disposed from the process is considered. 

• Outputs (Intermediate & Finished Products or Waste) for Ammonia are:

− Ammonia; 

− Carbon Dioxide; Purge Gas and Flash Gas (a mixture of hydrogen, nitrogen, methane, argon 
and ammonia) which are directed to fuel system and Purge Gas Recovery System; and 

− Contaminated Steam Condensate is recycled to the process units or disposed of in the 
Evaporation Pond via the Chemical Sewer. 

Table P Ammonia Material Balance Information 

Product Volume 
(m3 / day) 

Density 
(kg / m3) 

Mass 
(tonne / day) 

Material Inputs 

Air Variable Variable 1,739 

Methane 1 Variable Variable 682 
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Product Volume 
(m3 / day) 

Density 
(kg / m3) 

Mass 
(tonne / day) 

Demineralized Water 2 2,793 1,000 2,793 

Total Inputs 5,214 

Material Outputs 

Ammonia Product 2,318 673 1,560 

Carbon Dioxide 939,168 2.26 1,753 

Purge & Flash Gases (hydrogen, 
nitrogen, methane, argon & ammonia) to 
Fuel and the Purge Gas Recovery 
System 

Variable Variable 115 

Contaminated Steam Condensate to 
Condensate Stripper 1,786 1,000 1,786 

Total Outputs 5,214 

Notes: 
1 The natural gas feedstock has been converted to a methane basis. Variations in the actual composition of twill cause the steam input 

and carbon dioxide output to vary slightly from the reported basis. 
2 The water consumed by / disposed from the process is the only consideration. Demineralized water consumed and / steam import / 

export from the Utility Plant does not have net impact on the material balance. 

13.3.2 Urea 

The only process output of the Urea Plant is urea. All material inputs and outputs are shown with a block 
diagram in Figure 4 and summarized in Table Q: Urea Material Balance Information. 

• Inputs (Raw Material or Intermediate Products) for Ammonia:

− Ammonia; and 

− Carbon Dioxide. 

• Outputs (Intermediate & Finished Products or Waste) for Urea:

− Urea; 

− Water; and 

− Ammonia vented to stack. 
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Table Q Urea Material Balance Information 

Product Volume 
(m3 / day) 

Density 
(kg / m3) 

Mass 
(tonne / day) 

Material Inputs 

Ammonia 2,024 615 1,245 

Carbon Dioxide 7,309 220 1,608 

Total Inputs 2,853 

Material Outputs 

Urea 1,969 1,130 2,225 

Condensed Water 600 1,000 625 

Ammonia (Vapour) 4,477 0.670 3 

Total Outputs 2,853 

13.3.3 ESN & Duration 

The only process output of the ESN and Duration Plants is coated urea. All material inputs and outputs are 
shown with a block diagram in Figure 5 and summarized in Table R: ESN Material Balance Information and 
Table S: Duration Material Balance Information. 

• Inputs (Raw Material or Intermediate Products) for ESN and Duration:

− Urea; 

− Castor Oil; 

− Isocyanate; 

− Wax; 

− Quadrol; 

− Pigment; and 

− Water. 

• Outputs (Intermediate & Finished Products or Waste) for ESN and Duration:

− Coated Urea (ESN & Duration products); and 

− Water. 
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Table R ESN Material Balance Information 

Product Volume 
(m3 / day) 

Density 
(kg / m3) 

Mass 
(tonne / day) 

Material Inputs 

Urea 847.9 769 652 

Castor Oil 11.84 929 11 

Quadrol 0.46 1010 0.46 

Isocyanate 5.82 1230 7.16 

Wax 1.18 788 0.93 

Pigment 0.05 954 0.05 

Water 32.06 998 32 

Total Inputs 703.6 

Material Outputs 

ESN/Duration (Coated Urea) 873.34 769 671.2 

Water 32.06 998 32 

Total Outputs 703.6 

Table S Duration Material Balance Information (Duration 90 Day) 

Product Volume 
(m3 / day) 

Density 
(kg / m3) 

Mass 
(tonne / day) 

Material Inputs 

Urea 120.5 769 92.65 

Castor Oil 1.91 929 1.77 

Quadrol 0.10 1010 0.10 

Isocyanate 1.07 1230 1.31 

Wax 0.18 788 0.14 
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Product Volume 
(m3 / day) 

Density 
(kg / m3) 

Mass 
(tonne / day) 

Pigment 0.03 954 0.03 

Water 5.01 998 5 

Total Inputs 101 

Material Outputs 

ESN/Duration (Coated Urea) 124.8 769 96 

Water 5.01 998 5 

Total Outputs 101 

13.3.4 Water Treatment 

The water balance for Agrium Carseland was updated internally in 2008. In 2013, an external company was 
hired to also provide a water balance around the site. The inputs and outputs of the Water Treatment Process 
are summarized in Table T: Water Treatment Mass Balance. 

The water balance is divided into following categories: 

• Water entering into Agrium Carseland; and

• Water exiting from Agrium Carseland.

Sources where water enters Agrium Carseland are: 

• Raw untreated water from the Bow River;

• Precipitation;

• Groundwater from the drinking well; and

• Humidity in the air entering the Process Units.

Water is consumed in the Process Units and used for heat transfer and cooling purposes. 

Sources where water is leaving or retained at Agrium Carseland are: 

• Cooling Tower evaporation;

• Water vapour from the Process Stacks;

• Moisture in the manufactured products;
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• Formation of ammonia;

• Venting of steam;

• Evaporation from the Ponds; and

• Wastewater effluent irrigation.

Table T Water Treatment Mass Balance 

Inputs Average MTPD Max MTPD 1 

Well Water 15-18 21.8 

River Water 12,060 16,157 

Precipitation 2 327 - 

Total 12,402 - 

Ouputs Average MTPD Max MTPD 

Ponds Evaporation 3 535 1,160 

Irrigation 4 1,146 1,420 

Used up by Orica 5 2,367 - 

Process evaporation 616 1,055 

Cooling tower evaporation 7,600 8,000 

Total 12,264 - 

Notes: 
1 Not all maximum conditions are simultaneous. Numbers often affected by seasonality. 
2 Rain varies based on average precipitation for the area. 
3 Includes irrigation, evaporation and storm water pond. 
4 Irrigation on Agrium land done only if water quality and receiving field’s soil quality are within limits. 
5 Water used up by Orica independent to Agrium operation. 
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13.3.5 Util it ies 

Total electricity used on site is 114,943.50 MWH based on averages of 2014 and 2015 accounting values for 
electricity (not including the TransCanada Cogeneration Facility on the Agrium CNO site).  

Natural Gas 

Total average natural gas used on site is 62,000 GJ/day (Higher Heating Value [HHV]). At lower Ammonia 
Plant rates, the average natural gas usage is approximately 54,000 GJ/day (HHV). Natural fuel gas to site is 
largely linked with production rate.  

Oxygen and Nitrogen 

Nitrogen is mainly used when preparing for plant shutdowns. There is no real production of chemicals within 
the offsites side of the plant. The emissions from plant flares are covered under the GHG emissions section 
of this application. 

13.3.6 Generated Waste 

From on-site operations, identify the types and quantities of waste that are generated during 
operation including the type and nature of the waste (including designated hazardous waste) 
and potential effects on the environment; 

Waste is generated on site through routine activities, plant maintenance, and project work. All waste is 
properly classified as non-hazardous or hazardous in accordance with the Alberta User Guide for Waste 
Managers (1996) and recycled to the extent possible. All wastes are disposed of or recycled offsite at 
licensed third-party facilities. Waste generated will vary from year to year depending on the activities that 
occur such as planned maintenance shutdowns or site cleanups. No waste is stored on site long term. 

Most waste is routine and universal from year to year. Storage facilities for hazardous waste are in place to 
prevent the release of substance to the environment. A summary of hazardous and non-hazardous waste 
generation is shown in Table U: Waste Generation Rates 2013-2016. Details on the type and quantities of 
individual waste generated during the last approval period (2008–2016) are provided in Section 14.2 and 
Appendix 8. 
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Table U Waste Generation Rates 2013-2016 

Type of Waste 2013 2014 2015 2016 2017 

Total Waste 
Generated (kg) 

4,931,641 4,350,138 2,922,562 3,928,775 3,530,673 

Hazardous 
Waste Disposal 
(kg) 

128,851 117,670 32,111 345 911 

Hazardous 
Waste 
Recycled (kg) 

2,065 211,551 10,362 10,779 176,032 

Non-Hazardous 
Waste Disposal 
(kg) 

479,306 529,257 265,989 196,737 323,905 

Non-Hazardous 
Waste 
Recycled (kg) 

4,321,419 3,491,660 2,614,100 3,720,914 3,042,781 

13.3.7 Waste Characterization/Storage 

For waste that is accepted at this site, identify: 

• The type and nature of the waste (including designated hazardous waste) and
potential effects on the environment;

• The origin of the waste (i.e., in or out of the province), the sector (domestic,
commercial, or industrial), and

• The anticipated quantity and duration of the storage.

Agrium CNO does not accept any third-party or offsite waste. 

13.4 Scale Diagrams of Plant 

Provide scale diagrams of the plant or Facility site. On the diagrams, identify pollution 
prevention and control infrastructure and equipment associated with collection and storage 
of product or feedstock, waste, wastewater, or runoff or permanent disposal (e.g., landfill), 
and highlight any modification.  

Plot plans of the CNO Plant are provided in Figures 6A to 6G. 

February 2018 Agrium Inc. Page 57 



APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00 

CARSELAND NITROGEN OPERATIONS 

The following are provided in these figures: 

• Facility Process Area Layout Key Plan Diagram-Figure 6A;

• Product Storage & Shipping Areas-Figure 6B;

• Urea, Granulation, ESN & CRU Areas-Figure 6C;

• Ammonia, Boiler House & Water Treatment Areas-Figure 6D;

• Maintenance, Security & Ammonia Storage Tank Areas-Figure 6E;

• Plant Operating Ponds-Figure 6F; and

• Trades, Storage & Raw Water Pond Areas–Figure 6G.

13.5 Materials Storage-Design and Specification Details of Control 
Systems 

Provide design and specification details (not engineering blueprints) of the control systems. 

13.5.1 Materials Storage and Waste Management 

The Facility has a designated storage building located on site for all hazardous waste material. In addition, 
some non-hazardous waste is stored in this building. Material is stored in appropriate drums or containers 
prior to removal from site and is clearly labeled as to the contents. The floor of the building is concrete with a 
perimeter grade beam to ensure any spills that may occur are contained within the building. The building has 
a concrete drainage sump to collect any potential spills of material. Domestic waste and recyclable material is 
managed through designated receptacles throughout site. All material is removed from site for disposal or 
recycling at facilities licensed as required under the applicable regulatory requirements. 

Used oil product is stored in double walled tanks located in various locations on site. Used oil is removed 
from site and recycled by a licensed used oil recycling contractor. 

Chemicals are stored on site in designated storage tanks outlined in Section 13.5.2, or in designated 
chemical storage areas. Above ground storage tanks are either double-walled or located in adequately sized 
containment structures. Description of these tanks along with their location is provided in Appendix 9. The 
chemical storage areas have secondary containment in place. Spill trays are placed at chemical offloading 
locations to manage any leaks or spills that may occur. Chemical offloading and transfer areas are also 
located in paved areas to reduce the environmental impact of any potential spills. 

Waste catalyst is stored in the catalyst storage area prior to removal from site, refer to Figure 6G–Trades, 
Storage, and Raw Water Pond Area. The catalyst storage area consists of the three concrete lined storage 
structures. Precipitation collected in the storage structure drains to a collection manhole which is transferred 
to the Evaporation Pond as required. The area surrounding the catalyst storage pits is paved with asphalt to 
contain any spills that may occur during catalyst transfer operations. 
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13.5.2 Above-ground and Underground Tanks 

Storage tanks on the Facility site store various materials for either production or storage purposes. The 
Aboveground Storage Tanks and locations are described further in Appendix 9. Management of Above 
Ground Storage Tanks is further described in Sections 13.17 and 14.7. The facility does not have any 
underground storage tanks. 

13.5.3 Industrial Wastewater Systems 

Industrial wastewater generated from site processes is contained on site in designated ponds. All wastewater 
is piped to the designated wastewater pond. No offsite discharge occurs from the wastewater ponds to the 
environment. Industrial wastewater generated is used for irrigation purposes or evaporated to atmosphere. 

Sumps are located in the Facility in the basement of the electrical substations and within the Ammonia and 
Urea Plants. Discharge of the sumps is directed to the Evaporation Pond via the chemical sewer system 
and/or Vacuum Truck. 

Further detail on the Industrial Wastewater control systems can be found in Section 13.6. 

13.5.4 Industrial Runoff Management Systems 

All runoff generated from precipitation on the plant’s developed area is contained in the site runoff control 
ditch systems which is directed to the Industrial Runoff Pond. The Industrial Runoff Pond is permitted to be 
discharged to either the Irrigation Pond or Evaporation Pond as per Section 4.2.4 and 4.2.5 of the current 
Operating Approval. 

Further detail on the Industrial Runoff control systems can be found in Section 13.6. 

13.6 Wastewater and Runoff-Process for Treatment and Release 
Control Systems 

Describe and provide process flow diagrams for the treatment and release control systems for the 
substances identified in each wastewater stream, with mass balances and flow directions.  

This section provides information on the Industrial and Domestic wastewater systems at Agrium Carseland. A 
summary of the effluent ponds is included in Table V: Water Effluent Systems-Pond Detail. A summary of the 
typical wastewater flow rates is listed in Table W: Routine Industrial Wastewater Streams and Table X: Non-
Routine Industrial Wastewater Streams. 

The Facility is committed to properly managing the water that it uses from the Bow River and discharges as 
irrigation wastewater. This is done through an extensive monitoring and control program to ensure that the 
environment is minimally impacted by its operations. No discharge of plant effluent occurs offsite of the 
Facility. 
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The Agrium Carseland Effluent Management System consists of the following five (5) distinct systems 
described in further detail below: 

• Irrigation Pond System;

• Chemical Sewer System;

• Sanitary Sewer System;

• Industrial Runoff System; and

• Lime Pond System.

Irrigation Pond System 

Wastewater streams that are currently permitted to discharge to the Irrigation Pond include: 

• Sanitary Sewage Lagoon overflow;

• Agrium Cooling Tower blowdown;

• Agrium Industrial Runoff Pond;

• Orica Inc.’s Cooling Tower blowdown; and

• The contents of Orica’s industrial runoff control Facility.

Levels in the irrigation pond are controlled by irrigation and natural evaporation. The Irrigation Pond water is 
utilized as irrigation water for the Agrium and Orica owned adjacent farmlands if in compliance with Operating 
Approval limits per laboratory testing. Water collected in the Industrial Runoff System is transferred to the 
Irrigation Pond. The Irrigation Pond and Irrigated Fields are analyzed as per the requirements of the current 
Operating Approval.  

Chemical Sewer System 

The Chemical Sewer System handles all of the contaminated process water as well as the Chemical Sewer 
water contaminated with ammonia and urea. The Chemical Sewer discharges into the Evaporation Pond. 
Levels in the pond are maintained by evaporation only. Evaporation Pond water is circulated through heat 
exchangers and evaporation sprays are used to help increase evaporation. The evaporation pond is lined 
with natural clay.  

The chemical sewer is transferred into the Evaporation Pond via the chemical lift station which is equipped 
with level alarms and switches for automatic pump operation. Chemicals are added to the Evaporation Pond 
as required to control odour, biological growth, and odour. Wastewater streams that are currently permitted to 
discharge to Chemical Sewer and/or Evaporation Pond include: 

• Demineralizer Train regenerant;
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• Process sewers;

• Orica Inc.’s Cooling Tower blowdown;

• The contents of Orica Inc.’s industrial runoff control facility; and

• Sumps located within the Facility.

Sanitary (Domestic) Sewer System 

The Sanitary Sewer collects domestic waste from most of the Facility’s occupied buildings and discharges it 
to the Sewage Lagoon through the sanitary sewage lift stations. Pumps deliver the sanitary sewage to the 
Sewage Lagoon and utilize a high / low level switch for start / stop control. Occupied buildings not connected 
to the sanitary sewer are equipped with septic tanks and the contents of the septic tanks are transferred by 
vacuum truck to the Sewage Lagoon or Lift Stations as required The Sewage Lagoon acts as a septic tank; 
with solid material settling to the bottom of the Pond and decanted liquid flowing to the Irrigation Pond. The 
lagoon operates at maximum liquid level. Decanted water flows from the Sewage Lagoon to the Irrigation 
Pond. 

Industrial Runoff System 

Facility surface water is collected using a network of drainage ditches that flow by gravity to the Industrial 
Runoff Pond. The quality of the water is analyzed as per the requirements of the current Operating Approval. 
Water from the Industrial Runoff Pond is directed to either the Irrigation or the Evaporation Pond based on 
the quality of the water and volume. 

Lime Pond System 

Sludge that is blown down from the Cold Lime Softener is pumped to the Lime Ponds, where the solids settle 
out and the water is returned to Water Treatment to be reused. Only one of the two Lime Pond is in service at 
a given time to allow the other pond to be dredged without disrupting the process. Dredged lime sludge is 
dried, and then sent offsite for recycling purposes. 
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Table V Water Effluent System-Ponds Details 

Description Year Built Function 

Capacity (m3) 
Surface Area 

(m2) 
Liner Inspection Schedule 

Detection / Collection 
Systems 

Status 

Normal Maximum 

Storm Water Pond 1977 Collection point for rain water. 17,000 39,000 28,300 Natural Clay Monthly Active 
In Good Working 

Condition 

Irrigation Pond 1977 

Water supply for Agrium’s surrounding 
farm land. Supply is from Orica and 

Agrium Cooling Towers, Storm Water 
Pond water, and Sewage Lagoon 

overflow. 

552,000 605,000 141,700 Natural Clay Monthly Active 
In Good Working 

Condition 

Lime Ponds 

(two ponds) 
1977 

Dewater and store Cold Lime Softener 
waste sludge. 

5,100 (each) 5,100 (each) 2,600 (each) Natural Clay Monthly Active 
In Good Working 

Condition 

Evaporation Pond 1977 
Storage of Chemical Sewer and 

Water Treatment wastes. 
308,000 473,400 162,500 Natural Clay Monthly Active 

In Good Working 
Condition 

Sewage Lagoon 1977 Dewater sanitary sewage. 9,700 9,700 4,900 Natural Clay Monthly Active 
In Good Working 

Condition 
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Industrial Waste Water Streams 

Table W Routine Industrial Waste Water Streams 

Waste 
Water 
Stream 

Approximate 
Flow (MTPD) 

Upset (MTPD) Description 

Demineralizer 
regeneration 

146 160 Ion exchange resins are used to remove anions 
and cations from raw groundwater to provide 
demineralized water for use in the boiler. 
Sulphuric acid and sodium hydroxide solutions 
are used to regenerate ion exchange resins. 
Spent regeneration solution is neutralized and 
discharged to the evaporation pond. 

Process 
Sewers 

81-96 115 This system collects effluent from all major 
facilities such as floor drains from the 
pretreatment, Water Treatment, Control Room 
laboratory, Ammonia Plant, and Urea plants.  

Waste Water 
from 
Administration 
Building 

1-15 Waste from the laboratory in the new 
administration building is contained within a 
chemical holding tank and trucked to the 
Evaporation Pond for disposal. 

CT Blowdown 545 (Agrium ) 

280 (Orica) 
When water evaporates in the cooling towers, 
dissolved solids remain in the recirculated water. 
If the concentration gets too high, it can lead to 
scale within the system and potential corrosion 
issues as well as the potential for challenges 
with compliance with Operating Approval Limits. 
A portion of this concentrated water gets sent to 
the Irrigation Pond as blowdown and new fresh 
water is added as the makeup. Agrium and 
Orica’s CT blowdown gets sent to the irrigation 
pond 

Wastewater streams are not greatly affected by variations due to plant upsets. Plant upsets may result in 
increased steam usage for which regeneration frequency would increase slightly. The Chemical Sewer flow 
could also increase slightly during a plant upset. Chemical Sewer flows are monitored and checked daily by 
operations in order to ensure that the flows are minimized. 
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Table X Non-routine Industrial Waste Water Streams 

Waste Water 
Stream 

Approximate 
Flow  

Description 

Waste Pond 
transfers from 
Orica 

Variable The waste pond from Orica gets transferred into the Evaporation 
pond only as required. This is done once every few years as 
required. 

Ditch water 
transfers from 
Orica 

Variable Ditch water from Orica gets transferred into the Irrigation Pond or 
Evaporation Pond as required. Normally done about once per year. 

Small sumps 
around site 

~20 MT/load Small sumps around site which are not directly connected into the 
chemical sewer are vacuumed out on a regular basis as required 
and put into the evaporation pond. There is variability on frequency, 
with sumps vacuumed about 10 times in a month.  

Secondary 
containment 
around tanks 
and scale pits 

~20 MT/load 
(only as 
required) 

Any liquid buildup inside of secondary containment is vacuumed out 
and put into the Evaporation Pond. Liquid build up consists mainly 
of precipitation accumulation and occasional spills of chemical. 

ESN/CRU 
granulation 
drum washes 

~20 MT/load The Granulation drums need to be washed on a regular basis in 
order to ensure proper operation. This wash water is vacuumed out 
and sent via truck to the Evaporation Pond out approximately once 
every week. 

13.7 Wastewater and Runoff-Location of Treatment Facilities and 
Disposal Locations 

For 13.6, provide a scale diagram, showing the location of treatment facilities and disposal 
locations (latitude and longitude coordinates) and any site considerations identified in 
Section 12. 

Refer to Figure 7–Wastewater Ponds Layout for location of all wastewater effluent systems. 

13.8 Wastewater and Runoff-Water Quality Dispersion Models 

Update water quality dispersion models, and evaluate the ability to meet applicable ambient 
objectives, guidelines, or standards. 

Not Applicable. Agrium CNO does not discharge to surface water and no water quality dispersion models 
have been required to be completed by the current term of the Operating Approval. Industrial Wastewater will 
continue to be monitored as per the Operating Approval requirements. 
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13.9 Air Treatment and Control-Minimization of Substance Release 

Describe the application of process technology, environmental control systems, and 
management practices that are used to minimize substance release directly or indirectly to 
the environment.  

Agrium is committed to operating the Facility to minimize substances released to the environment. This 
commitment is a core tenet of operations at Agrium and is supported with dedicated management systems, 
incident reporting, and incident investigations. The Facility continually evaluates and actively minimizes the 
impact to surrounding air quality. The following sections describe the emission control systems in place for 
the Facility. 

13.9.1 Ammonia Emission Control  

The two main fired heaters in the ammonia plant, the Primary Reformer and Auxiliary Boiler, are ratio 
controlled based on excess oxygen (typically 2 to 2.5%). This value is continuously monitored by operations 
and the Advanced Process Controller (APC). Adjustments are made to the process when required to ensure 
that there is sufficient air for complete combustion to minimize fuel gas consumption, and greenhouse gas 
emissions. Both fired heaters emit exhaust from a common stack, which has emission limits outlined in the 
Operating Approval. Annual stack emission surveys have confirmed compliance with Operating Approval 
Limits. 

The Ammonia Plant contains several main design features, which help to control emissions and minimize 
waste and by-products: 

• Prior to being burned as fuel in the primary reformer (101-B), purge gas is routed to either the HP
Purge Gas Scrubber (317-E) or the Low Pressure Purge Gas Scrubber (120-E), which reduces the
composition of ammonia in the stream. The reduction of ammonia in the fuel gas significantly reduces
the NOX emissions of the Primary Reformer. Process flow diagrams of the two scrubbing systems are
given in Figures 8 (high pressure) and 9 (low pressure), respectively. Further design details on 317-E
and 120-E are given in Table Y: Ammonia Plant Pollution Control Equipment. Detailed process flow
information for ammonia is provided in Appendix 2.

• The main by-product in the ammonia production process is carbon dioxide. Typically, the majority of
the carbon dioxide is sent to the Urea Plant as a main feedstock, rather than being vented to
atmosphere. This greatly reduces carbon dioxide emissions from the site. The full amount of carbon
dioxide is only vented to atmosphere if the Urea Plant is not operating. During normal operation,
approximately 66,000 kg/h of carbon dioxide is sent to the Urea Plant, rather than being emitted to
atmosphere.

• Process condensates are recovered, treated and reused to reduce water consumption.

In addition to the above items, environmental impact is reduced by sending intermittent waste products such 
as spent catalysts and compressor lube oil off-site for recycling. 
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Table Y Ammonia Plant Pollution Control Equipment 

Equipment 
Number 

Description Inlet Substances 
Outlet 

Substances to 
101-B Fuel 

Substances 
Removed 

317-E 
HP Purge Gas 
Scrubber 

212.42 kg/h NH3 1.91 kg/h NH3 210.51 kg/h NH3 

120-E 
LP Purge Gas 
Scrubber 

40.02 kg/h NH3 10.05 kg/h NH3 29.97 kg/h NH3 

13.9.2 Urea Emission Control 

• Five (5) Granulator Scrubbers, D-201A, D-201B, D-201C, D-201D & D-201E, are used to remove urea
particulate and ammonia from the cooling air streams originating from the Granulators.

• An Evaporative Scrubber (T-106) located downstream of the Granulation Scrubbers provides additional
dust and ammonia removal prior to discharging the scrubbed gases atmosphere via the Urea Stack.

• Four (4) Scrubbing Towers, T-102, T-103, T-104 & T-105, are used to recover ammonia from the
gases originating from the Process Vents which are required to prevent the build-up of inert gases in
the urea process.

• Refer to Table Z: Urea Plant Pollution Control Equipment for a listing of this equipment. All of the
pollution control equipment is discharged into the Urea Stack (ST-101). Detailed process flow
information for Urea is provided in Appendix 2.

Table Z Urea Plant Pollution Control Equipment 

Equipment 
Number 

Description 
Inlet Substances Outlet Substances Substances 

Removed 

D-201A 
Granulation A Train 
Scrubber 

0.3% Urea 0.01% Urea 320 kg/h Urea 

D-201B 
Granulation B Train 
Scrubber 

0.3% Urea 0.01% Urea 320 kg/h Urea 

D-201C 
Granulation C Train 
Scrubber 

0.3% Urea 0.01% Urea 320 kg/h Urea 

D-201D 
Granulation D Train 
Scrubber 

0.3% Urea 0.01% Urea 320 kg/h Urea 
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Equipment 
Number 

Description 
Inlet Substances Outlet Substances Substances 

Removed 

D-201-E 
Granulation E Train 
Scrubber 

0.3% Urea 0.01% Urea 320 kg/h Urea 

T-106 
Evaporative 
Scrubber 

0.01% Urea 

0.05% NH3 

0% Urea 

0.02% NH3 

50 kg/h Urea 

370 kg/h NH3 

T-102 Desorber Column 0.9% Urea 0% Urea 372.2 kg/h Urea 

T-103 
Urea Off Gas 
Scrubber 

11.5% CO2 

30.4% NH3 

1% CO2 

1.4% NH3 

476.6 kg/h CO2 

494.5 kg/h NH3 

T-104 
Atmospheric 
Absorber 

0.4% CO2 
95.6% NH3 

0.1% CO2 

7% NH3 

21.4 kg/h CO2 

2150 kg/h NH3 

T-105 Vent Scrubber 

39.9% CO2 

32.8% NH3 

0.1% Urea 

5% CO2 

78.7% NH3 

0% Urea 

22541 kg/h CO2 

18500 kg/h NH3 

41 kg/h Urea 

Minimization of Waste and By-Products: 

• The plant is designed to minimize waste by recovering and recycling unreacted ammonia and carbon
dioxide.

• The only by-product of urea production is biuret, an undesirable polymer of urea, which remains in the
urea product. Biuret formation is minimized by maintaining low residence times and low temperatures
in the sections of the process unit where the urea is in a liquid state.

13.9.3 ESN & Duration 

ESN Emission Control 

• The Exhaust Air Scrubber (SC-801A) is used to remove urea dust and isocyanate from the exhaust air
streams originating from the Fluid Bed Heater, Rotating Drum Coater and Fluid Bed Cooler. The
Scrubber is equipped with a packed bed section to provide good contact between the exhaust air and a
circulating water stream. The water stream breaks down any residual isocyanate and removes
particulate entrained with the gas. The solids, which accumulate in the bottom of the Scrubber, are
periodically removed using a vacuum truck for disposal at an approved site. This equipment is listed in
Table AA: ESN Pollution Control Equipment. Process flow details are provided in Appendix 2.
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Table AA ESN Pollution Control Equipment 

Equipment 
Number 

Description Inlet Substances 
Outlet 
Substances 

Substances 
Removed 

SC-801A 
Exhaust Air 
Scrubber 

0.3% Urea 0.01% Urea 320 kg/h Urea 

Duration Emission Control 

The exhaust air from the Duration Rotating Coating Drum, Fluid Bed Heater and Fluid Bed Cooler, which may 
contain small amounts of particulate and unreacted feed chemicals, is discharged directly to the Urea Stack 
(ST-101) upstream of the Stack sampling point.  

A process diagram for ESN and Duration products can be seen in Appendix 2. 

13.9.4 Water Treatment 

The Utilities Plant emission control system consists of a Lime Silo vent filtering system. Lime Silo (2203F) 
which is a 72.5 metric ton capacity storage bin has a dust collection system at the top.  

Waste is minimized in Utilities Plant as follows: 

• The operation of the Cooling Tower and Clarifier are monitored closely to minimize the consumption of
chemicals and to reduce the rate of blow down.

• Lime Pond solids generated by Pond cleaning are dewatered prior to recycling.

• Process condensate is recovered and reused.

• RO system reduces the number of regenerations required hence reducing water to the evaporation
pond.

• The Facilities boiler blowdown water is recycled and re-used.

13.9.5 Util it ies 

Pollution abatement equipment in place within the Offsites or Loadout areas of the plants includes the two 
process flares described further in Section 13.10.5 Operator rounds are completed on a regular basis to 
check equipment and avoid any releases.  

Flare operation is monitored regularly in order to ensure that they are working properly in case of a release. 
Regular preventative maintenance is done on flare to support their continuous operation. Further information 
on the flares can be found in Section 13.10.5. 
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13.10 Air Treatment and Control-Reciprocating or Turbine Engines, 
Heaters, Treaters, Boilers, Incinerators and Flare Stacks 

Using tables as required, provide the following details for any: 

• reciprocating or turbine engines;
• all fired heaters (including space heaters), treaters, and boilers;
• incinerators; and
• flare stacks.

13.10.1 Ammonia 

Overview:  

• The Ammonia Plant operates using two natural gas fired pieces of equipment: the Primary Reformer
(101B), which includes an Auxiliary Steam Boiler integrated into the system, and the Ammonia
Converter Start-Up Heater (102D) that is only used for cold start-ups of the Ammonia Converter. The
details of this equipment are listed below.

• The Ammonia Plant does not operate any reciprocating or turbine engines.

Ammonia Primary Reformer Details: 

• Furnace Identification Number: 101B

• Rated Power: 185,200 Kilowatts

• Number of Exhaust Stacks: 1

• Exhaust Stack Height: 45.7 metres

• Exhaust Stack Diameter: 4.0 metres

Ammonia I Converter Start-up Heater Details: 

• Furnace Identification Number: 102D

• Rated Power: 5,275 Kilowatts

• Number of Exhaust Stacks: 1

• Exhaust Stack Height: 23.2 metres

• Exhaust Stack Diameter: 1.3 metres
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13.10.2 Urea 

Superheat Boiler 

• Babcock & Wilcox Canada Ltd.

• 67,500 kW power from natural gas.

• ABMA area: boiler 6,677 ft2, furnace 1,384 ft2

• Boiler steam rating: 72,575 kg/h

13.10.3 ESN & Duration 

Not applicable to ESN and Duration. 

13.10.4 Water Treatment 

Permanent space heaters around site are steam supplied. If temporary or additional space heaters are 
required, propane heaters are used.  

13.10.5 Util it ies Plant 

Gas Fired Equipment–Utilities Plant 

Overview: 

• The Utilities Plant operates using two natural gas fired emergency generators. The units are not
operating during normal operations, but are available to automatically start in the event of a power
outage.

• The Utilities Plant does not operate on any reciprocating or turbine engines.

Emergency Generator #1: 

• Equipment Type: Natural gas fired emergency generator

• Equipment Number: 2301J

• Rated Power: 900 kilowatts at 600 volts

• Exhaust Stack Height: 8.23 metres

• Exhaust Stack Diameter: 0.46 metres

• Unit Model: Saturn GSE-1000 generator with T-1020 engine
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Emergency Generator #2: 

• Equipment Type: Natural gas fired emergency generator

• Equipment n Number: 2302J

• Rated Power: 225 kilowatts at 600 volts

• Exhaust Stack Height: 9.45 metres

• Exhaust Stack Diameter: 0.36 metres

• Unit Model: Spartan GS350

River Water Emergency Diesel Engine Pump 

• A 210 HP Caterpillar diesel engine is used to provide emergency backup to the raw water pumps at the
River Pumphouse. The discharge pressure is 1140KPA and allows for up to 70% rate of production. It
is only used for emergencies or if normal raw water pumps cannot be used.

Flare Systems–Utilities Plant 

Two flares are installed and are operating at Agrium Carseland: 

1. Ammonia Tank Flare:

• The Cold Ammonia Storage Tank is kept cool using a Refrigeration Compressor that compresses the
vapors originating from the Tank. In the event that the Compressor is not operating, the flare combusts
any remaining ammonia that must be vented to maintain the Ammonia Storage tank pressure.

Flare Specifications: 

• Flare Identification Number: 2101B 

• Flare Stack height: 19.8 metres 

• Flare Stack diameter: 0.27 metres 

• Flare Tip diameter: 0.41 metres 

• Net heating value of the gas combusted in the Flare
(Normal Conditions):

0 MMBTU per hour* 

• Net heating value of the gas combusted in the Flare
(Emergency Conditions):

24.7 MMBTU per hour 

• Exit velocity of the Flare (Normal Conditions): 0.01 metres per second** 

• Exit velocity of the Flare (Emergency Conditions): 4.2 metres per second 

February 2018 Agrium Inc. Page 73 



APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00 

CARSELAND NITROGEN OPERATIONS 

• Flare tip design information: Mactronic Enerflex 10” x 6’ Flare Burner 

• Igniter & Pilots: Mactronic Enerflex ELAS-16N1-850-TC 

Notes: 

*There is a small purge of natural gas always going to the flare which is burned at the flare tip but normally no ammonia is being burnt.

**Normal velocity was as normal purge gas send to flare. 

2. High Pressure Flare:

This flare is designed to combust ammonia from the Ammonia Plant and the following locations during upset 
conditions: 

• Pressure relief valves on the “Ammonia bullet” warm Ammonia Storage Tank;

• Thermal relief valves on piping; and

• Pressure control valves on the cold storage tank refrigeration system.

Flare Specifications: 

• Flare Identification Number: 2102B 

• Flare Stack height 19.8 metres 

• Flare Stack diameter: 0.76 metres at the base , 0.20 metres at 
the top 

• Flare Tip diameter: 0.20 metres 

• Net heating value of the gas combusted in the Flare
(Normal Conditions):

0 MMBTU per hour 

• Net heating value of the gas combusted in the Flare
(Emergency Conditions):

80 MMBTU per hour 

• Exit velocity of the Flare (Normal Conditions): 0 metres per second 

• Exit velocity of the Flare (Emergency Conditions): 45 metres per second 

• Flare Tip Design Information: National Airoil Burner Co. 
C-152 Flare Burner 
Assembly 

• Igniter & Pilots: Westech Continuous Pilot 
and Automatic Ignition 
System Model W300 
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13.11 Air Treatment and Control-Active Flare Pits 

Provide the following details for any active flare pits on site. 

Not applicable, there are no flare pits at the Facility. 

13.12 Air Treatment and Control-Fugitive Emissions 

Describe all fugitive emissions related to the site. 

Fugitive emissions from Carseland Nitrogen Operations primarily consist of carbon dioxide, ammonia, and 
methane. In addition, small amounts of particulate matter are emitted from the Urea Reclaim and Loading 
Units. The Facility actively manages and minimizes fugitive emissions to a negligible level. If a leak was 
suspected, operations and maintenance personnel would locate, report, and repair as soon as safely 
possible. These “loss of primary containment” incidents are reviewed daily, and tracked through the internal 
incident reporting tool. If significant events occur, incident investigations are conducted so that similar 
incidents can be prevented from reoccurring in the future.  

The Facility utilizes the following strategies to locate and rectify potential fugitive emissions: 

• Operators are trained to conduct their rounds every six (6) hours and to rely on sense including their
eyes, ears and nose to ensure there are no active leaks;

• Operators periodically use hand-held gas detectors to check for active leaks throughout the plant;

• Stationary sensors and alarms are located in high risk areas of the plant to detect process leaks;

• Hydrogen can auto-ignite through leaks due to static electricity and low ignition temperature. This flame
can be missed during the day and so a “lights out” survey is conducted weekly to ensure there are no
flame points in areas containing hydrogen; and

• As ammonia has a low odour threshold, leaks and fugitive emissions of ammonia are quickly identified
by personnel, reported, and addressed accordingly.

Fugitive emissions for carbon dioxide and methane are reported annually as part of the Specified Gas 
Emitters Regulation, and are estimated based on methods outlined in the Protocol for Equipment Leak 
Emission Estimates (US EPA 1995). This protocol uses equipment counts (e.g. valves, seals, connections) 
and equipment emission factors to conservatively estimate fugitive losses. Fugitive emissions for ammonia 
and particulate matter are estimated based on-site engineering estimates.  

Table BB: Annual Fugitive Emissions summarizes average annual fugitive emissions for CNO, based on past 
5 years of data. 
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Table BB Annual Fugitive Emissions 

Substance Fugitive Emissions (Tonnes/Yr) 

Carbon Dioxide 31.53 

Methane 94.06 

Ammonia 113.52 

Particulate Matter (PM2.5) 0.15 

Further information on fugitive emissions can be found in the Section 0: Air Dispersion Model. 

13.13 Air Treatment and Control-Area and Non-Point Emission Sources 

Describe all significant area, or non-point, emission sources related to the industrial site 
(e.g., vehicle fleets, ponds, or onsite incineration).  

There are no significant area or non-point emission sources at the Facility. Area or non-point sources at the 
Facility include: 

• Site vehicles;

• Maintenance equipment (e.g. forklift, cranes, lawn maintenance equipment, etc.);

• Diesel railcar mover;

• Vapour ammonia from truck and rail hose disconnections at Loadout Area;

• Evaporation Pond (emissions included in Fugitive emissions in Section 13.12); and

• Building Heaters.

Emissions from site vehicles and building heat are estimated as part of the Specified Gas Emitters 
Regulation, and are calculated based on emissions factors from Environment Canada. Average vehicle and 
building heat emissions on site are shown in Table CC: Vehicle and Building Heat Emissions, based on past 
five years of data. 
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Table CC Vehicle and Building Heat Emissions 

Item 
CO2 Emissions 
(kg) 

CH4 Emissions 
(kg) 

N2O Emissions 
(kg) 

Gasoline Vehicles 211,411 13 2 

Diesel Vehicles 525,024 28 16 

Propane Heaters 142,551 60 3 

Building Heat 100,728 2 2 

13.14 Air Treatment and Control-Updated Scale Diagrams 

Provide updated scale diagrams of the plant, plant site, and the surrounding area 
(highlighting any changes) with regard to air emissions, and include the location and 
distance between all. 

Air emission point sources are described in Section 13.9. Locations of all significant emission point sources 
for CNO are shown in Figure 10. Table DD: Air Emission Point Sources, summarizes the air emission point 
sources located at the Facility. 

Table DD Air Emission Point Sources 

Source 
Figure* 
Label 

Height (m) 
Exhaust 
Diameter (m) 

Continuous or 
Non-continuous 

Emissions 

101-B Primary 
Reformer 
Exhaust Stack 

Point 1 36.6 4.0 Continuous Free Ammonia  

Oxides of Nitrogen 

Carbon Dioxide 
Stripper Vent 
(SP-81) 

Point 2 34.4 0.9 Continuous Carbon dioxide 

ST101 Main 
Exhaust Stack 

Point 3 73.2 2.7 Continuous Free Ammonia 

Particulate Matter 

ST301 Utility 
Boiler Stack 

Point 4 30.5 2.3 Continuous Oxides of Nitrogen 

ESN 150 
Scrubber 

Point 5 35.7 2.1 Continuous Particulate Matter 
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Source 
Figure* 
Label 

Height (m) 
Exhaust 
Diameter (m) 

Continuous or 
Non-continuous 

Emissions 

2101B Flare Point 6 19.8 0.27 Continuous Combusted 
methane and 
ammonia 

2102B Flare Point 7 19.8 0.76 Continuous Combusted 
methane and 
ammonia 

Note: *Figure 10.

13.15 Air Treatment and Control-Updated Air Dispersion Models 

Update air dispersion models, and evaluate the ability to meet applicable ambient objectives, 
guidelines, or standards. 

An Air Dispersion Model and Report to support this Operating Approval Renewal Application was completed 
in 2016 by Millennium Environmental Management Services (MEMS). A summary of the findings is included 
in this section. The detailed report can be found in Appendix 3. 

The CALMET meteorological model and CALPUFF dispersion modeling programs were used to assess the 
dispersion of emissions associated with the Operation of the Facility. The modeling of emissions from 
industrial facilities within a 5km radius of the facility was included. 

The results of the dispersion modeling showed there were no predicted exceedances of AAAQO’s for NO2 
(300ug/m3) or NH3 (1400ug/m3) for the Facility operating at either typical operating conditions or if operating 
at the limits for emissions outlined in the Operating Approval. The results of the dispersion modeling also 
indicate that no exceedances of Total Suspended Particulate (TSP) or Fine Particulate Matter (<2.5 um) will 
occur from the Facility Operations on its own. Exceedances of TSP and Fine Particulate Matter were 
determined when all other facility industrial emission sources were included, however the contribution from 
the Facility to these parameters is considered negligible. 

According to AEP (AEP 2013b), the impact due to unintended releases to the air because of nonroutine 
equipment shutdowns or power outages must also be considered in environmental assessments for air 
quality. The Facility has therefore also completed modeling of two upset condition scenarios that have 
occurred in the past at the Facility. These upset conditions scenarios are considered rare events that have 
occurred once during the current term of the Operating Approval. In addition, all upset condition events are 
reviewed by the Facility and measures taken to reduce the potential for reoccurrence (Appendix 3). 

The first scenario involves the discharge of urea synthesis gas from a high pressure relief discharge valve 
directly into the Urea Stack for a duration of three minutes. The results indicate that a maximum hourly 
concentration of 3,359 ug/m3 would occur at the property boundary, which exceeds the AAAQO objective of 
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1400ug/m3. Operational issues related to the operation of these relief discharge valves have been corrected 
which has reduced the frequency of occurrence. 

The second scenario involved the lifting of a pressure relief valve releasing ammonia for a duration of two 
(2) minutes to protect the refrigeration flash drum from overpressure. The results indicate a maximum hourly 
concentration of 13,997ug/m3 which exceeds the AAAQO of 1400ug/m3. The cause of the release was 
related to a passing valve that has since been overhauled and operating procedures were reviewed and 
updated to reduce the potential of reoccurrence.  

13.16 Performance Effectiveness of Process Systems 

Evaluate the performance effectiveness of the overall process systems identified in 13.2 and 
13.3 to minimize the release of substances or meet improved efficiency in materials or 
energy use. Compare the performance to that of design predictions. Identify any failures and 
repairs or maintenance issues, particularly those required to improve reliability to reduce 
the release of substances. 

The systems discussed in Sections 13.2 and 13.3 have performed effectively during the current term of the 
Operating Approval in minimizing the release of substances. Improvements made to the process and Facility 
to improve reliability and reduce the release of substances are outlined in Section 13.1. 

Overall process performance is continuously monitored and analyzed by both Operations and Process 
Engineering staff. During the current term of the Operating Approval, Agrium Wholesale implemented 
Process Safety Management and Reliability Programs to improve plant operation and minimize 
environmental releases. In 2014, a continuous improvement program was implemented to reduce waste and 
ensure optimal conditions. 

Failures, maintenance issues, spills, and unintentional emissions that resulted in non-compliance with the 
current Operating Approval Conditions and/or resulted in a potential offsite or adverse impact to the 
environment are detailed in Appendix 10. All incidents are followed up and corrective measures are 
implemented as required. 

13.17 Materials Storage-Performance Effectiveness and Reliability of 
Collection and Containment Systems 

Evaluate the performance effectiveness and reliability of the collections and containment 
systems identified in 13.5 and identify any failures and repairs or maintenance issues. 
Compare the performance to that of design predictions. 

The waste handling and material storage locations on site have proven effective and reliable during the 
current term of the Operating Approval. No incidents of non-compliance have occurred related to waste 
handling or storage during the current term of the Operating Approval. 
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The Above Ground Storage Tanks and secondary containment structures have performed as designed 
during the current term of the Operating Approval. Where incidents have occurred that resulted in materials 
being released from the tanks from piping/vessel leaks or chemical transfers, measures have been taken to 
correct the issues which have included repairs, process monitoring improvements, replacements, and 
procedural changes. 

Appendix 10 outlines incidents of non-compliance with Operating Approval requirements or chemical 
releases that were reported during the current term of the Operating Approval. All of these incidents have 
been followed up on and corrective actions implemented as required. 

13.18 Wastewater and Runoff-Performance Effectiveness and 
Reliability of Treatment and Release Systems 

Evaluate the performance effectiveness and reliability of the treatment and release systems 
identified in 13.6 noting any variations from original design predictions, and identify any 
failures and repairs or maintenance issues. Compare the performance to that of design 
predictions. 

The irrigation system and runoff systems have operated as per design requirements. 

Due to higher water levels in the Evaporation Pond, in November 2011 the berm was raised approximately by 
0.3 m to ensure adequate freeboard from the pond level to the top of the berm. Notification of the project was 
submitted to AEP on October 20th, 2011. Operational and process changes were also made to increase the 
evaporation rate and control the levels in the pond. Irrigation pond water is regularly maintained within 
Operating Approval limits and no waste water is released back into the Bow River. The Operations team at 
the Facility continually strives to minimize waste water to the ponds. Pond levels are closely monitored by 
operations and process engineering staff. 

Maintenance has been completed on the pond berms as required to address and erosion issues that have 
been identified. 

Appendix 10 outlines incidents of non-compliance with Operating Approval requirements or chemical 
releases that were reported during the current term of the Operating Approval. All of these incidents have 
been followed up on and corrective actions implemented.  
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13.19 Air Treatment and Control-Performance Effectiveness and 
Reliability of Pollution Control Systems 

Evaluate the performance effectiveness and reliability of the pollution control, treatment and 
release systems identified in 13.9 noting any variations from original design predictions, and 
identify any failures and repairs or maintenance issues. Compare the performance to that of 
design predictions. 

Air emission control equipment has overall been proven to be reliable and effective during the current term of 
the Operating Approval. All processes on site are monitored by the operations and engineering personnel in 
order to maximize energy efficiency while maximizing production, process and personal safety.  

Appendix 10 outlines incidents of non-compliance with Operating Approval requirements or chemical 
releases that were reported during the current term of the Operating Approval. All of these incidents have 
been followed up on and corrective actions implemented.  
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14. OPERATION

This section describes how well the plant operations performance met the environmental 
objectives. 

Agrium views the environmentally safe operation of its facilities as essential to the continued success of its 
business. Agrium operates in accordance with stringent internal standards and complies with all applicable 
provincial and federal legislation and regulations. Agrium’s operations seek to meet or exceed industry “best 
practices” related to the production, distribution, storage and handling of our products. 

Manufacturing Management Systems 

Agrium’s internal processes function to identify, evaluate and address risks present in Agrium’s operations. 
Operational protocols applicable to all Agrium facilities are contained within Agrium’s Manufacturing 
Management Systems (MMS). The MMS are comprised of four sections which are a comprehensive set of 
standards related to various aspects of Agrium’s business, including; 

• Environment, Health, Safety and Security Management System (EMS);

• Process Safety Management (PSM);

• Engineering; and

• Operations and Maintenance.

As part of the MMS, Agrium has implemented a comprehensive audit program. Audits include Facility self-
assessments and external audits. MMS items are audited, at a minimum, every three years. Audits include 
evaluation of process safety, risk management, and Environment, Health and Safety regulatory compliance. 
The objective of these audits is to measure MMS implementation and performance, to ensure compliance 
with regulatory requirements and to identify and minimize risks. 

Agrium has a rigorous incident reporting and investigation process intended to identify factors which cause or 
contribute to risk and loss. Agrium’s goal is to learn from incidents in order to proactively implement corrective 
actions to prevent similar incidents from occurring. Agrium uses an electronic reporting system, known as 
IncidEnter. The IncidEnter system is accessible to all employees for submitting and analyzing incidents of 
loss or potential loss. Based on those reports, Agrium investigates and reports upon all incidents of loss or 
potential loss, including injury, illness, material releases, loss of containment, property damage and 
production loss. 

Agrium has developed training processes designed to support personal health and safety, environmental 
performance, process safety, risk management and release prevention. Those training programs apply to a 
broad variety of the tasks performed by Agrium’s employees to ensure that the company’s stringent protocols 
are observed. Training programs are mandated for employees based on their role and may include: 
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• Environment, Health and Safety compliance, Emergency Medical Services training and Risk
Management Auditor Training, Operator Progression training-including oral, written and practical
training on process operations; and

• Operator and Maintenance certifications/tickets as required by jurisdiction, including, for example,
steam tickets and trade tickets (electrical, mechanical and welding).

Further, Agrium standards also mandate: 

• company procedures are reviewed, at a minimum, every three years; and

• emergency operating procedures are reviewed annually.

14.1 Changes in Substances of Concern during Last Approval Period 

For 14.2 through 14.4, regarding substance release or acceptance, identify changes in 
substances of concern during the last approval period. 

There have been no expected changes to substances of concern during the current term of the Operating 
Approval. There are also no foreseen changes to operations, processes, waste generation and/or handling at 
the Plant. 

14.2 Waste Handling and Acceptance 

For waste previously accepted or generated at this site, provide a summary of: 

• the nature of the waste (including designated hazardous waste) and any changes
from waste types previously proposed;

• the origin of the waste (i.e. in or out of the province), the sector (domestic,
commercial, or industrial); and

• the quantity and duration of the storage onsite.

No third-party waste is accepted on site or stored on site long-term. There have been no new types of waste 
generated over the term of the current term of the Operating Approval. A summary of annual waste 
generation volumes from 2008 to 2016 is included in Appendix 8. 

Most waste material generated is similar from year to year. The Facility strives to recycle waste material to 
the extent possible. Table EE: Typical Waste Types outlines typical waste streams from the Facility, 
designation, and management methods. Waste material is classified as either hazardous or non-hazardous in 
accordance with the Alberta User Guide for Waste Managers (AEP 1996). 
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Table EE Typical Waste Types 

Waste Designation Management Option 

Aerosol Cans Hazardous Recycled 

Asbestos Non-Hazardous Disposal 

Batteries Hazardous Recycled 

Carbon Non-Hazardous Disposal 

Catalyst Hazardous/Non-Hazardous Recycled/Disposal 

Construction Debris Non-Hazardous Recycled/Disposal 

Domestic Type Waste Non-Hazardous Disposal 

Electronic Waste Hazardous Recycled 

Empty Chemical Containers Non-Hazardous Recycled 

Glycol Non-Hazardous Recycled 

Grease Non-Hazardous Disposal 

Hazardous Chemical Products Hazardous Recycled/Disposal 

Ion Exchange Resin Non-Hazardous Disposal 

Lab Packs Hazardous/Non-Hazardous Recycled/Disposal 

Light Bulbs (CFL, Fluorescent, 
Metal-Haldide, Incandescent) 

Hazardous/Non-Hazardous Recycled 

Lime Sludge Non-Hazardous Recycled 

Metal Non-Hazardous Recycled 

Non-PCB Ballasts/Capacitors Non-Hazardous Recycled 

Oil filters Non-Hazardous Recycled 

Paper/Cardboard/Plastic Non-Hazardous Recycled 

RCF Brick Non-Hazardous Disposal 

Spend Absorbent Materials Non-Hazardous Disposal 

Used Oil Hazardous Recycled 

Wax/Urea Non-Hazardous Disposal 

Wood Non-Hazardous Recycled 
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14.3 Wastewater and Runoff Treatment and Control 

For the previous approval period, using tables and time-series plots, provide a summary of: 

• volumes, rates, and amounts of each wastewater or runoff stream; and
• volumes, rates, and amounts of each substance in each stream.

The Facility does not discharge any wastewater or industrial runoff offsite. The volume of wastewater 
generated varies annually dependent on plant operations. The following tables show the annual volumes of 
wastewater generated that is managed by the Wastewater Ponds and Irrigation System: 

• Table FF: Water Used for Irrigation Purposes from the Irrigation Pond;

• Table GG: Water Discharged to the Irrigation Pond; and

• Table HH: Water Discharged to the Evaporation Pond.

Wastewater analysis is completed in accordance with Table 4.2-B of the Operating Approval. The results of 
all required analysis are included in Appendix 7. 

Table FF Water used for Irrigation Purposes from the Irrigation Pond (m3) 

Year Volume of Wastewater Irrigation 

2008 423,817 

2009 353,780 

2010 647,094 

2011 512,950 

2012 304,440 

2013 622,792 

2014 308,360 

2015 541,110 

2016 378,920 

2017 550,310 
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Table GG Wastewater Discharged to the Irrigation Pond (m3) 

Year Industrial Runoff 
Agrium CT 
Blowdown 

Orica CT 
Blowdown 

Domestic 
Wastewater** 

2008 157753 136263 67626 1825 

2009 117221 144331 64642 1825 

2010 221674 161814 93607 1825 

2011 157762 146824 95690 1825 

2012 70513 202279 74163 1825 

2013 182583 177445 79502 1825 

2014 188552 197204 83047 1825 

2015 107474 255369 85144 1825 

2016 109852 310587 80293 1825 

2017 109364 271875 86118 1825 

**Estimated from Site Water Balance. 

Table HH Wastewater Discharged to the Evaporation Pond (m3) 

Year Industrial Runoff 
Demineralizer 
Regeneration 

Chemical Sewer 
Agrium CT 
Blowdown 

2008 0 47758 23481 0 

2009 0 65301 25053 0 

2010 0 55628 41318 0 

2011 0 54850 33102 0 

2012 0 44299 32429 0 

2013 7947 50824 33854 27,000 

2014 0 41815 27708 0 

2015 0 43278 29109 0 

2016 6758 42571 21674 0 

2017 41785 50480 17016 0 
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14.4 Air Treatment and Control 
For the previous approval period, using tables and time-series plots, provide a summary of: 

• volumes, rates, and amounts of each air emission stream including auxiliary or
standby equipment; and

• volumes, rates, and amounts of each substance from each source.

A summary of Annual Stack Emission Survey Results (2008 to 2017) is provided in Table II and Annual Air 
Emission Inventory Released to Atmosphere (2008-2016) is given in Table JJ. 

Greenhouse gas emissions include carbon dioxide, methane gas and nitrous oxide, all of which are primarily 
emitted as by-products of natural gas combustion. Although greenhouse gas emissions are generated in all 
areas of the Facility where natural gas is combusted, the primary site source of greenhouse gases is the 
Ammonia Plant. Natural gas is combusted for industrial process heating purposes, with the largest 
greenhouse gas emission source being the: Ammonia Primary Reformer, Natural gas reforming and 
Ammonia Converter Startup Heater.  

Carbon dioxide is generated by the combustion of fuel gas in the Primary Reformer. The exhaust gas from 
the Ammonia Plant Primary Reformer is exhausted to atmosphere through the Primary Reformer Exhaust 
Stack. The carbon dioxide emissions from the Primary Reformer are a function of unit rate. 

Reformed process natural gas contains carbon monoxide, which is converted to carbon dioxide in the Shift 
Converter section of the Ammonia Plant to allow the carbon dioxide to be removed from the process gas in 
the Carbon Dioxide Removal Section. The majority of the carbon dioxide removed from the process gas is 
used as feed stock for the Urea Plant; with any excess carbon dioxide being vented to atmosphere. The 
amount of carbon dioxide vented is a function of the respective production rates of Ammonia Plant and Urea 
Plant.  

During cold Ammonia converter start-ups, carbon dioxide is emitted from the natural gas fired Ammonia 
Converter Start-up Heater which is used to warm the Ammonia Converter to a point where the heat 
generated by ammonia synthesis reaction is sufficient to sustain the Ammonia Converter operation.  

During plant upset conditions, which include process unit startups and shutdowns, reformed process gas 
containing carbon dioxide and methane is vented to atmosphere as part of the steps required to manage the 
upset. The duration of the venting is kept as short as possible.  

Methane gas is vented to atmosphere when reducing certain newly installed Ammonia Plant Catalysts. 

Trace amounts of methanol are formed during the production of synthesis gas in the Ammonia Plant as a 
result of a by-product reaction in the Shift Converters. The rate of methanol formation is highest immediately 
following the installation of new Shift Converter catalyst and decreases as the catalyst ages. The methanol is 
captured in the condensate that is directed to the Process Condensate Stripper where dissolved gases, 
including carbon dioxide, hydrogen, nitrogen ammonia, and methanol, are removed so that the water can be 
recycled to the Water Treatment Plant. The flow of dissolved gases from the Process Condensate Stripper is 
divided with a portion of the gases being combined with the Primary Reformer combustion air and the 
remainder directed to the Primary Reformer Exhaust Stack.  
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Table II Annual Stack Emission Survey Results 

Emission 
source 

Parameters Units Limit 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Ammonia Plant 

Primary 
Reformer 

Stack 

Oxides of 
Nitrogen 

Kg/h 170 134 145.9 132.2 132.67 137.12 109.32 153.18 144.54 159.6 159.2 

Free 
Ammonia 

Kg/h 86 46 48.4 44.4 41.7 59.24 52.5 56.29 53.42 53.79 46.0 

Urea Plant 

Urea Stack 
Free 

Ammonia 
Kg/h 225 79.9 68.2 97.6 102.65 95.57 108.3 78.49 110.08 83.43 130.6 
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Table JJ Annual Air Emission Inventory Released to the Atmosphere 

Component 
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Ammonia 1197 1273 1252 1339 1450 1388 1195 1485 1460 

Carbon Dioxide 513130 528252 508832 535223 602163 528253 468066 569074 560601 

Carbon Monoxide 633 977 1049 686 414 1640 553 623 1235 

Methylenebis 
(phenylisocyanate) 

0 0 0 0 0 0 0 0 0 

Formaldehyde 3.2 3.4 3.1 3.1 3.3 3.3 0.230 0.280 0.29 

Methane 669 115 236 1091 114 115 376 241 204 

Methanol 91 99 89 91 100 81 76 98 97 

Nitrogen Oxides 
(expressed as 
NO2) 

1006 1203 1122 1085 1223 932 902 1185 1320 

Nitrous Oxide 6.71 7.05 6.59 6.72 7.75 7.05 6.12 7.451 7.7 

Particulate Matter 
(PM2.5) 

7.1 7.1 6.8 6.6 7.1 8.1 48 62 80 

Particulate Matter 
(PM10)  

7.5 7.5 7.2 7.0 7.5 8.5 69 87 115 

Particulate Matter 
(TSP)  

81 375 61 68 36 28 89 114 151 

Chlorine 0 0 0 0 0 0 0 0 0 

Sulphuric Acid 0 0.009 0 0 0 0 0 0 0 

Volatile Organic 
Compounds 

111 120 109 111 122 103 100 128 128 
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14.5 Changes to Monitoring Equipment, Methods, Locations and 
Quality Control 

For 14.6 through 14.18 regarding monitoring, in addition to evaluating the monitoring 
effectiveness and reliability during the last approval period, identify changes to monitoring 
equipment, methods, locations, or quality control. 

The Facility has established monitoring systems in place for air, soil, groundwater, wastewater and industrial 
runoff, and waste. These monitoring programs are discussed further in the following sections. The monitoring 
programs are reviewed as required with improvements or changes made as needed. 

14.6 Evaluation of Waste Characterization Procedures 

Evaluate the plant or Facility procedures for waste characterization for the ability to satisfy 
applicable standard methods. 

Waste is generated on site through routine operations and maintenance activities. Waste on site is managed 
in accordance with the Agrium MMS and site specific systems and procedures regarding waste management. 
Waste material is recycled to the extent possible. The waste is classified as hazardous or non-hazardous in 
accordance with the Alberta User Guide for Waste Managers. If necessary, waste samples are submitted to 
offsite accredited laboratories for waste characterization. Most wastes generated are consistent from year to 
year with volume variations due to projects and maintenance activities. A summary of waste management 
activities is submitted to AEP by March 31 annually. 

The Facility operates a Waste Storage Building that is used to collect both hazardous and non-hazardous 
waste placed in drums. The building is equipped with a containment sump to contain any spills that could 
potentially occur. Typical wastes located in this building are Aerosols, light bulbs, batteries, chemical waste, 
grease, spill cleanup sorbents, etc. Access to the Facility is limited to authorized site personnel. All waste is 
labeled to identify the contents and containers are required to be kept closed. Shipment of waste from the 
building is completed as required by licensed waste contractors. The waste loading area is paved to prevent 
any spills that occur during loading to impact the environment. 

Waste oil is collected in double-walled storage tanks located in various locations throughout the Facility and 
removed from site as necessary for recycling by licensed used oil collection vendors. Used oil filters are 
drained and placed in a collection bin for recycling purposes. Various cubic metre containers are placed on 
site for the collection of spent sorbents and rags that are disposed of at an approved landfill. 

Domestic waste is collected into roll-off containers on site where it is disposed of at an approved landfill. 
Paper/cardboard/plastic, metal, and wood are also placed in designated roll-off containers for recycling 
purposes. 

During the current term of the Operating Approval the following improvements have been made to the Waste 
Management Program: 

• 2009–Implementation of a recycling program for paper, cardboard, plastic, and wood.

Page 92 Agrium Inc. Application for Renewal_EPEA Approval 1580-02-00.docx 



APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00 

CARSELAND NITROGEN OPERATIONS 

• 2010–Implementation of waste management training for all site personnel.

• Ongoing–Continuous review of waste streams on site to identify reduction strategies and recycling
opportunities.

The Facility does not have any operating landfill facilities. Two decommissioned landfills are located on site. 
A Landfill Assessment was completed and submitted to AEP on March 14, 2011 as required by the Operating 
Approval. The Landfill Assessment did not identify any immediate concerns. 

14.7 Performance of Collection and Storage Elements, and Leak 
Detection 

Describe and evaluate the monitoring to assess the performance of collection and storage 
elements, and any leak detection systems, that has been used for each containment area or 
tank identified in 13.5. 

Above Ground Storage Tanks are monitored visually by Operations staff during daily rounds. Leak detection 
is completed via visual inspection and level indicators. Secondary containment structures and interstitial 
space leak indicators for above ground storage tanks are monitored by operations and recorded in the site 
process monitoring program. Several tanks are equipped with level indicators and audible/visual alarms that 
are observed locally and monitored on DCS system to prevent overfilling of tanks during chemical offloading 
and to detect changes in levels that would indicate a leak. Offloading procedures have been upgraded during 
the current term of the Operating Approval to reduce the potential for overfilling and spillage during chemical 
transfers.  

Inspections and maintenance are completed on above ground storage tanks in accordance with the American 
Petroleum Institute (API) 653 Code. 

14.8 Third-party Waste 

Not applicable. No third-party waste was accepted at the Plant under the current term of the Operating 
Approval and there are no plans to accept third-party waste going forward. 

14.9 Identification, Control, Management, Monitoring and Reporting 
on Substance Release to Groundwater 

In addition to the monitoring programs referenced in 14.7 and 14.8, evaluate the 
effectiveness of other programs in identifying, controlling, managing, monitoring, and 
reporting on points of known and potential substance release to the groundwater. 

Groundwater monitoring is undertaken by third-party consultants on behalf of Agrium. Samples are collected 
according to established groundwater purging and sampling techniques, and all samples are submitted to 
accredited third-party laboratories for analysis. Further information on the groundwater monitoring program 
can be found in Section 12.7, Appendix 5 and in the Annual Groundwater Monitoring Reports submitted to 
AEP on an annual basis. 
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The existing groundwater monitoring program has been effective in identifying historical impacts to 
groundwater from plant operations. New monitoring locations have been added over the current term of the 
Operating Approval to assess and report on areas of potential impacts. The existing housekeeping, 
operational, and spill response procedures and practices are effective in minimizing the current operational 
impact to groundwater by ensuring spills are mitigated and cleaned up immediately. 

14.10 Release Monitoring Systems from Other Media to Soil 

Evaluate other release monitoring systems from other media to soil, such as: 

• air deposition, such as acid deposition (if any monitoring has been completed under
the Air Monitoring Directive, provide a summary of the results); and

• groundwater discharge.

There are no other release monitoring programs from other media to soil. Soil Monitoring results are 
referenced in Section 12.4.2. 

14.11 Groundwater Monitoring 

Further to 14.9, provide the rationale for why groundwater monitoring will not be conducted 
if the Facility is not listed in Appendix B or required by the previous approval. 

Groundwater monitoring has been carried out at the Facility since the inception of the site. Agrium CNO will 
continue to monitor groundwater in accordance with the Operating Approval requirements. All monitoring 
results are submitted to AEP annually. 

14.12 Performance of Treatment, Reuse and Wastewater Minimization 
Elements Identified in Q13.6 

Describe and evaluate monitoring for performance of the treatment, reuse, and wastewater 
minimization elements identified in 13.6. 

Agrium will continue to monitor the performance of the wastewater treatment systems as per the Operating 
Approval requirements and evaluate opportunities to reduce, reuse, and recycle wastewater and improve the 
water quality of the wastewater used to irrigate the surrounding area. 

14.13 Adequacy of Wastewater Characterization 

Describe and assess the frequency of periodic wastewater characterization for its adequacy 
to identify changes in each stream. 

Wastewater analysis is conducted in accordance with Table 4.2-B of the Operating Approval which is 
adequate to identify changes in parameters of the wastewater streams. With respect to the characterization 
of electrical conductivity and pH in the irrigation wastewater stream, more frequent analysis than required by 
Table 4.2-B of the Operating Approval is completed during the irrigation season to ensure compliance with 
the quality limits specified in Table 4.2-A of the Operating Approval. Refer to Section 14.3 and Appendix 7 for 
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detailed information regarding wastewater volumes and concentration of substance parameters. The current 
Operating Approval limits are considered adequate for characterizing and monitoring wastewater at the plant. 

14.14 Description and Evaluation of Monitoring Locations and 
Monitoring and Assessment for Release of Treated Wastewater 

Identify, describe and evaluate monitoring locations, and the monitoring and assessment 
systems for the release of treated wastewater (quality, quantity (rates/volumes/amounts) and 
whole effluent toxicity), identified in 12.8, 13.6 and 13.18. 

The Facility does not release any wastewater effluent offsite. Wastewater quality is monitored in the Irrigation 
Pond, Evaporation Pond, and Industrial Runoff Pond as per the conditions outlined in Table 4.2-B of the 
Operating Approval. These samples are taken by Agrium Laboratory Technicians as per internal laboratory 
procedures and submitted to accredited third-party laboratories. The volume of wastewater used for irrigation 
is recorded as per Table 4.2-B of the Operating Approval. All wastewater monitoring results are submitted in 
the Annual Industrial Wastewater Report. The last wastewater report was submitted in March 2017. 

14.15 Monitoring of Treatment and Control Equipment Systems for Air 
Substance Release 

Describe and evaluate monitoring systems for performance of the treatment and control 
equipment (source) systems for air substance releases identified in 12.3, 13.9 through 13.14, 
13.16 and 13.19. 

Ambient air quality is monitored at the ambient air monitoring station in accordance with Agrium Quality 
Assurance Plan (QAP) and WSP QAP. The operation of the station is further discussed in Sections 12.3 and 
14.18. 

Compliance with the limits specified for the Urea Stack and Reformer Stack is determined by annual stack 
testing completed as per Operating Approval requirements and the Air Monitoring Directive by a third-party 
contractor. Stack survey results are summarized in Table II: Annual Stack Emission Survey Results. In 
addition, operations staff monitors the operation of the stack during start up/shut downs. The current air 
emission monitoring systems are considered appropriate for the Facility. 

The Facility has a rigorous incident follow-up process that is used to investigate any actual or potential 
exceedances of regulatory limits as per Agrium MMS Standards. 
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14.16 Maintenance and Quality Management for Release Monitoring 
and Performance Evaluation related to Q14.14 and Q14.15 

Describe the maintenance and quality management (operating procedures) used for release 
monitoring and performance evaluation identified in 14.14 and 14.15. 

The Facility employs an external contactor to sample the Urea Stack and Reformer Stack in accordance with 
the Alberta Stack Sampling Code. The ambient air monitoring trailer is operated, calibrated and maintained 
by WSP Canada Inc. in accordance with the AMD and WSP QAP program.  

All required wastewater analysis is completed in accordance with the Facility Laboratory Standard Operating 
Procedures. The Facility maintains standard operational procedures for the operation of all plant process 
including air emission control and wastewater process operations. These are accessible via the Agrium 
document Management system. 

14.17 Effectiveness of Ambient Monitoring of Receiving Environment 

In relation to releases identified in 14.14, describe and evaluate the effectiveness of ambient 
monitoring of the receiving environment (e.g., watercourse) and operating procedures in 
meeting applicable ambient environmental requirements.  

The Facility does not discharge any wastewater effluent off site. The 12 Mile Coulee is monitored jointly by 
Agrium and Orica via a third-party laboratory with the results reported to AEP in the Annual Industrial 
Wastewater Report. 

14.18 Effectiveness of Ambient Air Monitoring 

Describe and evaluate the effectiveness of proposed ambient air-monitoring network and 
associated operating procedures to meet approval requirements.  

The ambient air monitoring station is owned by Agrium and operated and maintained by WSP Canada Inc. 
The current monitoring station was installed and became operational in February 2014. Prior to 
commissioning the current station, AGAT Laboratories owned and operated an air monitoring station on 
behalf of Agrium. The AGAT station was operated in conjunction with the Agrium Station from 
February 2014–April 2014 to complete the data validation process, at which point the AGAT station was 
removed from service. 

The ambient air station monitors for ammonia, oxides of nitrogen, wind speed, and wind direction, and 
ambient temperature on a continuous basis. All equipment used for monitoring purposes was purchased and 
installed new in 2014. The equipment listed below is installed at the air monitoring station and operated in 
accordance with the methodologies identified in the AMD: 

• Ammonia Analyzer/Converter: TECO 17i Chemiluminescence NH3 Analyzer;

• Wind Speed Sensor: Met One 010C;

Page 96 Agrium Inc. Application for Renewal_EPEA Approval 1580-02-00.docx 



APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00 

CARSELAND NITROGEN OPERATIONS 

• Wind Direction Sensor: Met One 020C; and

• Ambient Temperature: Met One 083E–1-35.

Agrium maintains an Environmental Systems and Procedures manual that included required elements to 
meet the Air Monitoring Directive requirements. These systems and procedures are audited by an external 
consultant, every three years. In addition, WSP maintains their own QAP for the operation of the air 
monitoring station that is subject to the same audit requirements. 

The current ambient air monitoring program has proven effective and no changes are proposed to the current 
program. Since the change was made to the ownership and operation of the ambient air monitoring station in 
2014 the operational time of all instruments has exceeded 90% at all times.  

All incidents of non-compliance with the Air Monitoring Directive with respect to the ambient air monitoring 
station operation reported to AEP are located in Appendix 10. All incidents have been followed up on with 
corrective actions implemented. 

14.19 Joint Delivery of Monitoring 

For monitoring identified in 14.17 and 14.18, if this monitoring is proposed to be jointly 
delivered, identify the agency or group that will be performing the work (e.g., an airshed 
zone). Provide the pertinent evaluation information regarding their monitoring network. 
Highlight any changes in the Facility’s obligations to the agency or group. 

Agrium owns the current ambient air monitoring station described in Section 14.18. The ambient air 
monitoring stations is currently operated and maintained by WSP Canada Inc., who provides monthly and 
annual air monitoring summary reports. These summary reports are submitted to AEP in accordance with the 
Operating Approval and the AMD requirements. In the event of an exceedance of the AAAQO, WSP 
technicians are immediately notified and will contact the Agrium Control Room. In addition, all air monitoring 
data is communicated to Agrium Control Room on a continuous basis with limit alarms to identify any 
concerns with the ambient data. 

Stack testing is completed on the Urea Plant Stack and the Reformer Stack annually by an accredited third-
party contractor. The summary report is submitted to AEP by Agrium Personnel by the end of the month 
following the analysis, and the results are also included in the Annual Air Report. Current results are 
summarized in Table II: Annual Stack Emission Survey Results.  

Agrium is also a member of the Calgary Regional Airshed Zone (CRAZ). 
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14.20 Confirmation of Record Keeping Procedures 

Confirm and update the record keeping procedures to maintain copies of the application and 
correspondence with Alberta Environment and Sustainable Resource Development. 

Record keeping is done in accordance with all regulatory requirements outlined in Section 2.2 of the approval 
1580-02-00 (Appendix 1) and the Agrium MMS Systems and Procedures. All application documents and 
correspondence with AEP is retained electronically on local servers backed up to an offsite location. Paper 
copies are filed on site or retained at an offsite storage location. 

14.21 Changes to Plans for Record Keeping or Reporting 

For 14.22 through 14.27 regarding plans, identify changes to plans for record keeping or 
reporting systems in addition to evaluating their effectiveness and reliability during the last 
approval period. 

The current record keeping systems in place at the Facility have proven effective and reliable during the term 
of the Operating Approval. There have been no significant record keeping changes during the current term of 
the Operating Approval period. 

14.22 Record Keeping Procedures and Requirements for Monitoring 
Systems 

For the identified monitoring systems describe and evaluate record keeping procedures and 
requirements. 

In accordance with the Operating Approval requirements and corporate document retention policies, all 
submitted regulatory reports, correspondence, and laboratory analysis are maintained for a minimum of ten 
years. Electronic copies of reports, correspondence, and laboratory data are maintained on local servers that 
are backed up to an offsite location. Paper copies of reports are either filed on site or retained in an offsite 
storage location. All record keeping procedures are defined in the Agrium ESP Manual. 

All analytical reports are provided by accredited third-party laboratories and all sample reports include the 
following: 

• The place, date, and time of sampling;

• The dates the analyses were performed;

• The analytical techniques, methods, or procedures used in the analysis;

• The names of persons who collected and analyzed each sample; and

• The results of the analyses.

• Records of analytical reports are maintained both electronically and in paper format. Wastewater pond
analysis is also entered into the Agrium Process Historian (internal monitoring system). 
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All raw data, field data, and equipment maintenance information associated with the ambient air monitoring 
station are maintained by WSP Canada Inc. in accordance with the AMD and WSP’s quality assurance plan. 
Validated data is submitted in monthly reports following the end of the month following the month the data 
was collected and is retained by Agrium. Field documentation, equipment audit results, calibration results, 
quality control checks, and records of procedures and maintenance performed are maintained by WSP for a 
period of 10 years. Electronic data transmitted from the ambient air monitoring station to the Agrium control 
panel is stored on the Agrium Process Historian. 

Wastewater flows to the wastewater ponds are maintained by operations and laboratory personnel and 
entered into electronic databases, or are continuously monitored electronically and stored in the Agrium 
Process Historian. Water usage from the Bow River and Agrium groundwater well are continuously monitored 
electronically and stored in the Agrium Process Historian. Daily wastewater irrigation records are maintained 
by operations when irrigation is occurring and entered into electronic spreadsheets, and paper copies are 
filed. 

14.23 Reporting Procedures for Monitoring Systems 

For the identified monitoring systems describe and evaluate reporting procedures. 

Reporting is completed as stated in the Operating Approval. A summary of the reporting that the Facility 
provides to AEP is described in Table KK: Reporting Summary. The Facility is committed to adhering to all 
limits stated in the Operating Approval and providing quantifiable monitoring results to achieve that 
commitment. 

The Facility maintains an ESP that outlines all requirements for collecting the data required, and completing 
the required reports required under the Operating Approval. All laboratory data and regulatory reports are 
retained for a minimum of 10 years. 

Groundwater and soil monitoring are completed by third-party consultants. They collect all samples and 
complete all reports. All soil and groundwater samples are submitted to an accredited third-party laboratory. 

Wastewater samples are collected by Agrium laboratory personnel in accordance with documented 
procedures and submitted to an accredited third-party laboratory. 

All source emission survey testing and reporting is completed by third-party consultants and laboratory 
analysis is completed by an accredited laboratory.  

Annual and monthly ambient air quality reports are compiled by Agrium which includes information from 
internal Agrium sources and third-party consultant reports. 

The Facility maintains a regulatory compliance calendar to track Operating Approval requirements and due 
dates. The electronic system that houses the calendar will automatically notify affected personal via email 
prior to the reporting or analysis due date of outstanding tasks. There have not been any incidents of late 
report submission during the current term of the Operating Approval. 
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Table KK Reporting Summary 

Report Frequency Due Date 

Air Monitoring Report Monthly The end of the month following the month in 
which the information was collected. 

Annual Air Emissions Summary and 
Evaluation Report 

Annual March 31st of the year following the year in 
which the information was collected. 

Groundwater Diversion Reporting Monthly The end of the month following the month in 
which the information was collected. 

Groundwater Monitoring Summary 
Report 

Annual March 31st of the year following the year in 
which the information was collected. 

Industrial Wastewater and Runoff 
Control System Assessment Report 

Once March 31st, 2010. 

Industrial Wastewater and Industrial 
Runoff Report 

Annual March 31st of the year following the year in 
which the information was collected. 

Industrial Wastewater Irrigation 
Program Proposal 

Twice (2009, 2010) March 1st, 2009 & 2010. 

Industrial Wastewater Irrigation 
Program Report 

Annual March 31st of the year following the year in 
which the information was collected. 

Landfill Assessment Report Once March 15th, 2011. 

Pollution Abatement Technology 
Review Report 

Once December 31st, 2010. 

Soil Monitoring Proposal Twice (2009, 2014) March 31st of 2009 & 2014. 

Soil Monitoring Report Twice (2009, 2014) December 31st of 2009 & 2014. 

Soil Management Program Proposal Twice (2010, 2015) June 30th of 2010 & 2015. 

Soil Management Program Report 2011-2014, 2016-
2019 

March 31st of the year following the year in 
which the information was collected. 

Source Emission Survey Report Annual The end of the month following the month in 
which the information was collected. 

Surface Water Diversion Reporting Monthly The end of the month following the month in 
which the information was collected. 

Waste Management Report Annual March 31st of the year following the year in 
which the information was collected. 
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14.24 Spill Response and Reporting Plan 

Confirm the use of and evaluate the effectiveness of the spill response and reporting plan 
for the plant or Facility. 

Agrium CNO has implemented a detailed Environment, Health, Safety, and Security Management System 
(EMS) which includes environmental release notification procedures to meet both regulatory and corporate 
release reporting requirements. All Operations Supervisors are trained in the plan which requires immediate 
reporting to the AEP Environmental Response Center of any release that may cause, is causing, or has 
caused an adverse impact to the environment, or any contravention of Operating Approval Requirements. 
The procedure requires immediate reporting of any release if there is uncertainty whether an incident may 
cause an adverse effect. The procedure details what must be reported and who it must be reported to in 
accordance with the AEP Release Reporting Regulation, Environment Canada’s Canadian Environmental 
Protection Act (CEPA), and Transportation of Dangerous Goods Regulations. In 2017, updates were made to 
the EMS environmental release notification procedures to provide clarity around reporting expectations for 
releases that cause or may cause harm to a person. 

The EMS includes spill and emergency response procedures for bulk chemicals stored on site. These are 
reviewed and updated on a rotational basis, and new procedures are created when new chemicals are 
brought to site. 

The Facility also maintains a comprehensive Emergency Response Plan in accordance with CEPA 
Environmental Emergency Regulations to address potential releases of hazardous substances. This plan is 
reviewed and updated annually. The Emergency Response team are trained on an annual basis for confined 
space rescue, firefighting, and hazardous material response. The Facility maintains sufficient response 
equipment, including firewater pumps and hydrants, sprinklers, foam-equipped deluge systems, vapour 
suppression systems, Class A encapsulated suites, SCBA systems, supplied air breathing apparatuses, 
firefighting equipment, and confined space rescue equipment. Emergency response simulations are regularly 
conducted, and may include local municipal emergency response agencies. Several members of the 
Emergency Response Team also serve as members of the Agrium Transportation Emergency Response 
Team which will respond to releases of anhydrous ammonia throughout North America. 

The spill response and reporting plans have been effective during the current term of the Operating Approval. 
Reported releases are summarized in Sections 13.17, 13.18, and 13.19. 
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14.25 Operating and Maintenance Procedures for Storage, Treatment 
and Monitoring Systems for Wastewater, Runoff and Sludge 

Confirm the use of and evaluate the performance of operating and maintenance procedures 
for storage, treatment, and monitoring systems related to wastewater, runoff, and sludge. 
Include: 

• operation and maintenance procedure; and
• contingency plans for upset, repair, and maintenance periods.

Standard Operating Procedures for management and operation of wastewater systems around site are in 
place. Operations around the ponds like approved pond transfers, pump houses operation, start-up/shut-
down of evaporator sprays and working in the ponds exist and are followed. Ponds are visually checked 
regularly as part of regular operation as well. These Standard Operating Procedures are reviewed regularly. 
No changes to existing operating and maintenance procedures are currently proposed as they are effective. 

Pond levels are closely monitored by operations personnel and various forecasts are developed in order to 
manage pond levels effectively during normal operation and if any repairs or maintenance is required. 

14.26 Air Emission Control Maintenance and Repair 

Confirm the use of and evaluate the performance of the air emission control equipment 
maintenance surveillance and repair schedules. Include: 

• contingency plans for upset, repair, and maintenance periods.

Agrium has taken measures to address issues related to air emissions control system performance and to 
address exceedances of Operating Approval conditions or ambient air quality objectives throughout the 
current term of the Operating Approval. These measures include performance improvement actions that 
result from operational knowledge gained over time and as direct actions to address specific concerns. 
Infrequent, short-term exceedances of Operating Approval limits are reported to the AEP in accordance with 
applicable regulatory requirements. Most exceedances result from short-term operational upsets and any 
exceedances resulting from these occurrences are described in correspondence with AEP and in the air 
monitoring reports. 

Air emission control equipment for the Urea Stack and Reformer Stack has proven effective over the current 
term of the Operating Approval. The Facility maintains a preventative maintenance program for all plant 
operational units and as repairs are identified they are prioritized for execution in the plant maintenance 
system. 
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14.27 Protection of Soil Storage Locations 

For soil storage locations, evaluate on-going protection approaches for contamination and 
erosion prevention. 

There are no designated onsite soil storage locations. In the event that an excavation occurs, topsoil is 
separated (if applicable) and conserved. 

14.28 Operator Certification 

If operator certification is required by the legislation for an activity taking place on the site 
(e.g., landfill operator) or by an industry standard, provide evidence how that requirement is 
met. 

Facility operations staff, with the exception of ESN plant operators, is required to obtain at minimum 4th Class 
Power Engineering certification with most operations staff holding 2nd and 3rd Class Certification. As per 
ABSA requirements, at minimum of one operations staff on shift hold 2nd Class certification. 
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15. APPROVAL CONDITION REVIEW AND MODIFICATIONS
PROPOSAL (Q15.1 TO Q15.4)

Changes or modifications to the Facility or plant’s design or equipment (beyond standard 
performance improvements or corrections) require an amendment. This section of the 
application should identify the need for any changes and proposes the approach. The 
applicant then must complete Part 3: Amendment in order to fully describe the proposed 
amendment, but both elements of the application will be processed together if submitted 
concurrently. 

Agrium is requesting modifications to the Operating Approval to better reflect operating conditions and to 
incorporate knowledge gained since the Plant was commissioned. The following section describes requested 
modifications to Operating Approval conditions with justification for each change. 

Proposed Approval  Modif icat ions 

Requested modifications to the Operating Approval are outlined in Table LL. 

Table LL Proposed Approval Modification 

Current Proposed Modification Justification 

Section 4.2.5 Add sources to the Irrigation 
Pond to include Process 
Condensate, Boiler Feed 
Water, Boiler blowdown, 
Steam Condensate, Filtered 
Water, Cooling Water, Raw 
Water, Irrigation Water (from 
Irrigation piping). 

The identified water streams are reused in the Facility 
during normal operation. During major maintenance 
activities, the streams are not able to be reused and must 
be discharged to a final location. Approved discharge 
locations are not defined in the current Operating 
Approval. The chemical composition of these water 
streams indicates they contain lower levels of parameters 
such as chlorides, sulphates, and sodium than sources 
that are currently approved for discharge to the Irrigation 
Pond. Therefore, discharge of these water streams will 
have no detrimental environmental impact relative to 
currently approved sources. 

Section 4.2.4 Add the Irrigation Pond as a 
discharge source to the 
Evaporation Pond. 

Currently, the Irrigation Pond cannot be transferred 
directly to the Evaporation Pond; however, the sources to 
the Irrigation Pond can be discharged to the Evaporation 
Pond. The net impact of discharging the sources to the 
Evaporation pond versus discharging the Irrigation pond 
to the Evaporation Pond is neutral. Further, discharge of 
the Irrigation Pond directly to the Evaporation Pond 
provides greater options for volume management of the 
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Current Proposed Modification Justification 

Irrigation Pond in the event of abnormal operating 
conditions, or in the event that irrigation pond water is not 
deemed suitable for irrigation, and allows this water to be 
managed in a way that does not negatively impact the 
environment. 

Section 4.2.7 Add the following clause: 

(c) for reuse within the water 
treatment process. 

The Facility is researching treatment options to reuse 
Irrigation Pond wastewater in the Water Treatment 
process, reducing the amount of water required to be 
used for irrigation and withdrawn from the Bow River. 
The current wording in the Operating Approval does not 
allow for the internal recycle or reuse of the ponds back 
into the process.  

Section 4.1.5 Provide clarity with respect to 
the condition: “the approval 
holder shall not release a 
substance or cause to be 
released a substance that 
causes or may cause any of 
the following: (b) material 
discomfort, harm or adverse 
affect to the well being or 
health of a person” 

The Facility is requesting further definition with respect 
to the definition of “a substance” that may cause 
discomfort, harm or adverse affect to a person.  

The Facility is seeking to apply the definition to 
substances that fall under CEPA, 1999 Schedule 1, 
List of Toxic Substances.  

The Facility is requesting further clarification regarding 
the interpretation of “may cause” and “material 
discomfort, harm or adverse affect.”  For releases that 
have no impact outside of the plant site, the Facility is 
seeking to apply to the definition to releases of 
substances released in a location, manner, and 
quantity that may result in exposures greater than 
Occupational Exposure limits or result in other material 
harm (e.g. chemical burns) directly as a result of the 
release. 

The Facility will continue to report all releases of a 
substance resulting in actual harm to a person. 

The condition as written is subject to interpretation as 
there is not a defined list of substances to which the 
condition applies nor clarity regarding what constitutes 
material discomfort or harm. As a result, there is a risk 
of differing interpretations between AEP and the 
Facility, and across different reporting groups with the 
Facility. 
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Current Proposed Modification Justification 

Table 4.2-B Add the wastewater pumping 
system as a sample location 
for the Wastewater Ponds in 
addition to “Representative 
Grab” sample type. 

It is proposed to sample from the Wastewater Pond 
pumping systems to gain a more representative sample of 
the Ponds. Under the current requirement, Laboratory 
Staff are required to sample directly from the Ponds which 
increases the level of safety risk to personnel working 
near water in comparison to sampling from the pumping 
system. 

Not 
Applicable 

The Facility is requesting a 
clause be added to the 
Approval to allow all 
wastewater and water 
streams to be re-used in 
water treatment process. 

Currently the Operating Approval does not specifically 
allow wastewater streams such as the process sewers, 
cooling water, wastewater ponds to be redirected to the 
water treatment process. This would provide additional 
flexibility for the Facility to reuse wastewater instead of 
discharging to the Wastewater Ponds while reducing the 
amount of water withdrawn from the Bow River. 

Soil 
Management 

The Facility is requesting that 
the requirement to complete 
Soil Management Proposals 
and Soil Management 
Programs be removed for the 
Approval. 

The soil quality remains consistent between monitoring 
programs and shows only minor exceedances of zinc and 
copper in the catalyst storage area. Plant nutrient levels 
(nitrogen compounds) are elevated compared to 
background, however; source control measures have 
been implemented to minimize the impact of nutrient 
product spills on the soil.  

The Facility would continue to conduct soil monitoring, and 
would complete full remediation upon closure of the 
Facility. 

15.1 Alternatives Examined to Optimize Efficiency and Minimize 
Substance Release 

Describe any alternatives examined in the overall plant or Facility processes to optimize 
efficiency and minimize anticipated substance releases or energy or water consumption and 
criteria used in selection. Include supporting mass or energy balances. 

Agrium continuously reviews the Facility processes to optimize efficiency and, at this time, there are no 
planned changes. Upgrades that have taken place during the current term of the Operating Approval which 
have increased the efficiency of the Facility are outlined in 13.1.  
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15.2 Minimization of Footprint during Continued Development 

If operation requires repeated surface disturbances, describe how the footprint on the land 
will be minimized during continued development (e.g., shared infrastructure and right-of 
ways, and /or collaborative land management practices, especially on the boundary of the 
site). 

Minimal surface disturbance occurs at the Facility, with most disturbances occurring within the developed 
plant site. In the event disturbance occurs on natural land areas, the topsoil is removed from the area and 
conserved. 

15.3 Changes to Wastes Accepted at Site 

There will be no wastes accepted at the Site. 

15.4 Generation of New Substances 

No new substances are proposed to be generated at the Facility. 

15.5 Suitability and Capacity of Proposed Changes to Treatment and 
Release Control Systems for New Substances–Wastewater and 
Runoff 

No changes are proposed for control of new substances, runoff will be managed per 13.5.2. 

15.6 Data, Calculations and Model Results–Wastewater and Runoff 

Not Applicable. 

15.7 Suitability and Capacity of Proposed Changes to Treatment and 
Release Control Systems for New Substances–Air Emissions 

There are no new substances or changed characteristics from the original design proposed at the Facility. 

15.8 Data, Calculations and Model Results–Air Emissions 

No changes to air emissions are planned for the Facility. 
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16. FINAL RECLAMATION PLAN

This Operating Approval Renewal application relates to the continued operation of the Plant over the coming 
decade. The Plant is anticipated to continue operating, therefore, the ultimate use of the site, following 
decommissioning of the Facility, has not yet been determined. 

Consistent with Agrium’s previous commitments to environmental stewardship, monitoring and/or remediation 
of any soil/groundwater affected areas will be identified and executed as a part of the Approved 
Soil/Groundwater Monitoring Programs. Complete reclamation of the Plant will only be completed following 
decommissioning of all facilities. This will be carried out by Agrium and any future owner of the property, in 
conjunction with the County of Wheatland and AEP, at the time of decommissioning. 

16.1 Reclamation goals 

Reclamation goals for the lands used by the Project include: 

• maintenance of land zoning; and

• full resolution of any contamination issues.

16.2 Decommissioning and Land Reclamation Plan 

A Decommissioning and Land Reclamation Plan will be prepared in advance of the end of design life in 
accordance with all regulatory requirements in effect at the time of decommissioning. At a minimum, the plan 
would include: 

• schedule for structure and equipment decommissioning and disassembly;

• schedule for soil monitoring and soil management framework in the case that contaminated soils are
discovered;

• landscaping prescription;

• waste management plan; and

• Post-decommissioning monitoring plan.

Such a plan would indicate the approximate time required to remove and dispose of all structures, facilities, 
ponds, and installations for which on site reuse is not possible, and to reinstate the site to a quality necessary 
for a predetermined subsequent use. 

Decommissioning planning will consider land use goals for the Plant area in place at the time. The goals will 
be confirmed with the appropriate regulatory body. Activities that support such planning may include: 

• a review of baseline and continued monitoring data;

• record keeping;
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• records of adherence to applicable Operating Approval terms and conditions, standards, and
guidelines in place during operations; and

• development of a site restoration/rehabilitation plan.

Upon discontinuing operations at the Plant, decommissioning/reclamation activities will include the following: 

• removal of all chemical fluids;

• removal and purging of all vessels, tanks and equipment;

• wastes will be consolidated and managed with other compatible waste streams and disposed of at
licensed disposal facilities where necessary; and

• all external service connections will be permanently disconnected and proper blanks installed.
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1 PLANT PROCESS 

The plant processes are described in the following sections. The processes have been separated into 
different operating units applicable to the Facility. The operating units are listed below: 

• Ammonia Plant

• Urea Plant

• Environmentally Smart Nitrogen (ESN) & Duration Plants

• Utilities

• Loadout

2 AMMONIA 

Background, Overview & Capacity 

Purpose: 

• The purpose of the Ammonia Process Unit is to produce anhydrous ammonia. Ammonia is
consumed by the Urea Process Unit for the production of urea and by Orica for ammonium nitrate
production. Ammonia is also loaded into rail cars and trucks for shipment.

History: 

• The Ammonia Process Unit is a single train Ammonia Process Unit that was built by the Canadian
Kellogg Company for Cominco Ltd. in 1976.

Plant Capacity: 

• The original plant design production of the unit was 1,043 MTPD . However, ongoing improvements
have increased the average unit capacity to 1,550 tonnes per day; with a maximum daily
production rate of 1,600 tonnes per day of anhydrous ammonia.

• The raw materials required for the production of ammonia are natural gas, steam and air.
Hydrogen, used to synthesize the ammonia, is produced from the natural gas and steam. Carbon
dioxide is a by-product of the hydrogen production.

Process Summary 

Chemistry: 

• The following reactions occur in the production of ammonia. The first two reactions are used to
produce the hydrogen required for the production of ammonia. The third reaction produces the
product ammonia by reacting the hydrogen with nitrogen from the air:
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Reaction 1: Steam Reforming 

CH4 + H2O CO + 3H2 

Methane Water Carbon Hydrogen 
Monoxide 

Reaction 2: Water Gas Shift 

CO + H2O CO2 + H2 

Carbon Water Carbon Hydrogen 
Monoxide Dioxide 

Reaction 3: Ammonia Production 

N2 + 3H2 2NH3 

 Nitrogen Hydrogen Ammonia 

Unit Process Flow Diagram: 

• Refer to Figure 1 for the Ammonia Process Flow Diagram.

Process Description: 

• A natural gas feed, primarily comprised of methane, is preheated, desulphurized, combined with
steam, and then fed to the top of the Primary Reformer where it passes through tubes filled with
nickel catalyst. In the Primary Reformer, the steam reforming reaction converts the methane and
steam into hydrogen and carbon monoxide to form partially reformed natural gas. This reaction
requires energy that is supplied by burning natural gas in a series of natural gas burners.

• The Primary Reformer effluent is then mixed with compressed air and sent to the Secondary
Reformer where the excess methane is burned with the oxygen from the air over nickel catalyst to
produce hydrogen, carbon monoxide and carbon dioxide. The nitrogen from the air is used later in
the Ammonia Synthesis Loop.

• The Secondary Reformer effluent is cooled prior to entering the High Temperature Shift Reactor
where the carbon monoxide reacts with steam over an iron-chromium catalyst to form hydrogen
and carbon dioxide.

• The High Temperature Shift effluent is cooled, and then enters the Low Temperature Shift Reactors
where the shift reaction is carried out at a lower temperature over a copper-zinc catalyst. The
resulting synthesis gas is cooled in preparation for removal of the carbon dioxide. The majority of
the excess process steam is condensed and recovered for reuse as boiler feed water.

• The synthesis gas then enters the Carbon Dioxide Absorber where the carbon dioxide is removed
from the synthesis gas using a methyl diethanoloamine (MDEA) scrubbing system. The carbon
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dioxide rich MDEA solution is regenerated by heating the solution and reducing the pressure in the 
Carbon Dioxide Strippers.  

• The recovered carbon dioxide is sent to the Urea Plant or vented to atmosphere when the Urea
Plant is not operating, or when there is excess carbon dioxide.

• The synthesis gas exiting the Carbon Dioxide Removal System then enters the Methanator where
trace amounts of remaining carbon monoxide and carbon dioxide are converted back to methane
over a nickel catalyst.

• The synthesis gas is then compressed prior to entering the Ammonia Synthesis Loop where the
nitrogen and hydrogen react in the Ammonia Converter over an iron catalyst to form ammonia.

• The Ammonia Converter effluent gas is cooled and chilled to condense the produced ammonia that
is then separated and sent to storage or used as a process feed for the Urea Process Unit or the
Orica Nitrate Plant. The unreacted gases are recycled to the Ammonia Converter.

• To prevent inert gases, comprised of methane from the Methanator and argon from the air feed,
from building up in the Ammonia Synthesis Loop, a purge stream of gas is removed from the Loop.
The purge stream is sent to the Purge Gas Recovery Unit, where the gas is scrubbed with water to
reclaim ammonia and passed through a series of membranes to recover the hydrogen. The purified
purge gas is then used as supplemental fuel in the Primary Reformer.

• Any purge gas that cannot be sent to Purge Gas Recovery Unit is combined with scrubbed flash
gas from the Ammonia Refrigeration System, mixed with fuel gas and burned in the Primary
Reformer.

• This Ammonia Process unit receives demineralized water, cooling water and instrument air from
the Utilities Plant.
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CARSELAND, ALBERTA 

AMMONIA 
PROCESS FLOW DIAGRAM 

Dwg. No. Date: 

Figure 1 February 2018 
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3 UREA 

Purpose: 

• The purpose of the Urea Process Unit is to produce solid granular urea. The granular product is
sold for both agricultural (fertilizer) and industrial (resin manufacture) applications. The main raw
materials are ammonia and carbon dioxide.

History: 

• The Urea Process Unit was constructed in 1976 by Foster Wheeler for Cominco Fertilizers. It
consisted of a single train Stamicarbon design urea melt plant with a 4-train C&I Girdler design melt
granulation plant with a nameplate capacity is 1,360 tonnes per day.

Plant Capacity: 

• Through continuous improvement initiatives over the years, including a major de-bottlenecking
project in 1996, the plant capacity was increased to 2,300 tonnes per day. Following the 1996
expansion, it was determined that the changes made were negatively affecting the reliability of the
plant operation and the changes were decommissioned reducing the plant rate to 2,050 tonnes per
day. Through improvements to the high pressure loop and other improvements, this plant rate has
been increased to 2,245 tonnes per day.

Process Summary 

Chemistry: 

• Urea is produced in a two-step reaction. The first reaction produces ammonium carbonate that
dehydrates in the second reaction to form urea. A third undesirable reaction can take place that
produces biuret (polymerized urea).

Reaction 1: Carbon dioxide reacts with ammonia to form ammonium carbamate 

2 NH3 + CO2   NH4COONH2  

Ammonia Carbon Dioxide Ammonium Carbamate 

Reaction 2: Ammonium carbamate dehydrates to form urea: 

NH4COONH2 NH2CONH2 + H2O 

Ammonium Carbamate Urea Water 
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Reaction 3: Urea reacts with itself to form biuret 

2 NH2CONH2 NH2CONHCONH2 + NH3 

Urea  Biuret Ammonia 

Unit Process Flow Diagrams: 

• Refer to Figure 2 for the Urea Melt Process Flow Diagram; and

• Refer to Figure 3 for the Urea Granulation & Process Vent System Flow Diagram.

Process Description: 

• Ammonia and carbon dioxide, both from the Ammonia Process Unit, are pressurized and fed to the
high pressure synthesis section. Air is added to the carbon dioxide to prevent corrosion. The two
feeds are then reacted to form a combined stream of urea and carbamate. Reaction 1 produces
carbamate and occurs primarily in the High Pressure Carbamate Condenser; the heat generated is
used to make steam. Reaction 2 produces urea and occurs primarily in the Urea Reactor, where
steam provides the required heat. The mixture of carbamate, urea, water, and unreacted feeds is
fed to the High Pressure Stripper. Here, steam and carbon dioxide are used to strip out the
unreacted feeds and to decompose most of the carbamate back to ammonia and carbon dioxide.

− The stream from the High Pressure Stripper is depressured and fed to the Low Pressure 
Recovery Section where the remaining carbamate is decomposed back into gaseous 
ammonia and carbon dioxide. The gases are condensed and recycled back into the 
process at the High Pressure Scrubber. 

− Most of the gases from the Low Pressure Recovery section are fed to the Low Pressure 
recirculation section. Here the recovered ammonia and carbon dioxide are reacted again in 
two Carbamate Condensers to form carbamate. This is mixed with a weak carbamate 
solution from the Desorption section pressurized, and then recycled to the High pressure 
Synthesis section where it can react to make urea. 

− Some of the gases from the Low Pressure Recovery section, and all of the gases from the 
Evaporation section, are fed to a bank of Evaporative Condensers. The combined gas 
streams are mostly water vapor, and recovered carbon dioxide and ammonia. The 
Evaporative Condensers react the ammonia and carbon dioxide and produce a weak 
carbamate/water solution. The solution is fed to the Ammonia Water Tank. 

− The solution from the Ammonia Water Tank is fed to the Desorption Section. The solution 
is distilled in the Desorber Column to produce water with parts per million levels of 
ammonia, which is fed to the Process Condensate Tank. The Process Condensate Tank 
supplies scrubbing water for the Granulator Vent Scrubbers The gases off the Column are 
fed to the Reflux Condenser where they are re-reacted to form carbamate, and this stream 
is fed to the Low Pressure recirculation section). 
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• The liquid process stream, now a mixture of urea and water, is fed to the Evaporation Section
where first and second stage evaporators remove the water by heating the solution and reducing
the pressure. The resulting urea melt, which now contains approximately 1% water, is fed to the
Granulation Section. A small amount of formaldehyde is added to the urea melt for dust control.

• The urea melt is fed to five granulator drums and pelletized. The granules are cooled by air, which
is drawn through the drums by five fans. The air is scrubbed in the Granulator Vent Scrubbers to
remove dust, and then is discharged to the Stack. The granulated product is screened. Oversize
product is crushed, combined with the undersized product, and recycled back to the Granulator
Drum. Product size material is transferred to storage by a series of conveyor belts.

• There are continuous vents off the High Pressure Scrubber, Reflux condenser, and from the Low
Pressure recirculation section to remove inert gases from the carbon dioxide feed and air. The
ammonia gas in the purge gas is treated in the Atmospheric Absorber and the Urea Off Gas
Scrubber before being vented to the Stack.
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CARSELAND, ALBERTA 

UREA MELT 
PROCESS FLOW DIAGRAM 

Dwg. No. Date: 

Figure 2 February 2018 
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4 ESN & DURATION PLANTS 

Purpose: 

Environmentally Smart Nitrogen (ESN) 

• The ESN 150 plant applies a patented polymer coating to urea fertilizer granules to control the
release of nitrogen from the fertilizer when it is applied. The release rate of the nitrogen is designed
to match the demand of the agricultural commodity crops, such as corn, being grown.

• The “designed” release rate maximizes the nitrogen use efficiency by the crop and minimizes
potential losses to the environment under typical field conditions.

Duration 

• The Duration Plant applies a patented polymer coating to granular urea in a manner similar to the
ESN 150 Plant. The Duration product is marketed mainly to specialty vegetable growers and to
professional turf markets.

• Adjusting the polymer coating thickness allows the nitrogen release rate to be controlled to a
desired value with normal product values of 60 to 270 days.

History: 

Environmentally Smart Nitrogen (ESN) 

• The ESN 150 plant was started up in January 2006.

Duration 

• The Duration Semi-Works Plant with an average annual capacity of 5,000 tonne at a coat weight of
5% was started up in 1998.

• The Duration Plant was expanded in 2003 to increase the production capacity to 40,000 tonnes per
year. This expansion involved the installation of larger chemical storage tanks, the upgrading of
pumps & flow meters, and the construction of a 3,000 tonne Storage Building with rail loading
capabilities.

• The operation of the Duration Plant was discontinued in June 2017. However, the Duration Plant
was not decommissioned at this point in the event market conditions dictate the return to operation.
Information regarding the Duration Plant is left in this Operating Approval Renewal Application in
the event the plant is restarted.

Plant Capacity 

The ESN plant and Duration plant were designed to produce 245,000 tonnes and 40,000 tonnes per year 
respectively of coated urea. 
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Chemistry 

Polyurethane coating chemistry. 

Reaction 1: Polyol Formation 

C57H104O9  + C14H32O4N2 + C32H2N8Cl14Cu OH-R-OH 

Castor Oil   Quadrol  Pigment Polyol

Reaction 2: Isocyanate and Polyol react to form the polyurethane coating on the 
urea: 

CH4ON2 +OCN-R’-NCO + OH-R-OH + C30H60 CH4ON2 + C25H42N2O6+ C30H60

    Urea                   Diisocyanate  Polyol Wax      Urea  Polyurethane Wax 

Refer to Figure 4 for the ESN Process Flow Diagram. 

Refer to Figure 5 for the Duration Process Flow Diagram. 

Process Description 

Urea is taken from the Granulation Plant; a slipstream from the E-granulator train is used for Duration. It is 
screened to assure consistent product sizing and then heated in a Fluid Bed Heater. The heated urea is 
transferred into a Rotating Coating Drum where it is coated with successive layers of polyol, isocyanate 
and wax. Upon contact the polyol and isocyanate react to form a urethane encapsulation layer which 
controls the nitrogen release rate. The wax layer is used to improve the product’s durability. The warm 
product exiting the drum enters a Fluid Bed Cooler where glycol-chilled air cools the product prior to 
transferring the product via a conveyor to the storage building. 
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CARSELAND, ALBERTA 

DURATION 
PROCESS FLOW DIAGRAM 

Dwg. No. Date: 

Figure 5 February 2018 
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5 UTILITIES PLANT – GENERAL 

Purpose: 

• The Utilities Plant has three primary circuits: water processing, steam generation, and compressed
air. The plant also operates the effluent management, Fire Water Systems, Cooling Water Towers,
and Ammonia Storage & Distribution

History: 

• The plant was commissioned in 1977. At that time the plant produced four hundred and twenty
(420) tonnes per hour of steam, one hundred and sixty (160) litres per second of softened water
and two hundred and fifty (250) litres per second of compressed air. The throughput has since
increased due to changes made to the Ammonia Process Unit in 1996.

Plant Capacity: 

• The plant capacity is 520 tonnes per hour of steam, 0.13 cubic metres per second of softened
water and 0.85 cubic metres per second of compressed air.

Ammonia Storage & Distribution 

• Ammonia Storage & Distribution includes two Ammonia Storage Tanks with a combined capacity of
approximately 36,500 tonnes. Tank pressures are controlled with a Refrigeration Compressor and
pumps. Flares exist for emergency situations.

5.1 Utilities Plant – Water Treatment 

5.1.1 Raw Water Processing System: Process Summary 

Chemistry: 

• Lime added to river water in the Cold Lime Softener reacts with the hardness in the water to form
calcium carbonate and magnesium hydroxide. These substances are relatively insoluble and
precipitate out of solution.

Process Description: 

• Water Processing: Approximately 4,400,000 cubic metres of raw river water is processed annually.
The raw river water is pumped to the Raw Water Pond. The Current license for diversion from the
Bow River 12,182,046 m3/year.

• From the raw water pond, raw water is pumped into the Cold Lime Softener, where flocculants are
added to precipitate the suspended solids. Lime (calcium hydroxide) is then added to the water to
remove calcium and magnesium based compounds and produce partially softened water. The
solids that are generated are sent to the Lime Ponds and the main water flow is sent to gravity

February 2018 Agrium Inc. Page 14 



APPENDIX 2 – PLANT PROCESS 
CARSELAND NITROGEN OPERATIONS 

sand filters. The partially softened and clarified water is used as either cooling tower makeup, 
firewater, sent off site to Orica for use in their cooling tower or demineralizer train influent. 

• In the Demineralizer Trains, resin beds remove the cations and anions that are present in the
partially softened water. The resin must be regenerated periodically by treatment with sulphuric
acid and sodium hydroxide. The reverse osmosis unit reduces the ionic loading on the
demineralization trains and reduce flow to the evaporation pond by reducing frequency of
regenerations.

• The demineralized water is then sent to a storage tank and from there is treated in the Deaerators
where dissolved gases are removed to produce high quality boiler feed water that is used to
produce high-pressure steam.

Refer to Figure 6 for the Water Treatment process flow diagram. 
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CARSELAND, ALBERTA 

UTILITIES RAW WATER PROCESSING 
PROCESS FLOW DIAGRAM 

Dwg. No. Date: 

Figure 6 February 2018 

5.1.2 Fire Water Process Summary 

Process Description: 

Fire Water System: Fire water system is fed from filtered water from the bottom half of the Filtered Water 
Tan; a portion of this vessel is dedicated to providing a reserved supply of firewater. The Fire Water 
System is comprised of Three (3) Fire Water Supply Pumps with capacities of 0.126 cubic metres per 
second per pump, and one (1) Jockey Pump used to maintain the system pressure. Two of the Supply 
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Pumps are electrically driven and the third pump is driven by a diesel engine to ensure that the system is 
operational even during power outages. 

Refer to Figure 7 for the Firewater Process Flow Diagram. 

CARSELAND, ALBERTA 

FIREWATER SYSTEM PROCESS 
FLOW DIAGRAM 

Dwg. No. Date: 

Figure 7 February 2018 
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5.1.4 Steam Generation Process Summary 

Process Description: 

• In the Ammonia Process Unit, 10,300 Kilopascals (gauge) steam is generated using an Auxiliary
Gas Fired Boiler and several Process Waste Heat Boilers. In the Urea Process Unit natural gas is
burned in two Power Boilers to produce 6,200 Kilopascals (gauge) superheated steam. The Power
Boilers incorporate an economizer and superheater to increase their efficiency. 350 Kilopascals
(gauge) steam is generated using Waste Heat Boilers in the Urea Process Unit

• Steam is also supplied from the TransCanada Cogeneration Facility.

• Steam is consumed in the Utilities Plant and Process Units. High-pressure steam is used to drive
steam turbines, which in turn drive fans, pumps and compressors. Steam at different pressure
levels is used in the Process Units for routine process purposes.

• Boiler blow down is directed to the Water Treatment Plant where it is treated and reused.

Refer to Figure 8 for the Steam Generation Process Flow Diagram. 
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Figure 8 February 2018 
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5.1.5 Water Effluent System 

Overview: 

The Agrium Carseland Facility does not directly discharge any wastewater effluent to the surrounding 
watershed. Wastewater is either used for irrigation purposes on surrounding agricultural land, or stored in 
the Evaporation Pond. The system is described in the sections below. 

Chemical and Domestic Sewer Process Summary 

Chemical Sewer Description: 

• The Chemical Sewer handles all of the contaminated sewer water. The Chemical Sewer water
typically contains ammonia and / or urea. The Chemical Sewer discharges into the Evaporation
Pond.

Domestic Sewer Description: 

• The Domestic Sewer collects sanitary wastes from most of the occupied buildings and discharges it
to the Sewage Lagoon. The Sewage Lagoon acts as a septic tank where solid material settles to
the bottom and the liquid overflow is directed to the Irrigation Pond. Solids are dredged from the
Sewage Lagoon as required. Occupied buildings not connected to the Domestic Sewer are
provided with septic tanks. Vacuum trucks are used to transfer the contents of the septic tanks to
the Sewage Lagoon.

Effluent Containment Ponds Process Summary 

Storm Water Pond: 

• The Storm Water Pond is used to collect site surface runoff from a network of ditches running
throughout the plant site. The collected storm water is sampled and analyzed and if it meets
established guidelines, is pumped to the Irrigation Pond. If the storm water does not meet the
established guidelines, the collected storm water is pumped to the Evaporation Pond.

Irrigation Pond: 

• The Irrigation Pond is used to collect Cooling Tower blow down from both the Agrium and Orica
plant sites, decanted water from the Sewage Lagoon and acceptable water from the Storm Water
Pond. Water from the Irrigation Pond is sampled and analyzed and if found to meet established
guidelines, the water is used to irrigate the surrounding farmland owned by Agrium.

Lime Ponds: 

• The two Lime Ponds are designed to dewater and hold the sludge that is generated in the Cold
Lime Softener. Sludge that is blown down from the Cold Lime Softener is pumped to a Lime Pond,
where the solids settle out and the water is returned to Water Treatment to be reused. There is only
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one Lime Pond in service at a time to allow the other pond to be dredged without disrupting the 
process. Dredged lime sludge is dried, and then recycled offsite. 

Evaporation Pond: 

• The Evaporation Pond collects the discharge from the Chemical Sewer, wastewater generated by
the Water Treatment Plant that cannot be reused, and storm water that is not acceptable for
transfer to the Irrigation Pond. Since there is no liquid discharge from Evaporation Pond, the Pond
level is controlled by evaporation. A series of sprays and heat exchangers that transfer waste heat
from the Cooling Tower to the Evaporation Pond water are used to increase the evaporation rate.

Sewage Lagoon: 

• The Sewage Lagoon collects the wastes from Domestic Sewer and site septic tanks. Decanted
water flows from the Sewage Lagoon to the Irrigation Pond. Settled solids are periodically removed
via dredging

Refer to Figure 9 for the Industrial Wastewater process flow diagram and Figure 10 for the Site Water 
Balance diagram. 
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CARSELAND, ALBERTA 
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5.1.6 Process Cooling Water Information 

Process Description: 

• The Cooling Tower provides a cooling medium for the Process Units. There is one Cooling Tower
System located at Agrium Carseland. The system operates as a closed loop, recirculation type
system. Make up water to the system is typically supplied at temperature of 10°C at flow rate of
~0.1 cubic metres per second, while blow down from the system is typically 0at a flow rate
~0.01 cubic metres per second and a temperature of 18°C

• Control of scale, corrosion and microbial growth for in the Cooling Tower System is required for
efficient operation. The Cooling Tower bulk water is closely monitored to minimize the consumption
of chemicals and reduce the amount of blow down transferred to the Irrigation Pond.

• The RO unit upstream of the demineralizers discharges its concentrate (impure water and particles)
to the cooling tower basin.

Refer to Figure 11 for the Cooling Water Process Flow diagram. 
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5.1.7 Steam and Process Condensate Process Summary 

Refer to Figure 12 for the Steam & Process Condensate Process Flow Diagram. 

Process Description: 

• Steam condensate is collected in several areas and reused.

• Collected steam condensate in the Urea Process Unit flows to the Low Pressure Deaerator as
boiler feed water (BFW) make-up.

• Steam condensate from the Ammonia Process Unit and Utilities Plant is collected and polished for
reuse.

• Process condensate collected in the Ammonia Process Unit is sent to the Condensate Stripper
where ammonia is removed and is then routed to the Demineralizer Trains for clean-up and reuse.

Refer to Figure 12 for the Steam & Process Condensate Process Flow Diagram. 
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5.2 Utilities – Non-Water 

The Utilities plant also provides the following five (5) non-water systems: 

• Compressed Air;

• Fuel Gas;

• Ammonia Heating;

• Nitrogen; and

• Oxygen.

5.2.1 Compressed Air Systems Summary 

Compressed Air Description: 

• Air is compressed to 830 Kilopascals (gauge) using a compressor, dried, filtered and then used for
instrument and plant air. The purpose of the system is to provide a pressurized source of dry air to
the pneumatic instruments throughout the Carseland Nitrogen Operations complex as well as
neighboring Orica.

Refer to Figure 13 for the Compressed Air System Process Flow Diagram. 
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5.2.2 Fuel Gas System Summary 

Fuel Gas Systems Description: 

• The fuel gas enters the plant site through a metering station provided by ATCO Gas.

Refer to Figure 14 for the Fuel Gas System Process Flow Diagram. 
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5.2.3 Ammonia Heating System Summary 

Ammonia Heating System Description: 

• Before distributing ammonia to the Urea Process Unit, neighboring Ammonium Nitrate Plant
(Orica), and ammonia loading for off-site sale, liquid ammonia is heated from approximately -34°C
to 10°C using steam. The heater consists of a shell containing approximately sixteen (16) cubic
metres of liquid methanol equipped with two heat exchanger bundles. The heater operates by
vaporizing methanol with steam in the first bundle and then using the heat of condensation
released by the methanol as it condenses to heat the ammonia contained in the second bundle.

Refer to Figure 15 for the Ammonia Heating System Process Flow Diagram. 
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Figure 15 February 2018 

5.2.4 Nitrogen Systems Summary 

Nitrogen Systems Description: 

• Nitrogen, used on-site for inert gas purging, is delivered to the site by truck trailer and stored as a
liquid in a pressurized vessel with a capacity of thirty-two (32) cubic metres. The Nitrogen System
is equipped with a vaporizer that uses ambient air to vaporize the nitrogen prior to use in the
process units.

Refer to Figure 16 for the Nitrogen System Process Flow Diagram. 
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Figure 16 February 2018 

5.2.5 Oxygen Systems Summary 

Oxygen Systems Description: 

• Oxygen, used in the Urea Process Unit for passivation, is delivered to the site by truck trailer and
stored as a liquid in a pressurized vessel with a capacity of twenty-five (25) cubic metres. The
Oxygen System is equipped with a vaporizer that uses steam to vaporize the oxygen prior to use in
the Urea Process Unit.

Refer to Figure 17 for the Oxygen System Process Flow Diagram. 
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Figure 17 February 2018 

6 LOADOUT DEPARTMENT – GRANULAR 

Purpose: 

• The Loadout Department loads granular fertilizer product for shipment via truck and rail hopper
cars. One granular fertilizer loading system is used for loading Urea and ESN and a second
granular fertilizer loading system is used for loading Duration. These products shipped to
agricultural markets in Western Canada, the United States and offshore.

History: 

• The Loadout Department facilities for loading urea were constructed in 1976.

• In 2001 the Controlled Release Fertilizer rail loading Facility was constructed.

• In 2013 the Controlled Release Storage Building was constructed.

Shipping Capacity 

• The granular fertilizer loading units can load 870,000 tonnes of product annually.
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Chemistry: 

• No chemical reactions take place in granular fertilizer loading units.

Process Description: 

• The following summary is a generic process for shipping granular fertilizer. However each product
line has its own shipping unit with its own equipment.

• Each type of granular product is conveyed from its production units to its respective storage
Facility. The products are then transferred from their storage facilities to a set of screens equipped
with a dust collection system; except in the case of the Duration product which is sent directly to its
shipping facilities. The screens remove the oversize and undersize product and the dust collection
system removes dust generated in the screening process. The oversized and undersized material
and dust is sold as off-specification product or is recycled to the Urea Process Unit.

• The screened granular product is then sent to the rail and truck loading Facility. Depending on the
customer requirements, anti-caking and anti-dusting may be added to the product prior to loading.

Refer to Figure 18 for the Granular Product Loading Process Flow Diagram. 
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7 LOADOUT DEPARTMENT – LIQUID 

Purpose:  

• This unit loads liquid ammonia produced by the Ammonia Process Unit into truck trailers and rail
tanker cars for shipment to customers in Western Canada and the United States.

History: 

• The liquid ammonia Loadout units were constructed in 1976.

Shipping Capacity: 

• The ammonia-loading unit can load up to 275,000 tonnes per year

Process Summary 

Chemistry: 

• No chemical reactions take place in liquid ammonia Loadout units.

Process Description: 

• Liquid ammonia produced in the Ammonia Process Unit is stored in the Ammonia Storage Tank
and then pumped to the Ammonia Heating System prior to transfer to the rail tanker car or truck
loading Facility.

Refer to Figure 19 for the Liquid Fertilizer Loading Process Flow Diagram. 
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1.0 INTRODUCTION 

Millennium EMS Solutions Ltd. (MEMS) was retained by Agrium Inc. (Agrium) to provide an air 

dispersion modelling assessment in support of their renewal application for EPEA Approval #1580-

02-00 associated with the operation of the Carseland Nitrogen Operations (“CNO”). The CNO is 

located in Section 6, Township 22, Range26, west of the 4th Meridian, approximately 30 km southeast 

of Calgary and 8 km west of the hamlet of Carseland.   

The operation of the CNO will result in releases of ammonia and particulate matter emissions ranging 

in size from coarse (total suspended particulates; TSP) to fine (particulates with diameters of 2.5 

microns or less; PM2.5) , as well as post-combustion products such as oxides of nitrogen (NOX), and 

carbon monoxide (CO).   The rate of release into air of these substances is regulated by the CNO’s 

EPEA permit.  An air dispersion modelling assessment of these substances was conducted to 

determine whether or not these emissions will result in contraventions of Alberta ambient air quality 

objectives (AAAQOs).  The air quality impact from the CNO was assessed under both a typical 

operating conditions scenario and a licensed emission limits scenario, in which all sources regulated 

by CNO’s EPEA approval were assumed to be emitting at their fully licensed limits. 

The modelling was executed following the latest Alberta Environment and Parks (AEP) Air Quality 

Model Guideline (AEP 2013b), using the CALMET and CALPUFF model with five years (2002 to 2006) 

of meteorological data.  The modelling of emissions from industrial facilities operating within a 5 km 

radius of the CNO was also included.  This report outlines the assumptions, dispersion modelling 

approach, model input data, and dispersion modelling results. 

2.0 SETTING 

2.1 Surrounding Terrain 

The CNO is located at a base elevation of approximately 990 m above sea level (ASL).  The 

topography in the vicinity of the CNO is predominantly flat (shown in Figure 2.1). The lands in the 

immediate vicinity of the CNO are mostly for agricultural use. 



  

 Agrium Carseland Nitrogen Operations 

 Air Quality Assessment for Approval Renewal 

 November 2016 

  

 Page 2 16-00382-00 

 

Figure 2.1 Local Terrain (GeoBase, 2016) 

2.2 Winds 

Figure 2.2 shows a wind rose at 10 m obtained from MM5 data with the annual frequency of 

hourly-averaged wind speeds (in m/s) versus wind direction at the location of the CNO.  The wind 

rose shows the strongest and most frequent winds are predominantly from the west-northwest 

direction.  There are calm winds in the area 3.5% of the time. 
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Figure 2.2 MM5 Wind Rose (m/s) at the CNO 

3.0 AIR QUALITY CRITERIA 

3.1 Ambient Air Quality Objectives 

Table 3.1 presents the AAAQOs and the Canadian Ambient Air Quality Standards (CAAQS) for 

regulated compounds.  The compounds relevant to the operation of CNO include NO2, NH3, PM2.5, 

TSP and CO. The objectives refer to averaging periods ranging from one hour to one year.  AEP has 

determined that the 1-hour objectives are to be compared to the ninth highest (99.9th percentile) 



  

 Agrium Carseland Nitrogen Operations 

 Air Quality Assessment for Approval Renewal 

 November 2016 

  

 Page 4 16-00382-00 

hourly model prediction; daily (24-hour) and 8-hour objectives are applied to the maximum 

predictions (AEP 2013a).   

The 24-hour CAAQS for PM2.5 is 28 μg/m3, based on the 98th percentile 24-hour value (the 8th highest 

value for each year), averaged over three consecutive years.  The annual PM2.5 CAAQS is 10 g/m3 

based upon a 3-year average of the annual average concentration.  The CAAQS will become more 

stringent in 2020, with 24-hour and annual CAAQS of 27 g/m3 and 8.8 g/m3, respectively (CCME 

2012).    

Table 3.1 Alberta Ambient Air Quality Objectives and Canada Ambient Air 

Quality Standards 

Substance Period 
AAAQOs(a)  CAAQS(b) 

(µg/m3) (µg/m3) 

Nitrogen Dioxide (NO2) 
Annual 45 – 

1-hour 300 – 

Ammonia (NH3) 1-hour 1,400 – 

Particulate Matter Smaller Than 2.5 

Microns (PM2.5) 

Annual - 10(c) 

24-hour 30 28(d) 

1-hour 80(e) – 

Total Suspended Particulates (TSP) 
Annual 60(f)  

24-hour 100  

Carbon Monoxide (CO) 
8-hour 6,000 – 

1-hour 15,000 – 

(a) Source: AEP (2016a) 

(b) Source: CCME (2012) 

(c) CCME 2012 – Based upon annual average – averaged over 3 consecutive years 

(d) CCME 2012 – Based upon 98th percentile 24-h average, averaged over 3 years 

(e) Guideline, not regulatory objective 

(f) Geometric mean 

– No air quality standard, objective, or guideline for this averaging period/parameter. 

3.2 Approach for NOx to NO2 Conversion   

Oxides of nitrogen (NOX) are comprised of nitric oxide (NO) and nitrogen dioxide (NO2).  High 

temperature combustion processes primarily produce NO that in turn can be converted to NO2 in the 

atmosphere through reactions with tropospheric ozone: 
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NO + O3 → NO2 + O2 

For this assessment, conversion of NOX to NO2 is estimated using the AEP recommended Ozone 

Limiting Method (OLM).  This method states that if the ambient ozone concentration is greater than 

90% of the predicted NOX, then it is assumed that all the NOX is converted to NO2.  Otherwise, the 

NO2 concentration is equal to the sum of the ozone and 10% of the predicted NOX concentration.  

That is: 

If [O3] > 0.9 [NOX], then [NO2] = [NOX] 

Otherwise, [NO2] = [O3] + 0.1 [NOX] 

The AEP recommended hourly time-series ozone concentrations for rural locations (Appendix E, 

AEP 2013b) were used in the NO2 conversion calculations.  In this approach, NOX background 

concentrations are added to the NOX modelled predictions before they are converted to NO2 using the 

OLM method and then compared to the AAAQOs.   

AEP requires that if the OLM method is used, NO2 concentration results assuming total conversion of 

NOX to NO2 are also presented.   

4.0 MODELLED EMISSIONS 

4.1 CNO Emissions – Typical Operating Conditions 

Modelled sources and emission parameters for the CNO operating under normal conditions are 

presented in Tables 4.1 and 4.2.  Emission estimates for the Urea Stack (ST101), the Primary Reformer 

Stack (ST101B) and the Utility Boiler Stack (ST301) were based on the maximum test results from the 

last five annual stack surveys conducted between 2012 and 2016.  The maximum stack test results 

were used in order to provide a conservative assessment.  Emission estimates for the other sources in 

Table 4.1 (ESN 150 scrubber and the CO2 stripper vent) were based on legacy values used in the 

previous dispersion modelling assessment conducted in 2007.  There has been no change in the 

operation of these sources and thus Agrium believes these legacy emission rates are still valid. 

Table 4.2 lists the fugitive emission sources at the CNO.  These sources of fugitive emissions were 

treated as area sources in the dispersion model.  The emission rates for these fugitive sources were 

legacy values from the 2007 assessment.  

The effects of downwash by buildings and structures located within the CNO boundary were 

considered.  Figure 4.1 depicts graphically the structures included in the dispersion model for the 
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CNO, while the dimensions of these structures are listed in Table 4.4.  All dimension measurements 

were measured directly from plot plan diagrams provided by Agrium. 

4.2 Regional Emissions 

The Air Quality Model Guideline (AEP 2013b) requires that all industrial emission sources within a 

minimum of 5 km of CNO be identified and included in the modelling.  Source parameters for some 

of these regional industrial facilities (such as Orica and TransCanada) were provided directly by the 

facility operator.  For the other regional facilities, emissions information was obtained from the 

National Pollutant Release Inventory database (NPRI 2014) and the emission releases from these 

facilities were emulated in the model as individual volume sources.  The source parameters for all 

regional industrial facilities considered in this assessment are detailed in Table 4.3.  The locations of 

all the industrial facilities within the study area considered in the model are shown in Figure 6.1. 
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Table 4.1 Stack and Emission Parameters - Typical Operating Conditions at the CNO 

Source Description 

UTM Coordinates (m) Stack 

Height  

(m) 

Stack 

Diameter 

(m) 

Exit 

Velocity 

(m/s) 

Exit 

Temperature  

(K) 

Emissions (t/d) 

Easting Northing NOx NH3 TSP PM2.5 CO 

ESN 150 Scrubber 317,513 5,635,849 35.7 2.1 7.7 308 0.0 0.0 0.033 0.033 0.0 

Urea Stack ST101 317,613 5,635,809 73.2 2.7 22.3 321 0.0 2.64 0.50 2.5E-03 0.0 

Primary Reformer Stack 101B 317,549 5,635,642 36.6 4.0 13.8 469 3.83 1.42 0.060 0.060 0.66 

Utility Boiler Stack ST301 317,644 5,635,745 30.5 2.3 5.4 427 0.21 0.0 6.1E-03 6.1E-03 0.068 

SP 81 CO2 Stripper Vent 317,594 5,635,724 34.4 0.9 23.3 314 0.0 0.0 0.0 0.0 9.6E-03 

TOTAL From All Stack Sources 4.0 4.1 0.60 0.10 0.74 

 

 

 

Table 4.2 Summary of Fugitive Emissions - Typical Operating Conditions at the CNO 

Emission Source 
NW 

UTM E 

NW  

UTM N 

NE 

UTM E 

NE 

UTM N 

SE 

UTM E 

SE 

UTM N 

SW 

UTM E 

SW 

UTM N 

Area 

(m2) 

Elevation 

(m ASL) 

NOX 

(t/d) 

NH3 

(t/d) 

TSP 

(t/d) 

PM2.5 

(t/d) 

CO 

(t/d) 

Ammonia Plant 317,520 5,635,775 317,615 5,635,775 317,615 5,635,623 317,520 5,635,623 14,371 990 0.0 0.12 0.0 0.0 0.0 

Urea Plant 317,555 5,635,884 317,688 5,635,884 317,688 5,635,784 317,555 5,635,784 13,235 990 0.0 0.12 0.0 0.0 0.0 

Cooling Tower 317,548 5,635,594 317,637 5,635,594 317,637 5,635,515 317,548 5,635,515 7,053 990 0.0 0.012 0.0 0.0 0.0 

Urea Reclaim/Loading 317,122 5,636,011 317,615 5,636,011 317,615 5,635,917 317,122 5,635,917 46,298 990 0.0 0.0 3.5E-03 4.2E-04 0.0 

Evaporation Pond 317,671 5,635,447 317,921 5,635,447 317,921 5,634,752 317,671 5,634,752 173,268 990 0.0 0.059 0.0 0.0 0.0 

TOTAL From All Fugitive Sources 0.0 0.31 3.5E-03 4.2E-04 0.0 
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Table 4.3 Regional Industrial Facilities Stack Emissions 

Source Description 
UTM Coordinates (m) Stack 

Height 

(m) 

Stack 

Diameter 

(m) 

Exit 

Velocity 

(m/s) 

Exit 

Temp. 

(K) 

Emissions (t/d) 

Easting Northing NOx NH3 TSP PM2.5 CO 

Orica Carseland Manufacturing Facility 

Nitric Acid Unit #1  318,278 5,636,002 21.3 1.2 40.2 397 0.803 0.0 0.0 0.0 0.0 

Nitric Acid Unit #2  318,334 5,636,008 56.8 1.0 22.2 367 0.142 0.0 0.0 0.0 0.0 

Cooler Scrubber  318,268 5,635,941 30.0 1.8 16.0 322 0.0 0.058 0.049 0.049 0.0 

Prill Tower Abatement  318,289 5,635,932 45.7 2.7 23.0 307 0.0 0.088 0.126 0.126 0.0 

TransCanada Carseland Cogeneration Plant 

HRSG #1 317,484 5,635,758 21.0 3.1 20.7 474 0.234 0.0 1.6E-02 1.6E-02 0.215 

HRSG #2 317,485 5,635,735 21.0 3.1 20.5 480 0.208 0.0 1.6E-02 1.6E-02 0.373 

Cargill AgHorizons Ltd. Carseland 

Grain Handling Facility 320,664 5,636,499 

Effective Height = 3 m 

Initial Depth = 1.4 m 

Initial Width = 3.5 m 

0.0 0.0 0.077 3.0E-03 0.0 

Richardson Pioneer Ltd. Carseland 

Grain Handling  Facility 323,633 5,636,317 

Effective Height = 3 m 

Initial Depth = 1.4 m 

Initial Width = 3.5 m 

0.0 0.0 0.096 6.0E-03 0.0 

MFC Resource Partnership  

Compressor station  

04-15 - Dalemead 
313,506 5,638,518 

Effective Height = 10 m 

Initial Depth = 4.65 m 

Initial Width = 1,163 m 

0.048 0.0 0.0 0.0 0.081 

TOTAL 1.4 0.15 0.38 0.22 0.67 
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Table 4.4 Building Information Used to Evaluate Downwash 

Building 

SW Corner UTM 

NAD 83 Zone 12 Length 

(m) 

Width 

(m) 

Height 

(m) 
Easting (m) Northing (m) 

Granulation 317,565 5,635,861 69 28 14 

Rescreen 317,578 5,635,889 27 23 23 

Urea 38 317,629 5,635,825 24 14 8.2 

Urea Tower  317,614 5,635,825 28 18 71 

Urea Storage 317,131 5,635,985 402 55 26 

Load Out 317,582 5,635,998 9.3 6.0 32 

Maintenance Building 317,725 5,635,856 71 42 9.4 

Compressor Building 317,542 5,635,711 34 30 16 

ESN High 317,488 5,635,871 12 7.3 27 

ESN Low 317,488 5,635,860 29 15 23 

401J Compressor Building 317,531 5,635,707 16 13 12 

Fabrication Shop 317,495 5,635,709 73 12 6.1 

Reformer 317,582 5,635,652 22 15 19 

Storage 318,326 5,636,115 31 19 8.2 

Office Building 318,308 5,636,125 28 18 5.5 

Workshop 318,306 5,636,097 46 23 8.2 

NAP1 318,252 5,636,032 41 32 19 

NAP2LO 318,306 5,636,044 27 17 13 

NAP2UP 318,306 5,636,016 33 33 21 

Control Building 318,252 5,635,982 18 15 25 

PRL Plant 318,252 5,635,964 46 27 25 

Abate 318,279 5,635,955 21 15 25 

Annex 318,240 5,635,964 19 12 28 

Storage Building  318,236 5,635,815 128 43 21 
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Table 4.4 Building Information Used to Evaluate Downwash (cont’d) 

Building 

SW Corner UTM 

NAD 83 Zone 12 Length 

(m) 

Width 

(m) 

Height 

(m) 
Easting (m) Northing (m) 

Rail Loading 318,199 5,635,853 38 9.7 31 

Transfer 318,253 5,635,844 12  9.8 25 

Scalping 318,230 5,635,845 11 7.6 34 

CT101 318,311 5,635,853 30 12 17 

CT102 318,311 5,635,823 17 12 17 

Kaolin 318,216 5,635,945 29 13 12 

Pump House 318,324 5,635,868 11 8.5 10 

Administration Building 316,657 5,635,738 66 36 12 

Duration Storage Building 563,5738 5,635,819 61 34 9.3 

Tank 

Center UTM 

NAD 83 Zone 12 Diameter 

(m) 

Height 

(m) 
Easting (m) Northing (m) 

Water Tank 317,664 5,635,617 28 16 

Ammonia Tank 317,860 5,635,717 57 29 

Prill Tower 318,279 5,635,970 13 93 

North Nitric Acid Storage Tank 318,224 5,635,974 9.1 14 

South Nitric Acid Storage Tank 318,224 5,635,961 9.1 14 

North Solution Tank 318,324 5,635,941 6.7 12 

South Solution Tank 318,325 5,635938 6.7 12 
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Figure 4.1 Buildings and Structures Considered for Downwash Effects  
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5.0 DISPERSION MODELLING APPROACH 

5.1 Study Area 

The southwestern corner of the computational domain (study area) is at UTM 309.549 km E and 

5627.642 km N.  The northeastern corner is at 325.549 km E, 5643.642 km N. The size of the study area 

is 16 km x 16 km (shown earlier in Figure 5.1). 

This study area was designed to meet the AEP recommendation that the predicted CNO-only 

concentration at the edge of the study area will be no more than 10% of the AAAQO, or the ambient 

background, whichever is greater (AEP 2013b).  

5.2 Model Parameters 

The CALMET and CALPUFF models (version 6.42) were used for the air quality assessment, as 

recommended by AEP for refined regulatory air quality assessments (AEP, 2013b).  CALPUFF is an 

advanced non-steady-state meteorological and air quality modelling system consisting of three 

components:  CALMET, CALPUFF, and CALPOST.  CALMET is a diagnostic three dimensional 

meteorological model, CALPUFF is an air quality dispersion model and CALPOST is a post 

processing package. 

The CALPUFF receptor grids described below were considered in this assessment as per AEP 

guidance (AEP, 2013b).  The model origin (UTM Coordinate 550934 m east, 5994107 m north, NAD 83, 

Zone 12) was centred on the primary reformer stack.  Receptor grids were set according to the 

following spacing: 

 Grid A = 16 x 16 km, 1 km spacing, centred on the model origin; 

 Grid B = 11.4 x 11.4 km, 500 m spacing, centred on the model origin; 

 Grid C = 5.4 x 5.4 km, 250 m spacing, centred on the model origin; 

 Grid D = 2.2 x 2.2 km, 50 m spacing, centred on the model origin; and 

 Grid E = 20 m spacing along CNO boundary line. 

Figure 5.1 shows the receptor grid used in the assessment.  
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Figure 5.1 Modelling Receptor Grid



  

 Agrium Carseland Nitrogen Operations 

 Air Quality Assessment for Approval Renewal 

 November 2016 

  

 Page 14 16-00382-00 

5.3 Meteorological Data 

The size of the CALMET modelling domain is 20 km west to east and 20 km north to south.  The UTM 

coordinates (NAD 83, Zone 12) for the modelling domain range from 307,689 m to 327,689 m easting, 

and 5,625,786 m to 5,645,786 m northing.  Horizontal grid cells measuring 0.5 km by 0.5 km were 

adopted for the modelling.  

Five years (2002 to 2006) of the MM5 regional meteorological dataset provided by AEP were used as 

the meteorological data source.  No surface stations are located within the modelling domain and as 

such no surface observations were included directly in the model. 

Terrain data were obtained from Canadian Digital Elevation Data (1 arc second or roughly 30 m) 

found on the Canadian Council on Geomatics GeoBase website (Geobase 2016).  The terrain heights 

for meteorological grid points, receptors, and sources are processed through pre-processor program.  

To determine meteorological parameters in the boundary layer, the CALMET model requires a 

physical description of the ground surface.  The geophysical parameters used for this assessment 

include land use category, terrain elevation, roughness length, albedo, Bowen ratio, surface heat flux 

parameter, anthropogenic heat flux and leaf area index (LAI).  Values for all geophysical parameters 

except land use category and elevation were determined for the following periods: 

 Winter – January 1 to March 31 and November 15 to December 31; 

 Spring – April 1 to June 14; 

 Summer – June 15 to August 31; and 

 Fall – September 1 to November 14. 

5.4 Background Concentrations 

According to AEP guidance (AEP, 2013b), appropriate  concentrations due to natural sources, and 

unidentified, possibly distant sources are to be used as background, and added to predicted values 

from the modelling of the CNO and nearby industrial sources.   

AEP modelling guidelines recommends that background concentrations should be calculated using 

measurements from the nearest upwind station (AEP, 2013b).  As shown in Figure 2.2, winds near the 

CNO tend to blow predominantly from the westerly direction, and as such, background ambient 

concentrations for NOx and NO2 were obtained from the Agrium monitoring trailer located 800 m east 

of the CNO site. CO and PM2.5 concentrations were obtained from the Calgary Southeast station which 

was the closest upwind station to the CNO that collected ambient CO and PM2.5 measurements. No 

measurements for ambient TSP concentrations were available in Calgary or in any of the 

neighbouring airshed monitoring networks (i.e. Calgary Region Airshed Zone (CRAZ) and Palliser 
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Airshed Society (PAS)).  Thus, background TSP concentrations were assumed to be 1.6 times greater 

than that of PM2.5 concentrations.  This assumption was based on results from an ambient monitoring 

study of various particulate fractions at multiple urban and rural sites in Austria (Gomiscek et al., 

2004).  

NH3 ambient background concentrations were obtained from the Lethbridge station, as NH3 is not 

measured within the CRAZ monitoring network.  It is also expected that NH3 background 

concentrations will be conservative since the Lethbridge station is located near a fertilizer facility.   

As per AEP guidance (2013b), the top 10% of the monitoring data were disregarded and maximum 

concentrations calculated with the reduced data set were used as background.  All data sets were 

quality checked for at least 75% completeness and missing data were not included in the calculations.  

Five years of monitoring data were used (2011 to 2015 inclusive) to calculate the background 

concentrations, shown in Table 5.1. 

Table 5.1 Background Concentrations Used in the Modelling Assessment (2011 to 2015) 

Parameter 

Averaging Period (µg/m3) 

Monitoring Station 1-hour 
8-hour 24-hour Monthly Annual 

90th Percentile 

NOX  25 - - - 12 CNO Monitoring Trailer 

NO2  25 - - - 12 CNO Monitoring Trailer 

NH3 9.7 - - - - Lethbridge (a) 

PM2.5  15 - 8.1 - 5.1 Calgary SE (a) 

TSP - - 13 - 8.0 Calgary SE (a) 

CO  458 311 - - - Calgary SE (a) 

(a) Data source: AEP (2016c). 

6.0 DISPERSION MODEL PREDICTIONS – TYPICAL OPERATING CONDITIONS 

Dispersion model predictions of NO2, NH3, PM2.5, TSP and CO for the CNO operating under typical 

operating conditions are summarized in this section.  The overall maximum prediction for the five 

years of the meteorological dataset is provided.  Results are also presented in the form of 

concentration contours (isopleths). The assessment is conducted using two emission scenarios: 

1. the CNO-Only Case, includes the existing stack and fugitive sources at the CNO; and 

2. the Application Case, comprises all nearby industrial emission  sources located within 5 km of  

the CNO, including background concentrations plus the CNO-Only Case. 
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6.1 Nitrogen Dioxide (NO2)  

CALPUFF model predictions of ground-level concentrations of NO2 are summarized in Table 6.1 and 

compared against relevant AAAQOs.  The table shows both the 99.9th percentile one-hour and the 

average annual predictions at the maximum point of impingement (MPOI).  Also, in accordance with 

AEP (2013b), both sets of NO2 concentrations as calculated from the ozone limiting method (OLM) 

and the TCM (equivalent to NOX concentrations) are presented.  

The predictions from the CALPUFF modelling indicate no exceedances of the AAAQOs for either 

averaging period when the OLM is used to convert NOx predictions to NO2.  In fact, the model results 

show that all predictions at the MPOI are less than half of their AAAQOs.   

Predictions of NO2 (obtained by OLM) based on 99.9th percentile hourly and average annual 

averaging periods are also presented in the form of NO2 concentration isopleths for the Application 

case in Figures 6.1 to 6.2, respectively.  The figures show that the hourly NO2 MPOI for the 

Application scenario is predicted to occur along the northeast corner of the CNO boundary and the 

annual MPOI is predicted to occur 400 m east of the eastern CNO boundary.  All predictions shown in 

the isopleth figures include the background concentrations summarized in Table 5.1. 

Table 6.1 Summary of Predicted NOx and NO2 Ground-Level Concentrations  

NO2  
Background(a)   

(µg/m3) 

CNO only 

(µg/m3) 

Application 

Case (µg/m3) 

AAAQO(b)  

(µg/m3) 

99.9% 1-h NOx Concentration (equivalent to NO2 using TCM) 

Overall Maximum (MPOI) 25 126 313 N/A 

Maximum at CNO Boundary 25 126 313 N/A 

99.9% 1-h NO2 Concentration (Conversion to NO2 using OLM) 

Overall Maximum (MPOI) 25 93 140 300 

Maximum at CNO Boundary 25 93 140 300 

Annual NOx Concentration (equivalent to NO2 using TCM) 

Overall Maximum (MPOI) 12 3.1 21 N/A 

Maximum at CNO Boundary 12 3.1 21 N/A 

Annual NO2 Concentration (Conversion to NO2 using OLM) 

Overall Maximum (MPOI) 12 2.9 20 45 

Maximum at CNO Boundary 12 2.9 19 45 

(a) Background from CNO monitoring trailer 

(b) Source: AEP (2016) 
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6.2 Ammonia (NH3) 

The CALPUFF modelling predictions for NH3 are summarized in Table 6.2.  Concentration contours 

for the 9th highest hourly predictions is presented in Figure 6.3 for the Application Scenario.  The key 

result is that the model predicts no NH3 exceedances of the AAAQO. All predictions are within 35% 

of the objective value and the MPOIs were predicted to occur along the northern boundary of the 

CNO (Figure 6.3). 

Table 6.2 Summary of Predicted Ammonia Concentrations (Background from 

Lethbridge) 

NH3  
Background(a) 

(µg/m3) 

CNO only 

(µg/m3) 

Application 

Case (µg/m3) 

AAAQO(b) 

(µg/m3) 

99.9% 1-h Concentration 

Overall Maximum (MPOI) 9.7 472 482 1,400 

Maximum at CNO Boundary 9.7 472 482 1,400 

(a) Background from Lethbridge station 

(b) Source: AEP (2016) 

6.3 Fine Particulate Matter (< 2.5 µm) 

The CALPUFF modelling predictions for PM2.5 are summarized in Table 6.3 and the contours for each 

averaging period - 9th highest hourly, maximum daily, 8th highest daily and annual average - are 

shown in Figure 6.4 and 6.7, respectively.  It can be seen in Table 6.3 that with the exception of the 24-

h maximum predictions in the Application, all predicted concentrations are below their relevant 

guidelines and objectives. For all averaging periods except the 24-h maximum predictions, the MPOI 

occur just north of the neighbouring Orica facility.  Exceedances of the 24-h maximum AAAQO occur 

either north of the neighbouring Orica facility or near an existing industrial facility located a few 

kilometers away as a result of the grain handling operations but such exceedances are predicted to 

occur infrequently (0.05% of the time). The CNO contribution to these exceedances is negligible.  
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Table 6.3 Summary of Predicted PM2.5 Concentrations                                               

PM2.5   
Background(a) 

(µg/m3) 

CNO only 

(µg/m3) 

Application 

Case (µg/m3) 

CAAQS(b) 

(µg/m3) 

AAAQO(c) 

(µg/m3) 

99.9% 1-h Concentration 

Overall Maximum (MPOI) 15 17 63 N/A 80(d) 

Maximum at CNO Boundary 15 17 37 N/A 80(d) 

Maximum 24-h Concentration 

Overall Maximum (MPOI) 8.1 7.7 32 N/A 30 

Maximum at CNO Boundary 8.1 7.7 18 N/A 30 

98% 24-h Concentration 

Overall Maximum (MPOI) 8.1 4.1 19 28 N/A 

Maximum at CNO Boundary 8.1 4.1 14 28 N/A 

Annual Concentration 

Overall Maximum (MPOI) 5.1 0.6 7.2 N/A 10 

Maximum at CNO Boundary 5.1 0.6 6.1 N/A 10 

(a) Background from Calgary SE station 

(b) Source: CCME (2012). 

(c) Source: AEP (2016). 
(d) Guideline value, not a regulatory compliance objective. 

6.4 Total Suspended Particulates (TSP) 

CALPUFF Modelling predictions for TSP are presented in Table 6.4 and the contours for the predicted 

maximum TSP daily and annual concentrations are shown in Figure 6.8 and 6.9, respectively.  Similar 

to the PM2.5 model results, exceedances have been predicted for the 24-h maximum TSP 

concentrations in the Application Case, even though the CNO-Only predictions are well under 

objectives.  As such, the contribution of the CNO to these maximum predictions can be considered 

negligible.  

The TSP predictions from the CALPUFF modelling indicate no exceedances of the AAAQO for the 

annual averaging period.  
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Table 6.4 Summary of Predicted TSP Concentrations                   

TSP  
Background(a)  

(µg/m3) 

CNO only 

(µg/m3) 

Application 

Case (µg/m3) 

AAAQO(b) 

(µg/m3) 

Maximum 24-h Concentration 

Overall Maximum (MPOI) 13 13 632 100 

Maximum at CNO Boundary 13 13 26 100 

Maximum Annual Concentration 

Overall Maximum (MPOI) 8 1.3 47 60 

Maximum at CNO Boundary 8 1.3 10 60 

(a) Background from Calgary SE station  
(b) Source: AEP (2016). 

6.5 Carbon Monoxide (CO)  

CALPUFF modelling predictions for CO are summarized in Table 6.5.  The contours of predicted CO 

concentrations for the Application Scenario for the 9th highest 1-hour and maximum 8-hour average 

periods are presented in Figures 6.10 and 6.11, respectively.   

The model predicted no CO exceedances of the AAAQOs.  Both the hourly and 8-hour averages were 

well below the AAAQOs of 15,000 µg/m3 and 6,000 µg/m3, respectively.  The ambient background 

concentrations were a large contributor (around 90%) to the overall CO predictions for the 

Application Scenario. For both averaging periods, the MPOIs occurred along the northern boundary 

of the CNO.   

Table 6.5 Summary of Predicted CO Concentrations                

CO   
Background(a)  

(µg/m3) 

CNO only 

(µg/m3) 

Application 

Case (µg/m3) 

AAAQO(b) 

(µg/m3) 

99.9% 1-h Concentration 

Overall Maximum (MPOI) 458 22 493 15,000 

Maximum at CNO Boundary 458 22 493 15,000 

Maximum 8-h Concentration 

Overall Maximum (MPOI) 311 22 363 6,000 

Maximum at CNO Boundary 311 21 362 6,000 

(a) Background from Calgary SE station  

(b) Source: AEP (2016). 
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Disclaimer: This figure was derived from multiple data sources and while we make every effort to assure its accuracy, Millennium EMS Solutions Ltd. disclaims any representation or warranty and assumes no liability either for any errors, omission or inaccuracies that may occur.
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7.0 DISPERSION MODEL PREDICTIONS - LICENSED LIMITS OPERATING CONDITIONS 

As part of the terms and conditions and requirements attached to Agrium’s Environmental Protection 

and Enhancement Act (EPEA) permit to operate the CNO, a set of emission limits for NO2, 

particulates and ammonia have been specified for the urea stack and for the primary reformer stack. 

The stack and emission parameters associated with these licensed emission limits are shown in Table 

7.1. It was assumed the other sources in this scenario (i.e. CNO fugitive emissions and regional 

industrial sources) were operating normally, as per Tables 4.2 and 4.3. 

Table 7.1 Stack and Emission Parameters - Licensed Conditions at the CNO 

Source 

Description 

UTM Coordinates 

(m) 
Stack 

Height  

(m) 

Stack 

Diameter 

(m) 

Exit 

Velocity 

(m/s) 

Exit 

Temp.  

(K) 

Emissions (t/d) 

Easting Northing NOx NH3 TSP PM2.5 CO 

ESN 150 

Scrubber 
317,513 5,635,849 35.7 2.1 7.7 308 0.0 0.0 0.033 0.033 0.0 

Urea Stack 

ST101 
317,613 5,635,809 73.2 2.7 22.3 321 0.0 5.40 2.26 2.5E-03 0.0 

Primary 

Reformer 101B 
317,549 5,635,642 36.6 4.0 13.8 469 4.08 2.06 0.060 0.060 0.66 

Utility Boiler 

ST301 
317,644 5,635,745 30.5 2.3 5.4 427 0.21 0.0 6.1E-03 6.1E-03 0.068 

SP 81 CO2 

Stripper Vent 
317,594 5,635,724 34.4 0.9 23.3 314 

0.0 
0.0 0.0 0.0 9.6E-03 

TOTAL From All Stack Sources 4.3 7.5 2.4 0.10 0.74 

Tables 7.2 to 7.4 summarize the results from the modelling of the Licensed Limits Scenario. Only the 

results of averaging periods for which there exists AEP or CCME guidelines and objectives with 

licensed limits are shown in the tables. Also, only the substances that have emission limits attached to 

them (NO2, particulates and ammonia) are presented here as predictions for the remaining substance 

(CO) will be identical to those in the Typical Operations Scenario. The predictions for the Licensed 

Limits Scenario are similar to the ones for the Typical Operations scenario: there were no exceedances 

of the AAAQOs as a result of the CNO operating by itself at its licensed emission limits.    
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Table 7.2 Summary of Predicted NOx and NO2 Ground-Level Concentrations 

for Licensed Limits Scenario  

NO2  
Background 

(µg/m3) 

CNO only 

(µg/m3) 

Application 

Case (µg/m3) 

AAAQO 

(µg/m3) 

99.9% 1-h NOx Concentration (equivalent to NO2 using TCM) 

Overall Maximum (MPOI) 25 132 313 N/A 

Maximum at CNO Boundary 25 132 313 N/A 

99.9% 1-h NO2 Concentration (Conversion to NO2 using OLM) 

Overall Maximum (MPOI) 25 97 140 300 

Maximum at CNO Boundary 25 97 140 300 

Annual NOx Concentration (equivalent to NO2 using TCM) 

Overall Maximum (MPOI) 12 3.2 21 N/A 

Maximum at CNO Boundary 12 3.2 21 N/A 

Annual NO2 Concentration (Conversion to NO2 using OLM) 

Overall Maximum (MPOI) 12 3.0 20 45 

Maximum at CNO Boundary 12 3.0 19 45 

 

Table 7.3 Summary of Predicted Ammonia Concentrations for Licensed Limits 

Scenario 

NH3  
Background 

(µg/m3) 

CNO only 

(µg/m3) 

Application 

Case (µg/m3) 

AAAQO 

(µg/m3) 

99.9% 1-h Concentration 

Overall Maximum (MPOI) 9.7 478 488 1,400 

Maximum at CNO Boundary 9.7 478 488 1,400 

 

Table 7.4 Summary of Predicted TSP Concentrations for Licensed Limits 

Scenario 

TSP  
Background 

(µg/m3) 

CNO only 

(µg/m3) 

Application 

Case (µg/m3) 

AAAQO 

(µg/m3) 

Maximum 24-h Concentration 

Overall Maximum (MPOI) 13 41 633 100 

Maximum at CNO Boundary 13 37 50 100 

Maximum Annual Concentration 

Overall Maximum (MPOI) 8 2.6 48 60 

Maximum at CNO Boundary 8 2.6 11 60 
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8.0 NON-ROUTINE AND UPSET CONDITIONS ASSESSMENT 

According to AEP (AEP 2013b), the impact due to unintended releases to the air because of non-

routine equipment shutdowns or power outages must be considered in environmental assessments 

for air quality.  Several upset and non-routine release scenarios for the facility were studied.  From 

these scenarios, Agrium has identified two potential worst case scenarios for assessment.  

The first non-routine emissions release scenario occurs during a plant start-up or a process upset at 

the urea plant, resulting in urea synthesis gas from pressure relief devices discharging into a 

collection header which, in turn, will discharge into the urea stack.  This results in the venting of NH3 

from the urea stack into the atmosphere for a maximum duration of three minutes.  The stack and 

emission parameters for this release scenario are shown in Table 8.1. It was assumed the rest of the 

facility operates normally during this scenario in order to provide a conservative assessment. 

The second non-routine emissions release scenario involves the lifting of the pressure relief valve, RV-

109F, as a result of a loss of operation in the refrigeration compressors.  In this scenario, ammonia 

vapour will be discharged to the atmosphere to protect the refrigeration flash drum from 

overpressure.  This event is expected to occur up to a maximum duration of two minutes based on 

information from an incident that occurred in October 2010, which was the last occurrence of such an 

event.  The source and emission parameters for this release scenario are also shown in Table 8.1. It 

was also assumed for this scenario that the rest of the facility continued to operate normally. 

Table 8.1 Stack and Emission Parameters - Upset Conditions at the CNO 

Source 

Description 

UTM Coordinates (m) Stack 

Height  

(m) 

Stack 

Diameter 

(m) 

Exit 

Velocity 

(m/s) 

Exit 

Temp.  

(K) 

Emissions (g/s) 

Easting Northing NH3 

Scenario #1 317,613 5,635,809 73.2 2.7 21 316 730 

Scenario #2 317,549 5,635,720 5.2 0.203 435 360 772 

Table 8.2 presents the results of the non-routine scenarios assessment.  The 99.9th percentile predicted 

hourly average ground-level concentrations for both scenarios exceed the AAAQO, with the MPOI 

predicted to occur along the CNO property boundary.  However, both non-routine scenarios are 

considered to be rare events, with each event expected to occur only once every ten years.  Moreover, 

the ammonia emission rates for both non-routine scenarios should be considered conservative since 

worst-case release rates were used.  It was assumed that 100% of the total ammonia released is free 

ammonia.  It should also be noted that during the last occurrence of Scenario #2 in October 2010, no 

exceedances of ammonia were measured at the Agrium monitoring trailer. 
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Table 8.2 Predicted Ground-Level Concentrations – Upset 

Scenarios Assessment 

Receptor Location 
Scenario 1       

(µg/m3) 

Scenario 2   

(µg/m3) 

AAAQO(a) 

(µg/m3) 

NH3 - 9th Highest Hourly        

Overall Maximum (MPOI) 3,359 13,997 1,400 

Maximum at CNO Boundary 3,359 13,997 1,400 

(a) Source: AEP (2016a) 

9.0 CONCLUSIONS  

The CALPUFF model was used to assess the dispersion of NO2, NH3, PM2.5, TSP and CO emissions 

associated with the operation of the CNO.  The effects of downwash from the building and storage 

tanks located at the CNO were considered.  To account for cumulative effects, all industrial sources 

located within 5 km from the CNO were included in the modelling and ambient background 

measurements were added to the model predictions.   

The results of the dispersion modelling showed there were no predicted exceedances of the AAAOOs 

when the CNO, operating under typical operating conditions, was considered by itself. Exceedances 

of the PM2.5 and TSP maximum daily AAAQOs were predicted in the Application case but these 

exceedances were due to the operations of other nearby industrial facilities. The contribution of the 

CNO to these exceedances was negligible.  

Modelling results for two non-routine upset conditions showed the hourly AAAQO for ammonia 

would be exceeded along the CNO property boundary.  The scenarios assessed are rare worst-case 

events and would not last longer than a few minutes.  

10.0 LIMITATIONS OF LIABILITY AND CLOSURE 

This report has been prepared for the exclusive use of Agrium Inc. and authorised users for specific 

application to the Carseland Nitrogen Operations.  The CALPUFF assessment was conducted in 

accordance with the work scope and generally accepted air quality assessment practices.  

The air dispersion modelling as presented herein was performed in accordance with generally 

accepted protocols and the current Carseland Nitrogen Operations design.  Given the assumptions 

used herein, the air dispersion modelling is believed to provide a conservative estimate of the 

concentrations of emitted substances in ambient air in the vicinity of the site.  
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We thank you for the opportunity to be of assistance to Agrium Inc.  Should you have any questions, 

please contact either of the undersigned at 403.592.6180. 

Yours truly, 

Millennium EMS Solutions Ltd. 

Prepared by: 

 

Mahsa Atyabi, M.Sc., P.Eng. 

Air Quality Engineer 

 

Reviewed by: 

 

Yan Wong, PhD., P.Eng. 

Air Sciences Team Lead 
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APPENDIX A: AIR QUALITY MODELLING SETTING
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1.0 INTRODUCTION 

CALMET and CALPUFF models, versions 6.334 and 6.42, respectively, were used for the air quality 

assessment.  Both of the models are described in detail by Exponent (Exponent, 2011) and are 

recommended by Alberta Environment and Parks for regulatory air quality assessments (AEP, 2013a).  

The purpose of this appendix is to present the technical information associated with the air dispersion 

modeling that was completed for the Agrium Carseland Nitrogen Operations (“CNO”) application. 

2.0 CALMET MODEL OPTIONS 

2.1 Wind Field Options (Input Group 5) 

Within the CALMET model, there are a number of options for calculating the modelling domain wind 

field.  Similarity theory is used to extrapolate surface winds to upper layers. 

The maximum overland radius of influence for the surface layer is 24 km.  The radius is 24 km at 

upper levels.  Additionally, the minimum radius of influence for the wind field interpolation is 

0.1 km, and radius of influence is set to 10 km for terrain features.  The wind field options for the 

dispersion meteorological component of the model are described in Table A2-1, where they differ 

from AEP (2013b) defaults. 

2.2 Meteorological Data Options (Input Group 4 and 6) 

Hourly surface heat fluxes, as well as the observed morning and afternoon temperature soundings, 

were used to calculate mixing heights.  The minimum and maximum mixing heights allowed were 

50 m and 3,000 m, respectively. 

The inverse distance-squared method, which was recommended by Dean and Snyder (1977) and 

Wei and McGuinness (1976), was used to interpolate air temperature, with a radius of influence of 

500 km.  A larger radius produces a more realistic temperature field, particularly at the surface. 

The meteorological data options, mixing height, precipitation, and temperature parameters that were 

used in the CNO assessment are outlined in Table A2-2, Table A2-3, and Table A2-4, respectively. 

Only parameters that are different than AEP (2013b) or where no defaults exist, are listed. 
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The following provides rationale for the use of non-default model parameters: 

 IPROG = 14: MM5 data were used. 

 IEXTRP = 1:  no extrapolation as only MM5 was used 

 FEXTR2 = 0: this option is used only when IEXTRP = 3 or -3 

 ICLOUD = 4: Gridded cloud cover from prognostic relative humidity at all levels 

(MM5toGrads algorithm).  Since MM5 data was used, this is the appropriate option. 

 NOOBS: no surface station was included. Use surface and overwater stations (no upper air 

observations); 

 ITPROG: no surface station was included, no upper air observations were included; 

 IRHPROG = 1: 3D relative humidity from prognostic data 

(Use prognostic RH (Only If NOOBS = 0,1,2). 

 NSSTA = 0: number of surface stations was included. 

Table A2-1 Wind Field Options and Parameters (Input Group 5) 

Parameter Default Current Description 

Wind Field Model Options 

BIAS NZ*0 12*0 Layer-dependent biases modifying the weights of surface and upper air stations 

IPROG 0 14 

Use gridded prognostic wind field model output fields as input to the 

diagnostic wind field model (14=use winds from MM5.DAT file as initial guess 

field) 

Radius of Influence Parameters 

RMAX1 - 24 Maximum radius of influence over land in the surface layer (km) 

RMAX2 - 24 Maximum radius of influence over land aloft (km) 

RMAX3 - 24 Maximum radius of influence over water (km) 

Other Wind Field Input Parameters 

TERRAD - 10 Radius of influence of terrain features (km) 

R1 - 6 
Relative weighting of the first guess field and observations in the surface layer 

(km) 

R2 - 6 
Relative weighting of the first guess field and observations in the layers aloft 

(km) 

RPROG - 54.0 Relative weighting parameter of the prognostic wind field data (km) 
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Table A2-1 Wind Field Options and Parameters (Input Group 5) 

Parameter Default Current Description 

NSMTH 

(NZ) 
2,(mxnz-1)*4 

2, 44, 44, 44, 

44, 44, 44, 44, 

44, 44, 44, 44 

Number of passes in the smoothing procedure 

KBAR NZ 12 Level (1 to NZ) up to which barriers apply 
 

 

Table A2-2 Wind Field Options and Parameters (Input Group 4) 

Parameter Default Current Description 

NOOBS 0 0 
No surface, overwater, or upper air observations  

Use MM4/MM5/M3D for surface and  upper air data 

Number of Surface & Precipitation Meteorological Stations 

NSSTA - 0 Number of surface stations 

NPSTA - -1 use of MM5/M3D precipitation data 

Cloud Data Options 

ICLOUD 0 4 
Gridded cloud cover from prognostic relative humidity at all 

levels 

 

Table A2-3 Mixing Height Parameters (Input Group 6) 

Parameter Default Current Description 

Relative Humidity Parameters 

IRHPROG 0 1 
3D relative humidity from observations or from prognostic data  

(0= use RH NOOBS = 0,1) 

 

Table A2-4 Temperature Parameters 

Parameter Default Current Description 

Temperature Parameters 

ITPROG 0 0 
No surface or upper air observations 

Use MM5/3D.DAT for surface and upper air data   
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(only if NOOBS = 0,1,2) 

TRADKM 500 24 Radius of influence for temperature interpolation (km) 

JWAT1 - 999 
Beginning land use categories for temperature interpolation over 

water (disabled) 

JWAT2 - 999 
Ending land use categories for temperature interpolation over 

water (disabled) 

2.3 Fifth Generation NCAR/Penn State Mesoscale Model (MM5) 

The fifth generation NCAR/Penn State Mesoscale Model (MM5) was developed jointly by the 

National Center for Atmospheric Research (NCAR) and Pennsylvania State University (PSU).  It is a 

prognostic model that computes horizontal and vertical velocity components, pressure, temperature, 

relative humidity and vapour, cloud, rain, snow, ice, and graupel mixing ratios. 

For the purposes of this assessment, MM5 model output for the 2002 to 2006 model years (a 

“standard” dataset provided by AEP) was used for the initial guess wind field in CALMET runs and 

also for upper air data readings.  The MM5 data are at 12 km resolution, with each grid containing 30 

vertical layers extending more than 10,000 m above ground. 

2.4 Geophysical Parameters 

2.4.1 Land Use 

To determine meteorological parameters in the boundary layer, the CALMET model requires a 

physical description of the ground surface.  The geophysical parameters for this assessment include 

land use category, terrain elevation, roughness length, albedo, Bowen ratio, surface heat flux 

parameter, anthropogenic heat flux and leaf area index (LAI).  Values for all land use parameters 

except land use category and elevation were determined for the following periods: 

 Winter – January 1 to March 31 and November 15 to December 31; 

 Spring – April 1 to June 14; 

 Summer – June 15 to August 31; and 

 Fall – September 1 to November 14. 

The geophysical parameters for all periods are summarised in Table A2-5 below. 
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Table A2-5 Surface Variables Associated with Land Use Characteristics 

Land Use Categories Geophysical Parameters 

CALMET (USGS 

Land Use 

Classification 

System) 

GeoBase 

(NRCAN) 

Roughness 

Length Z0 

(m) 

Albedo Bowen 

Ratio 

Heat 

Flux 

(W/m2) 

Anthropogenic 

Heat Flux 

(W/m2) 

Leaf 

Area 

Index 

(LAI) 

WINTER 

10 – Urban or 

Build-Up Land 

34 - Developed 
1.00 0.35 1.50 0.25 30.0 0.20 

20 – Agricultural 

Land - Unirrigated 

52 – Shrub Low 

121 – Agriculture 

Annual Cropland 

0.01 0.60 1.50 0.15 0.0 0.50 

30 - Rangeland 100 – Herb 

110 – Grassland 

122 – Agriculture 

Pasture/Forage 

0.001 0.60 1.50 0.15 0.0 0.20 

41 – Deciduous 

Forest Land 

51 – Shrub Tall 

221 – Boadleaf 

dense 

222 – Broadleaf 

Open 

223 – Broadleaf 

Sparse 

0.50 0.50 1.50 0.15 0.0 0.50 

42 – Evergreen 

Forest Land 

211 – Coniferous 

Dense 

212  - Coniferous 

Dense 

213 – Coniferous 

Sparse 

1.30 0.35 1.50 0.15 0.0 4.00 

43 – Mixed Forest 

Land 

231 – Mixedwood 

Dense 

232 – Mixedwood 

Open 

233 – Mixedwood 

Sparse 

0.90 0.43 1.50 0.15 0.0 2.30 

50 - Water 20 - Water 0.0001 0.20 1.50 1.00 0.0 0.00 
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Table A2-5 Surface Variables Associated with Land Use Characteristics 

Land Use Categories Geophysical Parameters 

CALMET (USGS 

Land Use 

Classification 

System) 

GeoBase 

(NRCAN) 

Roughness 

Length Z0 

(m) 

Albedo Bowen 

Ratio 

Heat 

Flux 

(W/m2) 

Anthropogenic 

Heat Flux 

(W/m2) 

Leaf 

Area 

Index 

(LAI) 

61 – Forested 

Wetland 

81 – Wetland-Treed 

82 – Wetland – 

Shrub 

11 – Cloud 

12 - Shadow 

0.90 0.43 1.50 0.15 0.0 1.2 

62 – Non-forested 

Wetland 

83 – Wetland - Herb 
0.05 0.30 1.50 0.15 0.0 0.2 

70 – Barren Land 32 – Rock/Rubble 

33 – 

Exposed/Barren 

Land 

0.05 0.45 1.50 0.15 0.0 0.00 

SPRING 

10 – Urban or 

Build-Up Land 

34 - Developed 
1.00 0.14 1.00 0.25 15.0 0.20 

20 – Agricultural 

Land - Unirrigated 

52 – Shrub Low 

121 – Agriculture 

Annual Cropland 

0.03 0.14 0.30 0.15 0.0 1.00 

30 - Rangeland 100 – Herb 

110 – Grassland 

122 – Agriculture 

Pasture/Forage 

0.05 0.18 0.40 0.15 0.0 0.30 

41 – Deciduous 

Forest Land 

51 – Shrub Tall 

221 – Boadleaf 

dense 

222 – Broadleaf 

Open 

223 – Broadleaf 

Sparse 

1.00 0.12 0.70 0.15 0.0 1.00 

42 – Evergreen 

Forest Land 

211 – Coniferous 

Dense 

212  - Coniferous 

Dense 

213 – Coniferous 

Sparse 

1.30 0.12 0.70 0.15 0.0 4.00 

43 – Mixed Forest 231 – Mixedwood 1.15 0.12 0.70 0.15 0.0 2.50 
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Table A2-5 Surface Variables Associated with Land Use Characteristics 

Land Use Categories Geophysical Parameters 

CALMET (USGS 

Land Use 

Classification 

System) 

GeoBase 

(NRCAN) 

Roughness 

Length Z0 

(m) 

Albedo Bowen 

Ratio 

Heat 

Flux 

(W/m2) 

Anthropogenic 

Heat Flux 

(W/m2) 

Leaf 

Area 

Index 

(LAI) 

Land Dense 

232 – Mixedwood 

Open 

233 – Mixedwood 

Sparse 

50 - Water 20 - Water 0.0001 0.12 0.10 1.00 0.0 0.00 

61 – Forested 

Wetland 

81 – Wetland-Treed 

82 – Wetland – 

Shrub 

10 – Unclassified 

11 – Cloud 

12 - Shadow 

1.15 0.12 0.70 0.15 0.0 1.30 

62 – Non-forested 

Wetland 

83 – Wetland - Herb 
0.20 0.12 0.10 0.15 0.0 0.30 

70 – Barren Land 32 – Rock/Rubble 

33 – 

Exposed/Barren 

Land 

0.05 0.30 1.00 0.15 0.0 0.00 

SUMMER 

10 – Urban or 

Build-Up Land 

34 - Developed 
1.00 0.16 2.00 0.25 10.0 0.30 

20 – Agricultural 

Land - Unirrigated 

52 – Shrub Low 

121 – Agriculture 

Annual Cropland 

0.20 0.20 0.50 0.15 0.0 3.00 

30 - Rangeland 100 – Herb 

110 – Grassland 

122 – Agriculture 

Pasture/Forage 

0.10 0.18 0.80 0.15 0.0 1.00 

41 – Deciduous 

Forest Land 

51 – Shrub Tall 

221 – Boadleaf 

dense 

222 – Broadleaf 

Open 

223 – Broadleaf 

Sparse 

1.30 0.12 0.30 0.15 0.0 3.50 
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Table A2-5 Surface Variables Associated with Land Use Characteristics 

Land Use Categories Geophysical Parameters 

CALMET (USGS 

Land Use 

Classification 

System) 

GeoBase 

(NRCAN) 

Roughness 

Length Z0 

(m) 

Albedo Bowen 

Ratio 

Heat 

Flux 

(W/m2) 

Anthropogenic 

Heat Flux 

(W/m2) 

Leaf 

Area 

Index 

(LAI) 

42 – Evergreen 

Forest Land 

211 – Coniferous 

Dense 

212  - Coniferous 

Dense 

213 – Coniferous 

Sparse 

1.30 0.12 0.30 0.15 0.0 4.00 

43 – Mixed Forest 

Land 

231 – Mixedwood 

Dense 

232 – Mixedwood 

Open 

233 – Mixedwood 

Sparse 

1.30 0.12 0.30 0.15 0.0 3.80 

50 - Water 20 - Water 0.0001 0.10 0.10 1.00 0.0 0.00 

61 – Forested 

Wetland 

81 – Wetland-Treed 

82 – Wetland – 

Shrub 

10 – Unclassified 

11 – Cloud 

12 - Shadow 

1.30 0.12 0.30 0.25 0.0 2.00 

62 – Non-forested 

Wetland 

83 – Wetland - Herb 
0.20 0.14 0.10 0.25 0.0 1.00 

70 – Barren Land 32 – Rock/Rubble 

33 – 

Exposed/Barren 

Land 

0.05 0.30 1.00 0.15 0.0 0.00 

FALL 

10 – Urban or 

Build-Up Land 

34 - Developed 
1.00 0.18 2.00 0.25 15.0 0.20 

20 – Agricultural 

Land - Unirrigated 

52 – Shrub Low 

121 – Agriculture 

Annual Cropland 

0.05 0.18 0.70 0.15 0.0 1.50 
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Table A2-5 Surface Variables Associated with Land Use Characteristics 

Land Use Categories Geophysical Parameters 

CALMET (USGS 

Land Use 

Classification 

System) 

GeoBase 

(NRCAN) 

Roughness 

Length Z0 

(m) 

Albedo Bowen 

Ratio 

Heat 

Flux 

(W/m2) 

Anthropogenic 

Heat Flux 

(W/m2) 

Leaf 

Area 

Index 

(LAI) 

30 - Rangeland 100 – Herb 

110 – Grassland 

122 – Agriculture 

Pasture/Forage 

0.01 0.20 1.00 0.15 0.0 1.00 

41 – Deciduous 

Forest Land 

51 – Shrub Tall 

221 – Broadleaf 

dense 

222 – Broadleaf 

Open 

223 – Broadleaf 

Sparse 

0.80 0.12 1.00 0.15 0.0 2.00 

42 – Evergreen 

Forest Land 

211 – Coniferous 

Dense 

212  - Coniferous 

Dense 

213 – Coniferous 

Sparse 

1.30 0.12 0.80 0.15 0.0 4.00 

43 – Mixed Forest 

Land 

231 – Mixedwood 

Dense 

232 – Mixedwood 

Open 

233 – Mixedwood 

Sparse 

1.05 0.12 0.90 0.15 0.0 3.00 

50 - Water 20 - Water 0.0001 0.14 0.10 1.00 0.0 0.00 

61 – Forested 

Wetland 

81 – Wetland-Treed 

82 – Wetland – 

Shrub 

10 – Unclassified 

11 – Cloud 

12 - Shadow 

1.05 0.12 0.90 0.25 0.0 1.50 

62 – Non-forested 

Wetland 

83 – Wetland - Herb 
0.20 0.16 0.10 0.25 0.0 0.70 

70 – Barren Land 32 – Rock/Rubble 

33 – 

Exposed/Barren 

Land 

0.05 0.28 1.00 0.15 0.0 0.00 
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The CALMET modelling domain was described using seven land use categories.  A category was 

assigned to each 500 m x 500 m grid cell based on the most prevalent land use type according to those 

described by Cihlar and Beaubien (1998).  These descriptive categories were then grouped into 

broader classifications, which were provided by CALMET.  The Land Use Categories were defined 

using land cover information from the Canadian Council on Geomatics Geobase (Geobase, 2016).  The 

Cover Classification data originates from Landsat 5 and Landsat 7 ortho-images. 

Each land use category was assigned summer, fall, winter, and spring values of roughness length, 

albedo, Bowen Ratio, anthropogenic and soil flux parameters, and leaf area index. 

The geotechnical parameters were largely the default values recommended by PCRAMMET 

(U.S. EPA 1995) and AEP (AEP, 2013b). 

2.4.2 Terrain 

Terrain data were obtained from Canadian Digital Elevation Data (1 arc second or roughly ~ 30 m) 

found on the GeoBase website (Geobase 2016).  The terrain heights for meteorological grid points, 

receptors, and sources are processed through pre-processor program. The CALMET pre-processor 

program, TERREL, was used to extract and format terrain data. 

3.0 CALPUFF MODEL OPTIONS 

3.1 Settings for Regional Model 

The CALPUFF input parameters were selected according to the default values, with some exceptions.  

For the simulation of building downwash, the PRIME method was used for buildings within the CNO 

boundary and Orica facility.  

Tables A3-1 to A3-4 identify the input parameters comparing Calpuff model default values to the 

values used for the current project.  Non-default parameters were used as follows: 

 MBDW: PRIME method used for plume downwash – the PRIME method is considered more 

advanced and is recommended by the Alberta modelling guidelines (AEP 2013b). 

 MCHEM: RIVAD/ARM3 as recommended by the Alberta modelling guidelines (AEP 2013b). 

 MDISP and MDISP2: dispersion coefficients from internally calculated sigma v, sigma w using 

micrometeorological variables as recommended by AEP (AEP,2013b). 
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Table A3-1 General Run Control Parameters (Input Group 1) 

Parameter Default Current Description 

IBYR - 2002 Starting year 

IBMO - 1 Starting month 

IBDY - 1 Starting day 

IBHR - 0 Starting hour 

IBMIN - 0 Starting minute 

IBSEC - 0 Starting second 

IEYR - 2007 Ending year 

IEMO - 1 Ending month 

IEDY - 1 Ending day 

IEMIN - 0 Ending minute 

IESEC - 0 Ending second 

ABTZ - UTC-0700 Base time zone (MST = 7.0) 

NSECDT - 3,600 Length of run (seconds) 

NSPEC 5 10 Number of chemical species 

NSE 3 6 Number of chemical species to be emitted 

 

Table A3-2 Technical Options (Input Group 2) 

Parameter Default Current Description 

MBDW 1 2 Method used to simulate building downwash (2 = PRIME method) 

MCHEM 1 3 Transformation rates computed internally using RIVID/ARM3 scheme 

MDISP 3 2 

Method used to compute dispersion coefficients - dispersion coefficients 

from internally calculated sigma v, sigma w using micrometeorological 

variables 

MDISP2 3 2 

Back-up method used to compute dispersion when measured turbulence 

data are missing (used only if MDISP = 1 or 5)  

dispersion coefficients from internally calculated sigma v, sigma w using 

micrometeorological variables 

MPDF 0 1 PDF used for dispersion under convective conditions 

MREG 1 0 Do not test options specified to see if they conform to regulatory values 
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Table A3-3 Species List-Chemistry Options (Subgroup 3a) 

CSPEC 
Modelled 

(0=no, 1=yes) 

Emitted 

(0=no, 1=yes) 

Dry deposition (0=none, 

1=computed gas, 

2=computed particle, 

3=user-specified) 

Output group Number 

SO2 1 0 1 0 

SO4-2 1 0 2 0 

NO 1 1 1 0 

NO2 1 1 1 0 

HNO3 1 0 1 0 

NO3- 1 0 2 0 

PM2.5 1 1 2 0 

TSP 1 1 0 0 

NH3 1 1 0 0 

CO 1 1 1 0 

 

Table A3-4 Map Projection Grid Control Parameters (Input Group 4) 

Parameter Default Current Description 

IUTMZN - 12 UTM Zone (1 to 60) 

DATUM WGS-84 NAR-B NIMA Datum Region - Canada 

NX - 32 Number of X grid cells in meteorological grid 

NY - 32 Number of Y grid cells in meteorological grid 

NZ - 12 Number of vertical layers in meteorological grid 

DGRIDKM - 0.5 Grid spacing (km) 

ZFACE - 

0,20,40,80,120, 

280,520,880, 1320,1820, 

2380,3000, 4000 

Cell face heights in meteorological grid (m) 

XORIGKM - 309.549 
Reference X coordinate for SW corner of grid cell (1,1) of 

meteorological grid (km) 

YORIGKM - 5627.642 
Reference Y coordinate for SW corner of grid cell (1,1) of 

meteorological grid (km) 

IBCOMP - 1 X index of lower left corner of the computational grid 
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Table A3-4 Map Projection Grid Control Parameters (Input Group 4) 

Parameter Default Current Description 

JBCOMP - 1 Y index of lower left corner of the computational grid 

IECOMP - 32 X index upper right corner of the computational grid 

JECOMP - 32 Y index upper right corner of the computational grid 

LSAMP T F Sampling grid is not used 

IBSAMP - 1 X index of lower left corner of the sampling grid 

JBSAMP - 1 Y index of lower left corner of the sampling grid 

IESAMP - 32 X index of upper right corner of the sampling grid 

JESAMP - 32 Y index of upper right corner of the sampling grid 
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Historical Soil Analytical Results - Salinity and Nutrient Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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AEP Tier 1 SGRG - Agricultural, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - GOOD RATING, TOPSOIL (0-0.15m) 2 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - POOR RATING, SUBSOIL 10 12 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Background

2009 and prior
WP

92-TH24 / 1999-TH24 (0.00-0.15m) 30-Nov-92 0.32 0.2 5.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 30-Nov-92 1.16 1.2 6 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 30-Nov-92 7.02 4.9 7.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 30-Nov-92 13.4 
1 8.4 8.2 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

95-TH24 / 1999-TH24 (0.00-0.15m) 14-Nov-95 0.52 0.4 5.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 14-Nov-95 0.46 0.6 5.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 14-Nov-95 3.53 2.2 7 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 14-Nov-95 10.69 
1 9.3 8.2 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

TH24 / 1999-TH24 (0.00-0.15 m) 14-Oct-99 1.49 0.9 6.3 189.57 10.99 31.28 77.9 60.69 691.7 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 14-Oct-99 0.88 1.2 6.4 88.17 7.09 22.29 41.56 52.88 344.4 --- --- --- --- --- --- --- ---

(0.30-0.50 m) 14-Oct-99 6.33 4.5 7.1 583.13 18.44 22.68 668.39 664.4 5,331.50 --- --- --- --- --- --- --- ---

(0.50-1.00 m) 14-Oct-99 11.8 
1 8.8 7.6 510.99 42.19 25.02 1,543.37 1,763.32 10,807.20 --- --- --- --- --- --- --- ---

08-CONTROL-01 (0.0-0.15m) 30-Oct-08 2.71 
1 2.32 8.1 344 10.2 14.8 118 196 1,759 --- --- --- <0.1 --- --- --- ---

(0.50-1.00m) 30-Oct-08 2.41 4.62 8.3 106 12.4 12.4 122 294 1,236 --- --- --- <0.1 --- --- --- ---

08-CONTROL-02 (0.0-0.15m) 30-Oct-08 7.67 
1 3.04 8 1,375 16.5 37.7 673 551 6,325 --- --- --- <0.1 --- --- --- ---

(0.50-1.00m) 30-Oct-08 7.1 3.57 8 884 14.9 34.6 515 540 6,103 --- --- --- 0.7 --- --- --- ---

08-CONTROL-03 (0.0-0.15m) 30-Oct-08 2.73 
1 1.4 7.3 422 106 33.2 89.6 122 1,100 --- --- --- 8.1 --- --- --- ---

(0.15-0.50m) 30-Oct-08 2.43 
1 1.34 7.3 385 98 32 81.2 111 1,053 --- --- --- 6.7 --- --- --- ---

(0.50-1.00m) 30-Oct-08 1.67 1.03 7.6 214 92 29.1 67.4 67.4 681 --- --- --- 3 --- --- --- ---

(1.00-1.50m) 30-Oct-08 2.67 1.37 7.2 436 95 31 88.7 120 1,250 --- --- --- 5.9 --- --- --- ---

(1.50-2.00m) 30-Oct-08 0.88 1 7.8 83.5 93.6 25.5 40 44.4 295 --- --- --- 1.9 --- --- --- ---

(2.00-2.50m) 30-Oct-08 1.16 1.13 7.6 118 94 27.9 57 59.5 389 --- --- --- 2.1 --- --- --- ---

(2.50-3.00m) 30-Oct-08 0.97 1.34 7.9 79.3 93.6 22.9 43.8 60 374 --- --- --- 1 --- --- --- ---

(3.00-3.50m) 30-Oct-08 4.61 3.06 7.6 508 22.4 42.5 221 328 2,507 --- --- --- 2.5 --- --- --- ---

(3.50-4.00m) 30-Oct-08 4.46 3.05 7.6 528 23 41.9 226 332 2,474 --- --- --- 2.3 --- --- --- ---

(4.00-4.50m) 30-Oct-08 4.55 3.06 7.8 571 22.8 42.4 244 346 2,970 --- --- --- 2.6 --- --- --- ---

(4.50-5.00m) 30-Oct-08 4.27 2.96 7.8 524 23.3 38.2 216 318 2,551 --- --- --- 2.5 --- --- --- ---

(5.00-5.50m) 30-Oct-08 4.41 2.96 7.8 538 22.5 39.5 227 325 2,354 --- --- --- 2.2 --- --- --- ---

(5.50-6.00m) 30-Oct-08 6.18 2.51 7.6 1,031 21.8 42.4 347 366 4,292 --- --- --- 1.7 --- --- --- ---

08-CONTROL-04 (0.0-0.15m) 30-Oct-08 7.93  
1 2.05 7.1 1,067 18.9 50 651 344 8,167 --- --- --- 2.7 --- --- --- ---

(0.15-0.60m) 30-Oct-08 4.92 
1 2.02 7.6 880 17.6 40.2 258 265 3,112 --- --- --- 2.8 --- --- --- ---

(0.60-1.50m) 30-Oct-08 3.22 2.59 7.5 468 18 38 136 248 1,547 --- --- --- 3.1 --- --- --- ---

09-BH25 (0.0-0.15m) 20-Oct-09 0.713 0.44 7.28 77.4 <20 14.2 23.9 17.2 100 <1.0 --- <1.0 <1.0 <1.4 --- --- ---

(0.6-1.0m) 20-Oct-09 2.73 3.84 7.65 75.9 <20 5.8 229 297 1,540 <1.0 --- <1.0 <1.0 <1.4 --- --- ---

(1.5-2.0m) 20-Oct-09 8.83 5.73 7.79 362 <20 19.4 1,080 964 6,860 <1.0 --- 0.11 0.13 <0.50 --- --- ---

(5.0-5.5m) 20-Oct-09 4.63 4.63 7.67 313 <20 18.1 358 505 3,050 <1.0 --- <1.0 <1.0 <1.4 --- --- ---

09-BH26 (0.0-0.15m) 21-Oct-09 0.879 0.28 7.16 131 21 20.7 35.3 13.9 82.6 <1.0 --- <1.0 <1.0 <1.4 --- --- ---

(0.3-0.6m) 21-Oct-09 4.74 1.63 7.51 429 <20 19.2 547 216 3,480 <1.0 --- 1.1 2.7 3.8 --- --- ---

(2.5-3.0m) 21-Oct-09 5.92 3.82 7.51 400 <20 25.3 625 524 4,350 <1.0 --- <1.0 <1.0 <1.4 --- --- ---

(4.0-4.5m) 21-Oct-09 4.08 3.09 7.38 399 <20 19 310 338 2,760 <1.0 --- <1.0 0.19 <1.0 --- --- ---

09-BH27 (0.0-0.15m) 20-Oct-09 1.94 1.94 6.23 227 60 10.5 75.3 132 613 <1.0 --- <1.0 <1.0 <1.4 --- --- ---

(1.0-1.5m) 20-Oct-09 6.82 10 7.58 226 333 16.5 363 1,050 3,430 <1.0 --- <1.0 <1.0 <1.4 --- --- ---

(2.0-2.5m) 20-Oct-09 4.52 4.94 7.42 376 74 15.2 232 494 2,620 <1.0 --- <1.0 <1.0 <1.4 --- --- ---

(4.5-5.0m) 20-Oct-09 2.57 6.33 7.33 126 41 11.8 74.1 362 1,170 <1.0 --- <1.0 <1.0 <1.4 --- --- ---

Ammonia Plant Area

2009 and prior
WP

92-TH11 / 1999-TH11 (0.00-0.15m) 1-Dec-92 8.89 2.3 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 1-Dec-92 4.42 1.2 8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 1-Dec-92 4.12 0.7 8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 1-Dec-92 2.85 0.2 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

95-TH11 / 1999-TH11 (0.00-0.15m) 14-Nov-95 4.7 1 7.4 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 14-Nov-95 3.13 0.7 7.7 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 14-Nov-95 3.31 0.7 7.6 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 14-Nov-95 1.08 1.2 8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

92-TH12 / TH12 (0.00-0.15m) 1-Dec-92 2.23 1.4 8.1 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 1-Dec-92 2.48 1 8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 1-Dec-92 4.18 0.8 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 1-Dec-92 3.02 1.5 8.1 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

95-TH12 / TH12 (0.0-0.15m) 14-Nov-95 1.41 1.4 7.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

CAR-CNO-TH11 / 1999-TH11 (0.00-0.15 m) 14-Oct-99 4.64 1.2 7.6 701.36 17.73 27.37 311.1 156.79 2,420.80 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 14-Oct-99 4.45 0.9 7.6 729.42 12.76 31.28 281.94 111.73 2,353.60 --- --- --- --- --- --- --- ---

(0.30-0.50 m) 14-Oct-99 5.42 1.8 7.7 577.12 9.57 38.32 633.15 264.38 4,130.70 --- --- --- --- --- --- --- ---

(0.50-1.00 m) 14-Oct-99 5.56 2.5 7.7 577.12 6.74 35.97 594.26 360.94 4,351.70 --- --- --- --- --- --- --- ---

04-TH-61 / 2004-TH61 (0.60-1.00 m) 20-Jul-04 1.41 1 8.3 108.41 24.82 12.9 72.19 56.55 648.4 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 20-Jul-04 0.8 0.9 8 54.91 10.99 19.94 45.94 35.86 340.1 --- --- --- --- --- --- --- ---

Ammonia Storage Tank Area

2009 and prior
WP

92-TH3 / 1999-TH3 (0.00-0.15m) 1-Dec-92 16.4 11.4 8.3 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 1-Dec-92 12.4 7.6 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 1-Dec-92 7.64 4.7 8.1 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 1-Dec-92 5.83 4.4 8.2 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

92-TH4 / TH4 (0.00-0.15 m) 1-Dec-92 8.84 7.3 8 --- --- --- --- --- --- --- --- --- --- --- --- 114 ---

(0.15-0.30 m) 1-Dec-92 7.76 6.6 8.1 --- --- --- --- --- --- --- --- --- --- --- --- 92.5 ---

(0.30-0.50 m) 1-Dec-92 7.31 5.9 8 --- --- --- --- --- --- --- --- --- --- --- --- 77.5 ---

(0.50-1.00 m) 1-Dec-92 7.27 6.6 8.2 --- --- --- --- --- --- --- --- --- --- --- --- 3.8 ---

92-TH17 / TH17 (0.00-0.15 m) 1-Dec-92 6.5 3 8.1 --- --- --- --- --- --- --- --- --- --- --- --- 80 ---

(0.15-0.30 m) 1-Dec-92 6.36 2.7 8.2 --- --- --- --- --- --- --- --- --- --- --- --- 42.8 ---

(0.30-0.50 m) 1-Dec-92 6.26 2.7 8.2 --- --- --- --- --- --- --- --- --- --- --- --- 22.3 ---

(0.50-1.00 m) 1-Dec-92 6.93 3 8.2 --- --- --- --- --- --- --- --- --- --- --- --- 11.4 ---

95-TH3 / 1999-TH3 (0.00-0.15m) 14-Nov-95 7.23 5 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 14-Nov-95 7 4.8 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 14-Nov-95 6.52 5.1 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 14-Nov-95 7.18 5.1 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

CAR-CNO-TH3 / 1999-TH3 (0.00-0.15 m) 14-Oct-99 6.38 2.9 7.7 579.13 48.22 21.11 672.03 425.31 3,895.40 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 14-Oct-99 4.68 2 7.7 525.02 16.31 20.72 470.3 268.98 3,415.10 --- --- --- --- --- --- --- ---

(0.30-0.50 m) 14-Oct-99 2.96 2.6 7.8 192.37 11.7 16.03 252.77 229.9 1,685.90 --- --- --- --- --- --- --- ---

(0.50-1.00 m) 14-Oct-99 3.07 1.9 7.9 214.42 13.12 15.25 296.52 187.83 1,820.40 --- --- --- --- --- --- --- ---

04-TH-64 / 2004-TH64 (4.50-5.00 m) 21-Jul-04 5.34 6.3 7.7 460.9 25.17 25.8 267.36 685.1 3,977.00 --- --- --- --- --- --- 0.9 ---

(5.00-5.50 m) 21-Jul-04 5.2 6 7.7 472.92 26.23 25.41 252.77 646.01 3,823.30 --- --- --- --- --- --- 0.7 ---

Boneyard

2009 and prior
WP

95-TH44 / TH44 (0.00-0.15m) 14-Nov-95 4.55 1.5 7.8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 14-Nov-95 1.27 0.4 7.2 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Boneyard

2009 and prior
WP

 (continued)

95-TH44 / TH44 (0.30-0.50m) 14-Nov-95 0.55 0.5 7.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 14-Nov-95 0.63 0.6 7.8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

95-TH45 / TH45 (0.00-0.15m) 14-Nov-95 1.24 0.5 7.7 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Salinity
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Historical Soil Analytical Results - Salinity and Nutrient Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (ds/m) (ratio) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/kg) (mg/L) (mg/L) (mg/L) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG - Agricultural, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - GOOD RATING, TOPSOIL (0-0.15m) 2 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - POOR RATING, SUBSOIL 10 12 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Salinity

95-TH45 / TH45 (0.15-0.30m) 14-Nov-95 3.39 0.3 7.6 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 14-Nov-95 2.96 0.4 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 14-Nov-95 3.07 0.7 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

04-TH-44-A / 2004-TH44A (0.00-0.15 m) 19-Jul-04 7.22 6.8 7.7 452.88 41.13 17.99 537.14 896.6 4,947.30 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 19-Jul-04 8.43 6.1 7.9 500.97 44.32 19.55 815.43 954.08 6,244.10 --- --- --- --- --- --- --- ---

(0.30-0.60 m) 19-Jul-04 9.14 5.8 8 458.89 32.26 23.07 1,037.82 990.86 7,108.70 --- --- --- --- --- --- --- ---

(0.60-1.00 m) 19-Jul-04 8.61 5.7 8.1 434.85 25.88 20.72 960.05 931.09 6,724.50 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 19-Jul-04 6.31 6.4 8.1 188.77 23.04 20.33 580.89 786.25 4,322.90 --- --- --- --- --- --- --- ---

04-TH-44-B / 2004-TH44B (0.00-0.15 m) 19-Jul-04 4.38 1 7.8 504.98 4.96 23.46 427.77 128.28 3,189.30 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 19-Jul-04 0.69 1.1 8.3 29.26 3.9 5.86 46.18 40.92 159.5 --- --- --- --- --- --- --- ---

(0.30-0.60 m) 19-Jul-04 0.75 1.1 8.2 28.25 3.9 6.26 53.96 43.91 226.7 --- --- --- --- --- --- --- ---

(0.60-1.00 m) 19-Jul-04 0.75 1.5 8.2 22.04 4.25 6.65 50.55 54.72 178.7 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 19-Jul-04 3.72 0.8 7.7 581.13 3.55 19.16 255.2 94.26 2,579.30 --- --- --- --- --- --- --- ---

04-TH-44C / 2004-TH44C (0.00-0.15 m) 19-Jul-04 1.72 0.5 7.7 244.48 14.89 21.9 80.45 37.24 936.6 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 19-Jul-04 0.89 0.7 7.7 101 18.79 15.64 39.25 34.48 363.1 --- --- --- --- --- --- --- ---

(0.30-0.60 m) 19-Jul-04 0.7 0.6 8 71.14 18.44 13.29 32.93 25.75 242.6 --- --- --- --- --- --- --- ---

(0.60-1.00 m) 19-Jul-04 0.81 0.7 8.2 47.89 15.6 17.99 54.56 31.5 238.2 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 19-Jul-04 1.25 1.1 8.2 46.69 11.34 22.29 108.76 59.08 476 --- --- --- --- --- --- --- ---

04-TH-44-D / 2004-TH44D (0.00-0.15 m) 19-Jul-04 3.71 0.9 6.8 533.04 22.34 30.11 130.03 87.36 725.3 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 19-Jul-04 4.05 1.2 6.8 569.11 24.11 25.02 156.77 123.46 989.5 --- --- --- --- --- --- --- ---

(0.30-0.60 m) 19-Jul-04 3.69 1.4 7 480.94 20.56 19.16 150.69 132.42 1,037.50 --- --- --- --- --- --- --- ---

(0.60-1.00 m) 19-Jul-04 5.25 2.5 7.7 615.2 21.63 14.08 377.94 324.16 3,050.00 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 19-Jul-04 4.25 6.1 8.1 126.45 19.5 <1.2 275.86 537.96 2,267.10 --- --- --- --- --- --- --- ---

04-TH-45-A / 2004-TH45A (0.00-0.15 m) 20-Jul-04 0.57 0.5 8.3 16.03 13.12 21.11 44.84 17.7 91.3 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 20-Jul-04 0.52 0.4 8.4 16.83 8.51 19.94 40.35 13.33 75.4 --- --- --- --- --- --- --- ---

(0.30-0.60 m) 20-Jul-04 0.4 0.3 8.3 15.63 4.25 17.59 32.93 10.12 54.3 --- --- --- --- --- --- --- ---

(0.60-1.00 m) 20-Jul-04 0.39 0.3 8.3 15.63 2.84 17.99 31.23 8.97 49.5 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 20-Jul-04 0.44 0.3 8.1 24.25 3.55 16.81 28.92 8.28 59.1 --- --- --- --- --- --- --- ---

04-TH-45-B / 2004-TH45B (0.00-0.15 m) 19-Jul-04 1.95 0.8 8.1 107.01 11.34 19.55 198.09 60 855 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 19-Jul-04 1.58 1 8.1 72.54 7.8 17.2 153.12 62.53 715.7 --- --- --- --- --- --- --- ---

(0.30-0.60 m) 19-Jul-04 1.62 1.1 8.1 62.32 7.8 17.59 160.41 68.74 739.7 --- --- --- --- --- --- --- ---

(0.60-1.00 m) 19-Jul-04 4.93 0.8 7.8 519.01 7.09 29.32 628.28 110.81 3,832.90 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 19-Jul-04 4.84 0.9 7.8 527.03 6.38 30.5 588.18 120.7 3,712.90 --- --- --- --- --- --- --- ---

04-TH-45-C / 2004-TH45C (0.00-0.15 m) 19-Jul-04 1.92 1 8 145.68 4.96 15.25 164.06 73.57 989.5 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 19-Jul-04 2.52 0.8 7.9 234.46 4.61 17.59 238.19 73.57 1,503.40 --- --- --- --- --- --- --- ---

(0.30-0.60 m) 19-Jul-04 1.45 0.8 8 118.23 6.74 12.9 106.33 50.58 691.7 --- --- --- --- --- --- --- ---

(0.60-1.00 m) 19-Jul-04 3.46 0.4 7.8 569.11 4.25 18.77 274.65 48.28 2,521.70 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 19-Jul-04 3.03 0.3 7.7 591.15 3.9 19.94 175 36.78 2,161.40 --- --- --- --- --- --- --- ---

09-BH01 (0.0-0.15m) 19-Oct-09 1.77 0.58 7.24 236 <20 12 62 38.7 206 <1.0 --- 1 120 121 --- --- ---

(1.00-1.50m) 19-Oct-09 3.7 2.2 7.26 579 <20 20.6 304 263 2,720 <1.0 --- <1.0 15.3 15.3 --- --- ---

09-BH02 (0.15-0.3m) 19-Oct-09 2.47 0.71 7.33 235 22 17.8 184 59.5 897 <1.0 --- 1.2 90.6 91.8 --- --- ---

(0.30-0.60m) 19-Oct-09 2.19 1.15 7.46 101 <20 16.7 233 91.9 1,020 <1.0 --- <1.0 46.6 46.6 --- --- ---

(1.0-1.5m) 19-Oct-09 3.9 0.55 7.36 459 <20 24.2 382 66.4 2,450 <1.0 --- <1.0 45.8 45.8 --- --- ---

09-BH03 (0.15-0.3m) 19-Oct-09 2.37 0.49 7.45 216 <20 40.9 65.3 31.8 87.1 47.6 --- 6.4 226 232 --- --- ---

(0.6-1.0m) 19-Oct-09 2.41 0.63 7.28 310 <20 32.3 63.5 46.7 79.9 3.1 --- 3 310 313 --- --- ---

(1.50-2.00m) 19-Oct-09 1.27 0.26 7.1 166 <20 18.2 33.8 14.2 184 <1.0 --- <1.0 83.5 83.5 --- --- ---

09-BH04 (0.0-0.15m) 19-Oct-09 0.462 0.52 7.55 60.1 <20 3.6 6.3 15.8 36.8 <1.0 --- 3.6 17.5 21.1 --- --- ---

09-BH20 (0.3-0.6m) 19-Oct-09 1.6 0.61 7.2 242 <20 20.9 71.6 42 806 --- --- --- --- --- --- --- ---

(2.0-2.5m) 19-Oct-09 4.51 1.6 7.44 420 <20 29.4 436 196 2,930 --- --- --- --- --- --- ---

2012
M

12-B1 (0.15-0.30m) 18-Jun-12 1.6 0.3 7.8 150 10 37 75 20 54 --- --- --- --- 193 --- --- ---

(2.50-3.00m) 18-Jun-12 1.84 0.4 7.7 186 9 33 103 25 170 --- --- --- --- 206 --- --- ---

12-B2 (0.15-0.30m) 18-Jun-12 3.13 0.4 7.7 604 9 22 262 45 2340 --- --- --- --- 42 --- --- ---

(1.00-1.50m) 18-Jun-12 2.57 0.2 7.6 666 8 21 106 22 1870 --- --- --- --- 31 --- --- ---

(2.50-3.00m) 18-Jun-12 0.72 0.4 7.7 86 12 9 22 16 185 --- --- --- --- 26 --- --- ---

12-B3 (0.15-0.30m) 18-Jun-12 1.64 0.7 7.9 108 7 16 168 48 856 --- --- --- --- 31 --- --- ---

(2.50-3.00m) 18-Jun-12 2.02 1.1 7.9 177 6 18 179 91 1120 --- --- --- --- 33 --- --- ---

12-B4 (0.0-0.15m) 18-Jun-12 6.27 4.8 7.9 502 34 26 633 686 4860 --- --- --- --- 7 --- --- ---

(0.30-0.60m) 18-Jun-12 6.45 4.9 7.9 517 34 28 658 713 4990 --- --- --- --- 5 --- --- ---

12-B5 (0.15-0.30m) 18-Jun-12 7.25 5.1 8.1 526 13 16 772 788 5530 --- --- --- --- 53 --- --- ---

(1.50-2.00m) 18-Jun-12 7.83 6.0 8.0 483 9 25 901 975 6340 --- --- --- --- 23 --- --- ---

(2.50-3.00m) 18-Jun-12 7.37 5.6 8.0 473 7 19 827 866 5900 --- --- --- --- 10 --- --- ---

12-B6 (0.30-0.60m) 18-Jun-12 2.67 2.0 8.0 236 11 17 235 181 1580 --- --- --- --- 36 --- --- ---

(2.50-3.00m) 18-Jun-12 6.63 4.4 8.0 753 6 27 516 671 5180 --- --- --- --- 42 --- --- ---

12-B7 (0.0-0.15m) 18-Jun-12 0.68 0.4 7.8 33 6 13 63 18 213 --- --- --- --- 12 --- --- ---

(1.50-2.00m) 18-Jun-12 3.15 0.3 7.8 338 5 34 591 35 2680 --- --- --- --- <5.0 --- --- ---

2013

BH108-13 (0-0.15m) 25-Jun-13 1.45 0.5 6.3 196 9 28 49.3 31 192 4.16 --- --- --- 53.8 <0.2 28 ---

(0.15-0.30m) 25-Jun-13 1.34 0.4 6.0 164 7 31.5 45.2 25 137 3.43 --- --- --- 82.5 <0.2 56 ---

(0.30-0.60m) 25-Jun-13 1.51 0.4 6.0 190 7 32.4 51.2 25 136 3.65 --- --- --- 106 <0.2 60 ---

(0.60-1.00m) 25-Jun-13 1.02 0.4 6.1 117 7 25.4 29.4 20 78 3.35 --- --- --- 71.1 <0.2 39 ---

(1.00-1.50m) 25-Jun-13 0.81 0.3 7.2 101 10 19.1 20.2 15 40 2.56 --- --- --- 43.8 <0.2 24 ---

(1.50-2.50m) 25-Jun-13 1.57 0.2 7.5 214 19 22.6 38.6 14 46 3.59 --- --- --- 146 0.3 79 ---

BH109-13 (0-0.15m) 25-Jun-13 0.85 0.6 7.9 73.8 10 20.9 33.5 24 60 3.21 --- --- --- 50.7 0.4 37 ---

(0.15-0.30m) 25-Jun-13 0.82 0.4 7.9 59.4 10 24.8 39.6 18 52 3.21 --- --- --- 45.2 0.3 25 ---

(0.30-0.60m) 25-Jun-13 0.96 0.4 7.9 64.6 12 29.2 52.4 20 69 3.24 --- --- --- 53.7 0.3 32 ---

(0.60-1.00m) 25-Jun-13 0.96 0.5 8.0 60.4 18 29.6 50.4 24 50 3.12 --- --- --- 62.3 0.2 38 ---

(1.00-1.50m) 25-Jun-13 0.86 0.4 7.8 83 26 21.2 38 16 88 3.42 --- --- --- 25.5 0.2 14 ---

(1.50-2.50m) 25-Jun-13 0.93 0.6 7.9 60.9 21 28.1 46.6 24 46 3.18 --- --- --- 57.4 <0.2 43 ---

2014

BH120-14 (0-0.15m) 10-Sep-14 3.33 1.7 7.8 454 21 14 160 166 1,180 --- 3.9 --- --- 228 0.4 110 ---

(0.15-0.30m) 10-Sep-14 3.88 1.8 7.7 617 19 16 218 200 1,960 --- 3.3 --- --- 180 0.5 77 ---

(0.30-0.60m) 10-Sep-14 4.74 2.5 7.8 591 14 17 373 313 2,840 --- 3.7 --- --- 122 0.5 61 ---

(0.60-1.00m) 10-Sep-14 5.38 3.0 7.8 584 16 17 463 406 3,170 --- 1.1 --- --- 165 0.3 79 ---

(1.00-1.50m) 10-Sep-14 6.39 4.5 7.8 558 18 19 557 629 3,820 --- 0.8 --- --- 180 0.6 90 ---

(1.50-2.00m) 10-Sep-14 8.37 7.7 7.9 542 7 21 827 1230 6,410 --- 1.2 --- --- 30.2 1.2 17 ---

(2.00-2.50m) 10-Sep-14 8.10 7.5 7.8 484 6 18 742 1130 5,820 --- 0.7 --- --- 11.0 0.6 8 ---

BH121-14 (0-0.15m) 10-Sep-14 0.86 0.3 8.0 42.9 14 23.5 64.6 15 140 --- 0.7 --- --- 42.9 1 22 ---

(0.15-0.30m) 10-Sep-14 0.82 0.3 8.1 40.3 15 23.3 61.3 12 92 --- 0.7 --- --- 47.4 0.7 20 ---

(0.30-0.60m) 10-Sep-14 0.66 0.2 8.0 34.5 14 21.2 46.8 9 65 --- 0.7 --- --- 36.5 0.6 15 ---

Boneyard

2014 (continued)

BH121-14 (0.60-1.00m) 10-Sep-14 1.13 0.5 7.9 76.2 12 25.1 91.6 25 396 --- 0.6 --- --- 31.2 0.6 16 ---

(1.00-1.50m) 10-Sep-14 0.58 0.2 7.9 38.4 12 17.3 35.9 7 70 --- 1.0 --- --- 29.4 0.3 14 ---

(1.50-2.00m) 10-Sep-14 0.74 0.2 7.8 59.1 16 17.6 41.2 9 68 --- 0.5 --- --- 49.2 0.4 19 ---

(2.00-2.50m) 10-Sep-14 0.56 0.2 7.8 44.7 13 14.3 28.8 7 44 --- 0.7 --- --- 33.8 0.3 15 ---

(2.50-3.00m) 10-Sep-14 0.62 0.2 7.9 53 13 13.8 28.2 7 62 --- 0.7 --- --- 35.4 0.3 17 ---

(3.00-3.50m) 10-Sep-14 0.72 0.2 7.7 74.9 11 14.3 32 10 157 --- 0.9 --- --- 3.1 0.4 13 ---

BH122-14 (0-0.15m) 10-Sep-14 0.49 0.2 7.6 64.4 5 11.9 15.5 7 112 --- 1.2 --- --- <5.0 0.4 3 ---
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Historical Soil Analytical Results - Salinity and Nutrient Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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AEP Tier 1 SGRG - Agricultural, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - GOOD RATING, TOPSOIL (0-0.15m) 2 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - POOR RATING, SUBSOIL 10 12 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Salinity

BH122-14 (0.15-0.30m) 10-Sep-14 0.63 0.2 7.6 76.3 6 17.1 22.2 9 179 --- 3.3 --- --- <5.0 0.5 2 ---

(0.30-0.60m) 10-Sep-14 0.55 0.3 7.4 62.3 6 19.1 20.4 9 107 --- 2.7 --- --- <5.0 0.2 2 ---

(0.60-1.00m) 10-Sep-14 0.52 0.4 6.9 53.6 6 15.8 16.4 13 137 --- <0.4 --- --- 9.8 <0.2 5 ---

(1.00-1.50m) 10-Sep-14 0.50 0.4 7.0 53.2 7 11.7 13.7 13 135 --- <0.4 --- --- 14.3 0.2 7 ---

(1.50-2.00m) 10-Sep-14 0.60 0.4 7.8 73.6 12 11.4 16.4 13 181 --- 0.7 --- --- 6.3 0.3 4 ---

(2.00-2.50m) 10-Sep-14 0.60 0.4 7.8 72.5 14 10.8 16.9 15 188 --- 0.6 --- --- 5.4 0.3 3 ---

(2.50-3.00m) 10-Sep-14 0.64 0.5 7.8 72.1 14 11.6 20.4 20 211 --- 0.4 --- --- <5.0 0.3 3 ---

(3.00-3.50m) 10-Sep-14 0.75 0.5 7.8 82.7 11 11.6 29.4 19 277 --- 0.5 --- --- 5.9 0.5 3 ---

BH123-14 (0-0.15m) 10-Sep-14 5.57 0.5 7.3 711 31 71 257 66 495 --- 32.1 --- --- 683 11.4 350 ---

(0.15-0.30m) 10-Sep-14 4.66 0.5 7.6 598 30 59 224 59 462 --- 130.0 --- --- 590 7.2 260 ---

(0.30-0.60m) 10-Sep-14 4.77 0.5 7.6 580 33 60 231 60 496 --- 1.5 --- --- 586 7.5 280 ---

(0.60-1.00m) 10-Sep-14 2.65 0.5 7.8 239 31 52 175 45 355 --- <0.3 --- --- 305 0.8 120 ---

(1.00-1.50m) 10-Sep-14 2.56 0.5 7.8 177 37 62 192 42 300 --- <0.3 --- --- 296 1 120 ---

(1.50-2.00m) 10-Sep-14 1.37 1.1 7.8 119 41 37.5 70.1 60 532 --- <0.3 --- --- 23.2 0.4 10 ---

(2.00-2.50m) 10-Sep-14 1.50 1.5 7.7 143 41 32.3 57.8 85 583 --- 0.8 --- --- 28.3 0.8 13 ---

(2.50-3.00m) 10-Sep-14 3.12 1.2 7.5 573 44 44 139 128 2,050 --- <0.4 --- --- 32.3 0.5 16 ---

(3.00-3.50m) 10-Sep-14 3.15 1.1 7.5 615 47 33 140 116 2,110 --- 1.8 --- --- 30 1.1 14 ---

CRU Area

2009 and prior
WP

CAR-CNO-TH49 / 1999-TH49 (0.00-0.15 m) 14-Oct-99 7.74 5 7.9 583.13 80.12 23.85 691.48 749.47 4,198.00 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 14-Oct-99 6.29 3.7 7.9 545.06 21.98 25.41 698.77 547.16 4,947.30 --- --- --- --- --- --- --- ---

(0.30-0.50 m) 14-Oct-99 5.69 4.2 8 330.64 20.92 25.8 664.74 572.45 4,404.50 --- --- --- --- --- --- --- ---

(0.50-1.00 m) 14-Oct-99 7.82 4.2 7.9 547.06 18.08 29.71 1,054.84 724.18 6,532.30 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 14-Oct-99 7.34 4 7.7 531.03 18.08 27.76 947.9 664.4 6,004.00 --- --- --- --- --- --- --- ---

(1.50-2.00 m) 14-Oct-99 8.09 4.9 7.7 527.03 21.63 30.5 1,053.62 850.62 6,772.50 --- --- --- --- --- --- --- ---

(2.00-2.50 m) 14-Oct-99 8.59 5.5 7.7 525.02 26.59 27.76 1,130.18 979.36 7,396.90 --- --- --- --- --- --- --- ---

(2.50-3.00 m) 14-Oct-99 8.55 5.8 7.7 480.94 34.03 28.15 1,062.13 993.16 7,060.70 --- --- --- --- --- --- --- ---

(3.00-3.50 m) 14-Oct-99 7.99 5.9 7.7 506.99 38.64 27.76 881.06 942.58 6,484.30 --- --- --- --- --- --- --- ---

(3.50-4.00 m) 14-Oct-99 7.69 5.9 7.7 502.98 32.26 29.32 783.84 912.69 6,148.10 --- --- --- --- --- --- --- ---

LOC 49 / 2002-TH49 (1.50-2.00 m) 4-Sep-02 6.25 4.8 7.7 531.03 25.53 24.24 539.57 662.11 5,043.30 --- --- --- --- --- --- 1.9 ---

(2.00-2.50 m) 4-Sep-02 5.54 4.4 7.7 504.98 20.21 16.81 443.57 567.85 4,462.20 --- --- --- --- --- --- 1.3 ---

(2.50-3.00 m) 4-Sep-02 5.35 4.5 7.7 519.01 20.92 19.55 411.97 565.55 4,289.20 --- --- --- --- --- --- 0.9 ---

LOC 49A / 2002-TH49A (1.50-2.00 m) 4-Sep-02 3.84 1.4 7.6 551.07 4.25 18.77 306.24 171.73 3,078.80 --- --- --- --- --- --- 0.8 ---

LOC 49B / 2002-TH49B (0.50-1.00 m) 4-Sep-02 5.57 3.7 7.8 515 15.24 17.2 515.27 498.88 4,476.60 --- --- --- --- --- --- 1.8 ---

(2.00-2.50 m) 4-Sep-02 5.9 4.5 7.7 547.06 30.49 19.94 504.33 613.83 4,947.30 --- --- --- --- --- --- 0.8 ---

(2.50-3.00 m) 4-Sep-02 5.61 4.6 7.7 500.97 33.68 23.85 438.71 583.94 4,399.70 --- --- --- --- --- --- <0.5 ---

LOC 49C / 2002-TH49C (0.50-1.00 m) 4-Sep-02 6.27 4.2 7.9 513 29.78 16.81 613.7 590.84 5,523.70 --- --- --- --- --- --- 9 ---

(2.00-2.50 m) 4-Sep-02 6.58 5.8 7.8 492.96 36.16 17.99 568.74 790.85 5,619.70 --- --- --- --- --- --- 2.2 ---

04-TH-49-A / 2004-TH49A (0.00-0.15 m) 19-Jul-04 4.81 1.7 7.7 521.01 12.05 33.62 507.97 227.37 3,467.90 --- --- 0.287 87.4 --- 0.144 43.9 ---

(0.15-0.30 m) 19-Jul-04 5.1 2.1 7.7 496.97 10.28 32.45 563.88 289.67 3,837.70 --- --- <0.06 62.61 --- <0.01 30 ---

(0.30-0.60 m) 19-Jul-04 5.19 2.4 7.8 513 7.45 30.89 586.97 335.65 3,981.80 --- --- <0.06 59.39 --- <0.01 29.6 ---

(0.60-1.00 m) 19-Jul-04 5.4 2.8 7.7 506.99 6.38 30.89 610.06 397.72 4,231.60 --- --- <0.06 54.35 --- <0.01 30.4 ---

(1.00-1.50 m) 19-Jul-04 6.05 4 7.7 502.98 6.74 33.23 633.15 577.04 4,803.20 --- --- <0.06 48.18 --- <0.01 26.7 ---

04-TH-49-B / 2004-TH49B (0.00-0.15 m) 19-Jul-04 4.85 3.1 7.9 388.76 19.5 34.8 516.48 390.83 3,549.50 --- --- 0.262 91.6 --- 0.138 48.4 ---

(0.15-0.30 m) 19-Jul-04 3.68 2.9 8 228.44 17.37 31.67 358.5 303.46 2,435.20 --- --- <0.06 77.6 --- <0.01 44.9 ---

(0.30-0.60 m) 19-Jul-04 3.2 2.7 8 192.37 19.14 29.71 288.01 252.89 2,089.40 --- --- <0.06 51.82 --- <0.01 26.1 ---

(0.60-1.00 m) 19-Jul-04 2.7 2.9 7.9 152.3 20.92 28.54 210.24 234.5 1,695.50 --- --- <0.06 29.27 --- <0.01 14.1 ---

(1.00-1.50 m) 19-Jul-04 2.87 3.1 7.9 193.58 20.21 26.59 206.59 262.08 1,897.30 --- --- <0.06 15.83 --- <0.01 8.69 ---

04-TH-49-C / 2004-TH49C (0.00-0.15 m) 19-Jul-04 7.13 7.7 7.8 517.01 38.29 26.59 517.7 1,032.24 5,091.40 --- --- <0.06 134.18 --- <0.01 66.4 ---

(0.15-0.30 m) 19-Jul-04 6.52 6.1 7.8 515 36.16 24.63 531.06 823.03 4,745.50 --- --- 0.261 104.77 --- 0.135 54.4 ---

(0.30-0.60 m) 19-Jul-04 6.06 4.4 7.8 488.95 32.97 27.37 590.61 604.63 4,774.40 --- --- <0.06 54.49 --- <0.01 29.1 ---

(0.60-1.00 m) 19-Jul-04 5.95 4 7.8 472.92 31.2 25.02 616.13 556.35 4,735.90 --- --- <0.06 29.69 --- <0.01 17.3 ---

(1.00-1.50 m) 19-Jul-04 6.18 3.9 7.8 500.97 25.88 23.46 651.37 560.95 4,755.10 --- --- 0.168 12.62 --- 0.092 7.19 ---

04-TH-49-D / 2004-TH49D (0.00-0.15 m) 19-Jul-04 6.63 4.1 7.8 535.04 17.73 25.8 699.98 609.23 4,803.20 --- --- 0.287 96.09 --- 0.163 54.4 ---

(0.15-0.30 m) 19-Jul-04 6.64 4.1 7.8 541.05 14.54 24.24 723.07 620.72 5,091.40 --- --- 0.237 65.55 --- 0.128 35.3 ---

(0.30-0.60 m) 19-Jul-04 7.1 4.6 7.9 541.05 15.24 25.41 774.11 708.08 5,427.60 --- --- 0.196 75.92 --- 0.1 39.2 ---

(0.60-1.00 m) 19-Jul-04 6.75 4.6 7.7 502.98 17.73 29.71 715.78 689.69 5,379.60 --- --- <0.06 74.8 --- <0.01 40.3 ---

(1.00-1.50 m) 19-Jul-04 6.33 4.6 7.7 466.91 17.37 28.15 638.01 646.01 5,283.50 --- --- <0.06 27.45 --- <0.01 14.6 ---

04-TH-49-E / 2004-TH49E (0.00-0.15 m) 19-Jul-04 6.38 4 7.8 517.01 28.01 32.06 675.68 583.94 5,043.30 --- --- <0.06 103.23 --- <0.01 53.1 ---

(0.15-0.30 m) 19-Jul-04 6.43 4 7.8 494.96 20.92 30.89 665.96 579.34 5,187.40 --- --- <0.06 60.37 --- <0.01 29.8 ---

(0.30-0.60 m) 19-Jul-04 6.49 4.3 7.8 484.94 19.5 29.32 661.1 623.02 5,235.50 --- --- <0.06 46.22 --- <0.01 23.9 ---

(0.60-1.00 m) 19-Jul-04 6.64 4.8 7.8 460.9 22.34 24.24 670.82 689.69 5,427.60 --- --- <0.06 40.2 --- <0.01 20.5 ---

(1.00-1.50 m) 19-Jul-04 7.33 5.7 7.8 482.94 29.78 25.8 737.66 855.22 6,004.00 --- --- <0.06 28.71 --- <0.009 13.5 ---

04-TH-49-F / 2004-TH49F (0.00-0.15 m) 19-Jul-04 3.05 3.6 7.8 282.55 14.89 18.77 162.84 305.76 1,767.60 --- --- 0.324 56.45 --- 0.16 28 ---

(0.15-0.30 m) 19-Jul-04 3.26 4.1 7.8 302.59 15.95 19.55 167.7 360.94 1,930.90 --- --- 0.227 53.93 --- 0.115 27.2 ---

(0.30-0.60 m) 19-Jul-04 4.3 4 7.8 470.92 15.95 15.64 274.65 443.7 2,929.90 --- --- <0.06 45.8 --- <0.01 22.4 ---

(0.60-1.00 m) 19-Jul-04 6.57 4.5 7.8 478.93 17.02 25.41 562.66 618.42 4,687.90 --- --- 0.339 81.24 --- 0.172 41.2 ---

(1.00-1.50 m) 19-Jul-04 7.36 4.9 7.8 472.92 14.54 27.37 696.34 714.98 5,331.50 --- --- 0.214 80.96 --- 0.126 47.6 ---

04-TH-60-A / 2004-TH60A (0.00-0.15 m) 20-Jul-04 0.52 1 7.5 59.52 5.32 7.04 11.79 32.19 100.9 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 20-Jul-04 1.72 1.1 7.2 232.45 247.11 15.25 51.41 68.74 402 --- --- --- --- --- --- --- ---

(0.30-0.60 m) 20-Jul-04 0.73 0.6 7.7 96.19 37.93 11.73 24.79 24.6 176.8 --- --- --- --- --- --- --- ---

(0.60-1.00 m) 20-Jul-04 0.57 0.6 7.7 64.53 13.12 11.34 25.16 22.07 150.3 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 20-Jul-04 0.47 0.9 8 24.85 7.09 7.82 31.96 30.35 92.2 --- --- --- --- --- --- --- ---

04-TH-60-B / 2004-TH60B (0.00-0.15 m) 20-Jul-04 9.81 1.2 7.6 188.57 20.21 62.56 155.55 94.26 1,959.70 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 20-Jul-04 9.43 1.2 7.6 216.42 19.14 58.65 114.36 87.36 2,084.60 --- --- --- --- --- --- --- ---

(0.30-0.60 m) 20-Jul-04 12.1 0.9 7.2 707.38 22.69 74.29 101.59 100.24 4,342.10 --- --- --- --- --- --- --- ---

(0.60-1.00 m) 20-Jul-04 6.12 1.8 7.9 49.7 23.75 34.41 34.88 68.97 667.6 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 20-Jul-04 6.01 1.9 7.6 50.9 36.52 35.58 25.28 66.67 1,263.20 --- --- --- --- --- --- --- ---

05-BH4 4 / 05-BH4 (0.0-0.15m) 18-Feb-05 6.88 1.4 7.8 177.55 78.7 50.83 209 116.56 2,680.20 --- --- --- --- --- --- --- ---

(0.15-0.30m) 18-Feb-05 9.25 1.6 8 637.24 41.13 58.65 471.5 221.62 3,977.00 --- --- --- --- --- --- --- ---

(0.30-0.60m) 18-Feb-05 4.28 3.5 8 230.45 19.85 22.29 387.7 379.33 2,300.70 --- --- --- --- --- --- --- ---

(0.60-1.00m) 18-Feb-05 6.96 3.8 8 519.01 15.24 28.93 777.8 581.64 5,091.40 --- --- --- --- --- --- --- ---

05-BH9 9 / 05-BH9 (0.30-0.60m) 18-Feb-05 7.77 4.7 8.1 476.93 17.73 26.2 972.2 781.65 6,244.10 --- --- --- --- --- --- --- ---

(2.0-2.5m) 18-Feb-05 7.39 4.9 7.9 490.96 21.27 24.24 883.5 793.15 6,052.00 --- --- --- --- --- --- --- ---

(3.5-4.0m) 18-Feb-05 6.15 4.8 7.7 482.94 23.75 23.07 572.4 662.11 4,659.10 --- --- --- --- --- --- --- ---

09-BH18 (0.15-0.3m) 19-Oct-09 1.46 1.31 7.24 180 28 14.1 50.9 77.1 599 <1.0 --- 2.4 4.1 6.5 --- --- ---

CRU Area

2009 and prior
WP

 (continued)

09-BH18 (1.0-1.5m) 19-Oct-09 1.79 3.54 7.64 71.5 <20 9.3 85.1 187 614 <1.0 --- 1.1 43.4 44.5 --- --- ---

09-BH19 (0.0-0.15m) 19-Oct-09 4.64 1.99 7.7 351 35 21.5 428 235 1,950 2.4 --- 5.4 249 254 --- --- ---

(0.6-1.0m) 19-Oct-09 5.32 1.88 7.61 416 <20 26.6 611 257 3,570 <1.0 --- <1.0 61.8 61.8 --- --- ---

Green Area

2009 and prior
WP

92-TH15 / TH15 (0.00-0.15 m) 30-Nov-92 2.01 1.3 7.9 --- --- --- --- --- --- --- --- --- --- --- --- 1 ---

(0.15-0.30 m) 30-Nov-92 3.85 1.7 7.8 --- --- --- --- --- --- --- --- --- --- --- --- <0.3 ---

(0.30-0.50 m) 30-Nov-92 4.42 2 7.9 --- --- --- --- --- --- --- --- --- --- --- --- <0.3 ---

(0.50-1.00 m) 30-Nov-92 3.05 2.5 7.9 --- --- --- --- --- --- --- --- --- --- --- --- 14.9 ---

92-TH20 / TH20 (0.00-0.15 m) 30-Nov-92 1.11 0.9 8 --- --- --- --- --- --- --- --- --- --- --- --- 8.7 ---

(0.15-0.30 m) 30-Nov-92 2.03 0.5 7.1 --- --- --- --- --- --- --- --- --- --- --- --- 48.8 ---
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Historical Soil Analytical Results - Salinity and Nutrient Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (ds/m) (ratio) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/kg) (mg/L) (mg/L) (mg/L) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG - Agricultural, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - GOOD RATING, TOPSOIL (0-0.15m) 2 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - POOR RATING, SUBSOIL 10 12 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Salinity

92-TH20 / TH20 (0.30-0.50 m) 30-Nov-92 2.06 0.4 6.8 --- --- --- --- --- --- --- --- --- --- --- --- 70.5 ---

(0.50-1.00 m) 30-Nov-92 0.95 0.4 6.6 --- --- --- --- --- --- --- --- --- --- --- --- 34.8 ---

92-TH22 / 1999-TH22 (0.00-0.15m) 30-Nov-92 8.18 4.3 6.8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 30-Nov-92 14.2 6.8 7.2 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 30-Nov-92 16.6 7.5 7.8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 30-Nov-92 13.7 7.5 8.3 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

95-TH22 / 1999-TH22 (0.00-0.15m) 14-Nov-95 1.4 0.9 5.1 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 14-Nov-95 11.34 6.4 6.4 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 14-Nov-95 18.47 7.9 7.8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 14-Nov-95 16.88 8.7 8.3 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

TH22 / 1999-TH22 (0.00-0.15 m) 14-Oct-99 5.51 4.2 6.7 657.28 229.73 73.9 292.88 517.27 2,776.20 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 14-Oct-99 4.06 2.6 7 619.21 101.04 39.88 185.93 289.67 2,190.30 --- --- --- --- --- --- --- ---

(0.30-0.50 m) 14-Oct-99 12.5 8 7.5 589.15 193.93 27.37 1,579.83 1,648.37 9,990.60 --- --- --- --- --- --- --- ---

(0.50-1.00 m) 14-Oct-99 8.52 5.9 7.6 486.95 61.69 24.63 1,043.90 1,002.35 7,108.70 --- --- --- --- --- --- --- ---

05MW23 / 05MW-23 (0.00-0.15 m) 17-Oct-05 0.35 0.5 5.4 34 <20 15 9 12 119 2 --- <1 <1 --- --- --- ---

(0.30-0.50 m) 17-Oct-05 6.24 6.6 7.6 453 40 16 494 850 3,870 <1 --- 5 124 --- --- --- ---

(0.50-1.00 m) 17-Oct-05 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(2.00-2.50 m) 17-Oct-05 5.54 3 7.9 451 20 13 530 402 4,390 1 --- 1 2 --- --- --- ---

(4.50-5.00 m) 17-Oct-05 4.34 2.7 7.6 455 <20 12 259 296 2,970 2 --- 2 1 --- --- --- ---

09-BH14 (0.0-0.15m) 22-Oct-09 0.783 0.36 4.65 85.5 39 27.1 20.5 14.1 36.2 <1.0 --- 1.5 67.9 69.3 --- --- ---

(0.3-0.6m) 22-Oct-09 5.78 1.56 7.3 737 100 15.9 270 195 728 <1.0 --- 3.3 638 641 --- --- ---

(0.60-0.90m) 22-Oct-09 6.4 3.43 7.36 578 60 19 503 468 2,520 <1.0 --- <1.0 330 330 --- --- ---

2012
M

12-B12 (0.0-0.15m) 18-Jun-12 1.42 1.5 5.6 120 43 57 73 85 615 --- --- --- --- 7 --- --- ---

(0.15-0.30m) 18-Jun-12 9.38 6.9 8.1 511 31 27 1200 1260 7780 --- --- --- --- 81 --- --- ---

(1.50-2.00m) 18-Jun-12 8.01 6.3 8.0 505 22 28 908 1020 6440 --- --- --- --- 40 --- --- ---

(3.00-3.50m) 18-Jun-12 5.71 5.6 7.9 443 16 25 511 725 4330 --- --- --- --- <5.0 --- --- ---

12-B13 (0.0-0.15m) 18-Jun-12 4.48 4.3 6.3 352 68 167 306 458 2860 --- --- --- --- <5.0 --- --- ---

(0.15-0.30m) 18-Jun-12 10.1 9.4 8.2 449 60 22 1040 1590 7290 --- --- --- --- 232 --- --- ---

(1.50-2.00m) 18-Jun-12 7.88 7.3 8.2 499 30 25 715 1090 5920 --- --- --- --- 82 --- --- ---

(3.00-3.50m) 18-Jun-12 6.6 6.0 7.8 484 20 24 592 836 5030 --- --- --- --- <5.0 --- --- ---

12-B14 (0.15-0.30m) 19-Jun-12 7.79 5.6 8.2 509 11 32 884 898 5970 --- --- --- --- 90 --- --- ---

(3.00-3.50m) 19-Jun-12 5.87 4.3 7.8 496 17 24 592 604 4560 --- --- --- --- <5.0 --- --- ---

12-B15 (1.00-1.50m) 19-Jun-12 1.62 0.4 7.7 260 11 25 77 31 891 --- --- --- --- 19 --- --- ---

(2.50-3.00m) 19-Jun-12 1.66 1.0 7.7 230 11 22 72 68 810 --- --- --- --- 26 --- --- ---

12-B16 (0.30-0.60m) 19-Jun-12 8.16 6.4 8.3 482 18 12 921 1040 6240 --- --- --- --- 91 --- --- ---

(1.00-1.50m) 19-Jun-12 6.55 4.7 8.1 519 18 24 649 680 5230 --- --- --- --- 78 --- --- ---

12-B17 (0.60-1.00m) 19-Jun-12 7.15 5.1 8.0 527 20 37 812 798 5800 --- --- --- --- 13 --- --- ---

12-B18 (0.15-0.30m) 19-Jun-12 3.94 4.1 8.0 268 13 18 327 423 2560 --- --- --- --- 40 --- --- ---

(1.00-1.50m) 19-Jun-12 5.57 3.7 7.9 528 12 26 572 522 4420 --- --- --- --- 5 --- --- ---

2014

BH100-14 (0-0.15m) 11-Sep-14 16.8 6.4 6.6 557 61 18 3260 1790 16,500 --- 6.2 --- --- 264 <0.2 190 ---

(0.15-0.30m) 11-Sep-14 18.0 6.2 7.3 555 66 15 3690 1850 18,500 --- 1.9 --- --- 304 <0.2 230 ---

(0.30-0.60m) 11-Sep-14 16.1 6.5 7.9 528 57 18 3080 1770 13,900 --- 0.5 --- --- 313 <0.2 210 ---

(0.60-1.00m) 11-Sep-14 13.3 6.4 8.2 480 50 20 1890 1390 10,200 --- 0.6 --- --- 285 <0.2 160 ---

(1.00-1.50m) 11-Sep-14 9.16 6.6 8.3 252 31 22 1060 1070 6,330 --- <0.3 --- --- 177 <0.2 110 ---

(1.50-2.00m) 11-Sep-14 8.30 5.9 8.1 509 26 27 875 941 6,370 --- 0.7 --- --- 121 <0.2 90 ---

(2.00-2.50m) 11-Sep-14 8.00 5.7 8.0 462 26 23 764 857 5,590 --- 0.6 --- --- 91 <0.2 48 ---

(2.50-3.00m) 11-Sep-14 8.32 5.7 8.0 469 23 24 887 907 6,460 --- 0.9 --- --- 36.3 0.3 29 ---

(3.00-3.50m) 11-Sep-14 8.19 4.8 7.9 490 22 27 1000 802 6,850 --- 1.2 --- --- 17.2 0.3 14 ---

Maintenance Area and Parking Lot

2009 and prior
WP

92-TH21 / TH21 (0.00-0.15 m) 1-Dec-92 2.84 0.2 7.8 --- --- --- --- --- --- --- --- --- --- --- --- 20.2 ---

(0.15-0.30 m) 1-Dec-92 2.68 0.1 7.8 --- --- --- --- --- --- --- --- --- --- --- --- 13.6 ---

(0.30-0.50 m) 1-Dec-92 2.72 <0.1 7.8 --- --- --- --- --- --- --- --- --- --- --- --- 12.6 ---

(0.50-1.00 m) 1-Dec-92 2.76 <0.1 7.7 --- --- --- --- --- --- --- --- --- --- --- --- 5.1 ---

BH16 / 05BH16 (0.00-0.15 m) 17-Oct-05 7.44 6.5 7.7 460 40 34 635 915 3,500 3 --- 7 439 --- --- --- ---

(0.30-0.50 m) 17-Oct-05 7.22 7.4 8.1 357 <20 30 828 1,110 5,510 4 --- 3 29 --- --- --- ---

(2.00-2.50 m) 17-Oct-05 9.33 10.7 8.1 400 <20 54 1,230 1,910 8,270 6 --- 1 3 --- --- --- ---

(2.50-3.00 m) 17-Oct-05 8.7 Low 7.9 <5 <20 <2 <3 <2 <6 6 --- <1 1 --- --- --- ---

(4.00-4.50 m) 17-Oct-05 6.59 Low 7.9 <5 <20 <2 <3 <2 <6 <1 --- 1 2 --- --- --- ---

BH16 DITCH / 05BH16 DITCH --- 17-Oct-05 23.5 9.4 8.2 454 230 86 3,490 2,680 17,600 757 --- 30 892 --- --- --- ---

09-BH10 (0.0-0.15m) 20-Oct-09 1.68 1.52 7.13 207 67 25.3 54.9 95.3 364 --- --- --- --- --- --- --- ---

(1.0-1.5m) 20-Oct-09 5.55 3.72 7.56 407 35 19.2 494 472 3,210 --- --- --- --- --- --- --- ---

09-BH11 (0.15-0.3m) 20-Oct-09 5.65 3.85 7.59 422 26 21.9 475 486 3,300 --- --- --- --- --- --- --- ---

(0.6-1.0m) 20-Oct-09 6.09 3.92 7.62 369 <20 22.9 600 524 4,000 --- --- --- --- --- --- --- ---

09-BH16 (0.3-0.6m) 19-Oct-09 6.31 3.47 7.52 407 29 23.1 659 487 4,040 <1.0 <1.0 85.5 85.5 --- --- ---

2014

BH116-14 (0-0.15m) 11-Sep-14 1.88 1.8 7.6 232 13 17.8 57.9 117 736 --- <0.3 --- --- 63.3 1.0 35 ---

(0.15-0.30m) 11-Sep-14 1.34 2.0 7.7 135 12 16.7 31.8 98 333 --- <0.4 --- --- 68.7 1.2 37 ---

(0.30-0.60m) 11-Sep-14 0.94 2.0 7.8 84.3 13 12.2 16.3 76 101 --- <0.4 --- --- 65.1 1.2 33 ---

(0.60-1.00m) 11-Sep-14 0.82 1.2 7.9 78.9 16 8.3 21.3 47 117 --- <0.4 --- --- 43.1 0.5 21 ---

(1.00-1.50m) 11-Sep-14 0.98 0.7 8.0 67.5 46 10.7 62 34 222 --- 0.7 --- --- 32 0.4 15 ---

(1.50-2.00m) 11-Sep-14 3.41 0.9 7.7 617 425 19 231 108 2,430 --- 0.5 --- --- 30.8 0.6 16 ---

(2.00-2.50m) 11-Sep-14 6.44 4.4 7.9 529 36 20 590 620 4,560 --- 2.4 --- --- 82.9 0.4 48 ---

BH117-14 (0-0.15m) 11-Sep-14 7.82 5.4 7.9 548 595 31 683 807 4,430 --- 20.6 --- --- 94.5 0.6 47 ---

(0.15-0.30m) 11-Sep-14 7.73 5.2 7.9 538 569 28 691 771 4,510 --- 12.0 --- --- 130 0.5 52 ---

(0.30-0.60m) 11-Sep-14 7.58 5.0 7.8 534 436 27 688 749 4,460 --- 14.4 --- --- 155 0.3 78 ---

(0.60-1.00m) 11-Sep-14 7.69 4.8 7.8 550 296 27 734 726 4,530 --- 5.4 --- --- 240 0.4 120 ---

(1.00-1.50m) 11-Sep-14 7.76 4.5 7.9 537 171 27 780 704 4,830 --- 1.5 --- --- 218 0.6 120 ---

(1.50-2.00m) 11-Sep-14 6.42 3.3 7.9 521 132 29 709 495 4,780 --- 22.5 --- --- 37.7 0.7 18 ---

(2.00-2.50m) 11-Sep-14 5.83 2.8 7.9 496 53 26 627 400 4,330 --- 12.8 --- --- 19.6 0.6 11 ---

Maintenance Area and Parking Lot

2014 (continued)

BH117-14 (2.50-3.00m) 11-Sep-14 5.99 2.9 7.9 498 32 24 683 430 4,660 --- 1.7 --- --- 17 0.4 8 ---

(3.00-3.50m) 11-Sep-14 6.20 3.0 7.8 489 8 22 729 455 5,060 --- 1.3 --- --- <5.0 0.5 4 ---

Northeast Area

2009 and prior
WP

92-TH6 / 1999-TH6 (0.00-0.15m) 30-Nov-92 0.82 0.3 8.1 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 30-Nov-92 4.3 0.9 8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 30-Nov-92 5.32 1.5 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 30-Nov-92 5.85 2.9 8.1 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

92-TH23 / TH23 (0.00-0.15 m) 30-Nov-92 5.76 2.4 7.8 --- --- --- --- --- --- --- --- --- --- --- --- 166 ---

(0.15-0.30 m) 30-Nov-92 6.96 3 7.9 --- --- --- --- --- --- --- --- --- --- --- --- 223 ---

(0.30-0.50 m) 30-Nov-92 9.76 3.6 7.9 --- --- --- --- --- --- --- --- --- --- --- --- 104 ---

(0.50-1.00 m) 30-Nov-92 4.34 1.2 7.9 --- --- --- --- --- --- --- --- --- --- --- --- 78.3 ---

95-TH6 / 1999-TH6 (0.00-0.15m) 14-Nov-95 1.07 0.7 7.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 14-Nov-95 5.53 2.8 7.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 14-Nov-95 8.08 6.4 7.8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---
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Historical Soil Analytical Results - Salinity and Nutrient Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (ds/m) (ratio) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/kg) (mg/L) (mg/L) (mg/L) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG - Agricultural, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - GOOD RATING, TOPSOIL (0-0.15m) 2 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - POOR RATING, SUBSOIL 10 12 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Salinity

95-TH6 / 1999-TH6 (0.50-1.00m) 14-Nov-95 7.59 5.9 7.8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

CAR-CNO-TH6 / 1999-TH6 (0.00-0.15 m) 14-Oct-99 5.41 3.6 7.6 593.15 79.41 23.85 402.25 462.09 3,357.40 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 14-Oct-99 5.58 2.8 7.7 637.24 64.88 28.93 459.36 374.73 3,242.10 --- --- --- --- --- --- --- ---

(0.30-0.50 m) 14-Oct-99 4.87 2.4 7.7 585.14 43.61 30.11 380.37 303.46 2,925.10 --- --- --- --- --- --- --- ---

(0.50-1.00 m) 14-Oct-99 4.81 2.3 7.7 579.13 18.79 35.19 415.62 296.57 3,443.90 --- --- --- --- --- --- --- ---

05BH17 (0.00-0.15 m) 17-Oct-05 0.57 0.2 7.4 94 <20 5 12 7 77 <1 --- 2 20 --- --- --- ---

(1.00-1.50 m) 17-Oct-05 0.57 0.2 7.9 48 <20 2 31 6 95 2 --- 2 16 --- --- --- ---

(4.00-4.50 m) 17-Oct-05 4.78 2.7 7.6 433 <20 13 382 314 3,330 1 --- 2 12 --- --- --- ---

(5.00-5.50 m) 17-Oct-05 4.42 3.4 7.7 393 <20 11 257 350 2,910 1 --- 2 1 --- --- --- ---

05MW22A (4.50-5.10 m) 17-Oct-05 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

05MW22B (0.00-0.15 m) 17-Oct-05 1.21 0.2 6.9 193 20 26 41 12 221 3 --- <1 <1 --- --- --- ---

(0.30-0.50 m) 17-Oct-05 6.18 0.6 7.3 661 40 7 433 86 874 <1 --- 3 739 --- --- --- ---

(0.50-1.00 m) 17-Oct-05 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(1.00-1.50 m) 17-Oct-05 7.4 4.2 7.6 491 20 27 819 659 3,670 <1 --- 2 463 --- --- --- ---

(2.00-2.50 m) 17-Oct-05 5.88 2.2 7.8 490 <20 14 557 295 3,320 <1 --- 1 226 --- --- --- ---

(2.50-3.00 m) 17-Oct-05 6.27 2.1 7.8 483 <20 14 639 298 3,890 1 --- 1 203 --- --- --- ---

(4.50-5.00 m) 17-Oct-05 4.83 2.3 7.6 431 <20 14 480 291 3,710 <1 --- 1 3 --- --- --- ---

(6.00-6.50 m) 17-Oct-05 4.09 1.5 7.7 438 <20 8 322 175 2,890 <1 --- 2 3 --- --- --- ---

(11.50-12.00 m) 17-Oct-05 4.01 2.4 7.8 443 <20 10 237 251 2,690 1 --- 2 5 --- --- --- ---

MW33 / 07MW23 (0.00-0.15m) 21-Dec-07 7.38 1.07 7.2 895 184 19.3 308 145 1,180 --- --- <1.50 2,600 --- --- --- 959

(1.50-2.00m) 21-Dec-07 6.38 0.49 7.5 497 17.7 14.6 459 62.9 2,810 --- --- <1.50 99.6 --- --- --- 289

(4.00-4.50m) 21-Dec-07 7.06 2.07 8 468 16.6 24.8 472 265 3,180 --- --- 5.64 <4.00 --- --- --- 365

SS11 (0.00-0.15m) 21-Dec-07 13.2 2.67 7.2 1,250 92.8 52.8 699 475 1,880 --- --- 9.7 5,690 --- --- --- 515

(0.60-1.00m) 21-Dec-07 11.6 3 7.6 546 39.8 10.7 834 477 3,550 --- --- 4.49 2,350 --- --- --- 863

SS12 (0.15-0.30m) 21-Dec-07 1.08 0.64 7.8 98 16 5.9 66 33.2 155 --- --- 4.58 334 --- --- --- 585

(1.00-1.50m) 21-Dec-07 8.4 3.05 7.6 483 9.77 15.7 652 437 3,870 --- --- 3.08 558 --- --- --- 484

08-BH-19 / 08BH19 (0.0-0.15m) 31-Oct-08 11 2.99 7.7 1,505 71.4 63.9 886 592 8,316 --- --- --- 234 --- --- --- ---

(0.15-0.50m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 251 --- --- --- ---

(0.50-1.00m) 31-Oct-08 7.72 3.86 7.5 524 43.9 58.5 623 553 4,850 --- --- --- 256 --- --- --- ---

(1.00-1.50m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 247 --- --- --- ---

(1.50-2.00m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 304 --- --- --- ---

(2.00-2.50m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 296 --- --- --- ---

(2.50-3.00m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 260 --- --- --- ---

(3.00-3.50m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 22.5 --- --- --- ---

(3.50-4.00m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 21.3 --- --- --- ---

(4.00-4.50m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 28.4 --- --- --- ---

(4.50-5.00m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 19.6 --- --- --- ---

(5.00-5.50m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 12.2 --- --- --- ---

(5.50-6.00m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 8.1 --- --- --- ---

08-BH-20 / 08BH20 (0.0-0.15m) 31-Oct-08 12.1 3.18 7.5 1,134 31.2 35.1 796 572 9,095 --- --- --- 660 --- --- --- ---

(0.15-0.50m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 466 --- --- --- ---

(0.50-1.00m) 31-Oct-08 6.82 2.87 7.6 472 44.8 37.5 548 387 3,404 --- --- --- 342 --- --- --- ---

(1.00-1.50m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 328 --- --- --- ---

(1.50-2.00m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 290 --- --- --- ---

(2.00-2.50m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 319 --- --- --- ---

(2.50-3.00m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 347 --- --- --- ---

(3.00-3.50m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 23.5 --- --- --- ---

(3.50-4.00m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 40.6 --- --- --- ---

(4.00-4.50m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 33.8 --- --- --- ---

(4.50-5.00m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 9.4 --- --- --- ---

(5.00-5.50m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 18.1 --- --- --- ---

(5.50-6.00m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 6.5 --- --- --- ---

08-BH-21 / 08BH21 (0.0-0.15m) 31-Oct-08 4.21 2.38 7.8 471 21.7 27.4 245 256 1,992 --- --- --- 148 --- --- --- ---

(0.15-0.50m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 141 --- --- --- ---

(0.50-1.00m) 31-Oct-08 4.94 1.82 7.6 622 27.7 31.6 320 224 2,558 --- --- --- 104 --- --- --- ---

(1.00-1.50m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 128 --- --- --- ---

(1.50-2.00m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 138 --- --- --- ---

(2.00-2.50m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 128 --- --- --- ---

(2.50-3.00m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 144 --- --- --- ---

(3.00-3.50m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 164 --- --- --- ---

(3.50-4.00m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 178 --- --- --- ---

(4.00-4.50m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 102 --- --- --- ---

(4.50-5.00m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 31.6 --- --- --- ---

(5.00-5.50m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 32.2 --- --- --- ---

(5.50-6.00m) 31-Oct-08 --- --- --- --- --- --- --- --- --- --- --- --- 24.5 --- --- --- ---

08-BH-22 / 08BH22 (0.0-0.15m) 31-Oct-08 5.93 3.36 7.6 507 17 28.7 440 428 3,367 --- --- --- 136 --- --- --- ---

(0.50-1.00m) 31-Oct-08 4.97 3.41 7.7 482 17.9 16.6 306 388 2,924 --- --- --- 88.6 --- --- --- ---

08-BH-23 / 08BH23 (0.0-0.15m) 31-Oct-08 8.16 3.51 7.4 813 31.4 29.6 550 528 4,666 --- --- --- 370 --- --- --- ---

(0.50-1.00m) 31-Oct-08 6.51 4.01 7.7 520 29.3 30.4 415 505 2,892 --- --- --- 308 --- --- --- ---

08-BH-24 / 08BH24 (0.0-0.15m) 31-Oct-08 1.95 0.76 7.7 203 22.8 24.8 127 55.9 708 --- --- --- 52.3 --- --- --- ---

(0.50-1.00m) 31-Oct-08 4.85 0.56 7.8 779 21.9 51.1 259 71.1 3,062 --- --- --- 44.6 --- --- --- ---

08-BH-25 / 08BH25 (0.0-0.15m) 31-Oct-08 1.2 0.87 8.1 123 24.7 22.7 62.4 47.7 473 --- --- --- 2.7 --- --- --- ---

(0.50-1.00m) 31-Oct-08 0.82 0.58 8.2 74.7 11.7 19.8 43.5 25.5 241 --- --- --- 7 --- --- --- ---

08-BH-26 / 08BH26 (0.0-0.15m) 31-Oct-08 6.88 4.22 7.3 655 22.9 14.7 335 532 2,475 --- --- --- 402 --- --- --- ---

(0.50-1.00m) 31-Oct-08 7.21 3.98 7.6 695 25.4 24.7 446 546 3,715 --- --- --- 179 --- --- --- ---

08-BH-27 / 08BH27 (0.0-0.15m) 31-Oct-08 6.65 4.58 7.8 441 24.7 18.6 527 602 4,591 --- --- --- 106 --- --- --- ---

(0.50-1.00m) 31-Oct-08 9.4 3.74 7.5 1,020 21.6 28 612 612 7,458 --- --- --- 110 --- --- --- ---

09-BH05 (0.0-0.15m) 22-Oct-09 0.988 0.37 7.29 100 <20 57.8 28.8 16.4 89.1 <1.0 --- <1.0 <1.0 <1.4 --- --- ---

Northeast Area

2009 and prior
WP

 (continued)

09-BH05 (0.6-1.0m) 22-Oct-09 4.06 0.49 7.11 694 <20 43.4 198 56.9 1,430 <1.0 --- 8.3 272 280 --- --- ---

(1.0-1.5m) 22-Oct-09 2.26 0.6 7.13 296 28 24.4 118 48.6 760 <1.0 --- <1.0 90.8 90.8 --- --- ---

09-BH06 (0.0-0.15m) 22-Oct-09 0.904 0.45 7.19 109 <20 54.6 22.8 19.6 173 <1.0 --- <1.0 <1.0 <1.4 --- --- ---

(1.0-1.5m) 22-Oct-09 1.23 0.45 7.69 41.4 <20 28.8 116 25 493 <1.0 --- 1 1.5 2.5 --- --- ---

(2.0-2.5m) 22-Oct-09 1.66 0.28 7.39 230 <20 23.7 85.6 19.4 740 <1.0 --- <1.0 32.3 32.3 --- --- ---

(3.0-3.5m) 22-Oct-09 3.4 0.76 7.43 486 <20 25 302 86.2 2,400 <1.0 --- <1.0 2.8 2.8 --- --- ---

09-BH17 (0.3-0.6m) 21-Oct-09 2.39 1 7.36 346 21 16.7 131 86.4 1,340 <1.0 --- 2.5 4.5 7 --- --- ---

2012
M

12-B10 (1.00-1.50m) 18-Jun-12 4.63 2.5 7.9 552 10 28 407 316 3120 --- --- --- --- 82 --- --- ---

(5.50-6.00m) 18-Jun-12 3.28 1.4 7.6 605 30 29 219 154 2060 --- --- --- --- 93 --- --- ---

12-B11 (0.60-1.00m) 18-Jun-12 4.41 2.1 7.7 602 10 32 370 261 2850 --- --- --- --- 93 --- --- ---

(5.50-6.00m) 18-Jun-12 5.95 5.8 7.9 529 31 18 476 761 4120 --- --- --- --- 57 --- --- ---

2014

BH115-14 (0-0.15m) 11-Sep-14 2.56 2.2 7.5 382 22 20 132 196 1,580 --- 0.8 --- --- <5.0 0.5 3 ---

(0.15-0.30m) 11-Sep-14 3.35 2.5 7.5 540 11 <10 193 263 2,300 --- 3.6 --- --- <5.0 0.4 3 ---

(0.30-0.60m) 11-Sep-14 4.11 3.1 7.5 568 13 10 331 380 3,070 --- 0.6 --- --- <5.0 0.4 3 ---

(0.60-1.00m) 11-Sep-14 4.73 2.5 7.7 550 11 15 496 338 3,540 --- 0.6 --- --- <5.0 0.4 3 ---

(1.00-1.50m) 11-Sep-14 3.00 1.0 7.9 318 9 16 315 100 2,160 --- 0.9 --- --- <5.0 0.5 3 ---

(1.50-2.00m) 11-Sep-14 2.10 0.9 7.7 234 21 25.1 154 69 1,210 --- 0.9 --- --- <5.0 0.5 4 ---
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Historical Soil Analytical Results - Salinity and Nutrient Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (ds/m) (ratio) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/kg) (mg/L) (mg/L) (mg/L) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG - Agricultural, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - GOOD RATING, TOPSOIL (0-0.15m) 2 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - POOR RATING, SUBSOIL 10 12 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Salinity

BH115-14 (2.00-2.50m) 11-Sep-14 3.60 0.6 7.6 543 6 24 362 73 2,890 --- 1.2 --- --- <5.0 0.4 4 ---

(2.50-3.00m) 11-Sep-14 4.68 2.1 7.7 515 6 24 447 273 3,580 --- 0.5 --- --- 5.6 0.8 5 ---

(3.00-3.50m) 11-Sep-14 6.46 5.2 7.8 496 15 27 583 725 4,960 --- <0.4 --- --- 5.2 0.6 5 ---

Pond Area

2009 and prior
WP

92-TH2 / 1999-TH2 (0.00-0.15m) 1-Dec-92 5.64 3.5 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 1-Dec-92 5.69 3.4 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 1-Dec-92 5.82 3.3 8.0 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 1-Dec-92 5.06 2.8 8.0 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

92-TH5 / TH5 (0.00-0.15 m) 1-Dec-92 3.18 0.9 8.0 --- --- --- --- --- --- --- --- --- --- --- --- 5.5 ---

(0.15-0.30 m) 1-Dec-92 3.66 1.4 7.9 --- --- --- --- --- --- --- --- --- --- --- --- 15.9 ---

(0.30-0.50 m) 1-Dec-92 3.77 1.4 8.0 --- --- --- --- --- --- --- --- --- --- --- --- 23.9 ---

(0.50-1.00 m) 1-Dec-92 5.45 1.3 8.0 --- --- --- --- --- --- --- --- --- --- --- --- 122 ---

92-TH7 / TH7 (0.00-0.15m) 1-Dec-92 5.39 1.1 7.8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 1-Dec-92 4.34 1.1 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 1-Dec-92 4.34 1.6 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 1-Dec-92 2.37 1.2 8.2 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

92-TH13 / 1999-TH13 (0.00-0.15m) 2-Dec-92 8.25 4.1 5.0 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 2-Dec-92 12.9 5.8 6.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 2-Dec-92 10.9 5.1 7.7 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 2-Dec-92 5.91 2.6 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

92-TH14 / 1999-TH14 (0.00-0.15m) 2-Dec-92 2.97 3 5.1 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 2-Dec-92 9.4 4.5 7.1 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 2-Dec-92 7.27 3.5 8.0 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 2-Dec-92 4.66 2.7 8.0 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

92-TH16 / TH16 (0.00-0.15m) 2-Dec-92 1.45 1.7 5.7 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 2-Dec-92 1.02 2 8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 2-Dec-92 1.76 2.4 8.1 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 2-Dec-92 4.38 2.4 8.1 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

92-TH19 / TH19 (0.00-0.15m) 1-Dec-92 4.46 1.3 8.1 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 1-Dec-92 4.86 1.3 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 1-Dec-92 5.04 1.4 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 1-Dec-92 4.13 1.2 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

95-TH2 / 1999-TH2 (0.00-0.15m) 14-Nov-95 8.6 6.4 7.7 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 14-Nov-95 6.41 4.2 7.7 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 14-Nov-95 5.63 3 7.7 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 14-Nov-95 5.26 2.7 7.7 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

95-TH7 / TH7 (0.00-0.15m) 14-Nov-95 4.02 1.7 7.6 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 14-Nov-95 5.31  7.6 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 14-Nov-95 5.26 2.4 7.6 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 14-Nov-95 3.05 2 7.7 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

95-TH13 / 1999-TH13 (0.00-0.15m) 14-Nov-95 0.58 2.5 5.4 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 14-Nov-95 2.79 3 4.8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 14-Nov-95 9.18 7.2 6.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 14-Nov-95 5.23 2.2 7.6 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

95-TH14 / 1999-TH14 (0.00-0.15m) 14-Nov-95 4.63 5.6 5.8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 14-Nov-95 8.38 7 5.2 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 14-Nov-95 9.82 6.3 7.2 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 14-Nov-95 5.92 3.4 7.6 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

95-TH16 / TH16 (0.00-0.15m) 14-Nov-95 1 2.1 6.6 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 14-Nov-95 0.87 1.9 7.6 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 14-Nov-95 0.85 2.6 7.7 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 14-Nov-95 7.13 3.3 8.0 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

95-TH19 / TH19 (0.00-0.15m) 14-Nov-95 1.4 0.5 7.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 14-Nov-95 2.95 0.4 7.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 14-Nov-95 3.33 0.6 7.6 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 14-Nov-95 3.88 1 7.6 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

CAR-CNO-TH2 / 1999-TH2 (0.00-0.15 m) 14-Oct-99 4.78 1 7.5 707.38 20.92 24.24 363.36 135.64 2,617.70 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 14-Oct-99 4.34 1 7.6 623.21 9.93 15.64 399.82 125.29 2,963.60 --- --- --- --- --- --- --- ---

(0.30-0.50 m) 14-Oct-99 2 0.9 7.9 212.41 10.28 15.25 162.84 69.43 1,018.30 --- --- --- --- --- --- --- ---

(0.50-1.00 m) 14-Oct-99 2.42 0.9 7.8 310.6 12.41 19.55 165.27 79.08 1,224.80 --- --- --- --- --- --- --- ---

TH13 / 1999-TH13 (0.00-0.15 m) 14-Oct-99 0.69 3.9 5.6 36.07 21.63 11.34 9.97 102.99 274.7 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 14-Oct-99 2.12 3.5 5.2 246.48 8.51 11.73 61.73 236.79 1,364.10 --- --- --- --- --- --- --- ---

(0.30-0.50 m) 14-Oct-99 7.28 5.8 6.9 771.5 44.67 18.77 379.16 790.85 2,737.80 --- --- --- --- --- --- --- ---

(0.50-1.00 m) 14-Oct-99 7.8 4.2 6.7 917.79 48.57 35.19 458.15 627.62 2,440.00 --- --- --- --- --- --- --- ---

TH14 / 1999-TH14 (0.00-0.15 m) 14-Oct-99 1.32 3.7 6 102.2 14.18 12.51 31.84 169.2 581.2 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 14-Oct-99 2.39 4.2 5.8 234.46 5.67 10.17 86.65 296.57 1,498.60 --- --- --- --- --- --- --- ---

(0.30-0.50 m) 14-Oct-99 7.09 6.1 6.6 689.34 22.34 20.33 503.11 857.52 3,991.40 --- --- --- --- --- --- --- ---

(0.50-1.00 m) 14-Oct-99 8.76 4.7 7.3 753.47 57.08 28.15 808.14 777.05 3,746.50 --- --- --- --- --- --- --- ---

04-TH-65A / 2004-TH65A (0.00-0.15 m) 21-Jul-04 2.47 1.3 8.7 11.02 43.96 18.38 307.46 105.98 1,080.70 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 21-Jul-04 4.57 2.2 7.9 484.94 21.27 34.02 388.88 268.98 3,535.10 --- --- --- --- --- --- --- ---

(0.30-0.60 m) 21-Jul-04 4.61 2.5 7.8 484.94 55.31 28.15 376.73 301.17 3,415.10 --- --- --- --- --- --- --- ---

(0.60-1.00 m) 21-Jul-04 4.95 2.3 8.0 476.93 27.65 27.37 454.5 296.57 3,693.60 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 21-Jul-04 2.45 4.1 8.2 94.58 19.14 16.03 154.34 278.18 1,349.70 --- --- --- --- --- --- --- ---

Pond Area

2009 and prior
WP 

(continued)

04-TH-65-B / 2004-TH65B (0.00-0.15 m) 21-Jul-04 5.35 2.6 7.7 478.93 18.79 31.28 516.48 344.85 3,943.40 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 21-Jul-04 5.42 2.6 7.8 492.96 20.92 32.06 542 356.34 3,996.20 --- --- --- --- --- --- --- ---

(0.30-0.60 m) 21-Jul-04 4.79 2 7.8 515 15.24 31.28 463.01 259.78 3,640.80 --- --- --- --- --- --- --- ---

(0.60-1.00 m) 21-Jul-04 3.74 1.2 7.8 472.92 11.34 34.41 329.33 135.87 2,891.50 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 21-Jul-04 1.99 1.3 7.8 187.16 9.22 23.85 132.46 95.18 1,181.60 --- --- --- --- --- --- --- ---

06-BH7 / BH-7 (0.00-0.15 m) 19-Dec-06 2.02 2.28 7.12 236 11.5 4.9 94.3 164 1,080 <0.05 --- --- <0.08 --- --- --- ---

(0.15-0.30 m) 19-Dec-06 7.99 4.2 7.81 483 45.7 10.3 435 528 3,860 0.65 --- --- 0.15 --- --- --- ---

(0.30-0.60 m) 19-Dec-06 9.3 5.83 7.99 446 96.7 12.7 628 815 4,930 0.09 --- --- <0.80 --- --- --- ---

06-BH8 / BH-8 (1.50-2.00 m) 19-Dec-06 9.43 4.79 7.94 441 83.1 22.4 597 656 4,730 0.63 --- --- 122 --- --- --- ---

(2.00-2.50 m) 19-Dec-06 7.39 2.99 7.77 481 79.2 22.5 462 383 3,530 0.47 --- --- 160 --- --- --- ---

(2.50-3.00 m) 19-Dec-06 5.59 1.28 7.77 525 65.3 21.6 262 144 2,550 0.4 --- --- 147 --- --- --- ---

06-BH9 / BH-9 (1.50-2.00 m) 19-Dec-06 12.4 6.36 8.12 451 26.7 33.4 910 1,020 6,660 0.52 --- --- <0.80 --- --- --- ---

(2.00-2.50 m) 19-Dec-06 11.1 6.01 8.01 458 24.1 35.6 800 919 6,220 0.66 --- --- 0.81 --- --- --- ---

(2.50-3.00 m) 19-Dec-06 11.6 6.01 8.02 454 28.3 34.2 843 936 6,360 0.54 --- --- <0.80 --- --- --- ---

06-BH10 / BH-10 (0.00-0.15 m) 19-Dec-06 0.97 1.43 7.68 94.7 16.8 12 33.9 63.6 298 0.31 --- --- 0.6 --- --- --- ---

(0.15-0.30 m) 19-Dec-06 0.75 2.42 7.94 40.6 5.85 12.5 27.8 81.8 187 0.23 --- --- 0.1 --- --- --- ---

(0.30-0.60 m) 19-Dec-06 0.93 2.91 7.94 41.7 3.99 17.2 33.4 104 278 <0.05 --- --- 0.2 --- --- --- ---

06-BH11 / BH-11 (0.00-0.15 m) 19-Dec-06 11 9.82 6.95 496 154 43.4 493 1,290 5,600 1.42 --- --- 0.95 --- --- --- ---

(0.15-0.30 m) 19-Dec-06 6.15 3.58 6.12 531 50.7 27.5 208 384 2,720 0.22 --- --- 0.32 --- --- --- ---

(0.30-0.60 m) 19-Dec-06 0.9 1.36 6.87 113 6.58 13 25.4 61.7 142 <0.05 --- --- <0.08 --- --- --- ---

06-BH12 / BH-12 (1.50-2.00 m) 19-Dec-06 18.1 16.3 8.25 443 260 27.9 776 2,460 9,430 0.6 --- --- 192 --- --- --- ---

(2.00-2.50 m) 19-Dec-06 16.5 13.9 8.22 430 210 30.3 768 2,070 8,270 0.7 --- --- 95.7 --- --- --- ---

(2.50-3.00 m) 19-Dec-06 12.9 8.42 8.07 442 130 29.5 796 1,280 6,880 0.68 --- --- 52.7 --- --- --- ---
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Historical Soil Analytical Results - Salinity and Nutrient Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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AEP Tier 1 SGRG - Agricultural, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - GOOD RATING, TOPSOIL (0-0.15m) 2 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - POOR RATING, SUBSOIL 10 12 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Salinity

06-BH13 / BH-13 (1.50-2.00 m) 19-Dec-06 2.99 2.73 7.98 159 10.2 35.3 246 235 1,780 0.3 --- --- 43.5 --- --- --- ---

(2.00-2.50 m) 19-Dec-06 2.77 1.61 7.96 183 40.9 36 232 139 1,210 0.62 --- --- 393 --- --- --- ---

(2.50-3.00 m) 19-Dec-06 2.39 1.21 7.77 170 45.6 31 179 94.6 753 0.4 --- --- 545 --- --- --- ---

06-BH14 / BH-14 (0.00-0.15 m) 19-Dec-06 0.63 1.24 7.55 66.3 15.7 3.3 17.9 44.1 125 <0.05 --- --- 0.96 --- --- --- ---

(0.15-0.30 m) 19-Dec-06 1.25 1.82 7.7 132 19.5 4 46.6 95.6 543 <0.05 --- --- 1.13 --- --- --- ---

(0.30-0.60 m) 19-Dec-06 8.85 2.47 7.62 483 201 21.1 743 370 4,610 0.32 --- --- 4.82 --- --- --- ---

06-BH15 / BH-15 (0.00-0.15 m) 19-Dec-06 3.04 3.05 5.9 313 197 6.4 128 254 1,570 <0.05 --- --- 0.45 --- --- --- ---

(0.15-0.30 m) 19-Dec-06 6.41 5.89 8.02 225 282 6.1 322 588 2,640 <0.05 --- --- 7.75 --- --- --- ---

(0.30-0.60 m) 19-Dec-06 8.33 4.64 7.84 459 272 8.9 443 581 3,700 0.06 --- --- 8.56 --- --- --- ---

06-BH16 / BH-16 (0.00-0.15 m) 19-Dec-06 1.81 1.98 5.81 206 104 12.8 73.3 130 597 1.39 --- --- 13 --- --- --- ---

(0.15-0.30 m) 19-Dec-06 1.17 2.35 6.33 94.6 74.4 3.3 38.1 107 422 <0.05 --- --- 16.6 --- --- --- ---

(0.30-0.60 m) 19-Dec-06 1.78 2.38 7.22 192 62.4 5 54.4 145 709 0.1 --- --- 23.5 --- --- --- ---

06-BH17 / BH-17 (0.00-0.15 m) 19-Dec-06 0.36 0.94 5.89 31.3 25.6 3.1 11.8 24.4 71.6 <0.05 --- --- <0.08 --- --- --- ---

(0.15-0.30 m) 19-Dec-06 2.62 3.38 7.64 253 312 5.7 72 237 824 0.09 --- --- 9.64 --- --- --- ---

(0.30-0.60 m) 19-Dec-06 9.2 7.46 7.8 506 656 10.1 354 894 3,570 0.35 --- --- 89.3 --- --- --- ---

09-BH07 (0.0-0.15m) 22-Oct-09 15.3 10.5 7.52 1,030 730 59.1 708 1,790 2,230 1.2 --- 1.8 1,540 1,540 --- --- ---

(0.6-1.0m) 22-Oct-09 4.14 2.93 7.51 431 50 15.7 350 338 2,850 <1.0 --- <1.0 7.5 7.5 --- --- ---

(2.0-2.5m) 22-Oct-09 6.27 5.13 7.53 424 49 23.7 580 691 4,350 <1.0 --- 0.19 1.2 1.4 --- --- ---

09-BH08 (0.3-0.6m) 22-Oct-09 4.81 1.85 7.62 501 223 12.2 463 238 3,010 <1.0 --- 1 0.31 1.3 --- --- ---

(1.0-1.5m) 22-Oct-09 3.48 1.12 7.53 514 88 36.5 249 124 2,220 <1.0 --- 1.1 1.4 2.6 --- --- ---

09-BH09 (0.3-0.6m) 21-Oct-09 6.98 6.05 7.29 436 221 40.9 584 822 4,500 <1.0 --- <1.0 0.22 <1.0 --- --- ---

(2.0-2.5m) 21-Oct-09 5.31 3.34 7.54 413 70 24.2 524 433 3,730 <1.0 --- <1.0 0.34 <1.0 --- --- ---

(3.0-3.5m) 21-Oct-09 5.12 3.17 7.63 432 38 24.5 508 410 3,720 <1.0 --- <1.0 <1.0 <1.4 --- --- ---

09-BH28 (0.0-0.15m) 21-Oct-09 0.868 1.24 6.53 80.8 <20 44.9 25.5 49.7 168 <1.0 --- 2.2 2.4 4.6 --- --- ---

(2.0-2.5m) 21-Oct-09 3.28 1.44 7.18 413 55 39.1 203 143 1,860 <1.0 --- <1.0 4.5 4.5 --- --- ---

2011-2012
M

11-B1 (2.00-2.50m) 1-Sep-11 12.7 12.4 8.2 484 396 24 1310 2320 9810 5.4 --- --- --- 66.1 --- --- ---

(4.00-4.50m) 1-Sep-11 9.67 9.4 8 486 220 22 955 1550 7280 2.73 --- --- --- <5.1 --- --- ---

11-B2 (1.50-2.00m) 1-Sep-11 6.54 4.6 7.9 496 31 32 708 689 5100 5.26 --- --- --- <5.1 --- --- ---

11-B3 (2.00-2.50m) 1-Sep-11 2.25 0.8 7.4 401 106 19.4 94.6 66 1260 5.56 --- --- --- <5.1 --- --- ---

11-B4 (0.60-1.00m) 1-Sep-11 12.9 14.6 8.1 441 361 11 1100 2510 9330 4.28 --- --- --- 74.0 --- --- ---

(4.00-4.50m) 1-Sep-11 6.81 6.7 7.7 456 105 24 562 911 4960 5.46 --- --- --- 6.16 --- --- ---

11-B5 (1.50-2.00m) 1-Sep-11 6.47 3.2 7.9 480 10 26 862 506 5170 5.08 --- --- --- <5.1 --- --- ---

(2.50-3.00m) 1-Sep-11 7.08 3.6 7.8 494 9 27 984 598 5850 5.48 --- --- --- <5.1 --- --- ---

11-B6 (0.0-0.15m) 1-Sep-11 15 10.7 6.8 453 577 19 1970 2380 12100 4.47 --- --- --- <5.1 --- --- ---

(0.30-0.60m) 1-Sep-11 5.48 3.1 8 479 133 14 582 422 3960 2.58 --- --- --- <5.1 --- --- ---

(2.50-3.00m) 1-Sep-11 5.4 2.7 7.9 500 83 22 580 370 4010 3.1 --- --- --- <5.1 --- --- ---

11-B7 (0.0-0.15m) 1-Sep-11 14.1 11.7 7.9 433 332 <10 1640 2380 11800 2.8 --- --- --- <5.1 --- --- ---

(0.60-1.00m) 1-Sep-11 5.24 2.5 7.9 526 137 22 546 340 3800 3.41 --- --- --- <5.1 --- --- ---

(2.00-2.50m) 1-Sep-11 5.82 3.6 7.8 497 165 16 624 509 4130 4.88 --- --- --- <5.1 --- --- ---

11-B8 (0.0-0.15m) 1-Sep-11 5.81 3.6 8 476 81 17 630 506 4260 5.33 --- --- --- <5.1 --- --- ---

(0.15-0.30m) 1-Sep-11 5.14 4 8 342 72 15 528 512 3530 4.47 --- --- --- <5.1 --- --- ---

(0.30-0.60m) 1-Sep-11 5.77 3.6 8 459 77 14 631 513 4200 4.94 --- --- --- <5.1 --- --- ---

(0.60-1.00m) 1-Sep-11 4.35 4.5 8 210 64 13 396 485 2700 0.97 --- --- --- <5.1 --- --- ---

(1.00-1.50m) 1-Sep-11 5.88 3.7 7.9 483 52 16 607 524 4240 4.48 --- --- --- <5.1 --- --- ---

(1.50-2.00m) 1-Sep-11 6.06 4.2 7.9 479 44 19 610 596 4380 4.96 --- --- --- <5.1 --- --- ---

(2.00-2.50m) 1-Sep-11 6.48 4.7 7.8 456 33 21 664 678 4730 5.92 --- --- --- <5.1 --- --- ---

(2.50-3.00m) 1-Sep-11 6.83 5.2 7.8 472 24 22 699 763 5080 6.23 --- --- --- 7.15 --- --- ---

11-B9 (0.0-0.15m) 1-Sep-11 4.94 2.4 7.7 711 39 30 259 290 1950 6.55 --- --- --- 326 --- --- ---

(0.15-0.30m) 1-Sep-11 6.35 3.3 7.8 548 55 11 585 467 2800 5.32 --- --- --- 395 --- --- ---

(0.30-0.60m) 1-Sep-11 5.33 3.6 8 257 55 11 489 428 1700 4.76 --- --- --- 423 --- --- ---

(0.60-1.00m) 1-Sep-11 4.93 4.2 8.2 104 62 11 464 450 1260 4.77 --- --- --- 388 --- --- ---

(1.00-1.50m) 1-Sep-11 5.47 5.5 8.2 106 60 14 521 621 2140 5.66 --- --- --- 312 --- --- ---

(1.50-2.00m) 1-Sep-11 8.53 5.5 8.1 497 57 20 1020 943 5930 5.26 --- --- --- 195 --- --- ---

(2.00-2.50m) 1-Sep-11 8.7 6.1 8.1 459 47 17 1060 1050 6450 5.02 --- --- --- 121 --- --- ---

(2.50-3.00m) 1-Sep-11 8.69 6 8 464 46 15 1020 1010 6700 6.43 --- --- --- 94.3 --- --- ---

2014

BH125-14 (0-0.15m) 10-Sep-14 6.67 7.5 7.8 558 484 11 350 924 3,720 --- <0.4 --- --- <5.0 0.6 3 ---

(0.15-0.30m) 10-Sep-14 5.88 6.1 7.7 519 240 12 337 722 3,580 --- 0.9 --- --- <5.0 0.4 3 ---

(0.30-0.60m) 10-Sep-14 3.80 2.7 7.5 574 81 40 194 295 2,530 --- <0.4 --- --- <5.0 0.5 2 ---

(0.60-1.00m) 10-Sep-14 3.25 1.3 7.2 593 45 53 162 135 2,150 --- <0.4 --- --- <5.0 0.3 3 ---

(1.00-1.50m) 10-Sep-14 1.83 0.9 5.6 247 60 48.7 75.7 62 973 --- <0.4 --- --- <5.0 <0.2 10 ---

(1.50-2.00m) 10-Sep-14 1.61 0.3 7.1 257 53 26 56.2 18 728 --- <0.4 --- --- 30.7 0.2 14 ---

(2.00-2.50m) 10-Sep-14 1.70 0.2 7.6 314 30 21.8 57.5 13 902 --- 1.1 --- --- 18.9 0.3 11 ---

(2.50-3.00m) 10-Sep-14 2.58 0.1 7.5 620 28 26 103 14 1,760 --- 0.6 --- --- 15.8 0.3 8 ---

(3.00-3.50m) 10-Sep-14 2.06 0.3 7.6 385 33 23.5 79.6 23 1,220 --- <0.4 --- --- 8.3 0.4 4 ---

BH126-14 (0-0.15m) 10-Sep-14 10.9 17.4 7.3 513 172 17 484 2290 7,180 --- <0.4 --- --- 5.6 0.2 5 ---

(0.15-0.30m) 10-Sep-14 10.4 14.0 7 543 164 24 592 1990 7,320 --- 2.2 --- --- 6.3 0.3 5 ---

(0.30-0.60m) 10-Sep-14 9.30 12.3 7.3 503 129 17 507 1630 6,320 --- 0.8 --- --- <5.0 0.3 4 ---

(0.60-1.00m) 10-Sep-14 7.60 8.6 7.8 561 136 17 568 1210 5,450 --- 0.4 --- --- <5.0 0.7 4 ---

Pond Area

2014 (continued)

BH126-14 (1.00-1.50m) 10-Sep-14 8.33 9.7 8 490 136 12 582 1340 5,840 --- 0.5 --- --- <5.0 0.7 3 ---

(1.50-2.00m) 10-Sep-14 11.8 15.7 8.1 486 200 17 700 2320 8,330 --- <0.4 --- --- <5.0 0.6 3 ---

(2.00-2.50m) 10-Sep-14 12.6 15.7 8.1 521 220 20 799 2450 9,130 --- <0.4 --- --- <5.0 0.3 2 ---

(2.50-3.00m) 10-Sep-14 12.0 14.4 8.1 574 211 24 972 2440 9,500 --- <0.4 --- --- <5.0 0.5 3 ---

(3.00-3.50m) 10-Sep-14 11.7 12.4 8.2 521 227 20 954 2060 8,820 --- <0.4 --- --- <5.0 0.4 2 ---

BH127-14 (0-0.15m) 10-Sep-14 9.45 10.1 7.9 557 448 58 705 1520 6,470 --- <0.4 --- --- <5.0 0.8 9 ---

(0.15-0.30m) 10-Sep-14 4.70 2.8 7.4 572 176 40 321 340 2,960 --- <0.4 --- --- <5.0 0.4 6 ---

(0.30-0.60m) 10-Sep-14 3.78 1.9 7.5 631 153 33 219 217 2,550 --- 2.4 --- --- <5.0 0.5 2 ---

(0.60-1.00m) 10-Sep-14 3.34 1.8 7.1 598 132 32 151 191 2,110 --- 2.1 --- --- <5.0 0.4 <2 ---

(1.00-1.50m) 10-Sep-14 2.58 1.7 7.1 419 116 23 107 148 1,480 --- 1.2 --- --- <5.0 0.4 4 ---

(1.50-2.00m) 10-Sep-14 2.26 1.7 7.6 271 98 16.5 102 128 1,200 --- 0.8 --- --- <5.0 0.6 2 ---

(2.00-2.50m) 10-Sep-14 2.04 1.6 7.6 239 73 18.1 95.4 115 1,110 --- 3.3 --- --- <5.0 0.3 <2 ---

(2.50-3.00m) 10-Sep-14 2.11 1.6 7.6 231 88 22.1 99 117 1,100 --- 15.8 --- --- <5.0 0.5 <2 ---

(3.00-3.50m) 10-Sep-14 3.24 1.3 7.6 554 70 20 194 142 2,310 --- 0.5 --- --- <5.0 0.4 <2 ---

BH128-14 (0-0.15m) 10-Sep-14 5.06 2.2 7.7 587 262 <10 463 292 3,430 --- <0.4 --- --- <5.0 0.8 3 ---

(0.15-0.30m) 10-Sep-14 4.26 1.8 7.7 567 173 <10 326 213 2,840 --- <0.4 --- --- <5.0 0.6 2 ---

(0.30-0.60m) 10-Sep-14 3.30 1.6 7.8 484 124 <10 234 167 2,220 --- <0.4 --- --- <5.0 0.5 2 ---

(0.60-1.00m) 10-Sep-14 2.60 1.6 7.9 308 95 <10 176 146 1,560 --- <0.4 --- --- 5.1 0.8 4 ---

(1.00-1.50m) 10-Sep-14 2.06 1.7 7.8 190 77 10.8 123 123 1,060 --- <0.4 --- --- <5.0 0.3 4 ---

(1.50-2.00m) 10-Sep-14 4.42 1.7 7.7 560 83 17 394 219 3,240 --- <0.4 --- --- <5.0 0.6 2 ---

(2.00-2.50m) 10-Sep-14 4.40 1.8 7.8 561 75 17 377 220 3,180 --- <0.4 --- --- <5.0 0.3 2 ---

(2.50-3.00m) 10-Sep-14 4.42 1.9 7.7 550 68 19 367 236 3,160 --- <0.4 --- --- <5.0 0.3 3 ---

(3.00-3.50m) 10-Sep-14 5.02 2.8 7.8 568 94 20 474 373 3,900 --- <0.4 --- --- <5.0 0.2 3 ---

2016

BH102-16 (0-0.15m) 7-Dec-16 12.4 8.1 7.7 575 446 11 1,840 1770 10,400 --- 1.3 --- --- <5 <3 <0.7 ---

(0.15-0.30m) 7-Dec-16 12.7 7.7 7.6 591 440 10 2,040 1,760 11,200 --- 1.4 --- --- <5 <3 <0.7 ---

(0.30-0.60m) 7-Dec-16 12.6 6.8 7.7 598 318 16 2,150 1,590 11,700 --- 0.5 --- --- 7 4 <0.6 ---
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Historical Soil Analytical Results - Salinity and Nutrient Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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AEP Tier 1 SGRG - Agricultural, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - GOOD RATING, TOPSOIL (0-0.15m) 2 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - POOR RATING, SUBSOIL 10 12 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Salinity

BH102-16 (0.60-1.00m) 7-Dec-16 11.4 6.3 7.8 480 171 25 1,910 1,390 10,600 --- <0.4 --- --- 14 2 6.6 ---

(1.00-1.50m) 7-Dec-16 10.4 6.5 7.9 500 108 33 1,570 1,310 9,430 --- 0.9 --- --- 28 1.5 14 ---

(1.50-2.00m) 7-Dec-16 9.96 6.7 7.7 498 155 31 1,420 1,300 8,690 --- 1.0 --- --- 57 3 28 ---

(2.00-2.50m) 7-Dec-16 9.98 7.0 7.7 528 138 31 1,340 1,330 8,550 --- <0.4 --- --- 48 1.5 24 ---

(2.50-3.00m) 7-Dec-16 9.36 6.7 7.7 500 119 29 1,250 1,240 8,030 --- 0.5 --- --- 44 1.4 22 ---

(3.00-3.50m) 7-Dec-16 9.08 6.7 7.7 483 91 28 1,160 1,200 7,710 --- 1.5 --- --- 34 1.8 16 ---

BH106-16 (0-0.15m) 7-Dec-16 1.08 2.4 6.4 140 44 4.3 35.8 124 239 --- 2.7 --- --- <5 <3 <0.7 ---

(0.15-0.30m) 7-Dec-16 3.12 4.8 6.8 384 213 <10 110 414 1,370 --- 1.7 --- --- <5 <3 <0.6 ---

(0.30-0.60m) 7-Dec-16 12.3 11.2 7.2 571 612 11 1,380 2,160 9,340 --- 1.1 --- --- <5 <3 <0.6 ---

(0.60-1.00m) 7-Dec-16 15.9 10.5 7.2 587 734 15 2,370 2,560 13,500 --- 0.7 --- --- 18 9.8 2 ---

(1.00-1.50m) 7-Dec-16 11.50 7.7 7.8 497 441 17 1,680 1,600 9,630 --- <0.4 --- --- 21 2.6 11 ---

(1.50-2.00m) 7-Dec-16 9.49 8.9 7.9 484 234 21 1,010 1,500 7,600 --- <0.4 --- --- 10 1.7 5 ---

(2.00-2.50m) 7-Dec-16 9.85 9.2 8.0 469 208 22 999 1,530 7,790 --- 0.4 --- --- <5 <0.3 2 ---

(2.50-3.00m) 7-Dec-16 9.54 8.3 7.8 494 219 24 1,120 1,470 7,910 --- <0.4 --- --- 6 0.6 3 ---

(3.00-3.50m) 7-Dec-16 6.47 5.0 7.6 493 109 23 690 732 5,140 --- 0.7 --- --- <5 <3 <0.5 ---

(3.50-4.00m) 8-Dec-16 5.86 4.7 7.6 500 72 23 583 656 4,640 --- 1.3 --- --- <5 <3 <0.5 ---

(4.00-4.50m) 9-Dec-16 5.45 4.7 7.5 490 47 22 512 620 4,390 --- 0.8 --- --- <5 <3 <0.6 ---

(4.50-5.00m) 10-Dec-16 4.87 4.4 7.5 518 32 22 413 554 3,880 --- 1.2 --- --- <5 <3 <0.5 ---

(5.00-5.50m) 11-Dec-16 4.79 4.3 7.5 511 33 24 385 532 3,640 --- 0.8 --- --- <5 <3 <0.5 ---

(5.50-6.10m) 12-Dec-16 4.80 4.2 7.5 503 39 23 375 517 3,610 --- 0.7 --- --- <5 <3 <0.5 ---

Product Storage and Handling Area

2009 and prior
WP

92-TH1 / 1999-TH1 (0.00-0.15 m) 2-Dec-92 5.68 2.1 8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30 m) 2-Dec-92 7.04 3.7 8.1 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50 m) 2-Dec-92 6.7 4 8.2 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00 m) 2-Dec-92 7.04 4.6 8.3 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

92-TH9A / 1999-TH9A (0.00-0.15m) 3-Dec-92 3.28 0.9 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 3-Dec-92 4.25 1.5 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 3-Dec-92 4.46 1.7 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 3-Dec-92 4.49 1.6 7.8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

92-TH10 / 1999-TH10 (0.00-0.15m) 2-Dec-92 2.01 4.2 8.7 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 2-Dec-92 2.32 <0.1 8.3 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 2-Dec-92 2.1 0.5 8.3 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 2-Dec-92 21.6 3.1 8.3 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

95-TH1 / 1999-TH1 (0.00-0.15m) 14-Nov-95 5.69 0.9 7.3 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 14-Nov-95 4.28 1.3 7.3 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 14-Nov-95 4.33 4 7.7 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 14-Nov-95 5.79 4.1 7.7 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

95-TH9A / 1999-TH9A (0.00-0.15m) 14-Nov-95 5.65 3 7.6 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 14-Nov-95 4.44 2.2 7.6 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 14-Nov-95 4.28 1.9 7.6 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 14-Nov-95 3.29 1 7.4 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

95-TH10 / 1999-TH10 (0.00-0.15m) 14-Nov-95 20.1 0.3 6.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 14-Nov-95 6.3 0.3 7.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 14-Nov-95 5.01 0.9 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 14-Nov-95 6.28 2.2 7.7 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

CAR-CNO-TH1 / 1999-TH1 (0.00-0.15 m) 14-Oct-99 25.9 0.5 7.3 5,069.87 80.83 153.66 743.73 142.08 1,128.70 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 14-Oct-99 12.9 0.3 7.5 1,817.54 33.68 101.66 239.4 58.62 1,445.80 --- --- --- --- --- --- --- ---

(0.30-0.50 m) 14-Oct-99 9.22 0.6 8.1 458.89 20.21 88.36 50.07 48.05 2,339.10 --- --- --- --- --- --- --- ---

(0.50-1.00 m) 14-Oct-99 6.99 0.7 7.9 146.49 14.54 58.26 19.57 33.34 1,719.50 --- --- --- --- --- --- --- ---

CAR-CNO-TH9A / 1999-TH9A (0.00-0.15 m) 14-Oct-99 8.23 5 7.9 557.08 11.34 28.54 1,031.75 869.01 6,628.40 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 14-Oct-99 7.5 4.4 7.9 541.05 6.38 27.37 923.59 724.18 5,955.90 --- --- --- --- --- --- --- ---

(0.30-0.50 m) 14-Oct-99 8.27 5.3 7.8 543.06 4.96 27.37 1,030.53 903.5 6,868.50 --- --- --- --- --- --- --- ---

(0.50-1.00 m) 14-Oct-99 8.39 5.4 7.6 537.05 4.96 24.63 1,025.67 926.49 7,012.60 --- --- --- --- --- --- --- ---

CAR-CNO-TH10 / 1999-TH10 (0.00-0.15 m) 14-Oct-99 11 0.2 7.2 1,400.73 6.38 26.98 166.49 25.98 458.7 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 14-Oct-99 9.99 0.5 7.7 250.49 14.89 26.2 50.07 34.02 2,901.10 --- --- --- --- --- --- --- ---

(0.30-0.50 m) 14-Oct-99 17.4 1.2 7.6 571.11 6.03 97.75 422.91 153.11 8,885.90 --- --- --- --- --- --- --- ---

(0.50-1.00 m) 14-Oct-99 13.1 2.9 8 641.25 7.8 73.9 1,968.71 657.51 9,702.40 --- --- --- --- --- --- --- ---

04-TH1-B / 2004-TH1B (0.00-0.15 m) 21-Jul-04 6.96 8.3 8.1 155.5 35.1 24.24 640.44 1,055.23 4,899.20 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 21-Jul-04 6.31 8.3 8.2 132.26 30.13 21.9 534.71 956.37 4,270.00 --- --- --- --- --- --- 56.2 ---

(0.30-0.60 m) 21-Jul-04 6.08 8.5 8.2 119.63 30.84 27.37 492.18 944.88 3,977.00 --- --- --- --- --- --- 57.7 ---

(0.60-1.00 m) 21-Jul-04 8.64 6.6 8 474.92 39 29.71 888.35 1,050.63 5,955.90 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 21-Jul-04 8.55 6.4 7.9 472.92 44.32 25.41 868.9 1,013.85 5,763.80 --- --- --- --- --- --- --- ---

04-TH1-C / 2004-TH1C (0.00-0.15 m) 20-Jul-04 1.01 0.6 8 101 3.55 22.68 67.45 32.42 433.2 --- --- --- --- --- --- 20 ---

(0.15-0.30 m) 20-Jul-04 0.86 0.6 8 78.75 6.74 21.5 53.96 26.44 305.5 --- --- --- --- --- --- --- ---

(0.30-0.60 m) 20-Jul-04 1.21 0.6 7.9 118.63 5.67 24.63 81.91 37.24 542.8 --- --- --- --- --- --- --- ---

Product Storage and Handling Area

2009 and prior
WP 

(continued)

04-TH1-C / 2004-TH1C (0.60-1.00 m) 20-Jul-04 0.66 0.5 8 53.1 3.9 19.16 38.04 20.23 183 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 20-Jul-04 0.82 0.7 8 71.34 4.96 20.33 49.34 32.19 283.4 --- --- --- --- --- --- --- ---

04-TH1-D / 2004-TH1D (0.00-0.15 m) 20-Jul-04 4.96 3.5 7.5 607.18 29.78 33.23 285.58 418.41 2,488.00 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 20-Jul-04 5.52 3.9 7.7 601.17 30.49 32.84 285.58 466.69 2,843.50 --- --- --- --- --- --- --- ---

(0.30-0.60 m) 20-Jul-04 3.8 5.3 7.8 212.41 24.46 25.02 161.63 425.31 1,383.30 --- --- --- --- --- --- --- ---

(0.60-1.00 m) 20-Jul-04 2.71 5.4 7.8 112.62 17.37 18.38 112.29 335.65 864.6 --- --- --- --- --- --- 66.4 ---

(1.00-1.50 m) 20-Jul-04 2.07 5.4 8 55.91 14.54 14.86 80.33 268.98 538 --- --- --- --- --- --- 78.1 ---

04-TH1-E / 2004-TH1E (0.00-0.15 m) 20-Jul-04 4.01 2.6 7.9 164.72 12.05 16.81 380.37 262.08 1,460.20 --- --- --- --- --- --- 128 ---

(0.15-0.30 m) 20-Jul-04 4.37 2.2 8 185.16 12.05 19.94 473.95 245.99 2,065.40 --- --- --- --- --- --- 94.9 ---

(0.30-0.60 m) 20-Jul-04 3.98 2.2 8 168.93 11.34 18.77 414.4 234.5 1,820.40 --- --- --- --- --- --- 81.1 ---

(0.60-1.00 m) 20-Jul-04 3.62 2.5 8 133.86 12.05 17.2 343.92 243.69 1,340.10 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 20-Jul-04 5.83 2.7 7.8 517.01 8.15 25.02 639.22 386.23 4,111.50 --- --- --- --- --- --- --- ---

04-TH1-F / 2004-TH1F (0.00-0.15 m) 20-Jul-04 1.39 0.5 7.7 155.3 22.34 25.8 69.27 27.82 374.2 --- --- --- --- --- --- 59.3 ---

(0.15-0.30 m) 20-Jul-04 1.78 0.5 7.7 180.75 31.91 33.62 81.79 34.25 485.1 --- --- --- --- --- --- 54.8 ---

(0.30-0.60 m) 20-Jul-04 1.2 0.5 7.9 79.15 64.88 25.02 59.06 25.06 380.4 --- --- --- --- --- --- 10 ---

(0.60-1.00 m) 20-Jul-04 6.73 0.4 7.8 422.82 29.78 50.83 211.45 43.68 3,804.10 --- --- --- --- --- --- 7.3 ---

(1.00-1.50 m) 20-Jul-04 7.55 0.5 7.7 523.02 26.23 54.74 281.94 62.07 4,591.80 --- --- --- --- --- --- --- ---

04-TH-10-A / 2004-TH10A (0.00-0.15 m) 20-Jul-04 1.03 0.4 7.6 166.32 9.22 8.99 17.62 18.85 74 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 20-Jul-04 1.2 0.3 7.4 214.42 6.38 9.77 22.36 17.7 172.4 --- --- --- --- --- --- 49 ---

(0.30-0.60 m) 20-Jul-04 2.64 2.3 7.7 266.52 26.94 10.17 119.82 176.33 855 --- --- --- --- --- --- --- ---

(0.60-1.00 m) 20-Jul-04 3.43 4.6 7.9 214.42 34.74 16.81 138.54 349.44 1,513.00 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 20-Jul-04 6.44 8.6 8.3 119.43 48.57 37.14 410.75 880.51 4,198.00 --- --- --- --- --- --- --- ---

05MW21A (1.00-1.50 m) 17-Oct-05 9.68 0.9 8.5 89 <20 15 62 43 4,410 1,340 --- 25 42 --- --- --- ---

(4.50-5.10 m) 17-Oct-05 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

05MW21C (0.00-0.15 m) 17-Oct-05 19.7 0.4 6.9 2,410 <20 71 456 74 406 930 --- 25 3,050 --- --- --- ---

(0.15-0.30 m) 17-Oct-05 12.7 3 8.2 297 <20 70 86 228 5,230 1,320 --- 36 400 --- --- --- ---

(1.00-1.50 m) 17-Oct-05 12.2 0.4 7.8 688 <20 30 163 48 2,580 1,040 --- 49 1,020 --- --- --- ---

(2.00-2.50 m) 17-Oct-05 12.4 10.2 8 365 <20 149 1,500 1,970 10,100 296 --- 2 16 --- --- --- ---

(2.50-3.00 m) 17-Oct-05 13 8.7 8.1 385 <20 65 2,050 1,940 12,100 49 --- <1 3 --- --- --- ---

(4.50-5.00 m) 17-Oct-05 4.26 4.4 7.7 260 20 25 220 395 2,520 7 --- <1 2 --- --- --- ---

(8.00-8.50 m) 17-Oct-05 3.4 2.8 7.7 378 <20 12 172 257 2,320 2 --- 1 1 --- --- --- ---
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Historical Soil Analytical Results - Salinity and Nutrient Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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AEP Tier 1 SGRG - Agricultural, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - GOOD RATING, TOPSOIL (0-0.15m) 2 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - POOR RATING, SUBSOIL 10 12 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Salinity

05MW21C (10.00-10.50 m) 17-Oct-05 3.94 4.2 7.8 396 30 17 172 399 2,670 1 --- <1 <1 --- --- --- ---

(10.50-11.00 m) 17-Oct-05 3.39 5.5 7.9 249 30 15 120 420 1,740 2 --- 1 2 --- --- --- ---

(12.00-12.50 m) 17-Oct-05 --- 6.2 --- 122 <20 18 52 323 969 <1 --- <1 2 --- --- --- ---

(19.50-20.00 m) 17-Oct-05 1.62 8.2 8 95 30 22 31 361 823 1 --- <1 1 --- --- --- ---

BH14 / 05BH14 (0.00-0.15 m) 17-Oct-05 6.47 1.2 8.1 411 40 28 215 116 2,430 264 --- 114 212 --- --- --- ---

(0.30-0.50 m) 17-Oct-05 6.06 2.3 8 436 30 49 261 245 2,620 180 --- 70 174 --- --- --- ---

(1.00-1.50 m) 17-Oct-05 5.79 4.8 7.8 393 <20 44 517 615 3,640 14 --- 3 110 --- --- --- ---

(2.00-2.50 m) 17-Oct-05 6.48 11.5 8 386 20 53 628 1,570 4,690 1 --- 2 20 --- --- --- ---

(3.50-3.70 m) 17-Oct-05 7.62 4.8 8 375 40 53 520 609 4,620 323 --- 6 126 --- --- --- ---

(5.20-6.00 m) 17-Oct-05 6.21 11.8 7.8 408 30 48 523 1,520 4,790 24 --- 3 46 --- --- --- ---

BH15 / 05BH15 (0.00-0.15 m) 17-Oct-05 3.16 2.5 7.9 123 70 20 108 161 724 126 --- 13 186 --- --- --- ---

(0.30-0.50 m) 17-Oct-05 5.16 3.1 7.7 410 60 21 430 377 3,550 12 --- 1 41 --- --- --- ---

(1.00-1.50 m) 17-Oct-05 4.61 5.2 7.7 399 20 25 397 616 3,370 3 --- 2 2 --- --- --- ---

(2.00-2.50 m) 17-Oct-05 4.03 2.4 7.7 412 20 54 365 283 2,920 2 --- 2 5 --- --- --- ---

(2.50-3.00 m) 17-Oct-05 4.69 2.1 7.7 439 20 40 444 257 3,480 2 --- 1 15 --- --- --- ---

(4.50-5.00 m) 17-Oct-05 4.36 3.7 7.6 436 <20 30 434 456 3,480 1 --- 1 <1 --- --- --- ---

BH18 / 05BH18 (0.00-0.15 m) 17-Oct-05 2.67 Low 8.2 <5 70 <2 <3 <2 <6 2 --- 52 83 --- --- --- ---

(0.30-0.50 m) 17-Oct-05 2.89 1.1 8.7 17 30 9 65 44 1,010 349 --- 9 36 --- --- --- ---

(1.00-1.50 m) 17-Oct-05 4.74 Low 7.8 <5 40 <2 <3 <2 <6 98 --- 1 55 --- --- --- ---

(4.00-4.50 m) 17-Oct-05 3.62 1.8 7.7 414 <20 16 328 204 2,690 <1 --- 2 2 --- --- --- ---

BH19 / 05BH19 (0.00-0.15 m) 17-Oct-05 42.5 3 7.1 11,100 1,010 217 2,300 1,320 1,180 124 --- 3 10,600 --- --- --- ---

(0.30-0.50 m) 17-Oct-05 7.48 4.9 7.8 619 100 46 636 725 2,630 6 --- 3 594 --- --- --- ---

(1.00-1.50 m) 17-Oct-05 5.9 5.4 8.2 178 50 26 635 690 2,740 <1 --- 16 317 --- --- --- ---

(2.00-2.50 m) 17-Oct-05 9.6 15.4 8.2 351 30 52 1,150 2,650 7,560 1 --- 2 45 --- --- --- ---

(2.50-3.00 m) 17-Oct-05 9.91 8.3 8.1 370 <20 29 1,170 1,440 7,980 <1 --- <1 7 --- --- --- ---

SS7 (0.00-0.15m) 21-Dec-07 0.99 1.07 7.7 108 14.2 10.8 29.8 48.6 150 --- --- 7.62 267 --- --- --- 312

(0.60-1.00m) 21-Dec-07 0.9 0.35 7.6 80.8 4.79 16.9 53.1 16.5 227 --- --- 7.52 157 --- --- --- 472

SS8 (0.15-0.30m) 21-Dec-07 4.91 1.16 7.7 444 14.2 19.2 298 129 2,260 --- --- 8 12.7 --- --- --- 219

(1.00-1.50m) 21-Dec-07 4.36 2.92 8.1 196 13.1 18 306 280 1,970 --- --- 4.67 68.2 --- --- --- 283

SS9 (0.00-0.15m) 21-Dec-07 1.97 0.2 7.7 358 7.74 15.2 100 16.9 1,110 --- --- 3.6 65.1 --- --- --- 366

(0.15-0.30m) 21-Dec-07 5.23 0.75 7.5 532 7.55 22.5 333 89.4 2,590 --- --- 7.41 7.25 --- --- --- 196

(0.60-1.00m) 21-Dec-07 6.37 1.53 7.5 513 13.7 21.2 435 195 3,160 --- --- <1.50 106 --- --- --- 187

SS10 (0.15-0.30m) 21-Dec-07 6.79 1.01 7.4 580 11.1 28.7 417 130 2,770 --- --- 45.3 453 --- --- --- 189

(1.00-1.50m) 21-Dec-07 6.5 1.05 7.4 578 15.2 24.3 437 137 2,530 --- --- 102 681 --- --- --- 206

09-BH12 (0.0-0.15m) 20-Oct-09 13.3 0.13 7.1 2,590 <20 10.2 305 25.6 129 14.3 --- 6.5 1,680 1,690 --- --- ---

(1.00-1.50m) 20-Oct-09 8.08 3.63 7.72 412 <20 49.4 701 522 5,340 338 --- 6.2 114 121 --- --- ---

(2.5-3.0m) 20-Oct-09 8.96 5.89 7.59 367 <20 26.5 1,040 976 6,590 2.7 --- 1.7 47.8 49.5 --- --- ---

(3.5-4.0m) 20-Oct-09 5.97 5.34 7.44 337 <20 21.6 481 652 3,900 <1.0 --- <1.0 3.8 3.8 --- --- ---

09-BH13 (0.0-0.15m) 20-Oct-09 2.42 1.42 7.2 331 44 9 52.7 105 424 <1.0 --- 7 146 153 --- --- ---

(0.6-1.15m) 20-Oct-09 5.57 6.71 7.36 323 38 24.2 404 766 3,790 4.5 --- <1.0 <1.0 <1.4 --- --- ---

(1.15-1.5m) 20-Oct-09 6 8.71 7.68 171 30 16.5 385 897 3,480 <1.0 --- <1.0 8.1 8.1 --- --- ---

09-BH15 (0.15-0.3m) 20-Oct-09 7.36 4.76 7.39 457 104 32.8 579 650 3,330 <1.0 --- 2.2 283 285 --- --- ---

(0.3-0.6m) 20-Oct-09 7.74 5.06 7.54 412 86 22.9 723 736 4,650 <1.0 --- <1.0 86.7 86.7 --- --- ---

2013

BH100-13 (0-0.15m) 25-Jun-13 0.86 1.2 8.1 84.4 16 7.5 20.3 46 42 1.52 --- --- --- 52.7 0.3 24 ---

(0.15-0.30m) 25-Jun-13 4.02 1.2 8.0 549 23 21 326 147 851 2.2 --- --- --- 49.2 0.6 44 ---

(0.30-0.60m) 25-Jun-13 3.81 1.0 7.8 498 40 22 338 125 860 3 --- --- --- 14.4 0.4 8 ---

(0.60-1.00m) 25-Jun-13 1.87 0.6 8.0 195 14 14.2 140 49 345 2.52 --- --- --- <5.0 0.4 2 ---

(1.00-1.50m) 25-Jun-13 2.34 0.5 8.0 282 19 22.7 179 48 458 3.14 --- --- --- <5.0 0.4 2 ---

(1.50-2.50m) 25-Jun-13 1.85 0.6 7.9 166 17 37.6 139 47 308 3.04 --- --- --- 20 0.3 11 ---

BH101-13 (0-0.15m) 25-Jun-13 4.26 1.9 8.0 518 8 26 371 230 1,030 3.59 --- --- --- <5.0 0.4 2 ---

(0.15-0.30m) 25-Jun-13 4.35 1.6 7.8 530 9 27 435 207 1,090 3.83 --- --- --- <5.0 0.3 <2 ---

(0.30-0.60m) 25-Jun-13 4.19 1.3 7.9 518 9 27 421 169 1,030 3.19 --- --- --- <5.0 0.3 <2 ---

(0.60-1.00m) 25-Jun-13 3.80 0.9 7.8 533 8 24 358 110 935 3.54 --- --- --- <5.0 0.4 2 ---

(1.00-1.50m) 25-Jun-13 3.54 0.9 7.7 557 59 30 244 98 804 10.3 --- --- --- <5.0 <0.2 <2 ---

(1.50-2.50m) 25-Jun-13 1.75 0.7 7.9 235 18 25.8 83.5 49 315 3.81 --- --- --- <5.0 0.3 <2 ---

BH102-13 (0-0.15m) 25-Jun-13 5.07 3.8 7.8 441 35 22 432 468 1,130 3.57 --- --- --- 10 0.3 5 ---

(0.15-0.30m) 25-Jun-13 5.48 3.9 8.0 443 40 25 506 510 1,280 4.14 --- --- --- <5 0.2 3 ---

(0.30-0.60m) 25-Jun-13 6.77 4.1 8.0 485 41 27 709 614 1,650 3.68 --- --- --- 20.9 0.2 14 ---

(0.60-1.00m) 25-Jun-13 7.15 4.2 8.1 478 33 23 778 635 1,620 3.05 --- --- --- 121.0 0.3 90 ---

(1.00-1.50m) 25-Jun-13 5.68 5.5 8.3 147 38 16 512 628 981 2.45 --- --- --- 173.0 0.4 110 ---

(1.50-2.50m) 25-Jun-13 8.47 5.3 8.1 510 26 25 977 885 1,950 2.92 --- --- --- 158 1.8 120 ---

Product Storage and Handling Area

2013 (continued)

BH103-13 (0-0.15m) 25-Jun-13 5.50 1.0 8.1 226 75 29 320 103 777 349 --- --- --- 169 0.6 110 ---

(0.15-0.30m) 25-Jun-13 4.41 0.7 8.0 198 25 29 173 56 656 332 --- --- --- 73.3 0.4 54 ---

(0.30-0.60m) 25-Jun-13 3.45 0.9 8.1 44.7 42 26 39.2 33 275 333 --- --- --- 118.0 0.4 63 ---

(0.60-1.00m) 25-Jun-13 3.22 0.9 8.1 31.4 88 23 17.2 26 105 360 --- --- --- 165.0 0.4 77 ---

(1.00-1.50m) 25-Jun-13 6.47 1.0 7.8 501 35 61 436 127 1,350 348 --- --- --- 35.0 0.4 19 ---

(1.50-2.50m) 25-Jun-13 4.03 1.2 8.1 33.3 62 45 64 50 456 417 --- --- --- 17 0.2 8 ---

BH104-13 (0-0.15m) 25-Jun-13 7.05 <0.1 7.5 660 10 10 56.6 <10 48 437 --- --- --- 840 12 430 ---

(0.15-0.30m) 25-Jun-13 6.62 <0.1 7.7 509 7 12 47 <10 52 459 --- --- --- 730 12 420 ---

(0.30-0.60m) 25-Jun-13 7.20 1.0 7.8 165 7 17 36.4 56 123 690 --- --- --- 730 7.3 420 ---

(0.60-1.00m) 25-Jun-13 8.44 4.9 8.0 66.3 8 34 104 275 951 830 --- --- --- 309 3.0 210 ---

(1.00-1.50m) 25-Jun-13 14.40 4.2 7.9 549 8 68 1160 756 3,170 947 --- --- --- 174 4.2 140 ---

(1.50-2.50m) 25-Jun-13 9.96 6.1 8.0 488 8 32 1190 1100 2,480 34.4 --- --- --- 113 2.0 68 ---

BH105-13 (0-0.15m) 25-Jun-13 4.06 1.1 7.8 530 8 36 353 137 950 19.2 --- --- --- 33 0.6 17 ---

(0.15-0.30m) 25-Jun-13 3.89 0.9 7.9 532 7 33 350 113 957 16.1 --- --- --- 10 0.4 5 ---

(0.30-0.60m) 25-Jun-13 3.72 0.7 7.9 512 7 28 334 86 876 11.2 --- --- --- 8.9 0.4 6 ---

(0.60-1.00m) 25-Jun-13 3.36 0.4 7.8 547 11 29 246 46 742 6.05 --- --- --- 22.6 1.1 12 ---

(1.00-1.50m) 25-Jun-13 0.97 0.5 7.8 90.3 22 21.9 41.4 21 71 4.13 --- --- --- 51.1 6.8 26 ---

(1.50-2.50m) 25-Jun-13 1.12 0.7 7.9 66.2 39 33 41.4 28 78 27.7 --- --- --- 45 1.5 23 ---

BH106-13 (0-0.15m) 25-Jun-13 5.06 3.4 7.6 590 9 <10 322 412 840 2.77 --- --- --- 208 0.5 210 ---

(0.15-0.30m) 25-Jun-13 3.72 4.5 8.0 207 8 <10 225 395 513 2.30 --- --- --- 174.0 0.2 130 ---

(0.30-0.60m) 25-Jun-13 3.33 5.6 8.2 90.8 8 <10 203 420 437 3.63 --- --- --- 144.0 0.3 110 ---

(0.60-1.00m) 25-Jun-13 2.44 5.0 8.3 49 6 <10 144 311 309 2.28 --- --- --- 98.0 0.2 67 ---

(1.00-1.50m) 25-Jun-13 5.41 2.5 7.9 500 6 19 542 338 1,200 3.00 --- --- --- 98.5 0.2 62 ---

(1.50-2.50m) 25-Jun-13 6.63 4.2 7.9 496 6 23 681 620 1,570 3.64 --- --- --- 93 0.2 56 ---

BH107-13 (0-0.15m) 25-Jun-13 5.27 2.3 7.8 481 17 24 574 318 1,280 2.52 --- --- --- 39 0.3 24 ---

(0.15-0.30m) 25-Jun-13 4.29 1.9 8.0 333 15 21 459 233 1,030 3.99 --- --- --- 63.5 0.4 46 ---

(0.30-0.60m) 25-Jun-13 3.74 1.9 8.1 223 15 16 382 204 715 3.12 --- --- --- 121.0 0.4 120 ---

(0.60-1.00m) 25-Jun-13 4.91 1.8 8.0 424 13 17 534 239 1,160 3.58 --- --- --- 99.0 0.4 64 ---

(1.00-1.50m) 25-Jun-13 5.43 1.8 7.9 542 10 16 603 252 1,430 3.28 --- --- --- 74.7 0.3 49 ---

(1.50-2.50m) 25-Jun-13 5.12 2.0 7.7 553 10 21 478 273 1,290 4.00 --- --- --- 69 <0.2 42 ---

2014

BH101-14 (0-0.15m) 11-Sep-14 4.78 0.9 7.8 500 10 13 527 121 3,050 --- <0.4 --- --- 112 0.2 61 ---

(0.15-0.30m) 11-Sep-14 4.56 0.8 7.8 486 9 13 506 109 2,970 --- <0.4 --- --- 91.8 <0.2 70 ---

(0.30-0.60m) 11-Sep-14 3.71 0.8 7.8 399 9 15 424 100 2,420 --- <0.4 --- --- 63.7 <0.2 75 ---

(0.60-1.00m) 11-Sep-14 2.33 0.9 7.9 195 8 15 211 79 1,120 --- <0.4 --- --- 71.7 <0.2 61 ---
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Historical Soil Analytical Results - Salinity and Nutrient Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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AEP Tier 1 SGRG - Agricultural, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - GOOD RATING, TOPSOIL (0-0.15m) 2 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - POOR RATING, SUBSOIL 10 12 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Salinity

(1.00-1.50m) 11-Sep-14 3.68 0.7 7.7 495 7 23 348 80 2,470 --- <0.4 --- --- 66.5 <0.2 58 ---

(1.50-2.00m) 11-Sep-14 4.35 0.8 7.7 567 12 19 412 97 2,630 --- <0.4 --- --- 101 0.2 90 ---

(2.00-2.50m) 11-Sep-14 3.91 0.6 7.6 544 10 22 402 73 2,740 --- 0.4 --- --- 81.2 <0.2 56 ---

(2.50-3.00m) 11-Sep-14 3.74 0.5 7.6 526 8 23 378 65 2,670 --- 0.5 --- --- 54.8 0.2 36 ---

(3.00-3.50m) 11-Sep-14 3.83 0.7 7.6 517 6 24 402 84 2,730 --- <0.4 --- --- 42.0 0.2 26 ---

BH102-14 (0-0.15m) 11-Sep-14 4.58 2.7 7.8 439 6 24 364 319 2,770 --- <0.4 --- --- 83.3 0.5 74 ---

(0.15-0.30m) 11-Sep-14 3.19 3.1 7.8 208 8 21 237 279 1,610 --- 1.5 --- --- 85.5 0.7 50 ---

(0.30-0.60m) 11-Sep-14 2.05 3.0 8.1 81.1 6 16.6 128 189 765 --- <0.4 --- --- 70.6 0.4 53 ---

(0.60-1.00m) 11-Sep-14 1.66 2.4 8.0 61.8 8 15.3 101 131 475 --- <0.4 --- --- 76.4 0.3 48 ---

(1.00-1.50m) 11-Sep-14 3.88 1.4 7.6 551 6 26 315 164 2,570 --- 0.4 --- --- 70.0 <0.2 62 ---

(1.50-2.00m) 11-Sep-14 5.29 3.4 7.6 498 6 25 439 429 3,490 --- 0.5 --- --- 52.0 0.3 43 ---

(2.00-2.50m) 11-Sep-14 6.48 5.1 7.7 479 7 24 557 693 4,500 --- <0.4 --- --- 36.8 0.3 24 ---

(2.50-3.00m) 11-Sep-14 7.12 6.2 7.7 470 7 24 631 879 5,010 --- <0.3 --- --- 48.7 0.2 32 ---

(3.00-3.50m) 11-Sep-14 6.71 5.8 7.6 504 10 22 534 792 4,460 --- <0.4 --- --- 88.1 0.4 42 ---

BH103-14 (0-0.15m) 11-Sep-14 6.03 4.4 7.8 495 20 29 479 569 3,490 --- <0.4 --- --- 167 0.2 120 ---

(0.15-0.30m) 11-Sep-14 6.42 4.9 7.8 436 21 29 538 645 3,660 --- 1.9 --- --- 183 0.2 120 ---

(0.30-0.60m) 11-Sep-14 6.62 5.2 7.8 409 21 27 559 684 3,720 --- <0.4 --- --- 207 0.3 140 ---

(0.60-1.00m) 11-Sep-14 7.66 6.0 7.8 453 28 23 675 860 4,300 --- <0.4 --- --- 305 <0.2 160 ---

(1.00-1.50m) 11-Sep-14 7.88 5.9 7.8 513 25 24 695 882 4,750 --- <0.3 --- --- 222 <0.2 160 ---

(1.50-2.00m) 11-Sep-14 8.49 5.9 7.8 525 18 29 939 972 6,240 --- 1.2 --- --- 85.6 <0.2 48 ---

(2.00-2.50m) 11-Sep-14 8.16 5.8 7.8 497 18 30 841 913 6,060 --- 0.7 --- --- 35.0 <0.2 23 ---

(2.50-3.00m) 11-Sep-14 6.42 5.2 7.7 502 15 28 578 723 4,640 --- 0.9 --- --- 13.8 0.2 15 ---

(3.00-3.50m) 11-Sep-14 6.52 5.3 7.7 522 19 29 593 742 4,710 --- 0.7 --- --- 48.8 0.2 31 ---

BH104-14 (0-0.15m) 11-Sep-14 1.99 0.3 7.8 238 198 29.6 124 22 616 --- 1.1 --- --- 55.4 <0.2 57 ---

(0.15-0.30m) 11-Sep-14 2.27 0.2 7.6 297 259 32 137 19 643 --- 0.5 --- --- 68.5 0.4 55 ---

(0.30-0.60m) 11-Sep-14 1.81 0.2 7.6 241 193 29.2 83.8 15 470 --- <0.4 --- --- 53 0.4 45 ---

(0.60-1.00m) 11-Sep-14 2.93 0.2 7.4 690 202 35 87.1 17 1,510 --- <0.4 --- --- 51.1 <0.2 38 ---

(1.00-1.50m) 11-Sep-14 3.17 0.2 7.4 782 237 35 94.9 18 1,640 --- <0.4 --- --- 68.7 0.2 46 ---

(1.50-2.00m) 11-Sep-14 3.13 0.3 7.4 676 142 33 158 30 1,920 --- 0.5 --- --- 46.1 <0.2 44 ---

(2.00-2.50m) 11-Sep-14 3.17 0.4 7.4 641 107 32 202 41 2,140 --- 0.9 --- --- 31.6 <0.2 26 ---

(2.50-3.00m) 11-Sep-14 3.40 0.5 7.5 650 98 34 272 65 2,420 --- <0.4 --- --- 29.3 0.2 18 ---

(3.00-3.50m) 11-Sep-14 3.51 0.8 7.5 565 48 30 306 91 2,700 --- 0.4 --- --- 13.8 0.5 13 ---

BH105-14 (0-0.15m) 11-Sep-14 1.80 1.2 7.6 240 21 19.1 87 85 992 --- 28.9 --- --- <5.0 0.6 5 ---

(0.15-0.30m) 11-Sep-14 1.11 1.5 7.9 110 13 14.4 47 72 460 --- 13.2 --- --- 5.3 0.9 5 ---

(0.30-0.60m) 11-Sep-14 0.69 1.5 7.9 48.9 8 9.9 29.2 53 201 --- 24.5 --- --- <5.0 0.4 5 ---

(0.60-1.00m) 11-Sep-14 0.66 0.9 8.1 41.4 5 10.1 39.1 32 148 --- 0.7 --- --- 16.5 0.3 7 ---

(1.00-1.50m) 11-Sep-14 0.98 0.3 7.9 86 5 12.8 64.4 16 345 --- 17.3 --- --- 22.3 0.7 11 ---

(1.50-2.00m) 11-Sep-14 4.20 0.6 7.6 708 5 36 294 75 2,290 --- 49.8 --- --- 222 2.1 140 ---

(2.00-2.50m) 11-Sep-14 5.06 1.4 7.7 665 6 32 467 198 2,870 --- 2.4 --- --- 224.0 1.3 220 ---

(2.50-3.00m) 11-Sep-14 5.25 2.4 7.7 566 7 29 497 320 3,320 --- 0.4 --- --- 152 1.2 140 ---

(3.00-3.50m) 11-Sep-14 5.61 4.2 7.8 501 14 30 546 569 4,150 --- 31.4 --- --- 44.7 0.8 29 ---

BH108-14 (0-0.15m) 11-Sep-14 4.80 1.1 7.6 630 5 32 570 158 3,460 --- 0.6 --- --- 85.4 0.3 47 ---

(0.15-0.30m) 11-Sep-14 4.38 1.0 7.6 583 6 29 517 140 3,100 --- 0.5 --- --- 93.2 1.9 50 ---

(0.30-0.60m) 11-Sep-14 5.02 1.1 7.6 620 6 30 568 160 3,290 --- 1.0 --- --- 114 0.3 53 ---

(0.60-1.00m) 11-Sep-14 4.81 1.1 7.5 589 5 27 509 148 3,080 --- 0.4 --- --- 98 0.4 64 ---

(1.00-1.50m) 11-Sep-14 4.70 1.1 7.5 644 5 29 545 162 3,300 --- 0.8 --- --- 100 0.9 57 ---

(1.50-2.00m) 11-Sep-14 4.41 1.2 7.4 577 5 28 447 152 2,970 --- 0.4 --- --- 51.1 0.3 27 ---

(2.00-2.50m) 11-Sep-14 4.57 1.3 7.5 604 5 27 483 176 3,180 --- 0.4 --- --- 63.0 0.2 29 ---

(2.50-3.00m) 11-Sep-14 4.54 1.5 7.5 581 5 27 458 201 3,100 --- 1.1 --- --- 54.5 0.6 28 ---

(3.00-3.50m) 11-Sep-14 4.59 2.6 7.4 555 4 27 420 334 3,340 --- 1.0 --- --- 9.2 0.4 5 ---

BH109-14 (0-0.15m) 11-Sep-14 4.94 2.3 7.8 567 15 23 524 316 3,480 --- <0.3 --- --- 46.9 0.7 18 ---

(0.15-0.30m) 11-Sep-14 4.66 2.7 7.9 377 9 21 498 335 3,010 --- 0.7 --- --- 50.4 0.6 21 ---

(0.30-0.60m) 11-Sep-14 3.58 3.1 8 211 8 18 374 323 2,160 --- 1.3 --- --- 49.6 1.2 24 ---

(0.60-1.00m) 11-Sep-14 2.77 3.2 8.1 119 7 18 268 273 1,510 --- 0.7 --- --- 47.2 0.6 20 ---

(1.00-1.50m) 11-Sep-14 4.53 1.7 7.7 573 5 25 456 221 3,140 --- 0.4 --- --- 57.2 0.4 31 ---

(1.50-2.00m) 11-Sep-14 4.14 1.6 7.7 556 7 24 388 199 2,860 --- 0.5 --- --- 63.3 0.8 32 ---

(2.00-2.50m) 11-Sep-14 5.06 2.2 7.7 566 8 26 446 295 3,390 --- <0.4 --- --- 71.4 0.5 35 ---

(2.50-3.00m) 11-Sep-14 5.65 3.3 7.7 526 6 25 534 446 4,070 --- 0.4 --- --- 47 0.4 28 ---

Product Storage and Handling Area

2014 (continued)

BH109-14 (3.00-3.50m) 11-Sep-14 5.86 3.5 7.7 509 7 25 560 482 4,180 --- 0.4 --- --- 42.1 0.3 24 ---

BH110-14 (0-0.15m) 11-Sep-14 4.85 2.2 7.7 514 15 30 472 281 3,520 --- 51.9 --- --- <5.0 0.8 3 ---

(0.15-0.30m) 11-Sep-14 5.01 2.2 7.8 520 37 33 522 299 3,910 --- 43.8 --- --- <5.0 1 4 ---

(0.30-0.60m) 11-Sep-14 5.00 2.1 7.8 542 17 33 510 289 3,740 --- 26.2 --- --- <5.0 0.5 3 ---

(0.60-1.00m) 11-Sep-14 4.70 1.9 7.7 549 30 35 452 245 3,530 --- 11.2 --- --- <5.0 0.6 3 ---

(1.00-1.50m) 11-Sep-14 3.44 1.8 7.6 493 25 34 247 198 2,470 --- 10.1 --- --- <5.0 0.6 3 ---

(1.50-2.00m) 11-Sep-14 2.15 1.7 7.8 206 21 30.5 124 122 1,180 --- 32.7 --- --- <5.0 0.5 3 ---

(2.00-2.50m) 11-Sep-14 1.83 1.3 7.7 172 14 30.1 110 86 977 --- 10.2 --- --- <5.0 0.5 3 ---

(2.50-3.00m) 11-Sep-14 1.83 1.4 7.7 171 15 30.2 108 93 969 --- 6.2 --- --- <5.0 0.5 3 ---

(3.00-3.50m) 11-Sep-14 1.74 1.2 7.6 166 12 28.7 103 83 927 --- 11.9 --- --- <5.0 0.4 3 ---

BH111-14 (0-0.15m) 11-Sep-14 4.96 2.6 7.6 569 57 30 333 322 3,240 --- 224.0 --- --- 45 0.6 22 ---

(0.15-0.30m) 11-Sep-14 5.07 2.9 7.7 551 30 23 407 372 3,590 --- 46.7 --- --- 22.6 1.2 10 ---

(0.30-0.60m) 11-Sep-14 6.02 3.9 7.7 542 40 28 585 546 4,500 --- 6.1 --- --- 17.8 0.6 9 ---

(0.60-1.00m) 11-Sep-14 6.39 4.2 7.7 538 63 30 650 620 4,540 --- 2.3 --- --- 34.7 0.7 17 ---

(1.00-1.50m) 11-Sep-14 5.76 3.6 7.8 524 65 29 529 490 4,120 --- 4.8 --- --- 32 0.5 16 ---

(1.50-2.00m) 11-Sep-14 4.39 2.4 7.6 572 26 41 337 288 3,040 --- 6.8 --- --- 7.7 0.6 6 ---

(2.00-2.50m) 11-Sep-14 3.03 1.7 7.6 533 26 38 122 168 1,940 --- 8.6 --- --- 23.9 1 12 ---

(2.50-3.00m) 11-Sep-14 1.21 0.8 7.6 171 15 20 32.1 44 527 --- 3.7 --- --- 7.8 0.6 5 ---

(3.00-3.50m) 11-Sep-14 1.19 0.4 7.6 180 16 20.9 34 23 499 --- 5.8 --- --- 14.1 0.5 7 ---

BH112-14 (0-0.15m) 11-Sep-14 5.23 2.3 7.7 526 13 29 538 308 3,860 --- 3.3 --- --- 33.3 0.5 18 ---

(0.15-0.30m) 11-Sep-14 5.39 2.3 7.8 526 14 28 572 314 3,890 --- 3.4 --- --- 34.7 0.8 22 ---

(0.30-0.60m) 11-Sep-14 5.30 2.2 7.8 530 57 27 591 305 4,020 --- 5.1 --- --- 29.2 2.2 17 ---

(0.60-1.00m) 11-Sep-14 5.08 1.9 7.7 518 10 25 560 257 3,850 --- 1.3 --- --- 18.8 0.6 10 ---

(1.00-1.50m) 11-Sep-14 4.95 1.7 7.8 552 9 24 564 243 3,800 --- 1.9 --- --- <5.0 0.5 4 ---

BH112-14 (1.50-2.00m) 11-Sep-14 3.10 1.5 7.4 503 12 45 210 156 2,080 --- 9.5 --- --- <5.0 1.3 4 ---

(2.00-2.50m) 11-Sep-14 0.93 0.8 7.8 127 9 20 29.2 39 375 --- 4.2 --- --- <5.0 0.5 90 ---

(2.50-3.00m) 11-Sep-14 1.46 0.9 7.6 222 8 26.2 60.4 58 758 --- 5.5 --- --- <5.0 0.7 3 ---

(3.00-3.50m) 11-Sep-14 1.36 0.5 7.6 220 7 24.5 55.9 33 658 --- 3.4 --- --- 12.4 0.7 7 ---

BH114-14 (0-0.15m) 11-Sep-14 1.80 1.1 7.9 50 20 22 25.6 38 430 --- 944.0 --- --- 41.2 0.9 11 ---

(0.15-0.30m) 11-Sep-14 4.81 1.3 7.6 250 15 67 197 110 2,020 --- 1190.0 --- --- 59.9 0.3 30 ---

(0.30-0.60m) 11-Sep-14 5.48 1.7 7.6 520 15 44 395 209 3,380 --- 259.0 --- --- 46.2 0.8 27 ---

(0.60-1.00m) 11-Sep-14 5.57 3.8 7.7 559 18 34 547 531 4,080 --- 29.2 --- --- 29.5 0.2 19 ---

(1.00-1.50m) 11-Sep-14 5.61 3.7 7.7 575 37 42 508 504 3,700 --- 28.7 --- --- 82.9 <0.2 36 ---

(1.50-2.00m) 11-Sep-14 4.73 2.3 7.8 565 20 41 482 303 3,470 --- 4.0 --- --- 11.9 0.4 8 ---

(2.00-2.50m) 11-Sep-14 3.62 1.7 7.3 603 13 53 267 202 2,580 --- 8.5 --- --- <5.0 0.3 4 ---

(2.50-3.00m) 11-Sep-14 1.88 1.3 7.2 287 9 40.3 73.2 97 1,040 --- 5.0 --- --- <5.0 <0.2 4 ---

(3.00-3.50m) 11-Sep-14 2.62 0.8 7.5 553 11 42 113 78 1,720 --- 2.2 --- --- 11.2 0.5 7 ---

BH129-14 (0-0.15m) 11-Sep-14 2.56 0.6 7.8 329 42 15 164 54 848 --- <0.4 --- --- 182 1.8 100 ---

(0.15-0.30m) 11-Sep-14 3.52 0.6 7.7 593 33 18 289 77 2,360 --- <0.4 --- --- 83.1 2 45 ---
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Historical Soil Analytical Results - Salinity and Nutrient Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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AEP Tier 1 SGRG - Agricultural, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - GOOD RATING, TOPSOIL (0-0.15m) 2 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - POOR RATING, SUBSOIL 10 12 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Salinity

(0.30-0.60m) 11-Sep-14 3.80 1.1 7.8 552 18 18 371 134 2,890 --- <0.3 --- --- 33.4 0.7 17 ---

(0.60-1.00m) 11-Sep-14 4.29 1.4 7.6 591 24 30 415 181 3,270 --- <0.3 --- --- 31.3 1 17 ---

(1.00-1.50m) 11-Sep-14 3.82 1.1 7.7 572 32 30 350 142 2,900 --- <0.3 --- --- 33.3 0.6 21 ---

(1.50-2.00m) 11-Sep-14 2.87 1.1 7.6 482 33 35 153 109 1,720 --- 0.5 --- --- 55.7 0.5 25 ---

(2.00-2.50m) 11-Sep-14 1.59 0.9 7.8 210 22 27.8 58 59 704 --- 1.2 --- --- 36.4 0.6 25 ---

(2.50-3.00m) 11-Sep-14 1.56 0.8 7.7 206 22 27.8 59.8 51 680 --- 1.1 --- --- 39.6 0.7 18 ---

(3.00-3.50m) 11-Sep-14 1.58 0.7 7.7 205 16 28 67 47 728 --- <0.4 --- --- 32.1 0.8 18 ---

2016

MW16-42A (0-0.15m) 5-Dec-16 5.07 3.6 7.6 631 47 19 380 471 2,980 --- 1.2 --- --- 180 5.6 86.2 ---

(0.15-0.30m) 5-Dec-16 6.22 4.7 7.7 609 57 22 576 680 3,690 --- 1.1 --- --- 300 6.7 152 ---

(0.30-0.60m) 5-Dec-16 7.28 4.9 7.6 626 77 25 727 754 4,020 --- 0.8 --- --- 410 <0.26 233 ---

(0.60-1.00m) 5-Dec-16 6.89 3.7 7.6 630 75 33 706 566 3,690 --- 0.7 --- --- 420 2.6 213 ---

(1.00-1.50m) 5-Dec-16 2.08 1.5 7.9 99.2 41 44.8 196 111 715 --- 0.4 --- --- 89 0.51 48 ---

(1.50-2.00m) 5-Dec-16 0.98 0.4 7.8 93.3 19 23.4 67.5 21 308 --- 0.5 --- --- 12 0.93 5 ---

(2.00-3.00m) 5-Dec-16 0.60 0.3 7.8 64.6 16 17.3 33.8 10 108 --- 0.6 --- --- 6 2 1 ---

(3.00-4.00m) 5-Dec-16 0.56 0.3 7.7 66.6 10 15.2 27.2 10 93 --- 0.9 --- --- 5 1 1 ---

(4.00-5.00m) 5-Dec-16 0.52 0.3 7.7 68.8 8 12.8 20.7 12 102 --- 0.6 --- --- <5 <0.3 1 ---

(5.00-6.00m) 5-Dec-16 1.02 0.5 7.6 158 7 16.2 39.4 25 417 --- 0.9 --- --- <5 <0.2 0.6 ---

(6.00-7.00m) 5-Dec-16 2.66 0.7 7.6 591 6 23 154 71 2,010 --- 1.4 --- --- <5 <0.2 0.7 ---

(7.00-8.00m) 5-Dec-16 2.89 0.9 7.6 605 9 29 187 97 2,210 --- 1.5 --- --- 9 1 3 ---

(8.00-9.00m) 5-Dec-16 3.08 1.7 7.7 580 7 21 186 189 2,390 --- 2.3 --- --- <5 <0.2 0.7 ---

(9.00-10.00m) 5-Dec-16 2.99 2.3 7.7 505 6 24 179 240 2,250 --- 3.0 --- --- <5 <0.2 0.5 ---

(10-00-11.00m) 5-Dec-16 2.06 3.2 7.6 200 10 22.2 84.8 216 1,100 --- 4.9 --- --- <5 <0.2 0.5 ---

(11.00-12.00m) 5-Dec-16 1.89 4.1 7.6 154 10 22.5 61.8 240 918 --- 5.2 --- --- <5 <3 <0.5 ---

(12.00-13.00m) 5-Dec-16 1.66 5.8 7.6 98.1 10 23.4 35.3 265 687 --- 6.9 --- --- <5 <0.3 0.7 ---

(13.00-14.00m) 5-Dec-16 1.78 6.2 7.7 113 10 22.4 35.9 294 761 --- 8.5 --- --- <5 <0.3 0.8 ---

(14.00-15.00m) 5-Dec-16 1.74 6.6 7.6 101 12 19.2 31.2 298 726 --- 8.3 --- --- <5 <0.3 0.6 ---

(15.00-16.00m) 5-Dec-16 3.01 4.8 7.5 394 12 26 110 417 2,000 --- 8.7 --- --- <5 <0.2 0.6 ---

(16.00-17.00m) 5-Dec-16 1.81 7.5 7.7 112 14 18 33 350 820 --- 6.0 --- --- <5 <0.2 0.7 ---

(17.00-18.00m) 5-Dec-16 3.62 3.1 7.6 564 12 25 177 332 2,470 --- 3.4 --- --- 7 0.3 2 ---

South Landfill

2009 and prior
WP

TH50 / 1999-TH50 (0.00-0.15 m) 14-Oct-99 1.49 3.4 5.7 132.66 16.31 5.86 40.1 172.88 725.3 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 14-Oct-99 1.88 2.8 6.6 226.44 10.28 7.43 60.76 181.62 739.7 --- --- --- --- --- --- --- ---

(0.30-0.50 m) 14-Oct-99 2.22 3 7.2 272.53 31.91 8.6 80.33 216.79 1,172.00 --- --- --- --- --- --- --- ---

(0.50-1.00 m) 14-Oct-99 3.6 3.3 7.4 272.53 105.65 13.68 281.94 328.75 2,175.80 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 14-Oct-99 2.4 3.8 7.8 62.92 83.31 12.9 195.66 271.28 1,210.40 --- --- --- --- --- --- --- ---

(1.50-2.00 m) 14-Oct-99 6.7 4.1 7.5 559.09 24.46 26.59 825.15 655.21 5,907.90 --- --- --- --- --- --- --- ---

(2.00-2.50 m) 14-Oct-99 7.02 4.7 7.5 565.1 22.69 26.2 862.83 767.86 6,244.10 --- --- --- --- --- --- --- ---

(2.50-3.00 m) 14-Oct-99 6.88 4.8 7.4 535.04 24.82 23.07 774.11 737.97 5,811.80 --- --- --- --- --- --- --- ---

(3.00-3.50 m) 14-Oct-99 5.95 5 7.4 537.05 23.75 23.46 527.42 682.8 4,803.20 --- --- --- --- --- --- --- ---

(3.50-4.00 m) 14-Oct-99 5.69 4.9 7.3 539.05 26.23 21.9 472.73 646.01 4,567.80 --- --- --- --- --- --- --- ---

LOC 50 / 2002-TH50 (1.50-2.00m) 5-Sep-02 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(2.00-2.50m) 5-Sep-02 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

LOC 50A / 2002-TH50A (2.00-2.50m) 5-Sep-02 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

LOC 50B / 2002-TH50B (2.00-2.50m) 5-Sep-02 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

LOC 50C / 2002-TH50C (2.00-2.50m) 5-Sep-02 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

04-TH-50A / 2004-TH50A (1.0-1.5m) 20-Jul-04 1.48 1.8 7.4 --- --- --- --- --- --- --- --- --- --- --- --- 3.4 ---

(1.5-2.0m) 20-Jul-04 1.26 1.6 8.1 --- --- --- --- --- --- --- --- --- --- --- --- 7.1 ---

04-TH-50B / 2004-TH50B (1.0-1.5m) 20-Jul-04 6.18 8 8.4 --- --- --- --- --- --- --- --- --- --- --- --- 2 ---

(1.5-2.0m) 20-Jul-04 7.05 5.6 8.1 --- --- --- --- --- --- --- --- --- --- --- --- 1.3 ---

04-TH-50C / 2004-TH50C (1.0-1.5m) 20-Jul-04 5.77 4.5 8.2 --- --- --- --- --- --- --- --- --- --- --- --- 1.4 ---

(1.5-2.0m) 20-Jul-04 5.86 4.3 8 --- --- --- --- --- --- --- --- --- --- --- --- 0.5 ---
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Historical Soil Analytical Results - Salinity and Nutrient Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (ds/m) (ratio) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/kg) (mg/L) (mg/L) (mg/L) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG - Agricultural, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - GOOD RATING, TOPSOIL (0-0.15m) 2 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - POOR RATING, SUBSOIL 10 12 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Salinity

South Landfill

2009 and prior
WP 

(continued)

04-TH-50D / 2004-TH50D (1.0-1.5m) 20-Jul-04 6.06 3.8 7.9 --- --- --- --- --- --- --- --- --- --- --- --- 1.5 ---

(1.5-2.0m) 20-Jul-04 6.06 4 7.9 --- --- --- --- --- --- --- --- --- --- --- --- 1.7 ---

06-BH1 / BH-1 (1.50-2.00 m) 19-Dec-06 1.71 0.75 7.85 134 94.4 33.1 145 52.9 685 0.27 --- --- 189 --- --- --- ---

(2.00-2.50 m) 19-Dec-06 1.92 0.93 8.08 137 98.8 32.7 140 64.9 717 0.27 --- --- 166 --- --- --- ---

(2.50-3.00 m) 19-Dec-06 1.77 1.02 7.87 115 85.6 27.8 127 66.4 666 0.24 --- --- 174 --- --- --- ---

06-BH2 / BH-2 (0.00-0.15 m) 19-Dec-06 6.59 7.46 7.03 465 539 69.9 177 746 4,250 1.52 --- --- 1.7 --- --- --- ---

(0.15-0.30 m) 19-Dec-06 8.65 5.43 7.9 460 97.9 16.7 510 711 4,370 0.09 --- --- 9.48 --- --- --- ---

(0.30-0.60 m) 19-Dec-06 10.2 5.85 8 440 156 19 667 833 5,220 0.19 --- --- 27.4 --- --- --- ---

06-BH3 / BH-3 (0.00-0.15 m) 19-Dec-06 5.02 0.92 7.52 554 18.5 23.7 151 94.9 2,040 0.33 --- --- 0.1 --- --- --- ---

(0.15-0.30 m) 19-Dec-06 5.71 1.49 7.47 541 11.4 14.2 310 176 2,780 0.55 --- --- 0.3 --- --- --- ---

(0.30-0.60 m) 19-Dec-06 8.85 2.2 7.99 446 15.9 20.2 768 331 4,730 0.33 --- --- 13.7 --- --- --- ---

06-BH4 / BH-4 (1.50-2.00 m) 19-Dec-06 11.6 7.15 8.13 434 209 23.9 749 1,060 5,930 0.53 --- --- 5.01 --- --- --- ---

(2.00-2.50 m) 19-Dec-06 10.3 5.84 8.05 441 157 25.9 713 852 5,510 0.52 --- --- 1.43 --- --- --- ---

(2.50-3.00 m) 19-Dec-06 8.63 4.27 7.9 471 94.4 22.8 547 574 4,327 0.43 --- --- 1.23 --- --- --- ---

06-BH5 / BH-5 (1.50-2.00 m) 19-Dec-06 10.1 5.48 8.09 469 230 22.4 694 799 5,070 0.3 --- --- 7.39 --- --- --- ---

(2.00-2.50 m) 19-Dec-06 10.1 5.45 8.02 455 81.9 21.4 638 768 5,180 0.28 --- --- 10.2 --- --- --- ---

(2.50-3.00 m) 19-Dec-06 9.7 5.39 7.92 465 26.3 23.8 624 756 5,190 0.76 --- --- 10.7 --- --- --- ---

06-BH6 / BH-6 (0.00-0.15 m) 19-Dec-06 2.13 3.43 7.7 204 16.6 11.6 63.4 219 1,040 0.31 --- --- 13.2 --- --- --- ---

(0.15-0.30 m) 19-Dec-06 2.15 3.24 7.82 223 15.5 11.9 86.1 225 1,240 0.16 --- --- 14.1 --- --- --- ---

(0.30-0.60 m) 19-Dec-06 2.64 2.99 7.76 226 14.9 11.6 145 234 1,480 0.18 --- --- 5.38 --- --- --- ---

MW34 / 07MW34 (0.00-0.15m) 21-Dec-07 12.1 6.8 7.6 459 160 35.1 821 1,050 5,990 --- --- 2.49 74.4 --- --- --- 198

(0.60-1.00m) 21-Dec-07 8.54 4.83 7.6 304 97.9 23.5 613 635 4,060 --- --- 2.29 32.6 --- --- --- 324

(1.00-1.50m) 21-Dec-07 8.91 4.24 8.2 379 88.8 25.9 663 590 4,280 --- --- 2.42 38.1 --- --- --- 61

(2.00-2.50m) 21-Dec-07 7.4 1.3 7.5 510 42.1 21.1 568 180 3,350 --- --- 4.29 9 --- --- --- 134

(4.00-4.50m) 21-Dec-07 8.26 4.03 7.8 451 48.4 19.6 588 551 4,420 --- --- <1.20 3.3 --- --- --- 132

MW35 / 07MW35 (0.60-1.00m) 21-Dec-07 13.7 10 7.4 457 235 19 711 1,470 5,790 --- --- <3.00 24.6 --- --- --- 380

(2.50-3.00m) 21-Dec-07 12.7 8.14 7.6 439 145 16.9 819 1,250 6,210 --- --- <3.00 <8.00 --- --- --- 103

MW36 / 07MW36 (0.00-0.15m) 21-Dec-07 5.74 3.62 7.2 532 66.5 11.1 195 384 2,450 --- --- 12.8 95.1 --- --- --- 471

(0.60-1.00m) 21-Dec-07 10.4 7.05 7.9 273 325 14.6 759 998 4,150 --- --- <1.50 208 --- --- --- 245

(1.50-2.00m) 21-Dec-07 16.4 9.73 8 429 261 20.5 1,050 1,640 7,400 --- --- <3.00 533 --- --- --- 79

(2.50-3.00m) 21-Dec-07 14.5 9.95 7.8 361 197 20.6 870 1,530 6,510 --- --- <3.00 238 --- --- --- 82

MW37 / 07MW37 (0.00-0.15m) 21-Dec-07 1.96 3.01 8.1 85.8 14 13.7 130 189 960 --- --- 5.47 5.85 --- --- --- 208

(1.00-1.50m) 21-Dec-07 6.33 2.75 7.8 403 17.4 21.4 413 329 2,920 --- --- 4.37 <4.00 --- --- --- 94

(3.00-3.50m) 21-Dec-07 7.08 3.8 7.5 494 23.6 22.1 374 460 3,270 --- --- 4.43 29.1 --- --- --- 73

(5.50-6.00m) 21-Dec-07 4.81 3.98 7.8 334 16.8 19.3 194 370 2,120 --- --- 11.1 27 --- --- --- 80

09-BH21 (1.0-1.5m) 20-Oct-09 4.93 2.18 7.47 434 161 62.2 411 263 2,760 --- --- --- --- --- --- --- ---

(2.0-2.5m) 20-Oct-09 3.31 1.8 7.31 499 70 36.4 126 173 1,710 --- --- --- --- --- --- --- ---

09-BH22 (1.0-1.25m) 21-Oct-09 2.34 1.42 6.91 325 129 15.1 91.3 112 1,150 --- --- --- --- --- --- --- ---

(1.5-2.0m) 21-Oct-09 3.8 1.59 7.54 323 113 27.2 357 174 2,070 --- --- --- --- --- --- --- ---

09-BH23 (1.0-1.5m) 21-Oct-09 3.03 4.74 7.58 71 79 13.2 192 339 1,370 --- --- --- --- --- --- --- ---

(2.0-2.5m) 21-Oct-09 7.4 5.09 7.49 429 84 25.1 768 761 5,290 --- --- --- --- --- --- --- ---

09-BH24 (1.0-1.5m) 21-Oct-09 7.55 6.72 7.71 361 124 11.7 725 962 5,140 --- --- --- --- --- --- --- ---

(2.0-2.5m) 21-Oct-09 4.92 3.65 7.64 363 <20 17.6 461 444 3,410 --- --- --- --- --- --- --- ---

2012
M

12-B8 (0.15-0.30m) 18-Jun-12 7.06 5.6 8.0 531 295 13 718 848 4,820 --- --- --- --- 52 --- --- ---

(0.60-1.00m) 18-Jun-12 8.47 6.7 8.0 512 399 17 925 1100 5,830 --- --- --- --- 73 --- --- ---

12-B8 (3.00-3.50m) 18-Jun-12 6.20 4.7 7.8 520 105 27 587 664 4,450 --- --- --- --- 49 --- --- ---

12-B9 (0.30-0.60m) 18-Jun-12 7.00 5.5 8.0 499 140 24 732 825 5,410 --- --- --- --- 11 --- --- ---

12-B9 (1.00-1.50m) 18-Jun-12 7.46 5.6 8.1 532 87 26 799 885 5,870 --- --- --- --- 13 --- --- ---

2014

BH124-14 (0-0.15m) 10-Sep-14 2.80 1.9 7.4 513 29 <10 105 180 1,820 --- 4.3 --- --- <5.0 0.8 6 ---

(0.15-0.30m) 10-Sep-14 3.23 2.3 7.5 567 8 11 139 237 2,300 --- 1.5 --- --- <5.0 1 6 ---

(0.30-0.60m) 10-Sep-14 3.35 2.9 7.0 553 14 13 131 290 2,240 --- 1.5 --- --- <5.0 0.5 5 ---

(0.60-1.00m) 10-Sep-14 6.03 7.2 7.7 486 22 12 335 840 4,100 --- 0.4 --- --- 10.3 0.7 6 ---

(1.00-1.50m) 10-Sep-14 7.50 7.2 8.0 428 18 22 677 1030 5,680 --- <0.4 --- --- 8.5 0.4 5 ---

(1.50-2.00m) 10-Sep-14 9.25 7.9 8.0 502 19 24 916 1280 7,400 --- <0.4 --- --- 5.3 0.3 4 ---

(2.00-2.50m) 10-Sep-14 8.55 7.6 8.1 486 14 20 760 1160 6,350 --- <0.4 --- --- <5.0 0.3 3 ---

(2.50-3.00m) 10-Sep-14 8.60 7.9 8.1 504 14 21 797 1220 6,710 --- <0.4 --- --- <5.0 0.4 3 ---

(3.00-3.50m) 10-Sep-14 8.31 7.4 8.0 509 16 21 759 1120 6,330 --- <0.4 --- --- <5.0 0.3 3 ---

Urea Plant Area

2009 and prior
WP

92-TH18 / 1999-TH18 (0.00-0.15m) 2-Dec-92 15.1 2 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 2-Dec-92 7.4 3.1 8.2 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 2-Dec-92 7.61 2 8.1 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 2-Dec-92 3.85 1.1 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

95-TH18 / 1999-TH18 (0.00-0.15m) 14-Nov-95 9.4 0.7 7.1 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 14-Nov-95 7.31 1.1 7.4 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 14-Nov-95 4.65 1.1 7.8 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 14-Nov-95 3.43 0.7 7.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

CAR-CNO-TH18 / 1999-TH18 (0.00-0.15 m) 14-Oct-99 4.46 0.5 7.8 701.36 14.18 26.59 369.44 64.37 2,531.30 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 14-Oct-99 3.32 0.4 7.8 559.09 8.86 22.29 250.34 49.66 2,281.50 --- --- --- --- --- --- --- ---

(0.30-0.50 m) 14-Oct-99 1.1 0.6 8 107.81 8.86 14.86 73.16 30.35 384.3 --- --- --- --- --- --- --- ---

(0.50-1.00 m) 14-Oct-99 0.8 0.6 8.1 64.93 10.99 26.98 52.26 25.52 206.1 --- --- --- --- --- --- --- ---

04-TH-10-B / 2004-TH10B (0.00-0.15 m) 20-Jul-04 14 1.8 7.2 1,791.49 108.13 39.1 392.53 317.26 960.6 --- --- --- --- --- --- --- ---

(0.15-0.30 m) 20-Jul-04 8.92 2.3 7.5 793.54 153.16 32.06 238.19 287.37 1,239.20 --- --- --- --- --- --- --- ---

(0.30-0.60 m) 20-Jul-04 7.41 2 7.7 667.3 173.72 29.71 192.01 229.9 994.3 --- --- --- --- --- --- --- ---

(0.60-1.00 m) 20-Jul-04 7.97 1.4 7.6 951.85 43.61 21.5 182.29 182.31 850.2 --- --- --- --- --- --- --- ---

(1.00-1.50 m) 20-Jul-04 7.96 1.4 8 94.78 29.07 23.85 226.04 106.44 903 --- --- --- --- --- --- --- ---

04-TH-63 / 2004-TH63 (0.60-1.00 m) 21-Jul-04 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 12.5 ---

(1.00-1.50 m) 21-Jul-04 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 6.4 ---

SS1 (0.00-0.15m) 21-Dec-07 5.21 3.38 8.1 69 37.6 30.2 66.6 164 527 --- --- 23.1 1,620 --- --- --- 917

(0.60-1.00m) 21-Dec-07 7.84 2.45 7.7 519 29 34.6 471 320 3,280 --- --- 7.29 681 --- --- --- 590

SS2 (0.15-0.30m) 21-Dec-07 6.5 2.94 7.5 461 15.4 20.4 403 358 3,200 --- --- 4.84 <4.00 --- --- --- 338

(1.00-1.50m) 21-Dec-07 7.53 2.74 7.9 485 18.5 20.7 483 356 3,620 --- --- 11.2 <4.00 --- --- --- 376

SS3 (0.00-0.15m) 21-Dec-07 7.67 3 7.4 616 31.4 29.8 411 392 2,720 --- --- 5.77 1,170 --- --- --- 347

(0.15-0.30m) 21-Dec-07 8.08 3.87 7.8 494 25.4 23 476 502 3,820 --- --- 8.04 101 --- --- --- 393

(0.60-1.00m) 21-Dec-07 10.6 4.41 7.9 476 11.8 42.3 635 624 5,110 --- --- 4.08 96.1 --- --- --- 792

SS4 (0.15-0.30m) 21-Dec-07 8.42 4.69 7.8 386 20 26.8 491 588 3,660 --- --- 10.5 39.1 --- --- --- 617

(1.00-1.50m) 21-Dec-07 11.1 5.39 7.9 474 24.7 19.2 710 794 4,860 --- --- 5.05 436 --- --- --- 381

SS5 (0.00-0.15m) 21-Dec-07 5.83 2.95 7.7 350 19 20.6 352 327 2,670 --- --- 8.05 109 --- --- --- 414

(0.60-1.00m) 21-Dec-07 6.55 2.76 7.9 482 18.5 23.3 394 337 3,140 --- --- 14 4.07 --- --- --- 316

SS6 (0.15-0.30m) 21-Dec-07 1.13 4.93 8.1 37.4 29.5 7.2 32 170 322 --- --- 7.84 5.55 --- --- --- 793

(1.00-1.50m) 21-Dec-07 0.81 9.37 8.5 13.6 21.6 4.3 9.7 185 61.2 --- --- 7.46 2.32 --- --- --- 653

Urea Plant Area

2013

BH110-13 (0-0.15m) 5.03 2.8 7.8 521 11 18 443 358 1,330 3.36 --- --- --- 13.4 0.3 8 ---

(0.15-0.30m) 5.13 2.9 7.8 504 8 17 455 370 1,360 3.69 --- --- --- <5.0 <0.2 3 ---

 5427P-02 - 2015 SMaP   Page 12 of 29  2/13/2017 1:03 PM 



Historical Soil Analytical Results - Salinity and Nutrient Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (ds/m) (ratio) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/kg) (mg/L) (mg/L) (mg/L) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG - Agricultural, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - GOOD RATING, TOPSOIL (0-0.15m) 2 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - POOR RATING, SUBSOIL 10 12 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Salinity

(0.30-0.60m) 5.61 3.0 8.0 477 8 18 558 406 1,500 5.15 --- --- --- <5.0 0.2 3 ---

(0.60-1.00m) 5.49 2.8 7.8 501 10 17 554 390 1,490 5.36 --- --- --- <5.0 0.4 4 ---

(1.00-1.50m) 5.09 2.3 7.8 517 8 16 518 310 1,390 3.96 --- --- --- <5.0 0.5 <2 ---

(1.50-2.50m) 4.51 3.1 7.9 473 9 15 332 362 1,130 3.51 --- --- --- <5.0 0.4 <2 ---

BH111-13 (0-0.15m) 5.47 3.0 7.8 542 17 16 469 403 1,300 4.66 --- --- --- 80 0.4 55 ---

(0.15-0.30m) 5.59 3.4 8.0 490 13 20 510 455 1,440 6.34 --- --- --- 24.5 <0.2 9 ---

(0.30-0.60m) 6.19 4.2 8.0 419 12 18 616 581 1,640 6.71 --- --- --- <5.0 <0.2 2 ---

(0.60-1.00m) 7.64 4.8 8.1 479 9 18 846 761 2,130 <0.50 --- --- --- <5.0 <0.2 3 ---

(1.00-1.50m) 8.84 5.7 8.2 478 11 20 1080 994 2,610 4.53 --- --- --- 6.3 0.2 4 ---

(1.50-2.50m) 10.2 4.0 8.2 487 9 61 1460 785 2,950 52.5 --- --- --- 78 0.8 43 ---

2014

BH113-14 (0-0.15m) 11-Sep-14 5.06 1.9 7.7 704 107 32 385 256 2,640 --- 83.6 --- --- 189 0.3 100 ---

(0.15-0.30m) 11-Sep-14 5.13 2.2 7.6 767 121 31 296 284 2,200 --- 5.5 --- --- <5.0 0.4 130 ---

(0.30-0.60m) 11-Sep-14 4.92 2.1 7.6 729 84 30 321 268 2,370 --- 1.3 --- --- 23.6 0.6 26 ---

(0.60-1.00m) 11-Sep-14 4.54 2.0 7.6 735 41 33 334 265 2,590 --- 2.1 --- --- 17.7 0.2 100 ---

(1.00-1.50m) 11-Sep-14 5.13 2.1 7.7 649 21 26 558 310 3,470 --- 1.8 --- --- 15.1 0.3 71 ---

(1.50-2.00m) 11-Sep-14 3.08 2.1 7.8 400 12 18 246 215 1,930 --- 2.7 --- --- 52.2 2.1 6 ---

(2.00-2.50m) 11-Sep-14 1.99 1.8 7.7 244 9 17.2 111 136 1,150 --- 0.7 --- --- 9.1 0.4 6 ---

(2.50-3.00m) 11-Sep-14 1.96 1.8 7.6 247 8 17.9 97.5 136 1,080 --- 0.7 --- --- 14 0.6 11 ---

(3.00-3.50m) 11-Sep-14 3.42 1.6 7.5 631 17 26 212 185 2,310 --- 7.6 --- --- 40.2 0.4 23 ---

BH118-14 (0-0.15m) 11-Sep-14 8.35 2.1 8.1 482 39 31 428 260 3,780 --- 930 --- --- 373 13 160 ---

(0.15-0.30m) 11-Sep-14 6.96 2.2 8.1 244 27 28 295 213 2,710 --- 1210 --- --- 337 9.6 180 ---

(0.30-0.60m) 11-Sep-14 7.43 1.7 7.9 569 25 29 448 230 3,830 --- 1460 --- --- 291 3.3 160 ---

(0.60-1.00m) 11-Sep-14 6.02 1.6 7.9 535 20 23 427 204 3,380 --- 350 --- --- 190 2.4 110 ---

(1.00-1.50m) 11-Sep-14 4.78 1.2 7.9 516 14 27 509 161 3,600 --- 76.8 --- --- 16.9 1.2 11 ---

(1.50-2.00m) 11-Sep-14 5.85 1.4 7.9 605 18 35 569 205 3,880 --- 411 --- --- 94.3 1.7 58 ---

(2.00-2.50m) 11-Sep-14 5.35 1.2 7.8 574 21 33 565 175 3,640 --- 266 --- --- 69.9 1.8 39 ---

(2.50-3.00m) 11-Sep-14 5.37 1.4 7.8 709 402 33 645 214 4,140 --- 78.9 --- --- 24 0.6 11 ---

BH119-14 (0-0.15m) 11-Sep-14 8.87 1.9 7.7 467 181 31 225 198 856 --- 833 --- --- 869 5.5 250 ---

(0.15-0.30m) 11-Sep-14 9.07 2.4 7.8 196 124 33 154 187 922 --- 1290 --- --- 856 6.1 310 ---

(0.30-0.60m) 11-Sep-14 7.42 2.0 7.8 225 86 31 129 153 1,260 --- 1700 --- --- 581 5.0 310 ---

(0.60-1.00m) 11-Sep-14 7.01 1.7 7.9 181 66 30 167 133 1,450 --- 1840 --- --- 483 5.7 270 ---

(1.00-1.50m) 11-Sep-14 6.08 1.8 8.2 73 58 28 139 113 1,060 --- 1500 --- --- 432 5.8 240 ---

(1.50-2.00m) 11-Sep-14 16.2 1.7 7.6 596 7 150 477 232 10,000 --- 2830 --- --- 31.8 0.9 37 ---

(2.00-2.50m) 11-Sep-14 12.4 1.8 7.8 544 8 114 683 271 7,560 --- 2070 --- --- 9.0 0.5 8 ---

(2.50-3.00m) 11-Sep-14 6.86 2.2 7.8 522 16 72 525 296 4,450 --- 1110 --- --- 17.3 0.6 9 ---

(3.00-3.50m) 11-Sep-14 5.48 2.4 7.8 524 19 51 391 301 3,440 --- 214 --- --- 40.9 1.5 21 ---

Water Treatment Area

2009 and prior
WP

92-TH8 / 1999-TH8 (0.00-0.15m) 1-Dec-92 11.9 6.9 8.1 --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 1-Dec-92 8.19 4.7 8.1 --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.50m) 1-Dec-92 6.16 4.5 8.2 --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 1-Dec-92 6.51 4 8.1 --- --- --- --- --- --- --- --- --- --- --- --- ---

95-TH8 / 1999-TH8 (0.00-0.15m) 14-Nov-95 13.85 10 8 --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30m) 14-Nov-95 9.31 6.4 7.7 --- --- --- --- --- --- --- --- --- --- --- --- ---

95-TH8 / 1999-TH8 (0.30-0.50m) 14-Nov-95 7.68 4.9 7.7 --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.50-1.00m) 14-Nov-95 5.7 1.9 7.7 --- --- --- --- --- --- --- --- --- --- --- --- ---

CAR-CNO-TH8 / 1999-TH8 (0.00-0.15 m) 14-Oct-99 5.07 2.9 7.7 635.24 224.42 60.21 279.51 351.74 2,536.10 --- --- --- --- --- --- ---

(0.15-0.30 m) 14-Oct-99 1.56 2.3 7.8 117.43 137.91 25.41 52.98 121.16 204.1 --- --- --- --- --- --- ---

(0.30-0.50 m) 14-Oct-99 0.98 1 7.8 83.76 81.9 23.46 42.9 46.67 155.6 --- --- --- --- --- --- ---

(0.50-1.00 m) 14-Oct-99 0.53 0.5 8 43.08 20.92 22.29 30.14 16.09 98 --- --- --- --- --- --- ---

BH 7 / BH7 (1.00 m) 2-Nov-07 5.21 2.8 7.5 718 640 33 216 339 742 --- --- --- --- --- --- ---

(3.00 m) 2-Nov-07 5.37 3 7.6 555 152 27 498 399 1,220 --- --- --- --- --- --- ---

BH 8 / BH8 (1.50 m) 2-Nov-07 0.99 0.6 7.9 109 24 14 38.9 30 45 --- --- --- --- --- --- ---

(3.00 m) 2-Nov-07 6.74 5.2 7.9 514 23 27 644 747 1,650 --- --- --- --- --- --- ---

BH 9 / BH9 (1.50 m) 2-Nov-07 4.99 2.6 7.9 563 14 25 404 336 1,010 --- --- --- --- --- --- ---

(3.00 m) 2-Nov-07 7.15 5.3 7.9 503 30 28 727 803 1,780 --- --- --- --- --- --- ---

BH 10 / BH10 (1.00 m) 2-Nov-07 3.72 13.4 8.7 42.4 13 15 118 750 662 --- --- --- --- --- --- ---

(3.00 m) 2-Nov-07 12 19.4 8.2 489 17 40 530 2,610 2,940 --- --- --- --- --- --- ---

West Landfill

2009 and prior
WP

92-TH9 / TH9 (0.00-0.15 m) 2-Dec-92 4.3 1.1 8.1 --- --- --- --- --- --- --- --- --- --- --- 56.7 ---

(0.15-0.30 m) 2-Dec-92 4.36 1.5 8.1 --- --- --- --- --- --- --- --- --- --- --- 30.9 ---

(0.30-0.50 m) 2-Dec-92 4.58 2.1 8 --- --- --- --- --- --- --- --- --- --- --- 14.9 ---

(0.50-1.00 m) 2-Dec-92 5.89 2.4 8.2 --- --- --- --- --- --- --- --- --- --- --- 0.9 ---

CAR-CNO-TH51 / 1999-TH51 (0.00-0.15 m) 14-Oct-99 9.11 3.7 7.8 641.25 31.2 36.36 1,090.08 655.21 4,731.10 --- --- --- --- --- --- ---

(0.15-0.30 m) 14-Oct-99 6.71 3.3 7.8 531.03 16.31 24.24 774.11 503.48 4,563.00 --- --- --- --- --- --- ---

(0.30-0.50 m) 14-Oct-99 7.68 3 7.8 607.18 28.01 32.84 899.29 505.77 4,428.50 --- --- --- --- --- --- ---

(0.50-1.00 m) 14-Oct-99 7.47 3.1 8 607.18 36.52 30.5 823.94 496.58 4,125.90 --- --- --- --- --- --- ---

(1.00-1.50 m) 14-Oct-99 7.99 3.3 7.9 645.26 24.46 34.8 887.13 544.86 4,361.30 --- --- --- --- --- --- ---

(1.50-2.00 m) 14-Oct-99 7.54 3.7 7.9 587.14 28.01 38.71 833.66 602.33 4,750.30 --- --- --- --- --- --- ---

(2.00-2.50 m) 14-Oct-99 7.2 4.4 7.8 557.08 19.5 36.75 746.16 678.2 4,947.30 --- --- --- --- --- --- ---

(2.50-3.00 m) 14-Oct-99 6.51 4.3 7.8 567.1 23.4 31.28 597.9 616.13 4,471.80 --- --- --- --- --- --- ---

(3.00-3.50 m) 14-Oct-99 5.3 3.5 7.8 545.06 25.53 33.23 455.72 455.2 3,977.00 --- --- --- --- --- --- ---

(3.50-4.00 m) 14-Oct-99 6.73 4.3 7.9 539.05 24.82 33.62 710.92 646.01 5,331.50 --- --- --- --- --- --- ---

(4.00-4.50 m) 14-Oct-99 7.18 5.3 7.8 521.01 19.85 30.5 707.28 783.95 5,619.70 --- --- --- --- --- --- ---

04-TH1-A / 2004-TH1A (0.00-0.15 m) 21-Jul-04 3.1 0.5 7.4 549.07 4.61 24.63 210.24 50.58 2,142.20 --- --- --- --- --- 13.7 ---

(0.15-0.30 m) 21-Jul-04 3.34 0.6 7.8 476.93 4.25 23.46 274.65 64.37 2,319.90 --- --- --- --- --- 5.6 ---

(0.30-0.60 m) 21-Jul-04 4.05 0.8 7.8 506.99 3.55 33.23 422.91 100.7 3,021.20 --- --- --- --- --- --- ---

(0.60-1.00 m) 21-Jul-04 2.16 1.6 8.1 119.03 3.55 23.85 222.39 126.9 1,364.10 --- --- --- --- --- --- ---

(1.00-1.50 m) 21-Jul-04 2.02 3.6 8.2 51.5 3.9 19.55 149.48 223 1,162.40 --- --- --- --- --- --- ---

MW30 / 07MW30 (0.00-0.15m) 21-Dec-07 8.27 3.46 7.7 485 38.5 42.2 501 455 3,730 --- 37.9 250 --- --- --- 342

(1.50-2.00m) 21-Dec-07 9.02 3.92 7.6 499 21 26.7 531 527 3,920 --- <1.50 462 --- --- --- 345

(4.00-4.50m) 21-Dec-07 7.02 3.16 7.8 485 10.2 24.5 449 401 3,550 --- 12.1 <4.00 --- --- --- 959

MW32 / 07MW32 (0.00-0.15m) 21-Dec-07 1.95 0.21 7.4 367 9.97 12.2 86.4 17 1,140 --- 2.75 19.3 --- --- --- 198

(1.00-1.50m) 21-Dec-07 5.58 1.35 7.6 525 12.4 21 318 159 2,520 --- 6.16 92.2 --- --- --- 165

(3.00-3.50m) 21-Dec-07 1.62 1.05 7.9 217 11.7 21.4 70.2 69.4 836 --- 3.97 4.35 --- --- --- 169

(5.00-5.50m) 21-Dec-07 2.94 2.98 7.6 298 17.2 21.7 136 247 1,540 --- 4.17 97.5 --- --- --- 468

(6.50-7.00m) 21-Dec-07 3.95 0.51 7.6 571 10.6 23.8 134 52 1,770 --- 4.61 12.3 --- --- --- 85
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Historical Soil Analytical Results - Salinity and Nutrient Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (ds/m) (ratio) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/kg) (mg/L) (mg/L) (mg/L) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG - Agricultural, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - GOOD RATING, TOPSOIL (0-0.15m) 2 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - POOR RATING, SUBSOIL 10 12 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Salinity

West Landfill

2014

BH106-14 (0-0.15m) 11-Sep-14 3.60 0.9 7.3 599 13 38 137 95 702 --- 0.3 --- --- 394 1.4 240 ---

(0.15-0.30m) 11-Sep-14 3.43 1.4 7.6 520 12 61 155 138 1,340 --- 5.0 --- --- 243 7 130 ---

(0.30-0.60m) 11-Sep-14 2.87 1.4 7.5 368 10 57 118 124 1,160 --- 88.5 --- --- 153 3.7 100 ---

(0.60-1.00m) 11-Sep-14 2.17 1.1 7.5 274 9 42.2 76.2 84 694 --- 115.0 --- --- 132 3.3 110 ---

(1.00-1.50m) 11-Sep-14 2.12 0.5 7.5 307 11 31.7 78.1 38 525 --- 11.8 --- --- 153 3.4 100 ---

(1.50-2.00m) 11-Sep-14 1.11 0.4 7.5 154 6 19.6 37.2 20 398 --- 0.9 --- --- 39.3 0.9 23 ---

(2.00-2.50m) 11-Sep-14 2.56 0.3 7.3 565 5 30 114 35 1,790 --- 3.5 --- --- 14.0 0.8 16 ---

(2.50-3.00m) 11-Sep-14 2.81 0.4 7.5 607 6 28 135 45 1,900 --- 1.3 --- --- <5.0 0.4 6 ---

(3.00-3.50m) 11-Sep-14 2.85 0.5 7.5 606 6 29 146 58 1,890 --- 2.4 --- --- 19.6 0.5 11 ---

BH107-14 (0-0.15m) 11-Sep-14 5.35 1.8 7.6 539 9 29 619 264 3,770 --- 0.6 --- --- 54.2 0.5 29 ---

(0.15-0.30m) 11-Sep-14 5.66 2.0 7.6 542 12 28 678 301 3,940 --- 1.1 --- --- 75.9 0.3 32 ---

(0.30-0.60m) 11-Sep-14 5.26 2.1 7.6 551 10 28 619 296 3,830 --- 0.6 --- --- 54.5 <0.2 36 ---

(0.60-1.00m) 11-Sep-14 4.70 2.3 7.6 378 10 24 532 293 3,080 --- 0.4 --- --- 56.6 0.3 32 ---

(1.00-1.50m) 11-Sep-14 5.49 2.3 7.6 529 9 27 638 327 3,920 --- 1.1 --- --- 50.4 0.2 26 ---

(1.50-2.00m) 11-Sep-14 5.70 2.9 7.6 501 8 28 651 413 4,140 --- 1.1 --- --- 25.4 0.4 13 ---

(2.00-2.50m) 11-Sep-14 5.64 3.1 7.6 509 7 28 611 440 4,120 --- 1.0 --- --- 7.8 0.3 5 ---

(2.50-3.00m) 11-Sep-14 5.54 3.4 7.6 465 6 27 579 459 4,010 --- 0.6 --- --- <5.0 0.3 4 ---

(3.00-3.50m) 11-Sep-14 5.79 3.5 7.6 476 6 26 545 466 3,910 --- 1.0 --- --- <5.0 0.2 3 ---

2015

BH100-15 (0-0.15m) 15-Nov-15 3.71 1 7.7 577 31 30 184 111 241 --- 0.6 --- --- 460 8.49 151 ---

(0.15-0.30m) 15-Nov-15 4.96 1.3 7.8 683 27 27 377 174 757 --- 0.9 --- --- 358 11.8 156 ---

(0.30-0.60m) 15-Nov-15 4.48 1.4 7.8 609 21 27 356 172 782 --- 4.4 --- --- 247 8.71 117 ---

(0.60-1.00m) 15-Nov-15 3.83 1.4 7.8 596 23 30 317 166 765 --- 3.5 --- --- 207 5.14 98.2 ---

(1.00-1.50m) 15-Nov-15 1.32 0.7 7.8 177 9 22.3 62.9 41 216 --- 1.8 --- --- 20.5 0.409 11 ---

(1.50-2.00m) 15-Nov-15 0.39 0.2 7.9 39.8 9 12.2 12.9 6 26 --- 3.5 --- --- 7.9 0.69 3.8 ---

(2.00-2.50m) 15-Nov-15 0.56 0.2 7.9 65 15 15 19.6 7 46 --- 7.8 --- --- 9.8 0.084 5 ---

(2.50-3.00m) 15-Nov-15 0.44 0.2 7.9 54 10 11.8 16.2 6 30 --- 1.4 --- --- 9.6 0.14 4.1 ---

(3.00-3.50m) 15-Nov-15 0.36 0.3 7.9 37.1 8 9.7 11.8 8 14 --- 0.5 --- --- 10.4 0.196 5.17 ---

BH101-15 (0-0.15m) 15-Nov-15 11.4 1.8 7.4 1380 12 77 586 323 627 --- 157 --- --- 1910 202 704 ---

(0.15-0.30m) 15-Nov-15 10.1 2.4 7.9 486 10 75 426 301 809 --- 1440 --- --- 964 15.7 478 ---

(0.30-0.60m) 15-Nov-15 8.76 2.7 8.1 210 10 71 304 262 572 --- 1500 --- --- 837 41.4 434 ---

(0.60-1.00m) 15-Nov-15 9.76 2.3 8 532 10 86 341 274 1,250 --- 1560 --- --- 615 26.8 316 ---

(1.00-1.50m) 15-Nov-15 9.38 2.7 7.9 507 11 101 580 374 1,760 --- 990 --- --- 313 20.4 154 ---

(1.50-2.00m) 15-Nov-15 1.96 0.7 7.9 179 12 41.5 131 49 284 --- 5.1 --- --- 63.3 1.26 30.3 ---

(2.00-2.50m) 15-Nov-15 1.05 0.4 8 92.9 11 25.2 55.4 21 123 --- 6.4 --- --- 27.9 2.49 12.4 ---

(2.50-3.00m) 15-Nov-15 1.27 0.5 8 127 11 28.6 70.5 27 176 --- 2.4 --- --- 30 2.23 14 ---

(3.00-3.50m) 15-Nov-15 1.17 0.3 7.7 162 9 25.1 59.1 16 199 --- 3.8 --- --- 5.8 0.49 2.9 ---

BH102-15 (0-0.15m) 15-Nov-15 1.44 0.6 7.9 168 6 14.4 50.6 36 106 --- 3.9 --- --- 127 15.5 38 ---

(0.15-0.30m) 15-Nov-15 2.59 0.3 7.7 555 5 19 168 33 672 --- 2.8 --- --- 6.9 1.3 1.7 ---

(0.30-0.60m) 15-Nov-15 2.68 0.4 7.8 553 7 21 206 42 720 --- 2.3 --- --- <5.0 <2.1 0.7 ---

(0.60-1.00m) 15-Nov-15 2.69 0.4 7.8 556 6 20 202 39 720 --- 1.5 --- --- <5.0 <2.2 0.67 ---

(1.00-1.50m) 15-Nov-15 2.99 0.7 7.8 552 6 22 262 79 818 --- 1 --- --- 6.7 0.27 3 ---

(1.50-2.00m) 15-Nov-15 3.56 1.7 7.9 512 7 18 377 208 1,030 --- 2.2 --- --- <5.0 <2.5 1.3 ---

(2.00-2.50m) 15-Nov-15 4.34 3 7.8 491 6 20 476 393 1,240 --- 3.1 --- --- <5.0 <2.5 2.2 ---

BH103-15 (0-0.15m) 15-Nov-15 3.36 1.2 7.8 529 11 21 349 139 947 --- 1.4 --- --- <5.0 <2.6 2 ---

(0.15-0.30m) 15-Nov-15 4.18 2.2 7.8 511 8 21 512 300 1,220 --- 1.8 --- --- <5.0 <2.6 2.1 ---

(0.30-0.60m) 15-Nov-15 5.2 3 7.9 483 8 22 591 413 1,400 --- 1.2 --- --- <5.0 <2.5 2.2 ---

BH103-15 (0.60-1.00m) 15-Nov-15 5.42 3.3 7.9 451 6 21 614 466 1,440 --- 1.4 --- --- <5.0 <2.7 2.4 ---

(1.00-1.50m) 15-Nov-15 5.79 3.9 7.9 458 6 20 663 554 1,560 --- 0.8 --- --- <5.0 <2.7 2.4 ---

(1.50-2.00m) 15-Nov-15 5.7 4 7.9 461 5 19 625 560 1,520 --- 1.7 --- --- <5.0 <2.7 1.4 ---

(2.00-2.50m) 15-Nov-15 5.7 3.9 7.9 464 7 19 614 550 1,500 --- 1 --- --- <5.0 <2.8 1.3 ---

(2.50-3.00m) 15-Nov-15 5.58 4.1 7.9 476 5 19 586 562 1,510 --- 0.9 --- --- <5.0 <2.7 <0.54 ---

(3.00-3.50m) 15-Nov-15 5.63 4.3 7.8 476 5 19 561 587 1,520 --- 0.9 --- --- <5.0 <2.6 <0.52 ---

2016

BH101-16 (0-0.15m) 6-Dec-16 5.66 2.8 7.7 715 18 36 509 403 3,000 --- 3.6 --- --- 340 0.89 188 ---

(0.15-0.30m) 6-Dec-16 6.01 3.2 7.6 716 21 36 551 467 3,210 --- 1.4 --- --- 510 18 181 ---

(0.30-0.60m) 6-Dec-16 6.01 3.2 7.6 683 22 32 534 458 3,120 --- 1.2 --- --- 420 18 182 ---

(0.60-1.00m) 6-Dec-16 5.57 3.4 7.7 608 20 33 507 468 3,420 --- 2.8 --- --- 220 5.2 101 ---

(1.00-1.50m) 6-Dec-16 5.81 3.6 7.6 566 17 28 530 503 3,680 --- 5.2 --- --- 190 7.8 91.5 ---

(1.50-2.00m) 6-Dec-16 5.06 2.7 7.6 580 18 46 448 361 3,290 --- 1.7 --- --- 130 3.1 64.1 ---

(2.00-2.50m) 6-Dec-16 3.18 1.8 7.5 425 12 56 254 192 2,230 --- 3.3 --- --- 36 2 17 ---

(2.50-3.00m) 6-Dec-16 2.20 1.1 7.5 300 9 47 153 91 1,350 --- 2.7 --- --- 19 0.38 10 ---

(3.00-3.50m) 6-Dec-16 1.51 0.5 7.5 205 7 31.5 89.7 31 781 --- 0.8 --- --- 10 2.1 3 ---

BH107-16 (0-0.15m) 20-Dec-16 3.8 3.2 7.2 603 34 <10 266 373 2,710 --- 2.3 --- --- <5 <3 <0.6 ---

(0.15-0.30m) 20-Dec-16 3.72 2.9 7.2 543 26 11 288 334 2,780 --- 1.4 --- --- <5 <2 <0.5 ---

(0.30-0.60m) 20-Dec-16 3.23 3.1 7.5 284 22 10 282 311 2,050 --- <0.3 --- --- 58 0.39 21 ---

(0.60-1.00m) 20-Dec-16 3.42 3.2 7.7 222 18 16 342 328 1,790 --- 0.3 --- --- 150 <0.18 57.5 ---

(1.00-1.50m) 20-Dec-16 4.93 2.1 7.5 390 22 23 548 276 2,450 --- 0.6 --- --- 280 <0.22 152 ---

(1.50-2.00m) 20-Dec-16 6.39 2.3 7.6 646 10 28 648 348 2,460 --- 0.8 --- --- 570 17 320 ---

(2.00-2.50m) 20-Dec-16 5.90 2.6 7.6 509 10 28 544 351 1,550 --- 1.2 --- --- 630 10 380 ---

(2.50-3.00m) 20-Dec-16 5.29 2.7 7.5 531 15 27 361 331 1,330 --- 1.0 --- --- 520 3.7 330 ---

(3.00-3.50m) 20-Dec-16 4.43 2.6 7.4 499 14 28 294 302 1,050 --- 1.3 --- --- 440 14 260 ---

BH108-16 (0-0.15m) 20-Dec-16 0.97 1.6 7.4 110 38 6.3 30.4 73 283 --- <0.4 --- --- <5 <0.3 3

(0.15-0.30m) 20-Dec-16 0.99 1.6 7.6 110 37 6.3 32.0 76 344 --- 0.4 --- --- <5 <0.3 0.8 ---

(0.30-0.60m) 20-Dec-16 1.49 1.8 7.4 165 90 8.7 70.5 110 545 --- <0.4 --- --- <5 <3 <0.5 ---

(0.60-1.00m) 20-Dec-16 1.62 1.7 7.6 128 107 14.6 110 110 669 --- <0.3 --- --- <5 <3 <0.6 ---

(1.00-1.50m) 20-Dec-16 2.04 2.0 7.8 106 108 22.4 184 151 1,040 --- 0.4 --- --- <5 <3 <0.6 ---

(1.50-2.00m) 20-Dec-16 3.26 3.9 7.7 175 145 29 300 363 2,040 --- 1.0 --- --- <5 <3 <0.6 ---

(2.00-2.50m) 20-Dec-16 3.85 4.9 7.8 218 111 28 344 495 2,640 --- 0.7 --- --- <5 <0.3 0.9 ---

(2.50-3.00m) 20-Dec-16 4.76 5.0 7.7 310 101 29 423 581 3,320 --- 0.9 --- --- <5 <3 <0.6 ---

(3.00-3.50m) 20-Dec-16 4.73 3.9 7.4 533 50 28 376 488 3,550 --- 1.0 --- --- <5 <3 <0.6 ---
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Historical Soil Analytical Results - Salinity and Nutrient Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium

Nutrients
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N

(m) (d-m-y) (ds/m) (ratio) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/kg) (mg/L) (mg/L) (mg/L) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG - Agricultural, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Soil, 2016 --- --- 6 - 8.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - GOOD RATING, TOPSOIL (0-0.15m) 2 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AEP Salt Criteria - POOR RATING, SUBSOIL 10 12 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Salinity

SW-05-022-26 W4M

2012
M

12-39 (0.60-1.00m) 19-Jun-12 6.32 4.4 7.9 574 523 26 534 606 3,880 --- --- --- 15.6 --- --- ---

(4.50-5.00m) 19-Jun-12 5.51 5.3 7.8 498 40 26 445 679 4,120 --- --- --- 6.2 --- --- ---

(8.50-9.00m) 19-Jun-12 4.23 3.7 7.7 523 11 22 251 414 2,850 --- --- --- <5.0 --- --- ---

12-40 (0.30-0.60m) 19-Jun-12 6.43 3.6 8 560 536 29 677 541 4,060 --- --- --- <5.0 --- --- ---

(3.50-4.00m) 19-Jun-12 5.21 4.6 7.7 511 33 25 413 582 3,700 --- --- --- 6.8 --- --- ---

(6.50-7.00m) 19-Jun-12 4.37 4.2 7.8 505 23 20 258 468 2,930 --- --- --- <5.0 --- --- ---

(8.50-9.00m) 19-Jun-12 4.59 4.8 7.8 510 26 20 270 537 3,140 --- --- --- <5.0 --- --- ---

12-41 (0.30-0.60m) 19-Jun-12 2.83 2.9 7.8 302 162 19 182 262 1,640 --- --- --- <5.0 --- --- ---

(8.50-9.00m) 19-Jun-12 4.48 3.4 7.9 550 68 22 324 404 3,100 --- --- --- <5.0 --- --- ---

General Coverage

2009 and prior
WP

04-TH-24-A / 2004-TH24A (0.00-0.15 m) 21-Jul-04 15.6 11.2 8.2 513 146.77 43.01 2,090.23 2,551.86 15,898.50 --- --- --- --- --- 1.1 ---

(0.15-0.30 m) 21-Jul-04 14 11.1 8.3 496.97 98.56 37.14 1,628.44 2,275.99 13,208.70 --- --- --- --- --- 1 ---

(0.30-0.60 m) 21-Jul-04 12.3 10.4 8.3 426.83 79.41 33.23 1,263.86 1,894.36 10,663.10 --- --- --- --- --- 1.2 ---

(0.60-1.00 m) 21-Jul-04 8.36 9.9 8.3 224.44 37.23 20.33 663.53 1,301.22 6,148.10 --- --- --- --- --- 1.4 ---

(1.00-1.50 m) 21-Jul-04 6.91 8.9 8.2 224.44 23.75 16.81 477.59 1,029.94 4,735.90 --- --- --- --- --- 3.7 ---

Notes: Units are noted. 

Good <2 <4 Shaded - Value exceeds criteria, exceeds "Good" rating for topsoil or "Poor" rating for subsoil. 

Fair 2 to 4 4 to 8  --- in guideline(s) row denotes no criteria specified, and in data row(s) indicates parameter not analyzed.

Poor 4 to 8 8 to 12 AEP Tier 1 SGRG - Alberta Environment and Sustainable Resource Development Tier 1 Soil and Groundwater Remediation 

Unsuitable >8 >12 Guidelines, May 2014.

EC - Electrical Conducitivity. 

Good <3 <4 SAR - Sodium adsorption ratio. 

Fair 3 to 5 4 to 8 1 - background EC values higher than the selected guidelines. These values show variability within the soil matrix
WP

.
Poor 5 to 10 8 to 12 WP - Tabulated data for sampling events in 2009 and prior was obtained from the 2010 Worley Parsons's Soil Management 

Unsuitable >10 >12 Program Proposal, File No. C70340200, June 24, 2010.  

4 12 M - Tabulated data was obtained from the 2011 and 2012 Matrix Solutions Inc. Operational Soil Management Program , 

February & November 2012. 

Topsoil (0-0.15m)

Subsoil

Commercial/Industrial
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Historical Soil Analytical Results - Metals Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG  - Agricultural, Fine Soil, 2016 20 17 750 5 3.3 1.4 64 20 63 0.4 --- 70 --- 6.6 4 45 1 20 1 5 23 130 200

AEP Tier 1 SGR G - Industrial, Fine Soil, 2016 40 26 2,000 8 5.0 22 87 300 91 1.4 --- 600 --- 50 40 89 2.9 40 1 300 300 130 360

Background

2009 and prior
WP

92-TH24 / 1999-TH24 (0.00-0.15m) 30-Nov-92 --- --- 289 0.8 --- 0.4 12.6 7 17.2 --- 16,700 10 631 --- <2 15 --- --- --- --- --- 29 107

(0.15-0.30m) 30-Nov-92 --- --- 244 1.1 --- <0.3 17.8 10 13.6 --- 22,900 14 511 --- <2 21 --- --- --- --- --- 43.3 85.1

(0.30-0.50m) 30-Nov-92 --- --- 169 0.8 --- <0.3 12.7 8 15.7 --- 18,800 8 377 --- <2 26 --- --- --- --- --- 34.1 50

(0.50-1.00m) 30-Nov-92 --- --- 173 0.7 --- <0.3 11.2 6 12.7 --- 15,000 7 209 --- <2 17 --- --- --- --- --- 30.6 41

95-TH24 / 1999-TH24 (0.00-0.15m) 14-Nov-95 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 29 ---

(0.15-0.30m) 14-Nov-95 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 85.1

(0.30-0.50m) 14-Nov-95 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 50

(0.50-1.00m) 14-Nov-95 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 41

09-BH25 (0.0-0.15m) 20-Oct-09 0.2 5.98 210 <1.0 0.4 <0.50 22.6 7.7 18.2 <0.10 --- 10 --- <0.050 <1.0 21.8 0.61 <0.20 <0.50 <5.0 <2.0 40.9 54.6

(0.6-1.0m) 20-Oct-09 <0.20 5.04 312 <1.0 1.8 <0.50 20.9 6.4 13.3 <0.10 --- 8.6 --- <0.050 <1.0 19.2 <0.50 <0.20 <0.50 <5.0 <2.0 35.7 45.8

(1.5-2.0m) 20-Oct-09 0.23 7.21 258 <1.0 1.18 <0.50 37.6 10.1 24.4 0.11 --- 12.4 --- <0.050 1.2 30.5 0.67 <0.20 <0.50 <5.0 <2.0 53.6 71.4

(5.0-5.5m) 20-Oct-09 <0.20 5.89 196 <1.0 0.63 <0.50 28.6 7.4 15.8 <0.10 --- 9.5 --- <0.050 1.1 22.6 0.78 <0.20 <0.50 <5.0 <2.0 38.7 53.3

09-BH26 (0.0-0.15m) 21-Oct-09 <0.20 5.79 173 <1.0 0.36 <0.50 29.6 6.9 15.7 <0.10 --- 9.6 --- <0.050 1.1 21.2 <0.50 <0.20 <0.50 11 <2.0 37.3 51.4

(0.3-0.6m) 21-Oct-09 <0.20 6.79 165 <1.0 1.47 <0.50 28.8 7.8 16 <0.10 --- 9.7 --- <0.050 1.3 22.1 0.72 <0.20 <0.50 <5.0 <2.0 43.2 58.3

(2.5-3.0m) 21-Oct-09 <0.20 6.43 180 <1.0 0.77 <0.50 33.6 7.8 16.2 0.12 --- 9.3 --- <0.050 1.3 22.9 0.91 <0.20 <0.50 <5.0 <2.0 40.4 54

(4.0-4.5m) 21-Oct-09 <0.20 6.53 214 <1.0 0.6 <0.50 31.2 7.5 16.3 <0.10 --- 9.8 --- <0.050 1.2 21.9 0.76 0.4 <0.50 <5.0 <2.0 39.7 56.3

09-BH27 (0.0-0.15m) 20-Oct-09 <0.20 5.01 232 <1.0 0.48 <0.50 21.4 7.4 17.7 <0.10 --- 16.7 --- <0.050 <1.0 17.5 0.61 <0.20 <0.50 <5.0 <2.0 38.4 78.2

(1.0-1.5m) 20-Oct-09 <0.20 4.58 274 <1.0 1.1 <0.50 20.2 6.4 13.2 0.12 --- 8.8 --- <0.050 <1.0 18.3 0.7 <0.20 <0.50 <5.0 <2.0 33.8 42.1

(2.0-2.5m) 20-Oct-09 <0.20 6.26 186 <1.0 1.12 <0.50 23.4 7.5 15.8 0.12 --- 9.7 --- <0.050 1.1 21.5 0.88 <0.20 <0.50 <5.0 <2.0 39.7 49.5

(4.5-5.0m) 20-Oct-09 <0.20 6.07 168 <1.0 0.48 <0.50 29.3 7.4 17 0.12 --- 9.5 --- <0.050 1.2 21.7 0.87 <0.20 <0.50 <5.0 <2.0 43.9 54.8

Ammonia Plant Area

2009 and prior
WP

92-TH11 / 1999-TH11 (0.00-0.15m) 1-Dec-92 --- --- 192 0.6 --- <0.3 9.9 7 16.2 --- 13,800 6 286 --- <2 18 --- --- --- --- --- 17.5 66.6

(0.15-0.30m) 1-Dec-92 --- --- 219 0.7 --- 0.4 10.2 7 13.1 --- 15,800 6 321 --- <2 20 --- --- --- --- --- 19.4 59.1

(0.30-0.50m) 1-Dec-92 --- --- 199 0.7 --- <0.3 8.3 7 13.2 --- 16,500 6 291 --- <2 20 --- --- --- --- --- 20.3 54.5

(0.50-1.00m) 1-Dec-92 --- --- 221 0.9 --- <0.3 12.7 8 15.9 --- 19,100 6 271 --- <2 23 --- --- --- --- --- 25.9 61.6

92-TH12 / TH12 (0.00-0.15m) 1-Dec-92 --- --- 230 0.5 --- 0.9 11 5 19.6 --- 12,500 10 359 --- <2 16 --- --- --- --- --- 14.4 144

(0.15-0.30m) 1-Dec-92 --- --- 214 0.5 --- 0.3 5.9 5 8.3 --- 12,400 4 323 --- <2 14 --- --- --- --- --- 13.3 34.5

(0.30-0.50m) 1-Dec-92 --- --- 165 0.4 --- <0.3 4 4 6.1 --- 10,400 4 360 --- <2 12 --- --- --- --- --- 11.1 28.5

(0.50-1.00m) 1-Dec-92 --- --- 266 0.9 --- <0.3 12.7 7 14.1 --- 17,800 7 292 --- <2 21 --- --- --- --- --- 27.6 53.5

95-TH12 / TH12 (0.0-0.15m) 14-Nov-95 --- --- 164 0.2 --- 0.5 23.1 5 23.2 --- 10,600 5 405 --- 3 341 --- --- --- --- --- 15.1 160

04-TH-62 / 2004-TH62 (0.00-0.15 m) 21-Jul-04 --- 9.4 189 0.96 1 0.3 31 9.93 20.4 --- --- 11.4 --- 0.04 0.7 29 0.3 --- <0.3 --- --- 60.2 69.6

(0.15-0.30 m) 21-Jul-04 --- 9.8 196 0.88 1.2 0.29 28.8 10.4 21 --- --- 11 --- 0.03 0.7 28.8 <0.2 --- <0.3 --- --- 59.6 70.5

(0.30-0.60 m) 21-Jul-04 --- 7.4 252 0.81 1.9 0.22 25.8 8.47 15.7 --- --- 9.5 --- 0.03 0.9 24.5 <0.2 --- <0.4 --- --- 44 58.3

(0.60-1.00 m) 21-Jul-04 --- 8.3 206 0.86 1.5 0.25 26.7 8.84 17.9 --- --- 10.3 --- 0.03 0.7 24.1 <0.2 --- <0.3 --- --- 54.6 63.4

(1.00-1.50 m) 21-Jul-04 --- 7.7 228 0.88 1.8 0.19 26.5 8.11 16 --- --- 10 --- 0.03 0.8 22.6 <0.2 --- <0.3 --- --- 51.8 58.9

Ammonia Storage Tank Area

2009 and prior
WP

92-TH3 / 1999-TH3 (0.00-0.15m) 1-Dec-92 --- --- 230 0.5 --- <0.3 8.7 5 8.8 --- 11,200 3 416 --- <2 14 --- --- --- --- --- 14.9 54.9

(0.15-0.30m) 1-Dec-92 --- --- 238 0.8 --- <0.3 9.6 7 11.9 --- 16,100 5 355 --- <2 19 --- --- --- --- --- 22.5 64.4

92-TH3 / 1999-TH3 (0.30-0.50m) 1-Dec-92 --- --- 299 0.8 --- <0.4 9.3 8 14.1 --- 17,300 5 279 --- <3 20 --- --- --- --- --- 24.8 53.6

(0.50-1.00m) 1-Dec-92 --- --- 284 0.8 --- <0.4 9.3 8 14.2 --- 16,600 6 284 --- <3 20 --- --- --- --- --- 22.3 54.4

Ammonia Storage Tank Area

2009 and prior
WP 

(continued)

92-TH4 / TH4 (0.00-0.15 m) 1-Dec-92 --- --- 195 0.9 --- <0.3 11.2 8 15.4 --- 19,600 7 341 --- <2 25 --- --- --- --- --- 29.2 67.9

(0.15-0.30 m) 1-Dec-92 --- --- 205 0.9 --- <0.3 10.9 7 14 --- 17,300 6 271 --- <2 21 --- --- --- --- --- 27.7 51.1

Metals
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Historical Soil Analytical Results - Metals Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG  - Agricultural, Fine Soil, 2016 20 17 750 5 3.3 1.4 64 20 63 0.4 --- 70 --- 6.6 4 45 1 20 1 5 23 130 200

AEP Tier 1 SGR G - Industrial, Fine Soil, 2016 40 26 2,000 8 5.0 22 87 300 91 1.4 --- 600 --- 50 40 89 2.9 40 1 300 300 130 360

Metals

92-TH4 / TH4 (0.30-0.50 m) 1-Dec-92 --- --- 167 0.8 --- <0.3 8.6 8 13.8 --- 18,000 6 346 --- <2 22 --- --- --- --- --- 26.2 53.2

(0.50-1.00 m) 1-Dec-92 --- --- 187 0.8 --- <0.3 8.8 7 12.9 --- 15,800 6 322 --- <2 20 --- --- --- --- --- 23.7 57.5

92-TH17 / TH17 (0.00-0.15 m) 1-Dec-92 --- --- 174 0.5 --- <0.3 11.7 4 38.5 --- 10,100 5 348 --- <2 12 --- --- --- --- --- 14.1 98.6

(0.15-0.30 m) 1-Dec-92 --- --- 230 0.7 --- <0.3 9.5 6 10.9 --- 17,100 5 465 --- <2 17 --- --- --- --- --- 22.4 45.6

(0.30-0.50 m) 1-Dec-92 --- --- 224 0.7 --- <0.3 7.9 7 13.2 --- 15,100 6 272 --- <2 19 --- --- --- --- --- 20.5 49.9

(0.50-1.00 m) 1-Dec-92 --- --- 222 0.8 --- <0.3 8.3 7 14.2 --- 16,600 6 265 --- <2 20 --- --- --- --- --- 22 54.9

04-TH-64 / 2004-TH64 (4.50-5.00 m) 21-Jul-04 --- 9.7 268 0.9 0.5 0.33 32.8 12 22.2 --- --- 11.6 --- 0.03 1.2 32.8 0.7 --- <0.3 --- --- 59.2 76.6

(5.00-5.50 m) 21-Jul-04 --- 7.2 199 0.82 0.5 0.25 25.9 8.75 17.5 --- --- 10.2 --- 0.03 0.9 25.4 0.7 --- <0.3 --- --- 45.4 67.4

Boneyard

2009 and prior
WP

95-TH44 / TH44 (0.00-0.15m) 14-Nov-95 --- --- 213 0.4 --- <0.3 21.4 6 37.1 --- 14,200 5 310 --- 2 341 --- --- --- --- --- 23.6 85.5

(0.15-0.30m) 14-Nov-95 --- --- 187 0.7 --- <0.3 25.4 8 15.6 --- 18,400 6 347 --- 4 43 --- --- --- --- --- 28.3 61.2

(0.30-0.50m) 14-Nov-95 --- --- 171 0.6 --- <0.3 20.7 7 16.1 --- 18 6 251 --- 3 31 --- --- --- --- --- 29.8 50.6

(0.50-1.00m) 14-Nov-95 --- --- 196 0.6 --- <0.3 20.4 6 19.9 --- 16,000 4 224 --- 2 33 --- --- --- --- --- 28.8 57.9

95-TH45 / TH45 (0.00-0.15m) 14-Nov-95 --- --- 186 0.4 --- <0.3 18 6 28.9 --- 13,600 17 245 --- 3 18 --- --- --- --- --- 25.7 81.2

(0.15-0.30m) 14-Nov-95 --- --- 211 0.5 --- <0.3 16.9 6 17.2 --- 13,800 6 233 --- 2 17 --- --- --- --- --- 23.7 58.1

(0.30-0.50m) 14-Nov-95 --- --- 569 0.5 --- <0.3 16.8 7 14.7 --- 17,300 4 1,680 --- 3 19 --- --- --- --- --- 24.5 44.4

(0.50-1.00m) 14-Nov-95 --- --- 262 0.5 --- <0.3 18.8 6 14.5 --- 15,200 5 243 --- 3 19 --- --- --- --- --- 27 48.6

44 / 2002-TH44 (0.00-0.15 m) 4-Sep-02 0.5 8.33 205 0.56 --- 0.33 25.5 7.07 53.2 --- --- 9.92 --- 0.038 1.84 27.8 1.2 <0.05 0.5 0.6 --- 34 138

(0.15-0.30 m) 4-Sep-02 0.8 7.85 180 0.83 --- 0.26 29 8.39 29.5 --- --- 10.9 --- 0.037 0.51 27.2 1.5 <0.05 <0.2 0.4 --- 49.6 78

(0.30-0.50 m) 4-Sep-02 0.5 6.58 177 0.64 --- 0.25 22.5 6.72 16.9 --- --- 8.43 --- 0.047 0.34 22.8 0.7 <0.05 0.5 <0.2 --- 40.9 46.6

(0.50-1.00 m) 4-Sep-02 0.5 6.49 271 0.66 --- 0.23 23.2 7.22 17.2 --- --- 8.75 --- 0.037 0.53 21.6 0.8 <0.05 0.4 0.3 --- 42.5 53.5

44A / 2002-TH44A-OIL PIT (0.00-0.15 m) 4-Sep-02 0.8 6.7 169 0.52 --- 0.27 21.9 6.45 49.7 --- --- 8.84 --- 0.032 1.52 99.9 0.5 <0.05 <0.2 0.5 --- 31.4 119

(0.15-0.30 m) 4-Sep-02 0.8 6.81 160 0.62 --- 0.27 22.1 6.76 21.8 --- --- 8.31 --- 0.054 1.13 23.2 0.6 <0.05 0.5 0.4 --- 39.4 57.6

(0.30-0.50 m) 4-Sep-02 0.6 5.95 142 0.6 --- 0.23 20.9 6.63 15.8 --- --- 8.16 --- 0.044 0.57 20.5 0.8 <0.05 <0.2 0.5 --- 38 46.8

(0.50-1.00 m) 4-Sep-02 0.4 5.58 158 0.58 --- 0.22 21 6.38 15.6 --- --- 8.01 --- 0.037 0.33 19.9 0.6 <0.05 <0.2 0.5 --- 36.9 48

44B / 2002-TH44B (0.00-0.15 m) 4-Sep-02 0.8 8.66 229 0.56 --- 0.3 29.4 7.03 119 --- --- 9.22 --- 0.04 1.89 103 1.7 <0.05 0.7 0.4 --- 35.4 195

(0.15-0.30 m) 4-Sep-02 0.8 7.09 184 0.6 --- 0.31 24.5 6.53 22.7 --- --- 9.43 --- 0.044 0.87 23.2 0.6 <0.05 0.5 0.3 --- 36.3 73.3

(0.30-0.50 m) 4-Sep-02 0.8 6.94 150 0.68 --- 0.27 24.3 7 17.8 --- --- 9.1 --- 0.064 0.43 24.7 1.5 <0.05 0.8 0.2 --- 43 49.8

(0.50-1.00 m) 4-Sep-02 <0.3 6.46 340 0.6 --- 0.24 21.5 6.72 15.3 --- --- 7.98 --- 0.04 0.55 19.9 0.5 <0.05 0.6 0.3 --- 38.7 47.7

44C / 2002-TH44C (0.00-0.15 m) 4-Sep-02 1.3 7.58 218 0.67 --- 0.34 38.1 8.16 166 --- --- 10.2 --- 0.032 1.89 27.8 0.8 <0.05 <0.2 0.6 --- 40.8 259

(0.15-0.30 m) 4-Sep-02 1.2 7.28 168 0.77 --- 0.19 29.5 8.06 16 --- --- 10 --- 0.043 0.55 24.2 1.5 <0.05 <0.2 <0.2 --- 46.5 57.3

(0.30-0.50 m) 4-Sep-02 0.6 6.39 176 0.68 --- 0.26 24.4 7.18 17 --- --- 8.92 --- 0.041 0.47 22.1 0.8 <0.05 1.1 0.2 --- 43.2 54.2

(0.50-1.00 m) 4-Sep-02 0.9 6.97 286 0.69 --- 0.27 24.2 7.54 17.6 --- --- 9.14 --- 0.038 0.52 22.5 0.7 <0.05 0.9 0.2 --- 43.9 56.1

04-TH-44-A / 2004-TH44A (0.00-0.15 m) 19-Jul-04 --- 8.3 188 0.92 0.4 0.31 27.6 11.1 20.6 --- --- 11.6 --- 0.05 0.5 34.1 0.4 --- <0.3 --- --- 56.4 66.2

(0.15-0.30 m) 19-Jul-04 --- 6.6 178 0.81 0.3 0.29 29.9 8.62 19.7 --- --- 10.5 --- 0.04 0.4 29.9 <0.2 --- <0.3 --- --- 46.4 57.4

Boneyard

2009 and prior
WP 

(continued)

04-TH-44-A / 2004-TH44A (0.30-0.60 m) 19-Jul-04 --- 6.5 176 0.81 0.3 0.21 23.3 8.26 16.6 --- --- 10.2 --- 0.03 0.5 22.7 0.4 --- <0.3 --- --- 42.6 56.7

(0.60-1.00 m) 19-Jul-04 --- 8.4 348 0.79 0.5 0.25 28.2 10.8 18.9 --- --- 12.8 --- 0.03 0.6 28.6 0.5 --- <0.3 --- --- 44.4 66.5

(1.00-1.50 m) 19-Jul-04 --- 7.1 188 0.76 1.1 0.24 24.8 9.89 17.8 --- --- 10.2 --- 0.03 0.9 26 0.4 --- <0.3 --- --- 41.2 65.6

04-TH-44-B / 2004-TH44B (0.00-0.15 m) 19-Jul-04 --- 5.7 343 0.66 0.7 0.22 23.9 7.67 16.6 --- --- 9.3 --- 0.03 0.7 23 <0.2 --- <0.3 --- --- 36.4 56.4

(0.15-0.30 m) 19-Jul-04 --- 7.8 427 0.75 0.5 0.27 26 10.1 19.4 --- --- 10.7 --- 0.04 1 26.3 0.3 --- <0.3 --- --- 52.7 79

(0.30-0.60 m) 19-Jul-04 --- 8.4 344 0.78 0.6 0.33 26.5 11.8 21.2 --- --- 10.8 --- 0.03 1 27.2 0.4 --- <0.3 --- --- 55.7 66.5

(0.60-1.00 m) 19-Jul-04 --- 8.3 246 0.74 0.8 0.31 28.6 11.6 20.7 --- --- 10.8 --- 0.03 1.3 29 <0.2 --- <0.4 --- --- 51.4 71.9

(1.00-1.50 m) 19-Jul-04 --- 6.8 180 0.64 1 0.25 23.6 8.84 16.7 --- --- 9.5 --- 0.03 1 24.8 0.6 --- <0.3 --- --- 39.8 62.5

04-TH-44C / 2004-TH44C (0.00-0.15 m) 19-Jul-04 --- 7.7 237 0.86 0.5 0.51 30.1 10.9 22.2 --- --- 13.2 --- 0.03 0.8 32.9 0.3 --- <0.3 --- --- 52.3 105

(0.15-0.30 m) 19-Jul-04 --- 8.2 258 0.9 0.6 0.54 34 11.8 21.7 --- --- 12.9 --- 0.03 0.6 34.6 0.3 --- <0.3 --- --- 53.5 98.2
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Historical Soil Analytical Results - Metals Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG  - Agricultural, Fine Soil, 2016 20 17 750 5 3.3 1.4 64 20 63 0.4 --- 70 --- 6.6 4 45 1 20 1 5 23 130 200

AEP Tier 1 SGR G - Industrial, Fine Soil, 2016 40 26 2,000 8 5.0 22 87 300 91 1.4 --- 600 --- 50 40 89 2.9 40 1 300 300 130 360

Metals

04-TH-44C / 2004-TH44C (0.30-0.60 m) 19-Jul-04 --- 8.1 262 0.78 0.5 0.53 31.3 11.5 22.2 --- --- 13.1 --- 0.03 0.5 34.4 <0.2 --- <0.3 --- --- 53.5 89

(0.60-1.00 m) 19-Jul-04 --- 7.3 215 0.58 0.7 0.4 21.4 9.61 17.6 --- --- 9.3 --- 0.03 0.5 23.9 <0.2 --- <0.3 --- --- 45.2 60.1

(1.00-1.50 m) 19-Jul-04 --- 9.7 269 0.8 1.1 0.3 27.3 11.4 21.8 --- --- 11.6 --- 0.04 0.8 28.3 0.3 --- <0.3 --- --- 60.9 70.6

04-TH-44-D / 2004-TH44D (0.00-0.15 m) 19-Jul-04 --- 6.3 237 0.77 0.4 0.62 27.3 10.6 20.2 --- --- 12.5 --- 0.03 0.6 23.9 0.5 --- <0.3 --- --- 45.9 109

(0.15-0.30 m) 19-Jul-04 --- 7.4 221 0.76 0.3 0.46 25.2 10.7 17.8 --- --- 11 --- 0.03 0.7 22.9 0.3 --- <0.3 --- --- 51 84.4

(0.30-0.60 m) 19-Jul-04 --- 7.8 199 0.8 0.2 0.36 26.8 10.7 17.1 --- --- 10.5 --- 0.03 0.5 27 0.3 --- <0.3 --- --- 49 72.9

(0.60-1.00 m) 19-Jul-04 --- 7.6 188 0.64 0.4 0.35 26 9.72 18.1 --- --- 10 --- 0.04 0.5 28.3 <0.2 --- <0.3 --- --- 45.4 62.3

(1.00-1.50 m) 19-Jul-04 --- 8.9 205 0.69 1.1 0.3 25.4 11.5 20.2 --- --- 10.6 --- 0.03 0.7 27 <0.2 --- <0.3 --- --- 54.9 64.8

04-TH-45-A / 2004-TH45A (0.00-0.15 m) 20-Jul-04 --- 7.1 246 0.68 0.8 0.25 25.5 9.34 19 --- --- 10.5 --- 0.04 0.6 26.5 <0.2 --- <0.3 --- --- 44.9 62.6

(0.15-0.30 m) 20-Jul-04 --- 7.5 236 0.65 0.7 0.28 23.1 9.54 18.2 --- --- 9.1 --- 0.04 0.7 23.4 <0.2 --- <0.3 --- --- 46 60.2

(0.30-0.60 m) 20-Jul-04 --- 8.2 264 0.72 0.7 0.29 25.6 11.1 21 --- --- 10.2 --- 0.04 0.9 26.1 <0.2 --- <0.3 --- --- 53.9 65.4

(0.60-1.00 m) 20-Jul-04 --- 7 200 0.69 0.7 0.24 25.1 8.81 18.3 --- --- 10.1 --- 0.03 0.8 25.8 <0.2 --- <0.3 --- --- 44.8 63

(1.00-1.50 m) 20-Jul-04 --- 6.9 199 0.73 0.5 0.23 23.8 9.55 18.9 --- --- 10.4 --- 0.03 0.8 25 <0.2 --- <0.3 --- --- 43.8 65.7

04-TH-45-B / 2004-TH45B (0.00-0.15 m) 19-Jul-04 --- 6.6 335 0.65 0.8 0.25 25.2 8.96 17.5 --- --- 8.9 --- 0.03 0.6 23.7 <0.2 --- <0.3 --- --- 43.3 58.4

(0.15-0.30 m) 19-Jul-04 --- 7.2 475 0.78 1 0.24 26 8.56 18.2 --- --- 9.8 --- 0.03 0.8 25.1 0.4 --- <0.3 --- --- 45.4 65.1

(0.30-0.60 m) 19-Jul-04 --- 7.8 282 0.82 1.2 0.23 27.1 8.61 18.9 --- --- 9.9 --- 0.03 1 24.1 0.4 --- <0.3 --- --- 43.6 65.7

(0.60-1.00 m) 19-Jul-04 --- 6.6 258 0.7 1.7 0.21 23.9 7.74 17.4 --- --- 9.1 --- 0.03 1.1 24.3 0.4 --- <0.3 --- --- 36.2 59.9

(1.00-1.50 m) 19-Jul-04 --- 7.8 202 0.77 2.2 0.24 25.2 8.87 18.3 --- --- 9.1 --- 0.02 1.3 23.1 0.4 --- <0.3 --- --- 45.3 62.2

04-TH-45-C / 2004-TH45C (0.00-0.15 m) 19-Jul-04 --- 6.8 232 0.74 2.1 0.22 26.8 7.93 31.9 --- --- 9.4 --- 0.03 0.6 25.4 0.5 --- <0.3 --- --- 41.2 79

(0.15-0.30 m) 19-Jul-04 --- 7.2 278 0.77 2.1 0.25 26 8.48 25.9 --- --- 10.6 --- 0.03 0.8 25.1 0.3 --- <0.3 --- --- 44.9 73.3

(0.30-0.60 m) 19-Jul-04 --- 6.9 305 0.77 1.8 0.23 30.5 8.47 19.1 --- --- 10.1 --- 0.03 0.8 26.1 0.6 --- <0.3 --- --- 44 61.5

(0.60-1.00 m) 19-Jul-04 --- 8 314 0.93 1.5 0.27 29.1 9.72 20.1 --- --- 11.4 --- 0.03 1.1 27.9 0.4 --- <0.3 --- --- 50.2 71.5

(1.00-1.50 m) 19-Jul-04 --- 8.6 268 0.84 1.1 0.31 28.7 11.3 21.3 --- --- 11.3 --- 0.03 1.4 29.3 0.3 --- <0.3 --- --- 50.4 72.3

09-BH01 (0.0-0.15m) 19-Oct-09 0.25 4.05 157 <1.0 0.38 <0.50 157 4.2 871 0.24 --- 5.2 --- <0.050 23.7 25.8 <0.50 <0.20 <0.50 <5.0 <2.0 11.7 782

(1.00-1.50m) 19-Oct-09 <0.20 6.59 211 <1.0 1.02 <0.50 23.3 7.1 18.2 0.12 --- 10.3 --- <0.050 1.2 19.7 0.67 <0.20 <0.50 <5.0 <2.0 39.6 56

09-BH02 (0.15-0.3m) 19-Oct-09 0.72 6.97 189 <1.0 0.64 1.14 148 31.6 596 1.19 --- 24.8 --- 0.053 65.5 30.1 <0.50 <0.20 <0.50 <5.0 <2.0 30.5 2,220

(0.30-0.60m) 19-Oct-09 0.25 6.7 311 <1.0 0.81 <0.50 33.9 8.1 22.2 <0.10 --- 10.1 --- 0.057 1.4 26 0.77 <0.20 <0.50 <5.0 <2.0 45.7 71.4

(1.0-1.5m) 19-Oct-09 <0.20 6.28 164 <1.0 1.57 <0.50 30.3 7.6 16.9 0.11 --- 9.1 --- <0.050 1.8 23.8 0.71 <0.20 <0.50 <5.0 <2.0 41 54.9

09-BH03 (0.15-0.3m) 19-Oct-09 0.2 5.68 195 <1.0 0.25 <0.50 45.9 6.6 168 0.13 --- 8.8 --- <0.050 2.9 23 0.89 <0.20 <0.50 <5.0 <2.0 34.5 333

(0.6-1.0m) 19-Oct-09 0.24 8 160 <1.0 0.23 <0.50 37.7 7.4 79 <0.10 --- 11.2 --- <0.050 2.2 31.5 <0.50 <0.20 <0.50 <5.0 <2.0 46.3 150

(1.50-2.00m) 19-Oct-09 <0.20 6.29 226 <1.0 0.23 <0.50 26.9 7 15.9 0.16 --- 10.5 --- <0.050 1.4 22 0.7 <0.20 <0.50 <5.0 <2.0 40.5 53.7

Boneyard

2009 and prior
WP 

(continued)

09-BH04 (0.0-0.15m) 19-Oct-09 <0.20 3.87 147 <1.0 0.1 <0.50 12.4 3.2 34.2 <0.10 --- 5.8 --- <0.050 1.2 14 <0.50 <0.20 <0.50 <5.0 <2.0 14.6 36.6

09-BH20 (2.0-2.5m) 19-Oct-09 <0.20 7.36 176 <1.0 1.19 <0.50 27.3 7.7 16.5 0.11 --- 9.7 --- <0.050 2 24.2 0.67 <0.20 <0.50 <5.0 <2.0 39.6 54.4

2012
M

12-B1 (0.0-0.15m) 18-Jun-12 <0.2 5.8 225 0.6 0.4 0.21 16.3 7.6 19 <0.1 --- 8.6 --- 0.03 1 22.6 0.3 0.2 0.19 1 0.6 25.9 58

(1.00-1.50m) 18-Jun-12 <0.2 6.4 240 0.5 0.5 0.20 16.8 8.0 18 <0.1 --- 9.1 --- 0.03 1 24.7 <0.3 <0.10 0.20 1 0.8 26.1 51

12-B2 (0.15-0.30m) 18-Jun-12 <0.2 6.3 171 0.5 1.3 0.20 16.1 7.9 18 <0.1 --- 8.7 --- 0.03 1 23.4 0.3 <0.10 0.19 1 1.1 25.3 49

(1.00-1.50m) 18-Jun-12 <0.2 6.5 188 0.4 0.7 0.22 17.2 8.8 18 <0.1 --- 9.5 --- 0.03 1 25.6 <0.3 <0.10 0.21 1 1.2 27.2 50

12-B3 (0.15-0.30m) 18-Jun-12 <0.2 6.2 221 0.6 1.2 0.20 16.7 8.4 18 <0.1 --- 9.4 --- 0.04 <1 26.1 0.4 <0.10 0.21 1 1.2 27.4 47

(1.00-1.50m) 18-Jun-12 <0.2 5.8 187 0.5 1.1 0.23 14.5 8.1 17 <0.1 --- 8.7 --- 0.03 1 25.0 0.4 <0.10 0.20 2 1.2 25.2 48

12-B4 (0.0-0.15m) 18-Jun-12 <0.2 6.5 203 0.6 0.8 0.26 17.3 8.9 19 <0.1 --- 9.7 --- 0.03 1 26.2 0.4 <0.10 0.22 2 1.2 28.7 56

(0.60-1.00m) 18-Jun-12 <0.2 6.7 191 0.6 0.8 0.25 16.8 8.5 18 <0.1 --- 9.6 --- 0.03 1 26.2 0.5 <0.10 0.22 2 1.4 27.9 54

12-B5 (0.0-0.15m) 18-Jun-12 <0.2 6.4 192 0.6 1.0 0.23 16.6 8.5 18 <0.1 --- 9.2 --- 0.03 1 27.4 0.5 <0.10 0.22 1 1.1 27.9 49

(1.00-1.50m) 18-Jun-12 <0.2 6.2 213 0.5 1.0 0.22 16.6 8.4 18 <0.1 --- 9.2 --- 0.03 1 27.1 0.5 <0.10 0.20 1 1.2 27.4 49

12-B6 (0.15-0.30m) 18-Jun-12 0.3 6.5 219 0.5 0.9 0.23 17.1 8.4 17 <0.1 --- 9.3 --- 0.03 1 26.2 0.3 0.3 0.21 1 1.1 28.8 48

(1.00-1.50m) 18-Jun-12 <0.2 6.7 196 0.5 1.1 0.26 16.8 8.7 18 <0.1 --- 9.6 --- 0.03 1 26.0 <0.3 0.2 0.22 1 1.3 27.2 52
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Historical Soil Analytical Results - Metals Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG  - Agricultural, Fine Soil, 2016 20 17 750 5 3.3 1.4 64 20 63 0.4 --- 70 --- 6.6 4 45 1 20 1 5 23 130 200

AEP Tier 1 SGR G - Industrial, Fine Soil, 2016 40 26 2,000 8 5.0 22 87 300 91 1.4 --- 600 --- 50 40 89 2.9 40 1 300 300 130 360

Metals

12-B7 (0.15-0.30m) 18-Jun-12 <0.2 6.3 254 0.6 0.6 0.31 18.2 8.4 18 <0.1 --- 9.9 --- 0.03 <1 27.0 0.4 0.1 0.21 1 0.7 29.4 56

(1.00-1.50m) 18-Jun-12 <0.2 6.2 230 0.7 1.2 0.26 18.3 9.1 19 <0.1 --- 9.7 --- 0.04 1 27.3 0.5 <0.10 0.21 1 1.1 28.4 52

2014

BH120-14 (0.00-0.15m) 10-Sep-14 <0.2 6.0 211 0.5 0.42 0.30 46.1 7.2 623 <0.10 --- 7.9 --- 0.03 2.5 25.6 0.5 0.1 0.17 1.3 0.8 23.0 646

(0.15-0.30m) 10-Sep-14 <0.2 6.5 193 0.5 0.60 0.26 25.3 8.4 87.5 <0.10 --- 9.2 --- 0.03 1.9 26.9 0.6 0.1 0.19 1.2 0.9 26.5 175

(0.30-0.60m) 10-Sep-14 <0.2 6.9 183 0.6 1.13 0.22 17.0 9.3 23.8 <0.10 --- 10.2 --- 0.04 1.0 28.6 0.5 0.1 0.21 1.0 1.5 28.3 65

(0.60-1.00m) 10-Sep-14 <0.2 6.9 176 0.7 1.18 0.22 17.5 9.1 22.4 <0.10 --- 10.1 --- 0.04 <1.0 34.4 0.5 0.2 0.21 <1.0 1.6 28.5 67

(1.00-1.50m) 10-Sep-14 <0.2 6.7 171 0.6 1.13 0.23 15.8 9.1 20.8 <0.10 --- 9.7 --- 0.04 <1.0 27.6 0.4 0.1 0.2 2.6 1.8 26.9 67

(1.50-2.00m) 10-Sep-14 <0.2 6.3 162 0.6 0.87 0.23 15.8 8.7 20.3 <0.10 --- 9.2 --- 0.04 <1.0 25.8 0.4 0.1 0.22 <1.0 1.8 26.7 61

(2.00-2.50m) 10-Sep-14 <0.2 7.5 169 0.7 0.73 0.27 15.5 9.3 18.6 <0.10 --- 9.3 --- 0.04 <1.0 27.2 0.7 0.1 0.22 1.1 1.8 26.9 60

BH121-14 (0.00-0.15m) 10-Sep-14 <0.2 6.1 190 0.4 0.8 0.20 15.5 7.9 63.6 <0.10 --- 7.8 --- 0.03 1.4 22.9 0.5 0.2 0.19 1.6 1.0 26.2 102

(0.15-0.30m) 10-Sep-14 <0.2 6.5 194 0.4 0.70 0.18 15.8 7.9 18.8 <0.10 --- 8.0 --- 0.04 1.5 23.4 <0.3 0.2 0.19 1.6 1.0 26.7 60

(0.30-0.60m) 10-Sep-14 <0.2 6.3 177 0.5 0.62 0.19 15.0 8.0 17.4 <0.10 --- 8.1 --- 0.03 1.4 22.1 <0.3 0.2 0.19 1.5 0.9 26.3 54

(0.60-1.00m) 10-Sep-14 <0.2 6.3 200 0.5 0.58 0.23 16.0 8.8 17.3 <0.10 --- 8.4 --- 0.03 1.3 24.4 <0.3 0.2 0.2 1.5 1.0 27.5 54

(1.00-1.50m) 10-Sep-14 <0.2 6.1 201 0.5 0.48 0.21 15.9 8.6 17.0 <0.10 --- 8.8 --- 0.03 1.0 24.9 <0.3 0.2 0.2 1.6 1.0 27.8 55

(1.50-2.00m) 10-Sep-14 <0.2 6.3 184 0.5 0.42 0.23 17.6 8.9 22.0 <0.10 --- 8.9 --- 0.03 1.0 26.1 <0.3 0.2 0.21 1.6 0.9 27.9 65

(2.00-2.50m) 10-Sep-14 <0.2 6.7 178 0.5 0.40 0.23 16.2 8.7 18.0 <0.10 --- 8.6 --- 0.03 <1.0 24.9 <0.3 0.2 0.21 1.6 0.9 27.9 57

(2.50-3.00m) 10-Sep-14 <0.2 6.1 208 0.5 0.29 0.24 15.7 8.8 17.1 <0.10 --- 8.6 --- 0.03 <1.0 25.8 <0.3 0.2 0.21 1.6 0.8 26.2 54

(3.00-3.50m) 10-Sep-14 <0.2 6.6 215 0.6 0.32 0.27 16.0 8.5 18.0 <0.10 --- 8.8 --- 0.04 <1.0 25.3 0.3 0.1 0.21 1.6 0.9 27.2 57

2015

BH104-15 (0.00-0.15m) 4-Nov-15 0.5 8.6 258 0.4 <0.20 0.31 55 5.9 46.4 <0.10 --- 5.5 --- 0.06 3.7 20.8 0.3 <0.1 0.15 <1.0 0.7 18.9 96

(0.15-0.30m) 4-Nov-15 0.4 8.2 202 0.3 0.24 0.28 102 5.9 99.7 <0.10 --- 5.6 --- 0.08 2.6 28.6 <0.3 0.1 0.16 <1.0 0.6 18.7 214

(0.30-0.60m) 4-Nov-15 0.4 7.6 183 0.4 0.42 0.26 42.3 6.8 96.8 <0.10 --- 7.5 --- 0.08 2.3 28 0.4 0.1 0.16 <1.0 0.9 22.4 213

(0.60-1.00m) 4-Nov-15 0.5 9.1 176 0.6 0.67 0.29 43 8.7 66.8 <0.10 --- 9.3 --- 0.07 2.2 31.8 0.7 0.1 0.19 <1.0 1.1 26.9 168

(1.00-1.50m) 4-Nov-15 0.6 8.4 154 0.6 0.74 0.26 23.8 8.1 41.8 <0.10 --- 9 --- 0.06 1.3 28 0.9 <0.1 0.19 <1.0 1.3 24.8 118

(1.50-2.00m) 4-Nov-15 0.4 8.2 159 0.5 0.7 0.28 20.9 8.5 19.6 <0.10 --- 8.9 --- 0.06 1.1 27.3 0.5 <0.1 0.18 <1.0 1.4 24.7 69

(2.00-2.50m) 4-Nov-15 0.4 8.0 156 0.6 0.59 0.31 22.8 8.4 18.6 <0.10 --- 8.6 --- 0.06 1.1 29.2 0.6 <0.1 0.19 <1.0 1.4 24.6 67

BH105-15 (0.00-0.15m) 4-Nov-15 0.4 8.2 172 0.5 1.04 0.24 22.6 7.7 27.0 <0.10 --- 8.3 --- 0.06 1.3 28 0.8 <0.1 0.18 <1.0 1.3 24.8 72

(0.15-0.30m) 4-Nov-15 0.3 7.7 117 0.5 1.18 0.23 20.0 7.2 19.5 <0.10 --- 7.4 --- 0.06 1.2 25.7 0.5 <0.1 0.16 <1.0 1.2 22.5 63

Boneyard

2015 (continued)

BH105-15 (0.30-0.60m) 4-Nov-15 0.4 8.7 131 0.6 1.2 0.26 22.3 8.4 20.8 <0.10 --- 8.7 --- 0.05 1.3 28.2 0.5 <0.1 0.18 <1.0 1.5 25.3 67

(0.60-1.00m) 4-Nov-15 0.4 7.7 148 0.5 1.15 0.25 19.5 7.5 18.3 <0.10 --- 8.3 --- 0.05 1 26.7 0.5 <0.1 0.18 <1.0 1.5 23.6 63

(1.00-1.50m) 4-Nov-15 0.4 7.5 143 0.5 0.98 0.26 22.1 7.9 18.4 <0.10 --- 8.1 --- 0.05 1 27.8 0.4 <0.1 0.18 <1.0 1.5 23.2 64

(1.50-2.00m) 4-Nov-15 0.4 8.1 120 0.5 0.84 0.25 23.2 7.6 17.5 <0.10 --- 7.9 --- 0.05 1 28.6 0.4 <0.1 0.18 <1.0 1.5 22.4 61

(2.00-2.50m) 4-Nov-15 0.4 8 149 0.5 0.7 0.3 31.0 8.4 18.8 <0.10 --- 9 --- 0.06 1.1 35 0.4 <0.1 0.2 <1.0 1.6 24.5 66

BH106-15 (0.00-0.15m) 4-Nov-15 0.4 7.5 127 0.6 1.26 0.23 21.4 7.5 24.9 <0.10 --- 8 --- 0.06 1 25.4 0.5 <0.1 0.16 <1.0 1.3 23.5 70

(0.15-0.30m) 4-Nov-15 0.4 8.1 172 0.5 1.25 0.26 21.8 8 32.3 <0.10 --- 9 --- 0.06 1.1 27.3 0.5 <0.1 0.18 <1.0 1.4 23.6 86

(0.30-0.60m) 4-Nov-15 0.4 7.9 128 0.6 1.17 0.25 18.0 8 19.0 <0.10 --- 8.7 --- 0.05 1 25.4 0.4 <0.1 0.19 <1.0 1.4 24.2 65

(0.60-1.00m) 4-Nov-15 0.4 7.9 133 0.5 1.03 0.25 18.8 7.6 18.0 <0.10 --- 8.8 --- 0.05 1 25.3 0.4 <0.1 0.18 <1.0 1.4 22.5 63

(1.00-1.50m) 4-Nov-15 0.5 8.4 160 0.5 0.79 0.3 20.0 8.2 18.3 <0.10 --- 9 --- 0.05 1.1 28.3 0.3 <0.1 0.2 <1.0 1.4 24.2 67

(1.50-2.00m) 4-Nov-15 0.5 8.6 173 0.6 0.76 0.29 20.0 8.1 19.2 <0.10 --- 9.2 --- 0.06 1.1 27.7 0.4 <0.1 0.2 <1.0 1.4 25.9 71

(2.00-2.50m) 4-Nov-15 0.5 8.9 165 0.6 0.66 0.36 21.3 9 20.1 <0.10 --- 9 --- 0.05 1.3 31.6 0.5 <0.1 0.2 <1.0 1.4 25.4 70

CRU Area

2009 and prior
WP

CAR-CNO-TH49 / 1999-TH49 (0.00-0.15 m) 14-Oct-99 0.56 6.6 193 0.348 --- 0.292 15.4 4.48 41 --- --- 9.8 --- 0.02 0.65 18.5 1.02 <0.1 <0.4 <0.3 --- 21.5 116

(0.15-0.30 m) 14-Oct-99 0.77 6.2 232 0.526 --- 0.249 20.1 6.26 18 --- --- 7.9 --- 0.03 0.6 19.6 1.19 <0.1 0.6 <0.3 --- 32.2 49

(0.30-0.50 m) 14-Oct-99 0.72 6.5 250 0.578 --- 0.255 20.3 7.11 17.7 --- --- 8.4 --- 0.03 0.7 21.8 1.22 <0.1 0.7 <0.3 --- 33.5 49.5
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Historical Soil Analytical Results - Metals Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG  - Agricultural, Fine Soil, 2016 20 17 750 5 3.3 1.4 64 20 63 0.4 --- 70 --- 6.6 4 45 1 20 1 5 23 130 200

AEP Tier 1 SGR G - Industrial, Fine Soil, 2016 40 26 2,000 8 5.0 22 87 300 91 1.4 --- 600 --- 50 40 89 2.9 40 1 300 300 130 360

Metals

CAR-CNO-TH49 / 1999-TH49 (0.50-1.00 m) 14-Oct-99 0.54 5.9 173 0.518 --- 0.231 17.8 6.49 15.8 --- --- 7.7 --- 0.03 0.72 19.1 1.04 <0.1 0.7 <0.3 --- 30.2 45.9

(1.00-1.50 m) 14-Oct-99 0.71 6.4 187 0.553 --- 0.25 19.5 6.63 16.1 --- --- 7.8 --- 0.03 0.62 20 1.4 <0.1 0.5 <0.3 --- 33.8 46.4

(1.50-2.00 m) 14-Oct-99 0.92 6.7 180 0.569 --- 0.261 20.4 6.95 17.1 --- --- 8.3 --- 0.04 0.6 20.7 1.43 <0.1 0.7 <0.3 --- 33.3 50.6

(2.00-2.50 m) 14-Oct-99 0.82 6.5 180 0.563 --- 0.312 19.2 7.18 16.5 --- --- 8.3 --- 0.03 0.64 22.4 1.25 0.114 <0.4 <0.3 --- 32.8 50.1

CRU Area

2009 and prior
WP 

(continued)

CAR-CNO-TH49 / 1999-TH49 (2.50-3.00 m) 14-Oct-99 0.82 6.6 174 0.56 --- 0.332 19.7 7.89 17.1 --- --- 8.5 --- 0.03 0.71 23.2 1.23 <0.1 0.6 <0.3 --- 32.2 50.4

(3.00-3.50 m) 14-Oct-99 0.8 6.6 187 0.579 --- 0.388 21.4 7.76 17.5 --- --- 8.3 --- 0.03 0.78 25.7 1.24 <0.1 0.4 <0.3 --- 33.3 51.3

(3.50-4.00 m) 14-Oct-99 0.8 7.3 205 0.595 --- 0.32 20.5 8.12 17.9 --- --- 8.9 --- 0.03 0.62 24.2 1.32 <0.1 0.6 <0.3 --- 33.7 52.8

04-TH-49-A / 2004-TH49A (0.00-0.15 m) 19-Jul-04 --- 7.3 170 0.61 1.4 0.29 22.5 7.42 16.7 --- --- 8.8 --- 0.04 0.7 22.3 <0.2 --- <0.3 --- --- 38.1 54.9

(0.30-0.60 m) 19-Jul-04 --- 8.8 214 0.83 1.1 0.29 26.2 10.3 20.2 --- --- 10.7 --- 0.03 1.1 27.5 0.5 --- <0.3 --- --- 47.5 71.1

(0.60-1.00 m) 19-Jul-04 --- 9.3 232 0.89 1 0.3 27.8 11.3 22.5 --- --- 11.1 --- 0.03 1.1 30.3 0.3 --- <0.3 --- --- 50.2 75.6

(1.00-1.50 m) 19-Jul-04 --- 7 190 0.83 0.8 0.26 24.3 9.8 19.2 --- --- 11.5 --- 0.03 0.9 27.3 0.5 --- <0.3 --- --- 42.4 66.5

04-TH-49-B / 2004-TH49B (0.00-0.15 m) 19-Jul-04 --- 6.3 273 0.54 0.7 0.26 19.5 7.06 17.4 --- --- 8.4 --- 0.04 0.4 20.5 <0.2 --- <0.3 --- --- 32.2 66.7

(0.30-0.60 m) 19-Jul-04 --- 7.4 206 0.72 0.8 0.23 23.8 10.5 18.7 --- --- 10.2 --- 0.03 1.1 24.9 0.3 --- <0.3 --- --- 45.7 65.2

(0.60-1.00 m) 19-Jul-04 --- 7.8 200 0.69 1 0.22 21.8 9.8 17.8 --- --- 10.2 --- 0.03 1.3 23.2 0.4 --- <0.4 --- --- 46.2 66

(1.00-1.50 m) 19-Jul-04 --- 6.7 181 0.72 1.1 0.2 20.5 8.19 16.8 --- --- 10.2 --- 0.03 0.8 21.8 0.3 --- <0.3 --- --- 38.2 58.9

04-TH-49-C / 2004-TH49C (0.00-0.15 m) 19-Jul-04 --- 6.1 164 0.51 1 0.26 18.3 6.75 15.9 --- --- 8 --- 0.03 0.4 19.7 <0.2 --- <0.3 --- --- 30.5 48.7

(0.30-0.60 m) 19-Jul-04 --- 6.3 162 0.71 1.2 0.2 20.2 8.55 15.3 --- --- 9.8 --- 0.03 0.8 21 0.5 --- <0.3 --- --- 39.5 61.6

(0.60-1.00 m) 19-Jul-04 --- 6 165 0.75 1.2 0.23 22 8.59 16.9 --- --- 10.2 --- 0.03 0.7 23.8 <0.2 --- <0.3 --- --- 37.3 59.5

(1.00-1.50 m) 19-Jul-04 --- 6.8 185 0.78 0.9 0.24 22 8.51 16.4 --- --- 9.3 --- 0.03 0.9 23 0.6 --- <0.3 --- --- 40.5 60.9

04-TH-49-D / 2004-TH49D (0.00-0.15 m) 19-Jul-04 --- 6.6 164 0.63 1.6 0.26 22.3 7.6 17.9 --- --- 8.6 --- 0.04 0.6 22 <0.2 --- <0.3 --- --- 36.2 56.9

(0.30-0.60 m) 19-Jul-04 --- 8.4 193 0.77 1.6 0.25 23.3 9.72 17.5 --- --- 9.6 --- 0.02 1.1 24.7 0.5 --- <0.3 --- --- 45.5 63.1

(0.60-1.00 m) 19-Jul-04 --- 8.3 205 0.92 1.5 0.23 25.8 9.68 18.6 --- --- 10.4 --- 0.03 1.2 25.3 0.6 --- <0.4 --- --- 49.7 69.5

(1.00-1.50 m) 19-Jul-04 --- 7.8 198 0.75 1.2 0.25 23.9 9.49 17.5 --- --- 9.2 --- 0.03 1 24.3 0.3 --- <0.3 --- --- 44.8 62.9

04-TH-49-E / 2004-TH49E (0.00-0.15 m) 19-Jul-04 --- 5.9 146 0.49 1.3 0.26 17.9 6.55 15.8 --- --- 7.3 --- 0.03 0.5 19 <0.2 --- <0.3 --- --- 30.1 49.1

(0.15-0.30 m) 19-Jul-04 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

CRU Area

2009 and prior
WP 

(continued)

04-TH-49-E / 2004-TH49E (0.30-0.60 m) 19-Jul-04 --- 6.9 181 0.72 1.2 0.22 21.8 7.55 15.7 --- --- 9.3 --- 0.02 0.8 23.1 0.7 --- <0.3 --- --- 37.8 58.2

(0.60-1.00 m) 19-Jul-04 --- 7.8 186 0.69 1 0.22 23.9 8.56 16.6 --- --- 9.5 --- 0.03 1 22.8 0.5 --- <0.3 --- --- 38.8 63.1

(1.00-1.50 m) 19-Jul-04 --- 7.1 184 0.67 0.7 0.25 21.1 7.87 16.6 --- --- 9.3 --- 0.02 0.9 23.3 0.7 --- <0.3 --- --- 34.1 59

04-TH-49-F / 2004-TH49F (0.00-0.15 m) 19-Jul-04 --- 6.2 184 0.55 0.6 0.27 20.2 7.14 17.4 --- --- 8.2 --- 0.04 0.7 20.2 0.4 --- <0.3 --- --- 31.2 53.6

(0.15-0.30 m) 19-Jul-04 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.60 m) 19-Jul-04 --- 8.5 268 0.84 0.7 0.3 25.8 10.4 20.2 --- --- 10.6 --- 0.03 1.5 27.8 0.5 --- <0.3 --- --- 47.6 71.7

(0.60-1.00 m) 19-Jul-04 --- 6.9 176 0.72 1.1 0.22 20.7 9.22 16.8 --- --- 10.5 --- 0.03 0.9 22.6 0.4 --- <0.3 --- --- 41.9 62

(1.00-1.50 m) 19-Jul-04 --- 7.9 168 0.81 1.4 0.25 23.7 9.11 17.7 --- --- 10.3 --- 0.03 0.9 24.7 <0.2 --- <0.3 --- --- 45.4 69.5

Green Area

2009 and prior
WP

92-TH15 / TH15 (0.00-0.15 m) 30-Nov-92 --- --- 262 0.8 --- <0.3 14.5 7 14.6 --- 17,400 8 320 --- <2 19 --- --- --- --- --- 33.5 58.3

(0.15-0.30 m) 30-Nov-92 --- --- 240 0.8 --- <0.3 13.5 8 14 --- 18,100 9 307 --- <2 20 --- --- --- --- --- 32.3 58.2

(0.30-0.50 m) 30-Nov-92 --- --- 223 0.7 --- <0.3 11.3 7 13.4 --- 16,200 7 268 --- <2 19 --- --- --- --- --- 28.4 51

(0.50-1.00 m) 30-Nov-92 --- --- 196 0.8 --- <0.3 15.7 7 14.1 --- 16,400 8 283 --- <2 20 --- --- --- --- --- 33 52.9

92-TH20 / TH20 (0.00-0.15 m) 30-Nov-92 --- --- 266 0.9 --- <0.3 14.6 8 17.4 --- 18,800 9 519 --- <2 19 --- --- --- --- --- 32.4 96.1

(0.15-0.30 m) 30-Nov-92 --- --- 270 0.9 --- <0.3 12.8 8 15.2 --- 17,800 10 528 --- <2 16 --- --- --- --- --- 32 87.5

(0.30-0.50 m) 30-Nov-92 --- --- 311 1 --- <0.3 15 8 17.1 --- 20,100 10 589 --- <2 17 --- --- --- --- --- 37.4 99.9

(0.50-1.00 m) 30-Nov-92 --- --- 212 1 --- <0.3 17.3 11 16.5 --- 23,900 10 486 --- <2 29 --- --- --- --- --- 40.5 72

92-TH22 / 1999-TH22 (0.00-0.15m) 30-Nov-92 --- --- 226 1.1 --- <0.3 18.9 10 12.6 --- 23,700 10 439 --- <2 28 --- --- --- --- --- 45.7 71.3
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Historical Soil Analytical Results - Metals Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG  - Agricultural, Fine Soil, 2016 20 17 750 5 3.3 1.4 64 20 63 0.4 --- 70 --- 6.6 4 45 1 20 1 5 23 130 200

AEP Tier 1 SGR G - Industrial, Fine Soil, 2016 40 26 2,000 8 5.0 22 87 300 91 1.4 --- 600 --- 50 40 89 2.9 40 1 300 300 130 360

Metals

92-TH22 / 1999-TH22 (0.15-0.30m) 30-Nov-92 --- --- 187 1 --- <0.3 17.8 9 13.9 --- 21,100 10 363 --- <2 31 --- --- --- --- --- 41.3 57.6

(0.30-0.50m) 30-Nov-92 --- --- 186 0.9 --- <0.3 16.7 8 14.5 --- 19,000 8 293 --- <2 27 --- --- --- --- --- 38.3 52

(0.50-1.00m) 30-Nov-92 --- --- 217 0.7 --- <0.3 12.3 6 12.7 --- 16,400 9 248 --- <2 18 --- --- --- --- --- 30.1 44.9

Maintenance Area and Parking Lot

2009 and prior
WP

92-TH21 / TH21 (0.00-0.15 m) 1-Dec-92 --- --- 220 0.8 --- <0.3 7.3 7 15.5 --- 17,600 7 307 --- <2 20 --- --- --- --- --- 20.9 58.9

(0.15-0.30 m) 1-Dec-92 --- --- 222 0.9 --- <0.3 12.2 8 14.4 --- 18,700 7 324 --- <2 22 --- --- --- --- --- 26.9 60.4

(0.30-0.50 m) 1-Dec-92 --- --- 210 0.8 --- <0.3 7.8 7 14.2 --- 17,000 7 306 --- <2 20 --- --- --- --- --- 20.2 58.3

(0.50-1.00 m) 1-Dec-92 --- --- 208 0.8 --- <0.3 10.4 7 13.7 --- 17,100 7 333 --- <2 20 --- --- --- --- --- 22.7 57

Northeast Area

2009 and prior
WP

92-TH6 / 1999-TH6 (0.00-0.15m) 30-Nov-92 --- --- 212 0.7 --- <0.3 37.8 7 13.7 --- 17,000 9 308 --- <2 19 --- --- --- --- --- 29.4 53.5

(0.15-0.30m) 30-Nov-92 --- --- 368 0.8 --- <0.3 14.2 8 15 --- 18,500 10 320 --- <2 22 --- --- --- --- --- 31.9 57.5

(0.30-0.50m) 30-Nov-92 --- --- 335 0.8 --- <0.3 14.9 8 16.4 --- 18,600 10 322 --- <2 22 --- --- --- --- --- 33.9 59.8

(0.50-1.00m) 30-Nov-92 --- --- 153 0.4 --- <0.3 6.6 5 7.2 --- 10,400 6 182 --- <2 12 --- --- --- --- --- 17.8 28.3

92-TH23 / TH23 (0.00-0.15 m) 30-Nov-92 --- --- 224 0.8 --- <0.3 18.7 7 19.8 --- 17,300 13 342 --- <2 20 --- --- --- --- --- 33.7 64

(0.15-0.30 m) 30-Nov-92 --- --- 221 0.8 --- <0.3 12.8 8 14.5 --- 17,700 9 324 --- <2 21 --- --- --- --- --- 31.9 57.8

(0.30-0.50 m) 30-Nov-92 --- --- 230 0.9 --- <0.3 16 8 14.4 --- 17,800 10 357 --- <2 21 --- --- --- --- --- 36.5 59.1

(0.50-1.00 m) 30-Nov-92 --- --- 213 0.8 --- <0.3 10.5 7 11.6 --- 19,200 9 302 --- <2 17 --- --- --- --- --- 33.5 56.8

MW33 / 07MW23 (0.00-0.15m) 21-Dec-07 0.308 5.16 256 0.7 0.4 <0.8 22.3 9.66 18.1 --- 22,000 6.8 500 <0.05 0.474 18.7 0.178 0.142 0.224 0.551 --- 40.7 95

(1.50-2.00m) 21-Dec-07 0.522 6.17 168 0.5 0.8 <0.8 16.1 7.59 14.3 --- 16,800 26.9 315 <0.05 0.597 18.4 0.19 0.101 0.19 0.405 --- 31 48

(4.00-4.50m) 21-Dec-07 0.485 6.47 168 0.6 0.4 <0.8 17.3 7.96 16.1 --- 18,700 22.1 294 <0.05 0.612 20.3 <0.176 0.126 0.205 0.455 --- 34.5 50

SS11 (0.00-0.15m) 21-Dec-07 0.53 6.3 146 0.6 0.3 <0.8 20.1 7.85 17.6 --- 19,600 4.3 280 <0.05 0.55 21.4 <0.176 0.157 0.212 0.562 --- 38.8 53

(0.60-1.00m) 21-Dec-07 0.384 5.46 206 0.6 0.7 <0.8 21.1 8.7 16.7 --- 20,000 12.7 410 <0.05 0.474 19.6 <0.176 0.152 0.221 0.564 --- 40.9 76

Northeast Area

2009 and prior
WP

SS12 (0.15-0.30m) 21-Dec-07 0.444 6.03 196 0.5 0.4 <0.8 18.2 7.45 16.1 --- 17,700 28.7 288 <0.05 0.533 19.1 <0.176 0.106 0.205 0.475 --- 34.8 45

(1.00-1.50m) 21-Dec-07 0.583 6.06 190 0.4 0.7 <0.8 17.1 7.4 15.2 --- 16,500 30.6 297 <0.05 0.726 17.7 <0.176 0.117 0.206 0.468 --- 33.6 49

09-BH05 (0.0-0.15m) 22-Oct-09 0.21 6.09 195 <1.0 0.56 <0.50 23.6 6.5 15.4 <0.10 --- 9.4 --- <0.050 <1.0 19.7 0.68 <0.20 <0.50 <5.0 <2.0 38.6 56.1

(0.6-1.0m) 22-Oct-09 <0.20 5.22 229 <1.0 0.27 <0.50 32.3 7.3 20.3 <0.10 --- 11.9 --- <0.050 <1.0 22.7 <0.50 0.21 <0.50 <5.0 <2.0 45.3 89.1

09-BH06 (0.0-0.15m) 22-Oct-09 0.3 15.8 185 <1.0 0.51 <0.50 23.3 7.2 15.5 <0.10 --- 9.9 --- <0.050 2.1 20.9 1.62 <0.20 <0.50 <5.0 <2.0 35.4 55.5

(1.0-1.5m) 22-Oct-09 <0.20 5.57 253 <1.0 1.01 <0.50 25.9 6.2 12.7 0.11 --- 8.8 --- <0.050 <1.0 18.4 0.64 <0.20 <0.50 <5.0 <2.0 36.5 43.6

2014

BH115-14 (0.00-0.15m) 11-Sep-14 <0.2 6.3 197 0.7 0.49 0.29 18.6 8.7 14.8 <0.10 --- 9.8 --- 0.02 <1.0 18.6 1.1 0.2 0.19 1.2 0.6 35.1 71

(0.15-0.30m) 11-Sep-14 <0.2 8.2 210 0.8 0.39 0.21 25.0 10.5 17.7 <0.10 --- 11.3 --- 0.02 <1.0 26.2 0.9 0.2 0.23 1.2 0.7 42.0 75

(0.30-0.60m) 11-Sep-14 <0.2 6.8 150 0.6 0.47 0.21 18.1 8.7 17.3 <0.10 --- 8.7 --- 0.04 <1.0 28.6 0.8 0.3 0.19 1.1 0.6 32.7 51

(0.60-1.00m) 11-Sep-14 <0.2 5.6 170 0.5 0.86 0.22 14.7 7.1 14.3 <0.10 --- 7.7 --- 0.02 <1.0 21.0 0.6 0.2 0.15 <1.0 0.8 26.7 43

(1.00-1.50m) 11-Sep-14 <0.2 5.9 243 0.5 0.94 0.19 16.3 7.6 15.6 <0.10 --- 7.9 --- 0.03 <1.0 22.0 0.7 0.2 0.16 <1.0 0.9 29.1 49

(1.50-2.00m) 11-Sep-14 <0.2 6.5 197 0.6 0.87 0.26 16.0 8.1 17.0 <0.10 --- 8.6 --- 0.03 <1.0 22.3 0.4 0.2 0.16 <1.0 1.0 28.9 59

(2.00-2.50m) 11-Sep-14 <0.2 6.4 163 0.6 1.00 0.20 15.8 8.0 16.4 <0.10 --- 8.2 --- 0.03 <1.0 22.0 0.5 0.1 0.15 <1.0 1.2 28.3 54

(2.50-3.00m) 11-Sep-14 <0.2 6.0 173 0.5 0.93 0.22 15.4 7.6 15.4 <0.10 --- 7.8 --- 0.02 <1.0 21.6 <0.3 0.1 0.16 <1.0 1.4 26.1 51

(3.00-3.50m) 11-Sep-14 <0.2 7.1 180 0.5 0.87 0.26 16.4 8.5 16.8 <0.10 --- 8.4 --- 0.03 <1.0 26.7 0.4 0.1 0.17 1.0 1.5 28.2 55

Pond Area

2009 and prior
WP

92-TH2 / 1999-TH2 (0.00-0.15m) 1-Dec-92 --- --- 187 0.7 --- <0.4 8.2 8 13.9 --- 16,200 6 281 --- <3 19 --- --- --- --- --- 23.6 51.4

(0.15-0.30m) 1-Dec-92 --- --- 177 0.7 --- <0.4 6.5 7 13.9 --- 15,200 6 271 --- <3 18 --- --- --- --- --- 20.7 49.3

(0.30-0.50m) 1-Dec-92 --- --- 188 0.8 --- <0.4 7.9 7 13.9 --- 16,500 5 292 --- <3 20 --- --- --- --- --- 23.3 53

(0.50-1.00m) 1-Dec-92 --- --- 193 0.8 --- <0.4 9.1 7 14 --- 16,800 6 268 --- <3 20 --- --- --- --- --- 26.4 51.7
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Historical Soil Analytical Results - Metals Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG  - Agricultural, Fine Soil, 2016 20 17 750 5 3.3 1.4 64 20 63 0.4 --- 70 --- 6.6 4 45 1 20 1 5 23 130 200

AEP Tier 1 SGR G - Industrial, Fine Soil, 2016 40 26 2,000 8 5.0 22 87 300 91 1.4 --- 600 --- 50 40 89 2.9 40 1 300 300 130 360

Metals

92-TH5 / TH5 (0.00-0.15 m) 1-Dec-92 --- --- 235 0.9 --- <0.3 10 8 14.2 --- 16,800 6 332 --- <2 20 --- --- --- --- --- 23.6 58.6

(0.15-0.30 m) 1-Dec-92 --- --- 221 0.8 --- <0.3 7.7 8 13.5 --- 25,100 6 428 --- <2 21 --- --- --- --- --- 23.9 56.9

92-TH5 / TH5 (0.30-0.50 m) 1-Dec-92 --- --- 270 0.7 --- <0.3 11.8 7 13.4 --- 16,800 6 314 --- <2 20 --- --- --- --- --- 21.2 58.7

(0.50-1.00 m) 1-Dec-92 --- --- 234 1 --- <0.3 13.8 7 13.6 --- 18,300 6 320 --- <2 22 --- --- --- --- --- 28 62.7

92-TH7 / TH7 (0.00-0.15m) 1-Dec-92 --- --- 210 0.9 --- 0.3 13.6 7 13 --- 17,700 7 199 --- <2 21 --- --- --- --- --- 25.9 56.8

(0.15-0.30m) 1-Dec-92 --- --- 235 1 --- 0.3 14.5 8 14.2 --- 19,200 7 317 --- <2 24 --- --- --- --- --- 27.3 58.5

(0.30-0.50m) 1-Dec-92 --- --- 206 0.9 --- 0.3 13.8 7 13.4 --- 17,500 7 273 --- <2 22 --- --- --- --- --- 26 55.3

(0.50-1.00m) 1-Dec-92 --- --- 249 0.9 --- 0.4 13.4 7 13.9 --- 17,500 7 291 --- <2 21 --- --- --- --- --- 26 59.5

92-TH13 / 1999-TH13 (0.00-0.15m) 2-Dec-92 --- --- 268 1 --- <0.3 15.9 9 14.5 --- 22,800 11 485 --- <2 23 --- --- --- --- --- 31.4 91.5

(0.15-0.30m) 2-Dec-92 --- --- 244 0.9 --- <0.2 15 10 14.3 --- 22,600 11 598 --- <2 30 --- --- --- --- --- 31.3 73.1

(0.30-0.50m) 2-Dec-92 --- --- 216 0.8 --- <0.1 11.9 7 13 --- 16,100 9 334 --- <2 20 --- --- --- --- --- 26.7 51.1

(0.50-1.00m) 2-Dec-92 --- --- 231 0.7 --- 0 10.2 7 12.9 --- 19,100 7 311 --- <2 19 --- --- --- --- --- 27.8 46.9

92-TH14 / 1999-TH14 (0.00-0.15m) 2-Dec-92 --- --- 238 0.9 --- 0.3 11.2 8 12.2 --- 18,500 10 430 --- <2 17 --- --- --- --- --- 25.9 78.6

(0.15-0.30m) 2-Dec-92 --- --- 166 0.7 --- 0.3 9.5 7 12 --- 15,900 9 337 --- <1 21 --- --- --- --- --- 22.8 48.3

(0.30-0.50m) 2-Dec-92 --- --- 321 0.9 --- <0.1 15.9 7 14.2 --- 17,600 9 287 --- 0 21 --- --- --- --- --- 30.6 52.8

(0.50-1.00m) 2-Dec-92 --- --- 277 0.8 --- 0 14.3 8 15 --- 18,400 8 300 --- <1 21 --- --- --- --- --- 30.3 56.4

92-TH16 / TH16 (0.00-0.15m) 2-Dec-92 --- --- 249 0.9 --- <0.3 11.7 8 15.6 --- 18,600 10 510 --- <2 20 --- --- --- --- --- 26.2 87.5

(0.15-0.30m) 2-Dec-92 --- --- 206 0.7 --- <0.3 8.2 7 16.3 --- 15,300 9 296 --- <2 21 --- --- --- --- --- 21.3 52.7

(0.30-0.50m) 2-Dec-92 --- --- 218 0.8 --- <0.3 11.8 7 15.4 --- 16,100 10 293 --- <2 20 --- --- --- --- --- 29 54.4

(0.50-1.00m) 2-Dec-92 --- --- 366 0.8 --- <0.3 12.7 8 15.7 --- 17,200 10 329 --- <2 21 --- --- --- --- --- 29.8 62

92-TH19 / TH19 (0.00-0.15m) 1-Dec-92 --- --- 219 0.9 --- 0.4 14.4 7 13.8 --- 17,700 7 309 --- <2 21 --- --- --- --- --- 25.4 81.1

(0.15-0.30m) 1-Dec-92 --- --- 229 0.9 --- 0.4 13 8 14.1 --- 18,000 9 316 --- <2 22 --- --- --- --- --- 24.9 101

Pond Area

2009 and prior
WP

(0.30-0.50m) 1-Dec-92 --- --- 217 0.9 --- 0.4 11.2 8 14.4 --- 18,800 7 308 --- <2 22 --- --- --- --- --- 25 89.9

(0.50-1.00m) 1-Dec-92 --- --- 251 0.9 --- 0.4 12.1 8 15 --- 17,600 8 285 --- <2 23 --- --- --- --- --- 25.2 60.9

09-BH07 (0.0-0.15m) 22-Oct-09 0.26 6.24 210 <1.0 0.69 <0.50 27.1 7.2 16.1 <0.10 --- 9.9 --- <0.050 <1.0 21.2 0.63 <0.20 <0.50 <5.0 <2.0 37.3 59.1

(0.6-1.0m) 22-Oct-09 0.26 6.92 277 <1.0 0.73 <0.50 35 8.2 18.4 <0.10 --- 10.7 --- <0.050 1.2 28 0.51 <0.20 <0.50 <5.0 <2.0 45.8 59.4

(2.0-2.5m) 22-Oct-09 0.21 6.71 198 <1.0 1.03 <0.50 33.3 8 16.7 0.12 --- 9.7 --- <0.050 1.3 25.6 0.62 <0.20 <0.50 <5.0 <2.0 42.1 55.2

09-BH08 (0.3-0.6m) 22-Oct-09 0.26 5.99 276 <1.0 1.69 <0.50 24.3 6.8 15.3 <0.10 --- 9 --- <0.050 <1.0 24.9 0.69 <0.20 <0.50 <5.0 2.3 39.5 52.8

(1.0-1.5m) 22-Oct-09 0.24 7.49 242 <1.0 0.72 <0.50 31 8.1 16.8 <0.10 --- 9.6 --- <0.050 1.6 25.4 0.61 <0.20 <0.50 <5.0 <2.0 44.2 53.5

09-BH09 (0.3-0.6m) 21-Oct-09 <0.20 8.34 176 <1.0 0.52 <0.50 34.4 9.1 16.9 <0.10 --- 11.2 --- <0.050 <1.0 27.4 0.81 <0.20 <0.50 <5.0 <2.0 50.5 68.7

(2.0-2.5m) 21-Oct-09 <0.20 7.22 192 <1.0 1.52 <0.50 34.3 8.4 17.3 <0.10 --- 10.2 --- <0.050 1.6 25.1 0.52 <0.20 <0.50 <5.0 <2.0 46.1 58.4

(3.0-3.5m) 21-Oct-09 <0.20 6.62 188 <1.0 1.03 <0.50 32.2 8.2 16.9 <0.10 --- 10.1 --- 0.087 1.3 23.8 0.79 <0.20 <0.50 <5.0 <2.0 42.5 55

09-BH28 (2.0-2.5m) 21-Oct-09 <0.20 6.67 200 <1.0 0.69 <0.50 31.8 7.7 17.3 <0.10 --- 10.1 --- <0.050 1.7 24.3 0.73 <0.20 <0.50 <5.0 <2.0 41.8 54.5

Product Storage and Handling Area

2009 and prior
WP

92-TH1 / 1999-TH1 (0.00-0.15 m) 2-Dec-92 --- --- 206 0.5 --- <0.3 10.9 5 10.4 --- 12,900 19 386 --- <2 13 --- --- --- --- --- 17.2 64.1

(0.15-0.30 m) 2-Dec-92 --- --- 199 0.5 --- <0.3 9.1 6 10.6 --- 13,000 16 304 --- <2 15 --- --- --- --- --- 18.6 52.4

(0.30-0.50 m) 2-Dec-92 --- --- 223 0.7 --- <0.3 15.2 7 12.5 --- 16,100 19 282 --- <2 18 --- --- --- --- --- 25.3 66.1

(0.50-1.00 m) 2-Dec-92 --- --- 222 0.8 --- <0.3 12 8 14.4 --- 17,600 8 314 --- <3 20 --- --- --- --- --- 26.3 55.3

92-TH9A / 1999-TH9A (0.00-0.15m) 3-Dec-92 --- --- 188 0.4 --- <0.3 27 4 8.4 --- 10,500 <2 313 --- <2 12 --- --- --- --- --- 15.4 38.3

(0.15-0.30m) 3-Dec-92 --- --- 220 0.5 --- <0.3 473 6 11.4 --- 16,900 2 365 --- <2 38 --- --- --- --- --- 20.4 48.7

(0.30-0.50m) 3-Dec-92 --- --- 192 0.6 --- <0.3 3,000 10 20.1 --- 39,300 2 487 --- <2 150 --- --- --- --- --- 31.1 108

(0.50-1.00m) 3-Dec-92 --- --- 202 0.7 --- <0.3 29.5 8 14.3 --- 17,400 4 292 --- <2 23 --- --- --- --- --- 25.9 55

92-TH10 / 1999-TH10 (0.00-0.15m) 2-Dec-92 --- --- 170 0.3 --- 2.4 5.4 3 11.2 --- 10,100 8 305 --- <2 10 --- --- --- --- --- 12.9 67.3

(0.15-0.30m) 2-Dec-92 --- --- 177 0.3 --- <0.3 6.5 3 6.1 --- 9,440 5 292 --- <2 10 --- --- --- --- --- 11.9 31.5

92-TH10 / 1999-TH10 (0.30-0.50m) 2-Dec-92 --- --- 240 0.4 --- <0.3 8.1 4 6.1 --- 11,200 5 630 --- <2 11 --- --- --- --- --- 15.3 33.3
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Historical Soil Analytical Results - Metals Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG  - Agricultural, Fine Soil, 2016 20 17 750 5 3.3 1.4 64 20 63 0.4 --- 70 --- 6.6 4 45 1 20 1 5 23 130 200

AEP Tier 1 SGR G - Industrial, Fine Soil, 2016 40 26 2,000 8 5.0 22 87 300 91 1.4 --- 600 --- 50 40 89 2.9 40 1 300 300 130 360

Metals

92-TH10 / 1999-TH10 (0.50-1.00m) 2-Dec-92 --- --- 203 0.7 --- <0.3 10.1 7 13.8 --- 17,100 8 275 --- <2 20 --- --- --- --- --- 25.2 53.3

95-TH9A / 1999-TH9A (0.00-0.15m) 14-Nov-95 --- --- 969 0.3 --- <0.3 34.4 5 13.3 --- 11,600 4 254 --- <2 14 --- --- --- --- --- 17.7 49.8

(0.15-0.30m) 14-Nov-95 --- --- 204 0.5 --- <0.3 19.9 7 16.1 --- 16,100 4 275 --- <2 20 --- --- --- --- --- 25.7 51.4

(0.30-0.50m) 14-Nov-95 --- --- 202 0.6 --- <0.3 23 7 16.2 --- 17,000 4 266 --- <2 29 --- --- --- --- --- 30 52.9

(0.50-1.00m) 14-Nov-95 --- --- 190 0.6 --- <0.3 23.8 7 16.3 --- 17,300 5 284 --- <2 22 --- --- --- --- --- 29.7 53.4

95-TH10 / 1999-TH10 (0.00-0.15m) 14-Nov-95 --- --- 243 0.5 --- 1.2 22.2 7 15 --- 16,800 5 311 --- <2 20 --- --- --- --- --- 25.3 62.4

(0.15-0.30m) 14-Nov-95 --- --- 188 0.3 --- 0.8 111 4 11.4 --- 12,700 3 295 --- 7 14 --- --- --- --- --- 19.2 39.7

(0.30-0.50m) 14-Nov-95 --- --- 243 0.4 --- <0.3 14.9 5 10.3 --- 12,100 3 319 --- <2 14 --- --- --- --- --- 18.9 35.9

(0.50-1.00m) 14-Nov-95 --- --- 187 0.4 --- <0.3 16.6 6 13.7 --- 14,000 4 272 --- 3 17 --- --- --- --- --- 23.2 43.8

9A / 2002-TH9A (0.00-0.15 m) 4-Sep-02 0.7 6.1 172 0.48 --- 0.23 18.7 5.45 12.8 --- --- 6.93 --- 0.036 0.67 17.3 0.4 <0.05 0.3 0.4 --- 29.5 42.9

(0.15-0.30 m) 4-Sep-02 0.8 7.13 210 0.67 --- 0.27 24.5 7.35 18.8 --- --- 8.85 --- 0.04 0.49 22.3 0.9 <0.05 0.6 0.3 --- 44.1 53.1

(0.30-0.50 m) 4-Sep-02 1.2 7 170 0.61 --- 0.25 21.6 7.06 15.6 --- --- 8.46 --- 0.039 0.67 21.1 0.8 <0.05 0.4 0.3 --- 38.9 51.8

(0.50-1.00 m) 4-Sep-02 0.8 7.61 190 0.65 --- 0.25 23.2 7.4 16.8 --- --- 8.91 --- 0.036 0.69 22.1 1.2 <0.05 <0.2 0.6 --- 40 55.8

9A-A / 2002-TH9Aa (0.00-0.15 m) 4-Sep-02 0.7 7.25 208 0.67 --- 0.26 23.6 7.33 17.1 --- --- 9.16 --- 0.038 0.59 21.9 0.8 <0.05 0.6 0.3 --- 42.6 55.5

(0.15-0.30 m) 4-Sep-02 0.7 6.74 206 0.66 --- 0.23 24.7 7.29 16.7 --- --- 8.85 --- 0.037 0.63 22.7 0.8 <0.05 0.9 0.6 --- 43.2 53.5

(0.30-0.50 m) 4-Sep-02 0.7 7.31 188 0.7 --- 0.25 24.3 7.65 17.7 --- --- 9.42 --- 0.04 0.69 22.9 1 <0.05 0.8 0.6 --- 43 62

(0.50-1.00 m) 4-Sep-02 0.7 7.38 194 0.67 --- 0.25 23.9 7.76 17.8 --- --- 9.08 --- 0.036 0.66 23.2 0.6 <0.05 1 0.5 --- 41.3 59.3

9A-B / 2002-TH9Ab (0.00-0.15 m) 4-Sep-02 0.7 6.93 208 0.43 --- 0.29 21.6 5.21 12.1 --- --- 6.6 --- 0.046 0.96 18.8 1 <0.05 0.3 0.2 --- 26.3 42.7

(0.15-0.30 m) 4-Sep-02 0.5 6.31 202 0.6 --- 0.24 22 6.64 15.6 --- --- 8.23 --- 0.041 0.72 19.9 0.5 <0.05 <0.2 0.3 --- 38.8 52.5

(0.30-0.50 m) 4-Sep-02 0.6 6.9 184 0.63 --- 0.24 22.8 7.07 16.3 --- --- 8.55 --- 0.034 0.77 21.8 0.8 <0.05 0.8 0.4 --- 40.6 53.9

Product Storage and Handling Area

2009 and prior
WP

9A-B / 2002-TH9Ab (0.50-1.00 m) 4-Sep-02 0.4 6.94 195 0.64 --- 0.25 22.8 7.23 16.4 --- --- 8.95 --- 0.037 0.58 22 0.5 <0.05 0.8 0.4 --- 40.1 55

9A-C / 2002-TH9Ac (0.00-0.15 m) 4-Sep-02 0.4 5 253 0.34 --- 0.28 19.6 3.85 14.2 --- --- 5.67 --- 0.02 0.62 23.9 0.6 <0.05 <0.2 0.4 --- 21.4 44.5

(0.15-0.30 m) 4-Sep-02 0.7 6.29 188 0.62 --- 0.25 23.8 7.11 16.5 --- --- 8.78 --- 0.035 0.67 21.5 0.4 <0.05 0.3 0.3 --- 39.5 53.8

(0.30-0.50 m) 4-Sep-02 0.9 6.86 188 0.66 --- 0.27 23.7 7.18 16.8 --- --- 8.76 --- 0.032 0.59 21.3 0.5 <0.05 0.4 0.4 --- 41.5 56.7

(0.50-1.00 m) 4-Sep-02 0.6 6.95 196 0.66 --- 0.28 23.7 7.6 17.3 --- --- 8.85 --- 0.04 0.69 22.8 1.5 <0.05 <0.2 0.4 --- 41.6 57

10 / 2002-TH10 (0.00-0.15 m) 4-Sep-02 0.8 8.2 225 0.47 --- 2.3 17.5 5.78 14.6 --- --- 8.47 --- 0.04 1.14 18.3 0.8 <0.05 0.3 0.5 --- 26.6 92.9

(0.15-0.30 m) 4-Sep-02 0.5 7.07 258 0.65 --- 0.72 26.9 7.45 17.9 --- --- 9.38 --- 0.04 1.11 24.4 1.6 <0.05 0.5 0.3 --- 41.5 62.4

(0.30-0.50 m) 4-Sep-02 0.6 6.98 245 0.67 --- 0.35 24.6 7.51 17.5 --- --- 9.06 --- 0.033 0.7 21.9 <0.2 <0.05 <0.2 0.4 --- 45.2 57.5

(0.50-1.00 m) 4-Sep-02 0.6 7.14 189 0.62 --- 0.26 22.3 6.69 15.3 --- --- 8.22 --- 0.039 0.75 20.3 1 <0.05 0.9 0.3 --- 42.9 51.4

10A / 2002-TH10A (0.00-0.15 m) 4-Sep-02 0.8 5 152 0.25 --- 6.62 11.5 2.78 12.9 --- --- 7.21 --- 0.021 0.61 10.8 0.3 <0.05 0.6 0.5 --- 14.6 119

(0.15-0.30 m) 4-Sep-02 0.7 6.61 203 0.56 --- 0.4 21.9 7.17 16.1 --- --- 8.33 --- 0.046 0.67 21.6 0.3 <0.05 0.3 0.5 --- 33.6 56.4

(0.30-0.50 m) 4-Sep-02 0.7 6.87 213 0.62 --- 0.25 22.6 7.23 17.3 --- --- 8.67 --- 0.048 0.61 21.4 0.7 <0.05 0.2 0.5 --- 40.2 54.6

(0.50-1.00 m) 4-Sep-02 0.7 7.16 212 0.63 --- 0.27 22.6 7.25 16.5 --- --- 9.12 --- 0.038 0.66 21.8 0.8 <0.05 <0.2 0.2 --- 42 54.7

10B / 2002-TH10B (0.00-0.15 m) 4-Sep-02 0.6 6.57 186 0.66 --- 0.26 23.8 7.32 17.5 --- --- 8.9 --- 0.039 0.68 21.6 0.8 <0.05 0.4 0.3 --- 42.9 55.4

(0.15-0.30 m) 4-Sep-02 0.8 5.54 188 0.46 --- 0.54 19.7 5.1 14.7 --- --- 8.88 --- 0.034 0.6 16.2 1.2 <0.05 0.4 0.5 --- 29.2 50.3

(0.30-0.50 m) 4-Sep-02 0.9 6.14 184 0.56 --- 0.22 22.9 6.27 15.2 --- --- 7.94 --- 0.034 0.54 17.9 0.8 <0.05 0.4 0.5 --- 37.4 51.1

(0.50-1.00 m) 4-Sep-02 1 6.52 163 0.6 --- 0.2 22.1 6.66 15.7 --- --- 8.19 --- 0.034 0.44 20.5 0.7 <0.05 0.5 0.4 --- 39.8 52.1

10C / 2002-TH10C (0.00-0.15 m) 4-Sep-02 0.6 5.4 208 0.38 --- 0.55 19.1 4.09 12 --- --- 5.66 --- 0.019 0.65 14.9 0.6 <0.05 <0.2 <0.2 --- 23.1 45.8

(0.15-0.30 m) 4-Sep-02 0.7 6.21 176 0.57 --- 0.64 19.9 5.55 16.5 --- --- 8.63 --- 0.027 0.49 16.1 0.5 <0.05 0.5 <0.2 --- 35.6 58.8

(0.30-0.50 m) 4-Sep-02 0.9 5.74 162 0.6 --- 0.23 20.5 6.87 15.2 --- --- 8.4 --- 0.031 0.37 17.9 0.9 <0.05 0.5 0.2 --- 37.6 52.7

(0.50-1.00 m) 4-Sep-02 0.7 6 243 0.59 --- 0.25 21.6 6.68 15.6 --- --- 8.55 --- 0.036 0.4 19 0.7 <0.05 <0.2 0.3 --- 38.3 51.7

SS7 (0.00-0.15m) 21-Dec-07 0.547 5.49 184 <0.4 0.4 <0.8 41.7 5.21 24.2 --- 14,200 32 358 <0.05 2.54 16.1 <0.176 0.106 0.17 0.503 --- 27.1 150

(0.60-1.00m) 21-Dec-07 0.387 6.98 191 0.7 0.6 <0.8 21.5 8.89 18.6 --- 21,500 20.5 318 <0.05 1.11 20.8 <0.176 0.149 0.205 0.583 --- 41.8 63

SS8 (0.15-0.30m) 21-Dec-07 0.461 7.16 175 0.5 1.1 <0.8 18.3 7.69 15.5 --- 18,200 21.2 283 <0.05 1.05 17.6 <0.176 0.132 0.211 0.515 --- 36.2 52

(1.00-1.50m) 21-Dec-07 0.451 6.97 171 0.6 1.3 <0.8 18.4 8.32 16.7 --- 18,700 19.9 300 <0.05 1.22 18.5 <0.176 0.151 0.212 0.583 --- 36 56

SS9 (0.00-0.15m) 21-Dec-07 0.497 6.25 183 0.4 0.7 <0.8 20.2 6.88 15.3 --- 16,700 21.4 303 <0.05 0.981 16.5 <0.176 0.12 0.192 0.487 --- 30.9 67
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Historical Soil Analytical Results - Metals Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG  - Agricultural, Fine Soil, 2016 20 17 750 5 3.3 1.4 64 20 63 0.4 --- 70 --- 6.6 4 45 1 20 1 5 23 130 200

AEP Tier 1 SGR G - Industrial, Fine Soil, 2016 40 26 2,000 8 5.0 22 87 300 91 1.4 --- 600 --- 50 40 89 2.9 40 1 300 300 130 360

Metals

SS9 (0.15-0.30m) 21-Dec-07 0.501 6.3 167 0.5 0.9 <0.8 19 7.9 15.5 --- 18,300 21.9 312 <0.05 1.17 18 <0.176 0.155 0.223 0.534 --- 36 55

(0.60-1.00m) 21-Dec-07 0.521 7.14 161 0.5 0.9 <0.8 17.2 6.86 13.6 --- 16,900 18.6 259 <0.05 1.31 14.9 <0.176 0.164 0.223 0.612 --- 31.5 48

SS10 (0.15-0.30m) 21-Dec-07 0.41 6.27 171 0.5 0.8 <0.8 16.9 7.81 15.9 --- 17,600 21 319 <0.05 0.989 18.6 <0.176 0.129 0.193 0.466 --- 31.1 54

(1.00-1.50m) 21-Dec-07 0.485 6.36 176 0.5 0.6 <0.8 17.6 8.95 17.6 --- 18,200 23.8 463 <0.05 1.03 23.5 <0.176 0.138 0.22 0.497 --- 33.9 54

2013

BH104-13 (0.00-0.15m) 25-Jun-13 <0.2 5.7 187 0.4 0.27 0.76 11.2 6.2 13.0 <0.10 --- 7.0 --- 0.03 <1 17.6 0.4 0.2 0.14 2.1 0.7 20.2 46

(0.15-0.30m) 25-Jun-13 <0.2 6.0 185 0.5 0.38 0.42 13.3 7.4 15.2 <0.10 --- 8.3 --- 0.04 <1 21.6 0.5 0.2 0.15 1.6 0.9 23.1 49

(0.30-0.60m) 25-Jun-13 <0.2 6.2 172 0.4 0.54 0.77 14.2 7.6 15.4 <0.1 --- 11.1 --- 0.03 <1 21.5 0.5 0.2 0.14 1.8 1.2 24.0 54

(0.60-1.00m) 25-Jun-13 <0.2 6.7 197 0.5 0.64 0.51 14.0 7.8 16.2 <0.1 --- 8.6 --- 0.03 1.0 22.2 0.6 0.2 0.15 1.7 1.0 25.6 54

(1.00-1.50m) 25-Jun-13 <0.2 6.0 158 0.5 0.96 0.33 13.7 7.4 15.6 <0.1 --- 8.2 --- 0.03 1.1 20.7 0.5 0.2 0.15 1.8 1.2 24.4 50

(1.50-2.50m) 25-Jun-13 <0.2 6.3 152 0.5 1.00 0.24 13.7 7.7 16.1 <0.1 --- 8.7 --- 0.03 1.0 23.8 0.5 0.2 0.17 1.9 1.6 24.2 51

South Landfill

2009 and prior
WP

TH50 / 1999-TH50 (0.00-0.15 m) 14-Oct-99 0.76 6.6 198 0.682 --- 0.382 23.3 8.05 16.6 --- 24,500 10.1 438 --- 0.41 22 1.59 <0.1 <0.4 <0.3 --- 41.1 74.2

(0.15-0.30 m) 14-Oct-99 0.79 6.4 169 0.624 --- 0.29 21.6 7.38 14.6 --- 23,200 9 374 --- 0.28 24.5 1.67 <0.1 0.4 <0.3 --- 36.7 58.4

(0.30-0.50 m) 14-Oct-99 0.75 5.9 169 0.526 --- 0.351 18.3 6.48 16.8 --- 21,300 7.8 310 --- 0.3 22.3 1.1 <0.1 <0.4 <0.3 --- 32.8 45.7

(0.50-1.00 m) 14-Oct-99 0.64 6 212 0.527 --- 0.302 19.8 6.77 15.6 --- 21,400 7.6 261 --- 0.31 20.4 0.96 <0.1 <0.4 <0.3 --- 34.4 44.6

(1.00-1.50 m) 14-Oct-99 0.81 6.4 262 0.587 --- 0.288 21.8 7.13 18.1 --- 23,900 8.6 337 --- 0.46 21.9 1.3 <0.1 0.8 <0.3 --- 36.9 50.5

South Landfill

2009 and prior
WP

TH50 / 1999-TH50 (1.50-2.00 m) 14-Oct-99 0.69 5.9 166 0.548 --- 0.236 20.7 6.49 15.7 --- 20,200 7.6 287 --- 0.63 19.8 0.97 <0.1 <0.4 <0.3 --- 33 45.8

(2.00-2.50 m) 14-Oct-99 0.76 5.6 162 0.515 --- 0.25 18.8 6.45 14.9 --- 19,500 7.4 260 --- 0.53 19.3 1.18 <0.1 <0.4 <0.3 --- 31 44.2

(2.50-3.00 m) 14-Oct-99 0.84 6.2 185 0.549 --- 0.285 20.7 6.75 15.6 --- 20,300 7.7 269 --- 0.66 20.4 1.11 <0.1 0.5 <0.3 --- 32.8 46.1

(3.00-3.50 m) 14-Oct-99 0.7 6 177 0.55 --- 0.289 20 6.98 16.3 --- 20,700 8 297 --- 0.59 21.2 1.15 <0.1 0.4 <0.3 --- 32.9 47.6

(3.50-4.00 m) 14-Oct-99 0.84 5.9 183 0.555 --- 0.283 20.9 6.91 16.3 --- 20,900 7.9 327 --- 0.56 21 1.05 <0.1 <0.4 <0.3 --- 32.4 48

04-TH-50A / 2004-TH50A (1.0-1.5m) 20-Jul-04 --- 9.1 228 0.95 --- 0.29 30 11.7 20.2 --- --- 13.3 --- 0.03 0.6 36.6 0.3 --- <0.3 --- --- 54.9 89

(1.5-2.0m) 20-Jul-04 --- 7.5 210 0.7 --- 0.2 23.3 8.25 17.4 --- --- 9.1 --- 0.03 1 24.5 <0.2 --- <0.3 --- --- 41.7 59

04-TH-50B / 2004-TH50B (1.0-1.5m) 20-Jul-04 --- 7.7 347 0.7 --- 0.24 24.3 9.23 18.9 --- --- 9.1 --- 0.03 0.9 26 0.7 --- <0.3 --- --- 45.2 60

(1.5-2.0m) 20-Jul-04 --- 13.4 432 1.45 --- 0.47 46.6 19.3 34.4 --- --- 18.6 --- 0.03 2 43.7 0.4 --- 0.4 --- --- 94.6 120

04-TH-50C / 2004-TH50C (1.0-1.5m) 20-Jul-04 --- 14.8 463 1.77 --- 0.44 55 20.2 41.7 --- --- 20.6 --- 0.04 1.1 52.3 1.7 --- 0.5 --- --- 104 133

(1.5-2.0m) 20-Jul-04 --- 10.8 289 1.12 --- 0.39 37.8 14.8 28.9 --- --- 15 --- 0.03 1.3 37.5 0.4 --- <0.3 --- --- 69.2 99.2

04-TH-50D / 2004-TH50D (1.0-1.5m) 20-Jul-04 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(1.5-2.0m) 20-Jul-04 --- 13.9 350 1.35 --- 0.41 47.6 17.7 35 --- --- 17.3 --- 0.03 1.7 47.2 0.2 --- 0.4 --- --- 81.1 116

(2.0-2.5m) 20-Jul-04 --- 12.2 304 1.42 --- 0.44 42.4 16.4 32.7 --- --- 17.6 --- 0.03 1.7 41.7 0.3 --- 0.4 --- --- 75.4 109

MW34 / 07MW34 (0.00-0.15m) 21-Dec-07 0.463 5.85 165 0.5 0.5 <0.8 16.7 7.65 14.9 --- 16,900 25.3 289 <0.05 0.611 17.5 <0.176 0.114 0.187 0.439 --- 31.8 48

(0.60-1.00m) 21-Dec-07 0.449 5.92 155 0.5 0.6 <0.8 15.7 7.7 15.1 --- 17,000 21.9 298 <0.05 0.814 17.4 0.291 0.116 0.182 0.424 --- 29.6 48

(1.00-1.50m) 21-Dec-07 0.498 6.32 225 0.5 0.8 <0.8 16.1 7.52 15.4 --- 16,500 18.8 290 <0.05 1.27 16.6 0.377 0.135 0.197 0.535 --- 29.1 49

(2.00-2.50m) 21-Dec-07 0.46 6.12 183 0.6 1.1 <0.8 18.5 8.36 17.4 --- 18,400 20.4 352 <0.05 1.13 19 <0.176 0.138 0.192 0.856 --- 35.4 58

(4.00-4.50m) 21-Dec-07 0.431 5.88 176 0.5 0.6 <0.8 17.9 7.51 17.5 --- 17,600 17.8 243 <0.05 0.92 15.9 0.282 0.143 0.189 0.598 --- 34.4 54

MW35 / 07MW35 (0.60-1.00m) 21-Dec-07 0.482 5.93 139 0.6 0.2 <0.8 18.9 7.56 15.4 --- 18,400 4.5 329 <0.05 0.614 19.3 0.234 0.179 0.199 0.566 --- 36.2 53

(2.50-3.00m) 21-Dec-07 0.475 5.86 310 0.5 0.8 <0.8 18.7 7.67 16.3 --- 18,000 18.1 403 <0.05 1.14 17.8 <0.176 0.173 0.211 0.587 --- 36.3 53

MW36 / 07MW36 (0.00-0.15m) 21-Dec-07 0.523 6.91 171 0.7 0.4 <0.8 22.6 9.09 15.4 --- 20,800 1.8 366 <0.05 0.663 26 0.484 0.08 0.235 0.622 --- 43 63

(0.60-1.00m) 21-Dec-07 0.424 6.03 180 0.5 0.5 <0.8 18.6 7.9 17.3 --- 18,500 20.8 305 <0.05 0.621 19.5 0.226 0.135 0.205 0.548 --- 36.4 52

(1.50-2.00m) 21-Dec-07 0.478 6.34 198 0.6 1.2 <0.8 20.2 8.72 17.1 --- 19,300 16.7 328 <0.05 1.21 20.6 <0.176 0.159 0.216 0.618 --- 38.6 57

(2.50-3.00m) 21-Dec-07 0.465 5.67 187 0.6 0.9 <0.8 19.4 8.24 17.2 --- 18,800 14.6 303 <0.05 0.981 18.3 <0.176 0.147 0.207 0.552 --- 37.7 59

MW37 / 07MW37 (0.00-0.15m) 21-Dec-07 0.445 6.13 176 0.6 0.8 <0.8 22.6 7.93 17.3 --- 19,500 22 287 <0.05 1.41 17.4 <0.176 0.151 0.21 0.649 --- 39 56

(1.00-1.50m) 21-Dec-07 0.472 5.89 190 0.6 1 <0.8 21.9 7.94 17.1 --- 18,500 20.6 306 <0.05 1.2 18.2 <0.176 0.152 0.215 0.582 --- 38.4 54

(3.00-3.50m) 21-Dec-07 0.459 5.86 181 0.5 0.7 <0.8 18.3 8.02 16.1 --- 18,400 19.2 323 <0.05 0.98 18.6 0.188 0.154 0.212 0.799 --- 35.1 54
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Historical Soil Analytical Results - Metals Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG  - Agricultural, Fine Soil, 2016 20 17 750 5 3.3 1.4 64 20 63 0.4 --- 70 --- 6.6 4 45 1 20 1 5 23 130 200

AEP Tier 1 SGR G - Industrial, Fine Soil, 2016 40 26 2,000 8 5.0 22 87 300 91 1.4 --- 600 --- 50 40 89 2.9 40 1 300 300 130 360

Metals

MW37 / 07MW37 (5.50-6.00m) 21-Dec-07 0.493 6.64 190 0.6 0.6 <0.8 18.9 8.42 18.2 --- 18,700 19.7 374 <0.05 1.1 20.2 0.211 0.144 0.205 0.667 --- 36.5 56

09-BH21 (1.0-1.5m) 20-Oct-09 0.23 5.25 418 <1.0 0.91 <0.50 26.1 6.4 14 0.11 --- 9.2 --- <0.050 1.1 20 0.72 <0.20 <0.50 <5.0 <2.0 35.2 39.3

(2.0-2.5m) 20-Oct-09 <0.20 6.29 219 <1.0 0.57 <0.50 31.1 7.8 16.8 0.1 --- 11 --- <0.050 1.4 24.1 0.81 <0.20 <0.50 <5.0 <2.0 38.4 52.2

09-BH22 (1.5-2.0m) 21-Oct-09 <0.20 5.79 198 <1.0 0.43 <0.50 28.9 6.9 14.8 <0.10 --- 9.4 --- <0.050 <1.0 22 <0.50 <0.20 <0.50 <5.0 <2.0 38 47.3

09-BH23 (1.0-1.5m) 21-Oct-09 <0.20 5.84 215 <1.0 1.17 <0.50 25.7 6.9 14.7 <0.10 --- 9.4 --- <0.050 1.4 20.8 0.93 <0.20 <0.50 <5.0 <2.0 39.3 46.8

(2.0-2.5m) 21-Oct-09 <0.20 5.58 187 <1.0 0.85 <0.50 25.9 6.7 14 <0.10 --- 9.1 --- <0.050 <1.0 20.4 0.58 <0.20 <0.50 <5.0 <2.0 37.6 45.6

09-BH24 (1.0-1.5m) 21-Oct-09 <0.20 5.62 179 <1.0 0.56 <0.50 21.6 6.4 13.2 0.14 --- 8.6 --- <0.050 <1.0 18.6 0.86 <0.20 <0.50 <5.0 <2.0 35.7 44.6

(2.0-2.5m) 21-Oct-09 <0.20 5.17 135 <1.0 0.82 <0.50 22.3 6.1 12.1 0.11 --- 7.7 --- <0.050 <1.0 18.2 0.61 <0.20 <0.50 <5.0 <2.0 31.8 43.8

2012
M

12-B8 (0.15-0.30m) 18-Jun-12 <0.2 6.7 201 0.6 0.4 0.32 18.4 9.2 17 <0.1 --- 9.8 --- 0.02 <1 28.0 0.6 <0.10 0.21 1 0.6 30.5 52

(0.60-1.00m) 18-Jun-12 <0.2 6.7 247 0.5 0.6 0.27 18.4 8.8 18 <0.1 --- 9.6 --- 0.03 <1 26.9 0.7 <0.10 0.22 1 0.8 30.5 51

12-B9 (0.30-0.60m) 18-Jun-12 <0.2 6.2 207 0.5 0.9 0.22 17.4 8.3 17 <0.1 --- 9.2 --- 0.04 1 25.8 0.7 <0.10 0.2 1 0.9 28.1 48

(1.00-1.50m) 18-Jun-12 <0.2 6.3 175 0.6 1.2 0.20 14.4 7.9 16 <0.1 --- 8.6 --- 0.03 1 23.0 0.5 <0.10 0.19 2 1.0 25.1 46

Urea Plant Area

2009 and prior
WP

92-TH18 / 1999-TH18 (0.00-0.15m) 2-Dec-92 --- --- 177 0.4 --- 0.4 8.3 5 8.9 --- 10,000 6 322 --- <2 12 --- --- --- --- --- 13.9 43.9

Urea Plant Area

2009 and prior
WP

92-TH18 / 1999-TH18 (0.15-0.30m) 2-Dec-92 --- --- 193 0.6 --- <0.2 7.2 7 12.6 --- 14,900 7 277 --- <1 18 --- --- --- --- --- 20.5 50.5

(0.30-0.50m) 2-Dec-92 --- --- 198 0.8 --- <0.1 10.9 8 14.2 --- 17,700 8 288 --- 0 20 --- --- --- --- --- 26.5 52.6

(0.50-1.00m) 2-Dec-92 --- --- 226 0.8 --- 0 12.4 8 14.9 --- 17,900 9 298 --- <1 21 --- --- --- --- --- 26.9 55.9

SS1 (0.00-0.15m) 21-Dec-07 0.661 6.52 232 <0.4 0.5 <0.8 18.1 5.73 16.4 --- 17,000 32 588 <0.05 1.37 13.2 <0.176 0.124 0.206 1.09 --- 28 64

(0.60-1.00m) 21-Dec-07 0.598 7.22 204 0.6 0.8 <0.8 21.8 7.46 17.3 --- 19,000 19.9 387 <0.05 1.22 19.1 <0.176 0.162 0.266 0.779 --- 41.1 54

SS2 (0.15-0.30m) 21-Dec-07 0.562 7.56 194 0.5 0.6 <0.8 18.8 8.26 16 --- 18,100 20.4 395 <0.05 1.31 20.5 <0.176 0.17 0.254 0.671 --- 36.4 54

(1.00-1.50m) 21-Dec-07 0.609 7.53 228 0.6 1.1 <0.8 21.2 8.05 17.9 --- 20,200 21.8 298 <0.05 1.25 18.9 0.189 0.176 0.274 0.724 --- 44.1 56

SS3 (0.00-0.15m) 21-Dec-07 0.5 6.98 206 0.5 0.8 <0.8 19.5 8.02 15.7 --- 18,500 23.2 325 <0.05 1.11 18.2 <0.176 0.139 0.225 0.609 --- 39.1 53

(0.15-0.30m) 21-Dec-07 0.517 6.97 205 0.5 0.8 <0.8 94.4 7.27 14.6 --- 18,300 27.3 309 <0.05 1.79 56.1 <0.176 0.128 0.227 0.548 --- 34.3 49

(0.60-1.00m) 21-Dec-07 0.56 7.61 210 0.5 0.7 <0.8 24.3 7.83 16 --- 19,400 20.4 301 <0.05 1.15 18.8 0.198 0.156 0.249 0.682 --- 39 52

SS4 (0.15-0.30m) 21-Dec-07 0.549 7.78 195 0.5 0.7 <0.8 41.6 7.15 14.8 --- 17,300 27.5 285 <0.05 1.24 16.5 <0.176 0.151 0.231 0.594 --- 33.6 48

(1.00-1.50m) 21-Dec-07 0.467 5.8 212 0.5 0.8 <0.8 17.5 6.81 15.6 --- 17,100 28.2 266 <0.05 0.802 18.8 <0.176 0.116 0.202 0.459 --- 35.3 48

SS5 (0.00-0.15m) 21-Dec-07 0.547 6.8 239 0.6 0.6 <0.8 22.8 7.82 16.1 --- 18,600 21.9 307 <0.05 1.14 17.3 <0.176 0.146 0.232 0.631 --- 41.1 52

(0.60-1.00m) 21-Dec-07 0.56 6.15 214 0.6 0.5 <0.8 19.4 7.84 17 --- 18,000 18.5 285 <0.05 1.08 18.2 0.318 0.175 0.245 0.765 --- 38.4 55

SS6 (0.15-0.30m) 21-Dec-07 0.58 6.59 202 0.6 0.5 <0.8 27.4 7.42 16.1 --- 18,500 26 330 <0.05 0.893 18.2 <0.176 0.135 0.252 0.853 --- 40.8 51

(1.00-1.50m) 21-Dec-07 0.524 6.62 203 0.6 0.7 <0.8 19.6 6.84 16.1 --- 17,600 25.6 264 <0.05 0.832 17.6 <0.176 0.13 0.235 0.616 --- 40.9 53

2014

BH113-14 (0.00-0.15m) 11-Sep-14 <0.2 8.9 201 0.4 0.73 0.30 14.3 6.2 17.8 <0.10 --- 7.6 --- 0.02 <1.0 25.3 0.5 0.1 0.14 1.2 0.9 22.0 54

(0.15-0.30m) 11-Sep-14 <0.2 6.9 193 0.4 0.69 0.28 13.9 6.7 15.4 <0.10 --- 7.7 --- 0.02 <1.0 21.1 0.6 0.1 0.14 1.2 0.9 23.3 53

(0.30-0.60m) 11-Sep-14 <0.2 5.6 201 0.5 0.57 0.23 13.9 6.1 13.2 <0.10 --- 7.0 --- 0.02 <1.0 19.8 0.3 0.1 0.13 1.2 0.9 21.7 44

(0.60-1.00m) 11-Sep-14 <0.2 9.7 195 0.6 0.84 0.26 16.9 8.3 17.4 <0.10 --- 9.1 --- 0.03 <1.0 24.0 0.6 0.2 0.19 1.2 1.2 30.1 58

(1.00-1.50m) 11-Sep-14 <0.2 6.4 198 0.5 0.86 0.24 16.0 7.7 16.0 <0.10 --- 8.0 --- 0.02 <1.0 22.8 0.5 0.2 0.16 1.0 0.9 28.5 51

(1.50-2.00m) 11-Sep-14 <0.2 7.4 324 0.6 0.51 0.30 17.9 8.7 17.9 <0.10 --- 9.4 --- 0.03 <1.0 24.9 0.4 0.2 0.18 <1.0 1.0 31.6 60

(2.00-2.50m) 11-Sep-14 <0.2 6.5 215 0.7 0.60 0.27 19.1 9.2 19.1 <0.10 --- 8.9 --- 0.03 <1.0 25.3 0.4 0.2 0.19 <1.0 1.2 32.7 62

(2.50-3.00m) 11-Sep-14 <0.2 7.9 284 0.6 0.72 0.33 24.7 11.7 24.7 <0.10 --- 11.5 --- 0.04 <1.0 32.4 0.3 0.2 0.23 <1.0 1.6 40.0 76

(3.00-3.50m) 11-Sep-14 <0.2 8.0 224 0.5 0.72 0.26 19.0 8.9 19.0 <0.10 --- 8.9 --- 0.03 <1.0 24.3 0.5 0.2 0.19 1.0 1.3 31.8 60

BH118-14 (0.00-0.15m) 11-Sep-14 <0.2 9.2 205 0.5 0.5 0.24 19.4 7.1 14.1 <0.10 --- 8.8 --- 0.03 1.1 25.0 <0.3 0.2 0.15 1.2 1.1 22.5 52

(0.15-0.30m) 11-Sep-14 <0.2 5.9 188 0.5 0.51 0.26 17.1 7.5 15.4 <0.10 --- 8.5 --- 0.03 <1.0 32.6 0.4 0.2 0.17 1.1 0.8 25.8 53

(0.30-0.60m) 11-Sep-14 <0.2 6.3 191 0.5 0.62 0.18 16.3 7.8 15.6 <0.10 --- 8.9 --- 0.03 <1.0 25.6 0.5 0.2 0.18 1.0 0.8 27.9 53

(0.60-1.00m) 11-Sep-14 <0.2 6.3 199 0.6 0.85 0.24 16.2 8.2 16.5 <0.10 --- 8.9 --- 0.04 <1.0 24.2 0.4 0.2 0.19 <1.0 0.8 28.0 54
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Historical Soil Analytical Results - Metals Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG  - Agricultural, Fine Soil, 2016 20 17 750 5 3.3 1.4 64 20 63 0.4 --- 70 --- 6.6 4 45 1 20 1 5 23 130 200

AEP Tier 1 SGR G - Industrial, Fine Soil, 2016 40 26 2,000 8 5.0 22 87 300 91 1.4 --- 600 --- 50 40 89 2.9 40 1 300 300 130 360

Metals

BH118-14 (1.00-1.50m) 11-Sep-14 <0.2 6.8 204 0.6 1.04 0.25 15.9 9.4 18.4 <0.10 --- 9.5 --- 0.04 <1.0 24.9 0.4 0.2 0.20 1.1 1.2 29.5 60

(1.50-2.00m) 11-Sep-14 <0.2 6.8 188 0.6 0.96 0.24 14.9 8.6 18.1 <0.10 --- 9.0 --- 0.03 <1.0 27.3 0.4 0.2 0.19 1.0 1.1 27.2 56

(2.00-2.50m) 11-Sep-14 <0.2 7.1 193 0.6 1.00 0.24 16.1 8.5 16.9 <0.10 --- 9.1 --- 0.04 <1.0 24.7 0.4 0.2 0.20 1.1 1.2 24.3 56

(2.50-3.00m) 11-Sep-14 <0.2 5.6 196 0.5 1.09 0.24 14.5 8.5 16.3 <0.10 --- 8.6 --- 0.03 <1.0 23.6 0.4 0.1 0.21 1.1 1.9 24.8 55

Water Treatment Area

2009 and prior
WP

92-TH8 / 1999-TH8 (0.00-0.15m) 1-Dec-92 --- --- 240 0.8 --- 0.3 11 7 12.5 --- 16,000 6 287 --- <2 20 --- --- --- --- --- 23.6 56.2

(0.15-0.30m) 1-Dec-92 --- --- 230 0.9 --- <0.3 12.4 7 13.6 --- 17,200 7 292 --- <2 21 --- --- --- --- --- 24.6 54.9

(0.30-0.50m) 1-Dec-92 --- --- 302 1 --- 0.3 14.8 8 13.9 --- 18,400 7 285 --- <2 22 --- --- --- --- --- 28.2 55.4

(0.50-1.00m) 1-Dec-92 --- --- 233 0.8 --- <0.3 10.1 7 13.3 --- 16,400 6 314 --- <2 21 --- --- --- --- --- 21.8 52.2

West Landfill

2009 and prior
WP

92-TH9 / TH9 (0.00-0.15 m) 2-Dec-92 --- --- 188 0.5 --- <0.3 68.5 6 14.7 --- 15,600 9 345 --- <2 16 --- --- --- --- --- 18.7 57.8

(0.15-0.30 m) 2-Dec-92 --- --- 189 0.5 --- <0.3 12.2 6 13.1 --- 14,200 9 272 --- <2 17 --- --- --- --- --- 18.4 59

West Landfill

2009 and prior
WP

92-TH9 / TH9 (0.30-0.50 m) 2-Dec-92 --- --- 211 0.6 --- <0.3 20.3 7 15.3 --- 15,200 9 302 --- <2 17 --- --- --- --- --- 21.7 87

(0.50-1.00 m) 2-Dec-92 --- --- 197 0.7 --- <0.3 12.3 7 20.6 --- 16,100 13 307 --- <2 18 --- --- --- --- --- 24.1 106

CAR-CNO-TH51 / 1999-TH51 (0.00-0.15 m) 14-Oct-99 0.64 6.3 189 0.497 --- 0.272 22.6 6.11 19.3 --- --- 7.5 --- 0.03 0.65 18.4 0.98 <0.1 0.4 <0.3 --- 30.2 56.9

(0.15-0.30 m) 14-Oct-99 <0.5 6.8 208 0.544 --- 0.285 19.6 6.86 15.7 --- --- 7.8 --- 0.03 0.71 21.7 1.32 <0.1 0.5 <0.3 --- 32 45.6

(0.30-0.50 m) 14-Oct-99 0.52 6.7 199 0.578 --- 0.306 20.7 7.2 16.8 --- --- 8.3 --- 0.03 0.71 22.3 1.01 <0.1 0.7 <0.3 --- 33 49.5

(0.50-1.00 m) 14-Oct-99 0.68 6.8 191 0.577 --- 0.247 19.9 6.89 16.2 --- --- 8.3 --- 0.03 0.71 20.9 1.07 <0.1 0.7 <0.3 --- 33.8 48.5

(1.00-1.50 m) 14-Oct-99 0.63 6 178 0.516 --- 0.242 18.2 6.58 15.1 --- --- 7.8 --- 0.02 0.58 19.9 1 <0.1 <0.4 <0.3 --- 30.1 45.4

(1.50-2.00 m) 14-Oct-99 0.59 6.4 209 0.56 --- 0.289 20.3 6.77 16.5 --- --- 7.9 --- 0.03 0.63 20.8 1.21 <0.1 0.6 <0.3 --- 33 47.9

(2.00-2.50 m) 14-Oct-99 0.69 6.6 194 0.58 --- 0.269 19.9 6.69 16.2 --- --- 8.2 --- 0.03 0.54 21.2 0.91 <0.1 0.5 <0.3 --- 34.5 47.9

(2.50-3.00 m) 14-Oct-99 0.8 6.3 178 0.552 --- 0.315 18.2 6.45 16.2 --- --- 7.7 --- 0.03 0.67 19.9 1.13 <0.1 0.8 <0.3 --- 32.5 47.7

(3.00-3.50 m) 14-Oct-99 0.84 7.3 211 0.616 --- 0.263 21.9 7.09 18.7 --- --- 8.9 --- 0.04 0.6 22.1 1.24 <0.1 1 <0.3 --- 38.8 52.9

(3.50-4.00 m) 14-Oct-99 0.7 6.7 219 0.59 --- 0.282 19.9 7.2 17.8 --- --- 8.4 --- 0.03 0.63 21.8 1.12 <0.1 <0.4 <0.3 --- 34.3 51.3

(4.00-4.50 m) 14-Oct-99 0.78 6.5 175 0.597 --- 0.274 20.8 7.13 17.2 --- --- 8.5 --- 0.04 0.62 21.2 1.08 <0.1 0.6 <0.3 --- 33.9 51.3

MW30 / 07MW30 (0.00-0.15m) 21-Dec-07 0.522 6.98 190 0.5 0.6 <0.8 17.8 7.3 14.8 --- 17,000 24.3 307 <0.05 1.12 16 <0.176 0.134 0.208 0.489 --- 31 49

(1.50-2.00m) 21-Dec-07 0.443 5.45 174 0.5 0.6 <0.8 15.9 7.34 15.4 --- 16,700 25.2 264 <0.05 0.883 15.5 0.205 0.134 0.191 0.583 --- 29.7 50

(4.00-4.50m) 21-Dec-07 0.546 6.46 168 0.5 0.5 <0.8 16 8.57 15.1 --- 16,600 23.1 701 <0.05 1.18 20.5 0.732 0.163 0.24 0.547 --- 29.4 50

MW32 / 07MW32 (0.00-0.15m) 21-Dec-07 0.548 7.09 202 0.5 0.5 <0.8 68.2 8.05 16.5 --- 18,600 21.2 315 <0.05 1.28 18.3 0.284 0.158 0.239 0.656 --- 33.8 56

(1.00-1.50m) 21-Dec-07 0.479 6.62 181 0.5 0.7 <0.8 16.4 7.37 14.9 --- 17,000 25.4 289 <0.05 1.05 17.1 0.181 0.133 0.204 0.498 --- 30.9 51

(3.00-3.50m) 21-Dec-07 0.422 5.95 162 0.5 0.3 <0.8 16.4 7.38 15.4 --- 17,400 28.8 283 <0.05 0.788 17.4 <0.176 0.128 0.187 0.432 --- 29.6 51

(5.00-5.50m) 21-Dec-07 0.435 6.41 170 0.5 0.3 <0.8 15.6 7.76 16 --- 17,600 18 280 <0.05 0.982 16.4 0.201 0.133 0.182 0.481 --- 29.2 52

(6.50-7.00m) 21-Dec-07 0.473 6.13 174 0.5 0.5 <0.8 15.6 7.49 15.8 --- 17,400 24 232 <0.05 0.978 17.2 0.398 0.142 0.182 0.705 --- 28.5 54

2015

BH100-15 (0.00-0.15m) 4-Nov-15 0.4 7.4 133 0.3 0.41 0.24 22.3 4.6 13.6 <0.10 --- 8.9 --- <0.05 <1.0 17.7 <0.3 <0.1 0.11 <1.0 0.8 16.2 57

(0.15-0.30m) 4-Nov-15 0.4 8 195 0.5 0.86 0.29 29.4 7.2 16.1 <0.10 --- 7.9 --- 0.06 1 31 0.3 <0.1 0.16 <1.0 1.1 23 67

(0.30-0.60m) 4-Nov-15 0.4 7.6 156 0.5 0.78 0.24 20.1 7 15.5 <0.10 --- 7.7 --- 0.06 1 25.1 0.4 <0.1 0.16 <1.0 1.2 22.5 58

(0.60-1.00m) 4-Nov-15 0.4 7.9 163 0.5 0.7 0.24 27.4 7.6 16.6 <0.10 --- 8.1 --- 0.06 1.2 28.8 0.4 <0.1 0.17 <1.0 1 24.3 61

(1.00-1.50m) 4-Nov-15 0.4 8.5 181 0.6 0.45 0.2 20.8 7.9 17.7 <0.10 --- 8.9 --- 0.06 1.1 26.4 <0.3 <0.1 0.16 <1.0 0.9 24.5 64

(1.50-2.00m) 4-Nov-15 0.3 8.3 163 0.5 0.39 0.22 18.7 8.1 18.1 <0.10 --- 9.7 --- 0.05 1 25.4 <0.3 <0.1 0.17 <1.0 0.8 24.3 67

(2.00-2.50m) 4-Nov-15 0.4 8.7 162 0.5 0.4 0.23 22.3 8.1 17.5 <0.10 --- 8.8 --- 0.06 1.2 27.5 <0.3 <0.1 0.17 <1.0 0.8 23.9 66

(2.50-3.00m) 4-Nov-15 0.4 8.3 138 0.5 0.43 0.26 20.5 8 16.5 <0.10 --- 9.2 --- 0.06 <1.0 26.9 0.3 <0.1 0.17 <1.0 0.8 23 62

(3.00-3.50m) 5-Nov-15 0.4 8.6 196 0.5 0.43 0.36 22.4 9.4 18.5 <0.10 --- 9.2 --- 0.06 1.1 32.2 0.7 <0.1 0.2 <1.0 1.1 24.3 68

BH101-15 (0.00-0.15m) 4-Nov-15 0.4 8.2 156 0.5 0.78 0.26 23 7.3 18.6 <0.10 --- 9.2 --- 0.05 1.5 26.7 0.4 <0.1 0.16 <1.0 1.5 21.7 61
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Historical Soil Analytical Results - Metals Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

AEP Tier 1 SGRG  - Agricultural, Fine Soil, 2016 20 17 750 5 3.3 1.4 64 20 63 0.4 --- 70 --- 6.6 4 45 1 20 1 5 23 130 200

AEP Tier 1 SGR G - Industrial, Fine Soil, 2016 40 26 2,000 8 5.0 22 87 300 91 1.4 --- 600 --- 50 40 89 2.9 40 1 300 300 130 360

Metals

BH101-15 (0.15-0.30m) 4-Nov-15 0.4 8 173 0.5 0.65 0.26 16 6.9 17.1 <0.10 --- 8.7 --- <0.05 <1.0 22.9 0.3 <0.1 0.17 <1.0 1 22.7 61

(0.30-0.60m) 4-Nov-15 0.5 9.2 189 0.6 0.68 0.27 18.1 7.8 18.1 <0.10 --- 8.9 --- 0.06 <1.0 24.4 0.4 <0.1 0.19 <1.0 1.1 25.8 64

(0.60-1.00m) 4-Nov-15 0.4 8.9 181 0.5 0.7 0.24 16 7.7 16.9 <0.10 --- 8.2 --- 0.05 1 23.3 0.4 <0.1 0.17 <1.0 1.1 24.6 61

(1.00-1.50m) 4-Nov-15 0.4 8.1 187 0.5 0.62 0.21 16.3 7.1 16.2 <0.10 --- 7.9 --- <0.05 <1.0 22.5 0.4 <0.1 0.17 <1.0 1.1 23.4 56

(1.50-2.00m) 4-Nov-15 0.4 8.4 173 0.6 0.6 0.25 25.7 8.8 18.6 <0.10 --- 9 --- 0.06 1.4 29.9 <0.3 <0.1 0.19 <1.0 1.2 25.9 64

(2.00-2.50m) 4-Nov-15 0.4 8.4 154 0.6 0.54 0.25 22.1 8.3 18.5 <0.10 --- 8.6 --- 0.06 1.2 28.4 <0.3 <0.1 0.19 <1.0 1 25.5 63

(2.50-3.00m) 4-Nov-15 0.4 8.3 167 0.5 0.58 0.26 21.4 8.4 18.6 <0.10 --- 8.7 --- 0.06 1.2 26.7 <0.3 <0.1 0.19 <1.0 1 25.8 64

(3.00-3.50m) 5-Nov-15 0.4 9 159 0.6 0.5 0.28 22.5 9.2 19.9 <0.10 --- 9.8 --- 0.06 1.2 29.2 <0.3 <0.1 0.19 <1.0 0.9 26.3 71

BH102-15 (0.00-0.15m) 4-Nov-15 0.5 9.6 194 0.5 0.44 0.3 21.6 7.6 17.7 <0.10 --- 8.4 --- 0.06 <1.0 24.7 0.4 <0.1 0.19 <1.0 0.9 23.8 65

(0.15-0.30m) 4-Nov-15 0.5 9.6 166 0.5 0.66 0.33 26.5 7.2 26.1 <0.10 --- 8.3 --- 0.06 1.4 28 0.4 0.1 0.17 <1.0 1 22.1 105

(0.30-0.60m) 4-Nov-15 0.5 9.3 181 0.5 0.63 0.32 18.2 6.6 22.8 <0.10 --- 7.8 --- 0.06 1.1 25.7 0.4 <0.1 0.17 <1.0 0.9 20.6 62

(0.60-1.00m) 4-Nov-15 0.5 8.8 187 0.5 0.66 0.31 20.2 6.6 20.3 <0.10 --- 8 --- 0.07 1 24.8 0.4 <0.1 0.16 <1.0 1 21.7 69

West Landfill

2015

BH102-15 (1.00-1.50m) 4-Nov-15 0.4 8.2 167 0.5 0.69 0.25 21.8 7.5 17.5 <0.10 --- 8.1 --- 0.06 1 27.5 0.4 <0.1 0.18 <1.0 1 23.9 61

(1.50-2.00m) 4-Nov-15 0.4 8.5 156 0.6 0.82 0.27 22.6 7.7 16.8 <0.10 --- 8.4 --- 0.06 1.1 28.2 0.4 <0.1 0.17 <1.0 1.1 24 62

(2.00-2.50m) 4-Nov-15 0.4 8.3 151 0.6 0.89 0.26 21 7.4 16.6 <0.10 --- 8.2 --- 0.06 1 25.7 0.4 <0.1 0.19 <1.0 1.2 24.2 61

General Coverage

2009 and prior
WP

04-TH-24-A / 2004-TH24A (0.00-0.15 m) 21-Jul-04 --- 4.7 123 0.42 0.2 0.19 15.3 6.06 22.1 --- --- 7.1 --- 0.03 0.6 16.5 0.3 --- <0.3 --- --- 28.3 47.8

(0.15-0.30 m) 21-Jul-04 --- 4.6 106 0.4 0.2 0.18 14.9 5.82 21.6 --- --- 6.5 --- 0.03 0.5 15.7 0.4 --- <0.3 --- --- 26.7 47.4

(0.30-0.60 m) 21-Jul-04 --- 5 101 0.4 0.3 0.2 15.4 6.05 18.9 --- --- 6.7 --- 0.02 0.6 16.4 <0.2 --- <0.3 --- --- 27.1 43.6

(0.60-1.00 m) 21-Jul-04 --- 4.1 89.9 0.36 0.3 0.17 12.6 5.29 14.8 --- --- 5.6 --- 0.02 0.5 14.5 <0.2 --- <0.3 --- --- 22.5 39.6

(1.00-1.50 m) 21-Jul-04 --- 5.3 150 0.5 0.4 0.18 14.2 5.61 9 --- --- 6 --- 0.01 0.5 14.8 <0.2 --- <0.3 --- --- 27.9 37.8

Notes: Units are noted. 

Shaded - Value exceeds AEP Tier 1 SGRG , Agricultural land use criteria. 

 --- in guideline(s) row denotes no criteria specified, and in data row(s) indicates parameter not analyzed.

AEP Tier 1 SGRG - Alberta Environment and Sustainable Resource Development Tier 1 Soil and Groundwater Remediation Guidelines , May 2014.

WP - Tabulated data for sampling events in 2009 and prior was obtained from the 2010 Worley Parsons's Soil Management Program Proposal , File No. C70340200, June 24, 2010.  

M - Tabulated data was obtained from the 2011 and 2012 Matrix Solutions Inc. Operational Soil Management Program , February & November 2012. 
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Historical Soil Analytical Results - Petroleum Hydrocarbon Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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AEP Tier 1 SGRG - Agricultural, Fine Surface Soil
a
, 2016 0.046 0.52 0.073 0.99 210 150 1,300 5,600 0.68 --- --- ---

AEP Tier 1 SGRG - Agricultural, Fine Subsoil
a
, 2016 0.046 0.52 0.073 0.99 420 300 2,600 10,000 0.68 --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Surface Soil
a
, 2016 0.046 0.52 0.073 0.99 320 260 2,500 6,500 0.68 --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Subsoil
a
, 2016 0.046 0.52 0.073 0.99 640 520 4,300 10,000 0.68 --- --- ---

Background

2009 and prior
WP

09-BH25 (0.0-0.15m) 20-Oct-09 <0.0050 <0.050 <0.015 <0.10 <10 <20 59 <500 <0.050 95 --- ---

(0.6-1.0m) 20-Oct-09 <0.0050 <0.050 <0.015 <0.10 <10 <20 <20 <20 <0.050 <20 --- ---

(1.5-2.0m) 20-Oct-09 <0.0050 <0.050 <0.015 <0.10 <10 <20 <20 <20 <0.050 <20 --- ---

(5.0-5.5m) 20-Oct-09 <0.0050 <0.050 <0.015 <0.10 <10 <20 95 27 <0.050 122 --- ---

09-BH27 (0.0-0.15m) 20-Oct-09 <0.0050 <0.050 <0.015 <0.10 <10 <20 <20 <20 <0.050 <20 --- ---

(1.0-1.5m) 20-Oct-09 <0.0050 <0.050 <0.015 <0.10 <10 <20 <20 <20 <0.050 <20 --- ---

Boneyard

2009 and prior
WP

95-TH44 / TH44 (0.00-0.15m) 14-Nov-95 --- --- --- --- --- --- --- --- --- --- 166 ---

(0.15-0.30m) 14-Nov-95 --- --- --- --- --- --- --- --- --- --- 42 ---

(0.30-0.50m) 14-Nov-95 --- --- --- --- --- --- --- --- --- --- 95 ---

(0.50-1.00m) 14-Nov-95 --- --- --- --- --- --- --- --- --- --- 24 ---

OIL PIT / 2002-TH44A-OIL PIT (2.00-2.50 m) 4-Sep-02 <0.02 <0.02 <0.02 <0.02 <1 48 43 35 --- --- --- ---

04-TH-44C / 2004-TH44C (0.00-0.15 m) 19-Jul-04 <0.02 <0.02 <0.02 <0.02 <1 <10 794 258 --- --- --- ---

09-BH20 (0.3-0.6m) 19-Oct-09 <0.0050 <0.010 <0.010 0.011 <5.0 <20 24 <20 --- 24 --- ---

(2.0-2.5m) 19-Oct-09 <0.0050 <0.010 <0.010 <0.010 <5.0 <20 <20 <20 --- <20 --- ---

2012
M

12-B4 (0.60-1.00m) 18-Jun-12 <0.005 <0.02 <0.01 <0.03 <10 <50 <50 <100 <0.010 --- --- ---

CRU Area

2009 and prior
WP

CAR-CNO-TH49 / 1999-TH49 (0.00-0.15 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(0.15-0.30 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(0.30-0.50 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(0.50-1.00 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(1.00-1.50 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(1.50-2.00 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(2.00-2.50 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(2.50-3.00 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(3.00-3.50 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(3.50-4.00 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

04-TH-49-B / 2004-TH49B (1.00-1.50 m) 19-Jul-04 <0.02 <0.02 <0.02 <0.02 <1 <10 68 46 --- --- --- ---

05-BH8 8 / 05-BH8 (1.0-1.5m) 18-Feb-05 <0.02 <0.02 <0.02 <0.02 <1 <10 28 <10 --- --- --- ---

Maintenance Area and Parking Lot

2009 and prior
WP

09-BH10 (0.0-0.15m) 20-Oct-09 <0.0050 <0.050 <0.015 <0.10 <10 <20 46 <20 <0.050 46 --- ---

(1.0-1.5m) 20-Oct-09 <0.0050 <0.050 <0.015 <0.10 <10 <20 <20 <20 <0.050 <20 --- ---

09-BH11 (0.15-0.3m) 20-Oct-09 <0.0050 <0.050 <0.015 <0.10 <10 <20 37 <20 <0.050 37 --- ---

(0.6-1.0m) 20-Oct-09 <0.0050 <0.050 <0.015 <0.10 <10 <20 <20 <20 <0.050 <20 --- ---

2014

BH116-14 (0.0-0.15m) 11-Sep-14 <0.005 <0.02 <0.010 <0.03 <10 <50 61 <100 --- --- --- ---

(0.15-0.30 m) 11-Sep-14 <0.005 <0.02 <0.010 <0.03 <10 <50 <50 <100 --- --- --- ---

(0.30-0.60m) 11-Sep-14 <0.005 <0.02 <0.010 <0.03 <10 <50 583 112 --- --- --- ---

(0.60-1.00m) 11-Sep-14 <0.005 <0.02 <0.010 <0.03 <10 <50 <50 <100 --- --- --- ---

(1.00-1.50m) 11-Sep-14 <0.005 <0.02 <0.010 <0.03 <10 <50 63 <100 --- --- --- ---

(1.50-2.00m) 11-Sep-14 <0.005 <0.02 <0.010 <0.03 <10 <50 <50 <100 --- --- --- ---

(2.00-2.50m) 11-Sep-14 <0.005 <0.02 <0.010 <0.03 <10 <50 51 <100 --- --- --- ---

Northeast Area

2009 and prior
WP

09-BH05 (1.0-1.5m) 22-Oct-09 <0.0050 <0.050 <0.015 <0.10 <10 <20 <20 <20 <0.050 --- --- ---

Product Storage and Handling Area

2009 and prior
WP

09-BH13 (0.6-1.15m) 20-Oct-09 <0.0050 <0.010 <0.010 <0.010 <5.0 <20 <20 <20 --- <20 --- ---

Hydrocarbons
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Historical Soil Analytical Results - Petroleum Hydrocarbon Parameters (1992 to 2016)

Project Number: 5427S

Site Location: Carseland Nitrogen Operations

Client: Agrium
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(m) (d-m-y) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (%)

AEP Tier 1 SGRG - Agricultural, Fine Surface Soil
a
, 2016 0.046 0.52 0.073 0.99 210 150 1,300 5,600 0.68 --- --- ---

AEP Tier 1 SGRG - Agricultural, Fine Subsoil
a
, 2016 0.046 0.52 0.073 0.99 420 300 2,600 10,000 0.68 --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Surface Soil
a
, 2016 0.046 0.52 0.073 0.99 320 260 2,500 6,500 0.68 --- --- ---

AEP Tier 1 SGRG - Industrial, Fine Subsoil
a
, 2016 0.046 0.52 0.073 0.99 640 520 4,300 10,000 0.68 --- --- ---

Hydrocarbons

South Landfill

2009 and prior
WP

LOC 50 / 2002-TH50 (1.50-2.00m) 5-Sep-02 <0.02 <0.02 <0.02 0.02 <1 <10 <10 <10 --- --- --- ---

(2.00-2.50m) 5-Sep-02 <0.02 <0.02 <0.02 <0.02 <1 <10 <10 <10 --- --- --- ---

LOC 50A / 2002-TH50A (2.00-2.50m) 5-Sep-02 <0.02 <0.02 <0.02 <0.02 <1 <10 14 <10 --- --- --- ---

LOC 50B / 2002-TH50B (2.00-2.50m) 5-Sep-02 <0.02 <0.02 <0.02 0.02 <1 <10 20 12 --- --- --- ---

LOC 50C / 2002-TH50C (2.00-2.50m) 5-Sep-02 <0.02 <0.02 <0.02 <0.02 <1 <10 <10 <10 --- --- --- ---

09-BH22 (1.0-1.25m) 21-Oct-09 <0.0050 <0.050 <0.015 <0.10 <10 <20 <20 <20 <0.050 --- --- ---

West Landfill

2009 and prior
WP

CAR-CNO-TH51 / 1999-TH51 (0.00-0.15 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(0.15-0.30 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(0.30-0.50 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(0.50-1.00 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(1.00-1.50 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(1.50-2.00 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(2.00-2.50 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(2.50-3.00 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(3.00-3.50 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(3.50-4.00 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

(4.00-4.50 m) 14-Oct-99 --- --- --- --- --- --- --- --- --- --- --- <0.05

Notes: Units are noted. 

Shaded - Value exceeds AEP Tier 1 SGRG, Agricultural land use criteria. 

 --- in guideline(s) row denotes no criteria specified, and in data row(s) indicates parameter not analyzed.

AEP Tier 1 SGRG - Alberta Environment and Sustainable Resource Development Tier 1 Soil and Groundwater Remediation Guidelines, May 2014.

a - Surface soil criteria applies to a depth of 3 mbgs and subsurface soil applies below 3 mbgs.  

WP - Tabulated data for sampling events in 2009 and prior was obtained from the 2010 Worley Parsons's Soil Management Program Proposal , 

File No. C70340200, June 24, 2010.  

M - Tabulated data was obtained from the 2011 and 2012 Matrix Solutions Inc. Operational Soil Management Program , February & November 2012. 
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Appendix 5  Ground Water Monitoring 
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APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00 

CARSELAND NITROGEN OPERATIONS 

Appendix 5 Existing Monitoring Wells 

MW Name Total Depth (m) Ground Surface 
(masl) 

Groundwater 
Elevation (m) 
October 2016 

Groundwater 
Level Below 
Grade (m) 

October 2016 

MW-0 4.505 992.080 991.025 -0.025 

MW-1 6.985 990.070 987.550 1.450 

MW-2 6.940 993.250 991.390 1.080 

MW-3 6.955 991.670 989.805 0.875 

MW-4 6.950 991.770 989.975 0.865 

MW-5 4.897 977.430 974.940 1.750 

MW-9 6.423 987.200 985.040 1.080 

MW09-1 5.350 991.860 NM NM 

MW09-2 5.285 995.560 993.000 1.760 

MW09-3 5.243 986.300 981.925 3.585 

MW09-4 5.295 987.110 984.400 1.980 

MW09-5 5.407 985.100 980.525 3.775 

MW09-6 5.345 995.480 993.320 1.380 

MW-10 5.300 990.690 988.375 1.575 

MW-11 12.070 989.680 988.290 0.700 

MW11-1B 7.355 991.990 986.310 4.830 

MW11-2B 8.210 995.580 992.985 1.735 

MW11-5B 8.985 985.300 980.070 4.240 

MW-12 9.095 990.790 988.960 1.120 

MW12-39 5.875 987.730 983.370 2.970 

MW12-40 10.170 988.730 984.890 2.490 

MW12-41 10.360 989.250 986.930 1.000 

MW-13 4.610 990.520 989.060 0.850 

MW-14 10.663 992.160 990.875 0.655 

December 2017 Agrium Inc. Appendix 5-1 



APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00 

CARSELAND NITROGEN OPERATIONS 

MW Name Total Depth (m) Ground Surface 
(masl) 

Groundwater 
Elevation (m) 
October 2016 

Groundwater 
Level Below 
Grade (m) 

October 2016 

MW-15 8.610 990.010 987.890 1.490 

MW-16 8.670 993.420 990.325 2.495 

MW-17 9.200 993.790 991.105 1.485 

MW-18 8.670 993.990 989.430 3.700 

MW-19 17.405 989.040 986.745 1.235 

MW-20 8.440 996.130 991.175 3.965 

MW-21A 2.980 988.150 986.545 0.835 

MW-21B 12.640 987.440 986.040 2.170 

MW-21C 21.920 988.190 986.595 0.805 

MW-22A 6.800 988.750 986.400 1.630 

MW-22B 12.735 988.750 986.549 1.481 

MW-23 6.965 989.740 986.945 1.945 

MW-30 8.080 994.530 992.060 1.550 

MW-31 5.455 993.560 991.915 0.795 

MW-32 8.010 996.050 993.470 1.740 

MW-33 5.160 988.640 984.880 2.850 

MW-34 5.280 991.770 990.200 0.660 

MW-35 3.334 991.640 989.935 0.905 

MW-36 3.470 992.500 990.255 1.335 

MW-37 6.940 993.720 987.470 5.380 

MW-38 4.750 995.380 992.915 1.685 

12-SE5S 5.355 NM NM NM 

MW 16-42 10.050 NM NM NM 

MW 16-43 6.930 NM NM NM 

MW 16-44 19.350 NM NM NM 

December 2017 Agrium Inc. Appendix 5-2 



HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Background

MW-20 09-May-01 7.53 11700 370 1180 --- --- --- --- --- --- 800 8490 5780 --- --- <6.8 --- 2 1.7 48
MW-20 11-Oct-01 8.11 11400 400 986 1625 21.4 --- --- 31.7 --- 797 7720 5058 --- <0.03 <0.1 --- 1.3 1.3 46
MW-20 27-May-02 7.50 9400 378 1020 --- --- --- --- --- --- 807 8980 5143 --- --- <0.7 --- 3.5 0.84 51
MW-20 08-Oct-02 7.60 9100 456 990 --- --- --- --- --- --- 838 8840 5214 --- --- <0.05 --- 1.4 1.4 51
MW-20 21-May-03 7.63 10900 484 1136 --- --- --- --- --- --- 822 8378 5887 --- <9.1 <4.5 --- 1.68 0.95 44
MW-20 17-Oct-03 7.34 11100 870 1162 --- --- --- --- --- --- 800 8734 6958 --- --- <4.52 --- 1.19 0.5 60
MW-20 10-May-05 7.92 11190 376 1032 --- --- --- --- --- 688 --- 7610 5189 --- --- <0.25 --- 2.1 1.7 49
MW-20 11-Oct-05 7.92 12400 361 1050 --- --- --- --- --- 681 --- 9143 5225 --- --- 5.4 --- 3.5 1.5 57
MW-20 17-May-06 7.77 12710 392 1352 --- --- --- --- --- 683 833 9153 6546 --- --- 1.8 --- 2.8 1.7 67
MW-20 12-Oct-06 7.89 17670 393 2309 --- --- --- --- --- 663 808 3654 10490 --- --- <0.2 --- 4.34 3.36 134
MW-20 04-Jun-07 7.88 13390 430 1454 2062 18.6 --- --- 60.9 706 861 9475 7061 --- <1.2 <1.0 --- 2.8 <0.90 76
MW-20 23-Oct-07 7.92 17570 450 --- --- --- --- --- --- --- 817 10770 --- --- --- 1.1 --- 2.54 0.44 129
MW-20 28-May-08 8.10 20400 369 1480 2060 18 0.04 <0.01 --- 692 --- --- --- 16300 --- 0.52 --- --- 0.33 ---
MW-20 16-Oct-08 7.95 14150 354 1399 --- --- --- --- --- 725 884 10656 6645 --- --- <0.02 --- 2.8 <0.9 100
MW-20 09-Jun-09 7.97 13360 396 1357 1948 --- --- --- 37.1 722 880 9586 6577 13780 --- <0.4 --- 2 <0.9 71
MW-20 10-Jun-10 7.83 12300 371 1260 1880 17.7 <0.3 <0.05 50.1 714 871 9510 6120 13500 <0.05 0.32 0.32 2.92 0.05 ---
MW-20 20-Sep-10 7.86 18400 373 2340 2590 18 <0.60 <0.10 78.2 615 750 16700 10600 22500 <0.50 1.47 1.47 8.58 0.339 149
MW-20 13-Jun-11 7.68 23300 408 3360 3280 19 <0.60 <0.10 110 645 786 18400 14900 26000 <0.10 2.52 2.52 9.28 0.113 196
MW-20 20-Sep-11 7.79 24100 425 3520 3200 20.1 <0.03 <0.0050 118 696 849 20800 15600 28500 <0.25 2.11 2.11 8.35 <0.050 203
MW-20 11-Jun-12 7.73 21500 435 3360 3210 19 <0.60 <0.10 113 648 791 21700 14900 29200 <1.0 2.8 2.8 8.03 <0.25 200
MW-20 06-Sep-12 7.83 22100 405 3100 3020 20 <0.60 <0.10 104 670 817 20200 13800 27300 <0.25 3.2 <3.5 4.07 0.06 192
MW-20 20-Jun-13 7.50 18800 361 2630 2860 19 --- --- 70.9 633 772 16000 11700 22300 <0.10 3.13 3.13 6.14 <0.10 ---
MW-20 10-Oct-13 8.01 20600 427 3160 3280 20 --- --- 72.5 645 787 16600 14100 24000 <0.25 2.51 2.51 7 0.488 ---
MW-20 05-Jun-14 7.90 1920 408 3210 3020 19 --- --- 97 627 765 18800 14200 25900 <2 <5 <5.4 7.6 0.502 ---
MW-20 2-Oct-14 8.05 19700 480 3450 3500 22.0 --- --- 96.4 629 767 17000 15400 24900 <0.40 4.3 4.3 0.91 <0.50 ---
MW-20 30-Apr-15 7.96 16300 396 2790 2780 20 --- --- 84 732 893 16000 12500 22500 <0.20b 3.16 3.16 10.2 <0.50b ---
MW-20 7-Oct-15 7.79 16600 405 2420 2820 <25  --- --- 85 770 940 16200 11000 22400 <0.20 2.43 2.43 6.20 <1.0 ---
MW-20 1-Jun-16 7.9 15600 359.0 1970 2672 34.3 --- --- 59.23 714.2 870.8 13110 9011 18650 <0.005 1.028 1.028 4.74 0.60 ---
MW-20 4-Oct-16 7.8 19300 396.3 3028 2775 40.9 --- --- 81.09 651.1 793.9 18520 13460' 25250 <0.005 3.185 3.185 6.5 0.3 ---
MW-20 31-May-17 7.9 15800 356.9 2187 2636 36.2 --- --- 60.43 682.0 831.5 14480 9897 20170 <0.005 0.913 0.913 9.57 0.90 ---
MW-20 5-Oct-17 7.8 15700 357.4 2219 2396 37.1 --- --- 60.29 711.3 867.3 11910 10030 17420 <0.005 1.034 1.034 4.46 0.60 ---

MW-38 03-Nov-09 7.84 5950 366 419 772 13.7 --- --- 15.8 283 772 3912 2639 5670 <0.2 1.5 --- 1.1 <0.9 21
MW-38 10-Jun-10 7.77 15300 398 2130 1970 15.9 <0.3 0.192 7.7 633 772 13200 9770 18100 <0.5 <0.5 <0.71 3.94 0.267 ---
MW-38 20-Sep-10 7.85 15700 390 2140 1960 17 <0.60 <0.10 5.99 647 789 13800 9790 18700 <0.10 0.668 0.67 5.24 0.242 76
MW-38 13-Jun-11 7.81 16300 364 2220 2020 16 <0.60 <0.10 6.26 674 822 12000 10100 17000 <0.10 0.32 0.32 4.41 0.226 64
MW-38 20-Sep-11 8.09 16500 420 2350 2080 16.7 <0.03 <0.0050 6.9 717 875 13900 10700 19200 <0.25 0.68 0.68 3.1 <0.050 64
MW-38 11-Jun-12 7.79 15800 411 2410 2220 16.1 <0.30 <0.050 10.2 726 886 14800 11000 20300 <0.50 0.52 <0.71 4.11 <0.25 71
MW-38 06-Sep-12 7.67 16100 473 2710 2510 20 <0.60 <0.10 <100^^ 686 837 13200 12300 19300 <1.0 <1.0 <1.4 2.98 <0.050 16
MW-38 25-Jun-13 7.68 13800 342 1730 1710 10.8 --- --- 12.3 748 913 10400 7980 14700 <0.050 0.372 0.372 2.2 <0.1 ---
MW-38 11-Oct-13 7.96 16200 423 2480 2370 19 --- --- 27.7 693 846 15200 11300 21000 <0.25 6.84 6.84 3.1 <0.25 ---
MW-38 06-Jun-14 7.98 14300 385 2270 1940 15 --- --- <10 680 830 13000 10300 18000 <2 <5 <5.4 3.07 0.338 ---
MW-38 2-Oct-14 8.03 15600 481 2690 2500 21.1 --- --- 2.6 652 796 13000 12300 19100 <0.40 <1.0 <1.1 0.21 <0.50 ---
MW-38 30-Apr-15 7.3 13900 398 2430 2100 17 --- --- <10 691 843 13700 11000 19100 0.82 <0.20 0.82 4.50 <0.50 ---
MW-38 7-Oct-15 7.75 14900 466 2670 2490 <25 --- --- <10 625 763 13400 12200 19400 <0.20 0.67 0.67 2.25 <1.0 ---
MW-38 1-Jun-16 7.8 15500 382.2 2323 2312 31.3 --- --- 2.29 652.0 794.9 13690 10520 19140 <0.005 0.481 0.481 2.64 1.03 ---
MW-38 4-Oct-16 7.7 15500 376.1 2388 2321 34 --- --- 3.17 698.5 851.7 14380 10770 19930 <0.005 0.331 0.331 3.19 0.32 ---
MW-38 31-May-17 7.8 16200 369.9 2580 2311 32.3 --- --- 3.09 719.6 877.4 15830 11550 21560 <0.005 0.265 0.265 3.38 0.77 ---
MW-38 5-Oct-17 7.8 15800 376 2602 2563 34.6 --- --- 3.02 708.5 863.8 16470 11660 22480 <0.005 <0.010 <0.015 3.08 0.90 ---

Perimeter Wells
MW-1 13-Dec-77 7.87 1700 --- --- --- --- --- --- --- --- --- --- 960 --- --- --- --- --- --- ---
MW-1 15-Dec-77 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 34.4 34.4 ---
MW-1 17-Dec-77 --- --- --- --- --- --- --- --- 6.4 --- --- --- --- --- --- --- --- --- --- ---
MW-1 08-Jun-78 7.76 1300 --- --- --- --- --- --- --- --- --- 700 750 --- --- 0.26 --- 6.65 6.65 ---
MW-1 27-Jul-78 --- --- 160 72 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-1 19-Oct-78 7.74 1800 --- --- --- --- --- --- --- --- --- 63 200 --- --- 0.69 --- 7.93 7.93 ---
MW-1 28-Jun-79 7.76 1650 --- --- --- --- --- --- 1.4 --- --- 400 688 --- --- 0.45 --- 8.48 7.47 ---
MW-1 30-Aug-79 7.18 1300 115 98 188 --- --- --- 2.8 --- --- 370 420 --- --- 1.46 --- 2.43 2.43 ---
MW-1 17-Oct-79 7.36 1080 37 29 129 --- --- --- 1 --- --- 1000 860 --- --- 0 --- 4.9 4.9 ---
MW-1 10-Jul-80 7.26 1100 71 82 179 --- --- --- 0 --- --- 430 620 --- --- 0.1 --- 0.7 0.17 ---
MW-1 29-Jul-80 --- --- --- --- 135 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-1 12-Nov-80 7.60 1100 --- --- --- --- --- --- trace --- --- trace 520 --- --- 0.7 --- 1.4 1.4 ---
MW-1 03-Jun-81 6.98 1420 --- --- 118 2.5 --- --- --- --- --- --- --- --- --- 1.22 --- 2.94 2.94 ---
MW-1 11-Jun-81 --- --- --- --- --- --- <0.1 --- 0.2 --- --- 480 745 --- --- --- --- --- --- ---
MW-1 30-Jul-81 --- --- 130 12 8 6.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-1 26-Nov-81 8.10 950 --- --- --- --- --- --- trace --- --- 460 800 --- --- 2.4 --- 2.9 2.9 ---

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS

Nitrogen compounds (N)
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

Perimeter Wells
MW-1 03-Jun-82 7.21 1700 --- --- 95 6.4 --- --- trace --- --- 570 920 --- --- 1.8 --- 2.5 2.5 ---
MW-1 03-Nov-82 7.24 1750 --- --- 112 4.8 --- --- 35.7 --- --- 690 920 --- --- 0 --- 3.9 3.19 ---
MW-1 26-May-83 7.55 1300 --- --- 116 4.4 --- --- 17.9 --- --- 390 900 --- --- 0 --- 1.1 0.71 ---
MW-1 02-Aug-83 7.04 1950 --- --- 84 5.8 --- --- 6 --- --- 640 880 --- --- 0.35 --- 6.3 5.2 ---
MW-1 25-Oct-83 7.20 1400 --- --- 105 31 --- --- 11.9 --- --- 580 745 --- --- 0.7 --- 9.1 7 ---
MW-1 06-Jun-84 --- --- --- --- 106 7.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-1 22-Jul-86 8.00 4610 --- --- --- --- --- --- 176.1 --- --- 7200 5100 --- --- 1.37 --- 6.16 2.74 ---
MW-1 09-Oct-86 --- --- --- --- 763 13 <0.5 --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-1 16-Oct-86 7.70 306 --- --- --- --- --- --- 131 --- --- 10000 5500 --- --- 17.65 --- 0.93 0.77 ---
MW-1 27-Jan-87 --- --- --- --- 630 15.1 --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-1 21-May-87 7.55 8630 --- --- --- --- --- --- 377 --- 518 7750 5320 --- --- 0 --- 0.36 0.36 84
MW-1 03-Jul-87 7.53 7440 --- --- 1320 20.4 --- --- 207 --- 230 8100 5600 12900 --- 1.37 --- 2.73 0.68 0
MW-1 10-Sep-87 7.60 8430 --- --- --- 3.5 --- --- 149 --- 324 7850 5300 --- --- 2.7 --- 8.14 0.34 0
MW-1 23-Nov-87 7.54 8510 --- --- 250 7.8 --- --- 103.9 --- 204 5700 5250 --- --- 2.1 --- 4.2 0 72
MW-1 13-Jun-88 7.31 8780 --- --- 750 18 --- --- 136.4 --- 414 7900 5571 --- --- 0.35 --- 2.8 0 70
MW-1 18-Nov-88 7.50 8860 --- --- 1390 22 0.2 --- 324 --- 1.6 6250 5500 --- --- 1.4 --- 0.7 0 ---
MW-1 06-Jul-89 7.35 8830 --- --- 1560 23.6 0.05 --- 123.4 --- --- 7400 5700 12400 --- 0.56 --- 3.37 0 58
MW-1 10-Aug-89 7.62 8910 --- --- 705 21 0.1 --- 116.9 --- --- 7350 5650 12100 --- 0.56 --- 3.37 0 58
MW-1 06-Jun-90 8.05 8980 --- --- 1240 22.8 0 --- 125.2 --- --- 7800 5100 12300 --- 1.66 --- 2.49 0 69
MW-1 01-Dec-90 7.90 9860 --- --- 921 16.2 0 --- 110.5 --- 466 7950 5120 14900 --- 8.4 --- 0 0 0
MW-1 25-Jul-91 7.30 9510 --- --- 776 4 0 --- 94.6 --- 470 6400 5150 13800 --- 0.4 --- 3.9 0.4 54
MW-1 23-Aug-91 7.20 10380 --- --- 1645 19.1 0.1 --- 120.9 --- 525 2900 5000 --- --- 0.7 --- 2.8 0.4 ---
MW-1 31-Jul-92 7.31 10180 --- --- 1180 22.5 0.1 --- 105.2 --- 440 8150 5140 10800 --- 0.7 --- 2.8 0 67
MW-1 05-Feb-93 7.35 10000 406 --- 740 24.9 0.07 0.4 --- --- --- 8000 5080 --- --- 0.5 --- 3.9 0 75
MW-1 05-May-93 7.78 14480 300 993 582 13.22 1.84 0.63 123 --- 595 12487 5766 15900 --- <0.01 --- 2.1 0.036 2
MW-1 13-Oct-93 7.86 16200 431 1140 1362 22.84 0.687 0.495 113.35 --- 597 7586 5369 10900 --- --- --- 2.8 0.2 44
MW-1 28-Apr-94 7.55 17600 403 1060 1435 26.2 0.692 0.534 99.04 --- 605 6330 5632 9600 --- --- --- 1.4 0.1 39
MW-1 06-Oct-94 7.66 17700 405 1123 1363 21.75 0.084 0.528 98.96 --- 644 10099 6971 14100 --- <0.01 --- 2.8 0.11 56
MW-1 01-May-95 7.33 9940 489 1297 1658 20.2 0.278 0.617 82.78 --- 639 6998 5486 10200 --- --- --- 6.3 0.35 77
MW-1 02-May-96 7.80 9660 40 1079 1272 22.1 0.03 0.47 83 --- 629 7175 5459 10353 <0.05 1.18 --- 3.57 0.9 60
MW-1 28-Oct-96 7.50 9680 386 1062 1260 20.15 0.28 0.721 98.8 --- 622 7003 5336 10141 <0.05 5.66 --- 4.2 0.56 76
MW-1 29-Apr-97 8.04 9500 432 1213 1142 18.8 0.16 0.61 82.3 --- 561 7841 6073 11010 <0.05 2.04 --- 4.2 0.45 70
MW-1 21-Oct-97 7.59 10290 397 1113 1388 21.98 0.024 0.559 112 --- 680 7508 5574 10880 <0.05 8.74 --- 5.95 1.4 ---
MW-1 23-Apr-98 7.87 9900 367 960 --- --- --- --- --- --- 656 4126 4869 --- --- <0.5 --- 2.8 2.1 58
MW-1 06-Oct-98 7.76 10190 421 1077 --- --- --- --- --- --- 670 7010 5485 --- --- 1.3 --- 7 2.52 61
MW-1 03-May-99 7.48 9470 417 1035 --- --- --- --- --- --- 597 6964 5303 --- --- <0.56 --- 4.2 2 52
MW-1 25-Oct-99 7.73 8150 408 834 --- --- --- --- --- --- 590 5713 4453 --- --- <0.11 --- 2.8 1.4 32
MW-1 10-May-00 7.89 9530 373 905 --- --- --- --- --- --- 639 7320 4660 --- --- <6.8 --- 4.2 1.7 53
MW-1 16-Oct-00 7.95 6400 404 684 --- --- --- --- --- --- 690 4178 3825 --- --- <6.8 --- 1.8 1.8 16
MW-1 09-May-01 7.69 7500 357 733 --- --- --- --- --- --- 656 4900 3909 --- --- <0.7 --- 2.8 1.7 26
MW-1 11-Oct-01 8.18 8880 382 796 --- --- --- --- --- --- 631 5950 4230 --- --- <0.1 --- 2.8 1 44
MW-1 27-May-02 7.77 6020 387 618 --- --- --- --- --- --- 649 3320 3511 --- --- <0.7 --- 0.7 0.56 16
MW-1 08-Oct-02 8.30 5000 464 620 --- --- --- --- --- --- 688 4160 3711 --- --- <0.05 --- <0.60 <0.09 19
MW-1 21-May-03 7.70 10300 520 1121 --- --- --- --- --- --- 692 7683 5915 --- --- <4.5 --- 2.45 0.78 53
MW-1 17-Oct-03 7.41 8280 630 890 --- --- --- --- --- --- 763 6387 5238 --- --- 2.3 --- 2.59 0.45 45
MW-1 26-Apr-04 7.54 7350 396 758 --- --- --- --- --- --- 651 4850 4110 --- --- 2.5 --- 1.4 0.8 33
MW-1 15-Oct-04 7.73 7080 425 749 --- --- --- --- --- --- 653 4960 4146 --- --- 1.6 --- 0.6 0.2 27
MW-1 10-May-05 7.86 9280 373 839 --- --- --- --- --- 539 657 5887 4386 --- --- <0.25 --- 2.8 2.2 58
MW-1 11-Oct-05 7.96 9420 413 921 --- --- --- --- --- 560 657 7038 4824 --- --- 2.4 --- 1.9 1.2 49
MW-1 17-May-06 7.70 9180 398 925 --- --- --- --- --- 556 678 6539 4803 --- --- <0.5 --- 3.5 2.2 49
MW-1 12-Oct-06 7.88 8770 384 900 --- --- --- --- --- 546 666 6697 4665 --- --- 1 --- 1.4 <0.9 46
MW-1 04-Jun-07 7.88 8030 455 854 894 27.6 --- --- 26.6 559 681 4390 4653 --- <0.6 <0.5 --- 1.4 1.1 35
MW-1 23-Oct-07 7.98 7070 420 745 --- --- --- --- --- --- 683 4728 --- --- --- <0.5 --- 1.51 1.55 30
MW-1 28-May-08 8.10 10500 405 865 1120 22 <0.01 1.05 --- 559 --- --- --- 9510 --- <0.017 --- --- 0.18 ---
MW-1 16-Oct-08 7.93 6770 413 641 --- --- --- --- --- 547 667 4572 3671 --- --- 0.08 --- <0.9 <0.9 33
MW-1 08-Jun-09 7.89 7820 393 765 920 --- --- --- 43.4 528 644 4995 4132 7455 --- <0.2 --- 1.8 <0.9 36
MW-1 10-Jun-10 7.81 8880 393 877 1110 26.5 <0.15 0.494 60.8 569 694 7010 4590 9820 <0.05 0.299 0.299 5.46 0.069 ---
MW-1 20-Sep-10 7.86 8820 399 801 1080 21.1 <0.30 1.12 78.4 557 680 6120 4290 8830 <0.050 0.055 <0.071 3.24 0.069 41
MW-1 13-Jun-11 7.65 8860 415 849 1020 24.4 <0.30 0.382 42 574 700 5540 4530 8230 <0.10 <0.10 <0.14 2.89 0.101 43
MW-1 20-Sep-11 7.99 7740 404 758 824 25.2 0.042 0.0572 20.9 600 732 5070 4130 7460 <0.050 <0.050 <0.071 2.03 <0.050 37
MW-1 11-Jun-12 7.74 8540 386 837 1070 21.1 <0.30 0.685 82.2 567 691 6620 4410 9360 <0.50 <0.50 <0.71 2.56 0.1 43
MW-1 06-Sep-12 7.72 8950 399 874 1150 19.9 <0.30 1.1 97.1 540 659 6020 4600 8880 <0.050 <0.050 <0.071 2.15 <0.050 53
MW-1 20-Jun-13 7.48 8570 359 824 1040 22.5 --- --- 64.8 562 686 5810 4290 8460 <0.050 3.13 3.13 6.14 0.066 ---
MW-1 10-Oct-13 8.01 9560 381 837 1160 19.6 --- --- 99.8 560 683 6390 4400 9220 <0.050 0.072 0.072 2.6 0.488 ---
MW-1 05-Jun-14 7.74 7210 403 875 1060 20.6 --- --- 64.5 568 702 5830 4610 8590 <0.040 <0.1 <0.11 2.49 0.065 ---
MW-1 2-Oct-14 8.02 9020 379 875 1170 19.7 --- --- 97.7 552 673 6180 4550 9050 <0.20 <0.50 <0.54 0.22 0.095 ---

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

Perimeter Wells
MW-1 30-Apr-15 7.00 8220 438 959 1230 20.6 --- --- 99 596 727 6510 5040 9610 <0.20b <0.40 <0.45b 3.37 0.166 ---
MW-1 7-Oct-15 7.62 8920 378 864 1170 22 --- --- 96.4 605 738 6990 4500 9890 <0.10 1.64 1.64 2.23 0.12 ---
MW-1 1-Jun-16 7.9 8630 393.0 856.4 1141 36.7 --- --- 50.40 582.5 710.2 6324 4508 9156 <0.005 <0.010 <0.015 2.49 0.16 ---
MW-1 4-Oct-16 7.8 8840 381.9 853.1 1278 37.1 --- --- 92.18 568.1 692.7 6555 4467 9544 <0.005 <0.010 <0.015 3.29 0.2 ---
MW-1 31-May-17 7.9 8810 401.2 936.5 1316 33.9 --- --- 66.34 575.1 701.2 6510 4859 9615 <0.005 <0.010 <0.015 2.86 0.16 ---
MW-1 5-Oct-17 7.8 9030 385.9 890.7 1394 37.8 --- --- 79.92 564.5 688.3 6561 4631 9694 <0.005 0.065 0.065 2.35 0.27 ---

MW-5 13-Dec-77 8.52 2050 --- --- --- --- --- --- --- --- --- --- 380 --- --- --- --- --- --- ---
MW-5 15-Dec-77 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 1.8 1.8 ---
MW-5 17-Dec-77 --- --- --- --- --- --- --- --- 36 --- --- --- --- --- --- --- --- --- --- ---
MW-5 08-Jun-78 7.93 4300 380 440 --- --- --- --- --- --- --- 3167 2700 --- --- 5.56 --- 7.14 3.5 ---
MW-5 27-Jul-78 7.20 4200 --- --- --- --- --- --- --- --- --- 2320 1360 --- --- 3.46 --- 2.66 2.66 ---
MW-5 19-Oct-78 7.43 3900 --- --- --- --- --- --- --- --- --- 3130 1100 --- --- 3.07 --- 3.14 3.14 ---
MW-5 28-Jun-79 7.80 5500 321 289 1380 --- --- --- 4 --- --- 3900 2570 --- --- 0.8 --- 3.32 0.33 ---
MW-5 30-Aug-79 7.40 5600 52 49 790 --- --- --- 9.87 --- --- 4530 2620 --- --- 1.11 --- 2.85 2.85 ---
MW-5 17-Oct-79 7.48 5350 405 397 802 --- --- --- 10 --- --- 3600 3720 --- --- 3.5 --- 6.3 6.3 ---
MW-5 10-Jul-80 7.40 4600 --- --- --- --- --- --- 14 --- --- --- 2620 --- --- 3.4 --- 1.7 1.7 ---
MW-5 12-Nov-80 7.60 4000 --- --- 784 8.5 --- --- trace --- --- 3900 2000 --- --- 2.1 --- 7.6 2.8 ---
MW-5 03-Jun-81 7.38 4300 --- --- --- --- --- --- --- --- --- --- --- --- --- 2.14 --- 0.92 0.92 ---
MW-5 11-Jun-81 --- --- 196 41 42 19.5 --- --- 1.3 --- --- 2767 2315 --- --- --- --- --- --- ---
MW-5 26-Nov-81 8.40 3200 --- --- 395 7.6 --- --- 3 --- --- 2600 1900 --- --- 1.2 --- 1.2 1.2 ---
MW-5 03-Jun-82 7.34 5000 --- --- 420 7.4 <0.1 --- 14.5 --- --- 3900 2540 --- --- 6 --- 7.8 1.1 ---
MW-5 03-Nov-82 7.63 5000 --- --- 525 9 --- --- 35.7 --- --- 3800 2500 --- --- 2.48 --- 3.54 0.35 ---
MW-5 26-May-83 7.58 4200 --- --- 300 6.8 --- --- 29.8 --- --- 3400 2000 --- --- 0.35 --- 1.81 0.71 ---
MW-5 02-Aug-83 7.39 4400 --- --- 2600 4.5 --- --- 18 --- --- 3800 1920 --- --- 0 --- 6.3 3.5 ---
MW-5 25-Oct-83 7.46 3500 --- --- 42 9 --- --- 23.8 --- --- 3700 1675 --- --- 1.4 --- 4.9 3.5 ---
MW-5 06-Jun-84 7.87 2600 --- --- 100 7.5 --- --- 20 --- --- 1540 855 --- --- 2.9 --- 10 8.6 ---
MW-5 30-Aug-84 7.62 2200 --- --- 102 6.8 --- --- 6.1 --- --- 3600 780 --- --- 1.2 --- 15.8 15 ---
MW-5 03-Oct-84 7.77 2300 --- --- 196 3.8 --- --- 25.6 --- --- 1240 830 --- --- 5.1 --- 8.8 8.8 ---
MW-5 16-May-85 8.01 2060 --- --- 205 3.3 --- --- --- --- --- --- --- --- --- 4.22 --- 5.63 5.63 ---
MW-5 12-Jul-85 7.50 2040 --- --- 100 2.8 --- --- 35.5 --- --- 1000 580 --- --- 2.83 --- 2.92 1.42 ---
MW-5 07-Nov-85 7.50 3900 --- --- 224 6.5 --- --- 22.7 --- --- 2400 2270 --- --- 6.2 --- 3.81 0.41 ---
MW-5 04-Jun-86 7.50 4350 --- --- 17 3.9 --- --- 39.8 --- --- 790 2255 --- --- 5.6 --- 3.6 1.1 ---
MW-5 22-Jul-86 7.50 4370 --- --- 438 11.3 <0.5 --- 11.4 --- --- 9100 6400 --- --- 69.79 --- 8.9 4.11 ---
MW-5 09-Oct-86 7.22 2700 --- --- 355 10 --- --- 454 --- --- 7300 5810 --- --- 54.9 --- 9.6 3.1 ---
MW-5 21-May-87 7.74 6890 --- --- 670 13.6 --- --- 6.5 --- 437 6850 7452 --- --- 4.98 --- 2.85 0.36 53
MW-5 03-Jul-87 7.62 3490 --- --- --- 2 0 --- 90.9 --- 210 2500 1860 4800 --- 1.71 --- 2.39 2.05 ---
MW-5 10-Sep-87 7.60 3410 --- --- 165 3.5 --- --- 90.9 --- 228 2200 1600 --- --- 1.02 --- 4.12 1.02 ---
MW-5 23-Nov-87 7.64 2840 --- --- 240 7.2 --- --- 13 --- 208 1480 2000 --- --- 4.9 --- 7.7 0.7 13
MW-5 13-Jun-88 7.72 2730 --- --- 440 8.6 0 --- 51.9 --- 283 1600 1422 --- --- 0.7 --- 7 2.8 15
MW-5 18-Nov-88 7.80 2650 --- --- 416 7.7 0.07 --- 89 --- 1.18 720 800 --- --- 1.7 --- 6.65 0.35 ---
MW-5 06-Jul-89 7.41 4210 --- --- 385 9.3 0 --- 32.5 --- --- 12500 2500 4900 --- 2.25 --- 4.5 2.06 18
MW-5 10-Aug-89 7.53 3880 --- --- 460 9.7 0 --- 26 --- --- 12400 2100 4200 --- 2.44 --- 2.25 1.5 17
MW-5 06-Jun-90 8.17 3110 --- --- 371 7.3 0 --- 31.2 --- --- 1975 1250 5600 --- 3.73 --- 0.83 0 14
MW-5 01-Dec-90 6.80 3470 --- --- 41 17 0 --- 36.8 --- 392 1880 1960 3600 --- --- --- --- --- 18
MW-5 25-Jul-91 7.60 2650 --- --- 616 8.8 0.1 --- 31.6 --- 370 1220 1000 3500 --- 1.8 --- 2.2 1.1 10
MW-5 23-Aug-91 7.50 3160 --- --- 339 7.2 0 --- 29.5 --- 380 800 750 --- --- 1.4 --- 0.4 0 ---
MW-5 31-Jul-92 7.37 2880 106 106 260 13.3 0.02 0.1 24.2 --- 500 700 590 8000 --- 0.35 --- 29.71 27.61 12
MW-5 05-Feb-93 7.67 2560 124 924 231 8.38 3.09 0.3 --- --- --- 720 680 --- --- 0.7 --- 12 2.8 12
MW-5 05-May-93 8.20 3360 469 139 378 8 16.367 2.438 22.02 --- 436 1225 1740 2500 --- 2.18 --- 5.46 3.7 <0.05
MW-5 13-Oct-93 8.00 3650 175 125 378 9.19 1.068 1.693 30.82 --- 441 1287 953 2200 --- --- --- 6.16 4 0
MW-5 28-Apr-94 7.95 5100 222 181 418 8.02 6.672 0.772 23.56 --- 458 1657 1299 2700 --- --- --- 0.28 0.28 <0.05
MW-5 06-Oct-94 7.80 6050 438 222 454 9.54 9.3 1.595 30.37 --- 517 1870 2009 3300 --- 0.5 --- 3.5 2.1 19
MW-5 01-May-95 7.74 2990 219 143 359 8.09 0.141 0.239 19.23 --- 505 1271 1137 2300 --- --- --- 6.3 1.52 40
MW-5 02-May-96 7.88 2940 175 145 402 7 0.05 0.067 26.7 --- 434 1392 1034 2365 <0.05 6.4 --- 2.73 0.56 14
MW-5 28-Oct-96 7.46 3580 208 190 451 8.81 0.86 0.231 27 --- 451 1662 1302 2773 1.62 10.28 --- 2.1 1.12 45
MW-5 29-Apr-97 7.79 3650 240 239 426 6.73 0.45 0.05 30 --- 373 1695 1603 2831 <0.05 10.12 --- 1.96 <0.28 12
MW-5 21-Oct-97 7.48 3440 225 177 416 7.11 0.052 0.142 31.3 --- 519 1774 1291 2890 2.72 9.35 --- 32.2 4.48 1
MW-5 23-Apr-98 7.93 4230 294 269 --- --- --- --- --- --- 380 2844 1842 --- --- 23.24 --- 2.45 2.1 8
MW-5 06-Oct-98 7.85 4160 299 251 --- --- --- --- --- --- 456 2147 1780 --- --- 3.14 --- 4.2 2.24 8
MW-5 03-May-99 7.48 3310 291 161 --- --- --- --- --- --- 473 1735 1390 --- --- 9.59 --- 5.6 2.8 6
MW-5 25-Oct-99 7.89 3850 262 197 --- --- --- --- --- --- 446 1989 1465 --- --- 1.88 --- 2.1 1.96 8
MW-5 10-May-00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-5 16-Oct-00 7.88 4820 395 310 --- --- --- --- --- --- 410 2670 2260 --- --- 17.3 --- 7.8 1.7 18
MW-5 09-May-01 7.86 4600 373 269 --- --- --- --- --- --- 400 2930 2039 --- --- <6.8 --- 2.1 1.7 12
MW-5 11-Oct-01 8.00 4080 395 222 --- --- --- --- --- --- 414 2170 1900 --- --- 0.9 --- 1.3 1.3 16

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

Perimeter Wells
MW-5 27-May-02 7.60 3100 357 190 --- --- --- --- --- --- 388 2400 1674 --- --- 2.6 --- 2.1 1.4 14
MW-5 08-Oct-02 7.60 3500 402 0 --- --- --- --- --- --- 444 2400 1004 --- --- 2.9 --- 0.7 0.6 18
MW-5 21-May-03 7.74 4280 412 247 --- --- --- --- --- --- 429 2191 2046 --- --- 14.6 --- 1.47 1.01 13
MW-5 17-Oct-03 7.49 5280 679 355 --- --- --- --- --- --- 432 3341 3157 --- --- <2.26 --- 3.57 1.06 28
MW-5 26-Apr-04 7.57 5100 355 319 --- --- --- --- --- --- 407 3286 2200 --- --- 4.8 --- 7.7 1.7 17
MW-5 15-Oct-04 7.86 5460 448 327 --- --- --- --- --- --- 451 3166 2465 --- --- 3.3 --- 1.4 1.4 24
MW-5 10-May-05 8.04 5430 410 321 --- --- --- --- --- 379 462 3264 2346 --- --- 3.1 --- 2.1 2 24
MW-5 11-Oct-05 8.04 5010 335 283 --- --- --- --- --- 408 2002 2859 2002 --- --- 3.8 --- 2.1 1 20
MW-5 17-May-06 7.88 5270 395 366 --- --- --- --- --- 385 469 2372 2494 --- --- 5.2 --- 2.1 1.7 23
MW-5 12-Oct-06 8.07 5790 438 351 --- --- --- --- --- 403 491 3878 2539 --- --- 2.6 --- 2.52 1.01 27
MW-5 04-Jun-07 7.98 5390 405 347 651 9.9 --- --- 42 378 461 2472 2440 --- <0.6 2.4 --- 2.5 1.1 29
MW-5 23-Oct-07 8.02 7990 688 583 --- --- --- --- --- --- 480 5577 --- --- --- 2.4 --- 1.05 0.21 69
MW-5 02-Jun-08 8.10 9040 588 456 856 12 <0.01 0.14 --- 398 --- --- 3350 7410 --- 2.22 --- --- 0.46 ---
MW-5 16-Oct-08 7.99 7580 625 478 --- --- --- --- --- 424 517 4878 3529 --- --- 1.78 --- 2.1 <0.9 47
MW-5 08-Jun-09 8.08 6340 381 442 824 --- --- --- --- 315 384 3701 2772 5591 --- 2.3 --- 2.2 <0.9 40
MW-5 10-Jun-10 8.05 7230 357 493 968 7.6 <0.15 <0.025 54.8 422 514 4560 2920 6700 <0.05 0.887 0.887 4.82 3.52 ---
MW-5 21-Sep-10 8.05 6670 469 420 830 11.1 <0.30 <0.050 42.6 387 472 4380 2900 6400 <0.050 2.8 2.8 4.36 0.132 44
MW-5 13-Jun-11 8.25 3360 161 165 359 4.6 <0.15 <0.025 38.5 294 358 1590 1080 2510 <0.050 4.18 4.18 1.23 <0.050 17
MW-5 20-Sep-11 8.03 3930 220 328 242 5.97 <0.03 0.037 78.9 511 623 1970 1900 3180 <0.050 6.04 6.04 3.16 <0.050 26
MW-5 11-Jun-12 7.93 4090 213 298 404 5.8 <0.15 <0.025 55 437 534 2410 1760 3720 <0.25 17.3 17.3 2.04 <0.050 18
MW-5 06-Sep-12 7.85 4340 254 317 414 7.2 <0.15 <0.025 39.8 421 514 2330 1940 3710 <0.050 20.7 20.7 1.92 <0.050 21
MW-5 20-Jun-13 8.02 4650 225 308 488 4.7 --- --- 57.2 368 449 2600 1830 3920 <0.50 3.97 3.97 2.69 0.055 ---
MW-5 10-Oct-13 8.07 3690 235 230 416 7 --- --- 40.1 370 452 1930 1530 3150 <0.050 16.1 16.1 2.2 0.085 ---
MW-5 05-Jun-14 8.14 2130 130 142 276 3.86 --- --- 39.4 324 396 1010 909 1820 <0.02 4.37 4.37 0.97 <0.050 ---
MW-5 2-Oct-14 8.17 3210 210 224 311 7.15 --- --- 37.00 361 440 1560 1450 2610 0.24 8.86 9.09 1.50 0.80 ---
MW-5 30-Apr-15 8.11 2690 241 183 297 6.1 --- --- 33.5 389 474 1390 1360 2450 <0.050 14.5 14.5 1.80 <0.050 ---
MW-5 7-Oct-15 7.82 3330 251 184 308 6.9 --- --- 35.9 399 487 1840 1380 2930 <0.10 14.3 14.3 3.10 <0.50 ---
MW-5 1-Jun-16 8.1 3690 286.6 228.8 392.0 11.4 --- --- 34.41 396.6 483.6 1976 1658 3216 <0.005 9.878 9.878 1.57 0.07 ---
MW-5 6-Oct-16 8.1 3730 268.7 210.9 418 13.2 --- --- 32.29 404.5 493.2 2070 1540 3303 0.026 9.529 9.555 1.66 <0.05 ---
MW-5 31-May-17 8.1 3340 167.7 240.0 409.3 7.6 --- --- 60.75 372.5 454.2 1714 1407 2848 <0.005 4.627 4.627 1.60 <0.05 ---
MW-5 5-Oct-17 8.1 3190 195.5 200.8 388.2 10.4 --- --- 36.29 318.5 388.3 1654 1315 2706 <0.005 5.922 5.922 1.54 0.12 ---

Plant Areas
MW-2 28-May-08 8.20 12200 420 989 673 15.4 0.037 0.002 --- 496 --- --- --- 9070 --- 54 --- --- <0.05 ---
MW-2 04-Jun-08 7.84 7730 454 981 545 14.1 --- --- 22 496 --- --- --- --- --- 102 --- 1.4 <0.9 22
MW-2 16-Oct-08 7.87 8250 441 999 --- --- --- --- --- 494 602 5822 5215 --- --- 77.5 --- 1.8 <0.09 23
MW-2 09-Jun-09 7.90 8610 410 1017 652 --- --- --- 6.8 492 600 5961 5212 8431 --- 73.6 --- 1.1 <0.09 21
MW-2 10-Jun-10 7.88 7910 384 939 618 14.5 <0.15 <0.025 9.3 494 603 5270 4830 7870 <0.05 75.9 75.9 <0.2 1.82 ---
MW-2 20-Sep-10 7.76 7580 404 849 591 14.6 <0.30 <0.050 8.7 489 596 5340 4500 7830 <0.10 74.7 74.7 0.28 <0.050 18
MW-2 13-Jun-11 7.98 7890 426 915 612 15.3 <0.30 <0.050 11.8 482 588 4940 4830 7550 <0.050 76 76 <0.20 0.051 25
MW-2 20-Sep-11 7.87 7690 410 883 576 15.7 <0.03 0.0095 12.7 481 587 5100 4660 7660 <0.050 83.8 83.8 2.09 <0.050 20
MW-2 11-Jun-12 7.77 7540 414 895 612 14.3 <0.30 <0.050 13.1 483 590 5490 4720 8090 <0.50 82.6 82.6 1.2 <0.050 21
MW-2 06-Sep-12 7.63 7520 443 854 397 12.6 <0.30 <0.050 13.4 460 561 5140 4620 7470 <0.050 74.7 74.7 1.21 <0.050 21
MW-2 20-Jun-13 7.74 7520 406 890 592 13.3 --- --- 14 471 574 5020 4680 7560 <0.50 78.2 78.2 1.69 <0.050 ---
MW-2 10-Oct-13 7.90 6950 395 807 461 14 --- --- 22.1 415 506 4590 4310 6920 <0.050 86.1 86.1 <0.20 <0.050 ---
MW-2 05-Jun-14 7.61 5850 420 882 543 13.2 --- --- 16.6 478 584 5010 4680 7510 0.083 75.6 75.7 1.29 <0.050 ---
MW-2 3-Oct-14 8.35 7300 379 776 521 13.3 --- --- 15.4 480 561 5150 4140 7430 <0.20 65.4 65.4 1.40 <0.050 ---
MW-2 1-May-15 7.83 67500 450 916 652 15.4 --- --- 11.2 535 652 5280 4900 7880 <0.10b 53.3 53.3 1.97 <0.050 ---
MW-2 7-Oct-15 7.79 6170 421 811 581 15.3 --- --- 19.4 500 610 5410 4390 7840 <0.10 63.2 63.2 1.18 <0.050 ---
MW-2 1-Jun-16 7.8 7210 424.3 867.7 630.2 24.7 --- --- 22.16 462.8 564.3 5109 4633 7611 <0.005 56.73 56.73 1.87 0.07 ---
MW-2 6-Oct-16 7.7 7000 418 832.5 617.5 25.9 --- --- 20.41 469.3 572.2 5312 4472 7738 0.009 50.86 50.87 1.62 0.06 ---
MW-2 31-May-17 7.8 7030 417.2 866.9 624.1 24.2 --- --- 23.07 457.4 557.8 4994 4612 7463 <0.005 52.82 52.82 1.71 <0.05 ---
MW-2 4-Oct-17 7.4 7120 431.5 877.8 762.3 26.5 --- --- 15.65 532.3 649.0 5078 4692 7713 <0.005 44.53 44.53 1.39 0.11 ---

MW-10 05-May-93 7.70 6820 542 527 297 7.58 14.936 3.536 18.59 --- 414 3313 3522 4900 --- 0.27 --- 1.54 0.4 <0.05
MW-10 13-Oct-93 8.01 8150 436 554 385 8.18 2.165 1.332 16.56 --- 325 3311 3369 4900 --- --- --- 0.56 0.45 6
MW-10 28-Apr-94 7.75 6200 317 444 141 3.73 33.13 5.275 19.05 --- 507 2071 2618 3200 --- --- --- 2.8 1 <0.05
MW-10 06-Oct-94 7.78 7450 399 392 318 5.49 9.206 0.776 17.01 --- 295 3510 2609 4800 --- 0.01 --- 1.4 0.3 24
MW-10 01-May-95 7.73 5200 491 478 367 9.1 0.252 0.042 17.08 --- 307 3538 3190 5100 --- --- --- 1.8 0.49 33
MW-10 02-May-96 7.88 5080 452 508 411 7.5 0.06 0.028 15.8 --- 307 3237 3220 4785 1.35 15.1 --- 2.73 0.73 15
MW-10 28-Oct-96 7.78 4970 426 498 379 8.16 1.39 0.115 21.7 --- 317 3150 3114 4642 <0.05 17.81 --- 1.75 0.56 25
MW-10 29-Apr-97 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-10 21-Oct-97 7.63 5340 375 500 491 6.87 0.068 0.759 21.1 --- 419 3588 2995 5192 2.51 15.57 --- 2.1 1.68 3
MW-10 23-Apr-98 8.01 3810 280 330 --- --- --- --- --- --- 522 2298 2058 --- --- 1.91 --- 1.4 1.12 <0.10
MW-10 06-Oct-98 8.03 4700 453 516 --- --- --- --- --- --- 300 2931 3256 --- --- 0.22 --- 7.35 1.68 1
MW-10 03-May-99 7.58 2600 288 195 --- --- --- --- --- --- 432 1404 1522 --- --- 5.42 --- 2.1 2 <0.10
MW-10 25-Oct-99 7.76 4330 485 349 --- --- --- --- --- --- 278 2670 2648 --- --- 3.17 --- 2.45 2.52 1

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

Plant Areas
MW-10 10-May-00 7.62 5540 506 480 --- --- --- --- --- --- 315 2970 3240 --- --- 35.5 --- 7.7 1.7 11
MW-10 23-Oct-00 --- --- 604 389 --- --- --- --- --- --- 295 3090 --- --- --- 106 --- 1.4 1.1 9
MW-10 09-May-01 7.85 5600 556 489 --- --- --- --- --- --- 295 3100 3402 --- --- 82.1 --- 2.5 1.7 9
MW-10 11-Oct-01 7.86 4150 462 298 --- --- --- --- --- --- 378 2490 2380 --- --- 23.8 --- 1.3 1 11
MW-10 27-May-02 7.71 4120 424 306 --- --- --- --- --- --- 397 3700 2319 --- --- 10.9 --- 2.1 1.18 9
MW-10 08-Oct-02 7.60 3600 503 316 --- --- --- --- --- --- 373 2490 2557 --- --- 9.5 --- <0.60 <0.09 10
MW-10 21-May-03 7.64 3920 461 353 --- --- --- --- --- --- 315 2327 2605 --- --- 8.13 --- 3.85 1.12 9
MW-10 17-Oct-03 7.45 4120 394 361 --- --- --- --- --- --- 280 2892 2470 --- --- 3 --- 2.17 0.84 14
MW-10 26-Apr-04 7.73 4070 404 337 --- --- --- --- --- --- 261 2550 2397 --- --- 1.5 --- 1.8 1.1 7
MW-10 10-May-05 8.07 4190 464 363 --- --- --- --- --- 228 --- 2765 2653 --- --- 1.4 --- 1.4 1.1 8
MW-10 11-Oct-05 8.07 4330 460 357 --- --- --- --- --- 248 302 2793 2619 --- --- 20.9 --- <0.9 <0.9 7
MW-10 17-May-06 7.85 3900 402 338 --- --- --- --- --- 232 283 2265 2396 --- --- 11.1 --- 1.4 1.1 6
MW-10 12-Oct-06 7.97 4340 444 308 --- --- --- --- --- 257 313 3001 2377 --- --- 4.7 --- 1.68 <0.9 8
MW-10 04-Jun-07 8.00 3390 381 262 201 5.7 --- --- 23.7 199 243 1778 2030 --- <0.3 1.3 --- 1.1 <0.9 5
MW-10 23-Oct-07 8.12 2770 309 194 --- --- --- --- --- --- 219 1649 --- --- --- 0.9 --- 0.44 <0.05 4
MW-10 28-May-08 8.20 3810 387 216 155 5 0.006 0.001 --- 172 --- --- --- 3020 --- 1.32 --- --- <0.05 ---
MW-10 16-Oct-08 7.80 4200 395 231 --- --- --- --- --- 458 558 2271 1938 --- --- 0.9 --- <0.09 <0.09 5
MW-10 09-Jun-09 8.26 2910 406 180 116 --- --- --- 27 182 222 1690 1755 2546 --- 11 --- 1.1 <0.09 4
MW-10 10-Jun-10 8.02 2750 330 164 121 4 <0.15 <0.025 22.7 159 194 1580 1500 2320 <0.05 0.702 0.702 1.49 0.213 ---
MW-10 20-Sep-10 7.99 2730 380 166 116 4.9 <0.15 <0.025 23 168 204 1670 1630 2460 <0.050 0.714 0.714 2.34 0.113 4
MW-10 13-Jun-11 8.09 3310 442 199 121 5.1 <0.15 <0.025 25.4 159 195 1970 1920 2870 <0.050 3.15 3.15 0.99 0.068 4
MW-10 20-Sep-11 7.44 3440 481 215 135 5.89 <0.03 0.0088 22.3 159 194 2160 2090 3120 <0.050 0.574 0.574 0.47 0.141 4
MW-10 11-Jun-12 8.02 2600 424 143 97 4.43 <0.030 <0.0050 33.8 254 309 1560 1650 2430 <0.25 4.6 4.6 0.51 <0.050 4
MW-10 06-Sep-12 7.86 2500 411 143 87 4.74 <0.030 0.0064 29.2 239 292 1350 1620 2180 <0.050 3.42 3.42 0.44 <0.050 4
MW-10 20-Jun-13 7.93 2850 438 160 88 4 --- --- 36.2 231 281 1610 1750 2540 <0.050 13.8 13.8 0.77 <0.050 ---
MW-10 10-Oct-13 7.98 3160 451 194 126 5.38 --- --- 24.5 217 265 2000 1930 2940 <0.050 2.24 2.24 1.2 0.079 ---
MW-10 05-Jun-14 7.83 2140 387 132 81 3.76 --- --- 24.6 238 290 1290 1510 2070 <0.020 2.41 2.41 0.57 <0.050 ---
MW-10 3-Oct-14 8.22 2220 346 114 70.3 4.11 --- --- 27.4 232 283 1210 1330 1920 <0.10 1.27 1.27 0.26 <0.050 ---
MW-10 1-May-15 8.06 2100 410 121 74.1 3.9 --- --- 25.2 228 278 1280 1520 2050 <0.050 0.28 0.28 1.2 <0.050 ---
MW-10 8-Oct-15 7.74 2690 461 163 109 4.9 --- --- 24.3 221 269 2040 1820 2940 <0.10 <0.20 <0.22 0.83 <0.050 ---
MW-10 2-Jun-16 8.1 4120 671.0 254.2 210.3 10.2 --- --- 23.79 235.6 287.3 2789 2722 4102 <0.005 <0.010 <0.015 1.61 <0.05 ---
MW-10 6-Oct-16 8.0 3170 504.4 193.4 149.1 8.8 --- --- 25.45 246.2 300.2 2543 2056 3577 <0.005 0.466 0.466 1.81 <0.05 ---
MW-10 31-May-17 8.0 1650 245.6 69.4 47.0 3.5 --- --- 19.45 225.4 274.8 767.6 899.3 1295 <0.005 0.968 0.968 3.16 0.05 ---
MW-10 3-Oct-17 7.8 2050 363.3 81.5 62.6 5.8 --- --- 23.99 258.7 315.4 1256 1243 1962 0.055 2.084 2.139 3.18 0.29 ---

MW-15 05-May-93 7.82 9600 443 473 904 15.08 0.57 0.288 87.72 --- 488 4990 3053 7200 --- 12.13 --- 5.46 0.1 94
MW-15 13-Oct-93 7.78 10400 492 498 986 18.66 0.256 0.267 117 --- 473 3116 7276 5500 --- --- --- 4.9 0.08 100
MW-15 28-Apr-94 8.00 11240 454 449 1016 17.73 0.457 0.215 81.6 --- 473 5014 2980 7300 --- --- --- 0.56 0.21 96
MW-15 06-Oct-94 7.59 11350 544 507 1220 16.27 0.811 0.365 76.62 --- 497 5974 3445 8600 --- 10.17 --- 5.95 0.16 141
MW-15 01-May-95 7.67 6930 461 429 956 21.36 0.237 0.191 92.19 --- 495 4361 2919 6600 --- --- --- 4.2 0.49 151
MW-15 02-May-96 7.54 7020 481 463 1005 21.2 0.02 0.14 92.1 --- 488 4377 3107 6683 59.75 43.18 --- 5.81 0.67 128
MW-15 28-Oct-96 7.45 6960 430 471 1015 13.78 0.32 0.346 111 --- 490 4127 3011 6413 <0.05 46.39 --- 5.6 0.56 137
MW-15 29-Apr-97 7.69 7030 476 481 971 14.78 0.26 0.087 76.1 --- 461 4546 3169 6796 <0.05 53.02 --- 1.75 0.67 93
MW-15 21-Oct-97 7.46 6970 426 425 928 12.45 0.016 0.115 81 --- 507 4383 2813 6509 2.53 39.22 --- 5.6 1.4 107
MW-15 23-Apr-98 7.86 7010 411 399 --- --- --- --- --- --- 502 404 2669 --- --- 89.46 --- 4.9 2.1 124
MW-15 06-Oct-98 7.98 6950 587 552 --- --- --- --- --- --- 492 3951 3738 --- --- 9.47 --- 5.6 1.12 111
MW-15 03-May-99 7.51 7010 465 431 --- --- --- --- --- --- 488 4248 2936 --- --- 11.49 --- 9.1 2 109
MW-15 25-Oct-99 7.32 6140 402 335 818 --- --- --- 54.9 --- 424 3568 2383 --- <0.15 24.31 --- 5.6 2.24 87
MW-15 10-May-00 7.86 6990 438 403 --- --- --- --- --- --- 492 4090 2750 --- --- 23.7 --- 6.2 2.2 107
MW-15 16-Oct-00 8.09 6890 428 368 --- --- --- --- --- --- 514 4100 2580 --- --- 19.1 --- 4.2 1.7 106
MW-15 09-May-01 7.78 7000 453 432 --- --- --- --- --- --- 488 4010 2910 --- --- 9.2 --- 4.7 1.7 105
MW-15 11-Oct-01 7.99 6950 530 372 --- --- --- --- --- --- 492 3940 2860 --- --- 9.5 --- 3.9 1 108
MW-15 27-May-02 6.90 5100 432 417 --- --- --- --- --- --- 492 3520 2795 --- --- 9.9 --- 4.2 1.4 111
MW-15 08-Oct-02 7.70 7400 556 419 --- --- --- --- --- --- 514 4350 3113 --- --- 12.6 --- 3.9 <0.09 107
MW-15 21-May-03 7.51 6940 544 404 --- --- --- --- --- --- 495 3946 3022 --- --- 78 --- 3.85 1.12 100
MW-15 17-Oct-03 7.39 6940 732 442 --- --- --- --- --- --- 500 4622 3653 --- --- 11.8 --- 4.27 <0.2 107
MW-15 26-Apr-04 7.28 7200 440 430 --- --- --- --- --- --- 488 4495 2869 --- --- 11.3 --- 4.2 1.7 110
MW-15 15-Oct-04 7.61 7050 435 411 --- --- --- --- --- --- 507 4153 2779 --- --- 10.2 --- 4.9 2.2 98
MW-15 10-May-05 7.96 7060 438 422 --- --- --- --- --- 414 505 4484 2831 --- --- 11.1 --- 3.5 1.7 130
MW-15 11-Oct-05 7.87 6760 393 369 --- --- --- --- --- 407 2501 4144 2501 --- --- 15.8 --- 2.8 <0.9 82
MW-15 17-May-06 7.73 6990 444 445 --- --- --- --- --- 424 517 4293 2941 --- --- 13.5 --- 6.3 2.2 108
MW-15 21-Oct-06 7.90 7150 440 418 --- --- --- --- --- 430 524 4849 2820 --- --- 10.8 --- 5.6 1.12 108
MW-15 04-Jun-07 7.89 7080 487 439 --- 18.2 --- --- 62.6 431 525 4145 3024 --- <0.60 13.8 --- 4.2 <0.9 107
MW-15 23-Oct-07 7.92 7040 472 428 --- --- --- --- --- --- 534 4302 --- --- --- 12.1 --- 4.93 0.1 102
MW-15 02-Jun-08 8.00 9970 482 411 1190 42.6 3.7 0.667 --- 423 --- --- 2900 7240 --- 12.9 --- --- --- ---
MW-15 16-Oct-08 7.88 7140 427 388 --- --- --- --- --- 435 530 4155 2664 --- --- 14.3 --- 91 84.3 106

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

Plant Areas
MW-15 09-Jun-09 7.97 7430 493 467 1099 --- --- --- 52 424 517 4584 3154 6988 --- 16.1 --- 4 <0.9 105
MW-15 10-Jun-10 7.79 6740 403 386 928 16.9 <0.15 0.031 59.1 418 510 4340 2600 6470 <0.05 18.8 18.8 6.55 <0.05 ---
MW-15 21-Sep-10 7.91 6700 431 375 917 16.9 <0.30 <0.050 51.6 435 531 4160 2620 6270 <0.050 13 13 7.51 0.193 97
MW-15 13-Jun-11 7.86 7340 473 422 1020 18.9 <0.30 <0.050 51.2 430 525 4070 2920 6380 <0.050 14 14 5.5 0.07 103
MW-15 20-Sep-11 7.88 7190 460 433 991 18.2 <0.03 0.0633 51.6 444 541 4270 2930 6550 <0.050 13.8 13.8 4.35 <0.050 95
MW-15 11-Jun-12 7.80 6830 423 395 954 17.1 <0.30 <0.050 53.9 441 538 4440 2680 6610 <0.50 14.5 14.5 4.36 <0.050 92
MW-15 06-Sep-12 7.75 6810 438 415 949 17 <0.30 <0.050 53 422 514 4160 2800 6340 <0.050 13.3 13.3 4.58 <0.050 102
MW-15 25-Jun-13 7.46 6940 385 379 931 16.4 --- --- 47.4 432 526 4090 2520 6170 <0.050 8.1 8.1 3.14 <0.050 ---
MW-15 10-Oct-13 7.87 4920 259 233 593 9.9 --- --- 32.7 288 351 2700 1610 4120 <0.050 27.4 27.4 4.9 0.09 ---
MW-15 06-Jun-14 7.56 5520 429 396 897 15.4 --- --- 47.8 434 530 4300 2700 6420 <0.040 16.7 16.7 3.72 <0.050 ---
MW-15 3-Oct-14 8.37 5910 324 299 713 12.7 --- --- 40.1 347 404 3590 2040 5270 <0.20 19.7 19.7 3.70 0.095 ---
MW-15 30-Apr-15 7.93 6230 481 446 1020 18.4 --- --- 48.4 469 572 4260 3040 6630 <0.10b 16.5 16.5 4.0 <0.050 ---
MW-15 7-Oct-15 7.81 6600 384 361 1040 16 --- --- 51.9 466 568 4560 2450 6770 <0.10 17.8 17.8 4.44 <0.050 ---
MW-15 1-Jun-16 7.8 6910 443.2 426.4 1120 31.1 --- --- 52.79 445.6 543.2 4305 2863 6711 <0.005 13.83 13.83 4.37 0.08 ---
MW-15 4-Oct-16 7.5 3760 209.8 200.7 495.8 15.6 --- --- 25.4 220.8 269.3 2389 1351 3588 <0.005 26.38 26.38 3.29 0.72 ---
MW-15 30-May-17 7.9 6700 428.5 428.1 1145 30.6 --- --- 49.19 422.6 515.3 4424 2833 6834 <0.005 15.83 15.83 4.78 <0.05 ---
MW-15 5-Oct-17 7.7 6400 398.5 389.6 1070 29.0 --- --- 45.11 411.3 501.5 3454 2600 5712 <0.005 17.00 17.00 3.47 0.10 ---

MW-21A 11-Oct-05 7.60 24700 492 4640 3230 58.5 --- --- 37 1360 1650 29000 20300 38400 34.1 28.2 --- 279 248 ---
MW-21A 17-May-06 8.32 26200 125 2716 2513 77.5 --- --- 22.3 2669 3207 15476 11497 --- 778.837 387 --- 1302 1299 154
MW-21A 12-Oct-06 8.00 27300 393 2309 --- --- --- --- --- 2592 3160 3654 12566 --- --- 324 --- 1288 1252 146
MW-21A 04-Jun-07 8.50 27900 20 1268 1112 59.1 --- --- 10.6 5900 5859 5895 5272 --- 589 682 --- 3226 3220 220
MW-21A 23-Oct-07 7.91 27400 153 2209 --- --- --- --- --- --- 3106 8559 --- --- --- 448 --- 2080 2020 178
MW-21A 28-May-08 8.80 35500 8 496 849 89 0.03 0.02 --- 11900 --- --- --- 11300 --- 1920 --- --- 3150 ---
MW-21A 16-Oct-08 8.35 36600 8 1259 --- --- --- --- --- 0 0 10732 5205 --- --- 1462 --- 4095 2654 328
MW-21A 09-Jun-09 8.66 42300 9 707 862 --- --- --- 12 0 0 7597 2933 27032 --- 1505 --- 6644 5684 311
MW-21A 10-Jun-10 8.03 29000 24 467 386 46.4 <0.15 <0.025 22 2470 3020 2600 1980 16200 233 2280 2510 3790 3180 ---

MW-21A dup 10-Jun-10 8.01 29500 24 473 396 48.1 <0.15 <0.025 21 2450 2990 2620 2010 16200 234 2290 2520 3880 4430 ---
MW-21A 20-Sep-10 8.47 32800 7 772 791 65.1 <0.30 <0.050 13.7 7650 9330 7090 3200 20800 213 1480 1690 4300 0.517 143

MW-21A dup 20-Sep-10 8.45 32800 7 782 805 66.5 <0.30 <0.050 14 7800 9520 7260 3240 21700 196 1640 1840 4920 0.505 130
MW-21A 13-Jun-11 8.60 34000 5 423 472 61 <0.15 <0.025 12.2 10200 12400 5300 1750 17400 376 745 1120 6560 5160 96

MW-21A dup 13-Jun-11 8.59 34200 5 431 472 61 <0.15 <0.025 11.8 10100 12300 5440 1790 17500 374 749 1120 5950 5430 99
MW-21A 20-Sep-11 8.56 41000 4 784 994 93.1 0.17 0.029 12.8 13000 15900 12000 3240 26800 237 910 1150 6140 6550 185

MW-21A dup 20-Sep-11 8.57 41600 5 800 1020 95.5 0.081 0.023 13.5 12900 15800 12000 3310 26800 239 915 1150 6650 6770 185
MW-21A 11-Jun-12 8.68 37400 4 488 631 66 <1.5 <0.25 <20 12900 15700 7340 2020 24500 291 1560 1850 7590 6800 201
MW-21A 06-Sep-12 8.58 38600 5 965 1020 83 <1.5 <0.25 <100^^ 10800 13200 11000 3990 25500 241 1080 1320 5200 5070 178

MW-21A dup 06-Sep-12 8.58 38600 5 970 1030 83 <1.5 <0.25 <100^^ 10700 13100 11300 4010 26000 251 1130 1380 5120 5010 194
MW-21A 20-Jun-13 8.84 38400 <10 227 380 51 --- --- 19 14300 17500 4360 935 22100 282 1630 1910 6400 6700 ---
MW-21A 10-Oct-13 8.60 36200 6 948 1030 79 --- --- 34.1 7370 8990 9940 3920 22300 215 1110 1320 5500 4813 ---
MW-21A 05-Jun-14 8.80 34900 5 485 750 76 --- --- 13 15000 18300 8990 2010 25200 218 1110 1330 7570 6600 ---
MW-21A 3-Oct-14 9.02 43000 13.9 682 1150 106 --- --- <20 13400 8370 14600 2840 29500 213 903 1120 7570 6800 ---
MW-21A 1-May-15 8.93 33200 <5.0 221 653 74 --- --- <50 9000 <5.0 6880 910 19900 225 1280 1500 8940 6810 ---
MW-21A 7-Oct-15 8.71 37100 <10 668 1340 114 --- --- <25 14200 12000 12900 2750 29000 215 1010 1220 6470 6100 ---
MW-21A 1-Jun-16 8.8 34700 2.1 229.3 355.5 54.3 --- --- 11.36 13620 7787 4075 949.6 21710 174.9 1845 2020 6650 6321 ---

MW-21A dup 1-Jun-16 8.8 34400 2.2 230.9 350.4 53.3 --- --- 11.52 13170 8746 3982 956.4 21290 174.1 1834 2008 6793 6302 ---
MW-21A 6-Oct-16 8.6 34400 2.5 653.6 1026 97.5 --- --- 13.50 11880 9492 9475 2698 19620 164.2 1142 1307 5567 5203 ---

MW-21A dup 6-Oct-16 8.6 34200 2.6 609.3 1029 97.4 --- --- 13.25 11740 9288 9058 2515 23180 158.5 1068 1227 5723 5681 ---
MW-21A 31-May-17 8.9 31400 1.3 77.2 206.0 42.9 --- --- 8.03 18440 9738 1883 321.0 18480 241.7 979.1 1221 7090 7415 ---

MW-21A dup 31-May-17 8.9 31300 1.3 76.8 203.7 42.5 --- --- 9.43 18040 10480 1865 319.5 18190 239.3 970.5 1210 6829 7530 ---
MW-21A 4-Oct-17 8.7 33400 2.2 627.4 1098 95.4 --- --- 12.12 12090 9187 9010 2589 22500 176.4 846.4 1023 5773 5164 ---

MW-21B 11-Oct-05 8.00 31500 348 658 11000 59.1 --- --- 30.1 2980 3630 24700 3580 39100 23.7 83.2 --- 316 138 ---
MW-21B 17-May-06 8.08 28300 217 961 5393 115 --- --- 89 3403 4148 16269 4499 --- 69.0108 80 --- 1519 1478 289
MW-21B 12-Oct-06 7.97 22900 352 752 --- --- --- --- --- 2861 3488 13879 3976 --- --- 66.1 --- 1425 1352 100
MW-21B 04-Jun-07 8.07 31300 170 1432 3406 145 --- --- 49.3 4082 4976 12978 6321 --- 123 184 --- 2743 2620 163
MW-21B 23-Oct-07 8.04 27500 110 1061 --- --- --- --- --- --- 4464 8959 --- --- --- 158 --- 2450 2430 160
MW-21B 28-May-08 8.20 23200 105 1050 3430 121 0.25 0.18 --- 4040 --- --- --- 17200 --- 222 --- --- 2550 ---
MW-21B 16-Oct-08 8.45 32700 20 625 --- --- --- --- --- 0 0 9859 2734 --- --- 675 --- 3990 3494 299
MW-21B 09-Jun-09 8.44 40500 15 625 2208 --- --- --- 27.5 0 0 10984 2610 27193 --- 1330 --- 4452 4312 227
MW-21B 10-Jun-10 8.35 37200 12 553 1910 143 <0.15 <0.025 25.8 <5 <5 12300 2310 21000 198 1180 1380 5020 4230 ---
MW-21B 20-Sep-10 8.37 31400 16 583 1810 123 <0.30 <0.050 23.5 5700 6950 10300 2440 21400 131 1020 1150 5270 0.38 107
MW-21B 13-Jun-11 8.17 28000 53 675 1760 111 <0.30 0.05 27.1 4010 4900 9280 2910 17300 74.6 611 685 3350 2890 85
MW-21B 20-Sep-11 8.29 33100 24 818 1840 129 0.061 0.025 23.9 5430 6630 10900 3430 22700 105 1188 1290 3610 3590 98
MW-21B 11-Jun-12 8.54 32600 10 501 1140 76 <1.5 <0.25 35 7060 6430 6920 2090 21900 135 1900 2030 5780 4890 124
MW-21B 06-Sep-12 8.53 39200 10 641 1540 141 <1.5 <0.25 <100^^ 9250 11300 11300 2670 26300 144 1450 1600 5360 5030 153
MW-21B 20-Jun-13 8.58 36200 <10 642 1520 108 --- --- 31 7240 8830 10000 2640 23400 136 1400 1530 4400 4890 ---

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

Plant Areas
MW-21B 10-Oct-13 8.68 34300 10 558 1330 101 --- --- 152 8240 10100 9010 2320 21900 126 1190 1320 5500 5073 ---
MW-21B 05-Jun-14 8.54 29900 11 558 1350 98 --- --- 25 8330 10200 11600 2330 24000 109 1110 1220 5270 4610 ---
MW-21B 3-Oct-14 9.07 38600 15.1 297 1110 104 --- --- <50 14600 7560 9820 1260 25600 136 1110 1250 7310 6700 ---

MW-21B dup 3-Oct-14 9.24 42100 17 220 1280 131 --- --- 22 17800 6590 10600 948 28700 157 1140 1290 7980 7100 ---
MW-21B 1-May-15 8.65 28700 10.2 547 1050 85 --- --- <50 7130 4120 6940 2280 21100 129 1710 1840 6020 5500 ---
MW-21B 7-Oct-15 8.72 33700 13 365 1310 105 --- --- <50 13300 10200 11600 1540 27700 127 1300 1430 5660 6800 ---
MW-21B 1-Jun-16 8.5 33900 10.7 548.3 1429 109.0 --- --- 24.59 8123 7994 8812 2285 22950 120.6 1509 1630 5766 5626 ---
MW-21B 6-Oct-16 8.5 30400 9.5 521.6 1345 102.9 --- --- 23.56 8143 6999 8032 2171 20750 99.93 1230 1330 4766 4458 ---
MW-21B 31-May-17 8.7 29900 5.3 344.3 833.1 77.5 --- --- 1.62 11500 8142 5228 1431 18850 158.6 1101 1260 4869 4739 ---
MW-21B 4-Oct-17 8.6 36000 10.3 553.5 1685 169.3 --- --- 23.56 11220 9944 13270 2305 26390 91.24 805.4 896.6 4983 5405 ---

MW-21B dup 4-Oct-17 8.6 34300 11.6 508.3 1602 169.3 --- --- 23.41 11670 9538 10760 2122 24500 108.5 904.9 1013 5125 5541 ---

MW-21C 11-Oct-05 7.60 3130 260 76 439 10.7 --- --- 18.8 500 611 1370 961 2480 0.11 1.67 --- 3.9 3.55 ---
MW-21C 17-May-06 7.78 5670 451 180 888 3.9 --- --- 16.6 503 613 3056 1867 --- <0.6 10.8 --- 14 6.7 13
MW-21C 12-Oct-06 7.94 4790 305 124 --- --- --- --- --- 516 629 2769 1272 --- --- 1.2 --- 4.2 3.3 11
MW-21C 04-Jun-07 7.90 6550 452 235 1071 14.5 --- --- 21.5 508 619 3193 2096 --- 0.7 52.6 --- 27.7 9.8 23
MW-21C 23-Oct-07 8.07 3940 280 109 --- --- --- --- --- --- 669 1801 --- --- --- 6 --- 4.77 3.15 6
MW-21C 28-May-08 8.10 11400 540 396 1260 20 <0.01 0.61 --- 480 --- --- --- 8610 --- 273 --- --- 30.9 ---
MW-21C 16-Oct-08 7.63 22200 995 1795 --- --- --- --- --- 429 523 7519 9876 --- --- 1772 --- 300 298 85
MW-21C 09-Jun-09 7.27 32700 1506 1942 2117 --- --- --- 36 258 315 6911 11758 17880 --- 3663 --- 1215 1182 99
MW-21C 10-Jun-10 7.41 33100 1120 1750 1820 124 <0.6 0.33 33 366 447 6420 10000 25700 50.5 3150 3200 2590 3990 ---
MW-21C 20-Sep-10 7.41 31800 1000 1600 1750 109 <1.5 0.36 31 363 442 6580 9090 26000 31.8 3300 3330 1880 1620 108
MW-21C 13-Jun-11 7.47 29600 1170 2030 2280 129 <0.60 0.4 32.1 356 434 6590 11300 18300 23.2 1300 1320 915 1330 112
MW-21C 20-Sep-11 7.63 35800 651 1510 1580 137 0.069 0.266 31.2 697 851 9990 7840 28700 51.4 3205 3260 1380 1560 96
MW-21C 11-Jun-12 7.42 33300 1090 1560 1520 102 <1.5 0.44 52 507 618 7260 9150 29800 65 3990 4050 2270 2160 124
MW-21C 06-Sep-12 7.44 35300 1280 2000 1900 147 <0.60 0.37 <100^^ 444 542 7600 11400 31200 75 3980 4060 2260 2380 137
MW-21C 20-Jun-13 7.44 36900 1210 1560 1290 114 --- --- 70 473 578 6240 9450 30900 100 4450 4550 2710 2680 ---
MW-21C 10-Oct-13 7.59 21400 1020 1040 1330 63 --- --- 32.3 439 536 4460 6830 18700 30.6 2340 2370 1050 980 ---
MW-21C 05-Jun-14 7.50 22100 917 1540 1600 110 --- --- <100 510 622 7290 8630 26900 102 3320 3420 2210 1900 ---
MW-21C 3-Oct-14 7.32 34900 566 1530 1530 133 --- --- 32 800 976 9030 7710 28600 158 3300 3460 2640 2650 ---
MW-21C 1-May-15 7.60 26800 837 1580 1620 117 --- --- <100 497 607 8130 8600 27400 68.3 3290 3360 2400 2430 ---
MW-21C 8-Oct-15 7.55 30500 1040 1760 1780 149 --- --- <50 396 483 9700 9840 30800 121 3530 3650 8700 2600 ---

MW-21C dup 8-Oct-15 7.52 32400 917 1550 1590 135 --- --- <50 466 568 9700 8670 29300 121 3290 3410 7400 2500 ---
MW-21C 1-Jun-16 7.4 25400 1072 1242 1545 98.8 --- --- 28.07 397.8 485.1 5560 7794 22970 42.58 2947 2990 1557 1467 ---
MW-21C 6-Oct-16 7.3 36600 1080 1659 1470 172.4 --- --- 33.38 402.1 490.2 8256 9528 30570 86.15 3924 4010 3088 2991 ---
MW-21C 31-May-17 7.4 28500 958.4 1430 1572 139.6 --- --- 30.27 419.3 511.3 6395 8284 26400 46.59 3494 3541 2185 2151 ---
MW-21C 4-Oct-17 7.4 28600 902.4 1571 1612 133.9 --- --- 31.02 478.7 583.6 8801 8721 28720 66.03 3424 3490 1885 1839 ---

MW-22A 11-Oct-05 7.40 11300 550 1220 1050 23.6 --- --- 55 583 711 6620 6400 12400 0.22 568 --- 1.5 0.09 ---
MW-22A 17-May-06 7.78 13010 497 1562 1199 22.2 --- --- 56.2 576 702 5753 7673 --- <0.6 817 --- 1.8 1.7 65
MW-22A 12-Oct-06 7.82 11300 422 1068 --- --- --- --- --- 671 818 6533 5452 --- --- 589 --- 2.17 <0.9 49
MW-22A 04-Jun-07 7.88 12850 549 1410 1184 18.5 --- --- 68.4 580 707 5630 7177 --- <1.2 738 --- 1.1 <0.90 58
MW-22A 23-Oct-07 7.84 10230 497 1044 --- --- --- --- --- --- 851 5527 --- --- --- 423 --- 0.08 0.09 41
MW-22A 28-May-08 8.00 16400 514 1250 1130 19 <0.01 <0.01 --- 614 --- --- --- 13100 --- 614 --- --- 0.05 ---
MW-22A 16-Oct-08 7.88 9870 480 970 --- --- --- --- --- 694 846 5424 5193 --- --- 378 --- <0.9 <0.9 41
MW-22A 08-Jun-09 7.94 12560 579 1405 1274 --- --- --- 51.1 580 707 5823 7232 10370 --- 866 --- <0.9 <0.9 51
MW-22A 10-Jun-10 7.70 11600 496 1180 1090 18.1 <0.3 <0.05 51.1 580 708 5240 6100 11300 <0.25 643 643 2.68 0.081 ---
MW-22A 21-Sep-10 7.74 10200 476 944 950 17.8 <0.30 <0.050 42.1 631 770 5040 5080 10300 <0.50 554 554 <0.20 <0.050 38
MW-22A 13-Jun-11 7.83 11300 631 1100 939 16.7 <0.30 <0.050 49.6 535 653 4310 6110 9660 <0.10 518 518 3.21 0.212 47
MW-22A 20-Sep-11 7.81 11100 533 1120 899 18.6 <0.03 <0.0050 53 569 694 4620 5940 10500 <0.050 660 661 4.29 <0.050 45
MW-22A 11-Jun-12 7.65 9160 491 915 880 17.2 <0.30 <0.050 50.9 601 734 4950 4990 9870 <2.5 498 498 0.2 <0.050 35
MW-22A 06-Sep-12 7.59 8720 436 890 845 17 <0.60 <0.10 43 633 772 4400 4750 8490 <0.050 334 334 <0.20 <0.050 33
MW-22A 25-Jun-13 7.10 9500 452 915 849 15.3 --- --- 42.7 611 746 4690 4900 9120 0.07 404 404 0.54 <0.050 ---
MW-22A 10-Oct-13 7.81 8400 451 812 854 16.6 --- --- 38 682 832 4550 4470 8320 <0.10 269 269 <5 <0.050 ---
MW-22A 05-Jun-14 7.58 6660 511 855 739 13.2 --- --- 44.5 603 735 4180 4800 8480 <0.040 401 401 0.93 <0.050 ---
MW-22A 3-Oct-14 8.16 8510 459 766 698 14.4 --- --- 46 555 677 4150 4300 8170 <0.20 384 384 2.0 <0.050 ---
MW-22A 30-Apr-15 7.83 8000 537 974 866 16.9 --- --- 44.3 658 803 4660 5350 9180 <0.10b 381 381 4.4 0.171 ---
MW-22A 7-Oct-15 7.59 7870 485 840 789 16.2 --- --- 39 722 881 4990 4670 8980 <0.10 313 313 1.6 0.11 ---
MW-22A 8-Jun-16 7.6 9670 508.0 977.1 911.1 28.8 --- --- 50.42 580.6 708.0 4875 5292 9971 <0.005 511.9 511.9 3.51 0.17 ---
MW-22A 4-Oct-16 7.5 9810 499.2 991.2 978.7 32.2 --- --- 55.85 565.7 689.7 4559 5329 10170 0.01 611.3 611.4 4.7 0.18 ---
MW-22A 30-May-17 7.6 10400 536.4 1094 1119 29.2 --- --- 58.73 560.9 683.9 4862 5844 11270 <0.005 728.8 728.8 5.01 0.24 ---
MW-22A 5-Oct-17 7.7 9270 497.6 947.6 1051 30.8 --- --- 45.21 613.2 747.6 5180 5144 10590 <0.005 557.3 557.3 2.02 0.28 ---

MW-22B 11-Oct-05 7.70 9500 413 351 510 20.2 --- --- 23 482 588 2690 2480 4410 4.94 20.7 --- 112 2.69 ---
MW-22B 17-May-06 7.58 6220 449 416 811 19.1 --- --- 24.7 787 959 3360 2834 --- --- 2.1 --- 4.2 3.4 11
MW-22B 12-Oct-06 7.70 6300 368 360 --- --- --- --- --- 809 986 3752 2401 --- --- 1.7 --- 3.01 2.58 12

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

Plant Areas
MW-22B 04-Jun-07 7.67 6060 509 403 743 17.2 --- --- 22.9 864 1053 3106 2931 --- <0.60 0.8 --- 3.5 1.4 12
MW-22B 23-Oct-07 7.67 5960 465 366 --- --- --- --- --- --- 1074 3303 --- --- --- <0.50 --- 2.05 1.84 12
MW-22B 28-May-08 7.90 7180 470 373 669 16 <0.01 6.49 --- 903 --- --- --- 5950 --- --- --- --- 1.68 ---
MW-22B 16-Oct-08 7.69 5930 491 409 --- --- --- --- --- 843 1028 3006 2910 --- --- 0.31 --- 2.1 1.7 9
MW-22B 09-Jun-09 7.76 5950 443 447 660 --- --- --- 21.2 684 834 3689 2947 5694 --- 2.5 --- 2 2 ---
MW-22B 10-Jun-10 7.31 5690 447 371 627 16.3 <0.15 6.06 25.2 941 1150 3190 2640 5240 <0.05 0.659 0.659 4.09 1.93 ---
MW-22B 21-Sep-10 7.59 5640 478 363 614 16 <0.30 5.91 28.2 904 1100 3150 2690 5200 <0.050 1.82 1.82 4.92 1.72 11
MW-22B 13-Jun-11 7.23 6080 508 386 645 16.6 <0.15 5.84 26.8 953 1160 3040 2860 5230 <0.050 9.12 9.12 4.67 1.55 16
MW-22B 20-Sep-11 7.62 5980 497 421 642 17.2 <0.03 5.12 24 901 1100 3160 2970 5320 <0.050 3.92 3.92 18.4 1.12 10
MW-22B 11-Jun-12 7.49 5640 460 398 610 16.4 <0.30 4.67 28.6 855 1040 3660 2790 5720 <0.50 8.48 8.48 0.72 <0.25 11
MW-22B 06-Sep-12 7.42 5690 460 394 587 15.5 <0.15 4.72 25.5 847 1030 3170 2770 5170 <0.050 2.55 2.55 1.62 1.09 11
MW-22B 25-Jun-13 7.08 5710 425 394 622 16.8 --- --- 22.9 822 1000 3230 2680 5230 <0.050 6.29 6.29 28 0.84 ---
MW-22B 10-Oct-13 7.73 5650 417 368 579 14.6 --- --- 22.9 839 1020 3200 2560 5120 <0.10 2.55 2.55 14 0.68 ---
MW-22B 05-Jun-14 7.22 4700 484 406 589 16.2 --- --- 21.4 846 1030 3210 2880 5250 0.047 4.1 4.15 11.7 0.432 ---
MW-22B 3-Oct-14 8.11 5430 421 366 507 14.5 --- --- 21.3 689 841 3240 2560 5020 <0.20 7.52 7.52 0.53 0.458 ---
MW-22B 30-Apr-15 7.44 5120 531 410 631 17.5 --- --- 25.7 999 1220 3140 3010 5360 <0.10b 1.85 1.9 2.8 3.96 ---
MW-22B 7-Oct-15 7.32 5350 417 357 633 15 --- --- 23.7 923 1130 3440 2510 5440 <0.10 0.65 0.65 <1.0 0.66 ---
MW-22B 1-Jun-16 7.4 5560 464.6 406.8 615.4 29.4 --- --- 22.47 839.4 1024 3288 2835 5341 0.011 0.658 0.669 1.33 0.36 ---
MW-22B 4-Oct-16 7.4 5370 446.6 414.2 585.6 27.7 --- --- 20.26 766 934 3293 2821 5257 0.039 0.56 0.599 <1.00 0.14 ---
MW-22B 30-May-17 7.6 5360 460.8 440.0 612.8 24.8 --- --- 19.79 720.3 878.3 3269 2962 5276 0.082 2.164 2.246 1.03 <0.05 ---
MW-22B 5-Oct-17 7.5 5440 444.1 441.5 633.6 27.1 --- --- 19.75 686.4 836.8 3074 2927 5083 <0.005 5.358 5.358 <1.00 0.14 ---

MW-23 11-Oct-05 7.30 5540 525 960 1240 19.1 --- --- 86.9 689 840 7970 5260 11300 0.18 9.64 --- 8.2 0.36 ---
MW-23 17-May-06 7.83 11080 442 1232 1421 13.6 --- --- 65.4 533 650 7463 6177 --- <0.6 16.9 --- 6.3 2.2 117
MW-23 12-Oct-06 7.92 10680 355 889 --- --- --- --- --- 572 697 7882 4547 --- --- 15.4 --- 4.34 1.01 104
MW-23 04-Jun-07 7.97 11600 509 1294 1538 18.2 --- --- 133 518 631 7552 6600 --- <1.20 60.1 --- 6.3 <0.90 104
MW-23 23-Oct-07 7.98 11070 486 1103 --- --- --- --- --- --- 657 7650 --- --- --- 25.5 --- 4.01 0.28 106
MW-23 06-Jun-08 8.10 15600 442 991 1480 19.7 0.002 0.012 --- 518 --- --- 5180 11300 --- 16.9 --- --- <0.05 ---
MW-23 16-Oct-08 7.99 8070 443 702 --- --- --- --- --- 459 560 4796 3997 --- --- 147 --- 1.4 <0.9 86
MW-23 09-Jun-09 8.15 11140 464 1089 1439 --- --- --- 59.3 499 608 7820 5643 11221 --- 27.3 --- 3.6 <0.9 88
MW-23 10-Jun-10 7.78 10900 422 1130 1410 17.7 <0.3 <0.05 50.2 523 638 7880 5710 11400 <0.05 39.2 39.2 6.13 <0.05 ---
MW-23 20-Sep-10 7.95 11000 446 1090 1380 18.5 <0.30 <0.050 50.8 541 660 8260 5600 11700 <0.10 35.5 35.5 8.23 0.091 100
MW-23 13-Jun-11 7.86 13500 471 1390 1770 19.2 <0.30 <0.050 58 591 721 8830 6900 13300 <0.10 80.8 80.8 8.23 0.09 159
MW-23 20-Sep-11 7.88 13000 452 1420 1640 20.8 0.173 0.0138 53.9 600 732 9090 6980 13400 <0.10 76.3 76.3 7.57 <0.050 145
MW-23 11-Jun-12 7.81 11500 470 1320 1610 19 <0.60 <0.10 53.5 562 686 9700 6610 13800 <1.0 74.7 74.7 7.1 <0.050 115
MW-23 06-Sep-12 7.66 11200 438 1220 1480 18.7 <0.30 <0.050 52.5 541 660 8090 6120 11900 <0.10 57.1 57.1 6.97 <0.050 25
MW-23 25-Jun-13 7.54 10100 372 908 2940 27 --- --- 52.4 566 691 6680 4670 9800 <0.050 37.1 37.1 4.01 <0.050 ---
MW-23 10-Oct-13 7.85 8580 415 975 1360 17.5 --- --- 54.7 561 685 7320 5050 10700 <0.10 41.5 41.5 1.27 <0.050 ---
MW-23 06-Jun-14 7.78 7310 424 905 1270 16 --- --- 46 563 686 6630 4790 9770 <2 29.6 29.6 3.76 <0.050 ---
MW-23 2-Oct-14 8.30 9590 402 911 1340 17.0 --- --- 50.7 563 669 6250 4760 9440 <0.20 29.3 29.3 5.30 <0.050 ---
MW-23 30-Apr-15 7.81 9370 447 1140 1430 18 --- --- 51 573 699 7620 5810 11200 <0.20b 42.2 42.2 4.7 0.058 ---
MW-23 7-Oct-15 7.79 9560 408 980 1350 18.0 --- --- 52 625 763 7110 5050 10400 <0.20 33 33.0 3.50 <0.25 ---
MW-23 1-Jun-16 7.9 9600 416.7 900.7 1449 30.1 --- --- 57.61 562.1 685.4 6793 4749 10100 <0.005 25.05 25.05 3.87 0.09 ---
MW-23 4-Oct-16 7.8 10800 441.3 1221 1624 36.4 --- --- 52.5 602.9 735.1 8318 6130 12240 <0.005 39.46 39.46 5.41 0.24 ---
MW-23 30-May-17 7.8 11400 446.3 1447 1807 33.3 --- --- 50.44 585.6 714.0 8775 7073 13130 <0.005 48.54 48.54 5.81 0.36 ---
MW-23 5-Oct-17 7.8 10900 427.8 1367 1767 35.9 --- --- 47.48 594.2 724.5 8527 6696 12760 <0.005 50.93 50.93 4.77 0.48 ---

MW-33 28-May-08 8.00 6430 503 601 221 9 0.016 3.15 --- 684 --- --- --- 5750 --- 13.8 --- --- 1.03 ---
MW-33 16-Oct-08 7.82 6000 501 650 --- --- --- --- --- 839 1023 3733 3928 --- --- 0.32 --- 4.6 3.1 35
MW-33 09-Jun-09 7.89 5900 521 723 244 --- --- --- 30 677 825 3779 4278 5735 --- 20.3 --- 3.1 1.9 24
MW-33 03-Nov-09 7.76 5780 518 719 336 11 --- --- 20.7 930 1134 3645 4254 5810 <0.2 1.9 --- 3.5 3.1 26
MW-33 10-Jun-10 7.73 6140 543 713 204 6.9 <0.15 0.176 61.4 701 856 3460 4290 6080 0.16 152 152 52.6 0.212 ---
MW-33 20-Sep-10 7.77 5790 523 652 275 9.4 <0.30 3.52 26.7 937 1140 3690 3990 5780 0.051 10.2 10.3 16.1 4.16 26
MW-33 13-Jun-11 7.48 7360 717 756 297 7.9 <0.30 1.54 110 761 929 3210 4900 6510 0.799 214 215 411 0.575 63
MW-33 20-Sep-11 7.77 6400 580 753 311 10.6 <0.03 4.15 42.9 1010 1230 3810 4550 6230 0.098 26 26.1 41.3 1.36 37
MW-33 11-Jun-12 7.68 5840 528 687 283 7.6 <0.30 2.75 28.3 1070 1310 4020 4150 6220 <0.50 4.91 4.91 3.46 1.47 29
MW-33 06-Sep-12 7.52 6310 485 721 341 10.2 <0.15 7.02 19.7 1040 1260 3830 4180 6030 <0.050 0.057 <0.071 8.42 0.984 30
MW-33 25-Jun-13 7.42 5820 493 657 261 5.8 --- --- 25.5 898 1100 3600 3940 5620 <0.050 8.1 8.1 1.51 <0.050 ---
MW-33 10-Oct-13 7.79 6800 485 668 316 7.9 --- --- 20 1050 1290 3810 3960 5940 0.12 0.83 0.95 7.4 0.84 ---
MW-33 06-Jun-14 7.46 4930 589 781 222 5.9 --- --- 44.8 810 989 4060 4690 6450 1.34 58.3 59.7 4.9 0.095 ---
MW-33 3-Oct-14 8.06 6020 506 683 258 7.7 --- --- 31.1 825 1010 4030 4080 6030 <0.20 4.73 4.73 3.80 1.00 ---
MW-33 30-Apr-15 7.77 5380 586 793 295 8.0 --- --- 26.2 1060 1300 3860 4730 6210 <0.10b 1.66 1.66 19.7 1.57 ---
MW-33 7-Oct-15 7.62 6000 491 732 353 10.1 --- --- 21.5 1070 1300 4460 4240 6710 <0.10 0.82 0.82 12.60 3.18 ---
MW-33 1-Jun-16 7.6 6230 508.0 763.6 383.7 17.6 --- --- 20.36 945.2 1152 4249 4413 6521 0.022 0.338 0.360 13.24 2.48 ---
MW-33 4-Oct-16 7.6 5520 544.9 716.1 244.8 10.1 --- --- 30.73 941.1 1147 3624 4310 5756 0.01 2.746 2.756 21.35 0.32 ---

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

Plant Areas
MW-33 30-May-17 7.7 5190 513.5 729.6 147.2 7.0 --- --- 30.38 728.2 887.9 3424 4287 5303 <0.005 1.676 1.676 23.80 0.15 ---
MW-33 5-Oct-17 7.6 5310 517.6 707.4 185.2 10 --- --- 24.43 818.5 998.0 3706 4206 5650 0.041 0.085 0.126 11.70 0.29 ---

--- --- ---
MW16-42A 31-May-17 7.5 3540 526.3 233.5 208.6 16.6 --- --- 1.85 409.1 498.8 2223 2276 3464 <0.005 1.086 1.086 1.18 0.21 ---
MW16-42A 4-Oct-17 7.5 3490 537.6 212.7 208.3 17.3 --- --- 2.25 460.5 561.4 2577 2218 3837 <0.005 0.310 0.310 <1.00 0.30 ---

--- --- ---
MW16-42B 31-May-17 7.7 1030 134.3 50.7 12.6 11.8 --- --- 13.55 449.5 548.0 141.9 544.2 639 0.008 0.013 0.021 2.64 0.08 ---
MW16-42B 4-Oct-17 7.8 978 131.1 45.6 13.3 12.8 --- --- 11.48 462.3 563.7 101.6 515.2 598 <0.005 <0.010 <0.015 1.90 0.22 ---

--- --- ---
MW16-42C 31-May-17 7.8 3240 228.6 65.4 510.9 15.4 --- --- 8.30 480.8 586.3 1540 840.2 2662 0.018 0.029 0.047 2.96 1.00 ---
MW16-42C 4-Oct-17 7.8 3210 231.5 63.6 527.1 15.7 --- --- 7.39 478.8 583.8 1450 839.8 2590 0.023 0.427 0.45 1.24 0.64 ---

Wastewater Ponds
MW-9 22-Jul-86 7.60 4710 --- --- 975 11 <0.5 --- 34.1 --- --- 6900 6000 --- --- 297 --- 11.63 4.11 ---
MW-9 27-Jan-87 7.20 7820 --- --- 695 8.6 --- --- 68.1 --- --- 28300 4140 --- --- 0 --- 171.9 7.9 ---
MW-9 21-May-87 7.97 4490 --- --- 450 3 --- --- 79.5 --- 560 2275 1956 --- --- 10.3 --- 0.71 0 31
MW-9 03-Jul-87 7.90 3370 --- --- --- 1.4 0 --- 194.8 --- 275 1600 1800 4100 --- 11.8 --- 2.73 1.03 29
MW-9 10-Sep-87 7.90 4590 --- --- 210 2 --- --- 104 --- 264 3100 3000 --- --- 39.3 --- 7.16 1.36 ---
MW-9 23-Nov-87 7.38 7620 --- --- 805 7.4 --- --- 58.4 --- 320 5080 4300 --- --- 147 --- 4.2 0 69
MW-9 13-Jun-88 7.59 6740 --- --- 1140 1.1 0 --- 71.4 --- 365 5450 3953 --- --- 96.7 --- 5.3 0 65
MW-9 18-Nov-88 7.70 7540 --- --- 1322 13.3 0 --- 29 --- 1.5 4650 3800 --- --- 1 --- 0.66 0.33 ---
MW-9 06-Jul-89 7.40 7560 --- --- 1150 11.7 0 --- 39 --- --- 5450 4000 1020 --- 109.5 --- 9.5 0.19 44
MW-9 10-Aug-89 7.56 7890 --- --- 1120 12.5 0 --- 52 --- --- 5300 4000 9500 --- 105.8 --- 4.125 0.75 37
MW-9 06-Jun-90 7.94 7780 --- --- 293 3.8 0 --- 43 --- --- 2900 2850 5200 --- 12.45 --- 2.9 0.41 34
MW-9 01-Dec-90 7.50 7780 --- --- 1397 18 0 --- 50 --- 598 5550 3620 8600 --- 68.9 --- 1.7 0 41
MW-9 25-Jul-91 7.40 3140 --- --- 592 6.5 0.1 --- 73.6 --- 390 1420 1200 9000 --- 62.8 --- 2.1 0.7 10
MW-9 23-Aug-91 7.50 4330 --- --- 475 5.1 0 --- 12.1 --- 450 2500 1600 --- --- 60.4 --- 0 0 ---
MW-9 31-Jul-92 7.41 4050 159 308 240 5.2 0.06 0.02 78.9 --- 310 500 1640 2500 --- 2.4 --- 0 0 15
MW-9 05-Feb-93 7.38 7020 448 558 404 11.05 10.12 0.46 --- --- --- 2800 1480 --- --- 88.8 --- 0.4 0 22
MW-9 05-May-93 8.60 4480 217 320 310 3.21 1.553 0.323 69.28 --- 341 1392 1858 3100 --- 138.76 --- 0.14 0.056 <0.05
MW-9 13-Oct-93 7.90 8950 417 534 591 7.72 1.364 0.243 85.4 --- 482 3082 3239 50099 --- --- --- 0.28 0.19 6
MW-9 28-Apr-94 7.65 12000 425 771 605 6.45 0.851 0.27 76.62 --- 595 4106 4234 6300 --- --- --- 0.75 0.1 <0.05
MW-9 06-Oct-94 7.58 9650 365 515 575 5.96 0.813 0.168 56.76 --- 561 3737 3031 6400 --- 189.61 --- 0.7 0.06 32
MW-9 01-May-95 7.81 7380 424 662 788 9.2 0.205 0.02 79.26 --- 590 4446 3784 6700 --- --- --- 0.4 0.35 40
MW-9 02-May-96 7.64 4980 624 471 452 3.1 0.02 0.016 83.7 --- 488 2439 2563 3943 <0.05 560 --- 1.05 0.78 6
MW-9 28-Oct-96 7.65 5570 307 580 488 3.76 0.48 0.298 56.8 --- 575 2826 3153 4549 <0.05 664 --- 1.4 0.56 52
MW-9 29-Apr-97 7.84 4180 248 413 297 1.51 1.18 0.114 106 --- 418 1511 2320 2786 <0.05 697 --- 1.4 0.84 42
MW-9 21-Oct-97 7.59 6050 404 508 517 5.01 0.044 0.006 104 --- 510 3318 3100 5111 <0.5 566 --- 2.45 1.12 4
MW-9 23-Apr-98 7.89 5370 262 474 --- --- --- --- --- --- 531 2612 2606 --- --- 527 --- 1.75 1.12 3
MW-9 06-Oct-98 7.88 6270 407 538 --- --- --- --- --- --- 524 3198 3231 --- --- 629 --- 1.4 1.12 12
MW-9 03-May-99 7.55 6340 389 612 --- --- --- --- --- --- 492 3107 3492 --- --- 164 --- 2.1 2 14
MW-9 25-Oct-99 7.65 5600 379 487 --- --- --- --- --- --- 414 2558 2952 --- --- 803 --- 2.8 1.96 11
MW-9 10-May-00 7.73 5100 307 452 --- --- --- --- --- --- 419 1980 2630 --- --- 153 --- 2.1 1.4 5
MW-9 16-Oct-00 7.65 5330 337 456 --- --- --- --- --- --- 461 2300 2720 --- --- 173 --- 1.5 1.4 13
MW-9 09-May-01 7.69 6700 364 739 --- --- --- --- --- --- 485 3320 3951 --- --- 112 --- 1.6 1.7 11
MW-9 11-Oct-01 8.18 6220 380 478 --- --- --- --- --- --- 463 3150 2920 --- --- 144 --- 0.9 0.8 16
MW-9 27-May-02 8.00 235 275 376 --- --- --- --- --- --- 385 1700 2235 --- --- 173 --- 0.7 0.56 11
MW-9 08-Oct-02 7.90 4100 307 368 --- --- --- --- --- --- 424 1630 2282 --- --- 186 --- <0.6 <0.09 16
MW-9 21-May-03 7.58 5340 1240 557 --- --- --- --- --- --- 429 2129 5390 --- --- 185 --- 0.77 0.67 11
MW-9 17-Oct-03 7.43 6080 443 583 --- --- --- --- --- --- 451 3345 3507 --- --- 162 --- 0.77 0.67 20
MW-9 26-Apr-04 7.46 5620 324 513 --- --- --- --- --- --- 434 2446 2922 --- --- 206 --- 0.7 0.7 13
MW-9 15-Oct-04 7.87 6840 405 618 --- --- --- --- --- --- 510 3355 3556 --- --- 193 --- 1.4 1.1 21
MW-9 10-May-05 8.01 5720 330 503 --- --- --- --- --- 368 449 2458 2895 --- --- 214 --- <0.9 <0.9 18
MW-9 11-Oct-05 7.96 6790 429 599 --- --- --- --- --- 413 503 3252 3538 --- --- 239 --- <0.9 <0.9 21
MW-9 17-May-06 7.77 7170 442 700 --- --- --- --- --- 457 557 3724 3986 --- --- 206 --- <0.9 <0.9 23
MW-9 12-Oct-06 7.90 7560 459 665 --- --- --- --- --- 486 592 4616 3885 --- --- 194 --- <0.9 <0.9 25
MW-9 04-Jun-07 7.95 5930 383 543 504 --- --- --- 115 406 495 4078 3192 --- <0.6 241 --- 1.1 <0.9 17
MW-9 23-Oct-07 8.00 6640 459 617 --- 3.5 --- --- --- --- 513 3391 --- --- --- 199 --- 0.05 0.93 18
MW-9 22-Jul-08 8.00 8990 399 585 614 5 0.754 0.072 --- 452 --- --- --- 6720 --- --- --- --- 0.25 ---
MW-9 16-Oct-08 7.98 6820 423 555 --- --- --- --- --- 433 528 3252 3342 --- --- 216 --- <0.9 <0.9 18
MW-9 09-Jun-09 8.04 5540 320 462 440 --- --- --- 119 340 414 2163 2702 3949 --- 236 --- <0.9 <0.9 14
MW-9 10-Jun-10 8.06 4260 222 328 338 <2.5 <0.15 <0.025 77 335 409 1620 1910 3430 <0.05 145 145 <0.2 <0.05 ---
MW-9 20-Sep-10 7.99 5080 294 368 387 3.9 <0.15 <0.025 108 351 428 1750 2250 4230 <0.10 251 251 <0.20 0.572 14
MW-9 13-Jun-11 8.11 3740 188 266 262 2.8 <0.15 <0.025 92.2 311 380 1310 1560 2760 <0.050 102 102 <0.20 <0.050 10
MW-9 20-Sep-11 7.99 5160 325 389 341 4.04 0.03 <0.0050 96.8 334 408 2410 2410 4340 <0.050 130 130 1 <0.050 11
MW-9 11-Jun-12 7.95 5230 320 430 377 3.3 <0.15 <0.025 116 428 523 2570 2570 4710 <0.50 143 143 <0.15 <0.25 15
MW-9 06-Sep-12 7.75 5400 333 453 395 4.1 <0.15 <0.025 108 389 475 2570 2700 4750 <0.050 148 148 <0.20 <0.050 15
MW-9 20-Jun-13 7.94 4010 245 350 294 <5.0 --- --- 160 372 454 1690 2050 3320 <0.50 80.5 80.5 0.3 <0.050 ---
MW-9 10-Oct-13 7.91 5270 362 434 413 4.6 --- --- 131 375 457 2880 2690 4900 <0.10 101 101 1 <0.050 ---
MW-9 05-Jun-14 7.93 2920 203 276 247 2.6 --- --- 111 315 384 1380 1640 2750 <0.040 78.2 78.2 0.68 <0.050 ---

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

Wastewater Ponds
MW-9 2-Oct-14 8.12 4700 257 343 325 3.70 --- --- 110 349 426 2170 2050 3820 <0.20 91.2 91.2 0.48 <0.050 ---
MW-9 30-Apr-15 7.14 3770 250 381 319 <5.0 --- --- 127 417 509 1830 2190 3580 <0.10b 96.1 96.1 1.19 <0.050 ---
MW-9 7-Oct-15 7.73 4100 242 314 295 4.2 --- --- 144 391 477 1870 1900 3590 <0.10 110 110 0.30 <0.050 ---
MW-9 1-Jun-16 8.1 4660 289.1 426.2 360.5 5.5 --- --- 145.7 359.2 437.9 2097 2477 4150 <0.005 136.9 136.9 1.38 0.08 ---
MW-9 6-Oct-16 8.0 5000 314.5 516.4 397.9 7.6 --- --- 148.8 359.4 438.2 3162 2912 5549 <0.005 176.9 176.9 1.34 0.05 ---

MW-9 dup 6-Oct-16 8.1 5030 315.2 516.2 396.2 7.5 --- --- 149.6 359.6 438.4 3246 2913 5633 <0.005 176.7 176.7 1.28 <0.05 ---
MW-9 31-May-17 8.0 6820 482.0 721.4 597.6 6.7 --- --- 159.1 419.5 511.5 3668 4174 6984 <0.005 246.8 246.8 2.34 <0.05 ---
MW-9 5-Oct-17 8.0 6970 485.4 689.3 650.8 10.1 --- --- 151.6 437.6 533.5 3854 4051 7060 <0.005 214.7 214.7 1.67 0.15 ---

MW-11 05-May-93 7.42 7560 569 443 568 13.42 0.969 6.425 38.21 --- 1017 2725 3244 4900 --- 0.09 --- 1.82 0.6 <0.05
MW-11 13-Oct-93 7.85 7250 324 333 661 14.39 3.245 6.654 28 --- 488 2896 2178 4500 --- --- --- 1.68 1.3 <0.05
MW-11 28-Apr-94 7.20 8250 470 291 643 13.85 2.091 5.403 35.13 --- 926 2759 2370 4700 --- --- --- 3.17 1.3 <0.05
MW-11 06-Oct-94 7.48 9250 607 403 856 12.24 3.409 6.284 37.31 --- 1034 5283 3173 7700 --- 0.35 --- 2.8 1 <0.05
MW-11 01-May-95 7.02 4570 402 258 498 13.61 0.246 4.858 31.83 --- 819 2386 2065 4000 --- --- --- 2.1 1.23 <0.05
MW-11 02-May-96 7.05 5150 483 303 623 13.7 0.02 5.01 38 --- 931 2653 2454 4580 <0.05 3.61 --- 1.96 1.01 28
MW-11 28-Oct-96 7.32 6670 464 321 1034 13.32 49.85 16.02 65.4 --- 746 3553 2483 5825 <0.05 104 --- 7.7 5.6 40
MW-11 06-Oct-98 7.18 5700 573 377 --- --- --- --- --- --- 1134 2912 2983 --- --- 0.83 --- 2.45 1.68 8
MW-11 03-May-99 6.89 5650 504 309 --- --- --- --- --- --- 1063 3029 2531 --- --- 5.14 --- 2.8 1.7 8
MW-11 25-Oct-99 6.85 5730 506 302 --- --- --- --- --- --- 1043 2987 2507 --- --- <0.11 --- 3.15 2.24 8
MW-11 10-May-00 7.12 5680 508 306 --- --- --- --- --- --- 1090 2610 2530 --- --- <6.8 --- 4.6 2.8 12
MW-11 16-Oct-00 7.49 5560 506 291 --- --- --- --- --- --- 1120 2880 2460 --- --- <6.8 --- 2.1 2 8
MW-11 09-May-01 7.33 5700 444 295 --- --- --- --- --- --- 1048 2720 2323 --- --- 2.6 --- 1.5 1.4 8
MW-11 11-Oct-01 7.99 5680 454 266 --- --- --- --- --- --- 1056 2860 2230 --- --- 0.4 --- 2.3 0.7 14
MW-11 27-May-02 7.00 8700 525 321 --- --- --- --- --- --- 1051 3140 2632 --- --- 1.5 --- 1.75 1.4 14
MW-11 08-Oct-02 7.30 4900 554 291 --- --- --- --- --- --- 1102 2930 2581 --- --- 0.14 --- 0.7 0.76 15
MW-11 21-May-03 7.18 5510 581 314 --- --- --- --- --- --- 1085 2595 2744 --- --- <4.5 --- 1.68 1.4 10
MW-11 17-Oct-03 6.76 5470 605 330 --- --- --- --- --- --- 1058 3011 2870 --- --- <2.26 --- 1.26 1.12 16
MW-11 26-Apr-04 6.82 5700 484 318 --- --- --- --- --- --- 1053 2890 2518 --- --- <0.2 --- 1.8 1.7 13
MW-11 15-Oct-04 6.97 5770 472 315 --- --- --- --- --- --- 1070 2830 2476 --- --- <0.1 --- 1.1 <0.2 15
MW-11 10-May-05 7.61 5670 482 326 --- --- --- --- --- 864 1053 2996 2546 --- --- 1.2 --- 1.4 1.1 14
MW-11 11-Oct-05 7.58 5630 475 311 --- --- --- --- --- 689 1039 3013 2467 --- --- <0.5 --- 3.5 1.2 12
MW-11 17-May-06 7.31 5630 488 334 --- --- --- --- --- 902 1100 2403 2594 --- --- 2 --- 1.4 1.1 12
MW-11 12-Oct-06 7.56 5680 441 302 --- --- --- --- --- 907 1106 3148 2345 --- --- <0.2 --- 4.06 1.62 12
MW-11 04-Jun-07 7.49 5630 531 319 728 15.6 --- --- 38 911 1111 2297 2640 --- <0.3 <0.5 --- 1.1 <0.9 13
MW-11 23-Oct-07 7.54 5620 524 321 --- --- --- --- --- --- 1112 2903 --- --- --- <0.5 --- 1.22 0.93 12
MW-11 28-May-08 7.80 7130 480 291 661 14 0.42 6.21 --- 903 --- --- --- 5410 --- <0.017 --- --- 0.71 ---
MW-11 16-Oct-08 7.57 7580 483 568 --- --- --- --- --- 854 1041 4492 3545 --- --- 0.19 --- 1.4 1.1 12
MW-11 09-Jun-09 7.70 6260 542 374 853 --- --- --- 39.1 907 1106 3433 2894 5805 --- <0.2 --- 1.1 <0.09 20
MW-11 10-Jun-10 7.55 5600 448 293 663 14.7 <0.15 6.68 38.8 934 1140 2860 2330 4880 <0.05 0.099 0.099 15 1.66 ---
MW-11 20-Sep-10 7.55 5460 479 280 648 14.5 <0.15 6.06 38.2 928 1130 2950 2350 4970 <0.050 <0.050 <0.071 2.15 1.25 12
MW-11 13-Jun-11 7.74 5690 465 291 657 15.7 <0.30 6.19 37.8 921 1120 2800 2360 4820 <0.050 <0.050 <0.071 1.54 0.736 12
MW-11 20-Sep-11 7.53 5770 488 266 609 13.2 0.04 6.19 37.1 938 1140 2970 2310 4950 <0.050 <0.050 <0.071 1.37 0.776 11
MW-11 11-Jun-12 7.50 5510 451 281 656 13.8 <0.15 5.82 38.3 936 1140 3040 2280 5040 <0.50 <0.50 <0.71 0.66 0.39 13
MW-11 06-Sep-12 7.08 5450 444 291 597 12.8 0.54 5.8 38.3 885 1080 2800 2310 4710 <0.050 <0.050 <0.071 0.98 0.649 13
MW-11 20-Jun-13 7.26 5540 479 297 691 13.9 --- --- 37.3 905 1100 2860 2420 4920 <0.50 <0.50 <0.71 2.19 0.73 ---
MW-11 10-Oct-13 7.47 5520 442 282 663 13 --- --- 39.3 902 1100 2940 2260 4920 <0.10 0.36 0.36 31 0.64 ---
MW-11 05-Jun-14 7.51 4480 523 308 691 14.6 --- --- 35.8 937 1140 2880 2570 5010 <0.040 <.10 <0.11 1.44 0.74 ---
MW-11 2-Oct-14 7.68 5450 411 262 587 12.1 --- --- 32.9 902 1100 2840 2110 4690 <0.40 <1.0 <1.1 0.91 0.79 ---
MW-11 30-Apr-15 6.92 5040 530 318 696 15.3 --- --- 37.3 1010 1230 2940 2630 5140 <0.10b <0.20 <0.22b 1.48 0.99 ---
MW-11 8-Oct-15 7.37 4690 463 287 641 13.8 --- --- 39.9 963 1170 3160 2340 5180 <0.10 <0.20 <0.22 1.97 0.93 ---
MW-11 2-Jun-16 7.8 5600 476.9 300.0 718.0 24.9 --- --- 38.44 928.5 1132 3000 2426 5125 <0.005 0.021 0.021 1.41 0.82 ---
MW-11 6-Oct-16 7.7 5440 469.4 353.7 698.9 25.0 --- --- 39.04 922 1124 2876 2629 5025 <0.005 0.076 0.076 3.29 0.82 ---
MW-11 31-May-17 7.5 5370 470.5 304.9 701.7 26.0 --- --- 36.80 884.5 1078 2980 2430 5060 <0.005 0.190 0.190 1.37 0.60 ---
MW-11 3-Oct-17 7.0 5450 453.9 289.7 696.2 17.8 --- --- 36.44 905.9 1105 2851 2326 4898 <0.005 0.152 0.152 1.32 0.74 ---

MW-12 22-Jul-86 7.70 15740 477 1437 1460 14.36 0.429 4.9 62.73 --- 824 16157 7104 2 --- --- --- 2.94 0.4 <0.05
MW-12 01-Dec-90 7.30 3190 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-12 05-May-93 7.70 15740 477 1437 1460 14.36 0.429 4.9 62.73 --- 824 16157 7104 20000 --- 4.05 --- 2.94 0.4 <0.05
MW-12 13-Oct-93 7.99 16650 414 1005 1702 18.37 0.078 4.015 59.36 --- 846 7179 5169 10800 --- --- --- 2.52 0.7 <0.05
MW-12 28-Apr-94 7.50 18300 405 978 1617 17.04 0.041 4.281 53.39 --- 836 6830 5037 10300 --- --- --- 0.75 0.35 <0.05
MW-12 06-Oct-94 7.41 18400 506 1294 2158 14.32 0.078 4.74 52.31 --- 865 13259 6592 17700 --- --- --- 2.8 0.47 41
MW-12 01-May-95 7.31 10530 405 970 1526 22.4 0.147 4.634 49.49 --- 853 8397 5003 11800 --- --- --- 0.7 0.37 73
MW-12 02-May-96 7.20 10650 440 1121 1614 17.9 0.02 4.5 50 --- 863 7218 5714 10893 <0.05 5.93 --- 2.38 0.73 50
MW-12 28-Oct-96 7.39 10570 397 1033 1599 16.38 0.11 5..051 39.9 --- 844 7503 5245 11011 <0.05 4.18 --- 2.45 0.56 <0.05
MW-12 29-Apr-97 7.41 10520 421 1098 1512 14.53 0.084 4.29 43.9 --- 814 7647 5572 11144 <0.5 6.43 --- 2.1 0.56 49
MW-12 21-Oct-97 7.45 10470 395 985 1612 13.2 0.022 4.073 44 --- 892 7223 5042 10718 <0.5 9.41 --- 2.45 1.4 2
MW-12 23-Apr-98 7.65 10490 386 949 --- --- --- --- --- --- 873 744 4871 --- --- <5 --- 1.4 1.12 20
MW-12 06-Oct-98 7.47 10650 409 979 --- --- --- --- --- --- 914 6923 5052 --- --- 1.4 --- 1.4 1.12 23
MW-12 03-May-99 7.28 10800 417 1026 --- --- --- --- --- --- 834 7801 5266 --- --- <1.13 --- 2.4 2 23

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

Wastewater Ponds
MW-12 25-Oct-99 7.25 10550 414 912 --- --- --- --- --- --- 800 7622 4789 --- --- <0.11 --- 3.85 1.68 22
MW-12 10-May-00 7.35 10720 377 926 --- --- --- --- --- --- 836 7400 4750 --- --- <6.8 --- 2.8 2.2 18
MW-12 16-Oct-00 7.41 10880 410 963 --- --- --- --- --- --- 873 8050 4990 --- --- <6.8 --- 2.1 1.7 26
MW-12 09-May-01 7.55 10700 374 965 --- --- --- --- --- --- 807 7620 4907 --- --- <6.8 --- 2 1.4 23
MW-12 11-Oct-01 7.24 10800 411 935 --- --- --- --- --- --- 822 7290 4880 --- --- <0.1 --- 1.4 1.3 24
MW-12 27-May-02 7.50 8700 460 997 --- --- --- --- --- --- 829 8420 5253 --- --- 1.1 --- 1.75 0.84 30
MW-12 08-Oct-02 7.50 9220 509 1060 --- --- --- --- --- --- 853 9480 5635 --- --- <0.05 --- 1.4 1.12 31
MW-12 21-May-03 7.46 10850 1408 1177 --- --- --- --- --- --- 826 8497 8363 --- --- <4.5 --- <0.6 0.34 26
MW-12 17-Oct-03 7.27 10750 444 1161 --- --- --- --- --- --- 734 3011 5890 --- --- <4.52 --- 0.91 0.39 33
MW-12 26-Apr-04 7.17 11120 402 1087 --- --- --- --- --- --- 807 7401 5480 --- --- <0.50 --- 1.5 1 30
MW-12 15-Oct-04 7.42 11290 433 1160 --- --- --- --- --- --- 817 8789 5858 --- --- <0.5 --- 1.1 <0.8 28
MW-12 10-May-05 7.82 11120 406 1249 --- --- --- --- --- 692 844 8396 6157 --- --- 1.2 --- 1.4 1.1 31
MW-12 11-Oct-05 7.82 11430 1110 414 --- --- --- --- --- 689 840 7728 4477 --- --- <0.5 --- <0.9 <0.9 28
MW-12 17-May-06 7.65 10940 397 1124 --- --- --- --- --- 696 848 8397 5620 --- --- <0.5 --- 2.1 1.1 30
MW-12 12-Oct-06 7.88 11300 404 1182 --- --- --- --- --- 709 864 9589 5876 --- --- <0.2 --- 7.84 <0.9 30
MW-12 04-Jun-07 7.77 11520 461 1180 1675 18.3 --- --- 45.8 693 845 6598 6010 --- <1.2 <1.0 --- <0.9 <0.9 32
MW-12 23-Oct-07 7.85 11350 460 1175 --- --- --- --- --- --- 865 6695 --- --- --- 0.5 --- 0.37 0.12 69
MW-12 28-May-08 8.00 17000 418 1180 1600 20 <0.01 0.38 --- 696 --- --- --- 14700 --- <0.017 --- --- 0.06 ---
MW-12 16-Oct-08 7.73 11390 426 1113 --- --- --- --- --- 657 801 8826 5647 --- --- 0.09 --- 1.1 <0.09 30
MW-12 09-Jun-08 7.95 11960 501 1239 1687 --- --- --- 42.1 693 845 8687 6353 12595 --- <0.4 --- <0.09 <0.09 31
MW-12 08-Jun-09 7.81 11700 384 1190 1590 17.8 <0.3 <0.05 32.7 691 844 8240 5860 11900 <0.05 0.749 0.749 1.89 0.388 ---
MW-12 20-Sep-10 7.72 11500 402 1130 1550 17.6 <0.30 <0.050 32.6 689 840 8700 5660 12200 <0.10 <0.10 <0.14 1.91 0.103 31
MW-12 13-Jun-11 7.88 12100 388 1180 1560 18.6 <0.30 <0.050 29.9 684 835 7670 5830 11300 <0.10 <0.10 <0.14 1.03 0.087 30
MW-12 20-Sep-11 7.79 12200 402 1130 1430 16 <0.03 0.02 30 719 877 8700 5660 12100 <0.10 <0.10 <0.14 3.12 0.785 31
MW-12 11-Jun-12 7.70 11200 407 1160 1610 18 <0.60 2.37 33.1 710 866 8880 5790 12500 <1.0 <1.0 <1.4 2.12 0.8 31
MW-12 06-Sep-12 7.52 11300 400 1210 1570 17.6 <0.30 2.06 <100^^ 674 822 8410 5980 12000 <0.10 <0.10 <0.14 1.78 0.714 31
MW-12 20-Jun-13 7.68 11200 418 1210 1720 17.8 --- --- 31.3 691 843 7950 6030 11800 <1.0 <1.0 <1.4 1.67 0.354 ---
MW-12 10-Oct-13 7.82 11300 393 1100 1610 17.7 --- --- 39.4 705 860 9380 5510 13000 <0.050 0.1 0.1 1.99 0.263 ---
MW-12 05-Jun-14 7.66 8380 382 1130 1540 17 --- --- 35 708 864 7830 5610 11400 <2.0 <5.0 <5.4 1.5 <0.050 ---
MW-12 2-Oct-14 8.01 11300 454 1390 1880 21.4 --- --- 30.8 672 820 8030 6860 12200 <0.20 <0.50 <0.54 0.99 0.059 ---
MW-12 30-Apr-15 7.30 10200 404 1270 1630 18 --- --- 31 723 883 8360 6240 12100 <0.20b <0.40 <0.45b 0.94 0.171 ---
MW-12 8-Oct-15 7.84 10600 372 1170 1580 19 --- --- 35 726 886 8820 5750 12400 <0.20 0.73 0.73 1.28 <0.25 ---
MW-12 2-Jun-16 7.9 11500 400.0 1194 1819 33.4 --- --- 31.57 701.7 855.6 8942 5918 12850 <0.005 0.104 0.104 1.67 0.22 ---
MW-12 6-Oct-16 7.9 10900 387 1204 1742 34 --- --- 35.14 724.7 883.6 7755 5924 11600 <0.005 0.174 0.174 3.28 0.35 ---
MW-12 31-May-17 7.7 10800 382.6 1086 1810 33.7 --- --- 34.22 690.0 841.3 8235 5429 12000 <0.005 0.169 0.169 2.15 0.19 ---
MW-12 5-Oct-17 7.5 11100 394.4 1306 1960 33.7 --- --- 31.70 693.5 845.6 8717 6363 12870 <0.005 0.131 0.131 1.12 0.30 ---

MW-13 05-May-93 7.87 7520 710 561 261 15.38 1.18 0.21 157.62 --- 536 2922 4080 5100 --- 36.39 --- 0.28 0.18 <0.05
MW-13 13-Oct-93 7.82 7750 639 348 490 25.4 0.472 0.124 127 --- 497 2858 3025 4700 --- --- --- 0.42 0.3 8
MW-13 28-Apr-94 7.80 8400 575 287 587 15.84 1.53 0.321 116 --- 551 3095 2616 4900 --- --- --- 0.37 0.23 <0.005
MW-13 06-Oct-94 7.80 8400 633 289 494 18.92 1.528 0.783 122 --- 536 4117 2770 6000 --- 0.01 --- 2.1 0.27 36
MW-13 01-May-95 7.42 4880 621 311 325 21.39 0.231 0.102 120 --- 551 2805 2830 4500 --- --- --- 1.8 0.32 50
MW-13 02-May-96 7.60 4810 668 360 317 24.5 0.04 0.061 132 --- 585 2845 3150 4639 40.34 40.34 --- 2.31 0.73 23
MW-13 28-Oct-96 7.03 4800 635 366 303 21.28 0.04 0.654 172 --- 570 2960 3093 4743 1.95 30..82 --- 2.45 0.56 30
MW-13 29-Apr-97 7.74 4900 695 378 279 17.63 0.57 0.24 131 --- 556 3229 3292 5008 <0.05 42.12 --- 1.4 1.12 66
MW-13 21-Oct-97 7.54 4780 614 331 278 19.33 0.443 0.102 149 --- 580 2774 2896 4456 <0.05 27.07 --- 2.8 2.24 7
MW-13 23-Apr-98 7.68 4910 642 345 --- --- --- --- --- --- 583 2663 3023 --- --- 23.7 --- 1.4 1.12 12
MW-13 06-Oct-98 7.95 4840 747 427 --- 34.25 --- --- 136 --- 570 2615 3623 --- <0.01 3.96 --- 3.15 1.68 11
MW-13 03-May-99 7.55 4910 694 348 316 24.24 --- --- 132 --- 585 2701 3166 --- <0.76 7.17 --- 2.8 2 10
MW-13 25-Oct-99 7.35 4980 674 338 305 31.01 --- --- 143 --- 580 2846 3075 --- <0.01 7.74 --- 94.15 2.24 10
MW-13 10-May-00 7.63 4920 643 333 299 23.2 --- --- 147 --- 583 2600 2980 --- <3.0 27.3 --- 3.2 1.7 14
MW-13 16-Oct-00 7.68 4960 632 307 --- --- --- --- --- --- 612 2600 2840 --- --- 22.4 --- 1.8 0.8 13
MW-13 09-May-01 7.90 4900 448 338 265 24.1 --- --- 170 --- --- 2520 --- --- <0.3 8.7 --- --- 1.4 ---
MW-13 09-May-01 7.86 4900 578 328 --- --- --- --- --- --- 580 2540 2794 --- --- 8.7 --- 1.4 1.3 11
MW-13 11-Oct-01 7.75 4820 631 313 302 27 --- --- --- --- 563 2600 2860 --- <1.5 6.5 --- 2.7 1 16
MW-13 27-May-02 7.70 4100 635 337 297 16.7 --- --- 22.6 --- 427 346 2973 --- <0.3 1.4 --- 2.1 1.12 15
MW-13 08-Oct-02 7.80 3100 689 336 --- 0.5 --- --- 207 --- 575 2940 3104 4774 <0.09 3.1 --- <0.60 <0.09 17
MW-13 21-May-03 7.72 4820 970 371 294 <25 --- --- 200 --- 600 2693 3950 --- <4.6 <2.3 --- 1.75 0.9 12
MW-13 17-Oct-03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-13 26-Apr-04 7.38 5220 641 368 337 17.6 --- --- 217 --- 622 3055 3116 --- <0.5 1.3 --- 2 1.1 14
MW-13 15-Oct-04 7.88 5060 588 348 323 24.8 --- --- 180 --- 570 2701 2901 --- <0.2 0.7 --- 2.1 2 14
MW-13 10-May-05 7.93 5200 667 374 346 30 --- --- 219 538 656 2850 --- --- <0.25 <0.25 --- <0.9 <0.9 14
MW-13 11-Oct-05 7.88 5230 608 348 --- --- --- --- --- 540 658 2901 2951 --- <0.6 2 --- 1.8 1.3 13
MW-13 17-May-06 7.68 5160 616 375 344 20.9 --- --- 237 534 651 2719 3082 --- <0.6 3.4 --- 1.4 1.1 13
MW-13 04-Jun-07 7.83 5100 601 331 335 32.1 --- --- 265 524 639 2502 2864 --- <0.6 2.2 --- <0.9 <0.9 13
MW-13 28-May-08 8.00 6530 583 338 365 29.2 0.003 0.233 --- 518 --- --- --- 4980 --- <0.017 --- --- 0.15 ---
MW-13 16-Oct-08 7.90 4970 558 306 --- --- --- --- --- 491 599 2517 2653 --- --- 0.24 --- 1.1 <0.9 14
MW-13 09-Jun-09 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-13 10-Jun-10 7.53 4600 540 317 244 38.6 <0.15 0.295 176 423 516 2340 2650 4110 <0.05 44.8 44.8 3.67 0.086 ---

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

Wastewater Ponds
MW-13 20-Sep-10 7.84 4620 557 305 259 39.2 <0.15 0.027 210 452 552 2520 2650 4220 <0.050 14.1 14.1 1.12 0.143 13
MW-13 13-Jun-11 7.94 4860 570 328 260 38.5 <0.15 <0.025 215 448 547 2470 2770 4160 <0.050 2.65 2.65 0.65 <0.050 11
MW-13 20-Sep-11 7.85 4870 560 304 238 37.8 <0.03 0.028 216 461 562 2520 2650 4190 <0.050 7.99 7.99 1.03 <0.050 11
MW-13 11-Jun-12 7.66 5030 563 303 349 32.1 <0.30 <0.050 205 346 422 2520 2650 4720 <0.25 123 123 <0.15 <0.25 24
MW-13 06-Sep-12 7.62 4830 518 307 261 32.7 <0.15 0.027 199 383 467 2330 2560 4210 <0.050 74.3 74.3 1.76 <0.050 17
MW-13 20-Jun-13 7.72 4680 517 298 252 32.6 --- --- 225 396 483 2390 2520 5600 <0.50 15.5 15.5 0.96 <0.050 ---
MW-13 10-Oct-13 7.85 4600 493 286 240 33.3 --- --- 222 415 506 2430 2410 4000 <0.10 10.4 10.4 1 <0.050 ---
MW-13 05-Jun-14 7.66 4170 595 326 351 33 --- --- 259 360 439 2370 2830 4550 <0.040 89.5 89.5 1.94 <0.050 ---
MW-13 2-Oct-14 7.99 4580 458 274 246 32.3 --- --- 234 398 486 2360 2270 3910 <0.20 15.8 15.8 0.99 <0.050 ---
MW-13 30-Apr-15 7.29 4300 614 341 289 34.6 --- --- 254 467 570 2460 2940 4390 <0.10b 25.5 25.5 1.62 <0.050 ---
MW-13 8-Oct-15 7.66 3990 527 303 263 34.7 --- --- 279 420 512 2650 2560 4340 <0.10 7.72 7.72 1.01 <0.050 ---
MW-13 2-Jun-16 8.0 5200 564.8 334.3 342.1 49.7 --- --- 299.1 320.8 391.2 2505 2787 4688 <0.005 89.66 89.66 2.07 <0.05 ---
MW-13 6-Oct-16 7.8 4640 528.3 325 281.3 51.1 --- --- 225.4 400.2 488 2529 2657 4217 <0.005 7.408 7.408 1.28 <0.05 ---
MW-13 30-May-17 7.9 4580 551.8 337.7 284.2 50.4 --- --- 260.9 386.7 471.5 2533 5429 4322 <0.005 15.39 15.39 1.51 <0.05 ---
MW-13 5-Oct-17 7.7 4520 535.9 329.2 277.4 53.1 --- --- 250.2 398.1 485.4 2262 2694 3984 <0.005 7.607 7.607 <1.00 0.08 ---

MW-14 05-May-93 7.38 8260 478 410 676 15.28 0.336 7.088 53.2 --- 1078 3657 2881 5800 --- 0.01 --- 3.36 0.4 <0.05
MW-14 13-Oct-93 7.42 8700 485 430 759 15.34 0.808 7.508 70.53 --- 980 2935 2981 5200 --- --- --- 1.68 0.86 <0.05
MW-14 28-Apr-94 7.35 9800 500 406 745 16.88 0.557 7.248 50.46 --- 1097 3118 2918 5400 --- --- --- 2.15 0.82 <0.05
MW-14 06-Oct-94 7.20 10050 583 445 937 14.02 0.9 6.55 57.28 --- 1092 4548 3286 7100 --- 0.13 --- 2.8 1.08 <0.05
MW-14 01-May-95 6.85 6000 490 373 718 18.56 0.481 7.424 56.14 --- 1146 3395 2759 5600 --- --- --- 1.8 0.86 <0.05
MW-14 02-May-96 7.52 5980 502 400 766 0.019 0.01 6.2 57.1 --- 1097 3255 2900 5548 <0.5 1.26 --- 3.29 1.01 54
MW-14 28-Oct-96 7.03 6000 457 390 768 0.1122 0.19 7.838 69 --- 1104 3430 2746 5678 2.11 2.4 --- 2.8 1.12 22
MW-14 29-Apr-97 7.27 5980 504 402 710 13.17 0.037 5.91 49.3 --- 1061 3312 2914 5521 <0.05 5.18 --- 2.1 0.56 36
MW-14 21-Oct-97 6.95 5940 451 355 683 11.69 0.111 5.7 61 --- 1129 3158 2588 5284 2.59 8.86 --- 2.8 2.52 27
MW-14 23-Apr-98 7.41 5940 479 356 --- --- --- --- --- --- 1151 3191 2662 --- --- 7.94 --- 1.4 1.05 7
MW-14 06-Oct-98 7.29 5930 583 437 825 21.91 --- --- 61.3 --- 1170 2954 3255 --- <0.01 0.59 --- 2.1 1.12 10
MW-14 03-May-99 6.75 7020 509 536 998 17.8 --- --- 72.1 --- 1087 4286 3478 --- 4.09 5.82 --- 3.5 2 15
MW-14 25-Oct-99 6.83 5980 501 349 700 18.71 --- --- 52 --- 1043 3226 2688 5368 <0.15 <0.11 --- 3.85 2.24 10
MW-14 10-May-00 6.83 5980 467 349 729 16.2 --- --- 67.4 --- 1100 3160 2600 --- <3.0 <6.8 --- 2.8 2.2 13
MW-14 16-Oct-00 7.98 5920 471 322 --- --- --- --- --- --- 1140 3060 2500 --- --- <6.8 --- 2.1 2 11
MW-14 09-May-01 6.96 6000 577 307 396 15 --- --- <30.0 --- --- 2960 --- --- <3.3 <6.8 --- --- 1.4 ---
MW-14 09-May-01 7.12 6000 476 355 --- --- --- --- --- --- 1070 2990 2650 --- --- <6.8 --- 1.6 1.6 11
MW-14 10-Oct-01 7.80 5940 486 324 699 16.2 --- --- 72 --- 1080 3090 2550 --- <0.03 0.5 --- 2.1 1.1 15
MW-14 27-May-02 6.90 5100 475 346 751 10.2 --- --- 6.6 --- 1136 303 2611 --- <0.3 <0.7 --- 2.1 1.68 17
MW-14 08-Oct-02 7.40 4200 616 363 800 0.5 --- --- 75.1 --- 1124 3380 3033 5788 <0.09 0.2 --- <0.60 <0.20 18
MW-14 21-May-03 7.22 5780 1236 373 768 <50 --- --- 74.9 --- 1090 2812 4622 --- <9.1 <4.5 --- 1.82 1.12 14
MW-14 17-Oct-03 6.94 5820 792 389 --- --- --- --- --- --- 1102 3265 3580 --- --- <2.26 --- 1.54 1.12 28
MW-14 15-Apr-04 6.61 6080 492 362 812 7 --- --- 52 --- 1075 3331 2719 --- --- <0.2 --- 2.1 1.2 16
MW-14 26-Oct-04 7.01 6010 481 360 753 11.4 --- --- 45.7 --- 1097 3064 2684 --- --- <0.2 --- 1.4 <0.4 16
MW-14 10-May-05 7.56 5990 476 373 780 18 --- --- 55.5 910 1109 3310 --- --- <0.25 0.9 --- 1.4 1.1 16
MW-14 11-Oct-05 7.60 5990 444 333 --- --- --- --- --- 910 1109 3290 2480 --- --- 1.4 --- <0.9 <0.9 16
MW-14 17-May-06 7.29 5940 473 379 751 10.6 --- --- 53.5 931 1135 3076 2742 --- <0.6 1.9 --- 1.4 1.1 17
MW-14 04-Jun-07 7.49 6030 521 369 771 15.9 --- --- 59.2 936 1141 2645 2820 --- <0.6 0.8 --- 1.4 <0.9 18
MW-14 23-Oct-07 7.52 5990 517 373 --- --- --- --- --- --- 1156 3128 --- --- --- <0.50 --- 1.41 0.76 16
MW-14 02-Jun-08 7.80 7250 492 351 798 35 3.5 7.17 --- 938 --- --- 2670 5870 --- --- --- --- 0.14 ---
MW-14 16-Oct-08 7.55 6080 488 355 --- --- --- --- --- 933 1137 3118 2680 --- --- 0.56 --- 1.4 1.1 16
MW-14 09-Jun-09 7.57 6200 487 376 770 --- --- --- 55.7 887 1081 3407 2764 5647 --- <0.2 --- 1.7 1.4 17
MW-14 10-Jun-10 7.50 5980 442 342 710 15.3 0.23 5.75 53.1 960 1170 3050 2510 5190 <0.05 <0.05 <0.071 3.12 1.11 ---
MW-14 20-Sep-10 7.26 5810 476 330 697 15.2 <0.30 6.22 52.6 952 1160 3130 2550 5270 <0.050 0.07 <0.071 2.09 0.535 16
MW-14 13-Jun-11 7.54 6120 500 356 746 16.4 <0.30 6.11 52.8 946 1150 3030 2710 5270 <0.050 <0.050 <0.071 0.59 0.565 15
MW-14 20-Sep-11 7.53 6180 483 327 649 13.8 <0.03 6.12 52.1 984 1200 3180 2550 5300 <0.050 <0.050 <0.071 1.09 0.578 16
MW-14 11-Jun-12 7.38 5290 453 338 670 14.4 <0.30 0.075 55.4 907 1110 3320 2520 5400 <0.50 0.69 <0.71 0.93 <0.50 17
MW-14 06-Sep-12 7.12 5770 446 341 658 13.8 <0.15 5.96 53.2 911 1110 2980 2520 5040 <0.050 0.126 0.126 0.9 0.302 17
MW-14 20-Jun-13 7.29 5880 486 356 776 15 --- --- 51.4 922 1130 3080 2680 5320 <0.50 <0.50 <0.71 0.75 0.154 ---
MW-14 10-Oct-13 7.54 5910 441 332 712 13.9 --- --- 56.1 912 1110 3260 2470 5370 <1.0 0.74 0.74 1.5 0.407 ---
MW-14 05-Jun-14 7.18 4830 504 363 729 15.1 --- --- 51.8 968 1180 3140 2750 5380 <0.040 0.19 0.19 0.99 0.272 ---
MW-14 2-Oct-14 7.70 5760 414 315 657 12.8 --- --- 50.0 934 1140 3040 2330 5050 <0.20 <0.50 <0.54 0.85 0.409 ---
MW-14 30-Apr-15 6.93 5350 531 378 763 16 --- --- 53.8 1040 1270 3220 2880 5590 <0.10 0.24 0 2.08 0.61 ---
MW-14 8-Oct-15 7.37 4890 468 335 695 14.4 --- --- 58.4 996 1220 3450 2550 5620 <0.10 <0.20 <0.22 1.08 0.57 ---
MW-14 2-Jun-16 7.9 5920 466.1 354.1 778.2 26.5 --- --- 54.5 941.9 1148 3296 2622 5550 <0.005 0.046 0.046 <1.00 0.36 ---
MW-14 6-Oct-16 7.4 5790 456 418.8 790 25.8 --- --- 53.64 941.5 1148 3099 2863 5417 0.01 0.065 0.076 2.3 0.59 ---
MW-14 31-May-17 7.7 5790 463.8 363.2 770.7 27.1 --- --- 53.45 908.5 1108 3310 2654 5545 <0.005 0.518 0.518 <1.00 0.1 ---
MW-14 5-Oct-17 7.1 5870 473.7 364.7 841.1 25.7 --- --- 50.19 933.1 1138 3000 2685 5325 <0.005 0.106 0.106 1.16 0.58 ---

MW-16 23-Apr-98 7.71 6410 449 681 --- --- --- --- --- --- 644 3844 3925 --- --- <5 --- 1.4 1.12 17
MW-16 06-Oct-98 7.95 6310 625 889 --- 23.53 --- --- 265 --- 651 3851 5221 --- <0.01 0.53 --- 2.1 1.12 15
MW-16 03-May-99 7.55 6340 497 704 504 17.71 --- --- 251 --- 624 3848 4140 --- --- <0.56 --- --- 2 ---
MW-16 10-May-00 7.74 6190 455 628 440 13.6 --- --- 234 --- 627 3480 3720 --- <3.0 <6.8 --- 2.9 2 3

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

Wastewater Ponds
MW-16 16-Oct-00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-16 09-May-01 7.62 6100 425 585 532 18.8 --- --- 225 --- --- 3220 3470 --- --- <6.8 --- --- 1.1 ---
MW-16 11-Oct-01 7.98 6050 472 565 397 14 --- --- 236 --- 624 3520 3500 --- --- <0.1 --- 1.1 0.7 17
MW-16 27-May-02 8.00 4370 442 603 447 3 --- --- 278 --- --- 3800 3586 --- --- <0.7 --- --- 0.84 ---
MW-16 21-May-03 7.75 5850 598 624 419 <50 --- --- 258 --- 639 3093 4063 --- <9.1 <4.5 --- 1.61 0.67 15
MW-16 26-Apr-04 7.34 6160 470 616 451 4.9 --- --- 290 --- 605 3520 3710 --- <0.5 <0.2 --- --- 1.7 17
MW-16 10-May-05 7.99 5960 476 593 418 12 --- --- 299 --- --- 3500 --- --- <0.25 <0.25 --- --- 1.1 ---
MW-16 17-May-06 7.80 5830 476 605 403 8 --- --- 292 499 --- 2438 3680 --- <0.6 <0.5 --- --- 1.4 -
MW-16 04-Jun-07 7.97 5800 474 550 381 9.4 --- --- 266 485 591 2599 3448 --- <0.6 <0.5 --- <0.9 <.9 17
MW-16 28-May-08 8.10 6980 461 520 409 10.5 0.003 0.044 --- 468 --- --- --- 5790 --- <0.017 --- --- 0.05 ---
MW-16 09-Jun-09 8.08 5820 506 570 401 --- --- --- 227 442 539 3450 3611 5435 --- 2 --- 1.1 1 15
MW-16 10-Jun-10 7.66 5450 441 505 366 10.9 <0.15 0.119 229 430 524 3120 3180 4930 0.056 0.283 0.339 1.32 0.137 ---
MW-16 20-Sep-10 7.91 5340 460 471 352 11.6 <0.15 0.114 226 431 525 3230 3090 5010 <0.050 <0.050 <0.071 1.22 0.051 14
MW-16 13-Jun-11 7.97 5660 463 481 352 11 <0.15 0.175 225 421 513 3190 3140 4970 <0.050 <0.050 <0.071 0.73 0.078 14
MW-16 20-Sep-11 7.93 5610 462 460 315 9.79 <0.03 0.155 227 427 521 3160 3050 4890 <0.050 <0.050 <0.071 0.88 <0.050 14
MW-16 11-Jun-12 7.89 4960 424 458 321 8.3 <0.15 0.046 262 412 503 3310 2940 5030 <0.25 <0.25 <0.35 0.93 <0.25 15
MW-16 06-Sep-12 7.75 5330 449 484 336 10.6 <0.15 0.235 225 398 486 3050 3110 4790 <0.050 <0.050 <0.071 0.87 <0.050 15
MW-16 20-Jun-13 7.82 5310 480 496 382 10.5 --- --- 231 408 497 3040 3240 4880 <0.50 <0.50 <0.71 0.87 <0.050 ---
MW-16 10-Oct-13 7.95 5290 419 433 329 9.9 --- --- 220 422 515 2980 2830 4640 <0.050 <0.050 <0.071 1.01 0.076 ---
MW-16 05-Jun-14 7.78 4310 486 486 350 10.6 --- --- 221 424 518 2860 3210 4670 <0.050 <0.050 0.1 0.96 <0.050 ---
MW-16 2-Oct-14 7.98 5130 397 437 315 8.02 --- --- 238 411 501 2800 2790 4440 <0.20 <0.50 <0.54 0.70 0.072 ---
MW-16 30-Apr-15 8.01 4780 511 507 362 11.0 --- --- 253 439 536 3080 3360 4990 <0.10b <0.20 <0.22b 1.7 0.087 ---
MW-16 8-Oct-15 7.88 4400 450 434 325 9.2 --- --- 274 434 530 3270 2910 5020 <0.10 <0.20 <0.22 0.75 <0.25 ---
MW-16 2-Jun-16 8.1 5290 469.5 478.6 363.1 19.1 --- --- 233.5 421.4 513.7 3143 3143 4964 <0.005 <0.010 <0.015 <1.00 0.09 ---
MW-16 6-Oct-16 8.0 5120 467.1 481 354.3 16.7 --- --- 224.1 406.2 495.3 3118 3147 4909 <0.005 0.01 <0.015 1.12 0.09 ---
MW-16 31-May-17 7.7 5080 466.7 469.5 352.4 17.8 --- --- 228.7 398.9 486.3 3063 3099 4842 <0.005 <0.01 <0.015 1.83 0.05 ---
MW-16 5-Oct-17 7.8 5080 468.6 476.2 375.7 18.1 --- --- 218.1 404.4 493.1 2796 3131 4601 <0.005 0.050 0.050 <1.00 0.14 ---

MW-17 23-Apr-98 7.73 17550 382 2294 --- --- --- --- --- --- 848 14187 10398 --- --- 88.4 --- 15.75 9.8 184
MW-17 06-Oct-98 7.85 17810 579 2953 --- 43.58 --- --- 381 --- 868 14538 13603 --- <0.30 10.08 --- 16.45 8.96 70
MW-17 03-May-99 7.33 17990 426 2475 3116 30.92 --- --- 304 --- 817 14178 11256 --- <1.52 14.08 --- --- 8.7 ---
MW-17 10-May-00 7.51 18300 370 2190 2700 26.8 --- --- 338 --- 851 14800 9940 --- <3.0 20.6 --- 23 10.1 ---
MW-17 16-Oct-00 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
MW-17 09-May-01 7.43 19000 367 2260 3000 20.6 --- --- 347 --- --- 15400 10221 --- <3.3 <6.8 --- --- --- ---
MW-17 11-Oct-01 7.38 19100 444 2390 2844 39.3 --- --- 393 --- 844 14300 10900 --- 1.3 6.3 --- 22.8 16.1 74
MW-17 27-May-02 7.40 15700 427 2530 2940 35.2 --- --- 361 --- --- 14900 11482 --- <3 11.2 --- --- 20.4 ---
MW-17 21-May-03 7.39 19910 436 2756 3170 <50 --- --- 506 --- 844 13268 12438 --- <9.1 11.1 --- 41.1 32.8 72
MW-17 26-Apr-04 7.23 21400 417 2708 3489 17.6 --- --- 548 --- 853 15799 12193 --- <0.90 3.6 --- --- 31.6 82
MW-17 10-May-05 7.80 21900 397 2778 3346 49.5 --- --- 548 --- --- 15626 --- --- <0.25 <0.25 --- --- 39.8 ---
MW-17 17-May-06 7.67 22900 405 3299 3491 32.8 --- --- 668 817 --- 19152 14597 --- <0.6 2.3 --- --- 53.4 -
MW-17 04-Jun-07 7.75 24700 517 3410 400 50 --- --- 750 845 1030 15212 15333 --- <1.2 3.1 --- 78.1 63.8 92
MW-17 11-Jun-08 7.80 47900 398 3190 4130 66.3 0.737 0.457 --- 862 --- --- --- 33400 --- 1.36 --- --- 70.5 ---
MW-17 09-Jun-09 7.75 27600 427 3392 4091 --- --- --- 796 888 1082 21520 15034 30927 --- 1.5 --- 89.6 86.1 92
MW-17 10-Jun-10 7.74 27700 413 3520 4480 62 <0.6 0.49 779 928 1130 23800 15500 33600 <0.5 <0.5 <0.71 136 107 ---
MW-17 20-Sep-10 7.71 26600 391 3210 4270 61 <1.5 0.53 751 931 1140 22400 14200 31600 <0.25 0.95 0.95 120 111 94
MW-17 13-Jun-11 7.74 28500 392 3570 4480 62 <0.60 0.5 588 942 1150 17000 15700 26700 <0.10 <0.10 <0.14 85.8 106 91
MW-17 20-Sep-11 7.71 28500 390 3140 3950 53.6 <0.03 0.498 759 976 1190 24200 13900 33100 <0.50 <0.50 <0.71 127 119 87
MW-17 11-Jun-12 7.50 25400 425 3670 4820 62 <1.5 0.58 884 976 1190 25500 16200 35900 <1.0 <1.0 <1.4 109 104 92
MW-17 06-Sep-12 7.54 28000 394 3850 5180 71 <3.0 0.59 809 933 1140 24800 16800 35700 <2.5 2.7 <3.5 119 107 97
MW-17 20-Jun-13 7.66 29400 402 3870 5620 65 --- --- 825 973 1190 25000 16900 36400 <2.5 3.8 3.8 112 107 ---
MW-17 10-Oct-13 7.76 27100 386 3320 4800 64 --- --- 705 982 1200 22700 14600 32600 <1.0 2 2 115 106 ---
MW-17 05-Jun-14 7.72 2790 423 3780 5460 77 --- --- 835 1010 1240 25300 16600 36500 <2 <5 <5.4 148 129 ---
MW-17 2-Oct-14 7.91 28000 474 3990 5820 82.4 --- --- 780 973 1190 23800 17600 35500 <1.0 <2.5 <2.7 130 129 ---
MW-17 30-Apr-15 7.82 26000 438 4090 5730 77 --- --- 891 1040 1270 27900 17900 39800 <1.0 <2.0 <2.2b 157 124 ---
MW-17 8-Oct-15 7.61 22100 454 3720 6000 86 --- --- 858 1080 1320 27700 16500 39500 <0.10 2.6 2.6 146 118 ---
MW-17 2-Jun-16 7.8 30000 381.0 3853 6338 104.2 --- --- 880.3 1043 1272 27620 16820 39820 0.255 0.852 1.107 153.2 142.3 ---
MW-17 6-Oct-16 7.7 29600 267.2 3871 6143 149.9 --- --- 888.7 1036 1263 26880 16610 38840 <0.005 1.887 1.887 186.7 176.4 ---
MW-17 31-May-17 7.8 30500 387.8 3945 6146 153.5 --- --- 699.7 1038 1265 31760 17220 43730 <0.005 <0.010 <0.015 157.7 157.6 ---
MW-17 5-Oct-17 7.6 28900 266.0 3935 6509 109.2 --- --- 868.3 1038 1266 28500 16870 40820 <0.005 <0.010 <0.015 181.1 164.6 ---

MW-18 09-May-01 7.48 5100 643 304 --- --- --- --- --- --- 588 2910 2830 --- --- <6.8 --- 2.1 1.1 21
MW-18 11-Oct-01 7.50 5280 645 323 402 18.2 --- --- --- --- 602 3060 2940 --- --- 0.1 --- 1.3 1.2 21
MW-18 27-May-02 7.30 5100 674 345 --- --- --- --- --- --- 605 3390 3130 --- --- <0.7 --- 2.1 1.12 26
MW-18 08-Oct-02 7.80 4500 751 344 --- --- --- --- --- --- 619 3280 3291 --- --- 0.14 --- <0.60 <0.09 26
MW-18 21-May-03 7.49 5400 1225 408 --- --- --- --- --- --- 592 2997 4739 --- --- <4.5 --- 1.61 1.23 22
MW-18 17-Oct-03 7.41 5620 956 430 --- --- --- --- --- --- 585 3466 4158 --- --- <2.26 --- 1.47 <0.2 28
MW-18 26-Apr-04 7.25 5960 654 404 --- --- --- --- --- --- 583 3605 3297 --- --- <0.2 --- 2.1 1.3 24
MW-18 15-Oct-04 7.57 5910 553 383 --- --- --- --- --- --- 685 3128 2958 --- --- 24.1 --- 1.1 <0.4 27
MW-18 10-May-05 7.89 6000 675 421 --- --- --- --- --- 480 585 3698 3419 --- --- 0.8 --- 1.8 1.7 24

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

Wastewater Ponds
MW-18 11-Oct-05 7.85 5950 586 388 --- --- --- --- --- 497 606 3636 3061 --- --- 6.6 --- <0.9 <0.9 21
MW-18 17-May-06 7.72 5980 606 471 --- --- --- --- --- 505 616 3537 3453 --- --- 4.9 --- 1.8 1.4 21
MW-18 12-Oct-06 7.84 6240 625 466 --- --- --- --- --- 469 572 4165 3480 --- --- <0.2 --- 1.68 <0.9 22
MW-18 04-Jun-07 7.87 6170 654 465 527 16.8 --- --- 255 455 555 3669 3548 --- <0.60 <0.5 --- 1.1 <0.09 21
MW-18 23-Oct-07 7.91 6120 616 --- --- --- --- --- --- --- 651 3708 --- --- --- 1.6 --- 1.19 0.52 23
MW-18 28-May-08 8.00 7820 613 465 477 18.6 0.007 0.106 --- 436 --- --- --- 5200 --- 0.017 --- --- 0.31 ---
MW-18 16-Oct-08 7.92 6420 620 489 --- --- --- --- --- 427 5213 3584 3562 --- --- <0.02 --- 1.4 1.4 20
MW-18 09-Jun-09 7.99 6480 623 538 533 --- --- --- 229 413 503 4038 3771 6231 --- 1.8 --- 1.1 <0.9 19
MW-18 10-Jun-10 7.63 5890 532 471 488 16 <0.15 <0.025 209 431 525 3530 3270 5510 <0.05 2.2 2.2 1.42 0.067 ---

MW-18 dup 10-Jun-10 7.62 5950 530 468 490 15.8 <0.15 <0.025 200 441 539 3520 3250 5500 <0.05 2.64 2.64 2.05 <0.05 ---
MW-18 20-Sep-10 7.85 5900 564 454 486 15.7 <0.30 <0.050 210 422 515 3650 3280 5640 <0.050 2.13 2.13 1.55 0.889 17

MW-18 dup 20-Sep-10 7.84 5910 557 452 484 15.4 <0.30 <0.050 213 415 506 3690 3250 5670 <0.050 1.91 1.91 1.46 0.07 17
MW-18 13-Jun-11 8.02 6220 542 479 480 17 <0.30 <0.050 221 394 481 3650 3330 5630 <0.050 <0.050 <0.071 0.93 0.096 16

MW-18 dup 13-Jun-11 8.02 6250 605 511 491 17.8 <0.30 <0.050 214 398 485 3550 3610 5630 <0.050 <0.050 <0.071 0.8 0.086 16
MW-18 20-Sep-11 7.82 6070 524 438 423 13.9 <0.03 0.014 143 548 668 3480 3110 5390 <0.050 8.09 8.09 1.53 <0.050 21

MW-18 dup 20-Sep-11 7.85 6060 520 437 420 13.8 <0.03 0.016 145 552 673 3500 3100 5400 <0.050 8.01 8.01 1.28 <0.050 21
MW-18 11-Jun-12 7.72 5830 523 480 447 15.4 <0.30 <0.050 209 427 521 3800 3280 5740 <0.50 1.49 1.49 0.95 <0.25 17
MW-18 06-Sep-12 7.64 5840 511 493 452 14.3 <0.15 <0.025 176 450 549 3390 3310 5320 <0.050 2.1 2.1 0.98 <0.050 17
MW-18 20-Jun-13 7.74 5980 517 519 481 15 --- --- 230 360 439 3600 3490 5600 <0.50 <0.50 <0.71 0.89 0.068 ---
MW-18 10-Oct-13 7.90 5570 469 441 458 14.3 --- --- 153 523 638 3320 2990 5250 <0.10 10.4 10.4 1.1 0.097 ---
MW-18 05-Jun-14 7.70 4740 556 533 452 15.5 --- --- 228 369 451 3530 3580 5540 <0.040 <0.10 <0.11 0.96 0.057 ---
MW-18 2-Oct-14 8.01 5780 472 483 423 14.2 --- --- 220 353 431 3310 3170 5130 <0.20 <0.50 <0.54 0.81 0.073 ---

MW-18 dup 2-Oct-14 8.03 5800 474 493 421 14.4 --- --- 228 351 428 3460 3210 5300 <0.20 <0.50 <0.54 0.71 0.071 ---
MW-18 30-Apr-15 7.91 5400 561 571 455 16.5 --- --- 252 379 463 3680 3750 5760 <0.10b <0.20 <0.22b 1.02 0.08 ---
MW-18 8-Oct-15 7.69 4920 485 502 404 14.4 --- --- 240 384 469 3450 3280 5330 <0.10 0.84 0.84 1.04 0.087 ---
MW-18 2-Jun-16 8.1 5870 497.8 514.0 447.8 25.9 --- --- 235.2 376.9 459.6 3648 3360 5608 <0.005 1.945 1.945 1.32 0.14 ---
MW-18 6-Oct-16 7.9 5700 491.2 520.9 432.4 25.8 --- --- 241.6 349.2 425.8 3373 3372 5299 <0.005 <0.010 <0.015 1.32 0.12 ---
MW-18 31-May-17 7.8 5650 484.2 523.2 422.0 23.7 --- --- 250.3 340.7 415.4 3662 3364 5574 <0.005 <0.010 <0.015 1.03 0.05 ---
MW-18 5-Oct-17 7.7 5580 488.3 540.5 459.3 24.9 --- --- 247.4 340.0 414.5 3257 3445 5227 <0.005 0.277 0.277 <1.00 0.16 ---

MW-19 09-May-01 7.12 6000 462 328 --- --- --- --- --- --- 961 2930 2500 --- --- <6.8 --- 2 1.7 16
MW-19 11-Oct-01 7.91 6050 557 356 819 20.6 --- --- 148 --- 948 3100 2856 --- <0.03 0.3 --- 1.5 1.1 16
MW-19 27-May-02 7.10 5100 504 338 --- --- --- --- --- --- 987 2300 2650 --- --- <0.7 --- 1.75 0.84 18
MW-19 08-Oct-02 7.40 4800 561 354 --- --- --- --- --- --- 892 3280 2858 --- --- 22.6 --- <0.60 <0.09 20
MW-19 21-May-03 7.23 5390 1597 389 --- --- --- --- --- --- 914 2870 5590 --- --- 98.7 --- 1.12 1.01 14
MW-19 17-Oct-03 7.17 5970 513 368 --- --- --- --- --- --- 904 3357 2796 --- --- 9.3 --- 1.33 1.01 23
MW-19 26-Apr-04 6.85 6330 480 358 --- --- --- --- --- --- 931 3188 2673 --- --- 7.4 --- 1.4 1.3 17
MW-19 15-Oct-04 7.21 6260 498 360 --- --- --- --- --- --- 878 3209 2726 --- --- 3.3 --- <0.6 <0.4 18
MW-19 10-May-05 6.99 6140 480 363 --- --- --- --- --- 756 922 3340 2693 --- --- 2.2 --- 1.1 <0.9 19
MW-19 11-Oct-05 7.73 6270 451 334 --- --- --- --- --- 757 923 3430 2502 --- --- 1.5 --- 1.8 <0.9 18
MW-19 17-May-06 7.44 6080 476 371 --- --- --- --- --- 759 925 2857 2716 --- --- 1.8 --- 1.4 1.4 18
MW-19 12-Oct-06 7.69 6230 469 356 --- --- --- --- --- 763 930 3604 2637 --- --- <0.2 --- <0.9 <0.9 19
MW-19 04-Jun-07 7.70 6240 517 367 --- 17.3 --- --- 156 713 869 3176 2802 --- <0.60 0.6 --- <0.90 <0.90 20
MW-19 23-Oct-07 7.75 6290 516 373 818 --- --- --- --- --- 852 3378 --- --- --- 0.7 --- 1.03 0.52 18
MW-19 28-May-08 7.90 7550 --- 333 727 16 0.17 2.26 --- 768 --- --- --- 5980 --- <0.017 --- --- 1.16 ---
MW-19 21-Nov-08 7.82 6340 506 382 --- --- --- --- --- 712 868 3541 2837 --- --- 1 --- 1.7 <0.9 21
MW-19 09-Jun-09 7.80 6440 517 387 829 --- --- --- 139 717 874 3560 2885 --- --- 8.7 --- 1.4 <0.9 18
MW-19 10-Jun-10 7.70 6110 446 339 739 16.6 <0.15 0.454 147 759 926 3140 2510 5300 <0.05 2.84 2.84 3.41 0.189 ---
MW-19 20-Sep-10 7.65 5970 473 321 717 16.2 <0.30 0.17 150 740 903 3280 2500 5400 <0.050 0.807 0.807 1.54 0.907 18
MW-19 13-Jun-11 7.95 6280 463 341 754 17.9 <0.30 0.771 146 737 899 3160 2560 5320 <0.050 0.157 0.157 0.83 0.126 17
MW-19 20-Sep-11 7.69 6360 483 325 689 15.1 <0.03 0.744 150 752 917 3350 2540 5460 <0.050 <0.050 <0.071 0.98 <0.050 17
MW-19 11-Jun-12 7.69 6040 440 317 715 15.2 <0.15 0.315 163 748 912 3550 2400 5650 <0.50 <0.50 <0.71 0.55 <0.25 18
MW-19 06-Sep-12 7.32 5970 460 344 708 15.3 <0.15 0.066 146 703 858 3060 2570 5160 <0.050 0.223 0.223 0.66 <0.050 20
MW-19 20-Jun-13 7.47 6060 481 345 786 15.9 --- --- 144 738 900 3160 2620 5370 <0.50 <0.50 <0.71 0.88 0.088 ---
MW-19 10-Oct-13 7.60 5900 446 322 725 14.7 --- --- 145 743 907 3240 2440 5340 <0.10 <0.10 <0.14 0.92 0.199 ---
MW-19 05-Jun-14 7.67 4870 521 375 745 16.6 --- --- 129 765 933 3090 2850 5460 <0.040 29 29 1.15 0.094 ---
MW-19 2-Oct-14 7.90 5950 433 323 678 14.2 --- --- 136 737 899 3070 2410 5130 <0.20 7.47 7.47 0.71 <0.050 ---
MW-19 30-Apr-15 7.69 5470 540 381 751 16.8 --- --- 135 809 987 3230 2920 5600 <0.10b 13.6 13.6 1.78 0.138 ---

MW-19 dup 30-Apr-15 7.88 5490 550 385 770 17.4 --- --- 139 799 975 3240 2960 5650 <0.10b 15.6 15.6 1.53 0.099 ---
MW-19 7-Oct-15 7.63 5120 457 323 701 15.3 --- --- 163 758 925 3620 2470 5750 <0.10 3.32 3.32 0.71 <0.050 ---
MW-19 2-Jun-16 8.0 6080 472.2 346.8 791.0 28.0 --- --- 138.8 771.9 941.2 3356 2607 5605 <0.005 0.484 0.484 <1.00 0.10 ---

MW-19 dup 2-Jun-16 7.9 6080 482.1 352.6 799.3 27.2 --- --- 136.8 784.0 955.9 3355 2656 5633 <0.005 0.359 0.359 <1.00 0.18 ---
MW-19 6-Oct-16 7.8 5970 460.1 415 801.4 28.8 --- --- 141.7 722.6 881 3264 2858 5553 <0.005 0.323 0.323 <1.00 <0.05 ---
MW-19 31-May-17 7.7 5940 468.7 362.9 790.6 28.8 --- --- 141.7 755.2 920.8 3377 2665 5659 <0.005 6.600 6.600 1.04 <0.05 ---
MW-19 5-Oct-17 7.2 5910 480.2 361.5 871.4 28.3 --- --- 142.9 738.6 900.6 4128 2688 6470 <0.005 1.495 1.495 <1.00 0.08 ---

MW-35 28-May-08 8.10 33200 439 2360 3550 23 0.03 0.3 --- 1420 --- --- --- 24600 --- 20 --- --- 1.04 ---
MW-35 16-Oct-08 7.97 24000 447 2965 --- --- --- --- --- 1758 2143 18694 13326 --- --- <0.13 --- 7 2 114
MW-35 09-Jun-09 8.10 23700 489 2960 3956 --- --- --- 705 1733 2113 18916 13410 28114 --- 6.3 --- 6.8 1.8 116

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

Wastewater Ponds
MW-35 03-Nov-09 7.83 23000 497 2866 4134 26.1 --- --- 770 2077 4134 17922 13043 27532 <0.2 1 --- 7 2 123
MW-35 10-Jun-10 7.76 21400 406 2510 3530 19 0.64 2.21 749 1630 1990 15300 11300 23500 <0.1 1.36 1.36 12.7 0.883 ---
MW-35 20-Sep-10 7.76 23700 429 2680 3770 <25 <1.5 2.1 823 1830 2240 19600 12100 28400 <0.50 <0.50 <0.71 16.8 0.623 125
MW-35 13-Jun-11 7.84 24700 460 3080 4580 23 <0.60 4.6 841 1830 2230 17400 13800 27500 <0.10 <0.10 <0.14 11.8 0.602 137
MW-35 20-Sep-11 7.77 25300 434 2670 3590 19.3 <0.03 4.23 832 1870 2280 20000 12100 28700 <0.50 <0.50 <0.71 10.4 0.558 115
MW-35 11-Jun-12 7.91 12300 298 814 2310 12 <0.60 0.74 515 694 847 7850 4100 12300 <1.0 19.3 19.3 7.03 0.176 88

MW-35 dup 11-Jun-12 7.66 10800 289 773 2210 12 <0.60 0.67 512 676 824 7750 3900 12000 <1.0 19.4 19.4 6.7 0.184 90
MW-35 06-Sep-12 7.65 24500 469 3140 4430 24 <0.60 5.84 851 1750 2140 18900 14100 28900 <1.0 <1.0 <1.4 9 0.451 117

MW-35 dup 06-Sep-12 7.65 24300 505 3250 4770 25 <0.60 6.36 845 1750 2130 18800 14600 29300 <1.0 1.17 <1.4 7.56 0.44 128
MW-35 20-Jun-13 7.69 24300 436 2760 4960 20 --- --- 1010 1530 1870 17900 12500 28100 <1.0 11.4 11.4 13.2 0.26 ---
MW-35 10-Oct-13 7.91 26100 443 3200 4600 24 --- --- 826 1840 2240 20200 14300 30400 <1.0 5.2 5.2 9.8 0.47 ---
MW-35 05-Jun-14 7.90 14500 418 1590 4040 18 --- --- 875 1090 1330 14100 7590 21900 <2 52.3 52.3 13.8 0.277 ---
MW-35 2-Oct-14 8.72 23600 510 3280 4960 24.6 --- --- 847 361 325 18600 14800 28400 <0.40 1.7 1.7 2.20 0.41 ---
MW-35 30-Apr-15 7.41 20800 382 2740 3930 <25 --- --- 898 1620 1980 21100 12200 30000 <1.0 4.3 4.3 7.4 0.78 ---
MW-35 8-Oct-15 7.76 20700 539 3650 6000 <50 --- --- 938 1990 2430 23400 16400 35700 <1.0 <2.0 <2.2 8.10 <2.0 ---
MW-35 2-Jun-16 7.9 27900 439.5 3623 5886 45.0 --- --- 1005 2011 2452 25110 16020 37330 <0.005 <0.010 <0.015 7.83 1.36 ---
MW-35 6-Oct-16 7.7 27300 418.3 3786 5727 50.1 --- --- 1118 1985 2421 23380 16630 35690 <0.005 <0.010 <0.015 9.31 1.22 ---
MW-35 31-May-17 7.5 27600 414.6 3761 5441 43.1 --- --- 1064 1979 2413 25830 16520 37760 <0.005 <0.010 <0.015 9.01 1.05 ---
MW-35 5-Oct-17 7.5 27400 426.3 3937 5972 48.0 --- --- 996.9 1965 2396 26130 17270 38710 <0.005 <0.010 <0.015 8.94 1.68 ---

MW-36 28-May-08 8.00 41200 472 3840 5680 31 0.02 0.09 --- 1200 --- --- --- 35900 --- 463 --- --- 3.47 ---
MW-36 21-Nov-08 7.87 27600 455 3454 --- --- --- --- --- 1246 1519 18526 15360 --- --- 507 --- 13.7 4.2 168
MW-36 09-Jun-09 8.08 27700 461 3534 4039 --- --- --- 1050 1193 1454 20935 15704 31176 --- 401 --- 12.2 2 181
MW-36 03-Nov-09 7.89 26200 469 3576 4284 59 --- --- 1090 1319 1608 19311 15897 30014 <0.2 434 --- 12.4 2.1 163
MW-36 10-Jun-10 --- --- 411 3490 4180 21 <0.6 <0.1 --- --- --- --- --- --- --- --- --- --- --- ---

MW-36 dup 10-Jun-10 7.83 26100 409 3330 3970 20 <0.6 <0.1 1080 1170 1430 19600 14700 30700 <0.25 348 348 24.4 <0.05 ---
MW-36 20-Sep-10 7.83 24800 392 2920 3600 <25 <1.5 <0.25 1150 1150 1400 19800 13000 30100 <0.50 350 350 15.7 0.095 165
MW-36 13-Jun-11 7.95 25700 460 3460 4520 21 <0.60 <0.10 903 1200 1470 16400 15400 27600 <0.10 242 242 13 0.075 171
MW-36 20-Sep-11 7.85 24700 410 2710 3220 16.5 <0.03 0.045 1020 1180 1440 18300 12200 27700 <0.50 293 293 19.5 0.173 163
MW-36 11-Jun-12 7.80 13300 445 1690 2170 10 <0.60 <0.10 712 787 961 9650 8070 15800 <1.0 157 157 11.7 <0.25 172
MW-36 06-Sep-12 7.73 25100 469 3210 4440 23 <0.60 5.21 1090 1170 1430 18300 14400 29500 <0.10 280 280 16.7 <0.050 192
MW-36 20-Jun-13 7.86 13900 402 1380 2060 8.8 --- --- 612 641 782 8170 6690 13900 <1.0 204 204 10.3 <0.050 ---
MW-36 10-Oct-13 8.02 25700 405 3040 4350 22 --- --- 967 1220 1480 18600 13500 29200 <1.0 247 247 13.6 <0.25 ---
MW-36 05-Jun-14 7.85 15800 438 3030 3850 16 --- --- 973 1160 1420 18400 13600 28400 <2 229 229 13.4 0.521 ---
MW-36 2-Oct-14 8.04 26200 401 3270 4450 21.9 --- --- 1050 1280 1560 19400 14500 30200 <0.40 199 199 2.5 <0.50 ---
MW-36 30-Apr-15 7.90 23000 368 3250 4250 <25 --- --- 1130 1420 1730 24000 14300 34800 <1.0 224 224 22 1.73 ---
MW-36 8-Oct-15 7.78 21300 453 3710 5630 <50 --- --- 1180 1490 1810 25500 16400 38300 <1.0 219 219 10.2 <1.0 ---
MW-36 2-Jun-16 8.0 28100 396.5 3705 5551 43.1 --- --- 1120 1418 1729 23540 16250 36060 <0.005 189.4 189.4 12.88 0.33 ---
MW-36 6-Oct-16 7.8 26300 383.3 3714 5190 46.6 --- --- 1112 1367 1667 22380 16250 34510 <0.005 193.4 193.4 13.88 0.19 ---
MW-36 31-May-17 7.7 27700 382.9 3746 5099 44.0 --- --- 1024 1418 1729 25650 16380 37560 <0.005 169.5 169.5 13.25 0.17 ---
MW-36 5-Oct-17 7.7 27500 267.2 3917 5941 47.3 --- --- 1136 1433 1747 26820 16800 39720 <0.005 160.8 160.8 11.46 0.31 ---

MW-37 21-Nov-08 8.13 6070 455 361 --- --- --- --- --- 461 562 3368 2623 --- --- 32.2 --- 2 1.4 38
MW-37 19-Jun-09 7.83 7160 535 515 876 --- --- --- 128 473 577 4336 3457 6746 --- 53.8 --- 3.1 <0.9 44
MW-37 03-Nov-09 7.91 5890 491 421 732 17.1 --- --- 86.4 466 568 3514 2960 5578 <0.2 36.8 --- 2.7 1.2 39
MW-37 10-Jun-10 7.69 5830 425 360 691 14.9 <0.15 0.047 83.8 454 554 3320 2540 5300 1.73 28.8 30.6 8.14 0.072 ---
MW-37 13-Jun-11 8.07 6180 --- --- --- --- --- --- --- --- 548 3420 --- --- <0.050 37.9 --- --- --- ---
MW-37 20-Sep-11 8.01 6280 461 351 648 14.1 <0.03 0.005 79.7 478 583 3520 2600 5520 <0.050 36.1 36.1 4.04 0.089 36
MW-37 11-Jun-12 7.65 5340 454 378 703 14.8 <0.30 <0.050 86.5 455 555 3770 2690 5860 <0.50 41.8 41.8 2.97 <0.25 39
MW-37 06-Sep-12 7.72 5960 422 367 645 13.2 <0.15 <0.025 84 437 534 3420 2570 5380 <0.050 37.2 37.2 4.53 <0.050 42
MW-37 25-Jun-13 2.98 0.56 ---
MW-37 11-Oct-13 8.01 5420 413 349 678 13.8 --- --- 81 436 532 3470 2470 5430 <0.050 35.9 35.9 3.4 <0.050 ---
MW-37 06-Jun-14 7.77 4920 459 385 708 14.5 --- --- 77.7 448 547 3450 2730 5520 <0.04 36.2 36.2 2.18 0.05 ---
MW37 2-Oct-14 8.30 5810 346 302 585 12.3 --- --- 77.4 373 449 3290 2110 4990 <0.10 33.9 33.9 2.70 0.065 ---
MW37 30-Apr-15 7.97 5420 503 414 757 15.6 --- --- 80.4 474 578 3550 2960 5770 <0.10b 37.2 37.2 3.2 <0.050 ---
MW37 8-Oct-15 7.83 5260 434 361 667 14 --- --- 83.8 470 574 3700 2570 5710 <0.10 39 39.0 2.20 <0.20 ---
MW37 2-Jun-16 8.1 6100 441.8 388.2 773.7 25.7 --- --- 80.32 451.6 550.7 3840 2702 5981 <0.005 35.19 35.19 2.17 0.06 ---
MW37 6-Oct-16 7.8 5940 430.6 391.8 791.4 27 --- --- 79.55 457 557.3 3623 2689 5781 <0.005 35.92 35.92 2.77 <0.05 ---
MW37 31-May-17 7.9 6010 440.0 404.2 765.9 25.6 --- --- 82.06 443.9 541.2 3657 2763 5808 <0.005 36.73 36.73 5.89 <0.05 ---
MW37 5-Oct-17 7.7 5990 452.2 409.7 849.9 26.1 --- --- 76.18 451.6 550.6 3406 2816 5653 <0.005 35.69 35.69 1.7 0.12 ---

West Landfill Area
MW-0 03-Jul-87 7.65 5030 --- --- --- 13.2 0 --- 246 --- 216 4800 3808 8300 --- 2.05 --- 4.44 1.03 22
MW-0 10-Sep-87 7.60 5560 --- --- 140 5 --- --- 65 --- 190 5150 3420 --- --- 0.34 --- 0.68 0.68 ---
MW-0 13-Jun-88 7.08 5920 --- --- 730 14.1 0.3 --- 19.5 --- 473 4300 3635 --- --- 0.35 --- 1.05 0 23
MW-0 18-Nov-88 --- 6490 --- --- 965 15.3 0.22 --- 129 --- 1.7 3300 4100 --- --- 1.4 --- 0.35 0 ---
MW-0 06-Jul-89 6.98 6230 --- --- 1245 13.7 0 --- 6.5 --- --- 8150 3591 8100 --- 0.375 --- 0.75 0 21
MW-0 10-Aug-89 7.67 5740 --- --- 705 15.6 0 --- 6.5 --- --- 8200 3845 7200 --- 1.5 --- 0.75 0 21
MW-0 06-Jun-90 7.55 6210 --- --- 439 11 0 --- 19.5 --- --- 5250 3400 6000 --- 2.07 --- 0.83 0 22
MW-0 01-Dec-90 7.90 6600 --- --- 996 5 0 --- 26.8 --- 310 5600 --- --- --- --- --- --- --- ---

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS

Pinchin Ltd. Page 15 of 21



HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

West Landfill Area
MW-0 25-Jul-91 7.00 6570 --- --- 1000 16.9 0.1 --- 9.5 --- 630 4750 5950 8500 --- 1.1 --- 1.1 0 20
MW-0 23-Aug-91 6.90 7150 --- --- 746 17 0 --- 9.5 --- 600 3850 4650 --- --- 1.05 --- 0.4 0 ---
MW-0 31-Jul-92 7.46 6850 403 684 681 18.4 0.02 0.1 9.5 --- 320 3700 3340 6500 --- 3.84 --- 1.05 0 24
MW-0 13-Oct-93 7.70 11400 434 682 865 17.61 0.289 1.855 8.97 --- 714 7029 3891 9400 --- --- --- 1.68 0.54 7
MW-0 28-Apr-94 7.70 12350 491 792 960 14.45 0.648 4.542 9.75 --- 775 5280 4487 7900 --- --- --- 3.78 0.43 4
MW-0 06-Oct-94 7.50 12550 544 843 1029 14.39 0.487 1.452 9.53 --- 753 6266 4828 9100 --- <0.01 --- 2.8 0.29 52
MW-0 01-May-95 7.25 7140 431 688 824 15.9 0.405 2.227 10.87 --- 797 6284 3908 8600 --- --- --- 4.2 0.65 47
MW-0 02-May-96 7.75 7140 432 852 838 14.4 0.76 2.05 6.3 --- 792 5456 3886 7825 <0.05 0.81 --- 1.68 0.56 39
MW-0 28-Oct-96 7.10 7240 412 676 817 15.08 0.27 2.294 9.6 --- 766 4951 3809 7263 <0.05 <0.05 --- 2.8 0.56 26
MW-0 29-Apr-97 7.85 7140 578 830 780 10.58 4.67 2.06 9.9 --- 707 5155 4860 7717 <0.5 1.81 --- 1.75 0.67 51
MW-0 21-Oct-97 7.32 7180 408 677 740 12.67 0.85 0.304 11 --- 809 4713 3805 6966 <0.5 11.23 --- 2.8 1.4 12
MW-0 23-Apr-98 8.35 7120 414 663 --- --- --- --- --- --- 797 5052 3763 --- --- 0.79 --- 1.4 1.12 11
MW-0 06-Oct-98 7.75 7210 457 699 --- --- --- --- --- --- 841 4405 4019 --- --- 1.45 --- 15.4 9.8 17
MW-0 03-May-99 7.01 7150 446 706 --- --- --- --- --- --- 787 5019 4021 --- --- <0.56 --- 5.6 2 14
MW-0 25-Oct-99 7.49 7270 465 676 --- --- --- --- --- --- 753 4758 3945 --- --- <0.11 --- 3.15 1.4 16
MW-0 10-May-00 7.37 7150 402 639 --- --- --- --- --- --- 783 4530 3640 --- --- <3.4 --- 2.1 1.7 11
MW-0 12-Oct-00 6.55 7200 436 641 --- --- --- --- --- --- 841 4661 3728 --- --- <6.80 --- 1.5 1.6 17
MW-0 11-Oct-01 7.49 7250 436 618 --- --- --- --- --- --- 770 4890 3630 --- --- 0.6 --- 2.2 1.1 19
MW-0 08-Oct-02 7.70 6300 510 654 --- --- --- --- --- --- 826 4770 3966 --- --- 0.5 --- <0.60 <0.09 23
MW-0 11-Jun-03 7.46 7030 570 736 --- --- --- --- --- --- 753 4244 4454 --- --- 0.9 --- 1.47 0.5 21
MW-0 17-Oct-03 7.17 7750 634 751 --- --- --- --- --- --- 763 5436 4676 --- --- 4.8 --- 2.17 0.67 33
MW-0 15-Oct-04 7.58 7360 446 700 --- --- --- --- --- --- 775 4538 3996 --- --- 1.6 --- 0.6 0.2 20
MW-0 26-Jul-05 8.03 7210 440 671 --- --- --- --- --- --- 777 4752 3862 --- --- 1.5 --- 4.9 4.7 20
MW-0 11-Oct-05 7.82 7240 438 655 --- --- --- --- --- 637 820 4759 3791 --- --- 1.2 --- <0.9 <0.9 20
MW-0 26-Jul-05 8.03 7210 440 671 --- --- --- --- --- 637 777 4752 3862 --- --- 1.5 --- 4.9 4.7 20
MW-0 17-May-06 7.54 7050 415 683 --- --- --- --- --- 627 764 4631 3849 --- --- 2 --- 1.4 1.1 20
MW-0 12-Oct-06 7.77 7450 446 725 --- --- --- --- --- 692 844 6391 4099 --- --- 1 --- 5.95 <0.9 22
MW-0 04-Jun-07 7.67 7150 457 667 798 14.7 --- --- 8.7 666 812 3697 3888 --- <0.6 0.5 --- <0.9 <0.9 21
MW-0 23-Oct-07 7.77 7210 468 681 --- --- --- --- --- --- 842 4618 --- --- --- 0.5 --- 0.85 0.84 20
MW-0 22-Jul-08 7.90 9270 385 596 762 14.9 0.007 1.49 --- 668 --- --- --- 7410 --- 0.061 --- --- 0.34 ---
MW-0 16-Oct-08 7.69 7240 461 666 --- --- --- --- --- 679 828 4611 3894 --- --- 0.6 --- <0.9 <0.9 21
MW-0 08-Jun-09 7.84 7350 427 676 803 --- --- --- 8.7 660 805 4684 3850 7013 --- 0.7 --- <0.9 <0.9 21
MW-0 10-Jun-10 7.62 7040 384 629 746 13.8 <0.15 0.161 8.91 686 837 4480 3550 6690 <0.05 3.79 3.79 5.33 1.05 ---
MW-0 20-Sep-10 7.69 6960 421 588 743 15.1 <0.30 0.721 8.03 686 837 4580 3470 6770 <0.050 0.294 0.294 2.43 0.076 17
MW-0 13-Jun-11 7.98 7210 377 601 691 13.2 <0.15 0.071 10.2 665 812 4820 3420 6910 <0.10 0.49 0.49 24.3 0.257 19
MW-0 20-Sep-11 7.76 7350 416 637 771 16.1 <0.03 0.241 7.68 701 855 4700 3660 6970 <0.050 0.675 0.675 2.47 <0.050 19
MW-0 11-Jun-12 7.70 6960 407 622 787 13.9 <0.30 0.191 8 691 843 4690 3580 6950 <0.50 1.06 1.06 0.84 <0.50 20

MW-0 dup 11-Jun-12 7.58 6860 403 619 779 13.7 <0.30 0.281 8.3 687 838 4710 3560 6950 <0.50 0.69 <0.71 0.92 <0.50 20
MW-0 06-Sep-12 7.46 7010 437 663 766 15.5 <0.30 0.221 9.17 647 789 4530 3820 6810 <1.0 <1.0 <1.4 0.47 0.078 21
MW-0 20-Jun-13 7.51 6970 411 630 799 13.9 --- --- 8.3 662 808 4450 3620 6710 <0.50 <0.50 <0.71 13.5 0.06 ---
MW-0 10-Oct-13 7.81 7130 393 583 747 14.4 --- --- 11.9 685 836 4820 3380 6980 <0.050 0.466 0.466 2.2 0.372 ---
MW-0 05-Jun-14 7.38 5700 412 617 717 12.4 --- --- 7.74 672 820 4510 3570 6680 <0.040 0.57 0.57 2.65 0.052 ---
MW-0 3-Oct-14 8.30 7020 395 580 699 13.9 --- --- 7.9 668 811 4690 3370 6790 <0.20 0.51 <0.54 0.94 0.154 ---
MW-0 1-May-15 7.70 6300 450 682 781 13.7 --- --- 8.1 690 842 4870 3930 7220 <0.10b 0.57 0.57 1.34 0.128 ---
MW-0 7-Oct-15 7.49 6090 439 637 783 16.2 --- --- 8.6 721 896 5060 3720 7380 <0.10 0.29 0.29 1.01 0.159 ---
MW-0 1-Jun-16 7.5 6970 426.7 655.8 867.1 25.0 --- --- 8.30 674.6 822.5 4781 3766 7177 <0.005 0.382 0.382 2.32 0.15 ---
MW-0 6-Oct-16 7.9 7070 416.5 645.4 831.1 28 --- --- 7.8 685.6 836 5325 3698 7677 0.032 1.035 1.066 2.69 0.21 ---
MW-0 31-May-17 7.7 6790 407.2 656.5 844.4 22.3 --- --- 7.73 639.6 779.9 4566 3720 6897 <0.005 0.704 0.704 3.44 0.07 ---
MW-0 4-Oct-17 7.6 6970 425.0 644.0 922.2 28.4 --- --- 8.63 678.0 826.7 4389 3713 6835 0.072 0.951 1.023 2.15 0.64 ---

MW-30 11-Jun-08 8.00 12600 404 456 1440 22.5 0.522 0.398 --- 402 --- --- --- 9090 --- 202 --- --- 0.3 ---
MW-30 16-Oct-08 7.87 8630 457 547 --- --- --- --- --- 359 438 4686 3394 --- --- 187 --- 2.1 <0.9 35
MW-30 09-Jun-09 8.05 9090 490 689 1106 --- --- --- 27.4 371 452 4617 4061 7489 --- 314 --- 2 <0.9 34
MW-30 03-Nov-09 7.84 8640 473 718 1099 31.9 --- --- 30 412 502 4501 4138 7492 <0.2 392 --- <0.9 <0.9 41
MW-30 10-Jun-10 7.71 8410 451 601 866 17.3 <0.3 0.051 35.1 280 342 3740 3600 7460 <0.1 358 358 0.45 0.056 ---
MW-30 20-Sep-10 7.75 8890 524 688 922 19.8 <0.30 <0.050 37.2 425 518 4380 4140 8440 <0.10 365 365 <0.20 <0.050 31
MW-30 13-Jun-11 7.95 9140 542 773 904 16.6 <0.30 <0.050 37.6 397 484 4210 4540 8190 <0.10 332 332 3.18 0.066 33
MW-30 20-Sep-11 7.64 10600 536 904 1050 21.9 <0.03 0.111 52.4 521 635 5360 5060 10300 0.172 456.9 457 <0.20 0.061 47
MW-30 11-Jun-12 7.80 9380 495 845 1020 20 <0.30 <0.050 48.9 457 558 5250 4720 10000 <2.5 472 472 1.54 <0.25 38
MW-30 06-Sep-12 7.56 10100 545 968 1040 22.2 <0.30 <0.050 <100^^ 509 621 5270 5350 10100 <0.10 438 438 2.71 0.062 50
MW-30 20-Jun-13 7.63 9210 486 805 992 18.6 --- --- 38.8 466 568 4700 4530 8920 <1.0 362 362 1.66 <0.50 ---
MW-30 10-Oct-13 7.96 9230 464 777 942 20 --- --- 173 482 588 5600 4360 8390 0.52 26.8 27.3 2.9 0.153 ---
MW-30 05-Jun-14 7.17 7170 486 785 913 18.4 --- --- 36.9 471 574 4560 4450 8640 0.103 351 351 1.89 <0.050 ---
MW-30 3-Oct-14 8.28 8870 451 741 836 19.1 --- --- 40.6 475 580 4750 4180 8800 <0.40 379 379 3.50 0.064 ---
MW-30 1-May-15 7.93 7970 452 777 904 <25 --- --- 39 490 598 4390 4330 8680 <0.20b 411 411 2.04 0.058 ---
MW-30 8-Oct-15 7.72 8000 493 858 1010 23 --- --- 51.5 459 560 4870 4760 10300 0.18 606 606 2.04 <0.50 ---

MW-30 dup 8-Oct-15 7.61 9170 503 853 1030 24 --- --- 44 504 615 4420 4770 9700 <0.20 571 571 <0.20 <1.0 ---
MW-30 1-Jun-16 7.6 9640 515.6 872.3 1112 36.7 --- --- 53.15 481.0 586.4 4797 4880 9881 0.007 496.9 496.9 4.14 0.12 ---

MW-30 dup 1-Jun-16 NT NT NT NT NT NT --- --- NT NT NT NT NT NT NT NT NT 4.32 0.06 ---
MW-30 6-Oct-16 7.9 9420 529.5 940.2 1015 40.9 --- --- 51.24 457.3 557.6 4363 5194 9440 0.04 501.8 501.8 3.9 0.09 ---
MW-30 31-May-17 7.8 9790 556.5 927.3 1173 35.9 --- --- 54.14 451.8 550.8 4316 5208 10020 <0.005 606.4 606.4 4.34 0.06 ---
MW-30 4-Oct-17 7.7 9920 545.2 911.4 1216 42.4 --- --- 53.89 509.9 621.7 5592 5115 11430 0.198 622.5 622.7 4.59 0.17 ---

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

West Landfill Area
MW-31 28-May-08 8.30 9350 347 464 1060 65 <0.01 0.24 --- 213 --- --- --- 7240 --- 64.6 --- --- 19.6 ---
MW-31 16-Oct-08 7.98 9460 329 688 --- --- --- --- --- 275 335 5912 3572 --- --- 34.8 --- 15.8 12 26
MW-31 09-Jun-09 7.90 5800 327 132 834 --- --- --- 183 110 134 2688 1360 4332 --- 16.2 --- 40.7 40 20
MW-31 03-Nov-09 7.82 7250 --- 442 978 58.6 --- --- 172 193 235 4151 2602 6245 2.4 11.8 --- 11.2 10.3 24
MW-31 10-Jun-10 7.74 11000 357 1050 1550 37.2 <0.3 0.314 137 398 485 7450 5220 10900 0.121 9.33 9.45 11.7 8.54 ---
MW-31 20-Sep-10 7.82 10400 354 884 1410 31.3 <0.30 0.264 142 378 461 7370 4520 10400 <0.10 5.93 5.93 9.48 6.63 30
MW-31 13-Jun-11 8.02 12100 379 1190 1680 32.3 <0.30 0.22 121 441 538 7950 5850 11600 <0.10 5.6 5.6 7.7 5.36 38
MW-31 20-Sep-11 7.94 9470 339 677 1270 44 <0.03 0.12 174 271 331 6030 3630 8720 0.138 5.98 6.12 22.6 22.9 30
MW-31 11-Jun-12 7.99 7750 274 487 1190 45.9 <0.30 0.063 191 216 264 4840 2690 7270 2.87 21.5 24.4 28.6 26.7 27
MW-31 06-Sep-12 7.69 11100 379 1080 1550 30.9 <0.30 0.219 132 404 493 7310 5390 10800 <10 11.6 <14 8.8 8.72 33
MW-31 20-Jun-13 7.97 8870 354 642 1300 48.5 --- --- 167 259 316 5400 3530 8210 3.06 28.6 31.7 30.7 28.9 ---
MW-31 10-Oct-13 8.10 8640 309 555 1190 54.4 --- --- 159 250 305 5410 3060 8000 0.36 38.8 39.1 51 45.3 ---
MW-31 05-Jun-14 8.11 6030 306 365 981 58.9 --- --- 168 200 245 3910 2270 6080 1.85 36.7 38.6 40 34.7 ---
MW-31 3-Oct-14 8.34 11800 391 1210 1710 38.2 --- --- 120 449 525 8730 5060 12500 0.46 7.2 7.66 34.00 30.8 ---
MW-31 1-May-15 7.87 10600 365 1290 1670 38 --- --- 117 474 578 8900 6220 12800 0.82 18.6 19.5 73 59 ---
MW-31 8-Oct-15 7.96 8060 332 759 1350 67 --- --- 144 361 440 6570 3950 9610 4.69 35.0 39.6 35.00 24.5 ---
MW-31 1-Jun-16 8.5 6800 322.3 309.8 1073 90.8 --- --- 165.2 171.8 187.8 3872 2081 6151 1.941 46.70 48.64 61.44 59.32 ---
MW-31 6-Oct-16 8.2 10600 329.5 928.5 1642 93.5 --- --- 112.6 432.6 527.5 7758 4647 11170 2.496 8.064 10.56 11.86 9.1 ---
MW-31 31-May-17 8.3 7110 334.6 383.9 1161 86.9 --- --- 166.6 198.1 231.5 4165 2416 6672 3.274 54.70 57.98 31.81 32.86 ---

MW-31 dup 31-May-17 8.5 6470 251.7 225.9 1034 97.6 --- --- 168.5 161.8 154.3 3542 1559 5668 3.889 53.49 57.37 30.19 33.20 ---
MW-31 4-Oct-17 8.0 10100 360.9 885.5 1752 79.5 --- --- 134.7 332.9 405.8 7638 4548 11130 0.617 15.63 16.25 27.68 26.14 ---

MW-31 dup 4-Oct-17 7.7 10800 372.4 1066 1937 72.8 --- --- 124.9 387.6 472.6 9136 5321 13000 0.488 12.85 13.33 25.29 27.72 ---

MW-32 11-Jun-08 7.90 5450 652 191 162 15.6 3.89 0.91 --- 286 --- --- --- 4060 --- 54.7 --- --- <0.05 ---
MW-32 16-Oct-08 8.02 5790 698 281 --- --- --- --- --- 365 445 3220 2900 --- --- 71.6 --- 2.5 <0.9 36
MW-32 19-Jun-08 7.75 4870 752 274 351 --- --- --- 22.2 353 430 3235 3006 4937 --- 70 --- 2.8 <0.9 29
MW-32 03-Nov-09 7.93 6660 652 340 874 26.3 --- --- 28.7 517 630 3818 3028 6147 <0.2 97.6 --- 3.2 <0.9 42
MW-32 10-Jun-10 7.80 6410 580 370 668 22.0 <0.15 <0.025 27.1 497 607 3630 2970 5950 <0.05 81.2 81.2 2 0.094 ---
MW-32 20-Sep-10 7.80 6610 616 387 683 22 <0.30 <0.050 26.6 523 638 3930 3130 6340 <0.050 81.2 81.2 3.57 <0.050 39
MW-32 13-Jun-11 7.98 6900 625 470 710 21.2 <0.30 <0.050 25.8 519 633 3800 3500 6360 <0.050 89.1 89.1 1.86 0.082 36
MW-32 20-Sep-11 7.60 7120 603 490 709 22.6 <0.03 0.0105 25.5 558 680 4240 3520 6850 <0.050 94.9 94.9 2.73 <0.050 39
MW-32 11-Jun-12 7.87 6570 594 485 677 20.8 <0.30 <0.050 27.2 552 673 4120 3480 6650 <1.0 88.4 88.4 3.43 <0.050 39
MW-32 06-Sep-12 7.67 6840 600 543 680 20.8 <0.30 <0.050 27.5 539 658 4140 3730 6730 0.189 88.9 89.1 3.36 <0.050 44
MW-32 20-Jun-13 7.76 6280 596 456 799 13.9 --- --- 37.9 521 635 3670 3370 6050 <0.50 73.4 73.4 2.63 0.053 ---
MW-32 10-Oct-13 7.90 6660 552 462 615 20.6 --- --- 29.5 550 671 3890 3280 6230 <0.50 0.466 0.466 2.2 0.372 ---
MW-32 05-Jun-14 7.61 4850 570 401 471 16.9 --- --- 20.2 538 656 3430 3070 5520 0.12 64.5 64.7 1.99 <0.050 ---
MW-32 3-Oct-14 8.13 6480 568 471 573 19.9 --- --- 23.4 498 607 4090 3360 6390 <0.20 78.8 78.8 2.30 <0.050 ---
MW-32 1-May-15 7.91 5610 671 520 583 20.8 --- --- 20.9 581 709 3890 3820 6370 <0.10b 71.1 71.1 3.5 <0.050 ---
MW-32 7-Oct-15 7.92 5720 603 552 658 20.9 --- --- 21.9 665 811 4760 3780 7320 <0.10 69.4 69.4 2.02 <0.10 ---
MW-32 1-Jun-16 7.8 7050 593.8 609.7 737.7 33.1 --- --- 20.46 642.0 782.7 4592 3994 7277 <0.005 67.39 67.39 4.15 0.12 ---
MW-32 6-Oct-16 8.1 6830 558.5 598.3 712.5 35.5 --- --- 17.2 636.8 776.4 4479 3858 7043 <0.005 57.39 57.39 2.77 0.06 ---
MW-32 31-May-17 7.9 6360 589.0 566.4 649.4 31.6 --- --- 18.52 591.8 721.6 4131 3803 6586 <0.005 54.08 54.08 2.91 <0.05 ---
MW-32 4-Oct-17 7.6 6350 582.7 564.7 683.7 35.2 --- --- 17.33 592.6 722.6 3989 3780 6508 <0.005 61.89 61.89 2.31 0.09 ---

South Landfill Area
MW-3 22-Jul-86 7.40 1470 --- --- 33 6.8 <0.5 --- 22.7 --- --- 420 1200 --- --- 95.79 --- 12.32 6.84 ---
MW-3 16-Oct-86 7.60 1280 --- --- 31 6.5 --- --- 17 --- --- 600 990 --- --- 133 --- 3.83 3.4 ---
MW-3 21-May-87 7.91 2100 --- --- 120 5.2 --- --- 331 --- 319 1000 2180 --- --- 78.3 --- 5.34 1.42 14
MW-3 03-Jul-87 7.45 7920 --- --- --- 3.5 0 --- 409.1 --- 245 7200 4360 12200 --- 3.08 --- 2.05 0.34 66
MW-3 10-Sep-87 7.50 8970 --- --- 380 5 --- --- 383 --- 332 7700 4800 --- --- 9.9 --- 0 0 ---
MW-3 23-Nov-87 7.57 1690 --- --- 41 5.4 --- --- 6.5 --- 120 240 1400 --- --- 156 --- 0 0 7
MW-3 13-Jun-88 7.47 9230 --- --- 1720 14.7 0.3 --- 435.1 --- 429 6800 4364 --- --- 3.2 --- 2.1 0 68
MW-3 18-Nov-88 7.40 8880 --- --- 1990 16.8 0.05 --- 649 --- 1.7 6150 4200 --- --- 5.9 --- 5.95 0.35 ---
MW-3 06-Jul-89 7.32 9180 --- --- 1570 15.9 0 --- 422.1 --- --- 6750 3900 11700 --- 2.62 --- 2.25 0.37 52
MW-3 10-Aug-89 7.75 9340 --- --- 1585 17 0 --- 298.7 --- --- 6750 4000 11200 --- 2.62 --- 2.25 0 49
MW-3 06-Jun-90 7.99 9020 --- --- 1036 13.9 0 --- 396.2 --- --- 7100 4000 11500 --- 5.81 --- 2.28 0 57
MW-3 01-Dec-90 7.40 10240 --- --- 285 2 0 --- 399.8 --- 530 7150 4300 12900 --- 3.98 --- 1.96 0.66 60
MW-3 25-Jul-91 7.30 10550 --- --- 2437 18.1 0.1 --- 389.2 --- 555 6500 6350 12200 --- 12.3 --- 2.8 0 69
MW-3 23-Aug-91 7.20 11470 --- --- 16 18 0.1 --- 384 --- 555 5100 4500 10700 --- 12.3 --- 2.1 0 65
MW-3 31-Jul-92 7.37 2320 409 --- 880 15.1 0.04 0.03 363 --- 540 8600 4580 12000 --- 12.6 --- 2.4 0 70
MW-3 05-Feb-93 7.21 11730 299 811 756 11.95 1.02 0.11 --- --- --- 7500 3850 --- --- 11.4 --- 3.9 0 76
MW-3 05-May-93 7.70 25460 526 1991 2954 21.54 0.835 0.21 <0.05 --- 897 12272 9509 19600 --- 205.66 --- 7.42 0.03 53
MW-3 13-Oct-93 7.72 26500 447 1725 2774 22.29 0.351 0.253 434 --- 868 16040 8214 21900 --- --- --- 8.96 0.2 54
MW-3 28-Apr-94 7.50 25950 425 1528 2503 18.69 0.08 0.054 397 --- 829 9041 7351 14300 --- --- --- 0.09 0.04 <0.05
MW-3 06-Oct-94 7.51 25700 512 1717 2977 15.79 0.083 0.063 411 --- 846 12308 8346 18600 --- 61.7 --- 8.4 0.06 123
MW-3 01-May-95 7.53 13860 417 1297 2201 20.82 0.215 0.02 339 --- 770 9240 6379 13900 --- --- --- 8.4 0.22 107
MW-3 02-May-96 7.78 14590 425 1717 2977 17.4 0.04 0.063 371 --- 868 10189 7072 15267 <0.05 171 --- 5.74 0.28 130
MW-3 28-Oct-96 7.53 14560 400 1428 2495 16.35 0.17 0.02 379 --- 817 11002 6878 16129 N/A 141 --- 5.6 1.12 91
MW-3 29-Apr-97 7.67 15710 498 1923 2630 13.91 0.13 0.12 256 --- 844 11299 9160 17042 <1 367 --- 8.05 0.84 149
MW-3 21-Oct-97 7.55 8280 425 1597 2738 17.64 0.025 0.011 343 --- 573 12752 7636 18159 2.63 331 --- 8.05 1.68 130
MW-3 23-Apr-98 7.76 17300 398 1682 --- --- --- --- --- --- 997 12582 7919 --- --- 616 --- 5.6 2.1 150
MW-3 06-Oct-98 7.89 16900 453 1714 --- --- --- --- --- --- 1034 12147 8188 --- --- 106 --- 9.8 2.24 149
MW-3 03-May-99 7.45 15300 418 1537 --- --- --- --- --- --- 805 9156 7373 --- --- 47.61 --- 8.4 1.7 118

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

South Landfill Area
MW-3 25-Oct-99 7.63 17440 446 1784 --- --- --- --- --- --- 865 12748 8460 --- --- 64.61 --- 9.1 2.24 147
MW-3 10-May-00 7.65 19320 414 2000 --- --- --- --- --- --- 1040 12700 9270 --- --- 108 --- 12.6 2.5 213
MW-3 16-Oct-00 7.75 18870 512 2320 --- --- --- --- --- --- 992 14600 10830 --- --- 54.1 --- 2.2 2.1 158
MW-3 09-May-01 7.72 18300 387 2000 --- --- --- --- --- --- 912 14400 748 --- --- 41.8 --- 8.4 1.7 166
MW-3 11-Oct-01 7.96 17200 401 1810 --- --- --- --- --- --- 861 12900 8450 --- --- 34.9 --- 5.9 1.4 144
MW-3 27-May-02 7.60 15700 498 2220 --- --- --- --- --- --- 922 16000 10383 --- --- 138 --- 8.4 1.68 163
MW-3 08-Oct-02 7.80 14000 474 2020 --- --- --- --- --- --- 944 14200 9500 --- --- 119 --- 8.1 2.2 159
MW-3 21-May-03 7.79 21900 533 2746 --- --- --- --- --- --- 980 13429 12639 --- --- 188 --- 11.6 1.4 180
MW-3 17-Oct-03 7.50 21400 479 2743 --- --- --- --- --- --- 963 19063 12492 --- --- 110 --- 9.03 1.4 350
MW-3 26-Apr-04 7.62 21800 445 2717 --- --- --- --- --- --- 917 19335 12300 --- --- 91.5 --- 2.1 1.7 212
MW-3 15-Oct-04 7.82 22500 446 2751 --- --- --- --- --- --- 653 17984 12442 --- --- 48.6 --- 9.1 3.1 228
MW-3 10-May-05 7.89 23400 408 2946 --- --- --- --- --- 865 1054 17762 13150 --- --- 29.4 --- 11.2 3.4 283
MW-3 26-Jul-05 8.01 24000 421 3026 --- --- --- --- --- 885 1079 21057 13512 --- --- 25.1 --- 9.8 4.1 264
MW-3 11-Oct-05 7.89 24400 431 3256 --- --- --- --- --- 905 1103 21655 14484 --- --- 24.8 --- 9.2 2.3 269
MW-3 17-May-06 7.76 23900 415 378 --- --- --- --- --- 886 1080 20161 2593 --- --- 22.1 --- 11.9 3.4 286
MW-3 12-Oct-06 7.92 24500 412 3506 --- --- --- --- --- 890 1085 23194 15466 --- --- 19.1 --- 9.73 1.85 263
MW-3 06-Jun-07 7.84 24200 489 3084 4119 23.8 --- --- 261 870 1062 14829 13921 --- <1.2 26.2 --- 9.8 <0.9 270
MW-3 23-Oct-07 7.87 23900 497 3129 --- --- --- --- --- --- 1082 21557 --- --- --- 20.2 --- 11.7 1.25 239
MW-3 28-May-08 8.10 35600 414 2880 4010 24 3.6 0.04 --- 851 --- --- --- 30800 --- 16.9 --- --- 1.92 ---
MW-3 16-Oct-08 7.85 23900 505 3112 --- --- --- --- --- 850 1036 20704 14076 --- --- 19 --- 6.7 1.1 212
MW-3 09-Jun-09 7.94 24800 456 3146 4129 --- --- --- 204 834 1017 19767 14094 28357 --- 22.8 --- 9.2 <0.9 215
MW-3 10-Jun-10 7.77 23800 402 2990 3970 23 <0.6 <0.1 183 838 1020 19700 13300 27900 <0.1 23.3 23.3 15.5 0.469 ---

MW-3 dup 10-Jun-10 7.75 23400 400 2960 3960 23 <0.6 <0.1 178 835 1020 19500 13200 27600 <0.1 22.6 22.6 12.4 0.365 ---
MW-3 20-Sep-10 7.87 23200 384 2740 3760 <25 <1.5 <0.25 167 838 1020 22000 12200 29600 <0.50 18.5 18.5 10.7 0.26 224

MW-3 dup 20-Sep-10 7.87 23300 386 2750 3790 <25 <1.5 <0.25 167 842 1030 21600 12300 29300 <0.50 18.4 18.4 9.87 0.348 216
MW-3 13-Jun-11 7.93 24700 430 3240 4560 26 <0.60 <0.10 175 849 1040 19500 14400 28500 <0.10 22.5 22.5 8.55 0.127 201

MW-3 dup 13-Jun-11 7.92 24800 392 3070 4140 24 <0.60 <0.10 164 842 1030 18300 13600 26700 <0.10 21.1 21.1 7.98 0.125 200
MW-3 20-Sep-11 7.86 24700 404 3010 4100 26.1 <0.03 0.01 155 855 1040 21600 13400 29900 <0.50 17.1 17.1 8.62 0.084 200

MW-3 dup 20-Sep-11 7.86 25000 396 2980 4010 25 <0.03 0.009 158 861 1050 21900 13300 30100 <0.50 16.9 16.9 7.26 <0.050 201
MW-3 11-Jun-12 7.82 23300 447 3040 4370 25 <0.60 <0.10 176 837 1020 22100 13600 30800 <2.5 21.7 21.7 10.2 <0.25 206

MW-3 dup 11-Jun-12 7.83 23200 455 3110 4450 26 <0.60 <0.10 181 837 1020 22100 13900 30900 <1.0 22.2 22.2 12 <0.50 209
MW-3 06-Sep-12 7.77 23400 497 3390 4930 30 <0.60 <0.10 172 800 976 19700 15200 29300 <1.0 20.6 20.6 8.66 <0.050 207

MW-3 dup 06-Sep-12 7.75 23100 440 3180 4290 26 <0.60 <0.10 168 801 977 19800 14200 28500 <1.0 20.1 20.1 9.01 <0.050 219
MW-3 20-Jun-13 7.87 23400 402 3080 4430 23 --- --- 165 805 982 19800 13700 28500 <1.0 19.9 19.9 8.5 <0.10 ---
MW-3 10-Oct-13 7.94 23100 387 2850 3950 23 --- --- 160 833 1020 18500 12700 26400 <0.10 17.7 17.7 10.3 <0.25 ---
MW-3 05-Jun-14 7.90 15400 379 2850 3890 20 --- --- 156 856 1040 21000 12700 28900 <2 20.3 20.3 9.9 0.541 ---
MW-3 2-Oct-14 8.46 22900 420 3150 4270 23.6 --- --- 155 172 191 19100 14000 27300 <0.40 18.8 18.8 2.0 <0.50 ---
MW-3 30-Apr-15 7.72 20700 420 3460 4360 <25 --- --- 215 958 1170 24600 15300 33800 <1.0 28.0 28 14.5 <0.10 ---
MW-3 8-Oct-15 7.75 19600 431 3190 4670 41 --- --- 205 902 1100 21000 14200 30200 <0.20 24.9 24.9 10.9 <1.0 ---
MW-3 2-Jun-16 8.0 24100 387.0 3298 4662 43.6 --- --- 221.9 859.4 1048 22030 14550 31270 <0.005 23.02 23.02 10.50 0.33 ---

MW-3 dup 2-Jun-16 8.0 23900 390.8 3300 4701 43.3 --- --- 226.3 853.3 1040 23020 14570 32310 <0.005 23.37 23.37 10.28 0.20 ---
MW-3 6-Oct-16 7.9 22900 384.2 3297 4325 47.1 --- --- 232.3 845.2 1031 21540 14540 30440 <0.005 23.08 23.08 11.33 0.24 ---
MW-3 31-May-17 7.7 23300 382.2 3252 4095 46.5 --- --- 277.0 831.2 1013 22650 14350 31330 <0.005 26.59 26.59 12.41 0.44 ---
MW-3 5-Oct-17 7.7 23400 270.7 3428 4657 45.9 --- --- 317.1 849.3 1036 23560 14790 32930 <0.005 30.73 30.73 10.03 0.48 ---

MW-4 10-Jun-10 7.72 9310 387 621 1370 15.9 <0.3 0.352 293 551 672 5510 3520 8530 <0.05 <0.5 <0.5 2.27 0.065 ---
MW-4 20-Sep-10 7.81 9260 419 596 1370 16.3 <0.30 0.487 300 554 676 5640 3500 8670 <0.050 0.271 0.271 1.86 0.15 41
MW-4 13-Jun-11 7.89 9740 435 646 1430 16.8 <0.30 0.301 279 550 671 5330 3750 8470 <0.10 <0.10 <0.14 1.12 0.091 45
MW-4 20-Sep-11 7.80 9510 423 643 1440 17.6 <0.03 0.270 298 555 677 5620 3700 8770 <0.050 <0.050 <0.071 1.2 <0.050 39
MW-4 11-Jun-12 7.79 9040 411 600 1380 16.3 <0.30 0.327 321 553 674 5990 3500 9050 <0.50 <0.50 <0.71 1.45 <0.25 41
MW-4 06-Sep-12 7.63 9010 403 616 1300 15.4 <0.30 0.487 296 527 644 5530 3540 8480 <0.050 0.053 <0.071 1.34 <0.050 44
MW-4 20-Jun-13 7.67 9070 419 617 1460 15.4 --- --- 287 537 655 5300 3590 8420 <0.50 <0.50 <0.71 1.37 0.06 ---
MW-4 10-Oct-13 7.97 9050 399 582 1350 15.9 --- --- 278 550 671 5070 3390 8020 <0.50 <0.50 <0.71 1.71 <0.050 ---
MW-4 05-Jun-14 7.69 7110 429 620 1360 15.7 --- --- 268 567 691 5530 3620 8560 <2 <5 <5.4 1.39 <0.050 ---
MW-4 2-Oct-14 8.18 8880 394 615 1340 15.9 --- --- 276 148 180 5270 3520 8000 <0.20 <0.50 <0.54 1.40 0.070 ---
MW-4 30-Apr-15 7.11 8170 455 665 1410 16.8 --- --- 295 695 848 5550 3870 8810 <0.10 <0.20 <0.22b 1.81 <0.050 ---
MW-4 8-Oct-15 7.70 7970 397 615 1400 16 --- --- 307 586 714 5950 3520 9040 <0.10 0.81 0.81 1.80 <0.050 ---
MW-4 2-Jun-16 8.0 9070 402.7 604.6 1558 29.7 --- --- 288.2 555.1 676.8 5816 3495 9038 <0.005 0.024 0.024 1.94 0.09 ---
MW-4 6-Oct-16 7.8 8990 400.5 618.6 1591 31.1 --- --- 274.8 548.2 668.4 5859 3548 9110 <0.005 0.065 0.065 1.76 <0.05 ---
MW-4 31-May-17 7.8 8960 398.7 610.4 1511 31.6 --- --- 299.9 547.6 667.7 5896 3509 9081 <0.005 <0.010 <0.015 2.58 <0.05 ---
MW-4 5-Oct-17 7.6 8960 403.2 620.5 1706 30.3 --- --- 295.7 545.3 664.9 6016 3562 9404 <0.005 <0.010 <0.015 1.06 0.11 ---

MW-34 28-May-08 8.10 14600 480 1230 1420 18 <0.01 1.95 --- --- --- --- --- 11200 --- 16.5 --- --- 0.61 ---
MW-34 16-Oct-08 8.10 9710 419 1022 --- --- --- --- --- 536 653 6503 5255 --- --- 10.9 --- 4.2 1.4 46
MW-34 09-Jun-09 8.16 9150 395 922 943 --- --- --- 184 562 685 5925 4783 8741 --- 20.3 --- 3.2 1.2 37
MW-34 03-Nov-09 7.91 10880 394 1284 1466 20.4 --- --- 156 548 668 7674 6271 11329 <0.2 5.4 --- 3.2 1.0 40
MW-34 10-Jun-10 7.85 10100 373 1100 1110 13.5 <0.3 1.53 216 580 708 6660 5460 9910 0.173 20.5 20.6 7.59 0.745 ---
MW-34 20-Sep-10 7.89 9500 407 1010 1000 13.8 <0.30 0.864 260 613 748 6440 5180 9580 <0.050 18.2 18.2 9.23 0.302 46
MW-34 13-Jun-11 8.00 9860 431 1130 988 13.7 <0.30 0.594 258 637 777 5970 5730 9240 <0.10 16.2 16.2 7.94 0.326 44
MW-34 20-Sep-11 7.92 9950 422 1140 1020 14.9 <0.03 0.745 257 650 793 6570 5750 9880 <0.050 15 15 5.8 0.073 45
MW-34 11-Jun-12 7.94 9070 407 1030 893 12.4 <0.30 <0.050 298 665 812 6620 5260 9770 <0.50 24.9 24.9 4.81 <0.25 47
MW-34 06-Sep-12 7.79 8960 426 1070 817 12.7 <0.30 <0.050 265 634 774 6000 5470 9060 <0.050 19.3 19.3 3.99 <0.050 46

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

South Landfill Area
MW-34 20-Jun-13 7.88 8760 406 1020 873 11.3 --- --- 277 598 729 5600 5210 8620 <0.50 17.6 17.6 3.76 <0.050 ---
MW-34 10-Oct-13 7.97 8240 406 942 670 12 --- --- 253 606 740 5200 4890 7910 <0.50 15.1 15.1 2.64 0.154 ---
MW-34 05-Jun-14 7.88 6590 425 1010 737 11.3 --- --- 292 613 748 5570 5220 8510 <2 20.8 20.8 2.97 <0.050 ---
MW-34 2-Oct-14 8.21 8580 397 1000 775 12 --- --- 295 102 125 5460 5110 8080 <0.20 18 18.0 3.20 <0.050 ---
MW-34 30-Apr-15 7.71 8730 411 1260 1080 14 --- --- 290 682 832 6860 6210 10400 <0.10 15.7 15.7 9.8 0.161 ---
MW-34 8-Oct-15 7.84 6820 438 1030 741 12.9 --- --- 379 675 824 5830 5340 8920 <0.10 19.6 19.6 2.83 <0.20 ---
MW-34 2-Jun-16 8.1 8830 437.3 1067 866.3 21.3 --- --- 396.2 685.5 835.8 5912 5484 9176 <0.005 13.10 13.10 3.69 0.06 ---
MW-34 6-Oct-16 7.9 7840 430.6 1001 657.2 21.1 --- --- 412.8 630.4 768.7 5037 5198 7995 <0.005 11.31 11.31 3.27 0.06 ---
MW-34 31-May-17 7.9 9640 407.4 1279 1024 25.3 --- --- 353.9 645.5 787 6981 6285 10500 <0.005 6.997 6.997 4.13 0.07 ---
MW-34 5-Oct-17 7.7 8630 432.8 1082 924.2 22.8 --- --- 391.7 652.1 795.1 5465 5538 8758 <0.005 9.191 9.191 3.45 0.13 ---

Irrigated Fields Area
MW11-1B 13-Jun-11 7.87 7800 509 406 1080 16.5 --- --- 176 380 464 4690 2940 7110 0.62 0.62 0.62 1.08 0.28 31.2
MW11-1B 20-Sep-11 7.69 8600 411 485 1370 15.1 --- --- 181 453 553 5100 3020 7830 <0.05 <0.71 <0.71 1.24 0.293 39.2
MW11-1B 11-Jun-12 7.89 8020 400 479 1250 15.1 --- --- 187 444 541 5260 2970 7860 0.08 0.08 0.08 1.16 <0.50 ---
MW11-1B 06-Sep-12 7.74 8390 385 496 1240 15 --- --- 184 476 581 5120 3000 7730 <0.10 <0.10 <0.14 0.95 <0.050 ---
MW11-1B 25-Jun-13 7.50 8400 365 484 1250 14.9 --- --- 176 464 566 4870 2900 7440 <0.05 0.166 0.166 1.2 <0.050 ---
MW11-1B 11-Oct-13 7.84 6800 375 478 1220 13.2 --- --- 182 467 570 5030 2900 7580 <0.10 1.42 1.42 1.27 <0.050 ---
MW11-1B 06-Jun-14 7.89 7790 423 503 1210 14.9 --- --- 161 469 572 4810 3130 7400 <2 <5 <5.4 1.25 <0.050 ---
MW11-1B 02-Oct-14 8.07 7930 375 467 1180 14.3 --- --- 167 448 547 4660 2860 7130 <0.20 <0.50 <0.54 0.34 <0.050 ---
MW11-1B 2-Oct-14 8.07 7930 375 467 1180 14.3 --- --- 167 448 547 4660 2860 7130 <0.20 <0.50 <0.54 0.34 <0.050 ---

MW11-1B dup 2-Oct-14 8.08 7920 367 453 1160 13.9 --- --- 166 447 545 4640 2780 7070 <0.20 <0.50 <0.54 0.89 <0.050 ---
MW11-1B 30-Apr-15 7.04 7230 455 503 1270 15.9 --- --- 173 496 605 4840 3210 7560 <0.10b 0.38 0.38 1.60 <0.050 ---
MW11-1B 7-Oct-15 7.81 7750 376 458 113 13.6 --- --- 183 468 571 5130 2820 7570 <0.10 <0.20 <0.22 1.19 <0.050 ---
MW11-1B 1-Jun-16 7.8 7850 395.5 465.7 1365 27.2 --- --- 167.0 433.5 528.6 4876 2905 7561 <0.005 <0.010 <0.015 1.44 0.08 ---
MW11-1B 4-Oct-16 7.7 7590 389.6 461.9 1335 28.8 --- --- 142.2 433.7 528.8 4794 2875 7416 <0.005 0.016 0.016 1.17 0.08 ---
MW11-1B 31-May-17 7.9 7730 386.0 454.4 1285 28.8 --- --- 165.4 425.7 519.1 4757 2835 7336 <0.005 <0.010 <0.015 1.01 0.11 ---
MW11-1B 5-Oct-17 7.8 7670 393.8 459.8 1433 27.7 --- --- 167.9 431.5 526.1 5021 2877 7767 <0.005 <0.010 <0.015 1.58 0.13 ---

MW11-2B 20-Sep-11 7.68 19900 414 2270 2950 25.1 --- --- 80 788 961 16100 10400 22300 <0.25 7.42 7.42 6.81 0.565 133
MW11-2B 11-Jun-12 7.75 17400 445 2290 2790 27 --- --- 72.8 785 958 15200 10500 21300 <0.10 8.14 8.14 6.1 <0.25 ---

MW11-2B dup 11-Jun-12 7.73 17400 468 2420 2960 29 --- --- 70.1 786 959 15300 11100 21700 <0.10 6.85 6.85 6.3 <0.25 ---
MW11-2B 06-Sep-12 7.67 18400 474 2540 3070 32 --- --- 82.1 806 983 15900 11600 22600 <0.20 7.9 7.9 5.57 0.075 ---

MW11-2B (dup) 06-Sep-12 7.66 18300 469 2510 3050 32 --- --- 80.2 800 976 15500 11500 22200 <0.20 7.7 7.7 5.57 <0.050 ---
MW11-2B 25-Jun-13 7.44 19300 390 2550 2770 28 --- --- 107 767 936 16200 11500 22500 <0.10 7.98 7.98 7.14 <0.10 ---
MW11-2B 11-Oct-13 7.77 16300 452 2850 3140 30 --- --- 138 790 964 17000 12900 24100 <0.10 7.18 7.18 7 <0.25 ---
MW11-2B 06-Jun-14 7.80 17600 433 2880 2670 27 --- --- 121 786 959 16500 12900 23100 <2 7 7 7.9 0.508 ---
MW11-2B 02-Oct-14 7.97 19700 506 3320 3220 33.5 --- --- 178 780 951 16800 14900 24600 <0.4 6.3 6.3 1.05 <0.50 ---
MW11-2B 30-Apr-15 7.91 16300 421 2880 2740 29 --- --- 176 818 998 17300 12900 24100 <0.20b 6.29 6.29 8.9 <0.10 ---
MW11-2B 7-Oct-15 7.66 20100 502 3750 3920 <50 --- --- 300 843 1030 20300 16700 29300 <0.20 11.5 11.5 9.3 <1.0 ---
MW11-2B 1-Jun-16 7.7 20800 409.5 3202 2726 49.8 --- --- 291.2 770.6 939.6 19940 14210 27150 <0.005 15.38 15.38 7.69 0.18 ---
MW11-2B 4-Oct-16 7.7 19700 400.8 3209 2663 51.2 --- --- 277.4 776.2 946.4 18400 14210 25530 <0.005 13.16 13.16 <1.00 0.57 ---
MW11-2B 31-May-17 7.8 19400 392.5 3150 2565 53.3 --- --- 245.7 770.2 939.1 18440 13950 25370 <0.005 11.42 11.42 8.37 0.54 ---
MW11-2B 5-Oct-17 7.7 18600 387.1 3052 2702 52.2 --- --- 227.6 799.8 975.2 18560 13540 25510 <0.005 9.872 9.872 6.74 0.98 ---

MW09-01 06-Sep-12 7.80 10900 393 794 1740 17.7 --- --- 383 677 826 6760 4250 10500 <0.10 8.2 8.2 3.75 <0.050 ---
MW09-01 25-Jun-13 7.71 11000 366 743 1640 16.5 --- --- 343 621 757 6300 3970 9790 <0.05 2.62 2.62 14 0.066 ---
MW09-01 11-Oct-13 8.03 8900 403 742 1720 17.1 --- --- 351 622 759 6650 4060 10300 <0.10 2.1 2.1 10.2 0.135 ---

MW09-01 (DRY) 2014 - 2017

MW09-02 06-Sep-12 7.72 22100 462 3460 3230 32 --- --- 226 807 985 20800 15400 28700 <0.50 10 10 7.97 <0.050 ---
MW09-02 25-Jun-13 7.53 21900 380 3380 2940 27 --- --- 193 783 956 20700 14900 28100 <0.25 9.42 9.42 9.3 <0.25 ---
MW09-02 11-Oct-13 7.84 18700 425 3360 3120 29 --- --- 257 780 952 19700 14900 27400 <0.1 11.5 11.5 9.2 <0.25 ---
MW09-02 06-Jun-14 7.85 19900 442 3630 2950 28 --- --- 203 772 942 20000 16100 27800 <2 9.4 9.4 9 0.538 ---
MW09-02 02-Oct-14 8.08 21500 513 4170 3500 33.8 --- --- 274 751 916 19200 18500 28200 <0.40 8.5 8.5 1.42 <0.50 ---
MW09-02 2-Oct-14 8.08 21500 513 4170 3500 33.8 --- --- 274 751 916 19200 18500 28200 <0.40 8.5 8.5 1.42 <0.50 ---
MW09-02 30-Apr-15 7.96 17900 422 3520 2990 29 --- --- 205 796 971 18600 15500 26300 <0.20b 8.54 8.54 12.5 <0.10 ---
MW09-02 7-Oct-15 7.75 20500 509 4270 3740 3740 --- --- 403 839 1020 22300 18900 31800 <0.20 14.1 14.1 9.8 <1.0 ---
MW09-02 2-Jun-16 7.7 22400 420.1 3984 3363 47.4 --- --- 444.6 763.0 930.3 22400 17450 31170 <0.005 11.55 11.55 8.87 0.10 ---
MW09-02 4-Oct-16 7.7 21000 408.4 3713 2822 51.3 --- --- 495.3 763.2 930.5 20470 16310 28470 <0.005 11.57 11.57 9.82 0.22 ---
MW09-02 31-May-17 7.8 21600 394.6 3888 2913 52.2 --- --- 474.0 755.3 920.9 22380 17000 30630 <0.005 13.08 13.08 9.25 0.59 ---
MW09-02 5-Oct-17 7.8 20700 386.7 3793 2947 53.6 --- --- 382.7 764.3 931.8 16590 16580 24680 <0.005 12.18 12.18 8.09 0.65 ---

MW09-03 13-Jun-11 7.85 10400 397 912 1380 12.2 --- --- 177 603 736 6760 4750 10000 <0.10 3.71 3.71 2.27 <0.25 35.2
MW09-03 20-Sep-11 7.79 10100 402 842 1500 12.7 --- --- 165 622 759 6530 4470 9840 <0.050 3.09 3.09 2.46 <0.05 33
MW09-03 11-Jun-12 7.90 9210 380 812 1290 11.3 --- --- 154 615 750 6600 4290 9630 0.063 3.5 3.56 2.89 <0.05 ---
MW09-03 06-Sep-12 7.85 9190 378 796 1250 12.1 --- --- 132 626 764 6170 4220 9130 <0.10 3.1 3.1 2.34 <0.05 ---

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS

Pinchin Ltd. Page 19 of 21



HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

Irrigated Fields Area
MW09-03 25-Jun-13 7.58 8500 352 713 1130 11.4 --- --- 96.5 606 739 5460 3820 8130 <0.050 1.35 1.35 2.16 <0.050 ---
MW09-03 11-Oct-13 7.90 7890 387 723 1170 11.6 --- --- 105 614 749 5680 3940 8460 <0.050 3.11 3.11 1.8 <0.050 ---
MW09-03 06-Jun-14 7.81 6850 391 691 1020 11 --- --- 80.7 609 743 5250 3820 7810 <0.040 0.82 0.82 1.54 <0.050 ---
MW09-03 02-Oct-14 8.11 8020 365 669 1010 11.1 --- --- 74.9 590 720 5010 3670 7500 <0.20 0.55 0.55 <0.2 <0.050 ---
MW09-03 30-Apr-15 8.08 7030 433 710 1060 11.6 --- --- 72.8 614 749 5060 4000 7720 <0.10b 0.50 0.5 3.05 <0.50b ---
MW09-03 7-Oct-15 7.83 7560 347 632 898 10.1 --- --- 77.1 637 778 5370 3470 7720 <0.10 0.64 0.64 2.50 <0.10 ---
MW09-03 1-Jun-16 7.8 7820 392.2 665.2 1132 20.0 --- --- 71.26 604.0 736.5 5325 3718 7974 <0.005 0.052 0.052 1.39 0.11 ---
MW09-03 4-Oct-16 7.7 9950 546.1 947.3 1537 25.8 --- --- 90.68 819.6 999.4 7495 5264 11140 <0.005 0.023 0.023 1.92 0.13 ---
MW09-03 31-May-17 7.7 8610 429.7 761.3 1195 21.6 --- --- 72.94 689.8 841.0 6160 4208 9061 <0.005 <0.010 <0.015 1.8 0.08 ---
MW09-03 5-Oct-17 7.6 8410 436.8 763.1 1350 22.0 --- --- 62.41 706.8 861.8 6094 4233 9159 <0.005 0.083 0.083 1.3 0.15 ---

MW09-04 13-Jun-11 7.75 16400 406 2320 1790 17 --- --- 251 648 790 12200 10600 17800 0.42 86.3 86.7 8.59 <0.25 200
MW09-04 20-Sep-11 7.61 15100 401 1950 1730 16 --- --- 215 619 755 11700 9030 16700 <0.10 70.9 70.9 10.5 <0.05 201
MW09-04 11-Jun-12 7.84 13300 397 1780 1570 16.6 --- --- 179 605 738 10400 8320 15000 <0.10 62.8 62.8 11.9 <0.25 ---
MW09-04 06-Sep-12 7.86 13100 398 1700 1520 18.4 --- --- 168 599 731 9980 1990 14400 <0.10 59.3 59.3 7.86 0.058 ---
MW09-04 25-Jun-13 7.67 14900 382 1960 1620 16.5 --- --- 238 660 805 11300 9030 16200 <0.10 63.3 63.3 15.2 <0.25 ---
MW09-04 11-Oct-13 7.94 11500 455 2620 2080 19 --- --- 344 734 895 14500 11900 20800 <0.25 79 79 17.3 <0.25 ---
MW09-04 06-Jun-14 7.77 13200 426 2580 1810 18 --- --- 323 718 875 13800 11700 19700 <2 78.9 78.9 17 0.439 ---
MW09-04 02-Oct-14 8.03 15000 502 2670 2010 21.4 --- --- 261 674 822 11600 12200 17800 <0.40 67.7 67.7 1.74 <0.050 ---
MW09-04 30-Apr-15 7.99 11900 417 2020 1630 18 --- --- 213 672 820 10500 9360 15500 <0.20b 58.5 58.5 23.6 <0.50b ---
MW09-04 7-Oct-15 7.70 12400 395 1710 1540 20 --- --- 207 656 800 10700 8030 15200 <0.20 58.6 58.6 17.0 <0.50 ---
MW09-04 1-Jun-16 8.0 12200 377.1 1628 1572 31.1 --- --- 164.6 603.6 735.9 9655 7646 14000 <0.005 46.10 46.10 11.02 0.48 ---
MW09-04 6-Oct-16 7.9 16900 431.9 2979 2177 37.9 --- --- 434.9 812.9 991.2 14600 13340 21570 <0.005 94 94 20.5 0.31 ---
MW09-04 31-May-17 8.0 16000 433.2 2814 2240 30.7 --- --- 328.4 739.1 901.1 14360 12670 21010 <0.005 79.26 79.26 18.04 0.54 ---
MW09-04 5-Oct-17 8.0 15900 388.3 2518 1933 37.0 --- --- 325.5 741.5 904.2 11620 11340 17620 0.150 77.80 77.95 16.00 0.64 ---

MW09-05 01-Nov-11 7.85 7770 558 563 1040 19 --- --- 665 556 677 4000 3710 7180 <0.050 32.4 32.4 1.87 <0.05 131
MW09-05 11-Jun-12 7.83 7030 464 468 901 14.3 --- --- 343 615 750 3780 3090 6530 <0.050 43.6 43.6 8.85 <0.25 ---
MW09-05 06-Sep-12 7.87 7250 448 461 876 14.8 --- --- 275 623 760 3830 3020 6480 <0.050 45.1 45.1 7.24 <0.050 ---
MW09-05 25-Jun-13 7.48 6910 423 437 870 13.7 --- --- 202 594 725 3700 2860 6210 <0.050 47.9 47.9 12.1 <0.050 ---
MW09-05 11-Oct-13 7.82 6170 424 418 837 13 --- --- 181 586 715 3610 2780 6050 <0.050 47.7 47.7 12.8 0.143 ---
MW09-05 06-Jun-14 8.07 5700 483 458 862 13.7 --- --- 156 8.07 675 3670 3090 6200 <0.040 51.4 51.4 10.4 <0.050 ---
MW09-05 02-Oct-14
MW09-05 30-Apr-15 8.28 6230 502 459 872 13.7 --- --- 143 526 618 3780 3140 6330 <0.10b 56.1 56.1 18.4 <0.10 ---
MW09-05 7-Oct-15 7.70 6540 450 412 828 14.2 --- --- 143 593 724 3890 2820 6360 <0.10 59.3 59.3 8 <0.10 ---
MW09-05 8-Jun-16 7.7 6900 472.1 474.7 891.7 23.7 --- --- 140.9 584.4 712.5 3997 3134 6571 <0.005 48.30 48.30 7.71 0.07 ---

MW09-05 dup 8-Jun-16 7.8 6920 461.7 472.7 888.7 23.3 --- --- 141.7 599.0 730.4 3880 3100 6450 <0.005 48.97 48.97 NT NT ---
MW09-05 6-Oct-16 7.9 6700 438.6 451.2 943.6 26.5 --- --- 131.3 587.7 716.5 3965 2953 6543 <0.005 51.5 51.5 10.31 <0.05 ---
MW09-05 31-May-17 7.9 6750 465.5 480.7 1027 22.4 --- --- 126.0 574.0 699.8 3873 3142 6586 0.143 54.53 54.67 9.03 0.11 ---
MW09-05 5-Oct-17 7.9 6660 441.2 444.6 1005 25.7 --- --- 118.9 570.3 695.3 4820 2933 7444 <0.005 54.49 54.49 8.48 0.13 ---

MW11-5B 13-Jun-11 7.87 6530 592 369 659 20 --- --- 84 666 812 2530 3000 5360 0.23 160 160 3.2 0.462 78.4
MW11-5B 20-Sep-11 7.32 6560 539 366 680 17.7 --- --- 91.8 683 834 2820 2850 5830 <0.5 205 205 5.08 0.676 74.8
MW11-5B 11-Jun-12 7.56 6120 502 354 618 16.9 --- --- 103 673 821 2910 2710 5620 0.243 161 161 3.73 0.54 ---
MW11-5B 06-Sep-12 7.52 6310 493 362 609 17.2 --- --- 96.9 683 833 2730 2720 5580 <0.10 195 195 4.03 0.137 ---
MW11-5B 25-Jun-13 7.18 6380 490 365 624 17.2 --- --- 94 680 830 2720 2730 5580 0.358 195 195 5.5 0.256 ---
MW11-5B 11-Oct-13 7.57 5670 508 357 626 15.8 --- --- 94.3 674 822 2710 2740 5570 0.327 192 192 <1 0.403 ---
MW11-5B 06-Jun-14 7.46 5320 590 398 651 18 --- --- 85.7 702 856 2640 3110 5680 0.434 198 198 0.32 0.326 ---
MW11-5B 06-Oct-14 7.86 6140 476 352 570 14.4 --- --- 93.5 657 802 2680 2640 5470 <0.20 200 200 2.71 0.107 ---
MW11-5B 30-Apr-15 7.03 5670 612 404 657 18.1 --- --- 91.8 708 863 2790 3190 5900 0.34 203 203 7.5 0.425 ---
MW11-5B 7-Oct-15 7.44 6100 537 359 617 16.8 --- --- 97.7 728 888 2990 2820 6040 0.52 222 223 3.53 0.32 ---
MW11-5B 1-Jun-16 7.6 6240 532.2 377.5 685.6 28.4 --- --- 99.53 671.4 818.7 2861 2883 5832 0.174 189.2 189.4 5.04 0.14 ---
MW11-5B 6-Oct-16 7.6 6100 514.0 370.9 671.5 28.3 --- --- 98.49 662.9 808.3 2863 2811 5849 0.113 202.9 203 5.37 0.21 ---
MW11-5B 31-May-17 7.8 6170 557.0 408.4 751.7 25.6 --- --- 105.8 669.0 815.7 2885 3073 6002 0.071 194.4 194.5 5.65 <0.05 ---
MW11-5B 5-Oct-17 7.6 6210 538.8 391.2 743.8 28.9 --- --- 97.05 672.3 819.7 2670 2956 5751 0.083 196.6 196.7 4.98 0.11 ---

MW09-06 13-Jun-11 7.94 7610 751 425 735 11 --- --- 840 536 654 2930 3630 6020 <0.050 1.19 1.19 3.76 0.183 64.7
MW09-06 Dup 13-Jun-11 7.83 7530 773 398 733 10.6 --- --- 745 530 647 2670 3570 5650 <0.050 0.9 0.9 3.76 0.101 59.5

MW09-06 20-Sep-11 7.97 10200 711 796 860 10.3 --- --- 977 758 925 5040 5050 8850 <0.050 0.12 0.12 4.74 0.055 58.7
MW09-06 (dup) 20-Sep-11 7.57 10100 731 824 893 10.4 --- --- 988 744 907 5130 5220 9020 <0.050 0.31 0.31 4.22 <0.05 58.7

MW09-06 11-Jun-12 7.75 10600 559 1190 920 10.6 --- --- 1160 783 956 6000 6300 10300 0.064 1.26 1.32 5.82 <0.25 ---
MW09-06 06-Sep-12 7.77 10700 490 1190 934 13.1 --- --- 883 728 888 6360 6120 10300 <0.10 2.2 2.2 7.39 0.071 ---
MW09-06 25-Jun-13 7.54 9560 546 946 810 10.7 --- --- 1110 594 725 4660 5260 8450 <0.50 1.9 1.9 3.87 <0.05 ---
MW09-06 11-Oct-13 7.83 9410 430 1320 1030 14 --- --- 375 608 742 7300 6510 10900 <0.1 6.84 6.84 3.1 <0.05 ---
MW09-06 06-Jun-14 7.76 7450 551 1100 822 12.2 --- --- 892 468 692 5260 5910 9000 <0.040 3.98 3.98 3.75 <0.05 ---
MW09-06 02-Oct-14 8.16 10600 403 1420 1140 15.6 --- --- 249 576 703 7520 6850 11100 <0.40 1.6 1.6 0.26 0.053 ---
MW09-06 30-Apr-15 7.99 9870 401 1620 1240 17 --- --- 170 643 785 8860 7670 12700 <0.20b 1.68 1.68 8.8 0.293 ---
MW09-06 7-Oct-15 7.77 10600 360 1390 1110 15 --- --- 175 637 777 9050 6620 12500 <0.20 3.39 3.39 4.04 0.91 ---
MW09-06 1-Jun-16 7.9 9950 404.3 1336 992.9 23.6 --- --- 392.8 578.4 705.3 7134 6509 10660 <0.005 5.907 5.907 2.56 0.20 ---

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 6.5-8.5(AO) NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

Irrigated Fields Area
MW09-06 4-Oct-16 7.8 9740 498 1175 964.0 24.3 --- --- 852.7 561.3 684.4 7259 6080 11130 <0.005 2.387 2.387 3.98 0.22 ---
MW09-06 31-May-17 7.8 10700 537.3 1411 929.0 20.2 --- --- 1324 616.4 751.6 6427 7152 11030 <0.005 1.516 1.516 4.62 0.40 ---
MW09-06 5-Oct-17 7.8 9480 453.5 1274 935.0 22.9 --- --- 911.5 573.2 698.9 5951 6379 9919 <0.005 4.754 4.754 4.04 0.37 ---

MW12-39 06-Sep-12 7.63 10200 441 1080 1110 16.1 <0.30 <0.050 569 726 885 6030 5550 10000 0.762 73.6 74.4 5.96 0.152 22
MW12-39 20-Jun-13 5.36 <0.050 ---
MW12-39 10-Oct-13 7.90 10700 437 1050 1180 14.5 --- --- 820 783 955 5760 5420 10100 <0.10 87.5 87.5 5.85 0.057 ---
MW12-39 05-Jun-14 7.74 8280 500 1240 1130 14 --- --- 1460 880 1070 4980 6350 10300 <2.0 107 107 5.78 <0.050 ---
MW12-39 2-Oct-14 7.90 110000 466 1180 1180 15.4 --- --- 1080 786 959 5240 6020 10000 <0.20 90.5 90.5 0.95 <0.050 ---
MW12-39 30-Apr-15 7.91 9590 466 1210 1200 16 --- --- 975 797 973 5820 6150 10500 <0.20b 86.3 86.3 15.8 0.072 ---
MW12-39 7-Oct-15 7.68 11300 467 1200 1210 17 --- --- 1450 872 1060 5910 6110 11300 <0.20 120 120 5.86 <0.25 ---
MW12-39 10-Jun-16 7.9 11800 491.1 1233 1264 27.3 --- --- 1420 848.6 1035 5287 6302 10730 <0.005 110.2 110.2 5.52 0.24 ---
MW12-39 6-Oct-16 7.9 11300 462.5 1271 1287 29.7 --- --- 1176 808.5 985.8 5922 6391 11130 <0.005 110.4 110.4 6.42 0.2 ---
MW12-39 31-May-17 7.9 11200 478.4 1337 1413 21.9 --- --- 1256 778.6 949.3 5866 6702 11340 <0.005 110.3 110.3 6.75 0.16 ---
MW12-39 5-Oct-17 7.9 11200 453.0 1289 1403 30.3 --- --- 1145 766.0 934.0 7590 6441 12870 <0.005 110.4 110.4 6.30 0.34 ---

MW12-40 06-Sep-12 7.40 5850 418 343 660 15.4 <0.15 1.88 48.8 684 834 3230 2460 5140 <0.50 3.37 3.46 0.84 <0.050 18
MW12-40 20-Jun-13 7.54 5890 457 362 760 16.1 --- --- 45.3 699 853 3240 2630 5310 <0.50 3.15 3.15 0.75 <0.050 ---
MW12-40 10-Oct-13 7.77 5920 421 333 719 15.3 --- --- 45.3 710 866 3260 2420 5230 <0.10 2.51 2.51 1.1 0.061 ---
MW12-40 05-Jun-14 7.48 4750 474 363 734 16.7 --- --- 43 733 895 3210 2680 5290 0.104 2.32 2.43 1.27 <0.050 ---
MW12-40 2-Oct-14 7.92 5730 396 325 643 14.4 --- --- 42.3 711 867 3190 2330 5050 <0.20 1.94 1.94 0.21 <0.050 ---
MW12-40 30-Apr-15 7.83 5340 501 383 747 17.4 --- --- 44.6 762 929 3360 2830 5520 <0.10b 2.05 2.05 1.32 <0.050 ---
MW12-40 7-Oct-15 7.54 5710 435 332 690 15.8 --- --- 48.2 761 928 3640 2450 5630 <0.10 2.300 2.30 0.55 <0.25 ---
MW12-40 1-Jun-16 7.7 5880 442.5 358.9 780.0 28.7 --- --- 46.63 719.9 877.7 3482 2583 5586 <0.005 1.775 1.775 1.02 0.07 ---
MW12-40 6-Oct-16 7.7 5750 429.1 358.5 768.5 28.8 --- --- 47.14 708.6 863.9 3397 2548 5471 0.005 2.089 2.094 4.11 0.06 ---
MW12-40 31-May-17 7.8 5810 467.2 394.1 865.7 25.4 --- --- 45.48 701.1 854.8 3501 2790 5735 <0.005 2.002 2.002 <1.00 <0.05 ---
MW12-40 5-Oct-17 7.7 5780 437.5 365.4 834.7 30.1 --- --- 42.62 700.6 854.2 3123 2597 5269 <0.005 1.923 1.923 <1.00 0.12 ---

MW12-41 06-Sep-12 7.37 5480 422 389 501 12.2 <0.15 3.19 57.6 637 777 3160 2660 4920 <0.050 <0.050 <0.071 2.32 1.75 18
MW12-41 20-Jun-13 7.46 5560 454 397 592 13.5 --- --- 26.7 671 819 3120 2770 5010 <0.50 <0.50 <0.71 2.3 1.82 ---
MW12-41 10-Oct-13 7.75 5470 396 348 529 12 --- --- 29.1 669 816 3210 2420 4930 <0.10 0.16 0.16 2.9 1.86 ---
MW12-41 05-Jun-14 7.74 4980 478 391 570 13.9 --- --- 26.8 687 838 3090 2800 4980 <0.040 0.13 0.13 2.41 2.04 ---
MW12-41 2-Oct-14 7.86 5370 404 356 525 12.6 --- --- 18.8 676 825 3040 2470 4760 <0.20 <0.50 <0.54 2.07 2.06 ---
MW12-41 30-Apr-15 7.05 4970 502 410 598 14.9 --- --- 16.5 734 895 3250 2940 5230 <0.10b <0.20 <0.22b 78 2.26 ---
MW12-41 7-Oct-15 7.48 5400 445 359 535 13.5 --- --- 35.4 725 884 3410 2590 5230 <0.10 <0.20 <0.22 2.51 2.27 ---
MW12-41 1-Jun-16 7.7 5400 456.5 396.7 604.0 24.0 --- --- 45.01 665.0 810.8 3205 2773 5138 <0.005 0.189 0.189 2.69 1.84 ---
MW12-41 6-Oct-16 7.7 5300 443.1 380.6 582.4 24.8 --- --- 38.32 684.9 835.1 3265 2674 5153 0.038 0.115 0.154 13.54 2.09 ---
MW12-41 31-May-17 7.9 5590 511.5 506.0 578.0 19.6 --- --- 191.0 565.6 689.7 3335 3361 5490 0.210 0.798 1.008 6.68 0.83 ---
MW12-41 5-Oct-17 7.8 5390 450.0 396.7 620.5 24.3 --- --- 70.56 655.2 798.9 3691 2757 5654 0.037 0.294 0.330 2.73 2.15 ---

12-SE5S 11-Oct-13 7.86 16700 423 1180 1920 16.1 --- --- 336 559 682 8270 5920 12800 0.217 70.7 70.9 15.1 0.44 ---
12-SE5S 06-Jun-14 7.83 11000 427 1380 1800 16 --- --- 356 565 689 9120 6750 13800 0.162 91.4 91.4 15.3 0.162 ---
12-SE5S 02-Oct-14 8.02 12800 433 1370 1820 15.9 --- --- 332 567 692 8180 6720 12900 <0.40 89.2 89.2 3.35 0.16 ---
12-SE5S 2-Oct-14 8.02 12800 433 1370 1820 15.9 --- --- 332 567 692 8180 6720 12900 <0.40 89.2 89.2 3.35 0.16 ---
12-SE5S 30-Apr-15 8.07 11100 419 1390 1710 16 --- --- 350 596 728 8630 6770 13300 <0.20b 101 101 21 0.12 ---
12-SE5S 7-Oct-15 7.92 9810 446 1300 1790 20 --- --- 347 590 720 8820 6470 13400 <0.20 77.1 77.1 10.9 <1.0 ---
12-SE5S 1-Jun-16 8.0 11600 422.4 1197 1810 32.6 --- --- 310.6 583.8 711.8 8215 5985 12570 <0.005 50.61 50.61 10.49 0.19 ---
12-SE5S 6-Oct-16 8.0 12000 396.6 1332 1890 31 --- --- 361.1 679 827.9 8451 6475 13310 0.311 96.82 97.14 11.88 0.30 ---
12-SE5S 31-May-17 8.0 11900 390.7 1379 1990 21.3 --- --- 426.9 705.7 860.5 7905 6656 13090 <0.005 123.8 123.8 12.47 2.05 ---
12-SE5S 5-Oct-17 8.0 11400 402.6 1312 1885 32.5 --- --- 321.2 610.6 744.5 8829 6409 13420 <0.005 60.15 60.15 10.53 0.21 ---

Alberta Tier 1 - Fine Grained Soils - Agricultural* 6.5-8.5P(AO) 1000 NS NS 200P(AO) NS 0.3P(AO),A 0.05P(AO) 100Ir NS NS 500P(AO) NS 500P(AO) 0.06A 3A 100Ir NS 0.145s NS
CCME Water Quality Guidelines - Livestock Water† NS NS 1000 NS NS NS NS NS NS NS NS 1000 NS 3000 10 NS 100 NS NS NS
Canadian Drinking Water Guidelines*** 7-10.5 NS NS NS 200(AO) NS 0.3(AO) 0.05(AO) 250(AO) NS NS 500(AO) NS 500(AO) 1(MAC) 10(MAC) NS NS NS NS
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HISTORICAL GROUNDWATER QUALITY RESULTS - ROUTINE PARAMETERS AND NUTRIENTS
Agrium Inc.
Carseland Nitrogen Operations  06-022-26 W4M

Monitoring Sample  Lab pH Lab Electrical Calcium Magnesium Sodium Potassium Iron Manganese Chloride Total Bicarbonate Sulphate Hardness^ Total Dissolved Total
Conductivitiy Alkalinity^ Solids Nitrite-N Nitrate-N Nitrite / Nitrate-N Total Kjeldahl Nitrogen Ammonia-N Organic Carbon

Well Date S/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Nitrogen compounds (N)

Notes:
µS/cm  - MicroSiemens per centimeter

mg/L  - Milligrams per litre
---  - not analyzed

NS  - not specified
A  - indicates guideline for Aquatic Life exposure pathway
Ir  - indicates guideline for Irrigation exposure pathway
P  - indicates guideline for Potable Groundwater exposure pathway
S  - indicates guideline obtained using temperature and pH as outlined in the Alberta Environment Surface Water Quality Guidelines for Use in Alberta (AEP, 2014).

AO  - aesthetic objective from Guidelines for Canadian Drinking Water Quality (Health Canada, 2017)
MAC  - maximum acceptable concentration based on health effects from Guidelines for Canadian Drinking Water Quality (Health Canada, 2017)

^  - expressed as CaCO3

^^  - increase in detection limit due to dilution by laboratory as a result of matrix interference
*  - Alberta Tier 1 Soil and Groundwater Remediation Guidelines (AEP, 2016)

***  - Guidelines for Canadian Drinking Water Quality (Health Canada, 2017)
†  - Canadian Water Quality Guidelines for the Protection of Agriculture, Livestock Water (CCME, 1999)

Italics  - indicates values do not meet Tier 1 guidelines
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SITE PLAN WITH MONITORING WELL LOCATIONS

5427S-01

AGRIUM CNO
2016 GROUNDWATER MONITORING PROGRAM

CARSELAND NIROGEN OPERATIONS
LEGEND

MONITORING WELLS SAMPLED

OPERATIONAL AREAS

CRU AREA

AMMONIA
PLANT AREA

BONEYARD

WATER TREATMENT
AREA

SOUTH
LANDFILL

PRODUCT STORAGE & HANDLING AREA UREA PLANT AREA MAINTENANCE AREA &
PARKING LOT

NORTHEAST AREA

AMMONIA STORAGE
TANK AREA

MW-21A,B,C

MW-0

MW12-39

MW12-40

MW12-41

MW09-5

MW11-5B

MW09-4

MW09-6

12-SE5S

SUITE 111, 11505-35 STREET SE

CALGARY, ALBERTA

Checked by:

Date: App by:

Drawn by:JANUARY 2017 E. M. E.K.

MW-22A

MW-22B

MW16-42A,B,C
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INFERRED GROUNDWATER FLOW DIRECTION - MAY 2016

5427S-01

AGRIUM CNO
2016 GROUNDWATER MONITORING PROGRAM

CARSELAND NITROGEN OPERATIONS
SUITE 111, 11505-35 STREET SE

CALGARY, ALBERTA

LEGEND

MONITORING WELL LOCATIONS

OPERATIONAL AREAS

CRU AREA

AMMONIA
PLANT AREA

BONEYARD

WATER TREATMENT
AREA

SOUTH
LANDFILL

PRODUCT STORAGE & HANDLING AREA UREA PLANT AREA MAINTENANCE AREA &
PARKING LOT

NORTHEAST AREA

AMMONIA STORAGE
TANK AREA

MW-21A

MW-0

MW12-39

MW12-40

MW12-41

INFERRED GROUNDWATER FLOW DIRECTION

INFERRED GROUNDWATER CONTOUR LINE

GROUNDWATER ELEVATION (m)(989.648)

MW-21B

MW-21C

(987.018)

(986.441)

(987.265)

(992.412)

(989.648)

(993.986)

(988.866)

(987.078)

(987.816)

MW-11

(992.186)

(991.107)

(990.073)

(990.458)

(990.036)

(989.402)

(989.318)

(987.552)

(986.544)

(984.536)

(983.429)

(NM)

(990.838)

(989.400)

(990.187)

(NM)

(985.089)

(986.274)

(974.997)

(987.436)

(984.053)

(986.133)

(986.264)

(986.110)

(987.275)

(990.643)

Checked by:

Date: App by:

Drawn by:JANUARY 2017 E.M. E.K.

MW09-5

MW11-5B

MW09-4

12-SE5S

(991.804)

MW09-6

(991.597)

NOT MONITORED(NM)

MW16-42A

MW16-42B

MW16-42C



AMMONIA STORAGE
TANK AREA

UREA PLANT AREA

GREEN AREA

WEST
LANDFILL

POND AREA

DOWNSTREAM

UPSTREAM

MW-1

MW-20

MW-15

MW-10

MW-12

MW-3

MW-4

MW-2

MW-18

MW-9

MW-19

MW-13MW-14

MW-17

MW-5

MW-22B

MW33

MW-31

MW-30

MW-32

MW-34

MW-35

MW-36

MW-37

MW-23

MW-22A

PROJECT NUMBER:
FIGURE:

4

INFERRED GROUNDWATER FLOW DIRECTION - OCTOBER 2016

5427S-01

AGRIUM CNO
2016 GROUNDWATER MONITORING PROGRAM

CARSELAND NITROGEN OPERATIONS
SUITE 111, 11505-35 STREET SE

CALGARY, ALBERTA

LEGEND

MONITORING WELL LOCATIONS

OPERATIONAL AREAS

CRU AREA

AMMONIA
PLANT AREA

BONEYARD

WATER TREATMENT
AREA

SOUTH
LANDFILL

PRODUCT STORAGE & HANDLING AREA MAINTENANCE AREA &
PARKING LOT

NORTHEAST AREA

MW-21A

MW-0

MW12-39

MW12-40

MW12-41

INFERRED GROUNDWATER FLOW DIRECTION

INFERRED GROUNDWATER CONTOUR LINE

GROUNDWATER ELEVATION (m)(990.905)

MW-21B

MW-21C

(986.545)

(986.040)

(986.595)

(992.060)

(991.025)

(993.470)

(988.960)

(988.375)

(988.290)

MW-11

(991.915)

(991.390)

(990.255)

(989.935)

(990.200)

(989.975)

(989.805)

(987.470)

(986.930)

(984.890)

(983.370)

(989.430)

(990.325)

(989.060)

(990.875)

(991.105)

(985.040)

(986.745)

(974.940)

(987.890)

(984.880)

(986.400)

(986.549)

(986.945)

(987.550)

(991.175)

Checked by:

Date: App by:

Drawn by:JANUARY 2017 E.M. E.K.
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MW09-4

12-SE5S
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MONITORING WELLS WITH PARAMETERS EXCEEDING CRITERIA - JUNE 2016

5427S-01

AGRIUM CNO
2016 GROUNDWATER MONITORING PROGRAM

 CARSELAND NITROGEN OPERATIONS

LEGEND

MONITORING WELL LOCATIONS

OPERATIONAL AREAS

MW-21A,B,C

MW-0

MW12-39

MW12-40

MW12-41

MW09-5

MW11-5B MW09-4

MW09-6

12-SE5S

SUITE 111, 11505-35 STREET SE

CALGARY, ALBERTA

GROUNDWATER SAMPLE CONCENTRATIONS  EXCEEDING CRITERIA

Checked by:

Date: App by:

Drawn by:JANUARY 2017 E.M. E.K.

MW-21B

June 01, 2016
Criteria

EC 33.90 1

Nitrate + Nitrite (as nitrogen) 1630 100

Nitrate (as nitrogen) 1509 3

Nitrite (as nitrogen) 120.6 0.06

Sodium 1429 200

Sulphate 8812 500

Total Ammonia (as nitrogen) 5626 0.145

TDS 22950 500

MONITORING WELL ID

DATE SAMPLED Criteria

Parameter mg/L mg/L

NOT SPECIFIEDNS

MW-21C

June 01, 2016
Criteria

EC 25.40 1

Nitrate + Nitrite (as nitrogen) 2990 100

Nitrate (as nitrogen) 2947 3

Nitrite (as nitrogen) 42.58 0.06

Sodium 1545 200

Sulphate 5560 500

Total Ammonia (as nitrogen) 1467 0.145

TDS 22970 500

MW-21A

June 01, 2016
Criteria

EC 34.70 1

Fluoride 1.42 1

Nitrate + Nitrite (as nitrogen) 2020 100

Nitrate (as nitrogen) 1845 3

Nitrite (as nitrogen) 174.9 0.06

pH 8.8 6.5-8.5

Sodium 355.5 200

Sulphate 4075 500

Total Ammonia (as nitrogen) 6321 0.145

TDS 21710 500

MW-30

June 01, 2016
Criteria

EC 9.64 1

Nitrate + Nitrite (as nitrogen) 496.9 100

Nitrate (as nitrogen) 496.9 3

Sodium 1112 200

Sulphate 4797 500

TDS 9881 500

MW-31

June 01, 2016
Criteria

Chloride 165.2 100

EC 6.80 1

Nitrate (as nitrogen) 46.70 3

Nitrite (as nitrogen) 1.941 0.06

Sodium 1073 200

Sulphate 3872 500

Total Ammonia (as nitrogen) 59.32 0.145

TDS 6151 500

MW-0

June 01, 2016
Criteria

EC 6.970 1

Sodium 867.1 200

Sulphate 4781 500

Total Ammonia (as nitrogen) 0.15 0.145

TDS 7177 500

MW-32

June 01, 2016
Criteria

EC 7.05 1

Nitrate (as nitrogen) 67.39 3

Sodium 737.7 200

Sulphate 4592 500

TDS 7277 500

MW-2

June 01, 2016
Criteria

EC 7.210 1

Nitrate (as nitrogen) 56.73 3

Sodium 630.2 200

Sulphate 5109 500

TDS 7611 500

MW-10

June 02, 2016
Criteria

EC 4.120 1

Sodium 210.3 200

Sulphate 2789 500

TDS 4102 500

MW-36

June 02, 2016
Criteria

Chloride 1120 100

EC 28.10 1

Fluoride 1.1 1

Nitrate + Nitrite (as nitrogen) 189.4 100

Nitrate (as nitrogen) 189.4 3

Sodium 5551 200

Sulphate 23540 500

Total Ammonia (as nitrogen) 0.33 0.145

TDS 36060 500

MW-35

June 02, 2016
Criteria

Chloride 1005 100

EC 27.90 1

Sodium 5886 200

Sulphate 25110 500

Total Ammonia (as nitrogen) 1.36 0.145

TDS 37330 500

MW-4

June 02, 2016

Criteria

Chloride 288.2 100

EC 9.070 1

Sodium 1558 200

Sulphate 5816 500

TDS 9038 500

MW-3

June 02, 2016

Criteria

Chloride 221.9 100

EC 24.10 1

Fluoride 1.29 1

Nitrate (as nitrogen) 23.02 3

Sodium 4662 200

Sulphate 22030 500

TDS 31270 500

MW-34

June 02, 2016
Criteria

Chloride 396.2 100

EC 8.83 1

Nitrate (as nitrogen) 13.10 3

Sodium 866.3 200

Sulphate 5912 500

TDS 9176 500

MW-17

June 02, 2016
Criteria

Chloride 880.3 100

EC 30.00 1

Nitrite (as nitrogen) 0.255 0.06

Sodium 6338 200

Sulphate 27620 500

Total Ammonia (as nitrogen) 142.3 0.145

TDS 39820 500

MW-14

June 02, 2016
Criteria

EC 5.92 1

Sodium 778.2 200

Sulphate 3296 500

Total Ammonia (as nitrogen) 0.36 0.145

TDS 5550 500

MW-16

June 02, 2016

Criteria

Chloride 233.5 100

EC 5.29 1

Sodium 363.1 200

Sulphate 3143 500

TDS 4964 500

MW-13

June 02, 2016

Criteria

Chloride 299.1 100

EC 5.20 1

Nitrate (as nitrogen) 89.66 3

Sodium 342.1 200

Sulphate 2505 500

TDS 4688 500

MW-18

June 02, 2016
Criteria

Chloride 235.2 100

EC 5.87 1

Sodium 447.8 200

Sulphate 3648 500

TDS 5608 500

MW-11

June 02, 2016
Criteria

EC 5.60 1

Sodium 718 200

Sulphate 3000 500

Total Ammonia (as nitrogen) 0.82 0.145

TDS 5125 500

MW-19

June 01, 2016
Criteria

Chloride 138.8 100

EC 6.08 1

Nitrate (as nitrogen) 0.484 3

Sodium 791.0 200

Sulphate 3356 500

TDS 5605 500

MW12-41

June 01, 2016
Criteria

EC 5.40 1

Sodium 604.0 200

Sulphate 3205 500

Total Ammonia (as nitrogen) 1.84 0.145

TDS 5138 500

MW-5

June 01, 2016
Criteria

EC 3.690 1

Nitrate (as nitrogen) 9.878 3

Sodium 392 200

Sulphate 1976 500

TDS 3216 500

MW12-40

June 01, 2016
Criteria

EC 5.88 1

Sodium 780 200

Sulphate 3482 500

TDS 5576 500

MW-9

June 01, 2016
Criteria

EC 4.660 1

Chloride 145.7 100

Nitrate (as nitrogen) 136.9 3

Nitrate + Nitrite (as nitrogen) 136.9 100

Sodium 360.5 200

Sulphate 2097 500

TDS 4150 500

MW-12

June 02, 2016
Criteria

EC 11.50 1

Sodium 1819 200

Sulphate 8942 500

Total Ammonia (as nitrogen)

0.22 0.145

TDS 12850 500

MW-22A

June 08, 2016
Criteria

EC 9.67 1

Nitrate + Nitrite (as nitrogen) 511.9 100

Nitrate (as nitrogen) 511.9 3

Sodium 911.1 200

Sulphate 4875 500

Total Ammonia (as nitrogen) 0.17 0.145

TDS 9971 500

MW-22B

June 01, 2016
Criteria

EC 5.56 1

Sodium 615.4 200

Sulphate 3288 500

Total Ammonia (as nitrogen) 0.36 0.145

TDS 5341 500

MW-1

June 01, 2016
Criteria

EC 8.630 1

Sodium 1141 200

Sulphate 6324 500

Total Ammonia (as nitrogen) 0.16 0.145

TDS 9156 500

MW-20

June 01, 2016

Criteria

EC 15.60 1

Sodium 2672 200

Sulphate 13110 500

Total Ammonia (as nitrogen) 0.60 0.145

TDS 18650 500

MW09-5

June 01 and 08, 2016
Criteria

Chloride 140.9 100

EC 6.90 1

Nitrate (as nitrogen) 48.30 3

Sodium 891.7 200

Sulphate 3997 500

TDS 6571 500

MW-23

June 01, 2016

Criteria

EC 9.60 1

Nitrate (as nitrogen) 25.05 3

Sodium 1449 200

Sulphate 6793 500

TDS 10100 500

MW-33

June 01, 2016

Criteria

EC 6.23 1

Sodium 383.7 200

Sulphate 4249 500

Total Ammonia (as nitrogen) 2.48 0.145

TDS 6521 500

MW-15

June 01, 2016
Criteria

EC 6.91 1

Nitrate (as nitrogen) 13.83 3

Sodium 1120 200

Sulphate 4305 500

TDS 6711 500

MW12-39

June 02, 2016
Criteria

Chloride 1420 100

EC 11.80 1

Nitrate (as nitrogen) 110.2 3

Nitrite (as nitrogen) 110.2 0.06

Sodium 1264 200

Sulphate 5287 500

Total Ammonia (as nitrogen) 0.24 0.145

TDS 10730 500

MW-38

June 01, 2016
Criteria

EC 15.50 1

Sodium 2312 200

Sulphate 13690 500

Total Ammonia (as nitrogen) 1.03 0.145

TDS 19140 500

MW09-06

June 01, 2016
Criteria

Chloride 392.8 100

EC 9.95 1

Nitrate (as nitrogen) 5.907 3

Sodium 992.9 200

Sulphate 7134 500

Total Ammonia (as nitrogen) 0.20 0.145

TDS 10660 500

MW11-5B

June 01, 2016
Criteria

EC 6.240 1

Nitrate + Nitrite (as nitrogen) 189.4 100

Nitrate (as nitrogen) 189.2 3

Nitrite (as nitrogen) 0.174 0.06

Sodium 685.6 200

Sulphate 2861 500

TDS 5832 500

MW09-4

June 01, 2016
Criteria

Chloride 164.6 100

EC 12.20 1

Nitrate (as nitrogen) 46.10 3

Sodium 1572 200

Sulphate 9655 500

Total Ammonia (as nitrogen) 0.48 0.145

TDS 14000 500

MW09-3

June 01, 2016
Criteria

EC 7.820 1

Sodium 1132 200

Sulphate 5325 500

TDS 7974 500

MW09-2

June 02, 2016
Criteria

Chloride 444.6 100

EC 22.40 1

Nitrate (as nitrogen) 11.55 3

Sodium 3363 200

Sulphate 22400 500

TDS 31170 500

MW11-1B

June 01, 2016
Criteria

Chloride 167 100

EC 7.850 1

Sodium 1365 200

Sulphate 4876 500

TDS 7561 500

MW11-2B

June 01, 2016
Criteria

Chloride 291.2 100

EC 20.80 1

Nitrate (as nitrogen) 15.38 3

Sodium 2726 200

Sulphate 19940 500

Total Ammonia (as nitrogen) 0.18 0.145

TDS 27150 500

MW-37

June 02, 2016
Criteria

EC 6.10 1

Nitrate (as nitrogen) 35.19 3

Sodium 773.7 200

Sulphate 3840 500

TDS 5981 500

12-SE5S

June 01, 2016
Criteria

Chloride 310.6 100

EC 11.60 1

Nitrate (as nitrogen) 50.61 3

Sodium 1810 200

Sulphate 8215 500

Total Ammonia (as nitrogen) 0.19 0.145

TDS 12570 500

MW16-42A,B,C
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MONITORING WELLS WITH PARAMETERS EXCEEDING CRITERIA - OCTOBER 2016

5427S-01

AGRIUM CNO
2016 GROUNDWATER MONITORING PROGRAM

 CARSELAND NITROGEN OPERATIONS

LEGEND

MONITORING WELL LOCATIONS

OPERATIONAL AREAS

MW-21A,B,C

MW-0

MW12-39

MW12-40

MW12-41

MW09-5

MW11-5B MW09-4

MW09-6

12-SE5S

SUITE 111, 11505-35 STREET SE

CALGARY, ALBERTA

GROUNDWATER SAMPLE CONCENTRATIONS  EXCEEDING CRITERIA

Checked by:

Date: App by:

Drawn by:JANUARY 2017 E.M. E.K.

MW-21B

October 16, 2016
Criteria

EC 30.40 1

Nitrate + Nitrite (as nitrogen) 1330 100

Nitrate (as nitrogen) 1230 3

Nitrite (as nitrogen) 99.93 0.06

Sodium 1345 200

Sulphate 8032 500

Total Ammonia (as nitrogen) 4458 0.145

TDS 20750 500

MONITORING WELL ID

DATE SAMPLED Criteria

Parameter mg/L mg/L

NOT SPECIFIEDNS

MW-21C

October 16, 2016
Criteria

EC 36.60 1

Nitrate + Nitrite (as nitrogen) 4010 100

Nitrate (as nitrogen) 3924 3

Nitrite (as nitrogen) 86.15 0.06

Sodium 1470 200

Sulphate 8256 500

Total Ammonia (as nitrogen) 2991 0.145

TDS 30570 500

MW-21A

October 16, 2016
Criteria

EC 34.40 1

Nitrate + Nitrite (as nitrogen) 1307 100

Nitrate (as nitrogen) 1142 3

Nitrite (as nitrogen) 164.2 0.06

pH 8.6 6.5-8.5

Sodium 1026 200

Sulphate 9475 500

Total Ammonia (as nitrogen) 5203 0.145

TDS 19620 500

MW-30

October 16, 2016
Criteria

EC 9.42 1

Nitrate + Nitrite (as nitrogen) 501.8 100

Nitrate (as nitrogen) 501.8 3

Sodium 1015 200

Sulphate 4363 500

TDS 9440 500

MW-31

October 16, 2016 Criteria

Chloride 112.6 100

EC 10.60 1

Nitrate (as nitrogen) 8.064 3

Nitrite (as nitrogen) 2.496 0.06

Sodium 1642 200

Sulphate 7758 500

Total Ammonia (as nitrogen) 9.10 0.145

TDS 11170 500

MW-0

October 16, 2016
Criteria

EC 7.07 1

Sodium 831.1 200

Sulphate 5325 500

Total Ammonia (as nitrogen) 0.21 0.145

TDS 7677 500

MW-32

October 16, 2016
Criteria

EC 6.83 1

Nitrate (as nitrogen) 57.39 3

Sodium 712.5 200

Sulphate 4479 500

TDS 7043 500

MW-2

October 16, 2016
Criteria

EC 7.0 1

Nitrate (as nitrogen) 50.86 3

Sodium 617.5 200

Sulphate 5312 500

TDS 7738 500

MW-10

October 16, 2016
Criteria

EC 3.17 1

Sulphate 2543 500

TDS 3577 500

MW-36

October 16, 2016 Criteria

Chloride 1112 100

EC 26.30 1

Nitrate + Nitrite (as nitrogen) 193.4 100

Nitrate (as nitrogen) 193.4 3

Sodium 5190 200

Sulphate 22380 500

TDS 34510 500

MW-35

October 16, 2016
Criteria

Chloride 1118 100

EC 27.30 1

Sodium 5727 200

Sulphate 23380 500

Total Ammonia (as nitrogen) 1.22 0.145

TDS 35690 500

MW-4

October 16, 2016
Criteria

Chloride 274.8 100

EC 8.99 1

Sodium 1591 200

Sulphate 5859 500

TDS 9110 500

MW-3

October 16, 2016
Criteria

Chloride 232.3 100

EC 22.90 1

Nitrate (as nitrogen) 23.08 3

Sodium 4325 200

Sulphate 21540 500

Total Ammonia (as nitrogen) 0.24 0.145

TDS 30440 500

MW-34

October 16, 2016
Criteria

Chloride 412.8 100

EC 7.84 1

Nitrate (as nitrogen) 11.31 3

Sodium 657.2 200

Sulphate 5037 500

TDS 7995 500

MW-17

October 16, 2016
Criteria

Chloride 888.7 100

EC 29.60 1

Sodium 6143 200

Sulphate 26880 500

Total Ammonia (as nitrogen) 176.4 0.145

TDS 38840 500

MW-14

October 16, 2016
Criteria

EC 5.79 1

Sodium 790.0 200

Sulphate 3099 500

Total Ammonia (as nitrogen) 0.59 0.145

TDS 5417 500

MW-16

October 16, 2016
Criteria

Chloride 224.1 100

EC 5.12 1

Sodium 354.3 200

Sulphate 3118 500

TDS 4909 500

MW-13

October 16, 2016
Criteria

Chloride 225.4 100

EC 4.64 1

Nitrate (as nitrogen) 7.408 3

Sodium 281.3 200

Sulphate 2529 500

TDS 4217 500

MW-18

October 16, 2016
Criteria

Chloride 241.6 100

EC 5.70 1

Sodium 432.4 200

Sulphate 3373 500

TDS 5299 500

MW-11

October 16, 2016
Criteria

EC 5.44 1

Sodium 698.9 200

Sulphate 2876 500

Total Ammonia (as nitrogen) 0.82 0.145

TDS 5025 500

MW-19

October 16, 2016
Criteria

Chloride 141.7 100

EC 5.97 1

Sodium 801.4 200

Sulphate 3264 500

TDS 5553 500

MW12-41

October 16, 2016
Criteria

EC 5.30 1

Sodium 582.4 200

Sulphate 3265 500

Total Ammonia (as nitrogen) 2.09 0.145

TDS 5153 500

MW-5

October 16, 2016
Criteria

EC 3.73 1

Nitrate (as nitrogen) 9.529 3

Sodium 418.0 200

Sulphate 2070 500

TDS 3303 500

MW12-40

October 07, 2015
Criteria

EC 5.75 1

Sodium 768.5 200

Sulphate 3397 500

TDS 5471 500

MW-9

October 07, 2015
Criteria

EC 5.0 1

Chloride 148.8 100

Nitrate + Nitrite (as nitrogen) 176.9 100

Nitrate (as nitrogen) 176.9 3

Sodium 397.9 200

Sulphate 3162 500

TDS 5549 500

MW-12

October 16, 2016
Criteria

EC 10.900 1

Sodium 1742 200

Sulphate 7755 500

TDS 11600 500

MW-22A

October 16, 2016
Criteria

EC 9.81 1

Nitrate + Nitrite (as nitrogen) 611.4 100

Nitrate (as nitrogen) 611.3 3

Sodium 978.7 200

Sulphate 4559 500

Total Ammonia (as nitrogen) 0.18 0.145

TDS 10170 500

MW-22B

October 16, 2016
Criteria

EC 5.37 1

Sodium 585.6 200

Sulphate 3293 500

TDS 5257 500

MW-1

October 16, 2016 Criteria

EC 8.84 1

Sodium 1278 200

Sulphate 6555 500

Total Ammonia (as nitrogen) 0.20 0.145

TDS 9544 500

MW-20

October 16, 2016
Criteria

EC 19.30 1

Nitrate (as nitrogen) 3.185 3

Sodium 2775 200

Sulphate 18520 500

Total Ammonia (as nitrogen) 0.30 0.145

TDS 25250 500

MW09-5

October 16, 2016
Criteria

Chloride 131.3 100

EC 6.70 1

Nitrate (as nitrogen) 51.50 3

Sodium 943.6 200

Sulphate 3965 500

TDS 6543 500

MW-23

October 16, 2016
Criteria

EC 10.80 1

Nitrate (as nitrogen) 39.46 3

Sodium 1624 200

Sulphate 8318 500

Total Ammonia (as nitrogen) 0.24 0.145

TDS 12240 500

MW-33

October 16, 2016
Criteria

EC 5.52 1

Sodium 244.8 200

Sulphate 3624 500

Total Ammonia (as nitrogen) 0.32 0.145

TDS 5756 500

MW-15

October 16, 2016
Criteria

EC 3.76 1

Nitrate (as nitrogen) 26.38 3

Sodium 495.8 200

Sulphate 2389 500

Total Ammonia (as nitrogen) 0.72 0.145

TDS 3588 500

MW12-39

October 16, 2016
Criteria

Chloride 1176 100

EC 11.30 1

Nitrate + Nitrite (as nitrogen) 110.4 100

Nitrate (as nitrogen) 110.4 3

Sodium 1287 200

Sulphate 5922 500

Total Ammonia (as nitrogen) 0.20 0.145

TDS 11130 500

MW-38

October 16, 2016
Criteria

EC 15.50 1

Sodium 2321 200

Sulphate 14380 500

Total Ammonia (as nitrogen) 0.32 0.145

TDS 19930 500

MW09-06

October 16, 2016
Criteria

Chloride 852.7 100

EC 9.74 1

Nitrate (as nitrogen) 3.39 3

Sodium 964.0 200

Sulphate 7259 500

Total Ammonia (as nitrogen) 0.22 0.145

TDS 11130 500

MW11-5B

October 16, 2016
Criteria

EC 6.10 1

Nitrate + Nitrite (as nitrogen) 203.0 100

Nitrate (as nitrogen) 202.9 3

Nitrite (as nitrogen) 0.113 0.06

Sodium 671.5 200

Sulphate 2863 500

Total Ammonia (as nitrogen) 0.32 0.145

TDS 5849 500

MW09-4

October 16, 2016 Criteria

Chloride 434.9 100

EC 16.90 1

Nitrate (as nitrogen) 94.00 3

Sodium 2177 200

Sulphate 14600 500

Total Ammonia (as nitrogen) 0.31 0.145

TDS 21570 500

MW09-3

October 07, 2015
Criteria

EC 9.95 1

Sodium 1537 200

Sulphate 7495 500

TDS 11140 500

MW09-2

October 16, 2016
Criteria

Chloride 495.3 100

EC 21.0 1

Nitrate (as nitrogen) 11.57 3

Sodium 2822 200

Sulphate 20470 500

Total Ammonia (as nitrogen) 0.22 0.145

TDS 28470 500

MW11-1B

October 16, 2016
Criteria

Chloride 142.2 100

EC 7.59 1

Sodium 1335 200

Sulphate 4794 500

TDS 7416 500

MW11-2B

October 16, 2016
Criteria

Chloride 277.4 100

EC 19.70 1

Nitrate (as nitrogen) 13.16 3

Sodium 2663 200

Sulphate 18400 500

Total Ammonia (as nitrogen) 0.57 0.145

TDS 25530 500

MW-37

October 16, 2016
Criteria

EC 5.94 1

Nitrate (as nitrogen) 35.92 3

Sodium 791.4 200

Sulphate 3623 500

TDS 5781 500

12-SE5S

October 16, 2016
Criteria

Chloride 361.1 100

EC 12.0 1

Fluoride 1.01 1

Nitrate (as nitrogen) 96.82 3

Nitrite (as nitrogen) 0.311 0.06

Sodium 1890 200

Sulphate 8451 500

Total Ammonia (as nitrogen) 0.30 0.145

TDS 13310 500

MW16-42A,B,C
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Table 6-1
Irrigated Field Electrical Conductivity (EC) Results Compared to Baseline

Field Location Depth EC Baseline EC Limit 2011 - January 2011 - November 2012 - December 2013 - May 2013 - November 2014 - May 2014 - November 2015 - December 2016 - December

SW 5-22-26 W4M 0-15cm 1.70 2.70 1.28 2.14 3.78 1.60 2.57 1.38 2.56 1.32 1.74
SW 5-22-26 W4M 15-60cm 2.73 3.73 2.89 3.41 4.69 3.30 3.95 3.91 2.98 4.25 4.25
SW 5-22-26 W4M 60-150cm 4.40 5.40 4.33 4.60 4.74 4.63 5.05 4.71 3.24 4.89 4.41

SE 5-22-26 W4M (South) 0-15cm 0.85 1.85 0.84 1.07 1.68 0.00 2.38 1.38 1.79 1.51 1.68
SE 5-22-26 W4M (South) 15-60cm 2.70 3.70 1.08 2.52 3.07 0.00 2.96 2.76 3.27 2.66 2.72
SE 5-22-26 W4M (South) 60-150cm 4.11 5.11 5.00 4.37 4.11 0.00 3.71 5.09 4.01 2.56 5.67
SE 5-22-26 W4M (North) 0-15cm 2.30 3.30 N.A. N.A. N.A. N.A. 2.00 N.A. 2.06 2.04 1.71
SE 5-22-26 W4M (North) 15-60cm 4.20 5.20 N.A. N.A. N.A. N.A. 1.50 N.A. 1.77 1.65 1.93
SE 5-22-26 W4M (North) 60-150cm 6.80 7.80 N.A. N.A. N.A. N.A. 2.90 N.A. 2.32 3.80 3.65

SW 6-22-26 W4M 0-15cm 1.52 2.52 1.48 1.60 4.78 2.08 3.38 1.07 1.87 2.10 1.69
SW 6-22-26 W4M 15-60cm 4.65 5.65 2.59 3.46 5.05 2.46 3.78 1.76 3.02 4.04 3.45
SW 6-22-26 W4M 60-150cm 6.32 7.32 5.66 5.84 5.45 4.75 4.98 3.31 3.62 4.32 4.97
SW 7-22-26 W4M 0-15cm 2.65 3.65 2.14 1.82 1.95 N.A. 2.13 N.A. 2.84 3.12 2.91
SW 7-22-26 W4M 15-60cm 3.25 4.25 2.04 2.08 2.79 N.A. 2.04 N.A. 2.87 2.98 2.65
SW 7-22-26 W4M 60-150cm 6.05 7.05 4.57 3.82 3.41 N.A. 2.62 N.A. 2.65 4.41 4.19
SE 7-22-26 W4M 0-15cm 1.50 2.50 2.43 2.14 2.52 2.30 2.50 1.34 2.78 2.25 4.46
SE 7-22-26 W4M 15-60cm 2.29 3.29 2.85 2.90 2.41 3.25 3.15 2.59 3.98 5.24 4.72
SE 7-22-26 W4M 60-150cm 5.32 6.32 4.57 4.28 3.88 4.06 4.35 4.31 4.95 6.54 6.23

S 1/2 8-22-26 W4M 0-15cm 1.41 2.41 1.40 1.00 2.51 1.10 1.73 N.A. 1.61 1.70 2.16
S 1/2 8-22-26 W4M 15-60cm 2.57 3.57 2.07 3.18 5.16 3.11 3.22 N.A. 3.57 8.22 4.43
S 1/2 8-22-26 W4M 60-150cm 6.50 7.50 6.21 6.32 8.72 7.03 7.35 N.A. 6.63 7.32 8.65
NW 5-22-26 W4M 0-15cm 3.57 4.57 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 2.89 3.55
NW 5-22-26 W4M 15-60cm 4.35 5.35 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 3.98 4.38
NW 5-22-26 W4M 60-150cm 6.28 7.28 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 5.72 6.51
NE 5-22-26 W4M 0-15cm 5.36 6.36 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 2.32 3.14
NE 5-22-26 W4M 15-60cm 5.95 6.95 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 5.63 4.91
NE 5-22-26 W4M 60-150cm 7.06 8.06 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 7.22 8.21
NE 7-22-26 W4M 0-15cm 2.04 3.04 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 1.45 2.92
NE 7-22-26 W4M 15-60cm 2.69 3.69 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 2.27 2.04
NE 7-22-26 W4M 60-150cm 4.51 5.51 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 3.60 4.29
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Table 6-2
Irrigated Field Sodium Adsorption Ratio (SAR) Results Compared to Baseline

Field Location Depth SAR Baseline SAR Limit 2011 - January 2011 - November 2012 - December 2013 - May 2013 - November 2014 - May 2014 - November 2015 - December 2016 - December

SW 5-22-26 W4M 0-15cm 3.30 6.30 2.40 2.75 3.23 2.88 3.30 3.33 2.88 3.65 3.50
SW 5-22-26 W4M 15-60cm 2.80 5.80 3.20 3.50 3.90 2.73 3.08 3.68 3.00 4.32 4.73
SW 5-22-26 W4M 60-150cm 4.90 7.90 4.30 4.63 4.94 4.11 4.30 4.88 3.74 4.66 5.11

SE 5-22-26 W4M (South) 0-15cm 1.30 4.30 1.00 1.07 1.90 N.A. 2.23 2.63 2.77 2.80 2.57
SE 5-22-26 W4M (South) 15-60cm 2.30 5.30 1.90 2.67 3.07 N.A. 3.07 2.43 2.76 2.77 2.67
SE 5-22-26 W4M (South) 60-150cm 3.50 6.50 4.10 4.67 4.23 N.A. 3.28 4.77 4.72 3.70 4.48
SE 5-22-26 W4M (North) 0-15cm 1.25 4.25 N.A. N.A. N.A. N.A. 2.05 N.A. 1.80 1.80 1.87
SE 5-22-26 W4M (North) 15-60cm 4.30 7.30 N.A. N.A. N.A. N.A. 1.10 N.A. 1.05 1.65 1.57
SE 5-22-26 W4M (North) 60-150cm 5.08 8.08 N.A. N.A. N.A. N.A. 5.25 N.A. 2.30 3.80 3.38

SW 6-22-26 W4M 0-15cm 2.40 5.40 2.30 2.05 3.65 1.85 2.80 2.00 2.28 2.75 2.73
SW 6-22-26 W4M 15-60cm 3.20 6.20 2.60 2.38 4.40 2.15 3.30 2.78 2.93 3.30 3.65
SW 6-22-26 W4M 60-150cm 3.70 6.70 3.80 4.19 3.94 3.84 3.84 3.66 3.60 4.21 4.55
SW 7-22-26 W4M 0-15cm 3.10 6.10 1.90 1.68 2.50 N.A. 2.33 N.A. 2.35 2.55 2.75
SW 7-22-26 W4M 15-60cm 3.00 6.00 2.40 2.40 2.53 N.A. 2.70 N.A. 2.44 2.40 2.93
SW 7-22-26 W4M 60-150cm 5.70 8.70 3.60 5.45 5.19 N.A. 3.20 N.A. 3.93 3.88 3.55
SE 7-22-26 W4M 0-15cm 2.00 5.00 2.30 2.20 2.90 2.25 3.58 2.83 2.83 2.65 2.52
SE 7-22-26 W4M 15-60cm 2.20 5.20 2.50 2.80 3.60 2.50 3.43 3.30 3.30 4.20 3.25
SE 7-22-26 W4M 60-150cm 4.30 7.30 4.10 3.79 4.48 4.28 4.06 4.80 4.80 5.36 5.32

S 1/2 8-22-26 W4M 0-15cm 2.10 5.10 1.90 1.75 6.93 1.68 2.35 N.A. 2.18 2.83 2.13
S 1/2 8-22-26 W4M 15-60cm 2.20 5.20 1.90 2.83 5.48 2.50 2.78 N.A. 3.38 6.23 3.73
S 1/2 8-22-26 W4M 60-150cm 6.30 9.30 4.60 5.00 7.26 5.55 5.09 N.A. 6.23 6.43 6.23
NW 5-22-26 W4M 0-15cm 3.35 6.35 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 3.33 2.98
NW 5-22-26 W4M 15-60cm 3.65 6.65 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 3.33 3.90
NW 5-22-26 W4M 60-150cm 4.34 7.34 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 4.45 5.05
NE 5-22-26 W4M 0-15cm 3.78 6.78 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 2.70 3.53
NE 5-22-26 W4M 15-60cm 3.98 6.98 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 5.63 4.40
NE 5-22-26 W4M 60-150cm 5.75 8.75 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 6.72 5.78
NE 7-22-26 W4M 0-15cm 2.03 5.03 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 2.13 1.95
NE 7-22-26 W4M 15-60cm 2.43 5.43 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 2.50 2.13
NE 7-22-26 W4M 60-150cm 3.48 6.48 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 3.18 3.53
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Table 6-2
Irrigated Field Plant Available Nitrogen Levels

Field Location Depth Limit (kg/ha) 2010-January 2011 - January 2011 - November 2012 - December 2013 - November 2014-November 2015-December 2016-December

SW 5-22-26 W4M 0-60 150 2 68 6 31 10 15 1 2

SW 5-22-26 W4M 0-150 335 2 122 12 50 15 28 1 9

SE 5-22-26 W4M (South) 0-60 150 92 108 13 5 40 4 7 16

SE 5-22-26 W4M (South) 0-150 335 245 275 95 70 80 13 13 24

SE 5-22-26 W4M (North) 0-60 150 N.A N.A N.A N.A N.A 104 36 1

SE 5-22-26 W4M (North) 0-150 335 N.A N.A N.A N.A N.A 188 72 2

SW 6-22-26 W4M 0-60 150 42 85 50 60 88 24 2 2

SW 6-22-26 W4M 0-150 335 127 183 119 109 184 58 11 13

SW 7-22-26 W4M 0-60 150 24 113 43 48 36 85 47 21

SW 7-22-26 W4M 0-150 335 44 145 90 110 78 169 97 59

SE 7-22-26 W4M 0-60 150 2 60 25 31 31 4 7 10

SE 7-22-26 W4M 0-150 335 2 63 34 70 68 5 17 23

S 1/2 8-22-26 W4M 0-60 150 142 82 38 37 63 104 64 71

S 1/2 8-22-26 W4M 0-150 335 229 217 146 160 133 175 114 139

NW 5-22-26 W4M 0-60 150 N.A N.A N.A N.A N.A 19 57 138

NW 5-22-26 W4M 0-150 335 N.A N.A N.A N.A N.A 253 310 537

NE 5-22-26 W4M 0-60 150 N.A N.A N.A N.A N.A 25 3 6

NE 5-22-26 W4M 0-150 335 N.A N.A N.A N.A N.A 60 5 22

NE 7-22-26 W4M 0-60 150 N.A N.A N.A N.A N.A 111 108 106

NE 7-22-26 W4M 0-150 335 N.A N.A N.A N.A N.A 1236 720 942
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Table 6-3
Irrigated Field Plant Available Phosphorous Levels

Field Location Depth Limit (mg/kg) 2010-January 2011 - January 2011 - November 2012 - December 2013 - November 2014-November 2015-December 2016-December

SW 5-22-26 W4M 0-15 200 29 34 23 <5 6 2 8 0

SE 5-22-26 W4M (South) 0-15 200 60 56 52 6 9 6 9 15

SE 5-22-26 W4M (North) 0-15 200 N.A N.A N.A N.A N.A 26 28 18

SW 6-22-26 W4M 0-15 200 25 56 24 <5 5 7 17 7

SW 7-22-26 W4M 0-15 200 18 37 23 <5 6 6 13 6

SE 7-22-26 W4M 0-15 200 31 36 45 <5 6 3 9 2

S 1/2 8-22-26 W4M 0-15 200 32 23 22 6 6 17 3 6

NW 5-22-26 W4M 0-15 200 N.A N.A N.A N.A N.A 1 4 7

NE 5-22-26 W4M 0-15 200 N.A N.A N.A N.A N.A 0 9 3

NE 7-22-26 W4M 0-15 200 N.A N.A N.A N.A N.A 0 6 5
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us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L mg/l  Mg/ mg/l mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
4/23/1998 4 2 
5/1/1998 2650 7.7 42.7 41.4 2.7 12.3 170 110 220 0.8 1 
6/5/1998 2690 7.3 30.8 28.6 2.2 2.0 16.3 181.1 103 238 9.7 
7/7/1998 2640 7.8 30.1 29.1 1.0 0.4 175.2 120 245 2.7 10 21 1 15 
8/6/1998 2520 7.7 29.8 22.4 7.4 1.0 2.0 189.8 120 220 11.6 
9/11/1998 2550 7.2 14.0 10.1 3.9 3.0 15.0 211.3 126 223 15.9 
10/14/1998 2530 7.5 10.5 9.0 1.5 181.8 113 54.1 228 8.2 6 4 3 13 
4/15/1999 7.9 11.9 3.9 3.0 3.7 3.25 185 105 54.0 222 11.3 5 24 1 
5/19/1999 2620 7.8 17.5 16.8 0.7 3.8 2.7 3.40 194 112 240 
5/27/1999 2620 7.5 5.6 4.5 1.1 3.33 183 112 52.0 232 11.1 
6/11/1999 2590 7.6 14.7 12.6 2.1 3.18 176 110 45.8 218 67.4 
7/22/1999 2510 7.1 77.0 44.8 32.2 0.8 2.4 2.88 205 127 213 10.8 
8/25/1999 2500 7.6 9.8 9.0 0.8 2.6 6.1 2.97 171 113 204 13.0 
9/15/1999 2550 7.9 9.1 9.0 0.1 0.4 5.6 2.96 196 115 211 12.8 
4/11/2000 9 9 9 19 75 1 <1 24 
5/18/2000 2590 7.6 13.5 7.0 6.5 2.3 11.3 3.00 194 117 214 11.6 
6/12/2000 2650 7.6 18.6 18.0 0.6 1.0 4.4 2.88 206 129 214 
7/20/2000 2760 7.8 7.7 5.0 2.7 2.7 26.7 2.81 225 145 220 0.1 
8/1/2000 2870 7.7 4.2 2.8 1.4 3.8 19.7 3.05 230 140 68.8 238 11.4 
9/19/2000 2900 7.8 2.5 2.0 0.5 0.2 3.2 3.04 215 129 64.5 228 9.8 
5/10/2001 2820 7.9 1.4 1.4 <0.1 0.3 3.2 6.75 178 104 72.7 458 6.8 4 0.9 5 4 18 <0.1 <0.1 1 
5/18/2001 2910 7.6 5.3 3.6 1.7 3.6 8.8 3.23 216 127 59.2 242 12.5 
6/5/2001 3000 7.6 4.2 4.0 0.2 0.3 12.9 3.13 234 130 54.5 241 11.6 
7/12/2001 2830 7.8 4.9 4.0 0.9 0.2 15.9 3.97 27 109 336.0 207 9.7 
8/2/2001 2680 7.8 3.9 2.0 1.9 1.9 12.5 2.38 131 70 37.0 136 21.4 
9/10/2001 3010 8.7 4.9 3.1 1.8 0.8 22.0 3.29 216 110 55.0 238 1.2 
4/30/2002 3040 8.6 7.4 6.2 1.2 0.3 16.9 3.41 208 127 53.2 253 9.7 5 0.9 6 9 19 <0.1 <0.1 1 
5/22/2002 3070 9.0 3.5 2.5 1.0 0.3 51.4 3.48 205 127 52.1 257 5.7 
6/5/2002 3050 8.2 4.9 4.5 0.4 0.3 4.7 3.56 205 125 52.5 262 8.0 
7/10/2002 3070 7.2 8.8 7.8 0.9 0.9 4.8 3.83 215 133 50.1 290 0.1 
8/6/2002 3010 9.2 2.1 0.8 1.3 0.3 1.9 3.18 249 128 52.4 248 7.9 
9/2/2002 2930 8.5 2.8 2.8 <0.1 0.3 4.0 3.28 253 126 52.3 256 1.7 
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us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L mg/l  Mg/ mg/l mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
4/25/2003 0.8 3 3 0.8 0.8 <0.8 <0.2 <2 
5/23/2003 2430 7.5 16.5 14.6 1.9 2.8 3.3 2.58 172 103 37.6 173 7.1 
6/11/2003 2420 6.8 11.9 10.4 1.5 3.0 4.1 2.60 177 105 37.6 177 10.1 
7/22/2003 2310 8.3 10.6 9.4 1.3 3.9 18.3 2.42 178 103 37.2 164 5.6 
8/29/2003 2270 7.9 5.5 4.9 0.6 2.2 16.6 2.53 173 99 36.5 168 0.5 
9/22/2003 2190 6.7 5.1 4.9 0.2 4.5 26.4 2.61 166 88 36.7 167 0.4 
4/26/2004 2300 7.9 9.8 8.3 1.5 3.3 8.7 3.24 156 92 42.5 206 0.1 0.8 0.8 3 1 93 <0.8 <0.1 <2 
5/19/2004 2370 8.7 4.9 3.4 1.5 1.9 12.8 3.35 152 91 38.4 211 6.8 
6/29/2004 2220 7.1 14.1 11.8 2.3 2.9 11.7 2.38 167 99 39.7 157 4.4 
8/11/2004 2310 7.1 50.1 17.1 33.0 3.3 12.9 2.56 170 109 38.5 174 0.5 
8/23/2004 2320 7.4 14.0 13.4 0.6 3.5 10.2 2.55 165 107 36.5 171 0.1 
9/21/2004 2310 8.0 9.8 9.5 <0.4 2.0 3.5 2.40 161 107 36.4 160 0.4 
5/18/2005 2570 8.5 10.5 9.0 1.5 2.4 3.0 3.25 161 107 38.3 217 3.2 3 5 3 2 4 <2 <0.6 <8 
5/26/2005 2680 7.9 11.2 9.0 2.2 2.8 11.8 3.25 166 110 38.1 220 2.2 
6/29/2005 2530 7.6 12.6 11.8 0.8 3.6 5.2 3.13 176 108 40.1 214 3.3 
7/18/2005 2460 7.4 19.0 14.8 4.2 2.9 1.4 2.95 168 101 38.0 196 3.2 
8/30/2005 2060 7.3 10.3 9.8 0.5 2.6 6.1 2.48 151 88 29.6 155 7.9 
9/21/2005 1750 8.3 20.3 19.6 0.7 2.2 7.4 2.09 118 73 22.6 117 7.1 
4/20/2006 2 5 3 2 3 <2 <0.07 <8 
5/10/2006 1916 8.1 18.9 16.8 2.1 3.9 18.0 2.44 128 81 30.7 143 1.7 
6/7/2006 2260 7.9 7.7 6.2 1.5 2.9 13.9 2.60 157 107 33.7 173 7.4 
7/14/2006 2140 7.3 5.7 4.8 0.9 5.8 7.4 2.70 151 102 33.8 175 0.3 
8/17/2006 2160 7.5 8.1 5.7 2.3 3.8 21.9 2.63 146 94 32.5 166 8.1 
9/13/2006 2210 7.1 5.6 5.6 <0.1 3.0 11.6 2.83 150 105 33.3 185 2.8 
10/4/2006 2250 7.7 5.7 4.0 1.7 2.2 4.8 2.87 148 103 33.7 186 0.1 
4/30/2007 2290 9.1 17.5 10.1 7.4 1.8 33.9 3.51 134 91.7 32.2 215 12.0 
5/3/2007 2290 9.1 17.5 10.6 6.9 1.8 27.4 3.50 131 86.5 33.4 211 11.7 2 5 4 8 72 <2 <0.07 <8 
5/7/2007 2170 8.8 24.5 22.4 2.1 1.7 33.0 3.40 128 88.4 29.0 202 13.8 3 0.8 5.2 15.3 72 0.2 <0.05 0.4 
5/14/2007 2200 9.3 17.5 16.8 0.7 2.8 31.9 3.47 124 86.5 29.1 206 205 13.2 3.2 0.7 4.5 19.7 16.3 0.2 <0.05 0.6 
5/22/2007 2200 9.0 14.0 10.1 3.9 2.2 44.0 3.40 137 87.7 31.6 207 213 14.4 3.4 0.3 5 12.9 10.6 14 <0.15 <0.15 0.3 
5/29/2007 2200 8.7 11.9 9.0 2.9 2.6 10.0 3.34 133 87.2 29.8 202 200 13.0 2.8 0.3 4.9 17.8 16.1 13.8 <0.15 0.2 <0.3 
6/4/2007 2250 8.0 10.5 9.5 1.0 2.2 2.0 3.47 139 94.2 32.3 216 207 13.2 2.2 0.3 4.4 16.6 9.5 14 <0.15 <0.15 < 0.3 
6/11/2007 2140 8.0 17.5 10.6 6.9 2.1 4.0 3.37 139 91.1 32.2 208 195 12.6 0.8 4.4 7.9 7.9 13.8 0.1 <0.05 <0.1 

February 2018 Agrium Inc. Appendix 7.1  Irrigation Pond Data 



APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00 
CARSELAND NITROGEN OPERATIONS 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

El
ec

tr
ic

al
 C

on
du

ct
iv

ity
 

To
ta

l D
is

so
lv

ed
 S

ol
id

s 

pH
 

To
ta

l K
je

ld
ah

l N
itr

og
en

 

A
m

m
on

ia
 N

itr
og

en
 

O
rg

an
ic

 N
itr

og
en

 

To
ta

l P
ho

sp
ho

ru
s 

To
ta

l S
us

pe
nd

ed
 S

ol
id

s 

SA
R

 

C
al

ci
um

 

M
ag

ne
si

um
 

Po
ta

ss
iu

m
 

So
di

um
 

C
hl

or
id

es
 

N
itr

at
es

 a
s 

N
itr

og
en

 

N
itr

ite
s 

as
 N

itr
og

en
 

Su
lp

ha
te

s 

B
ic

ar
bo

na
te

s 

C
ar

bo
na

te
s 

C
hr

om
iu

m
 

C
ob

al
t 

N
ic

ke
l 

C
op

pe
r 

Zi
nc

 

A
rs

en
ic

 

C
ad

m
iu

m
 

M
er

cu
ry

 

Le
ad

 

us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L mg/l  Mg/ mg/l mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
6/18/2007 2120 7.8 14.0 11.8 2.2 3.4 72.1 3.06 132 79.2 29.4 180 185 11.9 3.3 0.9 4.9 9.8 25.2 13.4 0.1 <0.05 <0.1 
6/25/2007 2160 7.8 14.0 11.8 2.2 3.4 4.7 3.15 132 81.7 29.6 81.7 188 11.6 4 0.9 5.2 12.4 19.5 15 <0.15 <0.15 2.1 
7/5/2007 2210 7.7 13.9 11.0 2.9 2.9 18.1 3.15 132 80.7 29.5 186 181 10.6 2.3 0.9 4.8 7.1 17 13.5 0.1 <0.05 <0.1 
7/9/2007 2200 7.5 13.2 11.8 1.4 3.0 12.2 3.30 136 88.5 31.5 201 181 10.8 2.6 0.8 4.6 9.1 16.1 13.6 0.1 <0.05 <0.1 
7/16/2007 2230 8.1 10.5 7.0 3.5 3.4 4.5 3.27 138 88.5 31.8 200 186 11.7 1.9 0.8 4.7 5.9 9.3 13.7 0.07 <0.05 <0.1 
7/23/2007 2240 8.0 9.8 8.7 1.1 3.2 2.2 3.25 139 86 31.7 198 194 11.8 1.7 0.7 4.6 5.2 9.3 13.8 <0.05 <0.05 <0.1 
7/30/2007 2290 8.0 14.0 11.2 2.8 4.8 3.7 3.22 143 87.5 33.4 198 196 11.3 2.4 0.9 4.8 5.5 11.7 14.1 0.1 <0.05 <0.1 
8/7/2007 2300 8.0 14.0 10.1 3.9 4.0 7.0 3.20 141 84.9 33.1 195 206 11.2 2.7 1.1 5.1 5.1 15.8 14.7 0.06 <0.05 <0.1 
8/13/2007 2350 8.7 17.5 10.4 7.1 4.4 13.8 3.10 145 83.4 34.1 189 210 10.8 3.3 1.3 6 7.5 23 15.9 <0.15 <0.15 3.5 
8/27/2007 2460 6.6 10.5 9.2 1.3 4.3 17.4 3.29 152 93 41.2 209 229 12.6 3.95 1.4 5.6 6.6 19.3 15.1 0.08 <0.05 <0.1 
9/4/2007 2510 7.9 12.3 10.1 2.2 4.1 14.8 3.71 154 109 39.5 246 234 12.7 3.3 1.4 5.9 6.7 20 16.8 0.09 <0.05 <0.1 
9/10/2007 2550 6.4 8.8 8.7 <0.9 4.5 29.2 3.86 171 103 42.0 259 296 16.5 5.9 1.5 6.3 9.2 26.2 17.2 <0.05 <0.1 
4/16/2008 2740 8.9 63.0 47.6 15.4 9.9 44.9 3.91 129 101 39.8 244 261 20.6 5.9 1.1 6.2 14.3 41.1 17.5 0.14 <0.05 <0.1 
5/13/2008 2860 8.8 70.0 49.0 21.0 9.6 77.6 4.44 120 95.8 37.2 269 215 4.2 5.9 1 5.9 15.3 38.4 15.1 0.1 <0.05 0.3 
6/16/2008 2590 8.1 63.0 54.9 8.1 6.8 15.6 3.38 118 83 30.0 196 213 80.7 5.3 1.1 6.5 14.8 30.8 0.2 0.2 < 0.1 
7/14/2008 2470 7.7 63.0 51.5 11.5 7.2 13.0 3.31 119 79.7 27.5 190 183 14.1 1.1 6.3 13 29.3 15.9 0.1 <0.05 < 0.1 
8/5/2008 2560 8.1 66.7 64.4 2.3 7.7 9.5 3.28 126 81.6 28.0 192 201 11.8 1.1 7 13.9 26 19.9 0.2 <0.05 0.4 
9/4/2008 2650 8.5 42.0 37.2 4.8 9.0 45.9 3.55 174 100 37.7 237 233 8.3 1.2 7.2 10.9 38.6 19.5 0.2 0.05 1.1 
4/27/2009 2460 8.2 19.7 15.8 3.9 8.8 28.6 3.70 169 93.2 21.0 243 218 8.1 0.6 4.7 7.9 19.1 15.3 <0.05 <0.05 <0.1 
5/1/2009 2470 8.4 17.6 13.9 3.7 9 21.0 3.70 159 87.9 24.0 235 217 10.5 4.7 0.6 4.7 7.6 23.2 15.3 <0.05 <0.05 <0.1 
5/25/2009 2300 
6/1/2009 2430 8.9 12.8 11.1 1.7 8.3 12.9 3.60 170 93.5 21.6 233 234 9.2 3.8 0.7 4.2 4.7 11.7 16.2 <0.05 <0.05 <0.1 
7/2/2009 2650 7.9 12.3 8.0 4.3 13.41 13.5 3.70 179 92.2 24.5 245 287 1.6 5.5 1 6.1 3.9 30.1 18.3 <0.05 <0.05 1.3 
7/28/2009 2740 7.98 15.7 13.2 2.5 4 13.1 3.9 163 86.7 22.6 246 295 0.3 2.5 0.9 2.8 2.8 11.4 15.1 <0.05 <0.05 0.3 
8/4/2009 2680 8.08 14.7 13.2 1.5 16 34.0 3.6 180 97.8 25.3 239 285 1.7 1 0.9 5.9 4 14.7 15.3 <0.05 <0.05 <.1 
8/20/2009 2570 8.3 12.0 10.2 1.8 13.5 9.1 3.8 178 95.2 23.3 250 250 1.8 1.1 0.9 5.8 5.8 112 13.8 <0.05 <0.05 <0.1 
8/25/2009 2640 
8/25/2009 2650 
8/25/2009 2620 
8/31/2009 2500 
9/2/2009 2510 7.8 10.5 8.1 2.4 11.3 9.8 3.2 178 95.4 21.0 213 230 3.6 <0.1 0.8 5.4 9.9 10.5 10.6 <0.05 <0.05 <0.1 
9/8/2009 2630 
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CARSELAND NITROGEN OPERATIONS 
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us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L mg/l  Mg/ mg/l mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
9/11/2009 2640 
9/14/2009 2510 
10/2/2009 2750 7.8 8.8 4.9 3.9 10 46.1 3.4 209 101 23.7 237 313 3.4 1.4 1.1 6.4 8.5 17.5 13.4 <0.05 <0.05 <0.1 
11/2/2009 2520 
4/1/2010 2470 8.7 10.5 6.6 3.9 9.1 53.3 3.4 181 95.8 24.0 227 301 <0.02 6.3 0.8 5.1 10.3 29.7 14.7 0.1 <0.05 0.5 
5/3/2010 2270 9.0 14.2 6 8.2 8 83.2 3.3 152 85 18.4 202 247 14.8 
6/3/2010 2310 8.2 15.1 15.1 2.7 6.8 4.5 3.1 158 87 19.5 197 251 12.2 
7/2/2010 2240 8.0 15.0 13.8 1.2 6.2 2.6 3.1 159 83.1 20.0 193 242 48.0 
7/21/2010 2170 
7/22/2010 2170 
7/23/2010 2280 
7/26/2010 2280 
7/27/2010 2280 
7/28/2010 2200 
7/29/2010 2220 
7/30/2010 2180 
8/3/2010 2140 
8/4/2010 2180 7.7 12.1 10.3 1.8 7.8 4.3 3.4 167 79.1 19.9 210 273 9.8 695 
8/5/2010 2190 
8/6/2010 2200 
8/9/2010 2210 
8/10/2010 2150 
8/11/2010 2190 
8/12/2010 2310 
8/13/2010 2250 
8/16/2010 2340 
8/17/2010 2300 
8/18/2010 2400 
8/19/2010 2410 
8/20/2010 2360 
8/23/2010 2140 
8/24/2010 1934 
8/25/2010 2120 
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APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00 
CARSELAND NITROGEN OPERATIONS 
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us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L mg/l  Mg/ mg/l mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
8/26/2010 2250 
8/27/2010 2090 
8/30/2010 2070 
8/31/2010 2130 
9/1/2010 2080 
9/2/2010 2070 7.9 8.4 6.7 1.7 6.4 4.3 3.2 166 79.4 17.6 198 265 11.5 638 
9/3/2010 2100 
9/7/2010 2060 
9/14/2010 2140 
9/20/2010 2090 
9/27/2010 2090 
9/28/2010 2120 
9/29/2010 2250 
9/30/2010 2080 
10/1/2010 2250 
10/4/2010 2010 
10/5/2010 2040 
10/13/2010 1783 
10/18/2010 2110 
10/19/2010 1960 
10/20/2010 1683 
10/21/2010 1833 
10/25/2010 2070 
4/1/2011 2700 8.0 44.9 18 26.9 10.5 6.3 3.8 175 92.1 27.1 247 314 11.1 703 6 0.6 3.8 11.1 22.6 17.9 0.1 <0.05 0.9 
5/4/2011 2100 8.5 33.6 18 15.6 7.5 12.5 3 115 71.7 22.9 166 247 10.7 506 
5/18/2011 2050 
5/25/2011 2100 
6/1/2011 1984 9.3 27.4 11.8 15.6 6.6 53.5 3.3 117 69.8 183 11.6 3.2 499 2.8 0.6 3.6 8 67.4 10.8 0.1 <0.05 <.1 
6/8/2011 1914 
6/15/2011 1933 
6/23/2011 2050 
6/29/2011 2100 
7/6/2011 2130 7.8 19.3 17.2 2.1 7 5.3 3 128 66.3 20.2 167 248 9.5 3.2 530 
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us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L mg/l  Mg/ mg/l mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
7/13/2011 2100 
7/18/2011 2050 
7/25/2011 2030 
8/2/2011 2020 8.8 15.1 15.3 <0.9 7.5 23.6 2.8 119 63.8 22.8 151 242 8.4 5.8 518 
9/1/2011 2180 7.8 16.2 13.4 2.8 9.4 10.9 3.1 113 70.4 19.5 173 234 4.3 6.8 571 
10/11/2011 2380 8.0 13.5 7.1 6.4 9.2 89.1 3.2 154 104 24.4 208 293 7.7 <0.02 701 
10/18/2011 1819 
10/20/2011 2360 
10/21/2011 2170 
4/3/2012 2570 9.2 11.3 7.2 4.1 11.4 48.5 3.3 142 93.7 23.4 206 310 8.1 0.01 817.0 44.5 47.5 2.1 0.6 2.6 6.4 17.6 14.9 <0.05 0.05 <0.1 
5/1/2012 2470 9.2 10.4 5.0 5.4 10.0 49.0 3.4 138 99.3 19.5 215 285 8.7 0.01 773.0 32.0 32.0 
5/22/2012 2410 8.61 
5/28/2012 2480 9.01 
6/4/2012 2610 8.86 
6/7/2012 2520 8.1 6.9 5.1 1.8 8.3 17.1 3.6 144.0 102.0 20.0 229.0 298.0 9.2 0.2 779.0 90.0 0.0 
6/11/2012 2440 7.78 
6/18/2012 2420 7.75 
6/21/2012 2470 7.75 
6/25/2012 2500 7.73 
6/26/2012 2490 7.74 
7/3/2012 2420 8.0 7.7 5.7 2.0 8.8 13.7 3.0 145.0 79.6 18.6 184.0 313.0 10.5 <0.7 791.0 102.0 0.0 
7/4/2012 2420 7.50 
7/5/2012 2430 8.15 
7/9/2012 2460 7.74 
7/10/2012 2430 7.79 
7/11/2012 2430 7.83 
7/12/2012 2450 7.88 
7/16/2012 2370 7.42 
7/18/2012 2530 7.41 
7/19/2012 2500 7.54 
7/20/2012 2450 7.61 
7/23/2012 2450 7.67 
7/24/2012 2410 7.76 
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APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00 
CARSELAND NITROGEN OPERATIONS 
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us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L mg/l  Mg/ mg/l mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
7/25/2012 2430 7.87 
7/26/2012 2520 7.86 
7/30/2012 2530 7.72 
7/31/2012 2500 7.65 
8/1/2012 2480 7.78 
8/2/2012 2450 7.84 
8/3/2012 2490 7.87 7.0 5.5 1.5 9.4 11.9 3.3 168 104 21.5 223 301 10.8 <0.4 770 121 0 
8/3/2012 2430 7.59 
8/7/2012 2560 7.77 
8/8/2012 2460 7.89 
8/9/2012 2480 7.85 
8/10/2012 2480 7.83 
8/13/2012 2460 7.86 
8/14/2012 2570 7.94 
8/15/2012 2400 7.77 
8/16/2012 2580 7.69 
8/17/2012 2590 7.69 
8/20/2012 2700 7.68 
8/20/2012 2780 7.74 
8/21/2012 2690 7.69 
8/21/2012 2440 8.10 
8/22/2012 2640 7.64 
8/23/2012 2560 7.80 
8/24/2012 2490 7.77 
8/27/2012 2520 7.84 
8/28/2012 2570 7.88 
8/30/2012 2590 7.93 
8/31/2012 2540 7.90 
9/4/2012 2560 7.85 
9/5/2012 2590 7.85 
9/6/2012 2620 7.78 5.1 3.9 1.2 11.0 13 3.6 183 121 28.3 258 307 9.4 <0.2 788 112 0 
9/6/2012 2530 7.87 
9/7/2012 2600 7.85 
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us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L mg/l  Mg/ mg/l mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
9/10/2012 2570 7.97 
9/11/2012 2570 7.93 
9/12/2012 2660 7.91 
9/13/2012 2540 7.90 
9/14/2012 2480 7.92 
9/17/2012 2600 7.85 
9/18/2012 2590 7.86 
9/19/2012 2560 7.89 
9/20/2012 2590 7.92 
9/21/2012 2550 7.87 
9/25/2012 2620 7.88 
9/26/2012 2580 7.89 
9/27/2012 2620 7.86 
9/28/2012 2530 7.83 
10/1/2012 2620 7.83 4.9 3.1 1.8 10.7 6.7 3.6 175 116 21.8 248 287 9.1 <0.2 806 107 0 
10/1/2012 2550 7.74 
10/2/2012 2660 7.83 
10/3/2012 2590 7.86 
10/4/2012 2570 7.80 
10/9/2012 2640 7.70 
10/10/2012 2580 7.91 
10/11/2012 2600 7.85 
12/11/2012 2640 7.62 
4/11/2013 2590 8.18 15.7 13.6 2.1 11.2 5.2 3.5 159 104 21.2 234 344 14.7 0.5 662 72 0 4.3 0.6 3.7 8.7 17.4 14.7 0.1 <0.05 0.5 
5/1/2013 2400 1570 8.87 12.1 10.6 1.5 10.9 27.1 3.3 139 87.7 18.1 202 330 15 <0.02 735 22 27 
5/9/2013 2370 9.32 
5/9/2013 2370 9.25 
5/14/2013 2420 9.89 
5/14/2013 2380 9.37 
5/15/2013 2390 9.82 
5/17/2013 2370 9.45 
5/17/2013 2410 9.51 
5/22/2013 2370 9.46 

February 2018 Agrium Inc. Appendix 7.1  Irrigation Pond Data 



APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00 
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us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L mg/l  Mg/ mg/l mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
5/23/2013 2390 9.47 
5/23/2013 2370 9.33 
5/24/2013 2350 9.25 
5/27/2013 2370 9.12 
5/27/2013 2370 9.12 
6/3/2013 2340 1519 8.67 9.6 6.8 2.8 9.6 4.5 3.22 143 87.4 18.2 198 309 14.9 0.7 703 51 15 
6/13/2013 2360 7.95 
6/14/2013 2370 7.95 
6/17/2013 2370 7.64 
6/18/2013 2370 7.65 
6/19/2013 2330 7.69 
6/20/2013 2320 7.73 
6/21/2013 2210 7.8 
6/24/2013 2330 7.74 
6/25/2013 2320 7.71 
6/26/2013 2350 7.72 
6/27/2013 2330 7.78 
6/28/2013 2340 7.81 
7/2/2013 2320 1591 7.96 10.5 9.3 1.2 9.2 3.4 3.46 157 99.5 20.6 225 318 13.8 1 704 104 0 
7/3/2013 2340 8.01 
7/4/2013 2340 7.98 
7/5/2013 2380 7.81 
7/8/2013 2300 7.76 
7/9/2013 2340 7.72 
7/10/2013 2330 7.72 
7/11/2013 2350 7.78 
7/12/2013 2340 7.82 
7/15/2013 2360 7.79 
7/16/2013 2370 7.83 
7/17/2013 2270 7.92 
7/18/2013 2190 8.05 
7/19/2013 2350 7.9 
7/22/2013 2370 7.91 
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CARSELAND NITROGEN OPERATIONS 
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us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L mg/l  Mg/ mg/l mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
7/23/2013 2360 7.88 
7/24/2013 2350 7.89 
7/26/2013 2340 7.88 
7/29/2013 2320 7.9 
7/30/2013 2350 7.88 
7/31/2013 2350 7.94 
8/1/2013 2340 1655 7.62 10.6 9.3 1.3 9.3 2.7 3.59 161 106 22.8 239 313 10 <0.02 751 105 0 
8/1/2013 2350 7.99 
8/2/2013 2340 7.9 
8/6/2013 2350 8 
8/8/2013 2340 7.91 
8/9/2013 2340 7.93 
8/12/2013 2360 7.99 
8/13/2013 2360 8.05 
8/14/2013 2350 8.39 
8/15/2013 2380 8.64 
8/16/2013 2330 8.62 
8/16/2013 2340 8.96 
8/19/2013 2380 8.85 
8/20/2013 2000 8.45 
8/20/2013 2010 8.46 
8/21/2013 2340 8.93 
8/22/2013 2320 9.01 
8/23/2013 2370 8.97 
8/26/2013 2370 9.09 
8/27/2013 2360 9.35 
8/28/2013 2400 9.34 
8/29/2013 2410 9.62 
8/30/2013 2410 9.52 
9/3/2013 2450 9.37 
9/4/2013 1597 1025 8.71 6.6 2.9 3.7 6.0 39.2 2.43 102 64.2 11 127 163 4.5 <0.02 491 81 18 
9/4/2013 1614 8.79 
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us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L mg/l  Mg/ mg/l mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
9/6/2013 1655 8.83 
9/8/2013 2120 8.92 
9/9/2013 2120 8.92 
9/10/2013 1586 8.57 
9/11/2013 2040 8.78 
9/12/2013 1631 8.57 
9/13/2013 2010 8.56 
9/16/2013 1955 8.38 
9/17/2013 2070 8.4 
9/18/2013 2060 8.34 
9/19/2013 2040 8.25 
9/20/2013 2060 8.26 
9/23/2013 2090 8.29 
9/24/2013 2120 8.19 
9/25/2013 2120 8.23 
9/26/2013 1973 8.21 
9/27/2013 1527 8.43 
9/30/2013 1920 8.08 
9/30/2013 16.1 2.3 9.6 32.7 168.0 19.7 0.3 <0.05 4.6 
10/1/2013 1473 979 8.17 5.0 4 1 6.5 22.1 2.62 87 58.6 26.5 129 168 7.6 0.2 446 112 0 
10/1/2013 1480 8.41 
10/2/2013 1552 8.34 
10/7/2013 1660 8.29 
10/9/2013 1512 8.25 
10/10/2013 1570 8.12 
10/11/2013 1546 8.12 
10/15/2013 1465 8.05 
10/16/2013 1522 8.04 
4/6/2014 1046 624 8.62 10.8 10.6 <0.9 1.3 6.1 2.33 48.3 36.3 11.4 88 106 6.5 0.3 270 72 18 
5/1/2014 1754 1214 8.37 13.4 11.2 2.2 9.5 10 3.18 96.1 76.3 21.3 172 214 6.3 0.3 558 126 6 3.2 0.6 3.5 9.8 14.5 13.9 0.1 <0.05 0.5 
5/13/2014 1769 7.99 
5/26/2014 1744 7.92 
6/2/2014 1763 1146 7.21 14.0 11.1 2.9 10.1 4.6 3.13 87.5 70.4 19.6 162 183 5.5 0.5 561 113 0 
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CARSELAND NITROGEN OPERATIONS 
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us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L mg/l  Mg/ mg/l mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
6/9/2014 1750 7.86 
6/10/2014 1722 7.82 
6/16/2014 1709 8.01 
6/23/2014 1699 8.00 
7/3/2014 1706 1070 8.08 11.2 10.8 <0.9 15.5 4.7 2.9 90.4 69.9 18 151 179 8.1 0.6 487 132 0 
7/7/2014 1684 8.03 
7/21/2014 1737 7.90 
7/28/2014 1758 7.64 
8/6/2014 1737 1067 9.24 3.9 1.6 2.3 10.5 9.8 2.7 93 74.8 21.6 144 200 9.8 <0.02 480 31 40 
8/12/2014 1717 9.17 
8/18/2014 1825 8.59 
8/25/2014 1711 8.49 
9/4/2014 1880 1213 8.56 2.8 1.3 1.5 9.1 <0.9 3.24 109 84.1 20.5 185 217 5.8 <0.02 541 67 5.3 
9/11/2014 1890 9.36 
9/15/2014 1932 9.46 
9/18/2014 1852 9.56 
9/19/2014 1910 9.9 
9/22/2014 1956 9.7 
9/25/2014 1911 9.71 
9/29/2014 1903 9.74 
9/30/2014 1913 9.67 
10/2/2014 1926 1227 9.61 2.8 1.8 1 7.9 11.3 3.14 104 83.3 19.3 177 212 1.2 0.1 584 93 0 
10/6/2014 1926 9.61 
10/9/2014 1943 9.8 
10/16/2014 1958 9.67 
10/23/2014 1968 9.6 
10/30/2014 2010 9.52 
4/21/2015 2080 1396 8.16 4.9 4.3 <0.9 10.2 9.1 3.04 121 104 18.9 189 251 0.04 <0.02 641 143 0 0.6 0.3 2.9 0.6 2.2 18.4 0.2 <0.05 0.1 
5/7/2015 2230 1457 8.13 8.4 6.9 1.5 13.6 1.9 3.36 122 102 20.1 208 256 3.77 0.04 679 132 0 3.6 0.5 3.5 7.9 18.9 13.6 0.2 <0.05 0.4 
6/2/2015 2220 1434 8.58 6.4 3.7 2.7 11.8 2.4 3.28 118 97.3 18.2 199 280 4.7 0.8 657 
6/4/2015 2200 1480 8.51 6.7 4.8 1.9 13 1.9 3.41 119 104 18.6 211 277 4.6 0.7 687 97 8 
6/29/2015 2250 8.9 
7/6/2015 2260 9 
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us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L mg/l  Mg/ mg/l mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
7/9/2015 2300 1499 8.94 4.3 2 2.3 11.1 5.7 3.47 126 109 20 220 290 4.1 1 676 46 24 
7/13/2015 2270 8.96 
7/20/2015 2190 8.62 
7/27/2015 2260 8.57 
8/4/2015 2320 9 
8/6/2015 2080 1412 8.52 4.1 2.5 1.6 7.1 4.4 3.11 126 103 15.9 194 202 5.4 0.5 704 101 8.6 
8/10/2015 2270 9.12 
8/13/2015 2220 8.78 
8/17/2015 2260 8.64 
8/24/2015 2210 8.8 
8/31/2015 2340 8.44 
9/2/2015 2310 1601 8.59 4.2 1.8 2.4 10.3 17.3 3.88 126 103 18.2 242 281 1.3 <0.02 777 75 12 
9/10/2015 2040 8.46 
9/14/2015 2080 8.61 
9/21/2015 2180 8.25 
9/28/2015 2130 7.33 
10/5/2015 2240 1677 8.00 4.1 2.8 1.3 11.9 14.7 3.44 146 126 20.9 235 267 4.9 0.1 832 89 0 
10/14/2015 2320 8.24 
10/19/2015 2220 8.53 
4/4/2016 2400 1819 9.00 4.9 0.6 4.3 4.4 17.0 4.11 134 127 32 277 299 5.0 <0.005 876 76 13 3.8 0.4 3.5 2.9 <20 11.6 0.1 0.2 <0.3 
4/21/2016 2430 7.90 
4/25/2016 2430 7.70 
5/2/2016 2440 1724 8.00 3.9 1.2 2.7 4.4 5.0 3.30 140 131 27 227 267 4.7 0.07 847 108 <1.5 6.3 0.5 4.0 6.7 <20 14.8 0.0 <0.10 0.50 
5/6/2016 2410 7.90 
5/9/2016 2420 7.90 
5/11/2016 2400 8.00 
5/16/2016 2590 7.70 
5/17/2016 2580 7.70 
5/18/2016 2590 7.80 
5/24/2016 2550 7.80 
5/26/2016 2600 7.70 
5/30/2016 2270 8.60 
5/31/2016 2580 8.50 
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us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L mg/l  Mg/ mg/l mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
5/31/2016 2430 
5/31/2016 2350 
6/1/2016 2410 8.60 
6/1/2016 2350 
6/1/2016 2370 
6/2/2016 2240 8.60 
6/2/2016 2260 
6/2/2016 2270 
6/3/2016 2360 
6/6/2016 2390 1715 8.90 2.9 0.3 2.6 3.0 10.0 3.54 137 129 24 240 267 5.2 <0.005 843 85 5 
6/7/2016 2400 8.90 
6/8/2016 2410 9.10 
6/9/2016 2310 8.70 
6/10/2016 2410 8.90 
6/13/2016 2350 9.10 
6/14/2016 2300 8.90 
6/15/2016 2380 9.30 
6/16/2016 2380 9.30 
6/17/2016 2350 9.10 
6/20/2016 2370 9.20 
6/21/2016 2400 9.40 
6/22/2016 2380 9.20 
6/23/2016 2390 9.30 
6/24/2016 2330 9.10 
6/27/2016 2340 9.20 
7/4/2016 2350 1647 9.30 3.0 0.2 2.8 2.6 <2 3.42 147 100 21 220 267 4.5 <0.005 843 33 12 
7/4/2016 2350 9.30 
7/11/2016 2360 9.10 
7/18/2016 2110 8.80 
7/25/2016 2070 9.10 
8/2/2016 2150 8.80 
8/4/2016 2080 1488 8.30 4.1 1.2 3.0 2.6 15.0 3.05 135 93 24 188 238 5.8 <0.005 736 79 <1.5 
8/8/2016 1990 8.40 
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us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L mg/l  Mg/ mg/l mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
8/15/2016 2110 8.70 
8/22/2016 2130 8.20 
8/29/2016 2160 7.80 
9/6/2016 2170 1548 8.10 4.30 1.09 3.21 4.07 7.00 3.23 138 99 26 204 207 2.9 1.16 792 111 <1.5 
9/13/2016 2190 7.70 
9/19/2016 2210 8.30 
9/26/2016 2120 8.30 
10/3/2016 2160 1551 8.10 5.71 1.31 4.40 4.91 19.00 3.11 141 100 26 198 199 1.4 1.15 802.8 130.1 <1.5 
10/12/2016 2180 8.90 
10/17/2016 2180 8.70 
10/31/2016 2170 8.90 
11/7/2016 2220 8.70 
3/28/2017 2200 1632 8.8 5.44 2.0 3.45 4.1 118.2 96.8 27.9 245.0 246.7 4.37 0.2 800.7 114.6 12.2 
5/3/2017 2250 1570 8.5 7.55 4.4 3.19 4.141 11 3.5 125 101 26 216 242.7 2.57 0.14 768 142.9 3.4 8.3 0.4 3.2 4.9 <2.0 16.5 0.1 <1 0.37 

5/12/2017 2220 8.9 
5/15/2017 2290 8.7 
5/23/2017 2270 8.2 
6/2/2017 2330 8 
6/5/2017 2310 1663 8 19.4 6.1 13.3 4.1 3 3.5 135 104 27 224 264.8 1.89 0.2 816 165.0 <1.5 
6/26/2017 2280 8 
7/3/2017 2280 1601 8.0 14.5 11.6 2.94 3.9 12 3.7 123 92 26 221 243.6 0.62 0.11 783 201.2 <1.5 
7/10/2017 2140 8.1 
7/17/2017 2210 8 
7/24/2017 2260 8.1 
7/31/2017 2270 8 
8/8/2017 2270 8 
8/9/2017 2260 1580 8.2 14.89 12.6 2.27 3.432 19 3.4 128 97.4 28 210 224.1 0.84 0.12 776 205.6 <1.5 
8/14/2017 2290 8.1 
8/21/2017 2260 8.1 
8/28/2017 2370 8.3 
9/7/2017 2350 8.3 
9/11/2017 2370 1678 8.2 17.71 14.8 2.96 2.737 11 3.55 136 106 28.6 227 262.4 3.79 0.24 792 204.1 <1.5 
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us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L mg/l  Mg/ mg/l mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
9/25/2017 2460 8.1 
9/26/2017 2400 8.3 
9/27/2017 2390 8.3 
9/28/2017 2440 8.3 
10/3/2017 2430 1757 8.40 29.63 27.49 2.14 2.76 67.00 3.91 133 106 28 249 254 4.3 0.26 834.8 246.9 3.80 
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Irrigation Pond Sodium Adsorption Ratio (1998-2017) 

SAR Limt = 9.0 
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us/cm mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
4/23/1998 4 13 36 1 
5/1/1998 
6/5/1998 
7/7/1998 1430 8.6 42.7 37.5 5.2 0.23 37.3 89.2 65.0 82 34.0 11 3 30 
8/6/1998 
9/11/1998 
10/14/1998 1835 7.5 9.1 9.0 0.1 155.9 106.0 15.82 130 23.6 32.4 5 4 11 12 
4/15/1999 12 <4 6 <24 5 12 <1 <1 <11 
6/4/1999 7.9 70.4 51.0 19.4 2.13 158.0 115.0 15.3 144 228.0 
9/15/1999 1608 8.9 42.0 34.7 7.3 <0.15 16.8 2.84 97.7 58.9 13.5 144 50.6 10.7 
4/11/2000 38.5 34.7 3.8 11.0 102 <9 9 39 271 1 <1 19 
4/18/2001 2120 7.9 27.9 21.6 <0.15 10.8 2.73 150.0 93.1 17.3 173 74.7 108.0 2 <0.9 2 7 7 <0.1 <0.1 <1 
2/22/2002 34.3 22.4 11.9 <0.15 
4/30/2002 1 1 9 4 17 <0.1 <0.1 <1 
4/25/2003 2 1 4 10 16 <0.8 0.2 <2 
4/26/2004 1227 7.7 37.8 30.2 7.6 0.30 11.6 1.5 55.7 50.4 64 5.5 1 3 6 10 14 <0.8 <0.1 <2 
4/6/2005 1426 8.6 0.18 1.72 78.8 67.2 10.7 86 35.3 69.2 
5/18/2005 1910 7.8 18.2 15.7 2.5 0.68 5 2.01 123.0 103.0 12.7 125 23.5 <2 <5 4 <2 <3 <2 <0.6 <8 
8/24/2005 989 8.1 27.1 13.3 13.8 1.81 147 1.1 75.9 41.0 6.7 48 22.5 21.2 2 <5 9 17 126 <2 <0.6 <8 
8/30/2005 1027 7.7 22.1 13.9 8.2 1.60 318 1.22 79.8 45.6 7.1 55 19.1 
2/17/2006 1673 8.6 63.0 59.2 3.8 <0.4 2.1 1.7 71.3 80.8 10.2 88 17.2 
4/7/2006 309 7.7 7.0 5.0 <0.4 0.69 18.6 10.6 2.2 15 6 30.2 <0.1 0.1 0.8 2 5 <0.05 <0.05 <0.1 
4/20/2006 1421 8.6 38.9 26.9 12.0 <0.4 17 1.76 80.2 63.2 13.5 87 23.2 <5 6 12 <2 <8 
5/10/2006 1471 8.5 30.1 19.0 11.1 <0.4 25.4 1.82 21.0 
6/7/2006 1719 8.0 35.0 31.9 3.1 0.50 37.9 1.9 110.0 80.6 12.8 105 22.0 
7/14/2006 1465 7.7 14.6 8.9 5.7 0.69 18.7 1.59 112.0 73.1 10.5 88 25.3 
7/26/2006 1315 8.6 4.6 3.9 0.7 0.30 32.7 1.67 97.2 10.4 88 18.6 <2 <5 5 11 11 <2 <0.07 <8 
8/17/2006 1362 9.1 9.7 6.1 3.7 0.27 20.7 1.61 99.7 68.8 12.4 86 16.2 
9/13/2006 1458 8.5 2.1 1.7 0.4 0.24 43.2 1.96 100.0 81.2 13.3 109 8.2 
10/4/2006 1390 8.9 3.7 1.4 2.3 13.2 2.03 75.6 81.8 11.9 107 3.3 
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us/cm mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
4/13/2007 1500 8.7 88.2 79.5 8.7 0.5 16.8 2 56.9 48.7 85 16.5 
5/3/2007 1670 8.7 45.5 34.2 11.3 0.7 428 1.97 110.0 67.1 12.9 106 21.0 <2 <5 11 24 191 <2 <0.07 <8 
6/4/2007 1534 8.1 20.7 18.5 2.2 0.6 72.3 0.83 121.0 72.1 10.3 93 28.6 15.5 
6/18/2007 1229 8.3 14.0 11.2 2.8 0.4 56 1.38 103.0 55.9 8.7 70 24.6 14.8 0.2 1.5 6.8 12.1 15 0.05 <0.05 <0.1 
6/25/2007 1273 8.0 14.0 8.4 5.6 <0.4 55.4 1.49 95.7 58.5 8.5 75 26.1 13.1 4 1.9 8.2 23.3 54.9 <0.15 <0.15 3.2 
7/5/2007 1375 7.9 12.7 10.2 2.5 <0.4 15.6 1.51 104.0 62.2 8.8 79 24.5 12.8 0.3 1.3 7.4 10 6.1 <0.05 <0.05 <0.1 
7/9/2007 1329 8.0 7.7 5.4 2.3 <0.4 17.3 1.61 101.0 66.9 9.2 85 25 11.8 0.3 1.2 7.3 9 5.2 <0.05 <0.05 <0.1 
7/16/2007 1331 8.3 3.5 2.0 1.5 <0.4 19.3 1.7 95.9 70.4 9.7 90 23.3 8.8 1.1 1.4 8.5 12.5 11.5 <0.05 <0.05 <0.1 
7/23/2007 1400 8.1 14.0 11.2 2.8 0.6 39.2 1.75 101.0 71.4 10.6 94 25.8 4.5 1 2 9.9 10.5 21.5 <0.05 <0.05 <0.1 
7/30/2007 1521 8.0 7.0 4.2 2.8 0.4 230 1.8 110.0 77.6 11.6 101 27.3 2.4 1.2 3.3 14.9 17 44 3.2 <0.05 1.7 
8/7/2007 1585 8.3 10.5 7.0 3.5 0.4 43 1.86 112.0 80.7 12 106 29.3 1.8 0.6 2.2 9.8 11.6 16.3 <0.05 <0.05 <0.1 
8/13/2007 1608 9.0 10.5 3.1 7.4 0.6 81.4 1.84 115.0 82.7 12.3 106 30.3 1.7 0.7 2.4 10.8 16.3 22.1 <0.15 <0.15 <0.3 
8/20/2007 1637 8.4 10.5 8.4 2.1 <0.4 40.3 2.1 116.0 95.9 12.8 126 31.2 2.0 0.8 2.2 9.4 10.5 11.5 <0.05 <0.05 <0.1 
8/27/2007 1237 7.7 26.3 10.6 15.7 <0.4 23.2 1.4 92.6 55.5 8.4 69 22.4 13.3 1.7 1.4 6.5 14 16.9 0.05 <0.05 <0.1 
9/4/2007 1637 8.1 29.8 19.6 10.2 0.4 26.6 1.92 113.0 84.7 11.9 111 33.9 12.2 0.5 2 8.6 13.3 13.5 0.07 <0.05 <0.1 
9/10/2007 1664 8.1 33.3 21.6 11.7 <0.4 32.3 1.95 117.0 87.0 12.4 114 30 15.0 0.6 2 8.6 12.6 12.1 <0.05 <0.05 <0.1 
4/16/2008 1218 8.6 31.5 18.5 13.0 <1.2 6 1.69 72.6 51.7 7.9 77 30.6 12.9 0.2 0.9 5 9.2 11.9 0.05 <0.05 <0.1 
5/9/2008 1652 8.3 66.5 36.4 30.1 0.6 28.4 1.73 92.1 63.6 8.6 88 30.6 30.0 1 1.3 7.2 16.5 51.7 0.1 <0.05 <0.1 
5/13/2008 1570 8.4 84.0 39.2 44.8 <1.2 5.1 1.69 77.8 61.4 3 82 31.1 21.1 0.7 1.1 5.6 11.2 18.4 0.06 <0.05 0.1 
6/12/2008 1109 8.0 34.0 21.3 12.7 1.36 358 1.1 68.1 37.9 4.8 44 26.9 
7/15/2008 1207 7.7 17.9 13.4 4.5 1.4 34.2 1.79 58.3 29.3 5.3 67 31.4 9.8 
8/5/2008 1202 8.2 18.3 16.8 1.5 < 1.2 9.4 1.82 76.9 41.9 7 80 34.6 13.8 1.1 0.9 5.2 25.7 13.2 0.08 < 0.05 0.3 
9/4/2008 1403 8.3 28.7 20.4 8.3 < 1.2 11.4 1.89 97.1 51.9 8.4 93 39.2 19.5 
5/1/2009 1310 8.6 36.4 32.2 4.2 < 1.2 13.1 1.8 68.1 49.8 6.8 78 32.2 11.9 0.4 1.1 6.1 6.9 12.1 < 0.05 <0.05 <0.1 
6/1/2009 1273 8.3 17.0 14.8 2.2 < 1.2 11.9 1.6 92.9 60.4 7.5 82 38 11.0 0.5 1.4 6.4 8.8 8.1 < 0.05 <0.05 <0.1 
7/2/2009 1717 8.1 20.6 16.6 4.0 1.5 43.9 2.4 103.0 74.4 10.1 133 50.9 4.7 1.1 2.3 10.4 8.5 28 <0.05 <0.05 0.8 
8/4/2009 1520 8.3 14.4 12.0 2.4 1 29.5 1.9 99.4 66.1 8.7 99 45 20.5 1.2 1.6 7.6 12.5 10.2 <0.05 <0.05 <0.1 
9/2/2009 1574 7.6 15.7 14.3 1.4 < 1.2 11.1 1.5 108.0 64.2 8.3 81 34 21.7 < 0.1 1..2 6.6 10.4 20.6 <0.05 <0.05 <0.1 
10/2/2009 1532 8.4 18.4 13.3 5.1 <1.2 9.1 1.6 116.0 73.6 9 91 38.7 17.0 <0.1 1.4 8.3 7.1 127 <0.05 <0.05 <0.1 
4/1/2010 1402 8.4 23.1 16.2 6.9 <1.2 19.7 1.7 88.9 63.3 7.5 85 53.6 1.3 1 0.8 6.5 8.2 20.2 0.1 <0.05 0.2 
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us/cm mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
5/3/2010 1509 8.3 106.0 40.1 65.9 <1.2 23.4 1.5 92.9 61.8 6.5 74 35.2 34.4 
6/3/2010 1571 8.1 51.4 37.1 14.3 < 1.2 40.3 1.5 103.0 68.7 6.9 78 34.5 37.5 
7/2/2010 1622 8.0 32.0 30.3 1.7 2 200 1.5 113.0 71.4 7.9 85 47.1 26.0 531 
8/4/2010 1528 7.8 10.6 9.6 1.0 <1.2 9.5 1.6 124.0 70.4 7.7 90 60.8 23.2 573 
9/2/2010 1474 7.8 8.4 7.3 1.1 <1.2 15.4 1.6 114.0 72.0 8.1 86 46.9 13.4 562 
4/1/2011 522 8.6 36.7 10.5 26.2 1.4 23 1 32.4 13.7 5.5 27 24.9 6.8 119 0.7 0.6 3.2 8.3 67.6 <0.05 <0.05 0.6 
5/4/2011 1076 8.8 29.7 19.7 10.0 <1.2 21.4 1.1 78.9 46.6 5.5 64 30.1 17.5 322 
6/1/2011 1062 8.2 19.4 8.3 11.1 <1.2 8.3 1.4 76.7 49.6 62 17.9 1.5 334 <0.1 0.8 4.6 5.2 3.8 <0.05 0.1 <0.1 
7/6/2011 1572 7.6 12.3 11.8 <0.9 <1.2 9 1.5 132.0 76.4 8.2 88 28.1 13.4 1.4 579 
8/2/2011 1303 8.2 62.2 34.2 28.0 <1.2 13.8 1.3 83.5 46.0 7.2 58 23.8 15.4 1.8 391 
9/1/2011 1359 7.8 24.6 19.2 5.4 <1.2 11.6 1.2 93.9 51.3 6.3 59 30.2 29.7 1.6 394 
10/11/2011 1470 8.1 42.0 30.7 11.3 <1.2 13.1 1.3 106.0 62.4 8.1 69 30.2 124.0 1.3 405 
4/3/2012 1243 8.5 44.2 28.1 16.0 1.1 6.0 1.6 66.9 47.7 6 68 47.4 14.2 0.4 131 18.6 343 <0.1 0.6 3.1 7.9 12.5 <0.05 0.05 <0.1 
5/1/2012 1673 8.7 29.1 21.1 8.0 1.1 12.1 1.5 95.9 62.3 6.4 77 48.6 29.9 2.2 69 25.0 511 
6/7/2012 1411 8.0 16.9 14.6 2.3 <1.2 1.4 71.3 39.6 5.8 59 28.5 28.9 1.0 469 
7/3/2012 1795 8.1 14.3 12.2 2.1 <1.3 341.0 2.2 114.0 54.8 7.1 112.0 126.0 22.1 <0.07 162.0 0.0 523 
8/3/2012 2180 8.1 16.7 12.0 4.7 <1.2 20.3 2.4 161.0 97.4 10.0 154.0 141.0 22.9 4.2 179.0 0.0 716 
9/6/2012 2350 8.3 10.6 10.2 <0.9 <0.2 9.6 2.5 180.0 125.0 12.2 178.0 125.0 37.2 1.2 182.0 0.0 786 
10/1/2012 2200 8.3 7.8 6.7 1.1 <1.2 8.3 2.4 164.0 116.0 10.7 163.0 116.0 32.0 1.2 150.0 0.0 793 
4/19/2013 1702 8.1 29.1 22.5 6.6 <1.2 10.2 1.9 122.0 84.3 9.3 114.0 71.6 26.0 0.7 163.0 0.0 535 0.7 0.7 6.6 9.2 24.6 0.1 <0.05 0.2 
5/1/2013 1668 8.8 25.8 18.9 6.9 <1.2 30.3 1.7 108.0 70.8 8.8 95.0 27.1 27.1 0.9 65.0 34.0 592 
6/3/2013 1531 8.0 21.3 16.7 4.6 <1.2 51.8 1.3 115.0 60.1 6.4 70.0 43.8 31.4 2.6 133.0 0.0 512 
7/2/2013 1400 7.9 29.1 24.7 4.4 <1.2 17.8 1.3 109.0 62.7 7.1 71.0 40.4 8.0 2.4 252.0 0.0 479 
8/1/2013 1488 8.1 28.4 26.9 1.5 <1.2 19.3 1.6 117.0 74.5 9.0 89.0 38.3 5.2 1.2 254.0 0.0 508 
9/4/2013 947 8.2 6.8 4.5 2.3 5.3 17.9 1.1 70.4 38.2 4.8 47.0 47.0 3.2 <0.02 161.0 0.0 260 
10/1/2013 500 8.9 2.2 1.7 <0.9 <1.2 29.4 1.1 36.6 18.1 2.7 32.0 17.4 5.2 0.6 47.0 18.0 127 
3/19/2014 691 8.4 22.8 10.5 12.3 2.6 15.2 1.4 45.2 20.8 9.7 45.0 35.3 7.7 0.4 88.0 6.0 141 0.8 3.8 17.8 86.3 <0.3 <0.4 1.3 
4/6/2014 391 8.2 20.2 18 2.2 5.4 1.6 1.25 20.3 12.5 3.7 29 21 2.1 0.2 94 0 69 
5/1/2014 777 9.6 14.6 9.5 5.1 5.5 25.3 1.88 44.9 29.2 5.9 66 58.8 8.5 0.9 2 75 224 2.7 0.5 2.9 9.4 14.7 0.1 <0.05 0.3 
5/13/2014 1078 9.7 
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us/cm mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
6/2/2014 592 7.4 5.7 3.9 1.8 2.1 36.4 1.67 32.2 23.3 4.2 51 37.4 3.2 1 74 0 156 
7/3/2014 1272 8.6 6.2 5 1.2 <1.2 20.6 1.49 103 66 7.6 79 34.1 20.2 2.5 94 16 468 
8/6/2014 1495 8.0 6.6 2.9 3.7 1.9 46.2 1.71 106 80.6 9.9 96 48.5 4.7 <0.02 188 0 589 
9/4/2014 1567 8.3 11.9 7.5 4.4 <1.2 16.5 1.82 105 80.9 8.7 102 53.1 12.3 0.9 177 2 578 
9/16/2014 1585 8.5 11.1 9.5 1.6 <1.2 1.67 119 80.1 8.6 96 50.1 26.9 1.2 136 11 576 
10/2/2014 1576 8.7 4.9 4.3 <0.9 <1.2 43.4 1.93 106 79.6 8.7 108 52.2 24.4 1.8 74 17 575 
4/7/2015 1607 8.7 35.4 36.1 <0.9 <1.2 17.3 1.65 109 76.6 10.1 92 54.3 25.1 0.9 93 59 523 0.7 0.5 6.0 8.1 61.8 0.1 0.4 0.2 
5/7/2015 1623 9.0 27.8 19 8.8 <1.2 25.8 2.1 107 82.8 10.6 119 55.7 19.7 1.8 11 57 573 0.3 0.7 6.5 9.9 16.4 0.1 <0.05 0.3 
6/7/2015 1749 8.0 22.5 19.7 2.8 1.7 26.3 2.12 112 89.4 11.6 124 79.6 12.1 2.1 196 0 627 
7/9/2015 1828 8.4 6.2 3.5 2.7 <1.2 6.5 2.24 124 99.7 12 138 86 7.5 1 165 6 687 
8/6/2015 1684 8.0 5.0 3.1 1.9 <1.2 5.9 2.22 116 94.4 11 133 61.2 8 0.8 163 0 661 
9/2/2015 1350 8.1 6.6 4.9 1.7 <1.2 1.8 1.48 110 71.5 9.5 81 30.8 14.2 1.2 161 0 515 
10/5/2015 1379 8.2 2 1.1 <0.9 <1.2 4 1.43 121 77 8 82 29.6 15.3 <0.2 166 0 567 
4/4/2016 1490 8.1 8.5 5.1 3.38 0.1 22 1.72 104 74.7 10.8 94 46.0 8.6 0.3 194 <1.5 560 <1 0.4 6.6 6.6 <20 0.0 <0.1 <0.3 
5/2/2016 1520 8.4 5.6 2.9 2.69 0.1 30 1.77 104 87.2 10.7 102 51.0 11.8 0.6 154 <1.5 659 <1 0.4 6.4 7.6 <20 0.1 <0.1 0.3 
6/6/2016 1820 8.9 3.2 1.3 <2.0 0.1 12 2.06 131 100.3 12 129 55.5 33.6 3.2 88 10 745 
7/20/2016 1120 8.0 7.3 5.1 2.1 0.0 3 1.32 82 55.7 7.6 63 22.2 14.9 2.6 95 <1.5 417 
8/4/2016 1050 8.1 8.9 5.7 3.2 0.1 10 1.18 83 52.5 7.5 56 18.8 15.4 3.1 116 <1.5 369 
9/6/2016 1310 8.1 10.7 9.1 <2.0 0.2 24 1.39 99 67.4 10.3 73 28.5 9.9 0.4 196 <1.5 487 
10/6/2016 1460 7.8 17.6 13.6 4 0.3 19 1.51 108 75.1 11.2 84 40.9 13.5 0.2 214 <1.5 516 
3/28/2017 865 9.1 75.4 37.6 37.8 1.73 32.2 26.1 11.4 54.7 46.3 7.77 0.409 82.8 58.3 220 
5/3/2017 1750 8.7 75.4 58.2 17.2 0.464 92 1.92 90 89.2 13.7 107.6 68.4 17.1 1.963 206.1 40.9 568 1.3 0.98 6.6 0.8 40.0 0.1 <0.001 0.3 
6/5/2017 1820 7.8 49.36 30.06 19.3 0.709 51 2 102.2 84.4 14.9 112.6 74.4 17.78 2.17 221.4 <1.5 657 
7/3/2017 1120 8.7 23.2 18.8 4.38 0.249 13 1.5 71.1 46.8 7.2 66.5 8.7 9.456 1.335 164.5 20.5 354 
8/9/2017 1110 8.1 8.94 7.68 <2 0.461 46 1.48 76.2 51.7 9 68.4 43.9 2.0 0.483 193.4 <1.5 371 
9/11/2017 2150 8.3 212.6 157.2 55.4 0.286 53 1.75 38.9 53 10.4 71.7 46.2 0.123 2.065 784.2 13.4 366 
10/5/2017 1780 8.3 164.6 131.8 32.8 0.332 31 1.49 50.5 46.5 7.9 60.9 42.05 14.12 2.423 631.6 <1.5 277.6 
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CARSELAND NITROGEN OPERATIONS 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

required 
by 

approval 

El
ec

tr
ic

al
 C

on
du

ct
iv

ity
 

To
ta

l D
is

so
lv

ed
 S

ol
id

s 

pH
 

To
ta

l K
je

ld
ah

l N
itr

og
en

 

A
m

m
on

ia
 N

itr
og

en
 

O
rg

an
ic

 N
itr

og
en

 

To
ta

l P
ho

sp
ho

ru
s 

To
ta

l S
us

pe
nd

ed
 S

ol
id

s 

SA
R

 

C
al

ci
um

 

M
ag

ne
si

um
 

Po
ta

ss
iu

m
 

So
di

um
 

C
hl

or
id

es
 

Su
lp

ha
te

s 

N
itr

at
es

 a
s 

N
itr

og
en

 

N
itr

ite
s 

as
 N

itr
og

en
 

C
hr

om
iu

m
 

C
ob

al
t 

N
ic

ke
l 

C
op

pe
r 

Zi
nc

 

A
rs

en
ic

 

C
ad

m
iu

m
 

M
er

cu
ry

 

Le
ad

 

us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L  mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
4/23/1998 8 28 60 60 1 14 
5/1/1998 57800 7.6 2464 2313 3.5 56.6 588 11476 
6/5/1998 57600 6.8 2205 2144 61.3 4.1 247.3 662 1051 14793 18.4 
7/7/1998 49500 7.3 1932 1884 48.2 4.0 571.2 976.1 13141 10.3 10 26 8 18 1 
8/6/1998 54100 6.4 2065 2027 37.8 5.5 199 751 1227 13756 
9/11/1998 62400 6.6 2408 2402 5.6 5.0 396 942 1467 17897 
10/14/1998 64900 6.6 2681 2559 122 1756 2807 1695 18765 127 60 
4/15/1999 57900 4.1 2100 1985 70.4 516 1029 617 14594 <5.65 29 <4 43 23 80 <1 <1 <11 
5/19/1999 56200 4.1 1982 2.8 216 95.86 534 1033 16452 
6/22/1999 3.9 1932 1893 39 509 966 561 13849 13.4 
7/22/1999 52700 4.7 1834 1730 104 2.7 103 81.82 574 1089 14453 <0.06 
8/25/1999 51800 7.6 1813 1747 65.8 <1.5 62.3 77.00 455 953 12577 12.1 
9/15/1999 4970 3.2 2358 1652 706 4.1 66.9 117.43 448 807 17971 2.3 
4/11/2000 570 <27 2428 139 239 95 <1 449 
5/18/2000 62500 7.0 2498 2416 82 <1.5 78.9 82.94 657 1210 15500 <6.8 
6/12/2000 65700 7.5 2518 2331 187 3.4 190 95.37 1350 712 17400 
7/20/2000 69000 7.5 2940 2934 6 3.4 206 88.56 785 1600 18800 <6.8 
8/1/2000 72900 6.6 3038 3035 3 8.9 356 101.84 740 1510 21000 <7 
9/19/2000 66900 7.4 3080 2752 328 5.1 173 98.85 650 1360 800 18900 <6.8 
5/10/2001 57900 7.8 2176 2066 110 3.0 242 69.36 450 1060 604 11800 <6.8 42 5 52 13 51 <3 <0.1 <30 
5/18/2001 60100 7.8 2422 2222 200 2.8 156 84.04 553 1140 15040 <6.8 
6/5/2001 61700 7.4 2422 1978 444 <0.75 243 87.85 651 1330 17000 5.8 
7/12/2001 64300 4.8 3381 2621 760 18.0 549 84.24 601 1151 15300 <6.8 
8/2/2001 66100 7.3 2350 1830 520 3.8 284 86.93 814 1730 19100 <15 
9/10/2001 76000 7.9 2904 2621 283 5.5 2363 88.95 1140 1660 765 20100 <30 
4/30/2002 50500 7.6 2433 2380 53 2.6 158 80.85 568 1220 14900 3.1 167 <45 <25 44 32 <5 <0.1 116 
5/22/2002 60700 7.8 2258 2058 200 0.9 722 82.03 560 1160 14800 <6.8 
6/5/2002 55400 7.7 2328 2031 297 2.1 105 82.54 499 1080 14300 <6.8 
7/10/2002 61400 7.4 2380 2100 280 3.0 318 85.32 645 1290 16300 <30 
8/6/2002 59900 8.1 2310 2310 <0.6 5.3 410 76.75 790 1210 

 
14700 <4.5 

9/2/2002 61800 6.9 2541 2481 60 5.2 341 85.75 1040 1200 765 17100 <4.5 
4/25/2003 32 32 14 32 <32 <32 0.4 <10 
5/23/2003 50100 7.6 1929 1901 28 3.6 139 62.60 1348 979 12370 12.0 
6/11/2003 50300 7.9 2006 1910 96 3.3 159 61.79 1348 994 12261 <4.5 
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us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L  mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
7/22/2003 52100 7.6 2037 1963 74 3.9 303 58.95 1941 1024 12897 5.6 
8/29/2003 53000 7.8 2226 2115 111 3.7 370 68.28 1323 1050 362 13700 <2 
9/22/2003 54000 8.0 2199 2139 60 7.9 373 61.62 1760 1030 13160 <0.07 
4/26/2004 50100 7.6 1758 1603 237 3.5 160 61.16 1380 955 12071 <4.5 8 24 32 14 170 <8 <0.1 <20 
5/19/2004 51100 7.6 2093 2083 10 3.5 154 81.14 510 865 12956 <2.3 
6/29/2004 53200 8.8 4192 2148 2044 5.6 2227 84.98 21.8 673 10366 <2.3 
8/11/2004 43400 8.6 1722 1691 31 3.8 323 63.03 1029 846 11266 <5 
8/23/2004 49000 7.6 2031 1920 111 3.8 114 7.91 382 712 1132 <0.5 
9/21/2004 50500 7.8 2000 2000 <0.4 4.1 282 65.79 907 983 12007 <4.5 
5/18/2005 45400 7.5 1785 1736 49 3.9 332 66.59 562 738 420 10193 <0.5 2 <5 2 4 <2 <0.6 <80 
5/26/2005 51800 7.2 2100 2044 56 3.3 222 79.10 554 714 508 11945 <0.05 
6/29/2005 48500 7.3 1904 1870 34 3.0 108 70.01 629 1005 85.9 12148 <0.5 
7/18/2005 51700 6.6 1798 1726 72 3.8 104 81.47 569 849 559 13119 <0.5 
8/30/2005 49000 7.0 1596 1492 104 4.1 225 87.83 483 821 491 13660 <1 
9/21/2005 48200 8.1 1932 1904 28 4.0 208 104.19 515 748 514 15810 <4.5 
4/20/2006 <50 40 20 <0.07 <80 
5/10/2006 44700 8.0 1708 1686 22 3.1 250 70.61 484 694 379 10340 <4.5 
6/7/2006 46500 7.9 2100 2072 28 3.4 396 70.40 554 797 252 11037 <2.3 
7/14/2006 44800 7.7 1830 1792 38 10.0 76.7 75.10 483 678 360 10905 <4.5 
8/17/2006 9500 7.6 263 264 <0.1 5.1 18.9 20.40 182 140 77.9 1505 16.1 
9/13/2006 49700 7.8 2394 2341 53 3.7 103 79.16 534 816 399 12454 <0.5 
10/4/2006 50000 7.9 2174 2108 66 91.9 77.17 539 937 409 12784 <0.5 
5/3/2007 48700 7.8 2120 1994 126 2.4 107 77.60 453 684 368 11202 3.7 8.5 <5 43 34 182 <2.5 <2.5 <5 
6/4/2007 48100 7.8 2188 2156 32 3.0 358 8.26 502 713 312 10660 1051 < 1.0 
7/5/2007 47100 7.6 2135 2061 74 1.2 176 6.90 2096 1280 178 1624 1042 <0.5 
8/13/2007 49800 8.0 2310 2296 14 2.1 233 142.37 543 806 360 22355 11.3 
9/4/2007 51700 7.2 2258 2240 18 2.2 207 80.11 612 862 385 13110 <4.5 
4/24/2008 2980 7.1 28 22.4 5.6 12.8 9.2 6.33 123 77.4 40.8 364 298 15.8 9.8 0.3 3.3 21.3 22.7 0.1 <0.1 <0.2 
5/13/2008 52400 6.7 1652 1646 6 9.7 205 83.96 634 898 372 14012 914 0.5 16.6 <5 34.8 4 351 <3 <3 <5 
6/12/2008 51300 7.2 2203 2019 184 9.0 93.9 71.90 599 822 365 11540 3.8 
7/14/2008 53900 6.6 2569 470 2099 8.5 87.8 78.50 641 875 389 13000 1430 < 0.2 12.4 < 2 38.2 80.8 56.3 < 1 < 1 < 2 
8/5/2008 55900 6.9 2622 2450 172 11.0 37.2 20.72 644 931 420 13510 1357 <0.2 14.2 <5 31.2 41.1 <10 <3 <3 <5 
9/4/2008 60700 6.8 2610 2052 558 11.9 287 81.15 691 959 475 14040 1698 0.3 22 < 5 40.5 40.7 99.4 < 3 < 3 < 5 
5/1/2009 54300 2.7 2205 2089 116 10.9 30.8 70.60 470 881 385 11230 1165 5.6 173 < 2 123 48.2 70.8 < 1 < 1 < 2 
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us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L  mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
6/1/2009 54300 2.6 2436 2335 101 13.8 28.9 74.60 532 973 415 12520 1215 5.6 114 <2 63.7 84.9 108 <1 <1 <2 
7/2/2009 57600 2.4 2240 2156 84 12.8 42.1 82.90 486 876 364 13220 1422 4.1 132 3.1 83.8 86.6 153 <0.05 <0.05 1.9 
8/4/2009 59100 2.7 2526 2525 12 15.2 60.6 84.60 397 783 378 12610 1492 6.8 97.8 <5 75.9 100 118 <3 <3 <5 
9/2/2009 58900 3.5 2598 2458 140 17.1 164 83.10 560 1051 442 14440 1571 8.8 52.2 <5 84.7 88.5 53.6 <3 <3 <5 
10/2/2009 62400 5.2 2414 2358 56 17.1 259 85.00 560 1029 411 14650 1619 6.8 <10 <10 99.8 82.4 <20 <5 <5 <10 
4/1/2010 60700 7.3 2638 2576 62 17.4 52.4 87.20 539 1003 436 14810 1521 <0.4 <50 <50 72 <40 49.7 <30 <30 <50 
5/3/2010 59400 7.9 2890 2654 236 12.6 211 63.80 493 890 388 10250 1405 14.1 
6/3/2010 58500 7.6 2971 2892 79 10.7 97.1 81.10 526 918 411 13290 1222 13.8 
7/2/2010 58900 7.5 2598 2688 <0.9 2.0 220 84.70 548 958 424 14180 1509 17.0 
8/4/2010 57200 7.3 2352 2237 115 6.1 182 67.60 293 535 242 8415 1539 < 0.2 
9/2/2010 59200 7.2 2744 2380 364 9.1 94.6 86.40 552 998 428 14700 1506 <5 
4/1/2011 53500 7.6 2626 2176 450 9.5 43.5 77.00 468 745 318 11510 1167 35347 <1 <1 <10 <10 11.5 <8 <20 10.7 <5 <5 <5 
5/4/2011 53600 7.7 2408 2201 207 7.9 93.7 63.90 354 580 166 8398 1221 32825 4.3 
6/1/2001 52000 8.3 2355 2215 140 7.5 169 72.40 379 655 10030 <2 <2 <10 <10 9.8 <8 <20 9.8 <5 <5 <10 
7/6/2011 53900 7.4 2069 1996 73 5.6 135 77.50 497 774 337 11850 1268 30302 <2 <2 
8/2/2011 54300 7.3 4732 2369 2363 6.8 102.3 67.20 391 589 255 9000 1068 21000 8.4 <2 
9/1/2011 56100 7.3 2274 2204 70 6.6 192 75.80 488 748 321 11410 924 22028 <2 <2 
10/11/2011 55900 8.2 2509 2332 177 6.3 160.0 77.3 515 783 409 11920 461 34960 <0.8 <1.2 
4/3/2012 54600 8.8 2520 2052 468 7 915.0 76.8 231 630 326 9930 1621 32933 7.3 <1.2 <5 <5 70.1 116 <10 7.3 <3 <3 <5 
5/1/2012 56500 7.7 2696 2414 282 6 82.1 75.6 513 775 383 11610 1625 35574 <0.8 <1.2 
6/7/2012 58900 7.7 2492 2467 25 5.3 121.0 57.4 374 473 207 7073 1090 17971 11.5 <2.4 
7/3/2012 57400 7.6 2470 2422 48 5.6 270.0 73.2 516 652 382 10600 1905 38375 <2 <2 
8/3/2012 59200 7.4 2593 2590 3 7.8 216.0 81.2 643 919 422 13690 1984 47444 <2 <2 
9/6/2012 62000 7.1 2478 2523 <0.9 6.7 233.0 89.3 666 1087 440 16060 2084 52053 <1 <1 
10/1/2012 63900 7.3 2584 2447 137 7.9 207.0 89.6 690 1058 473 16040 1675 48167 <1 <1 
4/11/2013 60400 7.8 2601 2576 25 8.1 117.0 95.8 633 977 16470 <1.6 <1.6 12.4 <3 297 34.2 4543 <1.5 <2.5 8.6 
5/1/2013 60200 7.8 2582 2587 <0.9 8.8 200.0 81 615 892 388 13430 2070 47995 <0.8 <1.2 
6/1/2013 61100 8.2 2741 2660 81 8.1 113.0 82.65 620 878 390 13640 1793 47101 <0.8 <1.2 
7/2/2013 58900 7.9 2652 2626 26 9.5 129.0 84.06 753 1160 475 15775 1820 49716 <0.3 <0.5 
8/1/2013 57200 7.8 2517 2495 22 10 306.0 87.81 646 979 419 15150 1566 43807 <3.5 <4.0 
9/4/2013 61900 7.8 2722 2461 261 11.4 129.0 91.39 663 990 416 15890 1605 48872 <1.2 <1.2 
10/1/2013 63600 7.7 2705 2688 17 12 160.0 95.79 707 1133 445 17640 1623 48870 8.6 <2.4 11.3 <5 35.9 70.2 53.1 24.7 <2.5 <2.5 <5 
4/6/2014 56800 64221 8.0 2464 2397 67 10.1 62.3 88.71 555 940 385 14770 1505 45161 <1 <1 
5/1/2014 56800 67464 7.9 2072 1935 137 10.5 55.1 87.87 591 932 406 14710 1620 48317 <0.8 <1.2 10.9 <5 25 124 131 19.5 <2.5 <2.5 6.2 
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us/cm mg/L mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/L  mg/L mg/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
6/2/2014 57200 65869 7.8 2148 2024 124 8.5 96.5 87.57 570 910 377 14460 1672 47083 <0.2 1.0 
7/3/2014 56200 63227 7.7 1963 1929 34 11.9 88.7 88.16 563 939 392 14700 1587 44461 <4 6.0 
8/6/2014 60000 55945 7.7 2528 2458 70 12 79.4 82.68 570 864 418 13400 1345 38736 <2 <2 
9/4/2014 21500 18599 7.7 692 697 <0.9 15.3 12.4 41.22 271 353 125 4370 708 12574 4.8 <0.2 
9/19/2014 62300 70196 7.7 2724 2725 <0.9 14.8 39.9 93.23 669 1033 443 16480 1606 49269 <2 <2 
10/2/2014 62900 71294 7.7 2638 2576 62 15.4 92.82 649 1023 431 16280 1775 50448 <0.8 <1.2 
4/21/2015 63700 72655 7.8 2621 2646 <0.9 14.1 222.0 97.85 705 1155 474 18140 1698 49850 2.3 <0.4 35 <2 29.3 117 92 16.2 <1 2.1 2.8 
5/7/2015 65600 62956 7.8 2750 2663 87 14 296.0 91.21 701 1284 534 17570 1751 40530 2.9 <1.2 39.8 1.5 32.1 114 102 18 <0.5 <0.5 1.3 
6/4/2015 66700 84088 7.9 2856 2915 <0.9 13.9 201.0 100.75 745 1219 510 19190 2034 59709 <1.2 <1.2 
7/9/2015 70800 89335 7.6 2948 2890 58 15.9 315.0 113.72 895 1510 562 24010 2011 59918 <0.9 <0.9 
8/6/2015 72300 87386 7.9 2884 2817 67 18.3 385.0 113.4 805 1408 546 23010 1926 59436 <2 <2 
9/2/2015 71300 92104 7.3 3144 2940 204 18.9 247.0 114.27 888 1454 583 23770 2061 63104 <2 <2 
10/5/2015 69100 82520 7.6 2736 2719 17 19.3 453 110.60 814 1399 561 22420 2274 63893 4.7 <2 
4/4/2016 65200 76560 7.5 3074 2610 464 3.8 194 108.3 617 1054 762 19080 2152 52360 <0.01 <0.005 18.2 1.07 28.6 16 331 9 0.11 <0.1 1.04 
5/2/2016 67700 108800 7.6 3323 3407 <2 4.1 289 105.6 646 1350 743 20560 2258 82700 <0.01 <0.005 24.4 <1.0 33.8 11.1 248 10.6 0.09 <0.1 <1.5 
6/6/2016 70500 102500 7.5 3485 3059 426 4.1 606 111.3 761 1561 766 23350 2437 73250 <0.01 <0.005 
7/4/2016 70900 97170 7.4 3447 3086 361 4.2 199 120.1 673 1410 793 23890 2324 67790 <0.01 <0.005 
8/4/2016 65400 87630 7.5 2983 3053 <2 4.7 188 122.6 613 1094 729 21890 2166 60770 <0.01 <0.005 
9/6/2016 67000 93170 7.3 3214 3187 27 5.2 209 106.9 941 1529 750 22850 2132 64650 <0.01 <0.005 
10/3/2016 67700 82610 7.5 3469 3163 306 5.1 183 115 658 1376 749 22590 2383 64490 <0.01 <0.015 
5/3/2017 54600 64650 7.9 2629 2455 174 3.337 145 87.95 493.7 1166 574 15700 1788 44330 1.733 <0.005 20.7 <1.0 27.1 36.9 192 12.7 0.23 <0.1 <1.5 
6/5/2017 56400 70300 7.8 2415 2468 <2 3.279 165 109.5 498.8 925 581.6 17890 1901 48100 1.49 <0.005 
7/10/2017 57600 72450 7.8 2491 2056 435 3.258 104 114.6 509.9 936 627 18860 1768 48940 <0.01 <0.005 
8/10/2017 18000 16020 7.7 567 556.1 10 3.3 9 38.26 179.4 292 159 3571 624 10970 4.7 <0.005 
9/11/2017 63700 80780 7.7 2460 2209 251 0.04 10 124.8 544.9 997 652.6 21200 1898 54590 <0.01 <0.005 
10/3/2017 62400 76860 7.6 3335 2855 480 4.03 137 80.98 453.6 1171 352.2 14360 1914 57830 <0.01 <0.005 
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Evaporation Pond pH (1998-2017) 
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Evaporation Pond Sodium Adsorption Ratio (1998-2017) 
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Evaporation Pond Calcium (1998-2017) 
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Evaporation Pond Potassium (1998-2017) 
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us/cm mg/l mg/l mg/l mg/l us/cm mg/l mg/l mg/l mg/l us/cm mg/l mg/l mg/l mg/l 
5/4/1998 8.4 1590 7 0.05 0.22 2.3 8.3 1750 10 64.8 <0.05 <0.2 
6/1/1998 8.0 431 2 0.05 0.05 1.2 8.1 602 <2 12.1 <0.05 1 
7/6/1998 8.0 584 2 0.05 0.05 0.7 8.0 736 2 2.77 0.09 1.6 
8/13/1998 9.1 334 3 0.05 0.01 0.4 9.0 344 <2 0.09 0.02 0.4 
9/29/1998 8.0 375 2 0.05 0.08 0.2 8.0 385 <2 0.14 <0.05 <0.02 
5/17/1999 8.3 2020 16 0.05 0.26 2.0 8.1 2480 3 67.9 4.82 3.2 
7/14/1999 7.1 407 2 0.05 0.05 0.6 7.5 522 2 4.45 0.13 1.4 
9/10/1999 6.9 384 7 0.05 0.05 0.5 7.1 421 <2 0.92 <0.05 0.8 
5/29/2000 8.3 426 3 0.05 0.05 0.2 8.6 489 <3 0.73 <0.05 0.5 
7/18/2000 7.1 268 3 0.87 0.05 0.6 6.8 289 <3 0.21 <0.05 0.5 
9/22/2000 7.0 326 5 0.05 0.05 0.2 7.7 594 7 24.3 1.81 1.1 
6/8/2001 8.8 854 3 0.05 0.05 1.6 8.0 1480 3 54.2 2.88 5.1 
7/20/2001 7.8 291 3 0.05 0.05 0.6 7.7 297 <3 0.23 <0.05 0.7 
9/27/2001 7.5 339 3 0.44 0.05 0.5 7.9 379 <3 <0.05 <0.05 <0.2 
5/29/2002 8.4 727 3 0.05 0.05 0.4 8.6 995 20.3 <0.05 0.6 
7/16/2002 7.9 260 3 0.05 0.06 1.8 7.4 297 1.7 0.17 1.6 
9/13/2002 7.9 330 3 0.05 0.09 1.5 7.6 379 3.99 0.1 0.3 
5/23/2003 8.2 726 4 0.05 0.05 0.6 8.3 1030 10 20.8 0.06 1.3 
7/18/2003 8.1 301 3 0.05 0.05 0.2 8.1 322 <3 0.2 <0.05 <0.2 
9/12/2003 8.1 313 21 0.05 0.05 0.4 8.1 367 <3 2.18 <0.05 0.4 
5/28/2004 6.7 566 3 0.05 0.05 0.4 7.1 779 <3 12.8 0.06 0.6 
7/30/2004 7.0 305 3 0.05 0.05 0.2 7.3 346 20 0.69 0.1 0.5 
9/30/2004 8.0 367 3 0.2 0.07 0.2 7.8 371 <3 1.02 0.08 0.3 
5/27/2005 7.2 466 3 0.05 0.05 0.3 7.8 569 6 2.93 <0.05 0.7 
7/22/2005 7.7 409 10 0.05 0.05 0.5 7.9 651 28 
9/23/2005 8.1 753 3 0.05 0.05 0.5 8.1 899 <3 5.37 0.26 1.2 
5/24/2006 8.3 889 3 0.05 0.05 0.5 8.4 2300 11 3.27 0.13 3.1 
7/26/2006 8.3 1330 27 0.05 0.05 1.7 8.4 985 <3 2.15 <0.05 1.2 
9/15/2006 8.2 431 3 0.05 0.05 0.3 8.1 603 9 8.79 2.86 3.7 
5/23/2007 8.3 3530 6 0.05 0.06 2.7 8.1 2950 4 66.7 5.78 5.8 
7/18/2007 8.3 556 3 0.05 0.05 0.5 8.0 638 4 <0.05 <0.05 0.8 
9/12/2007 8.3 2180 132 0.07 0.05 3.2 8.1 791 86 8.25 0.63 2.8 
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us/cm mg/l mg/l mg/l mg/l us/cm mg/l mg/l mg/l mg/l us/cm mg/l mg/l mg/l mg/l 
5/29/2008 8.3 3370 19 0.05 0.05 3.8 8.4 3260 17 24.9 0.38 5.3 
7/23/2008 8.2 442 3 0.05 0.05 0.6 8.0 1080 3 2.28 11.7 11.5 
9/18/2008 8.4 416 11 0.05 0.05 0.3 8.4 436 5 0.13 <0.05 0.4 
10/24/2008 8.3 686 18 0.05 0.05 1.7 8.3 784 36 0.12 0.58 2.2 
5/14/2009 8.3 900 <3 <0.05 0.067 0.77 8.2 1060 <3.0 6.89 2.21 4.02 8.3 1110 <3 8.14 0.78 1.89 
7/17/2009 8.5 299 7 <0.05 <0.05 0.41 8.2 458 7 4.54 0.093 0.82 8.4 485 11 2.82 0.076 0.83 
9/17/2009 8.3 398 3 <0.05 <0.05 0.49 8.29 474 5 0.269 <0.050 0.6 8.3 532 4 0.38 <0.05 0.8 
5/19/2010 8.3 1600 20 2.56 2.43 2.96 8.26 1640 12 7.24 1.52 2.86 8.3 1670 12 7.22 0.278 2.26 
7/14/2010 7.9 442 8 <0.050 <0.050 0.63 8.1 540 15 2.85 0.334 1.02 7.9 523 12 2.43 0.309 0.89 
9/16/2010 8.1 422 6 <0.050 <0.050 0.62 8.13 449 42 1.39 0.442 2 8.1 440 6 0.708 0.123 0.83 
5/18/2011 8.2 1170 4 <0.050 <0.050 0.93 8.16 1910 10 27.7 4.29 6.62 8.2 1850 224 13.4 0.22 4.59 
7/21/2011 8.2 1250 4.8 0.1 0.0385 1.55 8.22 1330 <3.0 1.19 1.19 2.79 8.2 1250 <3.0 1.14 0.211 1.89 
9/15/2011 8.1 438 <3.0 0.058 0.0124 0.39 8.17 463 <3.0 0.942 0.209 0.677 8.2 468 3 1.59 0.124 0.556 
5/17/2012 8.1 1680 7 <0.25 <0.050 1.21 8.19 2670 38 23.8 2.08 5.13 8.1 2790 43 27.8 0.25 2.8 
7/19/2012 8.1 357 <4 1.08 <0.050 0.28 7.97 427 5.9 0.476 0.088 0.52 8.0 439 13.3 0.447 <0.050 0.51 
9/13/2012 8.2 374.0 25.0 0.2 <0.050 0.5 8.2 425.0 8.0 2.9 0.3 0.6 8.1 417.0 <4.0 2.39 0.375 0.65 
5/16/2013 8.2 622.0 7.0 <0.050 <0.050 0.7 8.1 771.0 <4 13.3 0.7 1.7 8.2 686.0 12.0 3.96 0.077 1.09 
7/19/2013 8.3 533.0 <4.0 7.4 0.054 0.5 8.1 1100.0 4.0 6.2 0.6 1.7 8.2 823.0 15.0 8.46 <0.050 0.94 
9/12/2013 8.1 418.0 <4.0 <0.050 <0.050 0.2 8.0 449.0 <4.0 2.2 3.6 4.4 8.0 450.0 <4.0 1.69 <0.050 0.26 
5/14/2014 8.3 2460.0 4.4 0.1 0.061 1.4 8.2 2070.0 8.2 31.4 4.8 6.3 8.1 2080.0 9.9 32.5 0.397 2.05 
7/16/2014 8.2 345.0 <3 <0.05 <0.05 0.4 8.2 380.0 <3 1.5 0.4 1.0 8.2 375.0 <3 1.02 <0.05 0.62 
9/16/2014 8.2 434.0 <3 <0.050 <0.050 <0.2 8.1 456.0 <3 3.0 0.3 0.4 8.1 455.0 3.6 3.29 0.254 <0.20 
5/12/2015 8.4 697.0 15.3 <0.020 <0.050 0.7 8.4 799.0 <3.0 2.3 0.3 1.7 8.4 745.0 <3.0 2.53 0.093 1.15 
7/15/2015 8.2 736.0 26.0 <0.020 <0.050 1.5 8.1 621.0 <3.0 4.9 1.9 2.6 8.1 650.0 <3.0 4.94 0.95 1.79 
9/16/2015 8.0 1170.0 15.3 <0.10 0.155 1.4 7.7 1340.0 <3.0 7.2 0.5 2.8 7.7 1310.0 <3.0 6.93 0.152 1.98 
5/13/2016 8.3 631.0 31.3 <0.020 <0.050 1.2 7.9 803.0 <3 10.1 1.4 2.5 8.2 946.0 6.7 17.9 2.77 4.5 
7/16/2016 8.2 898.0 22.3 9.5 0.22 5.3 8.1 821.0 <3 24.7 5.0 6.2 8.1 1000.0 290.0 34.8 1.09 2.3 
9/14/2016 8.2 605.0 9.3 <0.020 <0.050 0.9 8.0 1230.0 <3 2.1 0.3 1.3 8.1 1220.0 <3.0 1.56 <0.050 0.85 
5/12/2017 8.2 1110.0 4.3 0.3 0.089 1.1 8.2 3660.0 10.5 30.8 7.2 10.8 8.2 3730.0 5.0 50 0.174 3.7 
7/14/2017 8.0 662.0 225.0 <0.020 <0.050 0.7 8.2 530.0 <3 1.1 0.3 1.0 8.2 676.0 3.0 11.8 0.102 0.87 
9/11/2017 6.8 407.0 <3 <0.020 <0.050 <0.2 8.2 408.0 <3.0 0.1 0.1 0.2 8.1 449.0 4.0 4.26 0.156 0.48 
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Page 1 of 29

WC PIN CLASS MGMT Receiver Recycling
Method Receiver Disposal Method

Wax/urea (solid) 147 UN3077 9 R10-R5-D5 97810 Kg N/A N/A N/A Clean Harbors D5
Secure Landfill

Rail Road Ties N/R N/R N/R D1-D5 29000 Kg N/A N/A N/A Clean Harbors D5
Secure Landfill

Catalyst Mixed
(Copper/Zinc) 153 UN3077 9 R8-D5 204910 Kg N/A N/A N/A Clean Harbors

Custom Env
D5

Secure Landfill

Carbon without leachable 
toxics 271 N/R N/R R1-R7-D1-D5-D10 78280 Kg N/A N/A N/A Clean Harbors

Custom Env
D5

Secure Landfill

Silt from Cooling Tower 
(Chromium/
Arsenic)

276 UN3077 9 D9-D3-D5 33730 Kg N/A N/A N/A Clean Harbors D5
Secure Landfill

Sand/Resin/Catalyst 150 N/R N/R D1-D5 183620 Kg N/A N/A N/A Clean Harbors D5
Secure Landfill

Used oil 252 UN3082 9 R1-R9 29067 L N/A N/A N/A
NewAlta
E.I.L Env

Custom Env

D13
Blending/Mixing prior 

to disposal

Used Oil with PCB's 243 UN2315 9.1 D9-D10.2 6184 L N/A N/A N/A NewAlta D10.2
Incineration

Petroleum Solvent 
(Brakleen) 241 UN1993 3 R1-R2-D10.2 1500 L N/A N/A E.I.L. Env R1

Fuel Blend N/A

Oily Rags 274 N/R N/R R1-R3-R9-D5 2910 Kg N/A N/A Custom Env R1
Fuel Blend N/A

Grease 263 N/R N/R R1-R9 700 Kg N/A N/A Custom Env R1
Fuel Blend N/A

Oil Filters/Oily &
Greasy Rags 274 N/R N/R R1-R3-R9-D5 2800 Kg N/A N/A Custom Env R1

Fuel Blend N/A

12V Wet Batteries 151 UN2794 8 R4-D9-D5 415 Kg N/A N/A Custom Env
R4

Recycling of Metal 
Compounds

N/A

Gasoline 221 UN1203 3 R1-R3-D10.1 35 Kg N/A N/A N/A Custom Env
D13

Blending/Mixing prior 
to disposal

Paint 223 UN1263 3 R2-R3-D9-D10.1-D1-D5 5 Kg N/A N/A Custom Env R1
Fuel Blend N/A

WASTE NAME

Hazardous Non-Haz.

DISPOSED

On-site
Off-site

QUANTITY GENERATED
(Kg or L) STORED

Table 8-1

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

2008
UNIFORM WASTE CODE

On-site
Off-site

RECYCLED
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WC PIN CLASS MGMT Receiver Recycling
Method Receiver Disposal Method

WASTE NAME

Hazardous Non-Haz.

DISPOSED

On-site
Off-site

QUANTITY GENERATED
(Kg or L) STORED

Table 8-1

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

2008
UNIFORM WASTE CODE

On-site
Off-site

RECYCLED

Contaminated Soil
(Sodium Hydroxide) N/R UN3244 8 D5-D10.1 300 Kg N/A N/A N/A Custom Env D5

Secure Landfill

Oil/MDEA/Water 254 UN3082 9 R1-R9-D3 860 Kg N/A N/A N/A Custom Env
D13

Blending/Mixing prior 
to disposal

Grease/Rags 274 N/R N/R R1-R9-D5 3100 Kg N/A N/A Custom Env R1
Fuel Blend N/A

Gas/Diesel 221 UN1993 9 R1-R3-D10.1 410 Kg N/A N/A N/A Custom Env
D13

Blending/Mixing prior 
to disposal

Diesel/Rags 274 UN3175 4.1 R1-R9-D5 150 Kg N/A N/A Custom Env R1
Fuel Blend N/A

Fuel Filter 252 UN3175 4.1 R1-R9 10 Kg N/A N/A Custom Env R1
Fuel Blend N/A

Solvent/Grease 263 UN1993 3 R1-R9-R4 5 Kg N/A N/A N/A Custom Env
D13

Blending/Mixing prior 
to disposal

Soil/Urea 147 N/R N/R R10-D1-D5 400 Kg N/A N/A N/A Custom Env D5
Secure Landfill

Quadrol/Soil N/R UN1759 8 D1-D5 350 Kg N/A N/A Custom Env R1
Fuel Blend N/A Custom Env

D13
Blending/Mixing prior 

to disposal

Fire Fighting Foam N/R N/R N/R N/R 200 Kg N/A N/A N/A Custom Env D10
Incineration

Polyfloc AE115 N/R UN1993 3 R2-D1-D10-D5 50 Kg N/A N/A N/A Custom Env D5
Secure Landfill

Sulphuric Acid/Debris
(PPE/Hoses) N/R UN1759 8 D1-D5 125 Kg N/A N/A N/A Custom Env

D9
Physico-Chemical

Treatment

MDEA/OIL N/R UN3082 8(3) D3-D5 Quantity kg Kg N/A N/A N/A Custom Env
D13

Blending/Mixing prior 
to disposal

Hydrated Lime 122 UN1759 8 D1-D4-R7-R10 600 Kg N/A N/A N/A Custom Env D5
Secure Landfill
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WC PIN CLASS MGMT Receiver Recycling
Method Receiver Disposal Method

WASTE NAME

Hazardous Non-Haz.

DISPOSED

On-site
Off-site

QUANTITY GENERATED
(Kg or L) STORED

Table 8-1

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

2008
UNIFORM WASTE CODE

On-site
Off-site

RECYCLED

Solvent/Fuel 221 UN1993 3 R1-R3-D10.1 390 Kg N/A N/A N/A Custom Env
D13

Blending/Mixing prior 
to disposal

MDEA 268 UN2734 8(3) D3-D5 0 Kg N/A N/A N/A Custom Env
D13

Blending/Mixing prior 
to disposal

MDEA/RAGS 274 UN3077 8(3) D5 0 Kg N/A N/A N/A Custom Env
D13

Blending/Mixing prior 
to disposal

Wax 263 N/R N/R R1-D1-D5 2100 Kg N/A N/A N/A Custom Env D5
Secure Landfill

Fluorescent Bulbs 153 N/R N/R R4-D9-D1 280 Kg N/A N/A Custom Env
R4

Recycling of Metal 
Compounds

N/A

Ethylene Glycol 273 UN3082 9 R3-D3 10 Kg N/A N/A N/A Custom Env
D13

Blending/Mixing prior 
to disposal

Soil N/R N/R N/R N/R 20 Kg N/A N/A N/A Custom Env D5
Secure Landfill

Empty Pails N/R N/R N/R N/R 3 Kg N/A N/A Custom Env
R4

Recycling of Metal 
Compounds

N/A Custom Env D1
Landfill

Soil/Hydrocarbons/
oil filters/grease 274 UN3077 9 R3-D1-D5-D9-

D10.1 2800 Kg N/A N/A N/A Custom Env D5
Secure Landfill

Petroleum Solvent 
(Brakleen) 241 UN1993 3 R1-R2-D10.2 800 Kg N/A N/A N/A Custom Env

D13
Blending/Mixing prior 

to disposal

Glycol/Oil 252 UN3082 9 R1-R9-R3-D3 200 Kg N/A N/A N/A Custom Env
D13

Blending/Mixing prior 
to disposal

Non-Regulated Solids N/R N/R N/R N/R 1040 Kg N/A N/A N/A Custom Env D5
Secure Landfill
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WC PIN CLASS MGMT Receiver Recycling
Method Receiver Disposal Method

WASTE NAME

Hazardous Non-Haz.

DISPOSED

On-site
Off-site

QUANTITY GENERATED
(Kg or L) STORED

Table 8-1

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

2008
UNIFORM WASTE CODE

On-site
Off-site

RECYCLED

Batteries- Dry 151 UN3028 8 R4-D1 50 Kg N/A N/A N/A Custom Env D5
Secure Landfill

Fluorescent Light ballasts 
Containing PCB's 243 UN2315 9.1 D10.2 110 Kg N/A N/A N/A Custom Env D10

Incineration

Catalyst Support Balls NR NR NR D1-D5 7620 Kg N/A N/A N/A Custom Env D5
Secure Landfill

Glycol 273 UN3082 9 R3-D3 3600 Kg N/A N/A N/A Custom Env D3
Deep Injection

Quadrol N/R UN1760 8 D1-D5 3500 Kg N/A N/A N/A Custom Env
D13

Blending/Mixing prior 
to disposal

MDEA Filters N/R UN3077 8(3) D5 100 Kg N/A N/A Custom Env R1
Fuel Blend N/A

Secondary Reformer 
Catalyst                         
(C-14-4GG/C14-2-01)

153 UN3077 9 R8-D5 200 Kg N/A N/A Custom Env R1
Fuel Blend N/A

Nalclear R 8184 263 N/R N/R D1-D9-D10 20 Kg N/A N/A Custom Env R1
Fuel Blend N/A

Empty Tote 152 N/R N/R D1-R4 300 Kg N/A N/A N/A Custom Env D1
Landfill

Empty Drum 152 N/R N/R D1-R4 395 Kg N/A N/A N/A Custom Env D1
Landfill

Empty Pail 152 N/R N/R D1-R4 2 Kg N/A N/A N/A Custom Env D1
Landfill

Absorbent pads
with Lime and Water 274 UN3244 8 D1-D4-R7-R10 140 Kg N/A N/A N/A Custom Env

D9
Physico-Chemical

Treatment

Silica 150 N/R N/R R5-D1 10 Kg N/A N/A N/A Custom Env D5
Secure Landfill

Non-Regulated Solid Lab 
Pack N/R N/R N/R D1 1 Kg N/A N/A N/A Custom Env D5

Secure Landfill
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WC PIN CLASS MGMT Receiver Recycling
Method Receiver Disposal Method

WASTE NAME

Hazardous Non-Haz.

DISPOSED

On-site
Off-site

QUANTITY GENERATED
(Kg or L) STORED

Table 8-1

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

2008
UNIFORM WASTE CODE

On-site
Off-site

RECYCLED

Pigment/Wax/
Castrol Oil N/R N/R N/R R1-R9 3500 Kg N/A N/A Custom Env R1

Fuel Blend N/A

Methanol 212 UN1230 3 R2-D10.1 200 Kg N/A N/A N/A Custom Env
D13

Blending/Mixing prior 
to disposal

Catalyst (unknown) N/R UN3077 9 D1-D5 200 Kg N/A N/A Custom Env R1
Fuel Blend N/A

Aerosol Cans 145 UN1950 2.1 D9-R4-D1-
D5-D10 80 Kg N/A N/A Custom Env R1

Fuel Blend N/A

Varsol/Pigment 223 UN1263 3 R2-R3-D9-D10-
D1-D5 25 Kg N/A N/A Custom Env R1

Fuel Blend N/A

Paint Related
Material 223 UN1263 3 R2-R3-D9-D10-

D1-D5 10 Kg N/A N/A Custom Env R1
Fuel Blend N/A

Soil with
Hydrocarbons 274 N/R N/R R3-D1-D5-

D9-D10.1 65560 Kg N/A N/A N/A Custom Env D1
Landfill

Lime 122 N/R N/R R7-R10-D1-
D5 1548920 Kg N/A N/A Lafarge

R6
Regeneration of 
Acid or Bases

N/A

Domestic Waste N/R N/R N/R D1 389660 Kg N/A N/A N/A Waste Mgment D1
Landfill

RCF Waste N/R N/R N/R D1 29030 Kg N/A N/A N/A Waste Mgment D5
Secure Landfill

Waste Asphalt N/A N/R N/R D1 881.48 Kg N/A N/A N/A City Wide
Excavating

D1
Landfill

Waste Concrete N/A N/R N/R D1 128.95 Kg N/A N/A N/A City Wide
Excavating

D1
Landfill

Empty Kegs 152 N/R N/R D1-R4 200 Kg N/A N/A N/A Custom Env D1
Landfill

Total1 2193424 Kg 546189 Kg

1Totals are calculated in kg estimating 1L = 1Kg for liquid wastes
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WC PIN CLASS MGMT Receiver Recycling
Method Receiver Disposal 

Method

Wax and Urea 147 UN3077 9 R10-R5-D5 106210 Kg N/A No N/A N/A No Clean Harbors D5

Urea and Debris 147 UN3077 9 R10-R5-D5 2920 Kg N/A No N/A N/A No Clean Harbors D5

Used Oil 252 UN3082 9 R1-R9 17500 L N/A No E.I.L
Enviro West R1 No N/A N/A

Rail Road Ties N/R N/R N/R N/R 6530 Kg N/A No N/A N/A No Clean Harbors D5

Construction Debris N/R N/R N/R N/R 8080 Kg N/A No N/A N/A No Clean Harbors D5

Carbon/Gravel/Resin N/R N/R N/R N/R 6680 Kg N/A No N/A N/A No Clean Harbors D5

Oily Rags 252 UN3077 9 R1-R9 2950 Kg N/A No Custom Env R1 No N/A N/A

Lime 122 UN1759 8 D1-R5-R7-R10 4201600 Kg N/A No Lafarge R5 No N/A N/A

Soil with  trace hydrocarbons 
(Diesel) 274 N/R N/R R3-D1-D5-D9-D10.1 869250 Kg N/A No N/A N/A No BFI D1

Domestic Waste N/R N/R N/R D1 221440 Kg N/A No N/A N/A No Waste 
Mangement D1

Spent Catalyst (Iron and Copper) N/R N/R N/R R4 59420 Kg N/A No Amlon 
Resources R4 No N/A N/A

Optisperse 121 UN1824 8 D9-D3 500 L N/A No N/A N/A No Custom Env D9

Batteries, wet filled with acid 151 UN2794 8 R4-D9-D5 232 Kg N/A No Custom Env R4 No N/A N/A

Wax N/R N/R N/R D5 4570 Kg N/A No N/A N/A No Custom Env D5

MDEA Filters 256 UN3259 8 D9-D5-D10.1-D13 850 Kg N/A No N/A N/A No Custom Env D13

Oil/Grease/Water 252 UN3082 9 R1-R9-D13 300 Kg N/A No N/A N/A No Custom Env D13

Glycol 273 UN3082 9 R3-D13-D3 4 L N/A No N/A N/A No Custom Env D13

Silca 150 N/R N/R R5-D1-D5 2760 Kg N/A No N/A N/A No Custom Env D1

Flourescent Tubes 153 N/R N/R R4-D9-D1 553.75 Kg N/A No Custom Env R4 No N/A N/A

WASTE NAME

Hazardous Non-Haz.

Off-site
QUANTITY GENERATED

(Kg or L) STORED
UNIFORM WASTE CODE

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Table 8-2
2009

On-site

RECYCLED DISPOSED

On-site
Off-site
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WC PIN CLASS MGMT Receiver Recycling
Method Receiver Disposal 

Method

WASTE NAME

Hazardous Non-Haz.

Off-site
QUANTITY GENERATED

(Kg or L) STORED
UNIFORM WASTE CODE

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Table 8-2
2009

On-site

RECYCLED DISPOSED

On-site
Off-site

Metal Halide Bulbs 153 N/R N/R R4-D9-D1 7 Kg N/A No Custom Env R4 No N/A N/A

Pluracol and Quadrol 273 UN3082 9 R3-D3-D5 500 Kg N/A No N/A N/A No Custom Env D1

Batteries - Dry Cell 151 UN3028 8 R4-D1-D5 131 Kg N/A No Custom Env R1 No N/A N/A

Isopropyl 212 UN1993 3 R2-D10.1-D3-D9 30 Kg N/A No N/A N/A No Custom Env D10.1

Aersol Can 145 UN1950 2.1 D9-R4-D1-D5-D10 80 Kg N/A No Custom Env R1 No N/A N/A

Methanol 212 UN1230 3(6.1) R2-D10.1-D3-D9-D13 257 L N/A No N/A N/A No Custom Env D13

Paint Related Materials 223 UN1263 3 R2-R3-R1-D9-D10-D1-D5 130 Kg N/A No Custom Env R1 No N/A N/A

Diesel and Soil 273 UN3175 4.1 R3-D1-D5-D9-D10.1 1400 Kg N/A No N/A N/A No Custom Env D5

Absorbent Pads/Oil/Dirt N/R N/R 9 D5 40 Kg N/A No N/A N/A No Custom Env D5

Grease 263 N/R N/R R1-R9 900 Kg N/A No Custom Env R1 No N/A N/A

Weather King 251 UN1999 3 R1-R3-D2-D9-D10.1 200 L N/A No Custom Env R1 No N/A N/A

Oil/Dirt 274 N/R N/R R3-D1-D5-D9-D10.1 40 Kg N/A No N/A N/A No Custom Env D5

PCB Ballasts 243 UN2315 9 D9-D10 700 Kg N/A No N/A N/A No Custom Env D10

Pigment 145 N/R N/R D1-D5 70 Kg N/A No N/A N/A No Custom Env D1

MDEA 268 UN3082 8(3) D3-D13 60 Kg N/A No N/A N/A No Custom Env D13

Used Hydrolic Oil 252 UN3082 9 R1-R9 600 Kg N/A No Custom Env R1 No N/A N/A

Small UV Lamp containing 
Mercury 153 UN2809 8 R4-D9-D1 2 Kg N/A No Custom Env R4 No N/A N/A

Formaldehyde Solution 122 UN1198 3(8) D9-D3 4 Kg N/A No Custom Env R1 No N/A N/A

Formaldehyde Soked Rags 122 UN3175 4.1 D9-D3 5 Kg N/A No Custom Env R1 No N/A N/A

Waste Flammable Liquids, NOS 263 UN1993 3 D10 32 Kg N/A No Custom Env R1 No N/A N/A

Waste Non Regulated Solids N/R N/R N/R N/R 35 Kg N/A No N/A N/A No Custom Env D5
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WC PIN CLASS MGMT Receiver Recycling
Method Receiver Disposal 

Method

WASTE NAME

Hazardous Non-Haz.

Off-site
QUANTITY GENERATED

(Kg or L) STORED
UNIFORM WASTE CODE

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Table 8-2
2009

On-site

RECYCLED DISPOSED

On-site
Off-site

Isopac and Dirt 114 UN3260 8 D9 1400 Kg N/A No N/A N/A No Custom Env D9

Lead Sheets N/R N/R N/R N/R 10 Kg N/A No N/A N/A No Custom Env D5

Triethanolamine 85% 268 UN2734 8(3) D3-D9 200 Kg N/A No N/A N/A No Custom Env D9

Tallow Amine 268 UN2735 8 D3-D9 340 Kg N/A No N/A N/A No Custom Env D9

Triethanolamine 99% 268 UN2734 8(3) D3-D9 200 Kg N/A No N/A N/A No Custom Env D9

Armeen 268 UN2734 8 D3-D9 80 Kg N/A No N/A N/A No Custom Env D9

Terate 258 222 UN3287 6.1 R3-D3-D8-D10 1000 Kg N/A No N/A N/A No Custom Env D10

Oil Filters/Rags 252 UN3077 9 R9 1000 Kg N/A No Custom Env R9 No N/A N/A

MDEA/Oil Rags 274 UN3077 9 R9 1445 Kg N/A No N/A N/A No Custom Env D5

Isocyanate 148 UN2206 6.1 D10 340 Kg N/A No N/A N/A No Custom Env D10

ESN/Hydraulic Oil N/R N/R N/R N/R 40 Kg N/A No Custom Env R9 No N/A N/A

Triethylene Glycol 273 UN3082 9 R3-D3 200 Kg N/A No Custom Env R1 No N/A N/A

Lab Waste 212 UN1993 3 D10 20 Kg N/A No N/A N/A No Custom Env D10

Urethane Gloss Enamel 223 UN1263 3 R2-R3-D9-D10-D1-D5 12 Kg N/A No Custom Env R1 No N/A N/A

Activated Carbon 261 N/R 9.3 R1-R3-D5-D9-D10 35 Kg N/A No N/A N/A No Custom Env D1

Spent Catalyst (Nickel) 153 UN2881 9.3 R8-D5 35 Kg N/A No N/A N/A No Custom Env D1

Ammonia 147 UN2672 8 R1-D1-D3-D5-D9 20 Kg N/A No N/A N/A No Custom Env D9

Soil and Hydrocarbons 274 N/R N/R R3-D1-D5-D9-D10.1 40 Kg N/A No N/A N/A No Custom Env D5

Hydrofluoric Acid 111 UN1790 8 D9-R7 6 L N/A No N/A N/A No Custom Env D9

Waste Non-Regulated Liquids N/R N/R N/R N/R 8 Kg N/A No N/A N/A No Custom Env D1

Benzoyl Peroxide N/R UN3175 5.2 D13-D9 N/A No N/A N/A No Custom Env D9
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WC PIN CLASS MGMT Receiver Recycling
Method Receiver Disposal 

Method

WASTE NAME

Hazardous Non-Haz.

Off-site
QUANTITY GENERATED

(Kg or L) STORED
UNIFORM WASTE CODE

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Table 8-2
2009

On-site

RECYCLED DISPOSED

On-site
Off-site

Ethylene Dichloride N/R N/R N/R N/R 4 Kg N/A No Custom Env R1 No N/A N/A

Construction Debris N/R N/R N/R N/R 774000 Kg N/A No
Calgary 

Aggregate 
Recycling

R4 No
Calgary 

Aggregate 
Recycling

R4

Total1 4211675 Kg 2086333 Kg

1Totals are calculated in kg estimating 1L = 1Kg for liquid wastes
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WC PIN CLASS MGMT Receiver Recycling
Method Receiver Disposal 

Method

Wax and Urea 147 UN3077 9 R10-R5-D5 71,850 Kg N/A No N/A N/A No Clean Harbors D5

Used Oil 252 UN3082 9 R1-R9 9,365 L N/A No E.I.L
Enviro West R9 No N/A N/A

Catalyst Mixed - Copper 153 UN3077 9 R8-D5 14,220 Kg N/A No N/A N/A No Clean Harbors D5

Chemical Sewer Pipe NR NR NR D5 5,520 Kg N/A No N/A N/A No Clean Harbors D5

Rail Road Ties N/R N/R N/R D1-D5 15,470 Kg N/A No N/A N/A No Clean Harbors D5

Oily Rags 252 UN3077 9 R9-D5 2,270 Kg N/A No N/A N/A No Clean Harbors D5

Domestic Waste N/R N/R N/R D1 246,355 Kg N/A No N/A N/A No Waste Mangement D1

Domestic Recycling N/R N/R N/R R11 2,080 Kg N/A No Waste Mangement R11 No N/A N/A

Scrap Metal N/R N/R N/R R4 80,460 Kg N/A No Metal X R4 No N/A N/A

Wood NR NR NR R11 4,980 Kg N/A No Waste Mangement R11 No N/A N/A

Asbestos Materials 150 UN2212 NR D5 11,435 Kg N/A No N/A N/A No Waste Mangement D5

Lime 122 UN1759 8 D1-R5-R7-R10 5,324,510 Kg N/A No Lafarge R5 No N/A N/A

RCF Waste N/R N/R N/R D5 35,920 N/A No N/A N/A No Custom Env D5

Fluorescent Light Tubes 153 N/R N/R R4-D9-D1 150 Kg N/A No Custom Env R4 No N/A N/A

Metal Halide Bulbs 153 N/R N/R R4-D9-D1 1 Kg N/A No Custom Env R4 No N/A N/A

Empty Drums 152 N/R N/R D1-R4 136 Kg N/A No Custom Env R4 No N/A N/A

MDEA Rags 274 UN3077 8(3) D5 60 Kg N/A No N/A N/A No Custom Env D5

Soil and Diesel 274 UN3175 4.1 R1-R9-D5 20 Kg N/A No N/A N/A No Custom Env D5

Diesel 221 UN1202 3 R3-D10.1 150 L N/A No Custom Env R3 No N/A N/A

Wax N/R N/R N/R R1-D1-D5 30 Kg N/A No N/A N/A No Custom Env D5

Waste Oil with Ammonia 252 UN2672 8 R1-R9 2550 L N/A No Custom Env R1 No N/A N/A

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Table 8-3
2010

WASTE NAME
Hazardous Non-Haz.

DISPOSED

On-site
Off-site

QUANTITY GENERATED
(Kg or L)

STORED
UNIFORM WASTE CODE

On-site
Off-site

RECYCLED
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WC PIN CLASS MGMT Receiver Recycling
Method Receiver Disposal 

Method

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Table 8-3
2010

WASTE NAME
Hazardous Non-Haz.

DISPOSED

On-site
Off-site

QUANTITY GENERATED
(Kg or L)

STORED
UNIFORM WASTE CODE

On-site
Off-site

RECYCLED

Gasoline Rags 274 UN3178 4.1 R1 20 Kg N/A No Custom Env R1 No N/A N/A

Oil Rags with trace Urea 252 UN3077 9 R9-D5 20 Kg N/A No N/A N/A No Custom Env D5

Isocyanates 148 UN2206 6.1 (3.0) D10 80 L N/A No N/A N/A No Custom Env D10

Pigment N/R N/R N/R D1 70 L N/A No N/A N/A No Custom Env D1

Liquid Amines 268 UN2734 8(3) D9 20 L N/A No N/A N/A No Custom Env D9

Sodium Hydroxide 121 UN1824 8 D9-D3 40 L N/A No N/A N/A No Custom Env D9

Contact Cement Glue N/A UN1993 3 D5 2 Kg N/A No N/A N/A No Custom Env D5

Batteries 151 UN3028 8 R4-D1-D5 50 Kg N/A No N/A N/A No Custom Env D5

Aersols 145 UN1950 2.1 D9-R4-D1-D5-D10 100 Kg N/A No Custom Env R1 No N/A N/A

Waste Biocide Tote with 
trace solution 152 UN2920 8(3) D5-R5-D9 100 L N/A No N/A N/A No Custom Env D9

Waste Tar N/R N/R N/R N/R 10 L N/A No N/A N/A No Custom Env D1

Anitfreeze 273 UN3082 9 R3-D3 4 L N/A No N/A N/A No Custom Env D13

Waste Grease 263 N/R N/R R1-R9 350 Kg N/A No Custom Env R1 No N/A N/A

Powdered Graphite N/R N/R N/R N/R 50 Kg N/A No N/A N/A No Custom Env D1

Batteries Wet Filled with 
Acid 151 UN2794 8 R4-D9-D5 50 Kg N/A No Custom Env R4 No N/A N/A

MDEA 268 UN3082 8(3) D3 400 L N/A No N/A N/A No Custom Env D13

Paint Related Materials 223 UN1263 3 R2-R3-D9-D10-D1-
D5 100 L N/A No Custom Env R1 No N/A N/A

Diesel Soaked Rags 274 UN3175 4.1 R1-R9-D5 10 Kg N/A No N/A N/A No Custom Env D5

Castor Oil N/R N/R N/R N/R 10 L N/A No N/A N/A No Custom Env D1

Isocyanate and Debris 148 UN2206 6.1 (3.0) D10-D9 10 Kg N/A No N/A N/A No Custom Env D9

Toxic Leachate Solids N/R N/R N/R N/R 2300 Kg N/A No N/A N/A No Custom Env D5
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WC PIN CLASS MGMT Receiver Recycling
Method Receiver Disposal 

Method

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Table 8-3
2010

WASTE NAME
Hazardous Non-Haz.

DISPOSED

On-site
Off-site

QUANTITY GENERATED
(Kg or L)

STORED
UNIFORM WASTE CODE

On-site
Off-site

RECYCLED

Non Regulated Liquids N/R N/R N/R N/R 500 L N/A No N/A N/A No Custom Env D5

Total1 5,355,979 Kg 475,849 Kg

1Totals are calculated in kg estimating 1L = 1Kg for liquid wastes
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WC PIN CLASS MGMT Receiver Recycling
Method Receiver Disposal 

Method

Aersols 145 UN1950 2.1 D9-R4-D1-D5-D10 615 L N/A No N/A N/A No Clean Harbors D10

Amberjet Resin N/R N/R N/R N/R 2500 Kg N/A No N/A N/A No Clean Harbors N/A

Anitfreeze 273 UN3082 9 R3-D3 70 L N/A No N/A N/A No Clean Harbors D13

Batteries, dry cell 151 UN3028 8 R4-D1-D5 25 kg N/A No Clean Harbors R4 No N/A N/A

Batteries, dry cell 151 UN3028 8 R4-D1-D5 142 kg N/A No Clean Harbors R4 No N/A N/A

Batteries, lead acetate 151 UN2974 8 R4-D1-D5 150 kg N/A No Clean Harbors R4 No N/A N/A

Batteries, lead acetate 151 UN2800 8 R4-D1-D5 1125 kg N/A No Clean Harbors R4 No N/A N/A

Batteries Wet Filled with Acid 151 UN2794 8 R4-D9-D5 1275 Kg N/A No Clean Harbors R4 No N/A N/A

Corrosive Liquid, Acidic, 
Inorganic 148 UN3264 8 D10 41 L N/A No N/A N/A No Clean Harbors D10

Corrosive Solid, Basic, 
Organic 148 UN3263 8 D10 101 Kg N/A No Clean Harbors D10 No N/A N/A

Debris with trace caustic N/R N/R N/R N/R 200 kg N/A No N/A N/A No Clean Harbors N/A

Debris with trace 
formaldehyde N/R N/R N/R N/R 205 kg N/A No N/A N/A No Clean Harbors N/A

Debris/Plastic/Wood N/R N/R N/R D1 190 kg N/A No N/A N/A No Clean Harbors N/A

Domestic Recycling N/R N/R N/R R11 19,501 Kg N/A No Waste Mangement R11 No N/A N/A

Domestic Waste N/R N/R N/R D1 123,195 Kg N/A No N/A N/A No Waste Mangement D1

Empty Containers 152 N/R N/R D1-R4 770 Kg N/A No Clean Harbors R4 No N/A N/A

Fluorescent Light Tubes 153 N/R N/R R4-D9-D1 35 Kg N/A No Clean Harbors R4 No N/A N/A

Grease and Rags 274 N/R N/R D1 1,640 L N/A No Clean Harbors D1 No N/A N/A

Lime 122 UN1759 8 D1-R5-R7-R10 3,680,440 Kg N/A No Lafarge R5 No N/A N/A

Max Amine N/R N/R N/R N/R 205 L No Clean Harbors R1 No N/A N/A

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Table 8-4
2011

STORED

RECYCLED DISPOSED

On-site
Off-site

On-site
Off-site

Hazardous Non-Haz.

WASTE NAME
UNIFORM WASTE CODE QUANTITY GENERATED

(Kg or L)
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WC PIN CLASS MGMT Receiver Recycling
Method Receiver Disposal 

Method

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Table 8-4
2011

STORED

RECYCLED DISPOSED

On-site
Off-site

On-site
Off-site

Hazardous Non-Haz.

WASTE NAME
UNIFORM WASTE CODE QUANTITY GENERATED

(Kg or L)

MDEA 268 UN2735 8 D3-D10 615 L N/A No N/A N/A No Clean Harbors D13

MDEA Filters 275 N/R N/R D1 615 L N/A No N/A N/A No Clean Harbors D1

MDEA/Rags/Gravel 274 N/R N/R D1 615 L No N/A N/A No Clean Harbors D1

Mercury Compound, Liquid 148 UN 2024 6.1 D5 14 Kg N/A No N/A N/A No Clean Harbors D5

Metal Halide Bulbs 153 N/R N/R R4-D9-D1 170 Kg N/A No Clean Harbors R4 No N/A N/A

Offspec StaCool (Glycerine) N/R N/R N/R N/R 205 L N/A No N/A N/A No Clean Harbors D10

Oil Rags with trace Urea 252 UN3077 9 R9-D5 0 Kg N/A No N/A N/A No Clean Harbors D5

Oil/Water 252 N/R N/R R1-R9-D13 835 Kg N/A No Clean Harbors R9 No N/A N/A

Oily Rags 252 UN3077 9 R9-D5 3,400 Kg N/A No N/A N/A No Clean Harbors D5

Oxidizing Liquid 148 UN3139 5.1 D10 1 L N/A No N/A N/A No Clean Harbors D10

Paint Related Materials 223 UN1263 3 R2-R3-D9-D10-D1-
D5 205 L N/A No Clean Harbors R1 No N/A N/A

PCB Ballasts 243 UN2315 9 D9-D10 140 Kg N/A No N/A N/A No Clean Harbors D10

Pigment N/R N/R N/R D1 0 L N/A No N/A N/A No Clean Harbors D1

Polyfloc N/R UN1993 3 R2-D1-D10-D5 20 g N/A No N/A N/A No Clean Harbors N/A

Rail Road Ties N/R N/R N/R D1-D5 10,000 Kg N/A No N/A N/A No Clean Harbors D5

Scrap Metal N/R N/R N/R R4 98,780 Kg N/A No Metal X R4 No N/A N/A

Soil/Mercaptan N/R N/R N/R N/R 325 Kg N/A No N/A N/A No Clean Harbors N/A

Soil/Oil 274 N/R N/R R3-D1-D5-D9-
D10.1 5 L N/A No N/A N/A No Clean Harbors D5

StaCool (Glycerine) N/R N/R N/R N/R 615 L N/A No Clean Harbors R3 No N/A N/A

Superol V Glycerine N/R N/R N/R N/R 820 L N/A No N/A N/A No Clean Harbors D1

Toxic Liquid, Corrosive, 
Inorganic 148 UN3289 6.1(8) D10 2 L N/A No N/A N/A No Clean Harbors D10

Triethanolamine 275 N/R N/R R1 205 L N/A No Clean Harbors R1 No N/A N/A
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APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Table 8-4
2011

STORED

RECYCLED DISPOSED

On-site
Off-site

On-site
Off-site

Hazardous Non-Haz.

WASTE NAME
UNIFORM WASTE CODE QUANTITY GENERATED

(Kg or L)

Used Oil 252 UN3082 9 R1-R9 13,605 L N/A No E.I.L
Enviro West R9 No N/A N/A

Waste Amines, Liquid 
Corrosive 268 UN2735 8 D10 410 L N/A No N/A N/A No Clean Harbors D10

Waste Flammable Liquid 148 UN1993 3 R1 230 L N/A No Clean Harbors R1 No N/A N/A

Waste Flammable Liquid, 
Corrosive 151 UN2924 3(8) R1 205 L N/A No Clean Harbors R1 No N/A N/A

Waste Fuel 221 UN1202 3 R3-D10.1 5229 L N/A No Clean Harbors R3 No N/A N/A

Waste Grease 263 N/R N/R R1-R9 4110 L N/A No Clean Harbors R1 No N/A N/A

Waste Oil with Ammonia 252 UN2672 8 R1-R9 410 L N/A No Clean Harbors R1 No N/A N/A

Water/Oil/MDEA 268 UN2491 8 D10 410 L N/A No N/A N/A No Clean Harbors D10

Wax N/R N/R N/R R1-D1-D5 3820 Kg N/A No N/A N/A No Clean Harbors D5

Wax and Urea 147 UN3077 9 R10-R5-D5 90,630 Kg N/A No N/A N/A No Clean Harbors D5

Wood NR NR NR R11 59,625 Kg N/A No Waste Mangement R11 No N/A N/A

Total1 3695043 kg 433653 Kg

1Totals are calculated in kg estimating 1L = 1Kg for liquid wastes
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urea/wax 147 UN3077 9 R10 R5 D5 97190 kg no N/A N/A Clean Harbors D5

waste oily pails, contaners 274 n/r n/r R1 R3 D5 156 kg no N/A GFL R3 N/A

waste oil filters 252 UN3175 4.1 R1 - R9 450 kg no N/A GFL R3 N/A

waste oil 252 n/r n/r n/r 5760 lt no N/A GFL R9 N/A

waste oily rags 252 UN3077 9 R9 3210 kg no N/A GFL R9 N/A

waste grease n/r n/r n/r D1 1140 kg no N/A N/A Clean Harbors D1

waste grease containers, kegs 263 n/r 9.3 D1 100 kg no N/A N/A Clean Harbors D1

waste empty totes n/r n/r n/r R4 1175 kg no N/A Clean Harbors R4 N/A

waste wax/castor oil n/r n/r n/r D1 1000 kg no N/A N/A Clean Harbors D1

waste drums 152 n/r n/r D1 R4 360 kg no N/A N/A Clean Harbors D1

waste flammable liquid (methanol) 148 UN1993 3 D3,4,10,13 205 lt no N/A N/A Swan Hills D10

waste flammable liquid (gas, 
isopropylalcohol, cleaner, locktite, fuel 
stabilizer, diesel, citrix)

148 UN1993 3 D3,4,10,14 224 lt no N/A N/A Swan Hills D10

waste flammable liquid,corrosive (lab 
wst - methanol w/iodine) 263 UN2924 3 D10-D5 205 lt no N/A N/A Swan Hills D10

waste flammable solid, corrosive, 
organic ( amine and carbon) 148 UN2925 4.1 D3 20 lt no N/A N/A Ryley D3

Waste batteries, dry, w/potassium 
hydroxide solid (alkaline) 151 UN3028 8 R4-D4 150 kg no N/A Int Marine R4-D4 N/A

waste batteries, wet, nonspillable (lead 
acid) 151 UN2800 8 R3-R5 30 kg no N/A Exide Batteries R3-R5 N/A

Waste batteries, dry, w/potassium 
hydroxide solid (nicad) 151 UN3028 8 R4 D1 10 kg no N/A Int Marine R4 D1 N/A

waste batteries, wet, sealed 151 UN2800 8 R4 D9 D5 200 kg no N/A Exide Batteries R4 D9 D5 N/A

waste batteries, wet, w/acid (lead acid) 151 UN2794 2.3 R4 D9 D5 100 kg no N/A Exide Batteries R4 D9 D5 N/A

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Table 8-5
2012

RECYCLED DISPOSED

On-site
Off-site

On-site
Off-site

STORED
Hazardous Non-Haz.

WASTE NAME
UNIFORM WASTE CODE QUANTITY GENERATED

(Kg or L)
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APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Table 8-5
2012

RECYCLED DISPOSED

On-site
Off-site

On-site
Off-site

STORED
Hazardous Non-Haz.

WASTE NAME
UNIFORM WASTE CODE QUANTITY GENERATED

(Kg or L)

ammonia, anhydrous, cylinder 147 UN1005 2.3 R4 D1 D5 5 kg no N/A N/A Clean H, 
Mississauga D1 D5

aqueous Hg compound liquid NOS 
(water w/hg) 138 UN2024 6.1 R4 D10 5 kg no N/A N/A WM Mercury Wst 

Inc D10

waste propane cylinders 331 UN1978 2.1 D10 R4 100 kg no N/A Recycle Systems R4 N/A

waste aerosols 145 UN1950 2.1 D9 D10 D1 D5 R4 280 lt no N/A Recycle Systems R4 N/A

waste compressed gas (calibration 
cylinders) 331 UN1956 2.2 R4 D1 D5 2 kg no N/A Recycle Systems R4 N/A

waste compressed gas (calibration 
cylinders) 331 UN1956 2.2 R4 D1 D5 20 kg no N/A Recycle Systems R4 N/A

waste toxic liquid, inorganic (NH3 
detector tubes, indicator dye) 145 UN3287 6.1 D1 D5 D9 D10 3 lt no N/A N/A Swan Hills D10

waste toxic, solid, inorganic, corrosive 
(reagents, tracers) 122 UN3290 6.1 D1 D5 D9 D10 20 lt no N/A N/A Ryley D1

waste potassium flouride (flux) 148 UN1812 6.1 D1 D5 D9 D10 1 lt no N/A N/A Swan Hills D10

waste paint related material 223 UN3066 8 D1 D5 D9 D10 77 lt no N/A N/A Swan Hills D10

waste corrossive liquid, acid, inorganic 
(sulphuric) 122 UN3264 8 D9 D3 20 lt no N/A N/A Swan Hills D10

waste corrossive liquid, base inorganic 
(diethanol amine - truckwash, Loctite 
cleaner)

122 UN3266 8 D9 D3 20 lt no N/A N/A Swan Hills D10

waste corrossive liquid, base inorganic 
(sodium hydroxide) 122 UN3266 8 D9 D3 20 lt no N/A N/A Swan Hills D10

waste hypochlorite sol'n (pink liquid 
unidentified) 148 UN1791 8 D9 D3 20 lt no N/A N/A Swan Hills D10

Not Reg Wst (nonPCB ballasts) n/r NR NA D1 20 kg no N/A N/A Ryley D1

Not Reg Wst (capacitors) n/r NR NA D1 5 kg no N/A N/A Ryley D1

Not Reg Wst (resin sludge WTP) n/r NR NA 20 lt no N/A N/A Ryley D1

Not Reg Wst (amine solv't - 
MaxAmine) n/r NR NA D3 205 lt no N/A N/A Swan Hills D3
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APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Table 8-5
2012

RECYCLED DISPOSED

On-site
Off-site

On-site
Off-site

STORED
Hazardous Non-Haz.

WASTE NAME
UNIFORM WASTE CODE QUANTITY GENERATED

(Kg or L)

Not Reg Wst (soil/gravel w/oil) n/r NR NA R1 R9 D5 100 kg no N/A N/A Ryley D5

Not Reg Wst (hollow cathode lamps) NR NR NA R4 D9 D1 5 kg no N/A Aevitas R4 N/A

Not Reg Wst (metal halide bulbs) 153 NR NA R4 D9 D1 75 kg no N/A N/A Aevitas D1

Not Reg Wst (msc shaped 
flourescents) 153 NR NA R4 D9 D1 20 kg no N/A Aevitas R4 N/A

Not Reg Wst (compact flourescents) 153 NR NA R4 D9 D1 5 kg no N/A Aevitas R4 N/A

Not Reg Wst (e equipment for 
dismantling) n/r NR NA D1 300 kg no N/A N/A Ryley Red Deer D1

Not Reg Wst (4' flourescents) 153 NR NA R4 R7 D1 140 kg no N/A N/A Custom Env D1

Not Reg Wst (MDEA rags/gravel) 274 NR NA D5 100 kg no N/A N/A Ryley D5

Not Reg Wst (petroleum based liqd- 
unknown 3.5ph) 114 NR NA D3 D5D9 D13 20 lt no N/A N/A Ryley D5

Not Reg Wst (antifreeze) 273 NR NA R3 D3 80 lt no N/A N/A Swan Hills D3

Not Reg Wst (empty containers) n/r NR NA D1 R4 100 kg no N/A N/A Ryley D1

Not Reg Wst (coolant, lube) 273 NR NA R3 D3 88 lt no N/A N/A Ryley D3

Not Reg Wst (non haz resin) n/r NR NA D1 670 kg no N/A N/A Ryley D1

Not Reg Wst (8 ' flourescents) 153 NR NA R4 D1 D9 50 kg no N/A N/A Custom Env D1

waste rail ties n/r n/r n/r D1 D5 17,390 kg no N/A N/A Ryley Di

urea/oil/gravel 147 UN3077 9 R10-R5-D5 10 kg no N/A N/A Ryley D5

waste StaCool (glycerine w/dish soap) NR NR NR D10 300 kg no N/A N/A Swan Hills D10

waste off spec castor oil N/R N/R N/R D10 150 kg no N/A N/A Swan Hills D10

waste isocyanate 148 UN2206 6.1 D10 3,150 lt no N/A N/A Columbia Ridge D10

waste metal n/r n/r n/r R4 139,140 kg no N/A N/A Metal X R4

waste wood n/r n/r n/r R9 37,450 kg no N/A N/A Waste 
Management R4

waste domestic mixed n/r n/r n/r D1 169,240 kg no N/A N/A Ryley D1

waste spent lime 122 UN1759 8 D1 R5 R7 R10 3,317,990 kg no N/A N/A BFI D1 D5
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APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Table 8-5
2012

RECYCLED DISPOSED

On-site
Off-site

On-site
Off-site

STORED
Hazardous Non-Haz.

WASTE NAME
UNIFORM WASTE CODE QUANTITY GENERATED

(Kg or L)

waste radio active material n/a UN2915 7
ownership transfer 
document #001-00-

013630
275 kg no N/A N/A Stuart Hunt n/a

waste domestic recycle mixed n/r n/r n/r R11 11,750 kg no N/A N/A Ryley R11

Total1 3,320,547 kg 490,579 kg

1Totals are calculated in kg estimating 1L = 1Kg for liquid wastes
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urea/wax 270 UN3077 9 R10 R5 D5 72635 kg no N/A N/A Ryley D5

waste oily pails, contaners 152 n/r na R1 R3 D5 322 kg no N/A GFL; Red Deer R3 N/A

waste oil filters 252 UN3175 4.1 R1 - R9 45 kg no N/A GFL R3 N/A

waste oil 252 n/r na R3R9 9279 lt no N/A GFL; Safety Clean R9 N/A

waste oily rags (absorbant socks) 275 n/r na D1 80 kg no N/A N/A Ryley D1

waste grease 252 n/r na D1 1540 kg no N/A N/A Ryley D1

waste grease containers, kegs, 
cleanup 256, 275 n/r na D1 4290 kg no N/A N/A Ryley D1

waste empty totes 152 n/r na R4 D2D3 1046 kg no N/A Red Deer R4 N/A

waste wax/castor oil 251 n/r na D1 265 lt no N/A N/A Ryley D1

waste drums 152 n/r na D1 R4 297 kg no N/A Red Deer R4 N/A

waste flammable liquid (campfuel 
naptha) 212 UN1993 3 R13 205 lt no N/A Green For Life R4 N/A

waste batteries, wet, nonspillable 
(lead acid) 151 UN2800 8 R3-R5 38 kg no N/A Red Deer R3-R5 N/A

Waste batteries, dry cell, household 151 UN3028 8 R4 D4 95 kg no N/A Retreive Tech R4 D4 N/A

waste aerosols 145 UN1950 2.1 D9 D10 D5 R4 1,035 lt no N/A Recycle Systems R4 N/A

waste aerosols 410 kg no N/A Recycle Systems R4 N/A

waste paint related material 223 UN1263 3  D5 D9 D10 205 lt no N/A N/A Kimball Incin D10

articles containing PCB 243 UN2315 9 D10 50 kg no N/A N/A Swan Hills D10

not regulated (MaxAmine) n/r n/r na R2 D3 205 lt no N/A Green For Life R2 N/A

Not Reg Wst (soil/gravel w/oil) 275 NR NA R1 R9 D5 60 kg no N/A N/A Ryley D5

Not Reg Wst (metal halide bulbs) 155 NR na R4 D9 D1 225 kg no N/A Aevitas R4 N/A D1

Not Reg Wst (flourescents) 155 NR NA R4 D1 405 kg no N/A Aevitas R4 N/A

Not Reg Wst (MDEA rags/gravel) 146 NR NA D5 410 kg no N/A N/A Ryley D5

not regulated ( isocyanate mixture) 263 N/R NA D10 220 lt no N/A N/A Ryley D10

not regulated ( isocyanate mixture) 410 kg no N/A N/A Ryley D10

waste metal n/r n/r na R4 109,060 kg no N/A Metal X R4 N/A

waste wood n/r n/r na R9 68,220 kg no N/A Ecco Wood R4 N/A

Table 8-6
2013

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

RECYCLED DISPOSED

On-site
Off-site

On-site
Off-siteSTORED

Hazardous Non-Haz.
WASTE NAME

UNIFORM WASTE CODE QUANTITY GENERATED
(Kg or L)
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Table 8-6
2013

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

RECYCLED DISPOSED

On-site
Off-site

On-site
Off-siteSTORED

Hazardous Non-Haz.
WASTE NAME

UNIFORM WASTE CODE QUANTITY GENERATED
(Kg or L)

waste domestic WM bins n/r n/r na D1 334,705 kg no N/A N/A BI;Shepard;  
Ecco Gate D1

waste domestic red bins 146 Un3077 9 CBIN 9,900 kg N/A N/A Ryley D1

waste spent lime 122 UN1759 8 D1 R5 R7 R10 4,103,750 kg no N/A Strathmore 
Composting R10 N/A

waste domestic recycle mixed n/r n/r na R11 27,850 kg no N/A Capital Paper R4 N/A

biological substance Category B, 
nonhaz Reg biomedical n/r UN3373 B D10 10 kg N/A N/A G.M.Pearson D10

waste oil c/w ammonia 251 n/r n/a D10 615 lt N/A N/A Kimball Incin D10

waste varsol 213 n/r n/a R3-R5 80 lt N/A Green For Life R3 N/A

MDEA filters 256 n/r na D5 1,025 kg N/A N/A Ryley D5

mercaptan hose 275 n/r na D1 100 kg N/A N/A Ryley D1

ISO MDI fluid 232 n/r na D10 205 lt N/A N/A Kinball Incin D10
corrosive liquid, organic NOS 
BetzIEC2 citric acid 627 UN3265 8 R13 205 lt N/A NewAlta Stauffer R13 N/A

xray film 146 UN1324 4.1 R4 18 kg N/A Silver Recovery R4 N/A

spent carbon 270 n/r na D1 49,540 kg N/A N/A Ryley D1

leachabel waste, catalyst 146 n/r na D1 127,280 kg N/A N/A Ryley D5

leachabel waste, soil c/w carbomate 275 n/r na D1 205 kg 205 kg N/A N/A Ryley D1 D5
flammable solid organic NOS, 
resin/hardener n/r UN1325 4.1 D10 5 kg N/A N/A Swan Hills D10

asbestos, white n/r UN2590 9 D1 1 kg N/A N/A Ryley D1

ballasts, non PCB 252 n/r na D1 65 kg N/A N/A Swan Hills D10

alumina dessicant 148 n/r na D1 1,250 klg N/A N/A Ryley D1

corrosion inhibitor n/r n/r na D1 20 kg N/A N/A Ryley D1

waste amine, liquid, corrosive NOS; 
MDEA 268 UN2735 8 D3D5D6 410 lt N/A N/A Swan Hills D5

leachable waste;catalyst sweepings 153 n/r na D1D5 205 kg N/A N/A Ryley D1D5

corrosive solid acid NOS (sulphamic) 
lab pack 8 UN1759 8 D10 60 kg N/A N/A Swan Hills D10

toxic solid organic NOS;lab pack 8 UN2811 6.1 D10 20 kg N/A N/A Swan Hills D10

corrosive liquid acid NOS (citric) 
Chem Treat RLR01 8 UN3265 8 D10 615 lt N/A N/A Swan Hills D10
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Table 8-6
2013

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

RECYCLED DISPOSED

On-site
Off-site

On-site
Off-siteSTORED

Hazardous Non-Haz.
WASTE NAME

UNIFORM WASTE CODE QUANTITY GENERATED
(Kg or L)

non regulated (Total Lube) 252 n/r na D1 40 lt N/A N/A Ryley D1

not regulated (shop sweepings) 146 n/r na D1 205 kg N/A N/A Ryley D1

non regulated (antifreeze) glycol 273 n/r na R9 2,000 lt N/A Green For Life R9 N/A

Total1 131,684 Kg 4,799,957 Kg

1Totals are calculated in kg estimating 1L = 1Kg for liquid wastes
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2014

Waste Name Stored

WC PIN Class Mgmt On-Site On-Site Off-Site On-Site Off-Site

Aerosols 145 1950 2.1 R4 820 Kg No N/A Recycle Systems, Nisku, AB (via Clean Harbors) N/A

Asbestos 150 2212 9 D5 5000 Kg No N/A N/A Waste Management, Big Valley, AB

Ascarite II 263 1823 8 D10.1 20 Kg No N/A N/A SENA Waste Services, Swan Hills, AB

Ballasts/Capacitors, Non-PCB 150 N/A N/A D10.1 205 Kg No N/A N/A SENA Waste Services, Swan Hills, AB

Ballasts/Capacitors, Non-PCB 150 N/A N/A R5 80 Kg No N/A Clean Harbors, Red Deer, AB N/A

Batteries, Sealed Lead Acid 151 2800 8 R4 84 Kg No N/A Clean Harbors, Red Deer, AB N/A

Belzona 146 1759 8 D5 205 Kg No N/A N/A Clean Harbors, Ryley, AB

Catalyst, CoMo, NiMo Desulfurizer 153 N/A N/A R8 9830 Kg No N/A Amlon Resources, New York, NY N/A

Catalyst, Cu/Zn Low Temperature 
Shift 153 N/A N/A R8 79840 Kg No N/A Glencore, Rouyn-Noranda, QC (via Amlon Resources) N/A

Catalyst, Cu/Zn Low Temperature 
Shift 153 N/A N/A D5 20 Kg No N/A N/A Clean Harbors, Ryley, AB

Catalyst, FeO Converter 153 N/A N/A D5 197520 Kg No N/A N/A Clean Harbors, Ryley, AB

Catalyst, FeO, CrO, CuO High 
Temperature Shift 153 N/A N/A D5 116680 Kg No N/A N/A Clean Harbors, Ryley, AB

Catalyst, NiO Methanator 153 N/A N/A R8 16180 Kg No N/A Crominent, Aliquippa, PA (via Amlon Resources) N/A

Catalyst, NiO Reformer 153 N/A N/A R8 51180 Kg No N/A Crominent, Aliquippa, PA (via Amlon Resources) N/A

Catalyst, Support Material 153 N/A N/A D5 27020 Kg No N/A N/A Clean Harbors, Ryley, AB

Catalyst, ZnO Desulfurizer 153 N/A N/A R8 54420 Kg No N/A Agrium, Reese, MI N/A

Chlorodifluoromethane or Refigerant 
Gas (R-22) 211 1018 2.2 R1 25 kg No N/A Green For Life, Edmonton, AB (via Clean Harbors) N/A

Chorinated Lab Waste 121 2810 6.1 D10.2 205 L No N/A N/A Clean Harbors, Kimball, NE

Diesel Fuel 221 1202 3 R1 600 L No N/A Newalta, Calgary, AB (via Clean Harbors) N/A

Domestic Recyclables, Mixed N/A N/A N/A R3 8640 Kg No N/A Capital Paper, Calgary, AB (via Waste Management) N/A

Domestic Waste N/A N/A N/A D1 176,162 Kg No N/A N/A Shepard Landfill, ECCO Landfill, Calgary, AB (Via Waste 
Management)

Electronic Waste 150 N/A N/A R4 532 kg No N/A Drumheller & District Solid Waste Management 
Association N/A

Empty Containers 152 N/A N/A R5 1575 Kg No N/A Clean Harbors, Red Deer, AB N/A

Empty Cylinders 331 1046 2 R4 100 Kg No N/A Recycle Systems, Nisku, AB (via Clean Harbors) N/A

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Uniform Waste Code Quantity (Kg or L) Recycled Disposed

Hazardous Non-Hazardous



Page 24 of 29

Table 8-7
2014

Waste Name Stored

WC PIN Class Mgmt On-Site On-Site Off-Site On-Site Off-Site

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Uniform Waste Code Quantity (Kg or L) Recycled Disposed

Hazardous Non-Hazardous

Filters, MDEA 275 N/A N/A D5 2220 Kg No N/A N/A Clean Harbors, Ryley, AB

Filters, Oil 275 N/A N/A D5 910 Kg No N/A N/A Clean Harbors, Ryley, AB

Glycol 273 N/A N/A R3 3205 L No N/A Green For Life, Edmonton, AB (via Clean Harbors) N/A

 Grease 252 N/A N/A D5 1345 Kg No N/A N/A Clean Harbors, Ryley, AB

Lab Reagants 121 1760 8 D10.1 20 Kg No N/A N/A Clean Harbors Lambton, ON

Lead Blankets 146 N/A N/A D5 500 Kg No N/A N/A Clean Harbors, Ryley, AB

Light Bulbs, Fluorescent 155 N/A N/A R4 98 Kg No N/A Aevitas, Edmonton, AB (via Clean Harbors) N/A

Light Bulbs, Metal Haldide 155 N/A N/A R4 410 Kg No N/A Aevitas, Edmonton, AB (via Clean Harbors) N/A

Lime Sludge 122 N/A N/A R5 3287950 Kg No N/A Bio-cycle Nutrient Solutions, Strathmore, AB (via Tervita) N/A

Methanol 212 1933 3 R1 205 L No N/A Green For Life, Edmonton, AB (via Clean Harbors) N/A

Oily Rags 274 N/A N/A D5 18080 Kg No N/A N/A Clean Harbors, Ryley, AB

Paint 223 1993 3 R1 205 L No N/A Green For Life, Edmonton, AB (via Clean Harbors) N/A

 Pigment 145 N/A N/A D9 1045 L No N/A N/A Newalta, Stauffer, AB (via Clean Harbors)

Quadrol 263 N/A N/A D9 20 L No N/A N/A Newalta, Stauffer, AB (via Clean Harbors)

RCF Brick 150 N/A N/A D1 31380 No N/A ECCO Landfill, Calgary, AB (via Waste Management N/A

Resin 150 N/A N/A D5 5900 Kg No N/A N/A Clean Harbors, Ryley, AB

Rhoem-CF 29839 Alchem 121 1760 8 D5 20 Kg No N/A N/A Clean Harbors, Ryley, AB

Scrap Metal N/A N/A N/A R4 117650 Kg No N/A Metalex, Nisku, AB N/A

Used Oil 252 N/A N/A R9 14242 L No N/A Safety-Kleen, Breslau, ON, Green For Life, Edmonton, 
AB (via Clean Harbors) N/A

Waste Urea/Water 147 N/A N/A D10.1 1000 L No N/A N/A SENA Waste Services, Swan Hills, AB

Waste Wax/Urea 147 N/A N/A D5 61450 Kg No N/A N/A Clean Harbors, Ryley, AB

Wood N/A N/A N/A R3 55340 Kg No N/A Ecco Recycling, Calgary, AB (via Waste Management) N/A

329221 Kg 4020917 Kg

1Totals are calculated in kg estimating 1L = 1Kg for liquid wastes

Total1
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Table 8-8
2015

Waste Name Stored

WC PIN Class Mgmt On-Site On-Site Off-Site On-Site Off-Site

Aerosols 145 1950 2.1 R4 1435 KG No N/A Recycle Systems, Nisku, AB (via Clean Harbors) N/A

Ashphalt 150 N/A N/A R3 458660 KG No N/A Fish Creek Excavating, Calgary, AB N/A

Ballasts/Capacitors, Non-PCB 150 N/A N/A D5 40 KG No N/A N/A Clean Harbors, Ryley, AB

Batteries, Sealed Lead Acid 151 2800 8 R4 7 KG No N/A Raw Materials Company, Port Colborne, ON (via Clean 
Harbors) N/A

Carbon 150 N/A N/A D5 10000 KG No N/A N/A Clean Harbors, Ryley, AB

Catalyst, Cu/Zn Low Temperature 
Shift 153 N/A N/A D5 1000 KG No N/A N/A Clean Harbors, Ryley, AB

Catalyst, FeO Converter 153 N/A N/A D5 320 KG No N/A N/A Clean Harbors, Ryley, AB

Catalyst, NiO Methanator 153 N/A N/A D5 3460 KG No N/A N/A Clean Harbors, Ryley, AB

Catalyst, NiO Reformer 153 N/A N/A D5 3000 KG No N/A N/A Clean Harbors, Ryley, AB

Catalyst, Support Material 153 N/A N/A D5 2000 KG No N/A N/A Clean Harbors, Ryley, AB

Contaminated Soil (Oil) 275 N/A N/A D5 5430 KG No N/A N/A Clean Harbors, Ryley, AB

Diesel Fuel 221 1202 3 R1 1000 L No N/A Terrapure Environmental, Calgary, AB (Via Clean 
Harbors) N/A

Domestic Recyclables, Mixed 275 N/A N/A R5 24220 KG No N/A Capital Paper, Calgary, AB (via Waste Management), 
Iron Mountain, Calgary N/A

Domestic Waste 150 N/A N/A D1 117060 KG No N/A N/A Shepard Landfill, ECCO Landfill, Calgary, AB, BFI 
Coronation AB, (Via Waste Management)

Electronic Waste 150 N/A N/A R4 460 KG No N/A Drumheller & District Solid Waste Management 
Association N/A

Empty Containers 152 N/A N/A R5 2315 KG No N/A Clean Harbors, Red Deer, AB N/A

Empty Containers 152 N/A N/A D5 2100 KG No N/A N/A Clean Harbors, Ryley, AB

Filters, Carbon/Mercapton 275 2926 4.1 (6.1) D10.2 205 KG No N/A N/A Clean Harbors, El Dorado, AR

Filters, MDEA 275 N/A N/A D5 410 KG No N/A N/A Clean Harbors, Ryley, AB

Filters, Oil 275 N/A N/A R4 1907 KG No N/A Pnewko Trucking, Lacombe, AB (via Clean Harbors) N/A

Glycol 273 N/A N/A D10.1 205 L No N/A N/A SENA Waste Services, Swan Hills, AB

 Grease 252 N/A N/A D5 2460 KG No N/A N/A Clean Harbors, Ryley, AB

Lab Pack, Minerals 148 N/A N/A D5 205 L No N/A N/A Clean Harbors, Ryley, AB

Lab Pack, Cleaners 148 3287 6.1 D10.1 205 L No N/A N/A SENA Waste Services, Swan Hills, AB

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Uniform Waste Code Quantity (Kg or L) Recycled Disposed

Hazardous Non-Hazardous
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Table 8-8
2015

Waste Name Stored

WC PIN Class Mgmt On-Site On-Site Off-Site On-Site Off-Site

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Uniform Waste Code Quantity (Kg or L) Recycled Disposed

Hazardous Non-Hazardous

Lab Pack, Acetone 212 1993 3 R1 205 L No N/A Green For Life, Edmonton, AB (via Clean Harbors) N/A

Lab Pack, Adhesives 148 1325 4.1 R1 726 KG No N/A Green For Life, Edmonton, AB (via Clean Harbors) N/A

Lead Blankets 146 N/A N/A D5 20 KG No N/A N/A Clean Harbors, Ryley, AB

Light Bulbs, CFL 155 N/A N/A R4 20 KG No N/A Raw Materials Company, Port Colborne, ON (via Clean 
Harbors) N/A

Light Bulbs, Fluorescent 155 N/A N/A R4 98 KG No N/A Raw Materials Company, Port Colborne, ON (via Clean 
Harbors) N/A

Light Bulbs, Metal Haldide 155 N/A N/A R4 410 KG No N/A Aevitas, Edmonton, AB, Raw Materials Company, Port 
Colborne, ON (via Clean Harbors) N/A

Lime Sludge 122 N/A N/A R5 1419620 KG No N/A Bio-cycle Nutrient Solutions, Strathmore, AB (via Tervita) N/A

Mercury and mercury contaminated 
debris 138 2809 8 R4 20 L No N/A Raw Materials Company, Port Colborne, ON (via Clean 

Harbors) N/A

Methanol 212 1993 3 R1 205 L No N/A Green For Life, Edmonton, AB (via Clean Harbors) N/A

Methyl Ethyl Ketone Peroxide 212 3105 5.2 D10.1 20 L No N/A N/A SENA Waste Services, Swan Hills, AB

Mixed Wood Wood/Plastic Material 150 N/A N/A R5 9680 KG No N/A Ecco Recycling, Calgary, AB (via Waste Management) N/A

Mortar 150 3262 8 D5 205 KG No N/A N/A Clean Harbors, Ryley, AB

Obsolete Medical Equipment 150 N/A N/A R4 205 KG No N/A Clean Harbors, Red Deer, AB N/A

Paint and Paint Related Material 223 1263 3 R2 660 L No N/A Clean Harbors, Kimball, NE N/A

Railroad Ties 150 N/A N/A D5 17030 KG No N/A N/A Clean Harbors, Ryley, AB

Resin 150 N/A N/A D5 4000 KG No N/A N/A Clean Harbors, Ryley, AB

Sand Blasting Residual 150 N/A N/A D5 615 KG No N/A N/A Clean Harbors, Ryley, AB

Scrap Metal 275 N/A N/A R4 631490 KG No N/A Metalex, Nisku, AB, Tervita, Red Deer, AB N/A
Spent Sorbents (booms, pads, 
absorbents) 274 N/A N/A D5 4205 KG No N/A N/A Clean Harbors, Ryley, AB

Trichloroethane 241 1993 3 D10.1 20 L No N/A N/A SENA Waste Services, Swan Hills, AB

Used Oil 252 N/A N/A R9 7140 L No N/A Safety-Kleen, Breslau, ON, N/A

Varsol 213 1993 3 D10.1 100 L No N/A N/A SENA Waste Services, Swan Hills, AB

Waste Chemical, Nalco Eliminox 148 N/A N/A D10.1 410 L No N/A N/A SENA Waste Services, Swan Hills, AB

Waste Industrial Water 132 N/A N/A D3 26000 L No N/A N/A Seller's Oilfield Services, Calmar, AB (via Clean Harbors)



Page 27 of 29

Table 8-8
2015

Waste Name Stored

WC PIN Class Mgmt On-Site On-Site Off-Site On-Site Off-Site

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Uniform Waste Code Quantity (Kg or L) Recycled Disposed

Hazardous Non-Hazardous

Waste Wax/Urea 147 N/A N/A D5 77640 KG No N/A N/A Clean Harbors, Ryley, AB

Wax/Castor Oil 147 N/A N/A D5 305 L No N/A N/A Clean Harbors, Ryley, AB

Wood 275 N/A N/A R5 72390 KG No N/A Ecco Recycling, Calgary, AB (via Waste Management) N/A

42473 Kg 2869090 KgTotal1

1Totals are calculated in kg estimating 1L = 1Kg for liquid wastes
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Table 8-9
2016

Waste Name Stored

WC PIN Class Mgmt On-Site On-Site Off-Site On-Site Off-Site

Aerosols 145 1950 2.1 R4 410 KG No N/A Recycle Systems, Nisku, AB (via Clean Harbors) N/A

Asbestos 150 2212 9 D5 72 Kg No N/A N/A Shepard Landfill, Calgary AB

Ashphalt 150 N/A N/A R5 260,240 Kg No N/A Fish Creek Excavating, Calgary, AB N/A

Batteries, Dry Cell 151 3028 8 R4 20 No N/A Retriev Technologies, Trail, BC (via Clean Harbors) N/A

Batteries, Sealed Lead Acid 151 2800 8 R4 205 Kg No N/A Clean Harbors, Red Deer, AB N/A

Carbon 150 N/A N/A D5 4,000 Kg No N/A N/A Clean Harbors, Ryley, AB

Domestic Recyclables, Mixed N/A N/A N/A R3 14,364 Kg No N/A Capital Paper, Calgary, AB (via Waste Management), 
Iron Mountain, Calgary, AB N/A

Domestic Waste N/A N/A N/A D1 77,550 Kg No N/A N/A Shepard Landfill, ECCO Landfill, Calgary, AB (Via Waste 
Management)

Empty Containers 152 N/A N/A R5 5,200 Kg No N/A Clean Harbors, Red Deer, AB N/A

Filters, Oil 275 N/A N/A D5 1,000 Kg No N/A Pnewko Trucking, Lacombe, AB (via Clean Harbors) N/A

Glycol 273 N/A N/A D10.1 205 L No N/A Green For Life, Edmonton, AB (via Clean Harbors) N/A

 Grease 252 N/A N/A D5 205 Kg No N/A N/A Clean Harbors, Ryley, AB

Light Bulbs, Fluorescent 155 N/A N/A R4 410 Kg No N/A Aevitas, Edmonton, AB (via Clean Harbors) N/A

Light Bulbs, Metal Haldide 155 N/A N/A R4 205 Kg No N/A Aevitas, Edmonton, AB (via Clean Harbors) N/A

Lime Sludge 122 N/A N/A R5 3,269,070 Kg No N/A Bio-cycle Nutrient Solutions, Strathmore, AB 
(via Tervita) N/A

Mercury 138 2809 8 R4 20 L No N/A Raw Materials Company, Port Colborne, ON 
(via Clean Harbors) N/A

MDEA 268 2735 8 D10.1 225 L No N/A N/A SENA Waste Services, Swan Hills, AB (via Clean Harbors)

Mixed Wood/Plastic Material 150 N/A N/A R5 96,740 Kg No N/A Ecco Recycling, Calgary, AB (via Waste Management) N/A

Obsolete Medical Equipment 150 N/A N/A R4 30 Kg No N/A Clean Harbors, Red Deer, AB N/A

Spent Sorbents (booms, pads, adsorbents) 274 N/A N/A D5 8,800 Kg No N/A N/A Clean Harbors, Ryley, AB

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Disposed

Hazardous Non-Hazardous

Uniform Waste Code RecycledQuantity (Kg or L)
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Table 8-9
2016

Waste Name Stored

WC PIN Class Mgmt On-Site On-Site Off-Site On-Site Off-Site

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Disposed

Hazardous Non-Hazardous

Uniform Waste Code RecycledQuantity (Kg or L)

Paint 223 1263 3 R2 500 L No N/A Green For Life, Edmonton, AB (via Clean Harbors) N/A

RCF Brick 150 N/A N/A D1 2,340 Kg No N/A N/A Shepard Landfill, Calgary AB (via Waste Management)

Resin 133 N/A N/A D5 11,140 Kg No N/A N/A Clean Harbors, Ryley, AB

Scrap Metal 275 N/A N/A R4 54,170 Kg No N/A Metalex, Nisku, AB N/A

Used Oil 252 N/A N/A R9 9,234 L No N/A Safety-Kleen, Breslau, ON N/A

Waste Oxidizing Solid N.O.S (Silver Nitrate) 148 1479 5.1 D10.1 20 L No N/A N/A SENA Waste Services, Swan Hills, AB (via Clean Harbors)

Waste Corrosive Liquid, Acidic, Inorganic 
N.O.S. (Synthetic Vinegar) 148 3264 8 D10.1 20 L No N/A N/A SENA Waste Services, Swan Hills, AB (via Clean Harbors)

Waste Corrosive Liquid,Basic, Inorganic 
N.O.S. (Sodium Metasilicate) 148 3266 8 D10.1 40 L No N/A N/A SENA Waste Services, Swan Hills, AB (via Clean Harbors)

Waste Flammable Liquids N.O.S. (Petroleum 
distallates) 148 1993 3 R9 205 L No N/A Green For Life, Edmonton, AB (via Clean Harbors) N/A

Waste Toxic Liquid, Inorganic, NOS (Ethylene 
Glycol) 273 3287 6.1 R3 205 L No N/A Green For Life, Edmonton, AB (via Clean Harbors) N/A

Waste Flammable Solid, Organic, N.O.S. 
(Adhesive) 148 1325 4.1 D10.1 20 Kg No N/A N/A SENA Waste Services, Swan Hills, AB (via Clean Harbors)

Waste Oxidizing Liquid N.O.S (Bromine) 148 3139 5.1 D10.1 20 L No N/A N/A SENA Waste Services, Swan Hills, AB (via Clean Harbors)

Waste Wax 275 N/A N/A D5 92,630 Kg No N/A N/A Clean Harbors, Ryley, AB

Wood 275 N/A N/A R5 19,260 Kg No N/A Ecco Recycling, Calgary, AB (via Waste Management) N/A

Total1 11,124 Kg 3,917,651 Kg

1Totals are calculated in kg estimating 1L = 1Kg for liquid wastes
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Tank Number Tank Description Location Tank Contents
Tank 

Capacity 
(M3)

Tank 
Material

Max Vapour 
Pressure Type Of Vents

Vapour 
Recovery 
System

Secondary 
Containment

Corrosion 
Protection

Leak 
Detection Foundation Overfill 

Prevention

101/105 LOC A/B Lube Oil Console Ammonia Compressor 
Building Lube Oil 8.4 Carbon 

Steel N/A Atmospheric Breather Filter Floor, trenches & 
sump

Regular 
Inspection Inspection Concrete Visual Monitoring

103 LOC A/B Lube Oil Console Ammonia Compressor 
Building Lube Oil 12.4 Carbon 

Steel N/A Atmospheric Breather Filter Floor, trenches & 
sump

Regular 
Inspection Inspection Concrete Visual Monitoring

None Site Used Oil Collection 
Tanks

Ammonia Compressor 
Building Used Oil 1.1 Carbon 

Steel N/A Atmospheric None Double Walled 
Tank

Regular 
Inspection Inspection Ashphalt Visual Monitoring

113-F Gas Spec CS 2000 Ammonia Plant Amino Alcohol 95% 48 A36 Steel 0.2 mm of Hg Pressure/vacuum 
relief device None Double Walled 

Tank
Regular 

Inspection Inspection Soil Visual Monitoring

114-F Gas Spec CS 2020 Ammonia Plant Methyliminodiethanol 60% 107 Carbon 
Steel <1mm of Hg Pressure/vacuum 

relief device None Double Walled 
Tank

Regular 
Inspection Inspection Soil Visual Monitoring

118-F Gas Spec CS 2020 Ammonia Plant Methyliminodiethanol 60% 48 Steel <1mm of Hg Pressure/vacuum 
relief device None Double Walled 

Tank
Regular 

Inspection Inspection Soil Visual Monitoring

C-101 LOC Lube Oil Console Boiler House Compressor Lube Oil 16 Carbon 
Steel <0.1 mm of Hg Atmospheric None Concrete Dyke Regular 

Inspection Inspection Concrete Visual Monitoring

None Site Used Oil Collection 
Tanks Boiler House Used Oil 1.1 Carbon 

Steel N/A Atmospheric None Double Walled 
Tank

Regular 
Inspection Inspection Ashphalt Visual Monitoring

C-760 US Water Nuemax 400 Boiler House Bulk 
Chemical Building

Metal Passivation and 
Corrosion Inhibitor 2.1 Carbon 

Steel 18 mm of Hg Atmospheric None 110% containment Regular 
Inspection Inspection Concrete Visual Monitoring

C-253 US Water Alkapro 10 Boiler House Bulk 
Chemical Building pH Adjustment 1.9 Carbon 

Steel 18 mm of Hg Atmospheric None 110% containment Regular 
Inspection Inspection Concrete Visual Monitoring

C-252 US Water Boiler HP 
1000

Boiler House Bulk 
Chemical Building Sludge/Iron Control 1.9 Carbon 

Steel 18 mm of Hg Atmospheric None 110% containment Regular 
Inspection Inspection Concrete Visual Monitoring

OX1201LF US Water K-Brom 40 Cooling Tower Pump 
House Oxidizing Biocide 4.2 Stainless 

Steel 18 mm of Hg Atmospheric None Floor, trenches & 
sump

Regular 
Inspection Inspection Concrete Visual Monitoring

2215LF US Water Proclean 415 Cooling Tower Pump 
House

Biodispersant - 
Sludge/Algae Control 2.2 Plastic 18 mm of Hg Atmospheric None Floor, trenches & 

sump
Regular 

Inspection Inspection Concrete Visual Monitoring

2229LF US Water Tower Assure 
A5600

Cooling Tower Pump 
House Corrosion Inhibitor 7.7 Plastic 18 mm of Hg Atmospheric None Floor, trenches & 

sump
Regular 

Inspection Inspection Concrete Visual Monitoring

None US Water CWT P20 Cooling Tower Pump 
House

Metal Passivation and 
Corrosion Inhibitor 2 Stainless 

Steel 18 mm of Hg Atmospheric None Floor, trenches & 
sump

Regular 
Inspection Inspection Concrete Visual Monitoring

Tk-716 Castor Oil Storage Duration Plant Castor Oil 65 G40.21-
44w N/A Atmospheric None Double walled tank Regular 

Inspection Inspection High Level Alarm

Tk-718 Wax Storage Tank Duration Plant C30+ Wax 56 G40.21-
44w N/A Atmospheric None Double Walled 

Tank
Regular 

Inspection Inspection High Level Alarm

Tk-715 Pigment Tank Duration Plant Brown Pigment 2.9 Carbon 
Steel N/A Atmospheric None Floor, trenches & 

sump
Regular 

Inspection Inspection Concrete Visual Monitoring

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Above Ground Storage Tanks



Tank Number Tank Description Location Tank Contents
Tank 

Capacity 
(M3)

Tank 
Material

Max Vapour 
Pressure Type Of Vents

Vapour 
Recovery 
System

Secondary 
Containment

Corrosion 
Protection

Leak 
Detection Foundation Overfill 

Prevention

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Above Ground Storage Tanks

Tk-725 Lupranate M20 
Isocyanate Tank Duration Plant MDI 33 Carbon 

Steel
0.00016 mm of 

Hg Atmospheric None Double Walled 
Tank

Regular 
Inspection Inspection Concrete High Level Alarm

Tk-717 Wax Duration Plant C30+ Wax 2.9 Carbon 
Steel N/A Atmospheric None Floor, trenches & 

sump
Regular 

Inspection Inspection Concrete Visual Monitoring

385-FA Aqua Ammonia East of Tk-105 Ammonia Solution 29% 57 Carbon 
Steel 475 mm of Hg Atmospheric None 110% Containment 

& Chemical Sewer
Regular 

Inspection Inspection Concrete Visual Monitoring

385-FB Aqua Ammonia East of Tk-105 Ammonia Solution 29% 57 Carbon 
Steel 475 mm of Hg Atmospheric None 110% Containment 

& Chemical Sewer
Regular 

Inspection Inspection Concrete

2602-F Site Diesel Storage 
Tank East of Warehouse 3 Diesel Fuel 9 Carbon 

Steel N/A Atmospheric None 110% Containment Regular 
Inspection Inspection Soil Overfill 

Protection Valve

2601-F Site Gasoline Storage 
Tank East of Warehouse 3 Gasoline 9 Carbon 

Steel 400 mm of Hg Atmospheric None 110% Containment Regular 
Inspection Inspection Soil Overfill 

Protection Valve

Tk-804 Pigment Tank ESN Plant Green Pigment 1.8 Sa-516-
70n N/A Atmospheric None Floor, trenches & 

sump
Regular 

Inspection Inspection Concrete Visual Monitoring

None US Water Biotrol C102 Evaporation Pond 
Pumphouse Non-oxidizing Biocide 2 Stainless 

Steel 18 mm of Hg Atmospheric None Stainless Steel 
Basin

Regular 
Inspection Inspection Concrete Visual Monitoring

None Site Used Oil Collection 
Tanks Frick Building Used Oil 1.1 Carbon 

Steel N/A Atmospheric None Double Walled 
Tank

Regular 
Inspection Inspection Ashphalt Visual Monitoring

None De-Dusting Oil Tank Loadout ESSO Flex 530 Anti-Dust 
Additive Oil 10 Carbon 

Steel N/A Atmospheric None None Internally 
Coated Inspection Ashphalt Visual Monitoring

None Site Used Oil Collection 
Tanks Maintenance Building Used Oil 2 Carbon 

Steel N/A Atmospheric None Double Walled 
Tank

Regular 
Inspection Inspection Ashphalt Visual Monitoring

Tk-109 Diesel Fuel Oil North of Control Building Empty - Out of Service 40 Carbon 
Steel N/A Atmospheric None 110% containment Regular 

Inspection Inspection Concrete Visual Monitoring

TK-805 Quadral Oil Storage North of ESN Plant Quadrol 37.6 Carbon 
Steel 1 mm of Hg Pressure/vacuum 

relief device None Double walled tank Regular 
Inspection Inspection Ashphalt High Level Alarm

Tk-812 Cooked Wax Tank North of ESN Plant Cooked Wax 13 Carbon 
Steel N/A Atmospheric None 110% Containment Regular 

Inspection Inspection Concrete High Level Alarm

Tk-801 Castor Oil Storage North of ESN Plant Castor Oil 139 A-36 Or 
Equivalent N/A Pressure/vacuum 

relief device None

110% Containment 
Concrete Dyke, 

Shared With 
Tk-802

Regular 
Inspection Inspection Concrete High Level Alarm

Tk-802 Wax Storage Tank North of ESN Plant Wax 72 A-36 Or 
Equivalent N/A Pressure/vacuum 

relief device None

110% Containment 
Concrete Dyke, 

Shared With 
Tk-801

Regular 
Inspection Inspection Concrete High Level Alarm

Tk-803 Lupranate M20 
Isocyanate Tank North of ESN Plant MDI 54 A-36 Or 

Equivalent
0.00016 mm of 

Hg
Pressure/vacuum 

relief device None 110% Containment Regular 
Inspection Inspection Concrete High Level Alarm
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Above Ground Storage Tanks

Tk-101 Urea Melt North of Urea Plant Urea Solution  80% 561 Carbon 
Steel N/A Conservation 

Breather Vent None Concrete Pad and 
Chemical Sewer

Regular 
Inspection Inspection Concrete High Level Alarm

Tk-102 Ammonia Water North of Urea Plant Ammonia Solution 10% 448 304l Ss 475 mm of Hg Conservation 
Breather Vent None Concrete Pad and 

Chemical Sewer
Regular 

Inspection Inspection Concrete High Level Alarm

Tk-105 Ammonia Water 
(Condensate) North of Urea Plant Ammonia Solution 0.1% 480 A-283-C 18 mm of Hg Atmospheric None Concrete Pad and 

Chemical Sewer
Regular 

Inspection Inspection Concrete High Level Alarm

Tk-106 Casco UF85 
Formaldehyde North of Urea Plant Formaldehyde 30% 136 Carbon 

Steel 40 mm of Hg Atmospheric None 110% Containment Regular 
Inspection Inspection Concrete High Level Alarm

2001-F Sulfuric Acid North of Water Treatment 93% Sulfuric Acid 63 A-516-70 1 mm of Hg Pressure/vacuum 
relief device None Double Walled 

Tank
Regular 

Inspection Inspection Concrete High Level Alarm

2214-FA Diesel Storage Tank 
Summer River Pumphouse Diesel Fuel, Summer 4.3 Carbon 

Steel N/A Atmospheric None Double walled tank Regular 
Inspection Inspection Concrete Visual Monitoring

2214-FB Diesel Storage Tank 
Winter River Pumphouse Diesel Fuel, Winter 4.3 Carbon 

Steel N/A Atmospheric None Double walled tank Regular 
Inspection Inspection Concrete Visual Monitoring

2101F Ammonia Cold Storage South of Ammonia Pump 
House Anhydrous Ammonia 54,930 Carbon 

Steel 862 Kpa Pressure/vacuum 
relief device Flare 110% Containment Regular 

Inspection Inspection Soil High Level Alarm

2102F Pressurized Ammonia 
Storage

South of Ammonia Pump 
House Anhydrous Ammonia 340 Carbon 

Steel 862 Kpa Pressure/vacuum 
relief device Flare 110% Containment Regular 

Inspection Inspection Soil High Level Alarm

C-613 US Water Boiler MP 
1000 Urea 1st Floor Sludge/Iron Control 2 Plastic 18 mm of Hg Atmospheric None 110% containment Regular 

Inspection Inspection Concrete Visual Monitoring

C-4361 US Water Nuemax 400 Urea 1st Floor
Metal Passivation and 

Corrosion Inhibitor 2 Carbon 
Steel 18 mm of Hg Atmospheric None 110% containment Regular 

Inspection Inspection Concrete Visual Monitoring

None Site Used Oil Collection 
Tanks Urea Plant Used Oil 1.1 Carbon 

Steel N/A Atmospheric None Double Walled Regular 
Inspection Inspection Ashphalt Visual Monitoring

None Ammonia Water Urea Plant Ammonia Solution 64 Carbon 
Steel N/A Atmospheric None 110% Lined Steel 

Containment
Regular 

Inspection Inspection Liner Visual Monitoring

None Ammonia Water Urea Plant Ammonia Solution 64 Carbon 
Steel N/A Atmospheric None 110% Lined Steel 

Containment
Regular 

Inspection Inspection Liner Visual Monitoring

None Ammonia Water Urea Plant Ammonia Solution 64 Carbon 
Steel N/A Atmospheric None 110% Lined Steel 

Containment
Regular 

Inspection Inspection Liner Visual Monitoring

None Ammonia Water Urea Plant Ammonia Solution 64 Carbon 
Steel N/A Atmospheric None 110% Lined Steel 

Containment
Regular 

Inspection Inspection Liner Visual Monitoring

None Ammonia Water Urea Plant Ammonia Solution 64 Carbon 
Steel N/A Atmospheric None 110% Lined Steel 

Containment
Regular 

Inspection Inspection Liner Visual Monitoring

2003-F Sodium Hydroxide Tank Water Treatment Sodium Hydroxide 50% 42
A-516-70 
(Sa 285 

Grc)
13 mm of Hg Atmospheric None Double walled tank Regular 

Inspection Inspection Concrete High Level Alarm



Tank Number Tank Description Location Tank Contents
Tank 

Capacity 
(M3)

Tank 
Material

Max Vapour 
Pressure Type Of Vents

Vapour 
Recovery 
System

Secondary 
Containment

Corrosion 
Protection

Leak 
Detection Foundation Overfill 

Prevention

APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00
CARSELAND NITROGEN OPERATIONS

Above Ground Storage Tanks

2204JA Fire Water Pump Diesel 
Tank Water Treatment Diesel Fuel 1 Carbon 

Steel N/A Atmospheric None Double Walled 
Tank

Regular 
Inspection Inspection Concrete Visual Monitoring

2001UF Cation Rinse Tank Water Treatment Very weak acid solution 49 Carbon 
Steel 18 mm of Hg Atmospheric None Floor, trenches & 

sump Rubber Lined Inspection Concrete Visual Monitoring

2206-F US Water Megafloc 
8905 Tank Water Treatment Coagulant 4.5 Plastic 18 mm of Hg Atmospheric None Floor, trenches & 

sump
Regular 

Inspection Inspection Concrete Visual Monitoring

2212LF US Water BWT 104 
Tank Water Treatment Dechlorination 2 Plastic 18 mm of Hg Atmospheric None Floor, trenches & 

sump
Regular 

Inspection Inspection Concrete Visual Monitoring

2213-LF Megafloc 4224 Water Treatment Flocculant 5.2 Plastic 18 mm of Hg Atmospheric None Floor, trenches & 
sump

Regular 
Inspection Inspection Concrete Visual Monitoring

2211LF USWater RO 503 Water Treatment Reverse Osmosis Anti-
scalent 0.6 Plastic 18 mm of Hg Atmospheric None Floor, trenches & 

sump
Regular 

Inspection Inspection Concrete Visual Monitoring

NH 3002 Alkapro 10 Water Treatment Bulk 
Chemical Building pH Adjustment 2.1 Plastic 18 mm of Hg Atmospheric None Floor, trenches & 

sump
Regular 

Inspection Inspection Concrete Visual Monitoring

NH 3001 Nuemax 400 Water Treatment Bulk 
Chemical Building

Metal Passivation and 
Corrosion Inhibitor 2 Steel 18 mm of Hg Atmospheric None Floor, trenches & 

sump
Regular 

Inspection Inspection Concrete Visual Monitoring

NH 3003 Boiler HP1000 Water Treatment Bulk 
Chemical Building Sludge/Iron Control 2 Plastic 18 mm of Hg Atmospheric None Floor, trenches & 

sump
Regular 

Inspection Inspection Concrete Visual Monitoring
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APPLICATION FOR RENEWAL OF EPEA APPROVAL NO. 1580-02-00 
CARSELAND NITROGEN OPERATIONS 

Reported Air Emission Releases 

Date AEP 
Reference 

Substance 
Released 

Quantity 
(KG) Description Location 

12/4/2008 208232 Ammonia 1040 Safety Lift Ammonia Process 

12/13/2008 208911 Ammonia 14476 Safety Lift Ammonia Process 

12/19/2008 209094 Ammonia 13409 Safety Lift Ammonia Process 

12/24/2008 209332 Ammonia 515 Safety Lift Ammonia Process 

12/28/2008 209563 Ammonia 33 Safety Lift Ammonia Process 

1/1/2009 209611 Ammonia 6 Pipe/Flange/Valve Leak Ammonia Process 

2/20/2009 211076 Ammonia 75 Safety Lift Ammonia Process 

3/12/2009 212578 Ammonia 330 Flare Outage Offsites 

7/14/2009 216893 N/A N/A No Exceedance Occurred Urea Process 

10/6/2009 220112 Ammonia 3226 Flare Outage Offsites 

2/11/2010 224206 Ammonia 947 Safety Lift Urea Process 

2/20/2010 224545 N/A N/A Noise Complaint Other 

2/24/2010 224352 Ammonia 194 Stack Emission Exceedance Urea Process 

4/6/2010 234680 Ammonia 3219 Safety Lift Ammonia Process 

4/6/2010 234684 Ammonia 1867 Flare Outage Offsites 

4/25/2010 235223 Ammonia 1467 Pipe/Flange/Valve Leak Urea Process 

5/14/2010 235862 Ammonia 177 Vent Ammonia Process 

5/16/2010 235911 Ammonia 103 Vent Ammonia Process 

6/13/2010 236808 Ammonia 130 Safety Lift Ammonia Process 

6/14/2010 236822 N/A N/A No Exceedance Occurred Urea Process 

6/14/2010 236825 N/A N/A No Exceedance Occurred Urea Process 

7/14/2010 237951 Ammonia 120 Safety Lift Ammonia Process 
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Date AEP 
Reference 

Substance 
Released 

Quantity 
(KG) Description Location 

7/19/2010 238204 Ammonia 116 Safety Lift Ammonia Process 

8/7/2010 238933 Ammonia 204 Stack Emission Exceedance Ammonia Process 

10/1/2010 240735 Ammonia 2642 Safety Lift Ammonia Process 

10/2/2010 240744 Ammonia 91 Spill/Overflow Ammonia Process 

10/1/2010 240806 Ammonia 5 Safety Lift Urea Process 

10/20/2010 241330 Ammonia 68 Pipe/Flange/Valve Leak Offsites 

11/17/2010 242159 Ammonia 74 Safety Lift Ammonia Process 

11/19/2010 242217 Ammonia 777 Stack Emission Exceedance Ammonia Process 

11/19/2010 242219 Ammonia 2299 Vent Ammonia Process 

11/21/2010 242233 Ammonia 4339 Pipe/Flange/Valve Leak Urea Process 

4/9/2010 272838 Ammonia 2032 Stack Emission Exceedance Urea Process 

4/11/2010 242839 Ammonia 91 Vent Urea Process 

6/11/2010 242840 Ammonia 2369 Vent Urea Process 

1/14/2011 243492 Ammonia 168 Safety Lift Urea Process 

3/19/2011 245224 Ammonia 18 Vent Ammonia Process 

3/24/2011 245347 Ammonia 257 Safety Lift Ammonia Process 

4/26/2011 246379 Ammonia 36 Safety Lift Urea Process 

5/7/2011 246866 Ammonia 566 Stack Emission Exceedance Urea Process 

7/16/2011 249641 Ammonia 32517 Vent Urea Process 

8/29/2011 251200 N/A N/A Other 

9/8/2011 251538 Ammonia 27441 Vent Urea Process 

1/8/2012 254883 Ammonia 26488 Vent Urea Process 

2/19/2012 256105 Ammonia 24260 Vent Urea Process 

3/6/2012 256487 Ammonia 1195 Safety Lift Ammonia Process 
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Date AEP 
Reference 

Substance 
Released 

Quantity 
(KG) Description Location 

3/8/2012 256563 Ammonia 173 Flare Outage Offsites 

3/22/2012 256978 Ammonia 98 Vent Urea Process 

3/29/2012 257165 Ammonia 7 Safety Lift Urea Process 

4/4/2012 257312 Ammonia 165 Vent Ammonia Process 

9/26/2012 263554 R-22 
Refrigerant 17 Pipe/Flange/Valve Leak Control Building 

10/21/2012 264305 Ammonia 25 Safety Lift Urea Process 

10/21/2012 264305 Ammonia 378 Safety Lift Urea Process 

12/18/2012 265832 N/A N/A No Exceedance Occurred Urea Process 

4/5/2013 268716 Ammonia 45 Safety Lift Urea Process 

4/7/2013 268726 Ammonia 4 Safety Lift Urea Process 

6/5/2013 270877 Ammonia 735 Safety Lift Ammonia Process 

6/28/2013 271947 Ammonia 2 Safety Lift Urea Process 

6/29/2013 271954 Ammonia 10 Safety Lift Urea Process 

7/3/2013 272104 Ammonia 181 Safety Lift Urea Process 

7/18/2013 272784 Ammonia 1854 Stack Emission Exceedance Urea Process 

8/23/2013 274324 Ammonia 186 Safety Lift Ammonia Process 

8/24/2013 274394 Ammonia 512 Flare Outage Offsites 

8/24/2013 274400 Ammonia 143 Flare Outage Offsites 

9/4/2013 274871 Ammonia 26 Flare Outage Offsites 

10/21/2013 276668 Ammonia 94 Vent Ammonia Process 

10/24/2013 276790 Ammonia 218 Safety Lift Ammonia Process 

10/25/2013 276874 Ammonia 756 Safety Lift Urea Process 

11/14/2013 277597 Ammonia 235 Safety Lift Urea Process 

11/28/2013 278030 Ammonia 131 Vent Ammonia Process 
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Date AEP 
Reference 

Substance 
Released 

Quantity 
(KG) Description Location 

2/17/2014 280543 Ammonia 317 Flare Outage Offsites 

3/23/2014 281886 Ammonia 23 Safety Lift Ammonia Process 

6/10/2014 285086 Ammonia 30 Safety Lift Ammonia Process 

11/11/2014 291859 Ammonia 201 Safety Lift Urea Process 

11/20/2014 292211 Ammonia 1424 Stack Emission Exceedance Urea Process 

2/13/2015 294908 Ammonia 657 Stack Emission Exceedance Urea Process 

3/14/2015 295940 Ammonia 1552 Flare Outage Ammonia Process 

5/4/2015 297820 Ammonia 324 Safety Lift Urea Process 

6/3/2015 299160 Ammonia 260 Pipe/Flange/Valve Leak Frick Building 

6/9/2015 299401 Ammonia 900 Pipe/Flange/Valve Leak Ammonia Process 

7/9/2015 300579 Ammonia 215 Flare Outage Offsites 

4/3/2016 309869 Ammonia 5 Pipe/Flange/Valve Leak Urea Process 

1/30/2017 321436 Ammonia 10 Pipe/Flange/Valve Leak Ammonia Process 

3/5/2017 321687 Ammonia 1 Pipe/Flange/Valve Leak Urea Process 

3/8/2017 321783 Ammonia 68 Stack Emission Exceedance Urea Process 

3/16/2017 322054 Ammonia 80 Safety Lift Urea Process 

3/18/2017 322103 Ammonia 19975 Pipe/Flange/Valve Leak Urea Process 

4/5/2017 322184 Ammonia 108 Safety Lift Ammonia Process 

6/21/2017 325964 Ammonia 10 Safety Lift Ammonia Process 

7/27/2017 327694 Ammonia 5509 Safety Lift Urea Process 

8/23/2017 328720 Ammonia 320 Safety Lift Urea Process 

8/24/2017 328820 Ammonia 333 Stack Emission Exceedance Urea Process 

8/25/2017 328831 Ammonia 1 Safety Lift Urea Process 
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Reported Spill and Material Storage Incidents 

Date AEP 
Reference 

Substance 
Released 

Quantity 
(KG) Description Location 

1/7/2009 209677 Sulphuric Acid 9250 Spill/Overflow Water Treatment 

2/16/2009 210871 MDEA 2000 Spill/Overflow Ammonia 
Process 

1/5/2010 222939 Sodium 
Hydroxide 

2200 Spill/Overflow Water Treatment 

5/26/2010 236249 Sodium 
Hydroxide 

4116 Pipe/Flange/Valve Leak Water Treatment 

10/2/2010 240736 MDEA 11400 Spill/Overflow Ammonia 
Process 

10/2/2010 240747 MDEA unknown Spill/Overflow Ammonia 
Process 

11/2/2010 241745 Sodium 
Hydroxide 

5000 Pipe/Flange/Valve Leak Water Treatment 

4/17/2013 269006 Sulphuric Acid 2 Spill/Overflow Water Treatment 

2/14/2014 280526 Sulphuric Acid 2500 Pipe/Flange/Valve Leak Water Treatment 

2/18/2014 280564 Sulphuric Acid 108 Pipe/Flange/Valve Leak Water Treatment 

4/29/2014 283376 Sulphuric Acid 270 Pipe/Flange/Valve Leak Water Treatment 

9/17/2015 303577 N/A N/A Turbidity  Exceedance - 
River 

Offsites 

4/21/2016 310555 N/A N/A Ammonia tank containment 
berm did not meet 110% 
secondary containment. 

Ammonia 
Process 

6/16/2017 325810 Water 1400 Raw Water Pond Overflow Offsites 
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Reported Wastewater Incidents 

Date AEP 
Reference 

Substance 
Released 

Quantity 
(KG) Description Location 

8/25/2009 217944 N/A N/A EC Limit – No Exceedance Offsites 

7/30/2010 238642 N/A N/A EC Limit No Exceedance Offsites 

6/27/2012 260148 Untreated 
Wastewater 

27200 Spill/Overflow Industrial Runoff 
System 

4/19/2014 N/A N/A N/A Wastewater Reporting 
Deficiency 

Administration 

2/5/2015 294617 N/A N/A Irrigation Reporting 
Deficiency 

Administration 

6/2/2015 299096 Irrigation Pond 
Water 

29000 Pipe/Flange/Valve Leak Agrium Farm 

11/3/2015 305339 N/A N/A Potential wastewater 
release 

Administration 
Building 

5/16/2016 311474 N/A N/A EC Limit – No exceedance Offsites 
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Reported Ambient Air Station Incidents 

Date AEP Reference Description 

10/6/2009 220112 The AAQO for ammonia was exceeded for 1 hour due to a flare 
outage. 

5/29/2010 236251 The AAQO for ammonia was exceeded for 1 hour due to operational 
issues at the adjacent facility.. 

1/25/2011 243766 Failure of calibration gas. 

1/31/2011 243929 Calibration Failure 

9/23/2011 252065 Ambient air station online for less than 90% in month. 

5/1/2012 258034 Ambient air station online for less than 90% in month. 

10/16/2012 264156 Ambient air station online for less than 90% in month. 

11/30/2012 265359 Ambient air station online for less than 90% in month. 

12/6/2012 265519 Ambient air station online for less than 90% in month. 

4/24/2013 269224 No exceedance – communication error 

7/9/2015 300579 The AAQO for ammonia was exceeded for 1 hour due to a flare 
outage 

12/7/2016 453301 No exceedance – Elevated NO2 readings, less than AAQO. 

6/10/2017 325540 No exceedance – Elevated ammonia readings, less than AAQO. 
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