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PREFACE

The Kansas Department of Transportation’s (KDOT) Kansas Transportation
Research and New-Developments (K-TRAN) Research Program funded this
research project. It is an ongoing, cooperative and comprehensive research
program addressing transportation needs of the state of Kansas utilizing
academic and research resources from KDOT, Kansas State University and
the University of Kansas. Transportation professionals in KDOT and the
universities jointly develop the projects included in the research program.

NOTICE

The authors andthe state of Kansas do notendorse products or manufacturers.
Trade and manufacturers’ names appear herein solely because they are
considered essential to the object of this report.

This information is available in alternative accessible formats. To obtain an
alternative format, contact the Office of Transportation Information, Kansas
Department of Transportation, 700 SW Harrison, Topeka, Kansas 66603-
3745 or phone (785) 296-3585 (Voice) (TDD).

DISCLAIMER

The contents of this report reflect the views of the authors who are responsible
for the facts and accuracy of the data presented herein. The contents do not
necessarily reflect the views or the policies of the state of Kansas. This report
does not constitute a standard, specification or regulation.



ABSTRACT

Kansas is one of the nation’s leaders in meat production. Specifically, in the
southwest Kansas region, there are more than three hundred feed yards and four meat
processing plants. Traditionally, processed meat, some of the meat byproducts, grain,
and other industry related products are transported using large trucks (tractor-trailers).
In addition to the highway system, there are two Class | railroad carriers and four Class
lIl railroad carriers in the southwest Kansas region. Because there is a rich railroad
network in the southwest Kansas region, it is necessary to study whether there is a
need to utilize other transportation modes, such as railroad and intermodal, to transport
goods and products for the processed meat and related industries.

The objectives of this research are to study the transportation modes, their
utilizations for the processed meat and related industries in southwest Kansas, and their
impacts on local economic development. To achieve the objectives, the research team
conducted a literature review, collected data through site visits, interviews, and
websites, estimated vehicle miles of travel (VMT) by truck using TransCAD software,
and projected future growth of processed meat and related industries as well as
emerging industry development in the region.

The research results demonstrate that there is heavy usage of trucks in the
southwest Kansas region which need to be diversified to other transportation modes
such as railroad and intermodal. To utilize railroad and intermodal transportation for the
processed meat and related industries, there is a need to build required infrastructure

near or within the feed yards and meat processing plants to support these transportation



modes. In addition, to use the railroad for transporting feed grains, the system
infrastructure of short line railroads needs to be improved.

During this project, the research team also found that two new industries, dairy
and ethanol, are emerging in southwest Kansas. With the development of new
businesses, the demand on railroad service (both Class | and Class Ill) has been
increasing recently. Thus, it is important to have adequate investment in railroad
infrastructure, particularly, to keep short line railroads running rather than being

abandoned.
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Chapter One - Executive Summary

Kansas is one of the nation’s leaders in meat production. It ranks second in the
nation in cattle and calves on farms and third in red meat production. Traditionally,
processed meat (beef, chicken, and pork), meat byproducts, and other industry related
products are transported using large trucks (tractor-trailers) from southwest Kansas to
their final destinations. Also, feed grain is shipped into the region from local producers,
other parts of Kansas, and other Midwest states. Because of the regional concentration
of these industries, as well as the long-haul movement of products, there may be other
modes of transportation that might be more cost efficient. Also, because of the vast
highway and railroad networks in southwest Kansas, the economically superior shipping
methods for the meat processing industry may not only be highway transportation but
also railroad and/or intermodal transportation, depending on the conditions of the
shipment.

Beef cattle are raised all over the United States, with Texas, Nebraska, and
Kansas being the leaders in the industry. According to the Kansas Livestock
Association (KLA), the advantages of feeding cattle in southwest Kansas include: (1)
Kansas ranks near the top in the nation for the production of most high quality grain
(corn, milo, and wheat); and (2) a moderate climate and access to roughage allow for
predictable cattle performance. Many experts predict that the processed meat and
related industries in the southwest Kansas region will continue to grow. To support the
growth of this industry, there will be more trucks on the highways to transport goods and

products for the processed meat industry.



With the increase in tractor-trailer transportation, highway capacity will be
challenged. This can lead to increased traffic congestion, highway and bridge
maintenance costs, frequency of bridge and roadway replacements, air pollution, fuel
consumption, accidents, and travel times for road users. Because of these reasons,
there is a need to study the transportation modes (truck, railroad, and intermodal)
available for the industries to ship their products, and to determine which one is more
efficient and cost effective, resulting in the long-term sustained growth of the industries
and positive impacts on the local and regional economies.

The two main inputs of feed yards are feed grains (primarily corn, sorghum, and
occasionally wheat) and feeder cattle. The transport mode for feed grain is truck and/or
railroad. Feeder cattle must be moved only by truck due to regulations governing the
transport of live animals. Cattle are fattened at finishing feed yards in southwest Kansas
and other neighboring states. Once they reach a certain weight they are then moved to
the meat processing plants by truck. Thereafter, boxed beef and beef byproducts from
the meat processing plants are transported via trucks or rail-truck intermodal to
customers in the United States and other countries.

Cattle are finished at feed yards in southwest Kansas, where they are fed
specific rations of grain, roughage and supplements. Grains, such as corn and
sorghum, and protein/nutrient supplements like soybean meal, vitamins, salt, minerals,
and rumensin (to aid digestion) are fed to the cattle. Roughage such as alfalfa hay,
prairie hay, corn silage and sorghum silage are also fed to the cattle. Kansas crops
produced for feed include corn, sorghum, alfalfa hay, and occasionally wheat. According

to Cory Kinsley, Risk Management Director of Cattle Empire in Satanta, KS, 50%-70%



of grain produced in Kansas is used for feeding cattle in the region, the remainder
comes from outside of southwest Kansas. Corn is moved by trucks within a 30 mile
radius to its destination using independent freight companies that work on a contractual
basis. Grain is also shipped to Kansas grain elevators via rail shuttle trains from various
locations in lowa, Nebraska and Minnesota.

Cattle are transported in and out almost daily in order to serve the needs of the
four major meat processing facilities located in southwest Kansas. Once live cattle are
slaughtered, their meat is processed and packaged for shipment. These facilities will
ship boxes of refrigerated beef all over the United States year round. Four of the five
major meat (beef) processing facilities are located in the southwest Kansas region and
in total have a combined daily kill capacity of 23,600.

Trucking has become the most popular mode of freight transportation because of
its efficiency and convenience, but may result in increased highway maintenance costs.
According to Gary Davenport, Director of Safety and Risk Management for the Kansas
Motor Carrier Association (KMCA) in Topeka, KS, as of June 2006 there were 9,409
carriers in Kansas. There are approximately 6,604 private carriers, which include
construction trucks, trucks used for lawn care, or trucks used to transport property. On
the other hand, there are 2,805 for-hire carriers (also called common carriers) which
haul mostly general goods and are the main haulers of livestock. In 2003, the trucking
industry drove 1.5 million miles on Kansas roads, representing 5% of all roadway traffic
in the state. Trucks transported about 80% of total manufactured tonnage in the state in

2003.



There were a total of 19 freight railroads operating in Kansas in 2005, among
which there were four Class | railroads, 13 Class lll railroads, and 2 switching railroads.
These carriers operate 4,776 miles (excluding the trackage rights) with a total traffic of
6,274,881 carloads and approximately 362 million tons of freight in Kansas. Among the
four Class | railroads in Kansas, BNSF Railway and Union Pacific Railroad cover a
majority of Kansas and are the only Class | railroads in the southwest Kansas region.
1.1 RESEARCH OBJECTIVES AND SCOPE

The objectives of this research are to study the transportation modes, their
utilizations for the processed meat and related industries in Southwest Kansas, and
their impacts on local economic development. There are many feed yards and
processed meat plants in Kansas. To keep the research scope reasonable, this study
concentrated on the processed meat (beef) industry and related industries in the
southwest Kansas region. This region includes the counties of Clark, Comanche,
Edwards, Finney, Ford, Grant, Gray, Greeley, Hamilton, Haskell, Hodgeman, Kearny,
Kiowa, Lane, Meade, Morton, Ness, Pawnee, Rush, Scott, Seward, Stanton, Stevens,
and Wichita.

1.2 DATA COLLECTION

In order to thoroughly understand the meat processing industry, the research
team conducted visits to the four major components of the industry. These industries
are feed yards, meat processors, trucking carriers, and railroads. These industries are
either direct participants in the preparation of the final products (i.e., beef and other
meat related products) or are the transportation providers that are most widely utilized

to transport these products. The first site visit involved becoming familiar with the



industry’s background which prompted the need to account for the quantities of feed
grain transported apart from considering the population of cattle, meat (beef) and meat
byproducts transported in and out of the region. Then, the second site visit involved
acquiring more specific information from the packers and trucking carriers. Future
growth projection trends were also researched by visiting the Grant County Chamber of
Commerce in Ulysses, KS.

Apart from the two site visits to these industries, data collection also involved
local site visits to the Kansas Livestock Association (KLA) and the Kansas Motor Carrier
Association (KMCA), phone interviews with BNSF Railway, Union Pacific Railroad (UP),
Kindsvater Trucking, and Tyson Fresh Meats and a literature search on websites,
research reports, and other publications. Prior to the two visits to the southwest Kansas
region, feed yard information was collected by conducting a search over the Internet
and from information received from the Kansas Department of Health and Environment.

The first site visit involved interviewing officials from 9 different organizations.
Data collected from these visits gave an estimation on the amounts of imports and
exports (by rail and truck) in the southwest Kansas region in regards to the quantities
used for feeding cattle along with issues on current transportation modes and
projections for the future growth of these industries.

The second site visit focused on acquiring approximate production rates at three
of the four biggest meat processing facilities in the southwest Kansas region. During
the second visit, data collection also involved interviews with individuals in the trucking

industry and at the Grant County Chamber of Commerce regarding any new business



developments in the southwest Kansas area. Besides these two visits, the research
team conducted a few other interviews to gather needed information.
1.3 ESTIMATING TRUCK VEHICLE MILES TRAVELED

The truck vehicle miles traveled (VMT) associated with business activities of the
processed meat and related industries in southwest Kansas will help researchers to
determine if there is a need to use other transportation modes (such as railroad and
intermodal) to transport goods and products for the processed meat and related
industries in southwest Kansas. The process of estimating truck VMT was broken down
into six components:

1. Truck VMT for transporting feeder cattle to feed yards in southwest Kansas

2. Truck VMT for transporting feed grain to feed yards in southwest Kansas

3. Truck VMT for transporting finished cattle to meat processing facilities in
southwest Kansas

4. Truck VMT for transporting boxed beef to customers in the United States

5. Truck VMT for transporting meat byproducts

6. Truck VMT for transporting boxed beef to export customers

TransCAD software is utilized to calculate the shortest paths in miles that are
used to estimate the truck VMT.

1.3.1 Truck VMT for Transporting Feeder Cattle to Feed Yards

In order to determine the truck VMT for transporting feeder cattle to feed yards in
southwest Kansas, researchers must first determine the number of truckloads of feeder
cattle that are transported into the area. The total number of feeder cattle in southwest
Kansas in 2005 is estimated to be 3,721,050. Therefore, based on the assumption that
75 feeder cattle are transported per truck, the annual truckloads for transporting feeder

cattle are 49,614 (3,721,050 /75).



Next, researchers determined the average distance (miles) from county centroids
(center points in a county used as a drop off point and pick up point for the purposes of
this research) to the feed yards in each county. Also, it was also necessary for
researchers to determine the distance that these truckloads travel from entry points of
the southwest Kansas region to the 24 county centroids in the region. Based on the total
distance traveled and the number of truckloads, the truck VMT for transporting feeder
cattle to feed yards in southwest Kansas can be determined by multiplying the total
distance traveled by the total number of truckloads of feeder cattle transported to feed
yards in the southwest Kansas region. Therefore, the truck VMT for transporting feeder
cattle to feed yards in southwest Kansas is 11,317 daily and 4,130,854 annually.

1.3.2 Truck VMT for Transporting Feed Grain to Feed Yards

To estimate the truck VMT due to transporting feed grain to the southwest
Kansas region, it is pertinent to estimate the amount of feed grain consumed by feeder
cattle. On average cattle consume a total ration of 4,242 Ibs. for nearly 150 days. With
data on the number of cattle in each county in the southwest Kansas region and
information on the daily consumption of feed grains and feed grain demand, the
truckloads for transporting the feed grains can be estimated for the various counties in
southwest Kansas. There were approximately 3,721,050 feeder cattle in southwest
Kansas in 2005. These cattle consume a annual total of more than fifteen and a half
billion pounds of feed grain (3,721,050 x 4,242 =15,784,694,100) that generates
365,392 annual truckloads of feed grains and other inputs. Among these truckloads,
about 168,855 truckloads are used for transporting corn, 114,616 truckloads for

sorghum, 72,990 truckloads for alfalfa-hay, and 8,931 truckloads for supplements.



The daily and annual truck VMT for transporting feed grain is calculated similar to
that of transporting feeder cattle, where a county centroid is used as a drop off and pick
up point for the feed grains. The VMT for transporting feed grain to feed yards is
determined by multiplying the average distance from county centroids to feed yards,
times the number of truckloads of feed grain for each county. The total daily and annual
truck VMT for transporting feed grain are 25,564 and 9,332,302, respectively.

1.3.3 Truck VMT for Transporting Finished Cattle to Meat Processing

Facilities

There were 3,721,050 cattle fed in southwest Kansas in 2005. It is assumed that
all cattle fed in southwest Kansas are slaughtered in southwest Kansas. Thus, there
were 2,539,280 (6,260,330 — 3,721,050) cattle that were brought into southwest Kansas
from other states and/or other parts of Kansas. Based on USDA data, there were
7,321,400 cattle slaughtered in Kansas in 2005. Using the proportional method, the
researchers estimated that there were 6,260,330 cattle slaughtered in the southwest
Kansas region. Therefore, it is necessary to take two steps to calculate the truck VMT
for transporting cattle to meat processing facilities in southwest Kansas. The first step is
to determine the truck VMT for transporting cattle from feed yards in southwest Kansas
to the meat processing facilities; and the second step is to estimate the truck VMT for
transporting cattle from other states and/or other parts of Kansas to meat processing
facilities in southwest Kansas.

To calculate the truck VMT for transporting finished cattle from feed yards in
southwest Kansas to meat processing facilities in the region, the researchers used a

three-step approach. Required truckloads for transporting cattle were determined first.



Second, the truck VMT from feed yards to the centroids of counties was calculated.
Finally, the truck VMT from the centroids of each county to each of the four major meat
processing facilities in southwest Kansas was determined. The sum of steps 2 and 3 is
the total truck VMT for transporting cattle from feed yards in southwest Kansas to meat
processing facilities in the region. It is estimated that there are 82,690 truckloads that
transport 3,721,050 finished cattle from feed yards in southwest Kansas to meat
processing facilities in the southwest Kansas region in 2005. Based on this information
and the average distance from feed yards to county centroids and from these centroids
to the four meat processing facilities, the truck VMT for transporting finished cattle from
feed yards in southwest Kansas to meat processing facilities in southwest Kansas is
36,868 daily and 13,456,956 annually.

According to the data collected from the four largest meat processing facilities in
the southwest Kansas region, the daily kill in the area is approximately 23,600 cattle.
Apart from these four meat processing facilities, about 4,000 cattle are slaughtered in
another large meat processing facility in Kansas, but it is not in the southwest Kansas
region (AllExperts, 2006). Thus, in total there are approximately 27,600 cattle killed
every day in Kansas. And based on USDA data, there were a total of 7,321,400 cattle
slaughtered in Kansas in 2005 (USDA, 2006d). Thus, approximately the number of
cattle slaughtered in the southwest Kansas region in 2005 can be proportionately
estimated as 6,260,330 cattle ((7,321,400 / 27,600) x (23,600)). Researchers estimate
that there were 3,721,050 cattle that were fed in southwest Kansas in 2005. Thus, the

number of finished cattle coming from other states and/or other parts of Kansas to the



four major meat processing facilities in southwest Kansas in 2005 is 2,539,280 finished
cattle (6,260,330 — 3,721,050).

These cattle have to be allocated to each of the four major meat processing
facilities in the southwest Kansas region. Based on the information collected from some
of the feed yards and the site visits conducted in the southwest Kansas region, the
following assumptions are made about the quantity of cattle coming from different
directions — 70% of the cattle come from the south and 10% of the cattle come from
each of the north, east, and west directions. Thus, the number of finished cattle coming
from the south is 1,777,496 cattle (70% x 2,539,280). And the number of finished cattle
coming from the north, east, and west is 253,928 cattle from each direction (10% x
2,539,280).

It is further assumed that cattle from each direction, shown above, are distributed
to each of the four meat processing facilities evenly. The numbers of cattle coming from
different directions to each of the meat processing facilities remains the same (634,820
cattle per meat processing facility) since it was assumed that cattle are distributed
equally among the four meat processing facilities. The total daily and annual truck VMT
for transporting finished cattle from other states and/or other parts of Kansas to the four
meat processing facilities in the southwest Kansas region are 28,598 and 10,438,844,
respectively.

Combining the results presented above, the overall daily and annual truck VMT
for transporting finished cattle from feed yards in southwest Kansas, other states, and
other parts of Kansas to the four meat processing facilities in southwest Kansas and

returning to the origins are 65,466 and 23,895,800, respectively.
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1.3.4 Truck VMT for Transporting Boxed Beef to US Customers

The processed meat (boxed beef) from each of the four major meat processing
facilities is transported to various customers in the United States. For analysis
purposes, researchers assumed that processed meat is first distributed to customers in
large cities in the U.S. including Atlanta, Chicago, Dallas, Los Angeles, New York, and
Phoenix. Then, the meat is distributed from these large cities to customers in other
smaller cities and towns. When calculating the truck VMT for transporting boxed beef to
customers in the United States, first, it is necessary to calculate the number of
truckloads of boxed beef originating at each of the meat processing facilities. Next, the
researchers calculate the VMT for transporting boxed beef to the six cities. The
distances traveled from the respective meat processing facilities to the six cities were
determined using TransCAD software.

In order to calculate the number of truckloads of boxed beef originating at each of
the meat processing facilities, the amount (Ibs.) of boxed beef from each head of cattle
was acquired from the site visits. Based on the data collected from these site visits,
researches came to the determination that the weight of cattle at the time of processing
was 1,200 Ibs., with about 720 Ibs. (60%) of red meat (boxed beef) and 480 Ibs. (40%)
of byproducts (tallow, bone meal, hides, etc.). Also, researchers made the assumption
that a truck can carry a total of 42,000 Ibs. of boxed beef. Therefore, the annual quantity
of red meat originating at each of the meat processing facilities is 1,126,742,400 Ibs.
(1,564,920 x 720 Ibs.). With the amount of red meat produced at each meat processing
facility know, the annual number of truckloads of boxed beef produced at each facility is

26,827 (1,126,742,400 / 42,000). The quantity of boxed beef from each of the meat
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processing facilities (origins) is equally distributed among the six large cities
(destinations). Accordingly, about 16.67% (1/6 =16.67%) of the annual number of
truckloads of boxed beef originating at each meat processing facility is distributed to
each of the six cities. Therefore, each city receives 4,471 truckloads of boxed beef from
each meat processing facility in southwest Kansas. Then by combing the above
information and the distance to each of the six cites, the truck VMT to transport boxed
beef to U.S. customers is calculated. The truck VMT within southwest Kansas for
transporting boxed beef from the four major meat processing facilities in the region is
38,620 daily and 14,096,170 annually.

1.3.5 Truck VMT for Transporting Meat Byproducts

The meat byproducts produced at each of the four meat processing facilities
constitutes to about 40% of the total live weight of the cattle. It is also known from the
site visits to the southwest Kansas region that about 50% of the byproducts produced at
the four major meat processing facilities are transported by rail and another 50% by
truck. Some of the byproducts are exported to Mexico via Dallas and East Asia via
Phoenix and Los Angeles. Small amounts of the byproducts such as technical (inedible)
tallow and meat and bone meal are sent by trucks to local feed yards for feeding swine,
chickens, and turkeys. Because the quantity of byproducts sent to the feed yards are
very small, researchers ignore the truck VMT for transporting this portion of the
byproducts. It is assumed that the amount of byproducts exported from each of the
meat processing facilities is equally distributed to the three paths via Dallas, Los

Angeles and Phoenix. These three cities are considered as the destinations for
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calculation purposes. The distances traveled from the respective meat processing
facility to the three destinations were previously determined using TransCAD software.

With each finished cattle accounting for about 480 Ibs. (40% of 1,200 Ibs.) of
byproducts, the annual quantity of byproducts originating at each of the meat
processing facilities is 751,161,600 Ibs. (1,564,920 x 480 Ibs.). Then, based on the
assumption that 50% of byproducts produced at these facilities are transported by truck,
the amount of byproducts transported by truck from each facility is 375,580,800 Ibs.
(50% x 751,161,600). Based on the assumption of 42,000 Ibs. of byproduct transported
per truck, the amount of truckloads of byproducts from each meat processing facility in
southwest Kansas is 8,942 (375,580,800 / 42,000 Ibs.).

It is then assumed that 65% of the byproducts transported by trucks are
distributed south to Mexico via Dallas and the rest of the 35% are distributed to East
Asia via Los Angeles and Phoenix with a half-and-half split (the route to Phoenix is
assumed as an alternative route to Los Angeles since the mileage is about the same as
the direct route to Los Angeles). Therefore, about 17.5% (35%/2 = 17.5%) of the annual
number of truckloads originating at each meat processing facility are distributed equally
to the Los Angeles and Phoenix paths. Based on these assumptions, the annual
truckloads of byproducts from each meat processing facility to Mexico via Dallas are
5,812 (65% x 8,942). Using the same method, researchers determined the truckloads
for transporting byproducts via the Los Angeles and Phoenix paths, which are 1,565
(17.5% x 8,942) for both of them.

Using the number of truckloads of byproducts from each meat processing facility,

the annual truck VMT in the southwest Kansas region for transporting byproducts from a
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meat processing facility to each of the three destinations (Dallas, Los Angeles and
Phoenix) can be determined. The total daily and annual truck VMT for transporting
byproducts to export customers is 13,338 and 4,868,736, respectively.

1.3.6 _Truck VMT for Transporting Boxed Beef to Export Customers

Currently, the market is closed for transporting meat to export customers in East
Asia. However, if the market re-opens, then approximately 10% of the total boxed beef
produced at each of the four major meat processing facilities will be distributed to export
customers in East Asia. To anticipate the future market development, truck VMT for
transporting boxed beef from the four meat processing facilities to export customers in
East Asia has been estimated. During the calculation process, it is assumed that all
boxed beef sent to export customers is transported via the Los Angeles path. The travel
distances from the four meat processing facilities to Los Angeles have been calculated
using TransCAD software.

Because the focus of the analysis is the truck VMT within the southwest Kansas
region, only mileages within the southwest Kansas region are considered. Since 10% of
the total production of boxed beef (processed meat) at each meat processing facility is
distributed to export customers in East Asia, the number of truckloads from each meat
processing facility to export customers in East Asia can be calculated by taking 10% of
the annual truckloads of boxed beef transported from each meat processing facility to
U.S. customers. Therefore, the annual truckloads of boxed beef from each meat
processing facility to East Asia are 2,682 (10% x 26,827). The number of truckloads of
boxed beef (processed meat) from each meat processing facility remains the same

since it is assumed that the production rate is the same at each meat processing facility.
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Using the same method to calculate boxed beef to U.S. customers, the annual and daily
truck VMT in southwest Kansas for transporting boxed beef (processed meat) from
each meat processing facility to export customers in East Asia via Los Angeles is 2,998
and 1,094,846, respectively.

In addition, if the East Asian market re-opens in the future, 10% of boxed beef
from each of the four meat processing facilities will be transported to export customers
in East Asia via Los Angeles. Thus, there will be a 10% reduction in quantity in the U.S.
market. Accordingly, truck VMT for transporting meat to U.S. customers will be reduced
by 10%.

By combining all of the VMT information from above, the total truck VMT in
southwest Kansas associated with the processed meat industry can be determined. The
total daily and annual truck VMT in southwest Kansas associated with the processed
meat industry are 168,230 and 61,407,125, respectively.

1.4 FUTURE GROWTH

The meat processing industry in southwest Kansas has driven tremendous
economic and demographic change over the last 30 years. The meat processing and
related industries place many demands on the transportation industry. While the story of
the last 30 years has been one of growth, there are signs that the meat processing and
related industries are maturing. Furthermore, new industries such as ethanol may
develop in the region, and may compete with the meat industry for water and grain.

The future growth of the meat processing industry will be determined by the
demand for red meat. National and international demand for beef and beef byproducts

ultimately limit the size of the Kansas industry. Local factors such as labor, input supply,
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taxes, and transportation help to determine whether the meat processing industry will
remain a major contributor to the Kansas economy.

All of the packers plan to serve Asian markets, but they anticipate that the meat
for Asian export will be shifted from domestic supplies. According to the interviews with
beef industry executives and managers, the meat processing industry in Kansas will
follow national trends. Most meat packers in Kansas are already operating at their
capacities, at least during the times of year when demand warrants it. As for expansion,
none of the packers see this in their immediate future and overall, many of those
interviewed feel that the industry had matured within the southwest Kansans region.
They expect growth in production volume to be modest at best.

Several interviewees mentioned the possibility of a new meat processing facility
to be placed about 20 miles south of the Kansas border near Hooker, Oklahoma.
Researchers have not been able to confirm if ground has broken on the plant. Should
the plant be built as anticipated, many of its new employees probably would live in
Kansas, and some of the cattle would be pulled from Kansas feed yards.

Southwest Kansas meat processing facilities currently ship fresh boxed beef
almost exclusively by truck. A small amount of beef (some interviewees said none,
some said 1%) is frozen at the plant and sent east to Kansas City by rail. Current rail
use is seen as too slow for fresh meat products. Furthermore, delivery of beef by rail
would require off-loading and then re-loading onto trucks for delivery to the final
consumers. Overall, researchers expect the number of truck shipments of boxed beef to
grow modestly if at all. An exception may be in the Liberal area, if indeed the meat

processing industry expands across the Oklahoma border. In that case, beef shipments

16



from Oklahoma will use US Highway 54 to serve customers in the eastern and central
part of the country. Researchers anticipate that traffic patterns will change, with more
boxed beef moving towards the west than in past years to serve Asian and West Coast
markets. However this is unlikely to change the total VMT on Kansas highways.

Packers currently split their shipments of byproducts about 50-50 between rail
and truck. Overall growth in the volume of byproducts will depend on the growth of the
meat processing industry, which is projected to be fairly flat.

The meat processing industry has stimulated demand for the products of related
industries that provide inputs: in particular corn and sorghum. The region grows
substantial amounts of corn and sorghum and also relies on supplies from Central and
Eastern Kansas and from cornbelt states. The northern half of southwest Kansas
appears to have a corn deficit while the southern part appears to have a corn surplus.
Complicating matters, it is unlikely that corn will flow from south to north within the
region because prices tend to be higher in the south. Therefore, the northern part of the
region will need to import corn from Central and Eastern Kansas and from cornbelt
states, while the southern counties may actually ship corn to feed yards in the
Oklahoma panhandle.

As is the case with corn, the southwest region relies on in-shipments of sorghum
as well as local production. Ford, Scott, Gray, and Finney counties in the southwest are
large producers, but the majority of sorghum production in Kansas occurs in the central
portion of the state. Given the high levels of sorghum production within Kansas, it is

unlikely that large quantities are imported from other states.
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In the future, researchers expect about the same amount of feed grain to be
produced in the region as today, although the mixture between sorghum and corn
probably will change. Trucks probably will continue to have an advantage for short hauls
of feed grain of less than 200 miles and it is likely that corn imports from other states will
rise. Some of the corn will arrive by truck from Nebraska and some on unit trains from
states further to the east. Once corn arrives at terminal elevators, the mode used for
distribution to the final customers could include short line rail, depending on the location
of the customers and on cost.

The concentrated feed yard industry has grown from its infancy by a factor of
almost four. Currently southwest Kansas feed yards hold about 1.8 million head of
cattle, and fatten over 3.5 million per year. The industry pulls in feeder cattle from
eastern Kansas, Nebraska, Missouri, and other areas and delivers finished cattle to
nearby meat plants. Meat demand is expected to grow at only a modest pace in the
next decade. However, the feed yard industry in the southwest Kansas region can
continue to grow if the industry shifts from less competitive locations. Interviewees were
of mixed opinion about whether an expansion of the feed yard industry in Kansas will
take place.

A larger feed yard industry will mean more truck traffic for southwest Kansas.
Trucks will continue to be used to ship cattle in and out of feed yard facilities, with the
number of trucks proportional to the number of cattle on feed. Corn from outside the
state will probably arrive by unit trains at shuttle facilities. Where facilities exist, short
line rail could haul feed grain to elevators close to the feed yards, or even into the feed

yards directly, but currently price is a barrier. Energy price increases could make rail
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prices comparatively cheaper and tip the balance towards rail. As for the feed yard
industry, there exist possibilities for using rail to bring in feed grains to large facilities,
depending on cost.

Two new industries are emerging in southwest Kansas: dairy and ethanol. The
dairy industry in southwest Kansas is centered in Grant County, where the industry is
expected to double to 160,000 cattle within the decade. Trucks will continue to be the
primary transport mode for the dairy industry. It is likely that the final products of the
industry, fresh milk and possibly cheese, will continue to be shipped by truck because of
concerns for freshness. As the industry expands, more trucks will be needed to haul in
feed.

Ethanol production will potentially change the economic landscape of southwest
Kansas. Construction is already underway on a 110 million gallon plant in Seward
County near Liberal. In Garden City, ground has been broken on a 55 million gallon
plant. Ford, Haskell, Kearney, and Grant counties are among those that have plans in
the works. If all the proposed plants were completed, the ethanol production capacity in
southwest Kansas would be well over 800 million gallons per year.

Ethanol can be produced from almost any plant material, but facilities typically
are constructed to use corn or sorghum as raw materials. Some of the grain used for
ethanol can be recovered in the form of distillers grains. Distillers grains can be fed to
cattle on a pound per pound substitution basis, although modifications to feed yard
equipment and procedures will be necessary

Development of ethanol production facilities in southwest Kansas will affect

transportation in several ways. First, more grain will need to be imported into the region,
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both from Central and Eastern Kansas and from other states. Secondly, the proposed
volumes of ethanol will require a large number of tank cars or trucks for transport. Third,
ethanol is flammable so safety considerations will be foremost, whether the product is
shipped by truck or rail. Fourth, ethanol plants will introduce a new product, distillers
grains, into the feed lot supply chain, to the extent that distillers grains substitute for
corn or sorghum, the number of miles traveled by grain trucks serving feed yards may
remain unchanged. However, traffic is likely to be very heavy on routes from ethanol
plants to nearby feed yards.

Ethanol plants currently planned or in progress are all located in communities on
rail lines. However several factors could limit actual rail use. It may cost less to haul
corn by truck than by rail in some areas of southwest Kansas. For those communities
on short line railroads, the rail may not have the physical capacity to haul tanks of
finished ethanol. Finally, even in communities with access to Class | railroads, lack of
coordination between ethanol plant developers and railroads may place the facilities at
sites where rail access is difficult.

1.5 CONCLUSIONS AND RECOMMENDATIONS

Based on the information provided above and the calculation of the truck VMT
associated with the meat processing and related industries in southwest Kansas, the
research team comes to the following conclusions:

1. The total daily and annual truck VMT is high in the study area, indicating that
there is a need to look for other modes, in addition to trucking, to transport items
for the meat processing and related industries.

2. If truck VMT continues to increase, there could be an increase in the amount of
damage to highways and bridges, possibly causing a need for maintenance work

earlier than projected.
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3. The main obstacle for meat processing facilities to ship boxed beef by rail is that
there is no infrastructure near the meat plants. Also, these facilities do not have
enough freezer capacity to hold enough boxed beef in storage to transport by
rail.

4. Other problems with using the railroad to transport time-sensitive goods is that
rail takes longer than trucks do and customers of the meat processing facilities
are usually not located on rail lines.

5. There is a large amount of truck VMT on highways 50/400 and 54 and could
cause rapid deterioration of these highways and potentially higher accident rates
if truck VMT continues to increse. Also, if the meat processing facility in Hooker,
OK is built, it will increase the truck VMT on these roads.

6. Even if the East Asian market was reopen, it would have little impact on the
amount of truck VMT for the shipment of boxed beef in the southwest Kansas.

7. Upgrades need to be made on short line railroad lines, since they are limited in
their load capacity and speed, in order to increase the use of short line railroads
and in turn decrease the cost to use the short lines.

8. There are new business developments in the study area including dairy farms,
milk processing plants, and ethanol plants that will require more trucks on the
roads unless an alternative transportation mode exists.

9. If purposed ethanol plants are built, then it will cause an increase in the amount
of grain shipped into the region.

10. The transport of ethanol may cause traffic safety concerns.

11.Fuel costs does not change the transportation mode used to ship items in the
meat processing and related industries.

12. The truck driver shortage will continue because of the hard lifestyle associated
with the trucking business and it is assumed to continue even with an increase in
wages for drivers.

The results of this research also lead the researchers to certain

recommendations in order to improve the transportation infrastructure that supports the
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processed meat and related industries. Based on the researchers’ results, the following

recommendations are made:

1.

When new facilities are being planned (meat processing plant, ethanol plant, milk
processing plant, etc.) rail should be considered as part of the facility from the
earliest planning stage.

There needs to be an increase in investments for short line railroads’
infrastructure in order for businesses in the area to have the option to use the
short line railroads instead of, or in conjunction with, trucks for freight
movements.

Rail lines need to be upgraded so that they will be used more and not abandoned
since short line railroads have a broad economic impact on a community.

With the possibility of more grain being imported into the area, short line railroads
should concentrate on bringing in grain, in addition to taking out grain (mostly
wheat).

There is a need to study the entire state of Kansas rail service for the flow of
freight in order to identify future congestion problems which may restrict the flow
of freight in Kansas.

Every organization in a community needs to come together to develop a regional
economic plan to utilize transportation modes most effectively.

As the Asian markets reopen, decisions to use the railroads to transport frozen
boxed beef should be reconsidered.

If there is an increase in exports, either in the meat processing or other
industries, there will be a need to study the feasibility of building an intermodal
facility in the region.

There is a need to study damage and safety issues of highways and bridges due

to truck traffic not only in the region, but also statewide.

10. There is a need to study the effects of new business (e.g., dairy and ethanol) on

highway and rail infrastructure for all of Kansas.
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11.There should be location studies as to the best places to establish these new
businesses in order to best utilize all transportation modes available in a given

area.
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Chapter Two - INTRODUCTION

21 PROBLEM STATEMENT

Kansas is one of the nation’s leaders in meat production. It ranks second in the
nation in cattle and calves on farms and third in red meat production. Traditionally,
processed meat (beef, chicken, and pork), meat byproducts, and other industry related
products are transported using large trucks (tractor-trailers) from southwest Kansas to
their final destinations. Also, feed grain is shipped into the region from local producers,
other parts of Kansas, and other Midwest states. Because of the regional concentration
of the industries, as well as the long-haul movement of products, tractor-trailer
shipments may not be the most efficient, cost effective, and economically sound means
of transportation.

Kansas ranks in the top ten in the United States in railroad mileage with a total of
4,776 miles of rail as of December 2006. There are four Class | carriers (description in
next chapter) that operate a total of 2,790 miles of rail and 17 Class Ill carriers
(description in next chapter) that operate a total of 1,986 miles of rail in Kansas (see
Figure 1.1.1). In southwest Kansas, there are two Class | carriers, the Burlington
Northern Santa Fe (BNSF) and Union Pacific (UP), and four Class Il carriers, the
Boothill and Western (BH&W), Cimarron Valley Railway (CVR), Garden City Western
Railway (GCW), and Kansas & Oklahoma (K&O) (see Figure 1.1.2 Southwest Kansas
Railroad Map). In addition to railroads, major highways in the area include, from east to
west, 50, 51, 54, 56, 156, 160, and 400; and from south to north, 23, 25, 27, 83, and
283 (see Figure 1.1.3). Because of the vast highway and railroad networks in southwest

Kansas, the economically superior shipping methods for the meat producing industry
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may not only be highway transportation but also railroad and/or intermodal
transportation, depending on the conditions of the shipment. Intermodal transportation
involves a combination of rail-truck freight movement. Using this type of shipment a
truck typically picks up a shipper’s freight at the origin and brings it to a nearby freight
rail yard where it is then put on a train. The train handles the long-haul distance of the
move and then turns the container over to a truck at a rail yard near the freight’s final
destination. Then the truck transports it to the door of its final destination. There are
many positive aspects of rail-truck intermodal transportation; among them are fuel
efficiency, safety, and environmental friendliness. Also, using intermodal transportation
would reduce highway and bridge damage since fewer trucks would be on the

highways.
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Beef cattle are raised all over the United States, with Texas, Nebraska, and
Kansas being the leaders in the industry. According to the Kansas Livestock
Association (KLA), the advantages of feeding cattle in southwest Kansas include: (1)
Kansas ranks near the top in the nation for the production of most high quality grain
(corn, milo, and wheat); and (2) a moderate climate and access to roughage allow for
predictable cattle performance. Many experts predict that the processed meat and
related industries in the southwest Kansas region will continue to grow. To support the
growth of this industry, there will be more trucks on the highways to transport goods and
products for the processed meat industry.

With the increase in tractor-trailer transportation, highways can become
overburdened. This can lead to increased traffic congestion, highway and bridge
maintenance costs, frequency of highway bridge and roadway replacement, air
pollution, fuel consumption, accidents, and travel times for road users. Because of these
reasons, there is a need to study the transportation modes (truck, railroad, and
intermodal) available for the industries to ship their products, and to determine which
one is more efficient, and cost effective, resulting in the long-term sustained growth of
the industries and positive impacts on the local and regional economies.

2.2 RESEARCH OBJECTIVES

The objectives of this research are to study the transportation modes, their

utilizations for the processed meat and related industries in Southwest Kansas, and

their impacts on local economic development.
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2.3 RESEARCH SCOPE AND METHODOLOGY

There are many feed yards and processed meat plants in Kansas. To keep the
research scope reasonable, this study concentrated on the processed meat (beef)
industry and related industries in the southwest Kansas region. This region includes the
counties of Clark, Comanche, Edwards, Finney, Ford, Grant, Gray, Greeley, Hamilton,
Haskell, Hodgeman, Kearny, Kiowa, Lane, Meade, Morton, Ness, Pawnee, Rush, Scott,
Seward, Stanton, Stevens, and Wichita.

To achieve the research objectives, the research team conducted the following
tasks including:

1. Literature review: The research team determined the current state of practice for
the transportation of the processed meat, meat byproducts, feed grain, and industry-
related products. The pros and cons of transportation modes were also identified.
Literature includes, but was not limited to, journals, conference proceedings,
periodicals, theses, dissertations, special reports, government documents, and other
sources. In addition, the research team searched for information posted on the Internet.
2. Facility identification: The research team used the TransCAD software program to
map the feed yards and processed meat industry of Kansas and confined the locations
to the southwest Kansas region.

3. Data collection: The research team collected data from state and federal
government agencies, trucking and railroad companies, processed meat plants, feed
yards, trade organizations, local economic development offices, and web sites. In order
to gather first hand information, researchers conducted two site visits to southwest
Kansas, two visits to trade organizations, and telephone interviews.

4. Data analyses: The research team estimated the vehicle miles of travel generated
by the processed meat and related industries in southwest Kansas, determined the
shortest paths for shipping goods and products from different origins, and forecasted

future growth and its impacts on the transportation infrastructure.
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5. Conclusions and recommendations: Based on the results of the data analyses,
the research team identified the most economic mode of shipment under the current
freight transportation structure and recommended needed improvements to these
transportation modes for continued or future use by the processed meat and related
industries along emerging industries in southwest Kansas.

2.4 REPORT ORGANIZATION

This report is organized into the following chapters:

e Chapter 1 — Introduction. This chapter presents background information, research
objectives, and the research scope and methodology.

e Chapter 2 - Literature Review. This chapter reviews background information on the
current state of practices of the processed meat and related industries in southwest
Kansas, transportation modes (truck, railroad, and intermodal), and highway and
bridge maintenance.

e Chapter 3 - Data Collection. In this chapter researchers discuss the data collection
procedure, site visits, personal and telephone interviews, and other data sources.

e Chapter 4 - Data Analysis. Researchers present the results of the data analyses in
this chapter including the vehicle miles of travel generated by the processed meat and
related industries in southwest Kansas, and the shortest paths for shipping goods and
products from different origins.

e Chapter 5 - Future Demand on the Transportation Infrastructure. Researchers
estimate the future growth of the processed meat and related industries, predict new
business developments in southwest Kansas, and forecast their impacts on the
transportation infrastructure.

e Chapter 6 - Conclusions and Recommendations. In this chapter researchers

summarize the findings of the research effort and recommend future improvements.
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Chapter Three - LITERATURE REVIEW

3.1 STATE OF PRACTICES OF MEAT PROCESSING AND RELATED
INDUSTRIES

Beef cattle are raised throughout the United States with Texas, Nebraska, and
Kansas being the leaders in the industry. According to the National Agricultural
Statistics Service (NASS), there were 6.65 million head of cattle in Kansas, of which
2.55 million were on feed for slaughter, as of January 1, 2006 (USDA, 2006a). Kansas
ranked first nationwide in number of cattle slaughtered, second in total number of cattle,
and third in the number of cattle on feed and in red meat production by commercial
slaughter plants in 2004 (USDA, 2005). The intention of this chapter is to explore the
practices of the meat processing industry and related industries. Initially, it is necessary
to become acquainted with the sequence of the processed meat industry that is shown
below in Figure 3.1 (Sequence of the Kansas Meat Industry).

The two main inputs of feed yards are feed grains (primarily corn and sorghum,
and occasionally wheat) and feeder cattle. The transport mode for feed grain is truck
and/or railroad. Feeder cattle must be moved only by truck due to regulations governing
the transport of live animals. Cattle are fattened at finishing feed yards in southwest
Kansas and other neighboring states. Once they reach a certain weight they are then
moved to the meat processing plants by truck. Thereafter, boxed beef and beef
byproducts from the meat processing plants are transported via trucks or rail-truck

intermodal to customers in the United States and other countries.
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Figure 3.1 Sequence of the Kansas Meat Industry

In order to become more familiar with all of the stages of the meat processing
industry, the research team conducted interviews in Kansas with feed yards (Irsik & Doll
(I&D) and Cattle Empire LLC (CE)), grain suppliers (Wind River Grain LLC (WR)), meat
processors (Excel Corporation (EC) and National Beef (NB)), value-added meats
providers (Tyson Prepared Foods (TPF)), trucking companies (Kindsvater Trucking and
National Carriers), railroad companies (Cimarron Valley Railroad (CVR), Garden City
Western Railway (GCW), Burlington Northern Sante Fe Railway (BNSF), and Union
Pacific (UP)), industry related organizations (Kansas Livestock Association (KLA),
Kansas Motor Carriers Association (KMCA)), and state government agencies (Kansas
Department of Transportation (KDOT) and Grant County Chamber of Commerce). With
these discussions and interview excerpts the background of the processed meat
industry in southwest Kansas is laid out.

3.1.1 VARIOUS STAGES IN THE MOVEMENT OF CATTLE

After calves have been weaned, they are put up for auction and sold to feed
yards. Occasionally, some calves may be kept on a cow-calf operation longer to do

33



background feeding (Pollan, 2002). Backgrounding is a beef production system that
uses pasture and other forages from the time calves are weaned until they are placed in
a feed yard (Comerford et al., 2001). During backgrounding calves are taught how to
eat from a trough and fed a “warm up” ration, a mixture of grain and/or silage, in order
to accustom the calf to its full growing ration (Pollan, 2002; USDA, 2006c).
Backgrounding is generally done for calves that are below weight, to increase the
calves weight before they are marketed (Comerford et al., 2001). Another reason calves
may be backgrounded would be if the price of cattle is low and the rancher prefers to
wait to sell the calves in order to obtain a better price at a later date (USDA, 2006c).
Once the cattle have reached an ideal weight of around 700 pounds they will be sold to
a finishing feed yard (USDA, 2006c¢).

According to John Petz, President and CEO, and Jon Heiman, Cattle Risk
Manager of I&D in Cimarron, KS, feeder cattle from central Texas, New Mexico,
Oklahoma, Missouri, Kentucky, Tennessee, California, and Oregon move in by trucks to
Kansas to finish feeding. The largest numbers come from Texas, Missouri, and
Oklahoma, with fewer numbers being brought in from areas farther out (Petz and
Heiman, 2005).

3.1.2 CATTLE FEEDING INDUSTRY

The Kansas cattle feeding industry is a major supplier of the U.S. meat packing
industry. The cattle feeding industry is also a major part of the Kansas economy and
ranks third nationwide in the number of cattle on feed, accounting for 17.9% of all cattle
on feed in the U.S (USDA, 2005). Kansas is an ideal location to feed cattle because the

region produces large quantities of grain and silage. Also, Kansas has ideal weather to
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enhance cattle performance and is home to four of the largest meat packing facilities in
the nation. The following section describes in detail the cattle feed industry and the local
grain supply in Kansas.

3.1.2.1 BASIC FEED REQUIREMENTS

Cattle are finished at feed yards in southwest Kansas, where they are fed
specific rations of grain, roughage and supplements. The industry standard is around
150 days on feed (Petz and Heiman, 2005). Based on the industry average, finishing
cattle consume about 28 pounds of feed per head per day (Dhuyvetter, 2006). The
amount of water that cattle drink depends upon the weather, but in general cattle will
drink from 5.5 to 9.5 gallons of water per day in the winter and from 14.5 to 23 gallons of
water per day in the summer, depending on the air temperature and the weight of the
cattle (Griffin, 2002). Grains, such as corn and sorghum, and protein/nutrient
supplements like soybean meal, vitamins, salt, minerals, and rumensin (to aid digestion)
are fed to the cattle. Roughage such as alfalfa hay, prairie hay, corn silage and
sorghum silage are also fed to the cattle. Feed mixing is the science that sets a feed
yard apart from the rest. Each feed yard has its own formula to create high quality
Kansas beef. In general, 75% of feed is grain (corn and sorghum) and 5-10% is a
protein source (Kinsley, 2005). While there are many different formulas for feed rations,

Table 3.1 presents basic feed requirements for finishing beef cattle (Dhuyvetter, 2006).
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Table 3.1: Basic Feed Requirements

Alfalfa Hay Corn Grain Sorghum Supplements Total
(Lbs./day) (Lbs./day) (Lbs./day) (Lbs./day) (Lbs./day)
3.4 14.4 9.6 0.8 28.2

“Supplements include soybean meal, vitamins, salt, minerals, and rumensin or equivalent.
Source: Dhuyvetter, 2006.

3.1.2.2 SUPPLEMENTS

Proteins, vitamins, salt, and minerals for use in feed yards can be obtained in
many ways. One of the supplements that is used as a protein source in feed can be
obtained from the liquid supplement plant called PerforMix High Plains, which is a state
of the art facility that was built three years ago in Garden City, KS (Petz and Heiman,
2005). Since customers are within a 200 mile radius of the facility, liquid feed products
are transported to feed yards by truck (Petz and Heiman, 2005).

There is also cane molasses, a byproduct from Archer Daniels Midland’s (ADM)
corn syrup production, which comes in by rail in tanker cars (Petz and Heiman, 2005).
Molasses is used for added flavor in feed to optimize cattle performance. Medications
are also brought in and some operations even have a full time veterinarian on site.

3.1.2.3 LOCAL GRAIN SUPPLY

After World War 11, the fast growth of cattle feed yards was the result of irrigated
grain fields, especially in the southwest Kansas region (Wood, 1980). The percentage of
cattle on feed in large Kansas feed yards (1,000 head capacity or more) rose from
26.7% in 1960 to 97.5% in 2006, while around the same time the total number of cattle
on feed increased from about 450,000 to approximately 2.55 million in 2006 (Wood,
1980; USDA, 2006b). Figure 3.2 shows the increase in the number of cattle on feed

from 1965-2006.
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Figure 3.2: Kansas Cattle on Feed (1965 — 2006)

Kansas crops produced for feed include corn, sorghum, alfalfa hay, and
occasionally wheat. According to Cory Kinsley, Risk Management Director of CE in
Satanta, KS, 50%-70% of grain used for feeding cattle in the region, comes from
outside of southwest Kansas. Grain is taken from the field to local grain elevators by
farm truck. An average Kansas elevator has a capacity of about 1.5 million bushels
(Kinsley, 2005). Grain elevators purchase the grain which is then sold to feed yards and
shipped out by truck or rail. Later the feed yards will have the local grain picked up and
brought to the yards by trucks that generally only travel about 50 miles or less (Kinsley,
2005). Local grain that is not used in the area, mostly wheat, is shipped from local grain
elevators by shuttle train. There are 7 main shuttle stations in southwest Kansas: Right
Coop Association, Wright, KS; Dodge City Coop Exchange, Ensign, KS; Collingwood
Grain, Inc., subsidiary of ADM, Dodge City, KS; Wind River Grain, Garden City, KS; The
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Scoular Company, Coolidge, KS; Collingwood Grain, Plains, KS; and Farmers Coop
Association, Haviland, KS. It is also important to mention Bartlett Grain Company, Scott
City, KS; Collingwood Grain, Leoti, KS; and Perryton Equity Exchange, Liberal, KS.
Even though these are not shuttle facilities, they are large enough grain elevators that
they are capable of handling shuttle trains for grain transport (BNSF, 2006).
Furthermore, the future grain production estimated by statistical predictions of past data
for Kansas (1946-89) shows an increasing trend for the following products (Eusebio and
Rindom, 1990):

Wheat — From 435.5 million bushels in 1994 to 579.5 million bushels in 2019,
with an annual average increase of 1.3 %.

Soybeans — From 49.6 million bushels in 1994 to 77.1 million bushels in 2019,
with an annual average increase of 2.2 %.

Corn — From 174 million bushels in 1994 to 248.5 million bushels in 2019, with an
annual average increase of 1.7 %; among which Haskell, Gray and Finney are predicted
to be the top three corn producing counties in Kansas and of which are in the southwest
Kansas region (Eusebio and Rindom, 1990). Corn is brought in by rail about seven
months out of the year and therefore the local corn lasts about five months out of the
year (Hale, 2005).

Milo — From 296.5 million bushels in 1994 to 439.1 million bushels in 2019, with
an annual average increase of 1.9 %.

The above estimates clearly indicate that grains essential for feeding cattle
adequately meet the needs of Kansas feed yards. However, the predicted grain

estimates will not be entirely dedicated to feed grains. According to Victor Eusebio and
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Stephen Rindom, Research Analysts at KDOT, based on past data (1946-1989) the
number of cattle in Kansas feed yards is predicted to increase considerably from
1,723,000 head in 1995 to 2,654,000 head by 2020, an annual average increase of
2.2%. The top five counties with the most number of cattle on feed are Finney, Scott,
Ford, Wichita and Grant. These counties are also predicted to produce the most grains
in the state. However, these production predictions are highly dependent on variable
conditions such as weather and changes to government programs (Eusebio E., Rindom
J., 1990).

3.1.2.4 GRAIN IMPORTS

Grain is also shipped to Kansas grain elevators via rail shuttle trains from various
locations in lowa, Nebraska and Minnesota (Kinsley, 2005). At that point, the feed
grains are trucked to the feed yards. According to Charlie Sauerwein, Grain Merchant,
and Kammi Schwarting, Financial Manager of WR in Garden City, KS, corn is shipped
in from lowa, Minnesota, and Nebraska, and is then moved within Kansas. Corn is also
moved by trucks within a 30 mile radius to its destination using independent freight
companies that work on a contractual basis (Sauerwein and Schwarting, 2005). Another
type of feed that is used to feed cattle is soybean meal, which is shipped in from
Emporia, KS and Nebraska (Hale, 2005). According to Hale, General Manager of CVR
in Satanta, KS, on average it transports 15 tons of soybean meal per week, most of
which is unloaded in Hugoton (Hale, 2005).

3.1.3 MEAT PROCESSING INDUSTRY

Meat processing companies purchase fattened cattle from various feed yards.

Each week, processing companies visit feed yards to survey cattle and make bids. The
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cattle are sold on a live weight contract base and the processing companies arrange the
freight since the packing manager needs to be in control of the efficiencies of the plant.
Sometimes processing companies pick up half a load at one yard and go to the next
yard to pick up another half (Petz and Heiman, 2005). Fattened cattle are moved to
processing plants in Liberal, KS; Holcomb, KS; Dodge City, KS; Emporia, KS; Guymon,
OK; and Dumas, TX by truck (Kinsley, 2005). Cattle shipped in and out almost daily in
order to serve the needs of the four major packing plants located in southwest Kansas.
Once live cattle are slaughtered, their meat is processed and packaged for shipment.

With the rise of cattle feeding and the building of processing plants in Kansas
between 1975 and 2003, employment nearly doubled in the meat processing industry in
Kansas, with a majority of the growth occurring in the southwest Kansas region (United
States Department of Commerce, 1999). This growth accounted for population growth
and increased prosperity in the southwest Kansas region (Broadway, 2000).

Ultimately, Kansas is at the heart of the cattle belt with five major processing
plants in the state with a combined daily kill capacity of 27,600 (Hoskinson, 2006;
Westerman, 2006; King, 2006; Emporia, Kansas at AllExperts, 2006). Four of the five
major meat (beef) processing plants are located in the southwest Kansas region and in
total have a combined daily kill capacity of 23,600. These plants are National Beef in
Dodge City and Liberal, KS; Excel Corporation in Dodge City, KS; and Tyson Fresh
Meats in Holcomb, KS. Even though these plants have a combined daily kill capacity of
23,600, it is observed that these plants do not run at full capacity the entire year
because of market conditions. Even so, these plants will ship boxes of refrigerated beef

all over the United States year round.
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3.2 TRANSPORTATION MODES

The various means established for the transportation of freight are termed as
transportation modes. In general there are three modes of transportation — land (road,
railways, and pipelines), water (maritime shipping) and air (aviation) (Rodrigue et al,
2006). However, among these modes roads and railways are the most prevalent
transport modes and, apparently, roads are more conventional compared to railways.
Further classifying, ‘trucks’ have been universally recognized as the predominant
vehicles of freight transport on the road. On the other hand, railways have established
dominance through containerization linking to road as well as maritime modes
(Rodrigue et al, 2006)

3.2.1 TRUCK & TRUCKING INDUSTRY DEVELOPMENT

The trucking industry has become a key player in the movement of freight and
America’s economy. One reason is that truck transportation has been successful in
establishing nationwide coverage. The market share of freight by truck is approximately
5.8 billion in total tons and $6.9 trillion in total value as per 1998 data (Penne, 2005). A
Transportation Research Board (TRB) report states that in 2003, “almost 69% of all
freight tonnage transported in the U.S. traveled on a truck at some point before reaching
the final destination (TRB, 2006).” Fiscally, the trucking industry accounted for an 86.9%
share of the total amount spent on freight transportation (TRB, 2006). Additionally, U.S.
trucks hauled 9.1 billion tons of freight which in turn created revenue of $610 billion for
the trucking industry in 2003. The industry operated 24 million trucks, with 3 million
drivers during the same year (TRB, 2006). Additionally, according to the 2006 TRB

Trucking 101 report, that an additional workforce of 5.6 million was employed in truck-
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related errands. According to Leo Penne, Program Director for the Intermodal and
Industry Activities of the American Association of State Highway and Transportation
Officals (AASHTO), the probable annual growth scenario of trucks from 2000 to 2020
will be 2.5% based on 1998 data (in ton-miles).

According to the 2004 Annual Survey of North American Trailer Production, the
largest 30 truck trailer manufacturers of North America increased their production by
approximately 31% in 2004 compared to 2003. Deducting the two Canadian and two
Mexican trailer manufacturers, and rebuilt trailers, the U.S. total new truck trailer
production is 201,400 trailers by 25 manufacturers. Of these, the largest producers
accounted for an 87.6% share of the U.S. market in 2004 (Schenck, 2006). According to
a 2005 US Department of Labor report, trucking still dominates the transportation of
perishables and time sensitive goods (US DOL, 2005).

Every year the industry comes up with new technology to meet the needs of U.S.
businesses. But, the evolution of the trucking industry was not instantaneous. When the
trucking industry started in 1899 there were many causes that led to its development
(Wren and Wren, 1979). Initially, quicker service, durability and lower prices were the
reasons for the transportation of goods by truck. With its ability to deliver goods door to
door, the short-haul movement of many products such as vehicles, furniture, and
textiles were shifted from rail to truck. Eventually, trucks rose in number and became a
vital part of all sectors of the economy, but keeping goods fresh while transporting them
to distant locations was yet another task for the industry to conquer. This led to the
concept of ‘refrigeration’ which was introduced in the 1930s and created new avenues

in truck transportation (Wren and Wren, 1979). Trucks were used extensively for
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transporting perishables and time sensitive goods with this innovative technology.
Additionally, the semi-trailer/tractor-trailer (a type of trailer that has wheels only at the
rear, the front end being supported by a tractor) enabled only one man (e.g., the tractor
driver) to couple and uncouple the automatic trailer that originally required three men
with jacks to lift the trailer (American Trailer Exchange, 2006). Various trailer sizes
enabled a variety of applications across all sectors of freight. With its extensive usage,
trailer production continued to grow for long-distance hauling. In 1960, the concept of
‘piggybacking’, shipping highway trailers on railroad flatcars, was evolving rapidly and
creating new avenues in freight transportation (Wren and Wren, 1979).

Overall, innovative technologies such as refrigeration and piggybacking helped to
guide the evolution of trucking. On the other hand, the construction of interstate
highways fueled the progress of the freight industry and, more specifically, the trucking
industry. “The construction of interstate highways changed the nature of the trucking
industry so dramatically that nothing was left the same,” according to Robert Gallamore,
Director of Northwestern University’s Transportation Center in Elmhurst, IL (Harps,
2004). Furthermore, improvements in the Interstate Highway System were another
reason for the industry’s prosperity. Some of the improvements included categorization
of highways, lane-separation (i.e., four lanes), and no traffic lights (Harps, 2004). With
the existence of interstates, trucking companies extended their services across the U.S.
instead of only shipping freight at the local level (Harps, 2004). It is estimated that the
wages in the trucking and warehousing industry are projected to increase by 23% from

2002 through 2012, when compared with the projected increase of 16% for all industries

43



combined (US DOL, 2005). However, deregulation and regulation are always issues in
the trucking industry.

3.2.1.1 TRUCKING INDUSTRY STRUCTURE

The operation of a trucking business is a very big task. The trucking industry
adopts different trucking carrier services for different types of commodities. The industry
can be categorized into three segments (US DOT, 2000; US DOL, 2005):

1. Market served
2. Load operated
3. Type of freight
The different types of trucking carriers meeting the neeeds of the above three

divisions can be seen in Figure 3.3 (Classification of Trucking Industry Structure). It
must be observed that this is the broad (nationwide) classification of trucking carriers
according to the United States Department of Transportation (US DOT) and the United
States Department of Labor (US DOL) reports in 2000 and 2005 respectively (US DOT,

2000; US DOL, 2005).

Trucking Industry Structure

\4 \4 \4
Market served Load operated Type of freight
\4 \4 \4 \4 \4 \4
Private For-hire TL LTL General Specialized
carriers carriers carriers carriers carriers carriers

Figure 3.3: Classification of Trucking Industry Structure
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A brief description of the different types of trucking carriers follows.

(1) Private and For-hire carriers:

Private carriers deploy their businesses internally — operating their own truck fleet
and logistics division. Grocery stores, retail chains, and food processing companies are
a few examples of private carriers (US DOT, 2000). For-hire carriers, on the other hand,
primarily transport commaodities for others as their main business (US DOT, 2000).

Private carriers accounted for more tons transported, approximately 4.2 billion,
compared to for-hire carriers which accounted for 3.6 billion. A total of 7.8 billion tons
were transported by the trucking industry as a whole (which includes private, for-hire or
a combination of both) in 2002. However, the value of freight handled by private carriers
was $2.4 trillion, which is $1.4 trillion lower than for-hire carriers (Census Bureau, 2002).
Private carriers have the propensity of having fewer numbers of trucks as compared to
for-hire carriers (TMW Systems, 2002). It is estimated that there are nearly 26,000
private carriers with 10 or more vehicles in their fleet (TMW Systems, 2002). Together,
the 26,000 private carriers operate approximately 1.6 million trucks with more than
400,000 tractors and more than 835,000 trailers (description of truck, tractor and trailer
will be provided below) (TMW Systems, 2002). Private carriers operate 27.6% of the
total number of trucks, 7.3% of the total number of tractors, and 14.8% of the total
number of trailers (TMW Systems, 2002). TMW Systems, Inc. gives a breakdown
according to the industry for the 26,000 private carriers of which 4,500 carriers are
associated with food manufacturing and distribution.

(2) Truckload (TL) and Less-than-truckload (LTL) carriers:

In general, TL carriers pick up a load in a truck and transport it directly to the

consignee in the same vehicle (US DOT, 2000). On the other hand, LTL carriers focus
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on handling smaller freight shipments, generally between 250 Ibs. and 12,000 Ibs. (US
DOT, 2000).

(3) General and Specialized carriers:

General trucking carriers mainly transport freight locally (i.e. within a single city)
by road. Localized freight transport generally involves small delivery rounds within a city
such as picking up or driving back a loaded truck to a warehouse on the same day
(MarketResearch, 2005). The goods delivered may or may not be time sensitive and
this type of trucking is not equipped with special features that may be necessary to carry
time sensitive goods. According to the Bureau of Labor Statistics, local trucking
consisted of 28,000 trucking firms in 2002 (US DOL, 2005). Specialized trucking carriers
on the other hand, mainly transport freight over long-distances and carry goods which,
because of size, weight, shape, or other intrinsic characters, need special equipment
like flatbeds, tankers, or refrigerated. Special trucking carriers can also transport local
freight and is not solely dedicated for long-haul transport. These carriers also
incorporate the intermodal aspect encompassing freight transcontinentally. According to
the Bureau of Labor Statistics, the specialized freight trucking segment consisted of
45,000 firms in 2002 (US DOL, 2005).

Thus, it is apparent that different types of trucking carriers suit different purposes.
For instance, perishables or time-sensitive goods are mostly transported by ‘specialized
trucking carriers’ that offer refrigerated trailers to sustain the quality of the product while
transporting them to their final destinations.

Kansas Trucking Industry:

According to Gary Davenport, Director of Safety and Risk Management for the

Kansas Motor Carrier Association (KMCA) in Topeka, KS, as of June 2006 there were

46



9,409 carriers in Kansas. Nationwide trucking carriers are categorized according to the
market served as private and for-hire carriers and account for a major share of the
Kansas trucking industry. However, there are two other types of Kansas based carriers
and one type of non-Kansas based carrier (descriptions below) (Davenport, 2006).

1. Kansas based interstate exempt carriers
2. Kansas based interstate and private exempt carriers
3. Non-Kansas based interstate and private exempt carriers

It is often hard to count which carriers are private carriers since any company
with vehicles over 10,000 Ibs. are considered private carriers (Davenport, 2006). There
are approximately 6,604 private carriers, which include construction trucks, trucks used
for lawn care, or trucks used to transport property. On the other hand for-hire carriers
(also called common carriers) haul mostly general goods and are the main haulers of
livestock (Davenport, 2006).

Kansas based interstate exempt carriers are carriers which haul commodities in
and out of Kansas, but do not have single state Federal Highway Administration
authority (Kansas Corporate Commission, 2006). There are 413 Kansas based
interstate exempt carriers (Davenport, 2006). Kansas based interstate and private
exempt carriers are the carriers that operate in or out of Kansas hauling property or
passengers by commercial vehicle and are not a for-hire motor carrier. In total, there are
1,499 carriers of this type in Kansas. There are 466 non-Kansas based interstate and
private exempt carriers that are carriers basically operating in Kansas. There is yet
another classification of carriers according to the number trucks a carrier operates:
large, medium, small and very small categories. According to Gary Davenport, Director

of Safety and Risk Management for KMCA in Topeka, KS, among Kansas’ 9,409
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carriers, 47 of them are in the large category (100 or more trucks); 325 in the medium
category (20-100 trucks); 837 in the small category (7-19 trucks) and the majority of the
carriers, 7,693, are in the very small category (1-6 trucks). Accordingly, the nationwide
figures of the trucking carriers also indicate that there are more carriers that fall in the
very small category than any other category. Among the 686,797 carriers-nationwide,
556,344, or 81%, fall into the very small category (Davenport, 2006).

According to the American Transportation Research Institute (ATRI), the
following are some facts about the Kansas trucking industry (Davenport, 2006):

. In 2003, the trucking industry drove 1.5 million miles on Kansas roads,
representing 5% of all roadway traffic in the state.
o In 2004, the trucking industry provided about 92,000 jobs in Kansas, with total
trucking industry wages exceeding $3.4 billion and an average annual trucking industry
salary of $37,181.
o In 2004, the trucking industry paid about $410 million in federal and state
roadway taxes and fees, which amounts to 43% of all taxes and fees paid by all
motorists.
. Trucks transported about 80% of total manufactured tonnage in the state in 2003.
J In the U.S. there are 12 million drivers with a commercial driving license (CDL),
with 158,000 of them in Kansas.

3.2.1.2 TRUCK CONFIGURATION

In addition to the various trucking carrier types, there are many types of trucks
and semi trailer combinations designed to meet the needs of different industries. A brief
outline of the most common truck classifications according to the Gross Vehicle Weight
(GVW) can be seen in Figure 3.4 (Classification of trucks by GVW). GVW is the fixed

weight of the vehicle including the equipment, gas, body, payload, driver, etc. on the
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basis of an individual unit, such as a truck or tractor (Roadway Express, 2005; General

Motors, 2006).
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Figure 3.4: Classification of trucks by GVW

Most of the specialized trucking carriers use Class 8 type trucks among which

the heavy conventional truck is mostly used for the transportation of processed meat

and related products (Bradley, 2005; Wikepedia, 2006).

Trucks are also classified according to the configuration of the fleet. Basically

there are five configurations (US DOT, 2000):

e Single-unit trucks
e Truck-trailer combinations
e Tractor-semitrailer combinations

e Double-trailer combinations
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e Triple-trailer combinations

In order to better understand these configurations, the fundamental differences
between ‘truck’ and ‘tractor’ must be understood. In general, a truck is a single unit
vehicle which cannot be detached from its freight bed and is comprised of a single
motorized device with more than two axles or more than four tires (McCracken, 2005).
On the other hand, a tractor is a vehicle designed preliminarily for pulling a trailer/semi-
trailer which cannot be propelled on its own. Various combinations of truck fleets can be
seen in Figure 3.5 (lllustrative Truck Fleet Configuration). Among the various
configurations, the tractor-semitrailer combinations account for more than 82% of all

combinations of trucks on U.S. highways (US DOT, 2000).
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Figure 3.5: lllustrative Truck Fleet Configuration

Among the tractor-semitrailer combinations, the type 3-S2 (description below) is
the most widely deployed for the transportation of processed meat and related products
based on data collected through the two site visits to the southwest Kansas region. This
type of truck configuration is illustrated as 3-S2 which denotes ‘S’ to be classified as a
‘semitrailer’ and the number following ‘S’ denotes the number of axles (US DOT, 1996).

The number preceding the ‘S’ denotes the number of axels on the tractor. A typical
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tractor-semitrailer combination can be seen in Figure 3.6 (Tractor-Semitrailer

Combination Type 3-S2).

Source: US DOT, 2000
Figure 3.6: Tractor-Semi trailer Combination of Type 3-S2
There has been an average growth of 2.5% in the number of semitrailer
combinations for every year between 1982 and 1994 (US DOT, 2000). Semitrailer
lengths usually undergo changes every 10 to 12 years. In 1994, the 53-foot semitrailer,
which offered an increased cubic capacity of 18% compared to the 45-foot semitrailer,
accounted for 30% of the market share (US DOT, 2000).

3.2.1.3 TRUCKING SHIPMENT COST

In general, the trucking cost structure reflects direct and indirect costs. However,
for the purposes of this report we are mainly concerned with the truck shipment costs
that account for transportation charges alone. This cost structure excludes indirect cost
elements such as terminal costs, administrative staff, maintenance costs, interest due to
investments in buildings and yards. The following are some of the direct cost elements
used in this report’s cost structure (Batts et al, 1982; NetTOM, 2006; Barnes and
Langworthy, 2003):

(1)  Fixed costs — Includes the licenses (excise and operator’s) for drivers, vehicle
insurance, and depreciation of the vehicle.
(2) Fuel cost —Is the total dollar amount spent on the number of miles the freight is

transported. According to Carey Hoskinson, Vice President and General Manager of
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National Beef in Dodge City, KS, an increase in fuel prices tremendously affects the
industry. Many small independent carriers cannot remain competitive with the rising cost
of fuel. Jane Westerman, Fleet Manager of Excel Corporation in Dodge City, KS,
discusses two scenarios encountered by truckers when fuel costs increase: (1) if
truckers increase the price they would loose too much business and/or (2) if truckers
keep the same price they do not make enough money to stay in business. There will
also be an increase in insurance costs and replacement parts (Westerman, 2006). Gas
and insurance cost account for about 10-12% and 3% respectively over total cost (Mull,
2006).

(3) Driver cost — Is the total dollar amount spent on a driver for transporting freight
including the fuel surcharge, which is usually behind the actual price. For boxed beef,
drivers are paid in dollars per mile, while for livestock they are paid by dollars per ton-
mile (Westerman, 2006). Driver cost accounts for 35-40% of total cost (Mull, 2006).

(4) Loading & unloading cost — Is the total dollar amount spent for loading and

unloading the freight. Typically, the sender and receiver of the shipment pay for the
loading and unloading of the shipment and not the trucker/carrier (Kindsvater, 2006).
However, according to Fred Mull, Livestock Division Manager for National Carriers in
Liberal, KS, if the loading and unloading takes longer than 1% hours, the carrier will
have to pay the driver by the hour while he waits for the truck to be loaded/unloaded,
but the carrier will usually have the overtime billed back to the owner of the shipment
(Mull, 2006). Actually, the loading and unloading costs vary on carrier type and are
negotiable. According to Mike King, Head of Transportation for National Beef in Liberal,
KS, they will pay an unloading fee of up to $110, but they will not pay a loading fee
because that price is included in the quote that is negotiated with the carrier (King,
2006).

(5) Road user taxes — The taxes accrued for using the highway fall into the category

of road user taxes.

(6) Freight maintenance cost — The freight that is transported must not only reach

the destination on time but also in good condition. So the additional costs in maintaining

the freight such as, refrigeration, thermometers, oil, and lubricants fall into this category.
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(7)  Vehicle maintenance cost — Vehicles must be in proper condition for transporting

freight long distances. Maintenance costs including repair, tires, and tubes, due to the
movement of freight are accounted for in this category.
3.2.1.4 ADVANTAGES AND DISADVANTAGES

Based on research regarding the truck transportation mode on topics concerning
its evolution, developments, growth, industry structure, truck types, configurations of
fleet, and its influence on the economy, it is apparent that trucks are well established for
transporting different types of freight. However, there are some disadvantages
associated with this mode of transportation such as safety and air pollution. Following
are some of the advantages and disadvantages of truck transportation:

3.2.14.1 ADVANTAGES

o Promptness: Time is one of the basic concerns in any business. Expedited
delivery coupled with door to door service has always made the trucking industry stand
apart from other modes of transportation.

o Supervised Nature: A maijority of the livestock and processed meat products are
transported exclusively by trucks. This is because it is believed that the transportation of
these manifests cannot be accommodated by the unsupervised (no driver) nature of rail
and intermodal container transportation (US DOT, 2000)

. Refrigeration Concept: Processed meats require high levels of services, the
most important being the monitoring of refrigerated temperature, which is not readily
available through railroad service (US DOT, 2000).

o Effective Tracking: Most of the trucks are equipped by Radio Frequency
Identification (RFID) tags that provide for an effective tracking mechanism for the

assets.
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3.2.1.4.2 DISADVANTAGES

o Congestion: Congestion is a growing issue on U.S. highways and is projected to
become more significant in the next two decades because of the changing needs of
truckers (Harps, 2004). The economic productivity of the industry decreases by
approximately $100 billion per year because of congested freeways (Lowe, 1994).

. Freight Traffic: Truck deployment by various industries increased to such an
extent in recent years that there has been a tremendous growth in truck traffic. In 1994,
tractor-semitrailers accounted for about 53% of the total truck vehicle miles traveled
(VMT) or 89.6 billion VMT (US DOT, 2000). David J. Forkenbrock, Director of the Public
Policy Center at the University of lowa and Jim March, Leader of the Industry and
Economic Analysis Team in FHWA’s Office of Policy, note that the estimated freight
truck vehicle miles traveled will increase by more than 70% by 2020 (Forkenbrock and
March, 2006). It is also observed that rail needs an annual public investment of $2.6
billion, which if not met will eventually result in a growth of 31 billion truck VMT on
highways by the year 2020 (Penne, 2005).

. Smooth Movement: Currently, many highways and other roads used by tractor-
trailers do not account for these truck’s wide turning radius, hampering the movement of
freight from highways and local roads. According to the Central Transportation Planning
Staff (CTPS) of Freight Transportation at Boston Region MPO, the interstate and
arterial highway network should allow for efficient connectivity to major freight
destinations and must be designed to handle the wide turns of these trucks (CTPS,

2006).
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. Safety Concerns (due to tractor-trailer): Tractor-trailer trucks have different
sizes, weights, and acceleration capabilities to suit different purposes that at times form
a hazardous combination on the nation’s roads (Aurelio and Newman, 1997). It is
estimated that in 2005 442,000 tractor-trailers or semis were involved in traffic accident,
among which semi-trailer associated accidents accounted for 4,932 fatalities (NHTSA,
2006).

. Increased Costs: The use of semi-trailers by various industries has accounted
for a majority of the damage to county and state roads. Studies have estimated the
additional average cost incurred due to increased truck traffic as $0.075 per ton-mile on
county roads and $0.05 per ton-mile on state roads (Prater, 1998). County roads
account for higher costs since these are the routes which are the most heavily traveled
by large trucks used by processing plants, agricultural productions farms, and other
industries prone to high truck traffic. These poorly maintained county roads result in
increased time travel and increased costs for the commuters such as increased
accident rates, vehicle maintenance costs, and fuel costs (Prater, 1998). Conversely, if
the annual public investment needed for rail is not met there could be a $21 billion
increase in costs to highway users by 2020 (Penne, 2005).

. Fuel Costs: The VMT shows the huge amounts of fuel consumed by the trucking
industry. It has been estimated that Class 8 trucks consume 18 billion gallons of fuel per
year, which far exceeds the amount used by commercial trucks in any other GVW
classification (Bradley, 2005).

J Increased External Costs: External costs are the costs incurred due to air

pollution generated by trucks that negatively affect other people rather than those who
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produce it (Forkenbrock, 1999). It has been estimated that the total external cost and
the user charge underpayment is 1.11 cent per ton-mile which is considerably higher
compared to the external costs of freight rail which is 0.24 — 0.25 cent per ton-mile
(Forkenbrock, 1999).

. Driver Shortage: According to the American Trucking Associations (ATA),
trucking companies are short by 20,000 truck drivers in meeting the current demand
(Railway Age, 2005). It is also estimated that the shortage could increase to 110,000 by
2014. Thus, it is one of the major limitations for motor carriers in freight hauling (Railway
Age, 2005).

. Increased Bridge Damage: Besides causing adverse effects to highways,
trucks also damage bridges (Wilner, 1998). It is estimated that approximately 95% of all
wear on bridges is derived from tractor-trailers (Lowe, 1994).

3.2.2 RAILROAD

‘Railroad’ is the union of two basic transportation modes — rail and road. Freight
in this mode is transported by carloads, containers, and trailers. A brief description of
these types of shipments follows:

Carload freight: This is the most common type of freight transport used by
railroads. This type of freight is carried via rail alone (i.e. directly loaded at the point of
origin) which means the shipment starts on rail and ends on rail at its final destination
(Willet, 2005). According to an Association of American Railroads (AAR) Report, U.S.
Class | railroad (description below) carload freight reached its highest weekly level since
1998 during the week of May 27, 2006 when 340,653 cars were loaded, which was

2.5% above the total in the same week the year before (Berman, 2006).
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Container and Trailer freight: Both of these units are used for transporting
intermodal containers and trailers (description in next section). However, both of these
units have minor variations in their deployment. Containerization is best suited for
storing smaller loads of freight since these are mostly smaller in size but have the
advantage of having ground level access. Containers are extensively used for
international trade due to the concept of identity preservation or “traceability”, which
offers the potential for addressing any questions associated with process issues of the
freight (inputs and methods adopted for containerization) (Maine Trailer, 2006).
According to the North Dakota Strategic Freight Analysis (2002), “most identity
preserved (IP) shipments are smaller quantities with higher values,” which explains the
convenience of the container’s small size. Also, containerization provisions provide for
the reliability to meet both ends of the consignment (i.e., the shipper and the receiver)
(Berwick et al, 2002). It is also estimated that along with the growth of IP freight,
container traffic will also grow (Berwick et al, 2002). Class | container traffic was 8.71
million containers in 2005, a 7.9% increase compared to 2004, according to preliminary
data from AAR (AAR, 2006d).

Trailers on the other hand have considerably more storage capacity and can be
moved even if fully loaded. Furthermore, the trailer can be placed onto a flat railcar in
order to transfer freight long distances (Maine Trailer, 2006). This is often termed as
‘piggybacking’ and is famed for its large haulage capacity and efficiency. According to
an AAR Report, preliminary 2005 Class | railroad trailer traffic increased to
approximately 2.98 million trailers compared to 2.63 million trailers in 2004 (AAR,

2006d).
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3.2.2.1 RAIL AND RAIL LINES

U.S. rail service started operating in 1833 with a meager 380 miles of track
(AAR, 2006a). True commercial rail transportation came into existence in the early 19"
century during the industrial era and played a major role in the development of North
America and consequently led to improvements in the transportation of freight
(Rodrigue et al, 2006). The number of rail miles was gradually increasing when the
“golden age” of railroad began in 1865, during which the national rail network grew from
35,000 miles to a peak of 254,000 miles in 1916 (AAR, 2006b). However, these
developments were not only because rail transport’s ability to carry heavy loads over
long distances, but also due to its enhanced travel time. According to the 2005
Infrastructure Report Card issued by the American Society of Civil Engineers (ASCE),
rail is a vital component of the nation’s freight transportation system.

Rails distribute weight uniformly, permitting greater loads per axle/wheel than in
road transportation. With the smooth and hard surface feature of rail, the wheels of the
train roll with minimum friction proving to be the most energy proficient means of
transporting products via land transport. Like any other mode of transport, rail
transportation has a crucial connection with space and geography. Its unique field of
double-tracked rail line deploys efficient use of space, which carries more loads of
freight compared to the traditional two or four-laned transportation system of road
(Farlex, 2005).

Competition from other modes of transportation has always challenged the
railroad industry. However, the deregulation of the railroad industry from 1900-1940

fueled the expansion of the railroad industry (AAR, 2006a). Despite this, the railroad
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industry streamlined its operational structure and was accompanied by reduced
shipment costs in the 1970s and early 1980s. Keeping the above trends in mind, it was
predicted that the railroads would not be able to keep up with the demand of the
growing freight industry by expanding its network, while still maintaining their profits
(ASCE, 2005). Later the Staggers Rail Act of 1980 basically reduced the Interstate
Commerce Commission’s jurisdiction over railroads, which stirred competition and in
turn promoted technology upgrades along with a restructuring of the industry. This act
led to the creation of hundreds of new shortline and regional railroads (AAR, 2006a).

In general, rail is the preferred transport mode for shipments that have flexible
time constraints. Nevertheless, rail transportation is flexible to accommodate a variety of
rolling stock such as (Rodrigue et al, 2006):

e Hopper cars for freight such as grain or fertilizers;

e Triple hopper cars for freight such as sand or coal;

e Flat cars for freight such as wood or agricultural tools;

e Tanker cars for freight such as petroleum products;

e Box cars for freight such as manufactured goods;

e Gondola cars for freight such as scrap metals and aggregates.

Rail transportation can satisfy a very wide variety of needs (Rodrigue et al,
2006). Also, rail transportation is not affected as much by the adverse weather
conditions as compared to road transportation.

There are various elements to consider when operating a rail transport system. It
is only achieved by creating and implementing a long-term plan (Farlex, 2005). Rail
lines are established to set up access to resources through local trade and territorial

control. Early on, railway companies dealt in point to point projects, however today the
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freight railways have mutual associations that have created a more progressive and
efficient means of transportation (Rodrigue et al, 2006).

3.2.2.2 FREIGHT RAILROAD SYSTEM

Freight railroads play a vital role in the U.S. economy. However, freight railroads
received huge grants from governments for their construction and development (AAR,
2006e). According to an AAR Report (2006b), “from 1980 through 2005, Class |
railroads (description below) spent approximately $360 billion — approximately 45% of
their operating revenue — on capital expenditures and maintenance expenses related to
infrastructure and equipment”.

The Surface Transportation Board (STB) has been responsible for the economic
regulation of railroads since 1995 (STB, 2006) and has classified the U.S. freight
railroad system into four categories according to the revenue they generated annually
(AAR, 2006b):

Class | Railroads: Railroads whose annual revenue is at least $289.4 million are
classified as Class | railroads (AAR, 2006b). These railroads are line-haul (point to
point) railroads operating in various states primarily focusing on long-haul, high-density
intercity traffic lanes (AAR, 2006b). Initially there were 12 Class | freight railroads but
with the most recent mergers there are currently seven of them operating according to a
2006 AAR Report (US EPA, 1998; AAR, 2006d). The seven U.S. Class | railroads are:
BNSF Railway, CSX Transportation, Grand Trunk Corporation, Kansas City Southern
(KCS) Railway, Norfolk Southern (NS) Combined Railroad Subsidiaries, SOO (South
Old Oaks) Line Railroad (Operated by Canadian Pacific Railway), and Union Pacific

(UP) Railroad (AAR, 2006d). Class | railroads control a majority of the track mileage in
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the U.S., about 70% of all track miles operated in the U.S. (AAR, 2006b). Also, as of
2005, Class | railroads had 22,779 locomotives in service (AAR, 2006d).

According to the AAR, the commodity group that was most heavily transported
was coal, which contributed 42.4% of the total tonnage transported by Class | railroads,
which in turn generated 20.1% of the total gross revenue generated by all Class |
railroads in 2005 (AAR, 2006d).

Class Il (Regional Railroads): Railroads whose annual revenue lies between
$40 million and $289.4 million or with at least 350 route miles are classified as Class Il
Regional Railroads (AAR, 2006d). In total, there are 31 regional railroads operating
15,641 miles (excluding trackage rights), generating freight revenue of $1.41 billion as
of 2004 (AAR, 2006d).

Class Il (Local Short line Carriers): Railroads whose annual revenue is below
$40 million per year are classified as local short line carriers (AAR, 2006b). As the name
designates, these railroads, unlike the Class | railroads mostly deal in local hauling and
deploy point to point services over short distances. As of 2004, there were a total of 314
local line-haul carriers operating over 20,753 miles (excluding trackage rights),
generating freight revenue of $0.98 billion (AAR, 2006b). According to the AAR, “Most
of the carriers operate less than 50 miles of road (approximately 20% of them operate
15 or fewer miles) and serve a single state (AAR, 2006b).”

Switching and Terminal (S&T) carriers: These railroads do not have any
considerations on the revenue generated and render switching and/or terminal services.
These railroads also function as pick up and delivery carriers instead of point to point

transportation over a specified region connecting one or more line-haul carriers. As of
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2004, there were 204 S&T carriers operating 6,356 miles (excluding trackage rights),

generating freight revenue of $0.64 billion (AAR, 2006b).

3.2.2.3

FREIGHT RAIL CARRIERS IN KANSAS

There were a total of 19 freight railroads operating in Kansas in 2005, among

which there were four Class | railroads, 13 Class Il railroads, and 2 switching railroads..

These carriers operate 4,776 miles (excluding the trackage rights) with a total traffic of

6,274,881 carloads and approximately 362 million tons of freight in Kansas (KDOT,

2005). Table 3.2 presents in detail information about the four Class | railroad companies

in Kansas. Among the four Class | railroads mentioned, BNSF and UP cover a majority

of Kansas and are the only Class | railroads in the southwest Kansas region. A

summarized description including but not limited to topics such as facts, freight type,

and the developments of these railroads are discussed below.

Table 3.2: Class | Freight Rail Carrier Information - Nationwide

Class | Freight Rail Carrier BNSF KCS NS UP

Plant & Equipment

Miles of road operated 32,150 3,072 21,336 32,616
Miles of road owned 23,984 2,905 16,766 27,123
Freight cars in service 104,700 14,287 108,218 143,512
Locomoaotives in service 5,677 510 3,628 7,575
Net investment, as reported $25,646,708,000 | $1,409,862,000 | $19,948,485,000 | $30,755,978,000
Net investment, revenue

adequacy $17,994,909,000 $960,501,000 | $11,141,510,000 | $21,266,619,000
Financial

Operating revenue $10,857,363,000 $635,678,000 | $7,311,869,000 | $12,179,614,000
Operating expenses $9,237,879,000 | $526,774,000 | $5,814,294,000 | $11,013,882,000
Net railway operating income $1,013,911,000 $78,668,000 | $1,273,097,000 $929,920,000
Return on shareholders' equity 6.39% 5.23% 10.89% 4.55%
Return on investment, revenue

adequacy 5.84% 8.30% 11.64% 4.54%
Total capital expenditures, road

and equipment $1,856,828,000 $122,725,000 | $1,012,276,000 | $1,758,176,000
Traffic

Carloads originated 8,237,466 414,915 5,524,545 7,831,823
Tons originated 483,296,128 29,790,024 319,014,426 503,052,146
Ton-miles 568,926,119,000 | 21,219,536,000 | 198,305,860,000 | 546,321,004,000
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Table 3.2 (Continued): Class | Freight Rail Carrier Information

Class | Freight Rail Carrier

BNSF

KCS

NS

upP

Employment

Total wages

$2,597,743,000

$160,935,000

$1,696,915,000

$3,321,628,000

Average number of employees 37,507 2,670 28,163 49,511
Hours paid for 104,029,908 7,320,195 66,916,478 130,385,813
Source: AAR, 2006d.
3.2.2.3.1 BNSF Railway:

Figure 3.7 shows the rail mileage of BNSF. BNSF operates a total of 1,237 miles
in Kansas, transporting a variety of products and commodities (KDOT, 2005). BNSF
partners with trucking companies and short line railroads, creating a fast and seamless
movement of freight (Miller, 2005). BNSF also has 443 miles of trackage rights. In 2005
more than five million intermodal shipments (truck trailers or containers) were
transported on BNSF’s rail lines (BNSF Media, 2006). The average intermodal train
transports the equivalent of what 220 trucks can (BNSF Media, 2006). According to
BNSF Media, BNSF is one of the biggest grain-hauling railroads in the U.S. It is
estimated that in 2005 BNSF transported more than 900,000 carloads of agricultural
products among which approximately half were corn and wheat shipments (BNSF

Media, 2006).

64



REPUBLIC
DoMIPH
Tomnl —_— WASHINGTON
|eRown
CHEYENNE
RAWLINS DECATUR NORTON ik i SR it [nEMAHA
il ATCHISON
Hu
= POTTAWATOMIE
JEFFERSON
CLouD
wilor
SHER MITGHELL i il RILEY Jackagn LEAVEN K
MAN | woRTH
THOMAS SHERIDAN GRAHAM i OSBORNE p— SHAWNEE e Moy
DICKINSON T
L
mage
OTTAWA Faulo ]
e r .
LINCOLN GEARY DOUGLAS -
Catirndyoll s
WALLACE WABAUNSEE | Sern oo =
LOGA el
3! Qove TREGO ELLIS RUSSELL ingame na i
SALINE i i Teilada
ELLSWORT D ElY Gumrm e necls
I s MORRIS .
SA beson
Bursick Ly N
srong =] FRANKLIN Py AN
GREELEY i o
= WICHITA scoTT LANE : e
NESS SR piagic
BARTON ;
MePHERSON Flituey b
RICE MARION e LYON
—r
E— HARVEY o | cuas
“n”" o Vrchinson
cﬁ‘e“ ‘%‘h“-d. aand o
BL Jotw At
HODGEMAN ¥ [ T un
wm By Che
Chadasion Eellwts
f— — STAFFORD f " " Yagy,, "
HAMILTON KEARNY — o S
FINNEY Moun EDWARDS G, Gartand
ER%e ry intent RENO Vi '
GREENWOOD WILSON oress
WEHITA .
= oata Favtinglon
PRATT iy
aRay | Forp AR g bougless  BUTLER s
STANTO!
N | GraNT HASKELL e, i . HeEOgHO AAWADRD
ra on o ELK LABETTE Trarche CHERCRKEE
+ [t
s Fuke, m
1-% Mupheis N Cobomtang
Criatmis Y-,
MORTON| STEVENS S ; -
| EWARD | MEADE CLARK | COMANCHE BARBER HARPER SUMNER " cowLey |cHAUTAUGUA - —

Source: KDOT, 2006.

Figure 3.7: Burlington Northern Santa Fe Corporation
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According to Stephen Muncy, Sr. Trainmaster/Road Foreman for BNSF in Dodge
City, KS, the following are some of the developments taking place at BNSF (Muncy,
2006):
o Five years ago BNSF started to replace their old railcars with new super reefer
cars that are about 90’ in length and contain global positioning system (GPS) which
provides accurate location information.
o There has been an increase in the amount of corn transported into southwest
Kansas. In June 2006, there were three 110-car unit trains that brought corn into the
area, the majority of which is dedicated for feeding livestock.
o BNSF plans to expand its transcontinental line in Kansas along with another
mainline that goes through Emporia, KS. However, there are no plans for expansion in

the southwest Kansas region.
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3.2.2.3.2 Kansas City Southern (KCS):

Figure 3.8 shows the KCS Railway Co. rail mileage KCS has only 18 miles of
track in the state. Most of the shipments involve products like coal,
chemicals/petroleum, and forest products however, commodities like grain or food

products also have a significant share (KDOT, 2005).
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Figure 3.8: Kansas City Southern Railroad Map
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3.2.2.3.3 Norfolk Southern (NS) Corporation

Figure 3.9 shows the trackage rights of NS Railroad. NS Corporation has
trackage rights of approximately three miles in the state of Kansas. However, it

connects customers throughout the world.
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Figure 3.9: Norfolk Southern Railroad Map
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3.2.2.3.4 Union Pacific (UP) Corporation:

Figure 3.10 shows the rail mileage of UP. Apart from operating a total track
length of 1,535 miles in Kansas as well as 862 miles of trackage rights. UP also

operates a major freight switching yard in Kansas City (KDOT, 2005).
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According to Mark Davis, Director of Regional Public Relations for UP in Omaha,
NE, the following are some facts about UP and some of their future ventures:
. UP’s total miles of rail cover all four quadrants of Kansas equally well. It ships
approximately five or six different commodities nationwide. In Kansas UP ships out
large quantities of grain, particularly wheat, but it also brings some corn into Kansas.
. Recently there has been resurgence in UP’s frozen car business, so much that
UP has upgraded their refrigerated fleet which had not been upgraded since the 1970’s.
These newer refrigerated cars handle more capacity, are more energy efficient, and
reduce the number of incidents (i.e. spoilage) because of high-tech GPS and the two-
way technology that can monitor products from the time that they are loaded until they
reach their final destination.
o Like any other railroad, UP also works with short line railroads. Short line
railroads are like branch lines for major railroads. Short line railroads are a win-win
situation for everybody involved. They not only benefit the railroad industry, but also the
community by keeping the rail line in operation which can help them with possible
business opportunities.
o UP plans on expanding some of their current rail lines. On average UP spends
about $1.3 billion to maintain their total miles of track. Currently UP is working on a
$400 billion capacity project to double the capacity on their rail line from EI Paso, TX to
Los Angles, CA. When this project is done this rail line will be able to carry 45 trains per
day, including the 15 that come from the track that goes through Liberal, KS. This added

capacity will make it faster to transport commodities to the West coast.
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3.2.2.4 RAILROAD ABANDONMENTS IN KANSAS

If a rail line is abandoned it is abandoned for a reason, usually because it is no
longer profitable (Davis, 2006). The railroads that are generally at risk are the light
density lines which carry less than one million gross ton-miles per mile (KDOT, 2005).
However, the primary contribution to abandonment comes from the extreme competition
by the highway motor carriers.

According to the Kansas Rail Plan 2004-2005 by the Kansas Department of
Transportation (KDOT), 1,156 miles of track were abandoned in the period between
1991 and 2004. These tracks fall into the category of Class Il which implies that the
abandonment application was filed with the Surface Transportation Board (STB) for
abandonment (STB is responsible for all the issues related to rail affairs). Currently, a
total of 45.9 rail miles are in the process of abandonment (KDOT, 2005). Abandoned ralil
lines will rarely be re-established (Davis, 2006). And in order to build a new rail line it
will cost about $1.2 million per mile to build and that is without the cost of purchasing
the land (Davis, 2006). So in order for any railroad to build a new line it would have to
be profitable enough to cover the high building costs. Rural Kansans mostly rely on
multimodal (short-line and/or major rail line and/or road) transportation that is achieved
by the branch lines (short-line railroads) of the major railroads.

3.2.2.5 RAILROAD SHIPMENT COSTS

A railroad shipment involves any one type of commodity using different types of
railroads that is either railroad-owned/leased or privately-owned/leased by means of
single mode involving rail from point of origin to point of destination. The AAR gives a

shipment cost index for Class | railroads which is termed as the Railroad Cost Recovery
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Index (RCR). This index is comprised of ten cost components which include fixed
charges (interest) in addition to nine categories for freight operating charges. Railroad
shipment costs are the total costs accrued in transporting freight that is a ‘freight
operating cost’. The following are the nine costs categories in detail:

(1)  Labor cost — It reflects all the wages paid to the laborers including benefits and
paid vacations and holidays.

(2) Fuel cost — It is the original purchase price of fuel charges for railroad operating
expenses (including federal excise taxes, transportation, and handling charges) during
the middle month of the quarter.

(3) Materials and supplies — It is the amount charged for about 38 items such as

forest products, metal products, and other products including the four functional
categories such as maintenance of products in transport, freight car items, locomotive
items, and all other items. Similar to the fuel cost established above, this category
reflects the price during the middle of a three-month quarter.

(4) Equipment rent cost — Rental costs due to the hiring or leasing of equipment.

(5) Purchased services — The change in any one of the following categories are

indexed as railroad inputs for purchased services - index of material prices, wage rates
and benefits combined, excluding fuel.

(6) Depreciation — It is the amount of depreciation for roads, locomotives, freight
cars, and other equipment. It is calculated on a quarterly basis for Class | railroads.

(7) Interest — This data is supplied by the Class | railroads in quarterly surveys.
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(8) Taxes, Other Than Income and Payroll — It is reflected as the amount of a price

change on the property taxes and is calculated as the amount of such taxes per mile of
track operated. The tax data is supplied by all Class | railroads.

(9) Other expenses — Other expenses include casualties and insurance, loss and

damage, and general and administrative expenses. AAR uses an average quarterly
index of these items.

3.2.2.6 ADVANTAGES AND DISADVANTAGES

Keeping in mind the literature about railroads, it is apparent that rail infrastructure
has a universal perspective to serve both passengers and freight. As of 2005 Kansas
ranks in the top 10 in the U.S. in the total number of rail miles covering 4,776 miles
(excluding trackage rights) (AAR, 2006f). October 2005 marked the 25" anniversary of
the Staggers Rail Act of 1980, which led to the deregulation of railroads and in turn
improved the financial performance of railroads by investing millions of dollars in
infrastructure and equipment (AAR, 2006e). The total number of local line-haul carriers
and regional railroads more than doubled because of this act. The following are some of
the advantages and disadvantages of railroads:

3.2.2.6.1 ADVANTAGES

. Low fuel consumption: According to a 2006 AAR Report, railroads are
approximately three times more fuel-efficient compared to trucks (AAR, 2006c). During
the last 20 years railroads have been improving their fuel efficiency. In 1980, railroads
moved a ton of freight approximately 275 miles per gallon of fuel. However, 2004 saw
an improved fuel efficiency of about 410 ton-miles per gallon. Further, if 10% of the

current truck freight volume is directed to rail, 1 billion gallons of fuel can be saved
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every year (AAR, 2006c). To be more precise, the Kansas City MO- KS area would
save 177 million gallons of fuel annually by 2025 (Cox, 2006).

. Refrigeration: The availability of refrigerated cars also provides for railroad
efficiency in the transportation of processed and frozen goods. About 5 years ago BNSF
railroad replaced their old rail cars with new super reefer cars that are about 90’ long
and which can be tracked by a Global Positioning System (GPS) (Muncy, 2006).

o Efficient means for huge volumes: With the provision of carload, container,
and trailer freight systems, railroads can ship huge volumes making fewer trips. In
general, one rail car is equivalent to 3-4 truckloads (Chopp, 2005). According to
Stephen Muncy, Sr. Trainmaster and Dennis Mustoe, Superintendent of Operations for
BNSF in Dodge City, KS, one hopper car of grain equals about 8 semi trucks and each
train usually consists of 110 cars. It is also claimed that the intermodal sector
(description in next section) has been one of the most significant contributors to rail
traffic. The numbers have been increasing substantially for intermodal containers and
trailers from about 3.1 million in 1980 to a massive number of 11.7 million 2005 (AAR,
2006Db).

. Environmentally friendly: In terms of emission values, railroads have been
proven more proficient over other modes of transportation. According to the US
Environmental Protection Agency (US EPA), railroads account for barely 9% of nitrogen
oxides (NOyx) emissions and 4% of transportation related particulate emissions (AAR,
2006c).

J Low external costs: It has been observed that external rail costs which include

costs generated by — accidents like fatalities, injuries, and damages to property;
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emissions such as air pollution and greenhouse gases; and noise is 0.24-0.25 of a cent
(US) on a per ton-mile basis which is far less compared to 1.11 of a cent for trucking
freight (Forkenbrock, 1999). The overall train accident rate according to a 2006 AAR
Report shows a significant reduction of 62% and employee casualty rate by 77% (AAR,
2006a).

3.2.2.6.2 DISADVANTAGES

o Huge investments: Though deregulation has allowed for some reduction in
costs, railroads need huge investments for laying infrastructure elements, especially rail
(ASCE, 2005).

. Scheduled operation: The rigid and scheduled services of the seven large
Class | freight rail carriers sometimes forms a drawback for transporting freight by rail
(Rodrigue et al, 2006).

. Double-stack shipment: The railroads have always been famous for shipping
huge amounts and in turn making fewer trips. However, with major changes taking
place at some corridors in the rail industry such as double-stack container shipments
over long distances, shipments by rail can prove to be a risky option because of the lack
of appropriate highway bridge clearance along the existing railroad freight right-of-ways
(CTPS, 2006).

3.2.3 INTERMODAL TRANSPORTATION

In general, ‘intermodal’ is a combination of two words. The first half inter denotes
more than one and the second half mode implies means of transportation. All modes of
transportation have their own advantages and disadvantages, but the concept of

intermodal works in logistically linking the advantages of each type of mode (truck, rail,
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water, air) for a seamless distribution of freight from origin to destination (Rodrigue et al,
2006). However, there are several meanings for intermodal and in fact it is based on the
definer’s perspective and the context of the research. To further add, definitions are also
based in regards to the shipment form implemented for commodities shipped at the
international or national level that are in containers or trailers respectively (Jones et al,
2006).

In 2002, intermodal traffic reached a record high of 9.35 million intermodal
containers/trailers transported, which accounted for approximately 1.4 trillion ton-miles
and a growth of 0.5% compared to the year before (White, 2003). According to a 2006
Freight Railroad Administration (FRA) Report, the fastest growth in intermodal traffic is
in the category of rail with the number of trailers and containers increasing significantly
from an average of 3.4 million loadings in the 1980’s to 11.0 million in 2004 (FRA,

2006).
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3.2.3.1 OVERVIEW OF INTERMODAL (TRUCK-RAIL)

In this research, intermodal is defined as the combination of more than one
transport mode (truck-rail) for accomplishing seamless shipment of meat to customers
in the U.S. It implies that the commodity is initially shipped by truck from the origin (a
meat processing plant) to the (local) rail intermodal facility that encompasses the
shipment of the commodity in trailers or containers to the intermodal facility near its final
destination wherein it is then shipped locally to the final destination by truck. According
to Edward Morlok of the Department of Systems Engineering at the University of
Pennsylvania in Philadelphia, PA, and Lazar Spasovic of the School of Industrial
Management and Center for Transportation Studies and Research at the New Jersey
Institute of Technology in Newark, NJ, the rail-truck intermodal concept can also be
viewed as (empty) trailer transport with the basic intermodal unit being shipped from the
intermodal yard to the customer’s facility in exchange for a loaded trailer which is then
returned to the original intermodal yard for rail movement to the final intermodal yard
from where it eventually goes on a truck to be distributed locally. In brief this is termed
as ‘piggybacking’ when trailers are shipped on railroad flat cars (TOFC: Trailers On Flat
Cars) (Rodrigue et al, 2006). ‘Containerization’ is another form of shipment which is
famous for its double-stacking of containers while either transporting by ship (maritime)
or on rail flat cars (COFC: Container On Flat Cars) (Rodrigue et al, 2006). Later on, the
empty trailers/containers can be returned to (local) intermodal terminals from the final
destination (Morlok and Spasovic, 1994). Therefore, it is concluded that intermodal
transportation incorporates some of the advantages of these two separate modes —

truck’s swiftness of hauling the commodity locally along with rail's lower shipping
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charges (Berwick et al, 2002). All of these intermodal units require lift services for
placing the container/trailer onto the rail car. However, Norfolk Southern Rail Company
developed a unique type of intermodal unit that uses rail bogies attached to trailers,
effectively turning it into a railcar (Rodrigue et al, 2006).

The cost characteristics of trucking and rail are quite different. Likewise, the
intermodal cost structure is unique in its own way. It reflects the sum of internal and
external costs due to the intermodal facility that is (Isis, 2006):

Internal costs: This includes the administrative costs, salary of the personnel, any

investment/depreciation, maintenance and repair, insurance, taxes, other expenses,
loading and unloading depending on the duration of service (Isis, 2006 ; Morlok and
Spasovic, 1994).

External costs: Costs resulting from accidents, noise, congestion, air pollution,

fuel consumption, and climate changes accrue for external costs (Isis, 2006).

3.2.3.2 ADVANTAGES AND DISADVANTAGES

Keeping in view the disadvantage scenarios of the two modes in the previous
sections, intermodal seems to ease the drawbacks encountered from these modes. The
deployment of rail-truck intermodal service makes use of the truck’s increased security
concerns about the assets accompanied by the rail’'s economic feature. Additionally,
there will be an increase in returns from public and private infrastructure investments
(Berwick et al, 2002). The following are some of the advantages and disadvantages of

an intermodal facility:
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3.23.2.1 ADVANTAGES

. Overcome Driver Shortage: It is hard for people to adjust to life as a truck driver
of continuously being on the road and away from home for extended periods of time.
This has been seen as one of the primary reasons for the driver shortage (Morlok and
Spasovic, 1994). This problem can be solved by facilitating an intermodal service at
both ends of the origin and destination of the shipment, which eventually reduces the
burdens of long driving. Thus the driver spends less time driving because he/she will
only travel locally either between the origin intermodal terminals or the final intermodal
terminals.

. More Constant Rates: The rates of truck and railroad shipping charges always
vary depending on fuel costs, and the other factors discussed in the cost structure
section. However, intermodal rates are more constant. Moreover, due to the various
pool of reasons like driver scarcity or due to heavy (seasonal) demand trucks might not
be ready for freight shipment, but trains run most of the time thus the intermodal option
is always open (Piatak, 2002).

. Increased Containerization: The concept of double-stacking containers on rail
flat cars not only revolutionized the industry by increasing the productivity of the mode,
but also accounted for increased volumes of container shipments. Thus, shippers view
double-stacking as a high quality service with reduced shipping costs along with parallel
investments from trucking and shipping companies for container fleets (Morlok and
Spasovic, 1994). This has resulted in huge quantities of freight shipment by intermodal

(truck-rail) containerization.
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. Environmentally Friendly: It is apparent that compared to the unimodal
transportation of truck or rail, intermodal utilizes advantages offered by different modes
to effectively distribute commodities including the reduced emssions of using railroads
for the major of the transport of freight (Morlok and Spasovic, 1994; Berwick et al,
2002).

3.2.3.2.2 DISADVANTAGES

o Slower: Considering the straight truck or rail option, most shippers believe that
an intermodal option would sometimes increase the delivery time depending on the
destination (Piatak, 2002). Additionally, according to Stephen Muncy, Sr.
Trainmaster/Road Foreman for BNSF in Dodge City, KS, companies typically receive
better and faster service from the trucking companies (Muncy, 2006).

o Location Factors: Sometimes the intermodal loading facility is a considerable
distance from the origin or destination of the shipment and often results in insufficient
railroad alternatives and/or accessibility to the National Highway System. An intermodal
facility located on a Class | railroad line would be ideal (Berwick et al, 2002).

o Huge Investments: After considerable research on the building of an intermodal
facility, it is important that there must be enough demand to meet the constantly staffed
services of an intermodal facility (Muncy, 2006). Huge investments are made on
providing the intermodal facility. The operational costs and lift services (for lifting the
container) are also expensive (Berwick et al, 2002). These facilities are very large with a
lot of technology instituted into them, and the overall returns depend on the amount of

traffic/demand (Muncy, 2006). Furthermore, in order for an intermodal facility to benefit
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a region it must have an uninterrupted flow of traffic in order to obtain enough capital
funding and operating revenues to maintain consistent service (Berwick et al, 2002).
3.3 HIGHWAY AND BRIDGE MAINTENANCE

3.3.1 Fundamentals of Highway and Bridge Maintenance

“‘Highway maintenance” is defined as the function of preserving, repairing, and
restoring a highway and keeping it in condition for safe, convenient, and economical
use. “Maintenance” includes both physical maintenance activities and traffic service
activities. The former includes activities such as patching, filling joints, and mowing. The
latter includes painting pavement markings, erecting snow fences, removing snow, ice,
and litter. Highway maintenance programs are designed to offset the effects of weather,
vandalism, vegetation growth, and traffic wear and damage, as well as deterioration due
to the effects of aging, material failures, and construction faults (Wright and Dixon,
2004).

Commonly identified pavement distress associated with heavy vehicles can be
characterized as fatigue cracking and rutting. On rigid pavements, damage exposes
itself as transverse cracking, corner breaking, and cracking on the wheel paths. Flexible
pavements and granular roads are mostly susceptible to rutting. In all cases, cracking
and rutting increases pavement roughness and leads to poor pavement performance
and reduces pavement life.

Trucking has become the most popular mode of freight transportation because of
its efficiency and convenience, but has resulted in increased highway maintenance
costs nationwide. Better understanding the problem of pavement and bridge damage

caused by heavy vehicles helps to mitigate governmental budgetary concerns. So far, a

82



majority of research has been devoted to the study of the pavement and bridge damage

associated with heavy vehicles. Ten studies are summarized in this section as shown in

Table 3.3.

Table 3.3: List of Research Projects on Highway and Bridge Maintenance

No. | Researcher(s) Study Subject Data Scope Funding Agency
1| Castaneda Cau§es of excessive damage Alabama Alabama Dgpartment of
to bridge decks Transportation
Owusu-Ababio | Effects of heavy loading on . . Wisconsin Department of
2 Wisconsin ;
et al. concrete pavement Transportation
Impacts of heavy agriculture .
3 | Phares et al. vehicles on pavements and Minnesota Minnesota II_)epartment of
. Transportation
bridges
4 | Mradetal the_rature review on issue of N/A Fedgra_ﬂ ng_hway
vehicle/road interaction Administration
Impact of agricultural
5 | Sebaaly etal. | equipment on low-volume South Dakota S]f)}r’th Dakota _Department
roads of Transportation
6 | Wang etal. Road fgt|gqe dama_ge Florida Florida Dep_artment of
analysis using traffic data Transportation
7 | salgado et al. Effects of super-single tires Indiana Indiana Department of
on subgrades Transportation
Pavement responses to a Virginia Department of
8 | Elseifi et al. new generation of single Virginia 9 b
; : Transportation
wide-base tires
Pavement maintenance Virginia Department of
9 | Freeman et al. | associated with different Virginia 9 P
, S Transportation
weight limits
Economic impact of Louisiana Department of
10 | Roberts et al. . pact . Louisiana Transportation and
overweight permitted vehicles
Development

Castaneda (1997) conducted a study to determine the causes of excessive
damage to Alabama bridge decks that required early bridge replacements. Possible
causes of the damage could be due to the use of slender decks, heavy truck loadings,
and service load stresses. To assess the significance of these causes, five damaged
decks and five reasonably undamaged decks were investigated. These bridge decks
were analyzed using condition surveys, weigh-in-motion surveys, finite-element
analyses, and load tests. The researcher found that measured axle group loads for

damaged decks were significantly higher than those for undamaged decks, and thus
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truck loading was determined to be a major cause of deck damage. In addition,
damaged decks had higher slenderness ratios than undamaged decks, which indicated
that excessive slenderness was another major cause.

In 2001, the Wisconsin Department of Transportation District 7 filed a Report of
Early Distress for a 6.5-mile stretch of USH 8 and an 8-mile stretch of USH 51 near
Rhinelander, WI (Owusu-Ababio et al. 2005). An investigation of the causes for the
premature failures concluded that overloaded logging trucks were a key factor leading
to the early failure of the doweled jointed plain concrete pavements (JPCP). Based on
the recommendations from this report, Owusu-Ababio et al. (2005) developed design
guidelines for heavy truck loading on concrete pavements in Wisconsin.

Over the past few decades, as the number of larger farms has increased and
farming techniques continuously improve, it is common throughout the nation to have
single-axle loads on secondary roads and bridges that exceed normal load limits during
harvest cycles (typical examples are grain carts and manure wagons). Even though
these load levels occur only during a short period of time during year, they may still
significantly damage pavements and bridges. Phares (2004) conducted a synthesis
study to identify the impacts of heavy agriculture vehicles on Minnesota highway
pavements and bridges. The researchers synthesized the technical literature on heavy-
vehicle pavement impact provided by the Minnesota Department of Transportation
(Mn/DOT) Research Services Section, which included pavement deterioration
information and quantitative data from Minnesota and other Midwestern states. Based
on the literature synthesis, the researchers found that the performance characteristics of

both rigid and flexible pavements were adversely affected by overweight implements,
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and the wide wheel spacing and slow moving characteristics of heavy agricultural
vehicles further exacerbated the damage on roadway systems. The researchers also
found that two structural performance measures including bending and punching were
used in the literature for evaluating the impact of agricultural vehicles on bridges. The
comparison between the quantified structural metrics of a variety of agricultural vehicles
and those of the bridge design vehicle showed that 1) the majority of the agricultural
vehicles investigated created more extreme structural performance conditions on
bridges when considering bending behavior, and 2) several of the agricultural vehicles
exceeded design vehicle structural performance conditions based on punching.

Many studies have been done to understand the interaction between trucks and
pavement damage. Mrad (1998) conducted a literature review on these studies as a
part of the Federal Highway Administration (FHWA) Truck Pavement Interaction
research program on truck size and weight. This review focused on the study of spatial
repeatability of dynamic wheel loads produced by heavy vehicles and its effect on
pavement damage. The review included several studies identifying the effects of the
environment, vehicle design, characteristics and operating conditions on pavement
damage. According to the review, suspension type and characteristics, as well as tire
type and configuration, were major contributors to pavement deterioration. The literature
review also made remarks on the relationship between spatial repeatability of dynamic
wheel forces, suspension type, and road damage.

Different types of vehicles cause different types of damage to pavements.
Vehicle loading on a particular highway pavement or bridge is highly related to axle

weight and configuration. Sebaaly (2003) evaluated the impact of agricultural equipment
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on the actual response of low-volume roads. In this evaluation process, a gravel
pavement section and a blotter pavement section were instrumented in South Dakota
and tested under agricultural equipment. Each section had pressure cells in the base
and subgrade, and deflection gauges to measure surface displacement. Field tests
were carried out in 2001 in different conditions. Test vehicles included two terragators
(specialized tractor used to fertilize crops), a grain cart, and a tracked tractor. The field
testing program collected the pavement responses under five replicates of each
combination of test vehicle and load level, and compared with those responses under
the 18,000-Ib single-axle truck which represented the 18,000-Ib equivalent single-axle
load (ESAL) in the American Association of State Highway Transportation Officials
(AASHTO) design guide. Data were examined for repeatability, and then the average of
the most repeatable set of measurements were calculated and analyzed. Results
indicated that agricultural equipment could be significantly more damaging to low-
volume roads than an 18,000-Ib single-axle truck, and the impacts depended on factors
such as season, load level, thickness of crushed aggregate base of roads, and soil type.
The study recommended that an agency could effectively reduce this impact by
increasing the thickness of the base layer and keeping the load as close to the legal
limit as possible.

Heavy trucks also affect the service life of highway bridge superstructures.
Bridge damage typically occurs in the bridge deck and in the main superstructure
elements. Wang (2005) conducted a study to synthesize truck traffic data collected
through weight-in-motion (WIM) measurements in order to establish live-load spectra

and to perform fatigue damage analysis. In this study, six multi-girder steel bridges with
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spans ranging from 35 ft. to 140 ft. were analyzed. Three-dimensional nonlinear
mathematical models of typical trucks with significant counts were developed based on
WIM data. Road surface roughness was simulated as transversely correlated random
processes using the autoregressive and moving average model. The dynamic impact
factor was taken as the average of 20 simulations of good road roughness. Then live-
load spectra were obtained by combining static responses with the calculated impact
factors. Fatigue damage analysis was performed according to Miner's linear damage
rule. A case study of the normal traffic from a specific site on interstate 75 was
illustrated. Static analysis indicated that truck traffic-induced flexural stress at the
midspan and shear at the entrance end vary with bridge span length. Several of the
heaviest truck types generated more loading on bridge structures than the AASHTO
standard design truck HS20-44. The comparison of fatigue damage accumulation
demonstrated that four types of trucks contributed the most to the fatigue damage,
typically ones with either 4 or 5 axels.

Recently, super-single tires have gradually been replacing conventional dual tires
due to their efficiency and economic features. However, earlier studies on previous
generations of single wide-base tires have found that the use of super-single tires would
result in a significant increase in pavement damage compared to dual tires. Salgado
(2002) investigated the effects of super-single tires on subgrades for typical road cross-
sections using plane-strain (2D) and 3D static and dynamic finite-element (FE)
analyses. The analyses focused on the sand and clay subgrades rather than on asphalt
and base layers. The subgrades were modeled as saturated in order to investigate the

effects of pore water pressures under the most severe conditions. By comparing the
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difference of strains in the subgrade induced by super-single tires with those induced by
dual tires for the same load, the effects of overlay and subgrade improvements were
investigated. Several FE analyses were done by applying super-heavy loads (those
which occurred in Texas during the 1990s) to the typical Indiana pavements using
elastic-plastic analyses in order to assess the performance of the typical pavements
under the super heavy loads. The analyses examined that super-single tires caused
more damage to the subgrade and the current flexible pavement design methods were
inferior considering the increased loads by super-single tires. In addition, the
researchers addressed several recommendations to improve the pavement design
method that would decrease the adverse effects of super-single tires on the subgrades.

Elseifi (2005) measured pavement responses to a new generation of single wide-
base tire compared with dual tires. The new generation of single wide-base tires has a
wider tread and a greater load-carrying capacity than conventional wide-base tires,
which therefore have been strongly supported by the trucking industry. The primary
objective of this study was to quantify pavement damage caused by conventional dual
tires and two new generations of wide-base tires (445/50R22.5 and 455/55R22.5) by
using FE analysis. Fatigue cracking, primary rutting, secondary rutting, and top-down
cracking were four main failure mechanisms considered in this pavement performance
analysis. In the developed FE models, geometry and dimensions were selected to
simulate the axle configurations typically used in North America. The model also
considered actual tire tread sizes and applicable contact pressure for each tread, and
incorporated laboratory-measured pavement material properties. The researchers

calibrated and validated the models based on stress and strain measurements obtained
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from the experimental program. Pavement damage was calculated at a reference
temperature of 77 F and at two vehicle speeds (5 and 65 mph). Results indicated that
the new generations of wide-base tire would cause the same or relatively greater
pavement damage than conventional dual tires.

Since heavy trucks cause more damage to highways and bridges, it is of interest
to federal and state legislatures whether the current permitted weight limit reflects the
best tradeoff between trucking productivity and highway maintenance cost. A study
(Freeman et al. 2002) was mandated by Virginia’s General Assembly to determine if
pavements in the southwest region of the state under higher allowable weight limit
provisions had greater maintenance and rehabilitation requirements than pavements
bound by lower weight limits elsewhere. This study included traffic classification, weight
surveys, an investigation of subsurface conditions, and comprehensive structural
evaluations, which were conducted at 18 in-service pavement sites. Visible surface
distress, ride quality, wheel path rutting, and structural capacity were measured during
1999 and 2000. Subsurface investigation was conducted at each site in October 1999 to
document pavement construction history and subgrade support conditions. In addition,
a survey consisting of vehicle counts, classifications, and approximate measurements of
weights was carried out to collect site-specific information about traffic volume and
composition. The results were used to estimate the cost of damage attributed only to
the net increase in allowable weight limits. The study concluded that pavement damage
increased drastically with relatively small increases in truck weight, which was
consistent with similar studies. The cost of damage to roadway pavements in those

counties with a higher allowable weight limit was estimated to be $28 million over a 12-
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year period, which did not include costs associated with damage to bridges and motorist
delays through work zones, etc.

In Louisiana, Roberts (2005) completed a study to assess the economic impact
of overweight permitted vehicles hauling timber, lignite coal, and coke fuel on highways
and bridges. First, researchers identified that approximately 1,400 control sections on
Louisiana highways carried timber, 4 control sections carried lignite coal, and
approximately 2,800 bridges were involved in the transport of both of these
commodities. Second, a calculation methodology was developed to estimate the
overlays required to support the transportation of these commodities under the various
gross vehicle weight (GVW) scenarios. Three different GVW scenarios were selected
for this study including: 80,000 Ibs., 86,600 Ibs. or 88,000 Ibs., and 100,000 Ibs. Last,
the methodology for analyzing the effect of these loads on pavements was developed
and it involved determining the overlay thickness required to carry traffic from each
GVW scenario for the overlay design period. The method for analyzing the bridge costs
was developed by 1) determining the shear, moment and deflection induced on each
bridge type and span, and 2) developing a cost of repairing fatigue damage for each
vehicle passage with a maximum tandem load of 48,000 Ibs. This analysis showed that
48-kip axles produced more pavement damage than the current permitted GVW for
timber trucks and caused significant bridge damage at all GVW scenarios included in
this study. The researchers recommended that the legislature eliminate the 48-kip
maximum individual axle load and keep GVWs at the current level, but increase the
permit fees to sufficiently cover the additional pavement costs produced by these

present overweight vehicles.
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3.3.2 Maintenance Level of Service

Highway agencies spend large sums of money to maintain their facilities. It is
important to ensure the long-term operation of these investments not only from a cost-
effectiveness standpoint, but also from the standpoint of providing an efficient
infrastructure for normal traffic flow. Pavement performance evaluation is central to a
Pavement Management System (PMS) supporting the maintenance decision-making
processes. The highway maintenance level of service (LOS), expressed as a pavement
serviceability rating system, provides definite criteria for maintenance work to define the
way a highway should look or function as a result of the maintenance efforts for the
various levels. Generally, all the roadways or sections are classified into different
service levels based on their physical conditions and operational/delay experience.
Many states use different letters or numbers to describe different LOS, for example, the
Washington Department of Transportation uses a scale of “A” through “F” to represent a
very high LOS to a very low LOS.

The measurement of pavement serviceability has increased in importance since
the concept was developed at the AASHO Road Test (1956-1960). This is because the
pavement condition relates directly to the road users experience and the costs
associated with travel including vehicle operation, delay, and crash expenses. Currently,
the two most popular measures of the pavement condition ratings include: the Present
Serviceability Index (PSI) and the International Roughness Index (IRIl). They provide
universal ways to quantify pavement conditions. The PSI, used in the Present
Serviceability Rating (PSR) system, is a subjective rating index based on a scale of 0 to

5. The IRl measures the cumulative deviation from a smooth surface in inches per mile
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and was adopted by the Federal Highway Administration (FHWA) in 1993 because of its

objectiveness and worldwide popularity. The following section focuses on developments

related with these measurements and the studies reviewed are listed in Table 3.4.

Table 3.4: List of Research Projects on Level of Service

No. Researcher(s) Study Subject Data Scope | Funding Agency
- Indiana

1 Gulen et al. Statistical mOdels of PSl and Indiana Department of

IRI correlation .
Transportation
Al-Omari and Relationships between PSR, .

2 Darter IRI and pavement condition Six states N/A
New PSI model applying Texas

3 Liu and Herman psychophysical law to describe ' N/A

Canada etc.

the human response

4 Liu and Herman

New model linking roadway

' . United States | N/A
profile and vehicle response

Boriboonsomsin
et al.

5 Yuetal IRI thres_hold \{alues for Ioc.:all N/A N/A
roads with various speed limits
Relationship between Metropolitan

6 Mok and Smith Pavement Condition Index California Transportation
(PCIl) and PSR Commission
New pavement performance

Ohio Department

index combined ride quality Ohio of Transportation

with surface distress.

Previous research

showed that subjective ratings such as PSI| could be

reasonably predicted from IRI. Gulen (1994) conducted a study to search statistically

realistic models for PSI and IRI correlation. Ten randomly selected subjects rated one-

mile-long test sections at three roughness levels for both concrete and asphalt

pavements. Two nearly identical cars were used for the PSI rating and each subject

rated the 20 test sections as a driver and as a front-seat passenger. Each rater

assigned a PSI value between 0 and 5 for each test section and marked whether the

ride was acceptable. The IRI of each test section was measured by a van equipped with

non-contact laser sensors. The statistical analyses indicated that the PSI rating

observations were normally distributed, the variances were homogeneous, and the

position of the rater in the car was not significant. Then the average PSI ratings and IRI
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values of the test sections were used for model searches. Simple linear and exponential
models were obtained to fit the data with R? values ranging from 0.8 to 0.95. The
models could simplify the prediction of PSI values from collected IRI data.

Al-Omari and Darter (1994 and 1995) conducted studies to determine the
relationships between PSR, IRI, and pavement condition. The first phase of these
studies concentrated on the development of a relationship between IRl and PSR for
pavement types included in the Highway Performance Monitoring System (HPMS)
database. A predictive model for PSR as a function of profile IRl was developed for
flexible, rigid, and composite (asphalt over concrete) pavements, using the data from
Louisiana, Michigan, New Jersey, New Mexico, Indiana and Ohio. After entering the
data into a Statistical Analysis System, a nonlinear model was found by using
regression analysis to best fit the boundary conditions and actual data. The second
phase of this study focused on the relationship between IRI and various pavement
distress types. In this phase, data from the Long-Term Pavement Performance (LTPP)
database, including IRl and pavement distresses, were analyzed to determine the
relationships of key distress types to IRl and critical levels for rehabilitation. These
results were helpful in the HPMS analytical process to achieve improved and consistent
estimates of the current conditions and to meet future highway pavement rehabilitation
needs.

PSI can be expressed on a scale of 0 to 5 as the sum of a logarithmic function of
slope variance, a quadratic function of mean rut depth, a square root function of cracks
and patches, and a random error term using the AASHO road test data. These

functional forms have been used widely although they yield intercept values for PSI over
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5 and some other nonphysical results for both rigid and flexible pavement. To overcome
these limitations, Liu and Herman (1996) proposed a new methodology dealing with the
test data by applying Fechner’s psychophysical law, which was obeyed by many of the
functional relationships describing human responses to external physical stimuli. The
new PSI model was for both rigid and flexible pavements in terms of simple summations
of the logarithms of roadway surface variables and the results were encouraging from
both physical and analytical points of view. The validation of the model was confirmed
by applying it to explain various types of data sets, e.g., AASHO road test data, Texas
road test data, Canadian road test data, and the international road roughness (IRRE)
experiment.

PSI, with various names such as serviceability index (SI) and riding comfort index
(RCI), has been an important subject for a long time. Other dynamic indexes
characterizing a roadway such as the IRI, averaged rectified slope (ARS), and averaged
rectified speed (ARV) have been proposed and studied. However, the roles played by
these indexes in the interaction between road, vehicle, and human ratings have not
been made clear. Liu and Herman (1997) presented a unified physical model linking the
static profile of a roadway and the dynamic response of a vehicle to the profile of the
serviceability index of the roadway. After analytical expressions for jerk index,
acceleration index, ARV, ARS, and IRI were derived from the developed model in terms
of the physical parameters for the roadway and the dynamic characteristics of a vehicle,
a linear model relating the PSI to the logarithm of the jerk index was developed. This
model was later linked to a roadway profile and vehicle dynamics in response to the

profile of the human ratings. It was shown that in a moving vehicle the user-sensitive
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quantity was the vertical jerk experienced by users in the vehicle. The linear functional
form of PSI was verified by applying a total of 74 profile datasets collected for an
NCHRP project (1988). Other dynamic indexes were analyzed with the same method
and the results indicated that the model correctly predicted and explained the human
rating of ride quality and the jerk experienced by raters in a moving vehicle.

As a road roughness index, IRl has been used on highways for nearly two
decades, but it is not applicable to local streets. Since vehicle speeds are lower on local
streets, a comfortable ride can still be achieved at higher IRl values. Yu (2006)
conducted a study to determine the acceptable IRI threshold values for local streets with
various speed limits. The researchers found that human ratings depended linearly on
the logarithm of the rate of change of the vertical acceleration, namely jerk or jolt,
experienced by the raters. By analyzing the IRI records in the LTPP database and the
corresponding calculated jerks, the authors found that jerk was linearly proportional to
IRl of a given speed and approximately linearly proportional to the travel speed for a
given IRI. By further assuming that the same jerk would lead to the same ride quality
and interstate highways were operated at 120 km/h (75 mph), the researchers used the
jerk corresponding to the IRI thresholds set by FHWA for highways to develop speed-
related ride quality thresholds at different travel speeds. Such IRl threshold values
would be useful for local pavement management officials to objectively compare the ride
quality of streets with different speed limits.

Instead of the national basis, specific pavement performance measures need to
be identified by highway agencies in order to meet specific policy goals or objectives.

The Bay Area pavement condition index (PCI) is the primary condition measure in the
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PMS used by the San Francisco Bay Area Metropolitan Transportation Commission
(MTC) in Oakland, CA, which is based on distress types, severities, and quantities.
However, the local agencies that use the Bay Area PMS have to frequently submit PSR
data for a sample of their network as well as for use in the HPMS, a database used by
FHWA, to support the decision-making process on highway matters on a nationwide
level. Mok and Smith (1997) conducted a study to develop mathematical models to
relate the PCI used in the Bay Area PMS to the PSR for FHWA’s HPMS reports.
Regression equations were developed to predict the PSR values from Bay Area PCI
values and subcomponents of the PCI. These equations had R? values that showed
moderate to strong relationships between the HPMS PSR and the MTC PCI. They
provided reasonable values at or near the boundaries of the PSR scale. The local
agencies using the Bay Area PMS could use these equations to estimate a PSR value
from the PCI data without inspecting pavement sections a second time.

Some states have started using a combination of visible surface distress and ride
quality, instead of being based on only one of them, to better rate pavement conditions.
Boriboonsomsin (2006) developed a new performance index that incorporated aspects
of ride quality together with surface distress. The proposed index, named the Pavement
Quality Index (PQl), combined the IRI and the Pavement Condition Rating (PCR). The
latter was based on surface distress and had currently been used by the Ohio
Department of Transportation (ODOT) for project selection. The new index was a
natural extension of a growing trend that transportation agencies have been placing
increased emphasis on customer satisfaction and introducing performance-based

specifications. Another advantage of this new index was that, it did not require any new
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measurements or methods; rather, it simply utilized procedures that were already in
place and well established in Ohio.

3.3.3 Maintenance Costs

A total of about 4,000,000 miles of roads, including 46,572 miles of Interstate
highways and over 100,000 miles of other national highways, form the backbone of the
United States highway infrastructure. Careful planning considerations and wise
investment decisions are necessary for the maintenance of the nation’s massive
infrastructure to support the level of operations and provide a satisfied degree of
serviceability. Studies have found that trucks place heavy loads on pavement, which
leads to significant road damage, therefore resulting in increased highway maintenance
costs nationwide. Several studies addressing this issue are summarized in this section,

as listed in Table 3.5.

Table 3.5: List of Research Projects on Maintenance Costs

No. | Researcher(s) Study Subject Study Scope Funding Agency
Infrastructure costs New Jersey
1 Boile et al. associated with heavy New Jersey Department of
vehicles Transportation
Road wear cost for thin (A;L;sstgg?ac:ison of state
2 | Martin bituminous-surfaced Australia
: and federal road
arterial roads .
agencies)
Pavement cost changes in .
: : Ontario,
3 | Hajek et al. new regulations of truck N/A
. . : Canada
weights and dimensions
Road damage costs
4 | Babcock et al related to the Western and Kansas Department
| abandonment of shortline central Kansas | of Transportation
railroads
Road damage costs Washington
5 | Lenzietal. resulting from drawdown Washington Department of
of the lower Snake River. Transportation
Road damage costs South and
related to the Kansas Department
6 | Russell et al. . western :
abandonment of railroad K of Transportation
. ansas
branchline
Road damage cost Washington
7 | Tolliver et al. associated with the loss of | Washington Department of
rail service Transportation
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Boile (2001) conducted a study on infrastructure costs attributable to heavy
vehicles. The first objective of this study was to review literature and determine the
availability of methods for estimating highway maintenance costs attributable to bus and
truck traffic in New Jersey, along with the availability of existing data. The second
objective was to determine the existence and availability of methodologies to estimate
the impact of different types of buses on the highway infrastructure. Two broad areas of
related literature were reviewed in the study: the first , highway cost allocation studies,
dealt with estimating highway related costs attributable to heavy vehicles; and the
second dealt with the development of models to estimate pavement deterioration as a
result of vehicle-pavement interactions. The currently existing highway cost allocation
studies can be categorized into four groups: cost-occasioned approaches, benefit-
based approaches, marginal cost approaches, and incremental approaches. A federal,
as well as several state highway cost allocation studies, were reviewed in this research
and all of them used cost-occasioned approaches. The approaches used in these
studies varied in data requirements, ease of use and update, and output detail.
Regarding pavement deterioration estimation, several types of models have been
developed for flexible and rigid pavements including statistical models, subjective
models, empirical deterioration models, mechanistic/empirical models, and mechanized
models. The authors reviewed several new models and software packages in the
following subsections to demonstrate how pavement deterioration models work. After
the review on these two broad subjects, the researchers then further reviewed the
literature addressing bus impact on pavements. Finally, the researchers concluded that:

1) performing a cost allocation study would be highly recommended since it could help
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develop a clear picture of the cost responsibility of each vehicle class and decide
whether changes need to be made in order to charge each vehicle class its fair share of
cost responsibility. 2) Two of the statewide cost allocation approaches might provide
useful guidelines in developing a relatively easy to use and updated model. This
research also presented a proposed method for estimating bus impacts on New Jersey
highways, which was based on estimates of ESALs with a step-by-step guide on how to
apply this method.

The load-related road wear is considered to be an approximation for the marginal
cost of road damage. Due to their high axle loads, heavy vehicles are considered to be
primarily responsible for road wear. Martin (2002) estimated the road wear cost for thin
bituminous-surfaced arterial roads in Australia were based on the following two
approaches: 1) a statistical relationship between the road maintenance costs and a
heavy-vehicle road-use variable; and 2) a pavement deterioration model that estimated
the portion of load-related road wear based on pavement deterioration predictions for
thin bituminous-surfaced granular pavements. The data used in this study were
collected from the following sources covering all Australian states: 1) 255 arterial road
samples, composed of 171 rural and 84 urban samples, varying in average length from
30 km (18.6 miles) (rural) to 0.15 km (0.09 miles) (urban); 2) three years of maintenance
expenditure data in estimating the annual average maintenance cost at each road
sample; and 3) estimates of road use at each road sample. The study found that the
recent estimates for road wear cost varied from 55% to 65% attributable to heavy

vehicles for the average level of traffic loading on the bituminous surfaced arterial road
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network of Australia. The researchers suggested that the fourth power law-based ESAL
road-use variable could be used for attributing the road wear costs.

Hajek (1998) developed a marginal cost method for estimating the pavement
cost from proposed changes in regulations governing truck weights and dimensions in
Ontario, Canada. The procedure was part of a comprehensive study undertaken by the
Ontario Ministry of Transportation in response to government and industry initiatives to
harmonize Ontario’s truck regulations with those in surrounding jurisdictions. The study
investigated the individual impacts of four proposed alternative regulatory scenarios.
The differences between the scenarios were relatively small and were directed only at
trucks with six or more axles. The procedure for assessing pavement costs consisted of
three phases: 1) identification of new traffic streams; 2) allocation of new traffic streams
to the highway system; and 3) cost impact of new traffic streams on the pavement
network. The marginal pavement cost of truck damage was defined as a unit cost of
providing pavement structure for one additional passage of a unit truckload (expressed
as ESAL). The marginal pavement costs were calculated as annualized life-cycle costs
and expressed as equivalent uniform annual costs (EUACs). The study concluded that:
1) the marginal cost method could be used to quantify relatively minor changes in axle
weights and pavement damage caused by any axle load, or axle load arrangement for
both new and in-service pavements; and 2) the highway type (or truck volumes
associated with the highway type) had a major influence on marginal cost.

Babcock (2003) conducted a study to estimate the road damage costs caused by
increased truck traffic resulting from the proposed abandonment of shortline railroads

serving western and central Kansas. The study area included the western two-thirds of
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the state. The four shortlines assumed to be abandoned were: the Central Kansas
Railroad (CKR), the Kyle Railroad, the Cimarron Valley Railroad (CVR), and the
Nebraska, Kansas and Colorado Railnet (NKC). Their objective was achieved in three
steps. First, a transportation cost model was developed to compute how many wheat
car loadings occurred at each station on each of the four-shortline railroads in the study
area. Then, the shortline railroad car loadings at each station were converted to
truckloads at a ratio of one carload equal to four truckloads. Finally, a pavement
damage model presented by Tolliver (2000) was employed to calculate the additional
damage costs for county and state roads attributable to the increased grain trucking due
to shortline abandonment. The study also used a time decay model and an ESAL model
to examine how increased truck traffic affected pavement service life. Pavement data
inputs required by the models used in this study included designation as U.S., Kansas,
or Interstate highway, transportation route number, beginning and ending points of
highway segments by street, mile marker, or other landmarks, length of pavement
segment, soil support values, pavement structural numbers, annual 18-kip traffic loads,
and remaining 18-kip traffic loads until substantial maintenance or reconstruction. These
data were obtained from the KDOT CANSYS database. The road damage cost resulting
from abandonment of the study area short line railroads could be divided into two parts:
phase | impact generated by truck transportation of wheat from farms to county
elevators; and phase Il impact as the road damage costs of truck transportation of
wheat from county elevators to shuttle train stations and terminal elevators. The study
found that the shortline railroad system in the study area annually saved Kansas $57.8

million in road damage costs.
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In eastern Washington, grain shippers were utilizing the Lower Snake River for
inexpensive grain transportation. However, the longer truck-barge grain transportation
resulted in higher damage costs for the principal highways in this geographical area.
Lenzi (1996) conducted a study to estimate the deduction of the state and county road
damage costs in Washington from a proposed drawdown of the Lower Snake River.
The researchers proposed two potential drawdown scenarios. Scenario | assumed that
the duration of drawdown was from April 15 to June 15; and scenario Il assumed that
the duration of the drawdown was from April 15 to August 15. During the drawdown,
trucking would be the only assumed shipping mode to the nearest elevators with rail
service. Since the average length of haul for a truck was estimated as 15 miles
compared with 45 miles for truck-barge movements, the shifting from truck-barge mode
to truck-only mode would result in less truck miles traveled and thus would cause a
significant reduction of highway damage. Based on a series of assumptions suggested
by similar studies, the total road damage costs before the Lower Snake River drawdown
was estimated as $1,257,080. The road damage cost after the scenario | drawdown
was calculated in a similar manner as $459,770, or 63% less than the pre-drawdown
cost. For scenario Il, the drawdown was estimated to be able to reduce road damage
costs by $1,225,540, or 63% than the pre-drawdown costs which was estimated as
$3,352,240. The researchers concluded that with adequate rail car supply, both
drawdown scenarios would decrease the system-wide highway damage costs although
certain roadways might experience accelerated damages.

Russell (1996) conducted a study to estimate potential road damage costs

resulting from hypothetical abandonment of 800 miles of railroad branchline in south
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central and western Kansas. First, the researchers adopted a network model developed
by Chow (1985) to measure changes in grain transportation due to railroad
abandonment. The model contained 400 simulated farms. The objective function of this
model was to minimize the total transport cost of moving Kansas wheat from the
simulated farms to county elevators, then from county elevators to Kansas terminals,
and then from Kansas terminals to export terminals in Houston, TX. The model was
employed for both the base case (Truck and railroad wheat movements assuming no
abandonment of branchlines) and the study case (after the abandonment of
branchilines). Then the researchers measured the pavement life of each highway
segment in ESALs using HPMS pavement functions. Finally, they estimated road
damage in ESALs for each type of truck by using the AASHTO traffic equivalency
functions. Results indicated that farm-to-elevator road damage costs before
abandonment totaled $638,613 and these costs increased by $273,359 after
abandonment. Elevator-to-terminal road damage costs before the abandonment were
$1,451,494 and increased by $731,231 after the abandonment. Thus the total
abandonment related road damage costs added up to $1,004,590.

Tolliver (1994) developed a method to measure road damage cost associated
with the decline or loss of rail service in Washington. Three potential scenarios were
assumed in the study: 1) the system wide loss of mainline rail services in Washington;
2) the loss of all branchline rail service in Washington; and 3) all growth in port traffic
was diverted to trucks due to potential railroad mainline capacity constraints. The study
used AASHTO procedures to estimate pavement deterioration rates and HPMS

damage functions to measure the pavement life of highway segments in ESALs. The
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research objective was achieved in the following steps: 1) defining the maximum
feasible life of an impacted pavement in years, 2) determining the life of a pavement in
terms of traffic by using a standard measurement of ESALs, 3) computing the loss of
PSR from a time decay function for a typical design performance period, 4) calculating
an average cost per ESAL, and 5) computing the avoidable road damage cost if the
railroads were not abandoned. For scenario 1), the researchers estimated that the
incremental annual pavement resurfacing cost would be $65 million and annual
pavement reconstruction cost would be $219.6 million. For scenario 2), the study found
that the annual resurfacing costs ranged from $17.4 to $28.5 million and the annual
reconstruction cost varied from $63.3 million to $104 million with different truck
configurations. In scenario 3), the incremental annual pavement resurfacing costs would
be $63.3 million and the annual reconstruction cost was $227.5 million.
3.4 CHAPTER SUMMARY

Chapter 2 is the literature review portion of this report. The purpose of this
chapter was to become acquainted with the meat processing and related industries and
the transportation modes used for these industries. It gives background information on
the state of practices of the meat processing industry, feed yards, and grain
components. The background information for these industries includes the basic inputs
for the industries and how they are interconnected. This chapter also includes
background information on the different transportation modes used in these industries,
such as the railroad, trucking, and intermodal industries. The background in these
sections includes a brief history, the components which make up each mode, and the

advantages and disadvantages of each. The final section of the chapter is a review of
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highway and bridge maintenance. This section gives an overview of highway and bridge
maintenance by reviewing past research projects on the causes of highway and bridge
maintenance, differences between levels of service for highway and bridge
maintenance, and the costs of highway and bridge maintenance. This chapter leads into
Chapter 3 on data collection and gives the research team an idea of what information is

needed to achieve the objectives of the project.
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Chapter Four - DATA COLLECTION

41 DATA COLLECTION PROCEDURE

In order to thoroughly understand the meat processing industry, the research
team conducted visits to the four major components of the industry. These industries
are feed yards, meat processors, trucking carriers, and railroads. These industries are
either direct participants in the preparation of the final products (i.e., beef and other
meat related products) or are the transportation providers that are most widely utilized
to transport these products.

The first site visit involved becoming familiar with the industry’s background
which prompted the need to account for the quantities of feed grain transported apart
from considering the population of cattle, beef and beef byproducts transported in and
out of the region. However, the second site visit involved acquiring more specific
information from the packers and trucking carriers. Future growth projection trends were
also researched by visiting the Grant County Chamber of Commerce in Ulysses, KS.

Apart from the two site visits to these industries, data collection also involved
local site visits to the Kansas Livestock Association (KLA) and the Kansas Motor Carrier
Association (KMCA), phone interviews with BNSF Railway, Union Pacific (UP),
Kindsvater Trucking, and Tyson Fresh Meats and a literature search on websites,
research reports, and other publications.

4.2 PRELIMINARY DATA COLLECTION
Prior to the two visits to the southwest Kansas region, feed yard information was

collected by conducting a search over the Internet and from information received from
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the Kansas Department of Health and Environment (KDHE, 2006). Below is the
feedyard information that was collected:

e Facility name;

e Location address;

e Location city;

e County;

e Latitude and longitude;

e Type of cattle — finished; feeder

e Type of operation — finishing feedlot, cow-calf, starter feedlot

Figure 4.1 presents feed yards in Kansas, while Figure 4.2 shows feed yards in
southwest Kansas. Figures 4.3 and 4.4 indicate the highway and railroad network along
with feed yards in the entire state of Kansas and the southwest Kansas region,
respectively. The detailed description of feed yards is included in Appendix IV. The
highway and railroad network data file covering the Kansas region shown in the figures
was acquired through a database from KDOT.

The remainder of this chapter explains the data obtained from the two site visits
in southwest Kansas, local site visits, and phone interviews which were later used for
analyzing the traffic volumes due to the meat processing industry and related industries.
4.3 FIRST SITE VISIT

The first site visit involved interviewing officials from 9 different organizations.
Table 4.1 describes the first site visit that was conducted between August 1 and 4,
2005. The first site visit was very informative for the research team. Data collected from

these visits gave an estimation on the amounts of imports and exports (by rail and truck)
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in the southwest Kansas region in regards to the quantities used for feeding cattle along
with issues on current transportation modes and projections for the future growth of

these industries. See Appendix | for the first site visit minutes.
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Table 4.1: First Site Visit to Southwest Kansas (Aug 1 — 4, 2005)

Company Name | Location Contact Date & Time
Tyson Prepared
Foods (End Product Hutchinson Ron Blank, Plant Manager Aug 1l @ 2:00 pm
Users)

Cimarron Valley . .
Railroad (Railroad) Satanta Henry Hail, General Manager Aug 2 @ 12:30 pm

Cattle Empire Cory Kinsley, Risk Management )
LLC (Feed Yard) Satanta Director Aug 2 @ 3:00 pm
Larry Thompson, Ron Hall, Dale
KDOT, District 6 Garden City Luedke, Kirk Hutchinson, Chuck Aug 3 @ 9:00 am
Oldaker, Ron Berglund

Garden City

Western Railway Garden City Kelly Chopp, General Manager Aug 3 @ 2:00 pm
(Railroad)

WindRiver Charlie Sauerwein, Grain Merchant;

Grain LLC Garden City Kammi Schwarting, Financial Aug 3 @ 4:30 pm

(Feed Yard) Manager

Irsik & Doll . John Petz, President & CEO; Jon )

(Feed Yard) Cimarron Heiman, Cattle Risk Manager Aug 4 @ 9:00 am
Excel Corporation Dodge City Dan Schnitker, Vice President & Aug 4 @ 1:30 pm

(Processors) General Manager

Stephen Muncy, Trainmaster; Dennis

BNSF (Railroad) Dodge City Mustoe, Superintendent of Operations

Aug 4 @ 3:30 pm

4.4  SECOND SITE VISIT

The second site visit focused on acquiring approximate production rates at three
of the four biggest meat processing facilities in the southwest Kansas region. This
research focused on the four major meat (beef) processing facilities in the southwest
Kansas region as mentioned in Section 1.3. Data collection also involved interviews with
individuals in the trucking industry and at the Grant County Chamber of Commerce
regarding any future industry developments in the southwest Kansas area. Table 4.2
presents a description of the second site visit that was conducted between May 22 and

24, 2006.
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Table 4.2: Second Site Visit to Southwest Kansas (May 22 — 24, 2006)

Company Name Location Contact Date & Time
) Carey Hoskinson,
National Beef Dodge City Vice President & May 22 @ 10:00 am
(Procssor)
General Manager
Kindsvater Trucking . Dennis Kindsvater, )
(Trucking) Dodge City Owner May 22 @ 2:00 pm
Excel Corporation . Jane Westerman, i
(Proceesor) Dodge City Fleet Manager May 23 @ 10:00 am
National Carriers Fred Mull,
. Liberal Livestock Division May 23 @ 3:00 pm
(Trucking)
Manager
National Beef . Mike King, Head of )
(Processor) Liberal Transportation May 24 @ 10:00 am
Grant County Gene Péi%';zfrtr;i?ead of
Chamber of Ulysses Development for Grant May 24 @ 1:30 pm
Commerce
County

The detailed minutes of the second site visit are presented in Appendix Il. Table
4.3 presents an inventory of the data collected from the second site visit. The following
is the general information that was collected from meat processors in the southwest
Kansas region:
o The average number of finished cattle that can be accommodated in a truck
(average weight of a truckload is 54,000 Ibs.) is 45;
o The weight of cattle at the time of processing is approximately 1,200 Ibs. with
about 720 Ibs. being red meat and 480 Ibs. being byproduct;
. Most of the packers kill 6 days a week depending on the market conditions.
However, the beef is transported 7 days a week;
o The typical size of a trailer is the same for incoming cattle and outgoing beef,

which is 53 feet;
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. The quantity of boxed beef loaded per truck is 40,000 — 42,000 Ibs.
. The boxed beef calculations are calculated according to the number of trucks

and the average load of boxed beef per truck.

Table 4.3: Raw Data Inventory from Second Site Visit

National Beef, Excel Corp., National Beef,
Item Dodge City Dodge City Liberal
Kill Capacity of Cattle 5,800 6,000 6,000
per day
-(I;:\l:)CkS of Cattle per day 130 140 110
Head of cattle per truck 40 40 50
Pounds of Boxed Beef per
day (OUT) 3,900,000 4,200,000 4,125,000
Trucks of Boxed Beef per
4

day (OUT) 88 9 93
Trucks of Supplies per

2 2 2
day (IN) 0 0 °
Trucks of Byproducts per
day (OUT) 4 7 6
Railroad Cars (only
byproducts) per day 4 7 6
(OUT)

Note: Trucks of boxed beef = Boxed Beef (Ibs.) / Average weight of a truckload (44,500 Ibs.)

Apart from the data collected from the meat processors, the Grant County
Chamber of Commerce in Ulysses, KS, anticipates increased traffic due to various
developments taking place in the southwest Kansas region due to the thriving cattle
feed industry. One of the developments may be an agriplex facility in Ulysses, KS,
which will integrate one large ethanol plant with several small ethanol plants on local

feed yards, a milk processing plant, and possibly a cheese factory.
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o It is anticipated to have about 120 trucks of grain in and 150 trucks of distiller's
grain and ethanol going out per day respectively with only about 30,000 Ibs. of grain
coming in on rail for the ethanol plant.
J With the rise of the dairy cattle industry, there will be a growth in the number of
trucks transporting milk to the processing plant in turn elevating the truck traffic due to
the transporting of milk products.
45 LOCAL SITE VISITS

The research team conducted a few interviews apart from the two site visits to
the southwest Kansas region. The first interview conducted for the data collection task
was with Dennis Kindsvater, Owner of Kindsvater Trucking. The interview was about
general information with almost no exact data being discussed. However, the interview
helped to direct the research team to possible sources for collecting data. Table 4.4

presents the description of the local site interview visits conducted.

Table 4.4: Interview Visits

Organization Name [Interview Type Contact Date & Time
Kansas Livestock Personal Visit in Rich McKee, June 15, 2006
Association (KLA) Topeka KS Senior Vice President @ 2:00 pm
Kf';lnsas Mo_tor_ Personal Visit G_ary Davenport, July 6, 2006
Carr