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Abstract:

This dissertation is a study of the production, processing, and transportation of milk for manufacturing
purposes in selected areas in Montana. These areas for the most part are located in Lake, Gallatin, and
Ravalli counties. The study is primarily concerned with the economic analysis of changes in efficiency
in the production and processing of milk as volume produced and processed changes.

The areas considered have in the past been sites of dairy activity. However, dairying as a source of
income in these areas has been declining. This study examines some of the alternatives available to
existing operators in view of available resources.

Data made available by the Experiment Station, the Cooperative Extension Service, the Montana Crop
and Livestock Reporting Service as well as personal interviews provide the basis for determining the
optimum number, size, and site of processing plants that would most efficiently process the volume of
milk available for manufacturing purposes in Montana in 1970.

The tools used for this purpose are linear programming, budgeting, and a derivation of the linear
programming transportation model, the Stollsteimer model.

Based on the use of the Stollsteimer model a plan for more efficient utilization of plants' existing
volume is advanced. This plan could result in economic improvement to the producer and processor.
Other recommendations are made that conceivably could help existing plants alleviate the problem of
declining volume.
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ABSTRACT

This dissertation is a study of.the production, processing, and
transportation of milk for manufacturing purposes in éelected_areas in
Montana. These areas for the most part are located in Lake, Gallatin,
and Ravalli counties. The study is primarily concerned with the economic
analysis of changes in efficiency in the production and processing of
milk as volume.produced and processed changes.

The areas considered have in the past been sites of-dairy activity.

However, dairying as a source of income in these areas has been declining. -

This study examines some of the alternatives.available to existing
operators in view of available resources.

Data made available by the Experiment Station, the Cooperative
Extension Service, the Montana Crop and Livestock Reporting Service
as well as personal interviews provide the basis for determining the
optimum number, size, and site of .processing plants that would most
efficiently process the volume of milk available  for manufacturing
purposes in-Montana in 1970. ‘

The tools used for this purpose are linear programming, budgeting,
and a derivation of the linear programming transportation model, the
Stollsteimer model.

Based on the use of the Stollsteimer model a plan for more -efficient
utilization of plants' existing volume is advanced. This plan could
result in economic.imprevement to the producer-and processor. Other
recommendations are made-that conceivably could help existing plants
alleviate the problem of declining volume.
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CHAPTER 1
INTRODUCTION
Background Information

-The production, processing, and marketing of milk and milk products

in the Unit&d States has undergone many of the same -changes that have
/

taken place in much of United States agriculture ddring the past 50 years..

The‘chéﬁgéé in production of milk on farms has gone from oﬁe.or two
cows on almest éVery farm to many COws, in some, cases thousands, on few
farms. The-adoptién of new tecﬁﬁbiogy.in the production of milk has been
significant., Frbﬁ‘Herringbone milking systems and parlors in the produc-
tion of milk to huge bulk systems to trénsport milk, the industry bears
little resemblance to that of 50 years ago.:

Along with this adaptation of new tecﬁnology have come other changes.
The number of farms repdrting-milk-éows has declined. The total number
of cows reported has been decreasipg,, The decline in cow numbers has
been offset by a large increase -in production pér cow. - The competitive
position of dairy products with other foods has also changed. Substitutes
for a great many dairy products now~§xist._ This transition has cagséd

specifié¢ problems for the Montana dairy farmer.and processor.
ChangeS~in-the‘Dairy Industry in Montana

Looking at.a 1l0-year .period from 1956 to 1965 illustrates some

changes that have taken place. During this time period, ‘'milk production

T T T [ ) Pl
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-2 -
in Montana has shown some.substantial changes in number of dairy farms,
cow numbers{ milk used on farms and émounts and methods used to market
milk off the farms. The number of milk cows on farms has foliowea a
general decline from 95 thousand in 1956 to 57 thousand in i965.

Production per cow has also increased. This is particularly
evident when a comparison is made éf-ali cows with tﬁoseain efficient
segments illustrated by Dairy Herd Improvement Association Units.

Table 1.1 illustrates this change. A compaxiéon of cow‘numbers for thé
years 1960 and 1965 indicates  that dairy cow numbers in Montana have
decreased by approximately 26 percent.

Production over this same period is‘illustrated in Table . 1.2,
Production of milk for Grade A purposes has incfeaéed by nearly 8 percent
from 1960 to 1965, ‘Ovér this same period Grade B production has decreased
8 percént but total production has increased.5 percent. |

Several conclusions can be drawn from the data presenfed in these
two.tables. Total production of milk over the 1960 to 1965 period has
increased with 26 percent fewer. cows. The increase has come in the milk
produced for Grade A purposes which over this period has accounted for
approximately 84 to 86 percent of total milk produced in the state.

There are several reasons for this. The fluid market's requirements'fdr

sanitation and‘the‘levei of efficiency neéesSary to exist in the induétry
has required that new technology and large amounts of capital be expended.
by the producef, This has forced the producer to make large investments

in milking parlors, pipeline milkers, and bulk coolers. To justify this
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TABLE 1.1.

MILK COWS ANP PRODUCTION OF MILK, GALLATIN COUNTY DAIRY HERD IMPROVEMENT ASSOCIATION
AND THE' STATE OF MONTANA, 1956-1965:

Milk Cows. :  Production Per Cow af. .t Gallatin County D.H.I.A, b/

Year on Farms a/ : Milk :  'Butterfat ': CMilke e Butterfat
" Number " Pounds- ~ ~ Pounds , " 'Pounds. Pounds
1956 95,000 5,260 195 10,698 390
1957 92,000 5,320 197 10,770 387
1958 88,000 5,510 204 10,803 . 391
1959 84,000 5,600 207 10,863 391
1960 - 77,000 5,990 222 11,464 412
11961 72,000 6,210 230 11,362 409
1962 " 67,000 6,330 234 11,223 409
1963 63,000 6,440 - 235 11,649 415
1964 60,000 = . 6,600 241 11,939 420
1965 57,000 6,630 2462 . 12,315 _ 432

" a/ Montana Department of Agriculture, Moﬁtang.Agriculture Statistics, Helena: Vol. XI,

August, 1967,

b/ Earl J. Peace, Moritana Daity Herd Improvement ‘Assoéiatior Annual Report, Cooperative
Extension Service (Bozeman: 1956-66) . ’ : ]
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TABLE 1.2. TOTAL MILK PRODUCTION FOR GRADE A AND MANUFACTURING
PURPOSES, 1960-1965. a/
Total For
Year Milk Grade A Manufacturing b/
' 1,000 Pounds 1,000 Pounds 1,000 Pounds

1960 232,000 194,880 37,120
1961 240,000 199, 200 40,800
1962 240,000 199,200 40,800
1963 240,000 201,600 38,400
1964 245,000 210,700 34,300
1965 244,000 209, 840 34,160

a/ Unpublished data released by Statistical Reporting Service, Helena,

Montana, 1967.

b/ Manufacturing or Grade B milk is. defined as that milk purchased
from dairy farms not licensed to sell Grade A milk,
is that milk purchased from dairy farms that are licensed to sell
Grade A milk that is eligible for fluid consumption, including
any surplus used for manufacturing purposes.

Grade A milk

TT
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investment in these facilities along with the investment required for cows,
shelter and.land for feed prbduction, the producer must have some
reasonable assurance.of a market and a stable pricing program. - This

has caused the efficient producer, exemplified b§ the Gallatin County
D.H.I,A, data, to attempt.to enter the Grade A market with its

associated higher prices and stability of demand. . Therefore, the manu-
facturing market's principal .source of,supply-are those producers who are

.

unwilling or. -unable to convert to Grade A production.
The Problem

The changes discussed in the previous section have brought about
several problems.. In.the past, Montgna has had a much larger industry
producing milk for manufacturiné pufposes, Apparently, profitability of
producing milk for manufacturing purposes has been dec;ining. Manufac-
tufing prices are-geared to government support prices. Prior to 1967
these have been quite low in relation to fluid milk prices in Montapa.
Apparently more attractive opportunities exist as a Grade A milk producer
or outside dairying completely. These factors have also had an adverse
effect on plants processing milk for maﬁufacturing purposes. This
decrease in volume, low price supﬁort levels, and increasing costs of
labor and other factors have caused excess plant capacity, lower profit
levels, and a decrease in the residual that can be paid the producer.

These pressures have caused the exodus of a gréeat number of producers
and processoré. Many people.believe that in Montana milk cannot be econom-

ically produced for the Grade B market at all.

TY T 0 A 7
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The increase in the production of Grade A milk has not been without
problems. One of these difficulties has been that of efficient utiliza-~
tion of surplus which is the residual beyond fhe normal product mix
associated with fluid milk that is used for manufacturing purposes.

Unfortunately this residual is utilized principally in the manufacture
of butter which has not been an item of high return for the producer.
Consequently production is held quite close to the Grade A base.
Producing strictly for the Grade A base can cause shortages in certain
parts of the state at certain times of the year and surpluses in these
same areas during the spring and early summer. This is primariiy due
to seasonal variation in production. In the past this surplus has nbt.
existed in a sufficient quantity at individual plant sites to process it
into more profitable products such as American cheddar. 1If there is a
sufficient volume of milk in a producing area an alternative might be
the manufaqture of such a product. While this type of alternative does
not offer as high a price as the fluid market offers, the market for this
type of product is relatively steady. The major metropolitan areas in
Southern California and Western Washington all import a large volume of
manufactured products which include cheese and butter.

In summary, th*ee problems in the area of production and processing
exist., TFirst, there is a real question if the dairyman producing milk for
the Grade B market can continue to produce milk for this market. Both
the processor and producer neéd £o have more information about the rela-
tive competitiveness of this enterprise at various price levels related

to other agricultural opportunities. Second, there is a problem of excess

Lo 7 ™ (LN T1 ] i )
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capacity in existing Grade B plants. If -the prospect for continuing the
production of milk for manufacturing under existing price levels is dim
the problem will get.worse. Third, there is the problém of utilization

of milk beyond the normal plant mix processed by the Grade A plant.
Scope and Purpose of the Study

In view of these problems there are four major objectives of this
study. First, to determine the relative compétitiVeness of the dairy
enterprise with that of other altérnatives available to a typicgl Montana
producer and to determine at what production and price 1evels'a processor
or producer could expect the enterprise to'entEr a farm program. Second,
to determiqe how the cost structure of a model manufacturing plant varies
as the volume of milk increases. If excess capgcity in plants is to be a
continuing péoblem in the manufacturing industry and there are economies
of scale present in the manufacture of milk, one possibility is to consoli-
date the volume of milk at the various sites into larger quantities in
‘order to utilize these economies associated with processing these larger
volumes at fewer sites. Third, to determine some least cost methods and
associated costs of transporting milk between these sites. TFourth, to
determine if there are economies associdted with trahnsporting and proc-
essing volumes of surplus Grade A milk from cities in the state. This
volume of milk would be in excess of that needed for tﬁe normal plant mix

processed by the Grade-A plants in those, cities.

T T L i ) T1V 117
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History and Administration of the
Present Pricing Program 1/

wr .
The government has been active in the purchase of milk and its

products since 1933. Their purchases have nevér been great as a percent
of total milk produced; but ﬁarket prices have been close1§ allied with
support levels.

Since some selected price support levels will be-used throughout the
thesis, a brief discussion will be devoted to the organization and admin-
istration of this program. The government.programs have ranged from
direct price.supports during the depression to incentive type prograﬁs
administered during Worla War II and the Korean War.

After World Waf II a "cleén tﬁe market" coﬁcept has come into being.
The present dairy program is authofized under the Agricultural Act of
1949, 1In the wording of.this act,

. . the price of whole milk, butterfat, and the products

of such commodities, respectively, shall be supported at .

such a level not in excess of 90 percentum of the parity

price therefore as the Secretary determines necessary in

order to assure an adequate supply. . . .

Table 1.3 illustrates thg relationship between percentage of parity,
support price, and market price since.1949. Table 1.3 serves to illus-~
trate the close correlation of market price to support price. This is nét

to say that the support price is the market price but in the past has been

closely related to it.

1/ A good account of the government's role in the pricing of dairy
products is outlined in Anthony S. Rojko's The Demand and Price Struc-—
ture for Dairy Products, USPA Tech. Bul. 1168 (Washington: May 2, 1957)
pp. 149-159.

TT ™ T
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TABLE 1.3. COMPARISON OF ANNOUNCED 'SUPPORT PRICES
AND UNITED STATES MARKET PRICES PAID TO PRODUCERS 1949—1966._1/
Manufacturing of .Milk
Support Level Market Level
:Percentage: Parity : Average.
: of Parity: :Equivalent: Parity
Marketing:Equivalent: : in Month :Equivalent
Year ¢ Prioxr to : : ¢ Prior to : During
Beginning:Marketing : Price Per : Price Per :Marketing :Marketing
April 1 : Year a/ : 100 Pounds : 100 Pounds : Year a/ : Year
1949 b/ 90 c/ 3.14 3.14 90 ¢/ 89
1950 4/ 81 e/ 3.07 3.35 88 £/ © 85
1951 86 3.60 3.97 94 93
1952 90 3.85 4.00 93 95
1953 89 3.74 3.46 83 . 84
1954 75 3.15 3.15 75 80
1955 80 3.15 3.19 81 82
1956 82 3.15
84 3.25 £/ 3.31 86 84
1957 82 3.25 3.28 83 82
1958 75 3.06 3.16 77 77
1959 77 3.06 3.22 81 | 81
1960 76 3.06 g/ '
80 3.22 h/ . ‘
85 3.40 i/ 3.31 83 83
1961 83 3.40 3.38 83 83
1962 75 3.11 3.19 i/ 76 77
1963 75 3.14 3.24 77 77
1964 75 3.15 3.30 77 77
1965 75 3.24 3.45 81 77
1966 78 3.50
89.5 4.00 k/ 4.10 92 90
1967 87 4.00

a/ TFigures listed are the actual percentage of parity or parity-equivalent

prices published near the end of March before the beginning of the

market

~

- Calend

~

o

ing year.

ar year.

d/ January 1, 1950 - March 31, 1951.

(Footnotes continued on following page.)

Based on parity equivalent published in March 1949.

11
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Percentage of parity equivalent and parity prices, based on modernized
parity published in January 1950.

Effective April 13, 1956,
Effective April 1 ~ September 16, 1960,
Effective September 17, 1960 - March 9, 1961 (Pﬁblic Law 86-799).

Effective March .10, 1961.

- Beginning November, 1962, parity equivalent is based ,on prices for all

manufactured milk instead of "3-product” price for American cheese,

evaporated milk, and butter-nonfat dry milk combination used before.

s

Effective June 30, 1966.

Economic Research Service, Dairy Situwation (Washington, D. C.: May,
1967), p. 8. . : ,

o i {4
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Administration of the Program

Prior to each marketing year, the Secretary of Agriculture announces
the specific support levels that will be in effect for the coming marketing
year. Under the purchase program the Secretary announces that the
Commodity Credit Corporation will stand ready to buy at the specified
support levels any butter, cheddar cheese, and nonfat:dry milk of the
specified grades offered it in carlots. (Section 201)

Although only'buﬁter, cheese, and nonfat dry milk are purcﬂased under
the supﬁort program prices of other products'are indirectly supportea
through the program,  The: average pricés received by farmers have equaled
or.exceeded the support levels during most of the period since 1949.

Previous Research Related to Economic Adjustment of
Dairy Firms in Montana

The purpose of this section is to review some of the literature
associated with plant organization, optimal dairy farm organization, and
some. of the research related to supply response in Montana.

A 1955 Montana State College study indicaﬁed that the dairy picture

in Montana was a continually changing one due to technological advance. .2/

2/ Edward H. Ward, The Influence of Technological and Legal Changes on
the Operation of the Montana Milk Control Law, Montana Agr. Expt.-
Sta., Mimeo Cir. 90 (Bozeman: July, 1955), pp. 8-10.

™ Tt
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It also pointed out that markets overlapped and were Becoming

increasingly competitive. Even at that time Ward noted there was not a

stable marketing situation but.that some areas suffered deficits at certain

periods during the year while in surplus at other times. Improvement of
transportation facilities and 6ther advances also made the total market
much more overlapping than it had been.in the past.”

Also in 1955, Davidson used budgeting techniques and-a synthesizing
process to derive a supply response model for thé upper Flathead Valley. §J
By this technique Grade A milk supply response wifhin'the limited range:
of alternatives presented by the budgefing—Synthesizing method weré.
analyéed. Various alternative adjustments to price changes were anaiyzed.
Davidson noted that the number of possible alternétiVes that could be
analyzed were limited by the budgeting technique.and suggestéd the
ﬁossible use of linear programming to expand the number of altefnatives.

Further research on utilization of surplus through ménufacture of
cheddar cheese, butter, and cottage cheese was accomplished by Jones in
1957. 4/

Minimum daily requirements of milk necessary for manufacture of

. cottage cheese, cheddar cheese, and butter were determined. Alternatively,

3/ J. R. Davidson, Supply Response of Grade A Milk Production in Upper
Flathead Valley, Mimeo Cir. 91 (Bozeman: October, 1955).

4/ Donald F. Jones, Marketing Alternatives for Surplus Grade A Milk in
Montana, Mimeo Cir. 100 (Bozeman: February, 1957).

™
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net returns for the three commodities. were compared when processed by
an individual plant.

Bucher hypothesized that a cheese plant could improve income for
Billings dairy farmers through a better utilization of surplus, 5/
Bugher synthesizea a model plant handling from 5,000 to 40,000 pounds of
milk per day and analyzed the returns at these varying levels.

Several other studies exist in the area of plant efficiency.
Johnson, Clarke, and Forker did a rather detailed study of the manufac-
turing industry in California. 6/ Using the synthésizing technique model
plants were constructed and compared in terms of efficiency to 200 plants.
Cost schedules were computed for the actual plants and compared to the
model. These estimates became part of a broader inves;igation of the
pricing mechanism for milk in California.

Synthesizing and budgetary téchﬁiques have been completed in areas
similar to Montana. Hammond and Cox's study of the structural changes in
the North Dakota dairy industry related some of the same-problems that

exist in the Montana dairy industry. 7/

5/ Robert F. Bucher, Can a Cheese Plant Improve Tncome for Billings Milk
Producers, Agricultural Economics Research Report No. 20 (Bozeman:
October, 1962).

6/ Aaron C. Johmson, Jr., Olan D. Forker, D. A, Clarke, Jr., Operations
" and Costs of Manufacturing Dairy Products in California, Giannini
Foundation, Research Report No. 272 (Berkeley: January, 1964).

7/ Jerome W. Hammond and Rex W. Cox, Structural Changes in the North
Dakota Dairy Industry, Bulletin No. 454 (Fargo; June, 1965).

T T T ey .
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There are many good studies of efficiency problems in the production
of dairy products. The dairy'industry at the farm level has experienced
the same general type of. problems whethér it be in Mississippi or Montana.
More prdduction per cow, fewer.cows, bigger herds, fewer cheese plants,
lower volume to these cheese plants—--this is the trend that has been
followed in thé past few years. It is probably an understatement to say
that linear programming hés become a significant research tool in deter-—

mining optimizing levels in the production process. 8/
The Problem Area

Over 90 percent of the milk used for manufacturing purposes is

currently produced in three areas in Montana and the study is concentrated,

8/ TIowa State has published two good studies since 1960 dealing with
problems encountered in resource use on Iowa dairy farms. See
Randolph Barker and E. O, Heady, Economy of Innovations in Dairy
Farming and Adjustments to Increase Resource Returns, Research
Bulletin No. 478 (Ames: May, 1960)., See also Earl O. Heady, Ross V.
Bauman and Frank Orazen, Adjustments to Meet Changes in Prices and
to Improve Incomes on Dairy Farms in Northeastern Iowa, Research
Bulletin No. 480 (Ames: June, 1960). Colyer's study emphasized the
importance of strategic use of capital on Wisconsin dairy farms. A
major conclusion was that on most Wisconsin dairy farms dairying
could only be justified as a continuing enterprise, not as a new one.
See Dale K. Colyer, Adjustments in Dairy Farming in Western Wisconsin
Under Alternative Capital Limitations, Bulletin 578 (Madison:
February, 1966). James G. Hamill noted the importance of high
production, management, and proper use of capital in a study completed
in Mississippi which used the linear programming technique. See
Hamill, Costs and Returns to Producers of Milk for Manufacturing,
Bulletin 672 (Oxford: October, 1963).
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cally for purposes of the linear programming model were Gallatin County,

Ravalli County, and Lake County. The principal agricultural areas within

those counties are the Gallatin Valley, the Bitterroot Valley, and thé

Lower Flathead Valley, respectively. .

It was felt that these areas typify the major porfion of the dairy

industry devoted to the manufacture of cheese in Montana. Othér areas

such

as the Yellowstone Valley. could be included but it was felt that

the models derived from this study could apply to those areas with very

little modification.

Characteristics of the Problem Areas

Weather and type of crops grown vary considerably in the three areas. .

Ravalli County averages about 112 frost-free days, Gallatin County averages

about 107 frost-free days while Lake County averages 120 frost-free days.

Precipitation in all three areas is light, limiting farming without irriga-

tion,

10/ Water availability and the type of climate limit the types of

9/ TUnpublished data released by the Montana Crop and Livestock Reporting

10/

Service, Helena, Montana.

Climatological and geological characteristics of the three areas are
summarized in: Charles T. Hash and Jack R. Davidson, Economics of
Vegetable Processing in Ravalli County, Montana, Agr. Econ. Research
Report 25 (Bozeman: May, 1966). O. M. Hackett et al., Geology and
Ground Water Resources of the Gallatin Valley, Gallatin County,
Montana, Geological Survey Paper 1482, U. S. Government Printing
Office (Washington, D. C.: 1960), pp. 12-13, Willaim DeYoung and

R. C. Roberts, Soil Survey of the Lower Flathead Valley Area,
Montana, Montana Agricultural Experiment Station (Washington:

1929).
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crops that can be grown. Ravalli County and Lake County both appear to
be capable of raising vegetable crops, sugar beets, legume crops, and
grains. The shorter growing season in Gallatin County limits the types
of crops to primarily legumes and gréins°

All three areas have supported milk producers and ménufacturers in
the past. Howevef, the volume and cost situation has caused the demise
of a considerable number of plénts aﬁd producers. " Dairying still confri—
butes heavily to Gallatin County's economy. Most of the milk is produced
for Grade A purposes. At present there is one plant-in this area that
produce cheese and nothing else. A plant at Bozeman manufactures cheddar
out of its surplus but fluid milk islitérpriﬁcipal broduct.

Lake County is adaptable to raising legumes and winter wheat.. Some
corn is grown, a few sugar beets, oats, barley, and potatoes. The
acreages of.corn, sugar beets and fotatoes are insignificant° Lumbering
and livestock are also important segmenfs of the valley's economy.
Dairying is also an important activity, There is a manufacturing plant
located in Ronan and Grade A milk is shipped to Missoula and Kalispell.

Crops that éan be grown in.Ravalli County are vegetable crops, sugar
beets, legume crops, and grains. The valley in the past has supported
dairying. At one time several processing plants existed in the valley.
Now only two are in operation--one at Hamilton and the other at
Stevensville., Increased costs and low voigme were given as reasonsﬂfor
their closure. Some milk is shipped out of the valley to G;ade A markets

in Missoula.

TT 7
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Analytical Methods

Three different analytical tools were employed to accomplish the
objectives of this study. Thesé were (1) linear programming, (2) budg-
eting or cost-synthesis, and (3) the Stollsteimer location model.

Linear Programming.--The determination of. an optimal farm organiza-

tion with the possibility of the inclusion of a dairy enterprise can be
arrived at in several ways. The farm budgeting technidue has been used
for many years but its major shortcoming is that of the burden involved
in handling a large number of price variations, yield variables, or
management variables applied as revisions,K to the basic model, With the
development of linear programming and the high speed computer operations
that would ordinarily take days can now be performed in minutes. Loomba
defines.linear programming as:

a method of determining an optimum program of interdependent

activities in view of available resources. The term linear

implies that all relationships involved in the particular

problem which can be solved by this method are linear. The:

term programming refers to the process of determining a

particular plan of action. 11/

Several good references outline the theoretical procedure involved in

the use of linear programming in farm management. 12/

;;/ N. Paul Loomba, Linear Programming, An Introductory Analysis (New
York: McGraw-Hill, June, 1964), p. 1.

;g/ Earl O. Heady and Wilfred O. Candler, Linear Programming Methods
(Ames, Iowa: Iowa State College Press, 1958), ’ '

T
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The device was used in this study to test the feasibility of dairying
under the following sets of possibilities. First, since the market pricé
for milk is quite closely correlated with support,ievels, revisions were
made in the basic model %or changes in support levels. Secondly, since
the ability to manage.a dairy herd can vary quite drasticall&, revision
was made in the Easic-model for differences in managemeﬁt. This was
accomplished by programming four different dairy production levels. The
advantage of the use of linear progfamming in this study now becomes
apparent. These budget changes in the basic model can quite easily be
analyzed by revision of the . program. The iinear program alsé yields the .
added bonus of the computation of the marginal value productivities for
the various inputs.

The climatological differences in the areas under consideration
necessitated the construction of two different linear programs for the
milk production problem. For convenience theée will be referred to as
Basic Model One and Basic Model Two. Basic Model One-included a system
of 28 activities and 21 equations. Alternatives were more.limited in the

construction of Basic Model Two so it included a.system of 24 activites .

and 14 equatioms.

The Synthesis Model: The Manufacturing Plant.--This study also made

use of the budgetary or synthetic model approach which has been developed

T




- 19 -~
by Bressler and others. 13/ The cost structure of manufacturing plants
changes as the volume of milk proceésed increases. There are seﬁeral’
methods used in determining costs of different sized plants. Surveys are
often made and existing plants' costs compared with these plants. However
there are differences in input rates and efficiency levels among plants of
the same scale. Hence it is difficult to acgurately ascertain the exact
nature of these costs either by interplant or intra-industry compari"soﬁe
The synthetic model attempts to overcome these obstacles by applying the
same standards to all firms within the series to be studied. The
synthetic model can also easily be revised. 8ince the number‘of produét
alternatives appears to be quite limited in Western Montana it was easier
and probably more accurate to apply this method than alternative methods.

The Stollsteimer Location Model.--One of the considerations involved

in this study is the possibility of merging the existing operations into

b

various sizes and number of plants so as.to more efficiently utilize the -

volume. Processing of surplus Grade A is also considered. The problem

is not only that of the economies of scale associated with an increasing

13/ R. G. Bressler, BEconomies of Scale in the Operation of Country Milk
Plants with Special Reference to New England (Boston: New England
Council on Marketing and Food Supply), 1942. Also see M. C. Connor,
Leland Spencer and C. W. Pierce, Specifications and Costs for a
Milk Pasteurizing and Bottling Plant, Virginia Agricultural
Experiment Station Bulletin 463, Northeast Regional Publication 16
(Blacksburg, 1953), p. 48. TFor a detailed discussion of the
theoretical basis for this technique and its adaption to cost
analysis of plant operations, see B. C. French, L. L. Sammet, and
R. G. Bressler, "Economic Efficiency of Plant Operations with
Special Reference to Marketing of California Pears," Hilgardia,
Vol., XXIV, No. 19, July, 1956, pp. 544-591,

Pl
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size of plant but also the increasing transportation cost associated with
fewer plants and greater distances. The general problem of location
theory has been dealt with extensively by many theorists. Results of
their work are incorporated into the study. The broad theoretical frame-
work in which the problem of location theory rests will not be considered
extensively here. 14/ The main discussion will be concerned with the
specific theoretical model used in this thesis and some specific research
related to this model.

Researchers in the past few years have become increasingly dissatis-
fied with the Loschion or Weberian approach to the economics of location.
The- applicability of these models is severely limited by the assumptions
on which it is based. First of all, generally all points in the plans
in the Weberian model are considered as potential plant sites. In
actuality this is seldom the case. Normally plant locations are
restricted to a selected number of points adjacent to an existing trans-
portation network. The distance functions then are normally discontinuous
which precludes the use of the marginal calculus in solving for optimum
plant sites. The model is also restricted in that the number of plants

is not considered a variable.

14/ 1Isard discussed the history and development of location theory quite
well. See W. Isard, Location and Space Economy (Cambridge, Mass.:
M.I,T. Press, 1956). Also specifically in the area of assembly and
-processing of milk see R. G. Bressler.and D. 0, Hammerburg,
"Efficiency of Milk Marketing in Connecticut, No. 3, Economics of
the Assembly of Milk," Storrs Agr. Expt. Sta. Bul. 239 (Storrs,
1942) ;3 and F. L. Olson "Location Theory as Applied to Milk Processing
Plants," Journal of Farm Economics, Vol. XLI, No. 5, (December,
1959), pp. 1546-1555.
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The linear programming model deals with problems of discontinuities
in the distance function. We can note that first of all such a problem
consists of three components: (1) a linear objective function, (2) a '
set of linear structural restraints, and (3) a set of nonnegativity
restraints. We might visualize such a problem in the following manner.
The linear objective fuﬁction to be minimized represents thé total
shipping cost of goods to be sent from some origins to some.corresponding‘_
destinations.

Second, we can write a set of linear structural restraints

which might, for example, give the relationships between the origin

capacities and the goods to
capacity restraints) and' the
and ‘the goods to be shipped

Finally, we select a set of

be received by different destinations (origin
relationship between the location capacities
(destination requirement restraints).,

nonnegative constraints for the structural

variables. They will state that no negative shipment is permitted.
Mathematically the relationship can be expressed as:
Minimize

Z = f(xl,xz,...,xn) = cq¥y + c, X, + ... +cx

subject to

zalox- _<_b~ :isg,---sz
j=l J J 1 J b L A ]
and

=131,2,3,...,0
.. >0 s~ st
ij — i 1,2,3,...,n

— T =T T1 T H
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The linear programming transportation model, however, does not deal with
problems involving economies of scale nor does it cope with problems
involving variation in ﬁlant numbers.

Stollsteimer recognized:the weaknesses of the basic linear program-
ming transportation model and in i961 introduced a model that was in
essence an extension of the linear programming transportation model but
one in which economies of scale could be considered. Plant number and
locations could also be introduced as variables. The particular model
will simultaneously determine the number, size, and location of plants
which will minimize the combined assembly and processing costs of a
particular raw material over a given time. period produced at scattered
production points.

Basically the model is as follows: Given I origins .or raw material
sites at which there is a quantity of Xi of a material produced to be
transferred to one of L possible locations to be processed; the problem
is to determine that number, size, and site of these locations that
simultaneously minimizes the combined cost of transferring and processing
the quantity of raw materigl produced at that origin. 15/ Algebraically

the problem can be stated as:

15/ J. F. Stollsteimer, "A Working Model for Plant Numbers and Location,".
Journal of Farm Economics, Vol. 45, No. 3 (August, 1963), pp. 631-
645,
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"Minimize
: J I J
(1) TC = j__z_l L+ Zl Jlelj 14 | L,

with respect to plant numbers (J > L) and locational pattern

Lk = l,;oe,g subject to -
J
2) - Z Xi' = Xi = quantity of raw material available at or1g1n
j=1 J i per production period.
I :
z X,, = X, = quantity of material processed at plant j
NPy J . .
i=1 per production period
I J _
z z Xi' = X = total quantity of raw material produced and
i=1 j=1 J processed X,,,X, > 0 and C,, > O
. 1371 — . ij
where: TC = total .assembly and processing cost
Pj = u%iE processing costs in plant j (j = 1,...,J < L) located
a .
]
X,, = quantity of raw material shipped from origin i to- plant 3j
+J located with respect to LJ
C,. = unit cost of shipping material from origin i to plant j
+J located with respect to'Lj
Lk = one locational pattern.for J plants among the (L)
possible combinations of locations for J plants given
L possible locations.
L, = a specified location for an individual plant

I G =1,...,0" 16/

16/ Ibid., pp. 632-633.
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As Stollsteimer points out the procedure varies with the‘presence or
absence of economies of scale and whether the plant costs are influencea
by the plant site.

There are several possible coﬁbinations of these circumstances.

Only one will be discussed here. It will be assumed that plant costs
are independent of plant site and that there are economies of scale in
operation.

A basic assumption is that the férm of the long run plant cost
function is linear with respect to output and to have a positive inter-
cept. As Stollsteimer points out, 'this-particular fUnciional form
simplifies solution of the problem and appears to be applicable . . .
within the relevant-range to many plant-operations." 17/ If factor costs
are equal at all plant locations, the long'run plant cost function will
also be invariant with respect to lécétion. In this case plant costs will
be a'function of plant size.

The process of minimizing equation (1) with respect to plant numbers
(J) and a locational pattern (Lk) can be accomplished in two steps. The
first step is to obtain a total transfer cost funé%ion minimized with
respect to plant-location and plant numbers. Secondly, the addition of
these minimized transfer costs for varying numbers of plants to tﬁe total

processing costs for these plants yields a combined transfer and

17/ Theoretical support of this argument is advanced by S. C. French,
L. L. Sammet, and R. G. Bressler, Jr., op. cit., pp. 545-557. Olson,
however, assumes the processing cost function to be curvilinear.
See Olson, op. cit., pp. 1548-1549.
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processing cost. function minimized. . with respect to plant location for
varying numbers of plants.

The transfer function Qill be concave in shape. 18/ The number of
plants that minimize these combined transfer and processing costs depend
on the relative slopes of the minimized transfer cbst function and the
total processing cost function, As Stollsteimer points out, "in order
that the total costs fall wiﬁh an increase in plant numbers, the decrease
in minimized total transfer costs must be greater than the increase in

total processing costs." 19/
Sources of Data

The Linear Programming Production Models.--The necessary data for

the linear programming models consisted ofy
(1) Net cost coefficients for the objective function
(2) Input-output coefficients
(3) The necessary resource restrictions
(4) Prices for the buying.and selling activities.
Net cost coefficients and input-output coefficients. -- Previous

research by the Montana Cooperative Extension Service in the Yellowstone

;§] .Stollsteimer, Ibid., p. 636. Hoch, in a later article states that
the second differences are not necessarily positive. See Irving
Hoch, "Transfer Cost Concavity in Stollsteimer's Plant Location
Model," Journal of Farm Economics, Vol. 47, No. 2 (May, 1965),

PP. 470-472,

19/ Ibid., p. 638.
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Valley as well as studies completed in the Bitterroot Valley and the Upper
Flathead were utilized as principal sources of data for the cropping
enterprises. 20/ These data consisted of input requirements in terms of
cultural, harvest, miscellaneous costs, and fixed costs. Primary i
components of the variable costs were.labor, fertiiizef, and materials.

Much of the physical data in the Extension study appeéred to be
directly applicable-to the current problem. Time and labor requirements
for each of the cultﬁral and harvesting operations for the enterprises
should be capable.of achievement under a réasonably efficient set of
operating conditions. Total cultural harvest and fixed costs are

included.in Appendix I. These costs are included in detail and referenced

as to source in Chapter II.
Requirements for a.cow-calf enterprise were taken from sources

completed by the Ecenomic.Research Service. 21/

»20/ As can be noted in Appendix I, Sample Costs: Irrigated Crops

' Yellowstone County, Montana, Cooperative Extension Circular
(Bozeman, 1964) was used for synthesizing costs related to the
Bitterroot Valley as well as Charles Hash and Jack Davidson, -
Economic Feasibility of Vegetable Processing in Ravalli County,
op. cit., also Jack R. Davidson, Supply Response in the Upper
Flathead Valley, op. cit. ' » “

21/ Economic Research Service, Resource Situation: Non-Trrigated, ' i 1
1370 Acre Grain-Livestock Farm, Economic Research Service ‘
Circular 1970 (Bozeman, 1964).
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Input requirements and the derivation of net cost ceefficients for

the dairy enterprise came from several sources, 22/ Some. estimates were

made based on.the author's experience as a dairyman. Thumb rules for

. feeding concentrates and hay were used. These costs and requirements

are specified in Appendix I, Table I-IV,

Price Data. —— Montana Agricultural Statistics was consulted for this

data - as well as the monthly reports of the Statistical. Reporting Service. .
Previous work at Montana State University was also consulted. gg/
Resource Restrictions. —- Federal programs dictate allotments in
certain crop areas and the maximum.acreage devoted to that specific crop.
Typical allotments held with sugar companies also determined the maximum
amount of sugar beets to be grown. Another determining factor was the
amount of land available for cropping activity. These were. .determined
from survey data in the areas involved. 24/ Since specialized dairying

was not-considered, a constraint was placed on the maximum number of cows

gg/ Cooperative Extension Service, Twin.Falls County Dairy Herd Improve-.
ment Association Annual Report (Twin.Falls, Idaho: 1960-64). Inter-
views with Floyd Olsen, Manager, Consolidated Dairies, Ronan, Mont.,
Shane . and Joe Heap, Managers, Glacier Mountain Cheese Factory,
Gallatin, Montana helped determine the used value of much of
the physical equipment.

23/ Vesterby compiled seasonal indices of inputs used‘a formula pricing
plan for Grade A milk in Montana. These also were consulted. See
Marlow Vesterby, '"The Development of a Milk Pricing Formula at the
Processor-Distributor Level for Montana', (Unpublished Master's
Dissertation: Montana State Uniwversity, August, 1966). -

24/ Hash-Davidson, op. cit., p. 1l4.
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to be milked. One of the oﬁjectives was to test the competitiveness of
the dairylenterprise with existing activities. To consider a large,
specialized dairy operation also means the consideration of large -

quantities of specialized equipment and capital. 25/

Budgetary Data.--The necessary data for the model constructed at
the processing level was selec;ed from several sources. Secondary data
was consulted when gpplicable for such items as the physical plant, equip-
.mentg and utilitigs. 26/ Actual sufvey data was.used for such items as

labor, supplies, fuel costs, and other consumable items.

Survey Description.--Vigits were made to four plants in Idaho, one
in Utah, and one in Wyoming as well as initial visits and surveys

conducted in four plants in Montana. The first three areas contained

25/ Colyer found that dairying was only justified as an enterprise at
Wisconsin Grade B prices only with present facilities, Certainly
a major decision is.involved to expand the dairy operation to a
full scale specialized operation.: Capital and labor requirements
can.cause a reluctance,to increase such activity. The assumption
here was that the farmer in a diversified farming area would keep.
it as only one of the activities.

26/ F. V. Kosikowski, 'Cost.of Manufacturing Cheese in New York State,"
Milk Products Journal, (May, 1954). Also see Hugh L. Cook and.
Kenneth J. Little, Marketing Costs and Margins for Selected Lots
of Wisconsin Cheddar Cheese, Wisconsin Agr. Expt. Sta. and USDA
Research Bulletin 210 (Madison: May, 1959). An earlier Wiscomsin
study was.Hugh L. Cook and LaVerne Schaller, Costs for Manufacturing
American Cheese.in Wisconsin Factories .of Two Vat:Size, Univ. of
Wisconsin, Dept. of Agr. Econ. (Madison: May, 1959), Two other
studies were G. A. Rowe, Economics of Cheese Manufacturing in
Tillamook County Oregon, Oregon Agr. Expt. Sta. Bul. 529 (Corvallis:
December, 1952) and Christian Jensen, "Want A Cheese or Milk Drying
Plant in Your Community?", North Dakota Farm Research Bulletin,

Vol. 21 (Fargo: July, 1960). Bucher's work was also used. See
Bucher, Can a. Cheese Plant Improve Income for Billings Milk
Producers?, op., cit.
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plants that . processed much larger volumes than those in Montana. Some
of thesé plants were also different in makeup. Two of the plants were
butter-powder operations while two were Swiss Cheese operations. Initiél
visits to these‘plants were madg to become acquainted with the type of
operation that the planf had at that time, Although some of the tech~
nology employed did_nét apply to the area in Montana, other phases of:
the operations did. This was.particularly true for the Swiss operation
which in many respects is similar to a cheddar operation., Plant organi-
zations were observed and particularly the labor force necessary to
operate the.véripus stages in the plant. Interviews were held with.
the managers. Of particular interest was the.emphasié by these managers
on increasing producers' volume. Four 6f the six plants in Idaho,
Wyoming, and Utah used séme’type of incentive program. All of the plants
in this aréé were payiﬁg_on a hundredweight basis. These initial visits
were genéral in nature. Five of the six managers agreed to cooperate
if further information was needed; Initial visits to the American
Cheddar operations in Montana were also made. Managers in these areas
also agreed to cooperate. Although the scale of operation was much
larger in all of the plants in Idaho, Utah, and Wyoming than those.in
Montana many of the same problems were encountered.

A second visit was made to three of the plants in Western Montana.

This visit was of a much more detailed nature. Economic engineering

techniques were employed to derive stage times at the various processing

T 1
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stages. Cost of consumable itemé were obtained from the managers. ‘This
information is listed as to source throﬁghput the study. Profit and Loss
statements were analyzed Where the managers permitted. The managers were
all quite willing to cboperate although several expressed fear that some
confidential information could cause them harm if disclosed.

In dealing with the transportation phase-another problem was
encountered. A large volume of information pertaining to milk transporta-
tion does not exist in Montana. Interviews with the H. F. Johnson
Petroléﬁm Company were conducted. This company transports gasoline,
diesel fﬁei, and other petroléum products throughout.the state. Inter-
views were held tg &etermine repair costs, fuel, and labor costs, and
operating times. Interviews with long distance milk haulers from Havre
and Great Fallé were also conducted. Much of the data pertaining to fhe
stage dperétions in loading and transporting milk came from the review
of these operatioﬁs.

| The state milk production data was gathered from the Statistical
Reporting Service. These data were not broken into manufacturing and
Grade A cémponents. The state office secured permission to divide the
“information inté these two components. Written permission to analyze
their reépectivé operations was obtained from plant owners. Once this
permission was obtained the Statistical Reporting Service was most
cooperative in supplying information related to the utilization of milk

by these plants. -
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An analysis of data made available by the State of Montana Milk
Control Board yielded the figures used in the computation of milk
available for manufacturing in five cities. Officials and personnel at

this office were cooperative in supply these data.

Limitations to the Data.--Bias can be present in any study due to
the data utilized in making this analysis. This bias Sometimes cannot
be avoided but it should be recognized. It was felt that thé va?iable
cost estimates used in the alternative models were quite reliable. These
were estimated over é fairly broad range of data and were.checked against
existing stﬁdies where available. However, estimates of fixed costs are’
another item. Since these eétimates represent some return on investment,
the calculation of these estimates can be influenced by the rate of
return chesen. Operators-are investing increasingly large amounts of
capital and rates of returnslthat were considered adequate in the past
might not interest present investors at all. The interest rates chosen
represent those.that constitute almost.a sure return in terms of alterna-
t}ves such as high grade bonds or investments of similar nature. Conse-=
quently, a downward bias in the calculation of fixed costs might be
introduced once the élement of uncertainty is introduced. An individual
operator might ‘be unwilling to invést in the cheese or milk transportation
industry unless a return of 12 to 15 percent on his capital can be
foreseen. What this return should be is debatable. An alternative to
this problem would be to consider various interest rates and calculate
the fixed costs using fhese rates. This problem was not undertaken in

this study.




.~ 32 -

The data on Fhe production of milk utilized in the processing phaée
of the study was computed over a short time period. This was particularly
true in tﬁe analysis‘of the Grade A surplus .component. However, this
represented the best data available.

It is also important to emphasize twé other limitations. In the
ultimate long run all costs become variable. This would alter the shape
of the long run average, cost .curve. In this dissertation the length of
ruih considered was that loﬁg enough so that blaﬁning considerations could
be instituted. Secondly, the Stollsteimer model chosen assuﬁed that costs
were independent of plant gite. Some differences in-costs at'plant:sites
in fact did exist. Natural gas was.not available at all sifes and
insurancg and power rates might possiﬁly fluctuate with location.

Although these differences did not represent a significant portion of

total costs, they should be recognized.
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CHAPTER IT
THE PRODUCTION MODELS

The success of a dairy manufacturing plant in the long run is
depéndent to a large degree on thé stable production of milk in the
areas concerned. The production of milk must provide returns which are
competitive With other enterprise alternatives available in the area.

To determine if it would be profitable for farmers in the Lake,
Ravalli, Gallatin area to produce milk rathér than other farm products
at varying manufacturing prices for milk and specified prices for other

farm products, linear-programming analyses were conducted.
Basic Model I

Two basié models were used. The first model was of a representative
farm that might be considered an intensive row crop operation. The:
operation was derived from the results of research of Hash and Davidsdn
in Ravalli County 1/ and also the work of the Cooperative Extension
Service in Yellowstone County. 2/ This does not suggest that the model
measures all farms existipg in the area but merely serves as a basis of
measuring the effiéiency of one enterprise or activity against another.
Enterprise activities not.only included crops that are grown in the afea

but also crops that could be grown in the area. The Bitterroot Valley

1/ Hash-Davidson, op. cit,, pp. 12-14.

2/ Cooperative Extension Service, Sample Costs, loc. cit.
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or the Yellowstone Valley would come closest to approximating the
conditions outlined in the following section.
Thus, the différent enterprise activities which were included in

the first basic programming model were:

Corn. Wheat

Beans Barley
Sugar Beets -Dairy’
Alfalfa :

The only livestock activity was the dairy éctivity in this model.
The tofal éize of the dairy activity; if it were to come in at all, was
restyricted. The assumpfion was that any operation beyond 40 cows would
become much more specialized and unld.require,an additional investment
in the physical plant. An individual operator would conceivably be
very reluctant to undertake such specialization.

No festrictions were placed on the tétal amount of labor available.
Seasonal labor could be hired as well as a considerable amount of custom
work substituting for labor.. The wége rate selectea was $1.50 per.hour. 3/

Some comments abouf:the construction of the actual dairy model are
warranted at this point. Since corn silage.was included iﬁ the cropping
activity, an intensive silage feeding program was utilized. Home grown
barley was utilized as the grain ration Wiéh enough protein supplement
added to make a 14 percent grain ration. Thé pasture activity was
not utilized in the production of milk. It was used for thg.pasture of

young animals. The dairy operation then was strictly a dry lot operatiom.

3/ 1Ibid.
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Grain was fed at the rate of one pound of grain for each three pounds
of milk produced, Silage was substituted for hay at the rate of three
pounds of silage for a pound of hay to a mgximﬁm of 60 pounds of silage
per day. |

Land classes relating to the operation were restricted. The land
was divided into two classes, that suited for row crop (Land Class I)
and that suited for pasture (Land Class 4).

Rotational activities were such that at least two years of hay was
required and that sugar beets were only grown one out of five or six
years dependiﬁg on whether the bean acti&ity came into the solutiqn or
not. |

It was also assumed that silage could be contracted to be.grown in
the spring and thus could be considéred as a buying éctiyity. Hay could
be purchased as.well as barley. Protein supplemeht was also included
as a buying activity to be fed with the home, grown barley as a dairy
ration.

There were nine selliné activities included in the matrix. There
were hay selling, barley selling, wheat selling, -sugar beet selling,
silage selling, and four milk selling activities included,. The milk
selling activity was.included at four different levels.  Milk level
one was $3.00. This was about 71 percent of parity. Milk level two
was. $3.50 which is about 80 percent of-parity. Milk level three was.
$4.00 which is about 91 percent of parity and the highest milk level

was $.50 higher at $4.50 per hundredweight.
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There were four different milk production levels. Milk level one
was about the present sta;ewide average for all producers. This was
about 6,000.pounds of milk per cow per year. Milk level two was 9,000
pounds which was above the statewide average but slightly under the
state Dairy Herd Improvement Association average. Milk level three was
approximately the state D.H.I.A, aVerége. Milk level four represented
a high management level at 15,000 pounds of milk per cow. This is still
an attainable level.

The difference in the various management and capital requirements
for the four milk levels was also accoun;ed for by placing different
values on the animals and different labor requirements for the four
production levels. The derivation of these capital and labor require-
ments is outlined in Appendix I-A.

Production and price levels for the other enterprises are presented
in Table 2.1.

It can be noted from Table 2.1 that acreage allotments were assumed
for sugar beets and wheat. _An additional cropping restriction was imposed
on the amount.of hay to be included in the rotation. Due to rotational
activities 26 acres of hay was the maximum to be included in the rotation
at one time.

In total then there were 28 activites and 21 equations in the matrix.
Cost and return budgets were prepared for each enterprise and are

included in Appendix I.
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TABLE 2.1, PRICE AND YIELD COEFFICIENTS USED IN BASIC MODEL ONE.

Activity

_:Requirements a/:Selling Price b/:Buying Price b/

Sugar Beets (T/A)

Barley (Bu/A)

Wheat (Bu/A)

Silage (T/A)

Beans (wa/A)

Alfalfa (T/A)

Land 1 (A)

Land 4 (A)

Protein Supplement (Cwt)
Sugar Beet Allotment (A)
Wheat Allotment (A)

Cow Allotment (No)

16.5
65
50
20
15
4
126
24

27
16
40

Dollars

15.00
.80
1.50
6.00
6.50
22.00

Dollars

.90

' 6.50

23.00

4,20

a/ Yields, wheat allotments, and land requirements were taken from

Cooperative Extension Service, Sample Costs:

Irrigated Crops,

Yellowstone County, Montana, op..cit., and Hash-Davidson, op. dit;,

p. 14,

b/ Prices are 1964 average prices received by farmers as reported by the
Montana Crop and Livestock Reporting Service with adjustments made for
federal programs where appropriate.
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Optimal Farm Organization: Model I

The results of the linear programming analysis of.the first type.of
farm are reported in Tables 2.2, 2.3, 2.4, and 2.5,

"Net feturns on this type of farm varied from -$618 to over $10,000'
depending oﬁ the productibn and price lévels. Net returns is here
defined as returns after all costs have been deducted including 6 percent
charged to equipment;'land, and buildings. Variable costs were those
only associated with the production of the activity (see Appendix I).
Using variable costs as an optimizing functionvgnd a production level of
6,000 poﬁnds per cow; the minimum price for milk céuld be $3.28 and still
include dairying as an activitf. ‘Thus'it Wéé not included ét the price of
$3;00. A look at the data included in the tables indicates that the crop
activities stay constant. Since the relationship_is linear, after the
optimum was reéched, the acreages reméin coﬁstant and only the buying,ahd
selling activities change as different production and prices were
introduced. ¥For examplé, the dairy activity does not enter the organiza-
tion at the lowest production and price level (Table 2.2). After the
dairy activity enters, returns vary with the change in the price of milk.
Internal change of the organization that might.occur in‘the long run due
to an increase in the price éf milk was not.considered.

In terms of total.costs including a 6 percent return on investment,
land, equipment, and buildings, negative returns were obtained in three

of the four production levels assuming a $3.00 price.
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TABLE 2.2, MODEL I: OPTIMAL ORGANIZATION OF A MODEL 150 A. IRRIGATED
FARM WITH A MILK PRODUCTION AVERAGE OF 6,000 POUNDS OF
3.5 PERCENT B.F. PER COW.

Milk Price Per Hundredweight——Dollars

Activity ; 3°00, : 3.50 : 4,00 : 4.50
Sugar Beets (A) ' 21 - .21 21 21
Hay (A) _ 13 13 13 13
Wheat (A) 16 16 16 16 .
Silage (A) _ 21 21 21 2
Pasture (A) : 20 20 20 20
Barley (4) 5 5 . 5 5
Beans (A) | 37 . 37 37 37
Dairy (No) 0 40 40 ' 40
Milk Selling (Cwt) 0 . 2,400 2,400 2,400
Silage Selling (T) 420 240 240 _ 240
Sugar Beet Selling (T) 346.5 346.5 346.5 346.5
Bean Selling (Cwt) 555 555 555 555
Wheat Selling (Bu) 800 800 800 800
Barley Buying (Bu) 0 1,275+ 1,275 1,275
Hay Buying (T) ' o 16 16 16
Protein Suppiement

Buying (Cwt) 0 16 1l . 16
Labor Using (Hrs) 1,341 3,181 3,181 3,181
Capital Use (Dol) 6,856 9,195 9,195 9,195
Total Revenue Minus

Total Variable Cost 7,927 8,577 9,777 10,977

Total Revenue Minus
Total Cost -229 -618 582 1,782
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TABLE 2.3. MODEL I: OPTIMAL ORGANIZATION OF ‘A MODEL 150 A. IRRIGATED
FARM WITH A MILK PRODUCTION AVERAGE OF 9,000 POUNDS OF

3.5 PERCENT B.F. PER COW.

‘Milk Price Per Hundredweight--Dollars

Activity H 3ﬂ00 3.50 4,0Q 4.50
Sugar Beets (A) 21 21 21 21
Hay (A) 13 13 13 13
Wheat (A) , 16 16 16 16
Silage (A) S 21 21 21
Pasture (A) ‘ - 20 20 20 20
Barley (A) 5 5 5 5 .
Dairy (No) 40 40 40 40
Beans (4) 37 37 - 37 37
Milk Sold (Cwt) 3,600 3,600 3,600 3,600
Sugar Beets Sold (T) 346;5 -346.5 346.5 346.5
Beans Sold (Cwt) 555 555 555 555
Wheat Sold (Bu) 800 800 800 800
Barley Bought (Bu) 2,075 2,075 2,075 2,075
Hay Bought (T) ‘_ 36 36 | 36 36
Protein Supplement (Cwt) 24 24 _ 24. 24
Labor Used (Hrs) 3,273 3,273 3,273 3,273
Capital Used (Dol) 9,356 9,356 9,356 9,356
Total Revenue Minus : |
Total Variable Cost 9,243 11,043 12,843 14,643
Total Revenue Minus .
Total Cost ~113 1,687 3,487 5,287




TABLE 2.4, MODEL I: OPTIMAL ORGANIZATION OF A MODEL 150 A. IRRIGATED
FARM WITH A MILK PRODUCTION OF 11,000 POUNDS OF 3.5<PERCENT

B. F. PER COW.

-Milk Price Per Hundredweight—-—Dollars

Activity 3.00 3.50 4.00 4.50
Sugar Beets (A) 21 21 21 21
' Hay (A) 13 . 13 13 13

Wheat (A) 16" 16 16 16
Silage (A) 21 21 21 21
Barley (A) 5 5 5 5
Pasture (A) 20 20 20 20
Dairy (No) 40 40 40 40
Beans (A) 37 37 37 37
Milk Sold (Cwt) 4,400 4,400 4,400 4,400
Silage Sold (T) ' 180 180 180 180
Sugar Beets Sold (T) 346.5 346.5 346.5 346, 5
Beans Sold (Cwt) 555 555 555 555
Wheat Sold (Bu) 800 800 800 800
Barley Sold (Bu) 0 0 » 0 0
Barley Bought (Ba) = - 2,875 2,875 2,875 2,875
Hay Bought (T) 56 56 56 56
Protein Supplement (Cwt) 32 32 . 32 32
Labor Used (Hrs) 3,341 3,341 3,341 3,341
Capital Used (Dols) 9,916 9,916 9,916 9,916
Total Revenue Minus .

Total Variable Cost =~ 9,884 12,084 14,286 16,486
Total Revenue Minus : : :

Total Cost. -32 2,168 4,370 6,570
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OPTIMAL ORGANIZATION OF A MODEL 150 A. IRRIGATED

FARM WITH A MILK PRODUCTION LEVEL OF 15,000 POUNDS OF 3.5
PERCENT B. F. PER COW.

Milk frice Per Hundredweight—~Dollars

Activity 3.00 3.50 4.00 4.50
Sugar Beets (A) 21 21 21 21
"Hay (A) 13 13 13 13
Wheat (A) 16 16 16 16.
Silage (A) 21 21 21 21
Barley (A) 5 5 5 5
Pasture (A) 20 20 20 20
Dairy (No) 40 40 40 40
Beans (Cwt) 37 37 37 37
Milk Sold (Cwt) 6,000 6,000 6,000 6,000 -
Silage Sold (T) ' 140 140 140 140
Sugar Beets Sold (T)  346.5 346.5 346.5 346.5
Beans Sold (Cwt) 555 555 555 555
Wheat Sold (Bu) 800 800 800 800
Barley Bought (Bu) 3,675 3,675 3,675 3,675
Hay Bought (T) “ 76 ‘ 76 76 76
Protein Supplement (Cwt) 40 40 40 40
Labor Used (Hrs) 3,713 3,713 3,713 ' 3,713
Capital Used (Dols) 10,436 10,436 10,436 - 10,436
Total Revenue Minus ' _ ‘
Total Variable Cost 12,278 15,278 18,278 21,278.
Total Revenue Minus - . .
Total Cost 1,842 4,842 7,842 10,842
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The amount of labor employed varied from 1,341 hours per year where
no livestock éctivity was included to 3,713 hours per year at a production
level of 15,000 pounds of milk per cow per year. Thus labor employed in
most cases would appear not to be a prohibitive'factor,

The- amount of cépitél required in these various opérations varied
from a low of.$6,856 in the operation whefe dairying was not included to
over $10,000 at the highest milk productién levei.

Table 2.6 illustrates the felationship between total revenue, total
variable cost, and total cost és related to ﬁhe dairy enterprise.

TABLE 2.6, COST AND REVENUE RELATIONSHIPS AT THE FOUR PRODUCTION AND
PRICE LEVELS--MODEL I.

: Total Revenue Minus Total Total Revenue Minus

Production Level: Variable Cost : Total Cost
Pounds of Milk :Milk Price Per Hundredweight:Milk Price Per Hundredweight
Per Cow . .+ 3,00 : 3,50 : 4.00 : 4.50 : 3,00 : 3.50 : 4.00 : 4,50
' , Dollars ' Dollars
6,000 . 3,527 4,728 5,928 -~ - 618 - 471 729
9,000 4,194 5,994 7,794 9,594 -1,163 634 2,434 4,234
11,000 4,835 7,035 9,236 11,435 ~-1,082 1,115 3,317 5,517

15,000 7,229 10,229 13,229 16,229 789 3,789 6,759 9,789

Assuming a price of‘$3;00 per hundredweight-the dairy énterprise
showed a positive return over total cost at the highest production level
only. It also showed this positive rélationship at-the highest price
with a production of 6,000 pounds. This indicates that although costs
may be covered in the short rum, the long run total cost picture can be.

quite different.
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Table 2.6 also shows the profitability of the high producing herd.
Total costs were covered even at the lowest ﬁficé level,
The minimum prices that milk could fall to and still include

dairying as an activity under variable cost'optimization were:

6,000 pound herd average . $3.28
9,000 pound herd average: 2.67
11,000 pound herd average 2.58
15,000 pound herd average 2.30

Since this does not consider returns to management, no prediction
can be made about which herd owner would exit. from‘the industry first.
The owner of the herd with the'lS,OOO pound average could conceivably be
the first to exit. This could be due to better management and an expec-

tation of a higher return elsewhere.
Relationship to Other Enterprises

A primary conclusion to be.gained from thié phase of the study was
the economic comparisbn of dairying with other 'enterprises included in
the model. Since this‘model was designed to test the relative profit-
ability of the dairy enterprise against other altermative enterprises,
a composite picture'can be obtained. This is illustrated by comparing

Table 2.6 with Table 2.7.

g L T ™ ™
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TABLE 2.7. COSTS AND RETURNS FOR THREE ENTERPRISES ON A MODEL 150 A.
IRRIGATED FARM.

: 3 Total Revenue : Total Revenue.
: : Minus : Minus |
-Ac;ivity : Revenue- :Total Variable Cost: Total Cost
Sugar.Beets 5,197 2,614 : 1,480
Wheat 1,200 . 752 - - 112
" Beans 3,607 1,683 ) - 315

Under the copditions of.this model, the 40 cow herd producing‘6,000
pounds of milk annually per cow per year would not produce:as much reVenue'
as the 21 acre sugar beet enterprise and the 9,000 pound herd would only

produce as much revenue when milk was $4.00 per.hundredweight.or'higherh

"The herd averaging 15,000 pounds of milk wouldlyield more revenue.than -

that particular enterprise at $3.50 or higher. The 16 acre wheat enter-
prise yielded more.revenue than the 6,000.pound herd up to.$4.00 per
hundredweight for milk and yielded more revenué than both the 9,000 and
11,000 pound herd at $3.00.

Similar statemenfs about the bean entéfprise could be made by
comparing it with the dairy herd in the .same manner. The livestock enter-
prise did make more efficient utilization of the rest of the feed crops

than by selling them, thus its inclusion in.the program after the.

minimum price of $3.28 per hundredweight was reached,
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Basic Model IT

The variation in' types of farming from Gallatin to Ravalli county

warranted construction of a second type of model, Because of climato-

logical differences most of the area in Gallatin County is not adaptable

to growing corn, beans, or sugar beets.
This model then contained the following activities:

Alfalfa ' Barley
Wheat i Dairy or Cow-Calf Activity

Net returns on a dairy versus a cow-calf operation were compared.
The- total size of the dairy'activity as'well'as fhe size.of thé‘cow—calf
activity was restricted. The cow-calf activity was limited to 80 calves
marketed yearly. The amount of irrigated pasture and fall pasture avail-
able limited the activity to this maximum.

No restrictions were placed on the total amount of labor available.
Seasonal labor could be hired as well as custém work.,

Restrictions were placed om the total amount of land suitable  for
alfalfa, barley, and wheat. A restriction was also placed on the amount
of pastureland available.

A strict rotational procedure was not followed except that wheat
was restricted by the allotment and the total amount of alfalfa did not
exceed 25 percent of the total Class I cropland. This was primarily for
rotational reasons.

The buying activities included hay, barley, and protein supplement.

T




- 47 -

The. selling activities included milk, hay, barley, wheat, and calves.

The same procedure was followed as.in the first basic model related
to varying milk production and price levels.

The selling activity for the cow-calf enterprise was varied in three
steps. The first level assumed a 450 pound calf being marketed at $22
per hundredweight. The second level assumed a price of.$25 and the
third level a price of $28. 4/

Production and price levels for the en;erpriseé are presented in

Table 2.8.

TABLE 2.8. PRICE AND YIELD COEFFICIENTS USED IN BASIC MODEL II.

Activity :Requirements a/:Selling Price b/:Buying Price b/

Dollars Dollars

Barley (Bu/A) 60 .80 .90

Wheat (Bu/A) 45 1.50

Alfalfa (T/A) : 3 . 22.00 23.00

Land 1 (4) . 360

Land 4 (A) ' 40

Wheat Allotment (A) 80

Hay Allotment (A) 72

Cow Allotment (No) : 40

Protein Supplement (Cwt) 4.20

Cow—-Calf (No) . 80

a/ Yields, wheat acreage, and land.requirements .derived from Cooperative
Extension Data on an Irrigated Farm in Gallatin County, 1960.

b/ Prices are 1964 average prices received by farmers as reported by
the Montana Crop and Livestock Reporting Service..

4/ Prices for calves.as reported by the Montana Crop and Livestock
"Reporting Service varied from $24.70 to $28.60 per cwt. in 1965 and
‘19663 while the three year .1947-1949 average was about $21.00. A
high level was.represented by the $28.00 price, a medium level by.

the $25.00 price and the low price level was represented by the $22.00
price.
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In total tﬂere were 24 activities and 14 equations for this model.
Additional cost and return data necessary for the second matrix are
" presented in Appendix I.

Optimal Farm Organization: 'Model IT
" Dairy Operation Included

The results of the 1inéaf programming aﬂalysis for the second basic
type of farm organizatidn are réported in Tablés-2.9,_2.10,'2.ll, aﬁd 2.12.

A different picture was obtained from analyzing the second model.
Negative net returns Qere obtained in all but £he<two highest production
and price levels. This can be attributed to theée vélue of the fiked
costs associated with the firm, particularly.land.

Analyzing the firm from the standpoint of variable.costs indicafes
that returns varied from $10,161 to over $23,000. This presents a
somewhat deceptive picture. If interest on investment is charged as it-
should be,  then net returns for crepping enferprises would be negative.

So in a sense one.is looking at ente?prise combinations thét minimize loss.

Table 2.13 illustrated the relationship of.total revenue. to total
variable cost and to total cost in terms of the dairy enterprise.

The- - dairy enterprise covered variable costs at any price and produc-
tion level above 6,000 ﬁounds of milk pef cow per year., The additional
restriction was that the minimum price of milk was at least $3.27 per
hundredweight. At any price below $3.27 .the dairy enterprise exited
from the organization and all crop activities were sold. Returns over

variable costs ranged from $3,455 to $17,573. Total returns were not.
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TABLE 2.9, MODEL II: OPTIMAL ORGANIZATION OF A 400 A. IRRIGATED FARM
WITH A MILK PRODUCTION LEVEL OF 6,000 POUNDS OF 3.5 PERCENT
B.F. PER COW.

Milk Price Per Hundredweight—-Dollars

Activity L 3.00 : 3.50 . : 4.00 : 4.50

Hay (A) 72 . 72 72 72
Wheat (A) : 80 80 80 80
Barley (A) : 208 . 208 ' 208 - 208
Wheat Sold (Bu) ' . 3,600 3,600 - 3,600 3,600
Barley Sold .(Bu) 12,480 10,880 10,880 10,880
Hay Sold (T) ' 216 36 . ) 36 36
Dairy (No) : 0 40 40 40
Pasture (4) 40 40 40 40
Milk Sold (Cwt) . 0 2 ,400 2,400 2 ,400
Protein Supplement (Cwt) 0 16 : 16 i 16
Labor Used (Hrs) : 1,332 © 3,172 3,172 3,172
Capital Used (Dols) - 19,584 21,904 - 21,904 21,904
Total Revenue Minus : ' .

Total Variable Cost 10,161 10,714 11,914 13,114
Total Revenue Minus ' :

Total Cost -9,493 -11,190 -9,990 -8,790

TABLE 2.10, OPTIMAL ORGANIZATION OF A 400 A. MODEL FARM WITH A MILK
PRODUCTION LEVEL OF 9 OOO POUNDS OF 3.5 PERCENT B. F. PER COW.

Milk Price Per Hundredweight--Dollars

Activity : 3.00 : 3.50 _:  4.00° : 4.50
Hay (A) 72 72 72 72
Wheat (A) 80 80 80 80
" Barley (A) 208 " 208 208 . 208
Wheat Sold (Bu) ’ 3,600 _ 3,600 3,600 : 3,600
Barley Sold (Bu) 10,080 10,080 10,080 10,080
Hay Sold (T) 9.6 9.6 9.6 9.6
Dairy (No) 40 40 40 40
Pasture (A) 40 40 40 40
Milk Sold (Cwt) 3,600 3,600 3,600 3,600
Protein Supplement (Cwt) 24 24 ' 24 24
Labor Used (Hrs) 3,266 - 3,266 " 3,266 3,266
Capital Used (Dols) 22,065 22,064 22,064 22,064
Total Revenue Minus i
Total Variable Cost 13,260 . 15,060 16,860 18,660

Total Revenue Minus :
Total cost - -8,804 ~7,004 -5,204 -3,404
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TABLE 2.11. MODEL II: OPTIMAL ORGANIZATION OF A 400 A. MODEL FARM WITH
A MILK PRODUCTION LEVEL OF 11,000 POUNDS OF 3.5 PERCENT B.F.

PER COW. -
:  Milk Price Per Hundredweight—--Dollars
Activity . : 3.00 : - 3.50 : 4.00 ¢+ 4.50
Hay (A) o 72 72 72. 72
Wheat (A) 80 80 . 80 - 80
Barley (A) 208 208 208 208
Wheat Sold (Bu) 3,600 3,600 3,600 3,600
Barley Sold (Bu) 9,280 " 9,280 9,280 9,280
Dairy (No) : .. 40 ‘ 40 40 40
Hay Bought (T) 24 24 24 24
Pasture (A) 40 ’ 40 ' 40 ' 40
Milk Sold (Cwt) 4,400 4,400 4,400 4,400
Protein Supplement (Cwt)’ 32 : 32 32 32
Labor Used (Hrs) 3,336 3,336 3,336 3,336°
Capital Used (Dols) 22,263 22,263 22,263 22,263
Total Revenue Minus : o C '
Total Variable Cost 14,319 16,519 18,719 20,919 °
Total Revenue Minus - ' o :
Total Cost 8,304 ~6,104 ~3,904 ~1,704

TABLE 2.12. MODEL II: OPTIMAL ORGANIZATION OF A MODEL 400 A. IRRIGATED
FARM WITH A MILK PRODUCTION LEVEL OF 15,000 POUNDS OF 3.5
PERCENT B.F. PER COW. - .

Milk Price Per Hundredweight—-Dollars

Activity : 3.00 : 3.50. : 4.00 : 4.50
Hay (A) - 72 72 72 72
Wheat (A) 80 80 80 80
Barley (A4) ' 208 208 208 208 -
Wheat Sold (Bu) 3,600 - 3,600 3,600 3,600
Barley Sold (Bu) 8,480 8,480 8,480 8,480
Dairy (No) A 40 40 40 40
Hay Bought (T) 56 56 56 56
Pasture (A) 20 20 20 20
Milk Sold (Cwt) 6,000 6,000 6,000 " 6,000
Protein Supplement (Cwt) 40 40 40 40
Labor Used (Hrs) 3,704 3,704 3,704 3,704
Capital Used (Dols) 23,143 23,143 23,143 23,143
Total Revenue Minus ‘ '
Total Variable Cost 14,561 , 17,561 20,561 23,561

Total Revenue Minus
Total Cost -8,582 -5,582 -2,582 418
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positive for the dairy enterprise at any production or price level at the

6,000 pound production level.

TABLE 2.13. COST AND REVENUE RELATIONSHIPS AT FOUR PRODUCTION LEVELS--

MODEL II.
Total Revenue Minus Total : Total Revenue Minus
Production Level: . Variable Cost ) : Total Cost )
Pounds of Milk :Milk Price Per Hundredweipht:Milk Price Per Hundredweight
Per Cow : 3.00 ¢« 3.50 ¢« 4.00. ¢+ 4.50 : 3,00 : 3,50 : 4.00 : 4&.50
Dollars Dollars

6,000 - 3,455 4,655 5,855 —— -3,666 -2,466 ~1,266
9,000 4,817 6,617 7,417 9,217 -3,676 -1,876 — 76 1,724
11,000 5,864 8,064 10,264 12,464 -4,086 -1,886 . 314 2,514
15,000 8,573 11,573 14,573 17,573 -2,620 - 380 3,380 6,380

They were positive only at the highest'price level at the 9,000 pound
production level, At_ll,OOO they were positive at $4.00 or $4.50 per
hundredweight and at 15,000 they Qere positive above $3.50,

The minimum prices that milk could be and still incluée dairying

as an enterprise activity were:

6,000 pounds per.cow $3.27
9,000 2.64
11,000 2.60
15,000 2,30

Dairying Versus the Cow-Calf Enterprise

As an alternative to dairying a cow~calf enterprise was introduced
into the matrix. This enterprise assumed the capability of producing a
450 pound calf. The restriction was entered that the cow-calf enterprise

could not exceed 80 calves a year. This was the amount of irrigated
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pasture and fall pasture available. 5/ It also assumed an 84 percent calf
crop. 6/ (Appendix I) ’

The calves were sold at three prices—~-$22, $25, and $28 per hundred-
weight., The solution values are presented in Table 2.14,

TABLE 2.14. MODEL II: OPTIMAL ORGANIZATION OF A MODEL 400 A. IRRIGATED
FARM WITH A BEEF PRODUCTION LEVEL OF ETGHTY 450-POUND CALVES

YEARLY.
: Beef Price Per Hundredweight——Dollars

Activity : 22.00 Lo 25.00 Ce 28.00
Hay (A) : 72 72 72
Wheat (A) 80 80 80
Barley (A) . 208 208 - 208
Wheat Sold (Bu) 12,240 12,240 12,240
Hay Sold (T) 136 136 136
Pasture (A) 40 40 .40
Labor Used (Hrs) 1,532, 1,532 1,532 -
Capital Used (Dols) 23,311 - 23,311 23,311
Cow—-Calf (No. Sold) 80 80 80
TR-TVC 14,005 ' 14,969 © 15,933
TR-TC -9,306 -8,342 -7,378

Returns, on a variable cost basis, rangéd from $14,005 to $15,933.
Returns, on a.total cost basis, varied from -$9,306 at $22 to -$7,378

where the calves were sold at. $28.

5/ Cooperative Extenstion Service, Sample Costs, op. cit., p. lla,
the above study assumed 1 AU per Acre, 2 AU's were assumed with
supplemental feeding.

6/ Economic Research Service, Resource Situation, Non-Irrigated 1,370-
Acre Grain Livestock Farm, op. cit., p. 7.
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This type .of operation utilized 1,532 hours of'labor. This is over
1,100 hours lower than in the case where the most intensive.dairy
operation was included in the enterprise.combination.

The cow-calf enterprise itself showed. positive returns over total
costs at éll three prices. This occurrence is somewhat misleading in
that the cow-calf ente?prise does not make intensive use of the fixed
factors. It also does not make intensi&e use-of the vériable factors.
These are credited to the activity itself. What occurs is that gré;ter
losses are shown on the barley and hay acti%ities while the cow-calf
operation shows a net profit that is positi&e. This positive ﬁrofit is
based on abundant cheap pasture; As soon as the variable .factors are:
used in this activity thé profitability at.these price levels diminishes
rapidly. A livestock activify_that utilizes these activities efficiently.
as an intermediate input will decrease the total cost of these activities
over that of Fhe outright sale of them.

The relationship between total variéblg, total cost, and revenue

for the cow-calf enterprise is shown below.

Calf Activity Total Revenue Minus Total Revenue Minus

Price Level Total Variable Cost Total Cost
Dollars : Dollars ‘ _ Dollars
22.00 4,976 . - 457
25.00 5,943 : 510

28.00 6,904 1,471

T
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Comparison With the Dairy Operation

How does the -cow-calf enterprise compére,with the dairy enterprise
as part of the‘total ope;ation? Looking at.Tables 2.9 —.2.12 and 2.14
allow us to make this direct dqmparison. On an individual basis.the
cow-cdlf activity appeafs to be méfe profitable than the dairy énter—l
prise to price levels of.$3.50 per hundredweight for milk. The dairy.
enterprise is more pfofitable than any of the cow-calf poésibilitiés at
pro&uction levels of.9,000 and a price of $4.00 per ﬁundredweight, at
11,000 and $3.50 and finally at:15,000 and $3.50 or higher.

Looking at:the net total revenue ‘picture gives a somewhat different

apfraisal. (Tables 2.9 - 2.12 and Table 2.14). The operation as a whole

yields mo;e.net~revenue at all~pro&uction levéls of 9,000 and-higher.
That is, if the price of milk at the 9,000>pound level is at least $3.50.
The 11,000 pound'ﬁroductibn levél at $3.00 is approximately equal in net
returns to the $25.00 calf operation. Thié_is because of .the previpusly
explained:fact that the beef enterprise uses less of the variable -and
fixed inputs than the dairy enterprise so the remainders afe,charged‘to
the activity itself when they are sold.

Thus organization under the cow-calf operation and the dairy
enterprise have certain weaknesses. Organization under the cow-calf-
enterprise is much more suhjeé; to the pasture limit available. It -also
does not utilize thé operators labor to the degree that-the dairy

operation does. The dairy operation is a high labor user, under
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utilizes pasture, and makes high use of fixed inputs, This brings us to

a discussion of a third possible type of enterprise cecembination.
Combination of Dairy and Beef

This combination is looked at'only b;iefly, A . price level of $3.00.
per hundredweight for milk was assumed. The same four preduétion levels
were also used. A 450 pound calf was assumed produeced and could be
sold for $28.00. At production levels éf 11,000.of lower the beef h
enterprise was included in the program. At the highest production level
the dairy-activity became more profitable than the beef acﬁivity.. It
Was.included_at this maximum preduction level ap&,the follewing resu;ts :
were recorded.

TABLE 2.15. MODEL II: OPTIMAL ORGANIZATION OF A MODEL 400 A. IRRIGATED

FARM WITH A MILK PRODUCTION LEVEL QF 15,000 POUNDS OF 3.5
. PERCENT B.F. AND A COW-CALF ACTIVITY.

Milk Price Per Hundredweight--Dollars .

Activity : 3.00 : 3.50 : 4,00 : 4.50

Hay (A) 72 72 72 72
Wheat (A) 80 . 80 80 80
Barley (&) 208 208 208 208
Dairy (No) 40 40 40 40
Wheat Sold (Bu) 3,600 3,600 3,600 3,600
Hay Bought (Bu) 96 _ 96 96 96
Pasture (A) 40. 40 : 40 40.
Milk Sold (Cwt) 6,000 6,000 6,000 6,000
Protein Supplement

Bought (Cwt) ' 40 40 40 40
Labor Used (Hrs) 3,804 3,804 3,804 3,804
Capital Used (Dols) 25,512 25,512 25,512 25,512
Calves Sold @ $28.00 40 40 40 40
TR-TVC 17,401 20,401 23,401, 26,401

TR-TC | . -8,111 -5,111 - =-2,111 889
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Net révenue_varied from -$8,111 to $889. Labor used:'increased to
3,804 hours. Because of the restriction imposed on hay acreage it was
necessary to buy 40 more tons of hay which decreased the net revenue,
This combination yielded the highest net revenue of any combination
considered in the sgcond basic model. It resulted in the highést
utilization of available resources and resulted in the highesf amount
of labor being used. The minimum price théf milk could fall and resﬁlt

in the continuation of the dairy operation was $2.77.
General Comments

The preceding discussion is based on.ﬁodels deri§ed for the purpose-
of comparing dairying.aF-variOUS price and production levels‘against
other enterprises typicdl to the éreés considered. Seferal assumptions
have been made fhat one éhouid be aware of, Limitiﬁg the amount of hay
acreage available ‘due.to rotational fequiréments weakens the profitability
of the livestock enterprises. It does serve to point out the.decreésea
profitability of the .livestock enterprise once it is necessary'to purchase
feed. Dairying was compared only to one phase of beef raising. There
are, of course, other alternatives within this enterprise, Raising an
84 percent live beef calf crop would probably be a better than‘average
management function. However, the 11,000 and 15,000 milk produétion
levels are also better than average management functions so it was felt
this was a fair estimate without making more assumptions and additional

revisions to the model. Assumptions made about yield figures could be
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adjusted upwards or downwards. The assumption concerning the dry-lot
feeding of the milking herd could be challénged and there could be a
pasture activity included. This was particularly true in the second
model. However, programming the activities using the dry lot method
results in a very accurate method of accounting the feed consumed and

hence was chosen.
Conclusions

Under the assumptions of‘this moael dairying can be at least as
profitable as the alternmatives considered in the model. Herd averageé
as high as 11,000 pounds of milk per cow are even considered marginal
in some.areas today. The activity does make better use of somé of'the
activities as intermediate inputs than.by selling them under the price
levels chosen.

With intermediate production levels the dairy activity can be at
least as attractive as the small beef activity.

On the basis of the assumptions in the sécond model, the restric-
tion on the size of the dairy herd limits theé total profit picture for
the farm operation, Much larger operations would make more -effective
use of such activities as'barley'and hay. Ho&evef, consideration would
have to be given to the capital and iabor requirements which would
accompany the increase in herd size.

A main comnclusion reached under the conditions.of this model was

the relatively low profitability of the low producing herd. In all

rye— =T 1T T
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cases a price level of at least $3.27 per hundredweight for milk was:
necessary to continue the dairy enterprise in the short run. In the
long fun even higher prices would need to be comnsidered if total costs

were to be covered. Consequently at milk prices of $3.00 per hundred-

. weight or less ome could expect the continual exodus of producers from

the industry if they conform to the assumptions of this model.




CHAPTER III
TRANSFER OPERATIONS

One of the possibilities of increasing plant‘volume~consideréa in
this thesis was the utilization of surplus in Grade A producing areas.
Another possibility was the examination of the possibility of consﬁli—
dation of existing plants into larger, more efficient unifs. To
accomplish this, milk would have to be transﬁorted fairly long distances
within the state. The purpose of this section was to examine some alter-
native means of tramsporting milk within the state. The costs of
selected transportation'methods were examined for the purpose.of finding

the least cost transportation method.
Introduction

Transfer of milk between plants can.be accomplished by various
forms of bulk tramsportation. The purpbse of this section was to
describe the handling procedure and to determine the total cost of
handling this milk from origins located at varying distances to the
prospective locations.

Bulk transfer of milk within the state at the present time is
limited. Small trucks (from 1,800 to 3,000 gallon capacity) are.used
in local delivery situations but only a few larger units operate within
the state. Cost data were obtained from companies transporting gasoline
within and outéide the staté as well as from milk transporting units.

Tanker sizes were similar to those to be'analyzed for purposes of this
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study. Also due to the.availability of tachometer readings fairly
reliable estimates could be made of driving time, of fuel consumption per
year, and of routine‘over—the—road maintenance performea yearly. This
consisted of fire wear, oil change rates, chassis lubrication rates,
and other'miscellaneogs charges. Insurance, taxes, building and equip-
ment costs were estimated on a local basis from haulers, sﬁate licensing
organizations, and insurance agencies and compared with existing studies.

A number of altermative bulk handling précedures can be used to
transfer milk. The method used will have a direct effect on a.cost
comparison with various transfer methods, Those considered in this
study were;

(1) A 3,000 gallon tandem axle diesel truck w/sleeper, with
capabilities of pulling a 3,00 gallon, 4-wheel, '"pup"

trailer.

(25 A 4,000 gallon trailerized unit.

(3? A 5,700 gallon trailerized unit.

Selection of a particular unit for hauling is at best a difficult
task. The trucking industry has also undergome a great tramnsition in
the past few years. Particular units can be selected with a variety of
options available. Although there are many manufacturers, trucks from
two different manufacturers can come equipped with the same engine,
rear end, and transmission. For larger units, then, only the engine
size, transmission option, length of wheel base ana axle, and tire

requirements may change from a unit hauling 'a fixed amount to a unit

T T T
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hauling several thousand pounds more. The particular engines and trans-
missions selected were not selected because of any appareﬁt advantage over
another but because maintenance records and services were available for
units hauling milk or similar commodities equipped with these or similar
power trainms.

The cost estimates for these particular units appeared to be consis-
tent with those made by Kerchner 1/ and Adams. 2/ Although some variation
in cost estimates could occur it would not appear to be a serious source
of error.-

There are several features:unique about the Eransportation of milk

that warrant discussion. First of all, milk can be transported in

tanks mounted on single axle or tandem axle tractors., It can be.trans-—
ported on this particular unit pulling a trailerized unit or "pup". It can be
transported with a tractor pulling a trailer or even two trailers.hooked

in tandem. The advantages of the tandem units is flexibility. This is
particularly true of any commodity Whoée,production.varies during the

! season., This type of transportgtion, however, is more expensive

initially than.a single unit containing the same volume. Although there

are no "pup" units operating in the state, cost synthesis for this means

of conveyance was analyzed as a possibility for tramsporting milk.,

1/ Orville Kerchner, Costs of Transporting Bulk and Packaged Milk,
Economic Research Service Market Res. Rep. No. 791 (Washington: May
1967). p. 5. '

2/ J. A. Adams, "Intermarket Producer Price Relatiomships for Fluid Milk
in California'" (Unpublished Ph.D. Dissertation: University of
California, 1962), p. 71.

T
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Another unique feature of the transfer of milk is that the number
of hours that the truck operates is not limited to the number of hours
that the plant operates provided that there is bulk storage available.
One cheése plant in the state has over 90,000 pounds of storage capacity
available. |

Table I, Appéndix II, contains a listing of.tractor requirements
and costs for particular size of tank or ‘trailer. It may be noted that
there are 12 to 15 transmission options available for the truck alone,
although only two are included.

To compare alternative transfer methods, labor and equipment require-
ments and costs were analyzed for these three types of tankers, This
entailed an analysis of fixed and variable cost requirements for each
type of vehicle. It'also required the .analyses of handling and pumping

methods required for the particular vehicle- concerned.
Milk Handling .

The milk handling operation is quite similar for all tyﬁes of units
considered although the actual structure of the tank can vary. The tanks
can be of welded stainless steel construction o? as in the case of the
very large units have a thin stainless outer shell, polyurethane insula-
tion, and a thin welded inner shell to -conserve weight. The tanks can
élso be single or multi-compartmented. The tanks can come equipbed with
or. without pumps and the size of the pump generally varies from 50 to 90
gallons per minute. There are a few truck pumps available that have thé

capacity to.deliver 125 to 140 gallons per minute.. Unlike a large .
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gasoline tanker the lafge milk tanker (5,760 gallon) does mot contain
baffles to eliminate "sufging" or the milk forward and backward. The
reason for this is that the baffles are quite difficult to keép clean.
Multi-compartmented units take longer to clean in place than a single
compartmented unit becauée the washer must be ﬁoved frém one hole to
the other. The length of time, then, depeﬁds on thé number of compart-
.ments the fank contains. Regardless of the size or type of truck, the
actual steps in milk handling are essentially the same for all units.

Handling consists of‘several steps. The tanker must be maneuvered
into position to unload 6r load. The tank doors are opened andvthe
hose is attached ‘to the receiving tank. The driver then aséertainé that
the milk is ready for delivery or loadigg and pumping begins. This can
be éccomplishéd by a large pump within tﬁe,plént "pushing" the milk
into the truck tank, a technique that.is quite often used With larger
units for loading or unloading. Smaller units are often loaded by use
of the tractor pump and unloaded by thelplant pump. After loading
is completed, the hose is detached, the back of the truck is rinsed out,
and the pump washed in place. If the plant pump is used, the driver
rinses the pump. The same process is repeated in unloading as described
above except that the driver must wash the empty tank truck. This of
course depends -on the capabilities of the plant. If the plant has
an in-place washer, the tank is washed by it. If the plant-does not

have an in-place washer, the tank must be scrubbed by hand, a process
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that takes longer. According to drivers gj a 5,700 galion unit must be
washed by - hand-because in-place washing units cannot effectively clean
the tank due to its length. |
Time requirements for this operation are outlined in Table 3.1..
Aftgr completing tﬁis operation, the driver secures his equipment
and is réady to proceed to the destination: Comparison of different

transports was accomplished with the use of the following model.
The Model

(1) Assumptions Concerning Truck Operation
a) All trucks are single compartment units.

b) All trucks are equipped with 70 g.p.m. pumps but can load or
unload with a 250 g.p.m. pump located at the plant.

c) Drivers spend one hour.daily regardless of size of unit in
checking out the unit and .3 hour in maintenance. 4/

d) One driver per unit will be employed per unit to round trip
mileages of 400 miles. At 400 to 600 miles a layover of 4-
hours will be required. At mileages- of 600 and over a second
driver must be employed.

(2) Plant Specifications

a) Surplus or manufacturing milk is concentrated at one.plant or
receiving station.

b) Plant has 250 g.p.m. centrifugal pump to load and unload trucks.

c) Plant-has an in-place washing system.

3/ Conversation with Larry Sterrett, driver of-a 5,700 gallon tanker for
Vita Rich Dairy, September 1967.

4/ Interview with H. F. Johmson Co.
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6,000 gallon unit.

TABLE 3.1. TIME REQUIREMENTS TO LOAD AND UNLOAD BULK MILK HAULING
UNITS, 1967. a/ ’
Time
Element (minutes)
Loading .
1. Maneuverin 1.0
2. Attaching hose and
linking pipeline 5.0
3. Lost. time between
hose attachment and milk
flow ' 5.5
4. Pumping time b/
5. Detach hoses, wash pump,
wash back of trailer 3.0 ’
6. Rehook pump, stow gear 2.0
Total Time 16.5 Minutes + variable time
Unloading
1. Maneuvering 1.0
2, Attaching hose 5.0
3. Lost time 5.5
4, Pumping b/
5. Detach hoses, wash pump, .
wash back of trailer 3.0
6. Wash tanker unit c/ 20.0
Total Time 34.5 Minutes + variable time
a/ Time and motion analysis conducted at Darigold, Boéeman, September,
1967.
" b/ The pumping time is a function of pump capacity and volume available.
¢/ Twenty minutes must be added to this time to wash trailer tank on

(] T
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(3) Highway Travel

a) Average rate of highway travel is assumed to be 40 miles per
hour. 5/ . : L

b) Assumed to be private intra-staté carrier. It will therefore.

not be necessary to observe 10 hour maximum driving regulation
imposed by ICC. :

-Determination of Transfer Costs

Comparison 6f-costs with different typés of units must be made in . ‘
order to determine the most effidient or "least cost'" unit. Selectioﬁ
of this unit takes into account fixed costs; variable costs, and
capacity of the particular unit. A sméll tanker is generally not used
for long distance hauling due to thé limited capacity of the unitf

Fixed equipment costs include depreciation; interest on investment,
administrativeucosts,'license'fees, management, office salaries,.aéd.other
administrative costs. These are cqsts~that are incurred oﬁ an annual
basis and-are taken as constant over'é wide range of éutput rafes
considered. Variable costs are those costs that are incurréd with the
level of operation of the equipment over a given time period. These
include all the operating costs of the equipment and the labor charges-

related to output..

5/ According to.interviews with personnel at H. F. Johnson Petroleum
Company, insurance-is issued on a maximum.of 50 miles per hour and
tachometers are checked frequently to insure this. Private milk
carriers indicated that they could travel much faster than, this.
This speed was chosen on the basis of the insurance factor. This
coincides with Kerchner's 1966 estimate. See Kerchner, op. cit.,
p. 3.
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TABLE 3.2. EQUIPMENT COSTS, EQUIPMENT LIFE, SALVAGE VALUE, INTEREST,
AND DEPRECIATION COSTS FOR THREE BULK DELIVERY UNITS.

: :Salvage -: : .

Item. :Cost a/:Life a/:Value a/: Depreciation : Interest b/
Dol. Yrs. Dol. Dol. Dol.
Tractor 23,510 7 2,000 3,072 823
4,000 Gal. Tank 12,140 10 2,000 1,014 - 425
Tractor 23,772 7 3,000 2,967 - 832
5,700 Gal. Tank 15,240 10 2,000 1,324 533
Tractor 24,607 7 3,000 . 3,087 861
3,000 Gal. Tank 10,340 10 2,000 834 362

3,000 Gal. Trailer

w/converter gear 11,500 10 2,000 950 403

a/ Interview with Owenhouse Hardware personnel, 1967.

b/ . Seven percent of average value of investment.

Salvage Value and Life.--Determining the salvage value of a.particular .

item is a somewhat difficult task.

Some researchers use as short.a period

as three years while others may write a unit off over a 10-year period.

Adams noted that transports were still being used in California that were

10 1/2 to 11 years of age. 6/ The life of a.unit varies with the type

of maintenance and the type.of road that it is ‘used on.
Kerchner noted that the firms in his study allowed
length of life for the unit. zy, Even if the tractor is

out" it can be rebuilt.

Tank units are of somewhat the

about a 7-year
completely "worn

same ‘nature.

6/ . Adams, op. cit., p. 70.

7/ Kerchner, op. cit., p. 5.,
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Given.proper maintenance and.a decent surface to operate on, they can be
kept operating forva good number of years. Metal failure due to aging
can come ébout, however. It is with these reservations in mind that

the above figures were chosen.

Interest.--Selection of é proper interest charge is also a difficult
task. For the individual operator it is éh important part of fixed costs.
The interest raté was assumed tq be 73percent of:the mid-life value'of
the equipment.

Depreciation.~-A stréight line method for determining depreciation -

was utilized based-on a 7—year lehgth of life for the tractors and a 10-
year length of life for the.trailers. Using this method, fhe,difference
between the new cost and salvage value is allocated evenly over the years

of useful life of the equipment.
Fixed Costs

It was noted earlier that fixed costs are.incurred regardless of
the use of the vehicles. Table 3.3 illustrates fixed costs associated

with the three units.
Variable Costs

The major variable costs associated with truck usage are fuel
éonsumption, labor,‘and tire wear. However, other items such as over-—
hauling can be expensive items. To complicate. the problem, fuel consump-
tion, tire Wear,‘and engine life are also dependent on the type of surface.

the truck is operating on and how heavily the unit is loaded.

i T
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TABLE 3.3. FIXED COSTS ASSOCIATED WITH THREE HAULING UNITS.

Delivery Unit

Item : 4,000 5,700 7 & 6,000
Dollars Dollars "~ Dollars
Depreciation .

Equipment a/ 4,086 4,291 4,871
Building & Tools b/ 225 225 225
Insurance ¢/ 1,350 1,500 1,530
Interest 1,248 1,260 1,626
Taxes d/ 1,186 1,365 1,400

Management & Office - ’ 0T
Salaries e/ 1,000 1,000 1,000
Administrative Costs £/ 700 7Q0 700

Total 9,795 10,341 11,372

a/ From Table 3.2.

b/ From Kerchner's 1965 estimate.

¢/ Subject to a wide range of discounts but compiled for 100/500
thousand bodily injury--Property damage $10,000 and $500
deductible collisiom.

d/ Weight fees,-licenselfees, highway use. fees.

e/ Supervision and clerical work—-Kerchner.

f/ Office supplies, legal fees, auditing, and miscellaneous--Kerchner.
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Fuel and Lubricants.--It was noted that.fuel consumption Varies

with the road surface, speed,-andﬁtotgl weight §f.fhe load.” It -also

varies with the size and type of engine. Consumption estimates were made

for each unit whén it Waé operating one-fourth load, half loaded, three-

quarters loaded, and qt full'capacity, This meané“a_4;000 gallon tanker
carrying 34,400 pounds of milk would haﬁe.a'fuel qonsumpt;oﬂ.rate of

six miles per.gallon. A 5;700Agallon tanker carfying 49,620,pduﬁds of
milk wouid.use fuel at the rate.of 5.5 miles pef_gallon, and a 6,000
galloh,ténker would use fuel at the same rate:‘§j~ The’ amount of oil a

truck uses is dependent on the size of the crahﬁcase and the number of

¥
L]

miles between changes. When interviewing operators, it was noticed that.

a ‘tremendous variation existed in the time length that oil was changed.

:Soﬁé,operators changed every 2,000 miles while others would run the

_ trucks as long as 6,000 miles between changes. A figure of 4,000 miles

fétwéeﬁ changes was selected. Most of the operators gréased_the7trucks-
every week or every 1,000 miles, Whichevér came first. Fuelcgogts,a;eu
noted in Table 3.4. FLubricaﬁt costs are.shown in Table 3.5.

Tifé Costs.——Tire'wear is also related to road gurfaceAand type of

load. Kerchner's study indicated that two recappings’per tire was about

8/ Consumption rates for tankers fully loaded were obtained from H. F.
Johnson. These rates were checked in interviews with drivers from
Beatrice Foods and Vita-Rich Dairy. Estimates on partial loads
were not so easy to obtain. These were obtained in interviews with
the same drivers. The trucks fuel consumption rates when fully
loaded conform quite closely to the Kerchner study. See Kerchner,

op. cit., p. 5.
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v TABLE 3.4. FUEL COSTS FOR THREE MILK HAULING UNITS.

: Volume : Miles Per : Cost.Per : Cost Per : Cost Per
Unit : Hauled : Gallom - : Gallon a/ : Mile : _Hour b/
. -Dollars Dollars Dollars -
4,000 8,600 8.0 .325 - ,0406 1.6240
17,200 7.5 .325 .0433 1.7320
25,800 6.9 325 - L0471 -1.8840
34,400 6.0 .325 .0542 2.1680
5,700 12,255 7.5 .325 .0433 . 1.7320
24,510 6.9 «325 .0471 1.8840
36,765 6.0 .325 .0542 2.1680
49,020 5.5 .325 .0591 2.3640
6,000 12,900 7.5 .325 .0433 1.7320
25,800 6.9 .325 L0471 - 1.8840
z 38,700 6.0 «325 ,0542 2.1680
51,600 5.5 .325 ‘ .0591 2.3640

a/ Interview with Gallatin Farmers, Bairs, and Enco Distributors. This
figure is probably subject to-a volume discount. Price includes 6
cent State and 9 cent Federal tax.

b/ Assuming a 40 m.p.h. driving rate.

TABLE 3.5. OIL AND LUBRICANT COSTS--THREE MILK HAULING UNITS.

:Service a/:"Cost : Cost : Cost

:Interval : Per : Per : Per : .Tdfél Cost Per Hour.
_Item : Miles :Unit a/: Mile : Hour b/ : 4,000 : - 5,700 : 6,000
0il

‘ 40 qts., 4,000 S .40 $.0040 $.1600 $.1600 5.1600 $

44 gts. . 4,000 40 .0044 .1760 : .1760
‘ Filter 4,000 2.00 .0005 .0200 .0200  .0200 .0200
| Lubrifiner 4,000 2.00 .0005 .0200 .0200 0200 .0200
[ Grease . 1,000 3.00 .0075 .0200 r.0200 .0200 .0200
‘ Total $.2200 = $.2200 $.2360

a/ Interviews with H. F. Johnson. Their discount for the volume-of oil
purchased was greater than the figures chosen However, they -
purchased several barrels at a time.

b/ Assuming a 40 m.p.h. driving rate.
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standard with about 145,000 miles total usage per tire. 9/ Adams
indicated that driver wheels would run 30,000 miles before rgcapping

with about three recappiﬁgs‘per tire. 10/ He also indicated the steering
and trailer wheels were estimated to givé 50,000 miles of service before
recapping. He concluded that these tires Woul&'give about .150,000 miies
total service assuming three recaps on all types of roads. For purpbses
of this study it was.assumed that original tires would rum about 50,000
miles on smooth surface roads.. Recaps would.run about 65,000, 11/ It
was also assuméd they could be recapped twice for heavy duty Work‘
(éreater than one-half capacity) and three times for light duty work (less
than one-half the capacity of the rig). The total life would theﬁ be
245,000 for light duty and 165,000 for heavy duty work. Tire costs are

included in Table 3.6.

Repair and Maintenance.--Maintenance other than routine day-tb-day
maintenance consists mainly of the checking, gdjusting, and'relining of
brakes, checking and replacing wheel bearings, and finally a major over-
haul of the engine and transmission. Some engines rﬁh as long as
400,000 miles before it is mecessary to overhaul them. This is also

true of transmission work.

9/ Kerchner, op. cit., p. 7.
10/ Adams, op. cit., p. 68.

11/ It is not unusual for recaps to wear longer than oripinals. Kerchner
also noted this. See Kerchner, p. 7,

— p— e P —————
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TABLE 3.6. TIRE COSTS--THREE TANKERS, 1967. a/.

¢ Milk : ' Total :

Hauling:Volume: Number : : Recapping : Total.
Unit :Hauled:of Tires: . Tire Cost : " . Cost :Cost Per Hour
Pounds ) Dollars. Per Tire Dollars Per Tire ' Dollars.
4,000 8,600 18 b/ : 90 b/ 40 b/ L6174
17,200 18 b/ )
25,800 18 b/
34,400 18 b/ : .7416
5,700 12,255 18 ¢/ 110 ¢/ 45 ¢/ - .7200
24,510 18 ¢/ ' :
36,765 -18 ¢/ ,
49,020 18 c¢/- , .8712
6,000 12,900 10 4/ . : .4000
' 25,800 10 d/ : ' 4840
38,700 18 e/ oo .7584
51,600 .18 &/ ‘ .8136

_g/ Interviews with H., F. Johnson and drivers fdr'Beatrice and.Vité—Rich,
b/ 10 x 3Q tires on tractor and trailer.

¢/ 11 x 20 tires onm tractor and trailer.

d/- 11 x 20 tirés on traétor!

e/ Ten 11 x 20 tires on the tractor and-eight 10.x 20 tires on trailer.
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It was. assumed that a major overhaul of fhe-engine would be-necessary

every 200,000 miles. Repair and maintenance costs are included in.Table

3.7.

TABLE 3.7. REPAIR AND MAINTENANCE--THREE TANKERS, 1967. a/

: : H . Total
Tanker : Brakes : Wheel Bearings s Overhaul : Cost Per Hour
4,000 $.0036 . $.0060 L $.1200 $.1296
5,700 .0036 _ ,0060 . .1600 .1696.

6,000 .0036 .0060 ©.1600 .1696

a/ Interviews with H. F, Johnson and drivers from Beatrice and
Vita-Rich Dairies. '

Labor Costs.--The other principal variable cost is labor, The ﬁage

chosen was $3.63 per hour. Thig included $3.30 base wage, $.097 fér
social security, $.07 per hour retifement, $.07 per hour pension,-and
$.096 per hour unemployment. 12/

 Adam's study indicated a $3.48 adjgstéd wage for 1960. It was felt

that a $3.63 adjusted wage was not unreasonable for 1967.

12/ Teamsters Local Union No. 53 negotiates contracts on an individual
basis. H. F. Johnson's drivers are paid on a "running' mile basis,

Drivers for Darigold are paid a base wage plus 8 1/4 cents per mile.

The few long distance drivers are paid a flat wage rate per hour.
In an interview with a representative of Local No. 53 the agreed
upon wage would be in the range of $3.44~$3.46 excluding unemploy-
ment and social security. Wage rates were determined from inter-
views with drivexs and were checked with Teamster's Local Union
No. 53 after the calculations were made.
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Summary of Costs

Table 3.8 summarizes the various.variable costs for the three types
of tankers. The variable costs are computed for the four different

capacities of operation that were mentioned previously,

TABLE 3,.8. SUMMARY OF VARIABLE COSTS FOR THREE BULK DELIVERY UNITS,

1967.
e . Delivery Units
Item : 4,000 ;5,700 6,000
o Dollars ’ Db}lars ' Dollars .

Fuel ' _

1/4 capacity 1.6240 1.7320 1.7320

1/2 capacity 1.7320 1.8840 1.8840

3/4 capacity 1.8840 2.1680 2.1680

Fully loaded 2.1680 2.3640 2.3640
Lubricants .2200 .2200 .2360
Maintenance and Repairs .1296 .1696 .1696"
Tires : .

1/4 capacity L6174 < .7200 .4000

1/2 capacity 6174 .7200 4840

3/4 capacity . 7416 .8712 .7584

Fully loaded .7416 8712 .8136
Total Equipment Costs Per Hour

1/4 capacity .2.59 2.84 2.54

1/2 capacity 2.70 : 2.99 2.77

3/4 capacity 2.98 3.43 3.33

Fully loaded 3.26 3.62 "3.58
Labor Cost .Per Hour 3.63 3.63 3.63
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Milk Handling Costs with Different Volumes

The type of tanker selected for transporting milk from a selected
origin to a prospective location depends on the cost of operating this
unit and its capacity output. for tﬁe route or routes qonsideréd. The
least cost method has been defermined in other studies by the use of
regression aﬁalysis to determine a "break even" ﬁoint for the various
methods and then using the appropriate equation to predict costs with a
given volume and distance. 13/ |

Adams" and Kefchnér's‘researph considered fixed routes and.a constant
volume per.route. . A problem arose in this research that warranted a
slightly differéﬁt approach. Ip'this case‘not‘oﬁly.could‘the routes be
variable but the volume transported could be variable depending én the .
combination of routes sélected. The allocation of fixed costs per.
hour.would then depend on the number of hours operated during a given
year. This can be illustrated by the folloﬁing example. Assume tﬁat
the potential site selected for processing is located at Gallatin Gateway.
In addition, assume that the 6rigin for the shipment of milk is loqafed
at.Ronan. The- determination of.the appropriate unit-or units for the
transportation of this milk can be accomplished in the following steps:

(1) Determination of the volume of milk available on a seasonal
basis from the origin or origins. :

13/ Kerchner, op. cit., p. 10; J. A. Adams, op. cit., p. 1l1ll.
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.(2) Determination of the total time per trip required to trans-—
port this milk.

(3) Calculation of the costs involved to tramsport this milk.

(4) Selection of the least cost unit or units on the basis of a
cost comparison between units.

The actual calculation of these costs for the previous example was
_accomplisﬂed in fhe following manner:

(1) Aseume the voluﬁe'of.milk available in Ronan to be,é,978,060
pounds annually. Shipment of this milk would neceesarily have to be in
1afger volﬁmes in the '‘spring months due to an increase iﬁ production’
brought aboﬁt by good weather and succuLent pasture.. Volume trans-
ported could be traﬁsported on a fairly even basis throﬁghout the rest
of the year. The three month daily average was 34;998 pounds of milk.

The nine months daily average was 25,102 pounds.

(2) Assume the unit-fo be used is a 5,700 gallon tanker. Total
time per trip is calculated by the use of the following method. ~Time
required to.eﬁeckout the unit and perform routine main;enance is 1.30
hours. Fixed time to load and unload, 16.5 and 34.5 minutes, respectively
(from Table 3.1) or .275 and .575 hours. Adding these three quantities
yields 2.15 hours. The actual pumping time is computed and found to be
16.27 minutes per load for the three high months and 11.67 minutes per
load for the nine remaining months. Total'driving time per trip is
obtained by dividing the total round trip distance by the driviné rate
(546 = 40 = 13.65 hoursj; Adding this quantity Fb the previous quantities

yields a total time per .trip for the three high months of 16.34 hours per
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trip for the Fhree month period and 16.19 hours per frip for the nine
month period. | |

(3) Costs are thén calculated by computing the total number of hours
opérated per year (90 x 16.34 = 1,471) and (275 x 16.19 = 4,452). The-.
appropriate.variable cost.per hour is then selected from Table 3.8. The
tanker Would operate at three-fourths of capacity for three months and
at one-half capacity for nine months . The variable costs selected would
be $7.06 per hour and $6.62 per hour. These quantities ﬁultiplied by
the hours operafed for the cérresponding period results in total variable
costs for the year (1,471 x 7.06 = 10,385) and (4,452 x 6.62 = 29,472).

These quantities added to the fixed cost for the uﬁit-yields the total

cost for the hours operated (10,385 + 29,472 + .10,341 = 50,198). Dividing

.this total by 9,978 results in the cost per thousand of transporting

9,978 = 5.03).

milk froﬁ Ronan to Gallatin Gatewéy. (50,198
(4) The same calcuiations are then carried out for the other units
and a least cost unit selected.
The selection of the least cost unit depends-on.the route: and
combination of origins serviced along that route. The selection of
the "route mix" and "input mix" to service these routes was deferred

until Chapter V where all origins were considered and specific routes

to service these origins were considered.




CHAPTER IV
PROCESSING OPERATIONS
Introduction

The analysis of Chapter II indicated that dairying could be at leaét
as profitable an enterprise as some of the possible alternatives available
to Montana farmers at a given set of prices. ' The fact remains that
producing‘milk for maﬁufacfuring purposes as a sourée of income to Montana
farmers has been declining. One of the reasons haé been that production
per cow has not been at these profitable levels discussed in Chapter 1L,
Production per cow on a statewide basis has barely exceeded 6,000 pounds
both in 1964'and 1965, ﬁanagement skill necessary to obtain ﬁroductién,
levels about.11,000 pounds of milk per cow must be above average. Another
fundamental reéson‘for this decline has been insufficient volume at the
plant level. This has tended.,to restrict payments Fo pfoducers._ N

Montana's manufacturing plants are few- in number and are. character-
iéed by low volume.. There are 22 manufacturing-plants in Montana.
Products manufactured are cottage cheese, ice cream, butter, and Americén
Cheddar. The first three commodities are'generally marketed on a local
basis. Only four plants exist that primarily'p¥ocess American.Cheddar.
These plants are located at Ronan, Stevensville, Hamilton, and Gallatin
Gateway. These plants process from 25,000-40,000 pounds of milk daily.

One of the four plants dealt in specialty packages of cheese. The volume

this plant handled was less than these figures.
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Cohséqqently, this volume problem has tended tozrestrict_pfices-paid
to farmers. Until price supports were raised to 91 percent of parity in
the summer of 1966, payments to the pfoducer from these plants varied from
$2.85 to $2.92 per hundredweight fér cooled 3.5 percent butterfat milk.
Since June 1966, there has been some improvement in prices paid to farmers
due to the increase in supporf lévels. The picture is somewhat discour-
aging when one looks at the results of analysis of plant operatiomns in
other areas. Estimates of minimum volumes necessary to successfully
opéfate alcheese plant rarely drof below 40,000 pounds'bf milk a day and
mdfe often are higher than this. 1/ Other alternatives éxist in the |
afea of dairy manufacturing. However, minimum volumes necessary for
operation are even greater for these produéts than for cheese. Jensen
suggests a minimum daily requirement of about 290,000 pounds of milk for
successful 6péfation of a'powder plant._g/ Four powder operatioﬁs were

visited in the summer of 1966. 3/ None were below 300,000 pounds of milk

1/ Bucher, op. cit., p. 3. This was also borne out in interviews with
plant managers in Idaho, Utah, Wyoming, and Canada, Mr. Seeley,
manager of Cache Valley Dairy Association, Smithfield, Utah indicated
that he believed 100,000 pounds of milk was a breakeven level for
cheese processing. Mr. Smith, manager of Ida-Gem Dairy Association,
Jerome, Idaho, agreed that this was a breakeven point. FErmnest Brog,
manager of Star Valley Swiss Cheese Company, Thane, Wyoming, also
concurred on this point.

2/ C. Jensen, "Want a Cheese or Milk Drying Plant for your Community,"
North Dakota.Farm Research Bul., Vol. 21, July 1960, p. 13.

3/ These plants were located at Payette, Meridian, Caldwell, and
Twin Falls in the state of Idaho. Cheese operations were visited
at Smithfield, Utah, and Thane, Wyoming. )
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processed daily. The general consensus of the managers was that 4 plant
would need to process at least 250?000 pounds of milk daily.

A cottage cheese operation can be a profitable operation. 4/ ‘However,
marketing pfoblems arise, Consumption is limited to a somewhat local
basis and the demand for the product must exist a£ that lével because of
the perishability of the product.

:There are several attractive features of a cheddar operation.
Capital requirements for a cheddar operation are not-.as high as a butter-
powder operation. A ready market generally exists for the product from
various marketing organizations. Representatiyes of Challenge.Creamery
and Buttef Association indicéted that affiliation can be readily obtained
with them for the marketing of cheese frém coopefative plants, Darigold
is another cooﬁerative marketing.outlet tﬁat is a stable outlef for cheese.
Kraft, Bordens, and Pef are examples of.non—cooperativé marketing outlets.
Affiliation with the marketing organization releases the smail plant of
the responsibiiity of . developing a retaii outlet. Generally speaking,
a retail outlet is interested in carrying the "full line", i.e., butter,
' cheese, cottage cheese, of the marketing organization. Affiliation with
a larger marketing organization insures this.

The need for storage facilities to cure large volumes of cheese can
be eliminated. If affiliation With'a.marketing outlet cap»be obtained,

cheese is generally shipped out uncured and cured by this processor.

4/ Bob Bucher, Feasibility of a Milk Marketing Association for the
Billings Area, Coop. Ext. Bul. 1501 (Bozeman: February 1967).




- 82 -

For purposes of analysis this chapter was broken into three main pafts,
The first section analyzed variable and fixed input requirements by éfage
in plants processing varying volumes of milk. The second section utilized
data from the first section to develop cost requirements by stage with
varying volumes of milk. This was accomplished through the coét—synthesis
technique. The last section dealt with the development of fixed and
variable cost.prediction equa;ions in order to obtain a total plant
processing'equatibn. ihis processing cost equation and the transfer'cdst
equation when applied to appropriate production data form the basis for
predicting the optimum number, size, and location of plants.that minimize
combined transfer and processing costs. This problem was dealt~with.iﬁ

the next chai)tero
The Cost Structure of a Model Cheddar Plant .

A basic understanding of the process of . cheese making is necessary
before the various stages can be separated for the purpose.of cost |
analysis.

The first stage is receiving the milk at the plant.  If the plant
receives milk in cans this means that the élant must have a conveyor,
weigh tank, receiving tank, a can washer, and other small apparatus,
for sampling, in order to handle the milk. If‘the plant is ;00 percent
bulk then this can be reduced to a pump to unload the truck and a
receiving or refrigerated holding tank in which to store the milk. The

next step is to standardize the milk at 3.5 percent butterfat.. This is
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accomplished by means of a separator..:The milk is then filtered or
clarified and then pasteurized by running the milk through a pasteﬁrizer.

The addition of:the pasteurizer is an pptiﬁnal step in processing. )
However if unpasteurized milk is used in the manufacture of cheese the |
finished product must be in storage for 60 days in order to be safe for
consumption, This opgratibn‘alsa insures greater uniformity of producf(
Most operations studied used the pasteurizer.in order to do away with
elaborate and ex£enéive cold sforage facilities. If the milk is
pasteurized the finished product céﬁ be shipped out immediately after
cooling. |

After pasteurizing the vat is then filled with tﬁe pasteurized,
standardized product. The milk is generally pumped direc£ly from the
separator into the vat., Starter, one percent by weight is added to the
milk that is now at 88°F. Cola£ and rennet are diluted with cold water
and mixed in. 5/ The milk coagulates after whicﬁ the curd is cut.and
the milk heated and agitated for about 70 minutes with the temperature
rising slo&ly to 102°F. The whey is then drained off and the curd
settled and packed, then cut into slabs that are piled upon each other.
These slabs are then turned periodidally as a part of a process that is
called cheddaring. The curd is then milled (cut into small pieces) sait
is added and stirred into the milled curd. The milled curd is then

placed into square containers for pressing. After pressing and with

5/ Starter contains the culture necessary to start the bacterial action
in the milk in the initial stages of the cheesemaking process.
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allowance for a cooiing period, the cheese is packaged. Packaging can
be accomplished in a variety of sizes and shapes.’ For purposes of this
analysis the pgckaging was limited to 40 pound blocks wrapped in seran. 6/
The packages are then traﬁsgorted to temporary storage for loading or are

loaded directly onto freight car or truck for shipment.
Processing Stages

For purposes of this analysis the overall manufacturer of cheese
was broken down into eight stages. Costs were then determined for those

stages for various plant capacities. These stages were:

Operational 'Non—Operational
Receiving ' Laboratory
Processing : . Utilities
Hooping Office
Packaging '

Whey and Butter o
In Plant .Transportation

' Each of these operational phases has a handling or actual labor
cycle and a proceésing cycle. The time requirements for each of these

phases must be considered before costs can be considered.
Receiving~-Cans

Receiving costs are functionally related to the amount of milk that

is received in bulk and the'amount in cans. Any appreciable amount of

6/ Last year 40 pound blocks accounted for almost 30 percent of all
cheese packaged in the U. S. Eighty-eight and one-half percent were
packaged in large styles. See Economic Research Service, Dairy
Situation (Washington: Sept. 7, 1967) p. 30.
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milk received in cans greatly increases the amount ¢f labor and fixed
capital necessary to run this station. Cans are unloaded from trucks
outside the plant. Conveyofs Bring the milk into an operator who dumps
the producers cans, records the weight, and takes a sample. The milk is
then released into a dump tank for pumping into a receiving tank. .The
empty can is placed back on the conveyor and moves through a washing
machine where it is steam cleaned. The cans are then conveyed outsiae_
where they are stacked for reloading. | '

In checking élant operationé at the receiving stations it was noted
that there were many bartially filled cans. ‘These of course require just
as much time for handiing as the full cans.. From a count of cans it Waé
determined that for 6,375 poﬁnds of milk received, 92 cans were required.

Therefore, each can contained an average of 68.77 pounds of milk. Time

requirements for 1,000 pounds of milk handled in cans can be computed by

1,000
68.77

Time requirements of this cycle are included in Table 4.1. Equipment

multipl&ing = 14.54 x 1.08 equals variable time per thousand. 7/

requirements are included in Appendix III, Table I.
Receiving-~Bulk

Bulk receiving can be accomplished in a variety of ways depending
on the time requirements and capacity of the plant. For plants of

relatively low capacity milk can be unloaded by a direct hookup of a

7/ The count was obtained by observing three days' can plant receipts
at Ronan. Cans were counted and weight® were recorded from the

weighing station.
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TABLE 4.1. RECEIVING--STAGE TIME REQUIREMENT PER 1,000 POUNDS MILK. a/

Stage. ) : Time .

Receiving——Cans Minutes

1 Assembly of lines, placing of drop tank,
weigh tank for day's operation. 10.000

2 Disassembly. Cleaning of lines, drop tank,

weigh tank after day's operation. 20,000
Fixed Time Total _ ' 30.000
3 Sampling, dumping, weighing, and placing of
can on conveyor for washing per can: ' . 833
4 Recording weight per can .250
 Variable Time Per Can . ' A 1.083
. . 1,000 .
Total Variable Time (33—77 = 14.54 x 1.08) - 15,700
(Variable time per 1,000 pounds milk received '
in cans.)

Receiving——-Bulk

1 Receiving tank made ready, comnection of lines 7.500

2 Receiving fank made ready for cleaning ‘ 7.500
15.000

3 Receiving——-A function of .pump capacity 250 g.p.m.
pump assumed used (minutes per.1,000 milk received) 465

é/ Survey of Comsolidated Dairies, Ronan, Montana.
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line from thé tank truck pump to the receiQing tank. The amount of milk
unloadéd per hour then depends on fhe capacity of the truck pump. This
can range from 50-100 gallons per minute. A truck pump will seldom
exceed 100 g.p.m. because of farm Wifing capacities. Mogt are in the
range of 50-70 g.p.m.

Receiving éan also be accomplished b§ the use of a pump at the
‘plant site. 'The milk is pumped from the truck directly to the reéeiving
tank, These pumps are generaily of larger capacity because the piénts'
wiring systems can accept heavier loads without becoming overloaded.
| For purposes of this analysis a 250 g.p.m. pump was assumed to be
available at the planf site. If unloading time is a fuﬁcfion of pump

capacity then:

T!‘1 = f(CP)

where: Tu .unloading time

C
p

To unload 1,000 pounds of milk would require .465 minutes. There-

pump capacity

fore,
Tu = .465(Vr)

where: Tu = time to unload in minutes
Vr = volume received in thousands
Time requirements for this stage are also included in Table 4.1. Part

of this time has been charged to the transfer operation.
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Equipment requirementé are-included in Appendix III, Table I.
Sampling, weighing, and related functions are eliminated because this is

accomplished at the farm site.
Processing

Several.interrelated activities are lumped inté a cycle called
processing. Tﬁe separation of any'of these activitieé into a disfinct
category is strictlyfarbitrary because of the multi-stage use of some of
the same equipment. These various.ﬁachiﬁes can also céuse bottlenecks
in the processing qperaﬁion due'toithe capacity of one particular machine
or machines in the dperatioﬁ. |

First of all, consider the storage tank. Several different capac-
ities might be choseﬁ depending oﬁ the aim of the plant. Size of the
tank can range from 1,000-20,000 gallon.capacitj aﬁd can be custom made
in larger or .smaller capacities. 1If the procéssof desires to process
only three days a week he must have storage capacity for the 6ther,four
days‘production. |

If he processes six days a week then only enough storage for the
" seventh day's préduction must be incorporated into the plant set up.

Total plant,dapagity is glso affected by the next step in processing,
the separatién and pasteurization of milk. >Separatbrs and paéteurizers
come in a variety of sizes, génerally ranging from 11,000 to 20,000
pounds of milk per hour. Stagé time_requirements for these sizes of

pasteurizers are included in Table 4.2. Since the milk is pumped directly
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TABLE 4.2, PASTEURIZING*-STAGE TIME REQUIREMENT PER 1,000 MILK BY

STAGE. a/
. _ Time Required to Process
Stage _ : 1,000 Pounds Milk
) . Minutes
Pasteurizing '
15,000 pounds per hour : 4,000
20,000 pounds per hour E 3.000
25,000 pounds per hour ) .2.400-
35,000 pounds per hour o ' .1.710
Filtering or Clarifying
25,000 pounds per hour _ . ... 2.400

a/ From specifications supplied with proposals submitted by Stoelting
Brothers Company, Kiel, Wisconsin; Damrow Brothers Company, Fond du
Lac, Wisconsin; and the DeLaval Separator Company,AChicago, Illinois.
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from the pasteurizer to the cheesé vat, the time necessary to fill the
vat is determined by the capacity and number of pasteurizers in operation
and also by the size of the cheese vat., While the vat is filling and
the temperature étandardized'at 88°_the starter is added. The étarter-
is allowed to act in the tank for about one hour and the rennet is added.
The curd fhen starts to form, After about 15 minutes the curd is "cut".
This is dome by moving stainless stegl "harp-like" cﬁtting instruments
verticaily and horizontally thropgh'the curd which accomplishes the
cutting action. In about 20.minutes, the steam is turnéd up until the
vat temperaturg'finally féaches 102°F. After 40 minutes the steam is
turned off aﬁd agitation continues for 20-30 minutes. lThe curd is now
fully formed and the whey is ready for separation. A bottleneck can
occur in the operation at this point. If the.plant has a sufficieht

vdume of milk to justify whey separation, the whey must be pumped from

the cheese vat to thé‘ﬁheylpank. While the whey is being pumped out
the cheese maker settles the curd and pushes it back from the tank
opening. ‘The pump necessary to acquplish the whey transfer caﬁ also
vary; therefore, the time required to drain the ténk ana set?le the
curd can vary. In larger plénts a two—étory design can eliminate a
pump by draining the tank into a Whéy vat located a floor below. Of
course this is only one of many considerations in floor design of.
larger plants. After the curd is allowed to mat it is tthen cut with
a cheese knife intb slabs. The slabs are then turned at intervals for

about - one hour. This is generally done 7 to 14 times during the hour.
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After this cheddaring process is completed the slabs of "green'" cheese
are put through a ﬁilling maéhine which cuts the slébs into sﬁall pieces.
After this is accomplished salt is mixed into the cheese and the agitator
turned on for about 20 minutes so that the salt is mixed thoroughly
through the cheese. Time requirements for the processing cycle -are
included in Table 4.3. Equipment requirements are.included in Appendix

ITI, Table I.

The important point to note is that the processing stage is composed.

almost entirely of.fixed times regardless.of the amount of milk that is
in the vat. Due to the bacteriological changes that must take place,
the fixed time involved for the operation requires almost five hours.
If a 20,000 pound capacity pasteurizer is used another hour is required
to fill the vat and tﬁrée—féurths of an hour required to drain the vat
if a medium capacity pump is used to drain the vat. This means that
approximately seven hours is required to process. a vat of milk. To
compensate for the time loss generally two pheesemakers work two vats.
After the first is filled and processing started, the second is
immediately star;ed filling so that a second vat could be finished
within an hour after the'first. This assumes the above suppositions

about filling times and pasteurization rates.
Hooping and Pressing

Although it could be argued that the hooping and pressing phase
should be included in the above discussion, it is a labor and time

consuming operation. Hence, it was analyzed separately.
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TABLE 4,3. PROCESSING~-TIME REQUIREMENTS PER VAT. a/

Stage . Time .
Minutes
1 Pre-wash vat - . . 5
2 Filling |
(function of past. rate & vat size) b/ .
3 Starter process ' : .60
4 Rennet-addition o ‘ .20
5 Cutting | _ 3.
6 Curd forming - . ’ ' . ' 17
7 Heat on _ - ‘ 40
8 Heat off ~ S . 40
9 Draining : . o
(function of pump capacity and vat size) b/
10 Cheddaring c/ ] | ' . 60
11 Milling - , L 25
12 Salting S _ | ‘ 20
13 Wash vat | | '- —f

Total hours b/ g 4.97

a/ Survey conducted at Consolidated Dairies, Ronan, Montana.

b/ Excluding filling and draining time. If 20,000 pound vats are used
and a 20,000 pound per.hour pasteurizer, about one. hour.is required
for filling. If a 430 pound per minute pump is used to drain the vat
then about three-fourths of an hour is required to drain the vat.

c/ This time can vary according to the acidity of the milk,.
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After saltiﬁg is completed the cheese is ready for hooping. The
clean hoops and bandages are plaéed on the press beside the wvat while
the processing operation is being carried out. The bandages are placed
in the hoops and the hpops transferred into the vat. The cheese is
scooped by means of a stainless steel scoop into the.hoop, The hoop is
then placed on a portable scale for weighing. It is then transferred to
the press where the cover is placed on the hoop and the hdop is then made
ready for pressing. After the cheese is hooped -the press is tightened
and the excess moisturé is squeezed out. The press is retightened once
or twice and the cheese is geﬁérally ieft in the continuous hydraulic
press pvernight to cool. Féllowing the cooling intervél the pfesses are
loosened, the hoops and banaages are remp&ed from the cheese and it is
ready fér packaging. Stage time requirements are inéluded in Table 4.4.

Equipment requiremehts are included in,Appendik I1T, Table I.
Packaging—-In Plant‘Transportation

Pack;ging materialg also vary a great deali Paracoat, foil, and
seran are all ﬁsed as packagiﬁg materials, Seran is gradually replacing
other materials as a packaging aggnt due to cost.

When the hoops and bandages have been removed from the cheese a
portable seran and liner carrier ié placed on the press, a length of
foil and paper liner are removed $imultaneously from the carrier and
cut. The block is placed on the foil, the foil wrapped around the

block and the paper &rapped-éround the foil. The block is then placed
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TABLE 4.4, HQOPING AND PRESSING--TIME REQUIREMENTS PER 40 POUND BLOCK. a/

: Variable Time :

Stage ) + DPer Block - _: Fixed Time
' '\ ' Minutes _ Minutes
1 Preparing hoops : © 4333
2 Applying cheese ‘cloth ©7.383
3 TFilling hoops ' ' ' .555
4 Placing scales on yat, placing 1id . .500
5 Weighing, placing.cover on,
placing hoop on scales - ' . .670.
6 Placing hoop in.press : 500
7 Pressing (actual labor) b/ : _ _ : _ 6.000
8 Loosening press . ' : . C © 0 1.335-
9 Removal from box . ' . 7 ..500 .. )
‘ ‘ 3,440 7.335

Total Time Per 1,000 Milk = -
3.44 x 2,50 = - R 8,60

a/ Survey at Consolidated Dairies, Ropan, Montana. -

b/ This:entails squeezing excess Watef from- hoops, attaching clamps to
press and periodically-tightening them. This has to be done whether.
there is 10 or 30 hoops in the press.,
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in a sealer which heats the seraﬁ inside the liner and seals the cheese.
The block is then placed on é scale, Weighéd, placed in a.box, and
stamped with the correct Weight on the box, The box is then placed
on a cheese transporf énd‘placed in s;ofage at leést long enough to bring
the temperéture to 45°. Equipment and time requirements for this opera-
tion are recorded in Tabié’4.5. Equipment requirementé are recorded in
Appendix IIT, Table I. | |

TABLE 4.5. PACKAGING AND IN PLANT TRANSPORTATION TIME REQUIREMENTS
PER- 40 POUND BLOCK. a/

~N oy BB WP

Stage . 3 ; Variqble Time Per Block
_ . Minutes
- Cutting wrap . _ - .233
Wrapping . - - .533
Sealing N , " 1.000
Weighing;—boxing .. : . ) .908
Transporting . - 3 , 114
Recording number and weight .057
Unloading _.086
: - 2,930

Total Time Per 1,000 Milk =
2.93 x 2,50 = , : o 7.33 minutes

a/ Survey at Consolidated Dairies, Ronan, Montana.
Butter and Whey Operation

. This is an optional operation that becomes feasible as plant capacity

increases. The size that a plant must be is somewhat subjective. This
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can depend on the price of the chﬁrn and whey vat. Generally speaking
unless a factory processes 80,000 pounds per day it is uneconomical to
consider a butter operation from whey cream since the content is only
about..002 percent fat. Smaller plants generally sell the whey cream.

The operation goes through the following steps. The whey is pumped
or drained from the thé cheese vat into a whey vat. The -whey is then
pumped from the whey wvat through the separator. The cream is eifher
collected in a bulk refrigerated tank or stored in cans until enough
is accumulated for churning. The cream is then pasteurized, cooled,
and transferred to thg churn. The chufn is filled to about one-half the
capacity of the churn and chuining begins. Aftgr churning the butter is
Washed,_salfed,.worked, and removed by Hand. The butter is stored or
packaged. 1If a printer is available for this operation, this is
accomplished by machine. The time requirements for these two stages
are included ianable_4.6, Equipment requirements are included in

Appendix III, Table I.
Non-Operational Activities

Utilities, laboratory, equipment, requirements and office equipment

requirements for various sizes of plants are a somewhat subjective matter.

Equipment requirements are listed in Appendix'IIIL, Table I, for these
activities. Boiler requirements were obtained by recommendation of a

manufacturer for the various plant sizes. §/

8/ - Specifications and prices supplied with proposals submitted by Damrow
Brothers and Stoelting Brothers were the basis for selection of this
equipment.
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TABLE 4.6. BUTTER AND WHEY--TIME REQUIREMENTS PER 1,000 MILK. a/

Stage : Variable Time Fixed Time
' ‘ ' Hours Hours
Whey Separating
1 Filling whey vat -
: 60,000 pound/hr. pump - ,0166
2 Separating--20,000 pound
per hour separator - .0550
Butter Making - .
1 Pumping in pasteurizer-
and churn--60,000 pound .- - -
per hour R : .0166
2 Churning. = - : 6,00
3 Removal from churn , .5000 -
4 Packaging either :

automated or by hand
(a printer assumed) .0013

a/ Survey at Consolidated Dairies, Ronan, Montana.
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‘Storage Requirements

Storage requirements were determined by the use of daify engineering
techniques. The amount of storage for each type of plant was that deemed
necessary  to handle three days' productlon of cheese. Cooling require-
ments are not only determined by the type of structure but also outside
temperature, type .of insulation, temperature of the product upon entefing
and other factors. Storage facilities ranged from 289 square feet for the
two-vat installatidn'to_about 510'sqnere feet for the large installation. 9/
To establish refrigeration reqnirements for these two facilities, tech-

niques outlined by Desrasier were utilized. 10/
Refrigeration Requifements to Cool Cheese

The first step in refrigerated storage of cheese is to bring the
temperature of the product down to the temperature desired. This is

expressed by means of the following equation:

T

H = (S D (T = T)

where: Hl = B.T.U. required to lower temperature of the
: product from the.initial temperature (T ) to
the temperature desired (T )
SL = gpecific heat of the product above the freezing

point of the product (in this case .64)

9/ Storage facilities were determined from floor plans supplied by
Damrow Brothers and Stoelting Brothers.

10/ Norman W. Desrasier, The Technology of Eood Preservation (Westport,
Conn.: The Civie Publishing Co,, 1963), pp. 99-102,
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W = weight of the food mass in pounds. (3,200 pounds
maximum for a 2-vat factory; 16,000 pounds maximum

for a 4-6 vat factory)

temperature of cheese upon entering (80°)

Tl=
Tf = temperature of cheese to be maintained (45°)
R =—-Hl—...

£f 288,000

We also must consider the refrigeration requirements to maintain an
empty cold storage chamber at desired temperature levels. This is
determined by‘the followiﬁg equation:

_ (K)(24)(Sa)(Tl - T5)
c I '

H

where: Hc = B.T.U. losses per 24 hours in the storage chamber
K = the thermal conducfivity of the insulation material

S_ = the surface area of the outer wall of the storage
chamber

Tl,T2 = the temperature outside and inside the chamber

I = thickness of the insulation material (4 inches of
cork insulation with a K of .28)

In addition to the work required in B.T.U.'s for cooling the

material and maintaining the temperature of the chamber we must consider

heat loads generated by electric appliances in the chamber and people
entering and ieaving the chamber. The following values were used in

establishing the miscellaneous heat loads. 11/

11/ Ibid., p. 101.
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Electric lights 3.42 B.T.U. per hour per watt

Electric motors 3,000 B.T.U. per hour per h.p.
Working man = 750 B.T.U. per man hour

For electric equipment then:

He = 3.42 (total lighting watts).(hours burnlng) x [3 000 (total
motor h.p.).(hours running)]
Hm = 750 (no. of man hours in the chamber)

The number of air changes per day under reasonable usglthen is

determined by:
- ®RYW

where; R .= cubic feet of storage caparity in the chamber .
N = number of changes per 24 hours

H = B.T.U. load added by changing air under average
conditions

The total refrigeration requirement for the operation of the chamber

(Rc) without any consideration for food is then obtained by:
H +H +H +H
_ ¢ e m a
c 288,000

The total refrigeration requirement for cooling the cheese and

maintaining the temperatukre can be calculated by:

R=R_+ R_ = tons of refrigeration required.
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In addition a safety factor of 25 percent must be added. 12/ By
the use of -this technique total toms of refrigeration were computéd and
compressor size was calculated for the two storage rooms. For the
smalleyr rooﬁ'a 2 h;p. compressor was cﬁosen and for the larger room two
3 h.p. coﬁﬁreésors were selected. The selection of the two compressors

adds standby capability to this type of operation.
The Model

1. Assumptions Concerning Receiving

a. Two thousand pounds milk a day is received in cans. The
remainder is received in bulk. This prescribes to approximate
-can, volume at various plants.

b. All plants equipped with 250 g,p.m. ﬁhloading pump.

c. Used price qudted on all can receiving equipment.

d. Non—refrigerared storage- tanks in receiving stage.

e. All receiving centers have in-placé washing systems for
bulk receiving units. ' :

f. Plants have sufficient storage to store one day's volume
without processing.

g. Receiving tanks are placed outside the building.
h. ﬁilk contains 3.5 percent butterfat,
2, Assumptions Concerning Processing
a. Thelsfhour shift will be considered a minimum shift.

b. Starter manufactured in cans to the processing level of
8,000 pounds of milk per hour.

¢. ' Cheesemaker or workers have ability to start vat filling
operation before rest of crew arrives.

12/ Ibid., p. 106.
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3. Assumptioné Concerning Hooping and Pressing
a. Forty pound block only size cheese manufactured.

" b. Automatic hoop washer employed at processing levels of 12,000
pounds of milk per hour and higher.

4, Assumptions Concerning Packaging and In-Plant Tragsportation
a. Seran and paper used as wrapper.
5. Assumptions Concerning Utilities-
a. Natural gas used as heating fuel.
b. Access to ¢ity water supply.
6. Assumptiéns Concerniﬁg Storage
a. Storage capacity designed for three days' storége.
7. Assumptions Concerning Buﬁter and Whey

a. Whey processing begins at volumes of 2,000 pounds per hour
and higher. At lower volumes whey cream sold.

b, Used prices pn all equipment in butter center.

c. Whey can be disposed of other than in city sewage system.
Determination of Processing Costs

Comparison of costé must be made at different levels of output in
order to detérmine'how costs vary with increases in volume. Stage costs
can aléq be used to construct a totai processiﬁg cost function. As in
the case of a particular method of tfansporting milk from one area, a
particular plant combination must take into account fixed costs, variable

costs, and the capacity of that plant combination. Fixed costs considered
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were taxes, land, Buildings, equipﬁent, interest, insurance, and repairs
and maintenance, |

Variable costs consisted prinecipally of labor, materials, elec-
tricity, steam, water, and natufal gas.

In order to obtain cost estimates-consiétent with the volume of milk
available for manufacturing in the study.area, model plant cost estimates
were constructed through the range of pfocessing from 2,000 to 18,000
_péunds of milk per hour. The lower figure represented a fairly low level

‘of operation while the upper range was more than adequate to handle all

the milk available .for manufacturing in the study area.
. Fixed Costs

_Buyilding Requiremgnts énd Costs.~—Possible floor plans were studied

~ from those'made_available by Damrow-aﬁd Stoelting. The plant set up was
basically the same through all levels of.operatibn. Allowance had to be
made iﬁ building requirements for increase in vat size, larger storage
space, and tﬁe addition of a butter and whey center when the plant
processed-S,OOO pounds of milk or more, Substantial variance in the
actﬁal allocation of floor space to a particular center exists in the
existing plants.. The particular metﬁod employed in the study eliminates
this variation and provides a consistent manner of allocating:costs to

a particular center as volume is increase@. The plants were specified
to be of concrete block structure and were to be one story high in the

processing section. Office construction was limited to 8 feet in height.
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A covered bulk receiving area 25 x 35 and 30 feet in height at the rear
of each plant was also specified. Construction estimates vary from
$9.00 to $14.00 per square foot for this type of comstruction. 13/
Ten dollars per square foot was used as the figure for this type of
conSt;uction. ;&/ The covered bulk receiving-area was estimated to cost
$6.00 per square foot. 15/ Building requirements and costs are included
in Table 4.7. |

Building.requirements. ranged from a fectory of two vat sizé which
would process-at a rate of 2,000 to 4,000 pounds per hour, through 5,000

to 12,000 pounds per hour which would be of four vat size, to 13,000

-to 18,000 pounds per hour which would be of six vat size.

Land Requirements and - Costs.--Land requirements were to be such that

the plant could have 60 feet of frontage, 30 feet on each side of the
plant and 60 feet in the rear of the plant. Cost estimates for land vary
from $2,500 an acre to $15,000 an acre. 16/ A'cest-figure of $5,000 per

acre was selected. 17/ Land requirements and costs over the range are

13/ Johnson, -Clarke, and Forker, op. cit., p. 32.

14/ TInterview with Carl Lehrkind, III, Manager of local Coca-Cola
- bottling plant.

15/ Bucher's estimate was $7.50 per square foot for a sstorage area..
Since this area would have one less wall an estimate of $6.00
per square foot was used. See Bucher, Feasibility of a Milk
Marketing Association, op. cit., p. 48. '

;g/ Interviews  with Bud Lowe, Lowe Realty, Bozeman, Montana, and Ted
Cooey, Eliott Realty, Bozeman, Montana.

17/ This is the author's own estimate based on the above interviews.
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TABLE 4.7. BUILDING REQUIREMENTS AND COSTS MODEL PLANTS. a/

Volume Processed : Required : Total : : Annual
Per Hour : Area . Cost : Life Depreciation
Pounds - "~ S8q. Ft. Dol. Yrs. Dol.
2,000 3,675 33,250 40 831
4,000 4,480 41,300 40 1,032
8,000 6,160. 58,100 40 1,452
10,000 - " 6,160 58,100 40 1,452
12,000 7,880 75,300 - 40 1,882
14,000 9,095 87,450 40. 2,186
16,000 9,095 87,450 - 40 2,186

18,000 9,095 87,450 40 2,186

a/ From blueprints supplied by Damrow Brothers, Co., Kiel, Wisconsin,
and Damrow Brothers Co., Fond du.lLac, Wisconsin, ,
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included in Table 4.8. The building was assumed to have a life for
depreciation purposes of 40 years. This conforms to the Johnson, Forker

estimate, 18/

TABLE 4,8. LAND REQUIREMENTS, COSTS, AND ANNUAL DEPRECIATION. a/

Volume Processed : Required : Cost Per f : Annual

Per Hour : : Area : Acre : Life Depreciation b/
Pounds Acres Dol. Yrs. Dol.
2,000 1.0 5,000 40 125
4,000 1.0 5,000 40 125
8,000 1.0 5,000 40 125
10,000 , 1.0 5,000 - 40 125
14,000 - 1.5 5,000 40 187
16,000 1.5 5,000 40 . 187
18,000 2.0 5,000 40 250

v

a/ Based on the assumptions of at least 60 feet of frontage, 30 feet
on each side of the plant and 60 feet in the rear of the plant,

b/ There is a question whether the land depreciates or not. In
actuality land located in a desirable area may appreciate in wvalue.
However,. some charge would have to be assessed for removal of the
building and fixtures. This corresponds to the procedure used in
other studies, See Johnsom, Forker, and Clarke, op. cit., pp.
32-37. :

Equipment Costs.--Equipment requirements and costs were summarized

by stage in Appendix III, Table I. SelectionAof the appropriate price of
equipment for the particular stage was accomblished'by three methods.
First, By reviewing the time requirements for a particular volume of
processing-—if the time requirement exceeded the capacity of the partic—
ular piece of equipment for that level of processing then the next larger

piece of equipment was substituted.

18/ Johnson, Forker, and Clarke, op. cit., p. 32.
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For example, assume the level of processing is 14,000 pounds per hour.
This places us in an operation of six vats. A 15,000 pound per hour
pasteurizer could cause a bgttleneck in processing because the vat filling
time is directly related to the capacity of the pasteurizer. Therefore,
a 25,000 pound per hour pasteurizer was.chosen and the costs computed for
it. A second method of'equipmgnt selection was by actual pﬂysical
capacity of the equipment. For example, two 12,000.pound cheese Vafs
would be sufficient for a 2,000 pound per hour operation. However,
substitution of twe 20,000 pouﬁd vats Would beﬂnecéssary if it were
necessary to process 4,000 pounds per hour. Finally, some,equipment
was chosen by engineers anﬁ manufacturers' recommendations. Boilers,
refrigeration units would come under this category. A summary of total
investment by stage is included 'in Table 4.9. The principal fixed
expenses aséociated with the equipment are depreciation, insurance,
taxes, and intefestq Since the same principles apply to 1§nd and buildings
the discussion of the derivation of . these costs were lumped for the
sake of‘brevity.

Depreciation.--Depreciation was calculated by the "straight line"

. method for each piece of équipment based on its expected. life. The
total cost of depreciation was obtained by summiﬁg the costs of all
individual items in a stage. The depreciation-costs for each processing
level were summed to obtain total depreciation costs for that particular
size of plant. Table 4.10 contains the schedule pf depreciation costs

for each processing level.




Vo lume

" Processed: : : : : Office " : Butter : :
Per : : : and : :  and s+ Total b/
"Hour.. :Receiving:Processing: Hooping :Packaging: Lab = :Utilities: Whey :Cleaning:Investment

‘Pounds ‘Dollars = Dollars " Dollars °~ 'Dollars ' Dollars ‘Dollars Dollars Dollars Dollars

2,000 13,662 22,601 2,690 2,785 4,000 8,653 — - 53,891
4,000 15,704 26,955 4,540 2,285 4,000 11,600 -— -— 65,084
8,000 19,642 42,488 9,080 2,285 7,000 11,600 9,392 -~ 101,487
10,000 19,642 42,488 10,040 4,570 7,000 11,600 9,392 — 104,732
12,000 22,940 53,041 12,180 4,570 8,000 17,000 15,292 7,200 - 140,223
14,000 24,261 60,018 12,990 6,855 8,000 17,000 15,292 7,200 151,616
16,000 25,983 62,543 17,070 7,040 8,000 25,000 15,292 7,200 168,128

18,000 26,782 . - 73,946 .. 18,330 . 7,040... 8,000. 25,000 15,292 7,200 181,590

- 80T -

" a/ From Appendix III, Table I.

" b/ . Excludes land and building.




TABLE 4.10. SUMMARY OF DEPRECIATION COSTS FOR MODEL PLANT BY STAGE. a/

~Volume

Processed: H Co : ¢ Office : : Butter : :
Per . et : : and - : ¢ and ¢  Total
Hour ' :Receéjving:Processing: Hooping :Packaging: 'Lab-~ :Utilities: Whéy . :Cléaning:Depreciation

" "Pounds ‘Dollars "'Dollars - Dolldars - Dollars ~ 'Dellars Dollars ° Dollars Dollars Dollars

2,000 1,137 1,949 189 152 400 532 __ - 4,359
4,000 1,277 2,296 304 $152 400 680 -— 5.109
8,000 1,539 3,163 608 152 700 680 879 - 7,721
10,000 1,671 3,163 672 304 700 680 879 —~ 8,069
12,000 1,759 4,005 795 304 700 1,000 1,469 360 10,392

14,000 1,887 4,361 895 456 400 1,000 1,469 360 10,392,
16,000 1,962 4,536 1,090 468 400 1,400 1,469 360 11,685

~ 18,000 - 2,015. 5,704 . .1,329 468... 400. 1,400 . 1,469 360 13,145 3

= I

" a/ From Appendix III, Table I.
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Interest.--Selection of the proper interest rate was accomplished
by charging 6 percent of the midlife value of the equipment, land, and
buildings. This rate was assumed to represent the expected returns from
similar economic activity involving the same-element of risk, subject to
the reservations expressed in Chapter I, Since it was assumed that the
investment would decrease in value to zero at the end of the useful life
of the asset this rate was applied to one~half the original amount of
the investment, Table 4.11.

Taxes.—-Taxes are levied on the appraised value of the property as
determined by the local assessor or other tax authority and are computed
on a specified tax rate per dollar valuation. In Montana the procedure
for assessing this tax is fairly constant although the tax rate may vary
considerably. The question of a proper rate to apply was settled by
selecting four Montana cities that were representative of.the type of
town that the plant would be built. Table 4.12 indicates these cities
and their tax rates.

The procedure in computing the tax has three steps. First, the
determination of an appraised value. The appraiser appraises the value
of the property. Second, 40 percent of the value is téken as the "true"
value. Third, 30 percent of the value is assigned as the taxable value.
An example would be a property thaf is appraised at $30,000. Forty
percent of the value would be $12,000. Thirty percent of the value
yields $3,600. Assuming a t;x of 161.5 mills means that the tax would
be.3.6 x 161.5 or $581.40. This is the procedure that was followed in
the computatién of the tax for the model plant. The results are included

in Table 4.13.

Ll
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TABLE 4.11. INTEREST CHARGES FOR MODEL PLANTS. a/

Volume Processed :
Per Hour : Total Investment b/

Interest

Pounds Dollars Dollars

2,000 ’ 92,141 2,764

4,000 111,384 3,341

8,000 164,587 4,938

10,000 167,832 5,035

12,000 220,523 6,616

14,000 246,566 7,397

16,000 263,078 7,892

18,000 279,040 8,371

a/ Six percent of average value.

b/ 1Includes all equipment, land, and buildings.

TABLE 4.12, TAX RATES=-FOUR MONTANA CITIES, 1966. a/

City b/ : Levy

Mils
Belgrade - 183.49
Amsterdam 114.00
Gallatin Gateway A 160.77
Butte 188.00
Average 161.50

a/ Interview at Gallatin County Assessor's Office.

h/ An actual check of the four cities after the study was made indicated

that this method of approximation was fairly accurate. However, it
should be recognized that this was an approximation. Actual rates

were: Whitehall 167.97 in, 134. out; Stevensville 219.46 in, 155.2

"out; and Ronan 203,81 mils in, 159.81 out.
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TABLE 4.13. PROPERTY TAXES--VARYING LEVELS OF OUTPUT, USING 1966 RATES. a/

Volume Processed : Appraised : True ¢ Taxable : Total Tax
Per Hour : Value b/ : Value : Value : per Year
Pounds Dollars Dollars Dollaxs Dollars |
:
2,000 92,141 36,856 - 11,056 1785.54 f
4,000 111,384 44,554 13,366 2158.61 ‘
8,000 164,587 65,834 19,750 3189.62
10,000 167,832 67,132 20,140 . 3253.61
12,000 220,523 88,209 26,463 4273.77
14,000 246,566 98,626 29,588 4778.46
16,000 - 263,078 105,231 31,569 5098.39
18,000 279,040 111,616 33,485 5407.83

a/ Computed from Table 4.10 and 4.11.

b/ " Total investment in land, equipment, and buildings, Table 4.10.
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Repairs and Maintenance.--Data. on repairs and maintenance was not

available in meaningful terms on existing plants. Therefore,. the same
technique employed by Johnson, Clarke, and Forker was used to determine
this cost. 19/ This procedure was to equate apnual repairs and mainte-
nance costs with that allowarice for depreciation. The corresponding cost
schedule for varying 1évels of output is summarized in Table 4.14. |
Insurance.--Insurance was considered for the physical plant, for
the equipment inside and for the stock that might be on hand. Boiler
insuranee was also included. This was included in the event that a
boiler might explode, injuring any occupants. Extended coverage was
also included. This covered damage that might have been done by some-
thing other than fire, such as hail or lightniné. - A final clause was
included to cover $50,000 of personal liability per worker in the plant.
Rates vafy considerabiy not only from city to cit& but from building to
building. Rates given by Safeco Insurance Group as applying té industrial
buildings in Belgrade were deemed appropriate. Coverage was assigned at
90 percent of actual value where appropriate. Some error is possibly
introduced on the basis of the coverage.and rates considered. This
should not be a sefious source of error on the basis of insurance share
of total fixed éosts. This was 5 éercent of fixed costs at the low -

processing level and about 7 percent at the high processing level.

19/ Johnson, Forker, and Clarke, oé. cit., p. 35.
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TABLE 4.14. REPAIRS AND MAINTENANCE--VARYING LEVELS OF OUTPUT. a/

Volume Processed : Total Depreciation

Per Hour : Per Year’ ) : Repairs & Maintenance
Pounds Dollars Dollars

2,000 4,722 4,722

4,000 5,673 5,673

8,000 8,705 8,705 3
10,000 9,003 9,003 ' b
12,000 11,805 - 11,805 g
14,000 12,608 , 12,608 \
16,000 _ 13,465 13,465 . |
18,000 14,988 14,988

a/ Computed by the same method Johnson, Forker, and Clarke employed. h
See Johnson, Forker, and Clarke, op. ecit., p. 35.

't
]
i
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Using tﬁis as a basis for computation of costs, insurance costs were
assigned to various plant capacities as indicated in Table 4.16.

In addition to those costs miscellaneous costs were attached to the
plant sizes to include licensing, legal fees, bonding, and auditing.
Those costs were estimated to be $1,000, $1,500, ana $2,000 for two,
four, and six vat operations, respectively.

A summary of all fixed costs attributed to the plant as volume
processed increases is included in Table 4.17.

The previous method is somewhat cumbersome in predicting costs for
volumes processed per hour over then the specific ones. To predict
costs as volume increases a cost prediction equation was fitted to
the data as volume processed ranged from 2,000. to 18,000 pounds ﬁer
hour. This.relationship was obtained bf.fitting an equation of the
form TPCF = a + b1VP Wﬁere TPCF = total annual fixgd processing COStSq
and VP = vélume prgcessed per hour in thousands. This yielded the

following equation:

TPCF = 11,856.8 + 2160.61 VP _ 4-1
where: TPCF = total fixed processing cost per year
VP = volume processed in 1,000 pounds per hour.

Figure 4.1 illustrates the graphical relationship of budgeted and
estimated total fixed processing costs. The coefficient of determina-
tion was .9876 indicating a close relationship between budgeted and

estimated fixed costs.
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TABLE 4.15. INSURANCE RATES FOR COMMERCIAL BUILDINGS IN BELGRADE, 1967
RATES. a/
Rate Per :Discount for 90: Rate Per
$1000 Percent $1000
Coverage Coverage Coverage Coverage
Item Dollars Percent Dollars
Fire .75 40 .45
Equipment .95 25 .7125
Stock 2.00 - 2.00
Boiler (total charge) 75.00 -
Extended Coverage .15 25
Liability (bodily :
injury & products—- 200.00 L1125

total charge)

a/ Interview with Safeco Insurance Representative, Bozeman, Montana.

TABLE 4.16. INSURANCE COSTS, USING 1967 RATES. a/

Volume
Processed : t Maximum : - Fixed
Per . ¢ Product : : Insurance :
Hour : Building : Equipment : on Hand : Liability : Costs. : Total
Pounds Dollars Dollars =~ Dollars- Dollars Dollars Dollars
2,000 154.91 345.57 37.80 202.50 250,00 835,87
4,000 187.52 417.35 75.60 303.75 250.00 1,234.22
8,000 255.56 650.75 345,60 556.87 250.00 2,058.88
10,000 255.56 671.58 432,00 607.50 250.00 2,216.74
12,000 325.22 899.17 518.40 759,38 250.00 2,752.17
14,000 384.55 972.20 604,80 860.63 250.00 3,072.18
16,000 384,55 1,078 .15 691.20 961.87 250,00 3,365.77
18,000 394.65 1,164,44 777.60 1,012.50 250.00 3,599:.19
a/ Computed from schedule presented in Table 4.15.
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TABLE 4.17. SUMMARY OF ANNUAL FIXED COSTS FOR CHEESE PLANT PROCESSING FROM 2,000-18,000 POUNDS OF MILK PER HOUR--BY STAGES. a/

Volume : H tRepairs: : : : : : : : : : : : :
Processed: H : and : : :Bldg.: H e : s0ffice: :Butter: H :
- Per : Total : :Mainte-: : : and : : : : and @ s and @ : : Total
Hour :Invest.:Ins.: nance :Taxes:Interest:Land :Receiv.:Proc.:Hooping:Packdging: Lab :Utilities:Whey :Cleaning:Misc.:Annual Cost
Pounds - - R --Dollars -
2,000 92,141 836 44722 1785 2764 956 1137 1949 189 152 400 582 —_ —_ 1000 16,422
4,000 111,384 1234 5,673 2159 3341 1157 1277 2296 304 152 400 680 — - 1000 19,673
8,000 164,587 2059 8,705 3190 1577 1539 3163 . 608 152 700 680 879 - 1500 29,690
10,000 167,832 2217 9,003 3254 5035 1577 1621 3163 672 304 700 680 879 - 1500 30,605
12,000 220,523 2753 11,805 4274 6616 2007 1759 4005 794 304 700 1000 1469 360 1500 39,346
14,000 246,566 3072 12,608 4778 7397 2373 1887 4361 895 456 400 1000 1469 360 2000 43,056
16,000 263,078 3366 13,465 5098 7892 2373 1962 4536 1090 468 400 1400 1469 360 2000 45,879
18,000 279,040 3599 14,988 5407 8371 2436 2015 5704 1329 568 400 1400 1469 360 2000 49,946

a/ Summary of Tables 4,7-4,15.

= LIT -
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Total Cost (Thousand Dollars)
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— Estimated Costs
Budgeted Costs

R® = .9876

L [ L | Il I ! | ]

Figure 4.1.

4 6 8 1) 1) 14 16 18 20
Pounds of Milk Processed/Hour (Thousand)

Estimated Fixed Costs and Budgeted Fixed Costs for Varying
Processing Levels.
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Variable Costs

In addition to the fixed coéts discussed in the previous section
requirements and costs directly associated with volume of milk had to be
analyzed. These costs were labor, materiais, electricity, steam, water,
and natural gas.

Labor.--In interviews at plants 20/ and in reviewing related
material 21/ it was found that the minimum force necessary to operate
a two-vat factory was three fo five people, This depended on Whether'the
ménager worked or not. If the manager was a working manager, the force
could be cut to three people. For purposes of this study it was assumed
that the manager was not actively engaged in the physical work in the
plant. The minimum force ﬁeceésarj then would be four people. The

force would consist of a manager, a cheesemaker foreman, one worker in the

planf and a clerk in the office. A general rule of thumb followed is that

it takes one man for each vat with a minimum force of two men. 22/ 1In
other words, the cheesemaker foreman and one worker would be necessary
for the operation of the two-vat factory in addition to the manager. As
vats are added one worker would be added for each vat added. This was
one rule for the addition of labor. A survey of plants indicated that

the one.worker at minimum levels would have time to handle the receiving

20/ Interview with Joe and Shane Heap, Managers, Glacier Mountain Cheese
Factory, Gallatin Gateway, Montana and Ned Davidson, Manager, United
Irrigation District Cheese Factory, Glenwood, Alberta, Canada.

21/ Bob Bucher, Can a Cheese Factory--, op. cit., p. 26.
22/ Ibid.
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station as well. Routine maintenance would be handled by the existing
plant personnel. Field work at this level Wopld be handled by the manager.
As volume handled increased, Packaging énd in-plant transportation became
quite labor demanding. It was noted that for a plant handling 8,000
pounds of milk per hour total‘éime required to-package the 40 pound blécks,
weigh them, and transport to the truck or- storage would require 7:8 hours
daily. (7.323 min. x 64 = 468.67 min. This divided by 60 yields 7.8
hours) This would require two people for packaging, transporting, and

to assist in cleaning the hoopé and cheese cloths. Using fhis same method
at the highest level of processing indicated that five workers would be
needed at this station and to assist in cleaning the,hoops. A stainless
steel hobp washer of 5-stage conveyorized design would be used as a labor
~saving device at processing levels of 12,000 pounds and higher. This
machine is often employed in plants of this scale.

One additional man was employed at processing levels of 8,000 pounds
per hour and higher for the operation of the butter center. If necessary,
additional part-time help would be utilizéd from the processing center.

An additional worker was also placed in the utilities center at this
volume and would assist the manager in field Work.' |

The divisioﬁ of labor, between-departments is strictly arbitrary.

From a review of plants 23/ the total breakdown represents a minimum

23/ Interviews at Cache Valley Dairy Association, Smithfield, Utah; Star
Valley Swiss Cheese Factory, Thane, Wyoming; Gallatin Cheese Factory,
Gallatin Gateway, Montana and at Foremost.Dairies in Stevensville
provide the basis for this statement. These plants processed from
25-400,000 pounds of milk daily. An observation of the number of
workers at each of these stages in these plants indicate that this
is a reasonable work force.
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force obtainable under reasonably efficient operatién to process and
package the cheese into 40 pound blocks and for the part-time processing
of butter. Total plant requirements for labor are iﬁcluded in Table 4.18.

Wages.—-Bucher assigned a salary of $700 per month to the cheesemaker
manager in his 1962 study. 24/ In a 1967 study he.assigned $10,000
yearly as a minimum salary. 25/

Since this was essentially a long-run study it Wéuld be better to I
err on the upward side thah fof‘a lower wage. Therefore, a basis of a
salary of.$10,300 was assigned for a manager ‘at levels to 14,000 pounds
hourly. For the management of a six-vat operation, a ;alary of $12,460 i
was assigned.

It is customary in most studies to establish the management salary
as a fixed cost. With present—da§ incentives on performance, salaries
can vary from $6 to $14,000 yearly for basically the same job. This is
due to bonuses, a shére of cheese sales, a share of the whey operation,
and other incentives. Ten thousand dollars &early is a high salary for
managership of a two-vat operation. Scaling the wage per hour on the

hourly basis partially compensates for this cost.effect.

gﬁj Bucher, .Can A Cheese Plant Improve Income for Billings Milk Producers,
op. cit,, p. 23. Co

25/ Bucher, Feasibility of a Milk Marketing Association for the Billings I
Area, op. cit., p. 35. w




TABLE 4.18. LABOR REQUIREMENTS FOR MODEL PLANTS BY PROCESSING STAGE. a/

Volume : : : S : : :Maintenance,: -
Processed: : :Processing: .Packaging : : : Fieldmen :Butter:
Per : : : and : - & In=Plant : : : and ¢ and :

Hour :Manager:Receiving: Hooping 7:Traﬁsportation:Clganing: Office : Utilities : Whey :Total

-2,000 1 1 1 - - 1 - - 4
4,000 1 1 2 1 - 1 - - 6
8,000 1. 1 3 2 - 2 1 1 11
10,000 1 Tl A 2 - 2 1 1 12
12,000 1 1 5 2 1 3 1 1 15
14,000 1 1 6 3 1 3 1 1 17
16,000 1 1 7 4 1 3 - 1 1 19
18,000 1 1 7 -5 1 3 1 1 20

a/ Derivation of labor requirements are discussed on p. 116.

- 2CT -
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In intefviews with plant managers in Idaho, Wyoming, and Utah, 26/
the point continually stresséd was the importance of a good cheesemaker-
foreman. Salaries ranged from $700 to $900 per month for this person.
Therefore, a wage of $9,600 yearly was assigned to him. It was felt that
a wage of $2.00 per hour assigned to workers in the plant andlfieldmen
would be representative of the wage paid. A wage of $1.32 per hour was
assigned.to clerical help.

In addition to Wages-paid,‘retirement,plans, social security, health
and welfare plans, and unemployment must be added to the blants laﬁor
costs. The total costs are included in Table 4.19.

Materials.——Table 4.20 includes a summary of prices and quantities
- used to determine material costs in the précessing stage.

The cost of materigls used in packaging consisted of a liner, seran,
and a box. These costs are ‘included in Table 4.21..

Johnson-and Forker estimate varjiable costs. for office supplies to
be $.08 per 1,000 milk and $.045 for lab supplies. They also used a
cost of $.05 per 1,000 for cleaning supplies. 27/ These costs were used
here.

Electricity.—~The horsepower specification which provide the basis

for estimating the electricity requirements for each stage were estimated

ggj The managers at Smithfield and Thane both indicated the cheesemaker
was the most important man in their operation. The operation at
Jerome was a diversified one but the manager still felt that the
cheesemaker was very important. :

27/ Johnson, Clarke, and Forker, Operations and Costs, op. cit., p. 51.




U T Y J

- 124 -

TABLE 4.19. WAGE COSTS FOR MODEL PLANT PERSONNEL. a/

S.S. : :
: :Unemployment:
1(4.4% of: Health : (2.9% of :Total Cost

Job . : Wage Pen31on 6,600) :Welfare: total) : Per Hour
.Dollars Dollars Dollars Dollars ' ‘Dollars Dollars

Mgr.~-to 14,000# 3.44 .05 . .097 .07 .098 3.75
Mgr.~-greater . ) ) ) o . ) )

than 14, 000# 4.14 .05 .097 . .095 7,116 ° 4,50
Cheesemaker- o - _

Foreman " 3,21 .05 097 .06 J094 3.51
Workers -2.00 .04 .092 .055 .061 .. 2.25
Clerical help = 1.32 04 © ..055 ~ .045 " ,036 © 1,49

4/ Survey at Smithfield, Thane, Gallatin Gatéway, .and Ronan.

TABLE 4.20,_ PROCESSING MATERIALS COST FOR MODEL PLANTS PER 1, OOO MILK,
1967. a/ '

: Quantity Used :

Material: Per-1,000. +-Cost Per Unit : Total :Cost (1,000 milk)

Dollars Dollars

Rennet ' 16 oz. -~ ° 36.00 gal. = .4500
Salt 2.5 1b. .. 2.75 cwt. ) .0700
Marstar 1.0 1bs. =~ ° .346 1b, o 3460
Starter .1 qt. .50 qt. _ .0500
Coloring = * 1.6 oz. - © 4,85 gal., 0606
Total o . ' ...9766

2/ Interview at Glacier Mountain Cheese Factory, Gallatin Gateway.-

TABLE 4.21. PACKAGING MATERIALS COST PER 1,000 MILK. a/

Materiai : Cost per 40 Pound Box : -Cost per 1,000
C . ;. Dollars - - - : . . Dollars
“'Liner o . .0632 _ - .1580
Seran o S W12 ST .3000°
Box .0991 L2477

Total . 7057

_g[ Iqteryiew,af_GLacier Mountain Cheese Factory, Gallatin Gateway.
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with aid of engineering -specifications for the equipment and from
a review of existing plants, for all motors operating in each stage.
The horsepower specifications were then converted to kilowatt hours by
use of the ratio of 1 kilowétt hour of elgctrical energy: consumed for
each installed motor horsepower per hour of usé. 28/ Kilowatt hours
were then totaled to determine electricity requirements for eéch‘stage.

'Electricity requirements for cooling were derived from engineering
data. A ton of refrigeration is defined in terms 6f heat at the rate
of 12,000 B.T.U.'s per hour. 22/. There is a great deal of vafiance in
thF requirements of mechanical refrigeration systems. However, a rule
of thumb specificétion.that one—ton'of*refrigeration capacity requires
the equivalent of 6ne motor horsepower which in turn is equivalent to
1 kilowatt hour of electrical energy. This is.the rule of thumb used
here. On this basis the cobliné of one pound of milk through a tempera-
ture range of (tl—tz) degrees Fahrenheit utilizes electrical energy as
determined by the formula:

KWE = —5500

where: tl

,t2.

starting temperature in degrees Fahrenheit

cooled temperature

28/ Johnson, Forker, and Clarke, op, cit., p. 28.

29/ 1Ibid.
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On this basis electrical fequirementé for each stage were computed.
Additional allowances for electrical.lights and miscellaneous require-
ments for each stage were also calculated. These requirements are
included in Table 4.22.

Electricity Cost,—-Electrical service is priced in terms of the

total quantity Sf eiecfricity used during. the month and the maximum rate
at Which it.is.used. Charges fof electricity then consist of two elements,
the "energy"'éhargé and the "maximum demand" éhérge. The energy charge is
expressed as a cost per kilowatt hour. Montana Power schedules these
cost rates in decreaéing increments, the lastlelements being less costly
than the first. The second element, the maximum demand chérgé is a
monthly charge based on the maximgm rate at WhiCH electricity is used
(peak load). This is determined by the 15 minute period of maximum use
during the month and is expressed as kilowatts, Theipower rate schedule
is included in Table 4.23;'
Total kilowatt -hours per month used in the plant were calculated.
The rates in the pre&ious tables were then applied. An average gharge_
per kilowatt hour was taken times the total number .of kilowatt~hoursl
used in each stage; Thus, the total electrical charge per stage was
computed. The total electrical costs per staée are included in Table 4.24.
Natufal Gas.--Estimates of the amount of natural gas required for
producing steam for pasteurizing‘and heating milk products were derived

from secondary -sources. 30/

30/ A.W. Farrall, Dairy Engineering (New York: John Wiley & Sons, Inc.,
1953), 477 pp. . : :




TABLE 4.22. ELECTRICITY REQUIREMENTS BY PROCESSING STAGE MEASURED IN KILOWATT HOURS. a/-

Volume : : : : a

Processed: Packaging : Butter : Office :
Per : : : & In-Plant :+ and and - : :

"Hour : .Receiving : Processing :Transportation: Whey Lab : Utilities : Total KWH

Hours-. Hours ' “"Hours ‘Hours  Hours Hours " Hours
2,000 2.38 5.85 .57 - 2.06 12.78 23.64
4,000 2.92 9.32 1.17 - 3.03 15.59 32.03
8,000 3.77 13.19 2.34 7.41 3.34 26.41 56.46
10,000 4.34 - 15.07 2.94 8.97 4.13 29.69 65.14
12,000 4.77 17.18 © 3.53 9.84 5.41 34.69 75.42
14,000 5.13 18.79 4.16 11.00 6.18 36.25 . 81.51
16,000 5.48 21.55 4,76 ©13.08 7.00 - 50.81 102.68
18,000 5.83 23,28 " 5.37 13.99 7.47 53.94 109.88

" a/ Computed on

basis of procedure outlined on pp. 124-125.

~ 12T -

™t mTTT




TABLE 4.23,

ELECTRICITY SERVICE, MONTANA POWER COMPANY, 1967 RATES. a/
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80 ¢
3.7¢
2.9¢
1.7¢
1.0¢
.8¢
.55¢

per kwh
per kwh
per kwh
per kwh
per kwh
per kwh
per kwh

for
for
for
for
for
for
for

PLUS

the
the
the
the
the
the
all

first 20 kwh or less

next 80 kwh

next 1,700 kwh

next 3,200 kwh

next 15,000 kwh

next 200 kwh per kilowatt
additional kwh

First 10 kilowatts -- no charge
Next. 20 kilowatts —-- $1.00 per kilowatt
All additional kilowatts -- $.90 per kilowatt

a/ Montana Power Rate Schedule, GS-64,
location to location.

Rates could vary slightly from




TSBLE 4.24., TOTAL ELECTRICITY COST PER STAGE USING 1967 RATES. a/

Volume : ) : : T . : .
Processed: : : Packaging & : Butter : Office : ‘
Per : : ¢+ In-Plant : and :  and : :Total Cost
Hour : Receiving : Processing :Transportation:. Whey : Lab :Utilities: Per Hour
’ Dollars Dollars Dollars Dollars Dollars Dollars Dollars
2,000 -0463 1139 .0110 — L0401 .2488 L4601
4,000 .0501 .1599 .0192 —_— .0520 2677 . 5489
8,000 .0520 .1869 .0331 .1049 L0474 3742 .7985
- 10,000 .0586 - .2034 .0397 1211 .0557 - .4008 .8793
12,000 .0616 L2216 . 0455 .1270 .0697 L4475 .9729
14,000 L0641 .2350 .0520 .1376 .0773 L4535 1.0195
16,000 .0655 - .2577 .0569 1564 .0837 .6077 1.2279
18,000 .0666 .2659 0613 ' .1597 .0853 .6160 1.2548

-a/ Based on rates and wage outlined in Tables 6.21 and 6.22.

- 62T -
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Natural gas-is not available at all.the locations. However, the
selection éf:natural gas as a heating media was based on a ready avail-
ability of data on heat conversion from natural gas both from the
manufacturer and from previous studies. This could result in a slight
downward bias in cost at two of these locations.

Under normal conditioms, approximately 1,000 B;T.U.'s of heat are
available per pound of steam. 31/ This rule is used here. The relation-
ship of 1/1060 pound‘of steam requirement for each change of 1 degree in
temperafure per péund of product was used to determine steam requife—
ments for processing stages. The preceding.was exﬁressed in terms of
the foilowiné formula; 32/

M(t, - £.)

1

S = 771,000

where: § pounds of steam requirements

M = pounds of product

= pnumber of degrees by which the temperature is

(tz—t
raised

1
Steam requirements for can cleaning, tank cleaning, vat cleaning,

and hoop cleaning were obtained from manufacturers recommendations 33/

31/ Johnson, Forker, and Clarké, op. cit., p, 29.

32/ Ibid.
§§/ Manufacturers specifications obtained from Damrow Brothers and

Stoelting Brothers.
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.and interviews with plant personnel. 34/ A‘further specification used in
computing natural gas reéuirements was - that natural gas contains l,iOO
B.T.U.'s per pound.. Assuming the boiler operates at 70 percent of
efficiency, fhié will involve the use of 1.558 cubic feet of .natural
gas per pound of steam. 35/ The natural gas requirem;nts for the model
plants are specified by stage in Table 4.25.

TABLE 4.25. NATURAL GAS REQUIREMENTS FOR MODEL PLANTS BY STAGE—-
THOUSAND CUBIC FEET. a/

Volume : : : : Butter, :

Processed: : : Whey :
Per : : ' _ : and "3 : : Total
Hour : Receiving : Processing : Office- : Cleaning : Gas Required
Pounds MCF MCF MCF MCF - MNCF
2,000 .3888 o W4112 .0390 .6267 1.4657
4,000 . 4868 .8350 .0487 .6455 2.0160
8,000 , 6816 1.6076 .0584 1.0043 3.3519
10,000 .8763 2.0877 .0681 01.0472 4.0793
12,000 1.0711 2.5051 ..0778 1.0527 4,7067
14,000 1.2533 2.9228 .0876 1.2373 5.5010
16,000 1.3632 "3,3403 ,0973 1.3125 6.1133 -
18,000 1.4606 3,7578 .1071 1.4000 6.7255

a/ Computed by means of procedures outlined on pp. 129-131,

34/ Survey conducted at Consolidated Dairies, Ronan, Montana.

e

35/ Johnson, Forker, and Clarke, op. cit., p. 29.
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Natural Gas Costs.--Natural gas is also supplied by Montana Pover.

Its cost as in the case of electricity is based on useage. The following
schedule indicates the cost of natural gas to commercial users, Table

4.26,

TABLE 4.26. NATURAL GAS COSTS PER‘'THOUSAND CUBIC FEET--1967 RATES. a/

First 1 MCF or less per month —— $2.00
Next 99 MCF per month @ $0.65 per MCF
Next 200 MCF per month @ $0.47 per MCF
Next 700 MCF per month @ $0.36 per MCF
Next 4,000 MCF per month @ $0,32 per MCF

a/ Based on Montana Power Company Rate Schedule GS6-~62.

To compute the cost of natural gas at each volume of processing an
average total volume . of natural gas.used each month was. first computed;
the average . cost éer thousand cubic feet of natural gas was then
calculated. This quéntity times the hourly quantity of gas used for

each volume of milk processed yielded the natural gas cost per hour.

.The cost for ﬁatural gas for eacﬁ volume  of gas processed are included

in Table 4.27.

Water Requirements.--Water requirements and costs are quite difficult

to obtain. At -some plants Watér is pumped out of owned wells. The cost
to a plant depends on the depth-of the well and the size and efficiency
of its pump. Other plants are on city water and their water costs depend
on the city water rate. Since these factors vary gfeatly,it was decided

to use a constant cost for water. Johnson, Clarke, and Forker found that
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TABLE 4,27. NATURAL GAS COSTS FOR MODEL PLANTS PER THOUSAND CUBIC
FEET AT 1967 RATES. a/

Volume : : : :
Processed : : :  Butter, Whey, : :Total Cost
Per Hour : Receiving : Processing : Office and Lab :Cleaning: Per Hour

Pounds Dollars "~ Dollars Dollars "'Dollars Dollars

2,000 .1948 .2056 .0215 .3138 . 7357
4,000 .2258 . .3873 .0225 .2994 .9350
8,000 .2850 .6725 . .0245 L4202 1.4022

10,000 " .3550 .8457 .0276 L4242 1.6525

12,000 <4250 .9943 ) .0390 4178 1.8761

14,000 . 4837 1.1279 .0338 4775 2.1229

16,000 .5186 1.2707 .0371 .4993 2.3257

18,000 5475 1.4088 . .0402 .5249 2.5214

a/ Using rates from Table 4.26 and requirements from Table 4.25.
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for cottage cheese operations in California water costs -averaged about
$.025 per 1,000 pounds of milk. 36/ Rowe's estimates averaged from $.01
to $.03 per 1,000 pounds of milk. 37/ It was decided to use a water
cost of $.025 per 1,000 pounds of milk processed;‘§§/ Using this factor

the following results were recorded for water costsg, Table 4,28,

TABLE 4.28. WATER COSTS FOR MODEL PLANTS. a/

Volume Processed Per Hour : Water Cost

Pounds Dollars '
2,000 .0500
4,000 ) .1000
8,000 : ‘ .2000 °

10,000 ' .2500

12,000 . 3000

14,000 o : .3500

16,000 .4000

18,000 | : .4500

a/ Computed from procedure outlined in above section.
Summary of Variable Costs

Table 4.29 presents a summary of all variable costs associated with

processing at various alternative levels of output. A "cost prediction"

6/ Johnson, Clarke,. and Forker, Operation and Costs, op. cit., p. 52.

¥

37/ ‘Gordon A. Rowe, Economics of Cheese Manufaéturing in Tillamook

38/ Author's estimate based on above references.

IR O T

County Oregon, Agr. Expt, Sta. Bulletin 529 (Corvallis, 1952), p. 11..




TABLE 4.29. SUMMARY OF TOTAL VARIABLE COSTS FOR MODEL PLANTS BY STAGE. a/
Volume : H : : : : : : : :
Processed: Receiving : : : Packaging : Office : : Butter : :
Per : : : : : & In-Plant : and : : and : : : Total Cost
Hour : Can : Bulk :Processing:Hooping:Transportation: TLab _ :Utilities: Whey :Cleaning: Water : Per Hour
Pounds - Dollars—-=-—- -
2,000 .8167 1.7607 5.2554 1.5887 2.9422 2.3453 . 7845 - .3148 .0500 15.8583
4,000 .8167 1.7956 9.0484 2.2267 4.8777 3.5943 1.5543 - L4494 .1000 24,5122
8,000 L7497 1.7897 14.0448 3.5648 10.6474 7.0246 1.5929 2.8236 .8202 .2000 43,2577
10,000 L7497 1.8663 17.8333 4.1792 12.0654 7.2862 1.6195 2.8398 .9242 .2500 49.6136
12,000 .7497 1.9393 20.3502 4.8064 13.4826 9.0533 3.9162 2.8457 1.0178 .3000 58.4612
14,000, .7497 2.0005 25.2831 5.4397 17.1505 9.3138 3.9222 2.8563 1.1775 .3500 68.2433
16,000 .8435 2.1306 29.1065 6.1725 -20.9106 9.6673 4,1702 2.9689 1.2993 .4000 77.6694
18,000 .8435 2,1606 31.2060 6.1725 24,5764 9.9220 4.,1785 2.9722 1.4249 .4500 83.9066
2/ Summary of Tables 4.17-4.27.

- GET -

rprere

1 il a3




Al | LIt

- 136 -
technique was again employed by fitting a least squares estimate of

the following form:

TPCV = 7.91 + 4.306VP ‘ ' 42

where: TPC.v total variable costs per hour

VP = volume processed in.l{OOQ pounds pgr hoﬁr

Figure 4,2 illustrates the graphical relationship between budgeted
and estimated Fotal variable processing costs. The coefficient of
determination'waé .9984 indicating a close relationship between budgeted
and estimated variable costs.

Equations 4-1 and 4-2 can be used on a cost prediction basis to
predict total costs for this type of plant given the volume of milk
handled and hours of operatiom. This involves multiplying the‘variable

cost equation by H, the number of hours operated per season and adding

the two together to obtain the following:
TPC = 11,856.8 + 2160.61V, + 7.91H + 4.306V]'?H 4-3

where: TPC = total yearly processing cost

This equation will be used as the cost prediction equation for
this tyﬁe of ﬁlant. :An application of this equation will be made in
the next chapter with the use of the étollsteimér.model.

Processing Cost Estimation.-~Equation 4-3 may be used to estimate

processing costs under varying operating conditions.
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The cost curves plotted in Figure 4.3 provide an insight as to the
effect of plant size on average costs. Figure 4.3 illustrates how
average costs decrease as plant size increases. The major portion of
these decrease in%éosts come about in the early stages-—from 1,000-

4,000 pounds per hour. This decrease in average costs comes about
through the scattering of fixed costs such,és buildings . and equipment
costs over the larger ranges of -output. It also comes about due.to

"the bétter_utilization of high costs, high capacity equipment such as
pasteurizers and separators which are underutilized in the lower capacity

plants.
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CHAPTER V
APPLICATION OF THE MODEL
Introduction

Methods of cost prediction-outlined in the previous two chapters

combined with data on milk available for manufacturing purposes in Western

Montana prﬁvide a basis for the ahalysis in this chapter. The purpose of
this chapter was to épply this production data to the equations derived
previously to determine the combined processihg and transfer costs for .,
this given number of plants and locations in this area. Cost data were
combined with the productioﬁ data‘to-determine the number, sizé, and
location of proceésing plants required to minimize éhe combined assembly
and pr§cessing costs for an estima;ed'amount of milk available in this

region in 1970.
The Area Considered

The area considered as a basis for this study was scattered over a
wide geographical regioﬁ° Five cities and four towns were analyzed for
purposes of the transfer and procéssing of milkf These cities were
Billings, Bozeman, Great Falls, Missoula, and Kalispell. The four towns
were Gallatin Gateway, Whitehall, Ronan, and Stevensville-Hamilton.
Gallatin Gateway, Ronan, Stevensville, and Hamilton are sites of the

present cheddar operations in the state. A plant is at Whitehall but

has not been in operation for some time. A description of the climatology

and farming patterns-in these areas was given in Chapter I. According

to data released‘by the Statistical Reporting Sefvice, Heiena,
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Montana,‘these four plants have processed from 82 percent of the total
manufacturing milk produced in 1960 to 92.8 percent of the total
manufacturing milk produced in 1964.

TABLE 5,1, TOTAL. MANUFACTURING MILK SOLD IN STATE AND FOUR PLANT
TOTALS, 1960-65. a/ ' o

: Total Manufacturing : Four Plant

: Milk Sold 0 Total : .
Year : (1,000 Pounds) : (1,000 Pounds) : As.a Percent of Total
1960 37,120 o 30,458.5 S 82.1
1961 40,800 36,905.2 : 90.5
1962 © 40,800 33,923,0 83.1
1963 38,400 . 32,246.6 . 84.0
1964 34,300 : 31,831.4 : 92,8
1965 34,160 30,710.1 89.9

2/ Unpublished data released by the Montana Crop and Livestock Reporting
Service, Helena, Montana.

The five cities analyzed are ail cities where a large amount of the
processing is of Grade A milk. No cheddar plants are in existence in
these cities with the exception of Bozeman.:

The five cities and three towns are all connected.&ith_all—weather,
hard surface roads. Highway 10 is the principal link between Bozeman
" and Billings. Highway 191 connects Bozeman and Gallatin Gateway.
Highway 10 North from Bozeman ﬁo Missgoula. and Highway 93 South from
Missoula to Stevensville-~Hamilton is the primary route from Bozeman to
Stevensville, ﬁighway 93 North to Ronan énd Kalispell is the major
route in this area. Highway 20 West to R@nan and Highway 15 South are

the principal routes from Great Falls.

Li_ [ LA
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Problem Procedure

The model ﬁsgd in solving for the number, size, and location of
processing plants that will minimize'éhe combined transfer and processing
costs of manufacturing and.surplus milk in these areas in 1970 was the’
basic Stollsteimer model outlined in Chapter i.

Stollsgeimer offers four different solution procedures for minimizing
combined transfer and processing costs. The procedure used required that
there were economies of scale in plant operations and that plant cost
functions did not vary with plant site. Thelanalysis was on a long run
basis. 1In this case, the year 1970 was chosen. This particular year was
far enough in the future to allow for plaqt-changes but short enough so
that the production estimateé couid be made by the method outlined in
the following séction.

The data necessary for this solution are:

1. Projected 1970 milk production affeach point specified in

the area previously.
\

2, A transportation cost matrix which contains the 'cost of
transferring milk from each origin to each plant site.

3. A plant cost function which would allow the calculation of
total cost of processing a fixed total volume- of milk in

various numbers of plants.

4, Specification of potential plant locatiomns.

kW R Ry S 1
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Milk Availablé--1970

Milk Production—-—-Grade B.--Table 5.1 contains data on the volume

of milk manufactured by the four cheddar blants in the years 1960-65.
Data was also obtained from the Statistical Reporting Service on a
plant basis fof these years. Due to the.confidential nature of this
data, the actua; amounts processed during those years by individual
plaﬁts is not disclosed.

From an analyéis of the data it‘becamé apparent thét choice of a
particular method for projeﬁting 1970 milk ﬁroduction would be a
difficult task; From the years 1961-64 low support levels caused by
high national productidn probébly was one of the reasons State production
has shown a sharp.decline. However, sinece 1966 support levels have
been at the highést level sinée 1950, which'éhould have some.stabilizing
effect on productibn. However, there has been a continual downward
adjustment in the nﬁmber of producers, If there is a leveling off in
the decline, a linegr,trend would probably interject some downward bias
into the estimate. For.this short period it was felt that a linear
estimator would not be unrealistic.

With these reservations in mind, a linear estimator was fitted

to 1960-66 data. This resulted in the following equation:

Y = 35.35 - 1.03(T2 - T
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where: - Y = production in millions of pounds in year to be estimated

Ty

year in which production is to be estimated; in this
case 1970 '

Tl = base year, 1963
This would result in an aggregate 1970 productioﬁ of slightly over

28 million pounds of milk. This was adjusted on a plant basis to obtain

area estimates for this period.

Milk Producfion——Grade A.--Surplus that could be made available for
manufacturing was calculated for five cities. These cities were Billings,
Great Falls, Bozeman, Missoula, and Kalispell.

First it was.necessary to determine the meaning of the word surplus
as used in this study. The Montana Milk Control Board until Jume 30, 1967
categorized milk in the following four ways: 1/

Clags I: Raw whole milk, pasteurized and homogenized whole

milk, low fat milk, buttermilk, chocolate milk and.chocolate

drink ultimately used in bottled or packaged form, shrinkage

attributable to producer milk in excess of two percent of

current producer receipts; and plant averages.

Class-II: Whipping cream, coffee cream, half and half, skim
milk and other commercial cream.

Class IIT: All butterfat and skim milk used in the manufac-
ture of cottage cheese, cheese dressing, cultured sour cream,
ice cream mix, egg nog, tom and jerry batter, and yogurt.

1/ State of Montana Milk Control Board, "General Official Order
Regulating Transactions Involving the Purchase and Resale of Milk
Within the State, Which is Intended to Accomplish the Declared
Policy of the Act, as Set Forth in Title 27, Revised Codes of
Montana, 1947", Official Order 641-B (Helena: May 25, 1966), p. 11.
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Class IV: All butterfat and skim milk used in manufacture of .

cheddar or similar cheese, butter, livestock feed, plant loss

or shrinkage attributable to producer milk or two percent or
less of current producer receipts and plant-inventories of
fluid ptroducts. :

As of June 30, 1967, the categories'have been combined to three.
Class I and II have been combined into Class I. Class III now is
Class II and Class IV is now Class III.

With these definitions several attempts have.been made at aéter—
mining surplus in a particular area.

In two separate studies, Bucher derived surplus figures for the

Billings area. 2/ At best the separation of milk in an area into milk

for Class I usage and that that would be considered surplus is a
nebulous thing. Some of the reasomns for £his'are as follows:

1, A particular area may be in shorf supply of -milk, Milk may
be shipped in from another areé. Due to transportation
costs  this may be utilized as Class I‘While-sbme local milk
would be surplus. Therefore some surplus could show up in
and area that is actually short of milk. - i

2. There is debate on what size of inventory a plant.should
carry over from month to month. Jones considered 15 percent

as a reasonable figure. 3/

2/ Bucher, Can A Cheese Plant Improve Income for Billings Milk Producers,
op. cit., and Feasibility of a Milk Marketing Adsociation for the
Billings Area, op. cit,, p. 10.

3/ Jones, Marketing Alternatives for Surplus Grade A Milk in Montana,
op. cit., p. 13. ) '
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3. 1In order fo carry a "full line" in the stores, some manufacture
of butter and other Class IV products is necessary on.a plant
basis.

4, Surplus in.an area may be shipped to another area and utilized
as C;ass I. For example,.although the Bozeman area may show a
_large sﬁrplus in.plant usage, this may be shipped to another
area as Class I and is paid for as-Cléss-I. Milk is shipped
from the Bozeman area to Great Falls, Havre, and Helena during
the summer months resultiné in a high percentage of Class I
utilization and resulting in a reduction of surplus for the
Bozeman producers.

With these reservations in mind then a workable definition of surplus
used heré would be that amount of producers' milk available for manufac-
turing after“Class I, II, and IITI have been deducted with an allowaﬁce for
bulk sales. This amount could be alréady part of the volume that is being
used for manufacturing purposes. The question is Whether.it could be more
efficiently utilized by being transported elsewhere and consolidated into
larger quantitités for manufacturing.

Surplus was.aetermined in.the following manner:

1. Monthly summaries sﬁppiied by the Milk Control Boafd consoli-

dated from plant records were utilized.

2. Producer surplus from £he Class IV category was used.

3. Producer surplus for each plant for each month was recorded.
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4, Total monthly producer surplus'for each plant in the
resﬁective city ﬁas-totaled to give the surplus for the city.
5. Where a plant had out-of-area producers, this volume was
added to that plants receipts. This only occurred in one
plant.
6. Monthly totals were added to give a yearly total.
The wvolume of milk éhat could be available for manufacturing in
1970 if the present stability of the Grade A market continues is
illustrated in Table 5.2.
The three high months were in the spring in all cases—-April; May,
and June. Low months were. in the fall. In some casés a deficit situation

appeared in the fall. ‘Sufplus dwindled in the Great Falls area to 797

“pounds per day average in November. This could have been a 'bookkeeping"

surplus; However,lusing this method of analyéis, quite a large volume of
milk appeare& to Ee available for manufacturing in the Missoula and
Bozeman areas, particularly iﬁ.the Missoula area. Billings and Kalispell
also showed very small quantitites available in the fall months.

This is admittedly quite an impeffect method of predicting the
amount of milk availab%e for manufacturing in any long run situation.
Using this method:pravides us with some concrete data to suggest what
could Be accompliéhed with that amount - of surplus given the data
available. A summary of total milk available at thése eight locations

in 1970 is listed in Table 5.3.-




TABLE 5.2, COMPOSITE SURPLUS--FIVE MONTANA CITIES, 1965f66. a/

2
L.

-

City :Total Surxplus :

Low Day

‘High Month Low Month High Day
1,000 Pounds 1,000 Pounds- 1,000 Pounds . 1,000 Pounds
Billings 2,669.9 485.4 b/ 70.5 d/ 16.2 b/
Bozeman 6,816.9 1,478.9 b/ 168.7 e/ 49.3 b/
Great Falls 1,986.8 374.3 ¢/ 23.9 £/ 12.4 ¢/
Kalispell 2,729.4 486.2 c/ 79.3 g/ 16.2 ¢/
Missoula 10,467.5 1,993.4 b/ 237.6 £/° 66.4 b/
Total | 24,670.5 -

1,000 Pounds

2.35 d/
5.63 e/
.797 £/
2.64 g/
7.92 £/

a/ Montana Milk Control Board Data 1965-66.
b/ June. ‘
c/ May.
d/ December.
e/ January.
* £/ November.
g/ August.

- 87T —~
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TABLE 5.3. PROJECTED VOLUME OF MILK ‘TO BE AVATLABLE FOR MANUFACTURING

IN 1970 IN FIVE CITIES AND FOUR TOWNS.

Location

Projected Volume—-1970

Billings b/

Kalispell b/

Great Falls b/

Bozeman b/

Missoula b/

Ronan a/

Stevensville~Hamilton a/

Gallatin Gateway a/
Total

.1,000 Pounds

6,469.2
52,817.3

a/ Derived by Equation 5-1.
b/ Derived from Table 5.2.
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Transfer Costs

A transfer cost matrix was computed in the following manner. Road
mileages.from all the origins to the prospective locations were included
in a matrix. Bgcaﬁse the transfer dogts were a function of volume and
distance, routes and pickup or trip intervals were a primary considefa—
tion. These routes and a consideration of alternatives in trip intervals
together with the mileages and cost information developed in Chapter III
were used to develop an eleﬁent of the transfer‘cost matrix for each
origin and location, that is a‘Cij'

Locations,-~Stollsteimer noted that in choosing potential plant sites
that almost an indefinite number of sites could be chosen. ﬁ/ Fven if
the number of sites is limited to points adjacenf to improved road
systems this number can be infinite. Clearly due to the factorial
expansioﬁ of the model we cannot cénsider all plant sites. However, the
type of analysis employed iﬁ considering the manufacturing locations

eliminates many of these. Since plant-to-plant transportétion costs are

4/ John Stollsteimer, 'The Effect of Technical Change and Output
Expansion on the Optimum Number, Size, and Location of Pear Marketing
Facilities in a California Pear Producing Region," (Unpublished Ph.D.
dissertation, Department of Agricultural Economics, University of
California, 1961), p. 165. '
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considered instead of farm~to-plant, the final solutions are going to
be weighted towards plants that are currently processing milk, This
study is pointed towards the effects of a consolidation of volume at
existing plant sites. The sites for plants were Ronan, Gallatin Gateway,
Stevensville-Hamilton, and Whitehall.

Proceséing facilities exist gt the Whitehall location at the present
time although they are not in use. Interest was expressed by individuals
in determining transportation costs to this location. 5/ Therefore,
it was included. |

Due to the distances considered; the Stevensville-Hamilton sites
were consolidated into one possible location. lWith‘one—way'transporta—
tion Aistances of up to 400 miles, it was felt that it would be difficult
to meaningfully distinguish between sites that would be only 20 miles

apart,

Transfer Distances.--Assembly distances were calculated on improved
hard surface highways over the routes outlined previously. These mile-
ages are illustrated in Table 5.4,

Since very little milk exists in the Great Falls-Billings area, a
route was selected from the potential origins so thét the milk from
the Great Falls-Billings area could be picked up in one trip. There-
fore, the mileages‘repfesent.the total distance from the origin to these

two cities and back to the origin.

5/ Glacier Mountain Cheese Factory, Gallatin Gateway, Montana.
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TABLE 5.4, ROUND-TRIP DISTANCES FROM EIGHT ORIGINS TO FOUR LOCATIONS.
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: Ronan : Whitehall

: Gallatin : Stevensville-

Location : Gateway Hamilton
Miles
Kalispell 130 530 666 286
Great Falls-

Billings 833 615 570 771
Bozeman 536 130 24 434
Missoula 112 294 430 50
Gallatin

Gateway 546 140 0 444
Ronan 0 408 546 188
Stevensville-

Hamilton 188 4id 0

292

a/ All distances calculated from state highway map, Montana
Highway Commission.

a/
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The Transfer Cost Matrix

Transfer costs for 1,000 pounds of milk transported between each
origin and potential plan£ location were eomputed under two possible
types of operating conditions. These were:

Case 1: Daily pickup from Ronan and Stevensville-Hamilton.

Every other day for Gallatin Gateway, Great Falls,
and Billihgs; Daily for three months and every other
day for nine months from Missoula and Bozeman. Every
third day from Kalispell.

Case 2: The same model with Bozeman omitted.

There were several reasons for latitude in opérating conditions.
First of all oné of the Bozeman plénts has facilities to process Grade A
surplus into cheddar. These facilities were large enough to haﬁdle its
surplus plus what remains in the Bozeman area. To consider it as a definite
source of milk could be misleading. However, the question remains that
perhaps higher returns could be realized by processing it elsewhere
as part of‘a larger volume. It could be argued that this source of
milk should be considered as a potential source of supply. Therefore,
costs undér two sets of operating conditions were calculatéd.

An analysis of the.seasonal pattern of delivery in the Biliings,
Great Falls, and Kalispell areas indicated a great déal of seasonal
variation in production patterné, For three summer monthé.véry little
milk would be available'in this area. Daily, every other day, or:even

every other third day pickup would be quite expensive. Therefore, costs
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were computed for the area on the minimum of an every other day basis
with the additional consideration of holding the milk three days before

delivery. The capacity of the 5,700 or 6,000 gallon tanker in all cases

‘'would be adequate even during the high month for this type of delivery;

Table 5.2;. Milk could be held much longer than this during the low
months but quality considerations were such that three days were
considered to be the limit.

These costs were based on the hauling distances specified'in Table
5.4, the quantities available specified in Table 5.3,'andﬂthe transfer
cost estimation méthod outlinea in Chapter III. |

The‘first step in determining the cost of transporting milk from
these origins to the potential location was to select é combination of
routes to be serviced by each unit., These routes are-listed in Table 5.5
for one;plént locations. Similar routes'were‘derived_for two, three,
and four plapnt locatioms.

It was assumed that milk would be picked up in Kalispell every
third day; at Great Falls, Billings, and Gallatin Gateway every other
day; at Ronan and Stevensville daily and at Bozeman and Missoula daily
for three months and every other day for nine months. For example,
this type of pickup would make it possible to service Kalispell one
day and Gallatin Gateway the next. Four .units at the maximum Would be
necessary to service.these routes. In éase of the Stevensville-

Hamilton location only three units would be necessary.
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TABLE 5.5. ROUTES TO TRANSPORT PROJECTED VOLUME OF MILK AVATILABLE
IN 1970 FROM EIGHT CITIES TO FOUR LOCATIONS. gf
Route ]
Location 1. 2 3 4
Ronan Kalispell Great Falls—~ Bozeman Stevensville-
Gallatin Billings JHamilton
Gateway Missoula
Whitehall Kalispell ’ Great Falls— Stevensville Ronan
Bozeman. Billings Hamilton Gallatin
Missoula Gateway
Gallatin Kalispell Great Falls- ©Stevensville- Ronan
Gateway Missoula Billings Hamilton
Bozeman ‘
.Steveﬁsville— Ronan Great Falls- Missoula
Hamilton Gallatin Billings Bozeman
- Gateway Kalispell

g/ The route$ selected represent the minimum number of units necessary
to service each route and still have some safety in terms of working

hours.
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The total hours iﬁ service of these routes were:computed for each
of the transporting units in the manner described in Chapter III. Fixed
costs were allocated to each of the locations by determining the

percentage of total hours operated in service of that location and

apportioning that percentage of total fixed costs to that location. Costs

were then determined and the least cost unit selected. The least cost

units for one-plant sites are specified in Table 5.6.

TABLE 5,6. LEAST COST ‘UNITS TO TRANSPORT PROJECTED 1970 VOLUME FROM
EIGHT ORIGINS TO FOUR LOCATIONS--FOR ONE-PLANT SITE. a/

Route

Location  : 1 : 2 : 3 : 4

—————-Trapsporting Unit—--Gallons—————————

Ronan ' 5,700 . 6,000 5,700 6,000
Whitehall . 5,700 6,000 6,000 6,000
Gallatin Gateway 6,000 6,000 6,000 6,000
Stevensville~Hamilton " 6,000 6,000 6,000 '

a/ Selected by budgeting costs for each route for each unit and then
selecting the least cost unit by the method outlined in Chapter III.

The total hours operated by each of these units in servicing the

routes are listed in Table 5.7.
Changes in the Input Mix

The elimination of Bozeman from the analysis or analyzing different

combinations of sites causes a change in the input mix. Rather than using

A
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TABLE 5.7. TOTAL HOURS OPERATED BY LEAST COST UNITS IN TRANSPORTING
1970 PRODUCTION FROM EIGHT ORIGINS TO FQUR LOCATIONS IN
YEARLY OPERATION--FOR ONE-PLANT SITES. a/

: Route
Origin : 1 2 3 : 4
: —-Hours
Ronan ‘ . 4,013 4,285 5,767 4,195
Whitehall S 4,161 4,798 3,765 5,016
Gallatin Gateway 6,722 3,789 5,152 6,082
Stevensville-Hamilton 4,343 5,805 3,389

a/ Represents total hours on each route determined by method outlined

in Chapter TII,.
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regression analysis, which would not give an accurate representation of
thg chaﬁée in éoé;s as .the input mix changed, costs were budgeted for the
input mix required to service each site combination from one to four sites.
For example, the eliﬁination'of Bozeman from the analysis changes the
input mix at two of the four origips. A 4,000 gallon unit would become
the least cost unit when'shipﬁihg from Kalispell td Whitehall and the
Bozeman to Ronan route ngld ﬁe eliminafed.enfirely. In some of the
two plant combinafions the input mix‘changea also. Therefore the Cij's
changed as the number of potential locations considered changed.

In addition fo the costs describe& in Chapter 1III, there was an
unpredictable cost dué to delay in a pity, inter—cit§-plant—to—plant
transfer of milk and other ifems. Kerchner placed this cost .at $.04
per hundredweight. 6/ For purposes of this analysis a cost of $.06 per
hundredweight in the four cities and $.04 per hundredweight in the towns
was asspmed in adéition to thé transportatién costs computed by the least
cost prediction method. This cost would be $.60 per 1,000 and $.40 per
1,000, respectivel&. For our.Ronaq to. Gallatin Gatewa& example, cost
prediction yielded a cost of $5.03 per 1,000. The deiay—tfansfer cost

of $.40 per 1,000 added to this cost yielded a total transfer cost of

6/ Kerchner, Costs of Transporting Bulk and Packaged Milk by Truck,
op. cit., p. 7. Since several plants might be visited in a city,
the transfer cost would probably be higher than that for a small
town such as Gallatin Gateway; therefore, costs were arbitrarily
assumed to be $.02 higher.
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$5.43 per 1,000 on an every day pickup basis. The tranéportation cost

matrices computed for the two cases outlined previously are shown in

Tables 5.8 and 5.9.
Processing Costs

It can be recalled that cost prediction was used also in the plant
cost analysis. The determination of the optimum number, size, and loca-
tion of processing plants required the use of the cost prediction equation

at this point. The equations calculated in Chapter IV and repeated here

are.
TPC,, = 11,856.8 + 2,160.61V, ' 4-1
TPCy = 7.91 + 4.306V, 4-2

where: TPCF total annual fixed processing costs

TPCV

Vp

total variable costs per hour

volume processed per hour in 1,000 pounds

By multiplying the variable cost equation by H, the number of
hours operated per season, and adding the two.together we obtained the

following:
TPC = 11,856.8 + 2,160.61VP + 7.91H + 4.306VPH ' 4-3

To obtain a single equation representing total processing costs for
the season, it was assumed that the plant operates 3,000 hours per season.
(25-8 hour days per month for nine months and 25-16 hour days ﬁer month

for three months.)
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TABLE 5.8. TRANSPORTATION COST MATRIX--FOR ONE-PLANT LOCATIONS, CASE 1.
\\\\\\\*‘\~ES\\: Gallatin Stevensville-
From = :  Ronan Whitehall Gateway ' Hamilton
———————————— Dollars Per 1,000 Pounds———————-~

Kalispell 3.28 7.78 7.85 5.15
Great Falls 8.80 4,96 6.93 7.68
Bozeman 5.97 2.43 1.77 4.36
Billings 9.02 5.47 7.11 7.87
Missoula 1.59 2.64 3.18 1.53
Gallatin

Gateway 4,48 2.98 40 4,01
Ronan . .40 3.62 5.44" 1.99
Stevensville~ .

Hamilton 2.59 . 3:43 4,19 40

TABLE 5.:9. TRANSPORTATION COST

MATRIX-~FOR ONE-PLANT LOCATIONS, CASE 2.

To

Gallafin

Stevensville-

From . _ Ronan Whitehall Gateway - Hamilton

——————— e Dollars Per 1,000 Poundgs————————
Kalispell 3,28 8.41 7.85 5.15
Great Falls 8.80 4,96 7.41 7.68
Billings 9.02 5.47 7.61 7.87
Missoula 1.59 2.64 3.18 2.31
Gallatin :

Gateway 4,48 2.98 .40 4,01
Ronan .40 3.62 5.44 1.99
Stevensville~

Hamilton 2.59 3.43 4,19 40
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Addition of these two equations on this basis resulted in the

following equation:
TPC = 35,586 + 15,078VP 5-2

As in the basic Stollsteimer model, this equation is linear with

respect to VP and means that given uniform factor prices at each of the

plant sites total long .run costs will increase with an increase in the

number of locations by the amount of the intercept value for each location

added.:
The Stollsteimer Model

Given the amalysis of the previous sections, the number, size, and
location of plants that would minimize combined transfer and processing
costs in handling the 1970 output for the area concerned was determined.

The Total Cost Function.--The total cost function to be minimized

was:

J I J
P.X.|L + X..C..|L

TC = :Cpa Ly
=1 i=1 j=1 3 ™

J

where: TC = total transfer and processing costs

8

'z Xi' = X, = volume of milk handled at plant j in 1,000
i=1 I J pounds

7 th

z Xi‘ = Xi = volume of milk available in the i city or
j=1 J town; i=1 ... 8.in 1,000 pounds. These data

are specified in Table 5.8.
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8§ J
D) X;. = X = 52,817.3 thousand pounds. Total projected
i=1 j=1 d volume available, Table 5.3. ‘
P, = unit processing cost in plant j, estimated by means of °
equation 5-2.
Ci‘ = cost of shipping 1,000 pounds of milk from origin i
J to plant j located at site L. Transfer costs are
specified in Table 5.8 and 5.9.
L, = one combination of locations for J plants among the

J .
[g " possible combinations of locations. These locations

and distances are specified in Table 5.4.
The cost minimization process was applied to these data.

Minimum Transfer Costs.—~The 8 x 4 transfer cost matrices, Cij’ are

sHown-in Table‘5.8 énd 5.9. An 8 x 1 vector, Xi whose eﬁtries Xi
représent the volume of milk in 1,000 pound units available at each
origin was formed from Table 5.3. Given these two sets of data, a
transfer cost function, ETE J minimized with. respect to plant location-
was found by means of the proceduré outlined by Stollsteimer. 7/ The
possible number of plant locations could number anywhere from 1 to 4.
The numerical operations involved in determining the function were
carried out on a IBM 1620 computer. Fér a matrix this small, the
calculations could be done quite easily manually. . However, due to the
factorial expansion of the model it becomes quite cumbersomé after five

or six locations are considered. 8/

7/ Stollsteimer, A Wdrking Model, op. cit., p. 634,

8/ 1If only six locations are considered there are-still 63 possible loca-
tions of plants. (26-1) Stollesteimer states that with the use of the
IBM 704 computer that a problem involving 100 origins and 50 locations
could still be solved in one hour and 15 minutes. The new third gener-
ation computer such as the Scientific Data System Sigma 7 -would probably
be even faster. ’
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The operations performed by the computer are as follows: 9/

1. With the 8 x 4 transportation cost matrix C,,, the sub-
matrices *Cij are formed by considering alllﬂossible combina~

tions of columns in the matrix. This is to say that we form
8 ! .

4 . - . .
z [j] sub-matrices. These sub-matrices contain the transporta-
j=1
tion costs from all origins to all locations. For example,
for J=1 these sub-matrices will consist of four 8 x 1 matrices,
for J=2, six 8 x 2 matrices, for J=3, four 8 x 3 matrices, and
for J=4, one 8 x 4 matrice.

element is picked out of each row. This is used to form

(8 x 1) vectors for each value of J. These minimum raw
elements indicate the minimum transfer cost for the volume
available at a given origin and a particular set of locations
for J plants. '

2. Each of these sub-matrices is scanned by row and the minini

3. Each of these vectors formed in the previous step is multiplied
by the volume of milk available, a 1 x 8§ vector formed from
Table 5.3.  These vector multiplications result in total
transfer costs with these J plants in each of the

H
z (?]possible plant locations. Thé minimum of these values
J=1 '

is selected for each J and the set of plant locations (columns

of‘Cij)-associated with this minimum value are specified. The

level of the minimized total transfer costs are also specified
in this process.

Op timum PlantALocations.——Optimal plant locations when from-one to
four plants are considered are illustrated in Table 5.10 when every other

day pickup is initiated at Great .Falls, Billings, and Gallatin Gateway;

9/ This is approximately the method that Stollsteimer used in explaining
the procedure. Rather than change the notation, Stollsteimer's
explanation was essentially used.

TN S T} S SN0 1)
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daily pickup from Ronan and Stevensville-Hamilton; daily pickup from

Bozeman and Missoula for three months and every other day for nine munths.

TABLE 5.10. OPTIMUM PLANT LOCATIONS, SIZE, AND MINIMUM TRANSFER COSTS
FOR FOUR PLANT LOCATIONS, CASE 1.

H Total : :
Number * Optimum : Receipts : Hourly
of : Set of : by : Plant - ¢ Minimized Total
Plants : Locations : Plants : Capacity : Transfer Costs
————————— 1,000 Pounds——==—-— " Dollars
1 Stevensville 52,817.3 17.61 146,539
2 Gallatin
Gateway 17,942.5 5.98 102,010
Stevensville  34,874.8 11.63 '
3 Ronan . 12,707.4 4.24
Gallatin
Gateway 17,942,4 5.98 90,193
Stevensville- ' '
Hamilton 22,167.5 5.98
4 Ronan ' 12,707.4 - 4.24
Whitehall - 1,986.8 .66
Gallatin .
Gateway | 17,942.5 5.98 92,013
Stevensville- - .
Hamilton 20,280.6 6.76

If pickup is initiated on this basis, transfer costs are ﬁinimized
for one plant sites at Stevensville with the Roman location the second
best at $171,132. There is a strong loéétional pull from the Missoula
area. The.Stevensville location is slightly closef to the Bozeman area
and has a .large volume in the area. These sifes were followed by the
Whitehall and Gallatin Gateway ones. For two-plant locations, the
locations at Gallatin Gateway and Stevensville minimize tramnsfer costs.
The Gallatin Gateway location is closer to the Billings, Great Falls, and

Bozeman areas and also has quite a large volume of its own.,
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The locational ﬁattern is what one would expect for the three plant
pattern. With the volume the existing ﬁlants havé, all three come into
the solution.

With the same pickup pattern but Bozeman omitted as a possible site
a slightly différent cost situation developed. This is illustrated in
Tablé 5.11.°

TABLE 5.11. OPTIMUM PLANT LOCATIONS, SIZE, AND MINIMUM TRANSFER COSTS
FOR FOUR PLANT LOCATIONS, CASE 2.

: Total
Number :  Optimum :  Receipts : Hourly
of : Set of : by : Plant : Minimized Total
Plants : Locations : Plants . @ Capacity : Transfer Costs
—————————— 1,000 Pounds—————~—~——~~- Dollars
1 Stevensville~ .
Hamilton 46,000.4 15.33 ' 124,982
2 Gallatin
Gateway - 11,125.6 3.70 100,530
Stevensville-
Hamilton 34,874.8 ©11.63
3 Ronan - 12,707.4 4,24
Gallatin
Gateway 11,125.6 3.70 80,415
Stevensville- )
Hamilton 22,167.4 7.39
4 Ronan 12,707.4 4,24
Whitehall 1,986.8 .66 82,693
Gallatin '
Gateway 9,138.8 3.04
Stevensville-
Hamilton 22,167.4 7.39

Transfer Cost Concavity.——Stbllsteimer's classical transfer cost

concavity is illustrated in Figure 5.1 for each of the cases. The increase
in transfer costs from three to four locations due to the increase in fixed

costs can be observed from these figures. This comes about because the
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increase in fixed costs associated with servicing four different loca-
tions more than offsets the decline in variable costs asséciated with
fewer. hours of operation.

Plant Size.--Plant size was aléo determined in each of the two
cases from Tables 5.10 and 5.11. Volume was allocated to the various
plants from the transfer cost matrix. Total recgipts were estimated
to be 46,000,000 and 52,817,000 pounds of milk depending on whether the
Bozeman origin was considered. The minimum entries in each of the rows
of the appropriate combination determined where thg production will go.
For example, assume that we are looking at the comparison of two-plant
1ocatioﬁs and that we have found the Gallatin Gateway-Stevensville loca-
tions minimize transfér costs. The minimum‘Cij in this sub-matrix tells
us that Bozeman, Billings,.Great Falls, and Gallatin Gateway volume go
to Gallatin Gateway ﬁhile tﬁe Ronan, Stevensville, Missoula, and Kalispell
volume all go to.Ste&ensville. |

With these receipts the appropriate capacity was obtained by dividing
the total receipts by‘the number of hours operated during the season,
in this case 3,000. Appropriate plant capacity under these condit;ons
is also specified in Tables 5.10 and 5.11.

Plant Costs;-fTotal plant costs are shown in Table 5.12 for one
through four locations. These costs were developed through the use of
Equation 5-2. .

An examination of Table 5.12 allows us to draw some conclusions

about the optimum number, location, and size of plants that minimize




TABLE 5.12.

TWO SETS OF OPERATING CONDITIONS.

TOTAL PLANT COSTS AND TRANSFER COSTS FOR ONE THROUGH FOUR PLANTS--INCLUDED ARE

Number : . oo .
of : Total Plant Costs ': Transfer'Costs'_ : Plant Costs Plus Transfer Costs
"‘Plants : Case 1°': Case 2 : Case-1.. :...Case'2 : Case 1 Case 2 )
- ‘Dollars "'Dollars
1 301,110 266,732 146,539 124,982 447 ;649 391,714
2 336,696 302,318 102,010 100,530 438,796 402,848
3 372,282 337,904 90,193 80,415 462,475 418,319
4 . 407,868 373,490 92,013 82,693 499,881 456,183

- 891 -
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combined processing and transfer costs. In Case 1 two plants located at
Gallatin Gateway and Stevensville processing 5.98 and 11.63 thoqsand pounds
per hour were optimal. The high cost of tfansfortationkfrom the Billings
and Great Falls area on even a two day basis plus the factor of the
available volume in the Bozeman area caused this solution.: The one
remaining case, Case 2, was probably the most intéfestiﬁg. This was the
case where Bozeman was not included in the solution. In this example
one plant located ét Stevens&ille processing 15.33 thousand pounds per
hour was op£imal. The removél of the Bozeman volume made this solution
possible. With Bozeman's ability to process her own éurplus this was
probably the most realistic of all cases examined. The total processing
and assembly cost curves are plotted in Figure 5.2. An analysis of cost
differences between four plant locations and the optimum number also
resulted in some interesting conclusiops. Costs would be 12.3 and 14.2
percent less for the optimum number than for four ﬁlan£s<in the two cases
analyzed.

Stollsteimer outlined a procedure for determining the stability of
those solutions ;Q/ over time. This required that the relative costs
in plant and transfer operations remain within a range in which the
reduction in transfer costs associated with adding one plant was less

than the associated increase in plant costs. This would be the case,

10/ John F. Stollsteimer, The Effect of Technical Change, op. cit.,
p. 183.
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Figure 5.2. Estimated Total Transfer and Processing Costs with Varying
Plant Numbers.
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of the consideration of the addition of another plant., If one were to
consider conditions necessary for the elimination of one plant, then the
relative costs in ﬁlant and transfer operadtions would have to remain in
the range in which the addition to transfer costs associated with the
subtraction of one plant is greater than the associated décrease in plant
costs. This may be shown as follows: 11/

"Recall that

. min
TTC|J = LJXiCijILJ | .
and
%9-=TTCIJ+1—TTCJ

If transfer costs are increased by a given.percentage, P, each of

the entries in Cij including those in Cij L_ will in effect be multiplied

J
by the scales (1+P). It can be shown that

min

Lin(l+P)Cij|LJ. = (1+P)TTC|J
. . ATTC
Therefore the effect of increasing assembly costs by P on I

is equal to

(1+2)5EE = (12)TIC|T + 1 - TIC[T "

11/ Ibid.
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In the example of Case 1,

ATPC

ATTC| _ _

‘ < ' = 44,529 <o~ = 35,586
ATPC ‘ATTC’ _
AJ AJ | _ 35,586 - 44,529 _

ATTC o 44,529
AJ-

where: TPC = total plant.costs and

= the absolute value of the change in transfer costs

lATTC‘
associated with a change in plant numbers

AJ.

From this we conclude that in the model conditions conéidered under
Case 1, transfer costs Would-have fo decréase by an amount greatef than
20 percent of plant costs in order for the optimal conditions to change
from two plants to one plant.

Applying this same analysis in the example of Case 2, transfer costs
would have to decreasg by an amounf greater than 45 percent of plant

costs in order for the solution to go from one plant to two plants.
A Sub-Solution

A brief look was taken at a hypothetical reorganization of plants
without the-benefit of any Grade A surplus. Table 5.13 specifies
minimized transfer costs and processing costs with only three sources
and three plant sites.

Following the same'optimizing procedure, the optimal location was

again one plant located at Stevénsville. Total costs would be




TABLE 5.13.

OPTIMUM PLANT LOCATIONS, SIZE, AND MINIMUM TRANSFER AND PROCESSING COSTS

FOR THREE PLANT LOCATIONS--EVERY OTHER DAY DELIVERY GALLATIN GATEWAY-——
DAILY RONAN, STEVENSVILLE-HAMILTON., ’

Minimized

: Total
Number Op timum Receipts Hourly Total Plant Costs
of Set of by Plant Transfer Plant Plus
Plants Locations . ¢ Plants Capacity Costs Costs Transfer Costs
) " "Thousands Thousands Dollars Dollars .Dollars
1 Stevensville 28,147 9.39 61,739 177,168 238,907
2 Gallatin
Gateway 6,469.2 2.16 39,097 212,754 251,851
Stevensville 21,678 7.23 : ‘
3 Ronan 9,978 3.33
Gallatin .
Gateway 6,469.2 2.16 11,258.88 248,340 259,599
Stevensville-
Hamilton . 11,700 3.90

- €LT -
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approximately 8 percent lower wi;h a one plant location than with the

three plant locationmn.
Revenue-Cost Relationships

The relative stability of the relationship between market prices
and support prices allows us to make some predictions about the nature
of the cost-revenue relationships under these varying plant transfer
conditions. Total volume of milk in the two cases was predicted to
be 46,000,000 pounds and 52,817,000 pounds depending on whether Bozeman

was considered as a source or not. If we consider the first case we know

LLY Y

that 46,000,000 pounds of milk will yield about.4,600,000 pounds of cheese.

If we assume this cheese can be sola for $.44 per pound (about 90 percent
of parity) revenue from this source Wouid be $2,024,000. TIf the whey
yields about..002 butterfat and this can be sold for $.66 per pound
(the same parity relationship) then revenue from this source would be
$54,648. Thus total plant revenue would be $2,078,648. If we look at
the.minimal total cost for Case 2, we find. that it is $39l,714. Sub-
tracting this from Total Revenue yields $1,686,934. Dividing this
figure by 460,000 we obtain a price per hundredweight of $3.66. This
figure does not consider profits or a desirable profit level. 1In the
case of a cd;operative where no profits accrue to the firm this could
be considered as a produéer payment.

Price per hundredweight for the other models computed in the same

manner as previously illustrated are listed in Table 5.14.
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TABLE 5.14. AVERAGE PRICE PER HUNDREDWEIGHT UNDER TWO SETS OF
OPERATING CONDITIONS--WITH CHEESE AT $.44 PER POUND
AND BUTTER AT $.66 PER POUND,

3

Number of Plants : Casé 1 : Case 2
Dollars Pgr Hundredweight

1 3.67 3.66 !
2 3.68 3.64 |
3 3.64 3.60
4 3.57 ' 3.52

Given different revenue relationships other cost-revenue relationships
can be obtained by computing total revenue at different support levels. ]
An idea of the sensitivity of the cheese operation to price is

given by Table 5.15.

TABLE 5.15. AVERAGE PRICE PER HUNDREDWEIGHT UNDER TWO SETS OF
OPERATING CONDITIONS--WITH CHEESE AT .393 PER POUND
BUTTER AT .6175 PER POUND.

. .
. !

Number of Plants: Case 1 : Case'2‘
Dollars Per Hundredweight

1 3.19 3,18 |
2 3.21 3.16
3 3.16,. 3.13
4 3.09 3.04
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The support price for butter in this case would be about $.6175
per pound and the price per pound of cheese would be about $.393 per
pound. Average price per hundredweight in Case 1 varies from $3.09 to
$3.19 per hundredweight and from $3.04 to $3v18 in Case 2. This is

about $.50 per hundredweight drop in most cases.
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CHAPTER VI
SUMMARY AND CONCLUSIONS

This dissertation has been concerned with some of the economic
problems in both the production and p;ocessing of milk for manufacturing
purposes in Montana. A decline in the volume-of milk available for
manufacturing coupled with the continuing adjustment problem at the
producer level has brought about.several problems. This thesis has
attempted to provide some insight into some of these problems and some
possible solutions. |

For purposes of analysis, the thesis was divided into three
sections.

Tﬁe-first section concerned economic optimization under various
farm organizations with various production and price levels within the
dairy enterprise. Throuéhout the thesis the economic criterion for
6ptimization wés defined to be cost minimization. The traditional farm
management linear programming model was used in two types of representa-
tive farming operations. Cost data for these two particular types of
farming operations was derived from secondary sources provided by the
Cooperative Extension Service and the Economic Research Service as well
as consultation with various experts.

The models were not derived with the thought in mind of suggesting
supply response with the particular model or to suggest that this was
an optimal operation that should exist in a particulgr area. The

analysis was done with the expectation of determining at what production
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and price level the dairy enterprise would compete with other enterprise
opportunities in a particular area.

The second and third parts of the study consisted of the marketing
aspect of fhe dairy manufacturing industry in Western Montana. One of
the possibilities of more efficient operation in Western Montana is the
recombination' of existing plants into ;arger operations to more
efficiently utilize the existing volume of milk. In order to solve
this problem, the problem of transporting the raw product from‘existing
sites to other locations was considered. The othér phase of this same
problem was the consideratioh of processing costs involved once the
product reached the particular site.

Costs were budgeted for three differenf types of units used to
transport milk and least cost units were determined from these cost
estimates. The problem of a changing input mix and its effect on fixed
costs necessitated this type of.approach rather than using regression
analysis to determine the least cost units.

Cost prediction equations were used to be able to predict costs
at various rates of output in the processing of milk. These equations
were constructed By means of cost synthesis with total cost relationships
constructed from estimates of costs at various stages. Industrial and
dairy engineering techniques as well as other secondary sources were
emp loyed in-estiﬁating the various input-output relationships at the

various stages.

- (]
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These cost prediction equations developed for the processing of milk
and the least cost estimates of transporting milk together with data on
the potential source of supply of milk both from Grade A and B sources in
Western Montana formed the basis for predicting the optimum.size, number,
and location of plants that minimize the‘combined transfer and processing
costs for this volume of milk. Through the selection of a given number of
locations and with the application of a derivation of the basic linear
programming transpoftation model this was accomplished. This model, the
Stollsteimer mode;, permits simultaneous variation in plant numbers
and their location and a study of these effects on combined transfer and
processing costs. Various modifications of transfer possibilities were
considered including ‘the possibility of storage of milk for three days

until shipment to a processing site.
The Results.

The linear programming model was considered as a basis for deter-
mining the relative competitiveness of the dairy enterprise under two
types of farming operations in Western Montana. The first was what
might be considered an intensive row crop operation that might be found
in the Bitterroot Valley of Western‘Monténa or the Yellowstome Valley
near Billings. The second possibility was the consideration of the-
dairy enterprise in a less intensive farming area. The area that this
might reﬁresent was the Gallatin Valley. The results of the first model
indicated that for marginal herds milk must be at least $3.28 pér hundred-

weight if dairying was to be included as an enterprise. For herds
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averaging 9,000-11,000 pounds, the price of milk éould fall to $2.58
and dairying would still be included as an activity. For high producing
herds this figure was $2.30. All optimization was done on a variable
cost basis.

An analysis of the second model indicated that again the herd fhat
averaged 6,000 pounds of milk would be included as an enterprise if the
price was $3.27 per hundredweight or higher and could fall to as low
as.$2.30 if a very high production level‘was considered.

A conclusion of this phase of tﬁe study was that dairying can at
least be aé profitable as other enterprises available to a farmer in
Western Montana. However, in order for it to be a profitéble enter-
prise, one of two possibilities had to exist. Either the price of milk
must exceed present levels for these ﬁarginal operations or management
practices must be such that much Higher production'standards than are
preséntly attained bvarade B produce;s must come aboﬁt.

Although some improvement has come about in the Grade B producers
herds, the bulk of the higﬂ producing herds are producing for the Grade
A m;rket. -There has been quite a rapid attrition in number of herds
producing for the Gradé B market. Consequently, plant volumes have
gradually been dwindling over the past several years. This places
pressure on the plant operator to maintain'plant efficiency with the
excess capacity gengrated and to sustain the level of prices .that he
can pay his producers. Thus more attrition in the number of producers

and processors can be expected.
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As a possibility of increasing payment to pfoducers as well as
considering the possibility of more efficiént operation of existing
plants the long run possibility of plant recombination was considered.

This involved an analysis of the cost of transporting milk over
rather long distances in Western Montana. Cost prediction techniques
were developed for three types of tankers. These were a 4,000 gallon,

a 5,700 and a 6,000 gallon tanker. There is some use of these types

of tankers in Western Montana at this time although the largest unit
which employs a "pup" trailer is not in use in the State. In most cases
the 6,000 gallon tanker was found to be the least cost'unit for trans-
porting milk long distances. 'With the seasonal variation in production,
this unit has distinct advantages. Fuel costs and tire costs are both
less than the other units that must be employed on a complete unit basis
at all times. The unit has a slightly higher initial cost.than the
5,700 gallon unit but unless full capaéity transfer rates are considered
at all times the versatility of this unit compensates for this factor.

Cost prediction equatioﬁs for plant costs were also developed. Léng
run plant costs per 1,000 pounds of milk handled were found to decrease
very rapidly in the range of 2,000—4,009 pounds per hour. Minor
reductions in costs were found to occur as volume exceeded 12,000 pounds
per hour. These costs were developed by industrial and dairy engineering
technidues. Stage costs were developed and costs were then aggregaped
over all stages. These costs were developed on the basis of a fixed

volume of milk received in cans. This fixed ampunt was believed to be
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representative of the amount that plants receive in cans. The cost
reductions that accrued to the firm as. volume expands were due to a
spreading of fixed costs over a broader range and the better use of
high-~capacity, high~cost items.
The number, size, and location of milk processing plants that
would minimize combined transfer and processing costs were then estimated.

This was done on the basis of these tost prediction equations and the

projected volume of milk available for manufacturing in Western Montana

in 1970. Both surplus Grade A and Grade B milk were considered. Four
prospective sites Were:chosén. These were the existing plant sites and
one site that is presently not in use but one that represented an inter-
mediate site in terms of distance. These four sites were all on hard
surface, well improved roads.

Routes were developed to deliver this milk and a least cost input
mix was developed to service these routes. This was accomplished by
computing the cost.of transporting this milk for each of the units
selected and selecting the least cost unit. Since it is virtually
impossible for a unit to operate 8,760 (365 days) hours per year the
input mix had to have a reserve or idle time incorporated. The input
mix selected for each of the routes reflected this idle time by the
number of units aﬁd their effect on fixed costs.

The production from these four plants as well as five cities
were considered as sources for milk. These five cities were Billings.

Bozeman, Great.Falls, Kalispell, and Missoula. In each of these cities
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surplus occurs during certain times of the year. One of the pufposes
of this modgl was to examine the possibility of processing this volume
of milk in these cities as part of a larger volume in order to realize
higher returns for this milk. Data from the Milk Control Office in
Helena as well as data from the Statistical Reporting Service was
utilized as sources for determining production potential.

Two cases were considered. In the first case the Bozeman volume
was considered as part of a larger volume to be processed. Since there
are facilities in Bozeman to process cheddar cheese, a second case was
considered without the Bozeman volume. With the delivery pattern
considered in the model indicated that in the first case, two plants
located at. Stevensville and Gallatin Gateway minimized combined transfer
énd processing costs. Investigation of the stability of this solution
indicated that transfer costs would have ‘to decrease 20 percent relative
to processing costs in order for the solution to go from a two plant
solution to a one plant solution. In the second case a one plant
solution located at Stevensville minimized combined transfer and
processing costs.

One of the considerations was the consolidation of existing plants'
volume into one or more plant sites. A one plant solution, located at

Stevensville, was optimal.
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Conclusions

Analysis of available data indicates that four plants will process
over 90 percent of Grade B milk in 1970. This represents a volume that
will be slightly over 28 million pounds of milk. This would be over
20 percent lower than the 1961 figures. Analysis of data made available
by the Milk Control Board indicates that there could be 24 million pounds
of surplus Grade A milk if the surplus picture continues in the same
pattern as 1965-66,

Results of the app}ication of the Stollsteimer location model
indicates that some consolidation of plant operations is possible in
all of the different transportation and supply possibiliéies considered.
Costs would be from 12 éo 15 percent lower depending on supply potential
if this were to come about.

Under the assumption of this model, average price per hundredweight
is quite visibly affected_by Government support programs. Two illustra-
tions were given. .The first assumed the price of cheese to be at about
90 percent of parity. The average price per hundredweight in this case
was nearly $.50 per hundredweight higher than in the case where cheese
was supported at 78 percent éf‘parity. A long range planning price for
cheese of $.393 per pound for cheese drops the_price per hundredweight
for milk more closely to the price levels in the industry prior to the
June, 1966 support raise. In the latter case it would appear that thére

would be no real incentive for a consolidation of activities., If
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producers were paid on the basis of $3.15 to $3.20 per hundredweight this
would more than likely not be enough to encourage-their continued
production, |

The practical difficulties surrounding such a consolidation are
numerous. Three of the four plants are privately owned while the fourth
is a cooperative. Institutional barriers surrounding such a consolidation
then would be tremendous. The same coﬁld be said for surplus usage in
the five cities concerned. In order for the surplus to be effec#ively
utilized, it would be necéssary for it to be controlled by a type of
producers association outlined by Bucher. 1/ This analysis considers
only the economic aspects of transporting and processing the milk.
The model is in essence a single product model. it considers none of
the aspects of local sales of.this product as well as local sales of
products such as ice cream or cottage cheese. It also only considers
one type of technology involved and the costs aésociated with this type
of processing operation. Very large cheddar plants frequently cheddar
out of the vats. This process‘cuts processing time by about 25 percent.

: o )

Sufficient cost and return data was not available so that an accurate
assessment of this type of operation could be mgde. Cheddaring machines
are also being developed so that hand cheddaring is eliminated and deeper

vats can be installed. This type of operation was not analyzed either.

1/ Bucher, Feasibility of a Milk Marketing Association for the Billings
Area, op. cit. ' ’

LI_8 ...

-




LIS NS S A S W |

LWLl gl

- 186 -

Recommendation.—~In lieu of consolidation, other short run measures
could be adapted that could have some effect on this declining volume.

These are enumerated below.

1. Hundredweight versus Butterfat Pricing-—-three of the four plants

pay on a butterfat.basis. Volume could be encouraged by conversion to

a hundredweight basis with an incentive paymeént for butterfat. The
advantages of the hundredweight basis can be illustrated by this example.
Assume first of all payment is made on a butterfat basis. In this caée
8,000 pounds of milk testing 5 percent fat and 10,006 pounds of milk
testing 4 percent fat both yield 400 pounds of butterfat and are equal
in revenue yield. Now let us assume payment is now $3.50 per hundred-
weight with a $.06 premium per hundredweight for each tenth of a percent
milk tests over 3.5 percent. In the pre?ious example payment would be

made on the following basis:
8,000 x $4.40 = $352
10,000 x $3.80 = $380

In this example the price in the first case would be $4.40 [3.50 +
(15 x .06)]. 1In the second case the price would be $3.80 [3.50 + (5 x

.06)]. This pricing procedure encourages the production of milk rather

than of butterfat. Fat premiums can be adjusted so that the‘pficing plan

can be the same as on a butterfat basis if desired merely by increasing

the size of the fat premium.
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2. Volume Incentives--Several plants in the Utah, Idaho area have
adopted volume incentives with varying degrees of success. This program

can best be illustrated by the following schedule:

Pounds/Shipment :Cents/Hundredweight Premium

500 3
1,000 10
1,000 17.5
2,000 . 20
3,000 25
4,000 30

This bonus is paid on the basis of each daily shipmgnt-that falls in a
particular volume category. If producers have 15 shipments per month
over 8,000 pounds per shipment then he would receive 30 cents per
hundredweight in addition to the base payment. This plan can also be
coupled with-the staﬁdard hundredweight payment plan.

3. Educational Programs—-Institutional barriers to dairying Qere
encountered in some communities. Financing dairy enterprises is generally
on a two—year'basis at the maximum. More liberal plans exist in Idaho
and Utah. Some sound programs are financed on a five-year basis-and
many on a 36-39 month plan. This entails education of the financial
institutions and lending agencies on the merits of a dairy enterprise and
its advantage over a straight row crop operation.

4. Surplus Usage--Interest has been expressed in some of the Grade

A producing areas in better utilization of surplus. Analysis of available
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data indicates that there is a possibility of better utilization of
. surplus through centralized processing. This probably would entail the
establishment of producers associations in the appropriate areas so that
available milk could be better apportioned and utilized.

The dairy industry in Western Montana will continue to face great
pressure in the next few years. Cost pressures and alternative oppor-
tunities have been the cause of a great number of producers leaving the
industry. Recent Government support operations could have some
stébilizing effect on production but production over the next few years
will probably continue downward.

This thesis has attempted to propose some alternatives to this rather
pessimistic picture. Some of these alternatives are immediately applicable.
The major alternative, that of consolidatiom of plant operations will
probably not come about until considered absolutely necessary by plant
owners. Dairying is a long.range progrém. It takes time to acquire
. cattle of the caliber necessary to compete in today's competitive
situation. ﬁy the same token, sufficient capital and management are
difficult to acquire. On the other hand, it .takes oniy a short time to
liquidate these holdings. Once the prod&cer has liquidated his herd, it
is much more difficult to entice him to produce again.

This study has examined some of the alternatives available to the
Western Montana p?oducer and manufacturer. It is hoped that some of these

possibilities, if applied, can help alleviate this decline in the industry.

il
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APPENDICES




APPENDIX I

TABLE I. SUMMARY OF COSTS FOR REPRESENTATIVE 150 ACRE IRRIGATED
FARM~-BASIC MODEL 1. a/

Item : Cost Per Acre :Total Cost Per Acre

Dollars "'Dollars

Sugar Beets
Variable Costs

Cultural costs b/ ) 96,42
Harvest costs 21.00
Miscellaneous costs 5.58
Total ‘ 123.00
Fixed Costs ¢/ _ 54.00
Hay d/
Variable Costs
Cultural costs 21.51
Harvest costs 9.51
Miscellaneous costs 1,17
Total ’ 32.19
Fixed Costs ¢/ e/ 56.00
Wheat
Variable Costs b/
Cultural costs 16.49
Harvest costs , 10..26
Miscellaneous costs B 1.34
Total 28.09
Fixed Costs c/ 54.00

Corn Silage
Variable Costs

Cultural costs 37.33
Harvest costs _ 17.79
Miscellaneous costs - 2.76 :
Total .57.88
Fixed Costs ¢/ 54.00

(table continied)

| % M1}
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TABLE I. (continued) SUMMARY OF COSTS FOR REPRESENTATIVE 150 ACRE

IRRIGATED FARM-~BASIC MODEL 1. a/

Ttem

Cost Per Acre

:Total Cost Per Acre

Pasture
Variable Costs
Cultural costs
Miscellaneous costs
Total
Fixed Costs ¢/

Beans
Variable Costs
Cultural costs
Harvest costs
Miscellaneous costs
Total
Fixed Costs ¢/

Barley
Variable Costs

Cultural costs .
Harvest costs
Miscellaneous costs
Total
Fixed Costs ¢/

Dollars

10.05
.95

36.90
12.40

2.48

16.49
10.26
1.34

" Dollars

11.00
54.00

51.78
54.00

28.09
54,00

g/ Budget data taken from Sample Costs: Irrigated Crops Yellowstone.
County Montana, Cooperative Extension Circular (Bozeman, 1964).

application.

¢/ Value per acre set at $300 rather than $400.

b/ Cultural cost. of sugar beets increased $4.11 per acre for chemical

d/ Hay budget corrected to cover cost of twine and adjﬁstment in

mowing, raking, and baling.

e/ Includes $2 per acre for cost of stand establishment.
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TABLE I1I. SUMMARY OF COSTS FOR REPRESENTATIVE 440 ACRE IRRIGATED
FARM--BASIC MODEL 2. a/

Item : Cost Per Acré :Total Cost Per Acre

Dollars . " Dollars
Hay b/
Variable Costs
Cultural costs - 7.49
Harvest costs 17.84
Miscellaneous costs 1.17
Total . 26.50
Fixed Costs ¢/ - o .' 56.00
Barley
Variable Costs °
Cultural costs 16.49
Harvest costs ) 10.26
Miscellaneous costs 1.34
Total ) 28.09
Fixed Costs ¢/ ‘ 54.00
Wheat
Variable Costs .
Cultural costs 16.49
Harvest costs 10.26
Miscellaneous costs ) 1.34
Total 28.09
Fixed Costs ¢/ ; . 54.00

Irrigated Pasture
Variable Costs d/

Cultural costs e/ 10.05

Miscellaneous costs .95
Total 11.00
Fixed Costs c/ o 55.00

a/ Budget data taken from Sample Costs: Irrigated Crops, Yellowstone
County Montana, Extension Circular (Bozeman, 1964).

b/ Cultural and harvest costs adjusted for yield assumed for Gallatin
Valley. '

¢/ Includes $2 for stand establishment. $330 per acre assumed to be
value of land. ‘ .

d/ Estimate of irrigating time required was revised downward as well

as cost of fertilizer.
e/ 1Includes $1 per acre for stand establishment.
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APPENDIX I-A

The specifications and requirements for the dairy enterprise are
outlined in the following Appendix. Each of these tables contain some-
what controversial data. Attempting to pinpoint the value of dairy
equipment and animals is a difficult task.

For purposes of this model, it was assumed that a marginal animal
was just that--a marginal animal. - Therefore, an animal of this caliber
could be purchased for something-aboye the beef price, which in this case
was. assumed to be $130. By the same token, an animal from a high producing
herd would have a much higher value, would probably have a longer life
and Wéuld command more at salvage time due to the improved management
practices., -Tahle I lists these specifications with this in mind.

Used prices were used for all dairy equipment. There is a ready
‘availability of used dairy equipmentf This is particularly true of
smaller Bulk.tanks. As a thumb rule, a tank of lgss than 500 gallons .
in capacity sells for about $1 per gallon. Demand for larger tanks
is quite good. - The tendency towards larger -herds has. caused the demand
for larger tanks to remain high, particulary for 600 to 1,000 gallon
tanks. By the same token, since the used equipment is quite close to
salvage value, its salvage value is quite close to acquisition.

It -was also assumed that existing facilities on the farm could be
remodeled sufficiently for milking for Grade B purposes. This entails
sealing off an area in the barn for a milk room, pouring a concrete

floor, improving the electrical wiring due to the demands placed on
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it by the two compressors and improving drain-faéilities. This would be
a major improvement but would be a-permanent one, Many other items can
be added to a dairy operation to include completely mechanized feeding
and other improvements but it is the author's own experience that this
is not completely necessary. Gobd forage-quality and management practices
make up for a multiplicity of mechanization.

Determining labor requirements is also a difficult tﬁing. A
successful dairyman is going to spend a lot of time.with.his coﬁs-—how
much is afbitrary. A poor dairyman will probably not spend 1.67 hours
feeding his cows. He may not even spend 16 minutes. However, some
consideration must be given for effort and the fact,tﬁat low production
may after all be an inherited characteristic. Consequentiy, four feedings
a day were assumed to be required for the first three production levels.

" Each of these feedings consumed 25 minutes of working time.  TFor the high
producing herd, thié'time requirement was assumed to be 30 minutes;

Most three-unit milking systems will milk approximately 30 cows per
hour. This is a thumb rule that generally assumes the cows are in a
holding pen or some type of enclosure. Such claims also do not count
the time in driving these cows into the enclosure or the initial prepara-
tion time in the barn. 'Miﬂdng tiﬁe also varies with the opefator's
ability to properly prepare the cow and the cow's inherited ability to
let down her milk rapidly. The actual milking time for a high préducing
cow is actually quite short if she has been prepared properly and is a

rapid milker. Total milking and clean-up time for the highest

.
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producing herd in this model would be about 2.2 hours twice daily,
(5 x 40 + 68 per 60).
The budgets contained in this Appendix and the preceding one form
the basis for the two matrices at the end of this Appendix. The analysis

of Chapter IV also stems from the budgets and the accompanying matrices.

TABLE I. LIVESTOCK REQUIREMENTS AT VARYING PRODUCTION LEVELS. a/

Production : : Acquisition : Salvage : Annual
Level : Life : Price :+ Value : Depreciation : Interest b/
6,000 5 180 130 10 9.00
9,000 5 195 130 13 9.72
11,000 6 280 135 24 12.42
15,000 7

370 135 33.57 15.15

a/ Taken from Western Dairy Journal and author's experience.

b/ Six percent of average value.

TABLE II. EQUIPMENT REQUIREMENTS AT VARYING PRODUCTION LEVELS.

Annual
: : :Depreciation:

: : Acquisition : Salvage : Per Cow : b/

Item a/ : Life Price ¢ Value : (2by 40) :Interest—
Pipeline milker 10 1,100 500 1.50 1.20

Bulk tank ¢/ :

250 Gal-6,000# Ave 10 350 250 .25 <45
350 Gal-9,000# Ave 10 450 350 .25 .60
450 Gal-11,000# Ave 10 550 450 .25 .75
600 Gal-15,000# Ave 10 1,000 800 .50 1.35
' Remodel facilities 40 3,000 0 1.87 . 2.25

a/ Used prices, interviews with Floyd Olson, Joe Heap, and Lyons Smith,
all plant managers. '

b/ Six percent of average value.

c/ Tank large enough to hold one extra day's milking.
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TABLE III. TIME REQUIREMENTS FOR FOUR PRODUCTION LEVELS. a/

T I | S N4

Ttem

Production Per Cow

" ‘Pounds

Fixed Time

6,000 : 9,000 : 11,000 : 15,000
~——=—=Daily Time in Minutes————-==-—

Feeding 100 100 100 120
Clean-up 68 68 68 68
Care 15 15 20 35
183 183 188 223
Divided by number in herd (40) 4,58 4,58 4,70 5.57
Multiplied by days in year-365 1,670 1,670 1,715.5 2,033
Variable Time '
Milking 3.5 4,04 4.25 5.0
Multiplied by days in
lactation-305 1,067.5 1,231 1,296.25 1,525
Total time min. 2,737.5 2,901 3,011.25 3,558
Total time--annual hours 46 48.75 50.19 59.3

a/ Surveys at author's farm.

y
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TABLE IV. SUMMARY OF COSTS FOR DAIRY ENTERPRISE.-a/

Milk Level Per Cow Per Yearly Lactation
Item : 6,000# : 9,000# : 11,000# : 15,000#
——————————— Dollars- —

Variable Costs
Transportation @

$.25/Cwt b/ 15.00 22,50 27.50 37.50
Breeding 8.00 8.00 8.00 8.00 :
Vet Fees 6.00 6.00 6.00 6.00 ‘ }
Labor @ $1.50/hr 69 .00 71.52 © 75.15 87.96 I
Less Calf 40,00 40.00 40,00 40,00 |
Total Variable Costs’ 58.00 68.02 75.65 99.46

Fixed Costs
Equipment & building

depreciation 3.62 3.62 3.62 3.77
Taxes & insurance 1.20 1.20 1.20 1.20 ' i
Livestock depreciation 10.00 13.00 24,00 33.57 [
Interest-equipment 3.90 4,05 4,20 4.80 o
Interest-livestock 9.00 9.72 12.42 15.15 '

Total Fixed Costs . 31.34 35.21 49.06 62.26

a/ Twin Falls County DHIA data.

b/ Transportation is not generally a constant from farm to farm. However
from interviews at Ronan, Stevensville, and Gallatin Gateway, it was
felt that this was a representative charge.
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TABLE V. COW—CALF ENTERPRISE. g/,
Item : Cost Per Animal =~ : Total Cost
Dollars ' Dollars
Variable Costs ‘
Vet fees .58 .
Insurance .60 I
Salt ' .60
Breeding 1.50
Supplemental feed b/ 6.93
Taxes per animal unit _ 1.80
Motor vehicles 5.22
Labor--2.5 hours @ $1.50/hr 3.75
Total Cost ) . 1.00
Less Sale @ 450# @ $22 ' :
Cow-Calf 1 99.00 78.00 1
Less Sale @ 450# @ $25 : :
Cow-Calf 2 112.00 90.00
Less Sale @ 450# @ $28 126.00 105.00
Fixed Costs !
Machinery and equipment _ 5.34 I
Buildings ' 1.23 f
Livestock 13.04 . _
Total Cost 19.61 '

a/ Budget taken from Resource Situations: Non;Irrigated, 1370 Acre
Grain-Livestock Farm, Economic Research Service Mimeo Circular, ‘
1970 (Bozeman, 1964). i

b/ Since this would entail slightly more.than 2 AU's per acre (about |
95 cows) irrigated pasture would have to be supplemented. This
cost estimated to be .about $5.52 per animal higher than in above

study. - , ‘ I
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TABLE VI. FEEDING REQUIREMENTS AT VARYING PRODUCTION LEVELS. a/

Production Level

Ttem ; Units ¢ 6,000 : 9,000 : 11,000 : 15,000
Barley b/ Bu. 40.0 60.0 80.0 100.0
Hay ¢/ Ton 3.0 3.5 4.0 4,5
Silage d/ Ton 4.5 5.0 6.0 7.0 -
Hay e/ Ton
Protein Supplement £/ Cwt. A .6 .8 1.0
a/ Taken from Twin Falls County DHIA data.
b/ One pound of grain per three pounds of milk produced.
¢/ Cows were fed at rate of 16.5, 19.2, 21.9, and 24.6 pounds daily,
d/ Cows were fed at rate of 24.6, 27.4, 32,9, and 38.4 pounds daily.
e/ Cows were fed at rate of 24.6, 28.5, 32.9, and 37.4 pounds daily

due to absence of silage in second model.

£/ Assuming a 14 percent grain ration.




TABLE VII.  MATRIX FOR FIRST BASIC MODEL.

. - . tructural Variables _ ) Farm
- 4
: slpl sPE1E L e as) 22208 1218 3l alal.lo(slolalsle]e
) cal BpElS A A IENE|E|F(E |8l |2 (A28 |38 |a|e|ed|c|2|5]3
& Profit(cost)|-123 | -64 | -28 | -58 | -28 | -52{ -58 {-68 | 75.4-09.4]22 B.50(l.50 |.80 {15 | 6 |-.90]-.23k6.52/-11 {3.00]3.50l4. 00 -5.2q
Land 1 (A) [ I A A T o {126
ALt 1 () 3 -2 -1 i = 0
Alr 2 (A) 1 -1 -1 ] ) ] ) ] = 0
Alt 3 (A) 1 -1 ) ) - N
Ale 4 (A) 1 {1 > 0
Land 4 (&) . 1 - |
Labor (Hrs) |22 | o 3.5 lo.0 3.5 {13.5)46 |48.3]50.1{59.3 = 0
@Sebalr (4) 1 14 i S 2
Hiay (D) -8 3 | 3.504 | 4.5 1 . -1 = 0
HagAlt (A) 1 o ) s |2
BHBeans (cwt) | | BB ) 1 = )
Wht (Bu) -50 1 = 0
Barley (Bu) -65 =65 40 | 60 |80 100 1 -1 = 0
Sgbt 16.5 . ] 1 = 0
lgrzuee Ay |~ | 1 i ) . -2 = 0
WntAlt (A) 1 i < 16
captl ($) 5.4 |112 | 54 [ 56 | 54 |54 131 | 35 40| 62 .90 |23 .50 |55 4. 20 -1 )- o
Silage (T) ) 1 -20] - 4.5 ]5.0 1.0 |7.0 1 -1 - 0
Milk L1 (Cwt ] ] -60 [-90 |110{-150 ] 1|1 {1 1 = 0
Jcowale oy 1|1 1} ) S |40
Prots (Cwt) ) N .6 811 4,200 -1 = 0
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MATRIX FOR SECOND BASIC MODEL.

TABLE VIII.
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APPENDIX II I

TABLE I. TRACTOR~TRAILER SPECIFICATIONS~-THREE TRUCKS, 1967. a/
: : : Unit
ITtem :  Cost H 4,000 : 5,700 H 6,000
Dollars .
Tractor Specification 1
Engines '
Cummins NHC-220 ' 131 extra
Cummins NHC~265 432 extra 432 432 -
International DVI-573 Standard
Detroiter 8V71-M 1,267 extra 1,267 g
Wheelbase It
Standard to 152" 20,508 / "
Heavy Duty to 152" 20,705 j
Standard 153"-184" 20,705 20,705 20,705 20,705
Standard 185" up 20,903
Fuel Tanks H
Saddle side mount, 100 gal. 470.21 470.21 470.21 470.21 i
. both sides : ’ )
Real Axle--34,000 pound capacity
Transmission :
10-speed Road Ranger 866.18 866.18
16-~speed Spicer 1,127.65 ' 1,127.65 1,127.65
Wheels
Standard with 10 x 20
Budd, high tensile 11 x 20 533.16 533.16 533.16 533.16
Cab
Non-sleeper, 73" 350 g
Sleeper, 83" 504 504 504 504 |
23,510 ° 23,772 24,607 3
Tank~Trailer Specifications
Tanks~Trailerized
Tank w/farm pick up features 11,800 14,900 10,000
Rewind reel . 100 100 100
Pump, Viking, 90 g.p.m. 240 240 240
12,140 15,240 10,340
Tank, 4-wheel, trailerized ]
3,000 gallon w/converter |
gear, 8~10 x 20 tires - et 11,500 §
Total Tractor-Trailer Cost 35,650 39,012 46,447

a/ Interview at Owenhouse Hardware, Summer, 1967.




APPENDIX III

TABLE I, EQUIPMENT REQUIREMENTS FOR VARIABLE PLANT SIZE, 1967. a/

:Estimated:l’urchase:“ Annual - Volume Per Hour .
Item ; Life : Price :Depreciation: 2,000 : 4,000 : 8,000 : 10,000 : 312,000 : 14,000 : 16,000 : 18,000

Years Dollars Dollars
Recelving--Can=-(used prices)
Can Conveyor, Complete w/drives
and turns 15 2,000 133
Weighing Tank, two compartments,
750-pound stainless steel 15 1,000 67
Drop Tank, 2,000 pound, two
conductor spout openings 15 800 53
Scale, 1,000 pound 15 800 53
Milk Pump, 5-h.p. centrifugal
60,000 pounds per hour at
40 ft. head 10 542 54
Can washer, 6 c.p.m., rust-proofed 15 1,500 100
Sample Cooler, 240 bottle capacity
1/4 h.p. compressor 15 500 33
Total 7,142 593 Requirements assumed constant through range of volume handled
Receiving--Bulk
Storage Tank, stainless steel agitators,
insulated, horizontal type~-2,000 gallon i5 3,120 208 208
Storage Tank, stainless steel agitators,
insulated, horizontal type--4,000 gallon i5 4,500 303 606
Storage Tank, stainless steel agitators, -
insulated, horizontal type--5,000 gallon 15 5,162 344 344 688
Storage Tank, stainless steel agitators,
insulated, horizontal type~-6,000 gallon 15 6,199 413 826 413
Storage Tank, same as above--7,000 gallon 15 7,321 488
Storage Tank--8,000 gallon 15 8,120 541 541 541 1,082
Tank washer, in place, for cleaning bulk ’
delivery units 10 2,800 280 280 280 280 280 280 280 280 280
Milk Pump, 9 h.p., centrifugal, 250 g.p.m. 10 600 60 60 60 60 60 60 60 60 60
Total 544 684 946 1,028 1,166 1,294 1,369 ’ 1,422

Total Depreciation for Receiving Stage 1,137 1,277 1,539 1,621 1,759 1,887 1,962 2,015

(table continued)
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TABLE I. (continued) EQUIPMENT REQUIREMENTS FOR VARTABLE PLANT SIZE, 1967.

:Estimated:Purchase: Annual

Volume Per Hour

;4,000 : 8,000

10,000 : 12,000 : 14,000 : 16,000‘

18,000

694

- 550

368

140

Item : Life : Price :Depreciation: 2,000
Years Dollars Dollars
Processing
Pasteurizer, 15,000 pounds per hour, plate
pasteurizer complete w/pump, motor, and
hot water set 10 6,943 694
Separator, 15,000 pounds per hour, grey
enamel finish, accessories 10 5,500 550
Separator, 20,000 pounds per hour, grey .
enamel finish, accessories 10 5,900 590
Cabinet, starter 74" x 27.5" x 35", 10 can 10 700 70
Can, starter, 86 pound S.S. 15 30 2
Vat, pasteurizer, for starter manufacture
200 gallon 15 2,500 150
Vat, cheese, 12,000 pound capacity, fully
insulated, exterior painted, stainless steel
heating system, 19'6" x 58" x 24" 15 2,760 184
Agitator, single carriage, 20' lemgth, for
- 12,000 pound vat 15 1,061 70
: Vat, cheese, 20,000 pound capacity, fully
insulated, exterior painted, stainless steel
heating system, 31'6" x 5' x 2'° 15 4,100 273
Agitator, double carriage, 32' length, for
20,000 pound vat 15 1,843 153
Vat, cheese, 25,300 pound capacity, fully
insulated, exterior painted, stainless steel
heating system, 38' x 5' x 2' 15 5,500 366
Agitator, double carriage, 37' length, for
25,300 pound vat 15 3,800 253

694
550
590
70
8
150
546 1,092
306 612

590 590 590 590
150 300 300 300
1,092 1,638 1,638
612 918 918
1,464
912

590

300

2,196

1,518

(table continued)

- %07 -

W o1l




TABLE I. (continued) EQUIPMENT REQUIREMENTS FOR VARIABLE PLANT SIZE, 1967.

:Estimated:Purchase: Annual H Volume Per Hour j
Item : Life : Price :Depreciation: 2,000 : 4,000 : 8,000 : 10,000 : 12,000.: 14,000 : 16,000 : 18,000
Years Dollars Dollars ' ’
Pasteurizer, 20,000 pound per hour stainless
steel finish, plate pasteurizer complete
w/pump, motor, and hot water set 15 7,643 509 509 509 509
Pasteurizer, same as above--25,000 pound/hour 15 8,495 566 566
Pasteurizer, same as above--35,000 pound/hour 15 11,120 741 741 741
Knives, cuxd, for 58" vat 20 275 14 14 14 28 28 28 42 42 42
Mill curd, 12" with motor 15 541 36 36 36 36 36 36 72 72 72
Pump, wmilk, 5 h.p. centrifugal 60,000 pounds
per hour 10 542 54 54 54 54 108 108 108
Curd fork, strainers, curd rake, scoop, curd
pail, cheese knives and miscellaneous 20 160 8 8 8 16 16 16 24 24 24
Scale, Fairbanks, cheese, and butter, portable 15 120 8 8 8 8 8 16 16 24 24
Sink, wash 15 150 10 10 10 10 10 15 15 15 15
Piping, 2", stainless steel complete w/ferrules- R
per foot 15 3.50 —_ 15 16 28 28 35 42 44 44
Filter, cold milk, 20-35,000 pounds per hour 10 300 - 30 30 30 30 30 30 30 30 .30
Total for Processing Stage 1,949 2,296 3,163 3,163 4,005 4,361 4,536 5,704
Hooping and Pressing
Hoops, block, 40 pound, stainless steel 15 24 1.60 40 128 256 320 384 448 512 576
Press, cheese, 20', double row for large -
type cheese 20 1,990 99
Press, cheese, 30', double row for large .
type cheese 20 2,520 126 126 252 252
Press, cheese, 30', triple row for large
type cheese 20 3,110 155 310
Press, cheese, 32', double row for large -
type cheese 20 3,030 151 302 453
Bandage, cheese, nylon, per M 2 100 50 50 50 100 100 100 150 150 300
Total Depreciation 189 304 608 672 794 895 1,090 1,329

(table continued)

- 60C ~

™7

His|

mTT




TABLE I. (continued) EQUIPMENT REQUIREMENTS FOR VARIABLE PLANT SIZE, 1967.

:Estimated:Purchase:  Annual H Volume Per Hour
Item : Life : Price :Depreciation: 2,000 : 4,000 : 8,000 : 10,000 : 12,000 : 14,000 : 16,000 : 18,000
i Years Dollars Dollars
Packaging and In-Plant Transportation ‘ .
Sealer, block, cheese, 40 pound 15 1,950 130 130 130 130 260 260 390 390 390
Scale, Fairbanks, cheese . 15 150 10 10 10 10 20 20 30 30 30
Truck, cheddar cheese, three deck, w/rubber
tires, roller bearing wheels 15 185 12 12 12 12 24 24 36 48 48
Butter Center (used prices) b/
Tank, whey, 1,800 gallon, stainless steel :
w/painted exterior 15 1,800 120 120 120 120 120 120 120
Pump, milk centrifugal, 5 h.p., 60,000 pounds
per hour 10 542 54 54 - 54 54 54 54 54
Churn, butter, 2,000 pound capacity, aluminum . I
w/7 1/2 h.p. motor, 12' x 5 1/2' 10 3,000 300 300 300 300 300 300 300 '
Vat, pasteurizer, 10,320 pounds 10 2,000 200 T 200 200 200 200 -200 200 o
Printer, butter 10 2,000 200 200 200 200 200 200 200 N
Pump, milk, centrifugal, 1/4 h.p. 10 50 5 5 5 5 5 5 5 )
Separator, 20,000 pound per hour, grey l,
enamel finish, complete w/accessories 10 5,900 590 590 590 590 590
Total Depreciation 879 879 1,469 1,469 1,469 1,469
Utilities
Boiler, 50 h.p., gas fired, complete w/feed
pump, condemsate tank, 20' stack and atxiliaries
3-phase operation 20 5,253 262 262
Boiler, 80 h.p., gas fired, etc. 20 8,200 410 410 410 410
Boiler, 100 h.p., gas fired, etc. 20 10,000 500 500 500
Boiler, 200 h.p., gas fired, etc. 20 18,000 900 900 900
Compressor, cold room, 2 h.p., complete
w/coil, sight glass, heat exhanger, tubing,
and 2 fans 20 1,400 70 70 70 . 70 70

Compressor, cold room, 3 h.p., etc. 20 2,000 100 200 200 200 200

(table continued)
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TABLE I. {(continued) EQUIPMENT REQUIREMENTS FOR VARTABLE PLANT SIZE, 1967.

:Estimated:Purchase:- Annual :

Volume Per Hour

Item : Idfe : Price :Depreciation: 2,000 : 4,000 : é,OOO : 10,000

] : 12,000 ¢ 14,000 : 16,000 : 18,000
Years Dollars Dollars -
Shop and spare equipment 10 2,000 ‘200 200 200 200 200
Shop and spare equipment 10 3,000 300. , 300 . 300- . 300 ~ 300
Total Depreciation 532 680 680 680 1,000 1,000 1,400 1,400 "
Office and Lab
Bottles, teésting 10
Centrifuges, 36 bottles 10
. Sediment testing discs 10
Marshall acid ‘test 10
Rennett test 10
Balance Scales ’ 10
Titration set ’ 10
Acid dispemser 10 i
Sink, double 10
Sterilizer 10 [N
Incubator 10 8
Refrigerator 10
Desk and chairs 10 §
Calculators : 10
Adding machine 10
Billing machine 10
Typewriters 10
Safe 10
Miscellaneous 10
2-vat total ’ 4,000 400 400 400
4-vat total 7,000 700 700 700 700
6-vat total 8,000 800 800 800 800

a/ Taken from specifications and proposals submitted by Damrow, Stoelting, and Delaval.

b/ Used prices determined from interviews with plant managers.
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