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Abstract:

This research analyzes alternative rail based grain distribution systems in the Golden Triangle Area.
The objective was to determine the distribution system which minimized the cost of marketing the
grain sale for this major grain producing area in Montana.

A multi-stage transshipment model was developed which estimated the total cost and the optimal grain
shipment patterns for rail based distribution systems. The sizes of the rail shipments included in the
various systems were single-, 10-, 25-car, and 50-car.

The results of the analysis indicated the 50-car system with a large percentage of the grain assembled at
subterminals had the lowest total cost. It was concluded that distribution systems for the region with
multiple-car rail shipments incorporated for moving grain to market had a cost advantage.
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ABSTRACT

This research analyzes alternative rail based grain distribution
systems in the Golden Triangle Area. The objective was to determine
the distribution system which minimized the cost of marketing the
grain sale for this major grain producing area in Montana.

A multi-stage transshipment model was developed which estimated
the total cost and the optimal grain shipment patterns for rail based
distribution systems. The sizes of the rail shipments included in
the various systems were single-, 10-, 25-car, and 50-car.

The results of the analysis indicated the 50-car system with a
large percentage of the grain assembled at subterminals had the .lowest
total cost. - It was concluded that distribution systems for the
region with multiple~car rail shipments incorporated for moving grain
to market had a cost advantage.




Chapter 1
" INTRODUCTION

Montana produceu 156 million bushels of wheat and 51 million
bushels of barley in 1975; placing Montana fourth for wheat productlon‘
and third for barley production in the Un;ted States. 'In,l974—75?3
92fpercent of the wheat and 74 percent of the barley'érown in Montana
uas.shipped to West Coast markets intPortland and Seattle. Slnce most.:
‘of‘Montana's grain markets.are on the West Coast, transporting this
grain over 700.niles to market is costly. Before the August 1976,
) ra11 rate 1ncrease, the transportatlon cost from Great Falls to the
-West-Coast accounted for 19 percent of the farm‘value for wheat and
_?4 percent of the farm value for barley. (17) Any effort to keep"
this marketing cost down will be an important step toward keehing
Montana farm incomes up.-
| ‘The feasible methods used,tor shipping Montana grain. to marhet

-are rail, truck, and truck-barge. In-1970-71 about 30 percent ot_the'
. wheat shipped out.of Montana was moved by truck. This flgure dropped
to. 16 percent in 1972—73, resulting from rail rate reductions wh1ch
made trucking grain relatively less attractive. - In 1971 72 over half
"of‘the barley marketed out of state was moved by truck while in 1973-74
‘this figure aropped to 22 percent. Thus, less grain is shipped by

truck and rail transportation is occuuylng a more important,place'in‘




the Montana g;éiﬁ;industfy. a7y

| A multiplé—car‘rail system has a ﬁosf advantage over a éingle—car
" rail éystem; (7). Montana has a single-car rail system. In some
stafes a mﬁltiple—car rail system has been introduced with gréin
elevators paying a lower multiple-car rate if a épecified number éf
cars afe shipped in one day.

Due to insufficient storage and loading capabilities, most-grain;

elevators in Montana would be‘unablé to take advantage of multiple-
. car rate;.‘ Investment to qurade faciiities muéf occur before elgya?;
tors can take adﬁantage of multiple;céy rates. ‘As the grain 1ogdihg
faciiity‘gets larger, ééonomiesvof scale occur andimarketiﬁg costs
décréase. However, the larger the facility thé larger tﬁe.inﬁeétment‘
cbsf becomes. The optimal balance betwéen increasing‘investment
‘costs and dgcréasing marketing cbsts would be valuable informatioﬁ

" as multiple—car grain loading.facilities are constructed.

Objecfive
: The objeclive of this sfudy was to determine the optimal grain
distribution system which minimiéed the cost of marketing-graip
produced in_a major grain'producing'érea in Montana. The gréin'
Iﬁarketing syéteﬁ.for the selected region is describedlin terms éf;
a; The number, iQCation, and caﬁécity'of subterminal eleﬁatogé

in the area.
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b. The fiﬁal destination of the region's grain.
c. The transportation network serving the region; iﬁcluding
w_rail,‘water, and highways, in terms'of shipper access points,:
términﬁl.locations, iines‘and roqtes,'and aﬁoﬁnt of grain
éérriéd in each vehicle éype and mode.

The last section of this chapter deals with previous research in
agricultural marketing systems. The method of analysis uséd in this
research is presénted in Chapter 2. Chapter 3 éescribes the procedufes
used in cqllecting the data aﬁd estimating fhe cost functions ﬁsed in
the model. fhe results of the study are in Chapter 4§§ith'a ;ummarf

and conclusions in Chapter 5.

.Previoﬁs Research

Ihis:analysis of alternative grain tfansportation:systéms ﬁas
bgen Compiéted in~other states but not.1n Montana. The most widely
kﬁowp and detaiied'study of this type is "An Economic Analysis of
‘Alternétive Grain Traﬁéportation Systems: A Case Study":done at
Ioﬁa‘State University. _That study

presents the results of research conducted to determine
which grain transportation system would yeild highest net '
income in a 6 1/2-county. area around Fort Dodge, Iowa.
Transportation alternatives considered include the tradi- .
ditional single-car rail system, multiple rail car shipments
of 3, 50, 80, and 115 cars, truck, truck-barge, and rail

. barge. It was assumed that subterminals would be required
to load. the shipments of 50 cars or more. Also, alterna-.
tive rail line options were considered. . . . Total




4

investment requirements were estimated for:sélected graiﬁ T

distributing systems. The evaluated alternatives were

ranked in terms of total joint net income, investment

requiremen?s. (2)
Other studies dealing with grain trangportation systems which relied
heaﬁily on the method of analysis gsed in this I;wa State Univeréity
study were completed for Missouri (27), Indiana (10),.and N;bragka'
l(l). A;l previous cited’spudies found mu;tiﬁle—car,rail systems had
a cost advantage over single-car rail systems.

"The research was partially based on the techniques used'in the
Iowa State University study. However, this research differs since
the optimal grain transportation system was selected on the basis
of minimum total cost. This eliminated the need for futuré érain
prices in the model."Aléo, thé scope of this research was limited.
’No éltérhafive ralil line options weré considered and the'pointé of
origin for the grain trasnportation systém were country elevatorsﬂ
éince cqgntry elevators located in the same towns were assumed nst to
lcéoperate with each other; new grain-lbading facilities called sub~
terminals were required to load multiple-car shipments of 25 and_
50 cars.

' Two alternative methods of analysis have been developed wﬁich

’incérporate 0,1 integers to represeﬁt subterminals., The‘first app;oach

_ is Network Programming and was developed at Texas A & M University (8);

the secoﬁd, developed at Purdue Universify 10, uses Bender's
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Decomposition to solve the mixed Integer problem., Before these two
techniques were developed, mixed integers in a subterminal location.

problem would have made a solution costly -and time consuming.




Chaptér 2
METHODOLOGY

The first part of this Chapter describes the structure
of the model used in this research while the mathematical model is

presented in the second part.

Description of Model

The method of.gnélysis used in this research is based on a
transshipment plant location model. (3) Thds ﬁodel deter-
mineS’the'oppimgl size, number, and location of grain handling plaﬂts
for a ten county area in Montana under alternative fail—bgsed grain
distribution systems. Thé‘objective‘funétion minimized qil the
“transportation, handling, and facility investment costs for'moving.
4 speéified amount of grain from elevators to final markets under
the constraints of partial -equilibrium in the grain industry. (2)

l‘ The altefnative gfapsportation patterns for grain considered in
this research were from country elevators to various finéltmarkets
throﬁgh'subterminals or‘from country elevato;s direétly‘to final
markets. The modes of-£ran3pqrtation‘available for this éréin move-
ment were'réil, truck, and tfuck—barge. All costs associated Qith
grain movement Qere incorporated into the modelf A visual

representation of the model is shown in Figure 2-~1.
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The seléction~of the optimal grain distribution system was based
on a cost comparison. The total marketing costs for the alternative
systems including all combinations of numbers and locations for sub-
terminals were estimated. The number of subterminals rangea from
one to twelve, with the optimal system having the lowest total

marketing cost.

The cost for transporting grain from country elevators to market
included the transportation cost for shipping grain and the grain
handling cost at country elevators. The costs for transporting grain
from country elevators to market through subterminals were the cost
of shipping grain from country elevators to subterminals, the grain
handling cost at copntry_elevators, the shipping cqst for moving grain
from subterminals to market, the.grain handling cost at subterminals,
and the subterminal investment costs. Subterminals had lower
handling costs than country elevatorsand could obfain lower multiple-
car rail rétes for shipping graiﬁ to market. 'In some cases, this may
mean that shipping grain from country elevétoré directly to market
costs more than shippipg grain from country elevators to market
through subterminalsﬂ

This study area contained 56 grain shipping origins which have
one or more country elevators. The shipping origins are shown in

Figure 2-2.
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Commercial grain sales for 1990 from shipping origins included
wheat and barley. The oats produced in the region were assumed to
be sold locally. This study examines one time feriod extending from

July 1 to June 30.

_Sﬁipping Origins and Markets

The study area was a ten county fegion‘in northcentral Montana.
This region included -the foilowing counties: Toole, Pondera, Teton,
Chouteau, Cascade, -Judith Basin, Fergus, Blaine; Hill, and Liberty.
Thié region is a major grain producing area in Montana and will be.
referred to as the Golden Triéngle Area. In 1975, these ten counties
produced 50 percent of the grain gro&n in Montana. The time horizop
over which this comparison of grain distribution system extends was
ﬁp to 1950.

The three final markéts‘for Montana grain are Seattle, Portland,
and Minneapolis. Seattle and Portland are export or domestic markets-

while Minneapolis represents a domestic market..

Grain Transportatiqn Activities

Country elevators could ship grain.to subtérminals by truck or
to final markets by single-car rail shiﬁment or truck-barge. Suﬁ—'
terminals could ship grain to final markets by multiple-car rail
shipment, truck, or truck-barge. Country elevators could not take

advantage of multiple-car rail shipments because inadequaté facilities




® Country elevator
locations
<:>Potential subter-
minal locations
— Highway

Figure 2.2, Location of the highway system, country elevators,

and potential subterminals, Golden Triangle Area, 1976.
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rendered them incapaﬁlérof handling in one day the large amounts of
grain moved with multipie-car shipments. Thué, the three alternative
routes for grain transportation from a point of origin to a final
ma?ket were assumgd as follows:

i. Country elevator to final market using truck, truck-barge
or single car rail shipment.

2. C&untry elevator to subterminal using truck shipment; then
subterminal to final market using truck-barge or multiple
car rail shipment.

3. Subterminal to final market using truck-barge or multiple
car shipment.

There were no published ratés for shipping grain by truck in
the area. Thus, a model for a tractor-semi-trailer operation which
_ can haul 850 bushels in one load was used in éstimating the cost per
mile for trucking wheat and barley. The location of the highway
system, country elevators, and potential subterminals for the Goldeq
Triangle Area is presented in Figure 2-2,

The Burlington~Northern and the Chicago, Milwaukee, St. Paul,
and Pacific Railroad (known as the Milwaukee) handle grain
éhipped out of the Golden Triangle Area by rail. The location pf
the rail line syétem with country elevator and potential subterminal

.locations indicated is shown in Figure 2-3.
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O ) ® Country elevator
locations
(:) Potential subter-
minal locations
Rail line

Figure 2.3 Location of the rail line system, country elevator, and

potential subterminals, Golden Triangle Area, 1976.
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Single-car rail rates were available, but multiple-car rates
were estimated. The variable rail costs were basically extrapolated
from railroad cost scales published by the Interstate Commerce
Commission. Variable rail costs rather than fully allocated costs
were used because variable costs are more commonly used as a cost
criteria for rail car operation than fully allocated cost. 1If each
individual haul does not cover its variable cost, it should nbt be
undertaken. A ratio éf single—caf rate to the single-car cost was
used to derive multiple—-car rates from multiple-car costs. The
procedure used in these computations is presemnted in Chapter 3.

The alternative sizes of multiple—car shipments analyzed in this
study are 10-car, 25-car, and 50-car. The multiple car shipments can
be divided into three different types, depending upon the agreement
between the shipper and the railroad. They are full train, random
shipmént,.and scheduled train. A full train is defined as a group of
éars of sufficient number to‘move_from the origin to the destination
and back as a through train. It was assumed 50 cars is the minimum
ndmber satisfying this.definition. A random shipment is one which is
scheduled at the discretion of the shipper. A scheduled train is
defined as one which operates continuously, making round trips to a
destinafion 6n a year round basis. This study assumed a 50-car
shipment can be a full train or random shipmeﬁt while 10-car and

25-car shipments are random shipments.
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" The water access points in the tfuck—barge system along the
Columbia-Snake River System are Lewiston, Idaho; Centrgl Fefry, and
Pasco, Washington. Trucks move grain to these water access points,
then.grain is shipped by barge to port elevators in LonéView, Kalama,

Vancouver, and Portland. The bafges are operated by Tidewater,

Krappton, Shaver, and Columbia Marine Lines. There are rail lines to

Lewiston and to the area around Pasco making rail-barge shippﬁent
possible. quevef, in 1976, no grain was moved in this manner. (17)
~There were no published barge rates for_shipping grain. The
rates used in the model were estimated based on a barge méasﬁring
242" x 42" x 16.1/2'. The methodology used in estimating barge

transportation cost is presented in Chapter 3.

Handling and Investment Cost
The cost associated with moving grain through an elevator is-

divided into two parts; 1) the total annual cost of building or .

enlarging an elevator;-and 2) the variable handling costs of receiv-

ing, storing, ahd-loading out grain at elevators; The variable .
" handling costs differ for countfy elevato?s versus those for sub-
terminal elevators. Thé costs associlated with reéeiving and
loading out grain vary with the mode of transportation used for
éhipping. (2)

Country elevators require a certain minimum capacity of -
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facilities to perfdrm the functions of a country elevator. However,
subterminals require a greater minimum capacity of facilities than
countfy-elevétors require. Since'subterminals ganvreceive grain frbm'
farmers and countr& elevators to loéd multiple—~car trains,'subter— |
minals require greater receiving, stérage and load-out capacity.

Thus, because of these minimum capacity requirements of elevators and
the indivisibilities of construction, total elevator expansion or
construction costs vary by elevator.éize. (2)

Country elevators .existing at the beginning of the planning
horizon may stay in use or may be expanded into subterminals while
some new subterminals-may.be const?ué£ed. Before any elevator can
expand or additional facilities can be constructed, the storage
facilities of ekisting elevators must be used to capacity. This
accounts for: l) the sunk cost of exiéting facilities that affect the
actual cost of expansion; and, 2) the preference of some producers to
deal with local elevators. Thus, expansion and/or construction
costs vary with the location and size 6f existing facilities. (2)

A description of the facilities at the beginning of the planning
horizon, 1976, was necessary to determine the additional investment '
required to implement the various marketing systems. The methods
and procedurgs used in determining handling and investment costs

are presented in Chapter 3.
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The Mathematical Model

The objective of the model, expressed algebraically, is to find

grain distribution system which will minimize cost:
(2-1) 2 =z¢*  +H )
T ; mij . mi~ ij

or, with the 'addition of subterminals,

ok K K K
Z §(Cmi, + H J) xij +2(Chy, +H ) ¥E 4+

i J i in
s(ck  +H )ik_+21
n ™j - mn’ nj @
where:
i = Index of elevator locations (i =1, 2, ... 56)
n = Index of subterminal locations (n - 1, 2, ... 12)

j = Index of final markets (j - 1, 2, 3)

k = Index of grains (k - 1, 2)
'm = Index of transportation mode (m = 1, 2, ... 6)

C = Transportatidn cost

H = Grain handling cost

I = Subterminal investment cost

X = Quantity of grain shipped from elevators di?ectly to

market |
Y = Quantity of grain shipped from elevators to subterminals

zZ = Quantity of grain shipped from subterminals to market.
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Howeﬁer, equation (2;1) is minimized subject to some matefial
balance eqﬁations and frerequiéite coqditions.for elevator capacity
expénsion. These equations and conditioﬁs‘are as follbwgr

1. Ali commodity flows over space and time are noﬁ—negafi;e}
(2-2) X?j, oI of 20 |
2. Total grain receipts. at a final market equal the grain

shipﬁed to that market from éountry elevators and sub-

terminals.

k k k -
(2-3) X,. = IX,, + IX",
Iy ij o

3. - The -grain shipped from a subterminal to a final market
equals total grain receipts at a subterminal from country

elevators plus total grain receipts from farmers at a sub-~

terminal.
(2-4) xK. = x* + 5xK

n] o1 i in

4. The grain shipped from a country elevator to a subterminal
equals total grain received from farmers at a ¢country
.elevator minus the grain shipped from a country elevator
to a final market.

- = - x

5. Total outshipments from a country elevator equal total grain

receipts from farmers at a country elevator.
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K K k
- + =
(2-6) Xij Xi X'i

The cost comparison used as a decision rule in this_computational
algorithm is between the costs in the following expressioné.

(2-7) (€., +H )

mij mi

(2-8)  (Cpgq + Hyg) + Iy + (Cppg + Hyy)

If expression (2-7) is greater than expression (2-8), then a country
elevator should ship grain directly to a final market. If expression
(2-7) is less than expression (2-8), then a country elevatpf should

ship grain through a subterminal to & final market. .

The Limitations of the Model
| The biggest limitation of this model is the exclusion of the
farm sector. - Thé use of the farm as a point of origin for gfain move-
ment would yield more accurate results for the seleétion of én opti-
mal grain distribution system. There is some movement of grain
directly from the farm to final markets in the Golden Triangle Area.
However, the inelusion of the farm sector would resﬁlt in a proBlem
toohlarge to handle in a study of this size and scope.

Another limitatibn.is introduced with thé.assumptidn that the
country elevators located in a potential subterminal location‘will
not cooperafe with_each other. There seemed to be competit;on be- - .

tween the elevators in a location which supports this assumption.
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'Oﬁly 6ﬁe elevator in each location will expand. or build a new
facility to take advantage of a multiple-car rate. If their
" existing capacities are not large énough to enable them to also
take advantage of a multiple~car rate, the other elevafors at that
location will eventuélly be driven out of business.

'Thé estimation of transportation costs,'handling éosts, invest-
ment costs, and commercial grain sales have some obvious limitations
associdated with them. .Even if'all the data used in making these

estimates was completely correct, they still remain only estimates.




Chapter 3
DATA COLLECTION

This chapter describes the procedures'used in collecting the data
and estimating the cost functions used in the transshipment plant-

Jocation model.

Commercial Grain Sale

. The surplus grain available for.sale.in the ten counties in the
Golden Triangle Area in 1990 was estimated using the following
equation. (3-1):

6
(3-1) 65y =GPy, ;y - [(0S +C8)) —121 (L)) (FR,) (LPji)] - SR,
where -
GS, = grain sold from county i (time t)
GP, = grain production for county i (time t—lj
OSi = oats available for livestock in county i -

CS, = corn availablé for livestock in county i

‘SRi = seed requirement for county 1

Li = classes of livestock
1 = hogs " 4 = dairy cows
2 = chickens ‘ 5 = cattle on feed
3 = beef cows 6 = sheep

FR, — feed requirements per animal per year
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LPji = jth ldvestock number requiring feed in county i
The data necessary for these county grain sale projections

came from the Montana Agricultural Statistics and from livestock and

soil specialists at Montana State.Univefsity. For further.information'
" on these county grain sale projectiohs, refer to the study-by Won W.
Koo and Linda Cox. (15) | .

Grain sales by county were allocated to the ele&ator locations
ﬁithin the county on the basis of relative storage caéacity. Wheat
and barley sales allocated to each elevator location are shown iq
Appendix A. |

The upper bound placed on wheat and barley sales for 1990 from
each elevator location was twice the quantity of whéat-or barley
sold from that elevator location in 1974-75. The lower bound was.
one-half the quantity of wheat or bariey sold from that elevator
lcoation in 1974-75. These upper and lower bounds'werg necesséry
because some of the grain sold from each county will notlbe handled
by an elevator; a farmer may market his grain himself rather than
usingzlocal‘elevatof services. Due to the large size and scope of
fayms in the northern part of the Golden Triangle.Area, the farmers

located there are more likely to market their grain themselves.

- Grain Transportation Cost

The transportation costs for shipping grain by truck, barge, and
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rail are developed in this section.

Trucking Cost

The three cost components in this 850 bushel, tractor-semi-

trailer trucking cost model are: 1) fixed costs; 2) variable cost;

" and, 3) transfer costs. The information used in estimating trucking

cost was obtained from interviews with three trucking firms in Montana.

.(26) (37) (38) The following equation (3-2) gives the various costs

involved in the fixed cost component.
(3-2) FC=AEC+L+I+A+R

where:

"FC = fixed cost per year

AEC = annual equivalent cost for interest expenses and depreciation
L = license fee and highway use taxes per year

- I = insurance expenses per year
A= admiﬁistrative costs per year
R = maintenance and repair expenses per year

Equation (3-3) shows the costs associated with the variabie cost

component.

(3-3) VC=F+0+T+W
where:
= variable cost per mile

Ve

. F = fuel cost per mile
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o
Il

o1l and oil filter cost per mile
T = tire cost per mile
" W = driver's wage rate per mile

The total cost of operating a semi-truck for a.year, including all
three cost components 1s shown in equatioﬁ (3-4).

(3-4) TC = (VC x M) + FC + TR

where:
TC = total cosf per year
M = mileage per year
TR = transfer cost per year

The assumptions made in estimating fixed cost are as follows:
1. The purchase price for a tractor is $38,000 ana for a
trailer $14,000. The life expectancy of the tractor is
5 years and of the trailer is 7 years. The salvage value
for both pieces 1s 20 percent of the purchase price.
2. A 10 ﬁercent interest rate is assumed on borrowed capital.
3. The annual equivalent cost.is computed using the following

equatidn (3-5):

. .1
(3-5) ~ AEC = p[Eilii%_.] - S[___J;;;,_]
: (i+i) -1 (1+i) -1
where:
AEC = annual equivalent cost

} P purchase price
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salvage value

life expectancy

interest rate

The license fee and highway use tax per yeér is $1870.
'Insurénce costs vary with the level of coveragé. In this
analysis, the annual insurance payment for collision and
liability is $1500.

Administrative costs are $500 per year. -

Annual maintenance and repair costs are 5 percent of the
purchase p?ice of the tracfor and 2 percent of tﬁe purchase

price of the trailer.

Total fixed cost per year under these assumptions is $l7,l40; .

The assumptions necessary for computing variable cost are as

follows:

1.

- 2.

3.

Fuel consuﬁption‘is estimafed at 4.0 miles per géllon with
diesel fuel priced at 55 cents per géllon. 0il and oil
filters are changed every 10,000 miles, costing $70. Oné
gallon of oil is needed every 1,000 miles at $1.70 per
gallon.

Eighteen tires‘at 8170 each are needed every 100,000 miieé;

The driver's wage rate is 14 cents per mile..

Total variable cost per mile is 31.71 cents per mile.

The total transfer cost for one truck is $3.89 per trip if the
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trip aistance is legs than 350 miles. -It is $4.38 if the trip is:
greater than 350 miles.
Two cost components of average trucking cost'per mile will vary
depending on the distance of the haul. Thus, average'cp;t per nmile
& :

becomes a function of mileage. The estimated cost of hauling grain

by truck for a variety of round trip distances are shown in Tabie

3-1.
| . Total ﬁrucking cost is calculated using tﬁé following equation
(3-6): -
(3-6) 'TC];j =M ck Glzj
where:
k o .
TCij = total trucking cost from point of origip i to destination
j for grain k
Mij = mileage from point of origin i to destination j
.Ck = trucking cost per cwf per mile for grain k
G:j = quantity of grain k trucked from point of origin i to’
’ destination j
Rail Cost

Single-car rail ratés were obtained from the Montana Wheat
Research and Marketing Committee. (21) (23) The rail costs were
basically extrapolated from "Rail Carload Cost.Scales, 1973" published

in Interstate Commerce Commission Statement No. ICI-73. (33) (34)

T




Table 3-1

Estimated Costs of Hauling Grain in Tractor-Trailer by Trip‘Distgnce
And Speed Using 1976 Cost Levels

Round No. of .  Annual Fixed Variable Transfer  Total Cost Average Cost
Trip Trips per Mileage Cost/ Cost/Mile Cost Per Year Per Mile
Distance Year ' Year

100 705 70508 17410 .3171 2749 42517.09 .6030
150 495 - . 74285 17410 .3171 1931 42896.77 .5775
200 382 76330 17410 .3171 1490 43104.24 ".5647
250 310 77612 17410 .3171 1209 43229.77 .5570
300 -262 78492 17410 .3171 1022 43321.81 . .5519
350 253 - 88481 17410 L3171 1108 46575.33 .5264
400. 223 89090 17410 L3171 977 46637.44 .5235
500 180 89957 . 17410 .3171 788 46723.36 .5194
600 150 90544 17410 .3171 657 46778.50 .5166
700 130 90968 17410 .3171 569 46824.95 .5147

800 114 91289 17410 .3171 499 . 46856.74 .5133

9z
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It will he refe;red to as the "ICC Scale". The variable costs in éhe
ICC Scale includé freight operating expenses, reﬁts, and taxes
(excluding Federal Income taxes) plus an‘allowance for the cost df
capital before Federal Inéome Taxes on 50 percent of réad property -
-;nd 100" percent of the equipment ﬁsed in freight service. These

ICC Scales provide éosts per cwt by railroad territory, typeiéf car,
~short-line distance, and load weight.

Covered hopper cars were selected as the type of car used to
haul the grain. The rail costs for wheat are lower than those for
barley due to the density difference between the:two. The rail éosts
to each finél market from each elevator location will vary because
of the differencé in rail mileages between eaéh elevator 1oca§ion
and final'markep. The railroad territories selected were the Westérﬁ
Trunk and the Mountéin Pacific as shown in Figure 3-1. Further
information on these.rail cost estimationé can bé.obtained in "An.
Economic Analysis of.Single—Car and Multiple-Car Rail Coéts of
Transporting Montana Grain in Mountain Pacific Region", a study done
by Won W. Xoo and Thomas P. Drinka. (16)

The single-car rall costs were estimated for each elevator
location, typé of grain, and final market and lO—car, 25~car and
50~-car rail costs were estimated for each potential subterminal

location, type of grain, and final market. The smaller rail cost




28

Figure 3-1. The Delineation of Regions used in Study of Rail Costs
in Grain Distribution Systems.
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savings with 10-car and 25-car shipments is due to the fact that
10-car and 25-car shipments are not large enough to become a full
train which does not require switching at intermediate yards. A
50~-car shipment 1s large enough to be a full train and consequently
“has a‘much quicker turn around time than 10-car and 25~-car. shipments
have. If a 50-car sﬁipment is considered a scﬁeduled train, it is
possible to reduce tﬁé estimated 50-car rail cost even moré.. The
differenées between the estimated singie cér, 10-car, and 50-car
'rail costs are shown in.Figure 3-2.

A ratio of the single car cost to the single car rate was
calculated. This ratio was used in conjunction with the 10-car, 25;
car, and 50-car costs to determine d& 10-car, 25-car, and 50-car rail
rate, respectively. The single car, 10-car, 25-car, and 50-car rail
rates used in this study can be found in Appendix B.

:The total rail transportation gost for shipping grain is

estimated by the following equation (3-7):

where:
RClicj = topal'rail cbst of shipping grain k from point .of origin
i to destination j
Csj = rail rate for shipping grain k from pdint of origin 1
to destination j
ng ='éuantity of grain k shipped from point of origin i to

destination j
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Figure 3-2. Estimated Single-car, 10-, 25-car and 50-car Rail Costs
from Montana Origins to the West Coast.
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Barge Cost

Bérge cost is dividéd into three categories: 1) investment
éost; 2) operating cost; and, 3) towing cost. The infqrmatioﬁ used
in determininé barge costs was obtained from C.A. Sylngstad of .
Tidewater Barge Lines. (31) The investment cost is the cost of 6wning
the bg;ge and depends on the kind of barge used. The assumptions
made in estimating investment cost are as follows:

1. The purchase price of a barge measuring 242' x 42' x 16 1/2'
ﬁhicﬁ‘can hold’ 2700 tons of grain is §750,000. The life
expectanc& of the barge is 25 years ané its salvage value
‘at the énd of this time is $37,500.

2. A 10 percent interest rate is assumed on borrowed papital.

3.' The investment cost is the annual equivalent‘cost. It‘ié
computed using -equation (3-5). |

Operating cost includes insurance expense, maintenance and

repair costs, administration expense, and taxes. The assumpiions~
made in estimating the operating cost for grain tranportation by
waterways are as follows:

1. .The insurance expense on the bgrge is .75'percent of the
value of the load and on the-cargo is 2 percent of the |
cargo freight rate. The iqsurance'expense for the barge
is $5,625 per year and for the‘cargo is $2,240 per year.

2. The maintenance and repair costs are 4 percent of the
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straight line depreciation per year. The maintenance
and repair costs are $28?500 per year.
The administration expense necessary to operate a barge
is $600 per year.
Thg taxes for the barge are $8,375 pér year.,

There are assumed to be 300 working déys in the year.

‘The total estimated operating cost for a barge on the Columbia—Sﬂéke

River. System is $150.80 per day.

The towing cost is the cost of the tugboat facilities used to

move the barge from one water access point to another. It depends

on the distance of the Erip. The assumptions made in calculating the

towing cost from the water access points to Portland are as follows:

1.

The chafge for custom tug towing is $87 per hour on the

Snake River and $141 per hour on the Columbia River. The

speed of the tow is 8 miles per hour upstream or down-

stream..

The distance of the trip from Paséq to Portland ié 237
miles. The distance of the tfip from Central Ferry to
Portland is 319 miles. The distance of the Frip from.A

Lewiston to Portland is 374 miles.

The total estimated towing cost for the trip from Pasco to Portland '

is $2,103.40. The total towing cost for the trip'from'Central.Ferry

to Portland is $2,995.10. The total towing cost for ‘the trip from,_
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. Lewiston to Portland is $3,593.20.

Since the total operating and in&estment cost for a barge on
the Columbia-Snake River System is $425.02 per day, the total
operating and investment cést per trip depénds on the days required
to make the triﬁ'from each water access point to Portland. .The days
required for the trip from Pasco to Portland is 6 days, making thé ‘
;otal.cost for this trip $4,045.60 or $1.60 per ton. The 6.5 da&é
required for the trip ffom CentraliFerry‘to Portland make-the‘tqtal
cost for transporting grain by barge $5,757.70 per trip or $2{b9 pef
ton. The trip from Lewiston to Portlaﬁd requires 7 days, incurring
a total cost of $6,568.30. for the trip or $2.39 per ton of grain.
Costs do not vary with the type of grain shipped.

The transportation cost for shipping grain by barge in the
Columbia-Snake River System are estimated using the following
equatién (3-8):

(3-8) TCij - Cij Gij
where:
>TCij = total cost of shipping graiﬁ by barge from water'éccess’
point 1 to destinafion j
C,, = cost per ton of shippiﬁg grain by barge from water access
point i to destination j

G, , = quantity of grain shipped from water access poiﬁt i to

destination j
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Handling Cost

The handliﬁg cost for a country elevator and a subterminal was
obtained from "Cost_of-Storing and Handling Grain in Commercial
Elevators, Projections for 1974/75", an Economic Reséarch Service
puBlicgtioﬁ. (32) The weighted average book and replacement costs
per busﬁel for storiné and handling grain for various types of

elevators was given in this . publication. The weighted average book

. and replacement costs rather than standardized book costs were used

since

"Average book costs more nearly represent the actual

expected expenditures an elevator operator will incur, .

and average replacement costs reflect the expenses

associated with a new elevator entering the industry."

(32)

The total variable cost per bushel for a country faciiity and
an inland terminal vary depending on the mode of transportation used
for the receiving and the loadout of the grain. The 1974/75 costs
were updated to 1976 using the consumer price index for 1976. The

grain handling cost for country elevators and subterminals is shown

in Table 3-2.

Investment Cost

A description of the existing facilities at.each potential sub--
terminal location was obtained from an interview with each elevator

manager. The criterion for these elevator descriptions includes
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Table 3-2

Estimated 1976 Variable Grain Handling Costs in Cents
Per Bushel for Country Elevators and Subterminals,
Adjusted from 1974/75 Figures

County Elevator Total Variable Cost Per Bushel in Cents

Received by Truck 2.281
Loadout by Truck 2.505
Loadout by Rail 2.730

Subterminal Total Variable Cost Per Bushel in Cents

Received by Truck 1.744
Loadout by Truck - 1.304
Loadout by Rail 1.908
CPI,, = 147.7

170.14

CPI76
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storage capacity, the ability to expand storage cépacity, loadout
capacity, track capacity, and the ability to expaﬁd track capacity.
A minimum stérage capacity and minimum loadout capacity per day of
' 33,000 bushels ahd enough track for ten covered hopper cars are the
_requirements necessatry before an elevator can load ten cars:in one
day to obtain a 1l0-car raill rate. A minimum storage capacity énd
minimum 1oadout‘capacity per day of 82,500 bushels and track.for
1oading_2$ cars are the requirements- an elevator must meet to obtaiﬁ
the éS—car rail rate. The requirementslnecessary to obtain the 50-
car rail rate are a minimum storage capacity and‘ﬁinimum.loadout
capacity per day of 165,000 bushels and track for loading 50 cars.

The e}evators in each subterminal 1o£ation-§er¢ evaluated as to
how close each one meet the three groups of requirements: The ele;‘
vator in each location that fit these requirements theldlosest,
usually the largest elevafor, was‘thg one selected to become a sub-
terminal. The expansion needed to bring the selgcted elevator in -
each subterminal 1oéaﬁion.up to the three sets.df minimum standards
was determined . Three different size subterminals are associétedv
with the three ‘alternative multiple~car rail systems and consequently
each‘éqbtermiﬁal 1ocation'ﬁas.three'différeﬁt inVestmept costs |
attached to it‘depending on the.réil_system.

The élevators in some potentigl subterminal lécatiqns afe

located so that there is no room to expand the storage and/or the
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track capacity. Since existing facilities are unable to expand, *

these locations required thé construction of a new facility. No new

facilities were required with the 10-car rail system, but both the

- 25=car and the 50-car systems required some new facilities.

The construction costs used in determining the expansion and

investment costs for the subterminals were obtained from Rod Jacobson

of Jacobson & Son Construction In Bismarck, North Dakota. (12) The

1.

-estimates for investment cost is based on the following assumptions:

A subterminal with a 250,000 bushel capacity is required
with a 25-car rail system. A 500,000 bushel subterminal
is required with a 50-car system.

A 25-car subterminal required 1000 square feet for the
scale house and office whil the SQ—car subterminal required
1200  square feet.

The 25-car subterminal was equipped with a beil& dumpipg:
truck scale and one dump pit. .The 50-car subterminal
reﬁuired two belly and end duﬁping truck scaleé and two
dump pits.

Béth'sizes of subterminals required one proteinltester.
The 25-car subterminal needed one‘shipping sampler at
$6,000 while the 50-car suberminal needed twé.

The legs used for receiving and loadout are rated at

10,000 bushels per hour capacity and cost $36,000 each.
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The smaller subterminal required two legs and fhe larger
required three. |
The 25-car subterminal needed a double distriﬁutor with a
capacity of 10,000 bushels per hour. The 50-éar subterminal

needed a triple distributor at a capacity of 20,000 bushels

per hour.

Top and bottom conveyers were needed only by the larger
subterminal.

The 'requirements for land were four and five acres, respec-

- tively, at $2,500 an acre.

The smaller drier was rated‘at 2,000 bushels per hour and
the larger was rated-at 3,000 bushels per hour.

The cleaners were rated at 2,500 bushels per hour and cost
$25,000 each. Tﬁe 25-car subterminal needs two and the
50~car subterminal needs three.

Sixty feet of rail track are required per rail car. The
track costs $35 per foot for installation and $12 per
foot for subgrading.

A 5-~car track puller was required by both subterminals to
move rall cars.

The 25-car subterminal required two 12Q-pound autométic
shipping scales fo obtain a 10,000 bushel pér hour capacity.

The 50-car subterminal required an electronic shipping scale
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with a 20,000 bushel per hour capacity.

14. The anhual equivalent costs were based on a 10 percent -
in;erest rate. No salvage vélue was assumed for any of fhe
equipment. The annual equivalent costs were calculated
using equation (3-5).

15. The annual éost also included the annual iﬁsurance and tax
cost on the two facilitigs. Insurance was éssumed to be'
1.5 percent of the installed cost and property taxes were
12 percent of the installed cost.

The estimated cost of subterminals with these two capacities is shown
in Table 3-3.

The cost of constructing any additional storage for the expan-
sion of an existing facility was $1.50 per bushel. (12) The
assumftions used to calculate the cost of installing any additional
track for the expansion of an existing facility were the same as those
used fof the construction of a new faéility. The estimated total
investment cost and apnual,equiValent cost for constructing grain
loading facilities at thé.selected potential subterminal sites is

shown in Table 3-4.
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Table 3-3

Estimated 1976 Installed and Annual Costs of Constructing
Subterminals With Two Rated Capacities

Years for Subterminal  Subterminal
Depreciation With 250,000 with 500,000
bu. capacity bu. capacity

Cost Item

Scale House and Office $ 36,000

20 $ 30,000 ' ‘
Truck Scale 20 80,000 320,000
Sampler and Tester ' .5 21,000 27,000
Dump Pits 30 17,500 35,000
Legs : 10 72,000 108,000
Distributors 10 25,000 35,000
Conveyors 10 30,000
Dust Control Facility 10 60,000 80,000
Aeration & Heat Detection Equip. 10 15,000 20,000
Silos and Tunnel 50 137,500 176,000
Land : - 10,000 © 12,500
Driers 10 60,000 80,000
_Cleaners 10 50,000 75,000
Rail Sliding and Switches 50 141,000 282,000
Car Puller 20 6,000 6,000
Shipping Scale 20 35,000 65,000
Total Installed Cost $760,000  $1,387,500
Annuai Equivalent Cost : ‘

5 years ' 5,539.74 7,122.52

10 years 45,894.09 69,654.86

20 years 17,736.46 50,155.42

30 years 1,856.38 3,712.77

50 years 28,089.23 46,193.42

Annual Insurance and Tax : C

@ 13.5% of Installed Cost 13,380.65 23,873.26

Total Annual Cost $112,496.55 $200,712.25




Table 3-4

Estimated 1976 Total Investment and Annual Capital Recovery Costs of Constructing

Subterminal Sites, Golden Triangle Area

Grain Loading Facilities of Three Rated Capacities at Selected Potential

Size of Multiple Car Shipment

0.00

Location 10~-car 25-car 50~-car
Total Annual Total Annual Total Annual
Big Sandy . 0.0 0.0 760,000.00 112,496.55 1,387,500.00 200,712.55
Chester 8,460.00 853.26 760,000.00 112,496.55 1,387,500.00 200,712.55
Chinook 0.00 0.00 760,000.00  112,496.55 1,387,500.00 200,712.55
Choteau 0.00 0.00 0.00 0.00 179,250.00 18,078.98
Co ’ o
Conrad 0.00 0.00 16,920.00 1,706.53 : 77,420.00 7,808.50
Dutton 0.00 0.00 42,300.00 4,266.34 1,387,500.00 200,712.55
Fort Benton 0.00 0.00 760,000.00  112,496.55 1,387,500.00 200,712.55
‘Great Falls 0.00 0.00 14,100.00 1,422.11 74,600.00 7,524.08
Havre 0.00 0.00 42,300.00 4,266.34 142,300.00 14,352.24
Lewistown 2,820.00 284.42 760,000.00 112,496.55 1,387,500.00 200,712.55
Shelby 0.00 0.00 47,940.00 4,835.18 ° 118,440.00 11,945.74
Valier 0.00 0.00 .0.00 56,400.00 5,688.45




Chapter 4
RESULTS

The grain distribution systems were evaluated by comparing the
total marketing cost for shipping the'estimated grain sale from
shipping origins to domestic and export markets. This chapter-
describes and evaluates the single—ca¥ ;ys£em and the alternative
muléiple;car-systems using total transportation and investment costs,
the optimal mode of transportation, and grain shipping patterns. The
last section includes some sensitivity analysis with changes in the

shipping and assembly costs of a 50-car system.

1976 Single-Car System

The estimated total marketing cost of shipping 72 million -
Bushels of grain from thevGolden Triangle Area to the final markets
with the optimal single-car system was $43,919.648. TFigure 4-1
indicates the optimal transportation mode and market for wheat.shipped
from origins in the Golden Triangle-Area. Figure 4-2 presents the
optimal transportation mode and market for barley movement from the
area. The.estiméted quantity of grain shipped by transportation

mode and market is shown in Table 4-1.

T
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® Truck to Lewiston, barge
to Portland
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Figure 4-2. Estimated Barley Flow from Country Elevators to Markets
with Transportation Modes for the Single-car Rail System,
Golden Triangle Area.
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Table 4-1

Estimated Grain Shipment from Country Elevators to Markets
For the 1976 Single-Car System

Quantity of Grain Percentage of

Shipped (1,000 bu) Total Grain Shipped
Single-car Rail ' 49,277.3 70
Shipment. to the ’
West Coast
Truck—Barge Ship- 21,957.5 - 30 -
ment to the West '
Coast

As shown in Figure 4-1, most shipping origins in the northern
region héd a cost advantage in shipping wheat by rail. These origins
are located on a main rail line making less switching required which
keeps rail cost lower. Héwever, elevators on branch lines like those
in the southwestern section generally find truck-barge shipment a
better alternative.

A1l truck-barge shipments cost less if grain was trucked to
LewistAn and then loaded on barges bound for Portland. This is becausé
‘the trucking rate per cwt is higher than the barge rate per cwf;
making it desirable to truck grain the shortest possible distance.
of the~three water access points in the truck-barge system,_Lew;ston

is the closest to the shipping origins in the region.

All barley movement uses single-car shipment to the West Coast.,
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Single-car rates for wheat and barley are the same ignorifig the density
difference between thé two. However, trucking costs per cwtufor
.barley are higher than for wheat BecauSe wheat is denser than barley.
If rail rates were adjusted to reflect this Weight.differgnge; truck-
bgrge shipment of barley ﬁould become competitive with single—éar
shipment~énd the oétimal barley flow would become identiéal to the

optimal wheat flow.

Alternative Multiple~Car Systems

Some elevators in the area have sufficient loading, uﬁloading
and storage faéilities for making multiple-car shipments. These 16éa—
tions will have the absolute advantage when competing with the otﬁé;s K
to obtain subterminals. Consequently, this study allowed these locé—
tions to become subterminals. These 1océtions are Havre, Sheiby,
and Great Falls. Table 4~2 presents the estimated total marketing
cost for 10-, 25-car, and 50~car rail sysiéms associated with sub-
terminals ranging in number from four to twel&e;

The minimum estimated total cost for each multiple-car system
.was less than that for the singlé—car system. ‘The~cos£ decrease
'varied with a three percent reduction for the 10-car system, a two
ﬁércenf.reduction for the 25-car system, and a five percent redqction
for the 50-car system.:

The optimal number of subterminals for each system was the
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Table 4-2

Estimated Total Marketing Costs for the 10—, 254éar, and 50-car -
Rail Systems with Subterminal Numbers
_Ranging From Four to Twelve

Number of Total Marketing
Subterminals 'Cost With a 10-
Car Rail System

Total Marketing
Cost With a 25-

Total Marketing
Cost with a 50-
Car Rail System

Car Rail System

43,004,272

4 43,132,272 41,657,360
5 43,016,464 42,878,848 41,495,920 -
6 42,904,496 42,776,800 41,361,376
7 42,797,920 42,728,496 41,336,848
8 42,697,328 42,690,992 41,313,392
9 42,636,864 42,681,424 41,300,624
10 42,599,536 %42,673,776 ~ *41,300,448
11 42,572,880 42,705,120 41,382,000
12 %42,567,120 42,778,400 41,535,008
. Cost Reduction _
from Single-car . | 359 508 1,141,248 2, 384, 640

System

*Minimum total cost indicating the optimal number of subterminals.

number associated with the minimum totgl marketing cost. Each sub-
terminal ships grain to market using multiple-car rail shipments t§
the West Coast, The subterminal 1ocatipns and the quantity of grain
shipped through the subterminals varied depending on the rail system
under examination. Country elevators which ship grain direcfly to
market use the mode of'tranéportation indicated for the single-car -

system.
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The quantity of grain shipped by rail-and by-truck—bafge f;r each
multiple-car system is shown in Table 4-3. As the size of the
multiple~car shipment increased from 25 to 5O,Vthere was a signifi-
cant increase in the amount of grain moved by rail. This is due in

part to the larger relative rail .cost savings with 50-car shipments.

Table 4—3

Estimated Grain Shipment to Market by Transportation
Mode for the Alternative Rail Systems '

10-car System  25-car System  50-car System

Shipped by Rail 62,233.0 60,694.1 67,944.7

Shipped by Truck-Barge 9,001.8 10,540.7 3,290.1

10-Car Rail System

In general, the inverse relationship between transportation and
investment costs as a function of subterminal number restricts the
number of subterminals’placed in the multiple-car rail systems..
Hoﬁe@er, due to relatively low investment costs, the 10-car rail
system has all twel&e potential subterminals in operation. With
little or mo upgrading, elevators at all subterminal locations could
receive the cost advantage of 10-car shipments.

The optimal flow of grain fromvcounfry elevators to sdbterminals
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is .shown in Figuré 4-3, As shown, subtermingls in the notthefn‘section
have expanded marketing areas since it became economically.feasible

to trﬁck train from nearby eleQanrs to subterminals fof shipment to
market. 'However, the reduced rail rate does not result in many
shipping pattern changes for elevators in the southwest with most»
origins there sﬁipfing directly to market.

The esFiméted quantity of grain moved from country elevators and
subtgrminals to market is presented in Tabie 4-4. Among the'five.
subterminals which ship the largest amounts of grain, four are 1océted'
in the north with large marketing regions. The grain assemble
patterns in this area may be more readily. affected by the introduction’

of ﬁultiple—car rates.

25—Ca£ Rail System

Minimum total cost occurs with ten subterminals in exis;ence.
Higher facility investmeﬁf costs, coubled Qith relatively small
decreases in multiple-car rail rates, for the 25—c§f system result
'in a cost increase for one fourth of one percent compared to the
iO—car~system.

Figuré 4—4 presents the optimal grain flow frﬁm country eleva-
tors to subterminals. Subterminals in fhe north expand their market—
ing regions with the subterminal previously placed at Chinook becoming

part of the region for Havre. The subterminal at Fort Benton became




50

Figure 4-3. Estimated Grain Flow from Country Elevators to
Subterminals for the 10-car Rail System, Golden

Triangle Area.
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Figure 4-4.

Estimated Grain Flow from Country Elevators to
Subterminals for the 25-car Rail System, Golden
Triangle Area.
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Table 4-4°

Estimated Grain Shipment from Country Elevators and
Subterminals to Market for the 10-car Rail System

Movement by Multiple-Car Quantity of Percentage of
Shipment From: Grain Shipped Grain Shipped
, . (1,000 bu) ,
Havre S 8,279.7 ° 15
Shelby 5,859.5 10
Great Falls 5,636.8 10
Chinook* . ) 3,318.8 .6
Chester : 7,526.7 14
Big Sandy ' 6,019.5 11
Fort Benton - 2,970.0 3
Lewistown ' 2,360.4 4
Choteau 580.9 1
Dutton 2,555.6 4
Conrad , 4,763.8 8
Valier , 2,485.4 4
‘TOTAL 53,357.10
Single~Car Shipment to: :
West Coast : 8,875.9

Truck—-Barge Shipment to:
West Coast 9,001.8

*The remaining subterminals are listed in the order they were
selected. ‘ ‘
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too costly and this shipping origin and fhose in the southwest ship
grain diréctly to market.

The estimated grain movement from shipping origins to market
is shown in Table 4-5. Among the five subterminals handling the
largest grain volume, three out of four in'the north are shipping
more grain compared with the 10-car system. The subterminal at

Lewistown handles an increased percentage of grain.

50-Car, Rail System

Thg optimal grain flow for the 50—car'system is shown in Figure
4—5.‘ In the central, southern, and western regions of the Golden
Triangle Area, there are four subterﬁinals recéivingvgrain from
country elevators which did not in the previous cases. 1In contrast
to the<25—car system,‘the subterminal at Dutton was relocated to
Fort Benton with enlarged marketing regions for Great falls and
Fort Benton.

Table 4-6 presents the estimated quantity of grain shipped to
market for each elevator type. The relatively'large percentage of
grain previously handled by subterminals in the north is reduced
and more is shipped from subterminals in Fort Benton and Great Falls.
It is important to notice the 24 percent increase in the tétal
quantity of grain handleq By subterminals over that for the other

two systems.
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Table 4-5

Estimated Grain Shipment from Country Elevators and
Subterminals to Market for the 25-car Rail System

Movement by Multiple-Car Quantity of Percentage of Total

Shipment From: Grain Shipped Grain Shipped From
. Subterminals '
(1,000 bu)
Havre 11,598.5 . 21
Shelby 6,385.6 12
Great Falls 5,636.8 10
Conrad* 4,763.8 8
Valier 2,485.4 4
Big Sandy 6,019.5 11
Chester 9,534.0 17
Dutton 2,555.6 T4
Choteau 580.9 1
Lewistown 3.519.9 6
_ > .
TOTAL . 53,080.0 C

Single~Car Shipment to: :
West Coast Seattle 7,614.1

Truck-Barge Shipment to:
West Coast Portland 10,540.7

*#The remaining subterminals are listed in the order they were
selected. ' ‘
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Table 4-6

Estimated Grain Shipment from Country Elevators and
Subterminals- to Market for the 50-car Rail System

Movement by Multiple-Car
Shipment From:

Quantity of

Grain Shipped

Percentage of Total
Grain Shipped From

Subterminals
(1,000 bu)
Havre 11,598.5 18
Shelby 75421.2 11
Great Falls 9,509.3 - 14
" Conrad¥* 6,835.0 10
Big Sandy 6,019.5 9
Valier 2,485.4 3
Fort Benton 8,070.6 12
Lewistown 3,519.9 5
Choteau 1,161.6 1
Chester 9,534.0 14
TOTAL 66,155.0
Movement By Single~Car
Shipment to: Seattle 1,789.7
Movement by Truck-Barge
Shipment to: Portland 3,290.1

*The femaining subterminals are listed in the order they were

selected.

LI A S S
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Figure 4-5, Estimated Grain Flow from Country Elevators to
Subterminals for the 50-car Rail System, Golden
Triangle Area.
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Sensitivity of Results to Cost Changes

Since this study uses historical dééa'to make future projections,
it is important to examine-the sensitivity of  the optimal subterminal
location and grain flow to cogt changes, The estimated total mér—
keting cost can be broken up into three categories: shipping.costs,
investment costs, and assembly costs. Variations in the cos£ data
may -change the optimal grain distribution system. The result of
changing costs in each category is adaressed to determine its effect

on the optimal solution.

Interaction Between Investment Costs and Transportation- Costs

Total investment‘cost has a direct relationship with the number
6f subterminals in a distribution syéfem while total transportation.
and handling cost has an inverse relationship Qith subterminal
number. The functiénal form of both relationships depends on the
size of the multiple-car shipment associated with the system. Changes
ih the shipment size results in the rate of change increasing for
the total investment cost and the total transportation and handling
cost.. Therefore, ds the multiple-car shipment size iqcreases; total
cost will change at a fgster rate, resulting in fewer subterminal in
the optimal distribution system.

As the multiple-car shipment size increased from.lO to 25

there were two fewer subterminals placed in the system. With shipment

T
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size increasing from 25 to 50, total investment cost and total trans-
portation and handling cost did change at a faster rate, but no
significant changed occurred in the optimal subterminal number.
Figure 4-6 presents tbtal investment cost and tota; transportation
and handling cost as a function of subterminal number for the 25~ and

50-car systems.

Assembly Costs

The estimaged total marketing cost of the single-car ;ystem is
composed entirely of the cost of shipping grain to fimal markefs.
With the introduction of multiple—car shipments, not all of the tdtal
cost of a multiple-car system is made up qf shipping costs. Some
grain is trucked from country elevators to subterminals with each
multiple-car system. The total cost of eéch multiple-car system
includes the cost of assembling grain for>shipping and the cost of
shipping the grain to market.

Since trucks are used to haul grain from country eigvators to
subterminals, the trucking ratehis one component of aséembly cost.
The seﬂsitivity of rail based distribdtion systems to varying
assembly costs is examined through changes in the trucking rate. A
ten percent increase and a ten percent descrease in the trucking
rates for the 50-car system were the variations allowed. Table 4-7

shows the estimated total cost for these two variationms.

1T
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Figure 4-6, Estimated Total Investment Costs and Total Transportation
and Handling Costs as a Function Subterminal Number for
the 25- and 50-car Rail Systems.
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Table 4-7

Estimated Total Marketing Costs for the 50-Car Rail System
. With a Ten Percent Trucking Rate Increase and Decrease

Number of Total Marketing Cost Total Marketing Cost

" Subterminals With a 10% Trucking With a 10% Trucking
Rate Increase Rate Decrease

4 : $41,806,416 $41,426,080
5 41,639,552 41,300,096
6 41,496,400 41,189,008
7 41,461,120 41,176,064 |
'8 41,425,888 *41,175,504
9 41,400,736 41,177,696
10 : *41,388,032. 41,212,624
11 41,470,272 41,291,952
12 41,614,896 41,453,264

*Minimum total cost indicating the optimal number of subterminals.
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The estimated total cost for Fhe 50-car system with a ten per-
‘cent increase in trucking rates is two-tenths of one percent higher:
than that for the 50-car system and six percent lower than that for
tﬁe single~car sysfem.' The 50-car system with a ten percént<decreaSe
in trucking rates has a total cost reduction of three-tenths of one'
percent over the 50-car system and six percent over the single-car
systen, |

The optimal grain flow for the 50-car system with a ten percent
increase in trucking rates is shown in Figure 4-7. Only one shipping
origin Ehanged marketing regiohs and trucks grain fo Conrad rather
than Choteau as in the So—éar case, |

. Table 4-8 presents the estimatéd grain movement to market. It
is almost identicai'to the quantities of grain shipped through sub-
terminals and directly to market for the 50-car system.

Figure 4-8 presents the optimal grain assembly pétterns with a
ten fercent decrease in trucking rates. As shown, subterminals
previously plgced at Lewistown and Chester were deleted with this
cos£ change, with the marketing region for Great Falls expahding to
include'four shipping origins that used to ship grdin through
Lewistown., The elevators which moved grain tﬁrough Chestér became
part of the Shelby'or Havre marketing area, depending on which had
a cost advantage.

. The estimated grain movement is shown in Table 4-9. The three
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Figure 4-7., Estimated Grain Flow from Country Elevators to Sub-—
terminals for the 50-car Rail System with a Ten Percent

Trucking Rate Increase, Golden Triangle Area.
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Table 4—8

Estimated Grain Shipment from Country Elevators and
Subterminals to Market for the 50-Car Rail System
With a Ten Percent Trucking Rate Increase

‘Movement by Multiple-Car Quantity of . Percentage of Total

Shipment From: Grain Shipped Grain Shipped From.
. ' Subterminals
(1,000 bu)
Havre 11,598.5 17
Shelby 7,421.2 - 11 -
Great Falls 9,509.3 . 14
Conrad#* : 7,067.3 10
Big Sandy 6,019.5 ‘9
Valier 2,485.4 "3
Chester 9,534.0 14
Fort Benton 8,070.6 12
Lewistown ‘ , 3,519.9 5
Choteau . 929.3 : 1
TOTAL 66,155.0 -

Movement by Single-Car ' o
Shipment to: Seattle . 1,789.7

Movement by Truck—Barge.
Shipment to: Portland 3,290.7

- *The reméining subterminals are listed in the order they were
selected. :
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Figure 4-8. Estimated Grain Flow from Country Elevators to Subter-
minals for the 50-car Rail System with a Ten Percent
Trucking Rate Decrease, Golden Triangle Area.
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Table 4-9
Estimated Grain Shipment from Country Elevators and

Subterminals to Market for the 50-Car Rail System
With a Ten Percent Trucking Rate Decrease

Movement by Multiple-Car Quantity of Percentage of Total
Shipment From: Grain Shipped Grain Shipped From
" Subteriminals
(1,000 bu)
Havre ' 13,605.8 20
Shelby 14,947.9 22
Great Falls : 13,029.2 19
~ Conrad* , 6,835.0 10
Valier 2,485.4 3
Big Sandy ' ‘ 6,091.5 9
Choteau 1,161.6 1
Fort Benton 8,070.6 12
TOTAL 66,227.0

Movement by Single~Car .
Shipment to: Seattle 1,717.7

Movement by Truck-Barge
Shipment to: Portland 3,290.1

*The remaining subterminals are listed in the order they were
selected.
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subterminals at Shelpy, Havre, and Great Falls handle larger percent-
ages of grain. However,'the truckiﬁg rate decrease rééulted in
6nly a slight change In the total amount of grain handled by sub-
terminals.

Incréased gssembly Eosts caused‘a slight variation in grain
shipment patterns. However, decreased assembl& costs- did result in
decreased investment with two fewer subterminals in use. This
reduction in the total investment cost was greater than the increase

in the total assembly cost.

Shipping Costs

Shipﬁing-costswili.beaffected by changes in rail and Barge
ratés. The estiﬁated 50-car rall rates repreéeﬁted; on the average,.
a twelve‘perpeﬁf reduction from the 1976 single-car rates. These
single—-car rates were over two and one half times larger thaq the
estimated single-car variable costs. Since the ratio of single-car
rates to singie—car variable cost was used in conjunction with the
estimated 50-car variable cost in determining the eétimated SQ—cér
rate, the estimated 50-car rate reflected this substantiél spread
between the fail r;te and the variable rail cost. Since the rail-
road in Montana is regulated to guard against excessive pfofits
"from high rates, the 50~car rate offered by the railroad may'bé lowér‘

than thé estimated 50-car rate. This would enable subterminals to

rpe rp— T ol TT
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ship grain to market at an even lower cost. Table 4-10 presents
'the estimated total marketing costs for the 50-car system with an
eight percent reduction in the multiple-car raill rate. |

The eétimated total cost for the 50-car system with a reduction
in the multiple-car rate was thirteen percent lower than the cost
for the single-car system. Compared to the So—car system with no
rate reductions, thefe was a seven percent cost reduction.

The optimal grain flow is presented in Figure 4-9. The grain
from all shipping origins moves through one of ten subterminals for
shipment to mafket. Subterminals at Great Falls, Chouteau, and
Conrad have expanded marketing areas compared to the 50-car case.

Table 4-11 shows the estimated grain movement to;markét. As
the percentage of grain handled at Great Falls and Conrad increases,

these two subterminals become more significant. The increase in the

amount of grain handled at Choteau does not put this subterminal in |

the prominent higher volume category.

The reduction in shipping cost did result in the assembly of
grain at subterminals ﬁaving a cost advantage. The decrease in the
total shipping cost was greater than the increase in. the total

assembly cost.
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Table 4-10

Estimated Total Marketing Costs for the 50-Car Rail .System
With An Eight Percent Multiple~Car Rail Rate Decrease

Number of Subterminals Total Ma:keting.Cost
With an 8% Rail Rate
Decrease
4 ' $38,866,000,
5. 38,702,944
6 _ 38,567,744
7 | 38,504,640
8 38,449,952
9 : _ 38,403,456
10 *38,386,880
11 | 389450’032.
12 38,592,464

*Minimum total cost indicating the optimal number of subterminals.
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Figure 4-9.

Estimated Grain Flow from Country Elevators to Sub-
terminals for the 50-car Rail System with an Eight
Percent 50-car Rail Rate Decrease, Golden Triangle Area.




Estimated Grain Shipment from Country Elevators and Subterminals to
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Table 4-11

Market for the 50-Car Rail System With an Eight Percent
Multiple-Car Rail Rate Decrease

Movement by Multiple~Car
Shipment From: ‘

Quantity of
Grain Shipped

Percentage of Total
Grain Shipped From

"Subterminals
(1,000 bu)
Havre 11,598.5 16
Shelby 7,421.2 10
Great Falls 11,685.0 16 -
Conrad* 7,357.7 10
. Big Sandy 6,019.5 8
Valier 2,485.4 3
Fort Benton 8,070.6 11
Lewistown 3,519.9 4
Choteau 3,543.0 4
Chester 9,534.0 13
TOTAL 71,234.8

*The remaining subterminals are listed in the order they were

selected.




Chapter 5
SUMMARY AND CONCLUSIONS

In i974—75, 92 percent of the wheat and 74 peréént of the barley
grown in Montana was shipped to markets in Seattle and Portland. |
Since these markets are over 700 miles away, transporting‘Mbﬁtana
grain to market is cos;ly. Keeping this marketing cost down Qill
.hélp Montana keep farm incomes up.

Ra@l;dads in séveral states have issued multiple—éaf tariffs in
an attempt to provide more transportation capacityf These muitiple—
car rates-have a cost advantage over single-car rates; making rail
transportation relatively more competitively priced with other modes
of transportation. Establishment of multiple-car rates is a con-
troversial issue in Montana.

- Substantial investments in country glevators are necessary to
make them cépable of loading multiple-car shipments. This investment
cost infroduces much uncertainty regardiﬁg the costs for the élter~‘.
native grain distribution systems. There is a need to know where
investments should be made to insﬁre the costs for each system are
minimal.

The objective of this study was to determine the grain distri-
bution system exhibiting minimum total cost in a ten—coﬁnfy region

around the triangular area formed by Great Falls, Shelby, and Havre,

. — T T T T
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Montana: Total cost included transportatién costs,'variable hanaliﬁg‘
costs; and faciiity investment cosfs for fransporting the projectéd
. 1990 volume of 71 million bushels of grain sold from all country
elevators in the Golden Triangle Area to one o? more of three final
markets.. The means of grain transportation considered were single-
car rail shipments, multiple-car rail shipmenté of 16—, 25—, and
50-cars, truck, and truck-barge.

The multi—stagg transshipment model was developed to determine
the grain distribution system with the lowest cost. The model re-
quired dé%a including the amount‘of grain sold out of the area in
1990, transportation rates, investment costs, and handling costs.

The optimal grain flow for the 1976 single-car syétem included
the-shipment:of 70 percent of the grain moved by single—car rail and
30 by truck-barge. Most shipping origins in the northern section of
the Golden Triangie Area have a cost advantage shipping by rail while
fhose in the southwestern regilon find truck-barge shipmeﬁt a better
alternative. If rail rates were adjusted to reflect the density
vdifference between wheat and barley, more barley would move by

truck-barge rather than rail.

Alternative Multiple-~Car Systems

~ With the .50-car rail system, 93 percent of the grain was assembled

at subterminals while, of the remaining grain, five percent moved

™"
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* directly to market: by.truck-barge and two percent by single-car

shipment. For the 25-car and the 10-car systems, 74 percent was

assembled at ‘subterminals with 14 percent using the truck-barge

combination and 12 percent using single-car shipments to move to

market.,
' The estimated total cost for each multiple—éar system was' less

than that for the single-car system. The cost re&uctipn varied with

_a three, two, and five percent reduction for the 10-, 25-, and 50-

cér systems, respectively. The substantial investments necessary to
construct 25—qar 1oading facilities result in higher costs for ‘
that system even thohgﬂ subterminals handled the same total percent-
age of ‘grain as In the 10-car case. This higher cost for moving
néarly identical quantities of grain may make the 25-car system the
least desirable of the three.

The optimal number of subterminals for. the 25-car and 50-car
systems ﬁas ten. Due to low investment costs, twelve subterminals
were placed in the 1l0-car system. The locations of subterﬁinals and
the quantity pf grain handled by each one varied depénding on the
system in question. |

The 50-car system did have thé lowest estiméted‘cost, but ‘the

grain movement pafternS'which actually develop in this area depend

‘on many things. First, in 1976 no multiple-car rates were offered

- by the railroad. The multiple-car rates which may be offered in the
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future will affect the cost advantage of assembling grain af sub-
terminals for mu;fiple—ca; shipment to market. As multiple-car rétes
relative to single-~car rates become 1oﬁer, grain assembly Wili havé an
increasing cost advantage.
There are certain cost considerations which could Be‘made before
each indiyidual éubterminal is constructed. Investment in.a sub~
terminal is feasible only if the yearly coét of the cqnstrucfion §r
upgra&ing is covered by savings in shippiné and handling costs. All
grain moved from farms to subterminals has reduced handling and
shipping costs compared to grain moved from farms to country elevators.
However, grain trucked from country elevators through subterminals
has extra handline chargesland increased ASsembly costs to‘be added
to investments before the comparison to the shipping.costs savings
is made. It may require a large volume of grain to be moved by a
subterﬁinal before the sa&ings in this case are equal to the costs.
Before any construction or upgrading takes place, it,bécomes advan-
tageous for elevator operators to analyge their grain reciepts and
determine the volume expected to be received from farmers and
country elevators. A -high volume coupled with a 1arge.movement of
grgin from farms may give a subterminal a relative cost adVantage;
After each one is examined individually, some subterminals placed in
the rail.based systems may be found infeasible and would névef be

constructed.

| o A
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Effect of Rate Strﬁctu;g Variations on Distribution Systems
The subterminal locations and the sizes of the marketing regions
~ for each subtérmiﬁal were sensitive to shiﬁpiﬁg} assembly, and
investment costs. An eigﬁt percént reduction in the 50—cér rate

resulted in all the grain in the area being shipped to market from

subterminals and a thirteen percent reduction in total marketing cost

compared to the single-car system. With' trucking rates decreésing
. or increasing by.ten percent, the percentage of grain assembled at
subterminals and the percentage moved directly to markeéhremaiﬁea the
same.- However with the trucking rate decrease, there were two fewer
subterminals placed in the system and a cost reduction of six percent
over the single-car system. Total‘ﬁarketing cost was more sensitive
to variations in shipping costs than in assembly costs, indicating
.shipping cost is a more significant component of total coét.

This study was completed for ten counties in the Golden Triangle
Area in:Monténa. Under the assumptions made in tﬁe stud&, the results
can be applied'directly’onlyitd that'aréa. However, insight may bé
prbvided into the efficiency of other grain distribution systems

-which should not be overlookéd.

Institutional Problems in Implementing Alternatives

Several problems could possibly arise with the implementation of

any of the alternative grain distribution systems. Historically, the

i o | 7 T
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interaction between the railroad and representatives for the grain"
- industry has been marked with conflict. Any lack of cooperation
between the two would pose a p;oblgm if a rail—bESed grain distri-
bution system were implemented.

A second possible problem is the quéstionable condition of sqﬁe
track in the Golden Triangle Area. The railroad feels the maintenance
éosts fof keeping a section of track in usablé condition is tgo high
to warrant undertaking its further maintenance. Thé séctign of track
runs from Agawam to Lewistown with a spur line to Winifred. Country
elevators on this particular line may be unable to ship any grain by
rail unless this.traﬁk is maintained.

Since each country elevator and subterminal will be aésociated' '
with oné of £he competing gréin ma&keting cbmpanies in tﬁevregion,
there ﬁay be unwillingness on the part of both parties to work
together. Subterminal operators may attempt to comﬁete with country'
elevétors for buéiness. ‘Country elevator operators may fegl systems
Witﬁ'subterminals reduce their marketing options. "Since only a
single-car 'system required n§ subterminals, this léck,of coopefation
will present a possiblg problem. Country elevator operators and
subterminal operators must work together to,obtain'the‘;educed total

cost of an alternatlve system.

T1
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Suggestions for Further Research

The scope of this research could be enlarged to include one or
more of the poésible-extensions suggested for this stpdy. The first
possib;e extension is the inclusion éf the farm sector; farms becoming
the point of origin for grain movement. Expansion éf the study. to a »
state level would be a second possible extension. These two exten-
sions would yield a mére coﬁprehensive analysis.of the impact of
each grain distribution system. A third areé for further research
concerns changing the time period for grain movement from a yearly
flow to a monthly flow. This further research wouid result in
estimates for storage requirements each month and for the optimai-
timing of grain flow to market for the year.

A fourth area for additional research is into the,potentiéi of
a rail-barge system. There are rail .lines to water access points in
the bérge'system which gould be used in an attempt to rédu;é costs.

The final markets in this study were assumed té be capable of
recelving all Montana grain shipped to them. An analysis of the
impact of alternative grain distrubtion systems on final markets
would be a fifth possible extension of this research.

' A sixth area for additional resegrch would‘be to'gxamine and
iﬁcorporate anyleconomies of scale for grain handliﬁg facilities.' Tﬂe
grain handling costs uséd in tﬂis study represented consfant mafginal

costs,

T I B i 1
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A seventh possible area for extension would include an analysis
of the impact of alterpative systems on highway and rail line méin—
teﬁancé. The effect of increased use of maintenance costs is impor-
tant information.

The.analysis of distribution systems for any agricultural product
would be facilitated if the relevant data was continually maintained.
There is a need to.develop and establish proéedures for this data
collection to aid any further research done on distribution systems

for agricultural ﬁroducts.

T: 0 ( /7
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Appendix A

Estimated Wheat and Barley Sale in 1,000 Bushels for 1900

By Shipping Origin, Golden Triangle Area

244,

No. ~ Location Surplus Wheat Surplus Barley
' in 1990 (in in 1990 (in

1000 bu) © 1000 bu)
1 Hogeland 433.1 166.3
2 Harlem 673.2 258.5
3 " Chinook 2,398.3 920.5
4 Havre 3,687.3 442.1
5 Fresno 819.4 98.3
6 Kremlin 1,416.9 169.9
7 Gildford 1,792.4 214.9
8 Rudyard 2,321.6 278.4
9 Joplin 1,447.7 358.6
10 Chester 1,499.2 369.1
11 Tiber 1,009.5 - 242.6
12 “Lothair - 339.4 84.4
13 Galata 327.2 198.9
14 Devon 263.6 129.6
15 Dunkirk 25.7 15.6
16 Sweetgrass 51.5 31.3
17 Sunburst 415.5 252.5
18 Shelby 2,566.3 1,560.0
19 Ethridge 77.2 46.9
20 Laredo 102.4 12.3
21 Box Elder 1,126.7 135.1
22 Big Sandy 3,480.6 1,277.1
23 Virgelle . 258.7 95.3
24 Loma 1,000.0 7
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Appendix A Continued
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No. Location Surplus Wheat Surplus Barley
in 1990 (in in 1990 (in

1000 bu) 1000 bu)
25 Fort Benton 2,480.6 489.4
26 Carter 2,052.0 489.4.
27 Winifred 291.8 67.5
28 Suffolk 132.6 30.7
29 Lewistown - 1,700.1 137.7
30 Moore 941.7 217.8
31 Square Butte 480.5 176.3
32 Geraldine 2,389.7 219.2
33 - Montague 181.8 54.4
34 Highwood 571.4 134.0
35 Windham 271.0 101.3
36 Geyser 93.9 35.2
37 Belt 53.6 10.1
38 Lavin Spur 53.6 7.0
39 Great Falls 4,929.9 706.9
40 Ulm 160.8 28.8
41 Cascade 160.8 25.7
42 Fairfield 630.8 413.7
43 Power 445.3 251.7
44 Cordova 37.1 21.0

45 Cleiv ' 37.1 21.0 -
46 Agawam 111.3 62.9
47 Farmington J111.3 62.9
48 Choteau 371.1 209.8
49 Pendroy 148.4 83.9
50 Dutton 1,632.7 922.9
51 Collins 185.5 104.9
52 Brady 997.1 1,074.1
53 Conrad 2,293.4 2,470.4
54 Ledger 498.6 537.0
55 Williams 99.7 107.4
56 Valier 1,096.8 1,181.5
TOTAL 53,175.4 18,059.4
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Appendix B-1

The 1976 Single~Car Rail Rates per cwt by Destination, Type of
Grain, and Elevator Location, Golden Triangle-Area

Elevator Locations and Reference Numbers

No. Location To West To Minneapolis Neo. Locafion To West To Minneapolis
Coast Wheat  Barley Coast Wheat  Barley
1 Hogeland 135 164 153 29 Lewistown 109 164 144
2 Harlem 118 164 144 30  Moore 109 164 144
3 Chinook 113.5 164 144 31 Square Butte 102.5 164 144
4 Havre 109 164 144 32 Geraldine 102.5 164 144
5 Fresno 109 164 147.5 33 Montague 102.5 164 144
6 Kremlin 109 164 147.5 34- Highwood 100 164 144
7 Gildford 109 164 147.5 35 Windham 109 164 144
8  Rudyard 109 164 147.5 36 Geyser 105 164 144
9 Joplin 106 164 147.5 37 Belt 102.5 164 144
10 Chester 106 164 147.5 38 Lavin Spur 100.5 164 144
11. ° Tiber 105 - 164 147.5 39  Great Falls 98.5 164 144
12 . Lothair 105 164 147.5 40 Ulm 98.5 164 145.5
13 Galata 102.5 164 ] 147.5 41 Cascade 98.5 164 151
14 Devon 102.5 164.0 147.5 42 Fairfield 100.5 164 144
15 Dunkirk 102.5 164.p 147.5 43 Power 100.5° 164 144
16  Sweetgrass  112.5 164 155.5 44  Cordova 102.5 164 144
17 Sunburst 105 164 150.5 45 Cleiv 102.5 164 144
18 Shelby * 102.5 164 147.5 46 Agawam 102.5 164 144
19 Ethridge 102.5 164 147.5 47 Farmington 102.5 164 144
20 Laredo 109 164 144 48 Choteau 102.5 164 144
21 Box Elder 109 164 144 49  Pendroy 102.5 164 147.5
22 Big Sandy 106 le4 144 50 Dutton 102.5 164 144
23 Virgelle 106 164 144 51 Collins lOZ.P 164 147.5
24 Loma 102.5 164 144 52 Brady 102.5 164 147.5
25 Fort Benton 102.5 164 144 53 Conrad 102.5 164 147.5
26 Carter 100.5 164 144 54 Ledger 102;5 164 147.5
27 Winifred 118.5 164 164 55 Williams 102.5 164 147.5
28 Suffolk 113.5 16@ 164 56 " Valier 102.5 © 164 147.5
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Appendix B-2

The Estimated 1976 10-Car Rail Rate per cwt by Destination, Type of
Grain, and Elevator Location, Golden Triangle Area

Potential Subterminal Locations and Reference Numbers

Location To Portland To Seattle To Minneapolis
, Wheat Barley Wheat Barley Wheat Barley
Chinook 109.6 109.6 109.0 109.4 . 153.6 134.6
Havre 102.5 102.4 101.4 102.0 153.7 135.4
Chester 100.5 101.1 99.7 100.0 155.1  139.9
Shelby 95.0 95.0 94.4 94.4 155.7  140.3
Big Sandy 102.0 105.9 101.5 101.8 154.7 135.8
Fort Benton 97.7  98.4 . 97.0  97.5 154,9 136.8
Lewistown 104.1 ~104.5 102.2 102.6 155.9  137.6
Great Falls 92.0 92.1 91.5 91.3 155.7 135.3
Choteau 95.7 96.3 ‘95.3 96.6 156.6 138.2
Dutton 95.7 96.0 95.1 95.1 157.4 138.9
Conrad 97.6 97.6 96.8 96-9 156.2 140.8
Valier 95.9  96.1  95.0  95.0. 156.4  141.1
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Appendix B-3

The Estimated 1976 25-Car Rail Rate per cwt by Destination, Type of
Grain, and Elevator Location, Golden Triangle Area

Potential Subterminal Locations and Referénce Numbers

Location To Portland To ‘Seattle “To Minneapolis

Wheat Barley Wheat Barley Wheat Barley

Chinook  108.3 108.4- 107.7 108.1  152.1 133.1

Havre 101.3 101.3 100.2 100.8 151.9  133.6

Chester 99.5  99.9  98.6  98.7 153.3 138.1

Shélby 94.0  93.9 93.3  93.4 153.7 138.6

Big Sandy  100.8 104.8 100.2  100.7 152.9  134.0
Fort Bemton 96.5  97.3  95.8  96.3  153.2 135.1
Lewistown  102.9 103.1 101.0 101.5 154.6  136.0
Great Falls 91.0  91.0  .90.3  90.2 154.0 133.6
Choteau 94.6  95.2  94.4  94.5 154.9  136.4
Dutton ~ 94.8  94.9  94.1  93.9 155.6 -137.2
Conrad 96.6  96.9  95.7  95.8 154.3  139.1
Valier 94.7  95.9  94.0  93.9 154.5  139.5
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Appendix B-4

The Estimated 1976 50-Car Rail Rate per cwt by Destination, Type of
Grain, and Elevator Location, Golden Triangle Area

Potential Subterminal Locations and Reference Numbers

Location To Portland To Seattle To Minneéapolis .
Wheat- Barley Wheat Barley Wheat . Barley
Chinook  102.6 102.5 101.9 102.1 144.0 126.1
Havre - 96.0 | 95.8 - 94.9 95.1 " 144.0 126:4
Chester 94.1  94.5  93.1  93.1 145.1  130.8
Shelby 88.8  88.7 87.9  88.0 ~ 146.0 131.3
Big Sandy 95.6 99.1 94.9  95.2 145.1  127.0
Fort Benton 91.5 92.1 - 90.7 90.9 145.4 128.1
Lewistown  97.7  98.0  95.7  95.8 146.3  128.8
Great Falls 86.1  86.1  85.3  85.1 146.2  126.7
Choteau | 89.8  90.2  89.2  89.4 147.1  129.4
Dutton 89.6  89.8  89.0  88.6 148.0 130.2
Comrad 1.2  9l.6  90.3  90.5 146.5  131.9

Valier 89.6  89.8 ' 88.8 88.7 146.6  132.4
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