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Summary 

The Halifax Grain Elevator is located in close proximity to established low and high-density residential land uses, 

and interest in residential development is expected to continue in the surrounding area. Grain elevators are 

considered high-hazard industrial occupancies under the National Fire Code of Canada and present an inherent 

dust explosion risk given the high quantities of combustible materials handled. Based on the adjacent land uses, 

the need was identified to perform a land use risk assessment study for the existing facility. 

A quantitative risk assessment approach was employed by Jensen Hughes to estimate the risk posed to the public 

due to the operation of the grain elevator and the dust explosion hazards it presents. The risk assessment was 

conducted based on the worst-case dust explosion event identified for the facility. The dust explosion scenario 

was identified based on significant dust explosions that occurred at the SEMABLA grain storage facility in Blaye, 

France, and the DeBruce grain elevator in Wichita, Kansas in the 1990’s (as described in Section 6 of this report). 

Stemming from an evaluation of these events, it was considered that the highest risk to the public in the 

surrounding area would result from a dust explosion that occurs within or propagates to one or more of the silos 

located in the outermost row on the western side of the facility.   

The risk based approach was used to determine the individual risk to the public based on the event frequency 

and associated consequences. The frequency is representative of the probability of ignition resulting in a dust 

explosion event. The explosion frequency was determined based on the methodology outlined in the paper “A 

quantitative risk assessment tool for the external safety of industrial plants with a dust explosion hazard” (Klein et 

Al, 2006). The consequences represent the impact to the public and are based on probability of fatality due to the 

effects of the dust explosion. The explosion effects that were evaluated include: blast overpressure, fireball and 

thermal radiation, bulk outflow, and projectiles. An overview of the quantitative risk assessment process that was 

followed is shown in Figure I. The risk analysis methodology is presented in Section 7 of this report. 

 

 

Figure I: Overview of the quantitative risk assessment process.  
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Stemming from completion of the risk assessment, the risk presented by each individual silo was estimated and 

a risk contour was developed. It is important to note that the risk posed to an unprotected person in the area 

surrounding the grain elevator is equivalent to the risk posed by all silos whose risk contours intersect the location 

of said person. As such, the cumulative risk posed to the public by a potential dust explosion event was estimated 

at five meter intervals (from 5 m to 120 m) extending outward from the exterior walls of the grain elevator. The 

cumulative risk was estimated by the risk contours from the adjacent silos on the exterior wall that intersect an 

imaginary zone placed central to the silos. A summary of the cumulative individual risk posed to the public in the 

external area surrounding the grain elevator is summarized in Figure II and Figure III. The Figures display the 

decay in risk as the distance from the facility is increased from 5 m to 120 m. It is important to note that the figure 

shows the curves for the area surrounding Annexes 1-3 and the area surrounding Annex 4 as the risk associated 

with these areas varies due to the size and configuration of the silos. Within Figures II and III, the risk acceptance 

criteria for restricted, low-density, high-density, and sensitive land uses are shown. The risk assessment is 

documented in Section 8 of this report. 

 

Figure II: Decay in individual risk at increasing distance surrounding the grain elevator (5 m to 120 m). 
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Figure III: Decay in individual risk at increasing distance surrounding the grain elevator (40 m to 120 m). 

 

With respect to land use planning, risk acceptance criteria was obtained from the MIACC Risk-based Land Use 

Planning Guidelines. The guidelines outline acceptable levels of individual risk associated with specific land uses 

surrounding industrial facilities. The risk acceptance criteria outlined in the MIACC guidelines is summarized in 

Figure IV. 
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Based on the buffer zones outlined in Table I, a risk contour drawing was developed to demonstrate the required 

separation distances between the Halifax Grain Elevator and adjacent low-density residential, high-density 

residential, and sensitive land uses based on the individual risk to the public. The risk contour drawing is shown 

overlayed on a CAD drawing of the site map in Figure V. It is important to note that the contours shown on the 

drawings may not be to scale and are subject to a site survey. As shown on Figures V, all properties located within 

100 meters of the facility have the potential to experience significant property damage in the event of an explosion. 

At increased distance, the potential for property damage is due to projectiles as discussed in Section 9 of this 

report. 

 

Figure V: Site plan showing risk zones for restricted (green), low-density residential (red), high-density 

residential (blue), and sensitive (pink) land uses and the area with potential for significant property damage. 

Any new residential land uses located in the vicinity of the grain elevator should be limited by the buffer zones 

and associated uses as outlined in Table I and Figure V. With respect to existing land uses, the primary concern 

is the Grainery Lofts development which is located within 10 meters of Annex 4 at its closest point as shown in 

Figure VI. The Grainery Lofts structure is located inside the buffer zone for high-density land uses with a portion 

of the building located inside the restricted zone. Other land uses of concern include a commercial use (Formac 

Publishing) which is partially located within the restricted zone and several houses (low-density residential) located 

on Blue Willow Court which are partially located within the restricted zone. 

 

In Figure VI, the exterior boundary of the zone in which property damage has the potential to occur is identified 

by the black contour line for legibility. 
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Figure VI: Low and high-density residential and commercial developments located in nonacceptable areas 

based on the MIACC risk acceptance criteria. 

Stemming from completion of the land use risk assessment study, recommendations were offered with respect to 

dust hazard mitigation strategies and land use planning to reduce the risk to the public. These recommendations 

are outlined in Section 10 of this report. With respect to land use planning, three categories of recommendations 

were provided which include: establishing risk precincts, implementing build form guidelines for risk mitigation, 

and addressing non-conforming uses and structures. These recommendations are based upon the best practices 

for acceptable levels of risk. However, individual communities may have different acceptable levels of risk 

depending on demographic, economic, and sociological criteria, and therefore, final decision making pertaining to 

regulations within the Halifax Grain Elevator area should be developed in consultation with landowners and 

community members.  

Separation of incompatible land uses remains the most effective risk mitigation strategy. Therefore, the primary 

recommendation is to adopt appropriate land use controls to exclude incompatible land uses in proximity to the 

Halifax Grain Elevator. Figure VII demonstrates how the land use precincts may be applied to lands in proximity 

to the Halifax Grain Elevator. 
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Figure VII: Example of land use precincts surrounding the grain elevator. 
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Acronyms & abbreviations 

 

AHJ       Authority Having Jurisdiction 

ALARP       As Low As Reasonably Practicable  

CBA           Consequence Based Approach 

CSA      Canadian Standards Association 

CSCHE      Canadian Society of Chemical Engineers 

COHSR     Canada Occupational Health and Safety Regulations 

DHA      Dust Hazard Analysis 
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GEP          Good Engineering Practice 

GSD      Generic Safety Distances 

HGE      Halifax Grain Elevator 

HGEL      Halifax Grain Elevator Limited 

HPA      Halifax Port Authority 

HRM      Halifax Regional Municipality 

JH      Jensen Hughes 

MIACC      Major Industrial Accidents Council of Canada 

NBC      National Building Code of Canada 

NFC      National Fire Code of Canada 

NFPA      National Fire Protection Agency 

OSHA      Occupational Safety and Health Administration 

PSM      Process Safety Management 
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Definitions 
Acceptable level of 

risk 

The determination by public authorities through a process involving industry and the public of levels 

of risk which are considered acceptable if all reasonably practical measures have been taken to 

reduce risks. 

Buffer or transition 

zones 

An area of land established around an industrial activity to separate other adjacent land uses, 

particularly residential areas, from the potential effects of an industrial accident. Buffer or transition 

zones are established through the determination of minimum separation distances between various 

land uses and through the determination of “buffer” land uses within these areas. 

Combustible dust A finely divided combustible particulate solid that presents a flash fire hazard or explosion hazard 

when suspended in air or other oxidizing medium over a range of concentrations. The NFPA 

standards outline a size criterion of 500 micrometer as the threshold for combustible dust. 

Dust deflagration A combustion that propagates by heat and mass transfer through the unreacted medium 

(combustible dust) at a velocity less than the speed of sound. 

Dust explosion A rapid combustion of dust particulate suspended in air within an enclosed location that results in a 

release of energy that causes a pressure discontinuity or blast wave. A dust explosion event will 

often result in the burst or rupture of an unprotected enclosure.   

Dust hazard 

analysis (DHA) 

A systematic review to identify and evaluate the potential fire, flash fire (deflagration), or explosion 

hazards associated with the presence of one or more combustible particulate solids in a process or 

facility. 

Enclosure burst 

pressure 

The maximum overpressure that an unprotected enclosure can withstand before structural failure or 

rupture. 

Event frequency  The number of occurrences of an event per unit time (e.g., 1 event in 1000 years = 1 x 10 -3 events 

per year). 

Event consequence The potential outcome of the event often expressed in terms of human fatality. 

Good engineering 

practice (GEP) 

Proven and accepted engineering methods, procedures, and practices that provide appropriate, 

cost-effective, and well-documented solutions to meet user-requirements and compliance with 

applicable regulations, safety, environments protection, and operability. GEP is defined as a 

combination of standards, specifications, codes, regulatory and industrial guidelines as well as 

accepted engineering and design methods. 

Hazard A condition with the potential for causing an undesirable consequence. 

Individual risk The annual frequency at which an individual may be expected to sustain a given level of harm (i.e. 

death) from the realization of specified hazards. 

Maximum pressure 

(Pmax) 

The maximum pressure developed in a contained deflagration of an optimum mixture. 

Minimum separation 

distances 

A distance to be maintained between different land uses or constructions. The separation distance 

determines the width of a buffer zone. 

Probit A unit of probability based on deviation from the mean of a standard distribution. 
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Probit functions Probit functions account for the variation in tolerance to harm for an exposed population. The fatality 

rate of personnel exposed to harmful agents over a given period of time can be calculated by use of 

probit functions and probit transformation tables. 

Reduced pressure The maximum pressure developed in a vented enclosure during a vented deflagration. 

Risk A measure of the frequency and severity of an adverse effect due to a hazard. 

Risk assessment The characterization of the likelihood and importance of risks. 

Risk contour A contour around a hazardous site connecting locations with equal probability of risk. The contours 

usually represent powers of 10, i.e., 1 chance in 1000 (10-3) per year of fatality, 1 chance in 10,000 

(10-4) of fatality per year, etc. 
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1.0 Introduction 

The Halifax Grain Elevator is located at 951 South Bland Street in Halifax, Nova Scotia. The grain elevator is 

situated on land owned by the Halifax Port Authority (HPA) and is leased to Halifax Grain Elevator Limited (HGEL) 

who operates the facility. The grain elevator was constructed as part of a larger development project, known as 

the Ocean Terminals Complex. The main facility consists of four annexes with the Halifax Port Ocean Terminals 

located to the east and residential and commercial developments located on the west side. The existing structure 

was built in progressive stages with Annex 1 being constructed in 1923, Annex 2 in 1929, Annex 3 in 1953, and 

Annex 4 in 1966. The structure currently acts as a divide between the residential and industrial uses of the 

southern portion of the Halifax waterfront. Figure 1.1 shows a photograph of the east side of the grain elevator 

facility.  

 

Figure 1.1: Photograph of the eastern side of the grain elevator site facility. 

The grain elevator is currently used for bulk storage of various agricultural grains and wood pellets that are 

transported to the facility from external sources. The existing facility contains a combination of 365 silos and 

intermediate bins that provide a total storage capacity of approximately 140,000 tons of wheat. Given the high 

quantities of combustible material that are handled, grain elevators are considered high-hazard industrial 

occupancies (Group F, Division 1) under the National Building Code of Canada (NBC). It is known that agricultural 

grain dusts are explosive in dust cloud form under certain conditions. As such, grain elevators pose potential 

combustible dust fire, deflagration, and explosion hazards. If combustible dust hazards are not adequately 

managed, it could result in a significant dust explosion event that could have a severe impact on the facility and 

the surrounding area.  

Established low and high-density land uses are present on the western side of the facility. The adoption of the 

Regional Centre Municipal Planning Strategy and Land Use Bylaw in 2021 has resulted in a more permissive land 

use planning context than what has previously been applied to properties in proximity to the Halifax Grain Elevator. 

Under the Regional Centre Plan framework and applied land use zoning, a higher intensity of residential 

development is permitted in the area. This change in land use permission coupled with a low vacancy rate in the 

area, has spurred an interest in higher intensity residential development in the area, which is expected to continue. 
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In the event of a large scale dust explosion event, there is the potential that the explosion could impact existing 

and new developments located in the external area and present a significant risk to the public. Given the potential 

hazards associated with operation of the grain elevator, further study was needed to better understand and 

manage potential public safety risks and incompatible uses associated with the elevator and its proximity to 

residential and institutional uses. As such, Jensen Hughes was engaged by the Halifax Regional Municipality 

(HRM) to perform a land use risk assessment study for the external area surrounding the grain elevator. 

The land use risk assessment study was conducted to determine the allowable land use surrounding the grain 

elevator based on the Major Industrial Accidents Council of Canada (MIACC) Guidelines [1]. To determine the 

allowable land use in accordance with the MIACC, a quantitative risk assessment was conducted for the worst-

case dust explosion event that has the potential to affect the surrounding area. This report completely documents 

all work that was performed as part of the land use risk assessment study and is organized as follows: 

+ Section 1 provides an introduction, outlines the scope of work and objectives, and identifies the project 

team. 

+ Section 2 gives a description of the grain elevator site, facility layout and a process description. 

+ Section 3 includes a review of the current state of the grain elevator and highlights the current operations 

and the findings of the DHA that was completed by Jensen Hughes. 

+ Section 4 gives an overview of regulatory analysis for grain elevators and other industrial facilities that 

present a similar level of hazard to the surrounding area. The regulatory analysis includes an overview 

of best practices with respect to dust hazard mitigation and land use planning. 

+ Section 5 provides an overview of the MIACC Risk-based Land Use Planning Guidelines and associated 

risk acceptance criteria. 

+ Section 6 identifies the worst-case dust explosion that has the potential to occur based on loss-history 

data and operational knowledge of grain elevators. 

+ Section 7 describes the risk assessment methodology employed to conduct the analysis. 

+ Section 8 documents the findings of the risk analysis and presents the risk contours. 

+ Section 9 outlines land use planning requirements stemming from completion of the risk assessment and 

development of the risk contours and buffer zones. 

+ Section 10 provides recommendations with respect to combustible dust hazard mitigation and land use 

planning. 

+ Section 11 outlines assumptions and limitations. 

+ Section 12 provides conclusion to the report. 

+ Section 13 outlines the references used to develop this report. 

+ Appendices A through D provide supplemental information, calculations, and design drawings referenced 

throughout this report. 

 

 



Land Use Risk Assessment Study – Halifax Grain Elevator 4H220290.000                                                                             

Page 3  | November 1, 2022 

 

1.1 SCOPE OF WORK 

The scope of work for this project included performing a land use risk assessment study for the existing Halifax 

Grain Elevator facility. The purpose of the study is to identify the minimum separation distances (buffer zones) 

surrounding the grain elevator that are required to separate adjacent land uses (particularly new residential uses) 

from the potential consequences or effects of an industrial accident. With respect to the grain elevator, the 

industrial accident is represented by a large-scale dust explosion. 

The allowable land uses surrounding the grain elevator are based on the acceptable level of risk outlined in the 

MIACC Risk Based Land Use Planning Guidelines [1]. To determine the level of risk posed to the public in the 

external area surrounding the grain elevator, a quantitative risk assessment was conducted to evaluate the risk 

that would be presented by the worst-case dust explosion event. 

1.2 GOALS AND OBJECTIVES 

The scope of work for this project was achieved by completing the following primary objectives: 

+ The basis for acceptable risk to the public and allowable land uses was identified based on the criteria 

outlined in the MIACC Risk-based Land Use Planning Guidelines. 

+ A credible design event (dust explosion scenario) that is expected to present the highest level of risk to 

the public was identified based on loss history for grain elevator facilities of a similar scale. 

+ A quantitative risk assessment was conducted based on the design event to identify the event frequency 

and severity of the consequences. The risk assessment was used to identify the risk posed to the public 

in the areas surrounding the grain elevator. Risk contours were developed stemming from completion of 

the risk assessment. 

+ Based on the MIACC Guidelines and the findings of the risk assessment, the minimum separation 

distances between the grain elevator and adjacent land uses (residential, commercial, sensitive, etc.) 

were identified. The separation distances were expressed on contour maps to demonstrate the required 

separations and identify appropriate locations for new residential and commercial developments. 

+ Stemming from the findings of the risk assessment, recommendations on land use planning mitigation 

strategies such as zoning, setbacks, land use controls and built form safety features were provided. 
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2.0 Facility & process description 

2.1 SITE LAYOUT 

The Halifax Grain Elevator is located at 951 South Bland Street in Halifax, Nova Scotia with the Halifax Port Ocean 

Terminals located to the east and residential and commercial developments located on the west side. The land 

that the facility is located on is currently owned by the Halifax Port Authority and is leased to Halifax Grain Elevator 

Limited. The main structure consists of four annexes used for material storage that were built in progressive stages 

with Annex 1 having been constructed in 1923, Annex 2 in 1929, Annex 3 in 1953, and Annex 4 in 1966. At the 

time of its construction, the southern portion of the Halifax Waterfront was predominantly dedicated to industrial 

land uses. However, in recent years, the buffer between the grain elevator and its neighboring residential 

developments has significantly declined with the construction of the Grainery Lofts development and multiple 

single-family houses. As shown in Figure 2.1, the grain elevator abuts established residential areas to the west 

with the closest structure being the Grainery Lofts apartment building.  

 

Figure 2.1: Image of the grain elevator site facing north (obtained from Google Earth). 

The structure is located at an imaginary border between the residential and industrial uses of the southern portion 

of the Halifax waterfront. Low and high-density residential developments and neighborhoods are situated on the 

western side of the facility with some commercial and institutional uses intermingled within the area. Additional 

residential and commercial uses are located on the north side of the facility where Barrington Street meets Inglis 

Street.  
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Existing land uses surrounding the grain elevator are highlighted on the map shown in Figure 2.2. The complete 

map is shown in Appendix C. 

 

Figure 2.2: Existing land uses surrounding the Halifax Grain Elevator. 

As shown in Figure 2.2, established low-density residential developments are located on the western side of the 

facility with the closest developments being located along South Bland Street, Atlantic Street, McLean Street, and 

Blue Willow Court. The established high-density residential developments in close proximity are located on South 

Bland Street and include the Grainery Lofts and The Terrace Apartments.  

The Grainery Lofts is a six-story multi-unit apartment building that was constructed in 2012. The building is a high-

density land use and directly abuts Annex 4 of the grain elevator. In some areas, the building is less than 10 

meters from the Annex 4 silos. 
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Figure 2.3: Regional Center land use bylaw zoning. 
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2.2 FACILITY OVERVIEW 

The grain elevator functions as a bulk storage facility for various agricultural grains and wood pellets and has the 

capacity to store approximately 140,000 tons of wheat. The main structure is comprised of the four annexes that 

are oriented in a north-south direction with Annexes 1 and 4 being located adjacent to one another on the north 

end of the facility and Annexes 2 and 3 being located to the south. In addition to the annexes, a receiving building 

is located on the eastern side of Annex 1 along with the receiving and shipping galleries. The receiving and 

shipping galleries are connected to marine terminals for ship loading and unloading purposes. The receiving 

gallery is connected to Annex 1 workhouse while the shipping gallery is connected to the Annex 3 workhouse. A 

simplified diagram of the grain elevator that outlines the various structures and building areas is shown in Figure 

2.4. 

 

Figure 2.4: Simplified site diagram highlighting the various sections of the facility. 

The structure of each annex is composed primarily of the silos and intermediate bins used for material storage. 

The silos are reinforced concrete structures approximately 33 meters in height and are configured in rows of four 

cells running the length of each annex. The intermediate bins are located in the interstitial located between the 

silos. A total of 210 silos and 155 intermediate bins are located throughout Annexes 1-4. The silos in Annex 4 

have metal cones. 

Bin level galleries are located above the groups of silos and extend the length of each annex. The galleries contain 

the bin level belt conveyors and associated process equipment used for transporting material to the silos. The 

gallery floors consist of concrete slabs comprising the tops of the silos. The gallery roof and walls are also 

constructed from concrete with windows and vent openings running the length of each gallery along the exterior 

walls. The bin level galleries in Annexes 1-3 have ceiling heights of approximately 10-feet and are approximately 

46-feet wide. The lengths of the bin level galleries range from approximately 210-feet (Annex 1) to 420-feet (Annex 

3). The Annex 4 bin level gallery has a ceiling height of 12-feet in the main area, a width of approximately 52-feet 

and a length of approximately 225 feet. Photographs of the Annex 1 bin level gallery are shown in Figure 2.5. It 

should be noted that the gallery roof in Annex 4 is constructed from steel. 
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Figure 2.5: Exterior (left) and interior (right) of the Annex 1 bin level gallery. 

Basement level galleries are situated below the groups of silos and are constructed primarily of concrete with 

windows and vent openings located along the exterior walls. The basement level galleries are used to transport 

bulk material discharged from the silos and intermediate bins using belt conveyors and other process equipment. 

The basement level galleries have the same length and width as the bin level galleries. However, the ceiling 

heights vary throughout each basement level gallery. Photographs of the exterior of the Annex 2 basement gallery 

and interior of the Annex 3 basement level gallery are shown in Figure 2.6. 

      

Figure 2.6: Exterior of Annex 1 basement gallery (left) and interior of Annex 3 basement gallery (right). 

Annexes 1-3 have workhouse areas that contain bucket elevators, garners, weigh scales, and other process 

equipment used to transport incoming and outgoing materials. Workhouse #1 consists of a tower located at the 

north end of the facility and is connected to Annexes 1 and 4 via galleries. Workhouses #2 is located between 

Annexes 1 and 2 while Workhouse #3 is located between Annexes 2 and 3. The workhouse areas consist of 

multiple levels and floors containing various process equipment. Photographs of the exteriors of Workhouse #1 

and Workhouse #2 are shown in Figure 2.7. 
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Figure 2.7: Workhouse #1 tower (left) and Workhouse #2 area (right). 

The grain elevator utilizes various process equipment to tranport and store material throughout the facility which 

includes, but is not limited to, bucket elevators, garners and weigh scales, belt conveyors, silos and intermediate 

bins, and dust collection systems. A schematic of a grain elevator facility similar to the Halifax Grain Elevator is 

shown in Figure 2.8.  

 

Figure 2.8: Schematic of a typical grain elevator facility. 
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2.3 PROCESS DESCRIPTION 

The following sections provide a summary of the process flow within the grain elevator.  

2.3.1 Receiving building and receiving gallery 

Materials are transported to the facility by railcars and trucks and are unloaded in the receiving building into the 

two receiving hoppers (100-ton and 50-ton capacities). The material is fed through ladder gates to tunnel belt 

conveyors. The tunnel belts have the capacity to transfer 500–550 tons of grain per hour and convey the material 

to the basement of Annex 1 where the material is transferred to the R1 and R2 bucket elevators. Figure 2.9 shows 

a simplified block flow diagram for the truck/railcar unloading operations. 

 

Figure 2.9: Simplified block flow diagram for the truck/railcar unloading operations. 

Grain can also be transferred to the facility via the Receiving Gallery. Ships unload grain into an unloading hopper 

located in the Marine Tower. The grain is gravity fed from the hopper into the marine leg bucket elevator that 

transfers the material to the B-Tower and A-tower belts and to a three-way splitter. From the splitter, the material 

is gravity fed through chutes and transferred to the R1, R2, or S2 bucket elevators. It should be noted that the 

receiving gallery (marine vessel unloading) is only used one or two times per year and only handles grains. Based 

on information provided by HGEL, when using the receiving gallery, the unloading rate is approximately 1140 

metric tons per hour. Figure 2.10 shows a simplified block flow diagram for the receiving gallery operations. 

 

Figure 2.10: Simplified block flow diagram for receiving gallery operations. 

2.3.2 Inward material flow 

Grain and wood pellets from the receiving gallery and unloading hoppers are transferred to the R1, R2, and S2 

bucket elevators in the basement of Annex 1. The bucket elevators transfer the material vertically to the top level 

of Workhouse #1 where the material is discharged into the Upper Garners. The material is held within the upper 

garners before being gravity fed to the weigh hoppers which operate as scales and weigh the material before it is 

transferred downstream. The material is discharged from the weigh scales to a system of interconnected bin floor 

belt conveyors that are used to transfer the material to the desired Annex. When the material reaches the desired 

Annex, movable trippers are utilized to transfer the material from the belt conveyors into the desired silo or 

intermediate bin through floor grates. The materials are then stored in the silos and intermediate bins until they 

are ready to be shipped. 

Based on information provided by HGEL, the wood pellets are contained primarily in the Annex 3 silos with some 

stored in the Annex 1 silos. It should be noted that the wood pellets are only stored within silos and are not stored 

in the intermediate bins. Figure 2.11 shows a simplified block flow diagram for the inward material flow. 
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Figure 2.11: Simplified block flow diagram for the inward material flow. 

2.3.3 Outward material flow 

When material is ready to be shipped, it is discharged from the storage silos and intermediate bins to the basement 

belt conveyors. Discharge of material from the bins is conducted manually using a wheel lock system to initiate 

material flow. A system of red and green lights is used to determine if the flow condition on the belt is sufficient 

for operation and the flow rate is adjusted by an operator until the light becomes green. 

The material is transferred from Annexes 1–4 by a series of basement belt conveyors to the S1 and S2 bucket 

elevators. These bucket elevators transfer the material vertically to the respective upper garners and weigh scales. 

The material from the weigh scales can be diverted to a chute and transferred to the weigh hoppers located in the 

truck/railcar loading building and is subsequently loaded into trucks and railcars. It should be noted that the R1 

bucket elevator system can also feed the chute to the truck/railcar loading hoppers. Figure 2.12 shows a simplified 

block flow diagram for the outward material flow for the truck/railcar loading operations. 

 

Figure 2.12: Simplified block flow diagram for the truck/railcar loading operations. 

The material can be transferred from the silos and intermediate bins to the shipping gallery. The basement level 

belt conveyors receive the material discharged from the silos and convey the material to the S7 and S8 bucket 

elevators located in Annex 3. The bucket elevators convey the material vertically and discharged to the upper 

garners. From the upper garners, the material is gravity fed to the weigh scales and subsequently to the shipping 

garners before being transferred to the shipping gallery belt conveyors (H-belt & G-Belt). These belt conveyors 

transfer the material through the shipping gallery to the ship loading spouts. The S5 shipping garner is also still 

used as a surge bin and can feed material to E-belt for transfer to the shipping gallery.  

It should be noted that the shipping gallery is only operated two to four times per year. Based on information 

provided by the HGEL, when using the shipping gallery, the loading rate is approximately 670 metric tons per 

hour. Figure 2.13 shows a simplified block diagram for the material flow to the shipping gallery. 

 

Figure 2.13: Simplified block flow diagram for the shipping gallery operations. 
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2.3.4 Dust collection 

Collection of dust fines in Annexes 1–4 and in the receiving/loading building is performed by baghouse dust 

collection systems (Baghouses Nos. 2–14). These dust collection systems are located outdoors on an elevated 

platform in the vicinity of Annex 2. The ductwork systems are connected to pick up points located through the 

facility and there are dropout cyclones (beehives) located on the ductwork upstream of the baghouses to remove 

large particulate from the air stream. Booster fans are provided in Annex 3 to increase the air transport velocity 

as these pickup points are located the furthest from the duct collection systems. The baghouse configurations 

range from 8–12 rows of filters with each row containing eight filters. The filters are equipped with pulse jet cleaning 

mechanisms. The material collected in the baghouses is discharged through rotary valves into a drag chain 

conveyor. The conveyor transfers the material to a bucket elevator located on the exterior of the facility. The 

bucket elevator is used to convey the dust fines to a chute where it is discharged and gravity fed to the dust 

collection tanks. The tanks are emptied into a truck when filled and the dust fines are transported off-site. Figure 

2.14 shows a simplified block flow diagram for the main dust collection systems material flow. 

 

Figure 2.14: Simplified block flow diagram for the main dust collection material flow. 

The receiving gallery is equipped with two dust collection systems located in the Marine Tower. Baghouse #1 is 

used to provide dust aspiration for the marine leg bucket elevator and the B-Tower belt. The collected material is 

returned to the B-Tower belt while the exhaust air is discharged to the atmosphere. The second dust collector is 

used to provide dust aspiration during filling of the ship unloading hopper. The material collected in this baghouse 

is returned to the bucket elevator via a screw conveyor and chute. 

The shipping gallery is equipped with four dust collection systems that service the belt conveyors. Baghouses 

#15, #16, #17, and #18 are primarily located on the exterior of the shipping gallery. However, the hoppers and 

discharge chutes are located inside N-Tower. The material collected by the baghouse units is discharged through 

rotary valves and gravity fed back to the shipping gallery belt conveyors. 

There is an additional dust collection system located on the penthouse level of Annex 1 that was previously used 

for dust fines reclaim. However, this dust collection system is no longer in use and has been decommissioned.  
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outlined above. The elevator is also equipped with bearing temperature monitoring on the bend roller. The devices 
are monitored from the control room.  

The fines collection bucket elevator is provided with under-speed monitoring and no other mitigating features. 

Upper garners 

The S1, S2, R1, and R2 upper garners are equipped with explosion protection in the form of deflagration vents 

that discharge through the roof of the facility. The upper garners on the S7 and S8 systems are not provided with 

deflagration vents as they are not located in close proximity to the bucket elevators and are considered to be 

effectively isolated through the use of chemical suppression. The garners are equipped with level sensors that 

are interlocked to shut down the equipment if necessary. 

Belt conveyors 

The belt conveyors are equipped with under-speed monitoring devices that trigger alarms if the speed slows by 

18%. The under-speed devices are monitored from the control room. Select conveyors are equipped with chute 

blocks that are interlocked to the chutes or hoppers that they feed. If the chute or hopper reaches a fill point, an 

alarm is triggered and the equipment feeding the conveyor is shut down. Most belts are equipped with self-aligners 

and anti-friction bearing. 

Silos 

The silos in Annex 3 are equipped with thermocouples that monitor the temperature of the bulk material. The 

temperature sensors are monitored from the control room. 

Dust collection systems 

The baghouse dust collection systems located throughout the facility are provided with explosion protection in the 

form of deflagration venting. The inlet ducts to the Baghouse #2 – #14 systems that service Annexes 1-4 are 

provided with vent panels. It is important to note that vent size calculations were not available for these systems.  

3.3.2.3 Gap assessments and recommendations 

Stemming from completion of the hazard evaluations and the review of the existing safeguards, gap assessments 

were conducted for the process equipment based on the good engineering practice guidelines outlined in the 

applicable Codes and Standards. The purpose of the gap assessments was to identify required safeguards 

necessary to mitigate potential dust deflagration and explosion hazards. The gap assessment formed the basis 

for the development of recommendations. The main findings from the equipment gap assessments were as 

follows: 

+ Some process equipment that presents potential explosion hazards is not provided with explosion 

protection.  

+ Adequate explosion isolation is not provided for all process equipment that present a credible explosion 

hazard (i.e., the baghouse systems). 

+ The air transport velocities in the dust collection systems should be analyzed to ensure it is sufficient to 

remove fugitive dust and prevent the formation of combustible dust clouds or fugitive dust accumulation 

within the facility. 

+ Due to the age of the existing dust collection systems, vent size calculations should be conducted in 

accordance with NFPA 68 to determine if the deflagration venting is sufficient to provide explosion protection. 

The detailed equipment-specific recommendations are provided in Table B.2 in Appendix B of this report. 
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3.3.3 Building hazards 

Fugitive dust accumulation has the potential to present credible building flash fire and explosion hazards when 

the level of accumulation exceeds hazardous levels. It is important to note that fugitive dust accumulation located 

throughout a facility can become suspended in the event of an explosion and result in a series of secondary 

explosions that often are more severe. 

A building hazard evaluation was conducted for the facility based on the conditions that were observed during a 

site visit performed by Jensen Hughes.  

3.3.3.1 Building hazard evaluations 

Based on literature resources, the bulk density of wood dust and grain dust is expected to be approximately 210 

kg/m3 (13.1 lb/ft3). With respect to fugitive dust accumulation and building hazards, the layer depth criterion can 

be calculated using the following equation: 

 LD (in. ) =
(
1
32
in. ) ∗ (75

lb
ft3
)

BD
 (4) 

Where LD is the threshold layer depth and BD is the bulk density. Based on a bulk density of 210 kg/m3 the layer 

depth criterion for the grain elevator is calculated to be approximately 1/6 of an inch. As such, fugitive dust 

accumulation is considered to exceeds hazardous levels where the layer depth exceeds 1/6 of an inch and the 

accumulation covers a significant area. 

During the site visit, the primary area of concern with respect to building deflagration hazards was the shipping 

gallery as significant dust accumulation was observed in this area. The other areas of the facility were relatively 

clean and did not appear to present credible building deflagration hazards. It is important to note that the facility 

was not in operation at the time of the site visit  and as such, the conditions in other areas of the facility may not 

have been representative of normal conditions when operation capacity is high. 

3.3.3.2 Existing mitigating features 

To protect against potential explosion hazards, the exterior walls in the workhouse areas are provided with 

explosion release cladding that is tethered to the steel building structure. Based on information provided by HGEL, 

the cladding is designed to release at overpressures of approximately 0.5 – 1 psi (0.03 – 0.07 bar-g). Explosion 

release cladding is also found in the conveyor galleries connecting Annex 4 to Workhouse #1. Figure 3.2 shows 

a photograph of the cladding and restraints in the Workhouse #3. The intended function of the cladding is to 

release in the event of an explosion and prevent excessive overpressures from being developed within these 

areas. The addition of the tethers is expected to prevent the panels from being launched as projectiles. 

It is important to note that documentation related to the design specifications of the cladding was not available. 

As such, an assessment of the effectiveness of the cladding for deflagration venting purposes should be 

conducted.  
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Figure 3.2: Photograph of the explosion release cladding on the exterior walls in Workhouse #3. 

In addition to the rupture panels, the annexes are separated from one another by partitions at the bin and 
basement levels. Based on information provided by HGEL, these walls are rated for overpressures in the range 
of 0.5 to 1 psi (0.03 – 0.07 bar-g). However, it is unknown if these partitions would be effective for preventing 
propagation of an explosion between the annexes. A photograph of the partition located between Annexes 1 and 
2 is shown in Figure 3.3. As shown in the photograph, there are openings in the partition that would allow for 
communication of flame and overpressure between the annexes. 

 

Figure 3.3: Photograph of partition located between Annexes 1 and 2. 

The bin level galleries are provided with windows and vent opening along the exterior walls as shown in Figure 
3.4. The main structures of the galleries are constructed from concrete. It is unknown if the windows and vent 
openings would be sufficient to relieve overpressure developed in the event of an explosion as it is assumed that 
they were not designed for venting purposes.  
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Figure 3.4: Photograph of windows and vent opening along the exterior walls in Annex 1. 

3.3.3.3 Gap assessments and recommendations 

The main findings from the building hazard evaluations were as follows: 

+ A formalized housekeeping program should be developed and implemented site wide based on the good 

cleaning practice guidelines outlined in the applicable codes and standards. It is important to note that 

HGEL currently has a housekeeping schedule but the cleaning frequency and methods are insufficient.  

+ The dust collection systems should be evaluated to ensure that the air transport and capture velocities 

are sufficient to remove suspended dust and prevent material accumulation. 

+ Based on observations made during the site visit, the shipping gallery represented the primary area of 

concern.  

The detailed recommendations associated with mitigation of building deflagration hazards are provided in Table 

B.2 in Appendix B of this report. 

3.3.4 Management systems 

A gap assessment was conducted between existing management system operations at the grain elevator and the 

good engineering practice guidelines outlined in the applicable Codes and Standards. It was found that existing 

management systems related to housekeeping, hot work, inspection, inspection, testing & maintenance (ITM), 

management of change, etc.,  were not in compliance with good engineering practice.  

The detailed recommendations associated with management systems are provided in Table B.2 in Appendix B of 

this report. 
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4.0 Regulatory Analysis 

This section provides a review of regulatory analysis with respect to grain elevator safety and land use planning 

strategies and includes the following: 

+ A review of federal regulatory standards for grain handling facilities in Canada, the United States, and 

other relevant countries. 

+ A review of regulatory standards for other industrial facilities that present deflagration or explosion 

hazards. 

+ A review of best practices for land use planning surrounding industrial facilities with respect to risk 

mitigation of incompatible uses. 

+ Industry best practices for residential built form standards that protect against industrial hazards. 

4.1 REGULATORY SAFETY STANDARDS FOR GRAIN HANDLING FACILITIES 

With respect to mitigation of combustible dust hazards in grain handling facilities, there are various codes and 

standards that represent good engineering practice. 

4.1.1 NFPA standards 

The National Fire Protection Association (NFPA) is a global self-funded non-profit organization devoted to 

eliminating death, injury, property, and economic loss due to fire, deflagration, electrical, or related hazards. NFPA 

delivers information and knowledge through more than 300 consensus codes and standards. The NFPA standards 

are widely adopted in the United States and when referenced, become legally enforceable parts of adopted codes. 

In the United States, the NFPA standards are considered to represent “good engineering practice” with respect to 

mitigation of fire, deflagration, and explosion hazards associated with combustible dust. The primary NFPA 

standards that outlined good engineering practice with respect to grain handling facilities include the following: 

• NFPA 61, Standard for the prevention of Fires and Dust Explosions in Agricultural and Food Processing 

Facilities [3]. 

• NFPA 652, Standard on the Fundamentals of Combustible Dust [1]. 

In addition to the NFPA standards outlined above, the following supplementary NFPA standards are also 

applicable to dust hazard management in grain elevators: 

• NFPA 51B, Standard for Fire Prevention During Welding, Cutting, and Other Hot Work [4]. 

• NFPA 68, Standard on Explosion Protection by Deflagration Venting [5]. 

• NFPA 69, Standard on Explosion Prevention Systems [6]. 

• NFPA 77, Recommended Practice on Static Electricity [7]. 

• NFPA 91, Standard for Exhaust Systems for Air Conveying of Vapors, Gases, Mists, and Particulate 

Solids [8]. 

• NFPA 499, Recommended Practice for the Classification of Combustible Dusts and of Hazardous 

(Classified) Locations for Electrical Installations in Chemical Process Areas [9]. 

• NFPA 654, Standard for the Prevention of Fire and Dust Explosions from the Manufacturing, Processing, 

and Handling of Combustible Particulate Solids [10] 
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In Canada, select NFPA standards have been adopted under the National Building Code of Canada (NBC) [11] 

and National Fire Code of Canada (NFC) [12]. However, when NFPA Standards are not adopted, compliance is 

voluntary and the standards are enforceable by the local authority having jurisdiction. With respect to NFPA 

standards on combustible dust, the NFC makes reference to NFPA 61, NFPA 68, NFPA 69, NFPA 91, and NFPA 

484 as good engineering practice but does not enforce compliance with the standards. 

Although the NFPA standards on combustible dust are not enforceable in Nova Scotia, these standards are 

considered to be the best practice guidelines with respect to mitigation of combustible dust hazards. As such, the 

DHA that was conducted for the Halifax Grain Elevator was performed based on achieving compliance with the 

applicable NFPA standards.  

4.1.1.1 NFPA 61 

NFPA 61 is the governing NFPA standard for grain handling facilities and grain elevators. NFPA 61 outlines 

provisions for mitigating potential combustible dust hazards through the implementation of safeguards and 

controls, ignition source control methods, management systems and adequate housekeeping practices. 

Responding to calls for an industrywide standard on grain elevator safety, NFPA appointed a committee on dust 

control in grain elevators. The committee, lacking sufficient information on certain aspects of the explosion 

problem, hired Underwriters Labs (UL) to investigate methods of controlling floating dust in terminal grain 

elevators. The results of the UL study formed the basis for the dust-control provisions in the early versions of the 

standard, which also contains general operation and design provisions. The standard has been revised multiple 

times over the years with significant changes in 1970, when country elevators were added to the scope of the 

standard, and in 1980, when NFPA responded to the threat of imminent government regulation by strengthening 

the ignition-control requirements for bucket elevators. 

The standard became known as NFPA 61, Standard for the prevention of Fires and Dust Explosions in Agricultural 

and Food Processing Facilities in 1995 and has undergone several revisions since with the current revision being 

the 2020 Edition. 

4.1.2 OSHA codes and standards 

The Occupational Safety and Health Administration (OSHA) is part of the United States Department of Labor and 

acts to ensure safe and healthful working conditions for workers by setting and enforcing standards and by 

providing training, outreach, education, and assistance.  

The OSHA Grain Handling Standard, 29 CFR 1910.272 [13], was implemented in 1987 following a significant 

number of grain dust explosions in the 1970’s and 1980’s. The standard was implemented as a means to mitigate 

and control potential combustible dust fire and explosion hazards in grain handling facilities. The OSHA grain 

handling standard does not apply to grain handling facilities in Canada. However, the OSHA standard recognizes 

NFPA 61 as accepted good engineering practice for mitigating dust hazards in grain handling facilities. NFPA 61 

is considered to be a more rigorous combustible dust standard as it includes additional provisions not included in 

the OSHA standard. 

In addition to the Grain Handling Standard, OSHA has developed many standards related to safety that are 

enforced within the United States and would be applicable to industrial facilities including grain elevators. 
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4.1.3 Fire and building codes 

In Canada, the National Fire Code (NFC) and National Building Code (NBC) are developed at the federal level 

and are considered the minimum level of fire and life safety compliance. These codes are often adopted outright 

by jurisdictions or amended or supplemented to suit regional needs and then published as territorial or provincial 

codes. In Nova Scotia, the NBC and NFC model codes are adopted by the respective Nova Scotia Building Code 

Act and Nova Scotia Fire Safety Act and amended by the associated Regulations. It is important to note that the 

NFC and NBC are typically the code of reference on federal projects but are not enforceable on federal lands. 

The NBC classifies grain elevators as high-hazard industrial occupancies (Group F, Division 1 or F1). High-hazard 

industrial occupancies are defined as industrial occupancies containing sufficient quantities of highly combustible 

and flammable or explosive material which, because of their inherent characteristics, constitute a special fire 

hazard. It is important to note that a definition for “special fire hazard” is not provided in the NBC. As such, the F1 

occupancy classification is considered to be given to grain elevators due to the quantity of material handled and 

the inherent combustibility characteristics associated with the material. The NFC outlines compliance 

requirements for dust producing properties in Section 5.3 with grain handling and storage facilities included in 

Section 5.3.3. As previously mentioned, the NFC makes reference to select NFPA standards on combustible dust 

as good engineering practice but does not enforce compliance with the standards. NFPA 61 is considered to be 

a more rigorous standard as it includes additional provisions not included in the NFC. 

4.1.4 Canada OHS Regulations 

The Canada Occupational Health and Safety Regulations (COHSR) [14] is part of the Canada Labor Code and 

outline the general rights and responsibilities of the employer, the supervisor and the worker in the workplace. 

With respect to grain elevators, the following sections of the COHSR apply: 

• COHSR, Part II entitled “Permanent Structures” contains requirements relating to grain elevators such as 

housekeeping and maintenance requirements (Section 2.14(2)). 

• COHSR, Part VIII entitled “Electrical Safety” contains requirements relating to the use of intrinsically safe 

electrical tools and equipment as well as other safety requirements for electrical equipment. 

• COHSR, Part XIII entitled “Tools and Machinery” sets out requirements for spark proof tools (Section 

13.2) and for intrinsically safe portable power tools (Section 13.5) in areas where fires or explosions could 

occur. 

• COSHR, Part X entitled “Hazardous Substances” contains Section 10.4 “Hazard Investigation” that 

prescribes requirements for conducting a hazard investigation for exposure to grain dust. As well, Section 

10.14 “Employee Education” describes required aspects of an employee education program for 

occupational hazards. Sections 10.19 to 10.22 contain requirements for grain dust concentrations in air 

relative to the lower explosible limit. 

• COHSR, Part XI entitled “Confined Spaces” outlines requirements in respect of grain elevators and grain 

bins, such as hazard assessment, confined space entry procedures, emergency procedures and 

equipment, and hot work. It also specifically addresses engulfment issues where solids are capable of 

flowing easily, such as bulk grain. 

• COHSR, Part XII entitled “Safety Materials, Equipment, Devices and Clothing” contains requirements for 

the use of personal protective equipment (PPE) to protect employees from exposure to grain dust.  

• COHSR, Part XIX entitled “Hazard Prevention Program” outlines requirements for identification, control, 

and prevention of other hazards presented by cleaning operations. 
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4.1.5 Other Countries 

In the United Kingdom, good engineering practice guidelines with respect to combustible dust hazard 

management is outlined in “Safe Handling of Combustible Dusts: Precautions against explosions (2003)” 

published by the Health and Safety Executive (HSE). The document provides advice on the prevention and 

mitigation of dust explosions and fires and outlines the hazardous potential and common means to control the 

risk. Notable dusts include sugar, coal, wood, grain, certain metals and many synthetic organic chemicals. 

In Australia and New Zealand, good engineering practice guidelines with respect to combustible dust hazard 

management is outlined in AS/NZS 4745:2012, “Code of Practice for Handling Combustible Dusts.” This Code of 

Practice is intended to apply whenever combustible dusts are encountered in quantities sufficient to give rise to a 

fire and/or explosion. This would normally include, but is not limited to, manufacturing plants and processes and 

bulk storage and handling installations. 

In the European Union, the ATEX directives stipulate that companies and organizations that operate in the EU 

member states must comply with the ATEX Equipment Directive 2014/34/EU and the ATEX Workplace Directive 

99/92/EC. These directives regulate workplaces with potentially explosive atmospheres. More specifically, 

equipment and protective systems, and the safety and health of workers, respectively. 

4.1.6 Summary 

The NFC is not enforceable on federal lands and as such, the Halifax Grain Elevator is not subject to the NFC. 

The NFC is considered the minimum level of fire and life safety compliance. The NFC references select NFPA 

standards on combustible dust as good engineering practice. However, these Standards are not considered 

regulatory standards in Canada. With respect to grain handling facilities and grain elevators, NFPA 61 is 

considered the “best practice” standard to mitigate combustible dust fire, deflagration, and explosion hazards. As 

such, for the risk associated with grain elevators to be as low as reasonably practicable, they should be designed 

and operated in accordance with NFPA 61 and other NFPA standards applicable to handling of combustible dust. 

4.2 REGULATORY STANDARDS FOR OTHER INDUSTRIES 

The NBC classifies grain elevators as high-hazard industrial occupancies. Additional occupancies considered 

high-hazard under the NBC include wood handling facilities such as lumber mills, chemical manufacturing plants, 

and bulk plants for flammable liquids or vapors. The following sections outline regulatory standards for industrial 

wood processing facilities and propane storage facilities. 

4.2.1 Wood handling facilities 

Wood handling facilities such as oriented strand board (OSB) and lumber mills present fire and explosion hazards 

due to the presence of combustible wood dusts generated in the manufacturing processes. Similar to grain 

handling facilities, the NFPA standards represent good engineering practice for mitigation of combustible dust 

hazards with NFPA 664, Standard for the Prevention of Fires and Explosions in Wood Processing and 

Woodworking Facilities [15]” being the governing standard in the United States. In Canada, the NFC and COHSR 

requirements would apply to wood handling facilities in jurisdiction where they have been adopted while being in 

compliance with the NFPA standards would be considered best practice. 

4.2.2 Propane storage facilities 

Propane storage facilities present fire and explosion hazards given the flammability characteristics of propane and 

the potential for vapor cloud explosions. In Canada, the NFC makes reference to CSA B149.1-10, “Natural Gas 

and Propane Installation Code” and CSA B149.2-10, “Propane Storage and Handling Code” as the governing 

codes for propane storage facilities. 
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4.3.4 Approach by jurisdiction 

This section provides a summary of the land use planning approaches that are employed by select countries. It 

should be noted that this section does not include Canada which is discussed in Section 4.3.5. 

4.3.4.1 Europe 

Specific legislation concerning risk assessment and land use planning and control has been in existence in Europe 

for many years. In the 1970's many countries in the European Union modified their legislation dealing with 

hazardous facilities (United Kingdom and Germany in 1974, France in 1976, the Netherlands in 1977). These new 

laws included the notion of "hazardous installations" and proposed appropriate classifications. They described the 

analyses of safety and of risk that should be undertaken, although the specific methodologies vary with the 

regulatory approaches used in each country. The European Economic Community Directive on Major Hazards of 

June 1982, often referred to as the "SEVESO Directive", unified and often strengthened these practices. The 

SEVESO II directive (1996) outlines land use planning provisions. The directive requires that the objectives of 

preventing major accidents and limiting their consequences be taken into account by the Member States in their 

land-use policies and/or other relevant policies. This requirement recognizes that planning policies can be directed 

towards the need, in the long term, for appropriate distances between establishments covered by the Directive 

and residential areas, areas of public use and areas of particular natural sensitivity or interest. The approaches 

employed by various jurisdictions including Germany and the UK are outlined in the following sections. 

4.3.4.1.1 Germany 

Germany has taken a decentralized approach to land use planning regulations with their system of national, state 

and local governments. The national and state governments provide the framework for land use planning policy 

while local governments establish land use plans. Germany has taken a unique perspective on the approach and 

methodology used for land use planning when compared to other countries. Germans have placed a significant 

emphasis on utilizing state of the art safety technology to minimize the effects of an incident. Germany is also one 

of the few countries who use GSD for land use planning. The goal of land use planning in Germany is for no 

serious hazard to reach the public population surrounding the industrial facility with emphasis placed on the 

application of state of the art safety technology. Federally recommended safety distances seek to prevent harm 

to the public, but they are only recommendations and not mandatory to be applied by the local governments in 

charge of land use planning. The criteria for acceptable safety distances are determined by each individual state 

but local levels of government can implement their own requirements. 

4.3.4.1.2 United Kingdom 

The UK utilizes a combination of a CBA and RBA for the evaluation of major incident hazards. For implementation 

of land use planning, the UK has published guidelines for acceptable risk levels, decision making procedures and 

its land use planning decision matrix to achieve their roles of advising local planning agencies and offering advice 

on proposed new developments. The area surrounding a hazardous facility is broken down into three zones based 

on established risk criteria as the first part of the decision matrix. The established risk relates to an individual 

sustaining a consequence called a “dangerous dose” or specified level of harm. The dangerous dose is quantified 

as causing the following:  

• Severe distress to all; 

• A substantial number of individuals needing medical attention; 

• Some individuals requiring hospital treatment 

• Some (about 1%) fatalities 
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The dangerous dose is quantified for each zone based on consequences from fire, explosion, or toxic release. 

Figure 4.1 outlined examples of the thresholds associated with each zone for fire, explosion, and toxic release 

effects. 

 

Figure 4.1: Consequence thresholds used in the UK for land use planning purposes. 

The second part of the decision matrix is the sensitivity of the proposed development. The UK has distinguished 

five levels of sensitivity to consider in the decision-making process. Level 4 is for the most sensitive populations 

such as large schools or hospitals while Level 0 is for developments that are usually unoccupied. Depending on 

the sensitivity of the proposed development within the zone, the federal department responsible for land use risk 

assessments will either provide a response of “advise against” or “does not advise against” based on their matrix.  

The UK has employed different approaches depending on the substance and scenario in question. In cases of 

thermal radiation and explosions a CBA is used, while in the case of toxic releases an RBA is used. Although the 

UK is strongly centralized in respect to health, safety and the land use planning process, the final decision for 

permitting new developments is up to the local planning agency.   

4.3.4.2 Australia 

Australia utilizes the RBA based on established acceptability criteria for individual fatality and injury risk. For land 

use planning purposes, the acceptable individual fatality risk criterion is 10-6 fatalities per year to the residential 

population. The acceptable level of risk increases or decreases based on the sensitivity of the land use (e.g., 0.5 

x 10-6 fatalities per year for schools and hospitals, 5 x 10-6 fatalities per year for sports arenas, and 50 x 10-6 

fatalities per year for industrial facilities. The injury risk criterion states that certain threshold values of the physical 

effect causing injury should not be exceeded in residential areas at frequencies greater than 50 x 10-6 per year. 

4.3.4.3 United States 

Many of the federal laws and regulations passed in the United States have touched on the subject of land use 

planning, but none have directly addressed land use planning policy. The approach followed in the United States 

for emergency planning and communication to the public can broadly be considered as belonging in the 

“consequence based” category. However, there is a lack of guidance for risk assessments and addressing 

conflicts between land uses in laws in the United States.   

4.3.4.4 Summary 

As outlined in the previous sections, the approach to land use planning varies between jurisdictions. Table 4.4 

summarizes the approaches to land use planning in the described jurisdictions. 
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Locating sensitive land uses nearby existing hazardous uses is not something that is considered by most 

provincial or municipal planning departments. There are currently no provincial regulations regarding the siting 

and separation of sensitive land uses in proximity to hazardous land uses in Nova Scotia. However, the provinces 

of Alberta and Ontario have established guidelines for siting sensitive land uses in relation to existing hazardous 

uses.  

The Ontario government has created a series of environmental land use planning guides, colloquially known as 

the D-Series regulations, to provide municipalities with a framework for land use compatibility in the province. 

Regulation D-6 specifically regulates compatibility between industrial facilities, and compatibility between 

industrial facilities and sensitive land uses. Ontario primarily utilizes a general separation distance approach 

(GSD) however, a consequence based approach is uses for compatibility analysis of land use conflicts in urban 

or infill areas. The current land use compatibility guidelines divide recommended general separation distances 

into three classes depending on the facility. Grain elevators and food mills fall under “Class II” which recommends 

a minimum separation distance of 70 meters between the existing use and new sensitive land uses. While these 

regulations contemplate explosion hazards, they also contemplate the compatibility impacts of noise, odor, dust, 

vibration and/or fugitive emissions when considering separation distances. 

 

In Alberta, select county land use bylaws outline minimum buffer or separation distances between new agri-

industrial uses and existing residential developments. Agri-industrial is defined a large-scale facility such as a 

weigh scale, grain handling facility or seed cleaning plant. For example, the Westlock County Land Use Bylaw 

(No. 04-2016) states that where a new agri-industrial use is proposed adjacent to an existing residential 

development, a minimum 100 meter buffer must be provided between the new agri-industrial, use and the property 

line of the residential parcel unless the residential development is owned by the proponent of the agri-industrial 

use. 

4.3.5.3 NFPA 61 

As previously discussed, NFPA 61 [3] is considered to represent good engineering practice with respect to 

mitigation of combustible dust hazards in grain handling facilities. NFPA 61 outlines that the separation of hazard 

areas from other hazard areas and from other occupancies is permitted to be used to limit the impact of a 

deflagration (dust explosion) hazard. Separation is only permitted if it is supported by an engineering evaluation 

and the minimum separation distance should not be less than 15 meters in any instance. NFPA 61 recommends 

a separation distance of 30 meters; however, the recommendation only contemplates uses that are accessory to 

the hazardous uses (but still personnel intensive).  

The NFPA 61 standard is not a statutory requirement but was previously cited by the Halifax Port Authority in 

correspondence regarding the Development Agreement approval of “The Grainery” development. The NFPA 61 

standard was cited as the minimum separation distance the Port Authority would be comfortable with for new 

residential development in proximity to the Halifax Grain Elevator. The HPA letter is included in Appendix C of this 

report. 

4.3.5.4 Summary 

For the purpose of the land use risk assessment study, the risk-based methodology outlined in the MIACC Risk-

based Land Use Planning Guidelines was utilized to determine the minimum separation distances required 

between the Halifax Grain Elevator and adjacent sensitive land uses. The MIACC guidelines are discussed in 

detail in Section 5 of this report. 

 

 

 



Land Use Risk Assessment Study – Halifax Grain Elevator 4H220290.000                                                                             

Page 37  | November 1, 2022 

 

4.4 RESIDENTIAL BUILT FORM STANDARDS 

Adequate physical separation is the clear best practice globally when considering the siting of new sensitive land 

uses near existing hazardous uses. However, where it is not possible to ensure adequate physical separation of 

uses, other built form regulations may be considered. Unfortunately, a body of research specifically for built form 

regulations relating to compatibility between hazardous and sensitive land uses is virtually non-existent. In the 

case of the Halifax Grain Elevator, where the hazards are fire and explosion related, some guidance can be taken 

from work completed by the United States Federal Emergency Management Association (FEMA) in response to 

potential terrorist attacks against buildings. FEMA has published the Buildings and Infrastructure Protection Series 

that outlines strategies and provides guidance for site planning and building design to mitigate the effects of 

potential terrorist attacks (i.e., explosions).   

FEMA’s guidelines emphasize that the most effective blast mitigation technique is physical separation between 

sensitive buildings and hazards. The guidelines outline several additional site design considerations for buildings 

in proximity to an explosion hazard, including:  

• Prohibiting street parking nearby high risk buildings;  

• Locating pedestrian entrances away from the potential hazard; and   

• Undergrounding and protecting utilities. 

4.4.1 Building siting, size, and orientation 

FEMA’s guidelines predominantly focus on the design of individual buildings rather than site design. The shape 

of the building can have a contributing effect on the overall damage to the structure. Re-entrant corners and 

overhangs are likely to trap a shock wave, which may amplify the effect of a blast (Figure 4.2). To reduce this 

trapping effect, in general, convex rather than concave shapes, directed toward the potential blast hazard, are 

preferred for the exterior of the building.   

 

Figure 4.2: Blast impacts on building form. 

Buildings should be oriented horizontally rather than vertically to reduce the building’s profile and exposure and 

to facilitate the clearance of a blast wave. Low-rise buildings that have a large footprint relative to their floor area 

makes the collapse of an entire building form a single blast unlikely. Internally, FEMA recommends that 

unoccupied or limited occupancy spaces be placed on the building perimeter to add additional protection to 

occupied space further into the building interior (Figure 4.3). 
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Figure 4.3: Placement of occupancies within a building. 

4.4.2 Building façade design principles 

In general, the number and size of windows in a façade should be minimized, especially on lower floors where 

blast pressures are higher during an external explosion. Major glazing’s should be perpendicular to the façade 

facing the direction of the potential blast to reduce exposure to projectiles (Figure 4.4). 

 

Figure 4.4: Glazing orientation with the primary façade facing the blast hazard. 

Additionally, FEMA recommends simple building geometries, with minimal ornamentation (which may become 

flying debris during an explosion). When utilizing ornamentation on the façade, it should consist of lightweight 

materials such as timber or plastic which are less likely to become lethal projectiles in the event of an explosion 

than for instance brick, stone, or metal. 
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5.0 MIACC Guidelines 

The MIACC Risk-based Land Use Planning Guidelines are formulated in terms of acceptable land uses in relation 

to specified levels of individual risk. For the purpose of the land use risk assessment study, the risk acceptance 

criteria outlined in the MIACC Guidelines was used to determine the acceptable land uses surrounding the Halifax 

Grain Elevator. 

5.1 DEVELOPMENT OF THE MIACC GUIDELINES 

The Major Industrial Accidents Council of Canada (MIACC) was established in 1987 and was a national leader 

for cooperative action to reduce frequency and severity of major industrial accidents involving hazardous 

substances. In 1995, the MIACC published the Risk-based Land Use Planning Guidelines [1] targeted at municipal 

planners responsible for land use plans who have limited expertise in the risk assessment field. The guidelines 

were proposed on the basis of European standards and discussions with experts in both Canada and abroad. The 

guidelines provided the reader with advice and background on risk acceptability criteria suitable for use in any 

jurisdiction in Canada.  

The MIACC dissolved in 1999 but the land use planning guidelines were transferred to newly-formed Process 

Safety Management Division of the Canadian Society of Chemical Engineering (CSChE). In 2004, the CSChE 

PSM Division published an updated set of risk assessment guidelines which superseded the MIACC risk 

assessment guides titled “Risk Assessment – Recommended Practices for Municipalities and Industry [16].” In 

2007, the CSChE PSM Division proposed a revised set of risk acceptability guidelines for land use, to take into 

account the experience gained across Canada with the 1995 MIACC guidelines. The MIACC publication is still 

valid in its generalities.  

In general, risk management efforts are concerned with five different objectives as follows: 

1. Risk reduction at the source 

2. Risk reduction through better land use planning around industrial sites 

3. Emergency preparedness 

4. Emergency response 

5. Risk communication and public participation 

While efforts are required in all five areas, experts have noted that most efforts have been focused on Objectives 

1 and 3 with less attention being paid to Objective 2. The MIACC Risk-based Land Use Planning Guidelines were 

developed to focus on how the potential impacts of an accident on surrounding human activities can be anticipated 

and limited through adequate land use planning and control. It is important to note that the MIACC Risk-based 

Land Use Planning document (1995) deals with the inclusion of risk assessment in land use planning rather than 

with appropriate methodologies for risk assessment itself. The CSChE PSM Division document (2007) build on 

the MIACC Guidelines and provides recommended practices on how to analyze risks of hazardous installations. 

5.2 MIACC APPROACH TO RISK-BASED LAND USE PLANNING 

Risk can be defined as the combination of the probability of occurrence of an undesired event and the possible 

extent of that event's consequences and risk assessment involves estimating the following: 

• The likelihood or expected frequencies of undesirable events,  

• Consequences to people due to these undesirable events,  

• The associated risk in quantitative terms. 

In public safety risk assessments, one must differentiate between individual and societal consequences. The 

individual consequences concern the chances that an individual exposed to a given hazardous event may suffer 
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a particular effect (a fatality, an injury, etc.). The societal consequences can be estimated by adding up all the 

individuals suffering that given effect. The MIACC guidelines are formulated in terms of acceptable land uses in 

relation to specified levels of individual risk as the objective is to avoid the death of even a single person in the 

affected area. The individual risk is defined as the annual frequency at which an individual may be expected to 

sustain a given level of harm (i.e. death) from the realization of specified hazards. This approach implicitly provides 

a guideline for acceptable levels of societal risk without having to resort to the use of complex FN curves 

(frequency of events vs. number of fatalities). The first step in risk based land use planning is defining the risk.  

As the level of individual risk is closely related to the distance from the potential accident source, the evaluation 

of a specific situation (whether a planned industrial site, an existing or a proposed plant) consequently generates 

a series of "risk contours" associated with various levels of individual risk. The distance separating the risk source 

and each risk contour will evidently vary depending on the characteristics of the source and on any mitigating 

measures. 

Land use planning can take these risk contours into account by determining what land uses are (or not) appropriate 

in areas subject to various levels of risk (e.g. a higher level of risk may be acceptable for land uses involving the 

presence of fewer people than land uses which imply higher population densities). However, in order to propose 

such land uses, it is first necessary to determine what levels of risk are acceptable. 

5.3 ACCEPTABLE LEVELS OF RISK 

The definition of acceptable levels of risk is difficult and requires considerable efforts to achieve consensus. Like 

other sensitive land use questions, public information and participation are essential aspects of the process. The 

definition of acceptable level of risk is consequently a political exercise rather than a purely technical exercise. 

Decision-makers responsible for land use planning must balance the concerns of both the proponents of projects 

and of those affected by them. The acceptable levels of individual risk proposed in the MIACC guidelines are 

intended to serve as a basis for such choices and apply equally to risk from hazardous substances from all 

sources. The risk acceptance criteria outlined in the MIACC guidelines for various land uses are shown in Figure 

5.1. 

 

Figure 5.1: MIACC risk acceptance criteria. 
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The guidelines for acceptable levels of risk indicated in Figure 5.1 are as follows: 

+ Land use should be restricted in all areas where the individual risk to the public exceeds 1 x 10-4 fatalities 

per year. 

+ Manufacturing, warehouse, and parkland land uses are permitted in areas where the individual risk to the 

public is lower than 1 x 10-4 fatalities per year. 

+ Low-density residential and commercial land uses are permitted in areas where the individual risk to the 

public is lower than 1 x 10-5 fatalities per year. 

+ High-density residential and commercial land uses are permitted in areas where the individual risk to the 

public is lower than 1 x 10-6 fatalities per year 

+ Sensitive land uses (hospitals, childcare facilities, etc.) are permitted in areas where the individual risk to 

the public is lower than 0.3 x 10-6 fatalities per year 

As shown in Figure 5.1, the MIACC Guidelines quantify low-density residential land uses as buildings with up to 

ten units with ground level access per net hectare (1 unit per 100 square meters or approximately 10,000 square 

feet). High-density residential relates to land uses that exceed 1 unit per 100 square meters).  

It is important to emphasize that these guidelines do not prohibit all activities or structures within the various risk 

contours, but rather restrict land use within each zone. As is the case for many other land use questions, the 

contours are used to define special restrictions on land uses. The guidelines are thought to be realistic in terms 

of existing practices of risk management and levels of risk. They are also compatible with criteria that have been 

selected and implemented in other industries and other countries 

The acceptable levels of risk outlined in the MIACC Guidelines were used to determine the appropriate land uses 

and separation distances surrounding the Halifax Grain Elevator. The separation distances and risk contours were 

developed based on the findings of the quantitative risk assessment that was performed as documented in 

Sections 7 and 8 of this report. 

5.4 COMPARISON OF RISK ACCEPTANCE CRITERIA 

To provide context to the risk acceptance criteria outlined in the MIACC Guidelines, data associated with individual 

risk of accidental death is provided for comparison in Tables 5.1 and 5.2. The data was obtained from the CCPS 

Guidelines for Developing Quantitative Safety Risk Criteria [23]. The data in Table 5.1 is based on individual risk 

of accidental work related death in the United States in 2006. The data in Table 5.2 is based on individual risk of 

accidental death in the United States in 2003. Within Tables 5.1 and 5.2, a comparison of the individual risk of 

accidental death and the MIACC risk acceptance criteria is provided. 
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From the data shown in Tables 5.1 and 5.2, the following conclusions can be made regarding the MIACC risk 

acceptance criteria: 

+ The individual risk to aircraft pilots, coal mining personnel, and taxi drivers exceeds the risk acceptance 

criteria for restricted land use (1.0 x 10-4 fatalities per year). 

+ The individual risk to personnel in the wood products and chemical manufacturing industries exceeds the 

risk acceptance criteria for low density residential and commercial land uses (1.0 x 10-5 fatalities per year). 

The individual risk associated with falls and car accidents also exceeds the risk acceptance criteria for 

low-density land uses. 

+ The individual risk associated with airplane crashes exceeds the risk acceptance criteria for high-density  

land uses (1.0 x 10-6 fatalities per year). 

+ The individual risk associated with lightning strikes (0.16 x 10-6 fatalities/year) is lower than the risk 

acceptance criteria for sensitive land uses (0.3 x 10-6 fatalities/year). 

It is important to note that the data outlined in Tables 5.1 and 5.2 is based on fatality data for the given years in 

the United States. The individual risk associated with these events may vary based on year and the geographical 

location. In addition to the data provided in Table 5.1 and 5.2, risk data from the US Department of Defence’s 

(DOD) Risk Based Explosives Safety Criteria Team (RBESCT) is provided in Figure 5.2. 

 

Figure 5.2: Risk data from the US Department of Defence’s (DOD) Risk Based Explosives Safety Criteria Team 

(RBESCT). 
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6.0 Design Event 

With respect to the Halifax Grain Elevator, the ``design event`` that would present the highest level of risk to the 

public is a large-scale dust explosion. A dust deflagration is a rapid combustion process in which flame propagates 

through a combustible medium at subsonic speeds, driven by the transfer of heat. The following four conditions 

are required for a dust deflagration to occur: 

1. Combustible particulate of a dimension small enough to propagate a flame front is present. 

2. The combustible particulate is suspended or dispersed in air or other oxidizing atmosphere. 

3. A sufficient quantity of particulate is suspended to achieve the minimum explosible concentration. 

4. A competent ignition source is present. 

A dust explosion hazard exists when there is potential for all of the above four conditions plus a sufficient degree 

of confinement such that damaging overpressure may develop as a result of the rapid increase in temperature 

associated with the combustion process. The degree of confinement of a dust deflagration determines the 

resulting overpressure. The degree of confinement ranges from no confinement, through partial confinement, to 

complete confinement. If there is no or little confinement, a dust deflagration produces virtually no overpressure 

and is called a flash fire. Depending on the amount of partial confinement, damaging overpressure can occur. 

Total confinement results in the overpressure either reaching a maximum overpressure of the order of Pmax for the 

specific material or rupture of the enclosure. Highly reactive dusts require relatively less confinement to produce 

higher overpressures. 

Dust suspension can occur as a result of regular equipment operation, such as filling and emptying operations or 

pneumatic conveying. Suspension can also occur in the event of upset conditions such as equipment failure, 

improper maintenance activities, or as a result of fugitive dust being dispersed. Competent ignition sources include 

electrostatic discharge, mechanical sparks, frictional heating, hot work, and other sources that could be present 

in the event of upset conditions. 

The conditions necessary for a fire, dust flash fire (or deflagration), and dust explosion are depicted in Figure 6.1. 

 

Figure 6.1: Elements needed for (a) fire, (b) dust flash fire, and (c) dust explosion. 

To identify potential dust explosion scenarios that could occur at the Halifax Grain Elevator, loss history data and 

historical dust explosion events were reviewed as outlined in the following sections. 
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An incident report (provided in Appendix C of this report) for the dust explosion stated that ``mechanical heat from 

friction`` was the most likely cause of ignition within the bucket elevator. The report stated that one of the bearings 

in Shipper #6 had failed due to a lack of maintenance and the elevator was off-centre. It was concluded that this 

would be a major factor in causing an ignition source. Shipper #5 was also examined and showed signs of friction 

at the drum shaft and its external cap that could have resulted in excessive heat generation. Additionally, it was 

found that the heat sensors on bearings within the elevators were not operating properly.  

The consequences of the explosion were limited to equipment and building damage, and no fatalities or injuries 

occurred. Based on news reports, over 400 residents within a three block radius of the grain elevator were 

evacuated. It should be noted that the incident reports and news releases did not provide any information with 

respect to building damage in the surrounding areas. 

Following the incident, the S5 and S6 systems were decommissioned and are no longer in use. The other bucket 

elevators in the facility were retrofitted with explosion protection systems and additional mitigating features. The 

workhouses were also retrofitted with explosion release cladding.  

HGEL has indicated that some minor fire incidents have occurred at the facility. However, it should be noted that 

limited incident reports and data were available at the time this assessment was conducted. 

6.3 HISTORICAL DUST EXPLOSION EVENTS 

The 2003 explosion experienced at the grain elevator is representative of a bucket elevator explosion which 

propagated to connected equipment and building areas. To identify the worst-case dust explosion event that could 

occur during operation of the grain elevator, historical dust explosion events that occurred at similar facilities were 

reviewed to identify the probable cause and the resulting consequences. Two dust explosion events that occurred 

at facilities similar to the Halifax Grain Elevator include the following: 

+ SEMABLA grain storage facility explosion in Blaye, France (1997). Information related to this 

incident was obtained from the summary report prepared for the Ministry of National and Regional 

Development and the Environment by F. Masson dated April 1998 [21]. 

+ DeBruce grain elevator explosion in Wichita, Kansas (1998). Information related to this incident was 

obtained from the OSHA incident report [22]. 

Incident reports and news releases for these events were reviewed and the probable causation and consequences 

associated with the explosion events are described in 6.3.1 and 6.3.2. 

6.3.1 SEMABLA grain storage facility explosion 

The Société d’Exploitation Maritime Blayaise (SEMABLA) grain storage facility was located in the port area of the 

commune of Blaye, France. The site was constructed in the 1970s and was primarily used for bulk storage of 

wheat, maize, and barley. The facility had the capacity to store 90,000 tons in ground level warehouses and 

40,000 tons in vertical silo cells. The main structure was approximately 100 meters long, 20 meters wide, and 40 

meters high and was comprised of 44 reinforced concrete silos arranged in rows of three. The silos had circular 

cross-sections with inside diameters of 6.2 meters and average storage heights of approximately 33 meters. In 

addition to the silos, 26 interspace chambers (intermediate bins) were positioned in the interstitial space between 

the silos.  

There were two vertical towers located at the north and south ends of the structure that extended approximately 

53 meters above ground level. The northern tower housed four bucket elevators along and some elements of the 

central dust removal circuit. The southern tower housed a set of two cleaner separators and a grading system. A 

gallery was located on top of the silo cells which connected the north and south towers. The area below the silos 

primarily housed the horizontal grain handling systems (chain and bucket elevators). 
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6.3.1.1 Explosion event 

On August 20, 1997, a dust explosion event occurred at the facility while transporting maize to the storage silos. 

The explosion event is believed to have originated in the upper portion of the northern handling tower. The 

pressure could not be limited in the tower as there were no vent surfaces which resulted in destruction of the tower 

and propagation to connected building areas. The explosion propagated to the over-silo gallery where it is believed 

that fugitive dust was suspended, which resulted in secondary explosion events. The flame front was able to enter 

storage silos that were opened and entry of the jet of flames resulted in violent explosions within the silos. The 

explosion event resulted in destruction of the over-cell gallery which allowed communication between the gallery 

and the under-cell space through the interspace chambers. Figure 6.3 shows a photograph of the grain handling 

facility and outlines the expected path of explosion propagation. 

 

Figure 6.3: Assumed path of explosion propagation resulting from the dust explosion at the SEMABLA grain 

handling facility. 

The exact cause of the dust explosion was not identified; however, it is believed that suspended dust in the 
northern handling tower may have been ignited from mechanical impacts or friction in the fan of the centralized 
dust removal circuit. 

In general, the facility was not provided with building or equipment protection devices such as explosion vents or 

suppression systems, systems to remove foreign materials, or equipment temperature monitoring devices. The 

main structure was constructed primarily of concrete and did not allow for proper venting of the explosion and 

contributed to propagation. 
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6.3.1.2 Explosion consequences 

The explosion resulted in the death of eleven individuals which included seven employees, three persons whose 

activity was connected to the facility, and one fisherman. The bodies of the ten individual on-site were found in 

the location of the administrative and technical buildings located at the base of the facility.  

The event resulted in the destruction of 28 of the 44 concrete storage silos and complete destruction of the over-

silo gallery. The northern handling tower was also almost completely destroyed. A photograph of the facility 

following the explosion event is shown in Figure 6.4. 

 

Figure 6.4: Resulting damage to the SEMABLA grain handling facility following the dust explosion event. 

With respect to other properties, the Société Chimique Routière et d’Enterprise Générale (SCREG) facility was 

located in the same port area with its closest point being approximately 40 meters away and its administrative 

building being approximately 250 meters away. The SCREG facility suffered some damage as projectiles hit some 

of their storage tanks and transfer pipes. During the investigation, projectiles (concrete, metal, glass) of a 

significant size were found at distances of up to 100 meters away. Pieces of concrete about a meter in size were 

found about 50 meters from the silos, and small pieces of debris weighing less than 1 kilogram were found up to 

140 meters away. The closest residential areas were located approximately 230 meters from the facility and 

suffered minimal damage apart from broken windows reported in select locations. 
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6.3.2 DeBruce grain elevator explosion 

The DeBruce Grain Elevator was located in Wichita, Kansas and was constructed in the 1950s. The elevator 

provided a total storage capacity of 20.7 million bushels and was comprised of 246 concrete storage silos and 

164 intermediate bins separated into a north array and a south array. The silos were arranged in rows of three 

and had diameters of approximately 9.1 meters and heights of approximately 37 meters. The headhouse was 

located between the north and south silo arrays and stood approximately 60 meters above ground level. The 

headhouse contained four bucket elevator systems used to transport grain. 

Bin level galleries were located above the north and south silo arrays that extended approximately 400 meters in 

length and 14 meters in width with ceiling heights of approximately three meters. The north and south silo arrays 

were each equipped with two continuous belts that were approximately 915 meters (3000 feet) in length. Each of 

the belts ran through one of the four tunnels located below the silos all the way up to the bin level galleries to 

service the silos. The area below the silos contained four 400 meter (1300 feet) tunnels for transporting grain.  

6.3.2.1 Explosion event 

On June 8, 1998, a dust explosion event occurred at the grain elevator while transporting grain. The event 

originated in the east tunnel of the south array of silos and was believed to have occurred when suspended dust 

particulate was ignited by frictional heat from a failed conveyor bearing. The explosion propagated north towards 

the headhouse and propagated into select silos along the path of travel. Within the headhouse, flame and the 

blast wave travelled upwards and propagated into the over-silo galleries in the north and south directions. A 

diagram showing the expected path of explosion propagation is shown in Figure 6.5. 

 

Figure 6.5: Assumed path of explosion propagation at the DeBruce grain elevator. 

Witnesses reported that during elevator operation, the cloud of suspended grain dust within the tunnels was often 

so thick that during these times one could not see their hand in front of their face. Due to significant dust 

accumulation throughout the facility, the initial explosion in the east tunnel resulted in a series of secondary 

explosions of increasing severity as the flame jet propagated through the facility. 
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Limited venting provided by north gallery windows and bridges did not attenuate the blast wave. The resulting 

disintegration produced an extensive debris field of small fragments which were widely distributed. Based on 

conclusions drawn from the investigation, there may have been transition from deflagration (subsonic burning)  to 

detonation (supersonic burning) in the combustion process. 

Stemming from completion of the investigation, the following three factors were determined to be the main 

causation of the explosion event: 

1. DeBruce grain allowed massive amounts of fuel to accumulate and distribute throughout the facility 

2. DeBruce grain ignored the need to repair and restore log-failed grain dust control systems 

3. DeBruce grain abandoned preventative maintenance of elevator equipment including conveying and dust 

control systems. 

These three factors, voluntarily exercised by DeBruce in opposition to widely-known and recognized methodology 

for explosion prevention, were the primary factors leading to the explosion event. 

6.3.2.2 Explosion consequences 

The explosion resulted in the death of seven employees and injured ten. The south silo array, where the explosion 

originated, suffered the least amount of damage. However, it was still severely damaged as the explosion vented 

out the south end tunnels. The headhouse suffered significant damage as the blast vented out of the east and 

west faces of the structure. The over-silo gallery was significantly damaged along with a significant number of 

silos. The majority of the silos that were damaged had ruptured at the top while several were completely destroyed. 

A photograph of the facility following the explosion event is shown in Figure 6.6. 

 

Figure 6.6: Resulting damage to the DeBruce grain elevator. 
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6.4 WORST-CASE EXPLOSION EVENT (HGE) 

In both the SEMABLA and DeBruce explosion events, the dust explosion occurred while transporting grains in 

galleries and handling towers. These explosions resulted in propagation of flame jets and overpressure to other 

areas of the facility including galleries and storage silos which resulted in several secondary explosions. It is 

important to note that no grain elevator explosion has a singular cause and several factors lead to the dust 

explosions at both facilities including lack of explosion protection and control systems, neglected maintenance, 

and insufficient housekeeping. As outlined in Section 4, the workhouses at the Halifax Grain Elevator are equipped 

with explosion release cladding as a form of building deflagration venting. The bucket elevator systems in the 

workhouses are also equipped with explosion protection and monitoring devices. However, this does not eliminate 

the potential for a dust explosion event to occur within the facility and propagate to other areas or equipment.  

Established residential areas are located on the western side of the grain elevator facility which include low-density 

and high-density land uses. As such, the outermost row of silos on the western side of each annex are the closest 

points to areas occupied by the general public. The silos contain high quantities of combustible material as each 

silo in Annex 1-3 can store up to 500 tons of wheat and each silo in Annex 4 can store up to 1900 tons of wheat. 

As such, a dust explosion event that occurs within or propagates into one or more of the storage silos would 

present the greatest external risk to the public in the area surrounding the Halifax Grain Elevator. 

An explosion event involving one or more of the silos could occur under any of the following circumstances (refer 

to Figure 6.7): 

1. Suspended dust particulate is ignited during silo filling or emptying operations resulting in an explosion 

within the silo. 

2. A dust explosion in one of the silos propagates to the adjacent silo or gallery area resulting in secondary 

dust explosions. 

3. A dust explosion in a bin level gallery, basement level gallery, or workhouse tower could propagate to one 

or more of the silos resulting in a secondary explosion. 

Given the relatively large particle size distribution of the material handled by the silos, it is considered unlikely that 

an explosion would originate within one of the silos; however, it is not impossible as fine dust particulate could be 

suspended during loading and unloading operations. The more likely scenario is a dust explosion occurring in one 

of the galleries or workhouse towers and propagating to the silos resulting in a series of secondary explosions. 

To account for the worst-case explosion scenario, it was conservatively assumed that the following conditions 

would be present in the silos in the event of an explosion: 

• The silos are filled with the optimum concentration of combustible dust. 

• All of the dust particulate within the silo takes part in the explosion (i.e. has a particle size distribution 

small enough to propagate flame). 
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Figure 6.7: Potential scenarios resulting in silo dust explosions. 

There is the potential that an explosion in one of the galleries, workhouse towers, or other process equipment 

would not result in propagation to the silos. As propagation to the silos is considered the “worst-case” event, it is 

considered to encompass the risk associated with any and all potential combustible dust explosion events that 

could occur within the facility.  
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7.0 Risk analysis methodology 

The acceptable land uses and separation distances surrounding the Halifax Grain Elevator were determined 

based on the acceptable risk criteria outlined in the MIACC Guidelines. To determine the allowable land uses 

surrounding the grain elevator, it was necessary to determine the individual risk posed to the public in the event 

of a large-scale dust explosion as described in Section 6. The individual risk is defined as the frequency at which 

an individual may be expected to sustain a given level of harm (i.e. death) from the realization of specified hazards.  

To determine the individual risk, a quantitative risk assessment was performed to estimate the following: 

+ The likelihood or frequency of the dust explosion event.  

+ The consequences (probability of fatality) posed to the public by the event. 

+ The associated risk in quantitative terms (fatalities per year). 

The individual risk was calculated using the following equation: 

 Risk = Event Frequency × Event Consequence (5) 

The frequency represents the probability of ignition resulting in a dust explosion event and is defined as events 

per year. For the purpose of this assessment and in accordance with the MIACC guidelines, the consequences 

are defined in terms of fatalities per year. The consequences are based on the potential effects that would be 

presented in the event of the described dust explosion scenario. An overview of the quantitative risk assessment 

process with respect to the dust explosion event is shown in Figure 7.1. 

 

 

Figure 7.1: Overview of the quantitative risk assessment process. 

The first step in the risk assessment process was identifying the scenario that could present consequences to the 

public on the exterior of the facility. As described in Section 6, a large-scale dust explosion event that occurs within 

or propagates to one or more of the silos is considered to present the worst-case with respect to public risk in the 

area surrounding the grain elevator. The next steps in the risk assessment process involve estimating the 

explosion effects, consequences, and frequency. 
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7.1 EXPLOSION EFFECTS AND CONSEQUENCES 

In the event of a large-scale dust explosion, the potential explosion effects that could present a risk of fatality to 

the public in the vicinity of the grain elevator include the following: 

 

• Blast overpressure: In the event of an explosion there is the potential that the silos will rupture resulting 

in a pressure wave being transmitted to the external area surrounding the silos. 

• Fireball and thermal radiation: In the event of silo rupture due to an explosion, a flame jet would be 

expected to propagate to the external area surrounding the silos. 

• Bulk outflow: In the event of silo failure due to an explosion, the bulk contents would be expected to be 

discharged from the silo into a conical pile at the base of the silo which presents a potential entrapment 

or engulfment hazard. 

• Projectiles and debris: In the event of an explosion, it is expected that the ruptured silo will break into 

fragments that will be launched into the external area surrounding the silos. It is expected that the silo 

wall and the roof/over-silo gallery may contribute to projectiles. 

Each explosion effect described above presents potential consequences to the public in the adjacent land uses. 

The consequences were estimated in terms of probability of fatality. Assessments of the individual consequences 

are outlined in Section 8 of this report. The risk associated with the explosion scenario is then equivalent to the 

risk associated with all of the consequences and is calculated as follows: 

𝑅𝑖𝑠𝑘 = 𝑅𝑖𝑠𝑘𝑓𝑖𝑟𝑒𝑏𝑎𝑙𝑙 + 𝑅𝑖𝑠𝑘𝑜𝑣𝑒𝑟𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 + 𝑅𝑖𝑠𝑘𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 + 𝑅𝑖𝑠𝑘𝑏𝑢𝑙𝑘 𝑜𝑢𝑡𝑓𝑙𝑜𝑤 + 𝑅𝑖𝑠𝑘𝑤𝑎𝑙𝑙 𝑑𝑒𝑏𝑟𝑖𝑠 + 𝑅𝑖𝑠𝑘𝑟𝑜𝑜𝑓 𝑑𝑒𝑏𝑟𝑖𝑠 (5) 

 

To obtain quantitative values (probability of fatality) for select explosion consequences including overpressure and 

thermal radiation, probit functions were used as described in the following section. 

7.1.1 Probit functions to estimate probability of fatality 

In order to estimate the level of harm posed to an individual by explosion effects it is necessary to provide a means 

to quantify the harm in terms of the intensity, duration of exposure and consequences of effect. This is usually 

achieved by an estimation of the received dose and a comparison of this against, statistically manipulated, 

experimental data to determine the probability of harm to an exposed population or individual. Vulnerability criteria 

can be established to determine dose levels that result in specific consequences. There are two main approaches 

for the determination of the effects of received dose: the use of Probit Functions and the Determination of Harmful 

Dose. 

Probit functions account for the variation in tolerance to harm for an exposed population. The fatality rate of 

personnel exposed to harmful agents over a given period of time can be calculated by use of probit functions that 

typically take the following form: 

𝑌 = 𝑘1 + 𝑘2(𝑙𝑛𝑉) 

Where k1 and k2 are constants, and V is the product of intensity or concentration of received hazardous agent. 

The obtained probit, Y, has a value in the range of 2.67 to 8.09 which corresponds to a percentage of fatality from 

1% to 99.9%. The fatality probability is determined by evaluation of Y on a probit transformation chart as shown 

in Figure 7.2. 
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Based on the information in Table 7.1, both a vector with the frequency of ignition (Pi) and a correlation matrix 

with the probabilities of propagation from module i to j (Pcor, ij) are defined as follows (Klein et al., 2006) [18]: 

 

 𝑃𝑖 = (

1
2
3
4

) = (

1 × 10−4

1 × 10−5

1 × 10−5

1 × 10−5

) (6) 

 

 

 

 

 

Based on the frequency of operations of the silos (Section 3.2), the ignition frequencies for the individual silos and 

the over-cell gallery can be modified as follows: 

 

 𝑃𝑖 = (

1
2
3
4

) = (

0.25 ×  1 × 10−4

0.01 × 1 × 10−5

0.01 × 1 × 10−5

0.01 × 1 × 10−5

) = (

2.5 × 10−5

1 × 10−7

1 × 10−7

1 × 10−7

) (8) 

 

The frequency of ignition in a module, not followed by propagation to any of the other modules (a mono scenario) 

can be calculated from: 

 
𝑃𝑚𝑜𝑛𝑜,𝑖 = 𝑃𝑖∏(1 − 𝑃𝑐𝑜𝑟,𝑖𝑗)

𝑗

 

 

(9) 

 

The number of different domino scenarios increases rapidly with the number of silos in an annex or group, as can 

be shown with Newton’s binomial theorem. The summed frequency of all domino scenarios equals: 

 

 
𝑃𝑑𝑜𝑚𝑖𝑛𝑜,𝑡𝑜𝑡𝑎𝑙 =  ∑(𝑃𝑖 − 𝑃𝑚𝑜𝑛𝑜,𝑖)  

𝑖

 

 

(10) 

The explosion frequency estimation methodology outlined above accounts for four modules. With respect to the 

Halifax Grain Elevator, the silos in Annexes 1-3 are arranged in rows of four with intermediate bins located in the 

interstitial space as shown in Figure 7.4. As such, it has been conservatively assumed that a total of nine modules 

(six silos, two intermediate bins, and the over-cell gallery) could participate. 

 

 

 𝑃𝑐𝑜𝑟,𝑖𝑗 = (

11 12 13 14
21 22 23 24
31 32 33 34
41 42 43 44

) = (

0 0.1 0.1 0.1
0.1 0 0.01 0.01
0.1 0.01 0 0.01
0.1 0.01 0.01 0

) (7) 
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Figure 7.4: Modules considered for the purpose of explosion frequency estimation. 

 

Using nine modules and accounting for the frequency of operation, the following vector and correlation matrix are 

obtained: 

 

 𝑃𝑖 =

(

 
 
 
 
 
 

1
2
3
4
5
6
7
8
9)

 
 
 
 
 
 

=

(

 
 
 
 
 
 

0.25 ×  1 × 10−4

0.01 × 1 × 10−5

0.01 × 1 × 10−5

0.01 × 1 × 10−5

0.01 × 1 × 10−5

0.01 × 1 × 10−5

0.01 × 1 × 10−5

0.01 × 1 × 10−5

0.01 × 1 × 10−5)

 
 
 
 
 
 

=

(

 
 
 
 
 
 

2.5 × 10−5

1 × 10−7

1 × 10−7

1 × 10−7

1 × 10−7

1 × 10−7

1 × 10−7

1 × 10−7

1 × 10−7 )

 
 
 
 
 
 

 (11) 

 

 

 𝑃𝑐𝑜𝑟,𝑖𝑗 =

(

 
 
 
 
 
 

11 12 13 14 15 16 17 18 19
21 22 23 24 25 26 27 28 29
31 32 33 34 35 36 37 38 39
41 42 43 44 45 46 47 48 49
51 52 53 54 55 56 57 58 59
61 62 63 64 65 66 67 68 69
71 72 73 74 75 76 77 78 79
81 82 83 84 85 86 87 88 89
91 92 93 94 95 96 97 98 99)

 
 
 
 
 
 

=

(

 
 
 
 
 
 

0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
0.1 0 0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.1 0.01 0 0.01 0.01 0.01 0.01 0.01 0.01
0.1 0.01 0.01 0 0.01 0.01 0.01 0.01 0.01
0.1 0.01 0.01 0.01 0 0.01 0.01 0.01 0.01
0.1 0.01 0.01 0.01 0.01 0 0.01 0.01 0.01
0.1 0.01 0.01 0.01 0.01 0.01 0 0.01 0.01
0.1 0.01 0.01 0.01 0.01 0.01 0.01 0 0.01
0.1 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0 )

 
 
 
 
 
 

 (12) 

 

 

Using Equations 11 and 12, the frequency of ignition for all domino scenarios involving nine modules was 

estimated as follows. The detailed calculations are provided in Appendix A.1.  

 

𝑷𝒅𝒐𝒎𝒊𝒏𝒐,𝒕𝒐𝒕𝒂𝒍 = 𝟏. 𝟒𝟒 × 𝟏𝟎
−𝟓 𝒆𝒗𝒆𝒏𝒕𝒔 𝒑𝒆𝒓 𝒚𝒆𝒂𝒓 

 

As such, the frequency of a dust explosion event occurring at the Halifax Grain Elevator is considered to be 1.44 

x 10-5 events per year for the purpose of the quantitative risk assessment. 
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To be conservative, it was assumed that the developed overpressures will affect a person located indoors. To 

determine the consequences (probability of fatality) associated with the overpressure at various distances, probit 

functions were utilized to convert the overpressure to probability units. Based on the data outlined in Table 8.7, 

the following probit functions were utilized: 

 

𝐹𝑜𝑟 𝑃 ≤ 0.35 𝑏𝑎𝑟:      𝑌 = 6.727 + 1.645 (ln(P)) 

𝐹𝑜𝑟 𝑃 > 0.35 𝑏𝑎𝑟:      𝑌 = 9.68 + 4.458 (ln(P)) 
(22) 

Where Y represents the probit value and P is the overpressure. The constants were obtained through linear 

interpolation using the values outlined in Table 8.7. The probability of fatality was then determined by using a 

probit transformation table. The probability of fatality was estimated using the methodology outlined above and 

the results are summarized Figure 8.1. 

 

Figure 8.1: Probability of fatality associated with overpressure effects in the event of a silo explosion. 

8.1.4.1 Assumptions and limitations 

The following assumptions were made to estimate the probability of fatality associated with overpressure in the 

event of a silo dust explosion: 

 

1. It was assumed that the individual affected by the overpressure would be located indoors as this results in 

a greater consequence. 
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8.1.5 Risk associated with overpressure effects 

The risk associated with overpressure effects is based on the probability of fatality and the event frequency. The 

estimated risk associated with overpressure at various distances from the silos is communicated in fatalities per 

year and is summarized in Figure 8.2. 

 

Figure 8.2: Risk associated with overpressure effects for each silo in the event of an explosion. 
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8.2.2 Consequences of fireball effects 

The consequences associated with fireball effects are based on a fictional unprotected person. Ideally, the fireball 

should only be relevant if the height of its origin is situated less than 5 m above the unprotected person, who is 

assumed to be at ground level. However, there are high-density and low-density residential buildings in the 

immediate vicinity of the silos. Hence, the unprotected person may not necessarily be located at the ground level, 

particularly for the high-density residential buildings which may be multi-story buildings. Hence, it is conservatively 

assumed that the fireball can impact the unprotected person regardless of the height of the fireball above the 

ground level. It is conservatively assumed that the probability of fatality is 100% for an unprotected person directly 

contacted by the fireball. 

8.2.3 Consequences of thermal radiation 

The fireball presents a danger to people and property in the external area surrounding the facility. The hazard 

from the flame itself is obvious, but personnel outside the direct flame area can be at risk of thermal radiation 

effects. The heat flux generated by the fireball and the distance from the fireball are two important variables that 

can be used to determine the risk from thermal radiation. The incident thermal flux (I) was calculated using the 

Stefan-Boltzmann equation: 

 

 𝐼 =  𝜎 ∙ 𝜀 ∙ 𝑇4 (24) 

 

Where σ is the Stefan-Boltzmann constant (5.67 x 10-11 kW/m2K4), 𝜀 is the emissivity of the hot dust cloud, and T 

is the absolute temperature of the hot dust cloud. The hot dust cloud is assumed to be sooty and with a sufficiently 

large optical path length. Consequently, the emissivity is assumed to tend to unity. The maximum fire (turbulent 

diffusion flame) temperature of the dust flame is assumed to be 1400 K. The maximum radiant heat flux at the 

extent of the fireball area was calculated as follows: 

  

𝐼 =  5.67 x 10−11  ∙ 1 ∙ (1400)4 = 218 kW/m2 

The thermal radiation dose (V) can be used to estimate the effects of thermal radiation from the following equation: 

 𝑉 =  𝐼4 3⁄  ∙ 𝑡 (25) 

 

Where I is the incident thermal flux (kW/m2) and t is time of exposure (seconds), which is assumed to be 10 

seconds for the purpose of this evaluation. The thermal radiation dose at the extent of the fireball area was 

calculated as follows: 

 

𝑉 =  2184 3⁄  ∙ 10 = 13106 (
𝑘𝑊

𝑚2
)

4
3
𝑠𝑒𝑐𝑜𝑛𝑑𝑠 

 

As thermal radiation follows the inverse-square law, the radiative heat flux decreases with the square of the 

distance from the fireball and is based on the equation: 

 

 𝐼2 = 𝐼1 ∙
𝑑1
2

𝑑2
2 (26) 

 

Where I1 is the thermal radiation flux at distance d1 from the perimeter of the fireball, and I2 is the thermal radiation 

flux at a further distance d2 from the perimeter of the fireball.  
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8.2.3.1 Assumptions and limitations 

The following assumptions were made to estimate the probability of fatality associated with thermal radiation: 

1. The turbulent flame temperature was assumed to be 1400 K based on reference data for agricultural 

dusts. 

2. The hot dust cloud is assumed to be sooty with a sufficiently large optical path length resulting in an 

emissivity value of 1. 

3. The time of exposure for an unprotected person was assumed to be 10 seconds. 

8.2.4 Risk associated with fireball and thermal radiation effects 

The risk associated with fireball and thermal radiation effects in the event of a silo explosion is estimated based 

on the frequency and the probabilities of fatality. The calculated risk associated with the fireball and thermal 

radiation at various distances from the silos is communicated in fatalities per year and is summarized in Figure 

8.3. 

 

Figure 8.3: Risk associated with fireball and thermal radiation effects for each silo in the event of an explosion. 
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8.3 BULK OUTFLOW 

In the event of silo rupture or failure following an explosion, the contents of the silo can be released into a large 

conical pile as shown in Figure 8.4. Grain entrapment or grain engulfment can occur when a person steps on the 

cone formed by the bulk material outflow or if a person is located in the area at the time of silo rupture. The 

described person may be fully or partially submerged in the grain heap and cannot get out without assistance. 

Grain engulfment presents a high fatality rate as it only takes two to three seconds to become helpless in flowing 

grain. 

      
 

Figure 8.4: Example of bulk material outflow from a ruptured grain silo. 

If a grain silo is breached and releases its content into the surrounding area, the dimensions of the cone or half-

cone formed by the material can be estimated using the angle of repose. The angle of repose is the steepest 

angle at which a sloping surface formed of loose material is barely stable. As the loose material is poured out, it 

forms a cone shape, whose angle with the horizontal plane depends on the material parameters such as the grain 

size distribution, grain shape, moisture content, and internal friction angle. The angle of repose for wheat is taken 

as 27 degrees. 

 

Two possible scenarios exist for the bulk outflow case. The first scenario is a silo being completely destroyed in 

the event of an explosion and releasing all its contents. In this scenario, it is assumed that the released bulk 

material does not participate in the explosion and is deposited in a cone structure in the area surrounding the 

silos. The second scenario involves rupture of the silo at mid-height by the impact of the explosion. In the second 

scenario, it is assumed that the released bulk material does not participate in the explosion and is deposited in a 

half-cone structure abutting the silo. To be conservative, it is assumed that the entire volume of the silo would be 

released into a cone-shaped pile of bulk material. 

 

Based on the angle of repose of wheat (27o), the relation between the height and base radius of the formed cone 

is estimated as: 

 𝑃𝑖𝑙𝑒 ℎ𝑒𝑖𝑔ℎ𝑡 = tan(27°) × 𝑟𝑎𝑑𝑖𝑢𝑠 = 0.51 × 𝑟𝑎𝑑𝑖𝑢𝑠 (28) 

 

The height of the material pile is approximately half of its base radius. However, the height and radius of the cone 

are also constrained by the maximum volume of material that can be released from the breached silo. The volume 

of the conical pile is given as: 
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8.3.2 Risk associated with bulk outflow 

The risk associated with bulk outflow effects in the event of a silo explosion is estimated based on the frequency 

and probability of fatality. The calculated risk associated with the bulk outflow at various distances from the silos 

is communicated in fatalities per year and is summarized in Figure 8.5. 

 

 

Figure 8.5: Risk associated with bulk outflow effects for each silo in the event of an explosion. 
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8.4 PROJECTILES AND DEBRIS 

In the event of an explosion in one of the silos, it is expected that the silo will break into multiple fragments that 

will act as projectiles. Projectiles and flying debris hitting the human body present a significant fatality risk. For a 

fatality to occur, a person must first be struck by a projectile. To determine the probability that a person is struck 

with a projectile, the methodology from the European Commission’s Joint Research Center (JRC) document titled 

“A survey of computational models for blast induced human injuries for security and defence applications (2020)” 

[20]. 

The probability that a person is struck with a projectile or fragment at a specific stand-off distance is estimated 

based on the following assumptions: 

1. Hemispherical burst conditions exist. 

2. The angular distribution of launched fragments is uniform. 

3. In the vicinity of the detonation source the fragment trajectories are approximated by straight lines. 

The Poisson distribution is employed to model the number of hits a person is subjected to. The areal density of 

fragments (q) at a stand-off distance (Rso) is calculated using the following equation: 

 𝑞 =
𝑁

2𝜋𝑅𝑠𝑜2
 (30) 

 

Where N is the total number of fragments without considering their mass distribution. The average hit rate (λ) is 

calculated using the following equation: 

 

 𝜆 = 𝑞 𝑆𝑏 (31) 

 

Where Sb is the body area that would be present by an average person (0.58 m2). According to the Poisson 

distribution, the probability of the number of hits to be n is equal to the following: 

 Pr[ℎ𝑖𝑡𝑠 = 𝑛] =
𝑒−𝜆𝜆𝑛

𝑛!
 (32) 

 

The hit probability, which implies at least one hit, is calculated as follows: 

 Pr[𝐻] = 1 − exp (−
𝑁

2𝜋𝑅𝑠𝑜2
 𝑆𝑏) (33) 

 

In the event of a silo explosion, projectiles could originate from the silo wall or from the silo roof area. The hit 

probabilities for projectiles originating from these areas are estimated in the following sections. 
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As shown in Table 8.14, the maximum projectile range was estimated to be 91 m. The estimated projectile 

distances are similar to the findings from the SEMABLA dust explosion in Blaye, France in 1997 [21] where pieces 

of concrete about a meter in size were found 50 meters from the structure while projectiles of significant size were 

found at distances of up to 100 m. To be conservative, it was assumed that projectiles could cause harm at 

distances up to 120 meters from the exterior walls of Annexes 1-4. 

8.4.1.1 Consequences associated with silo wall projectiles 

Using Equation 33 and the estimated number of fragments (N) outlined in Table 8.13, the hit probability, P[H], was 

calculated at distances ranging from 0 to 120 meters from the silos. Due to the difficulty of determining the 

probability of fatality associated with projectile hitting a person, it is conservatively assumed that the probability of 

fatality will be 100% for a person struck with a projectile inside 120 m. As such, the hit probability can be used to 

represent the probability of fatality associated with projectiles. The calculation results are summarized in Figure 

8.7. 

 

Figure 8.7: Probability of fatality associated with projectiles originating from the silo walls. 

It is important to note that the maximum range of a given projectile is dependent upon the launch angle and initial 

velocity. For example, the maximum projectile distances that were calculated occurred at launch angles from 33 

– 40 degrees. As such, a correction factor was applied to the calculated probabilities based on the percentage of 

launch angles that allowed for a projectile to travel a specific distance. The correction factors are summarized in 

Table 8.15. 
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8.4.1.2 Risk associated with silo wall projectiles 

The risk associated with wall projectiles in the event of a silo explosion is estimated based on the frequency and 

probability of fatality. The calculated risk associated with the projectiles at various distances from the silos is 

communicated in fatalities per year and is summarized in Figure 8.9. 

 
 

Figure 8.9: Risk associated with wall projectiles for each silo. 

8.4.1.3 Assumptions and limitations 

The following assumptions were made to estimate the probability of fatality and risk associated with projectiles 

originating from the silo walls: 

1. It was assumed that the projectiles would be launched at an initial velocity of 25 m/s. 

2. It was assumed that only the top 50% of the exterior wall would contribute to projectiles and would break 

into equal size fragments. 

3. The hit probability was determined based on the average target area that would be presented by a human 

(0.58 m2). It is important to note that buildings with a large surface area would have a higher probability of 

being hit by projectiles and would most likely receive multiple hits depending on their distance from the silo 

wall.  

4. To be conservative, it was assumed that projectiles could cause harm within a range of 120 meters. 

However, given the estimated projectile range and information from the SEMABLA explosion incident, it is 

expected that significant size projectiles would not exceed 100 meters. 
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8.4.2.2 Risk associated with silo roof projectiles 

The risk associated with roof projectiles in the event of a silo explosion was estimated based on the event 

frequency and probability of fatality. The calculated risk associated with the projectiles at various distances from 

the silos is communicated in fatalities per year and is summarized in Figure 8.11. 

 

Figure 8.11: Risk associated with roof projectiles for each silo. 

8.4.2.3 Assumptions and limitations 

The following assumptions were made to estimate the probability of fatality and risk associated with projectiles 

originating from the silo roof areas: 

1. It was assumed that the projectiles would be launched at an initial velocity of approximately 25 m/s. 

2. To account for the gallery areas it was assumed that the total area that would contribute to projectiles was 

approximately five times the surface area of the silo roofs. It was assumed that the contributing area would 

break into equal sized fragments. 

3. The hit probability was determined based on the average target area that would be presented by a human 

(0.58 m2). It is important to note that buildings with a large surface area would have a higher probability 

of being hit by projectiles and would most likely receive multiple hits depending on their distance from the 

silo.  

4. It was assumed that projectiles from the roof and gallery area would be launched at angles greater than 

60 degrees. 
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Figure 8.12: Combined risk for each individual silo in Annexes 1-3. The risk decreases as the distance from the 

silo is increased. 

Figure 8.13 shows a schematic of the risk contours surrounding each silo in Annexes 1-3 at 10 meter intervals 

up to a distance of 100 meters.  
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Figure 8.13: Risk contours associated with each individual silo in Annexes 1-3 at 10 meter distance intervals up 

to 100 meters. 
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Figure 8.14: Combined risk for each individual silo in Annex 4. The risk decreases as the distance from the silo 

is increased. 

Figure 8.15 shows a schematic of the risk contours surrounding each silo in Annex 4 at 10 meter intervals up to 

a distance of 100 meters.  
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Figure 8.15: Risk contours associated with each individual silo in Annex 4 at 10 meter distance intervals up to 

100 meters. 
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8.6 CUMULATIVE RISK SURROUNDING THE GRAIN ELEVATOR 

This estimated risk outlined in Section 8.5 is representative of the risk presented by each individual silo at various 

distance intervals from the exterior silo walls in each annex. Each individual silo is a point source of risk as there 

is the potential for an explosion to occur within or propagate to each silo. As such, the individual risk at various 

distances from the silos is equivalent to the cumulative risk of all silos whose explosion effects have the potential 

to cause harm to an individual at that distance. Further explanation is provided in Figure 8.16. 

 

Figure 8.16: Example of cumulative individual risk posed to an unprotected person by multiple silos at a specific 

distance, x. 

As shown in Figure 8.16, the individual risk posed to an unprotected person at distance, x, is the summation of 

the risk contours associated with the four silos (S1 – S4) at the given distance. To determine the allowable land 

uses surrounding the grain elevator facility, it was necessary to determine the cumulative individual risk that is 

presented by all silos at various distance intervals from the exterior annex walls. It is important to note that the 

cumulative individual risk will increase as the number of adjacent silos increases as this will result in a larger 

number of silos having the potential to cause harm to an individual. 

With respect to Annexes 1-3, the largest number of adjacent silos is found in Annex 3, where 23 adjacent silos 

are positioned at the exterior on the western side of the annex. A total of 23 silos was used to determine the 

cumulative individual risk that would be presented by a worst-case dust explosion in all external areas surrounding 

Annexes 1-3. With respect to Annex 4, the largest number of adjacent silos located on the exterior wall is six and 

as such, a total of 6 silos was used to determine the cumulative individual risk in all external areas surrounding 

Annex 4. 

The cumulative individual risk that would be presented by the worst-case dust explosion event was estimated at 

five meter intervals from the exterior silo walls in each annex. The cumulative individual risk was determined by 

summating the risk contours from all adjacent silos that intersect an imaginary zone placed central to the adjacent 

silos at each distance interval. The cumulative individual risk to the external area presented by an explosion event 

surrounding Annexes 1-3 at various distance intervals is summarized in Table 8.21 and Figure 8.17. 
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Figure 8.17: Cumulative individual risk posed by the worst-case explosion event at various distance intervals 

surrounding Annexes 1-3. 

The cumulative individual risk to the external area presented by an explosion event surrounding Annexes 1-3 at 

various distance intervals is summarized in Table 8.22 and Figure 8.18. 
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Figure 8.18: Cumulative individual risk posed by the worst-case explosion event at various distance intervals 

surrounding Annex 4. 

Based on the cumulative individual risk that would be presented to the public in the event of a large scale dust 

explosion event, risk contours were developed for the area surrounding the Halifax Grain Elevator. A simplified 

diagram showing the risk contour surrounding the grain elevator is shown in Figure 8.19. In the diagram, risk 

contours that demonstrate individual risks of 1.0 x 10-4 fatalities per year (green), 1.0 x 10-5 fatalities per year (red), 

1.0 x 10-6 fatalities per year (blue), and 0.3 x 10-6 fatalities per year (pink) are shown. 
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Figure 8.19: Diagram of risk contours surrounding the Halifax grain elevator based on the individual risk associated with the worst-case dust explosion event.
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It is important to note that the individual risk was estimated on the basis of fatalities per year in the event of an 

explosion. Non-fatality risk (i.e., property damage) is difficult to estimate based on the uncertainty of the condition 

of adjacent and nearby properties. It is important to note that explosion effects associated with projectiles will have 

a greater impact with respect to property damage as buildings present a large target area and as such the 

probability of impact at increased distance would be higher. However, it is difficult to estimate the level of damage 

that would be sustained to the buildings. In an effort to account for the risk of building and property damage, it 

was conservatively assumed that significant property damage has the potential to occur within 100 meters of the 

grain elevator facility. This contour is shown in Figure 9.1 where the 100 meter boundary for property damage is 

shown by the yellow zone. It is important to note that all areas  located between the grain elevator and outer 

boundary of the yellow zone (100 meters) have the potential to experience property damage.

 

Figure 9.1: Risk contour map for the area surrounding the Halifax Grain Elevator.

As previously mentioned, established low and high-density land uses are present on the western side of the facility 

and interest in residential development is expected to continue in the surrounding area. This is discussed in the 

following sections. 
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9.1 EXISTING DEVELOPMENTS 

Established low density and high density developments are located on the western side of the Halifax Grain 

Elevator. Select low and high-density residential uses are located in areas where the risk was deemed to be 

nonacceptable for these land uses. This is shown in Figure 9.2. It is important to note that the risk contour may 

not be to scale and acceptable land uses are subject to a site survey. 

 

Figure 9.2: Low and high-density residential and commercial developments located in nonacceptable areas 

based on the MIACC risk acceptance criteria and risk contours. 

As outlined in Section 2.1, the Grainery Lofts is a six-story multi-unit apartment building and is a high-density land 

use. The building directly abuts Annex 4 and is as close as 10 meters at select points. Based on the risk contours 

developed through completion of the risk assessment, there should be a buffer of at least 60 meters between the 

Halifax Grain Elevator and high-density residential land uses. The entire Grainery Lofts structure is located inside 

the buffer zone for high-density residential land uses with a portion of the building being located inside the 

restricted zone. Based on the drawing, a small portion of the Terrace Apartment building (South Bland Street) is 

located in close proximity to the buffer zone for high-density residential uses. A commercial use (Formac 

Publishing) is also located partially within the restricted buffer zone. It is important to note that there is a risk for 

property damage to occur within 100 meters of the grain elevator in the event of an explosion as outlined in Figure 

9.2. Figure 9.3 shows the close proximity of the Grainery Lofts to Annex 4. 
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Figure 9.3: Close proximity of the Grainery Lofts to Annex 4. 

With respect to existing low-density residential developments, several houses located on Blue Willow Court are 

located within the restricted buffer zone for low-density residential uses. Figure 9.4 includes a Google Earth image 

that shows the close proximity of select houses on Blue Willow Court to Annex 3. 

 

Figure 9.4: Close proximity of low-density residential uses to Annex 3. 
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9.2 NEW DEVELOPMENTS 

This information outlined in this section should apply to new land uses in the areas surrounding the Halifax Grain 

Elevator. Based on the information provided in Table 9.1 (MIACC risk acceptance criteria), the following 

restrictions should be applied with respect to land use planning for new developments. 

+ All land uses within 25 meters of Annexes 1-4 should be prohibited. 

+ Buffer zones of 30 meters surrounding Annexes 1-3 and 40 meters surrounding Annex 4 should be 

established between the grain elevator and any new low-density residential land uses. 

+ Buffer zones of 70 meters surrounding Annexes 1-3 and 60 meters surrounding Annex 4 should be 

established between the grain elevator and any new high-density residential land uses. 

+ Buffer zones of 90 meters surrounding Annexes 1-3 and 75 meters surrounding Annex 4 should be 

established between the grain elevator and any new sensitive land uses. 

The locations of new developments should comply with the buffer zones outlined in Figure 9.1 for adjacent land 

uses. 

9.3 SUMMARY 

In most cases, buffer zones are determined for the purpose of siting new industrial or hazardous land uses in 

proximity to existing non-industrial uses, and not vice versa. Locating sensitive land uses nearby existing 

hazardous uses is not something that is considered by most provincial or municipal planning departments. In the 

case of the grain elevator, there are conflicts between existing land uses and the buffer zones or risk contours 

that were identified through the risk assessment. The main development of concern is the Grainery Lofts building 

which is located in close proximity to the facility. Recommendations related to hazard mitigation at the facility level 

and through land use planning have been offered and are outlined in Section 10 of this report. Any new residential, 

commercial, or sensitive land uses should be located in accordance with the buffer zones outlined in Table 9.1 

and the risk contour drawing shown in Figure 9.3. It is important to note that the risk assessment focused on the 

individual risk of fatality per year to develop the risk contours as outlined in the MIACC Guidelines. It was 

conservatively assumed that all developments within 100 meters of the grain elevator have the potential to 

experience property damage in the event of an explosion. Building located closer to the grain elevator will be at a 

higher risk to experience damage. However, the potential severity of the property damage is unknown.  

As outlined in Section 4, Ontario uses a general separation distance approach and recommends a minimum 

separation distance of 70 meters between the existing use and new sensitive land uses. One of the main findings 

outlined in the summary report for the SEMABLA dust explosion in Blaye, France was to locate buildings occupied 

by other parties a distance of at least 1.5 times the height of the facility. The silos have heights of approximately 

33 meters. If the height of the facility is conservatively estimated as 50 meters, this would result in a recommended 

separation distance of 75 meters. The buffer zones of 70 meters (Annexes 1-3) and 60 meters (Annex 4) between 

the grain elevator and high-density residential uses align with these recommended separation distances. 
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Figure 10.1: Halifax Grain Elevator risk precincts. 
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The purpose of the precincts is to provide adequate separation distances between incompatible land uses and 

the above land use categories can help to guide what land uses are appropriate within certain proximities.   

 

To implement these precincts, the Municipality can establish new designations or a special area designation under 

the Regional Centre SMPS and new zones in the Regional Centre Land Use Bylaw that  limits permitted uses and 

intensities within the land use precincts shown on Figure 10.1. This could include amending the boundary of the 

Halifax Grain Elevator Special Area in Schedule 3F in the Regional Centre Land Use Bylaw and amending Policy 

ED-6 in the Regional Centre SMPS to limit the type of development permitted in each risk precinct through a 

development agreement process.   

 

Alternatively, the Municipality could consider adopting a new Land Use Designation under the Regional Centre 

SMPS, and new Land Use Zones under the Regional Centre Land Use Bylaw, that correspond to the Risk 

Precincts to regulate development on lands in proximity to the Halifax Grain Elevator.   

 

Any new or amended policy should also contemplate directing Council to consider the incorporation of Risk 

Mitigation Built Form Guidelines when reviewing applications for development agreements in the Halifax Grain 

Elevator Special Area. Alternatively, Risk Mitigation Built Form Requirements could be developed and 

administered through an as of right process or through a Site Plan Approval mechanism. These Risk Mitigation 

Built Form Guidelines are discussed in more detail in the next section.   

 

10.2.2 Risk mitigation build form guidelines 

While the separation of incompatible uses is the most effective method of mitigating risk in the event of an 

explosion at the Halifax Grain Elevator, additional built form guidelines can further reduce risk. These include:   

• New buildings and additions/alterations to existing buildings should minimize openings (e.g. windows, 

doors, etc.) facing the Grain Elevator;  

• Require primary facades of buildings to be oriented away from the Grain Elevator;  

• Orient the inside corner of L-shaped buildings away from the Grain Elevator;   

• Prohibit building projections or overhangs facing the Halifax Grain Elevator; and  

• Consider design guidelines which encourage the use of blast and fire resistant external cladding materials 

and windows. 

While outside the jurisdiction of the Municipality, consideration should be given to regulating the standards and 

methods of construction for new buildings and alterations to existing buildings in proximity to the Halifax Grain 

Elevator. 

The Municipality could request that the Province amend Section 235 of the Halifax Charter to permit a Land Use 

Bylaw to regulate the construction of buildings in proximity to the Halifax Grain Elevator.   

In tandem with this request, the Municipality could request that the Provincial to take into consideration requiring 

building methodologies which are rated for blast resistance, (for example, the American Society of Civil Engineers 

Blast Protection of Buildings) by amending the Building Code Act. Further exploration is recommended to 

determine the regulations which would be suitable within the Building Code.  

It is important to note that applying Risk Mitigation Built form guidelines to properties within the risk precincts are 

not sufficient without implementing the recommended land use restrictions as well. The purpose of the Risk 

Mitigation Built Form Guidelines is to provide an additional risk mitigation measure. However, further research is 
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required to determine the extent that these built form mitigation measures would assist in reducing risk for specific 

land uses. 

The built form recommendation should be implemented for new developments in addition to the established risk 

precincts. It is important to note that built form guidelines are considered an additional protection measure and do 

not allow new developments to be located inside higher risk contours (i.e. a new high density residential 

development should not be located inside the 1.0 x 10-6 risk contour even if it is designed and constructed in 

accordance with the outlined built-form guidelines). 

10.2.3 Existing and potential nonconforming uses and structures 

While the previous recommendations deal specifically with land uses and new structures in proximity to the Halifax 

Grain Elevator, there are many existing structures and land uses whose proximity to the Halifax Grain Elevator 

exceed the distance for best practices of acceptable risk tolerance. A concerted effort to limit the continued 

operation of, and expansion of, incompatible uses will be required to achieve acceptable risk tolerances. 

Therefore, the municipality should consider limiting the expansion of all existing low-density residential uses in 

Precinct 1 and limit the expansion of existing high-density residential uses in Precincts 1 & 2.   

This can partially be achieved by amending Policy IM-18 and Policy IM-19 (policies governing non-conforming 

structures and uses), to exclude properties within Precincts 1 & 2. However, the expansion of non-conforming 

uses and structures would still be permitted, to a lesser extent, through Section 254 of the Halifax Charter. 

Therefore, the Municipality should consider requesting amendments to the Halifax Charter, Section 254, to 

exclude properties within Precincts 1 & 2. 
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11.0 Assumptions and limitations 

Given the age of the Halifax Grain Elevator and the limited design information and documentation that was 

available at the time of this report, assumptions were made to complete the land use risk assessment study. It is 

important to note that various assumptions are stated throughout Section 8 of this report. This section outlines 

high-level assumptions and limitations as follows: 

1. The risk acceptance criteria outlined in the MIACC Risk-Based Land Use Planning Guidelines were used 

to determine the appropriate buffer zones. This is described in Section 5 of this report.  

2. It was assumed that the highest risk to the public would be presented in the event of a dust explosion that 

occurred within or propagated to one or more of the silos located on the western side of the facility. The 

worst-case dust explosion event was assessed based on loss-history for similar facilities as described in 

Section 6 of this report.  

3. For the purpose of evaluating the explosion effects, a Kst of 170 bar m/s and a Pmax of 9.0 bar-g were 

utilized as outlined in Section 3 of this report. These explosion severity parameters were obtained from 

literature resources and were used in estimated the consequences associated with overpressure effects. 

4. The frequency of operations at the Halifax Grain Elevators were estimated based on information provided 

by HGEL and HPA. This information was used in estimating the event frequency of a dust explosion. 

5. The design strength of the silos was estimated based on construction drawings provided by HPA. These 

drawings are provided in Appendix C of this report. It is important to note that reinforcement details for 

the Annex 4 silos could not be obtained from the drawings. As such, it was assumed that the design 

strength would be equivalent to the silos in Annex 3. The effects of corrosion and other factors that may 

have weakened the silo structure over time were not accounted for in the estimation of the design strength. 

6. The risk assessment was conducted on the basis of individual fatality risk for the purpose of identifying 

appropriate buffer zones between adjacent land uses. As such, the assessment does not account for the 

effects of building and property damage. To be conservative, it was assumed that property damage could 

occur in all areas within 100 meters of the grain elevator in the event of an explosion. 

7. The risk contour drawings provided in Section 9 of this report may not be to scale. As such, all buffer 

zones should be verified by a site survey.  
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12.0 Conclusion 

This report documents the findings of the land use risk assessment study conducted for the land area surrounding 

the Halifax Grain Elevator. Given the inherent dust explosion hazards and loss-history associated with grain 

handling facilities, the grain elevator is considered to present a risk to the public in the surrounding residential 

areas on the western side of the facility. For the purpose of the study, the worst-case explosion event was identified 

based on a review of historical dust explosions at similar facilities. The worst-case event is represented by a large-

scale dust explosion that occurs within or propagates to the silos located on the western side of the facility.  

A risk based approach was employed to estimate the individual risk to the public in the event of the described 

explosion scenario. The risk based approach accounted for the frequency of ignition resulting in a dust explosion 

and accounted for the consequences of various explosion effects including fireball and thermal radiation, 

overpressure, bulk outflow, and projectiles. The consequences of each explosion effect were evaluated in terms 

of probability of fatality and were used along with the estimated explosion frequency to determine the individual 

risk to the public. Risk contours were developed to outline the cumulative risk to the public at various distances 

from the grain elevator. 

With respect to land use planning, the MIACC Guidelines were used to identify risk acceptance criteria for adjacent 

land uses. Based on the findings of the risk analysis and the MIACC risk acceptance criteria, required buffer zones 

between the grain elevator and adjacent land uses were identified. The risk assessment resulted in the following 

findings:  

+ Any new land uses within 25 meters of the facility should be prohibited. 

+ Buffer zones of 30 meters surrounding Annexes 1-3 and 40 meters surrounding Annex 4 should be 

established between the grain elevator and any new low-density residential land uses. 

+ Buffer zones of 70 meters surrounding Annexes 1-3 and 60 meters surrounding Annex 4 should be 

established between the grain elevator and any new high-density residential land uses. 

+ Buffer zones of 90 meters surrounding Annexes 1-3 and 75 meters surrounding Annex 4 should be 

established between the grain elevator and any new sensitive land uses. 

Based on the findings outlined above, recommendations related to combustible dust hazard management and 

land use planning were offered and are outlined in Section 10 of this report. The recommendations are intended 

to reduce the risk to the public presented by the grain elevator.  
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Appendix A. Sample calculations 

This appendix provides sample calculations with respect to the risk assessment that was completed and 

documented in Sections 7 and 8 of this report. 

A.1 EVENT FREQUENCY 

This section provides sample calculations for the expected frequency of a dust explosion event as described in 

Section 7.2 of this report. The ignition frequency was estimated based on the methodology outlined in Klein et Al 

(2006) [18]. Given the silo and bin configurations in Annexes 1-3 at the grain elevator, the explosion frequency 

was calculated based on a group of nine modules (i = 9) as follows: 

 

i = 1: over-silo gallery 

i = 2, 3, 4, 5, 6, 7: silo cells 

i = 8, 9: intermediate bins 

 

The calculation was based on the following ignition frequencies and probabilities of propagation: 

• Ignition frequency in a cell gallery of handling tower: 1 x 10-4 events per year 

• Ignition frequency in a silo cell: 1 x 10-5 events per year 

• Probability of propagation to a direct neighbor module (e.g., gallery to silo or vice versa): 10% 

• Probability of propagation to a remote neighbor module (e.g. silo to silo): 1% 

 

Using nine modules and accounting for the frequency of operation, the following vector was obtained, where the 

values represent the frequency of ignition in the given module (i). 

 

𝑃𝑖 =

(

 
 
 
 
 
 

1
2
3
4
5
6
7
8
9)

 
 
 
 
 
 

=

(

 
 
 
 
 
 

1 × 10−4

1 × 10−5

1 × 10−5

1 × 10−5

1 × 10−5

1 × 10−5

1 × 10−5

1 × 10−5

1 × 10−5)

 
 
 
 
 
 

 

Accounting for the frequency of operation of the silos and over-cell gallery as estimated in Section 3.2, the vector 

is modified as follows: 

 

 
𝑃𝑖 =

(

 
 
 
 
 
 

1
2
3
4
5
6
7
8
9)

 
 
 
 
 
 

=

(

 
 
 
 
 
 

0.25 ×  1 × 10−4

0.01 × 1 × 10−5

0.01 × 1 × 10−5

0.01 × 1 × 10−5

0.01 × 1 × 10−5

0.01 × 1 × 10−5

0.01 × 1 × 10−5

0.01 × 1 × 10−5

0.01 × 1 × 10−5)

 
 
 
 
 
 

=

(

 
 
 
 
 
 

2.5 × 10−5

1 × 10−7

1 × 10−7

1 × 10−7

1 × 10−7

1 × 10−7

1 × 10−7

1 × 10−7

1 × 10−7 )

 
 
 
 
 
 

 

 

 

Given the probabilities of propagation between modules, the following correlation matrix was obtained. Within the 

matrix,  each element represents the potential for propagation between modules. For example, element 1,2 

represent the potential for propagation between module i=1 (gallery) and i=2 (silo cell) which is 10% as they are 

direct neighboring modules. 
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 𝑃𝑐𝑜𝑟,𝑖𝑗 =

(

 
 
 
 
 
 

1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9
2,1 2,2 2,3 2,4 2,5 2,6 2,7 2,8 2,9
3,1 3,2 3,3 3,4 3,5 3,6 3,7 3,8 3,9
4,1 4,2 4,3 4,4 4,5 4,6 4,7 4,8 4,9
5,1 5,2 5,3 5,4 5,5 5,6 5,7 5,8 5,9
6,1 6,2 6,3 6,4 6,5 6,6 6,7 6,8 6,9
7,1 7,2 7,3 7,4 7,5 7,6 7,7 7,8 7,9
8,1 8,2 8,3 8,4 8,5 8,6 8,7 8,8 8,9
9,1 9,2 9,3 9,4 9,5 9,6 9,7 9,8 9,9)

 
 
 
 
 
 

=

(

 
 
 
 
 
 

0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
0.1 0 0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.1 0.01 0 0.01 0.01 0.01 0.01 0.01 0.01
0.1 0.01 0.01 0 0.01 0.01 0.01 0.01 0.01
0.1 0.01 0.01 0.01 0 0.01 0.01 0.01 0.01
0.1 0.01 0.01 0.01 0.01 0 0.01 0.01 0.01
0.1 0.01 0.01 0.01 0.01 0.01 0 0.01 0.01
0.1 0.01 0.01 0.01 0.01 0.01 0.01 0 0.01
0.1 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0 )

 
 
 
 
 
 

  

 

The frequency of ignition in a module, not followed by propagation to any of the other modules ( a mono scenario) 

was calculated as follows: 

 

𝑃𝑚𝑜𝑛𝑜,𝑖 = 𝑃𝑖∏(1 − 𝑃𝑐𝑜𝑟,𝑖𝑗)

𝑗

 

 
𝑃𝑚𝑜𝑛𝑜,1 = 2.5 𝑥 10

−5 ∙ (1 − 0) ∙ (1 − 0.1) ∙ (1 − 0.1) ∙ (1 − 0.1) ∙ (1 − 0.1) ∙ (1 − 0.1) ∙ (1 − 0.1) ∙ (1 − 0.1) ∙ (1 − 0.1) = 1.1 𝑥 10−5 

 

𝑃𝑚𝑜𝑛𝑜,2 = 1 𝑥 10
−7 ∙ (1 − 0.1) ∙ (1 − 0) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) = 8.39 𝑥 10−8 

 

𝑃𝑚𝑜𝑛𝑜,3 = 1 𝑥 10
−7 ∙ (1 − 0.1) ∙ (1 − 0.01) ∙ (1 − 0) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) = 8.39 𝑥 10−8 

 

𝑃𝑚𝑜𝑛𝑜,4 = 1 𝑥 10
−7 ∙ (1 − 0.1) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) = 8.39 𝑥 10−8 

 

𝑃𝑚𝑜𝑛𝑜,5 = 1 𝑥 10
−7 ∙ (1 − 0.1) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) = 8.39 𝑥 10−8 

 

𝑃𝑚𝑜𝑛𝑜,6 = 1 𝑥 10
−7 ∙ (1 − 0.1) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) = 8.39 𝑥 10−8 

 

𝑃𝑚𝑜𝑛𝑜,7 = 1 𝑥 10
−7 ∙ (1 − 0.1) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0) ∙ (1 − 0.01) ∙ (1 − 0.01) = 8.39 𝑥 10−8 

 

𝑃𝑚𝑜𝑛𝑜,8 = 1 𝑥 10
−7 ∙ (1 − 0.1) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0) ∙ (1 − 0.01) = 8.39 𝑥 10−8 

 

𝑃𝑚𝑜𝑛𝑜,9 = 1 𝑥 10
−7 ∙ (1 − 0.1) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0.01) ∙ (1 − 0) = 8.39 𝑥 10−8 

 

 

The summed frequency of all domino scenarios was then calculated as follows: 

 

𝑃𝑑𝑜𝑚𝑖𝑛𝑜,𝑡𝑜𝑡𝑎𝑙 = ∑(𝑃𝑖 − 𝑃𝑚𝑜𝑛𝑜,𝑖)  

𝑖

 

 

 

𝑃𝑇𝑜𝑡𝑎𝑙 = (2.5 𝑥 10
−5 − 1.1 𝑥 10−5) + (9) ∙ (1.07 𝑥 10−7 −  8.39 𝑥 10−8 ) = 𝟏. 𝟒𝟒 𝒙 𝟏𝟎−𝟓 
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𝐴𝑣1 = 𝐴𝑣0 [1 + 0.6 ∙ (
𝐿

𝐷
− 2)

0.75

∙ 𝑒𝑥𝑝 (−0.95 ∙ (
𝑃𝑟𝑒𝑑

1 + 𝑃𝑖𝑛𝑖𝑡𝑖𝑎𝑙
)
2

)] 

𝐴𝑣1 = 15.1 ∙ [1 + 0.6 ∙ (6.45 − 2)
0.75 ∙ 𝑒𝑥𝑝 (−0.95 ∙ (

0.40

1 + 0
)
2

)] = 𝟑𝟗 𝒎𝟐 

 

 

 

When air flow velocities through the equipment (vaxial & vtangential) exceed 20 m/s, a correction factor is required and 

Av2 is calculated as follows: 

 

𝐴𝑣2 = [1 +
max(𝑣𝑎𝑥𝑖𝑎𝑙 , 𝑣𝑡𝑎𝑛𝑔) − 20

36
∙ 0.7] ∙ 𝐴𝑣1 

 

The effects of air velocity do not apply to the silos and as such, Av2 is equal to Av1. Where the vent panel mass is 

greater than 40 kg/m2, the following equations are used to determine if a correction factor is required: 

 

𝑀𝑇 = [6.67 ∙ (𝑃𝑟𝑒𝑑
0.2 ) ∙ (𝑛0.3) ∗ (

𝑉

𝐾𝑠𝑡
0.5)]

1.67

 

 

 

As the silos are not vented, the effects of vent panel inertia were not considered in the analysis and Av3 is equal 

to Av1. When the volume fill fraction, Xr, can be determined for a worst-case explosion scenario, the minimum 

required vent area shall be permitted to be calculated from the following equation: 

 

 

𝐴𝑣4 = 𝐴𝑣3 ∙ 𝑋𝑟
−
1
3 ∗ √

𝑋𝑟 − (
𝑃𝑟𝑒𝑑
𝑃𝑚𝑎𝑥

)

1 − (
𝑃𝑟𝑒𝑑
𝑃𝑚𝑎𝑥

)
 

 

The effects of partial volume were not considered as it was assumed that the explosion event would occur in the 

entire volume of the silo. As such, Av4 is equal to Av1. The effects of vent ducts are not applicable as the silos are 

not vented. As such, the required vent area was calculated to be 39 m2. 
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A.3 EXTERNAL OVERPRESSURE AND CONSEQUENCE 

 

This section provides sample calculations based on the effects of overpressure as outlined in Section 8.1 of this 

report. For the purpose of the calculations, the silos in Annexes 1-3 were used. 

 

The external peak overpressure was estimated as follows: 

 

𝑃𝑚𝑎𝑥,𝑎  = 0.2 ∙ 𝑃𝑟𝑒𝑑 ∙ 𝐴𝑣
0.1 ∗ 𝑉0.18 

 

𝑃𝑚𝑎𝑥,𝑎  = 0.2 ∙ 0.40 𝑏𝑎𝑟 ∙ 39 𝑚
2 ∗ (672 𝑚3)0.18 = 0.37 bar 

 

 

The horizontal and vertical distances at which the maximum external overpressure will be experienced were 

calculated as follows where α is a constant and Lf is the maximum calculated fireball length. 

 

𝑅𝑠−𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 = 𝛼 ∙ 𝐿𝑓 = 0.25 ∗ 23 𝑚 = 5.75 𝑚 

 

𝑅𝑠−ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 = 𝛼 ∙ 𝐿𝑓 = 0.20 ∗ 23 𝑚 = 4.60 𝑚 

 

At further distances, the overpressure was estimated using the following equation, where Rs is the distance where 

the maximum overpressure was experienced and r is the distance from the silo. 

 

𝑃𝑚𝑎𝑥,𝑟 = 𝑃𝑚𝑎𝑥,𝑎 ∙ (
𝑅𝑠
𝑟
) 

 

For example, at a distance of 10 meters from the silo, the overpressure is calculated as follows: 

 

𝑃𝑚𝑎𝑥 = 0.37 𝑏𝑎𝑟 ∙ (
4.60

10
) = 0.17 𝑏𝑎𝑟 

 

The  following probability of fatality data outlined by the Australian Petroleum Production and Exploration 

Association Limited was used to determine the consequences associated with overpressure. 

 

• 20% probability of fatality to a person located indoors at an overpressure of 0.210 bar-g. 

• 50% probability of fatality to a person located indoors at an overpressure of 0.350 bar-g. 

• 100% probability of fatality to a person located indoors at an overpressure of 0.700 bar-g. 

 

Based on these values, the following probit functions were developed through linear interpolation: 

 

𝐹𝑜𝑟 𝑃 ≤ 0.35 𝑏𝑎𝑟:     𝑌 = 6.727 + 1.645 ∙ ln (𝑃) 

 

𝐹𝑜𝑟 𝑃 > 0.35 𝑏𝑎𝑟:     𝑌 = 6.727 + 1.645 ∙ ln (𝑃) 

 

Using these equations the overpressure values obtained at various distances were converted to probability units. 

A probit transformation table as shown below in Figure A.1.1, was used to convert the probability units to 

probability of fatality. A summary of the calculation results are shown in Table A.1.2. 
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A.4 PROJECTILES 

This section provides sample calculations based on the effects of projectiles as outlined in Section 8.4 of this 

report. For the purpose of the calculations, the silos in Annexes 1-3 were used. 

 

Based on the dimensions of the silos in Annexes 1-3 (height – 33 m & outside diameter =5.51 m) the lateral 

surface are of the silo was calculated as follows: 

 

𝐿𝑎𝑡𝑒𝑟𝑎𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 = 2 ∙ 𝜋 ∙ ℎ ∗ 𝑑𝑜 = 2 ∙ 𝜋 ∙ 33𝑚 ∙ 5.51𝑚 = 1138 𝑚2 

 

It was assumed that only the top 50% of the exterior face of each silo would contribute to wall projectiles. As such 

the total area of material expected to contribute to projectiles was estimated as follows: 

 

𝐴𝑟𝑒𝑎 = 1138 𝑚2 ∙ 0.25 = 285 𝑚2 

 

It was assumed that the wall would break into fragments of equal size and a circular dimension with average 

diameters of 1 m. As such, it was estimated that each projectile would have a face area of approximately 0.79 m2. 

The total number of fragments generated from the silo wall in the event of an explosion was estimated as follows: 

 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑟𝑎𝑔𝑚𝑒𝑛𝑡𝑠 (𝑁) =
𝐶𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑛𝑔 𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑠𝑖𝑙𝑜 𝑤𝑎𝑙𝑙

𝐹𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑓𝑟𝑎𝑔𝑚𝑒𝑛𝑡𝑠
=
285 𝑚2

0.79 𝑚2
= 362  

 

Based on the number of fragments (N) the hit probability (Pr[H]) was calculated using the following equation: 

 

 

Pr[𝐻] = 1 − exp (−
𝑁

2𝜋𝑅𝑠𝑜
2
 𝑆𝑏) 

Where: 

Sb = the surface area presented by the target which in this case is an average sized human (0.58 m2). 

Rso = the distance from the source of the projectile 

 

For example, at a distance of 40 meters from the wall of the silo, the hit probability is calculated as follows: 

 

Pr[𝐻] = 1 − exp (−
𝑁

2𝜋𝑅𝑠𝑜
2
 𝑆𝑏) = 1 − exp (−

362

2 ∙ 𝜋 ∙ (40𝑚)2
∙ 0.58 𝑚2) =  2.1% 

 

 

Correction factors were applied based on the potential launch angles of the projectiles. With respect to projectiles 

from the silo walls, it was expected that projectiles could be launched from initial heights ranging from 16.5 m 

(midpoint of silo) to 33 m (top of silo). Based on an estimated initial velocity of 25 m/s and accounting for launch 

angles from 0 – 90 degrees, the maximum projectile ranges were calculated using the following equation: 

 

𝑅𝑎𝑛𝑔𝑒 = 𝑉𝑜 ∗ cos(𝛼) ∗
[𝑉𝑜 ∗ sin(𝛼) + √(𝑉𝑜 ∗ sin

2(𝛼) + 2 ∗ 𝑔 ∗ ℎ)]

𝑔
 

 

 

For example, based on an initial height of 33 meters and a launch angle of 33 degrees, the projectile range was 

estimated as follows: 
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Appendix B. Summary of DHA evaluations and recommendations 

This appendix includes all recommendations related to the process equipment and facility that were identified as 

part of the DHA conducted by Jensen Hughes. The equipment evaluations are summarized in Table B.1 and the 

recommendations are summarized in Table B.2. The recommendations are prioritized based on a qualitative 

assessment of the hazards. The following definitions describe the three-tiered prioritization scheme: 

+ High Priority Recommendations (red): Recommendations identified as “high priority” are those that 

address hazards judged to present an immediate threat to life safety and/or have the potential for a severe 

impact to the building, equipment, or business continuity. These hazards could represent severe 

consequences or high likelihood, but in either case, realization of the hazard would present a significant 

impact to Halifax Grain Elevator operations and assets due to exposures to employees and/or damage to 

equipment and the facility. Accordingly, it is recommended to consider implementing these 

recommendations as soon as possible to reduce the risks associated with combustible dust hazards 

throughout the Halifax Grain Elevator facility. 

+ Medium Priority Recommendations (orange): Recommendations identified as “medium priority” are 

those that are judged to present a moderate threat to life safety and/or have the potential to impact 

building, equipment, or business continuity – less so than high priority items but more substantial than low 

priority items. These hazards could represent moderate consequences or likelihood, but in either case 

realization of the hazard would present a moderate impact to Halifax Grain Elevator operations and assets 

due to exposures to employees and/or damage to equipment and the facility. Accordingly, it is 

recommended to consider implementing these recommendations as part of a short-term strategy for 

reducing the risks associated with combustible dust hazards throughout the Halifax Grain Elevator facility. 

+ Low Priority Recommendations (green): Recommendations identified as “low priority” are those that 

are judged to present a relatively low threat to life safety and/or building, equipment, or business 

continuity. These hazards could present an impact to Halifax Grain Elevator operations and assets but 

are not perceived to be significant due to a relatively low possibility of exposures to employees and/or 

damage to equipment and the facility. Although these recommendations are not perceived to present an 

immediate threat to life safety and property protection, they should be implemented to reduce the overall 

hazard levels within the facility. Accordingly, it is recommended to consider implementing these 

recommendations as part of a long-term strategy for reducing the risks associated with combustible dust 

hazards throughout the Halifax Grain Elevator facility. 

Detailed evaluations that were used to identify the recommendations can be found in the DHA (Report No. 

4H2102690.000 – HGE DHA – FINAL – R0). 
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Appendix C. Referenced documentation 

C.1  SILO CONSTRUCTION DRAWINGS 
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C.2 LAYOUT DRAWINGS AND PROCESS FLOW 
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C.3 EXISTING LAND USE DESIGNATIONS 
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C.4 SITE CAD DRAWING 
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C.5 DOCUMENTATION FROM HRM AND HPA 

C.5.1 Background Information 
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C.5.2 Grain elevator incident report – 2003 explosion 
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Appendix D. Facility photos 

 

 
 

D.1: Photograph of the facility from the marine tower (east side). 

 

 
 

D.2: Workhouse #1 and the bucket elevator outside legs (east side). 
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D.3: Exterior of Annex 4 silos. 

 

 
 

D.4: Exterior of Annex 1 bin level gallery (western side). 
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D.5: Exterior of the Annex 2 bin level gallery (western side). 

 

 
 

D.6: Annex 4 gallery (looking north). 
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D.7: Workhouse #1 and Annex 4 (looking south). 

 

 
 

D.8: Western side of Annex 2 silos and Workhouse #3. 
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D.9: Proximity of Annex 4 to the Grainery Lofts. 

 
 

D.10: Annex 4 bin level gallery. 
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D.11: Annex 4 basement gallery. 

 

 
 

D.12: Annex 4 silo metal cone. 
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D.13: Partition between Annex 1 and Workhouse 1. 

 

 
 

D.14: Silo chute in the Annex 1 bin level gallery. 
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D.15: Annex 2 bin level gallery. 

 

 
 

D.16: Annex 2 basement gallery. 
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D.17: Partition between Annex 1 and Annex 2. 

 

 
 

D.18: Belt tripper in Annex 2. 
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D.19: Annex 3 bin level gallery. 

 

 
 

D.20: Annex 3 basement level gallery. 
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D.21: Bucket elevator boot in Workhouse 1 basement. 

 

 
 

D.22: Bucket elevator head in Workhouse 1 motor floor. 




