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Abstract

In this thesis, a new methodological framework was proposed and developed to address several
important issues pertaining to snowplow route optimization. The framework defined an extensible
snowplow trucks plow-with-precedence problem and captured the impact of the service order of
snowplow routes. The tabu search algorithm was used to search for near-optimal routing priority
arrangements that balanced the workload between trucks efficiently. The efficiency of the
proposed framework was then tested in two case studies: 1) snowplow route optimization in a
simulated connected vehicle (CV) environment and 2) a real-world application of snowplow route
optimization in Perth County.

The first case study provides a proof of concept for snowplow route optimization in a simulated
connected vehicle (CV) environment. In the CV environment, it was implicitly assumed that
wireless communication technology can capture the traffic states on the road in real-time (e.g., the
road users’ on-route strategies and dynamic travelling decisions), and allows for deep insight into
designing user centric winter maintenance strategies. The goal was to minimize both the total travel
time of the traffic system and the operating time of the longest truck route. A simulation-based
approach was used to simulate real-time communications between the road users and the truck
operators in the CV environment. The results suggest that the dynamic routing strategy could save
97.4 hours in total system travel time when compared to the no snow condition. The amount of
reduction in the total system delay for a given number of trucks used in plowing operations. The
amount of reduction in the total system traffic delay was reduced by 39.3 hours when the number
of snowplow trucks in the fleet increased from one to two. As the fleet size increased, the marginal

benefit decreased until it became negligible.
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Besides contributing to the theoretical expansion of winter maintenance operations, the second
case study attempts to optimize snowplow routes by implementing realistic constraints on a real
road network in Perth County, Ontario. The primary goal of this case study was to develop efficient
plow routing strategies that could make the combined operations more efficient by sharing plow
routes and by sharing, or eliminating, material storage yards while taking into account operational
constraints. The results indicated that the average route length can be reduced by 3.2% without the
changing service boundary or sharing depots. The results also found that by sharing depots, the

county could retire 3 depots and 8 trucks without impacting their practical requirements.
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Chapter 1. INTRODUCTION

1.1 Background

Developing efficient snow and ice control strategies is not only at the core of winter transportation
management, but also an application exercise in the field of route optimization. As adverse winter
weather events occur more frequently, many countries face significant challenges due to increased
material (chemicals, abrasives, etc.), fuel, and maintenance costs. Snow accumulation on roads
limit the handling and stopping ability of vehicles, posing serious safety issues by increasing the
risk of collisions and causing traffic delays (Andrey, Mills & Vandermolen, 2001; Hranac et al.
2006; Usman, Fu & Miranda-Moreno, 2010). Existing studies suggest that heavy snowfall can
reduce free-flow speeds on highways by up to 40% compared to normal weather conditions
(Manual 2000). What’s more, a survey conducted by Andrey, Mills and Vandermolen (2001)
suggested traffic collisions can increase by up to 75% in adverse weather (rainfall and snowfall).
In order to mitigate the congestion and traffic collision caused by adverse weather, it is important
to execute the snow and ice control strategies carefully and effectively to restore the snow-covered
road to bare pavement conditions (Blandford, Lammers & Green, 2018; Dowds et al., 2013; Miller
et al., 2018;). Typical snow and ice control strategies focus on removing snow and ice from the
roadway and spreading materials such as chemicals or abrasives over a given service area to
increase the road friction via a hub-and-spoke system whereby multiple trucks work from a central
hub. Two other winter road maintenance (WRM) strategies for controlling winter road surface
conditions are anti-icing and de-icing. While de-icing operations are performed to melt snow or

ice, anti-icing operations offer a sustainable way of keeping the roads clear of snow and ice by



applying chemicals onto the road surface prior to snow events (Fu et at., 2012). Anti-icing
chemicals prevent water from freezing and compacting into a hard layer that is not only difficult
to remove, but could also turn into black ice with increased risk of vehicular collisions (Blackburn
et al., 1994).

Of the various WRM operations being used to date, the snow plowing operation has been
acknowledged as one of the most important snow and ice control strategies and is often at the
forefront of any winter maintenance system. Properly utilized and efficiently executed snow
plowing operations can dramatically alleviate the disruptive impact caused by snowstorms, and
improve the overall traffic safety and mobility during winter months (Dong, Hallmark & Zhang,
2019). A study conducted by Usman, Fu and Miranda-Moreno (2010) showed that the average
number of accidents was reduced by 31.2% after winter maintenance work, such as plowing, was
carried out in contrast to when little maintenance work was done. Additionally, plowing operations
can help reduce the build-up of a compacted snow layer on the road surface, which would in turn
reduce the need for using environmentally harmful salting materials or chemicals.

Therefore, snow plowing, being the corner stone of WRM operations, needs to be carefully
planned out in order to have an effective mobilization of available resources while minimizing the
use of chemicals, materials, labour, and equipment. One of the most important requirements for
realizing this goal would be to develop a timely and efficient plow routing strategy and provide
decision makers with a tool they can use to evaluate and optimize their existing program in order
to better adapt themselves to a fast-advancing technological and road traffic environment (i.e.,

connected or autonomous vehicles).



1.2 Problem Statement

When designing maintenance strategies, the maintenance trucks need to clear all snow-covered
road segments while prioritizing their response effort and avoiding dangerous operations. To date,
existing models often try to generate a snowplow route that minimizes the overall distance
travelled while lacking a mechanism to avoid improper turning movements and road priority
resulting in generated routes containing a plethora of dangerous and inefficient maneuvers from
an operational standpoint (Liu et al., 2014; Kinable, van Hoeve and Smith, 2016). To fill in this
gap, there is a need to develop an extensible framework to generate feasible and robust solutions,
and evaluate their applicability under both simulated and real-world settings.

In real-world situations, WRM strategies for one large maintenance area is generally comprised of
many independent maintenance organizations and contractors, typically one for each municipality
within it. This level of disconnect between them could lead to increased maintenance costs, crew
costs, and inefficient response times. Therefore, it is important to amalgamate operations in order
to make the combined plowing strategy more efficient by no longer treating the municipalities
independently, but instead as a whole group entity through collaboration (sharing routes, depots,
and dropping boundaries).

Although recent developments in connected vehicle (CV) technology have shown promise for real-
time vehicle to vehicle and vehicle to infrastructure communications, few attempts were made to
consider the traveller’s on-route travelling experiences and dynamic decision-making during
maintenance operations (Kim and Mahmassani, 2021; Sullivan et al., 2019;). In a CV environment,
it can be reasonably assumed that truck operators are capable of collecting real-time traffic
information such as traffic demand, vehicle location, routing decision, start time, and duration.

However, it is still unknown how this high-resolution traffic information could help on-route



drivers make better routing choices, affect their travelling experiences, or reduce the network
system delay.

In the light of above-mentioned problems, there is an urgent need to develop a new methodological
framework aimed at capturing universally applicable aspects of route planning. Such a
development will lead to a decision-support tool that simulate plow routings under different
planning scenarios thereby providing a more informed and evidence-based decision for future

consideration and implementation.

1.3 Research Objectives

The primary objective of this thesis is to develop a timely and efficient snowplowing operation
and resource allocation scheme that are suitable for both simulated and real-world

implementations. In particular, the thesis has the following three specific objectives:

1. Present a new methodological framework for solving a snowplow routing with precedence
problem;

2. Quantify the mobility benefits of optimizing snowplow routes using a discrete-event
simulation model; and

3. Provide a decision-support tool for optimizing routes and allocating resources using a real-

world case study.



1.4 Thesis Organization

The remaining parts are organized as follows: Chapter 2 summarizes the existing solutions and
limitations for snowplow routing strategies, depot location allocation strategies, and fleet size
problems.

Chapter 3 illustrates the methodology and solution algorithm targeted at solving the snowplow
precedence problem. This chapter formally defines the mathematical formulation of the plowing
with precedence problem, where the mathematical formulation of the proposed problem; namely,
K-truck plow with precedence problem (K-PPP), and the modified tabu search algorithm are
included.

Chapter 4 presents the thesis's first case study: optimizing snowplow routes in a simulated
connected vehicle (CV) environment. This study streamlined snowplow routes by setting
optimization goal as system traffic delay. Two different tests were conducted on the hypothetical
road network. The first case study revealed the possible mobility benefit of the snowplow routing
optimization, and the second one determined the optimal fleet size for the depot.

Chapter 5 details the second case study, which further extends the K-PPP by combining realistic
constraints such as left-turn restrictions, road priority restrictions, service time window, etc. This
chapter discusses the cases where depots were removed sequentially, and the extended algorithm
was utilized to optimize the snow removal routes for each set of remaining depots until the
minimum maintenance standard could no longer be satisfied. The trade-off analysis for depot
closures was conducted to obtain a measure of performance of the snowplow routes after retiring
depots.

Chapter 6 highlights the main contribution of this thesis and discusses possible future research

extension.



Chapter 2. LITERATURE REVIEW

This chapter reviews existing literature on the optimization and decision rules for strategic
planning and operation management of winter maintenance operations. Strategic planning includes
depot location selection, while operations management includes fleet size and route optimization
problems. This chapter also describes our motivation for the research by introducing the limitation
of the current literature.

Section 2.1 reviews the existing literature related to the background and optimization rule for snow
and ice control. Section 2.2 analyzes the methodology and solution technique for the snowplow
routes optimization problem. Section 2.3 reports the development of the current literature on the

depot location-allocation problem. Section 2.4 details the fleet size management problem.

2.1 Overview of Snow and Ice Control

Snow and ice control on road segments aims to improve road friction by plowing and spreading
chemicals onto the pavement using various de-icing and anti-icing strategies (Haghani and Qiao
2001; Perrier, Langevin & Campbell, 2006a). Snowplowing is widely used as a de-icing strategy
to loosen the strong bond between the ice and pavement (Bodin and Kursh., 1978; Perrier,
Langevin & Campbell, 2007b). Feasible snowplow routes include the following components as

list in the Table 2-1.



Table 2-1. Constraints for snowplow activities

Constraints Snowplow Spreading
Route prioritization Yes Yes
Mixed vehicle fleets Yes Yes

Road type Yes Yes
Tandem plowing Yes No
Turn constraints Yes No

Maximum working hours Yes Yes
Truck loading capacity No Yes

For the road priority consideration, due to the limited resources and required respond times,
municipalities cannot ensure the highest level of service on all road segments. Agencies typically
prioritize response efforts based on the average annual daily traffic volume, resulting in shorter
response times on high traffic volume roads than on low traffic volume roads. To objectively
measure the performance of snowplow routes, the municipalities set minimum maintenance
standards (MMS) restricting the allowed service time limit allotted to different road classes. For
example, the Alberta and Ontario governments have set 2 and 3 hours as the maximum response
time for their highest class of highways, respectively, which means the snow-covered roads need
to be serviced within those time frames. If the maintenance operation fails to clean the road within
the maximum allowable time, the maintenance strategy would be considered untenable due to the
untimely response time. As for turning constraints, snowplows usually push snow to the right side
of the road and any left turn behaviour should be limited as it would cause snow windrows to be
piled into an intersection. It is important to note that left turn restrictions can be relaxed if a truck
passes over a road segment without servicing it. In general, turning restrictions are used as a

penalty term in the objective function to reduce undesirable turning behaviours.



Spreading ice melting agents comes after snowplowing to maintain the bare pavement condition
for as long as possible, and it shares a lot in common with snowplowing activities (Perrier,
Langevin & Campbell, 2007a). Spreading trucks and snowplow trucks are often used as a team in
snow removal operations, as spreading trucks could follow the same routes designed for snowplow
trucks. Depressants such as salt and sand are used after the road segment has been plowed to
improve friction as the exposed road surface could potentially ice over. Salt is expensive and is
only applied to higher class rural roads to prevent the formation of ice, while sand is used to
enhance the friction of roads in rural areas and upon lower classed roads. As trucks have a capacity
limit, many trucks may need to make a detour to material depots to restock on materials during
maintenance operation.

Besides real constraints that exist within winter maintenance operations, the network
characteristics also complicates snow removal strategies. Researchers often optimize routing
problems on undirected, directed, and mixed graphs to represent the geometry of the transportation
network according to directionality requirements (Kinable, van Hoeve & Smith, 2020; Rao, Mitra
& Zollweg, 2011; Salazar-Aguilar, Langevin & Laporte, 2012). Undirected maps are used to
represent road networks that could be serviced bi-directionally, and directed maps impose
directional constraints to the roads.

Typically, optimized snow and ice control route minimize the overall distance traversed while
satisfying all the decision rules mentioned above. For any given road network, any combination
of constraints such as road priority, turning restrictions, route length, loading capacity, truck type,
and other constraints presents a challenge to find a feasible snowplow route (Minsk, 1998; Quirion-

Blais, Trépanier & Langevin, 2015). The constraints can be divided into the following aspects:

Road priority:



e Routes are serviced before the MMS requirements (route time) for each road class;

e Cold spots such as bridges (if provided) are to be avoided,

Turning restrictions:

e The number of left-turn and U-turn is minimized; and

e Left-turn and U-turn are made at permitted intersections (if provided).

Route length and loading capacity:

e Sand/salt routes can only be assigned to sand/salt trucks, respectively;

e Salt/sand usage should not exceed the maximum given loading capacity of individual
trucks; and

e The route length for each existing truck is limited by its maximum allowed distance

provided by Agencies.

Truck type:

e Single-axle/tandem/tri-axle truck routes can only be serviced by single-axle/tandem/tri-
axle trucks, respectively.
e (ravel/salt/sand routes can only be serviced by graders/truck spreading salt and sand,

respectively;

Other constraints:

e Each road segment is serviced exactly once;

e The truck should start and end at the same depot;



e No material is used on gravel roads;
e Static weather conditions (i.e., snowstorm has ended); and
e Combo unit can deadhead (transverse without plowing) but will not service gravel roads,

and graders are not applicable on other routes that require both plowing and salting;

Therefore, it is crucial to develop an efficient methodological framework targeted at solving
snowplow routing problems by taking into account many legislative and operational constraints
(e.g., MMS, turning restrictions, material usage, distance travelled, etc.) and solve it using some

heuristic search algorithms in an attempt to determine the optimal solutions.

2.2 Snowplow Routes Optimization

Methodologically, optimizing snowplow routes is similar to the Chinese Postman Problem (CPP),
which requires every link or arc to be serviced exactly once while also minimizing total travel
distance (Guan, 1962; Malandraki & Daskin, 1993; Eiselt, Gendreau & Laporte, 1995; Perrier,
Langevin & Amaya, 2008; Hajibabai, 2014; Liu et al., 2020;). For this reason, many researchers
formulate this problem as the renowned CPP when optimizing snowplowing routes. The Chinese
Postman Problem requires that the truck traverses every arc in the network at least once and then
returns to the starting node. One of the earlier studies conducted by Malandraki and Daskin (1993)
formulated the solution for the maximum CPP by allowing each arc to be visited multiple times to
derive a snowplow route. Perrier, Langevin and Amaya (2008) formulated their snowplow route
optimization into a hierarchy where all the trucks first service high priority roads, followed by low
priority roads. A more recent study conducted by Dussault et al. (2013) dealt with the fact that

snowplow trucks travel faster on plowed streets without the consideration of steep grades. Kinable,
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van Hoeve and Smith (2016) compared three different snowplow routing optimization methods in
detail. Two exact solutions, named constraint programming and mixed-integer programming, were
tested as a benchmark to compare the effectiveness of the heuristic algorithm. The results suggests
that the proposed heuristic algorithm can generate a near-optimal solution in a short amount of
time for a large road network. Sullivan et al. (2019) proposed an iterative heuristic algorithm to
deal with the snow and ice control system concerning network clustering, vehicle allocation, and
capacitated vehicle routing. Their findings show that vehicle-reallocation, in addition to increasing
the truck fleet size, can result in a more effective snow and ice control strategy. While previous
research contributes to the snowplow routes optimization within each municipality, it is still
unknown about how snow removal activities could be improved through cooperation between

nearby municipalities and future connected environments.

2.3 Depots Location Optimization

In winter maintenance operations, depots can be classified as a material depot, a vehicle depot, or
both. The difference is that the vehicle depot will serve as the starting and ending point of the
routes taken by trucks, and material depots serve as intermediate facilities for those trucks to
replenish salt or sand during their service deployment. For economical and administrative reasons,
many agencies combine vehicle depots and material depots to ensure that trucks could load
depressants at their starting point. Since the location of material and vehicle depots affect the
winter maintenance route design process, the depot selection process needs to incorporate the site,
route, and vehicle maintenance costs. The compounding effect of depot location selection

motivated various attempts to find an efficient and economical depot selection stratagem.
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Existing research on depot location optimization generally involves two-stages — the first
determines the depot location, and the second generates feasible routes. However, designing a
customized route for some municipalities could be challenging as there are many local constraints
such as cold spots and turning restrictions. Under these circumstances, a possible solution would
be to keep the existing routes while allocating them to other depots. Reinert, Miller and Dickerson
(1985) formulated this problem as a P-median problem. This study assigned pre-determined
spreader routes to depots by minimizing the distance from the median point of arcs to the nearest
material depot. Their test in the Columbia district revealed that the proposed framework reduces
the overall deadhead by 27% compared to the existing depot configuration. Another possible
solution is to generate feasible snowplow routes under different depot configuration. Korhonen et
al. (1992) utilized a construction heuristic to determine the number of depots which is aimed at
investigating the depots' effect economically. Depots are added sequentially until the marginal
benefit reaches its predetermined benchmark. The objective function considered the traffic delay
and depot location costs. Gupta (1998) developed a GIS-based decision support system to
recommend depot locations under more realistic conditions. The proposed methodology would not
provide an all-new scenario for locating depots but instead provides a depot location strategy by
opening or closing depots using the existing depot configuration. Their case study for Hamilton
County considered truck maintenance costs, fixed depot costs, and operating costs. Hayman and
Howard (1972) took on the problem of fleet size optimization by considering the level of service
needed for different road classes. The study conducted by Ungerer (1989) also considered the
annual weather conditions as represented by a cumulative probability function that was simulated
using the Monte Carlo method. The objective of that research was to determine the best fleet size

to meet the level of service requirement. Liu et al. (2014) conducted a sensitivity analysis of depot
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location in Edmonton, which indicated that improper vehicle depot location placement could result
in an 8% increase in total distance travelled by the truck. Also, the deadhead caused by improper
depot placement would increase the unproductive travel time, thus lowering the level of service of
winter maintenance operations.

Although previous research made notable contributions to the depot location allocation problem,
it still has not been fully addressed. They do not provide any definitive steps on how to optimize
the depot location in real world cases nor the relationship between the reduced number of depots
to the resulting decreased level of service. Therefore, this thesis will develop and provide
comprehensive procedural steps, along with a trade-off analysis, regarding depot optimization

using a real-world case study.

2.4 Fleet Size Management

Another interesting topic for winter maintenance operations is to determine the fleet size for each
depot. It is recognized that an improper crew assignment plan could lead to idle trucks, increased
total travel time, and a reduced level of service. The current fleet sizing process designs routes for
a set of workers. Each route should be well planned and feasible for dealing with operational
constraints. Liu et al. (2014) gained insight into the effect of fleet size by analyzing the different
number of routes performed by the trucks. The level of benefit for the various number of the trucks
in the system was measured, and it revealed that adding trucks will not always result in an increase
of benefit, and that the optimal fleet size could instead be achieved by enumerating a list of truck
numbers. A recent study conducted by Li et al. (2019) incorporated new fleet size factors motivated
by the fact that the fleet size could be affected by weather uncertainty and truck availability. They

proposed a generic model for deciding the number of trucks for the depots by analyzing the
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historical weather data. The researchers used Monte Carlo methods to capture the general pattern
of weather uncertainty and then used these results to analyze the truck fleet size for the depots
under different weather patterns.

Previous studies have helped managers decide the long-term fleet size of the depots. In individual
snowfall conditions, winter road maintenance authorities may also face the challenge of designing
a short-term vehicle allocation strategy by reacting to extreme weather patterns. Sullivan et al.'s
(2019) recent study proposed a framework to approach the short-term fleet-size problem under
random weather conditions where idle trucks could be assigned to specific depots for different
weather patterns. The result suggested that the truck reallocation process can better deal with
varying weather and truck availability patterns.

Despite all the effort put into the fleet size problem, few researchers attempted to consider the fleet
size problem in conjunction with current real-world and future connected vehicle environments.
The goals for current fleet size optimization studies are to minimize operational times, operation
distance, and/or increase the level of service. Many questions still exist in regards to how current
fleet sizes could be utilized if the assigned plow routes were infeasible and how exploiting the road
users’ travelling data could benefit the fleet size optimization process. Hence, this thesis will

attempt to answer these questions via the two case studies as previously described.
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Chapter 3. OPTIMAL SNOWPLOWING ROUTES WITH
PRECEDENCE

Designing optimal routes for snowplow trucks is a core problem in the field of winter road
maintenance. When deciding optimal routes, current studies usually treat the overall distance as a
criterion. The reason for setting the overall distance as an optimization goal is that shorter overall
distances usually indicate an efficient routing strategy resulting in reduced fuel costs, and
improved level of service. However, the overall distance cannot describe the route precedence. As
a result, it does not penalize solutions with unacceptable operating behavior or service order. If the
goal is to highlight the service order or precedence problems in routes, setting the overall distance
as the objective function would be inefficient and could possibly lead to solutions that are trapped
in a local optimum. Thus, a new model is formulated by setting the winter maintenance goal that

reflects the service order of road segments.

3.1 Mathematical Formulation

Snowplow routes optimization strategies consist of network partitioning and optimal route
assignments. The network partitioning process partitions the entire network into a manageable size
for computer manipulations and calculations. The road network is partitioned by considering the
total maximum distance based on the availability of trucks at each depot. Once the routes are
partitioned, the optimal route assignments or optimizations were conducted over many thousands
of iterations to minimize the total deadhead distance for all trucks while satisfying the operational
constraints and decision rules listed in the following section.

In this thesis, the snowplow route optimization problem is formulated as the k-truck plow with

precedence problem (K-PPP) which can be described as follows. Consider a road network where
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k-number of trucks are stationed at one maintenance depot. The goal is to service all the snow-
covered road segments exactly once while ensuring all the trucks (or k number of trucks) start and
end at the depot, plow all road segments exactly once, balance the workload, and minimize the
overall cost. The K-PPP differs from traditional routing problems in that the objective function is
not only affected by the coverage of routes but also by their precedence. The formulated K-PPP is
used to investigate the following two scenarios. The first scenario develops a CV-enabled snow
and ice control strategy. In the CV environment, on-route road users’ travelling decisions are
affected by the snowplows’ route precedence because the dynamic road conditions are accessible
and will be provided to users in real time for dynamic routing choices. The second scenario is the
investigation into the benefits from collaboration between municipalities to improve snowplow
activities. Two different constraints: turning constraints and route priority constraints were
considered through the optimization of route precedence. Therefore, the extensible model is

formulated as follows:

Min (f(x)) (3-1)

Subject to the following constraints:
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The overall process seeks to minimize the objective function (3-1) as affected by route precedence.
The proposed model can generate different optimized routes for any variation of the objective
function, and can be adjusted based on any desired criteria. Constraint (3-2) ensures that every arc
in the graph is serviced exactly once. Constraint (3-3) states that all the trucks should start at the
depot, while constraint (3-4) ensures that the vehicle ends at the depot by traversing the
hypothetical arc (0,0"). The deadhead on the hypothetical arc is used to represent the final arc of

the route (e.g. ¥y, =1). Although this arc does not appear in the graph, it has been customarily

used by many researchers to represent the stopping condition for snowplow trucks. Constraint (3-
5) requires the snowplow trucks to leave the arc after servicing it, while constraint (3-6) states that
only one arc is traversed at each step for all trucks. Constraint (3-7) requires that the arc should
first be plowed by the snowplow truck before deadheading. Constraints (3-8) and (3-9) describe
the work shift limitation for each truck. Constraints (3-10) and (3-11) are used to balance the

workload, which requires that all route times should be within the range affected by parameter a.
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3.2 Solution Algorithm

3.2.1 Network Partitioning

In practice, the road network may have multiple depots. This thesis first partitioned the whole road
network into a set of independent sub-networks with only one depot. The multi-depot network is
then converted into several one depot networks, and the k-truck plow with precedence framework
proposed could be formulated to solve the issue raised here. What is more, the divided sub-network
could help reduce the solution space into manageable sizes to reduce computation times. The

following procedure involving a heuristic algorithm is used in the network partitioning.

1. Partition Strategy

Let G=(V, A) be a directed graph that represents the service map, where V= {0,i,j, ...}
represents the vertex set, and A= {(i,]): 1, JEV, i#]} represents the arc set. Each arc has a different
service requirement {Si, Sz, ...}. The depot is represented by & = {51, d2, ...} and each depot
equipped with a subset of serviceability among {Si, S, ...} according to their equipped fleet
characteristics. Let SP; s represents the shortest path from vertex 1 to depot 6j, and SP; ;

represents the shortest path from vertex 1 to vertex j.

a. Partition the road network based on current serviceability for each depot. For arc (1, j)
with service requirement Sm, based on its service requirement, calculate the shortest path
from the midpoint of the arc to depots with serviceability Sp.

b. Compare the distance to all depots with serviceability Sm. Assign the arc (i, j) to the

nearest active depots.
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c. Link depots to the nearest assigned road segment using the shortest path algorithm.

2. Insertion Strategy
Check the contiguity of the assigned road segments. For each unconnected road segment
or unserved arcs, link the unconnected road segments to the connected arcs for depots using the

shortest path.

3.2.2 Optimal Route Assignment

After dividing the multi-depot road network into many independent single-depot road networks,
the tabu search algorithm was used to obtain the optimal snowplow routes for each single-depot
road network. The tabu search algorithm, known for being one of the most adopted metaheuristic
algorithms, was used to solve the proposed optimization problem (Glover, 1989). Metaheuristic
methods are widely used since they are able to generate near-optimal solutions within a reasonable
time period for problems that are analytically intractable or very difficult to solve in polynomial
time due to large-scale instances. For this reason, significant research effort has been dedicated to
the development of an efficient algorithm, one of which is the tabu search. Similar to other
metaheuristics, tabu search starts with a set of initial solutions and progresses iteratively by
searching for alternative solutions. During the search process, it uses a set of predefined local
search schemes and unique memory structures, allowing solutions to escape from a local optimum
(maxima/minima) without being stuck in those suboptimal traps. The pseudocode of the tabu
search implemented in our study is summarized as follows:

Input: An initial solution of the k-truck route, the maximum iteration number, the length

of the tabu list.
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Output: The possible improved k-truck route.
Step 1. (Initialization)
Set CurrentSolution= InitialSolution
CurrentValue=InitialValue
BestSolution= InitialSolution
BestValue=a large number
The maximum iteration number = A large number
Step 2. (Forward updating objective function value)
For iteration number=1 to maximum iteration number:
While (BestValue>=CurrentValue) Then:
Randomly generate 24 different neighbourhoods based on CurrentSolution using
the permutation procedure
CurrentSolution= best found solution not in tabu
CurrentValue= Objective Function (CurrentSolution)
If (BestValue> CurrentValue) and (CurrentSolution not in tabu list) Then:
BestSolution= CurrentSolution
BestValue= CurrentValue
add the CurrentSolution to the tabu list
End
End
Randomly generate 24 different new neighbourhood based on
CurrentSolution using the merging and separating edges procedure

CurrentSolution= best found solution not in tabu
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CurrentValue= Objective Function (CurrentSolution)
If (BestValue> CurrentValue) and (CurrentSolution not in tabu list) Then:
BestSolution= CurrentSolution
BestValue= CurrentValue
add the CurrentSolution to the tabu list
End
End

Since the quality and computing time of the solutions depends primarily on the initial solutions
and neighbourhood structures chosen, it is very important that those values be carefully designed
and constructed beforehand. Similar to the Frederickson-Hecht-Kim (FHK) algorithm, this study
constructed the initial solutions for k-trucks plowing scenarios by minimizing their total travel
time (Hierholzer, 1873; Frederickson, Hecht & Kim, 1978). After finding the initial route, the next
step is to generate an efficient neighbourhood. The procedure called permutation is used to
generate 24 different neighbourhoods. Dussault et al. (2013) suggested that the permutation
procedure may produce a significant number of neighbourhoods, and the large size of the
neighbourhoods could in turn enlarge the search space and thus increase the computation time. To
limit the neighbourhood size, one possible way is to adopt part of the neighbourhoods. The number
24 was used to limit the number of neighbourhood sizes. Once the shortest route is selected among
the 24 neighbourhoods, the next step was to check if any of the solutions generated is better than
the initial solution. If a better solution is found, the permutation procedure is then repeated to
generate another set of 24 different neighbourhoods. Otherwise, the merging and separating edges
procedure is used to search for a different combination of routes. This said procedure continues

until an iteration limit of 700 (the maximum iteration number) is reached, and the best solution
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obtained becomes the optimal solution. The heuristic algorithm terminates at 700 iterations
because the outputs of the objective function remain stable for the last 500 iterations. Also, the
proposed tabu search algorithm will have compared a sufficiently large number of alternative
solutions (16800 different routes) at 700 iterations thus confidently providing the global optimal
solution. For more detailed descriptions and implementations about the merging and separating
edges procedure and permutation procedure, readers are advised to refer to Dussault et al. (2013)

and Ahr and Reinelt (2006).

3.3 Summary

This chapter presents a variant of the plow with precedence problem that addresses the route
assignment for k trucks in servicing the road network. The proposed problem incorporates the
precedence problem, which is usually ignored by current winter maintenance research. This thesis
first provided the mathematical formulation for the problem and then introduce a metaheuristic
algorithm to solve it. The solution algorithm continuously improves the solution quality by
iterating and updating the tabu list to avoid becoming trapped in a local optimum.

The efficiency of the proposed formula and solution algorithm will be demonstrated in the
following chapters via two case studies. To link road service order with an optimization goal, the
objective function of the first scenario (i.e., connected-vehicle) was set to traffic system delay,
while the objective function of the second scenario (i.e., real world) included improper turn and

road priority penalty terms. Case studies 1 and 2 are described in Chapters 4 and 5, respectively.
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Chapter 4. OPTIMIZING SNOWPLOW ROUTES UNDER
A SIMULATED CONNECTED-VEHICLE (CV)
ENVIRONMENT

This Chapter describes snow and ice control routing optimization in a CV environment. While
previous research has made notable contributions in deriving feasible plowing routes by decreasing
their workload and fleet size, their focus was strictly from the perspective of the snowplow trucks
only (e.g., minimizing operating times and the number of deadheads). With the advancement of
wireless communication technology including radio-frequency identification (RFID) (Roberts,
2016) and the fifth generation of cellular network technology (Kumar & Gupta., 2018), real-time
communications between vehicles are now a real possibility for the future connected vehicle
environment. In most cases, the level of service indicator used is the average annual daily traffic
information, which is often a poor representation of realistic traffic demand. The emerging CV
environment technology allows for real-time communication between vehicle to vehicle and
vehicle to infrastructure (generally known as V2X). As such, traffic state information such as real-
time traffic demand, location, routing decision, and speed are fully tractable and can be exploited
by traffic system administrators. Some critical performance criteria such as system traffic delay
can be incorporated in deciding optimal snowplow activities. Another major drawback was
evidently found in previous studies showing the lack of practicality. For instance, the impact that
road surface conditions (RSC) have on drivers has been ignored, resulting in ineffective routing
choices. In real-world applications, the enhanced speed provided by snow removal activities can
affect the road users’ routing choices, but this phenomenon is largely ignored by all models to
date. As such, current static algorithms for optimizing route choice may not reflect the dynamic

road conditions that occur during snowplowing operations.
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In the CV environment, on-route road users are assumed to be equipped with perfect knowledge
of the real-time road conditions and would continuously update their shortest path route until the
end of their trip. These CV-enabled snowplow strategies are believed to greatly enhance the ability
of winter maintenance planners to provide a safe and convenient environment for vehicles
efficiently, thus maximizing the benefits to the travelling public during and/or after inclement
weather events.

The remainder of this chapter is organized as follows: Section 4.1 describes the proposed CV-
enabled routing strategies. Section 4.2 describes the data preparation while Section 4.3 presents
the modified problem definition and mathematical formulation. Section 4.4 describes the
simulation process implemented in this study and Section 4.5 discusses the results. Lastly, Section

4.6 provides a summary of the findings.

4.1 CV-Enabled Snowplow Routing Strategies

The basic premise of the proposed method of using a simulated CV environment entails the use of
real-time travel demands (i.e., assuming that we have perfect knowledge on the locations of
individual vehicles within the network) for determining optimal snowplow routes and examining
how it would affect the total travel time for both the road users and plow truck operators. To
achieve this goal, a k-truck plowing with precedence model was formulated in Chapter 3. The

overview of the proposed method is depicted in Figure 4-1.
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Figure 4-1 Workflow of the proposed method
With real-time traffic demands, truck data, and road network data, the relationships between
snowplow routes, traffic routing choices, and travelling information is modelled using the
proposed K-truck plowing with precedence model, which describes road users’ movement during
snowplowing. Consequently, two traffic routing strategies; namely, static and dynamic, are set to
simulate different scenarios, for which a metaheuristic tabu search algorithm was used to obtain
(near) optimal solutions. The static scenario indicates an environment where vehicles are
unconnected and the road users choose the route based on experience, while the dynamic scenario
represents the CV environment where the road conditions are dynamically available to all road
users enabling them to make real-time adjustments to their routing choice. Both static and dynamic
routing strategies are used based on reasonable assumptions about whether or not drivers have
access to real-time traffic information, and to examine their implications via computer-aided

simulations. To further evaluate the robustness of the method proposed herein, multiple truck
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scenarios were used to examine the impact a varying number of trucks have on travel / operational
time. Note that the research assumes a static routing scenario only for the multiple trucks’ scenario,
as the primary intent is to validate its feasibility for future large-scale implementation. Finally, the
results are analyzed, including the impact of different scenarios and the marginal utility of truck
numbers (i.e., benefit assessments). The impact of the different scenarios demonstrates the benefit
of having updated snowplow information sent as live feedback to drivers and the marginal utility
of different truck deployment numbers to help managers decide upon the fleet size required to

service the road network.

4.2 Data Preparation

In this section, a hypothetical network is used to confirm the validity of the proposed method and
evaluate its feasibility for real-world applications. Figure 4-2 shows an arbitrarily created network

that consists of roads/links, truck depots, and intersections.
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Figure 4-2. Road network characteristics
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Table 4-1 summarizes the parameters used for simulation.

Table 4-1. Simulation parameters

Parameter Setting Attribute Value
Number of vehicles 62400 vehicles
Network length 82 Kilometers
Vehicle generation duration 6000s
Vehicle loading time step 5s
Snowplow truck speed 25km/h
Free flow speed (snow-removed road) 60km/h
Free flow speed (snow-covered road) 48km/h
Jam density (snow-removed road) 120veh/km
Jam density (snow-covered road) 100veh/km
Road capacity (snow-removed road) 1800veh/h
Road capacity (snow-covered road) 1200veh/h

To investigate the effect of a snowplow on the users’ travel time, the vehicle generation duration
is set to be longer than the minimum plowing completion time of one plow truck (5890s). In other
words, the simulation set the vehicle generation horizon to 6000s, after which no vehicle shall
enter the network. The time interval for the discrete-event simulation is 5 seconds, which means
all values change discretely every 5 seconds. To simulate the road users’ speed on the road, the
speed of road users was calculated using the Greenshields model as discussed above. To quantify
the benefit of snowplowing activities, two different free-flow speeds were assumed to represent
the movement of traffic on the network. Given that the free-flow speed for the majority of roads
i1s 60 km/hr and the presence of snow will likely reduce that speed by up to 40% as indicated in
the Highway Capacity Manual (Manual 2000), a 20% speed reduction, or 48km/hr, is used as our
assumed free flow speed value for snow-covered conditions. Considering the decrease in jam

density on snow-covered roads, 100 veh/km was used as the jam density. To reduce the complexity
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of the problem at hand, this study assumed that the state of the vehicles on a link will change from
snow-covered conditions to snow removed conditions after the entire link has been plowed, and
there is no longer any congestion or traffic delays caused by plowing activities. Furthermore, the
traffic demand between each node in the study is assumed to be known. The traffic demand used
in the simulation is 62,400 vehicles, which was randomly generated and evenly loaded into the
road network at every time step. For the simulation, the real-time traffic demand was also assumed
to have a uniform distribution and its value can be easily modified to fit the practical operation.

The traffic demand for each time step is given in Table 4-2.

Table 4-2. Traffic demand at every time step

From/To 0 1 2 3 4 5 6 7 8 9 10 11 12
0 0 0 0 0 0 0 0 0 0 0 0 0 1
1 0 0 1 1 0 0 0 0 0 0 0 0 0
2 0 1 0 2 0 0 0 0 1 0 0 0 0
3 0 1 2 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 1 1 0 0 0 0 0 1
5 0 0 0 0 1 0 0 0 3 1 0 0 1
6 0 0 0 0 1 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 1 2 1 0
8 0 0 1 0 0 3 0 0 0 2 1 0 0
9 0 0 0 0 0 1 0 1 2 0 0 0 0
10 0 0 0 0 0 0 0 2 1 0 0 3 2
11 0 0 0 0 0 0 0 1 0 0 3 0 0
12 1 0 0 0 1 1 0 0 0 0 2 0 0

4.3 Modification to Problem Definition and Formulation

Differing from the CPP, the result for the K-truck plowing with precedence problem (K-PPP) can

vary when the service order of the arcs changes. In other words, CPP does not consider the
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difference between service order, which are critical for snowplow routing optimizations. The K-
PPP can be formulated on the basis of a directed road network, where arcs are used to represent
roads and nodes are used to represent intersections. This study assumed that weather conditions
were deterministic for all scenarios (i.e., after snowstorms) and that all arcs in the network are
covered with snow and require snow removal. This study also considered the routes to be a
sequence of steps that represent the working order of different snowplow trucks. These steps
should ensure that the trucks start and end at the same depot (represented by node 0) while
servicing all the arcs in the road network. Furthermore, this study considered time-dependent
traffic demand between different nodes during snowplowing activities since drivers are able to
traverse faster and/or choose a different path to travel due to improved road surface conditions.
Therefore, the objective function (Equation 4-1) is formulated to minimize the total travel time of
road users and the snowplow completion time of maintenance operators. The parameter and

decision variables for the proposed mathematical formulations are summarized in Nomenclature.

Min Zij(i, JOldt+Ad,,, (4-1)
Vi V)
Subject to:
Constraints (3-2) to (3-11)
kjam(iajat)'v(iajat):_vﬁ~ee(i9j9t)'(k(iajat)_kjam) V(i,j);t(0,0'),t (4‘2)

In this research, the constant value 50 was used as the weight factor 4, because the weight of the
snowplow delay is assumed to be 50 times the weight of other road users’ delay. Our proposed
model can generate different optimized routes based on various weighting factors, and it can be
adjusted based on our criteria. Because the longest snowplow operation duration is usually treated
as a constraint to make the snowplow routes realistic, this research tries to optimize the snowplow

routes in a way that balances the completion time of snowplow operation and the total travel time
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of road users. Compared to the average road users’ travel time, the snowplow completion time
need to be emphasized. The total users’ travel time is calculated by using the simulation method
from Section 3.3. Constraints (3-2) to (3-11) are used as was defined in Chapter 3. Constraint (4-
2) describes the linear relationship between density and speed on the road, for which the
Greenshields model (Greenshields et al. 1953) is used. Here the research assumes that when the
vehicle enters an arc, its speed will be based on the density of the road segment and it will maintain

that speed until it leaves the arc.

4.4 Simulation Process

This study obtains the total users’ travel time using a discrete-event simulation (DES) method. The
DES was widely used in the network modelling problem (Mahut, 2001; Florian, Mahut &
Tremblay, 2008), and it can simplify the complexity of the continuous problem in a discrete
manner. Since the total travel time of road users follows a continuous function, the discrete-event
simulation period breaks up a continuous-time interval into small discrete time intervals {0, Ar,
..., Tmax}, and the system update process was used to update traffic count data k(i,j,z) at every
discrete time step. The vehicle travel time can be approximately estimated by

AT- Z ZZk(i, j,7)-1, . A computational program using python has been developed to calculate

Jj T
the total travel time of the hypothetical traffic system. Figure 4-3 illustrates the simulation

process's computational steps while the notations used are provided in the Nomenclature.
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L Traffic density data: k(i,j,7) =0(i,j,7)/l; )
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Figure 4-3. Flow chart for calculating the total travel time under snowplow service
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In the simulation parameter initializing process, this study first imports the road network data and
time-dependent traffic demand data for each time step 7 according to the snowplow service order.
Note that time-dependent traffic demand data is deterministic over time. Then the free-flow speed
and traffic density for the arc at different time steps are initialized according to the snow-covered
traffic conditions, snow-removed traffic conditions, and the snowplow service order.

Then, the study initialized the system feature data to zero at a different time step. These data values
include the cumulative input traffic count Qi(i,j, ), the cumulative output traffic count Qiu(i,j,7),
the traffic count data Q(i,j,z), and traffic density data k(i,j,7). Our next step is to set the simulation
parameter data, including the initialization of time step z, time step 4z, and terminal time Zpqx.
After initializing the system parameter, the algorithm updates the simulation parameter at every
time step in the system update process. The first step is to acquire the link/arc travel time for
different links/arcs at time 7. To simplify the problem, this study assumed that the vehicle will
reach the speed from Equation (4-2) when it enters the arc and will maintain this speed until it
leaves the arc. The link travel time for the arc can be expressed as:

0, j0) =1y VG, Jo7) = Gy 1o 0) L L (0 G o7 GhG o 7) = K iy D) (4-3)
Note that the jam density and free-flow speed of the arc can be different according to the road
surface condition at time step 7 (e.g., snow-covered or snow-free). Equation (4-3) provides the
relationship between the snowplow service with the system’s total travel time given that the service
order affects the link travel time at every time step, thus affecting the total user travelling time.
Considering our simulation time step is a discrete value, the link travel time #(7,j,7) was rounded to
simulation step 7, and the link travel time can be re-expressed as:

(i, j,7—AT))+0.5A7,A7) (4-4)

am

t(i, j,v) =mod(—k (i, j,t —A7)-L; 1 (v

Jjam

(k(iajar_AT)_kj

free
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After getting link travel time for all arcs in the network, for all the traffic demand data the study
calculates the next node m for the traffic demand and the time #(7,/,7) it needs to arrive at the next
node based on the shortest path algorithm (Dijkstra 1959). Note that, the next node m can be
different according to the user’s routing strategy preference (i.e., static routing or dynamic
routing). Static routing drivers are drivers who choose routes based on their past experience, while
dynamic routing drivers choose routes based on the most up to date information on link travel
time.

After getting the next node m and the time needed to arrive in the next node #(i,m,t), the simulation
updates the cumulative input and output traffic count at the current time step based on values in
the previous step; for all the arc (i,j) in the road network, the current value is updated using the

following Equations (4-5,4-6):
Qin(iajar):an(iajer)'i_Qm(iajaT_AT) (4'5)

0,. (0, ;1) =0, (1, j,0)+0,, (i, j,7 - A7) (4-6)
The traffic demand D(i,j,7) generated from the origin to the destination can be broken into two
parts. The first part was the traffic demand D(i,m,7) from the origin to the next node m, which takes
time #(i,m,t). The second part was the traffic demand D(m,j,t+¢(i,m,t)) from the next node m to the
destination j after time #(i,m, 7).

The accumulated input flow Qix(i,m,7) can be aggregated using the first part of the traffic demand,

whose next node is m. For all arcs (7,j), this process can be expressed as:
0, @,m7)=0, (i,m1)+D(,J,7) (4-7)
The second part contributes to the updating of the traffic demand. For all the arcs (7,j), the traffic

demands D(m,j,t+¢(i,m, 7)) can be aggregated using the following equation:

D(m,j,t+t(i,m, t)) = D(m,j,t+t(i,m, 7)) +D(i,j,7) (4-8)
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The vehicle takes time #(i,m,7) to leave arc im, and this can be integrated into the accumulative

output flow. For all the (i,j), It can be expressed as:
O Gmr+ti,m7)=0 (i,m,z+t(i,m,7))+D(,J],7) (4-9)
After getting the cumulative input traffic count for the link and the cumulative output traffic count

for the link, for all the arcs (i,j), the traffic flow data at different time steps can be expressed as:
00, j,7)=0,j,7)-0,, j,7) (4-10)
The traffic count (Q(i,j, 7)) can be transformed into the density of the road, and this can be converted

into the speed of the vehicle according to the fundamental diagram. The following equation
describes the relationship between traffic density and traffic count:

k(,j,7)=0G,j,7)/1; (4-11)
Once the road density is determined, the time simulation was set to the next time step. This updated
travel time information can then be used to determine the link travel time at the next time step.
This system update process lasts until the stopping criteria is met.

After terminating the system update process, the total user travel time can be estimated by using
the traffic count data at different simulation time steps. Equation (4-12) gives the total travel time

of the road network under the snowplow routing strategy.

Total travel time=A7- Y > > 0, j, 1) =At- D D> k(i, j, 7)1, V() eV,i# ) (4-12)
i T ijoT

Combined with the longest route of the snowplow truck, the objective function (Equation (4-1))

can be calculated to evaluate the objective function of the varying snowplow routing strategies.
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4.5 Results and Discussions

4.5.1 Effects of Routing Strategies

This research tackles this challenge in an integrated manner under two distinct hypothetical
scenarios — static routing and dynamic routing. In the static routing scenario, it is assumed that
plowing activities do not influence drivers’ route choices. This scenario would be a good
representation of the drivers’ general path selection as they tend to use the same route to reach
their destination regardless of plowing operations. The dynamic routing scenario, on the other
hand, assumes that drivers have access to real-time traffic information (readily available to many
road users through smart devices), and they will thereby choose a different path accordingly. The
second scenario is constructed similarly to the well-studied problem of system-optimal routing of
traffic flows with constraints on user equilibrium (UE), and is specifically designed to evaluate
and benchmark the system optimal (SO) performance. Additionally, provided that emerging
connected vehicle technologies enable direct communications between all road users and
infrastructures, a realization of the second scenario may not be too distant in the future.

Four different scenarios were tested to compare the effect snowplowing has on the hypothetical
network using the proposed tabu search algorithm. The algorithm was coded in Python and run on
the supercomputer "beluga" from the "University of Alberta", managed by Calcul Québec and
Compute Canada. With 32 CPUs, each of which runs at 2.4 GHz with 1GB memory, it takes
around 10 hours for the proposed tabu search algorithm to output one solution in one scenario. The
four scenarios tested include no snow conditions (S1), snow without snowplowing conditions (Sz),
static traffic routing (S3), and dynamic traffic routing (S4). Because the state of traffic does not go

through a transition for both S; and S> (no plowing is necessary), these scenarios are used as a
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benchmark with which to compare S3 and Ss with. S; refers to drivers choosing their route based
on experiences, while S4 has drivers dynamically find the shortest path every time they arrive at a
node. Therefore, the traffic conditions transition from snow-covered to snow removal every time
a snowplow truck finishes servicing an arc.

This study ran the proposed tabu search algorithm ten times and the best results for S3 and S4
obtained are represented in Figure 4-4 which shows that the optimization implemented was able
to reach convergence as the iterations continue. It also shows that the dynamic routing scenario
(S4) outperforms the static routing scenario (S3) as anticipated. It is worthwhile noting that due to
the randomness of the permutation and merging and separating edges procedures and the nature
of the problem being tackled, the results could vary as all heuristic algorithms can only generate
near-optimal solutions.

620

= = = static routing === dynamic routing

Objective Function (hour)

1 51 101 151 201 251 301 351 401 451 501 551 601 651 701
Iterations

Figure 4-4. Tabu search performance for static and dynamic routing
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Table 4-3 compares the average difference in objective function values of 10 optimization runs
for the different scenarios. Here, one truck case where it services all the arcs was considered. For

the sake of comparison between Sz and S4, the same routes were chosen.

Table 4-3. Difference in objective function for scenarios

Difference in Total Travel Times (hour)

Scenario (routing strategy) S4 vs.
S1 vs. Sk Sz vs. Sk S3 vs. Sk
Sk
S1: No snow condition 0 N/A N/A N/A
S2: Snow without snowplowing condition ~ +159.1 0 N/A N/A
S3: Static routing condition with snow  +97.4 -62.0 0 N/A
S4: Dynamic routing condition with snow +97.1 -61.7 -0.3 0

The positive sign of the values presented in Table 4-3 indicates the total additional hours spent by
road users on the network. The comparison between S; and S reveals that the total travel times
were increased by 159.1 hours during the assumed deterministic snow events. Furthermore, the
comparison between S; and S; indicates that the total hours spent by road users were reduced by
61.7 hours due to static routing decisions made due to plowing activities. The comparison between
S;3 and S4 shows how drivers with real-time information on the roads being plowed can benefit by
choosing different routes, thereby reducing their travel time. The difference between S3 and S4 1s
0.3 hours, indicating that drivers equipped with real-time traffic conditions that are influenced by
plowing activities, can save 0.3 hours compared to the static routing strategy. Although S3 is
considered a more reasonable option than S4, S4 can provide some useful information for winter
road maintenance agencies to evaluate the effectiveness of the snowplowing activities and how it

can contribute to improving traffic flows during inclement weather events.
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Lastly, the best path found for S3 static routing is {§— 5— 8— 9— 8§— 10— 12— 10— 7— 5—
4—-6—-7-11-10-11-0-12-9>1-2-1-9-12-0- 117> 6—54—>3->2—>
3— 4— 5— 7— 10— 8— 2— 8}, and the best path found for S4 dynamic routing is {8§— 5— 8—
9—> 8- 10—-11—-0-12—-10—-»7->6—-24->5>54->3-52-51-59-1-52-8->2->3—>

4— 6—7—> 11> 10— 1259—-> 12—-0—-> 11> 7> 5— 7— 10— 8}.

4.5.2 Analysis of Fleet Size

Another important aspect of snowplowing operations is determining the impact that the varying
number of plowing trucks has on reducing traffic delays. The same optimization approach
implemented for the single truck case (Section 4.2) is used to determine how the total hours spent
by road users would change if the fleet size was increased to 2 and 3 trucks. Figure 4-5 depicts
the time savings for the different numbers of trucks as a result of 10 optimization runs for each
fleet size considered herein. When the number of snowplow trucks increases from one to two, the
amount of reduction in traffic delays from the resulting snowplowing activities increases from 61.7

to 101.0 hours, indicating a total reduction of travel times by 39.3 hours.
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Figure 4-5. Reduced travel time delay of different numbers of trucks (1-3)

Similarly, as the number of trucks increases from one to three, the total travel time decreases by
52.3 hours. From this, it can be observed that there is a diminishing return on the marginal benefit
as the fleet size increases. Although the proposed algorithm was tested under a hypothetical
scenario with assumed values, the proposed model can be used to help transportation authorities

make more informed decisions on determining the optimal fleet size required.

4.6 Summary

This study presented a novel K-PPP to address the current gaps in academic literature. The
objective function was expressed in two parts: 1) ensuring a plowing operation times were as short
as possible while 2) improving the traffic system that ultimately shortens the drivers’ total journey
time. Detailed traffic data that captures the dynamic travelling demand were used as input for the

model. The fundamental diagram of Greenshields was developed to represent the varying free-
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flow speeds of snow-covered conditions and snow-removed (or plowed) conditions. Two different
scenarios for driver behaviour were tested to evaluate the effect of routing strategies on the total
users’ travel time. The scenarios include travellers choosing routes without additional information
(static routing strategy) and travellers choosing routes based on current information about road
conditions (dynamic routing strategy). The simulation result indicated that people with update-to-

date road information could save on overall travelling time.
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Chapter 5. OPTIMIZING SNOWPLOW ROUTES FOR
REAL-WORLD IMPLEMENTATIONS

To further demonstrate the utility of the snowplow optimization algorithm developed, this chapter
examines the potential benefits of intra-municipal cooperation using winter maintenance data from
maintenance operations in Perth County, Ontario, Canada. Due to its high latitude, Perth County
is subject to extremely low temperatures and heavy snowfall during the winter months. There is a
total of six municipalities known as North Perth, Perth East, West Perth, Perth County, Town of
Saint Mary’s, and Perth South. Each municipality has developed their own independent WRM
strategy based on their delineated service area, available maintenance resources, and crew
resources. While the optimizations achieved within each independent municipality help mitigate
the detrimental effect caused by adverse weather, these individual strategies fail to see the full
picture across the entirety of Perth County. This results in an unbalanced snow removal stratagem
that restricts the maximum potential benefits of a globally optimized holistic WRM strategy.
Therefore, this study considers the entirety of Perth County as a single study area and examines
how the collaboration between municipalities can help reduce maintenance costs or improve
service levels. Specifically, this study focuses on answering the following three questions. (1) Can
the current snowplow strategy be considered effective? (2) What are the potential benefits of
unifying the region and combining their resources? (3) How does the performance of having shared
depots compare to an all-new, and optimized, depot location setup? The proposed framework can
be used to answer these questions thereby further demonstrating its usefulness in practical
applications.

The remainder of this chapter is organized as follows: Section 5.1 describes the proposed methods

to each problem. Section 5.2 describes the data preparation stage for maintenance operation in
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Perth County. Section 5.3 presents the mathematical formulation for the feasible routes; Section

5.4 lists the answers for different questions, and Section 5.5 summarizes the findings.

5.1 Real-World Snowplow Routing Strategies

This case study can be better understood when it is broken down into 4 tasks as shown in Figure

5-1.

Multi-Source Data

Road Network Topology | Truck Characteristics Depot Information

R 2

Task 1: Establishing comprehensive geo-database

L 2

Task 2: Optimize snowplow routes based on municipality boundaries

Task 3: Determine optimal depot number

Network partitioning based on depot
location

!

Remove one depot
from ranking list

Route optimization

Stopping criteria
satisfied?

Yes

Task 4: Optimize plow routes and depots locations based on clean slate

¥

Trade off analysis for reduced depot number and truck number

Figure 5-1. The framework for deciding optimal configuration of depots

The first task (Task 1) is data collection and management. The data came in a multitude of files in

different formats and they required additional work in order to combine all the separate information
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from each municipality. Once combined, it was then used to construct a comprehensive GIS
database by integrating road topology data, depot information, and truck characteristics as was
shared by the six independent municipalities. The established GIS database includes detailed
records of current snowplow operations thus allowing it to establish a performance baseline (i.e.,
benchmark) using existing routes and available resources. Based on the geo-database constructed,
Task 2 determines if the current snowplow routes can be considered efficient. This is done by
optimizing routes by minimizing the total deadhead distance while simultaneously satisfying a set
of specific operational constraints within the existing municipal boundaries as listed in Table 5-1.
A comparison is then made between the current snowplow strategy and the results of Task 2
thereby determining the level of efficiency of the current snowplow operations. This will also
provide a benchmark with which to compare the optimized snowplow routes generated when
municipal boundaries are no longer considered in Task 3. Task 2 could be regarded as the most
optimal snowplow routes achievable based on the current boundary restrictions and depot setup.

Task 3 explores the potential benefits of intra-municipality cooperation if the restrictive municipal
boundaries were removed, instituting shared routes and joint operations, while utilizing existing
depots. The cooperation between municipalities (sharing of maintenance resources) allows for the
retirement of unnecessary depots to reduce fixed costs. In the optimization by removal part, select
existing maintenance depots were removed one-by-one consecutively in the priority order
provided in Appendix A. For each configuration of remaining depots, plows routes were re-
optimized to service the entire network. To reduce the complexity associated with route
optimizations and to overcome the potential issues that can arise from combining operations, the

following decision rules are shown in Table 5-1 have been added.
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Finally, Task 4 evaluates the shared depot result by conducting the clean slate optimizations of
plow routes and depot locations. By using the determined optimal number of depots found in Task
3, Task 4 will place those depots at optimal locations, as if they were all brand new. Then based
on which trucks were re-allocated, new route optimizations were generated to create what is known
as the all-new optimal routing scenarios. This provides a measure of how optimal the current setup

is, compared to the theoretical optimal.

Table 5-1 Assumptions and constraints used in Tasks 2 & 3

Task 2 Task 3

Assumption
e  When one depot is removed, its equipped resources is also removed No Yes
e Urban road can only be serviced by single-axle trucks Yes Yes
e Sand and salt routes can be serviced by all other trucks Yes Yes
e Application rate for sand is 141 kg/single lane km Yes Yes
e Application rate for salt is 75 kg/single lane km Yes Yes
e The process of depot removal ended when the constraints of service time No Yes

(i.e., MMS requirements) OR 100% of spreader capacity could no

longer be met.

Constraint
e Road priority Yes Yes
e Turning restriction Yes Yes
e Gravel routes can only be serviced by graders Yes Yes
¢ Road segment being serviced exactly once Yes Yes

5.2 Data Preparation

The geodatabase for Perth County's winter maintenance operation contains six municipalities,

2972 intersections, 8750 roads, and 46 maintenance routes totalling over 4000 kms. The six
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different municipalities are named Perth County, Perth East, Perth South, North Perth, and West
Perth. A total of 13 depots and 45 trucks are used to provide winter maintenance services for the

entire road network.

5.2.1 Road Network Topology

GIS layers were extracted from data files provided by the Ontario Government
(https://geohub.lio.gov.on.ca/datasets), including administrative boundaries and road networks.
Figure 5-2 shows the service boundaries for each municipality. The roadway in Perth County
consists of highways, country roads, and urban roads. There are five road level classes in the
system to distinguish their level of importance, with each road class having a specific service time
window. The minimum service standard can be seen as a strict time limit imposed by the
government limiting the maximum service time for snow removal activity on icy roads. The
minimum maintenance standard varies based on the different road classes. Table 5-2 lists the

minimum service times for each road class.

Table 5-2. Minimum maintenance standard for road classes

Road Class Service Time Window
2 6 hours
3 12 hours
4 16 hours
5 24 hours
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Figure 5-2. Service boundary for each municipality
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5.2.2 Depots Information

In its current setup, there are a total of 13 depots that are responsible for supplying the trucks and
materials for servicing the entire road network and they each vary in their truck handling capacity.
Each of the current depots underwent a comprehensive utility assessment and were ranked
according to their storage capacity, land use, environmental sensitivity, and accessibility of
services and it summarized in Appendix A. A depot’s workload is defined as the total length of
roads that trucks need cover when assigned to that depot. For example, the Mitchell depot has a
maximum workload of 919 km, which means that the fleet of trucks assigned to Mitchell will have
919 km of roads to service. Figure 5-3 shows the current workload for each depot. It is clear that
the workload varies considerably from depot to depot with Mitchell having a disproportionately
larger workload over other depots. Alternatively, MTO Listowel appears to have a 0 workload but
this depot actually serves as a material restock depot for trucks requiring refills during ongoing

maintenance operations.
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Figure 5-3. Route length by maintenance yard
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5.2.3 Truck Characteristics

Perth County has a fleet of 45 trucks that are assigned specific routes based on their serviceability
and the type of road surface they will encounter and come in two types, graders and combo units.
Graders are primarily used to service gravel roads as no material spreading normally occurs on
them. Combo units are trucks that come equipped with a combination of snowplowing attachments
and material hauling/spreading capabilities. These units are used on paved roads to perform both
snow removal and spreading activities, sometimes simultaneously. The trucks tasked with
spreading salt or sand do so at the following application rates - 75 kg/single-lane km for road salt
and 140 kg/single-lane km for friction sand. The combo-unit trucks are further sub-classified as
either a single-axle truck, tandem truck, or tri-axle truck (see Appendix B) and are indicative of
the truck’s physical size and weight which limits where they can operate. Single-axle trucks are
the smallest of the three sizes and are used to remove snow on urban roads that are narrower and
have smaller radii in their road geometry. Tandem and tri-axle trucks are much larger units which
limits their usability in an urban environment due to geometry and weight restrictions, thus they
are primarily used to service county roads and larger highways. The route optimization process
should also ensure that the appropriate trucks are assigned to their corresponding road type, and a
violation of this would result in an impractical route assignment.

Three constraints were instituted during the performance level testing of the of the generated
maintenance strategy. First, higher classed roads are to be completely serviced before lower
classed roads. Second, U-turn and left turns should be eliminated, but if it is unavoidable, then
they should be conducted at designated locations. Finally, the completion times for the routes
should satisfy the prescribed minimum maintenance standards while ensuring that the material

usage does not exceed the trucks’ material capacity.
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5.3 Modifications to the Problem Definition and Formulation

The original problem setup only took into account one depot with many trucks. However, this
would run into several challenges as the goal of this section is to identify feasible routes that can
be used in the real world.

The first challenge stems from the fact that instead of solving the routing problem for one depot,
it now needs to account for multiple depots which complicates the arc routing problem.
Specifically, the snowplow routes now need to be optimized for multiple depots while ignoring all
municipal boundaries. This expands the search space and increases the complexity of the problem.
The second challenge faced is a result of the district officials imposing several practical
requirements during the route optimization process for snow removal and material spreading
activities. The requirements could be minor such as instituting turning restrictions and road
prioritization or stricter such as service time limits for high-grade roads.

Even with the expanded depot count and additional practical constraints, the route optimization
process could still be solved using the same solution algorithm proposed in Chapter 3 by merely

modifying the objective function to Equation 5-1 below:

. t
Min zzzzl//i,j,k’t L, +U _Turn+Left _Turn +F- X

i,j.k.t
Vi V) VK Vi k

* Rdclass, (5-1)

Here, the objective function is set to minimize the overall distance while reducing the number of

undesired turning movements and giving route priority to select roads.

5.3.1 Turning Restriction
Turning movements can be dangerous as they often create movement conflict points that could

result in a collision. For winter maintenance vehicles, the risks are compounded by the fact that
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they are quite heavy and large making for slow moving vehicles that require a lot of space to
maneuver. Therefore, turning restrictions are put in place in order to mitigate the risks to the
general public and the operators. To model turning movements in a computer-aided system, the
turning angle is used to determine the various types turning behaviour (left turn, right turn, go
straight, and U-turn) during operations. The turning angle can be understood as the angle from the
truck’s oncoming direction to the route's outgoing path. Figure 5-4 illustrates the turning angle for

the route sequence 207->224->295.

lllustration for Turning Behavior
» Tuming Angle
4—— Route Sequence

@ Reference Nodes

Figure 5-4. Illustration of turning angle calculation

Assume d represents the vector from node 207 to node 224, and b represents the vector from node

224 to node 295. Then 6 is the resulting angle between vectors @ and b and is defined as the

turning angle for that path.
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d-b=|alllb| cos® (5-2)

ab

0 = cos™ !
(||a||||b||

) (5-3)
After determining the turning angle, the next step is to convert that turning angle into a rotation
angle which is then used to detect if the movement is a possible turning behaviour.

v=axbh (5-4)

Let ¢ = rotation angle, then the following equation is:

_( 0,ifv>0;
¢ _{9+n,ifv< 0; (5-3)

Various thresholds were defined for different rotation angles to differentiate between left turn,

right turn, and U-turn behaviours. The thresholds are as follows:

leftturn, if /4 < ¢ < 3n/4;
right turn,if 5n/4 < ¢ < 7n/4;
Uturn,if 3n/4 < ¢ < 5m/4;
Straight,if ¢ <m/4or ¢ >7n/4;

Turning Type = (5-6)

5.3.2 Road Prioritization Restriction

Road prioritization by agencies is meant to ensure that the greatest good is provided as fast as
possible and this usually means prioritizing service on roads with a high traffic over roads with a
low count. This does not guarantee that the best level of service for the whole road network is
achieved, but is still a client-imposed constraint that must be met. Equation (5-7) sets the
precedence constraint to ensure that higher classed roads are completely serviced first:

. t
Min ZZZZ— X, 5, ° Rdclass, (5-7)

Vi kv,
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Equation (5-7) will rank the different routes generated from the heuristic algorithm according to
their road priority performance. The optimization of the minimized road priority objective function

is able to finish higher-class roads first before the lower classed roads.

5.4 Results and Discussions

To complete all the tasks as outline in section 5.1, the python coded algorithm made use of the
supercomputer "beluga" managed by Calcul Québec and Compute Canada. With a 2.4 GHz CPU
and 1GB of memory, it took around 5 hours for the proposed algorithm to run its course for each

optimization case. The results of which are as follows:

5.4.1 Construction of Complete Geodatabase for Perth County

The established geodatabase contained four categories of data that required preparation from their
various sources. These included the truck characteristic data, maintenance route data, and depot
information from district officials, and the road network layer data from the Ontario Road Network
(ORN). The base layer was set using the road network map from the ORN by including the number
of lanes, road segment length, one-way/two-way information, and speed limit information. The
crew information and maintenance data were provided in pdf excel file formats that needed to be
converted into a geo-database format before it could be incorporated into the working geodatabase
in ArcGIS. The depots were on their own database layer where detailed depot information, such
as the number of available trucks and resource storage (see Appendix B) was embedded into the
layer.

During the geo-coding process, a discrepancy between the pre-geocoded data and post-geocoded
data was found. Figure 5-5 suggests that the average difference between the pre-geocoded and

post-geocoded data is 3.9%, which is considered as acceptable. One possible explanation for this
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discrepancy is that the pre-geocoded route miles provided were calculated based on manual tabular

summation, which is likely to introduce a level of human error to the result.

Pre-Geocoded vs Post-Geocoded

1600 1 388 1

1400 ,328.5

1,094.4 1,043.7
1,075.3 1,032.8 849.1

I I I I 790.7
|

1200
945.0
1000 | 924.7
800

600

Route Length (Km)

400
133.2

200 123 8 |

Perth County St. Marys Perth East Perth South West Perth North Perth

m Total Distance - Client  mTotal Distance - GIS

Figure 5-5. Total length difference between pre-geocode and post-geocoded
5.4.2 Optimization of Plow Routes with Existing Municipal Boundaries

After establishing the geo-database, the next step is to optimize the snowplow routes within
existing municipal boundaries. The optimized results could evaluate the performance of current
snowplow routes. The constraints in Table 5-1 were implemented when generating snowplow
routes (see Appendix C for the optimized snowplow routes). The optimization of existing routes
within existing municipal boundaries saw a reduction of 3.2% in the total route length for spreader
routes and 2.14% for grader routes.

Figure 5-6 illustrates the reduction rate for each municipality, which ranges from 0.9% to 5.83%.

To ensure the feasibility, the study then checks the constraint of the minimum maintenance
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standard (MMS) and loading capacity for each generated route. The minimum maintenance
standard restricts the maximum allowable completion time for each road class and any violation

to the MMS in each road class will be treated as infeasible solution.
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Figure 5-6. Spreader route optimization within existing municipal boundaries

Figure 5-7 describes the cumulative operating hours within each route versus the MMS. The result
suggests that the truck will finish the service for each road class while also achieving or bettering

the MMS requirement.
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Figure 5-7. Accumulative operating hours by road classes

Figure 5-8 indicates that the estimated material usage for each plow truck is within the loading
capacity when assuming the average salt/sand spreading rate. The results from Task 2 provides a
benchmark to compare to our optimized routes while also providing the client a measure of
efficiency for their current routing scheme. If maintaining the current municipal boundary and
depots, the total route lengths could be decreased by 3.2 percent by changing the routes for each

truck.
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Figure 5-8. Estimated salt usage for different trucks

5.4.3 Optimization of Plow Routes by Intra-municipality Collaboration

In Task 3, the maximum possible benefits achievable under the current fleet characteristics,
existing maintenance yards while removing the municipal boundary and sharing maintenance
resources was found. The collaboration between municipalities is defined as the sharing of the
service area and maintenance resources. In doing so, the resources could be re-allocated or
removed from a holistic viewpoint. The methods for collaboration are investigated using the
following scheme: As the maintenance resources are shared amongst those within the county,
many depots can possibly be retired to reduce the maintenance cost as long as the new maintenance

strategies are feasible. Therefore, the maintenance yard removal scenario retired yards from
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service according to the yards’ weighted function rank as shown in Table 5-3, and the snowplow

routes that will be generated for each depot removal condition.

Table 5-3. Yard removal process

Yard Removed Vehicles Removed (total) Change in Total Route Distance
Blanshard 2 5%
Milverton (PC) 3(5) 12%
Downie 3(8) 18%

Every time a maintenance yard was removed from service, its assigned spreaders or plows were
also removed, and its routes were assigned to the nearest remaining yards. The process was
repeated until the optimized routes no longer met the constraints of the MMS service time or the
spreaders’ material capacity to complete the route. The optimized result suggests that removing
the boundary could result in a 2% reduction in overall distance travelled. The MTO Listowel and
Contractor’s yards were eliminated prior to the beginning of the analysis, but the Contractor’s
service vehicles were retained. This result suggests that ten depots with a total of 37 vehicles is the
least viable solution for depot removal. Table 5-3 also shows that, on average, the route lengths
will increase by 5%, 12%, and 18% if removing one, two, or three depots, respectively. Intuitively,
the decrease in fleet size and depot numbers would result in longer average route lengths and an
increase in the chance of violating the service standards. Refer to Appendix D and E for a record
of the detailed route lengths and service times for the optimized snowplow routes.

Figure 5-9 lists the average remaining loading capacity for sand and salt for each depot removal
scenario. For the three-depot removal scenario, the material usage for salt will exceed the truck
loading capacity due to the limited capability of the salt spreading truck. The results suggest that

the stopping criteria is met when four depots are retired, as the average sand usage would exceed
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the available truck capacity. Also, the maintenance time for each road class was checked for each

depot removal scenario.
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Figure 5-9. Remaining sand/salt loading capacity with yard removal

Figure 5-10 suggests that a general deteriorating level of service trend is noted when the available
resources were decreased from 13 depot with 45 trucks to 10 depots with 37 trucks. Depot
retirement reduces the availability of maintenance resources, which leads to the longer response

times for each road class.
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Figure 5-10. Average completion time per truck

5.4.4 Clean Slate Optimizations of Plow Routes and Depot Locations

Task 4 is an exercise in optimal depot location-allocation and a measure of how optimal the current
layout is by comparing it to the theoretically ideal optimal depot location-allocations. This ideal
optimum begins by removing all existing maintenance yards from the map and then generates an
optimal configuration for a given number of yards (1 to 13) by applying the classic location
modelling method, the p-median method (Mladenovi¢ & Daskin, 2007). This method’s goal is to
locate p number of facilities such that it minimizes the distance between the demand nodes and the
nearest service facility. The algorithm iteratively searches for optimal locations that will maximize
the route coverage of the road network. In this case, the facilities are the maintenance depots and

the demand nodes are the mid-points of the arcs representing the road network.
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The location optimization model was iteratively implemented to determine the recommended
number of depots (density) and their spatial configuration. The constrained optimization algorithm
started with 1 depot and then the number was incrementally increased to 13 depots. In order to
make a comparison between depot densities, a total travel cost value (i.e., travel distance, potential
service times, truck rental fees, operators’ wage, etc.) for each configuration was calculated and

normalized. The resulting plot is as shown in Figure 5-11.
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Figure 5-11. Depot density optimization curve

The plot clearly shows how the travel cost decreases as the number of depots increases, but also
reveals that travel cost savings experiences diminishing returns. Given how the gain in marginal
benefits tapers off so quickly, it stands to reason then that the optimum number of depots is
between five and eight so long as all depots are positioned in their optimum location as opposed
to their current locations. Therefore, from the results of 7Task 4, the density of six optimally located
depots was chosen to be used as a basis for route optimizations for individual trucks.

Figure 5-12 shows the existing depot locations, and 6 depots generated from the optimal location
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model. The truck resources for 6 depots were done by considering the spatial similarity to the
current depot resource allocation for each depot. The number of trucks available for Task 4 is 37
trucks, which is the minimum number of trucks needed to service the entire road network in Task
3 while meeting service time and spreader capacity requirements as closely as possible. In doing
so, the same constraints used in Tasks 2-3 are applied to Task 4 with an added assumption that a

single spreader capacity be used for route optimizations.
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Figure 5-12. Current depot locations and optimized locations

The same optimization step was used to output the optimized routes (refer to Appendix F for the
detailed plow routes sequence). To demonstrate the performance of the optimization model
developed for Task 4 and its superiority over Task 3, the level of service for Task 3 (10 depots)

and Task 4 (all-new 6 depots) are respectively compared as shown in Figure 5-13. The result
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suggests that optimizing the location for 6 all-new depots will result in the same level of service

as through the collaborative depot configuration, with selected depot retirements.
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Figure 5-13. Comparison between Task 4 (all-new 6 depots) and Task 3 (10 depots)

5.4.5 Trade-off Analysis for Reduced Depot and Truck Numbers

When investigating the prospect of retiring a depot, there are costs and trade offs associated with
it that must be considered. Every depot removed/retired will have a direct effect on the service
levels, total distance travelled per truck, and material usage. As such, Figure 5-14 is provided to
summarize the service time ratio and the material volume to capacity ratio under different
optimization scenarios. The material volume to capacity ratio shows an increasing trend when a
depot is retired, suggesting that the average truckload will increase. The results of the service time

ratio from Tasks 2 and 3 showed a decreased trade-off suggesting that the optimized routes will
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lower the service times. One possible explanation could be the reduction in deadhead movements
for the optimized routes thus decreasing the total distance travelled, and in turn increasing the level
of service. However, when a depot is retired, so to are their assigned trucks. The resulting reduction
in truck numbers leads to longer route lengths as each remaining truck will need to make up the
difference. This naturally results in a reduced level of service as service times and expenditures
increase. It is interesting to note that in Task 4, where the total number of trucks is maintained
while the number of depots was reduced from 10 to 6, there was a reduction rate of approximately

7 percent in the service ratio while the material volume to capacity ratio remained the same.
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Figure 5-14. Trade off analysis using task 2 current routes as a basis

5.5 Summary

This chapter complements the proposed framework by dealing with a more realistic scenario where

the routes are optimized with shared municipal boundaries and road maintenance sources. To
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understand the efficiency of its current routes, plow routes were optimized based on the current
boundary configuration, available trucks, and depot distribution providing a baseline for the
highest possible benefit achievable under the current, individualistic municipal setup. The
extensive amount of time and efforts were put forth to generate a fully-connected and
comprehensive geodatabase as it served as a basis for undertaking all remaining tasks. The result
of Task 2 (optimized vs current) suggests that the average route length can be reduced by 3.2%
without the changing service boundary or sharing resources. Next, this study investigated the
possible benefits from cooperation between municipalities (7ask 3). Two types of cooperation
were used to reduce maintenance costs; the amalgamation of boundaries and the sharing of
maintenance depots. Amalgamating boundaries created more room for route optimization, and
shared depots allows for the removal of redundant depots (7ask 4). The result suggests that
amalgamating boundaries could result in a 2% reduction in the total travelled distances when
compared to optimizing within boundaries, and the sharing of depots could allow for the retirement
of 3 depots and 8 trucks without violating their practical requirements. To evaluate the benefits of
the new depot configuration, a p-median based approach was used to assign the depots. Thirty-
seven trucks were assigned to six depots based on its spatial similarity to the existing resource
configuration. The results show that 6 optimally located depots can achieve a level of service
comparable to that of 10 non-optimally located depots through city partnerships. Finally, as the
reduction in depot numbers and fleet sizes could negatively impacting the level of service of their
WRM operations, a trade-off analysis for their depot removal plan was conducted to evaluate the
relationship between the level of service and the number of depots removed in an objective manner.
Trade-off analysis shows that service times would get longer as the number of depots and winter

road maintenance trucks decreases, while the average material volume to capacity ratio stayed the
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same as the number of depots decreases. These results can be used to determine the optimal number
of depots that can be decommissioned. For example, managers can be provided with the optimal

number of depots based on the level of service they would like to retain.
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Chapter 6. CONCLUSIONS

Restoring and maintaining traffic mobility and safety is a crucial task in winter transportation.
Transportation authorities are responsible for the design, strategic planning, and operational
management of winter maintenance operations that maintain a high level of service. One way to
achieve their operational goals is to maximize their service vehicle operations via optimizing snow
plow routes.

As a way to compare and contrast the benefits from snowplow route optimization, the proposed
plow route optimization method constructed upon a novel K-PPP technique was applied over two
case studies. The first case study looked at its benefit in a future hypothetical setting where
technology has advanced enough such that a fully connected vehicle (CV) environment has been
achieved and drivers can now take advantage of real-time road condition information. This case
study shows the impact that route service order has on the overall efficiency of the road network
from the driver’s point of view in a fully CV world. The second case study applied the optimization
framework to a real-world project where the optimization of routing strategies can be used to adjust
service plans, fleet sizes, and even maintenance depot densities and locations. This case study
showcases the framework’s ability to be utilized to solve a real-world problem by providing the

clients the necessary information for them to make operational decisions.

6.1 Research Findings

This section summarizes the findings from both case study scenarios.

Scenario I: Snowplow routes optimization in a simulated CV environment.
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This case study evaluated the efficiency of the tabu search algorithm by checking the
performance of the objective function’s system traffic delay for each iteration. The results
suggest that the optimization process remains stable after 700 iterations. Compared to the
initial solution, the tabu search algorithm can help reduce the total system travel time by
around 22 hours under the static routing condition and 21 hours for the dynamic routing
condition. The result indicates that the proposed tabu search algorithm could improve the
solution gradually over 700 of iterations.

Two different routing strategies were taken into consideration for the snowplow route
planning phase. The static routing strategy is a case where vehicles are unconnected and
drivers will choose the route based on historical road information. The dynamic routing
strategy is a case where road users choose their paths based on real-time road information.
The comparison between them suggests that the CV environment could reduce system
traffic delay by 0.3 hours and 97.4 hours compared to the unconnected environment and
no snow condition, respectively. Based on this result, it was proven that the road users'
travelling time could be reduced if they are provided with the latest road condition
information so that they can make real-time route adjustments while on-route.

The optimization of snowplow routes by minimizing system traffic delay has the added
benefit of also being a decision support tool for fleet size management. When the number
of snowplow trucks increases from one to two, the reduction in traffic delays from the
resulting snowplowing activities increases from 61.7 to 101.0 hours, indicating a total
decrease in travel times by 39.3 hours. Likewise, the total reduction for travel time will
decrease to 23 hours when the truck number increases from two to three. By tracking the

diminishing marginal benefit as the number of trucks increases, decision makers can make
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a more informed decision on their desired fleet size, which in turn can be used to determine

the optimal number of maintenance depots desired.

Scenario II: Real-world application of snowplow route optimization

This research evaluated the current performance of Perth County's existing snowplowing
strategy by optimizing snowplow routes that minimizes the overall distance travelled while
keeping the current maintenance depot configuration. Prior to doing so, the entire existing
road network of Perth County has been assimilated, processed, and constructed on a GIS
platform for computer manipulations and representation. The optimization problem
formulated earlier was modified to take account for both operational and legislative
constraints. The results of the route optimization suggest that the reduction rate of the
overall distance travelled for each municipality ranges from 0.9% to 5.83%. While
maintaining the minimum maintenance standard (MMS) as set by the province. With
relatively small gains, the current snowplow strategy for Perth County could be regarded
as already efficient. The results also found that if Perth County decides to maintain the
current service boundaries, then optimizing the routes within each zone will still result in
total route length savings of 3.2% for spreaders and 2.14% for graders.

To understand how many maintenance depots could be retired if the municipalities within
Perth County started to share depots and maintenance resources, this study generated
optimized snowplow routes for different depot configurations. The results indicate that the
total route distance will change by 5% by removing one depot, 12% by removing two
depots, and 18% by removing three depots. Intuitively, fewer depots will increase the

chance of overloading trucks as they have to pick up the slack left by the retired depots and
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6.2

their assigned trucks. From the material usage perspective, the loading capacity for current
snowplow trucks is insufficient when a fourth depot is removed, suggesting that the
maximum number of depots that can be retired for Perth county is three.

To understand the performance of the non-optimally placed depots under their current
setup, but with intra-municipal collaboration, a clean-state approach was taken to depot
placement. In this case, the p-median method was employed to iteratively determine the
optimal depot location-allocation for 1 to 13 depots. Then for each clean-slate depot
configuration, the same route optimization framework was used to generate feasible and
optimal snow plowing route solutions. Via this density analysis, it was found that having
5 to 8 optimally placed depots is the optimal clean-slate solution while also accounting for
the total travel costs (i.e., travel distance, potential service times, truck fees, wages, etc.).
For comparison purposes, 6 clean-slate optimal depots were chosen and had its optimal
snow plowing route solution determined. After comparing the results, it was found that 6
clean-slate optimally placed depots will perform just as well as the snow plow route

solution for the collaborative depot configuration after select depot retirements.

Research Contributions

The primary contribution of this thesis was the development of a new methodological framework

aimed at solving the challenging k-truck plowing with precedence problem (K-PPP). Before this

research, very few studies have ever investigated the precedence problem for snowplow route

optimization, especially for multiple trucks. This study defines this problem and applies a

metaheuristic algorithm for generating near-optimal solutions.
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The second contribution made by this thesis is the planning of snowplow routes for the future CV
environment. By considering the interaction between road users and truck operators, this study
investigates how the routing strategy could be designed in the connected vehicle environment
while taking into account the road users' real-time traffic demand and dynamic routing decisions.
Previous research failed to investigate the effects of the road users' routing choices on achieving
the desired winter maintenance service level. For example, the road user's real-time routing choices
in models to date are independent of the planning of snow removal routes. Additionally, this study
proposes a new depot optimization process by retiring redundant service depots through intra-
municipality collaboration. Allocating and operating depots requires a substantial amount of
finances, workforce, space, and time, the availability of which is limited. Therefore, this study
proposed a framework to evaluate operational conditions where potential depots are
removed/retired one at a time. The results of the framework provide a comprehensive and
convincing decision support tool for the retirement of excess depots.

From a practical standpoint, this study helped to investigate the potential benefits of intra-
municipality cooperation through shared routes, depots, and merged municipal boundaries.
Starting with the creation of a comprehensive geographical database for the entirety of Perth
County, this system allowed for the interaction between municipalities to solve their common
problems in a holistic manner. Secondly, should the municipalities decide not to merge their
resources, this study also generated optimized snow plowing routes while maintaining the existing
maintenance strategy, resource allocation, and municipal boundaries. The resulting, non-holistic
snow plow routes still reduced the total travel length by about 3.2% and can be used as a guideline
for future implementation. The Perth County case study further showed that they could remove up

to three depots and still be able to maintain their operational and legislated commitments to a
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minimum level of service. Generally, the level of service has a downward trend as available
resources are retired or removed as in the case of going from 13 depots with 45 trucks, to 10 depots
with 37 trucks. This analysis helped the region identify depot decommissioning issues along with

any potential maintenance cost savings.

6.3 Future Research

This thesis proposed a new framework that could be modified to support WRM strategies and
decision-making processes in fleet and resource management in both the real-world and in an
idealized CV world. By introducing the precedence problem in snowplow routes optimization, this
study deals with realistic constraints and road users during winter maintenance operations.
Nevertheless, this research can also be improved by incorporating more advanced solution
techniques, case studies, and sensitivity analysis.

Improvements to the extensible framework can take the following directions. Current studies
assume that all arcs serviced were under snow-covered conditions. However, for a large-scale
network, weather events tend to vary over space and time. Therefore, road conditions should be
modelled in a stochastic way in order to capture the temporal and spatial heterogeneity of the road
conditions over the entire network. It would also be interesting to compare the efficiencies
differences between different solution algorithms for solving the proposed K-truck plow with
precedence problem. Possible future algorithms could include the genetic algorithm, local search
scheme, and dynamic programming.

Since proposed method for snowplowing in a simulated connected environment was tested using
a hypothetical road network with assumed traffic demands, future research could utilize real-world

datasets to test the validity of the method presented and ascertain the conclusiveness of the results
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found herein. Likewise, future research could create a sensitivity analysis to investigate how the
resulting optimal routes could change when external factors such as free-flow speeds, traffic
demands distributions, weighting parameters etc. are incorporated into the framework (i.e.,
different connected vehicle penetration rates).

A future research direction for real-world snowplowing could be the cost-benefit analysis for the
depot retiring process, thus helping managers decide how many depots could be closed from a
cost-benefit perspective. Current studies focus on investigating the maximum number of depots
that could be removed while satisfying the operational rule. A possible extension is to incorporate
crew cost information, depot maintenance expenditure information, and material usage cost to
estimate the financial cost for each depot configuration. It would help clients decide how many
depots could be removed from a practical application standpoint.

At the same time, by testing the WRM strategy for a differing number of trucks stationed at a
depot, the resource allocation for the clean state analysis can be further investigated. Additionally,
a sensitivity analysis for the weight of penalty term can be conducted to analyze how optimal
routes will change when stricter constraints are imposed. This can be especially helpful in

generating customized operational management guidelines that meet a client's requirements.
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Appendix A: Ranking List for Depots in Perth County

Murray's
Yard Name Municipality Address Ranl;mg of
Existing
Operations
Mitchell (PC) Perth County 4 Napier Street, Mitchell, ON 2

Stratford Perth County 4312 Perth County Road 119, Gads Hill, ON 4 (tied)

Milverton (PC) Perth County 6372 Perth Road 131, Milverton, ON 11
408 James St S,

St Marys St Marys Lakeside, ON 3
Milverton (PE) Perth East 4700 Line 61, Perth East, ON 1
North Easthope Perth East 2188 40 Line, New Hamburg, ON 5

. 3193 County Rd 122,
Downie Perth South Saint Pauls Station, ON ?
Blanshard Perth South 1766 Perth Rd 139, Granton, ON 12
Mitchell (WP) West Perth 50 Arthur Street, Mitchell, ON 8
Elma North Perth 171 Monument Rd, Palmerston, ON 6
Listowel North Perth 580 Main Street West, Listowel, ON 7
5882 88 Line .
Wallace North Perth Gowanstown, ON 4 (tied)
MTO Listowel North Perth 245 McDonald St E, Listowel, ON 10
Appendix B: Active Depots and Truck Resources
Route Truck Number | Spreader Capacity
Agency Depot Truck ID
ID Type of Axles (tonnes)
H&H
Contractor
North Perth Beat A Contractor | Single Axle 1 4.895
Yard (PN)
#1
North Perth Listowel Beat B 3733 Single Axle 1 8.811
H&H
Contractor
North Perth Beat C Contractor | Single Axle 1 4.895
Yard (PN)
#2
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North Perth Elma Beat D 3709 Grader N/A N/A
North Perth Elma Beat E 3710 Grader N/A N/A
North Perth Elma Beat F 3711 Grader N/A N/A
North Perth Elma Beat G 3719 Tandem 2 13.706
North Perth Wallace Beat H 3738 Tandem 2 15.175
North Perth Wallace Beat ] 3748 Tandem 2 13.706
North Perth Wallace Beat ] 3741 Grader N/A N/A
H&H
Contractor
North Perth Beat K Contractor | Single Axle | 4.895
Yard (PN)
#1
Milverton
Perth County Route 1 16 02 Tandem 2 15.07
(PO)
Milverton Contractor
Perth County Route 2 Tandem 2 13.42
(PC) #41
Milverton Contractor
Perth County Route 3 Tandem 2 13.42
(PC) #42
Perth County Stratford Route 4 10 08 Tri Axle 3 13.41
Perth County Stratford Route 5 18 07 Tri Axle 3 13.41
Perth County St Marys Route 6 14 06 Tri Axle 3 18.89
Perth County | Mitchell (PC) | Route 7 1524 Tri Axle 3 18.89
Perth County | Mitchell (PC) | Route 8 14 05 Tri Axle 3 18.89
Perth County | Mitchell (PC) | Route 9 13 01 Tri Axle 3 18.89
Milverton
Perth East 22 M22 Grader N/A N/A
(PE)
Milverton
Perth East 27 M27 Grader N/A N/A
(PE)
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Milverton

Perth East 30 M30 Tri Axle 17.4
(PE)
North
Perth East 31 M31 Tri Axle 17.4
Easthope
Milverton
Perth East 34 M34 Tri Axle 17.4
(PE)
Milverton
Perth East 36 M36 Tri Axle 17.4
(PE)
North
Perth East 37 M37 Tandem 9.6
Easthope
North
Perth East 38 M38 Tri Axle 17.4
Easthope
Milverton
Perth East 39 M39 Tandem 9.6
(PE)
13.706 (16.643
Perth South Downie PR1 Truck #34 Tandem tonnes with 10"
sideboards)
13.706 (16.643
Perth South Downie PR2 Truck #35 Tandem tonnes with 10"
sideboards)
13.706 (16.643
Perth South Blanshard PR3 Truck #13 Tandem tonnes with 10"
sideboards)
13.706 (16.643
Perth South Blanshard PR4 Truck #29 Tandem tonnes with 10"

sideboards)
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Parking Lot

St Marys St Marys J-30 J39 Type N/A N/A
Vehicle
St Marys St Marys T-20 T20 Single Axle 1 4
St Marys St Marys T-30 T30 Single Axle 1 8
St Marys St Marys T-40 T40 Tandem 2 12.5
Fullerto Western
West Perth Mitchell (WP) Tandem 2 12
n North Star #96
Fullerto | Internationa
West Perth Mitchell (WP) Tandem 2 12
n South 1 #85
Hibbert | Internationa
West Perth Mitchell (WP) Tandem 2 12
North 1 #78
Hibbert Western
West Perth Mitchell (WP) Tandem 2 12
South Star #88
Logan I.D. 772G
West Perth Mitchell (WP) Grader N/A N/A
Grader #74
Logan Western
West Perth Mitchell (WP) Tandem 2 12
North Star #91
Logan | Internationa
West Perth Mitchell (WP) Tandem 2 12
South 1#75
Mitchell | Internationa
West Perth Mitchell (WP) Single Axle 1 8
Ward 1 #99
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Appendix C: Optimized Plow Routes for Task 2
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Appendix D: Reference Maps for Task 3 and Task 4
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Reference Map for Perth County-Part 1

+  Reference Node
Perth County Roads
Sanding Routes
Salting Routes

Plowing Routes

948

. J220
Part 1
'2313
.2302
.725
.2795
'1413221 773
950 277 270 2
o 338 ¥
18 RECH
.2755 '{10
35 7752
2 2746 e
221 221 2 o4 * 2848
5 3 L &
S-St 2288
J A0 - 2293
s
2047 P 389 66 828 024
7 ] / 088
288 7
L s
, . 2917 24
anar ZUT oo * 4019 12 i
.
2126 2093
s 756 2o 4 Sy Jes2
k] 2N o 203 £, 821 281
701 i ! 1548 c s I / / Jee7
# As22 rdgcld 671
2002 Jaos e . 54
n 2041 - » 2082
B3N 4 2518 s y
e 2188 # 2022 . 1432
2! < 706 ~ A flos
70 2o Jan 0 P
1048 ' 288 2280 F 1583 .
- 402 A .12‘37 g4 y -1 BIT
o6 M2 Ao o » ot
2 Yo 455 1535
a3 219 1510 / -
,- ¥ o 838 AN 2435 AN
< 571 ’ 445~
125 o 1264 2471 b
'ﬂi'ﬂi y -1135 3
/ 200 v 823 ) o
967 » 2740 7
o 2923 y 2007/
L1330 < F " a3 963
1841 2273 # .
L 876 “ y
2857 525 ¥ ST
3 2396 - Zios
2 11542763 b 2N 4208
]
g2 4 A0
2098 1564 747 2081
g 4 : /
004 204 2305 F265
2246 § 1425
71 2508
A~ 1803
JA13 055 m
-173
2032
2016 S
408
.
01T

Sources: Esri, HERE, Garmin, USEES‘
Intermap, INCREMENT P, NRCan, Esri Japan,
METI, Esri China (Hong Kong), Esri Korea, Esri

89




Reference Map for Perth County
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Reference Map for Perth County
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Reference Map for Perth County
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Reference Map for Perth County
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eference Map for Perth County
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Reference Map for Perth County
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A Reference Map for Perth County
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Reference Map for Perth County
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Appendix E: Detailed Plow Routes Sequence for Task 3
E1: Task 3 (No Boundary)

Truck ID

Route Sequence

16-02

['383', '2287', "788', '2468', '2458', '1233', '393', 225", '150', 2480, '2506', '563',
'543', '1685', 702", '1584', '444', '2473', '1076', '2573', '1340', '§75', '1854', '302',
'488', '791', '2588', '1131', '2517', '1131', '2588', '791", '488', '302', '1854', '875/,
'1340', 2573', '1076', 2473, '444', '1584', '702', '1685', '543', '563', '2506', '2480',
'150', 225", '393', '1233', '2458', '2468', '1176', '388', '1444', '984', '2102', 2119,
'2442', 2648, '1266', "2518', '1985', '1442', '1738', '285', '1138', '2489', '1105',
'1568', '238', '1753', '735', '1124', '106', '1697', '106', '1124', '735', '1753', 238,
'1568', '1105', '2489', '1138', 285", '1738', '1442', '1985', 2518', '1266', '1633',
'1266', 2648', '1633', 2648', '2442', 2119', '2102', '984', '1444', '388', '1176/,
'2468', '"788', "2287', '383']

Contractor
#41

['383", 273", '1470", '559', '1678", 26!, '1871", '1967', '981', '415', '717", 2102,
717, '415', '981", '1967', '724", '2618', '1262', '1221", '1201', 245", '793', 235",
442", '235', 793", 245", '1201', '1221', '1262', '2618', 724", '504', '513", '318,
535", '881", '592', '1051", 'S41', '2049', '541', '1051", '592', '881", '2535'", '318!,
'513', '983", '76', '2162', '593", '1709', '762', '584', '2094', '584', '762', '1874",
013", '2081", '2013", '1874', '762', '1709, '593', '2162', '76', '983', '513", '504",
724", '1967", '1158', '1830', '1158", '1967, '1871", '26', '1563', '2591', '2026', 2591,
'1563', '26', '1001", '989", '1001', 26", '1678', '559", '1470", 273", '383']

Contractor
#42

[383', 437", 2201, '637', '1132', 2710', '1915', '2355', '1006', '672", '1484", '624",
"1606', '1739', '1202, '1860', '1513', '619', '989', '522", '385", '961', '1290, 748,
"1290', '961", '1944", '2081'", '1944", '1322', '1944", '364", '1322', '2081', '1322", '364',
598", '2259', '653', 101", '1161", '1207", '700', '2530', '1317', '2530', '700', '1207,,
161, '101', '1269', '1059', '2043', '2173', '688', '1927", '2455', '1369', '58', '1988,
D57, 2149', '2392', '2924', '2392', '749', '2834", '749', '2392", 2149', '257', '1988",
58, '1369', '2455', '1927', '187', 476", 729", '476', '187', '1142', '476", '1142",
87", '1927, '688', '2173', '2043', '1059', '1269', 101, '653', '2259', '598', 364",
'1944', '961", '385', '522', '989', '729', '989", '619", '1513', '1860', '1202', '1739",
"1606', '624', '1484", '672', '1006', 2355', '1915', '2710", '1132', '637', '2201', '437',
13831

10-08

['1697', '106', '1124', '735', '1753", '2346', '600', '1169', '2408', '1642', '806', '463',
'164', '1114', '1902', '1989', '2344', 760", '2106', '1969', 2111', '602', 2301', '602',
2111', '1969', '2106', '760', '1250', '1855', '1250', '760', '2344', '1989', '1902',
'1114', '164', '463', '806', '1642', '2408', '1364', '2377', '363', 2180, '112', 2712',
112, 2180, '363', 2377', '1364', 2408', '1483', '1450', '1754', '2448', '1420',
'1390', '1185', '1633', '1185', '1390', '1420', '2448', '1754', '1450', '1483', 2408,
'1169', '600', "2346', '1753', "735', '1124", '106', '1697']

18-07

[1697', '94, 107, 111, '2023', 2239', 260', '1144", 284", '668', '1529', 919,
2497, 354", 276, '1296', 2056, '2179', '917, '2560', '544', '1638', '424', 1857,
'1280', '820', '1460', '872, '1146, 305, '765', 2174, 2178, 2509', '1928', '545,
'1853', '986', '1853', '545', '1162', '545', '1098', '1503', '1098", '545', '1928", '1164',
1719, '524', 217, '1856, '2575', '2949', 2575', '1856', 217", '524", 1719, '1164',
'1928', '2509', 2178', 2174', '765', '305', '1146', '872', '1460', '820', 1280/, '1857,
424", '1638', '544', '2560, '917', 2179, '2056', '1296', 276", '354', '2497', '919),
'1529, '668', '284', '1144", '260', '2239', '2023', '111', '107", '94", '1697'
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14-06

['396', '1976', 2092', '1347', '499', '174', '2440', '1386', '1586', '1386', '2440', '174/,
'499', '1347', 2092', '1976', '396', '1528', '312', '1665', '1625', '648', '95', 210',
'1991', 2434', '2212', '2351", '692', '1793', '381', '671', '72', '1178', 247", '113',
'1137', '1191', '39', '734', '1037', '1301", '378', '1497', '384', '1213', '138', '1598,,
'2095', '1089', '1103', '1818", '1612', '2406', '224', '2172', '2256', '2007', 2256,
2172', 224, 2406', '1612', '1818', '1103', '1089', '2095', '1598', 2436', 751",
'1508', 2167, '1423', 2161', '2533', '2161', '1423', '2167', '1508', '1405', '278',
'1826', '1963', '1826', '278', '1405', '1508', '751', 2436', '1598', '138', '215', '1916',
'468', '1198', '1519', '1198', '1518', '1198', '468', '1916', 215', '138', '1213', '384",
'1497, '378', '1301', '1037', '734', '39', '1191', '1137', '113', 247", '1178', '72/,
'671", '381", '1793', '692', '2351', 2212', '2434', '1991", '210', '95', '648', '1625',
'1665', '312', '1528', '396']

15-24

['900', '1676', '1133', '2266', '1046', 70", '523', '2002', '1707', 2090', '1590', '2041",
706", '2515', '1806', '1548', '1019', '389', '897', '1788', '1220', 2175', '558', '2319',
27", '739', '1603', '237', '1058', '1706', '553', '464', '898', '1852', '358', '428', '358',
'531", '1634', '876', '1634', '531', '358', '1852', '898', '464', '1864', '1770', '1104/,
238", '1104', '1770', '1864', '464', '1344', '1337', '538", '167', '2458', '167', '538,
'1337', '1344', '464', '553', '1706', '1058', '237', '1603', '739', 27', '2035', '130',
'1791', '1998', '1462', '1998', '1791', '130', "2035', 27", '2319', '558', '2175', '1220',
'1788', '897', '389', '1019', '1548', '1806', 2515', '706', '2041', '1590', '2090', '1707",
'2002', '523', '70', '1046', '2266', '1133', '1676', '900']

14-05

['900', '838', '1564", '2444', '408', '819', '2334", '2579', 24", 2007', '840', '52', '188,
418, 441", '418', '188', '52', '840', '2007', '509', '64', '2368', '1276', '365', 292",
232", 713", '1355', '814', '1816', '154", '1595", '1674', '830', '1698', '1945', '1440,
649", '1118', 2466, '104", '1044', '918', '2698', '918', '2667", 2959', '2667', '918',
'1044', '104', '2466', '1118'", '2649', '1440', '1945', '1698'", '830', '1674", '1595', '154",
1816, '814', '1355', '713', 232", 2099', '97, '2636', '2665', '2617', 2665', 2652!,
665", 2636, '97', '2099', 232", '1974", '1496', '1286', '1600', '2184', '822', 2184,
1600, '1155', '1115", '1155', '1600', '1286', '1496', '1974", '232', '292', '365', '1276/,
368", '64', '509', 2007', 24", '2579", '2334'", '819', '408', '2444', '1564', '838",
'900']

13-01

['900', '838', '1564', 2444', '408', '819', 2334', '1577', '1824', '442', 2080', '758',
1911, '2138', '2621', '1805', '1958', '1267', '1485', '1702', '958', '786', 2078,
1961, '1209', '2253', 2198', '1453', '1462', '640', '1126', '971', '1282', '2517',
'1282', '971', '1126', '640', '1462', '1453', '2198', '2253', '1209', '1961', 2078', '786',
'958', '1702', '1485', '1267', '1958', '1805', "2621', 2138, '1911", '1787', '110/,
'1740', '131', '2880", '131', '2881', '131', '1740', '110', '1787', '1911', '607', '1092',
'1451', '1371', 201", '1997', '1488', '1997', 201', '1371', '1451", '1092', '607', '1911",
'758', 2080, '442', '1824', '1577', '2334', '819', '408', '2444', '1564', '838', '900']

International
#85
(tandem)

['1055', '2032', '173", '1413', '2444', '408', '819', '2334', '1577', '1824', "2228', '441',
'418', '188', '52', '952', '623', '2337', '328', '2038', '521', '442', '521', '2038', '1085',
'2038', '328', "2337', '623', '908', '1735', '908', '1402', '908', '623', 2297', '1402',
2297, '1818', '1292', 2631', '752', 2631', "2564', '338', '2564', '978', '2439', '978,
'365', '978', '2564', '1703', '1276', '1703', '2368', '1703', '2564', '2631', '1292/,
'2406', '1292', '1818', 2297, '623', '952', '224', '952', '840', '952', '52', '188', '418/,
'441', 2228', '1824', 24", '1824', '1577', '2334', '819', '408', 2444', '1413', '173',
'2032', '1055']

International
#75
(tandem)

['1055', '1803', '1425', '1750', '2108', '1403', '1136', '1821', '893', '1297', '706',
'2041', '1590', '2090', '1737', '2047', 221', 248', 2028', '1220', '948', '1086', '771',
'1086', '2300', '1471', '2300', '1086', '948', '1220', '2028', '2093", '514', '1157,
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'1658', '695', '1658', '447', '2317', '2029', '1214', '695', '1214', '1808', '2175', '1760',
'1257', '1610', '1257', '1760', '2175', '1808", '1214', '2029', '2319', '1468', '1490',
'577', '944', 'ST7', '1490', '1468', '2319', 2029, 2317', '447', '1998', '572', '1998',
'447', '1453', '447', '1658', '2198', '1658', '1157', '2253', '1157', '966', '1157', '514,
'2093', '2028', '248', '221', '2047', '1737', '2090', '1590', '2041', '706', '1297', '893',
'1821', '1136', '1403', '2108', '1750', '1425', '1803', '1055']

Western
Star #91
(tandem)

['1055', '1803', '1425', '1750', '2108', '1403', '1136', '1821', '893', '1297', 706/,
'2041', '1590', '2090', '1737', '2047', 221', 248', '614', '514', '695', '2317', '1791",
'130', '400', '494', '1068', '2063', '325', '1721', '325', '2063', '1068', '494', '603',
'1605', '980', '1605', '1447', '488', '302', '181", '2001', '662', '2330', '659', 2195/,
'659', '2330', '662', 2001', '181', '302', '488', '1447', '1601', '1282', '1601', '1447',
'1605', '603', '494', '400', '1093', '603', '1130', '764', '279', '334', '279', '362',
'1052', '362', '563', '362', '1532', '980', '1532', '362', '279', "764', '1532', '1685',
702", '1584', 702, '1685', '1532', "764', '1130', '603', '1093', '1655', '1126', '1655',
'1093', '400', '572', '1655', '572', '640', '572', '400', '130', '1791', 2317', '695',
'514', '614', '248', '221', 2047', '1737', '2090', '1590', 2041', '706', '1297', '893',
'1821', '1136', '1403', '2108', '1750', '1425', '1803', '1055']

Western
Star #88
(tandem)

['1055', 2032', '173', '1413', 2444', '408', '819', '2334', '1577', '172', '832', 2058,
2138, '1416', '770', '1416', '110', '728', "214', '1889', '131', '329', '770', '329',
131", '1889', "2865', '1889', '564', 2835', '564', '1495', '537', '626', '564', '1889',
214", '1495', 214, "728', '1327', '1495', '564', '626', '2784', '626', '75', '626', '537',
'2562', '722', '2562', '2401', '1970', 2401', '1997', 2401', '2562', '537', '1495',
'1327', 201', 205', '2097', '1085', '2097', '205', 201', '1327', '728', '1371', '62',
'2218', '521', 2218, '62', '758", '62', '1371', '728', '110', '1416', '2138', 2058,
'832', 2080, 2219', '2080', '832', '172', '442', '172', '1577', '2579', '1577', 2334,
'819', '408', '2444', '1413', '173', '2032", '1055"]

Western
Star #96
(tandem)

['1055', 2032', '1141', '1010', '1507', '408', '1507', '2019', '2089', '1129', '2580',
'2340', '995', 2019', '1507', "2331', '2089', 2340', '509', '2340', '2089', 2331/,
2210, '1129', '1594', '940', "2580', '1129', "2210', '664', '1594', '1129', 2089,
'2019', 2911, '2019', '995', "2340', '2580', '64', '2580", '940', '1276', '940', '1120',
'365', '1120', '940', '1594", '37', '1594', '664', '1048', '664', '2492', '664', '2210',
'779', '2210', '"2331', '1333', '"2331', '1507', '1010', '1141', '2032', '1055"]

International

#78
(tandem)

['1055', '2032', '173", '1413', '2444', '408', '570', '248', '570', '57', '614', '57', '1576',
'1805', '1782', '1899', '1782', '915', '969', '915', '1210", '915', '856', '2190', '856/,
770", '1740', 770", '856', '2211', '856', '915', '1782', '1805', '1576', 'S7', '949',
'832', '949', '57', '570', '306', '949', '333', '1576', '966', '1576', '333', 2621', 2211,
'1416', 2211', '2621', '333", '2058', '333', '949', '306', '172', '306', '819', '306',
'570', '408', '2444', '1413', '173', '2032", '1055"]

International
#99 (single
axle 5-
tonne)

['1055', '1803', '1425', 2265', '2668', '2265', '1882', 2265', '1425', '1803', '1055',
'"1171', '2305', '1750', 2396', '597', 2273', '2108', '1882", '206', '2740', '206', '1403',
206", '1882', '2108', '2273', '823', 2273', '133', "2888", '133', '2482', '133', '571/,
'1510', '1621', '1297', '930', "2515', '1806', "2515', '930', '954', '930', '322', '1806',
'1548', '1806', '322', '430', '2339', '2435', '2471', '2435', '2339', '430', '1432', 2042/,
'1671', '2042', '1432', '430', '954', '893', '954', '455', '2471", '590', 2471, '455',
'954', '430", '322', '887', '1548', '1019', '2070', '352', '2070', '1019', '1548', '887,
'1432', '1583', '2339', '455', '1821', '1136', '1821', '455', '2339', '1583', '1544/,
'2083', '1986', 2083', '1544', '1583', '1535', '2435', '1535', '1877', '1535', '1073',
'445', '445', '1073', '1300', '1073', '1535', '1583', '1432', '887', '1097', '2042', '1097',
203", '1671', '352', '1544', '352', '348', '1348', '2828', '1348", '1288', 2366', '2285',
'2366', '2293', '2293', 2366', '1288', '389', '897', '2285', '1573', '1024', '1986/,
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'1024', '1573', '294', '1348', 294, '842', '2083', '1493', '921', '1867', '1459', '1877',
'1459', '1867', '955', '1986', '955', '1867', '921', '1493', '2083', '842', '1024', '842',
294", '348', '352', '1671', '203', 2070, '1288', '1348', '348', 294", '1573', 2848,
'1573', '2285', '897', '2752', '904', '2752', '897', '389', '313', '2752', '313', '1764',
'313", '389', '1019', '389', '1288', '2070', '203', '1097', '887', '322', '930', '1297',
'1621', '1510', '1264', '1838", '1264', '1510', '1163', '2280', '1163', '1510', '571",
'1163', '571', '823', '1264', '823', '571', '133', "2273', '597', 2396, '1841', 2482/,
'1841', '2923', '1841', 2396, '1750', '2305', '2246', '2941', '2246', '2305', '1171',
'2246', '1413', '2444', '1564', '1154', '1564', '838', '900', '1676', '967', '1876', '967',
219", '2493', '402', '2493', '1699', '1125', '2022', '2041', 2022', '1125', '1707,
'1737', '2047', '950', '2795', '950", 221', '950', '2047', '1737', '1707', '1125', '1590',
'1728', '2126', '1728', '1522', '2041', '1522', '1728', "756', '359', '1522', '359', 2318,
'359', '756', '1228', "2318', '1370', '1504', 262', '710', '895', '1370', '1898', '321',
'303', 2527, '303', '1504', '1370', 2318", '1228', '1898', '1370', '895', 2413', 2270/,
'2413', '895', 710", '519', 277", 710", 262', '2746', '262', '1504', '303', '321',
'1339', '519', 710, 277", '726', 277, '519', '1339', '726', '2302', 2413', '2302',
"726', '1339', '321', "2755', '321', '1898', '1228', '756', "2447', '1898', 2447', '411',
'411', 2447, "756', '1728', '1590', '1125', '1699', '2493', 2186, '2493', '219', 2260/,
'1046', '2186', '1046', '70', '523', '2186', '523', 2002', '1699', 286', '402', '1876',
'401', '2763', '401', '1747', '401', '1876', '402', '286', '2022', '286', '1699', 2002/,
'1707', '2090', '2126', '2447', '2126', '2090', '1707', '2002', '523', '70', 2761', '"70',
'1046', '2266', '219', '123', 219', '967', '1676', '1133', '2266', '1133', '1676', '900',
'1330', 2827', '1330', '900', '838', '621', '2685', '621', '1004", '621', '525', '1330’,
'525', 2857, '525', '621', '838", '1564', 2444', '1413', "2246', '1171', '1055', '1141',
'2032', '173', '1171', '173", '1413', '173", '2016', '173', '2032', '1141', '1055']

3733 (single
axle

['670', '945', '789', '810', '596', 747", '92', '158', '892', '693', '1558', '498', '1558',
'693', '892', '2494', '892', '1358', '892', '158', '92', '1307', '65', '1225', '65', '1307',

dump/plow) | '2069', '2388', '2209', '2388', '2069', '1984', '737', '1984', '2288', '1984', '136/,
'1984', '2069', '1227', '2069', '1307', '92', '317', '92', '747', '596', '1170'", '527',
'1170', '596', '1613', '596', '810', '789', '945', '670"]
H&H ['670', '429', '518', '869', '911', '1175', '491', '1613', '491', '1175', '1161', '1175',
Contractor '911', '653", '911', '1375", '911', '869', 272", '869', '857', '2495', '857', '68', '1230',
#1 (single '68', '827', '1566', '1636', '1566', '1035', '1566', '827', '68', '1749', '2332', '2926',
axle combo | "2332', 2044', '867', '431', '867', '2044', '2332', '1749', '68', '857', '1081', 2048',
sander/plow | '498', '2048', '1081', '857', '869', '518', '429', '670"]
)
H&H ['2469', '1815', '2452', '1815', '257', '818', '585', '818', 257", '1815', '2469', 2446,
Contractor 2464', '1088', '1551', '58', '1551', '1005', '1411', '1918', '778', '2043', '778', '1918',
#2 (single '387', '1346', '1219', '177', '1648', '905', '628', '905', '496', 2367', '496', 2824,
axle combo | '496', '888', '1802', '550', '654', '550', '1802', '740', '865', '2504', '665', '2504',
sander/plow | '865', '740', '1802', '888', '496', '905', '2504', '905', '1648', '177', '1219', '1346',
) '387', '1918', '654', '1918', '1411', '1005", '1551', '1088', '2464', '2446', '2469']
3709 ['2456', '270', '2411", '1041', '1017', '1041', 2411', '2532', '938', '1159", '833',
(grader with | "2532', 2411', '270', '1994', '1713', '1523', 2520, '1523', '1713', '1053', '1531",
scarifier and | '1294', '1589', '2433', '1526', '1776', '2633', '1776', '1526', '336', '2404', '336',
plow) '2633', '336', '1526', '244', '1995', '666', '1438', '556', '2653', '2329', '1437', '2329',
'2653', '556', '386', "2659', 2651', 2627', '2659', '386', '2595', '91', "2595', '386',

'556', '1438', '666', '1995', '11', '12', '2721', '12', '11', '1717', '1609', '461', '2454',
'1190', '2478', '1408', "2831', '1408', '2478'", '1438', 2478', '1190', '878', 2053',
'1399', '987', '2680', '307', '296', '532', '291', '300', '87', '407', '87', '999', '87',
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'300', '754', '1184', "2651', '2659', 2627', '2651', '1184', '907', '2566', '566', '1531',
'1053', '1083', '1614', '1819", '1534', '1589", '1614', '517', '1614', '1589', '1294",
'1531', '566', '2520', '979', '883', '2512', '1461', '2512', '907', '2512', '883', '979',
'2520', '566', "2566', '907', '1184', '2224', '48', '1461', '48', '2224', '2232', 2374/,
'2232', '2224', '1184', 754", "2374', '2145', '2952', '2145', '2232', '2145', 2374,
754", '999', '2627', '999', 754", '300', '2585', '2769', '2585', '300', 291", '2769',
'569', '2769', "291', '532', '569', '2153', '569', '532', '407', '532', '296', '2539', 296/,
'2153', '296', '307', '1346', '307', '2680', '987', '387', '987', '1399', '2053', '878',
'2428', 2251', '2428', '878', '1190', 2454, '461', '1108', 2251', '1108', '1317,
'1108', '461', '1609', '1849', '1609', '1717', 207", '1717", '86', '1717', '11', 2006/,
'666', '2006', '1408', '2006', '11', '1995', 244", '1534', '1819', '873', 207", '1397,
207", '873', '86', '1534', '86', '873', '1937', '873", '1819', 2459', '1819', '1614/,
'1083', '1294', '2404', '2433', '1589', '1534', 244", '1526', 2433', '2404', '1294",
'1083', '1028', '1083', '1053", '1012', '1053', '1713', '360', '1713', '1994', 311/,
'1994', 270", '"712', 2196', '2196', '712', '938', '2532', '833', 2051', 2181, '30',
2170, 288', '1041', '658', '1041', 288", '1043', '1608', '1730', '2711', '1730', 2671,
'1730', '1608', '1043', '1017', '2073', '1017', '1730, '1017', '1043', 707", '997', 707",
'1043', '288', '2170', '707', '2170', '30', '2231", '30', '2181', '236', '2231', '997,
'1608', '997', 2231', '236', '1623', '2960', '1623', 236", '118', '1388', '502', '1388",
2937, '1388', '118", '236', '2181', 2051', '833', '1159', '2311', '2311', '1159', '938',
712", 270", '2456"]

3710
(grader with
scarifier and
plow)

['2079', '1199', '2822', '1199', '821', '630', '821', '1199', '319', '634', '1887', '1524',
'1887', '998', "2605', '2221', "2605', '2955', 2605', '998', '1887', '634', '990', '998',
'990", '1861', '1861", '990', '634', '2847', '634', '319', '370', '410', '1545', '410/,
'939', '1684', '1545', '1684', '1110', '1891', "2866', '1891', '170', '1038', 2597,
2955, '750', '1069', '1418', '1069', '2802', '1069', '750', '733", '1869', '1869', "733',
2567, '35', '35', '2567', 2943', '2567', "733', 750", '2955', "2597', '2953', 2597,
'1038', '2801', '1038', '170', '2736', '170', '1891", '82', 2686', '82', '1705', '82',
'1891", '1110', '2664', '1110', '1684', 709", '449', '2664', '1705', 2686', 2960/,
'2686', '1705', '2664', '449', '1455', '2838', '1455', '449', '709', '314', '1455', '314',
709", '2438', '"709', '1684', '939', '2438', '2606', '1170', '2606', 2625', '2632', 2660,
'2658', '2608', '2662', 2671', '1623', '502', '177', '654', '126', '1102', '1088', 2464,
'2446', '2469', 243", '2469', 2446', 2464, "2371', '2233', '2446', '2233', '2578',
'2233', '2371', '1311', 2578, '1311', '705', 2415', '803', '2785', '803', '2415', '943',
2415, '882', 2415, '705', '60', 2729', '60', 2578', '60', '803', '996', 2699', 2644,
'2962', '2644', '2699', '996', '943', '1546', '122', '2376', '2189', '1662', 2669', '1222',
'2669', 2647, '2644', 2647, '2703', 2647, '2669', '1662', '1988', '585', '493',
'2330', 261", 2410', '2254', '2361', '1271', 2361', '2519', '2583', 2424', 2473',
'2424', '1076', '2424', '2583', '858', "2584', "2531', '2584', '1584', 702", '2832', 702/,
'1584', 2584, '858', '2583', "2519', '2361', "2254', '1666', 2519', '1666', 2254,
2410', 261', "2330', '493', '585', '1988'", '1662', 2189", '643', '42', '1946', 2871/,
'1946', '42', '2779', '42', '643', 2779', '1946', '391', '1946', '2779', '643', '2189',
2376', '122', "708', "2782', '708', '1909', '2554', '1778', '2554', "2940', '2554', '1909',
'406', '1204', '882', '1204', '406', '1909', '708', '122', '1546', '943', '996', '803', '60",
'705', '23', *705', '1311', '1070', '1311", '2371', '507', '2371", '2464', '1088', '1102',
'126', '654', '177', '502', '1623', 2671", '2662', 2608', 2658', '2660', '2632', '2625',
'2606', '2438', '939', '410', '370', '864', 2791", '864', '1270', '1966', '2875', '1966',
'1755', '1966', '1270', '988', '1270', '864', '939', '864', '370', '319', 256', '821',
'311', '821", '256', '1002', '630', '360', '630', '1683', '775', '1683', '736', '1683',
'630", '1002', '1506', '1683', '1506', '356', '1506', '323', '2221', '906', '10', '9',
'2720', '9', '539', '9', '10', '184', '10', '906', '1223', '2780', '1419', '2780', '661',
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'163", '661', 2780, '1223', '742', '1419', '742', '1223', '612', '1223', '906', 2221,
'323", '1524', '323', '466', '323', '1506', '1002', '1524', '1002', '256', '1887', 256/,
'319', '1199', "2079']

3711
(grader with
scarifier and
plow)

[2079', 2456', '311', '360', '775', '51', '1012', '1028', 2098', '1720', '2098', '1028',
'1012', '51', '736', '1720', '1381', '1914', '356', '466', '539', '1060', '656', '1907',
2150, 268', '1914', '1381', '1720', '736', '356', '1914', 268", '1635', '1550', '1310',
'1381', '1310', '517', '2098', '517', 2459', '1195', '1937', '1397', '1849', 2528,
'1317', '2530', '1317', '2528'", '1849', '1397', '1937', '1195', '1550', '1231', '2594,
'934', '721', '1099', '1231', '1550', '1635', '2594', '1231', '1397', '1231', '1099',
'1849', '1099', '1580', '2528', '1580', '1361', '1580', '2472', '1933', "2472', '1580',
'1099', '721', 2472', '1015', 2472', '721', '934', '1395', '202', '1933', '520', '116/,
'520", '2511', "2934', '2511', '1160', '2511', '520', '1933', '202', '1323', '1160', '1323'",
202", '1395', '934', "2594', '1635', 268", '1310', '1550', '1195', '2459', '517', '1310',
268", 2150, '1395', 2150, '1907', '2430', '151', '482', '1109', '482', '151', '485/,
'2851', '485', '1308', '1773', '1491', 274", '434', 274", '1814', '283', '1814', 274/,
'1491', '1814', '1491', '1773", '632', '801', '2165', '186', '2263', '801', 2263', 283,
'2748', 283", 2263', '186', '13', '2722', '13', '1319', '674', '942', '674', '1319',
'1418', '163', '1509', '1987', '612', '1314', '612', '1987', '332', '947', '2034', 2290,
'2034', '682', '1790', '2156', "2165', '2156', '1790', '1385', '482', '485', '151', '2430',
'682', 2034, '947', '332', '2395', '13', '186', '2165', '2395', '332', 2156', '1543',
'1109', '1543', '2156', '332', '1987', '1509', '163', '1418', '1319', '13', '2395', '1509',
'2395', '2165', '801', '1543', '1385', '2430', '1907', '656', '682', "2430', '1385', '1543',
'801", '632', '933', '933', '632', '1773', '1308', '1109', '1308', '912', '1308', '485',
'482', '1385', '1790', '947', '1314', 2290', '184', '1905', '184', '2290', '1314', '947',
'1790', '682', '656', '1060', '2034', '1060', '539', '466', '356', 736", '51', "775', '360',
311", '2456', 2079', '988', '658', '1755', '2073', "2711', '2615', '2709', '2702', '2709',
2615', '2695', '2629', 2632', '2660', 2707', '2658', '2608', '2702', 2608', '2658',
'2707', '2660', '2632', '2629', '2695', 2615', '2711', '2073', '1755', '658', '988,
'2079']

M22
(grader)

['806', '463', '164', '1114', '1593', 2008', '2373', '480', '2373', '2008', '1641', '397',
'2373', 397", '96', '480', '96', '554', '96', '397', '1641', '143", '1641', '2008', '1593',
'1472', '1167', '1472', '1382', '681', '1127', '681', '1382', '2169', '108', '766', 2927,
'766', '2708', "766', '2344', "760', '1708', '1673', '922', '1783', "759', '1224', '2005',
'1250', '100', '1969', '2012', '1969', '100', '991', '2111", '1502', 2111", '991', '530',
'2509', '530', '991', '1719', '991', '100', '524', '1486', '1733", '211', '1719', 211",
'2060', 211', '1733', '1935", '1733', '1486', '1336', '2486', '1336', 2536', '2586',
'2536', '1856', 217", '2919', 217", '1856', '2536', '1336', '1486', '524', '100', '1250',
'2005', '1224', '759', '1783', '922', '1673', '2501', '63', "2501', '1417', "2501', '2243',
'2501', '1673', '1404', '1673', '1708', '760', 2344', '723', '299', '1309', '1675', '1309',
299", '799', '299', '723', '1021', '799', '1955', '165', '2152', '165', '1675', '2152',
'1309', '1955', '2291', '1955', '1309', '2152', '1675', '165', '1955', '799', '1021",
'1902', '1021", '723', '2344', '766', '108', '1989', '108', 2169, '1382', '1472', '1902',
'1472', '1593', '1114', '164', '375', '416', '1578', '1379', '1117', '1379', '2830', '1379",
'1578', '416', '375', '2076', '416', '2076', '1578', '2076', '375', '164", '463', '806']

M27
(grader)

['806', '1834', '1482', '456', '1708', '1224', '183', '1224', '1708', '456', '1482', '1834/,
2177, '1731', '2382', '1731', '2177', 732", '638', '109', '1731', '1617', '342', 2177,
'1834', '1364', '1886', '2308', '2377', '732', "2177', '342', '1482', '463', '1482', '342',
'1404', '342', '1617', '2243', '1617', '2678', '1617', '1731', '109', '2712', '109', '638',
'363', '638', '732', '2377', '2308', '420', '2308', '33', '1042', '964', '420', '889',
'2180', '889', 2792', '889', '420', '964', '2796', '964', '1042', '33', 2308', '1886',
'1604', '825', '1653', '2229', "2899', '2229', '1653', '825', '1604', '2499', '1604', '573',
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'200', '403', '1476', '1553', '1476', '403', '200', '573', '1450', '573", '1604', '1886/,
'1483', '1886', '1364', '1834', '806']

M30

['806', '650', '1169', '44', '1483', '44', '780", '1450', '780', '1873', '1754', '1873",
2027', '1390', '2027', 2518', '2027', '1873', '1442', '1873', '780', '1951', 285/,
'1951', '780', '44', '1647', '1951', '1647', '1752', '1105', '1568', '1582', '2489', '1582',
2272', '2272', '1582', '1568', '1105', '1752', '1647', '600', '1919', '769', '552', '1585",
'2346', '1585', '552', '1723', "2457', '1723', '552', '1502', '2309', '1502', '552', '769',
'2012', '769', '451', '1949', '463', '1949', '451', '769', '1919', '600', '1647', '44',
'1169', '650', '1919', '1585', "2510', '1124', 2510', '1723', '1908', '602', '530', '1164",
2112, '1313', '2112', '1164', '530', '602', '1908', '2738', 2309', '2738', '1908,
'1723', '2510', '1585', '1919', '650', '1949', '413', '2106', '413', '1949', '650', '806']

M31

['383', '437', '195', '540', '637', '540', '2538', '1132', '2538', '1681", '1915', '1681",
'1983', '1065', '1186', '1006', '2372', '535', 25', '2710", 25', 704", '419', '2201',
'419', '1688', '419', "704', '1156', '1688', '2513', '1688', '1156', 2110', '2425', '2110',
'1736', '2275', '1392', '2425', '1392', '1331', '1047', '2015', '1047', '1331', '1392/,
'2275', '2015', '1866', '1470', '415', '1470', '1866', 2015', '2275', 2957', 2275,
'1736', 2168', '1736', 2033, '1216', '1394', '1121', '2168', '1121', '1152', '2817',
'1152', '1218', '1152', '1121', '1394', '1218'", '2817', '624', '2817', '1218', '1394,
'1484", '672', '1254', '672', '1484', '1394', '1216', '2033', '1736', '2110', '1156', '704',
25, '535', 2372', '1216', '2372', '1006', '1186', '1254', '2085', '660', '1748', '1606',
'1748', '79', '1202', '1739', '2577', '1739', '1202', '1860', '2245', '1860', '1202', '79',
'1748', '660', 2085', '1254', '1186', '1065', '1597', '1065', '1983', 2031', '1983',
'1681', "2538', '540', '195', '2516', '195', '437', '383']

M34

['383', 2287", '788', '2468', '1176', '199', 2151', '776', '1344", 776", '1864', '985,
"1864', '776', '526', '1104', '2122', '1180', '985', '1977', '2604", '898', 2604', '1977',
'985', '1180', '2122', '676', '327", '1180", '1770', '1180', '327", '2487", '1852', '2487',
109", '531, '1115', 'S31', '2109', 2487', '327", '1383', '2109', '1383', '1634", '1628,
467", 2155, '103', '2155', '1467', '1628', '1634", '1383", 327", '676', '106', '676',
122", '735', '2122', '1104", '526', '1138', '526', '975', '1738", '975', '472', 2119,
472", 975", '2798', '975', '526', 776", '2151', '199', '1176', '2468', 788", 2287,
13831

M36

['383', '1537', '1560', '450', '1650', '479', '393', '435', '1761', '591', '553', 280",
'1135', '1706', '1135', '944', '1135', '1236', '1939', '2492', '1939', '1236', '1135',
280", '807', '1236', '1610', '1236', '807', '529', '1939', 2237', '1939', '529', '1829',
'529', '358', '529', '807', '1852', '807', '280', '898', 280, '553', '591', '1344', '591',
'1761', '435', '393', '479', '1650', '450', '1560', '1537', '383']

M37

[383', 273, 717", '235', '1978", 235", '793', 2450', '793', '245', '1221', '970", 208",
201", 208", '926', '492', 792", '452', '541', '452', '1268', '881', '1268', '1571',
2535, '1571", '1360', ‘318", '1360', '504', '513', '983', '1338", '2663", '1321', 2637,
431", 2661", 'S81', '2094", '581', '1709', '808', '1874', '808', '1424', 2013, '1424",
1290, '961', '2370", '598', 2370', '1686', 2370", '1624", '2370", '961', '1290', '1424",
772, 1424, '808', '477', '808', '1709", '581', '2661', '2431', '2637', '1321', 2663,
'1338', '983', '1158', '983', '513", '504", '1360', '1571", '1268', 230", '1268', '452,
051", '452', '792', '492', '926', '1885'", 1926, 792", '1464", '1262', '1464", 792!,
926", '208', '970', '492", '970', '1464", '2010', '724', '2010', '2618', '2010', '1464",
970", '1221', '245', 793", '981", '559", '1513', 'S59', '981", '793", '235', '717', 273",
3831

Truck #34

['97', '1000', '1162', '1000', '1260', '1669', '1064', '1406', '1765', '2673', '1853',
'2509', '1853', '2673', '1765', '1406', '1064', '1669', '1260', '1679', 2666', '1679',
'822', '2666', '822', '1679', '1260', '1172', '1286', '1629', '2441', '1600', '2441",
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'1629', '689', '1120', '37', '1629', '1286', '1172', '1260', '1000', '31', '1974', '1496',
'689', '1629', '37', '1048', '1475', 2441', '1475', "2432', '2059', 2059', '2432', '2403',
'2389', '2403', 242", '2230', '489', 2230', '599', '1439', '599', '423', '1115', 2217,
'1155', 2217, '1115', '423', '599', 2230', '242', 2403', '2432', '1475', '1048', '1829',
'1048', '37', '1120', '689', '292', '1147', '1501', '1422', 2326', '120', '2326', '1422',
'1501', '1147', '292', '689', '1496', '1974', '31', '1000', '97']

Truck #35

['97', '470', '1759', '639', '2099', '31', '1172', '2184', '103", '2184', '1172', '31',
'2099', '639', '713', '1147', '978', '1147', '713", '639', '1140', '1355', '1501', 2439,
'338", '1549', '338', "2439', '1501', '1355', '1140', '1118', 2649', '1118', '1140/,
'1090', '696', '1212', '1273', '454', 2386', '2281', '93', "2281', '2386', '454', '1273',
'1212', '2279', '2118', '1925', '2118', '2312', '2025', '2000', '896', '2000', '2025',
2312', 2118, '2279', '1212', '301', '2312', '301', '2437', '896', "2437', '2670', '1098',
'61', '586', '61', '1928', '61', '1098', 2670', '2676', 2692', '2676', 2670', '2437',
'301', '2607', '301', '1212', '696', '1090', '1140', '639', '1759', '1090', '1744', '1090',
'1759', '1062', '2607', '1062', '1759', '470', '97']

Truck #13

['138', '215', '2451', '2436', '2095', '2436', 2451', '1596', 2427', '1596', '1405',
'1836', '836', "2507', '1845', "2161', '1302', '1423', '1302', 2514', '1302', 2161,
'1845', '1279', '1845', 2507, '836', '1836', '1405', '1596', '1592', '1591', 782", '278',
'226', 2166', 226', 278", '782', '1027', '1026', '1826', '1217', '816', '1217', '1826',
'1026', 2635', '1026', '468', '1198', '49', '1057', '1963', '1057', '49', '1198', 2363,
'1198', '468', '1794', '2553', '1436', '675', '936', '1386', '936', '422', '936', '675',
'1436', '2948', '1436', '2553', '1794', '468', '1026', '1027', '782', '1916', '782', '1591",
'1592', '1596', '2451', 215, '138'"]

Truck #29

['138', '1139', '138', '1213', '384', '635', 2258', '209', '2326', '711', '1816', '154/,
'1368', '154', '1816', '814', '1816', '711', '814', '1118', '2649', 2964', '2649', '1118',
'2466', '104', '1096', '2453", '1096', '104', '2466', '1744', '1044', '918', 2667', 2277,
2667', '918', '1044', '1744', "2466', '1118', '814', '711', '2326', 209', '752', '1103,
'1402', '673', 2120', '1664', 2120', '673', '1508', '673', '1208', '673', '1402', '1103',
'752', '209', '1089', '1208', '1089', '209', "2258', '635', '384', '1213', '138]

T20

['396', '1528', '312', 2107', '1188", '2813', '1188', '1575', '1188", '2107', 312/,
'1665', '1625', '648', '95', '210', '398', '267', 267", '398', '1025', '1401', '144',
"1512', '189', '347', '189', '240', '877', '427', 2260, '1677', '1901", '1378', '1196',
'582', '1888', 2731, '69', '1122', '2809', '1122', '1793", '1122', '69', '692', '69',
'2731', '2351', '2731',°2351°,°2212°, '1888', '582', '1196', '1378', '1901', '1677',
'2260', '427', '877', 240", '1797', 240", '1626', '2381', '1626', '2307', 2307', '1626/,
2850, '1626', '240', '189', '1512', '144', '1401', '1025", '398', 210", '95', '648',
'1625', '1665', '312', '1528'", '396']

T30

['396', '1528', '312', '1665', '1625', '648', '95', '902', '2384', '34', '588', '467', '41',
'1421', '175', '381', '1030', '636', '1206', '1077', '1851", '1396', '1540', '2845', '1540',
'2485', '1540', '1396', '1595', '1674', '2485', '1277', 2485', '1674', '830', '1698',
'1945', '1440', '1667', '1440', '2649', '1440', '1945', '2870', '1945', '1698', '830',
'1674', '1595', '154', '1595', '1396', '1851', "2203', '266', 2508', '98', '469', '426/,
'255', '1515', "121', '120', '121', '1515', '255', '2744', '255', '426', '1863', '548',
'1822', '548', '1863', '426', '469', '98', '690', '636', '690', '335', '1206', '335', '1077',
'335', '2203', '1851", '1077', '1206', '636', '1030', '98', 2508', '469', '1376', '469',
'2508', '266', 2203', '335', '690', 266', '690', '98', '1030', '1080', '1376', '1863',
'426', '469','1376', '1080', '1800", '1822', '1800', '671', '1800', '1080', '1030', 381",
'175', '1421', '41', '467', '1892', '903', '546', '1798', '1238', 2416', '790', '2160',
'1039', '2160', '1631', '1426', '2062', '1426', '1631', '2160', '790', '651', '1631",
'1191', '677', '84', '1137', '84', '1751', '620', 247", '620', '2776', '620', '1751', '84/,
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'2743', '84', '677', '2314', '2743', '1751", '113', '2160', '113', '1751", '2743', 2314,
738", '1756', "738', 2314', '677', '1237', '738', '1237', '1896', '1756', '1896', '39',
'1896', '1237', '677', '1191', '1631", '651', '608', '1426', 734", '1426', '608', '1533',
'1430', '47', '1430', '1533', '1301', '1037', '1345', '1037', '1301', '1533', '355', '1497',
'355', '414', '355', '1533', '608', '1272', '608', '651', 790", '2416', '1430', 249/,
'1430', 2416', '1238', '1798", '546', '1900', '546', '903', '1892', '467', '588', '34,
'2384', '902', '95', '648', '1625', '1665', '312', '1528', '396']

T40

['396', '1976', '1724', '1976', '2092', '22', '2727', 22', '1347', '22', '2092', '1976/,
'396', '1926', '698', '1926', '396', '1528', '312', '1665', '1625', '1016', '1625', '648',
'95', 210, '1991', '194', '910', 2303', '1401', '516', '1334', '144', '1401', '2303',
'920", '1196', '920', "2303', '910', '269', '582', '1196', '1378', '1901", '1677', 2260,
'427', '534', '2393', '1972', '2393', '104', '2393', '534', '427', 2260', '1677', '1901",
'1378', '1196', '582', '1888', "2212', '2351', '692', '1793', '644', '175', 2225', '671",
'381", '1793', '692', '1045', '644', '1793", '381", '671', '72', '1822', '72', '1178', 247",
113", '1137', '1191', '39', '734', '1037', '1301', '378", '1497', '384', '635', '384',
'1213', '384', '1497', '378', '1301', '1037', '734', '39', '1191', '1137', '113', 247,
'1178', '1039', '1798', '1238', '47', 249', '1139', 249, '47', '1238", '1798', '1039',
"1178', '72', '767', '1691", '903', '1900', '2065', '609', '565', '663', '1586', '663',
'565', '609', '2065', '1900', '903', '1691', 767", '72', '671', '2225', 767", '2225',
'125', '2225', '175', '644', '1325', '644', '1045', '38', '1045', "2434', '1045', '692',
'2351', '2212', '1888', '582', '269', '910', '194', '117', '269', '920', '516', '1401",
'1025', '89', '1082', '1226', '1251', '343', '1575', '1016', '1575', '343', '1251", '1435',
2306', 2037', '1071', '1850", '560', '115', '29', '2549', '162', '1953', '680', '69%',
'680", '1953', '162', "2549', '29', '115', '560', '1850', '1071', "2037', '2306', '1435',
'1251', '1226', '1082', '89', '1025', '1401', '144', '1512', '189', 240", '189', '678',
877, '678', '2260', '678', '1556', '678", '189', '1512', '144', '1334', '1556', '1512',
'1556', '1677', '1556', '1334', '1901', '1334', '516', '1378', '516', '920', 269", '117',
'2733', '117', '194', '1991', 2434, '2212', '2434', '1991', 210", '95', '648', '490',
'648', '1625', '1665', '312', '1528', '396']

3719
(tandem
with
plow/sander

)

[2469', '1815', '2545', '126', '2545', '1569', '2328', '1802', '2328', '1952', 2144,
'1194', '1091', '2890', '1091", '2088', '1091", '1194', '2088', '2452', '2149', '59',
'1352', '59', '1149', '2569', '1149', 2001", '141', '2001', '181', 241", '181", '302',
181", '448', '1271', '448', '181', '2001", '1149', '66', '493', '66', '1149', '59', '818',
'66', '662', '66', '818', '59', '2149', '2452', 2088, '1194', '2144', '1952', 2328,
'1569', '2545', '1815', "2469']

3738
(tandem
dump/plow)

['2469', '2446', 2464, '1088', '1102', '1005', '1411', '924', '32', '688', '946', '861",

'330", '155', 2207, '152', '1686', '2091', '2259', '2091", '1269', '1785', '387', '1785',
'1269', 2091', '1686', '152', '1059', '152', '2207', '2043', '2207', '155', '330', 2173',
'330', '861", '946', '688', '32', '924', "2173', '924', '925', '924', '1411", '126', '1411",
'1005', '1102', '1088', '2464', "2446', '2469'"]

3748
(tandem
dump/plow)

['2469', 2446', 2464, '1088', '1551', '32', '1369', '1630', '993', '585', '993', '1630',
'2483', '1917', '493', '1917', '659', '1917', '2483', '2195', '1165', '1913', 261', '1913',
'1165', '2506', '1165', 2195', 290", 2195', "2483', '1630", '2021', 2378', 2096',
2378', '2021', '2137', 2096', 2137, '476', '1142', '946', '1142', '476', '2137', 2021,
'1927', '2021', '1630', '1369', '32', '1551", '1088', 2464', '2446', '2469']

3741
(grader with
plow)

[670, '429', 491, 700", '491', '429', '518', '1175', '518', '2496', '1081', '2543',
2544, '1749', 2100', 2101', '2100', '1749', 2544, '2543', '1081', '2496', ‘518!,
'429', '2048', 2332, 2048, '429', '670', 2967, '670', '945', '789', '810, '1558!,
'867', 2068, '867, '1558', '810', '1661', '693', '2359', '693", '1661', '747, '1087',
2116, '1648', 2116', 1087, 747, '1661', '810', 789", '536', '2766', 'S36', 2364,
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'252', '2364', '536', "789', '945', '2357', '1306', '774', '774', '1306', '2357', 2248,
'2357', '945', '670"]

M38

['383', '1537', '1597', '2358', '1513', 2358, '1858', '619', '1858', '729', '1407', '522/,
2026', '1996', '1830', '76', '1321', "76', '1830", '1996', 2026', '1772', '982', '1996',
'982', '477', '1830', '477', '2162', '2431', '2162', '477', '808', '477', '982', '1772',
'385', '1624', '155', '1624', '385', '1772', '2026', '522', '1407', '1624', '1407', '861',
'1407', '729', '1858', '2358', '1561', '2358', '1597', '1537', '383"]

M39

['383', '2287', "788', '1645', '1537', '1645', '1650', '450', '1560', '462', '1014', '1561',
'2096', '1561', '1014', '1013", '1014', '462', "2788', '462', '1560', '450', '290', '601",
'150', '601', '479', '601', 290", '450', '1650', '479', '393', '435', '1722', '2268',
'1722', '435', '167', '199', '835', '1393', '835', '472', '1985', '472', '835', 2524/,
'649', '1444', '649', '2524', '835', '199', '167', '435', '393', '479', '1650', '1645/,
'1233', '1645', '788', '2287', '383'"]

J.D. 772G

['1055', 2032', '1141', '1010', '771', '1086', 2300', '1333', '746', '1', 2717', '1602',
'1471', '1610', '944', '237', '1721', '679', '591', '679', '1721', '334', '134', '679',
'1058', '679', '134', '1761', '538', "2151', '180', 2151', '538", '1761', '134', '1722',
225", '1722', '134', '334', '2268', '1052', '2480', '1052', '2268', '334', '1721', '237',
'944', '1610', '1471', '1602', "2717', '1', '746', '1333', '2300', '1471', '2300', '1257',
'577', '1603', '325', '1603', "739', 2063', 2064', 2063', '739', '1468', '739', '1603',
'577, '1257', '2300', '1086', '948', '1220', '948', '1652', '955', '1652', "2481", '1652',
'948', '1086', '771', '1010', '1141', '2032', '1055"]

J30

['396', '1926', '698', '680', '1953', '162', '1953', '680', '698', 2747', '281', 2086/,
'115', '29', 2549, '1249', '1672', '1618', '1367', '1990', '337', '1990', '1367', '1903',
'1150', '1903', '2294', '2912', '2294', '1903', '1367', '1618', '1990', 2315', '2916',
2315', '1990', '1618', '1672', '1249', '2549', '29', '2679', 337", 2679', 29, '115/,
'560', '1850', '2803', '2037', '2803', '1850', '1071', '2803", '1071', 2037, 2306',
'2915', '2306', '1435', '2843', '1435', '1251", '1226', '1082', '89', '811', '486', '2313',
'486', '1552', '1512', '1552', '486', '811', 2257', '1552', '2257', '1025', '398', 210",
1991, '38', '1325', '1421', '1325', '1981", '2640', '41', 2640, '34', '1680', '2646',
'2295', '1701', '1701', '2295', "2646', '2199', '588', 2199, '610', '467', '610', '848',
2020, 2046', '2460', 2046', '1892', '125', "2225', '671', '1800', '1080', '1030", '636',
'1206', '1077', '473', '1200', '2262', '2075', 2262', '716', '1542', "716', '1897', "7,
'1897', '2867', '1897', '716', '2864', '"716', '2262', '2951', '2262', '1200', 2815,
'1200', '473', '2765', '473', '1077', '1206', '636', '1030', '1080', '1800", '671', '2225',
'125', '1691', '125', '1892', '2046', '1900', '2046', '2020', 2065', '2883', 2065/,
'2020', '609', 2020', '848', 297", '848", '850', '2295', '850', '2790', '850', '848',
'610', 2199, 2646', '1956', '2646', '1680', '46', '1680', '34', '2640', '1981', 2384,
'1981', '1325', '38', '902', '1981', '902', '38', '1991', 210", '398', '1025', 2257,
'144', 2257', '811', '89', 2200', '89', '1082', '1828', '1082', '1226', '745', '1226',
1251, '343', 2757', '1380", '2757', '1016', "2757', '343', '1251', '1435', 2300/,
2037, '1071', '1850', '560', "2768', '560', '115', '2086', '2338', '2338', '2086', 281',
'2807', 281", "2747', '1528', "2747', '698', '1926', '396']
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E2: Task 3 (One Depots Removal)

Truck ID

Route Sequence

16-02

['383', '2287', '788', '2468', '2458', '1233', '393', 225", '150', '2480', 2506', '563',
'543', '1685', "702', '1584", '444', '2473', '1076', '2573', '1340', '875', '1854', '302',
'488', '791', '2588', '1131', 2517, '1131', "2588", '791', '488', '302', '1854', '875',
'1340', "2573", '1076', "2473', '444', '1584', "702', '1685', '543', '563', 2506', '2480',
'150°, '225', '393', '1233', '2458', 2468', '1176', '388', '1444', '984', '2102', 2119',
'2442', 2648', '1266', 2518', '1985', '1442', '1738', '285', '1138', 2489', '1105',
'1568', '238', '1753', '735', '1124', '106', '1697', '106', '1124', '735', '1753', 238/,
'1568', '1105', '2489', '1138', '285', '1738', '1442', '1985', '2518', '1266', '1633',
'1266', 2648', '1633', "2648', '2442', 2119', '2102', '984', '1444', '388', '1176/,
'2468', '"788', 2287', '383']

Contractor
#41

['383", 273", '1470), '559', '1678", '26', '1871", '1967', '981", '415', '717", 2102,
717, '415', '981", '1967', '724", '2618', '1262', '1221", '1201", '245', '793', 235",
442" 235" '793', '245', '1201", '1221', '1262, 2618, '724', '504', '513', 318",
535", '881", '592', '1051", 'S41', '2049', 'S41', '1051", '592", '8$81", '2535", '318,
513", '983', '76', 2162', '593', '1709", '762', 'S84', '2094", '584', 762", '1874",

013", '2081", '2013", '1874", '762', '1709", '593', '2162', '76', '983', '513", '504",
724", '1967', '1158', '1830', '1158', '1967", '1871', 26", '1563', '2591', '2026',

591", '1563', '26', '1001', '989", '1001", '26', '1678', 'S59', '1470', '273", '383"]

Contractor
#42

['383', '437', '2201", '637', '1132', 2710', '1915', 2355', '1006', '672', '1484', '624',
'1606', '1739', '1202', '1860', '1513', '619', '989', '522', '385', '961', '1290'", '748',
'1290', '961', '1944', '2081", '1944', '1322', '1944', '364', '1322', '2081', '1322/,
'364', '598', '2259', '653', '101', '1161', '1207', 700", '2530', '1317', 2530, '700',
'1207', '1161', '101', '1269', '1059', '2043', 2173', '688', '1927', '2455', '1369', '58',
'1988", '257', '2149', '2392', '2924', '2392', '749', '2834', '749', '2392', 2149', 257,
'1988", '58', '1369', "2455', '1927', '187', '476', '729', '476', '187', '1142', '476',
'1142', '187', '1927', '688', '2173', '2043', '1059', '1269', '101', '653', 2259', '598',
'364', '1944', '961', '385', '522', '989', '729', '989', '619', '1513', '1860', '1202',
'1739', '1606', '624', '1484', '672', '1006', '2355', '1915', '2710', '1132', '637',
'2201", '437', '383']

10-08

['1697', '106', '1124', '735', '1753', '2346', '600', '1169', '2408', '1642', '806', '463',
'164', '1114', '1902', '1989', 2344', '760', '2106', '1969', 2111, '602', '2301', '602',
2111°, '1969', 2106', 760", '1250', '1855', '1250', '760', 2344', '1989', '1902',
'1114', '164', '463', '806', '1642', '2408', '1364', 2377', '363', '2180', '112', 2712',
'112', 2180, '363', 2377, '1364', '2408', '1483", '1450', '1754', '2448', '1420',
'1390', '1185', '1633', '1185', '1390', '1420", '2448', '1754', '1450', '1483', 2408,
'1169', '600', '2346', '1753", 735", '1124', '106', '1697']

18-07

['1697', '94', '107', '111', "2023', '2239', 260", '1144', 284", '668', '1529', '919',
2497, '354', 276, '1296', '2056', '2179', '917', '2560", '544', '1638', '424', '1857',
'1280", '820', '1460', '872', '1146', '305', '765', 2174', "2178', '2509', '1928", '545',
'1853', '986', '1853', '545', '1162', '545', '1098', '1503", '1098', '545', '1928', '1164',
'1719', '524', 217", '1856', '2575', '2949', '2575', '1856', 217, '524', '1719', '1164',
'1928', '2509', 2178', 2174, "765', '305', '1146', '872', '1460', '820', '1280", '1857',
'424', '1638', '544', "2560', '917', 2179, '2056', '1296', '276', '354', "2497', '919',
'1529', '668', 284", '1144', 260, '2239', '2023', '111', '107', '94', '1697']

14-06

['396', '1976', '2092', '1347', '499', '174', '2440', '1386', '1586', '1386', '2440', '174'
'499', '1347', '2092', '1976', '396', '1528", '312', '1665', '1625', '648', '95', 210/,
'1991', '2434', '2212', "2351', '692', '1793', '381', '671', '72', '1178', '247', '113',

b
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'1137', '1191', '39', '734', '1037', '1301', '378', '1497', '384', '1213', '138', '1598',
'2095', '1089', '1103', '1818', '1612', 2406', '224', '2172', '2256', '2007', '2256',
2172', 224, 2406', '1612', '1818', '1103', '1089', '2095', '1598', 2436', 751",
'1508', 2167, '1423', 2161', '2533', "2161', '1423', '2167', '1508', '1405', 278",
'1826', '1963', '1826', "278', '1405', '1508', '751', '2436', '1598', '138', '215', '1916/,
'468', '1198', '1519', '1198', '1518', '1198', '468', '1916', '215', '138', '1213', '384,
'1497', '378', '1301', '1037', '734', '39', '1191', '1137', '113', 247", '1178', '72,
'671', '381', '1793', '692', '2351', "2212', '2434', '1991', '210', '95', '648', '1625',
'1665', '312', '1528', '396']

15-24

['900', '1676', '1133', '2266', '1046', 70", '523', '2002', '1707', '2090', '1590', '2041",
'706', '2515', '1806', '1548', '1019', '389', '897', '1788", '1220', 2175', '558', '2319',
27", 739", '1603', '237', '1058', '1706', '553', '464', '§898', '1852', '358', '428', '358',
'531', '1634', '876', '1634', '531', '358', '1852', '898', '464', '1864', '1770', '1104',
'238', '1104', '1770', '1864', '464', '1344', '1337', '538', '167', '2458', '167', '538,
'1337', '1344', '464', '553', '1706', '1058', 237", '1603', '739', '27', '2035', '130',
'1791', '1998'", '1462', '1998', '1791', '130', 2035', '27', '2319', '558', 2175', '1220',
'1788', '897', '389', '1019', '1548", '1806', "2515', '706', '2041', '1590', '2090',
'1707', '2002', '523', '70', '1046', "2266', '1133', '1676', '900']

14-05

['900', '838', '1564', '2444', '408', '819', '2334', '2579', '24', 2007', '840', '52', '188',
'418', '441', '418', '188', '52', '840', 2007', '509', '64', '2368', '1276', '365', 292',
'232', '713', '1355', '814', '1816', '154', '1595', '1674', '830", '1698', '1945', '1440',
'2649', '1118', 2466', '104', '1044', '918", '2698', '918', '2667', 2959', "2667', '918',
'1044', '104', 2466', '1118', 2649', '1440', '1945', '1698', '830', '1674', '1595',
'154', '1816', '814', '1355', '713', 232', '2099', '97', '2636', 2665', '2617', 2665,
'2652', '2665', '2636', '97', '2099', '232', '1974', '1496', '1286', '1600', 2184', '822',
'2184', '1600', '1155', '1115', '1155', '1600", '1286', '1496', '1974', '232', 292/,
'365', '1276', 2368', '64', '509', '2007', 24', '2579', '2334', '819', '408', 2444,
'1564', '838', '900"]

13-01

['900', '838', '1564', 2444, '408', '819', 2334, '1577', '1824', '442', '2080', '758',
'1911', "2138', '2621', '1805', '1958', '1267', '1485', '1702', '958', '786', 2078/,
'1961', '1209', '2253', "2198', '1453', '1462', '640', '1126', '971', '1282', 2517,
'1282', '971', '1126', '640', '1462', '1453", '2198', '2253', '1209', '1961', 2078,
"786', '958', '1702', '1485', '1267', '1958", '1805', "2621', 2138', '1911', '1787,
'110, '1740', '131', '2880', '131', '2881", '131', '1740', '110', '1787', '1911', '607',
'1092', '1451', '1371', 201", '1997', '1488', '1997', '201', '1371', '1451', '1092',
'607', '1911', '758', "2080', '442', '1824', '1577', '2334', '819', '408', 2444', '1564',
'838", '900']

International
#85
(tandem)

['1055', 2032', '173', '1413', '2444', '408', '819', 2334', '1577', '1824', 2228, '441",
'418', '188', '52', '952', '623', '908', '1735', '908', '1402', '673', '1508', '1405',
'1836', '836', '2507', '1845', '2161', '1302', '1423', '1302', '2514', '1302', 2161,
'1845', '1279', '1845', "2507', '836', '1836', '1405', '1596', '1592', '1591", '782/,
'278', '226', '2166', 226', '278', '782', '1027', '1026', '1826', '1217', '816', '1217',
'1826', '1026', 2635', '1026', '468', '1198', '1519', '1198', '2363', '1198', '49',
'1057', '1963', '1057', '49', '1198', '1518', '1198', '468', '1794', 2553', '2557',
'2553', '1436', '675', '936', '1386', '936', '422', '936', '675', '1436', '2948', '1436/,
'2553", '1794', '468', '1026', '1027', 782", '1916', 782", '1591', '1592', '1596',
'2451", '215', '138', 215", '2451', 2436, '2095', '2436', '2451', '1596', 2427',
'1596', '1405', '1508', '673', '1402', '908', '623', '952', '52', '188', '418', '441',
'2228', '1824', 24", '1824', '1577', '2334', '819', '408', 2444, '1413', '173', 2032',
'1055']
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International
#75
(tandem)

['1055', '1803', '1425', '1750', 2108, '1403", '1136", '1821', '893', '1297', 706,
041", '1590', '2090", '1737", '2047', '221', '248', 2028, '1220, '948', '1086', '771",
'1086', '2300', '1471', '2300', '1086', '948', '1220', '2028', '2093", '514", '1157",
'1658', '695', '1658', '447', '2317', '2029', '1214", '695'", '1214', '1808', ‘2175,
'1760', '1257", '1610", '1257', '1760', '2175', '1808', '1214", '2029', '2319', '1468',
1490, 'S77', ‘944", 577", '1490', '1468', 2319', '2029', 2317, '447', '1998', 572!,
'1998', '447', '1453', '447", '1658', '2198', '1658', '1157', 2253', '1157', '966,
'1576', '333', '2058', '2138', '1416', '770', '1740', 770", '1416', '2138', '2058', '333,
'1576, '966', '1157', 'S14', '2093', '2028', 248", '221', '2047', '1737", 2090', '1590),
041, '706', '1297', '893", '1821', '1136', '1403', '2108', '1750, '1425', '1803",
1055

Western Star
#91
(tandem)

['1055', '1803', '1425', '1750', '2108', '1403', '1136', '1821', '893', '1297', '706',
'2041', '1590', 2090, '1737', '2047', 221', 248, '614', '514', '695', '2317', '1791",
'130', '400', '494', '1068', '2063', '325', '1721', '325', 2063, '1068', '494', '603',
'1605', '980', '1605', '1447', '488', '302', '181', '2001', '662', "2330', '659', 2195,
'659', '2330', '662', 2001', '181', '302', '488', '1447', '1601', '1282', '1601', '1447',
'1605', '603', '494', '400', '1093', '603', '1130', '764', '279', '334', 279", '362',
'1052", '362', '563', '362', '1532', '980', '1532', '362', '279', '764', '1532', '1685',
'702', '1584', '702', '1685', '1532', '764', '1130', '603', '1093', '1655', '1126', '1655',
'1093', '400', '572', '1655', '572', '640', '572', '400', '130', '1791', 2317', '695',
'514', '614', 248", '221', 2047, '1737', 2090, '1590', '2041', '706', '1297', '893',
'1821', '1136', '1403', '2108", '1750'", '1425', '1803', '1055']

Western Star
#88
(tandem)

['1055', 2032, '173', '1413', 2444, '408', '819', '2334', '1577', '172', '442', '521',
'2218', '521', "2038', '1085', '2038', '328', '2337', '623', '2297', '1402', '1103', 752/,
'209', '1089', '1208', '673', '2120', '1664', '2120', '673', '1208', '1089', 209", '2258',
'635', '384', '1213', '138", '1139', '138', '1213', '384', '635', '2258', '209', 2326/,
711, '1816', '154', '1368', '154', '1816', '814', '1816', '711', '814', '1118', 2649',
2964, 2649', '1118', 2466', '104', '1096', 2453', '1096', '104', '2466', '1744',
'1044', '918', '2667', '2277', '2667', '918', '1044', '1744', 2466', '1118", '814', 711,
'2326', '209', '752', "2631', '1292', '2406', '224', '952', '840', '952', '224', '2406',
'1292', '1818', '1292', "2631', '752', '1103', '1402', '2297', '1818', '2297', '623',
'2337', '328', '2038', '521', '442', '172', '1577', 2579', '1577', '2334', '819', '408',
'2444', '1413', '173", '2032', '1055"]

Western Star
#96
(tandem)

['1055', 2032', '1141', '1010', '1507', '408', '1507', '2019', '2089', '1129', '2580',
'2340', '995', 2019', '1507', 2331', '2089', 2340', '509', '2340', '2089', 2331/,
'2210', '1129', '1594', '940', '2580', '1129', 2210', '664', '1594', '1129', '2089',
'2019', 2911", '2019', '995', "2340', '2580', '64', '2580", '940', '1276', '1703', '2368',
'1703', 2564', '338', '2564', '1703', '1276', '940', '1120', '365', '978', "2564', '2631',
'2564', '978', '2439', '978', '365', '1120', '940', '1594', '37', '1594', '664', '1048',
'664', 2492', '664', 2210, '779', 2210, '2331', '1333', '2331', '1507', '1010',
'1141', '2032", '1055']

International
#78
(tandem)

['1055', 2032', '173', '1413', '2444', '408', '570', 248", '570', 'S7', '614', 'S7', '1576',
'1805', '1782', '1899', '1782', '915', '969', '915', '1210", '915', '856', "2190', '856',
770", '329', '131', '1889', '564', '1495', '537', '626', '564', '1889', 214', '1495',
'564', '626', '537', '2562', '2401', '1997', '2401', '2562', '537', '1495', '1327', 201',
'205', '2097', '1085', '2097', '205', 201", '1327', '1495', '214', '728', '1327', 728,
1371, '62', '2218', '62', '758', '62', '1371', '728', '110', '1416', '110', '728', 214,
'1889', '131', '329', "770', '856', '2211', '856', '915', '1782', '1805', '1576', '57',
'949', '832', '2080', "2219', '2080', '832', '949', '57', '570', '306', '949', '333', "2621',
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2211', '1416', '2211', 2621', '333', '949', '306', '172', '832', '2058', '832', '172',
'306', '819', '306', '570', '408', '2444', '1413', '173", '2032', '1055']

International
#99 (single
axle 5-
tonne)

['1055', '1803', '1425', 2265', '2668', 2265', '1882', 2265', '1425', '1803', '1055/,
1171, 2246', '1413', 2444', '1564', '1154', '1564', '838', '900', '1676', '967',
'1876', '967', 219', '2493', '402', '2493', '1699', '1125', '2022', 2041', '2022',
'1125', '1707', '1737', 2047, '950', '2795', '950', 221", '950', '2047', '1737', '1707',
'1125', '1590', '1728', 2126', '1728', '1522', '2041', '1522', '1728", '756', '359',
'1522', '359', "2318', '359', '756', '1228', '2318', '1370', '1504', 262', 710", '895',
'1370', '1898', '321', '303', '2527', '303', '1504', '1370', '2318', '1228', '1898,
'1370', '895', "2413', '2270', 2413', '895', '710', '519', 277", 710", 262", '2746',
'262', '1504', '303', '321', '1339', '519', '710', 277", '726', '277', '519', '1339', '726',
'2302', 2413', '2302', '726', '1339', '321', '2755', '321', '1898', '1228', '756', 2447,
'1898', 2447, '411', '411', 2447, '756', '1728', '1590', '1125', '1699', '2493',
'2186', 2493', '219', '2266', '1046', '2186', '1046', '70', '523', '2186', '523', 2002',
'1699', '286', '402', '1876', '401', '2763', '401', '1747', '401', '1876', '402', 286/,
'2022', 286, '1699', '2002', '1707', '2090', 2126', '2447', '2126', 2090', '1707',
'2002', '523', 70", '2761', '70', '1046', '2266', '219', '123', '219', '967', '1676/,
'1133", '2266', '1133', '1676', '900', '1330', 2827', '1330", '900', '838', '621', '2685',
'621', '1004', '621', '525', '1330', '525', "2857', '525', '621', '838', '1564', 2444/,
'1413', 2246', '1171', '1055', '1141', '2032', '173', '1171', '2305', '1750', '2396',
'597', 2273', 2108, '1882', '206', 2740', '206', '1403', '206', '1882', '2108', '2273',
'823', 2273', '133', "2888', '133', "2482', '133', '571', '1510', '1621', '1297', '930',
'2515', '1806', '2515', '930', '954', '930", '322', '430', 2339', '2435', 2471", '2435',
'2339', '430', '1432', '2042', '1671', '2042', '1432', '430', '954', '893', '954', '455',
2471', '590', 2471, '455', '954', '430', '322', '887', '1548', '1019', '2070', '352/,
'2070', '1019', '1548', '887', '1432', '1583', 2339, '455', '1821', '1136', '1821",
'455', '2339', '1583', '1544', 2083', '1986', 2083', '1544', '1583', '1535', 2435,
'1535', '1877', '1535', '1073', '445', '445', '1073', '1300', '1073', '1535', '1583',
'1432', '887', '1097', '2042', '1097', 203", '1671", '352', '1544', '352', '348', '1348',
'2828', '1348', '1288', "2366', '2285', 2366', '2293', '2293', '2366', '1288', '389',
'897', '2285', '1573', '1024', '1986', '1024', '1573', '294', '1348', '294', '842', '2083',
'1493', '921', '1867', '1459', '1877', '1459', '1867', '955', '1986', '955', '1867', '921',
'1493', 2083, '842', '1024', '842', '294', '348', '352', '1671', '203', '2070', '1288",
'1348', '348', "294', '1573', '2848', '1573', '2285', '897', '2752', '904', 2752', '897',
'389', '313', '2752', '313', '1764', '313', '389', '1019', '389', '1288", '2070', 203",
'1097', '887', '322', '1806', '1548', '1806', '322', '930', '1297', '1621', '1510", '1264",
'1838', '1264', '1510', '1163', '2280', '1163', '1510', '571", '1163', '571', '823',
'1264', '823', '571', '133', 2273', '597', 2396', '1841', '2482', '1841', '2923', '1841',
'2396', '1750', 2305', "2246', 2941', '2246', '2305', '1171', '173', '1413', '173',
'2016', '173', "2032', '1141', '1055"]

3733 (single
axle

['670', '945', 789", '810', '596', 747", '92', '158', '892', '693', '1558', '498', '1558',
'693', '892', '2494', '892', '1358', '892', '158', '92', '1307', '65', '1225', '65', '1307',

dump/plow) | 2069', '2388', '2209', '2388', '2069', '1984', '737', '1984', '2288', '1984", '136/,
'1984', 2069', '1227', 2069', '1307', '92', '317', '92', '747', '596', '1170', '527',
'1170', '596', '1613', '596', '810', '789', '945', '670"]

H&H ['670', '429', '518', '869', 911', '1175', '491', '1613', '491', '1175', '1161', '1175',

Contractor 911", '653', '911', '1375', '911', '869', '272', '869', '857', 2495', '857', '68', '1230',

#1 (single '68', '827', '1566', '1636', '1566', '1035', '1566', '827', '68', '1749', '2332', 2926,

axle combo | '2332', '2044', '867', '431', '867', '2044', '2332', '1749', '68', '857', '1081', '2048',

sander/plow | '498', 2048', '1081', '857', '869', '518', '429', '670']

)
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H&H

[2469', '1815', '2452', '1815', '257', '818', '585', '818', 257", '1815', 2469', '2446',

Contractor '2464', '1088', '1551', '58', '1551', '1005', '1411', '1918', '778', 2043', '778', '1918',
#2 (single '387', '1346', '1219', '177', '1648', '905', '628', '905', '496', 2367', '496', 2824/,
axle combo | '496', '888', '1802', '550', '654', '550', '1802', 740", '865', '2504', '665', 2504,
sander/plow | '865', '740', '1802', '888', '496', '905', '2504', '905', '1648', '177', '1219', '1346',
) '387', '1918', '654', '1918', '1411', '1005', '1551", '1088', '2464', '2446', '2469']
3709 (grader | ['2456', 270", 2411', '1041', '1017', '1041', '2411", '2532', '938', '1159', '833/,
with '2532', 2411', '270', '1994', '1713', '1523', '2520', '1523', '1713', '1053', '1531',
scarifier and | '1294', '1589', 2433', '1526', '1776', '2633', '1776', '1526', '336', '2404', '336/,
plow) '2633', '336', '1526', 244", '1995', '666', '1438', '556', 2653', '2329', '1437', '2329',
'2653', '556', '386', 2659', '2651', '2627', '2659', '386', '2595', '91', '2595', '386/,

'556', '1438', '666', '1995', '11', '12', 2721', '12', '11', '1717', '1609', '461', 2454,
'1190', 2478', '1408', "2831', '1408', "2478', '1438', '2478', '1190', '878', 2053,
'1399', '987', 2680', '307', '296', '532', 291', '300', '87', '407', '87', '999', '87',
'300', "754', '1184', "2651', '2659', 2627', '2651', '1184', '907', '2566', '566', '1531",
'1053', '1083", '1614', '1819', '1534', '1589', '1294', '1531", '566', '2520', '979',
'883', '2512', '1461', '2512', '907', '2512', '883', '979', '2520', '566', '2566', 907",
'1184', '2224', '48', '1461', '48', '2224', '2232', '2374', '2232', 2224, '1184', '754',
'2374', '2145', '2952', "2145', '2232', '2145', '2374", 754", '999', '2627', '999', 754,
'300', '2585', "2769', '2585', '300', 291", '2769', '569', 2769', 291", '532', '569',
'2153", '569', '532', '407', '532', '296', 2539', 296', '2153', '296', '307', '1346',
'307', 2680, '987', '387', '987', '1399', 2053', '878', '2428', "2251', 2428', '878',
'1190', 2454', '461', '1108', 2251', '1108', '1317', '1108", '461', '1609', '1849',
'1609', '1717', 207", '1717', '86', '1717', '11', '2006', '666', '2006', '1408', 2006',
'11', '1995', 244", '1534', '1819', '873', '86', '1534', '86', '873', 207", '1397', 207",
'873', '1937', '873', '1819', 2459, '1819", '1614', '1083', '1294', 2404, '2433',
'1589', '1614', '517', '1614', '1589', '1534', 244", '1526', "2433', '2404', '1294',
'1083", '1028', '1083', '1053', '1012', '1053", '1713', '360', '1713', '1994', '311',
'1994', '270', '712', 2196, '2196', '712', '938', '2532', '833', '2051', "2181', 30/,
2170, 288', '1041', '658', '1041', 288", '1043', '1608', '1730', '2711", '1730',
'2671', '1730', '1608', '1043', '1017', '2073', '1017', '1730', '1017', '1043', 707",
'1043', '288', '2170', '707', '997', '1608', '997', 707", '2170', '30', 2231', '30',
'2181', 236", "2231', '997', '2231', '236', '1623', '2960', '1623', 236', '118', 1388,
'502', '1388', "2937', '1388', '118', 236', '2181', '2051", '833', '1159', "2311', 2311/,
'1159', '938', '712', 270", '2456']

3710 (grader
with
scarifier and
plow)

['2079', '1199', "2822', '1199', '821', '630', '1683', '736', '1683', '630', '821', '1199',
'319', '634', '2847', '634', '1887', '1524', '1887', '634', '990', '998', '990', '1861",
'1861', '990", '634', '319', '370', '410', '1545', '410', '939', '2438', 2606', '1170',
'2606', '2625', 2632', 2660, 2658', 2608', '2662', 2671', '1623', '502', '177',
'654', '126', '1102', '1088', '2464', '2446', '2469', 243", '2469', 2446', 2464,
'2371', 2233', '2446', '2233', '2578', '2233', '2371', '1311', '2578', '1311', '705',
'60', '2729', '60', "2578', '60', '803', '996', 2699', 2644, '2699', '996', '943', '1546',
'122', 2376', '2189', '1662', '2669', '1222', "2669', 2647', '2644', '2962', 2644,
'2647', 2703', '2647', 2669', '1662', '1988', '585', '493', 2330', '261', 2410/,
'2254', '2361', '1271', "2361', '2519', 2583, '2424', 2473', 2424, '1076', '2424',
'2583", '858', '2584', '2531', '2584', '1584', '702', '2832', "702', '1584', "2584', '858',
'2583', 2519', '2361', "2254', '1666', 2519', '1666', '2254', '2410', 261", '2330',
'493', '585', '1988', '1662', 2189, '643', '42', '1946', 2871", '1946', '42', '2779',
'42', '643', 2779', '1946', '391', '1946', 2779', '643', '2189', 2376', '122', 708",
'2782', "708', '1909', '2554', '1778', '2554', '2940', '2554', '1909', '406', '1204',
'882', '1204', '406', '1909', '708', '122', '1546', '943', '996', '803', '60', '705', 2415,
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'943', '2415', '882', 2415', '803', '2785', '803', '2415', '705', 23', '705', '1311/,
'1070', '1311', '2371', '507', 2371', '2464', '1088', '1102', '126', '654', '177', '502',
'1623', 2671', '2662', "2608', '2658', '2660', '2632', '2625', '2606', 2438', '939',
'410', '370', '864', '2791', '864', '1270', '1966', '2875', '1966', '1755', '1966', '1270',
'988", '1270', '864', '939', '1684', '1545', '1684', '1110', '1891', 2866', '1891', '170/,
'1038', 2597, '2955', '750', '1069', '1418', '1069', 2802', '1069', '750', "733',
'1869', '1869', '733', '2567', '35', '35', '2567', 2943', '2567', 733", '750', '2955',
'2597', '2953', '2597', '1038', '2801', '1038', '170', '2736', '170", '1891', '82', '2686',
'82', '1705', '82', '1891', '1110', '2664', '1705', '2686', 2966', '2686', '1705', 2664/,
'1110', '1684', '709', '2438', "709', '449', '2664', '449', '1455', 2838, '1455', '449',
'709', '314', '1455', '314', '709', '1684', '939', '864', '370', '319', '256', '1002',
'1506', '1683', '775', '1683', '1506', '356', '1506', '323', '2221', '906', '10', '9',
2720, '9', '539', '9', '10', '184", '10', '906', '1223', '2780', '1419', 2780', '661',
'163', '661', '2780", '1223', '742', '1419', '742', '1223', '612', '1223', '906', 2221",
'323", '1524', '323', '466', '323', '1506', '1002', '630', '360', '630', '1002', '1524',
'1002', 256, '1887', '998', '2605', '2221', '2605', '2955', '2605', '998', '1887', 256/,
'821', '311', '821', '256', '319', '1199', '2079"]

3711 (grader
with
scarifier and
plow)

[2079', 2456', '311', '360', '775', '51', '1012', '1028', '2098', '1720', '2098', '1028',
'1012', '51', '736', '1720', '1381', '1914', '356', '466', '539', '1060', '656', '1907',
2150, 268', '1914', '1381', '1720', '736', '356', '1914', '268', '1635', '1550', '1310',
'1381", '1310', '517', '2098'", '517', '2459', '1195', '1937', '1397', '1849', 2528,
'"1317', '2530', '1317', "2528', '1849', '1397', '1937', '1195', '1550', '1231', 2594/,
'934', '721', '1099', '1231", '1550', '1635', '2594', '1231', '1397', '1231', '1099',
'1849', '1099', '1580', "2528', '1580', '1361', '1580', "2472', '1933', 2472', '1580',
'1099', '721', 2472', '1015', '2472', 721", '934', '1395', '202', '1933', '520', '116',
'520', "2511', '2934', '2511', '1160', "2511', '520', '1933', '202', '1323', '1160',
'1323', 202, '1395', '934', '2594', '1635', '268', '1310", '1550', '1195', '2459', '517',
'1310", '268', '2150', '1395', 2150', '1907', '2430', '1385', '1543', '1109', '1308',
'485', "2851', '485', '482', '1385', '1790', '947', '332', '2395', '13', '186', 2165,
'2156', '1790', '1385', '482', '485', '151", '2430', '1907', '656', '682', '2430", '151",
'482', '1109', '1543', '801', '632', '933', '933', '632', '1773', '1308", '1109', '482',
'"151', '485', '1308', '912', '1308', '1773', '1491', 274", '434', 274", '1814', '283',
'1814', 274", '1491', '1814', '1491', '1773', '632', '801', '2165', '2395', '332', '2156/,
'1543', 2156', '332', '1987', '1509', '163', '1418', '1319', '13', '2722', '13', 2395/,
'1509', '2395', 2165', '801', '1543', '1385', 2430, '682', '1790', '2156', '2165',
'186', 2263', '801', "2263', '283', '2748', 283", '2263', '186', '13', '1319', '674,
'942', '674', '1319', '1418', '163', '1509', '1987', '612', '1314', '2290', '184', '1905',
'184', 2290', '1314', '612', '1987', '332', '947', '1314', '947', '1790', '682', 2034,
'2290', '2034', '682', '656', '1060', '2034', '947', '2034', '1060', '539', '466', '356',
'736', '51', 775", '360', '311', '2456', '2079', '988', '658', '1755', '2073', 2711,
'2615', '2709', '2702', 2709', '2615', "2695', '2629', '2632', '2660', 2707', 2658,
'2608', '2702', 2608', "2658', 2707', '2660', '2632', '2629', '2695', '2615', 2711,
'2073', '1755', '658', '988', "2079']

M22
(grader)

['806', '463', '164', '1114', '1593', '2008', '2373', '480', '2373', '2008', '1641', '397',
'2373', 397", '96', '480', '96', '554', '96', '397', '1641', '143', '1641', '2008', '1593',
'1472', '1167', '1472', '1382', '681', '1127', '681', '1382', '2169', '108', "766', 2927,
'766', '2708', "766', 2344', '760', '1708', '1673', '922', '1783', '759', '1224', 2005,
'1250', '100', '1969', '2012', '1969', '100', '991', "2111', '1502', "2111', '991", '530',
'2509', '530', '991', '1719', '991', '100', '524', '1486', '1733', 211", '1719', 211',

'2060', 211', '1733', '1935', '1733', '1486', '1336', '2486', '1336', "2536', '2586',

'2536', '1856', '217', '2919', "217', '1856', '2536', '1336', '1486', '524', '100', '1250',
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'2005', '1224', '759', '1783', '922', '1673', '2501', '63', '2501', '1417', '2501', '2243',
'2501', '1673', '1404', '1673', '1708', "760', '2344', '723', '299', '1309', '1675',
'1309', 299, "799', 299', '723', '1021', "799', '1955', '165', '2152', '165', '1675',
'2152', '1309', '1955', "2291', '1955', '1309', '2152', '1675', '165', '1955', '799',
'1021', '1902', '1021', '723', 2344', '766', '108', '1989', '108', '2169', '1382', '1472',
'1902', '1472', '1593', '1114', '164', '375', '416', '1578', '1379', '1117', '1379',
2830, '1379', '1578', '416', '375', 2076', '416', '2076', '1578', '2076', '375', '164',
'463', '806']

M27
(grader)

['806', '1834', '1482', '456', '1708', '1224', '183', '1224', '1708', '456', '1482', '1834/,
2177, '1731', '2382', '1731', '2177', '732', '638', '109', '1731', '1617', '342', 2177,
'1834', '1364', '1886', '2308', '2377', "732', 2177', '342', '1482', '463', '1482', '342',
'1404', '342', '1617', '2243', '1617', '2678', '1617', '1731', '109', '2712', '109', '638',
'363', '638', '732', '2377', '2308', '420', 2308', '33', '1042', '964', '420', '889',
'2180', '889', "2792', '889', '420', '964', 2796', '964', '1042', '33', 2308', '1886',
'1604', '825', '1653', '2229', 2899', '2229', '1653', '825', '1604', '2499', '1604',
'573', '200', '403', '1476', '1553', '1476', '403', '200', '573', '1450', '573', '1604',
'1886', '1483", '1886', '1364', '1834', '806']

M30

['806', '650', '1169', '44', '1483', '44', '780", '1450', 780", '1873', '1754', '1873',
'2027', '1390', 2027', "2518', '2027', '1873", '1442', '1873', 780", '1951', 285/,
'1951', 780", '44', '1647', '1951', '1647', '1752', '1105', '1568', '1582', '2489',
'1582', 2272', '2272', '1582', '1568', '1105', '1752', '1647', '600', '1919', '769',
'552', '1585', '2346', '1585', '552', '1723", '2457', '1723', '552', '1502', 2309',
'1502', '552', "769', 2012', '769', '451', '1949', '463', '1949', '451', '769', '1919',
'600', '1647', '44', '1169', '650', '1919', '1585', '2510', '1124', '2510', '1723', '1908,
'602', '530', '1164', "2112', '1313", 2112', '1164', '530', '602', '1908', '2738', '2309',
'2738', '1908', '1723', 2510, '1585', '1919', '650', '1949', '413', '2106', '413',
'1949', '650', '806']

M31

['383", 437", '195', '540', '637', '540', 2538', '1132', '2538'", '1681", '1915', '1681',
'1983', '1065', '1186', '1006', 2372', '535', 25", 2710, 25", 704", '419", 2201,
'419', '1688', '419', '704", '1156', '1688', '2513', '1688", '1156', '2110', '2425',
21104, '1736', '2275', '1392', '2425', '1392', '1331', '1047", '2015', '1047', '1331",
1392, '2275', '2015', '1866', '1470', '415", '1470', '1866', '2015', '2275', 2957,
0275, '1736', 2168, '1736', '2033', '1216', '1394", '1121', 2168, '1121', '1152',
n817', '1152', '1218', '1152', '1121", '1394', '1218', 2817, '624", 2817, '1218',
'1394', '1484", '672", '1254", '672', '1484", '1394', '1216', '2033', '1736', 2110,
'1156', '704', 25", '535', '2372', '1216', '2372", '1006', '1186', '1254', '2085', '660),
'1748', '1606', '1748'", '79', '1202", '1739', '2577', '1739", '1202', '1860', '2245',
"1860", '1202', '79', '1748', '660', '2085', '1254', '1186', '1065', '1597', '1065',
'1983', '2031", '1983", '1681', '2538', '540", '195', '2516', '195', '437", '383]

M34

['383', '2287', '788', 2468, '1176', '199', 2151", '776', '1344', '776', '1864', '985',
'1864', '776', '526', '1104', '2122', '1180', '985', '1977', '2604', '898', 2604', '1977',
'985', '1180', 2122', '676', '327', '1180", '1770', '1180", '327', '2487', '1852', '2487',
'2109', '531', '1115", '531', '2109', '2487', '327', '1383", '2109', '1383', '1634',
'1628', '1467', '2155', '103', "2155', '1467', '1628', '1634', '1383', '327', '676', '106',
'676', '2122', '735', '2122', '1104', '526', '1138', '526', '975', '1738', '975', '472',
2119, '472', '975', '2798', '975', '526', "776', 2151', '199', '1176', '2468', 788,
'2287', '383'"]

M36

['383', '1537', '1560', '450', '1650', '479', '393', '435', '1761", '591', '553', '280',
'1135', '1706', '1135', '944', '1135', '1236', '1939', '2492', '1939', '1236', '1135',
'280', '807', '1236', '1610', '1236', '807', '529', '1939', "2237', '1939', '529', '1829',
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'529', '358', '529', '807', '1852', '807', '280', '898', '280', '553', '591", '1344', '591',
'1761', '435', '393', '479', '1650', '450', '1560', '1537', '383"]

M37

['383', '273', 717", '235', '1978', '235', 793", '2450', '793', '245', '1221', '970', 208,
'1201', 208', '926', '492', '792', '452', '541', '452', '1268', '881', '1268', '1571",
'2535', '1571', '1360', '318', '1360', '504', '513', '983', '1338', '2663', '1321', 2637,
'2431', 2661', '581', '2094', '581', '1709', '808', '1874', '808', '1424', 2013', '1424',
'1290', '961', 2370', '598', '2370', '1686', '2370", '1624', '2370', '961', '1290',
'1424', '1772', '1424', '808', '477', '808', '1709', '581', 2661', '2431', '2637', '1321',
'2663', '1338', '983', '1158', '983', '513", '504', '1360', '1571', '1268', '230', '1268',
'452', '1051', '452', "792', '492', '926', '1885', '926', '792', '1464', '1262', '1464,
'792', '926', '208', '970', '492', '970', '1464', '2010', '724', '2010', 2618', '2010',
'1464', '970, '1221', '245', '793', '981', '559', '1513', '559', '981', '793', '235', '717',
273", '383']

Truck #13

['97', '1000', '1162', '1000', '1260', '1669', '1064", '1406', '1765', 2673', '1853',
'2509', '1853', 2673', '1765', '1406', '1064', '1669', '1260', '1679', '2666', '1679',
'822', 2666, '822', '1679', '1260', '1172', '1286', '1629', 2441', '1600', '2441",
'1629', '689', '1120', '37', '1629', '1286', '1172', '1260', '1000', '31', '1974', '1496',
'689', '1629', '37', '1048'", '1475', 2441', '1475', '2432', '2059', 2059', 2432',
'2403', '2389', 2403', 242", '2230', '489', '2230', '599', '1439', '599', '423', '1115',
2217, '1155', 2217, '1115', '423', '599', '2230', 242", '2403', 2432', '1475',
'1048', '1829', '1048', '37', '1120', '689', 292', '1147', '1501', '1422', '2326', '120',
'2326', '1422', '1501', '1147', '292', '689', '1496', '1974', '31', '1000', '97']

Truck #29

['97', '470', '1759', '639', '2099", '31', '1172', 2184", '103", 2184', '1172', 31,
099", '639', '713', '1147', '978', '1147', '713", '639', '1140", '1355', '1501', '2439',
338", '1549', '338', '2439', '1501", '1355', '1140', '1118', 2649, '1118', '1140),
'1090", '696', '1212', '1273", '454', 2386', '2281", '93', 2281", '2386', '454', '1273',
12121, '2279', '2118', '1925', '2118', 2312, 2025, '2000', '896', '2000', '2025',
23121, 2118, '2279', '1212', '301', '2312', '301', '2437', '896', '2437', '2670,
'1098', '61', '586', '61', '1928", '61', '1098", 2670', 2676', '2692', '2676', 2670,
437", '301', 2607, '301', '1212", '696', '1090", '1140", '639', '1759", '1090', '1744",
'1090", '1759', '1062', 2607', '1062', '1759', '470', '97']

T20

['396', '1528', '312', '2107', '1188', 2813', '1188', '1575', '1188', 2107', '312/,
'1665', '1625', '648', '95', 210", '398', 267', 267", '398', '1025', '1401', '144/,
'1512', '189', '347', '189', '240', '1797', 240", '1626', '2381", '1626', '2307', '2307',
'1626', '2850', '1626', 240", '877', '427', '2260', '1677', '1901', '1378', '1196', '582',
'1888", '2731', 2351', "2731', '69', '1122', '2809', '1122', '1793', '1122', '69', '692',
'69', '2731',°2351°,°2212°, '1888", '582', '1196', '1378', '1901', '1677', '2260', '427',
877", '240', '189', '1512', '144', '1401', '1025', '398', 210", '95', '648', '1625/,
'1665', '312', '1528'", '396']

T30

[396', '1528', '312", '1665', '1625', '648", '95', '902', '2384", '34', '588', 467", '41,
421, '175', 381", '1030', '636', '1206', '1077', '1851", '1396', '1540', '2845',
'1540", '2485', '1540', '1396', '1595', '1674', '2485'", '1277', '2485', '1674'", '830),
'1698', '1945', '1440', '1667, '1440', '2649', '1440", '1945', 2870', '1945', '1698",
'830", '1674", '1595', '154', '1595'", '1396', '1851', '2203', '266', '2508', '98', '469',
426', '255', '1515', '121', '120', '121", '1515', '255', 2744, '255', '426', '1863,
548", '1822', '548', '1863', '426', '469', '98', '690', '636', '690', '335', '1206', 335",
'1077', '335', 2203, '1851'", '1077', '1206', '636', '1030', '98', '2508', '469', '1376',
'469', '2508', 266', '2203', '335', '690', "266', '690", '98', '1030", '1080', '1376',
'1863', '426', '469','1376', '1080', '1800", '1822', '1800", '671', '1800', '1080", '1030",
381", '175', '1421', '41', '467', '1892", '903', '546', '1798', '1238', '2416', '790),
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'2160',
'1631',
'1751',

'1039', '2160', '1631', '1426', '2062', '1426', '1631', 2160', '790', '651',
'1191', '677', '84', '1137', '84', '1751', '620', 247", '620', 2776', '620',

'84', 2743', '84', '677', '2314', '2743', '1751', '113', 2160', '113', '1751',
'2743', 2314', '738', '1756', "738', 2314', '677', '1237', '738', '1237', '1896', '1756',
'1896', '39', '1896', '1237', '677', '1191', '1631', '651', '608', '1426', '734', '1426/,
'608', '1533', '1430', '47', '1430', '1533', '1301', '1037', '1345', '1037', '1301',
'1533', '355', '1497', '355', '414', '355', '1533', '608', '1272', '608', '651', 790",
'2416', '1430', '249', '1430', 2416', '1238', '1798', '546', '1900', '546', '903', '1892',
'467', '588', '34', 2384, '902', '95', '648', '1625', '1665', '312', '1528', '396']

T40

['396', '1976', '1724", '1976', 2092, 22", 2727', '22', '1347', '22', '2092', '1976),
1396', '1926', '698', '1926', '396', '1528', '312', '1665', '1625', '1016, '1625', '648',
95", 210", '1991', '194', '910', '2303", '1401", '516', '1334", '144', '1401', 2303,
'920', '1196', '920', '2303', '910', '269", '582', '1196', '1378", '1901', '1677', '2260',
427, 534, '2393', '1972', '2393", '104", '2393", '534', '427", 2260, '1677', '1901',
"1378', '1196', '582', '1888', '2212', '2351", '692', '1793'", '644", '175', 12225', '671',
381", '1793", '692', '1045', '644", '1793', 381", '671', '72', '1822", '72', '1178', 1247,
113", '1137,, '1191', '39", '734', '1037", '1301', '378', '1497", '384", '635', '384",
"1213', '384", '1497', '378', '1301', '1037', '734", '39', '1191", '1137', '113', 247,
'1178', '1039', '1798", '1238', 47", 249", '1139', '249', 47", '1238', '1798', '1039",
1178, '72', 767", '1691", '903', '1900', 2065, '609', '565', '663', '1586', '663',
565", '609', '2065', '1900', '903', '1691', ‘767", '72", '671", '2225', '767', '2225',
125", '2225', 175", '644, '1325', '644', '1045", '38', '1045", 2434', '1045', '692',
2351, '2212', '1888", '582', '269", '910', '194', '117', '269', '920", '516', '1401',
'1025', '89", '1082', '1226', '1251", '343', '1575", '1016', '1575', '343", '1251', '1435',
2306', 2037, '1071', 1850, '560', '115', 29, 2549', '162', '1953', '680', '698,
680", '1953", '162', '2549', '29', '115', '560', '1850", '1071", 2037', '2306', '1435',
1251, '1226', '1082', '89', '1025'", '1401', '144', '1512', '189', '240', '189", '678',
'877', 678", 2260', '678', '1556', '678', '189', '1512', '144", '1334", '1556', '1512",
'1556', '1677', '1556', '1334", '1901", '1334", '516', '1378', '516', '920', '269', '117,,
733", 117, '194', '1991", 2434", 2212", 2434", '1991', 210, '95', '648', '490',
'648', '1625', '1665', '312', '1528', '396']

3719
(tandem
with
plow/sander

)

[2469', '1815', 2545, '126', 2545, '1569', '2328'", '1802', 2328', '1952', '2144",
"1194', '1091', '2890", '1091', '2088', '1091', '1194", 2088', '2452', '2149", '59",
'1352', '59', '1149', '2569', '1149", 2001, '141', 2001, '181', 241", '181", '302',
181", 448", '1271', '448", '181", '2001', '1149", '66', '493', '66', '1149', '59', ‘818",
'66', '662', '66', 'S18", '59', '2149", 2452', '2088', '1194', '2144', '1952', '2328',
'1569', '2545', '1815', '2469]

3738
(tandem
dump/plow)

['2469', 2446', '2464', '1088', '1102', '1005', '1411', '924', '32', '688', '946', '861",

'330', '155', 2207, '152', '1686', 2091', '2259', '2091', '1269', '1785', '387', '1785',
'1269', '2091', '1686', '152', '1059', '152', '2207', '2043', 2207', '155', '330', '2173',
'330', '861', '946', '688', '32', '924', '2173', '924', '925', '924', '1411', '126', '1411',
'1005', '1102', '1088', "2464', '2446', '2469']

3748
(tandem
dump/plow)

[2469', '2446', 2464', '1088", '1551", '32', '1369', '1630', '993', '585', '993", '1630',
483", '1917', '493', '1917', '659', '1917", '2483', '2195', '1165', '1913', 261",
913", '1165', 2506, '1165', 2195', '290', 2195, '2483', 1630, '2021', 2378",
096", '2378', 2021, '2137', '2096', '2137', '476', '1142', '946', '1142', ‘476,
2137, 2021, '1927", '2021', '1630', '1369', '32', '1551", '1088", 2464, 2446/,
2469']

3741 (grader
with plow)

['670', '429', '491', 700", '491', '429', '518,
'2544', '1749', '2100', "2101', '2100', '1749',

"1175', '518', 2496', '1081', 2543',
'2544', '2543', '1081', '2496', '518',
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'429', '2048', "2332', '2048', '429', '670', '2967', '670', '945', '789', '810", '1558',
'867', '2068', '867', '1558', '810', '1661', '693', '2359', '693', '1661', '747', '1087',
2116', '1648', 2116, '1087', '747', '1661', '810', '789', '536', '2766', '536', 2364,
'252', '2364', '536', '789', '945', '2357', '1306', '774', 774", '1306', '2357', 2248',
'2357', '945', '670"]

M38

['383', '1537', '1597", '2358', '1513', '2358", '1858', '619', '1858', '729', '1407', '522',
'2026', '1996', '1830', '76', '1321', '76', '1830', '1996', 2026', '1772', '982', '1996',
'982', '477', '1830', '477', '2162', 2431', '2162', '477', '808', '477', '982', '1772',
'385', '1624', '155', '1624', '385', '1772', '2026', '522', '1407', '1624', '1407', '861',
'1407', '729', '1858', '2358', '1561', '2358', '1597", '1537', '383']

M39

['383', '2287', 788", '1645', '1537', '1645', '1650', '450', '1560', '462', '1014', '1561",
'2096', '1561', '1014', '1013', '1014', '462', 2788', '462', '1560', '450', '290', '601",
'150', '601', '479', '601', 290", '450', '1650', '479', '393', '435', '1722', 2268,
'1722', '435', '167', '199', '835', '1393', '835', '472', '1985', '472', '835', 2524,
'649', '1444', '649', 2524', '835', '199', '167', '435', '393', '479', '1650', '1645',
'1233', '1645', '788', '2287', '383"]

J.D. 772G

['1055', 2032', '1141', '1010', '771', '1086', '2300', '1333', '746', '1', 2717', '1602',
'1471', '1610', '944', '237', '1721', '679', '591', '679', '1721', '334', '134', '679',
'1058", '679', '134', '1761', '538', '2151', '180', 2151', '538', '1761', '134', '1722',
'225', '1722', '134', '334', '2268', '1052', '2480', '1052', '2268', '334', '1721', 237,
'944', '1610', '1471', '1602', 2717', '1', "746', '1333', '2300', '1471', '2300', '1257',
'577', '1603', '325', '1603', '739', '2063', 2064', '2063', '739', '1468', '739', '1603',
'577', '1257', '2300', '1086', '948', '1220", '948', '1652', '955', '1652', '2481", '1652',
'948', '1086', "771', '1010', '1141", '2032', '1055']

J30

['396', '1926', '698', '680', '1953', '162', '1953', '680', '698', 2747', 281', 2086/,
'115', 29', '2549', '1249', '1672', '1618', '1367', '1990', '337', '1990', '1367', '1903',
'1150', '1903', 2294, "2912', '2294', '1903', '1367', '1618', '1990', '2315', 2916/,
'2315', '1990', '1618', '1672', '1249', "2549', '29', '2679', '337', '2679', '29', 115/,
'560', '1850', '2803', '2037', '2803', '1850', '1071', '2803', '1071', '2037', 2306',
2915, '2306', '1435', "2843', '1435', '1251", '1226', '1082', '89', '811', '486', '2313',
'486', '1552', '1512', '1552', '486', '811', '2257', '1552', '2257', '144', "2257', '1025',
'398', 210', '1991', '38', '1325', '1421', '1325', '1981', '2384', '1981", '1325', '38',
'902', '1981', 2640', '41', 2640', '34', '1680', '2646', '2199', '588', '2199', '610',
'467', '610', '848', '2020', '2046', '2460', '2046', '1892', '125', '2225', '671", '1800',
'1080', '1030', '636', '1206', '1077', '473', '1200', '2262', "2075', '2262', 716/,
'1542', '716', '1897', '77', '1897', "2867', '1897', '716', 2864, '716', '2262', 2951,
'2262', '1200', '2815', '1200', '473', '2765', '473', '1077', '1206', '636', '1030',
'1080', '1800', '671', '2225', '125', '1691', '125', '1892', '2046', '1900', '2046',
'2020', '2065', "2883', "2065', 2020, '609', '2020', '848', 297", '848', '850', 2295',
'850', 2790', '850', '848', '610', '2199', 2646', 2295', '1701', '1701', '2295', '2646',
'1956', 2646', '1680', '46', '1680', '34', "2640', '1981', '902', '38', '1991", 210/,
'398', '1025', "2257', '811', '89', '2200', '89', '1082', '1828', '1082', '1226', '745',
'1226', '1251', '343', '2757', '1380', 2757', '1016', '2757', '343', '1251', '1435/,
'2306', 2037', '1071', '1850', '560', '2768', '560', '115', '2086', 2338', '2338',
'2086', "281', "2807', '281', 2747, '1528', "2747', '698', '1926', '396']
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E3: Task 3 (Two Depots Removal)

Truck ID

Route Sequence

10-08

['1697', '106', '1124', '735', '1753", '2346', '600', '1169', '2408', '1642', '806', '463',
'164', '1114', '1902', '1989', 2344', '760', '2106', '1969', 2111, '602', '2301', '602',
2111', '1969', '2106', 760", '1250', '1855', '1250', '760', 2344', '1989', '1902',
'1114', '164', '463', '806', '1642', '2408', '1364', 2377', '363', '2180', '112', '2712',
112", 2180, '363', 2377', '1364', 2408', '1483', '1450', '1754', '2448', '1420/,
'1390', '1185', '1633', '1185', '1390', '1420', '2448', '1754', '1450', '1483', 2408,
'1169', '600', "2346', '1753', "735', '1124', '106', '1697']

18-07

['1697', '94', '107', '111', '2023', '2239', 260", '1144', '284', '668', '1529', '919',
2497, '354', '276', '1296', '2056', 2179', '917', '2560', '544', '1638', '424', '1857',
'1280', '820', '1460', '872', '1146', '305', '765', 2174, 2178', '2509', '1928', '545',
'1853', '986', '1853", '545', '1162', '545', '1098', '1503', '1098', '545', '1928', '1164',
'1719', '524', 217", '1856', '2575', '2949', '2575', '1856', 217, '524', '1719', '1164',
'1928', '2509', '2178', 2174', '765', '305', '1146', '872', '1460', '820', '1280", '1857',
'424') '1638', '544', "2560', '917', '2179', '2056', '1296', '276', '354', '2497', '919,
'1529', '668', 284, '1144', '260', '2239', '2023', '111', '107', '94', '1697']

14-06

['396', '1976', 2092', '1347', '499', '174', '2440', '1386', '1586', '1386', '2440', '174/,
'499', '1347', '2092', '1976', '396', '1528', '312', '1665', '1625', '648', '95', 210",
'1991', '2434', '2212', 2351', '692', '1793', '381", '671', '72', '1178', 247", '113',
'1137', '1191', '39', '734', '1037', '1301", '378', '1497', '384', '1213', '138', '1598,
'2095', '1089', '1103', '1818", '1612', 2406', 224", '2172', '2256', '2007', '2256',
2172', 224, 2406, '1612', '1818&', '1103', '1089', 2095', '1598', '2436', 751",
'1508', 2167', '1423', 2161', 2533', '2161', '1423', 2167', '1508', '1405', '278',
'1826', '1963', '1826', '278', '1405', '1508', '751', 2436', '1598', '138', 215", '1916',
'468', '1198', '1519', '1198", '1518', '1198', '468', '1916', 215", '138', '1213', '384,
'1497', '378', '1301', '1037', '734', '39', '1191', '1137', '113', 247", '1178', '72',
'671', '381", '1793', '692', '2351', '2212', '2434', '1991", 210", '95', '648', '1625',
'1665', '312', '1528', '396']

15-24

['900', '1676', '1133", '2266', '1046', '70', '523', '2002', '1707', '2090', '1590', 2041,
'706', "2515', '1806', '1548'", '1019', '389', '897', '1788', '1220', '2175', '558', '2319',
27", 739", '1603', '237', '1058', '1706', '553', '464', '898', '1852', '358', '428', '358,
'531", '1634', '876', '1634', '531', '358', '1852', '898', '464', '1864', '1770', '1104/,
'238', '1104', '1770', '1864', '464', '1344', '1337', '538', '167', 2458', '167', '538',
'1337', '1344', '464', '553', '1706', '1058', 237", '1603', '739', 27", '2035', '130',
'1791', '1998', '1462', '1998', '1791', '130', '2035', '27', '2319', '558', 2175', '1220',
'1788', '897', '389', '1019', '1548', '1806', '2515', '706', '2041', '1590', 2090, '1707',
'2002', '523', '70', '1046', '2266', '1133', '1676', '900']

14-05

['900', '838', '1564'", '2444', '408', '819', '2334', '2579', 24", 2007', '840', '52', '188!,
418", '441', '418', '188', '52', '840', '2007', 'S09', '64', '2368', '1276', '365', '292,
232", '713', '1355', '814', '1816', '154", '1595', '1674", '830", '1698', '1945', '1440',
649", '1118', '2466', '104', '1044', '918', '2698', '918', '2667", 2959', '2667', '918',
'1044', '104', 2466', '1118', '2649', '1440", '1945', '1698', '830', '1674", '1595'", 154",
'1816', '814", '1355', '713", '232', '2099', '97', '2636', '2665', 2617', '2665', '2652',
665", '2636', '97', '2099', '232', '1974', '1496', '1286', '1600', '2184", '822', '2184",
'1600', '1155', '1115", '1155', '1600', '1286', '1496', '1974", '232', '292', '365', '1276',
368", '64', '509', 2007, 24", 2579, '2334', '819', '408', '2444", '1564', '838',
'900']
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13-01

['900/,
911",

'838", '1564', 2444', '408', '819', '2334', '1577', '1824', '442', '2080', 758,
'2138', 2621', '1805', '1958', '1267', '1485', '1702', '958', '786', '2078',
'1961', '1209', '2253', 2198, '1453', '1462', '640', '1126', '971', '1282', 2517,
'1282', '971', '1126', '640', '1462', '1453', '2198', '2253', '1209', '1961', 2078", '786',
'958'", '1702', '1485', '1267', '1958', '1805', "2621', '2138', '1911', '1787', 110/,
'1740', '131', '2880", '131', '2881', '131', '1740', '110, '1787", '1911', '607', '1092',
'1451', '1371', 201", '1997', '1488', '1997', 201", '1371', '1451", '1092', '607', '1911",
'758', '2080', '442', '1824', '1577', '2334", '819', '408', '2444', '1564', '838', '900']

International
#85
(tandem)

['1055', 2032', '173', '1413', '2444', '408', '819', "2334', '1577', '1824', '2228', '441',
'418', '188', '52', '952', '623', '908', '1735', '908', '1402', '673', '1508', '1405',
'1836', '836', "2507', '1845', "2161', '1302', '1423', '1302', '2514', '1302', 2161",
'1845', '1279', '1845', 2507, '836', '1836', '1405', '1596', '1592', '1591', '782', 278!,
226', '2166', 226', 278, '782', '1027', '1026', '1826', '1217', '816', '1217', '1826',
'1026', 2635', '1026', '468', '1198', '1519', '1198', '2363', '1198', '49', '1057', '1963',
'1057', '49', '1198', '1518', '1198', '468', '1794', '2553', '2557', '2553", '1436', '675',
'936', '1386', '936', '422', '936', '675', '1436', 2948', '1436', '2553', '1794', '468',
'1026', '1027', '782', '1916', '782', '1591', '1592', '1596', '2451', 215", '138', 215",
'2451', '2436', '2095', '2436', '2451', '1596', 2427, '1596', '1405', '1508', '673',
'1402', '908', '623', '952', '52', '188', '418', '441', '2228', '1824', '24', '1824', '1577,
'2334', '819', '408', '2444', '1413', '173", '2032', '1055']

International
#75
(tandem)

['1055', '1803', '1425', '1750', '2108', '1403', '1136', '1821', '893', '1297', 706/,
'2041', '1590', '2090', '1737', 2047', 221', 248", '2028', '1220', '948', '1086', 771,
'1086', 2300', '1471', '2300', '1086', '948', '1220', '2028', '2093', '514', '1157,
'1658', '695', '1658', '447', '2317', '2029', '1214', '695', '1214', '1808', '2175', '1760',
1257, '1610', '1257', '1760', 2175', '1808', '1214', '2029', '2319', '1468', '1490',
'STT, '944', 'ST7T', '1490', '1468', '2319', 2029', 2317', '447', '1998', '572', '1998',
'447', '1453', '447', '1658', '2198', '1658', '1157', 2253', '1157', '966', '1576', '333',
'2058', 2138, '1416', 770", '1740', '770', '1416', 2138', '2058', '333", '1576', '966',
1157, '514', '2093', '2028'", '248', 221', '2047', '1737', '2090', '1590', 2041', "706',
'1297', '893', '1821', '1136', '1403', '2108', '1750', '1425', '1803', '1055"]

Western
Star #91
(tandem)

['1055', '1803', '1425', '1750', '2108', '1403', '1136', '1821', '893', '1297', '706',
'2041', '1590', '2090', '1737', 2047', 221', 248", '614', '514', '695', '2317', '1791',
'130', '400', '494', '1068', '2063', '325', '1721', '325', '2063', '1068', '494', '603',
'1605', '980', '1605', '1447', '488', '302', '181", '2001', '662', '2330', '659', 2195/,
'659', '2330', '662', '2001', '181', '302', '488', '1447', '1601', '1282', '1601', '1447',
'1605', '603', '494', '400', '1093', '603", '1130', '764', '279', '334', 279", '362',
'1052', '362', '563', '362', '1532', '980', '1532', '362', '279', 764", '1532', '1685',
702", '1584', 702", '1685', '1532', "764', '1130', '603', '1093', '1655', '1126', '1655',
'1093', '400', '572', '1655', '572', '640', '572', '400', '130', '1791', 2317, '695',
'514', '614', '248', '221', '2047', '1737', '2090', '1590', 2041', '706', '1297', '893',
'1821', '1136', '1403', '2108', '1750', '1425', '1803', '1055']

Western
Star #88
(tandem)

['1055', 2032', '173', '1413', 2444', '408', '819', '2334', '1577', '172', '442', '521/,
2218, '521', '2038', '1085', '2038', '328', '2337', '623', '2297', '1402', '1103', 752,
'209', '1089', '1208', '673', '2120', '1664', '2120', '673', '1208', '1089', '209', 2258,
'635', '384', '1213', '138', '1139', '138', '1213', '384', '635', '2258', '209', '2326',
711', '1816', '154', '1368', '154', '1816', '814', '1816', '711", '814', '1118", '2649',
2964', '2649', '1118', 2466', '104', '1096', "2453', '1096', '104', 2466', '1744',
'1044', '918', 2667, '2277', 2667', '918', '1044', '1744', '2466', '1118', '814', '711',
'2326', '209', '752', 2631', '1292', '2406', '224', '952', '840', '952', 224", 2406',
'1292', '1818', '1292', "2631', "752', '1103', '1402', 2297', '1818", '2297', '623',
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'2337', '328', 2038', '521', '442', '172', '1577', '2579', '1577', '2334', '819', '408,
'2444', '1413', '173", '2032', '1055']

Western
Star #96
(tandem)

['1055', 2032, '1141", '1010', '1507", '408', '1507", 2019, 2089', '1129', '2580",
340", '995', 2019', '1507', '2331', '2089", '2340', '509', 2340', '2089', '2331',
2210, '1129', '1594", '940', '2580", '1129", 2210', '664", '1594', '1129', '2089",
019", '2911', '2019", '995', '2340', '2580', '64', "2580', '940', '1276', '1703', '2368',
'1703', '2564", '338', '2564', '1703", '1276', '940', '1120", '365', '978'", "2564', '2631',
564", '978', 2439, '978', '365', '1120', '940', '1594', '37', '1594", '664', '1048,
664", '2492', '664', '2210', '779', '2210', '2331", '1333', 2331", '1507', 1010, '1141",
032", '1055']

International
#78
(tandem)

['1055', 2032', '173', '1413', '2444', '408', '570', 248', '570', '57', '614', '57', '1576',
'1805', '1782', '1899', '1782', '915', '969', '915', '1210", '915', '856', '2190', '856/,
770", '329', '131', '1889', '564', '1495', '537', '626', '564', '1889', 214, '1495',
'564', '626', '537', '2562', '2401', '1997', '2401', '2562', '537', '1495', '1327', '201',
'205', 2097', '1085', '2097', '205', 201", '1327', '1495', 214", '728', '1327', 728,
'1371', '62', '2218', '62', '758', '62', '1371', '728', '110', '1416', '110', '728', 214,
'1889', '131', '329', 770, '856', 2211', '856', '915', '1782', '1805', '1576', '57',
'949', '832', '2080', '2219', 2080', '832', '949', '57', '570', '306', '949', '333', "2621',
2211, '1416', '2211', 2621', '333', '949', '306', '172', '832', '2058', '832', '172',
'306', '819', '306', '570', '408', '2444', '1413', '173', '2032', '1055']

International
#99 (single
axle 5-
tonne)

['1055', '1803', '1425', "2265', '2668', 2265', '1882', 2265', '1425', '1803', '1055',
'"1171', '2305', '1750', 2396', '597', 2273', '2108', '1882", '206', '2740', '206', '1403',
'206', '1882', 2108, '2273', '823', 2273', '133', '571', '1510', '1621', '1297', '930',
'2515', '1806', '2515', '930', '954', '930', '322', '430', '2339', 2435', '2471', 2435,
'2339', '430', '1432', '2042', '1671', 2042', '1432', '430', '954', '893', '954', '455',
2471', '590', 2471, '455', '954', '430', '322', '887', '1548', '1019', '2070", '352',
2070, '1019', '1548', '887', '1432', '1583', '2339', '455', '1821', '1136', '1821", '455/,
'2339', '1583', '1544', 2083, '1986', '2083', '1544', '1583', '1535', "2435', '1535',
"1877', '1535', '1073', '445', '445', '1073', '1300', '1073', '1535', '1583', '1432", '887',
'1097', 2042', '1097', 203", '1671', '352', '1544', '352', '348', '1348', "2828', '1348',
'1288', '2366', '2285', '2366', '2293', '2293', '2366', '1288', '389', '897', 2285/,
'1573", '1024', '1986', '1024', '1573', 294", '1348', 294", '842', '2083', '1493', '921",
'1867', '1459', '1877', '1459', '1867', '955', '1986', '955', '1867', '921', '1493', 2083,
'842', '1024', '842', 294, '348', '352', '1671', 203", '2070', '1288', '1348', '348',
294", '1573', "2848', '1573', "2285', '897', '2752', '904', '2752', '897', '389', 313/,
'2752', '313', '1764', '313', '389', '1019', '389', '1288', '2070', 203", '1097', '887',
'322', '1806', '1548', '1806', '322', '930', '1297', '1621', '1510', '1264', '1838', '1264",
'1510', '1163', '2280', '1163', '1510', '571', '1163', '571', '823', '1264', '823', '571',
133", "2888', '133', '2482', '133', '2273', '597', '2396', '1841', 2482', '1841', '2923',
'1841', '2396', '1750', 2305', 2246', 2941', '2246', '2305', '1171', 2246, '1413',
'2444', '1564', '1154', '1564', '838', '900', '1676', '967', '1876', '967', 219', 2493,
'402', 2493', '1699', '1125', '2022', 2041', '2022', '1125', '1707', '1737', 2047',
'950', '2795', '950°, 221, '950', '2047', '1737', '1707', '1125', '1590', '1728', '2126/,
'1728', '1522', '2041', '1522', '1728', '756', '359', '1522', '359', 2318, '359', '756',
'1228', 2318, '1370', '1504', '262', '710', '895', '1370", '1898', '321', '303', 2527,
'303', '1504', '1370', '2318", '1228', '1898', '1370', '895', "2413', '2270', 2413, '895',
"710', '519', 277", '710', '262', 2746', '262', '1504', '303', '321', '1339', '519', '710/,
277, '726', 277", '519', '1339', '726', '2302', '2413', '2302', '726', '1339', '321',
'2755', 321", '1898', '1228'", '756', '2447', '1898", '2447', '411', '411', '2447', '756',
'1728', '1590', '1125', '1699', 2493', '2186', '2493', 219", '2266', '1046', 2186',
'1046', '70', '523', '2186', '523', '2002', '1699', '286', '402', '1876', '401', '2763',
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'401', '1747', '401', '1876', '402', '286', '2022', '286', '1699', 2002', '1707', '2090',
'2126', 2447, '2126', '2090', '1707', '2002', '523', '70', '2761', '70', '1046', 2266,
219', '123', '219', '967', '1676', '1133', "2266', '1133', '1676', '900', '1330', 2827,
'1330', '900', '838', '621', '2685', '621', '1004', '621', '525', '1330", '525', '2857',
'525', '621", '838', '1564', '2444', '1413', '2246', '1171', '1055', '1141", '2032', '173',
'1171', '173', 2016', '173', '1413', '173", '2032', '1141", '1055"]

3733 (single
axle

['670', '945', '789', '810', '596', 747", '92', '158', '892', '693', '1558', '498', '1558',
'693", '892', '2494', '892', '1358', '892', '158', '92', '1307', '65', '1225', '65', '1307',

dump/plow) | '2069', '2388", '2209', '2388', '2069', '1984', '737', '1984', '2288', '1984', '136/,
'1984', 2069', '1227', 2069', '1307', '92', '317', '92', '747', '596', '1170', '527,
'1170', '596', '1613', '596', '810', '789', '945', '670"]
H&H ['670', '429', '518', '869', '911', '1175', '491', '1613', '491', '1175', '1161', '1175',
Contractor 911", '653', '911', '1375', '911', '869', '272', '869', '857', 2495', '857', '68', '1230',
#1 (single '68', '827', '1566', '1636', '1566', '1035', '1566', '827', '68', '1749', '2332', 2926/,
axle combo | '2332', '2044', '867', '431', '867', '2044', '2332', '1749', '68', '857', '1081', 2048,
sander/plow | '498', '2048', '1081", '857', '869', '518', '429', '670"]
)
H&H [2469', '1815', '2452', '1815', '257', '818', '585', '818', 257", '1815', '2469', '2446',
Contractor '2464', '1088', '1551', '58', '1551', '1005', '1411', '1918', '778', '2043', '778', '1918',
#2 (single '387', '1346', '1219', '177', '1648', '905', '628', '905', '496', 2367', '496', '2824,
axle combo | '496', '888', '1802', '550', '654', '550', '1802', '740', '865', '2504', '665', 2504,
sander/plow | '865', '740', '1802', '888', '496', '905', '2504', '905', '1648', '177', '1219', '1346',
) '387', '1918', '654', '1918", '1411', '1005', '1551', '1088', '2464', '2446', '2469"]
3709 [2456', 270", 2411', '1041', '1017', '1041', '2411', '2532', '938', '1159', '833',
(grader with | "2532', 2411', '270', '1994', '1713', '1523', 2520, '1523', '1713', '1053', '1531",
scarifier and | '1294', '1589', '2433', '1526', '1776', '2633', '1776', '1526', '336', '2404', '336/,
plow) '2633', '336', '1526', '244', '1995', '666', '1438', '556', '2653', '2329', '1437', '2329',
'2653', '556', '386', 2659', '2651', '2627', '2659', '386', '2595', '91', '2595', '386/,

'556', '1438', '666', '1995', '11', '12', '2721', '12', '11', "1717', '1609', '461', 2454/,
'1190', '2478', '1408', "2831', '1408', '2478', '1438', 2478', '1190', '878', 2053',
'1399', '987', "2680', '307', '296', '532', '291', '300', '87', '407', '87', '999', '&7',
'300', 754", '1184', "2651', '2659', 2627', '2651', '1184', '907', '2566', '566', '1531",
'1053", '1083', '1614', '1819', '1534', '1589'", '1294', '1531', '566', '2520', '979', '883',
'2512', '1461', '2512', '907', "2512', '883', '979', '2520", '566', '2566', '907', '1184",
'2224', '48', '1461', '48', 2224, '2232', '2374', '2232', 2224, '1184', '754', 2374,
'2145', '2952', '2145', '2232', 2145', 2374', 754, '999', 2627, '999', '"7154', '300',
'2585', '2769', '2585', '300', '291', 2769, '569', '2769', 291", '532', '569', 2153,
'569', '532', '407', '532', '296', '2539', '296', '2153', '296', '307', '1346', '307',
'2680', '987', '387', '987', '1399', 2053', '878', '2428', "2251', 2428', '878', '1190',
'2454', '461', '1108', '2251", '1108', '1317', '1108', '461', '1609', '1849', '1609',
'1717', 207", '1717', '86', '1717', '11', '2006', '666', '2006', '1408', '2006', '11",
'1995', 244, '1534', '1819', '873', '86', '1534', '86', '873", 207", '1397', 207", '873/,
'"1937', '873', '1819', '2459', '1819', '1614', '1083', '1294', '2404', 2433', '1589',
'"1614', '517', '1614', '1589", '1534', '244', '1526', '2433', 2404, '1294', '1083',
'1028', '1083', '1053', '1012", '1053', '1713', '360', '1713', '1994', '311', '1994', 270",
'712', 2196, 2196, '712', '938', '2532', '833', '2051', 2181', '30', '2170', '288',
'1041', '658', '1041', '288', '1043', '1608', '1730', 2711', '1730', 2671', '1730',
'1608', '1043', '1017', '2073", '1017', '1730', '1017', '1043', '707', '997', "707', '1043',
'288', 2170, 707", 2170', '30', '2231", '30', 2181', '236', '2231', '997', '1608',
'997', 2231', 236', '1623', 2960, '1623', '236', '118', '1388', '502', '1388', "2937',
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'1388', '118', 236", "2181', '2051', '833', '1159', '2311", '2311', '1159', '938', '712',
270", '2456']

3710
(grader with
scarifier and
plow)

['2079', '1199', '821", '630', '1683', '775', '1683', '736', '1683', '630', '821', '1199),
319", '634", '1887', '1524", '1887'", '634', '990", '998'", '990', '1861", '1861', '990',
'634', '2847", '634', '319', '370', '410', '1545', '410, '939', '2438', 2606', '1170),
606", '2625', '2632', 2660', '2658', '2608', '2662', 2671", '1623', '502', '177", '654",
"126', '1102', '1088', 2464', 2446', '2469', 243", '2469', '2446', '2464', 2371,
233", '2446', '2233', 578", '1311', '1070', '1311', '705', '60', '2729', '60', '2578",
233", '2371", '1311', 2578", '60', '803', '996', '2699', '2644', '2962', "2644', 2699,
'996', '943', '1546', '122', 2376', '2189', '1662', 2669, '1222', '2669', '2647', "2644",
0647, '2703', '2647', 2669, '1662', '1988', '585', '493', 2330, 261", '2410", "2254',
2361", '1271', '2361', 2519', '2583', '2424', 2473, 2424', '1076', '2424", 2583,
'858', '2584", "2531", '2584", '1584", '702', '2832', '702', '1584", '2584', '858', '2583',
519", '2361", '2254", '1666', '2519', '1666', '2254', 2410', '261', 2330', '493', '585',
'1988", '1662', '2189", '643', '42', '1946', 2871, '1946', '42', 2779', '42', '643",
779, '1946', '391', '1946', '2779', '643', '2189', '2376', '122', '708', 2782', '708",
'1909', '2554', '1778', "2554', '2940', '2554", '1909", '406', '1204', '882', '1204", '406',
'1909', '708'", '122', '1546', '943', '996', '803', '60', '705', 2415, '943', '2415', '882,
415", '803', 2785', '803', '2415", '705', '23', '705', '1311', '2371", 'S07', 2371,
464", '1088', '1102', '126', '654", '177', '502', '1623', '2671", '2662', 2608', 2658',
660", '2632', '2625', 2606', '2438', '939", 410", '370', '864', '2791', '864', '1270!,
'1966', '2875', '1966', '1755', '1966', '1270', '988', '1270', '864', '939', '1684', '1545',
"1684", '1110', '1891", 2866', '1891", '170", '1038', '2597', '2955', '750', '1069",
'1418', '1069', '2802", '1069', '750', '733', '1869", '1869", '733', '2567", '35', '35,
567, '2943', '2567", '733', '750', '2955', '2597', '2953", 2597', '1038', '2801',
'1038', '170', 2736', '170", '1891", '82", 2686', '82', '1705', '82', '1891", '1110/,
664", '1110', '1684", '709', '2438', '709', '449', 2664', '1705', '2686', '2966', "2686',
'1705', '2664', '449', '1455', '2838', '1455", '449', '709', '314', '1455", '314', '709",
"1684", '939", '864', '370', '319', '256', '1002', '630', '360', '630', '1002', '1506',
'1683', '1506', '356', '1506', '323", 2221', '906', '1223', 2780, '1419', '2780", '661',
163", '661', '2780', '1223', '742', '1419', '742', '1223', '612', '1223', '906', '10', 9",
720", '9', 'S39', '9', '10', '184', '10', '906', "2221", '323", '1524', '323', '466', '323",
'"1506', '1002', '1524", '1002', '256', '1887', '998', '2605', "2221', '2605', '2955',
605", '998'", '1887', '256', '821", ‘311, '821', '256', '319', '1199', '2822", '1199,
2079']

3711
(grader with
scarifier and
plow)

['2079', '2456', '311', '360', '775', '51', '1012", '1028', '2098', '1720', '2098', '1028',
'1012', '51', '736', '1720', '1381', '1914', '1381', '1720', '736', '356', '1914', '356/,
'466', '539', '1060', '656', '1907', '2150', '268', '1914', 268', '1635', '1550', '1310',
'"1381", '1310°, '517', '2098'", '517', '2459', '1195', '1937', '1397', '1849', 2528,
'1317', '2530', '1317', 2528, '1849', '1397', '1937', '1195', '1550', '1231', '2594,
'934', '721', '1099', '1231', '1550', '1635', '2594', '1231', '1397', '1231', '1099',
'1849', '1099', '1580', '"2528', '1580', '1361', '1580", '2472', '1933', 2472', '1580',
'1099', '721', 2472', '1015', '2472', 721", '934', '1395', '202', '1933', '520', '116',
'520", '2511', "2934', '2511', '1160', '2511', '520', '1933', '202', '1323', '1160', '1323'",
202", '1395', '934', 2594', '1635', '268', '1310', '1550', '1195', '2459', '517', '1310,
'268', 2150, '1395', '2150', '1907', '2430', '151', '482', '1109', '482', '151', '485',
2851', '485', '1308', '1773', '1491', 274", '434', 274", '1814', '283', '1814', 274/,
'1491', '1814', '1491', '1773", '632', '801', '2165', '186', '2263', '801', '2263', '283',
'2748', '283', 2263', '186', '13', '2722', '13', '1319', '674', '942', '674', '1319',
'1418', '163', '1509', '1987', '612', '1314', '612', '1987', '332', '947', '2034', 2290,
'2034', '682', '1790', '2156', "2165', '2156', '1790', '1385', '482', '485', '151', '2430',
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682", 2034', '947', '332', '2395", '13', '186', '2165', 2395', '332', '2156', '1543',
'1109', '1543', 2156, '332", '1987', '1509', '163', '1418", '1319', '13', 2395', '1509",
395", 2165, 'SO1', '1543', '1385', '2430', '1907', '656', '682', '2430', '1385', '1543,
'801', '632", '933', '933', '632', '1773', '1308", '1109', '1308', '912', '1308', '485',
482", '1385', '1790", '947', '1314", 2290', '184", '1905', '184', '2290', '1314", '947",
'1790', '682', '656', '1060', '2034", '1060', 'S39', '466', '356', '736', 51", '775', ‘360",
311, 2456, '2079', '988', '658', '1755', 2073", 2711, '2615', '2709', '2702', '2709,
2615, 2695, '2629', 2632', 2660', '2707', '2658', 2608', 2702, '2608', 2658,
2707, 2660, 2632, '2629', '2695', '2615', '2711', '2073', '1755', '658', '988",
2079']

M22
(grader)

['806', '463', '164', '1114', '1593', 2008', '2373', '480', '2373', 2008, '1641', '397',
'2373', 397", '96', '480', '96', '554', '96', '397', '1641', '143", '1641', '2008', '1593',
'1472', '1167', '1472', '1382', '681', '1127', '681', '1382', '2169', '108', '766', '2927',
"766', '2708', '"766', 2344', '760', '1708', '1673', '922', '1783', '759', '1224', 2005,
'1250', '100', '1969', '2012', '1969', '100', '991', 2111', '1502', '2111', '991', '530',
'2509', '530', '991', '1719', '991', '100', '524', '1486', '1733', 211", '1719', 211',
2060, 211', '1733", '1935', '1733', '1486', '1336', '2486', '1336', '2536', 2586/,
2536, '1856', 217', '2919', '217', '1856', '2536', '1336', '1486', '524', '100', '1250',
2005, '1224', '759', '1783", '922', '1673', '2501", '63', 2501', '1417', '2501', '2243',
2501', '1673', '1404', '1673', '1708', '760', 2344', '723', '299', '1309', '1675', '1309',
'299', 799", '299', '723', '1021', '799', '1955', '165', '2152', '165', '1675', 2152/,
'1309', '1955', '2291', '1955', '1309', '2152', '1675', '165', '1955', '799', '1021",
'1902', '1021', '723", 2344, "766', '108', '1989', '108', 2169', '1382', '1472', '1902',
'1472', '1593', '1114', '164', '375', '416', '1578', '1379', '1117', '1379', '2830', '1379',
'1578', '416', '375', "2076', '416', '2076', '1578', '2076', '375', '164", '463', '806']

M27
(grader)

['806', '1834', '1482', '456', '1708", '1224', '183', '1224', '1708', '456', '1482', '1834/,
2177, '1731', '2382', '1731', '2177', '732', '638', '109', '1731', '1617', '342', 2177,
'1834', '1364', '1886', '2308', '2377', '732', "2177', '342', '1482', '463', '1482', '342',
'1404', '342', '1617', '2243', '1617', '2678', '1617', '1731', '109', 2712', '109', '638',
'363', '638', '732', '2377', '2308', '420', "2308', '33', '1042', '964', '420', '889',
'2180', '889', "2792', '889', '420', '964', 2796', '964', '1042', '33', "2308', '1886',
'1604', '825', '1653', '2229', '2899', '2229', '1653', '825', '1604', 2499', '1604', '573',
'200', '403', '1476', '1553', '1476', '403', '200', '573', '1450', '573', '1604', '1886',
'1483', '1886', '1364', '1834', '806']

M30

['806', '650', '1169', '44', '1483', '44', '780", '1450', '780', '1873', '1754', '1873",
'2027', '1390', '2027', '2518', 2027', '1873', '1442', '1873', 780", '1951', '285',
'1951', 780", '44', '1647', '1951', '1647', '1752', '1105', '1568', '1582', '2489', '1582',
2272', '2272', '1582', '1568', '1105', '1752', '1647', '600', '1919', '769', '552', '1585',
'2346', '1585', '552', '1723", '2457', '1723', '552', '1502', '2309', '1502', '552', 769",
'2012', '769', '451', '1949', '463', '1949', '451', '769', '1919', '600', '1647', '44',
'1169', '650', '1919', '1585', "2510', '1124', 2510', '1723', '1908', '602', '530', '1164",
'2112', '1313', '2112', '1164', '530', '602', '1908', '2738', '2309', 2738, '1908,
'1723', '2510', '1585', '1919', '650', '1949', '413', '2106', '413', '1949', '650', '806']

M31

['383', '437', '195', '540', '637', '540', '2538', '1132', '2538', '1681", '1915', '1681",
'1983', '1065', '1186', '1006', '2372', '535', 25', 2710", '25', 704", '419', '2201',
'419', '1688', '419', 704", '1156', '1688', '2513', '1688", '1156', 2110, 2425', 2110/,
'1736', '2275', '1392', '2425', '1392', '1331', '1047', '2015', '1047', '1331', '1392/,
2275, 2015, '1866', '1470', '415', '1470', '1866', '2015', 2275', '2957', 2275,
'1736', '2168', '1736', '2033', '1216', '1394', '1121', '2168', '1121', '1152', 2817,
'1152', '1218', '1152', '1121', '1394', '1218'", '2817', '624', '2817', '1218', '1394,
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'1484', '672', '1254', '672', '1484', '1394', '1216', '2033', '1736', '2110', '1156', '704,
'25', '535', 2372', '1216', '2372', '1006', '1186', '1254', '2085', '660', '1748', '1606',
'1748', '79', '1202', '1739', '2577', '1739', '1202', '1860', 2245', '1860', '1513', '619',
'989', '1001', '989', '522', '385', '961', '1944', '364', '598', '2259', '653', '101',
'1161', '1207', '700', '2530', '1317', '2530', *700', '1207', '1161", '101', '1269', '1059',
'2043', 2173, '688', '1927', "2455', '1369', '58', '1988', 257", '2149', '2392', '2149',
257", '1988', '58', '1369', '2455', '1927', '187', '476', '729', '476', '187', '1927,
'688', '2173', "2043', '1059', '1269', '101', '653', '2259', '598', '364', '1944', '961',
'385', '522', '989', '729', '989', '619', '1513', '1860', '1202', '79', '1748', '660',
2085', '1254', '1186', '1065', '1597', '1065', '1983', '2031', '1983', '1681', 2538,
'540', '195', '2516', '195', '437', '383']

M34

['383', '2287', "788', '2468', '1176', '199', '2151', 776", '1344', 776", '1864', '985',
'1864', '776', '526', '1104', '2122', '1180', '985', '1977', '2604', '1977', '985', '1180',
2122', '676', '327', '1180', '1770', '1180', '327', '2487', '1852', '807', 280, '898,
'2604', '898', 280", '553', '591', '1344', '591', '553', 280", '1135', '944', '1135',
280", '807', '1236', '1135', '1706', '1135', '1236', '1610', '1236', '1939', 2492/,
'1939', '1236', '807', '529', '1939', 2237', '1471', 2237', '1939', '529', '1829', '529',
'358', '529', '807', '1852', '2487', '2109', '531', '1115', '531', '2109', "2487', '327',
'1383", '2109', '1383', '1634', '1628', '1467', '2155', '103", '2155', '1467', '1628',
'1634', '1383', '327', '676', '106', '676', '2122', '735', '2122', '1104', '526', '1138,
'526', '975', '1738', '975', '472', '2119', '472', '975', '526', '776', '2151", '199',
'1176', '2468', '788', '2287', '383"]

M36

['383', '1537', '1560', '450', '1650', '479', '393', '435', '1761', '591', '1761', '435/,
'393', '479', '1650', '450', '1560', '1537', '383', 273", '717', '235', '1978', 235/,
793", 2450, '793', 245", '1221', '970', '208', '1201', '208', '926', '492', '792', '452',
'541', '452', '1268', '881', '1268', '1571', 2535', '1571', '1360', '318', '1360', '504',
'513", '983", '1338', "2663', '1321', 2637', '2431', '2661', '581', 2094', '581", '1709',
'808", '1874', '808', '1424', '2013', '1424', '1290', '961', '2370', '598', 2370", '1686',
'2370', '1624', '2370', '961', '1290', '1424', '1772', '1424', '808', '477', '808', '1709',
'581", '2661', 2431', '2637', '1321', '2663', '1338', '983', '1158', '983", '513', '504,
'1360', '1571", '1268', 230", '1268', '452', '1051', '452', '792', '492', '926', '1885/,
'926', 792", '1464', '1262', '1464', '792', '926', 208, '970', '492', '970', '1464',
'2010', '724', 2010', '2618', '2010', '1464', '970', '1221', 245", '793', '981', '559',
'1513', '559', '981', "793', '235', '717', '273', '383"]

M37

['383', '2287', "788', '2468', '2458'", '1233', '393', "225', '150", 2480, '2506', '563',
'543', '1685', 702", '1584', '444', 2473', '1076', '2573', '1340", '875', '1854', '302',
'488'", '791', '2588', '1131', '2517', '1131', '2588', '791", '488', '302', '1854', '875/,
'1340', '2573', '1076', 2473, '444', '1584', "702', '1685', '543', '563', '2506', '2480',
'150', 225", '393', '1233', '2458', 2468', '1176', '388', '1444', '984', '2102', 2119',
'2442', '2648', '1266', "2518', '1985', '1442', '1738', 285", '1138', 2489', '1105',
'1568', '238', '1753', '735', '1124', '106', '1697', '106', '1124', '735', '1753', 238,
'1568', '1105', '2489', '1138', 285", '1738', '1442', '1985', '2518', '1266', '1633',
'1266', 2648', '1633', 2648', 2442', '2119', '2102', '717', '415', '981', '1967', 724,
'2618', '1262', '1221', '1201", '245', '793', '235', '2442', '235', '793', '245', '1201/,
'1221', '1262', '2618', '724', '504', '513', '318', '2535', '881', '592', '1051', '541',
'2049', '541', '1051', '592', '881', '2535', '318&', '513', '983', '76', '2162', '76', '983',
'513", '504', '724', '1967', '1158', '1830", '1158', '1967', '1871', 26', '1563', 2591,
'2026', 2591, '1563', 26', '1678', '559', '1470', "273', '1470', '559', '1678', 26',
"1871', '1967', '981', '415', 717", '2102', '984', '1444', '388", '1176', 2468', "788',
'2287', '383']
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Truck #13

['97', '1000', '1162', '1000', '1260', '1669', '1064', '1406', '1765', '2673', '1853',
'2509', '1853', '2673', '1765', '1406', '1064', '1669', '1260', '1679', 2666', '1679',
'822', '2666', '822', '1679', '1260', '1172', '1286', '1629', 2441', '1600', 2441",
'1629', '689', '1120', '37', '1629', '1286', '1172', '1260', '1000, '31', '1974', '1496',
'689', '1629', '37', '1048', '1475', 2441', '1475', "2432', '2059', 2059', '2432', '2403',
'2389', '2403', 242", '2230', '489', 2230', '599', '1439', '599', '423', '1115', 2217,
'1155', 2217, '1115', '423', '599', 2230', '242', '2403', '2432', '1475', '1048', '1829',
'1048', '37', '1120', '689', '292', '1147', '1501', '1422', 2326', '120', '2326', '1422',
'1501', '1147', '292', '689', '1496', '1974', '31', '1000', '97']

Truck #29

['97', '470", '1759', '639', '2099", '31', '1172', '2184", '103", 2184", '1172', '31,
099", '639", '713', '1147", '978', '1147', '713', '639", '1140", '1355', '1501', '2439",
338", '1549", '338', '2439', '1501', '1355', '1140', '1118", 2649', '1118', '1140/,
'1090', '696', '1212', '1273', '454', 2386', '2281", '93', '2281", '2386', '454', '1273",
12121, 2279', 2118, '1925', '2118', '2312', 2025, 2000, '896', 2000, 2025',
2312, 2118, '2279', '1212', '301', 2312, '301', '2437", '896', '2437', '2670', '1098',
'61', '586', '61', '1928', '61', '1098', '2670", 2676', '2692', '2676', 2670, "2437',
301", '2607', 301", '1212", '696', '1090', '1140", '639', '1759', '1090", '1744", '1090',
'1759', '1062', '2607", '1062', '1759', '470', '97"]

T20

[396', '1528', '312', 2107, '1188', '2813", '1188', '1575', '1188', '2107", 312,
'1665', '1625', '648', '95', 210", '398', 267", 267", '398", '1025', '1401', '144",
'"1512', '189", '347', '189", 240", '1797', 240", '1626', '2381", '1626', '2307', '2307',
'1626', '2850', '1626', 240", '877", 427", '2260", '1677", '1901", '1378", '1196', '582",
'1888", 2731, '2351', '2731", '69', '1122", 2809, '1122', '1793', '1122', '69', '692',
'69', 2731",°2351°,°2212°, '1888", '582', '1196", '1378', '1901', '1677', '2260', '427,
'877', 240", '189", '1512', '144', '1401', '1025', '398', 210", '95', '648", '1625",
'1665', '312, '1528', '396']

T30

['396', '1528', '312', '1665', '1625', '648', '95', '902', '2384', '34', '588', '467', '41',
'1421', '175', '381', '1030', '636', '1206', '1077', '1851", '1396', '1540', '2845', '1540',
'2485', '1540', '1396', '1595', '1674', '2485', '1277', 2485', '1674', '830', '1698',
'1945', '1440', '1667', '1440', '2649', '1440', '1945', '2870', '1945', '1698', '830',
'1674', '1595', '154', '1595', '1396', '1851', "2203', '266', 2508', '98', '469', '426/,
'255', '1515', '121', '120', '121', '1515', '255', '2744', '255', '426', '1863', '548',
'1822', '548', '1863', '426', '469', '98', '690', '636', '690', '335', '1206', '335', '1077',
'335', '2203', '1851', '1077', '1206', '636', '1030', '98', 2508', '469', '1376', '469',
'2508', 266', "2203', '335', '690', 266, '690', '98', '1030', '1080', '1376', '1863',
'426', '469','1376', '1080', '1800", '1822', '1800', '671', '1800', '1080', '1030', 381",
'175', '1421', '41', '467', '1892', '903', '546', '1798', '1238', '2416', '790', '2160',
'1039', '2160', '1631', '1426', '2062', '1426', '1631', '2160', '790', '651', '1631",
'1191', '677', '84', '1137', '84', '1751', '620', 247", '620', '2776', '620', '1751', '84/,
'2743', '84', '677', '2314', '2743', '1751', '113', '2160', '113', '1751', '2743', 2314/,
738", '1756', '738', "2314', '677', '1237', '738", '1237', '1896', '1756', '1896', '39',
'1896', '1237', '677', '1191', '1631', '651', '608', '1426', '734', '1426', '608', '1533',
'1430', '47', '1430', '1533', '1301', '1037', '1345', '1037', '1301", '1533', '355', '1497",
'355', '414', '355', '1533', '608', '1272', '608', '651', 790", '2416', '1430', 249/,
'1430', 2416', '1238', '1798", '546', '1900', '546', '903', '1892', '467', '588', '34',
'2384', '902', '95', '648', '1625', '1665', '312', '1528", '396']

T40

['396', '1976', '1724', '1976', '2092', 22', 2727', 22", '1347', 22', '2092', '1976/,
'396', '1926', '698', '1926', '396', '1528', '312', '1665', '1625', '1016', '1625', '648',
'95', 210, '1991', '194', '910', '2303', '1401', '516', '1334', '144', '1401', 2303',
'920', '1196', '920', '2303', '910', 269", '582', '1196', '1378", '1901', '1677', "2260',
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'427', '534', '2393', '1972', '2393', '104', '2393', '534', '427', 2260', '1677', '1901",
'1378', '1196', '582', '1888', "2212', '2351', '692', '1793', '644', '175', 2225', '671',
'381", '1793', '692', '1045', '644', '1793', '381", '671', '72', '1822', '72', '1178', 247,
'113", '1137', '1191', '39', '734', '1037', '1301', '378', '1497', '384', '635', '384/,
'1213', '384', '1497', '378', '1301', '1037', '734', '39', '1191', '1137', '113', 247,
'1178', '1039', '1798', '1238', '47', 249', '1139', '249', '47', '1238', '1798', '1039',
'1178', '72', '767', '1691', '903', '1900', "2065', '609', '565', '663', '1586', '663',
'565', '609', '2065', '1900', '903', '1691', '767', '72', '671', '2225', 767", 2225/,
'125', '2225', '175', '644', '1325', '644', '1045', '38', '1045', '2434', '1045', '692',
'2351', '2212', '1888', '582', 269, '910', '194', '117', '269', '920', '516', '1401",
'1025', '89', '1082', '1226', '1251', '343', '1575', '1016', '1575', '343', '1251", '1435',
'2306', 2037', '1071', '1850", '560', '115', '29', '2549', '162', '1953', '680', '698',
'680", '1953', '162', 2549', '29', '115', '560', '1850', '1071', "2037', '2306', '1435',
'1251', '1226', '1082', '89', '1025', '1401', '144', '1512', '189', '240', '189', '678',
‘877", '678', '2260', '678', '1556', '678', '189', '1512', '144', '1334', '1556', '1512/,
'1556', '1677', '1556', '1334', '1901', '1334', '516', '1378', '516', '920', 269", '117',
2733, '117', '194', '1991', '2434', '2212', '2434', '1991', '210', '95', '648', '490',
'648', '1625', '1665', '312', '1528", '396']

3719 ['2469', '1815', '2545', '126', '2545', '1569', '2328', '1802', '2328', '1952', 2144,

(tandem '1194', '1091', '2890', '1091", '2088', '1091", '1194', "2088', '2452', '2149', '59',

with '1352', '59', '1149', '2569', '1149', '2001', '141', 2001', '181', 241", '181', '302',

plow/sander | '181', '448', '1271', '448', '181', '2001', '1149', '66', '493', '66', '1149', '59', '818§,

) '66', '662', '66', '818', '59', 2149', '2452', "2088", '1194', '2144', '1952', 2328,
'1569', '2545', '1815', '2469"]

3738 ['2469', 2446', '2464', '1088', '1102', '1005', '1411', '924', '32', '688', '946', '861',

(tandem '330', '155', '2207', '152', '1686', 2091', '2259', '2091", '1269', '1785', '387', '1785',

dump/plow) | '1269', 2091', '1686', '152', '1059', '152', '2207', '2043', '2207', '155', '330', 2173,
'330', '861', '946', '688', '32', '924', '2173', '924', '925', '924', '1411', '126', '1411',
'1005', '1102', '1088', '2464', "2446', '2469'"]

3748 ['2469', 2446', 2464, '1088', '1551', '32', '1369', '1630', '993', '585', '993', '1630',

(tandem 2483', '1917', '493', '1917', '659', '1917', '2483', '2195', '1165', '1913', 261', '1913',

dump/plow) | '1165', "2506', '1165', "2195', '290', '2195', '2483', '1630', '2021', "2378', '2096',
'2378', '2021', 2137, 2096', 2137', '476', '1142', '946', '1142', '476', '2137', '2021',
'1927', '2021', '1630', '1369', '32', '1551', '1088', 2464', '2446', '2469']

3741 ['670', '429', '491', 700", '491', '429', 'S18', '1175', '518', 2496', '1081', '2543',

(grader with | '2544', '1749', '2100", "2101', '2100', '1749', '2544', '2543', '1081', '2496', '518',

plow) '429', 2048', 2332', '2048', '429', '670', 2967, '670', '945', '789', '810', '1558',
'867', '2068', '867', '1558', '810', '1661', '693', '2359', '693', '1661', '747', '1087,
2116, '1648', '2116', '1087', 747", '1661', '810", '789', '536', 2766, '536', 2364,
'252', 2364', '536', '789', '945', '2357', '1306', 774", '774', '1306', '2357', '2248',
'2357', '945', '670"]

M38 ['383', '1537', '1597', '2358', '1513', 2358, '1858', '619', '1858', '729', '1407', '522/,
'2026', '1996', '1830', '76', '1321', '76', '1830", '1996', 2026', '1772', '982', '1996',
'982', '477', '1830', '477', '2162', '2431', '2162', '477', '808', '477', '982', '1772',
'385', '1624', '155', '1624', '385', '1772', '2026', '522', '1407', '1624', '1407', '861",
'1407', '729', '1858', '2358', '1561', '2358', '1597", '1537', '383"]

M39 ['383', "2287', '788', '1645', '1537', '1645', '1650', '450', '1560', '462', '1014', '1561',

'2096', '1561', '1014', '1013", '1014', '462', "2788', '462', '1560', '450', '290', '601",
'150', '601', '479', '601', 290", '450', '1650', '479', '393', '435', '1722', '2268',
'1722', '435', '167', '199', '835', '1393", '835', '472', '1985', '472', '835', 2524,
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'649', '1444', '649', '2524', '835', '199', '167', '435', '393', '479', '1650', '1645',
'1233', '1645', '788', '2287', '383"]

J.D. 772G

['1055', 2032', '1141', '1010', '771', '1086', 2300', '1333', '746', '1', 2717', '1602',
'1471', '1610', '944', 237", '1721', '679', '591', '679', '1721', '334', '134', '679',
'1058', '679', '134', '1761', '538', '2151", '180", '2151', '538', '1761', '134', '1722/,
225', '1722', '134', '334', '2268', '1052', '2480', '1052', '2268', '334', '1721', '237',
'944', '1610', '1471', '1602', "2717', '1', '746', '1333', '2300', '1471', '2300', '1257',
'577', '1603', '325', '1603', '739', '2063', '2064', '2063', '739', '1468', '739', '1603',
'577', '1257', '2300', '1086', '948', '1220', '948', '1652', '955', '1652', 2481, '1652',
'948', '1086', '771', '1010', '1141', '2032', '1055"]

J30

['396', '1926', '698', '680", '1953', '162', '1953", '680', '698', 2747', '281', 2086/,
115", 29", "2549', '1249', '1672', '1618', '1367', '1990', '337', '1990', '1367', '1903',
'1150', '1903', 2294, 2912', 2294, '1903', '1367', '1618', '1990', 2315', '2916',
2315', '1990', '1618', '1672', '1249', 2549', 29', 2679', 337", "2679', 29, '115/,
'560', '1850', '2803', '1850", '1071', '2803', '2037', '2803', '1071', 2037, 2306',
2915, '2306', '1435', '2843', '1435', '1251", '1226', '1082', '89', '811', '486', '2313',
'486', '1552', '1512', '1552', '486', '811', 2257', '1552', '2257', '144', 2257', '1025',
'398', '210', '1991', '38', '1325', '1421', '1325', '1981', 2384, '1981', '1325', '38',
'902', '1981', 2640, '41', '2640', '34', '1680', 2646', '2295', '1701', '1701', "2295',
'2646', '2199', '588', '2199', '610', '467', '610', '848', '2020', 2046', '2460', '2046',
'1892', '125', '2225', '671', '1800', '1080', '1030', '636', '1206', '1077', '473', '1200',
'2262', '2075', '2262', '716', '1542', '716', '1897', '77', '1897', 2867', '1897', '716',
2864', '716', 2262', '2951', "2262', '1200', 2815', '1200', '473', '2765', '473', '1077',
'1206', '636', '1030", '1080', '1800', '671', '2225', '125', '1691', '125', '1892', '2046',
'1900', '2046', '2020', 2065', 2883', 2065', '2020', '609', '2020', '848', 297", '848',
'850', 2295', '850', 2790', '850', '848', '610', 2199', '2646', '1956', 2646', '1680',
'46', '1680", '34', '2640', '1981', '902', '38', '1991', '210', '398', '1025', 2257, '811",
'89', '2200', '89', '1082', '1828', '1082', '1226', '745', '1226', '1251', '343', 2757,
'1380', '2757', '1016', 2757', '343', '1251', '1435', '2306', '2037', '1071', '1850',
'560', '2768', '560', '115', '2086', '2338', '2338', '2086', '281', '2807', 281", 2747,
'1528', 2747, '698', '1926', '396']

E4: Task 3 (Three Depots Removal)

Truck ID

Route Sequence

10-08

['1697', '106', '1124', '735', '1753", '2346', '600', '1169', '2408', '1642', '806', '463',
'164', '1114', '1902', '1989', '2344', '760', '2106', '1969', 2111', '602', "2301', '602',
2111', '1969', 2106, '760', '1250', '1855', '1250', '760', '2344', '1989', '1902',
'1114', '164', '463', '806', '1642', '2408', '1364', 2377', '363', '2180", '112', 2712',
'112', 2180, '363', "2377', '1364', '2408', '1483', '1450', '1754', '2448', '1420',
'1390", '1185', '1633', '1185', '1390', '1420", '2448', '1754', '1450', '1483', 2408,
'1169', '600', 2346', '1753', '735', '1124', '106', '1697']

18-07

['1697', '94', '107', '111', "2023', '2239', 260", '1144', '284', '668', '1529', '919',
2497, '354', '276', '1296', '2056', '2179', '917', '2560', '544', '1638', '424', '1857',
'1280', '820', '1460', '872', '1146', '305', '765', '2174', 2178', '2509', '1928', '545',
'1853', '986', '1853', '545', '1162', '545', '1098', '1503', '1098', '545', '1928', '1164',
'"1719', '524', 217", '1856', '2575', '2949', '2575', '1856', 217", '524', '1719', '1164,
'1928', '2509', 2178', 2174, "765', '305', '1146', '872', '1460', '820', '1280', '1857',
'424', '1638', '544', 2560', '917', 2179', '2056', '1296', '276', '354', '2497', '919',
'1529', '668', 284", '1144', '260', '2239', '2023', '111', '107', '94', '1697"]
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14-06

['396', '1976', '2092', '1347', '499', '174', '2440', '1386', '1586', '1386', '2440', '174',
'499', '1347', 2092', '1976', '396', '1528', '312', '1665', '1625', '648', '95', 210',
'1991', 2434', '2212', '2351", '692', '1793', '381', '671', '72', '1178', 247", '113',
'1137', '1191', '39', '734', '1037', '1301', '378', '1497', '384', '1213', '138', '1598',
'2095', '1089', '1103', '1818', '1612', "2406', '224', '2172', '2256', 2007', '2256',
2172', 224, 2406', '1612', '1818', '1103', '1089', '2095', '1598', '2436', 751",
'1508', 2167, '1423', "2161', '2533', '2161', '1423', '2167', '1508', '1405', 278",
'1826', '1963', '1826', "278', '1405', '1508', "751', '2436', '1598', '138', '215', '1916/,
'468', '1198', '1519', '1198', '1518', '1198', '468', '1916', '215', '138', '1213', '384,
'1497', '378', '1301', '1037', '734', '39', '1191', '1137', '113', 247", '1178', '72,
'671', '381', '1793', '692', '2351', "2212', '2434', '1991', '210', '95', '648', '1625',
'1665', '312', '1528', '396']

15-24

['900', '1676', '1133', '2266', '1046', 70", '523', '2002', '1707', 2090', '1590', 2041",
'706', '2515', '1806', '1548', '1019', '389', '897', '1788", '1220', 2175', '558', '2319',
27, '739', '1603', 237", '1058', '1706', '553', '464', '898', '1852', '358', '428', '358',
'531', '1634', '876', '1634', '531', '358', '1852', '898', '464', '1864', '1770', '1104',
'238', '1104', '1770', '1864', '464', '1344', '1337', '538', '167', '2458', '167', '538,
'1337', '1344', '464', '553', '1706', '1058', '237', '1603', '739', 27', '2035', '130/,
'1791', '1998', '1462', '1998', '1791', '130', '2035', 27", '2319', '558', '2175', '1220',
'1788', '897', '389', '1019', '1548', '1806', '2515', '706', '2041', '1590', '2090',
'1707', '2002', '523', '70', '1046', "2266', '1133', '1676', '900']

14-05

['900', '838', '1564', '2444', '408', '819', '2334', '2579', '24', 2007', '840', '52', '188',
'418', '441', '418', '188', '52', '840', 2007', '509', '64', '2368', '1276', '365', '292',
'232', '713', '1355', '814', '1816', '154', '1595', '1674', '830", '1698', '1945', '1440',
'2649', '1118', 2466', '104', '1044', '918", '2698', '918', '2667', '2959', 2667', '918',
'1044', '104', '2466', '1118', '2649', '1440', '1945', '1698', '830', '1674', '1595',
'154', '1816', '814', '1355', '713', 232', '2099', '97', '2636', 2665', '2617', 2665,
'2652', 2665', '2636', '97', '2099', 232", '1974', '1496', '1286', '1600', '2184', '822',
'2184', '1600', '1155', '1115', '1155', '1600", '1286', '1496', '1974', '232', 292/,

'365', '1276', "2368', '64', '509', '2007', 24', '2579', '2334', '819', '408', 2444,
'1564', '838', '900"]

13-01

['900', '838', '1564', 2444, '408', '819', 2334', '1577', '1824', '442', '2080', '758',
1911, '2138', 2621', '1805', '1958', '1267', '1485', '1702', '958', '786', 2078,
'1961', '1209', '2253', "2198', '1453', '1462', '640', '1126', '971', '1282', 2517,
'1282', '971', '1126', '640', '1462', '1453", '2198', 2253', '1209', '1961', 2078,
"786', '958', '1702', '1485', '1267', '1958", '1805', "2621', 2138, '1911', '1787',
'110, '1740', '131', '2880', '131', '2881", '131', '1740', '110', '1787', '1911', '607',
'1092', '1451', '1371', 201", '1997', '1488', '1997', '201', '1371', '1451', '1092',
'607', '1911', '758', "2080', '442', '1824', '1577', '2334', '819', '408', 2444', '1564',
'838', '900']

International

#85
(tandem)

['1055', 2032', '173', '1413', '2444', '408', '819', 2334', '1577', '1824', 2228', '441",
'418', '188', '52', '952', '623', '908', '1735', '908', '1402', '673', '1508', '1405',
'1836', '836', '2507', '1845', '2161', '1302', '1423', '1302', 2514', '1302', 2161,
'1845', '1279', '1845', "2507', '836', '1836', '1405', '1596', '1592', '1591", '782/,
278", '226', '2166', 226', '278', '782', '1027', '1026', '1826', '1217', '816', '1217",
'1826', '1026', 2635', '1026', '468', '1198', '1519', '1198', '2363', '1198', '49',
'1057', '1963', '1057', '49', '1198", '1518', '1198', '468', '1794', '2553', 2557,
'2553', '1436', '675', '936', '1386', '936', '422', '936', '675', '1436', '2948', '1436',
'2553", '1794', '468', '1026', '1027', 782", '1916', 782", '1591', '1592', '1596',
'2451", '215', '138', 215", '2451', "2436', '2095', '2436', '2451', '1596', 2427,

132




1596, '1405', '1508', '673', '1402', '908', '623', '952', 52!, 188, '418', 441,
2228, '1824', 24", 1824, '1577, 2334, '819, '408', 2444', '1413', '173', 2032,
'1055']

International
#75
(tandem)

['1055', '1803', '1425', '1750', '2108', '1403', '1136', '1821", '893', '1297', '706,
041", '1590', '2090', '1737', 2047', '221', 248", '2028'", '1220', '948', '1086', 771",
'1086', '2300', '1471', "2300', '1086', '948', '1220', '2028', '2093", '514', '1157,
'1658', '695', '1658', 447", '2317", '2029', '1214", '695', '1214", '1808', '2175',
"1760', '1257', '1610', 1257, '1760', '2175', '1808', '1214', '2029', '2319", '1468',
"1490", '577', '944", 'S77', '1490', '1468', '2319', '2029', 2317', 447", '1998', '572,
'1998', 447", '1453", 447", '1658', '2198', '1658', '1157', '2253", '1157', '966/,
'1576', '333', 2058, 2138, '1416', '770', '1740', '770', '1416', '2138', '2058', '333',
'1576', '966', '1157, '514', '2093', 2028', 248", 221", '2047', '1737", 2090', '1590,
041", '706', '1297', '893", '1821", '1136', '1403', '2108", '1750', '1425', '1803',
'1055']

Western Star
#91
(tandem)

['1055', '1803', '1425', '1750', '2108', '1403', '1136', '1821', '893', '1297', '706',
'2041', '1590', 2090', '1737', 2047', 221', 248", '614', '514', '695', 2317, '1791',
'130', '400', '494', '1068', '2063', '325', '1721', '325', '2063', '1068', '494', '603',
'1605', '980', '1605', '1447', '488', '302', '181', '2001', '662', 2330, '659', 2195,
'659', 2330, '662', "2001', '181', '302', '488', '1447', '1601', '1282', '1601', '1447',
'1605', '603', '494', '400', '1093', '603', '1130', '764', '279', '334', 279", '362/,
'1052', '362', '563', '362', '1532', '980', '1532', '362', '279', 764, '1532', '1685',
'702', '1584', '702', '1685', '1532', '764', '1130', '603', '1093', '1655', '1126', '1655',
'1093', '400', '572', '1655', '572', '640', '572', '400', '130', '1791', 2317', '695',
'514', '614', '248', '221', 2047', '1737', '2090', '1590', '2041', '706', '1297', '893',
'1821', '1136', '1403', '"2108", '1750'", '1425', '1803', '1055']

Western Star
#88
(tandem)

['1055', 2032', '173', '1413', '2444', '408', '819', 2334', '1577', '172', '442', '521',
'2218', '521', "2038', '1085', '2038', '328', '2337', '623', 2297, '1402', '1103', 752/,
'209', '1089', '1208', '673', '2120', '1664', '2120', '673', '1208', '1089', '209', 2258,
'635', '384', '1213', '138", '1139', '138', '1213', '384', '635', '2258', '209', 2326/,
711, '1816', '154', '1368', '154', '1816', '814', '1816', '711', '814', '1118', 2649',
2964, 2649', '1118', 2466', '104', '1096', 2453', '1096', '104', '2466', '1744',
'1044', '918', '2667', 2277, '2667', '918', '1044', '1744', 2466', '1118', '814', 711",
'2326', '209', '752', "2631', '1292', '2406', '224', '952', '840', '952', '224', 2406/,
'1292', '1818', '1292', "2631', '752', '1103', '1402', '2297', '1818', 2297', '623',
'2337', '328', "2038', '521', '442', '172', '1577', '2579', '1577', '2334', '819', '408',
'2444', '1413', '173", '2032', '1055"]

Western Star
#96
(tandem)

['1055', 2032, '1141', '1010', '1507', '408', '1507', '2019', 2911', "2019', '995',
'2340', '"2580", '1129', "2210', '664', '1048', '37', '1594', '664', '2492', '664', '1594',
'1129', '2089', 2019', '1507', '2331', '2089', '2340', '509', '2340', '2089', 2331',
'2210', '1129', '1594', '940', '1276', '1703', 2368', '1703', '2564', '978', '2439',
'338', '2564', '1703', '1276', '940', '1594', '37', '1120', '940', '2580', '2340', '995',
'2019', 2089', '1129', "2580', '64', '2580', '940', '1120', '689', '292', '1147', '978',
'365', '1120', '37', '1629', '689', '1120', '365', '978', '2564', '2631', '2564', '338,
'1549', '338', "2439', '1501', '1355', '1501', '2439', '978', '1147', '1501', '1422/,
'2326', '120, "2326', '1422', '1501', '1147', '713', '1147', '292', '689', '1496', '689',
'1629', '1286', '1629', 2441', '1600', '2441", '1629', '37', '1048', '1475', 2432/,
'2059', '2059', 2432', "2403', '2389', '2403', '242', '2230', '489', '2230", '599',
'1439', '599', '423', '1115', '2217', '1155', '2217', '1115', '423', '599', '2230', '242',
'2403', '2432', '1475', '1048', '1829', '1048", '664', '2210', '779', '2210', '2331",
'1333", '2331', '1507', '1010', '1141', '2032", '1055']
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International
#78
(tandem)

['1055', 2032', '173', '1413', '2444', '408', '570', 248", '570', '57', '614', '57', '1576',
'1805', '1782', '1899', '1782', '915', '969', '915', '1210', '915', '856', '2190', '856/,
'770', '329', '131', '1889', '564', '1495', '537', '626', '564', '1889', 214', '1495',
'564', '626', '537', '2562', '2401', '1997', '2401', 2562', '537', '1495', '1327', 201',
'205', '2097', '1085', '2097', 205', 201", '1327', '1495', '214', '728', '1327', '728,
'1371', '62', '2218', '62', '758', '62', '1371', '728', '110', '1416', '110', '728', 214",
'1889', '131', '329', "770', '856', '2211', '856', '915', '1782', '1805', '1576', '57',
'949', '832', '2080', '2219', '2080", '832', '949', 'S7', '570', '306', '949', '333', 2621,
2211', '1416', 2211', "2621', '333', '949', '306', '172', '832', '2058', '832', '172',
'306', '819', '306', '570', '408', '2444', '1413', '173", '2032', '1055']

International
#99 (single
axle 5-
tonne)

['1055', '1803", '1425', '2265', '2668', 2265, '1882', '2265', '1425", '1803', '1055',
171, '2305', '1750', '2396', '597', '2273', "2108', '1882', '206', "2740', 206/,
'1403', '206', '1882', '2108', '2273', '823', '2273', '133', '2888', '133", "2482', '133',
571", '15101, '1621', '1297', '930", 2515', '1806', '2515', '930', '954", '930', '322",
'887', '1548", '1019', 2070', '1288', '1348", '348', '294", '1573', '2848', '1573",
285", '897', '2752', '904', '2752", '897', '389", '313', '2752", '313', '1764", 313,
389", '1019, '389', '1288', '2070", '1019", '1548', '887', '1432', '1583', '2339", '455',
821, '1136', '1821', '455', '2339', '1583", '1544", '2083', '1986', '2083', '1544,
'1583', '1535', '2435', '1535', '1877', '1535', '1073', '445', '445', '1073', '1300/,
'1073', '1535', '1583'", '1432", '887', '1097", 2042, '1097', '203'", '1671', '352!,
"1544', '352', '348', '1348', '2828', '1348', '1288', '2366', '2285', 2366', '2293',
293", '2366', '1288", '389', '897', '2285', '1573", '1024", '1986', '1024", '1573",
94", '1348', 294", '842', 2083', '1493', '921', '1867', '1459', '1877", '1459", '1867',
'955', '1986', '955', '1867", '921', '1493', '2083'", '842', '1024', '842', 294", '348",
1352', '1671', 203", '2070', '352', '2070', '203', '1097', '887", '322', '1806', '1548",
'1806', 1322, '430', '2339', '2435', 2471, 2435', '2339', '430', '1432', '2042",
671", '2042', '1432', '430', '954", '893', '954', '455', '2471'", '590', '2471'", '455",
'954', 430", '322', '930', '1297', '1621", '1510", '1264', '1838', '1264", '1510", '1163',
280", '1163', '1510', 'S71', '1163", 'S71', '823", '1264', '823', 'S71', '133", "2273",
597", '2396', '1841', '2482', '1841', '2923", '1841", '2396', '1750', '2305', '2246',
941", 2246', '2305', '1171', '2246', '1413', 2444, '1564", '1154', '1564", 838",
900", '1676', '967', '1876', '967', '219', 2493, 402!, '2493", '1699', '1125', '2022',
2041, '2022', '1125', '1707", '1737', '2047', '950', '2795', '950", 221", '950', 2047,
"1737', '1707", '1125', '1590', '1728', '2126', '1728', '1522", '2041', '1522', '1728,
1756', '359', '1522', '359", "2318', '359', '756', '1228', '2318", '1370', '1504", '262",
710", '895', '1370', '1898'", '321', '303', 2527, '303', '1504", '1370', 2318, '1228',
'1898", '1370', '895', '2413', '2270', '2413", '895', '710, '519', '277', '710', '262',
746', '262', '1504', '303', '321', '1339', '519', '710', '277', '726', 277", ‘519",
1339, '726', 2302, 2413', '2302', '726', '1339', '321', 2755', '321', '1898', '1228,
756", 2447, 1898, 2447, '411', '411', 2447, '756', '1728', '1590", '1125', '1699",
493", '2186', '2493', 219", '2266', '1046', 2186', '1046', ‘70", '523", 2186', '523",
2002, '1699', '286', '402', '1876', '401', '2763", '401', '1747', '401', '1876', '402',
286', '2022', 286", '1699', '2002", '1707', '2090', '2126', "2447', 2126', '2090',
'1707', '2002', '523', '70', 2761, '70, '1046', '2266', '219', '123", 219", '967',
'1676', '1133", '2266', '1133', '1676', '900', '1330', '2827', '1330', '900', '838', '621',
685", '621', '1004", '621", '525', '1330', '525', '2857', '525', '621', '838', '1564',
444" '1413', '2246', '1171', '1055', '1141', 2032, '173', '1171, '173', '1413",
'173', 2016, '173', '2032', '1141", '1055']

3733 (single
axle
dump/plow)

['670', '945', 789", '810', '596', 747", '92', '158', '892', '693', '1558', '498', '1558',
'693', '892', '2494', '892', '1358', '892', '158', '92', '1307', '65', '1225', '65', '1307',
'2069', '"2388', '2209', "2388', '2069', '1984', '737', '1984', '2288', '1984', '136/,
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'1984', 2069', '1227', 2069', '1307', '92', '317', '92', '747', '596', '1170', '527',
'1170', '596', '1613', '596', '810', '789', '945', '670"]

H&H ['670', '429', '518', '869', '911', '1175', '491', '1613', '491', '1175', '1161', '1175/,
Contractor '911', '653', '911', '1375', '911', '869', '272', '869', '857', 2495', '857', '68', '1230',
#1 (single '68', '827', '1566', '1636', '1566', '1035', '1566', '827', '68', '1749', '2332', 2926,
axle combo | '2332', '2044', '867', '431', '867', '2044', '2332', '1749', '68', '857', '1081', 2048,
sander/plow | '498', '2048', '1081', '857', '869', '518', '429', '670']
)
H&H ['2469', '1815', '2452', '1815', '257', '818', '585', '818', 257", '1815', 2469', '2446',
Contractor 2464, '1088", '1551', '58', '1551', '1005', '1411', '1918', '778', 2043', '778', '1918,
#2 (single '387', '1346', '1219', '177', '1648', '905', '628', '905', '496', 2367', '496', 2824/,
axle combo | '496', '888', '1802', '550', '654', '550', '1802', 740", '865', '2504', '665', 2504,
sander/plow | '865', '740', '1802', '888', '496', '905', '2504', '905', '1648', '177', '1219', '1346',
) '387', '1918', '654', '1918', '1411', '1005', '1551", '1088', '2464', '2446', '2469']
3709 (grader | ['2456', 270", '2411', '1041", '1017', '1041", '2411', '2532', '938', '1159', '833/,
with '2532', 2411', '270', '1994', '1713', '1523', '2520', '1523', '1713', '1053', '1531',
scarifier and | '1294", '1589', '2433', '1526', '1776', "2633', '1776', '1526', '336', '2404', '336',
plow) '2633', '336', '1526', 244", '1995', '666', '1438', '556', 2653', '2329', '1437', '2329',
'2653', '556', '386', '2659', '2651', '2627', '2659', '386', '2595', '91', '2595', '386/,

556", '1438', '666', '1995', '11', '12', 2721', '12', '11', '1717', '1609'", '461', "2454",
'1190", '2478', '1408', "2831", '1408', '2478'", '1438'", 2478', '1190', '378', 2053,
'1399', '987', "2680', '307', '296', '532', 291", '300", '87', '407', '87', '999', '87',
300", '754", '1184", '2651', '2659', 2627, 2651", '1184", '907', '2566', '566', '1531",
'1053', '1083", '1614", '1819", '1534", '1819', '873', '86", '1534", '1589', '1294",
1531, '566', '2520', '979', '883', '2512', '1461', 2512, '907', '2512', '883', '979",
520", '566', 2566', '907", '1184", 2224', 48" '1461", '48', '2224', '2232", "2374",
232", "2224', '1184', '754', "2374', '2145', '2952', '2145', '2232', 2145', "2374",
"754', 999", 2627', '999", 754", '300, 2585', '2769', '2585', '300', '291', "2769",
569", '2769', 291", 'S32', '569', '2153", '569', '532", '407', '532', 296!, '2539", 296,
2153, '296', 307", '1346', '307', '2680', '987'", '387', '987', '1399', '2053', '878,
428" "2251', '2428', '878", '1190', '2454', '461', '1108', '2251", '1108', '1317',
'1108', '461', '1609', '1849', '1609', '1717", 207, '1717", '86', '1717", '11', 2006,
'666', '2006', '1408', '2006', '11', '1995', '244', '1534', '86', '873", 207", '1397,
207, '873', '1937', '873", '1819", 2459', '1819', '1614", '1083', '1294', '2404',
433", '1589", '1614", 'S17", '1614", '1589", '1534", '244', '1526', '2433', 2404",
'1294', '1083', '1028", '1083', '1053', '1012', '1053", '1713', '360", '1713', '1994",
311Y, '1994', 270", '712', 2196, 2196', '712", '938', '2532", '833', '2051", '2181",
1301, 2170, 288", '1041", '658', '1041', '288', '1043', '1608'", '1730", 2711", '1730),
671", '1730', '1608", '1043', '1017', '2073", '1017", '1730', '1017', '1043", 707,
'1043', '288', 2170', '707', '997', '1608', '997', 707", '2170", '30', 2231', '30',
2181, '236', 2231, '997', '2231", 236", '1623", '2960', '1623', '236', '118', '1388',
'502', '1388', 2937, '1388", '118', 236", '2181", "2051', '833', '1159", 2311, 2311',
'1159', '938', '712', '270', '2456']

3710 (grader
with
scarifier and
plow)

['2079', '1199', '821', '1199', '319', '634', '2847', '634', '1887', '1524', '1887', '998,
'2605', 2221', '2605', "2955', '2605', '998', '1887', '634', '990', '998', '990', '1861",
'"1861", '990', '634', '319', '370', '410', '1545', '410', '939', 2438', 2606', '1170',
'2606', '2625', 2632', "2660', 2658', '2608', '2662', 2671', '1623', '502', '177',
'654', '126', '1102', '1088', '2464', '2446', '2469', 243", '2469', 2446', 2464,
'2371", '2233', '2446', '2233', '2578', '2233", '2371', '1311', '2578', '1311', '1070',
'1311", '705', '60', '2578', '60', "2729', '60', '803', '996', '2699', 2644', '2962',
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644", '2699', '996', '943', '1546', '122', '2376', 2189, '1662', '2669', '1222",
669, 2647, '2644', 2647', 2703', '2647', 2669, '1662', '1988', '585', 493",
23301, 261, 2410', 2254', '2361', '1271', '2361", '2519', 2583", 12424', "2473",
424, '1076', '2424', 2583', '858', '2584", 2531", '2584", '1584", '702', '2832!,
702!, '1584", "2584", '858', '2583", 2519', '2361', '2254", '1666', 2519', '1666',
254", '2410', '261', 2330', '493", '585', '1988", '1662", 2189, '643", '42', '1946",
2871', '1946', '42', '2779', '42', 643", 2779', '1946', '391', '1946', '2779', '643',
2189, '2376', '122', '708', '2782", '708', '1909', '2554", '1778', '2554', '2940',
554", '1909', '406', '1204", '882'", '1204", '406', '1909", '708', '122', '1546', '943",
'996', '803', '60', '705', '2415', '943', '2415', '882', '2415', '803'", "2785', '303",
2415, '705', 23", '705', '1311', '2371", 'S07', '2371", '2464", '1088', '1102', '126',
654", '177, '502', '1623", 2671, 2662', '2608', '2658', 2660', '2632', '2625',
606", '2438', '939", '410', '370', '864", 2791', '864', '1270", '1966', 2875', '1966',
'1755', '1966', '1270', '988', '1270', '864', '939', '1684", '1545', '1684", '1110),
'1891', '2866', '1891", '170', '1038', '2597", 2955', '750", '1069', '1418', '1069',
802", '1069', '750', '733", '1869", '1869', '733", '2567", '35', '35', '2567', 2943,
2567, '733', 750", '2955', '2597', 2953, '2597', '1038', '2801', '1038', '170),
736", '170', '1891', '82", "2686', '82", '1705', '82', '1891", '1110', '2664', '1705',
686", '2966', '2686', '1705", 2664', '1110', '1684", '709', '2438', '709', '449',
664", '449', '1455' 2838, '1455', '449', '709', '314', '1455', '314", 709", '1684",
939", '864', '370', '319', '256', '821", '311', '821", '630', '1683', '775'", '1683', '736),
'1683', '630', '821", '256', '1002', '630', '360', '630', '1002", '1506', '1683', '1506',
1356', '1506', '323', '2221', '906', '1223', '2780", '1419", 2780, '661', '163', '661",
780", '1223', '742", '1419', '742", '1223", '612', '1223", '906', '10', '9', '2720', '9,
539, 19", '10', '184', '10', '906', '2221", '323', '1524", '323', '466', '323', '1506',
'1002', '1524', '1002', 256", '1887', '256', '319", '1199", '2822', '1199', '2079']

3711 (grader
with
scarifier and
plow)

[2079', 2456', '311', '360', '775', '51', '1012', '1028', "2098', '1720', '2098', '1028',
'1012', '51', '736', '1720', '1381', '1914', '356', '466', '539', '1060', '656', '1907',
'2150', '268', '1914', '1381", '1720', '736', '356', '1914', '268', '1635', '1550', '1310',
'1381', '1310', '517', '2098', '517', '2459', '1195', '1937', '1397', '1849', 2528,
'1317', '2530', '1317', "2528'", '1849', '1397', '1937', '1195', '1550', '1231", '2594',
'934', "721', '1099', '1231', '1550', '1635', '2594', '1231', '1397', '1231', '1099',
'1849', '1099', '1580', "2528', '1580', '1361', '1580', 2472', '1933', 2472', '1580',
'1099', '"721', 2472', '1015', 2472', '721', '934', '1395', '202', '1933', '520', '116,
'520', "2511', '2934', '2511', '1160', "2511', '520', '1933', '202', '1323', '1160',
'1323", '202', '1395', '934', '2594', '1635', '268', '1310', '1550', '1195', 2459', '517',
'1310', 268', "2150', '1395', "2150', '1907', '2430', '1385', '1543', '1109', '1308",
'485', "2851', '485', '482', '1385', '1790', '947', '332', '2395', '13', '186', 2165,
'2156', '1790', '1385', '482', '485', '151', 2430, '1907', '656', '682', 2430', '151',
'482', '1109', '1543', '801', '632', '933', '933', '632', '1773', '1308", '1109', '482',
'151', '485', '1308', '912', '1308', '1773', '1491', 274, '434', 274", '1814', '283',
'1814', '274', '1491', '1814', '1491', '1773', '632', '801', '2165', 2395', '332', '2156',
'1543', '2156', '332', '1987', '1509', '163', '1418', '1319', '13', '2722', '13', 2395/,
'1509', 2395', '2165', '801', '1543', '1385', 2430', '682', '1790', '2156', 2165/,
'186', 2263', '801', "2263', '283', '2748', '283', '2263', '186', '13', '1319', '674,
'942', '674', '1319', '1418', '163', '1509', '1987', '612', '1314', 2290, '184', '1905',
'184', '2290", '1314', '612', '1987', '332', '947', '1314', '947', '1790', '682', 2034/,
'2290', '2034', '682', '656', '1060', '2034', '947', '2034', '1060', '539', '466', '356',
'736', '51', 775", '360', '311', '2456', '2079', '988', '658', '1755', '2073', 2711,
'2615', '2709', '2702', "2709', '2615', "2695', '2629', "2632', '2660', 2707', '2658,
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'2608', '2702', '2608', "2658', '2707', 2660', '2632', '2629', '2695', 2615', 2711,
'2073', '1755', '658', '988', "2079']

M22
(grader)

['806', '463', '164', '1114', '1593', 2008', '2373', '480", '2373', '2008', '1641', '397',
'2373', 397", '96', '480', '96', '554', '96', '397', '1641', '143', '1641', '2008', '1593',
'1472', '1167', '1472', '1382', '681', '1127', '681', '1382', '2169', '108', '766', '2927',
'766', '2708', "766', 2344', 760", '1708", '1673', '922', '1783', '759', '1224', 2005,
'1250', '100, '1969', '2012', '769', 2012', '1969', '100', '991', 2111', '1502', '552',
'1502', '2309', '2738', '2309', '1502', 2111', '991", '530', '2509', '1853', 2673/,
'1765', '1406', '1064', '1669', '1260', '1172', '1286', '1172', '1260', '1669', '1064',
'1406', '1765', '2673', '1853', '2509', '530', '991', '1719', '991', '100', '524', '1486',
'1733', 211", '1719', 211", '2060', 211", '1733', '1935', '1733', '1486', '1336/,
'2486', '1336', '2536', "2586', '2536', '1856', '217', '2919', 217", '1856', 2536/,
'1336', '1486', '524', '100', '1250', '2005', '1224', '759', '1783', '922', '1673', '2501',
'63', 2501', '1417', '2501', '2243', '2501', '1673', '1404', '1673', '1708', "760',
'2344', '723', 299", '1309', '1675', '1309', '299', '799', '299', '723', '1021', '799',
'1955', '165', "2152', '165', '1675', '2152', '1309', '1955', "2291", '1955', '1309',
'2152', '1675', '165', '1955', "799', '1021', '1902', '1021', '723', '2344', '766', '108',
'1989', '108', "2169', '1382', '1472', '1902', '1472', '1593', '1114', '164', '375', '416/,
'1578', '1379', '1117', '1379', '2830', '1379', '1578', '416', '375', '2076', '416',
'2076', '1578', '2076', '375', '164', '463', '806']

M27
(grader)

['806', '1834', '1482', '456', '1708", '1224', '183', '1224', '1708', '456', '1482', '1834/,
2177, '1731', 2382', '1731', 2177', '1834', '1364', '1886', 2308', '2377', 2308,
'420', '2308', '33', '1042', '964', '420', '889', '2180', '889', '2792', '889", '420', '964",
'2796', '964', '1042', '33', '2308', '1886', '1604', 2499', '1604', '1886', '1483', '44',
780", '1450', '573', '1604', '825', '1653', '2229', '2899', '2229', '1653', '825', '1604,
'573', 200", '403', '1476', '1553', '1476', '403', 200", '573', '1450', '780', '1873',
'1754', '1873', '2027', '1390', '2027', "2518', '2027', '1873', '1442', '1873', '780',
'1951', '285', '1951', '780", '44', '1647', '1951', '1647', '1752', '1105', '2489', '1582',
'2272', '2272', '1582', "2489', '1105', '1568", '1582', '1568', '1105', '1752', '1647,
'600', '1919', '769', '1919', '600', '1647', '44', '1169', '650', '1949', '451', '769',
'552', '1585', "2346', '1585', '552', '1723', '2457', '1723', '552', "769', '451', '1949',
'413', 2106, '413', '1949', '463', '1482', '342', '1404', '342', '1617', '2243', '1617',
2678, '1617', '1731', '109', '2712', '109', '638', '363', '638', '732', '638', '109',
'1731', '1617', '342', '2177', "732', 2377, '732', 2177', '342', '1482', '463', '1949',
'650', '1169', '44', '1483', '1886', '1364', '1834", '806']

M30

['806', '650', '1919', '1585', '2510', '1124', 2510, '1723', '1908", '602', '530', '1164',
2112, '61', '1928', '61', '1098', '2670', 2676', '2670', 2437, '301', "2607', '1062',
'2607', '301', '1212', '696', '1090', '1759', '470', '1759', '1090', '1140', '639', '1759',
'1062', '1759', '639', '2099', '31', '1000', '97', '1000', '1162', '1000', '1260', '1679',
'2666', '1679', '822', '2666', '822', '1679', '1260', '1000', '31', '1172', '2184', '103',
2184, '1172', '31', '1974', '1496', '1974', '31', '2099', '639', '713', '639', '1140',
'1355', '1140', '1118', "2649', '1118', '1140', '1090', '1744', '1090', '696', '1212',
'1273', '454', '2386', '2281", '93', "2281', 2386, '454', '1273', '1212', '2279', 2118,
'1925', '2118', '2279', '1212', '301', '2312', "2118', '1924', '2118', '2312', 254/,
'2312', '2025', '1153', 2025', 2000, '896', 2000', '2025', '2312', '301', 2437,
'896', 2437', '2670', '1098", '61', '586', '61', 2112', '1313', '2112', '1164', '530',
'602', '1908', '1723', '2510', '1585', '1919', '650', '806']

M31

['383', '437', '195', '540', '637', '540', '2538', '1132', '2538', '1681', '1915', '1681",
'1983", '1065', '1186', '1006', '2372', '535', 25', '2710", '25', '704', '419', '2201',
'419', '1688', '419', 704", '1156', '1688', '2513', '1688", '1156', 2110', "2425',
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2110, '1736', '2275', '1392', '2425', '1392', '1331', '1047', '2015', '1047', '1331',
'1392', 2275', '2015', '1866', '1470', '415', '1470', '1866', '2015', '2275', '2957',
2275', '1736', '2168', '1736', '2033', '1216', '1394', '1121', '2168', '1121', '1152',
'2817', '1152', '1218', '1152', '1121', '1394', '1218', '2817', '624', 2817, '1218',
1394, '1484', '672', '1254', '672', '1484', '1394', '1216', '2033', '1736', 2110/,
'1156', "704', 25', '535', 2372', '1216', 2372', '1006', '1186', '1254', '2085', '660',
'1748', '1606', '1748', '79', '1202', '1739', 2577, '1739', '1202', '1860', 2245',
'1860', '1513", '619', '989', '1001', '989', '522', '385', '961', '1944', '364', '598',
'2259', '653', '101', '1161', '1207', '700', '2530', '1317', 2530, '700', '1207', '1161',
'101', '1269', '1059', '2043', 2173', '688', '1927', '2455', '1369', '58', '1988', '257',
'2149', '2392', '2149', "257', '1988', '58', '1369', 2455', '1927', '187', '476', '729',
'476', '187', '1927', '688', '2173', 2043', '1059', '1269', '101', '653', '2259', '598',
'364', '1944', '961', '385', '522', '989', '729', '989', '619', '1513', '1860', '1202', '79',
'1748', '660', "2085', '1254', '1186', '1065', '1597', '1065', '1983', '2031", '1983',
'1681', "2538", '540', '195', '2516', '195', '437', '383']

M34

['383', '2287', 788", '2468', '1176', '199', '2151', 776", '1344', 776", '1864', '985',
'1864', '"776', '526', '1104', '2122', '1180', '985', '1977', 2604, '1977', '985', '1180',
'2122', '676', '327', '1180', '1770', '1180', '327', '2487', '1852', '807', '280', '898',
'2604', '898', 280", '553", '591', '1344', '591', '553', 280", '1135', '944', '1135',
280", '807', '1236', '1135', '1706', '1135', '1236', '1610', '1236', '1939', 2492/,
'1939', '1236', '807', '529', '1939', '2237', '1471', '2237', '1939', '529', '1829', '529',
'358', '529', '807', '1852', '2487', '2109', '531', '1115', '531', "2109', '2487', '327',
'1383', 2109', '1383', '1634', '1628', '1467', '2155', '103', '2155', '1467', '1628',
'1634', '1383', '327', '676', '106', '676', '2122', '735', '2122', '1104', '526', '1138,
'526', '975', '1738', '975', '472', '2119', '472', '975', '526', '776', '2151', '199,
'1176', "2468', '788', '2287', '383"]

M36

['383', '1537', '1560', '450', '1650', '479', '393', '435', '1761', '591', '1761', '435',
'393', '479', '1650', '450', '1560', '1537', '383', '273', '717', '235', '1978', 235/,
793", 2450, '793', 245", '1221', '970', '208', '1201", '208', '926', '492', '792', '452',
'541', '452', '1268', '881', '1268', '1571', '2535', '1571", '1360', '318', '1360', '504',
'513', '983', '1338', 2663', '1321', '2637', '2431', '2661', '581', '2094', '581', '1709',
'808', '1874', '808', '1424', '2013', '1424', '1290', '961', '2370', '598', '2370", '1686',
'2370', '1624', 2370', '961', '1290', '1424', '1772', '1424', '808', '477', '808', '1709',
'581", '2661', "2431', '2637', '1321', '2663', '1338', '983', '1158", '983', '513', '504',
'1360', '1571', '1268', 230", '1268', '452', '1051', '452', '792', '492', '926', '1885',
'926', "792', '1464', '1262', '1464', '792', '926', 208", '970', '492', '970', '1464',
2010, '724', 2010', '2618', 2010', '1464', '970', '1221', 245', "793', '981', '559',
'1513', '559', '981', "793', '235', '717', '273', '383"]

M37

['383', '2287', '788', 2468, '2458', '1233', '393", '225', '150', 2480, '2506', '563',
'543', '1685', '702', '1584', '444', 2473', '1076', '2573', '1340', '875', '1854', '302',
'488', '791', '2588', '1131', 2517, '1131', '2588", '791', '488', '302', '1854', '875/,
'1340', '2573', '1076', "2473', '444', '1584', '702', '1685', '543', '563', '2506', 2480,
150", 225', '393', '1233", '2458', 2468', '1176', '388', '1444', '984', '2102', 2119/,
'2442', 2648', '1266', "2518', '1985', '1442', '1738', '285', '1138', '2489', '1105',
'1568', '238', '1753', '735', '1124', '106', '1697', '106', '1124', '735', '1753", '238',
'1568', '1105', "2489', '1138', 285", '1738', '1442', '1985', '2518', '1266', '1633',
'1266', 2648', '1633', "2648', '2442', "2119', '2102', "717', '415', '981", '1967', 724/,
'2618', '1262', '1221', '1201', '245', 793", '235', '2442', '235', '793', 245", '1201",
1221, '1262', 2618', "724', '504', '513', '318', "2535', '881', '592', '1051', '541',
'2049', '541', '1051", '592', '881', '2535', '318', '513', '983', '76', '2162', '76', '983',
'513', '504', '724', '1967', '1158', '1830', '1158', '1967', '1871', '26', '1563", '2591',
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'2026', '2591', '1563', 26', '1678', '559', '1470', '273', '1470', '559', '1678', 26',
'1871', '1967', '981', '415', 717", '2102', '984', '1444', '388', '1176', 2468, '788',
'2287', '383"]

T20

['396', '1528', '312', '2107', '1188', '2813', '1188', '1575', '1188', 2107', '312/,
'1665', '1625', '648', '95', '210', '398', '267', 267", '398', '1025', '1401", '144/,
'1512', '189', '347', '189', '240', '1797', 240", '1626', 2381", '1626', '2307', '2307',
'1626', '2850', '1626', 240", '877', '427', '2260', '1677', '1901', '1378', '1196', '582',
'1888', 2731", '69', '1122', 2809, '1122', '1793", '1122', '69', '692', '69', 2731',
'2351', '2731',°2351°,°2212°, '1888', '582', '1196', '1378', '1901', '1677', '2260',
‘4277, '877', '240', '189', '1512', '144', '1401', '1025', '398', 210, '95', '648', '1625',
'1665', '312', '1528', '396']

T30

[396', '1528', '312", '1665', '1625', '648", '95', '902', '2384", '34', '588', 467", '41,
"1421', '175', 381", '1030', '636', '1206', '1077", '1851", '1396', '1540', '2845',
'1540", '2485', '1540', '1396', '1595', '1674', '2485'", '1277', '2485', '1674", '830),
'1698', '1945', '1440', '1667', '1440', '2649', '1440", '1945', '2870', '1945', '1698",
'830', '1674", '1595', '154', '1595', '1396', '1851", '2203', '266', '2508', '98', '469",
426', '255', '1515', '121', '120', '121', '1515', '255', "2744", '255', '426', '1863,
548", 11822, '548', '1863'", '426', '469', '98', '690', '636', '690', '335", '1206', '335',
'1077', '335', 2203', '1851", '1077', '1206, '636', '1030', '98', '2508', '469', '1376',
'469', '2508'", 266', '2203', '335', '690', "266', '690", '98', '1030", '1080', '1376',
'1863", '426', '469','1376', '1080', '1800", '1822', '1800", '671', '1800', '1080", '1030",
381", '175', '1421', '41', 467", '1892", '903', '546', '1798', '1238', '2416', '790),
2160, '1039', '2160', '1631', '1426', '2062', '1426', '1631', 2160', '790', '651',
631", '1191', '677", '84", '1137, '84", '1751", '620", 247", '620", 2776', '620',
751, 184, 2743, 84", ‘677", 2314, 2743', '1751', '113', 2160', '113, '1751,
743", '2314', '738', '1756', '738", 2314', '677", '1237", '738', '1237", '1896', '1756',
'1896', '39', '1896', '1237", '677', '1191', '1631", '651", '608', '1426', '734", '1426",
'608', '1533", '1430", 47", '1430', '1533', '1301', '1037", '1345', '1037', '1301',
'1533', '355', '1497', '355', '414', '355', '1533', '608', '1272", '608', '651', '790',
416", '1430', '249'", '1430', '2416', '1238'", '1798', '546', '1900', '546', '903', '1892",
1467, '588', '34', 2384", '902', '95', '648', '1625', '1665', '312', '1528', '396']

T40

['396', '1976', '1724', '1976', '2092', 22', 2727', '22', '1347', 22', '2092', '1976/,
'396', '1926', '698', '1926', '396', '1528', '312', '1665', '1625', '1016', '1625', '648',
'95', 210", '1991', '194', '910', 2303', '1401', '516', '1334', '144', '1401', '2303',
'920', '1196', '920', 2303', '910', '269', '582', '1196', '1378', '1901', '1677', '2260',
'427', '534', '2393', '1972', '2393', '104', '2393', '534', '427', '2260', '1677', '1901',
'1378', '1196', '582', '1888', 2212', '2351', '692', '1793', '644', '175', 2225', '671',
'381", '1793', '692', '1045', '644', '1793', '381', '671', '72', '1822', '72', '1178', 247",
113", '1137', '1191', '39', 734", '1037', '1301', '378", '1497', '384', '635', '384",
'1213", '384', '1497', '378', '1301', '1037', '734', '39', '1191', '1137', '113', '247',
'1178', '1039', '1798', '1238', '47', '249', '1139', 249", '47', '1238', '1798', '1039',
'"1178', '72', 767", '1691', '903", '1900', 2065', '609', '565', '663', '1586', '663',
'565', '609', 2065', '1900', '903', '1691', 767", '72', '671', '2225', 767", '2225',
'125', '2225', '175', '644', '1325', '644', '1045', '38', '1045', '2434', '1045', '692',
'2351', 2212', '1888', '582', 269', '910', '194', '117', '269', '920', '516', '1401",
'1025', '89', '1082', '1226', '1251', '343', '1575', '1016', '1575', '343", '1251", '1435",
'2306', 2037', '1071', '1850', '560', '115', '29', '2549', '162', '1953', '680', '698',
'680", '1953', '162', '2549', '29', '115', '560', '1850', '1071', 2037', '2306', '1435',
1251, '1226', '1082', '89', '1025', '1401', '144', '1512", '189', '240', '189', '678,
877", '678', '2260', '678', '1556', '678', '189', '1512', '144', '1334', '1556', '1512',
'1556', '1677', '1556', '1334', '1901', '1334', '516', '1378', '516', '920', '269', '117',
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'2733', '117', '194', '1991', '2434', '2212', '2434', '1991', 210", '95', '648', '490',
'648', '1625', '1665', '312', '1528', '396']

3719 [2469', '1815', '2545', '126', '2545', '1569', '2328', '1802', '2328', '1952', 2144,

(tandem '1194', '1091", '2890', '1091', '2088', '1091', '1194', '2088', '2452', '2149', '59',

with '1352', '59', '1149', '2569', '1149', '2001', '141', '2001", '181', '241', '181', '302',

plow/sander | '181', '448', '1271', '448', '181', '2001', '1149', '66', '493', '66', '1149', '59', '818,

) '66', '662', '66', '818', '59', 2149', '2452', "2088", '1194', "2144', '1952', 2328,
'1569', '2545', '1815', "2469']

3738 ['2469', 2446', '2464', '1088', '1102', '1005', '1411', '924', '32', '688', '946', '861",

(tandem '330", '155', '2207', '152', '1686', '2091', '2259', '2091', '1269', '1785', '387', '1785/,

dump/plow) | '1269', '2091', '1686', '152', '1059', '152', '2207', '2043', '2207', '155', '330', 2173/,
'330', '861', '946', '688', '32', '924', '2173', '924', '925', '924', '1411', '126', '1411',
'1005', '1102', '1088', "2464', '2446', '2469']

3748 [2469', 2446', '2464', '1088', '1551', '32', '1369', '1630', '993', '585', '993', '1630',

(tandem '2483', '1917', '493', '1917', '659', '1917', '2483', '2195', '1165', '1913', 261',

dump/plow) | '1913', '1165', '2506', '1165', '2195', 290", "2195', '2483', '1630', '2021', 2378,

2096', 2378,
2137', 2021,
2469']

'2021', '2137', 2096', 2137, '476', '1142', '946', '1142', '476',
'1927', 2021', '1630', '1369', '32', '1551', '1088', '2464', 2446/,

3741 (grader
with plow)

['670', '429', '491', 700", '491', '429', '518", '1175', '518', 2496', '1081', 2543,
2544, '1749', 2100, 2101', 2100, '1749', '2544', '2543', '1081', '2496', '518',
'429', 2048', '2332', '2048', '429', '670', 2967', '670', '945', 789", '810', '1558,
'867', 2068', '867', '1558', '810', '1661', '693', '2359', '693', '1661', 747", '1087',
2116', '1648', 2116, '1087', '747', '1661', '810', '789', '536', '2766', '536', 2364,
'252', '2364', '536', 789", '945', '2357', '1306', '774', 774", '1306', '2357', 2248,
'2357', '945', '670"]

M38

['383', '"1537', '1597', '2358', '1513', '2358', '1858', '619', '1858', '729', '1407', '522',
'2026', '1996', '1830', '76', '1321', '76', '1830', '1996', 2026', '1772', '982', '1996',
'982', '477', '1830', '477', '2162', 2431', '2162', '477', '808', '477', '982', '1772',
'385', '1624', '155', '1624', '385', '1772', '2026', '522', '1407', '1624', '1407', '861',
'1407', 729", '1858', '2358', '1561', '2358', '1597', '1537', '383']

M39

['383', '2287', 788", '1645', '1537', '1645', '1650', '450', '1560', '462', '1014', '1561",
'2096', '1561', '1014', '1013', '1014', '462', '2788', '462', '1560', '450', 290", '601',
'150', '601', '479', '601', '290', '450', '1650', '479', '393', '435', '1722', 2268,
'1722', '435', '167', '199', '835', '1393', '835', '472', '1985', '472', '835', 2524,
'649', '1444', '649', 2524, '835', '199', '167', '435', '393', '479', '1650', '1645',
'1233", '1645', 788", '2287', '383"]

J.D. 772G

['1055', 2032', '1141', '1010', '771', '1086', '2300', '1333', '746', '1', 2717', '1602',
'1471', '1610', '944', '237', '1721', '679', '591', '679', '1721', '334', '134', '679',
'1058", '679', '134', '1761', '538', "2151', '180', 2151', '538', '1761', '134', '1722',
'225', '1722', '134', '334', '2268', '1052', '2480', '1052', '2268', '334', '1721', 237,
'944', '1610', '1471', '1602', 2717', '1', "746', '1333', '2300', '1471', '2300', '1257',
'S77', '1603', '325', '1603', '739', 2063', 2064', '2063', '739', '1468', '739', '1603',
'577', '1257', '2300', '1086', '948', '1220", '948', '1652', '955', '1652', '2481", '1652',
'948', '1086', '771', '1010', '1141", '2032', '1055']

J30

['396', '1926', '698', '680", '1953', '162', '1953', '680', '698', 2747, 281', 2086/,
'115', 29', 2549', '1249', '1672', '1618', '1367', '1990', '337', '1990', '1367', '1903',
'1150', '1903', '2294', "2912', '2294', '1903", '1367', '1618', '1990', '2315', 2916/,
'2315', '1990', '1618', '1672', '1249', "2549', '29', '2679', '337', 2679', '29', '115/,
'560', '1850', '2803', '1850', '1071', "2803', '2037', '2803', '1071', '2037', 2306',
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2915,

'2306', '1435', '2843', '1435', '1251', '1226', '1082', '89', '811', '486', 2313/,

'486', '1552', '1512', '1552', '486', '811', '2257', '1552', '2257', '144', 2257', '1025',
'398', '210', '1991', '38', '1325', '1421', '1325', '1981', '2384', '1981'", '1325', '38',
'902', '1981', 2640', '41', '2640', '34', '1680', '2646', '2295', '1701', '1701', '2295',

646",
1892,
262",
864",
1077,
2046,

'2199', '588', 2199', '610', '467', '610', '848', 2020', '2046', '2460', 2046/,
'125', '2225', '671', '1800', '1080', '1030', '636', '1206', '1077', '473', '1200',
2075, '2262', '716', '1542', "716', '1897', '77', '1897', 2867', '1897', 716/,
716", '2262', "2951', '2262', '1200', '2815', '1200', '473', '2765', '473',
'1206', '636', '1030', '1080', '1800', '671', '2225', '125', '1691', '125', '1892/,
'1900', 2046', '2020', 2065', '2883', '2065', '2020', '609', '2020', '848',

297", '848', '850', '2295', '850', '2790', '850', '848', '610', '2199', 2646', '1956',

646",
'1025",
251,
2037,
2807,

'1680', '46', '1680', '34', '2640', '1981', '902', '38', '1991', 210", '398,
2257, '811', '89', '2200', '89', '1082', '1828', '1082', '1226', '745', '1226',
'343', 2757, '1380', 2757, '1016', 2757, '343', '1251', '1435', 2306',
'1071', '1850', '560', '2768', '560', '115', 2086', '2338', '2338", '2086', 281",
281", 2747, '1528', '2747', '698', '1926', '396']
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Appendix F: Detailed Plow Routes Sequence for Task 4

Truck Type

Route Sequence

Single San
d

['1170', 2', '2606', '2625', '2606', 2438', '939', '410', '370', '864', 2791', '864",
'1270', '1966', '2875', '1966', '1755', '1966', '1270', '988', '1270', '864', '939', 1684,
'1545', '1684', '1110', '1684', '709', '2438', 2606', '2', '6', '8', 7', 2719', '3', 2719,
7', '8, '6', '4', 2966, '2686', '1705', '2664', '1110', '1891', '170', '2736', '170',
'1038', "2597', '2955', "2605', '998', '1887', '634', 2847, '634', '1887', '256', '1002',
'256', '319', '1199', '319', '634', '990', '1861', '1861', '990', '998', '990', '634', '319',
'370', '410', '1545', '410', '939', '2438', "709', '449', '2664', '449', '1455', '2838,
'1455', '449', "709', '314', '1455', '314', '709', '1684', '939', '864', '370', '319', '256',
'821', '630', '360', '630', '1683', '736', '51', '736', '356', '466', '539', '9', 2720', '9,
'10', '906', '10', '184', '1905', '184', '2290', '184', '10", '9', '539', '1060', '656', '682',
'2430', '151', '482', '1109', '1308', '912', '1308', '485', "2851', '485', '482', '485',
'151', '2430', '682', 2034', '682', '1790', '1385', '2430', '1907', 2430', '1385', '1790',
'947', '332', '2395', '332', '2156', '1543', '1385', '1543', '1109', '482', '1385', '482',
'151', '485', '1308', '1773', '1491', '1814', '1491', 274", '1814', '283', '2748', '283',
'2263', '186', '13', '2722', '13', 2395', '13', '1319', '674', '942', '674', '1319', '13',
'186', '2165', "2156', '1790', 2156', '2165', '186', '2263', '283', '1814', 274", '434,
274", '1491', '1773', '632', '933', '933', '632', '801', '1543', '2156', '332', '1987,
'1509', '163', '661', 2780, '1419', '2780", '1223', '906', '2221', 2605', '2955', '750',
'1069', '1418', '163', '1509', 2395', '2165', '801', '632', '1773', '1308', '1109', '1543',
'801', '2263', '801', '2165', '2395', '1509', '1987', '612', '1314', 2290', '2034', '2290',
'1314', '947', '2034', '1060', '2034', '947', '1790', '682', '656', '1907', '2150', '1907',
'656', '1060', '539', '1905', '539', '466', '323', '2221', '323', '1524', '323', '1506',
'1683', "775', '1683', '1506', '323', '466', '356', '1914', '1381', '1914', '356', '1506',
'1002', '1524', '1887', '1524', '1002', '1506', '356', '736', '1720', '2098', '1720',
'1381", '1310', '1550', '1635', '2594', '1635", '1550', '1310', '517', '1310', 268,
2150, '1395', '934', '2594', '1231', '2594', '934', '1395', '202', '1933', '2723', '15',
'14', '934', '14', '721', "2472', '1580', '2528', '1580', 2472', '1015', '2472', 721,
'1099', '1849', '1099', '1580', '1361', '1580", '1099', '1231', '1550', '1195', '1550',
'1231', '1397', '1231', '1099', '721', '14', '15', '2723', '2472', '2723', '1933', '520',
'2511', '2934', '2511', '1160', '2511', '520', '116', '520', '1933', 202', '1323', '1160',
'1323", '202', '1395', '2150', '268', '1914', '268', '1635', '268', '1310', '1381", '1720',
'736', '1683', '630', '1002', '630', '821', '1199', '2822', '1199', '2079', '1199', '821',
'311°, '821', '256', '1887', '998', '2605', 2221', '906', '1223', '742', '1419', '742',
'1223', '612', '1987', '332', '947', '1314', '612', '1223', 2780, '661', '163', '1418',
'1319', '1418', '1069', "2802', '1069', '750', 733", "2567', 2943', '2567', '35', '35,
'2567', '"733', '1869', '1869', "733', '750', '2955', "2597', '2953', 2597', '1038', 2801,
'1038'", '170', '1891'", '82', '1705', 2686', '82', '1891", '2866', '1891', '1110', 2664/,
'1705', '82', 2686', "2966', '4', '6', 2', '1170"]

Single San
d

['1170', '527', 2707, '2660', '2707', 2658', '2608', '2662', 2671', '1623', '2960',
'1623', '502', '1623', '236', '118', '1388", '502', '177', '502', '1388', '2937', '1388/,
'118', 236', 2181', "2051', 2181, '30', '2170', '707', '2170', 288", '1041', 2411,
'2532', '2411', 270", '1994', '1713', '1994', '311', '360', '1713', '1523', 2520, '1523',
'1713', '1053', '1713', '360', "775', '51', '1012', '1053', '1531", '1294', '2404', '2433',
'2404', '1294', '1589', "2433', '1589', '1614', '1819', '873", '86', '1717', '11', 12/,
'2721', '12', '11', '1995', 244", '1526', '2433', '1526', '1776', 2633', '1776', '1526/,
'336', '2404', '336', 2633', '336', '1526', '244', '1534', '86', '§73', 207", '1717', '86/,
'1534', 244, '1995', '666', '1438', '556', '2653', '2329', '1437', '2329', '2653', '556/,
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'386', '2659', 2651', '2659', 2627', '2651', '2627', '999', "754', 2374', '2232', '2374',
'2145', '2952', '2145', 2374', '754', '999', '87', '300', '2585', '300', '754', '1184,
'2651', '1184', 2224, 2232', '2145', "2232', '2224', '1184', '907', '2566', 907",
'2512', '883', '979', 2520', '566', 2566', '566', '1531', '566', 2520', '979', '883',
'2512', '1461', '48', 2224', '48', '1461', "2512', '907', '1184', '754', '300', 291",
'2769', 291', '532', 296', '2539', 296', 2153', '296', '307', '2680', '987', '387', '987',
'1399', 2053', '878', '2428', 2251', '2428', '878', '1190', "2478', '1190', 2454', '461',
'1609', '461', '1108', '2251', '1108', '1317', '2530', '1317', '2528', '1317', '1108',
'461', 2454, '1190', '878', 2053', '1399', '987', '2680', '307', '1346', '307', 296/,
'532', '291', '300', '®7', '407', '532', '569', 2769', '2585', '2769', '569', 2153', '569',
'532', '407', '87', '999', '2627', '2659', '386', '2595', '91', '2595', '386', '556', '1438',
'666', '2006', '1408', '2831', '1408', '2478', '1438', '2478', '1408', 2006', '666',
'1995', '11', '2006', '11', '1717', '1609', '1849', '2528', '1849', '1609', '1717', 207',
'1397', '1849', '1397', 207", '873', '1937', '1195', '2459', '517', '1614', '1589', '1534',
'1819', '1614', '1083', '1053', '1012', '1028', '2098', '517', '2459', '1195', '1937',
'1397', '1937', '873', '1819', 2459', '1819', '1534', '1589', '1294', '1531', '1053",
'1083', '1614', '517', '2098', '1028', '1083', '1294', '1083', '1028', '1012', '51', '775',
'360', '311', '1994', 270", '712', '2196', 2196', '712', '938', '2532', '938', '1159',
'2311', 2311', '1159', '833', "2532', '833', '2051', '833', '1159', '938', '712', 270/,
'2456', '311', 2456', '270', '2411', '1041', '1017', '1041', '658', '1755', '658', '988',
'2079', '988', '658', '1041', '288', '1043', '1608', '1730', '1017', '1043', '707', '997',
'1608', '997', "707', '1043', '288', '2170', '30', 2231', '30', '2181', 236', 2231', '997',
'2231', 236, '1623', '2671', '1730', '1608', '1043', '1017', '2073', '1755', 2073,
'1017', '1730', 2711, "2073", 2711', "2615', '2709', "2615', '2695', 2629', 2632/,
2660, "2632', '2629', "2695', '2615', "2711', '1730", "2671', '2662', '2608', '2702',
'2709', '2702', '2662', '2702', '2608', '2658', '2707', '527', '1170']

Single San
d

['1170', '527', 2707, '2658', '2608', 2662', '2671', '1623', '502', '177', '654', '126',
'1102', '1088', 2464', 2446', '2469', '243', 2469', '2446', 2464', 2371', 2233',
'2446', '2233', '2578', '1311', '705', '60', '2578', '2233', '2371', '1311', '2578', '60',
'2729', '60', '803', '996', "2699', '2644', 2962', '2644', 2647, '2703', '2647', 2669',
'1662', '1988", '585', '493', '2330", 261", '1271', 2361', '2519', 2583', '2424', '1076',
'2424', '2473', 2424', "2583', '858', "2584', '1584', '702', '2832', '702', '1584', 2584/,
'2531', 2584, '858', '2583', 2519', '1666', 2519', '2361', '2254', '2361', '1271',
261", '2330', '493', '585', '1988', '1662', '2189', '643', '42', '1946', '2871', '1946',
'42', '27779', '42', '643', '2779', '1946', '391', '1946', 2779', '643', 2189', '1662',
'2669', '1222', 2669', 2647', '2644', '2699', '996', '943', '1546', '122', "708', '2782',
708", '1909', "2554', '1778', 2554', '2940', '2554', '1909', '406', '1204', '882', '1204',
'406', '1909', '708', '122', '1546', '943', '996', '803', '60', '705', "2415', '803', 2785,
'803', "2415', '943', "2415', '882', 2415', '705', '23', '705', '1311', '1070', '1311",
2371, '507', 2371', '2464', '1088', '1102', '126', '654', '177', '502', '1623', 2671,
'2662', "2608', '2658', "2707', '527', '1170"]

Single San
d

[2092', '1976', 396", '1528', '312', '2107", '1188', 2813', '1188', '1575', '1188,
2107, '312', '1665', '1625', '648', '95', 210", '398', 267", '267', '398', '1025', 2257,
1552, '1512', '189', '347', '189", 240", '1797', 240", '1626', '2381', '1626', 2307,
2307, '1626', '2850", '1626', 240", '877', '427', '877', '240', '189', '1512", '1552,
257, '1025', '398', '210', '95', '902', '2384", '34', '588', '467', '41', '1421", '175,
1381', '175', '1421', '41', '467', '1892', '903', '546', '1798', '1238', '2416', 790!,
2160', '1039', '2160", '113", 2160', '1631', '1426", 2062', '1426', '1631', 2160/,
790", '651', '1631", '1191", '1631", '651", '608', '1426', '734', '1426', '608', '1533,
1301, '1533', '1431', '1430', '1431", '2833", '1431", '1533', '355', '1497", '355', 414",
355", '1533', '608', '1272', '608', '651', 790", 2416', '1430', '249', '1430', '47',
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'1430', 2416', '1238', '1798', '546', '1900', '546', '903', '1892', '467', '588', '34',
'2384', '902', '95', '648', '1625', '1665', '312', '1528', '396', '1976', '2092']

Single San
d

[2092', '1976', '396', '1528', '312', '1665', '1625', '648', '95', 210", '1991', 2434,
'2212', '1888', 2731', '69', '1122', '2809', '1122', '1793', '381', '1030", '636', '1206',
'1077', '1851", '1396', '1540', '2845', '1540', '2485', '1277', '2485', '1540', '1396/,
'1595', '1674', '2485', '1674', 2484, '830', '1698', '1945', '2870', '1945', 2855,
'1668', "2855', '1440', '1667', '1440', 2649', '1440', '2855', '1945', '1698', '830',
'2484', '1674', '1595', "2929', '154', '2929', 2484', '2929', '1595', '1396', '1851",
'2203', 266', 2508', '98', '469', '426', '255', '1515', '121', '120', '121', '1515', '255',
2744, '255', '426', '1863', '548', '1822', '548', '1863', '426', '469', '98', '690', '636',
'690', '335', '1206', '335', '1077', '335', '2203', '1851', '1077', '1206', '636', '1030',
'98', "2508', '469', '1376', '469', '2508', 266', '2203', '335', '690', 266', '690', '98',
'1030', '1080", '1376', '1863', '426', '469','1376', '1080', '1800', '1822', '1800', '1080',
'1030', '381', '671', '1800', '671', '72', '1178', 247", '620', '2776', '620', '1751",
'2743', 2314', '738', '1756', '1345', '1037', '1345', '1756', '738', '2314', 2743/,
'1751', '84', '2743', '84', '677', 2314', '677', '1237', '738', '1237', '1896', '1756',
'1896', '39', '1896', '1237', '677', '1191', '677', '84', '1137', '84', '1751", '113', '1751',
'620', '247', '1178', 72, '671', '381', '1793', '1122', '69', '692', '69', '2731", '2351',
'2731',2351", '2212','1888', '2212', '2434', '1991', 210", '95', '648', '1625', '1665',
'312', '1528', '396', '1976', "2092']

Grader

['1170', '527', "2116', '1087', '747', '1661', '810', 789", '536', 2766, '536', 2364,
'252', 2364, '536', 789", '945', '2357', '1306', '1613', '1306', '774', 774", '1306',
'2357', 2248', '2357', '945', '670', '429', '491', '700', '491', '429', '518', '1175', '518',
'2496', '1081', '2543', 2544, '1749', '2100', '2101', '2100', '1749', '2544', '2543',
'1081", '2496', '518', '429', '2048', '2332', 2048', '429', '670', 2967, '670', '945',
'789', '810', '1558', '867', 2068', '867', '1558', '810', '1661', '693', '2359', '693',
'1661', 747", '1087', '2116', '1648', '2116', '527', '1170']

Grader

[26', '1563', '2591", '2026', '1996', '1830', '76', '1321', '76', '1830', '1996', '2026',
'1772', '2026', '522', '1407', '1624', '385', '1772', '982', '1996', '982', '477', '1830',
‘477, '2162', 2431', '2162', '477', '808', '477', '982', '1772', '385', '1624', '155',
'1624', '1407', '861', '1407', "729', '1407', '522', '2026', '2591', '1563', '26']

Grader

[26', '1001', '989', '729', '476', '1142', '946', '861', '946', '688', '32', '924', 2173,

'330', '861', '330', '155', '2207', '152', '1686', '2091", '2259', 2091', '1269', '1785',

'387', '1785', '1269', '2091', '1686', '152', '1059', '152', '2207', 2043', 2207, '155',
'330", '2173', '924', '925', '924', '1411', '126', '2545', '1569', '2328', '1802', 2328,

'1952', '2328', '1569', "2545', '1815', '2545', '126', '1411", '924', '32', '1551", '1005',
'1102', '1005', '1551', '32', '688', '946', '1142', '476', '729', '989', '1001', 26']

Grader

['1257', '2300", '1086', '948'", '1220', '948', '1652', '955', '1652", 2481', '1652', '948',
'1086', '771', '1086', '2300', '1333', '746', '1', '2717', '1602', '1471', '1610', '944",
237, '1721', '679', 'S91', '679', '1721', '334', '134", '679', '1058', '679', '134", '1761",
1538, 2151', '180', '2151", '538', '1761", '134', '1722', '225', '1722', '134", 334",
268", '1722', '435', '167', '199', '835', '472', '1985', '472', '835', "2524', '835', '199",
'167', '435', '393', 435", '1722', '2268', '1052', '2480', '1052'", "2268', '334', '1721',
237, '944', '1610', '1471', '1602', 2717", '1', '746'", '1333', '2300', '1471", '2300,
1257, '577', '1603', '325', '1603', '739', '2063', '2064", 2063', '739", '1468', '739",
'1603', '577', '1257']

Grader

['2092', '1976', '396', '1528', 2747, '698', 2747', 281", 2086', '115', '29', 2679',
'337', '1990', '1618', '1990', '1367', '1618', '1672', '1249', '2549', '162', '1953', '162',
'2549', '1249', '1672', '1618', '1367', '1903', '1150', '1903', '2294', 2912', '2294',
'1903", '1367', '1990', "2315', 2916', '2315", '1990', '337', '2679', '29', '115", '560',
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'1850', '2803', '2037', "2306', '2915', "2306', '1435', '2843', '1435', '1251', '1226/,
'1082', '89', '811', '486', "2313', '486', '1552', '1512', '1552', '486', '811', '2257',
'144', '2257', '811', '89', '1025', '2257', '1552', '2257', '1025', '398', 210", '398',
'1025', '89', '2200', '89', '1082', '1828', '1082', '1226', '745', '1226', '1251", '343',
'2757', '1016', 2757, '1380', '2757', '343', '1251', '1435', '2306', '2037', '2803',
'1071', '2803', '1850', '560', 2768', '560', '115', '2086', '2338', '2338', '2086', 281',
'2807', "281', "2747', '1528', '396', '1976', '2092"]

Grader

['2092', '1976', '396', '1528', '312', '1665', '1625', '648', '95', '902', '38', '1991', '38',
'1325', '1421', '1325', '38', '902', '1981", '1325', '1981", '2640', '41', '2640', '34',
'1680', 2646', '2199', '588', 2199', '610', '467', '610', '848', '2020', 2046', '2460',
'2046', '1892', '125', '1691', "767', '72', '1822', '548', '1863', '426', '469', '98', '690',
'335', '1077', '473', '1200', '2262', '2075', '2262', '716', '1542', '716', '1897', '77,
'1897', 2867, '1897', '716', 2864', '716', '2262', '2951', '2262', '1200', "2815',
'1200', '473', 2765', '473', '1077', '335', '690', '98', '469', '426', '1863', '548', '1822',
'72', 767", '1691', '125', '1892', '2046', '1900', '2046', '2020', '2065', '2883', '2065',
'2020', '609', 2020', '848', 297", '848', '850', 2295', '850', '2790', '850', '848', '610',
'2199', 2646', '2295', '1701', '1701', "2295', '2646', '1956', 2646', '1680', '46',
'1680', '34', '2640', '1981', '2384', '1981', '902', '95', '648', '1625', '1665', '312',
'1528', '396', '1976', '2092"]

Grader

[26', '1678', '559', '1513', '2358', '1858', '619', '1858", '729', '1858', "2358', '1561',
'2096', 2137', '476', '2137', '2021', '1927', '2021', '1630", '1369', '32', '1369', '1630',
'993', '585', '818', '59', '2149', '2452', '2088', '1194', 2088', '1091', '1194', 2144,
'1194', '1091", '2890', '1091', '2088', '2452', '2149', '59', '1352', '59', '1149', '59',
'818', '66', '818', '585', '993', '1630", '2483', '1630', '2021', 2378', '2021', 2137',
'2096', "2378', '2096', '1561', '2358', '1513', '559', '1678', '26']

Grader

[26', '1001", '989', '619", '1513", 2358', '1597', '1537", '1645', '1650', '450", '1560,
'462', '1014', '1561, '1014", '1013", '1014", '462', '2788', '462", '1560', '450', 290",
195", 483", '2195', '1165', '1913', 261", '1271', '448', '181', '2001', '1149", '66',
662", '66', '493", '1917', '659', '1917', '2483', '1917', '493', '66', '1149', '2569",
'1149', 2001, '141', 2001, '181', 241", '181', '302', '181', '448'", '1271', 261",
"1913', '1165', '2506', '1165", 2195', '290", '601', '150", '601', '479", '601', '290",
450", '1650', '479', '393", '479', '1650', '1645', '1233', '1645', '788", '1645', '1537,
'1597', '2358', '1513", '619', '989", '1001", '26']

Single Salt

['1257', 2300', '1333', 771", '963', '590", '2471', '2435', '2471', '455', '2339', 2435/,
'2339', '1583", '1544', "2083', '1986', 2083', '1544', '1583', '2339', '455', '1821",
'1136', '1838', '1621', 2280, '1621', '1838", '1264', '1510', '1163', '2280", '706',
'2280', '1163', '1510', '571', '1163', '571", '823', '2273", '597', '2396', '1841", '2396',
'1750', 2305', '2246', "2941', '2246', '2305', '1750', '2108', '1882', 2265', 2668,
'2265', '1882', '2108', '1403', 206', "2740', 206', '1882', 206', '1403', '1136', '1403',
'2108", '1750', '1425', '1803', '1055', '2032", '1055', '1171', '2305', '1171', '2246',
'1413', 2444', '1564', '1154', '1564', '838', '900', '1676', '1133', '2266', '1133/,
'1676', '967', '1876', '401', '2763', '401', '1747', '401', '1876', '967', '219', "2493',
'402', 2493', '1699', '1125', '2022', '1125', '1707', '1737', '2047', '950', '2795', '950',
'221', '950', '2047', '1737', '1707', '1125', '1590', '1728', 2126', '1728', '1522/,
'2041', '1522', '1728', '"756', '359', '2318', '359', '1522', '359', '756', '1228', 2318,
'1370', '895', 2413', '2270', 2413', '895', '1370', '1898', '321', '303', 2527', '303',
'1504', '1370', 2318', '1228', '1898', '1370", '1504', '262', '710', '519', 277", '710',
'262', '2746', "262', '1504', '303', '321', '1339', '726', '2302', '2413', '2302', '726/,
'1339', '519', '710', 277", '726', 277", '519', '1339', '321', '2755', '321', '1898',
'1228', '756', '2447', '1898', '2447', '411', '411', '2447', '756', '1728', '1590', '1125",
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'1699', 2493', '2186', 2493', '219', '2266', '1046', '2186', '1046', '70', '523', '2186',
'523', '2002', '1699', '286', '1699', '2002', '1707', 2090, 2126', '2447', 2126,
2090, '1707', '2002', '523', "70', '2761', '70', '1046', '2266', 219", '123', '219', '967',
'1676', '900, '1330', '2827', '1330', '900', '838', '621', '2685', '621', '1004', '621",
'525', '1330', '525', "2857', '525', '621', '838', '1564", '2444', '1413', '2246', '1171',
'173', '1413', '173', 2016', '173', '2032', '173', '1171', '1055', '1141', '1055', '1803',
'1425', 2265', '1425', '1750', '2396', '597', 2273', '823', '1264', '1838', '1136',
'1821', '455', '954', '430', '2339', '430', '1432', '2042', '1671', '2042', '1432', '1583/,
'1535', 2435', '1535', '1877', '1535', '1073', '1300', '1073', '445', '445', '1073',
'1535', '1583", '1432', '887', '1548', '887', '1432', '430', '322', '1806', '322', '930',
'322', '887', '1097', '2042', '1097', '203', '1671', '352', '1544', '352', '348', '1348/,
'2828', '1348', '1288', "2366', '2285', "2366', '2293', '2293', '2366', '1288', '389',
'313', '2752', '897', 2285', '1573', '1024', '1986', '1024', '1573', '294', '1348', 294/,
'842', '2083', '1493', '921', '1867', '1459', '1877', '1459', '1867', '955', '1986', '955',
'1867', '921', '1493', '2083', '842', '1024", '842', '294', '348', '352', '1671', 203",
2070, '1288'", '1348', '348', 294", '1573', '2848', '1573', '2285', '897', '2752', '904',
'2752', '313', '1764', '313', '389', '1288', '2070', '1019', 2070, '352', 2070', '203',
'1097', '887', '322', '430', '954', '930', '2515', '930', '1297', '1621', '1510', '1264",
'823', '571', '133', 2888, '133', '2482', '1841', '2923', '1841', '2482', '133', '2273',
'2108', '2273', '133', '571', '1510', '1621', '1297', '930', '954', '893', '1838', '893',
'954', '455', '2471', '590', '963', '771', '1333', '2300', '1257"]

Tandem_Sa
It

['1170', '596', '1613', '596', '810', '596', '747', '92', '158', '892', '693', '1558', '498',
'2048', '1081", '857', '869', '518', '429', '670', '429', '518', '869', '911', '1175', '491",
'1613', '491', '1175', '1161', '1175', '911', '653', '911', '1375', '911', '869', 272',
'869', '857', '2495', '857', '68', '1230', '68', '827', '1566', '1636', '1566', '1035',
'1566', '827', '68', '1749', '2332', '2926', '2332', '2044', '867', '431', '867', 2044,
'2332', '1749', '68', '857', '1081', "2048', '498', '1558', '693', '892', '2494', '892',
'1358", '892', '158', '92', '1307', '65', '1225', '65', '1307', 2069, '2388', '2209',
'2388", '2069', '1984', 737", '1984', '2288', '1984', '136', '1984', 2069, '1227',
'2069', '1307', '92', '317', '92', 747", '596', '1170', '527', '1170']

Tandem_Sa
It

['1170', '527', 2116', '1648', '905', '1648', '177', '1219', '1346', '387', '1918', '654,
'550', '1802', '740', '865', '2504', '665', 2504', '865', '740', '1802', '888', '496', '905',
'2504', '905', '628', '905', '496', '2367', '496', '888', '1802', '550', '654', '1918',
'1411", '1005', '1551', '1088', '2464', '2446', '2469', '1815', '2452', '1815', '257',
'818', '585', '818', 257", '1815', '2469', 2446', 2464, '1088', '1551', '58', '1551',
'1005', '1411', '1918', "778', '2043', 778", '1918', '387', '1346', '1219', '177', '1648',
'2116', '527', '1170"]

Tandem_ Sa
It

['1257', '1610', '944', '577', '1490', '1468', 2319', '2029', '2317', '1791', '2317', '447',
'1998', '572', '400', '130', '400', '494', '1068', '2063', '325', '1721", '325', '2063',
'1068", '494', '603', '1605', '980', '1605', '1447', '488', '1447', '1601', '1282', '1601",
'1447', '1605', '603', '494', '400', '1093', '400', '572', '1655', '1093', '603', '1130",
764", '279', '334', '279', '362', '1052', '362', '563', '2506', '1165', 2195', '659',
'2330', '662', '2001', '662', '2330', '659', 2195, '1165', '2506', '563', '362', '1532',
'980", '1532', '362', 279", '764', '1532', '1685', '702', '1584', '702', '1685', '1532',
'764', '1130, '603', '1093', '1655', '1126', '1655', '572', '640', '572', '1998', '447',
'1453', '447', '2317', '2029', '2319', '1468', '1490', 'S77', '944', '1610', '1257"]

Tandem Sa
It

['1257', '1760', "2175', '1808', '1214', '2029', '1214', '695', '1658', '447', '1658',
'2198', '1658', '1157', '966', '1157', '1658', '695', '514', '1157', '2253', '1157', '514/,
'614', '514', 2093', 2028', '248', 2028', '1220', '948', '1086', 771", '1010', '1141',
'1010', '1507', "2331', 2210, '664', '1048', '1475', '2441', '1600', 2441', '1475',
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'2432', 2059', '2059', "2432', '2403', 2389', '2403', 242", '2230', '489', 2230', '599',
'1439', '599', '423', '1115', 2217, '1155', 2217, '1115', '423', '599', 2230', '242',
'2403', 2432', '1475', '1048', '1829', '1048', '664', 2492', '664', '2210', 779", '2210',
'2331', '1333", '2331', '1507', '1010', "771', '1086', '2300', '1471', '2300', '1086',
'948', '1220', '2028', '2093', '514', '695', '1214', '1808', '2175', '1760', '1257"]

Tandem_Sa
It

['1824', 24", '2007", '509', '2340', '2580", '1129', '1594', '940", '1276', '940', '1594",
137", '1120', '940', '2580", 2340, '2089', '2331", '2089", '2340', '995', 2019, "2089",
'1129', '2580', '64', '2580', '940', '1120', '365'", '1120', '689'", '1496', '1974', 31",
'1000", '1162', '1000", '1260', '1679', '2666', '1679', '822', '2666', '822', '1679',
"1260', '1000', '31', '1172', '1260", '1669', '1064", '1406', '1765', 2673', '1853',
509", '1853', '2673", '1765', '1406', '1064", '1669", '1260', '1172', '2184", '103',
2184, '1172', '1286', '1172", 31", '1974', '1496', '689", '1120', '37', '1629', '689",
92", '689", '1629', '1286', '1629", 2441, '1629', '37', '1048', '37', '1594", '664",
"1594', '1129', '2210', '1129', '2089', '2019', '1507', 2019", '2911', '2019", '995',
340", '509', 2007, 24", '1824']

Tandem_Sa
It

['1824', '442', '172", '1577', 2579', '1577', '172', '306', '819', '306', '949', '57', '570),
1306', '172', '832', '949', '306', '570', '408', '1507', '408', '570', '248', '570', '57',
'614', 'S7', '1576', '1805", '1782', '1899', '1782', '915', '969", '915', '1210', '915',
'856', '2190, '856', '770', '329', '2852", '329', '131', '329', '770', '1740', ‘770, '1416',
2138, '1416', '770, '856', '2211', '856', '915'", '1782', '1805', '1576", '57', '949",
1333, '1576', '966', '1576', '333', '2621', 2211', '1416, '110', '1416", 2211", 2621',
333", '2058', '333', '949", '832', '2058', '2138", '2058', '832', '2080', 2219', '2080,
'832', '172', '442", '1824"]

Tandem_Sa
It

['1824', 2228', '441', '418', '188', '52', '952', '623', '2337', '328', '2038", '328,
'2337', '623', '908', '1735', '908', '1402', '1103', '1402', '908', '623', 2297, '1402',
'673', 2120, '1664', '2120', '673', '1508', '2167', '1423', '1302', 2514, '1302/,
2161', '1845', '1279', '1845', '2507', '1845', '2161', '1302', '1423', '2167', '1508',
'1405', '1836', '836', '1836', '1405', '278', '226', 2166', '226', '278', '1826', '1217',
'816', '1217', '1826', '1963', '1057', '49', '1198', '2363', '1198', '49', '1057', '1963',
'1826', '1026', '2635', '1026', '468', '1794', '468', '1026', '1826', 278", '782', '1027',
782", '1916', '782', '1591', '782', '278', '1405', '1596', '1592', '1596', '2451', '2436',
2451, '1596', 2427, '1596', '1405', '1508', '673', '1208', '1089', '1208', '673',
'1402', '2297', '1818', 2297, '623', '952', '224', '952', '840', '952', '52', '188', '418',
'441', "2228', '1824"]

Tandem_Sa
It

['2092', '1976', '396', '1926', '698', '1926', '396', '1528', '312', '1665', '1625', '1016/,
'1625', '648', '95', 210", '1991", '194', '910', 2303', '1401', '2303", '920', '1196/,
'1378', '1901', '1677', 2260, '1677', '1901', '1378', '1196', '920', '2303', '910', 269",
'582', '1196', '582', '1888', '2212', '2351', '692', '1793', '644', '175', '2225', '671",
381", '1793', '692', '1045', '644', '1793', 381", '671', '72', '1822', '72', '1178', '247',
113", "1137', '1191', '39', 734", '1037', '1301', '378", '1497', '384', '635', 2258,
'209', '2326', '120', 2326', '209', '1089', '209', '752', '2631', '2564', '2631', '1292',
'2406', '1292', '1818', '1292', '2631', '752', '1103', '752', '209', "2258', '635', '384,
'"1213", '138', '1139', '249', '47', '1238", '47', 249", '1139', '138", '1213', '384', '1497',
'378', '1301', '1037', '734', '39', '1191', '1137', '113', 247", '1178', '1039', '1798',
'1238', '1798', '1039', '1178', '72', 767", '1691', '903', '1900', '2065', '609', '565',
'663', '1586', '1386', '936', '675', '1436', '2948', '1436', '675', '936', '422', '936',
'1386', '1586', '663', '565', '609', '2065', '1900', '903', '1691', '767', "72', '671',
'2225', 767", 2225', '125', '2225', '175', '644', '1325', '644', '1045', '38', '1045',
'2434', '1045', '692', '2351', '2212', '1888', '582', 269", '910', '194', '117', '269',
'920', '516', '1401', '1025', '89', '1082", '1226', '1251', '343", '1575', '1016', '1575',
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'343', '1251', '1435', '2306', 2037', '1071', '1850', '560', '115', 29', '2549', '162/,
'1953', '680', '698', '680', '1953', '162', '2549', '29', '115', '560', '1850', '1071",
'2037', '2306', '1435', '1251', '1226', '1082', '89', '1025', '1401", '516', '1334', '144',
'1401', '144', '1512', '189', 240", '189', '678', '877', '678', '2260', '427', '534', '2393',
'1972', '2393', '104', '2393', '534', '427', '2260', '678', '1556', '678', '189', '1512',
'144', '1334', '1556', '1512', '1556', '1677', '1556', '1334', '1901', '1334', '516/,
'1378', '516', '920', 269", '117', '2733', '117', '194', '1991', 2434', '2212', 2434,
'1991', 2107, '95', '648', '490', '648', '1625', '1665', '312', '1528', '396', '1976',
'1724', '1976', '2092']

Tandem_Sa
It

[2092, '22', 2727', '22', '1347', 2216, 2453", '1096', '104', 2466, '1744", 2466,
"1118', '1140', '1090', 1140, '639', '1759", '1062', '2607', '301", '1212', '696', '1090",
'1759', '470', '97', '1000", '97", '470', '1759', '1090", '1744", '1044", '918', 2667,
277", 2667, '918', '1044", '1744", '1090', '696', '1212', '1273', '454', '2386', '2281',
193", '2281", '2386', '454', '1273', '1212', 2279", 2118, '1925', '2118', '2279', '1212,
301", '2312', 2118, 2312', '2025', '2000", '896', '2000', '2025', 2312', '301', 2437,
'896', '2437", 2670', '1098', '61', '586", '61', '1928", '61', '1098', 2670', '2676',
2670, '2437', '301', 2607', '1062', '1759", '639', '2099', '31', '2099", '639', '713",
'1147', '292', '1147', '978', '365', '978', 2564, '978', '2439", '338', '2564'", '1703",
'1276', '1703', '2368', '1703'", 2564', '338'", '1549', '338', '2439", '978', '1147", '1501",
'1422', 2326, '1422', '1501', '1147', '713', '639', '1140', '1355', '1501', '2439",
1501, '1355', '1140', '1118', '814', '711', '2326', '711', '1816', '154", '1368', '154",
"1816', 711, '814', '1816', '814', '1118', '2649', '1118', 2466', '104", '1096', '2453',
2216, '1347", 22", '2092']

Tandem_Sa
It

['1824', '442', '521', '2218', '521', '2038', '1085', 2097, '205', 201, '1327', '728',
'1371', '62', '2218', '62', '758', '62', '1371', '728', '110', 728", '214', '1889', '131',
'1889", '564', '1495', '537', '626', '564', '1889', 214!, '1495', 214", '728', '1327',
'1495', '564', '626', '537', '2562', 2401', '1997', 2401', '2562', '537', '1495', '1327,
'201', '205', '2097', '1085', '2038', '521', '442', '1824']

Tandem_ Sa
It

[26', '1871', '1967', 724", "2618', '1262', '1221", '1201', 245", '793', '235', 2442',
'235', '793', '245', '1201', '1221', '1262', '2618', '724', '504', '513', '318', '2535',
'881", '592', '1051', '541', '2049', '541', '1051', '592', '881', '2535', '318', '513', '983',
'76', '2162', '76', '983', '513', '504', '724', '1967', '1871', '26', '1678', '559', '1678',
'26', '1563', 2591', 2026, '2591", '1563', 26', '1001', '989', '522', '385', 961",
'1944', 2081', '2013', '1874', '762', '1709', '593', '1709', '762', '584', "762', '1874',
'2013', "2081", '1944', '1322', '2081', '1322', '1944', '364', '1322', '364', '598', '2259',
'653', '101', '1161', '1207', '700', 2530, '1317', '2530", '700', '1207', '1161", '101',
'1269', '1059', '2043', "2173', '688', '1927', 2455', '1369', '58', '1988", 257", '2149',
'2392', 2149', '257', '1988', '58', '1369', '2455', '1927', '187', '476', '729', '476',
187", '1927', '688', "2173', '2043', '1059', '1269', '101', '653', '2259', '598', '364"',
'1944', '961', '385', '522', '989', '729', '989', '619', '1513', '1860', '1202', '79', '1748',
'660', '2085', '1254', '1186', '1254', '672', '1484', '1394', '1218', '2817', '1218,,
'1394', '1216', '2372', '1216', '2033', '1736', '2275', 2015', 2275', '1736', 2168,
'1736', '2110', '1156', "704', '25', '535', '2372', '1006', '1186', '1065', '1597', '1065',
'1983', 2031", '1983', '1681', '2538', '540', '195', '2516', '195', '437', '383', 2287,
788", '2287', '383', '437', '2201', '17', '16', '2724', '16', '17', '419', '17', '2201', '437',
'195', '540', '637', '540', '2538", '1132', '2538', '1681', '1915', '1681", '1983', '1065',
'1186', '1006', '2372', '535', 25', '2710', '1132', 2710', '25', "704', '419', '1688',
'419', '704', '1156', '1688', '2513', '1688', '1156', 2110, "2425', '1392', '1331",
'1047', '2015', '1866', '1470', 273", '1470', '415', 717", '2102', '"717', '415', '981",
'"1967', '1158', '1830', '1158', '1967', '981', '415', '1470', '559', '1470', '1866', '2015',
'1047', '1331", '1392', "2275', '2957', "2275', '1392', '2425', '2110', '1736', '2033',
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'1216', '1394', '1121', 2168', '1121', '1152', '2817', '624', '2817', '1152', '1218',
'1152', '1121', '1394', '1484', '672', '1254', 2085', '660', '1748", '1606', '1748", '79',
'1202', '1739', '2577', '1739', '1202', '1860', '2245', '1860', '1513', '619', '989',
'1001', '26']

Tandem_Sa
It

['1697', '106', '1124', '2510", '1585', '552', '1502", 2111', '991", '530', '2509', '530',
991", '1719', '991", '100', '524", '1486', '1733', '211', '1719', 211", '2060', '211',
'1733', '1486', '1336', 2536', '1856', '217", 2919', '217", '1856', '2536', '1336/,
'1486', '524", '100', '1250', '2005', '1224', '759', '1783", '922', '1673", 2501', '63",
2501, '1417', '2501', 2243, 2501", '1673", '1404'", '1673', '1708', '760', 2344,
1723', 299", '2726', 20", '2726', '299', '799', '299', '723", '1021', '799', '1955', '1309",
2152, '1675', '2152', '1309', '1955', '165", 2152', '165', '1675', '1309', '2726),
"1309', '1675', '165', '1955', '2291", '1955", '799', '1021', '1902', '1472', '1593",
"1114', '164', '375', '416', '1578", '1379', '1117', '1379', "2830", '1379', '1578, '416',
1375', '2076', '416', '2076', '1578', 2076', '375', '164", '1114', '1593", "2008', 2373,
480", '2373', '2008', '1641", '397", 2373', '397", '96', '480', '96', '554', '96', '397",
1641, '143', '1641', 2008, '1593", '1472', '1167', '1472', '1382', '681", '1127', '681',
'1382', '2169', '108', '766', '108', '1989', '108', 2169', '1382', '1472", '1902', '1021",
723", 2344, '766', '2927', '766', '2708', '766', 2344', '760", '1708', '1673', '922",
'1783', '759', '1224', 2005', '1250', '100', '1969', '2012", '1969", '100', '991', 2111,
'1502', '552', '1585", '2510", '1124', '735', '1753', '238", '1568', '1105', '2489", '1138",
085", '1738", 1442, '1985', ‘2518, '1266', 2648', '2442', '2119', 2102', '984",
'1444', '388", '1176', 2468, '788', 2468', '2458', '1233", '393', '225", '150', '2480',
506", '563'", '543', '1685', '702', '1584", '444', 2473', '1076', '2573", '1340', '875',
'1854', 1302, '488', '791", "2588", '1131", '2517', '1131', "2588", '791', '488', '302',
'1854', '875', 1340, 2573', '1076', '2473", '444', '1584", '702', '1685', '543', '563',
2506', '2480', '150', '225', '393', '1233', '2458', '2468', '1176', '388', '1444', '984",
21021, 2119', '2442', '2648', '1633', '2648', '1266', '1633", '1266', '2518', '1985',
1442, '1738', '285', '1138', '2489', '1105", '1568', '238', '1753", '735', '1124", '106,
'1697']

Tri_Salt

['1824', '442', '2080', '758', '1911', '2138', "2621', '1805', '1958', '1267', '1485",
'1702', '958', '786', 2078', '1961', '1209', '2253', '2198', '1453', '1462', '640', '1126',
971", '1282', "2517', '1282', '971', 2819", '971', '1126', '640', '1462', '1453', '2198',
'2253', '1209', '1961', "2078', '786', '958", '1702', '1485', '1267', '1958', '1805',
'2621', 2138, '1911', '1787', '110', '1740', '131', '2880', '131', '1740', '110', '1787',
1911, '607', '1092', '1451', '1371', 201", '1997', '1488', '1997', '201', '1371', '1451",
'1092', '607', '1911', '758', '2080', '442', '1824'"]

Tri_Salt

['1824', '1577', '2579', 24, 2007', '840', '52', '188", '418', '441', '418', '188', '52',
'840', '2007', "2256', '2172', 224', '2172', '2256', '2007', '509', '64', '2368', '1276',
'365', 292', '232', '2099', '97', 2636, 2665', 2617', '2665', '2652', 2665', 2630/,
'97', '2099', '232', '292', '365', '1276', 2368', '64', '509', '2007', '24', '2579', 2334,
'2579', '1577', '2334', '1577', '1824']

Tri_Salt

['2092', '1347', '499', '174', 2440', '1386', '1586', '1386', '2440', '174', '684', '761',
'2286', '2349', '422', '2147', '675', '1436', '2553', '1794', '468', '1916', 215", '138,
'1213', '138', '1598', '2095', '1089', '1103', '1818', '1612', '2406', '1612', '1818',
'1103', '1089', '2095', '1598', '2436', '751', '1508', '2167', '1423', '2161', '2533',
'2161', '1423', 2167', '1508', '1405', '278', '1826', '1963', '1826', 278', '1405',
'1508", '751', '2436', '1598', '138', '215', '1916', '468', '1198', '1519', '1198', '1518',
'1198', '468', '1794', '2553', '1436', '675', '2147', '422', '2349', "2286', '761', '684,
'174', '499', '1347', '2092']
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Tri_Salt

['2092', '1096', '104', '1044', '918', '2698', '918', 2667', '2959', 2667', '918', '1044',
'104', '2466', '1118', '814', '1355', '713", '232', '1974', '1496', '1286', '1600', '2184',
'822', '1679', '1260', '1669', '1064", '1406', '1765', 2673', '1853', '545', '1162', '545',
'1098', '1503', '1098', '545', '1928', '1164', '1719', '524', "217', '1856', '2575', '2949',
'2575', '1856', 217", '524', '1719', '1164', '1928', '2509', "2178', '2509', '1928', '545',
'1853', '986', '1853', '2673', '1765', '1406', '1064', '1669', '1260', '1679', '822',
2184, '1600', '1155', '1600', '1286', '1496', '1974', 232", '713', '1355', '814', '1816',
'154', '1595', '154', '1816', '814', '1118', '2466', '104', '1096', '2092"]

Tri_Salt

['1697', '94', '1128', '876', '1634', '531', '358", '1852', '898', '464', '1864', '1770/,
'1104', '238', '1104', '1770', '1864", '464', '1344', '1337', '538', '167', 2458', '167',
'538', '1337', '1344', '464', '553', '1706', '1058', 237", '1603', '325', '1603', '739',
'27', '2035', '130', '1791', '1998', '1462', '1998', '1791', '130', '2035', 27", "739',
'1603', 237", '1058', '1706', '553', '464', '898', '1852', '358', '428', '358', '531/,
'1634', '876', '1128', '94', '1697']

Tri_Salt

['1697', '106', '1124', '735', '1753", '2346', '600', '1169', '2408', '1642', '806', '463',
'164', '1114', '1902', '1989', '2344', '760', '2106', '1969', 2111', '602', "2301', '602',
2111', '1969', 2106, '760', '1250', '1855', '1250', '760', "2344', '1989', '1902',
'1114', '164', '463', '806', '1642', 2408', '1364', '2377', '363', '2180', '112', 2712/,
'112', 2180, '363', "2377', '1364', '2408', '1483', '1450', '1754', '2448', '1420',
'1390, '1185', '1633', '1185', '1390', '1420', '2448', '1754", '1450', '1483', '2408',
'1169', '600', "2346', '1753', 735", '1124', '106', '1697']

Tri_Sand

[26', "1871', '1967', '724', '2010', '1464", '1262', '1464', '970', '492', '926', 208/,
970", '1464', '792', '926', '792', '452', '541', '452', '1268', '881', '1268', '1571',
'2535', '1571", '1360', '318', '1360', '504', '513', '983', '1338', '2663', '1321', 2637,
'2431", '2661', '581', '2094', '581', '1709', '808', '1874', '808', '1424', '2013', '1424",
'1290', '961', '2370", '598', '2370", '1686', 2370', '1624', 2370', '961', '1290', '1424',
'1772', '1424', '808', '477', '808', '1709', '581', '2661', 2431', '2637', '1321', '2663',
'1338', '983', '1158', '983', '513', '504', '1360', '1571', '1268', '230', '1268', '452',
'1051", '452', '792', '492', '970', '1221', '245', '1221', '970', '208', '1201', '208', '926',
'1885', '926', '492', "792', '1464', '2010', '2618', '2010', '724', '1967', '1871', '26']

Tri_Sand

[26', '1678', '559', '1513", '559', '981', '793', '2450', '2715', '1978', '235', '717',
273", '383', '1537', '1560', '450', '1650', '479', '393', '435', '1761', '591', '1344',
776, '526', '1138', '526', '975', '1738', '975', '472', 2119, '472', '975', '526', '776',
2151', '199', '1176', '199', '2151', '776', '1344', '591', '1761', '435', '393', '479',
'1650', '450', '1560', '1537', '383', '273", '717', '235', '1978', '2715', 2450', '793',
'981', '559', '1678', "26']

Tri_Sand

['1697', '106', '676', 2122', '735', '2122', '1104', '526', '1104', '2122', '1180', '985',
'1864', '776', '1864', '985', '1977', '2604', '898', '280', '553', '591', '553', 280/,
'1135', '1706', '1135', '944', '1135', '1236', '1939', '2492', '1939', '1236', '1135',
'280', '807', '1236', '1610', '1236', '807', '529', '1939', 2237', '1471', '2237', '1939',
'529', '1829', '529', '358', '529', '807', '1852', '807', '280', '898', '2604', '1977', '985',
'1180', '2122', '676', '327', '1180', '1770', '1180", '327', '2487', '1852', '2487', 2109,
531, '1115', '531', 2109', '2487', '327', '1383', '2109', '1383", '1634', '1628', '1467',
'2155', '103', '2155', '1467', '1628', '1634', '1383', '327', '676', '106', '1697']

Tri_Sand

['1697', '106', '1124', '2510', '1723', '1908', '602', '530', '1164', '2112', '1313', '2112',
'1164', '530', '602', '1908', '1723', '2510', '1585', '552', '1723', 2457', '1723', '552',
'1502', '2309', 2738', "2309', '1502', '552', '769', '1919', '650', '806', '1834', '1482',
'463', '1949', '650', '1949', '451', '769', '552', '1585', '1919', '769', '2012', "769',
'451', '1949', '413', '2106', '413', '1949', '463', '1482', '456', '1708', '760', '1708',
'1224', '183', '1224', '1708', '456', '1482", '342', '1404', '342', '1617', '2243", '1617',
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'2678', '1617', '1731', '109', 2712', '109', '638', '363', '638', '732', '638', '109/,
1731, '1617', '342', '2177', '342', '1482', '1834', '2177', '1731', '2382', '1731/,
'2177', '1834', '806', '650', '1919', '1585', '2346', '1585', "2510', '1124', '106', '1697']

Tri_Sand

['1697', '106', '1124', '735', '1753", '238', '1568', '1105', '1752', '1647', '600', '1919',
'600', '1647', '44', '1169', '650', '1169', '44', '1483', '1886', '1364", '1834', '1364",
'1886', '2308', '2377', '732', "2177', '732', '2377', '2308', '420', '2308', '33', '1042',
'964', '420', '889', '2180', '889', '420', '964', '1042', '33', 2308', '1886', '1604",
'2499', '1604', '1886', '1483', '44', '780", '1450', '573', '1604', '825', '1653', '2229',
'2899', '2229', '1653', '825', '1604', '573', 200", '403', '1476', '1553', '1476', '403',
'200', '573', '1450', 780", '1873', '1754', '1873', '2027', '1390', '2027', '2518', '2027",
'1873', '1442', '1873', '780', '1951', '285', '1951', '780", '44', '1647', '1951', '1647',
'1752', '1105', '1568', '1582', '2489', '1582', '2272', '2272', '1582', '1568', 238,
'1753', "735', '1124', '106', '1697']
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