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1.0 Abstract 
 

The objective of this study was to create a simulation model that allowed the sponsor to evaluate 

the feasibility of an airship logistical system for the Canadian Arctic region.  The system was 

assumed to be feasible when the airship would have an operational time of operating over 220 

days in the simulation with specified constraints.  With the help of the sponsor, the team 

developed five specific cases to test in the logistics simulation that was developed. The five cases 

investigated were: 1) pilot hour flying limitations; 2) time to refuel and load/unload cargo; 3) 

scheduling methods with and without weather forecasting models; 4) drag coefficient of the 

airship; 5) single and multiple airships from one supply site. These five cases will help the 

sponsor with the design of a not yet developed airship. 

 

The airship simulation was developed to be able to vary many physical and operational 

parameters of the logistics system. The model contained entities that could have their attributes 

input from a file into the simulation.  The entities modeled in the simulation were the airship, 

delivery sites, pilots, and weather data.  These inputs could be changed either manually or by a 

script to run many automated cases to vary the parameters.  

 

The results of the simulation showed that for all cases examined that the number of operating 

days was greater than 320 days.  These simulation results for airship operating days were much 

greater than the threshold of greater than 220 days given as an overall goal.  The simulation 

constraints on weather only considered wind speeds of 64 km/hr. As the airship is designed and 

built the system should be evaluated for any changes in the constraints.  The simulation found 

that the largest increase in the number of deliveries resulted from the removal of a pilot’s flying 

hour limitation.  If the pilot’s flying limits were increased to 12 hours per day, then 2 pilots 

would be able to fly the airship continuously without stoppage.  An alternate plan of swapping 

pilots at refueling sites also had a large positive impact on the number of deliveries made during 

the year.  The cargo loading and refuel times of ¼ or ½ hours compared to 1 hour yielded a 6% 

increase in performance. The effect of scheduling with weather information did not have an 

appreciable improvement than taking the nearest site for scheduling the next delivery site.  There 
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was a decrease in the weather holds when weather scheduling was used, but alternative sites 

were further in distance and didn’t give much an improvement on delivery totals over the year.  

The drag coefficient value of the airship had a negligible effect on overall performance in the 

simulation.  It is believed that a more accurate vehicle model would be needed to accurately 

predict the effects of drag coefficient. 

 

Given that refuel sites are highly critical to the success of operations of the LAAND, there are 

very high numbers of refuel sites visits. There will need to be some cost analysis done and 

possible need to reconfigure location of base site.  The simulation was able to detail that in 

certain scenarios with 1 airship that only limited number of delivery sites were serviced during 

the year simulation period.  This indicates that not all the forward-operating-bases (FOBs) would 

be needed when only operating 1 airship from a supply site.  The simulation also shows that it 

would be beneficial to have customers closer to the supply site to reduce time and refuel efforts.  

Overall the airship simulation successfully showed the feasibility of providing operational 

support to the Canadian Arctic region for communities and corporate uses. 
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2.0 Background  

The Canadian arctic region suffers from a lack of transportation that affects cargo deliveries for 

food, materials, and equipment, several months out of the year due to extreme weather. The 

frozen winters and wet summers make it impossible for permanent roads or rail lines to extend 

beyond the Canadian National Highway System. Figure 1 shows a map of the Canadian National 

Highway System and a red circle to display the region we were focused on. Schefferville, QC, 

our base site, is marked by the star. The base site will be for cargo loading and airship 

maintenance.  

 

Figure 1: Map of Canadian National Highway System with Desired Area 

The existing gravel roads are flooded and frozen in these months. This has caused for some of 

the communities in the region to have a lack of routine cargo support.  

 

The lack of transport has increased the prices of goods and food. For instance, a carton of orange 

juice can cost as much as $20 per box. This scarcity of food has also created a dependence on 

high processed foods since they are more easily preserved. The dependence itself has created 

another problem - rise in obesity in these regions. 

 

On top of not receiving adequate food support, there are long delays in heavy equipment 
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deliveries. These equipment deliveries have slowed down the updating of the housing 

infrastructure. 

 

Despite these harsh conditions, there are thousands of inhabitants that live in these regions and 

they require such support.  

 

2.1 Airship  
A development of an airship that is kept buoyant by helium will be explored in this report. And 

airship is a power driven aircraft that contains modernized materials and engineering technology. 

It has the capability of carrying cargo and/or passengers. On top of being an effective solution to 

the current problems, it has relatively low fuel costs. Perhaps the most important aspect of an 

airship is that it is operable through land or sea and operates in all seasons. This is very important 

as the weather has and will always be a problem for this region.  

 

Figure 2: Multi-Engine Airship 

2.2 Literature Review and Findings 
There were three main areas of research for this project. All sources found contributed to one of 

three areas: Background information, weather and airship flight simulation, and demand 

frequency for food and personal goods. Some sources provided both background information and 

useful airship operations information. 
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Adaman, Matthew, Dr. Barry Prentice and Dr. Paul Larson. “Cost Competitiveness of Re-

Supply Via Cargo Airship in Kivalliq, Nunavut”. www.buoyantaircraft.com. July 11, 2015 

This article details a cost estimation model of a complete resupply system using airships and 

airships in conjunction with maritime resupply for the Kivalliq region of Nunavut. It has detailed 

information on Canadian regulations for aircrews and outlines in great detail the assumptions 

required to build their cost estimates. For example, they were not able to access financial 

statements of cargo carriers operating in that region. In order to complete their cost plus pricing 

model that includes a return on investment for the operators, they assumed an arbitrary profit 

margin of 35%. Through analysis of alternatives, they found that hybrid systems that utilized a 

combination of cargo airships and maritime transportation produced the most efficient system 

from a cost reduction perspective. 

 

“A new generation of airships for cargo transport”. www.supplychainbrain.com. 

September 4, 2012. 

This is a general news article that outlines advantages of airships over trucks and maritime travel, 

and contains rough estimates for intercontinental travel. There is also a link to a video with Dr. 

Prentice outlining many of the points of the article. 

 

Prentice, Barry E. “Transport Airships for Northern Logistics: Technology for the 21st 

Century” 

This paper details some of the challenges of cargo transportation in Northern Canada. It also 

highlights opportunities for delivery of natural resources from the region as opposed to simply 

delivering needed goods to the area. Cost of transportation due to conditions is approximately 

2.5x – 3x greater than in southern Canada. 

The paper further provides a basic overview of the current primary means of transportation to 

Northern Canada: marine transport, all-weather roads, ice roads, and air transport. A brief 

description of their benefits and limitations is included. 
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Next, a history of airship development and overtime and discussion of product life cycles 

follows. Dr. Prentice argues that 4th generation airships are nearing a tipping point in their 

product development life cycle and the timing is right in several underdeveloped points around 

the globe for this cargo delivery means to occupy a large niche in cargo transportation. 

The remainder of the paper discusses the need for development of a regulatory framework in 

Canada to develop a viable transport industry there, the need to develop infrastructure for the 

craft such as hangars, and the lack of institutional knowledge to manage this type of service. 

 

Prentice, Barry E. “Cargo Airships: Applications in Manitoba and the Arctic”. 

Presentation to the APEGM Annual Meeting, October 2005. 

PowerPoint-type presentation that covers much of the same subject material as Dr. Prentice’s 

other papers and articles. There is some additional information about potential commercial and 

public uses for airships. There are also case studies that discuss the challenges faced by a mining 

company and some First Nations villages in remote areas of Northern Canada. Since this was 

presented in 2005, Dr. Prentice outlines next step involving needs for additional testing and 

funding, development of infrastructure, etc., that indicate not much progress was made between 

2005 and his subsequent paper in 2012. 

 

Melton, Jon and Ron Hochstetler. “Airships 101: Rediscovering the Potential of Lighter-

Than-Air (LTA)”, 2012. 

This presentation provides an overview of the work that the NASA Ames Research Laboratory 

has done over time on airship development and research. It then focuses on the current 

generation of airships under development, highlights their capabilities and uses, some of the 

existing challenges and what the Ames Research Laboratory is working on in the future to 

continue to address challenges for developing a viable LTA industry. 
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Skyship Services, Inc. www.skyshipservices.com/faq.html 

Skyship Services is an existing airship company headquartered in Orlando, FL. They provide 

airships mostly for events and VIP passenger flights. They provide some of their operating 

specifications on their website which proved useful for some preliminary values during model 

development. 

 

Prentice, Barry E. and Ron Hochstetler. “Transport Airships: Not Just Another Aircraft”. 

2012 

This was an article reprint of a presentation that Dr. Prentice and Mr. Hochstetler gave at the 

Canadian Transportation Research Forum in Calgary on June 1, 2012. It addressed many of the 

regulatory challenges and gaps that the airship industry faces with US and Canadian airspace 

regulations in areas such as airworthiness certification, pilot licensing and operating restrictions. 

The presentation also calls for efficient and effective regulations to grow the industry so that it 

can complement, not just compete with existing transportation methods. 

 

“Moving Beyond the Roads. Airships to the Arctic – Symposium II. Proceedings”. 

University of Manitoba Transport Institute, October 21-23, 2003. 

This is an exhaustive compilation of the presentations and discussions given at the symposium. It 

covers airships and their development, the unique needs and challenges of the First Nations 

communities in northern Canada, and even discusses the potential of using unmanned, remotely 

piloted airships. These were mostly used to further develop background knowledge and 

understanding of the project. 

 

Khoury, Gabriel Alexander. Airship Technology, 2d Ed. 

There is a whole chapter of this book, written by Martin Harris (meteorologist who specializes in 

effects of weather on lighter than air vehicles), dedicated to discussing the impacts of weather on 

airship operations. It also mentions the effects of unique and extreme weather climates on 
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airships. It helped inform some of the decision making in what weather inputs were really 

necessary for our model considering the northern climate, winds and temperatures. 

 

US Army, FM 101-10-1/2, STAFF OFFICERS’ FIELD MANUAL ORGANIZATIONAL, 

TECHNICAL, AND LOGISTICAL DATA PLANNING FACTORS (VOLUME 2), 

October 1987 

This resource provides daily planning values for consumption of food and personal items. These 

were planning rates for deployed Army units. 

 

Precision Nutrition, Inc. 

This company promotes health and fitness but also listed in its available online articles that most 

people consume about 4 pounds of food daily. This number was slightly higher than the Army 

number and was used in the demand calculations. 

 

Rural Grocery Store Start-Up and Operations Guide. Illinois Institute for Rural Affairs, 

Western Illinois University 

This is a comprehensive guide for starting and operating a small rural grocery store or 

convenience store in underserved areas of the country. It states that the industry average for 

rotating stock on hand is about 24-25 days’ worth of inventory. It also mentions that the average 

product shelf life for meat and produce is about seven days, while milk is about 14 days. 

 

O’Brien, Meghan. Small Town Grocers in Iowa: What does the future hold? 2008. 

“A certain population is needed to maintain a grocery store. In 2000, the average population 

needed to maintain a grocery store was 2,843. By 2005 the necessary population had risen to 

3,252.” This information was used in the analysis for determining the minimum and most likely 

delivery times for some of the larger delivery nodes in the logistics network. 
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3.0 Problem Statement 
The Arctic Circle, figure 3, will be the focus of this report and more specifically, the most 

northern parts of Canada. 

 

Figure 3: Map of the Arctic Circle 

These northern regions of Canada, primarily the provinces of Nunavut, Quebec, and the 

Northwest Territories constantly have issues receiving supplies. These regions typically suffer 

from severe weather conditions of snow and ice during the winter and excessive 

flooding/mudding during the summers which make almost all vehicles obsolete.  

 

The one vehicle with the ability to travel in these conditions is an airship. However, there is not 

enough research about the performance of an airship in such severe conditions and there is a 

clear need to develop a method of delivering supplies to these northern regions.  

 

There is a need to develop a logistical model in order to improve cargo delivery using a new type 

of airship.  
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3.1 Objectives 
The objective of this study was to evaluate the feasibility of an airship logistical system in 

supplying cargo to the Canadian Arctic region.  The key parameter to meet or exceed in this 

study was to determine if airship could operate for the equivalent of 220 days when considering 

the constraints of weather, crew hours, and airship maintenance.  The purpose of this proposed 

logistical system was to serve the delivery needs to native population communities and mining, 

gas and oil industrial efforts.  As part of the modeling of the airship system, the work was to 

identify forward-operating-base (FOB) locations and determine their use as a refueling site.  This 

project also looked at an initial model for evaluating the possible food and supply needs of the 

native communities base on the population sizes of these communities. 

 

In the analysis of this airship logistical system, it was necessary to create a simulation model of 

the process.  This simulation of airship deliveries was to capture the following metrics in the 

various cases analyzed.  The metrics to evaluate from the model were: 

 Total number of deliveries to each site and total 

 Operation time in days that the airship was in service 

 Number of delays based on weather interruptions 

 Number of maintenance periods for the airship(s)  

 Number of overhauls needed for the airship(s) 

 Unique sites that the airship delivered to within the simulation time period  

 Number of refuels performed for a period of time 

 

In addition to the overall metrics, the simulation was to be designed to offer insight into specific 

airship design and operational characteristics.  The study was to focus on the following 

questions: 1) How did being able to forecast the weather influence performance and scheduling; 

2) How does pilot hour limitations affect network performance; 3) How does the refuel and 

loading time durations affect network performance; 4) How does airship design such as the drag 

coefficient affect performance; and 5) How does the number of airships operating from a single 

supply site affect overall performance.  These airship design and operational characteristics were 

evaluated in this study against the list of simulation metrics.  
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4.0 Methodology 

4.1 Delivery Sites  
The team worked closely with the sponsor to determine the desired area of interest. The region 

was determined to the northern part of Canada, beyond the base site. The sponsor selected 

Schefferville, Quebec as the base site.  

  

The team collected population site data from the Canadian Statistics website 

(http://www.statcan.gc.ca/).  There were 62 overall sites identified in the northern regions of 

Canada primarily in the provinces of Nunavut, Quebec and Northwest Territories.  The criteria 

for these sites were to be north of the Canadian highway system and also have a size of at least 

100 people.  In addition to the population data, longitudinal and latitudinal coordinates for all 

possible delivery sites, including Schefferville were collected. 

 

To determine which sites could be reached from each possible site node, the distances from each 

node had to be calculated.  Using those coordinates and spherical trigonometry, distances from 

the delivery sites to the base site were calculated.  The equation below was used with the radius 

of earth value of 6378 km: 

∆𝜎 = arccos(𝑠𝑖𝑛𝜙1 ∗ 𝑠𝑖𝑛𝜙2 + 𝑐𝑜𝑠𝜙1 ∗ 𝑐𝑜𝑠𝜙2 ∗ cost(∆𝜆)) 

𝑤ℎ𝑒𝑟𝑒 𝑑 = 𝑟∆𝜎  ∆𝜎 = 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑒𝑎𝑟𝑡ℎ,   𝑟 = 𝑟𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑒𝑎𝑟𝑡ℎ,   𝜙 = 𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒  𝜆 = 𝑙𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 

 

Network analysis was performed on the sites to determine which sites could be reached from one 

another. Forward breadth and minimum spanning tree algorithms were used after the team was 

notified by the sponsor about the range of the airship.  A range of 1480 km (800 nautical mile) 

was assumed as the one-way trip limit.  Any site within 650 km (250 nautical miles) was 

assumed to able to be reached for a round trip delivery.  If the destination site was a designated 

Forward-Operating-Base (FOB), an airship could travel up to 800 km since it could refuel at the 

destination site.  From these calculations it was determined that 22 delivery sites could be 

reached when 3 FOBs were designated.  The figure below shows the sites and connections 

between refuel FOB sites. 

http://www.statcan.gc.ca/
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Figure 4: Delivery Sites With Refuel Sites Labeled 

 

Due to nondisclosure agreements, the sponsor was unable to provide more desirable sites beyond 

the base site.  It was originally desired to have sites representing mineral, gas and mining sites to 

also use in the simulation.   

 

Each site was modeled with a demand amount of 10 tons of cargo that would need to be met 

again after a 2 week period.  The demand time period was a value agreed upon with the sponsor.  

Additional analysis in this report looked at what a typical demand would be for a community 

based on the size of the population.  That analysis is discussed in a following section. 

 

As shown in figure 4 in red, Inukjuak, Cape Dorset and Coral Harbour. The map figure below 

shows graphically how to reach all the sites using the FOBs from Schefferville as the base site.  

The green circle radius describes the 650 km roundtrip limit and the orange circle radius displays 

the 1480 km one way limit.  
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Figure 5: Map of all delivery sites and routes 

 

4.2 Weather Data 
Weather records for the majority of the 22 sites were found at the Canadian Climate website 

(http://climate.weather.gc.ca/).  This website contained daily and hourly data for temperature, 

visibility, maximum wind gusts and wind direction.  After discussions with the sponsor it was 

determined that maximum wind constraints were the most restrictive.  The simulation was set to 

use the maximum daily wind gusts as the typical wind conditions of the day.  It is probably 

overly conservative that the worst conditions of the day would be “typical for the entire day.  

Because of the limited time period of the project, it was decided to use the daily weather values 

for the site.  Historical data for 2015 was used as the representative time period for the weather 

data and the simulation.  It was assumed that 2015 weather data would be representative of 

actual future weather patterns.  Each site was modeled to include a file of weather data for the 

year period.  Variations in the weather could be modeled by altering the input files.  For this 

study it was assumed that the historic 2015 data was sufficient.   

 

http://climate.weather.gc.ca/
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Some of the sites’ weather data was either missing or not provided.  When wind gusts were 

below 31 km/hr, the specific wind speed was not specified.  The values for this missing data 

were filled in using a uniform distribution from 5 to 30 km/hr.  For sites that did not have 

corresponding weather data in the website, a “standard” representative weather file was used 

based on the weather in Schefferville.  There were five delivery sites that did not have weather 

data for the year 2015 on the website, so the “standard” weather model file was for these sites. 

 

4.3 Pilot Limitations 
The constraints for pilot flying hours were taken from US FAA and the Canadian TCCA 

(Transport Canada Civil Aviation) regulations.  The base simulation assumes 2 pilots would be 

in each airship trip and that the flying time would be limited to 8 hours per pilot.  This gives a 

flying constraint of 16 total hours and then mandatory rest period of 8 hours if the trip lasts that 

length of time. 

 

4.4 Airship Model Inputs 
The airship base parameters were derived from research and discussions with our sponsor.  The 

airship was assumed to be a neutral buoyancy airship that could carry a maximum cargo of 10 

tons.  For the simulation it was assumed that the vehicle would also be loaded at maximum 

capacity.  The engine usage and fuel consumption was not considered in any of the simulation 

model and was considered.  A more complex model could allow for running an airship’s engines 

at different levels depending on speed desired and weather conditions.   The airship’s cruise 

speed was considered a constant value.  The drag coefficient was also a constant value and didn’t 

change based on the wind direction coming at the airship.  In discussions with the sponsor, it was 

decided that no loading or unloading activities could occur when local wind conditions were 

greater than a predetermined value.  In the simulation the airship had to wait in place until the 

next day to determine if weather conditions had improved for loading and unloading operations.  

There was no wind constraints put on the airship for refueling operations at the forward 

operating bases.  These weather constraints on unloading/loading operations could be handled by 

slowing the airship to arrive later instead of having to loiter in the area, but this concept was not 

modeled in the simulation.  The maintenance and overhaul requirements were also modeled in 
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the simulation.  If the airship had reached the required number of hours for either maintenance 

use or overall limit, the airship was removed from operations for a period of time.  The airship 

was removed from service for 8 hours for maintenance and 24 hours for overhaul requirements.  

The table below contains the base parameters of the airship operations and capabilities. 

Airship Cruise Speed 65 km/hr 

Max Cargo Size 10 tons 

Airship Travel Range 500 - 800 nMiles 

Max Wind Speed - Loading 64 km/hr 

Engine Service 400 hours 

Overhaul Engines 3000 hours 

Table 1: Airship Model Capabilities 

4.5 Assumptions 
The team had to make many assumptions due to the availability of information by the sponsor 

and NDAs. The assumptions for the model are summarized below: 

 

- 2015 Weather Data for the Canadian Arctic is representative of future weather 

- Operational limits  

- Pilot hours limitations - flying time and rest periods 

- Wind speed affects load and unloading ability 

- Project vehicle range or vehicle limitations 

- Airship is always at max weight capacity 

- Delivery site locations - towns and industrial sites 

- Selection criteria: Population > 100 people 

- All refueling sites have endless fuel 

- No maintenance breakdowns en route  

- Demand at the various delivery sites for goods 

- Refuel, Loading/Unloading, Maintenance/Overhaul times are constants. 

 

 

 

 



17 
 

4.5.1 Simulation Base Parameters 

 

The simulation analysis used a base case for the entire year (Jan 1 – Dec 31) 2015 to analyze the 

results from the model.  Each of the variations that the team looked at was compared to the base 

values case.  Only the parameters that were being evaluated were changed on the additional 

cases.  Many other cases and combinations could be run and analyzed, but were not considered 

in scope for this study.  The values in Table 2 were used as the base case of this project study. 

 

 

Table 2: Base Case Scenario Parameters 

4.6 Demand Analysis 
In order to develop and test the model, many initial inputs to the model were constant values that 

were either supplied by the sponsor, culled from open-source research, or inferred based on input 

from the sponsor and research. For example, the team began with a starting assumption that each 

network node would initiate a re-supply order every 14 days. As development of the model 

continued, the team understood that many of the initial input assumptions could be improved to 

create a more accurate, sophisticated model.  

 

It was unlikely that all of the delivery nodes in the network, each with varying population sizes, 

would need resupply for presumed food stuff and personal sundries exactly every 14 days. 

Research was conducted along two lines of effort to determine a more likely range of ordering 

frequency for these destinations. 
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First, basic consumption rates for people were identified. As a lower bound, US Army planning 

factors from a Logistics Field Manual stated that food and water consumption per soldier was 

2.375 pounds per day, and 3.207 pounds per day when other personal items are included. As an 

upper bound, a nutrition company, Precision Nutrition, stated in an online article that average 

food consumption worldwide is about 4 pounds per person per day. Using the upper bound, 

monthly consumption estimates were calculated for all delivery nodes. Given that each airship 

has a cargo capacity of 10 tons, total airships per month were calculated and then the number of 

days between airship arrivals in a 30-day month were determined. Some of the larger locations, 

like Iqaluit, with a population of 6,699, if supplied entirely by airship, would need one airship 

per day. The smallest location, Chesterfield Inlet, with a population of 313, would only need an 

airship every 16 days. 

 

Second, operations of remote or rural grocery and convenience stores was examined. Some of 

the larger locations would likely be able to support two medium sized grocery stores, while 

smaller locales would only have a single convenience store sized outlet. Inventory management 

is important regardless of location size due to the perishability of many foodstuffs. According to 

a start-up and operations guide published by the state of Illinois to encourage entrepreneurs to 

operate grocery stores in underserved rural communities, the industry average for rotating 

inventories is to maintain about 24 days’ supply of inventory on hand. Additionally, items like 

fresh produce, meat, and even news media, generally only have a shelf life of about 7-10 days. 

 

Given these inputs, a triangle distribution is estimated for each location. A triangle distribution 

has a minimum value, a maximum value, and a peak or most likely value. Mean and standard 

deviation are not necessarily known. The probability density function for a triangle distribution is 

shown:   
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The upper limit in all cases was 21 days in order to maintain inventory rotation. The lower limit 

was found to be 7 days for most of the smaller sites in order to maintain a fresh food supply. 

Larger towns with higher consumption rates used their consumption resupply rate as the lower 

value. The assumption in this case is that these larger towns have had alternate means of food 

supply to sustain these larger populations, and that airships would most likely be used to 

supplement existing methods with fresher, cheaper produce and meats. So, the most likely value 

for these larger towns became 7 days, and all other sites had their consumption resupply rate as 

their most likely re-order value. These values along with the town’s populations are summarized 

in the following table: 

 

 

 

 

 

  

Table 3: Delivery Site Demands 
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5.0 Simulation Model 
The airship logistics simulation was designed to be an event based simulation using C++ 

software language.  The simulation contained entities for all the major parts of the model such as 

the airship, delivery and supply sites, pilot and weather data.  Each of the model entities had 

several hours that contained any constraints and also collected simulation status and results as the 

simulation was run.  The figure below lists the entities and attributes that were within the 

simulation. 

 

The simulation model contained a status of each of the entities in the model.  An example of this 

was that a delivery site would not be considered for a delivery until its delivery need was 

changed.  Whenever a site would receive a deliver it would have its status changed until the 2 

week period expired.  In the same way, an airship could not be scheduled for a mission while 

under a current mission, in maintenance or overhaul repair. 

  

The simulation used all the input files to initiate the entities and begin the simulation loop from 

the designated start time until an event was reached beyond the end time of the simulation.  Each 

simulation loop begins with an idle airship being scheduled a trip based on the current 

scheduling rules.  There are 3 scheduling rules within the simulation.  The closest site scheduling 

rule looks at all available delivery sites and determines the closest site by distance to the supply 

site.  The supply site weather scheduling rule uses the supply site’s (Schefferville) weather to 

simulate a trip to all the possible delivery sites.  The site with the quickest delivery time is 
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chosen as the next site to deliver cargo.  The all sites weather scheduling rule also simulates the 

delivery trip, but uses each site’s weather that it goes through to determine the time duration of 

the journey.  The wind direction and speed is determined by using the closest site in the trip.  The 

wind direction and wind speed parameters change after the halfway point in each leg of the trip.  

The effect of the wind is based off the airship’s direction of travel, the airship’s cruise speed and 

drag coefficient.  The airship’s direction of travel is calculated from the latitude and longitude of 

the departure and arrival sites.  The figure below depicts the calculation of the actual airship 

speed.   

 

Figure 6: Calculation of Airship Actual Speed 

The scheduling routines do not factor in the airship loading, refueling times and delays for pilot 

rests.  The absence of these additional time delays was to add some unknown factors in the 

scheduling process.  After the delivery trip has been scheduled the “actual” flight is simulated.  

At the beginning of the flight a number of entities have their statuses changed in the simulation.  

The airship status is changed from “idle” to “traveling”; the target delivery site’s status changes 

from “demand needed” to “in route”.  The time for loading the airship at the supply site is added 

to the overall time.  The model simulates the flight every hour by checking the weather status 

and checking pilot flying time constraints.  When the airship arrives at a site; the simulation 

checks to see if the site is the target delivery site, a refuel site or both.  Any needed refuel or 

unloading times are added when the airship arrives at a site.  When an airship returns to the 

supply site, the airship maintenance and overhaul time requirements are checked.  If an overhaul 
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or maintenance is required on the airship, the airship’s status enters a “repair” status.  The time 

until maintenance or overhaul is an attribute value with the airship entity.  The simulation’s 

delivery process is depicted below in Figure 7. 

 

Figure 7: Simulation Delivery Process 

When the airship returns from a trip or finishes repair (maintenance or overhaul), its status is 

changed back to “idle” and the event is added to the event list.  The event list is processed until 

the simulation end time has been reached.  All change of status is recorded to an output file.  

Each record contains the time of the status change (in days since scenario start), new status 

event, affected airship, and affected site.  The output status file can then be used to filter and 

analyze all the results in another tool such as Excel.  At the end of the simulation, final total 

values are collected and output to the results file.  The total values include airship total trips, 

distance traveled, number of maintenance and overhauls performed, number of delivers to each 

individual site and other statistics and numbers.  
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6.0 Results 
The LAAND simulation was run for 5 specific cases.  These cases show the range of parameters 

that the simulation may handle and also answers the objective questions of the project.  The 5 

cases run in the simulation focused on evaluating the following objectives: 

1. Effect of Pilot hour limitations on the delivery trips 

2. Evaluation on varying the fueling and cargo loading times on deliveries. 

3. Determine the effect that different scheduling methods have on operations to include 

weather forecasting. 

4. Evaluate the effects of the airship drag coefficient on the delivery amounts. 

5. Determine the results of using multiple airships from the supply site on deliveries. 

The running of the simulation and evaluation of these cases inform possible dependencies that 

may exist in an airship logistical system operating in the Canadian Artic.  These results can 

hopefully guide the future decisions for a possible airship logistics system.  

As discussed above the simulation was run using the same parameters for each case except for 

the specific parameters being evaluated.  The simulation time was run from January through 

December of 2015 that fit the time of the collected weather data.  Each simulation considered the 

possible 22 delivery sites from the Schefferville supply site.  Only 1 airship was run in the 

simulation unless that was a parameter in the case. 

 

6.1 Case 1: Effect of pilot hour limitations   
This case examined the effect of the limited number of pilot hours based on current FAA and 

Transport Canada Civil Aviation (TCCA) regulations.  The current guidelines are that a pilot can 

only have 8 flight hours in a day.  For our simulation, it was assumed that 2 pilots would be on 

each airship trip which would allow trips of 16 hours within a 24 hour period.  It was assumed 

for the simplicity of the simulation model that the airship could cease operation at any point in its 

trip to meet the pilot hour limitations for the day.  In reality this may just cause the airship to stop 

on one of the travel legs if it was suspected that the next leg of the trip would violate pilot 

limitations on hours. 

 

There were two alternative scenarios run from the base case to examine the effect of pilot hour 
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limits.  The first alternative assumed that pilot regulations were changed to 12 hours of flying 

time for each pilot.  This would allow non-stop operations with 2 pilots.  The second alternative 

assumed that pilots would be swapped out with new pilots at any forward operating base.  The 

second alternative scenario assumes the nominal 8 hour flying limitation per pilot. 

 

The simulation results, in Table 4, show that a change in the pilot hours or swapping out pilots at 

the refuel bases make a large increase in the total number of deliveries made.  There is a 21% 

increase with the relaxation of pilot hours.  The results of the 2 alternatives were very similar.  

This makes the operational choice of swapping pilots at the FOBs very attractive for an increase 

in the number of deliveries in a year.   

As can be seen in the results the 

number of fuel stops increases by 

more than 30%.  The number of 

unique sites that received 

deliveries also increased from 9 

to 11.  As the number of sites that 

are serviced increases, typically 

these newly serviced sites are 

farther away and require a greater 

number of refueling.  The farther 

sites that require to FOBs in 

order for the airship to reach the 

delivery site use 4 refueling for 

each trip.  This shows that 

increases in delivery totals will also show an increase in the 

number of refuel stops and implies an increase in total fuel needed at the FOB locations. 

 

 

 

 

Value 
Base – 

16 hrs/day 

Unlimited 

Pilot Hours 

Pilot Swap 

At Refuel 

Total 

Deliveries 
194 234 233 

Operation 

Time (days) 
323 330 329 

Number of  

Refuels 
286 419 415 

Maintenance 18 18 19 

Overhauls 2 2 2 

Weather 

Delays 
17 22 22 

Unique Sites 

Delivered 
9 11 11 

Table 4: Results of Pilot Hour Limits 
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6.2 Case 2: Variation of the refueling and cargo loading  
This case of the airship simulation varying the refueling and cargo loading (and unloading) times 

was performed to show the sensitivity of these parameters in the system.  Based on discussions 

with the projects sponsor, it was decided that the nominal expected refueling and 

loading/unloading times would be ½ hour.  Two other variations of the parameter, 1 hour and ¼ 

hour, were used in different simulation scenarios.  The simulation was designed for the refueling 

and loading/unloading as separate inputs so that it is possible for the two inputs to be different 

values. 

 

The results for case 2 are shown in Table 5.  These results show that there were 11 fewer 

deliveries (6% less) during the year period with 1 hour refuel and loading times compared to the 

nominal ½ hour time.  The only other output change in the results was the number of refuel stops 

were reduced by 21 due to the fewer delivery trips.  The ½ hour and ¼ hour refueling and 

loading times results were exactly the same.  This result seems to indicate that there is not any 

identifiable improvement to the system by lowering the refuel and load times to less than ½ hour.  

This ½ time for refuel and loading sets a good standard goal for when these operational 

procedures are developed for the system. 

Value 

Base – 1/2 

Hour Load 

and Refuel 

1 Hour 

Load and 

Refuel 

1/4 Hour 

Load and 

Refuel 

Total Deliveries 194 183 194 

Operation Time 

(days) 
323 322 323 

Number of  

Refuels 
286 265 286 

Maintenance 18 18 18 

Overhauls 2 2 2 

Weather Delays 17 17 17 

Unique Sites 

Delivered 
9 9 9 

Table 5: Results for Case 2: Refuel and Loading Times 
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  6.3 Case 3: Schedule planning with and without Weather Knowledge 

 

This case investigated the effect of different scheduling routines to determine the airship’s next 

destination during the simulation.  The base case scheduled the next delivery site based on the 

closest site by distance with a current demand need.  The simulation would cycle through each 

site using the distance from the supply site to the final delivery site.  The second scheduling 

method used the sites weather to calculate the time duration of a delivery factoring in the trip 

velocity from the wind and weather conditions at the delivery site allowed for delivery.  

Unloading of deliveries could not take place when wind speeds were above the specified limit of 

the simulation.  The delivery would be delayed until the wind speeds were reduced below the 

loading wind limit.  Since the weather data was only updated daily, any delay from wind could 

last from 1 to 24 hours (depending on when the airship arrived at the site) until the weather 

conditions changed.  The third scheduling method used the weather at both the departing and 

destination site for each leg of the trip to determine the fastest site to deliver.  The third method 

also checked the weather conditions at the site to determine if any delay was forecast for 

unloading the cargo. 

 

The results as shown in Table 6, from using different scheduling routines, showed no real change 

in the total number of deliveries.  It is interesting to note that the number of weather delays was 

reduced from 17 to 4 and 6 (respectively) due to scheduling with weather information.  Also the 

number of unique sites delivered to during the year increased from 9 to 11 when weather was 

taken into account for scheduling.  This shows that farther sites were considered by the 

scheduling algorithm since an available delivery site was less desirable due to weather.  The 

increase in refuel stops shows that some of the farther sites were scheduled overall.  This 

increase in overall travel distance appears to offset some gains based on scheduling.  For more 

confidence in these results a more accurate weather model and dynamic modeling of the airship 

should be performed.  In a real operational system there would always be inaccuracies in a 

system to predict the weather so results would be expected to vary based on the quality of the 

information and availability of other suitable delivery sites. 
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Value 
Base – 

Closest Site 

Supply Site 

Weather 

All Site 

Weather 

Total 

Deliveries 
194 195 195 

Operation 

Time (days) 
323 333 333 

Number of  

Refuels 
286 298 303 

Maintenance 18 18 18 

Overhauls 2 2 2 

Weather 

Delays 
17 4 6 

Unique Sites 

Delivered 
9 11 11 

Table 6: Results of Scheduling with Weather Knowledge 

  

6.4 Case 4: Variation of the Airship Drag Coefficient 
 

This case analyzed the variation of the airship drag coefficient within the simulation model.  The 

simulation uses the airship’s drag coefficient to change the airship’s actual speed between sites 

based on the wind speed as described earlier in the methodology section.  The base case uses a 

drag coefficient of 0.3.  Two variations of the drag coefficient, 0.2 and 0.4 were simulated. 

 

The results of the variation of airship drag coefficient are shown in Table 7.  The results do not 

show much variation between drag coefficient values.  The 0.4 drag coefficient does show a 

small reduction of 3 less total sites delivered.  The drag coefficient doesn’t seem to make much 

overall difference because based on the simulations model, the airship increases speed with a tail 

wind and gets a reduction in speed due to headwinds.  It would be assumed that the weather 

conditions don’t change too drastically and that on any given trip the speed benefits would 

cancel out the speed reductions and there would be little overall consequence to the wind and 

drag coefficient value.  A higher fidelity model would probably include side forces on an airship 
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which would either lengthen the overall trip or increase fuel consumption based on “fighting” the 

wind.  It would be logical that it would be beneficial to have a lower overall drag coefficient for 

the airship based on fuel economy and safety factors even though this model doesn’t show these 

benefits. 

Value 
Base 𝑪𝑫 =

𝟎. 𝟑 
𝑪𝑫 = 𝟎. 𝟐 𝑪𝑫 = 𝟎. 𝟒 

Total 

Deliveries 
194 194 191 

Operation 

Time (days) 
323 329 331 

Number of  

Refuels 
286 290 282 

Maintenance 18 18 18 

Overhauls 2 2 2 

Weather 

Delays 
17 18 14 

Unique Sites 

Delivered 
9 9 9 

Table 7: Results for variation of Airship Drag Coefficient 

  

 

6.5 Case 5: Results of Simulating Multiple Airships 
 

This case evaluated the effect of using more than just 1 airship within the simulation.  The 

simulation is able to model and schedule deliveries for as many airships entered within the 

airship input file.  Each airship is able to have its own unique parameters within the model such 

as speed, loading and refueling times, maintenance requirements and drag coefficient.  For this 

case each airship within the scenarios used the same operational parameters.  Future studies 

could look at airships with different qualities and parameters working together.  This case was 

run with scenarios involving 1, 2 and 3 airships. 
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The results of using multiple airships compared to the base case of 1 airship are shown in Table 

8.  The results show large increases in all of the total statistics from the simulation.  The increase 

from 1 to 2 airships was an increase of 103 total deliveries.  Likewise, the 3 airships case 

increased 195 total deliveries.  It can be seen that the number of deliveries per airship decreases 

as the number of airships increases (194, 148, 129 deliveries per airship).  This is because as 

airships are added the sites that were serviced become farther from the supply site.  The 3 

airships case services 19 of the available 22 sites.  This increase in overall distance to the sites is 

also seen from the increase in number of refuels.  This seems to highlight the importance of 

finding customers and delivery sites as close as possible to the supply site.  The supply site 

location is an important factor in simulation results relative to the customer sites.  It is also 

interesting that farther 2 FOBs may not be necessary since even with 3 airships not all of the 22 

sites were reached during the year period.  

 

Value 
Base  

1 Airship 
2 Airships 3 Airships 

Total 

Deliveries 
194 297 389 

Operation 

Time (days) 
323 335, 337 

332, 334, 

331 

Number of  

Refuels 
286 665 1012 

Maintenance 18 36 54 

Overhauls 2 4 6 

Weather 

Delays 
17 18 26 

Unique Sites 

Delivered 
9 16 19 

Table 8: Results of Simulating Multiple Airships 

 

 

 



30 
 

7.0 Recommendations and Future Work 
 

Across all 5 cases, pilot hours and the number of airships provided the biggest difference in total 

deliveries made. These results yield the following recommendations:  

1. Reducing pilot hour limitations by either swapping pilots at every refuel stop or 

extending the pilot flight hour through changes in regulations. 

2. Operating three airships will yield the highest number of total deliveries.   

3. Consider moving base site or adding an additional base site to Schefferville. 

 

There are a number of analyses to still be completed to help support this airship logistics 

business model. For starters, continuing to expand the knowledge of airship operations is crucial.  

Adding complexity of the airship performance model would also be something to be improved.  

A better physical model of the airship, how it travels and how wind will affect the travel times 

would be valuable to the model.  Hourly weather data could be used instead of daily weather data 

values.  The model processes events at an hourly time step, so an hourly model could be easily 

incorporated into the model.  The weather entity model would have to be changed to handle 

hourly weather input.  Incorporating the hourly weather input would allow better realistic delays 

due to weather.  Also weather could be simulated in a Monte Carlo or worst case scenario to 

determine changes and sensitivities of the airship logistic system to extreme weather cases.  

 

Incorporating the site demand analysis the team performed on the project would provide a more 

realistic value for the model instead of using a constant of 2 weeks for the demand to be 

renewed. There are a number of additional inputs, such as maintenance and refuel times, that are 

constants that could be modeled stochastically in a future improvement to the model. 

 

Finally, it is important to begin incorporating costs into the model. The team progressed with the 

assumption that we can hire as many pilots as we want, refuel as often as necessary. The logistics 

of placing pilots and fuel at FOBs could have large impacts on the business model.  These trades 

must be done to ensure that this business case can be closed and made profitable. 
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8.0 Conclusion 
 

The objective of this study was to create a simulation model that allowed the sponsor to evaluate 

the feasibility of an airship logistical system for the Canadian Arctic region.  The system was 

assumed to be feasible when the airship would have an operational time of operating over 220 

days in the simulation with specified constraints.  With the help of the sponsor, the team 

developed five specific cases to test in the logistics simulation that was developed. The five cases 

investigated were: 1) pilot hour flying limitations; 2) time to refuel and load/unload cargo; 3) 

scheduling methods with and without weather forecasting models; 4) drag coefficient of the 

airship; 5) single and multiple airships from one supply site. These five cases will help the 

sponsor with the design of a not yet developed airship. 

 

The airship simulation was developed to be able to vary many physical and operational 

parameters of the logistics system. The model contained entities that could have their attributes 

input from a file into the simulation.  The entities modeled in the simulation were the airship, 

delivery sites, pilots, and weather data.  These inputs could be changed either manually or by a 

script to run many automated cases to vary the parameters.  

 

The results of the simulation showed that for all cases examined that the number of operating 

days was greater than 320 days.  These simulation results for airship operating days were much 

greater than the threshold of greater than 220 days given as an overall goal.  The simulation 

constraints on weather only considered wind speeds of 64 km/hr. As the airship is designed and 

built the system should be evaluated for any changes in the constraints.  The simulation found 

that the largest increase in the number of deliveries resulted from the removal of a pilot’s flying 

hour limitation.  If the pilot’s flying limits were increased to 12 hours per day, then 2 pilots 

would be able to fly the airship continuously without stoppage.  An alternate plan of swapping 

pilots at refueling sites also had a large positive impact on the number of deliveries made during 

the year.  The cargo loading and refuel times of ¼ or ½ hours compared to 1 hour yielded a 6% 

increase in performance. The effect of scheduling with weather information did not have an 

appreciable improvement than taking the nearest site for scheduling the next delivery site.  There 
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was a decrease in the weather holds when weather scheduling was used, but alternative sites 

were further in distance and didn’t give much an improvement on delivery totals over the year.  

The drag coefficient value of the airship had a negligible effect on overall performance in the 

simulation.  It is believed that a more accurate vehicle model would be needed to accurately 

predict the effects of drag coefficient. 

 

Given that refuel sites are highly critical to the success of operations of the LAAND, there are 

very high numbers of refuel sites visits. There will need to be some cost analysis done and 

possible need to reconfigure location of base site.  The simulation was able to detail that in 

certain scenarios with 1 airship that only limited number of delivery sites were serviced during 

the year simulation period.  This indicates that not all the forward-operating-bases (FOBs) would 

be needed when only operating 1 airship from a supply site.  The simulation also shows that it 

would be beneficial to have customers closer to the supply site to reduce time and refuel efforts.  

Overall the airship simulation successfully showed the feasibility of providing operational 

support to the Canadian Arctic region for communities and corporate uses. 
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