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SELECTION OF THE OPTIMUM SIZE STURAGE TANK FOR USE
I BULK MILK HANDLING

INTRODUCTION

In recent years there has been an ever-increasing trend among
grade-A milk producers throughout the United States toward the adoption
of bulk milk handling facilities. This adoption of bulk facilities in-
voives the transport and receiving of milk at processing plants as well
as the production of this basic and vital food commodity. Experiments
with bulk storage at the farm, pick-up, and transport in bulk to the
processing plant were first conducted In California in 1939.1/ The
practice of handling miik in bulk for cooling on the farm and for haul-
ing to relay stations or processing plants has grown rapidly since about
1953. In that year there were approximately 6,000 bulk miik cooling tanks
on farms throughout the United States. By December, 1956, there were
approximately 57,000 buik tanks in use on American dairy farms.2/ By
June, 1958, surveys showed more than 80,000 bulk tenks in use throughout
the country with more than 11,000 tenks in ocperation in the largest miik

producing state, Wisconsin.3/

1/ The Heil Company, The Bulk Pick-up System of Marketing Milk,
1953, p. 11.

2/ U.S. Department of Agriculture, How Bulk Assembly Changes Milk
Marketing Costs, 1957, p. 1.

3/ Dean, Myron P., "Pros and Cons on Bulk Milk Handling', Hoards
Dairyman, June 10, 1958, p. 601.




The trend toward increased utilization of bulk milk facilitles
has also been pronounced In the State of Virginia. By late 1955
approximately 700 Virginia dalry farmers were reported to be using
bulk storage tanks. These producers represented ncarly seventeen
percent of Virginia dairymen engaged in producing grade-A milk at that
tim.l/ By early 1959 there werc approximately 2200 bulk storage tanks
In use throughout the State. This number represented over seventy
percect of the grade-A milk producers in Virginia at that date. The
Washington, D, C., area, for example, received nearly one hundred
percent of its milk from bulk tanks.2/ To collect and transport milk
from these bulk storage tanks to processing plants or relay stations,
there were 126 bulk tanker trucks in operation in Virginia In January,
1959.3/ The combined capacity of these trucks was over 280 thousand
gallons,

The trend toward bulk milk handling indicates an ever-increasing
investment in new equipment by producers, haulers, and milk precessors
and distributors. Because of the investment involved in conversion to
bulk handling, decisions to undertake such conversion are important ones,
These decisions may be the result of any one of, or any combination of,

Y Agrlcultural Extension Service, "Dairy Outlook',
Virginia Poly:echnic Institute, November. 955, p. 7
2/ Virginia Department of Agriculture-Virginie Polytechnic Instltute
Agricultural Extwlon Service, The Grade-A Dairy Industry in

y,mm;g. 1959, pp. &, 47.
3/ ibid, p. 19 0



several factors: (1) marketing regulations may force conversion from
can to bulk handling; (2) the processor may institute the conversion
for any one or more of a varlety of reasons; (3) the producers them-
selves may favor and work toward conversion to the bulk handling of
mitk.

Having acknowledged the increasing trend toward the use of bulk
handling facllities throughout the United States ond in Virginia,

attention is directed to the basic problem studied here.
Probliem

From the stendpoint of public welfare, a basic objective In
marketing is thet of maeking a given commodity avaiiable to the consumer
at the least possible cost. To achleve this objective, resources must
be used efficiently. Ordinarily, in the marketing process, management
decisions involving resource use are made by several firms before the
commodity reaches the consumer. Each step In the marketing process
requires the comaltment of resources and associated costs. In the
marketing of grade-A milk, two significant costs are those of storage
and transportation to processing piant or receiving station. In the
current trend toward bulk handling of grade-A milk, the resources used
(in the form of bulk storage tanks and bulk tenkers for transportation)
increase costs beyond that level associated with conventional can ‘
storage and hauling. These costs thus become even more significant in
contributing to the price ultimately paild for milk on the consumer
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market. Since, on a given milk route, there are meny producers who must
store milk, the cost of such storage becomes particularly important.

The selection of storage tanks is ususlly made at or after the time at
wiaich the determination 15 made of hauling facilities and frequency of
milk collection. Therefore, this study of the resources used by pro-
ducers on & selected sample route and the selection of optlwmum tank
size also includes the consideration of resources used by the hauler.
Further, since resources used for storage and for hauling are inter-
related, this study will examine the aggregate use of resources by
producers and the hauler on the sample route selected for study,

In this study, optimum tank size will be assumed to be that size
used by each producer which, when used in conjunction with existing
hauling facilities under a given frequency of collection, will result
In the least-cost storage and movement of milk to the recelving plant.
Optimum size is, therefore, to be considered as that size for each
producer {or combination of sizes for all route producers) which will
produce the most efficient use of resources in the storage of milk and
which, when combined with the most efficient use of r;asaurcos by the
hauler, will result in the lsast total cost of storing and transporting
milk to the receiving plant.

This study will examine the aggregete resource use on & route
vhere the decision has zlready been made to store and move milk in bulk.
On such a route where the decision has been made {o cdopt the bulk system

of storage and transport, the next logical and important decision Involves
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the selection of equipment to be used by both producers end heuler. The
hauler must determine what kind of bulk tanker to use. His decision mey
be influenced by such factors as truck size, tenk size, prices of com~
peting lines of equipment, and & host of other fectors.

The producers are also confronted with a variety of factors which
will influence the selection of bulk tamks. Present herd size, plans
to expand or not to expand herd size, abllity to control seasonality of
production, kinds and makes of storage tanks, prices of competing
iines - - these factors should all be considered before milk producers
on o given route selact storage tanks., However, a dacisive influence
involved in the selection of both bulk storage tenis by producers end
the selection of a transport tanker by the hauler is the frequency of
mitk pick-up to be practiced upon conversion to bulk hendling. This
factor Is baslc to the final determination of resource use and storage
cost for producers as well as rosource use and heauling costs for the
hauler.

The size of storage tenks and sssociated costs, as well as size of
bulk tanker end nss@cfateﬁ costs, will be a function of the frequency
of milk pick=up. A number of surveys of deiry merketing indicate that
every-other-day miik pick-up is empioyed in a large majority of the
areas where bulk handiing of milk is practiced., Findings contained In
one study made by the United Stetes Depariment of Agriculture indicate
that in 1956 over half of the processing plants in the nation equipped
to handle milk in bulk were receiving the Individual producers' milk on
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an every-other-day basis.]l/ The majority of literature reviewed for
this study indlcated that this frequency of milk collection Is the most
commonly used where bulk handling is employed,

If every-other-day frequency of pick-up Is being practiced without
regard to the possible economies to be had from some alternative plck-up
frequency, then such a practice arbitrarily establishes storage tank size
for producers. In so doing, the producers on a given route may be forced
to invest capital unnecessarily or may be denled savings resulting from
some other frequency of plick-up. In addition to investment in storage
tanks, operating costs associated with tanks selected for every-other-
day pick-up would be just as arbitrarily determined. At the same time,
it is logical to assume that economies for the hauler may be associated
with some other frequency of collection. Less frequent collection would
reduce truck operating costs under certain route conditions.2/

Finally, resources in the aggregate may not be used with maximum
efficiency. There Is some basis for reasoning that every-other-day
frequency of milk pick-up practiced on the sample route selected for
study does not permit the most efflicient use of resources in the storage

and transportation of milk to the processing plant. Since frequency of

U.S. Department of Agriculture, How Bulk Assemb

’ ‘ oy ly_Chang ]
2/ Ona !arsc route wlth.many producers, for example, the hauler might
arrange third-day pick-up to accommodate additional milk volume
without undergoing the expense of acquiring an additional truck.
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Milk pick-up affects resource use by both producers and the hauler on
a given route, this study will examine the effects on aggregate resource
use on a sample route when frequency of pick-up is projected to some
other frequency. Particular attention will be directed to the selection
of the optimum size of storage tanks resulting from the frequency of
milk collection which permits the least~cost method of storing and
transporting a given volume of milk to the processing plant.

In this study the costs of storing and collecting milk every day
and every third day will be compared with those costs assoclated with
every-other-day storage and collection on a selected route. This
comparison will be made to determine the relative cconomies of the
different frequencies of pick-up.

The hypotheslis of this study is that, as frequency of milk storage
and collection is extended from every day to every third day, dollars
used by producers (for storage) substitute at a diminishing marginal

rate for dollars used by the route hauler (for transportation).
Objectives of the Study

The objectives of this study are to determine for a sample bulk
milk route: (1) total storage tank Investment and operating costs of
all route producers required for bulk storage of milk where pick-up Is
made every day, every other day, and every third day; (2) bulk tanker
investment and costs of operation required for every-day, every-other-
day, and every-third-day milk pick-up; (3) the rate at which all
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resources used by route producers (for storage) substitute for resources
used by the hauler (for transportation); (4) the resource use combi-
nation which will permit the lowest possible cost of milk storage and
movement from farm to recelving station; and (5) the selection of

optimum size storage tanks for storage of a given annual volume of milk.
Typicalness and Description of the Selected Case

The literature reviewad for this study consisted primarily of text
material pertaining to the principie of substitution and research
bulletins containing studies of bulk milk storage and collection.

Basic information pertaining to the principle of substitution was
derived from economic texts.l/ Further explanations and illustrations
of substitution and of resource use were obtained from agricultural
periodicals.2/

The review of literature for this study revealed that the majority
of previous studies of bulk milk handling were concerned with problems
associated with conversion from conventional can storage and collection
of miik. Only one study touched on the possibility of economies

associated with the extension of storage and milk collection to every

1/ Heady, E.0., Economics of Agricultural Proggsgan and nomrg Use,
Prentice~Hall, 2, Chapter 5.

2/ Chambliss, R. Lee, Jr., "Reducing COsts Through Substitution",
Virginia Farm %conamlcs. Virginia Polytechnic Institute, Agrtcultuui
Extension Service, February, 1953, pp. 6-10.
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third day which has been examined In this study.l/ No previous studies
were found which examined, In detall, the varistion of frequency of
storage and pick-up to determine cconomies of resource use assoclated
with each frequency. ' Research bulletins reviewed touched lightly on
comparisons between every-day and every-other-day pick-up, but did not
treat aggregate use of resources associeted with each situation,

For the reasons mentioned above, the search of literature was
concentrated on establishing that the sample route used in this study
was a reasonably typicel one and that procedures and resources used
were representatives of those used throughout the grade-A dalry Industry.

On the sample route studied, the twenty-two producers involved used
storage tanks ranging In size from 200 to 1000 gallons capacity.2/ These
sizes seamed representative of tonks mentioned In other studies of bulk
milk handling. One study of fifty-nine farms selling miik in the
Washington, D, C,, milk shed showed tank sizes ranging from 200 to 600
gallons capacity.3/ A study of the bulk system in the state of Oregoen

v

Ststc College of Hashlnsxon,
pp. 26-27.
2/ Appendix B, Table 1.
3/ Beal, G.M. and Twining, C.R., Bulk muguuus.mm
wfsﬁlng;gn, D, c,-nglg,ggg%; University of Maryland Agrlcn!tural
eriment Statlon, Misc. :

iication 176, June, 1953, p. 9



showed 2 slze renge of from 100 to‘ 1000 gallons capacity.l/ A study

of one New England area reported tank sizes ranging from 300 to 1000
gallons capacity.2/ By late 1957, tanks used In the area served by

the Merylend and Virginia Milk Producers' Association for the metro-
politan Mashington, D. C., market ranged from 10C to 1500 gallons capacity
with an aversge tank size of 300 gallons.3/

With respect to tank size, this study revealed excessive tank
investment by producers.li/ The producers on the Farris Brothers route
bhave their milk picked up every other day. Recommendations for the
purchase of the correct size tank (based on each producers' output) are
available from a number of sources, and it is surprising that there was
seemingly little correlation between recommended tank size and actual
size of tanks on the route studied,

For every-other-day pick-up, & Vermont study recommends tank
capacity for four milkings plus allowance for herd expansion.5/ A study

made at the University of Maryland also recommends tank capacity for

m Agrlcultu rlmut Statlon, regon Stateto lega,

Circular of Information 520, February, 3953. p. 2.

Varmnt Psrlcultural bqacrlmnt Station, '
Hz Vermont

amathers..!ms B.' ora Sh!ftlng from Cans to ﬂulk wl ™y

mgw_g_ggj_w November 25, 1957, pp. 1126-1127.
Appendix able 4, |

Venmut Agr!cultuu! Expar!mnt Statluﬂ, Econoni

Q’iﬁ'ﬁ <




four milkings with every-other-day pick-up.]l/ However, the Maryland
study showed that, of fifty-nine farms studied, less than forty percent
of the tanks used were large enough to hold milk for every-other-day
pick=up during the flush production season., This situation Is In sharp
contrast to the excessive tank sizes found on the farms included in this
study. The major reason given by producers on the route studied for
excessive tank size wes a desire to have ample storage capacity for
future herd expansion, This reason for larger-than-necessary tank size
is supported by a study made of a sample ares within the Washington,
D. €.y milk shed., iIn that study, of fifty=nine farms surveyed and where
tank utilization was low on a number of farms, twenty-five producers had
increased herd size since tank installation or were planning to do s0.2/

Of the twenty-two tanks used on the sample route, twenty were ifce~
bank types and two were the direct-expansion type.3/ This pattern of
tank types is contrary to the general trend towarc adoption of bulk
storage tanks in Virginia. By early 1959 sixty-seven percent of the
bulk tanks used in Virginia were direct expansion tanks and only thirty=~
three percent were lce~bank.b/

initial storage tank cost on the route studied ranged from $2,161

Beal and Twining, Op. cit., p. 10,

Beal and W'nlﬂs. w. cito. D iB.

fAppendix B, Table 1.

Figures obtained from Dr. G, C. Graf, Head, Department of Dalry
Science, Virginia Polytechnic Institute.

IR



o {8 «

for the smallest tenk of 200 gallons capacity to $4,783 for the largest
tank of 1000 gallons capacity,l/ These were suggested retail selling
prices.2/ These prices seemed reasonable In light of tank prices In
other areas. For example, Glen T, Nelson of Oregon State College has
reported tank costs of as low as §1,750 for a 100 gallon tank to as high
as $5,574% for a2 1000 gallon tank.3/ In the Vermont study, average prices

of tanks ranging in size from 200 gallons to 500 gollons were as follows:

Tank size-gallons . Average price
200 $2,021
300 $2,389
Loo $2,693
500 $3,188 W/

Prices paid for equlvalent size tanks used on the route studied here

were a2s follows:

Tank size-gallons Price palid
200 $2,161
300 1 $2,628
4oo $2,571
500 $3,628

it should be noted that prices in the Vermont study are five years old.
Several studies indicate that costs of operasting the ice-bank tanks
were somewhat higher than costs of operating the direct-expansion tanks.

Electrical costs constitute a major part of cost of operation. A study

Appendix B, Table 2,

Prices were taken from price lists obtained from manufacturers of
tanks used on the route studied,

Nelson, Op. cit., p. 2.

Vermont Agricultural Experiment Station, of

Milk Handling in Vermont, Bulletin 581, June, 1955. p. 13.

S8

EQ
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by Michigan State University states that the cost of eclectricity is
higher for the ice~bank type tank than for the direct-expansion tank.l/
The Vermont study reports that, In a fleld test using electrical meters
on both direct-expansion and ice-bank type tanks, electrical consumption
was somewhat higher for the ice~bank tanks.2/ Somewhat higher electrical
consumption by ice~bank tanks, as compared to direct-expansion tanks,
was also reported by one U,S5.D.A. bulletin reviewed.l/ Cost of operation
of tanks used on the sample route studied is discussed later.

With respect to the hauler, the equipment and procedures used on
the sample route studied were found to be reasonably typical of equipment
and procedures used elsewhere In the grade-A dairy industry.

The hauler on the route studied used an 1800 gallons capacity bulk
tanker equipped with a positive~action pump capable of pumping at the
rate of fifty gallons per minute. One study of the transition to bulk
handling of milk in northern New England showed thirty percent of the
bulk tankers In use to have a capacity of 1800 gallons.lt/ These trucks

Vermont Agr!cultunl Expertmt Stntim, ECONC ffects of
SR ¥ 5 Bﬂilet‘ﬂ Ss‘. JW. ‘955' p. l L]

Aericultusl Fartating Serviae, Morfisting Tusssrch
Divis on, rt ‘90’ Juiy, 1957, Ppo ‘00-14!.
m.nﬂ. J. Ro and YW‘Q’. .A-’ Lyans i Eion LS I. 11K _AMSSEmo

Aarlcula rlmtSlon, Statlon Bulletin “53. October. 1958,
p. 30.

€ kK
é:
£
oR
,§
]
il
ZFy!
.3




were equipped with two types of pumps -~ - centrifugal and positive-
action, While the centrifugal pumps normally have a faster pumping
capacity, they have the disadvantage of using gravity flow so that the
storage tank must be higher than the bulk tanker pump. The positive=
action pump has a smaller pumping capaclty but can pump milk from below
the tanker level, This Is a positive advantage since, on the!route
studled, all but one of the storage tanks were below the level of the
bulk tanker when mllk was pumped from storage tank to truck, The bulk
tanker used on the Farrls route is equipped with this positive-action
type pump,

With respect to farm-stop procedure employed by the tanker operator,
the procedure followed at each farm on the sample route was found to be
similar to procedures reported In other studies. This procedure is
discussed later,

Farm-stop time under every-other~day milk collection ranged from
10.4 minutes to 20.4 minutes with an average time of 13.5 minutes per
farm.1/ This average farm-stop time compared favorably with an average
stop time of 4.6 minutes reported in a study of bulk milk haudl!ug by
Glen T. Nelson of Oregon State College.2/ The &ajor portion of fhls

total stop time was consumed by fixed time operations of approximately

1/ Appendix C, Table &,
2/ MNelson, Op, cit., p. &.



3.0 minutes. This time was about the same as that reported by Baum and
Pauls who found fixed time operations to average 8.5 minutes at each farm
using bulk storage facilities.l/ In a study for The Heil Company these
fixed operations were reported to range from 5.8 to 12.9 minutes per
farm stop.2/ One U.5.D.A. Marketing Research report shows a fixed time
variance per farm of from 6.0 to 15.0 minutes.3/

Variable time operations on the route studies ranged from 1.4 to
11.h minutes per stop. This time element is a function of milk volume,
pump capacity, season, frequency of collection, and a number of other
factors. Variable time operations for the sample route are presented in
Appendix C, Table 4.

Since the variance of milk collection frequency was used in this
study to examine the use of resources under each frequency of pick-up,
other studies which examined savings associated with different collection
frequencies were of particular interest. Of the material examined, those
studies which discussed hauling costs suggested that lower costs were
associated with every-other-day bulk collection of milk, (as compared
with every~day collection). Although the studies examined referred only

to savings accruing to the hauier, & number of comments were made in

1/ Baum and Pauis, Op. cit., p. 15.
The Hell Company, 1k Pick~ $ of Marketing Milk,
Mi iwaukee, 1953, p. 5.
United States Department of Agriculture, How Bulk Assembly Changes
Milk Marketing Costs, Agricultural Marketing Service, Marketing
Research Division, Report 190, July, 1957, p. 29.
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reference to cost changes when frequency of plick-up was altered. In a
study for the Farmer Cooperative Service, Joseph M, Cowden made the
following remarks concerning every-other-day versus every-day plck-up
of milk:

Every~other-day bulk service on the other hand can .
reduce both mileage and time requirements on a per
hundredweight of milk basis, Total hauling costs on
efficiently organized every-other-day bulk routes are not
only much lower than on daily bulk routes but in practically
all cases substantially lower than on can routes serving
comparable groups of producers..... Every-other-day bulk
service can save up to 50 percent on the mileage of the
pickup section of the route as compared to daily service
by either bulk or can trucks.... Every-other-day service
also provides a practicable solution to the high farm . ,
stop time problem. The every-other-day hauler, by picking
up 2 days' milk at each stop, cuts the farm stop time per
100 pounds of milk to about the time it takes to load the
same amount of milk in cans.... As the volume of milk collected
per farm increases, the time spent by the bulk hauler at
the farm Is more efficiently utilized., As previously
indicated this time does not increase in proportion to the
quantity of milk loaded. To a considerable extent the
same costs are spread over a greater volume of milk. This
fact is primarily responsible for improvement in the relative
cost position of bulk hauling as the volume of milk loaded
per stop increases.l/

Bowring and Taylor state that the fixed time operations which
represent overhead costs for the hauler can be reduced through change
from daily collection to every-other-day collection. They further .

suggest that savings resulting from every-other-day or every-third~day

1/ Cowden, Joseph M., Comparing Bu )
Farmer Cooperative Service, United Statas Bepartmnt of Agricultun,
FCS Circular 14, June, 1956, pp. 46,
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plick-up can be passed on to producers in the form of lower hauling
rates.l/ One study for The Heil Company suggests that, by making
pick-ups every other day or even every third day, the hauler can serve
two or three routes with the same pick-up tanker and thus more fully
utilize his equipment.2/

Only one study reviewed contained information pertaining to costs
associated with every-third-day collection., This study, conducted by
Baum and Pauls, reported third-day pick-up to be cheaper than other
frequencies of plick-up In the ares studied. Their study contains the
foilowing comments regarding collection frequency:

An increase in the time interval between collections
necessitates greater investments in farm storage and
refrigeration equipment. This policy would result in
higher fixed costs on the farm. Since the total amount
of milk handled each day at the recelving point would not
be affected, recelving room costs per hundredweight of
milk ought to remain the same. The distance traveled to
collect a given amount of milk decreases with cach day
increase in the collection time interval; hence, truck '
operation costs per hundredweight of milk wouid decrease.

The shorter route length associated with a given volume
of milk and the decrease in the total fixed time required
to service fewer stops result in lower route iabor costs, '

The analysis comparing daily can plck~up of milk and
alternate day, every third day, and every fourth day, indicates
the lowest cost of collection and recelving per hundredweight
of milk 15 secured when the alternate day pick-up of milk in
cans Is used. A similar comparison made for tank pick-up
systems indicates every third day pick-up to have the lowest
cost per hundredweight of milk,

1/ Bowring and Taylor, Op. c!t., p. 37.
2/ The Heil Company, The Bu slk=up Sys
Mi;mum. ‘953. P. n
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Beyond these points, the increase in farm storage and
refrigeration costs offsets any savings gained by the othe
factors.l/ ¢

The material quoted above would indicate that positive economies are

to be found with every-third-day storage and collection of milk.

1/ Baum and Pauls, Op. cit., pp. 26-27.
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DESIGN OF THE STUDY

This study was designed to make use of the case study method to
determine whether a more efficient system than that presently used in
bulk mitk handling on a small milk collection route is feasible.
Estimates for alternative systems are projected by the use of available
data in the construction of budgets for systems involving variations in
the frequency of milk pick-up. Resultant estimated costs of the several
systems, indicating the differential incidence of these costs on both the
producers and the hauler, permit determination of the /east-cost method

of storing and moving a given volume of miik from farm to processor.

Anaiytical Setting

The anaiytical tool used here is that of the principie of
substitution.]/ This is esplained adequateiy in the literature, but
since its use will be modified somewhat, some clarification seems
necessary. In production situations where the cutput can be held constant
and two input factors substituted for each other &t varying rates, the
least-cost combination can be determined by comparing the substitution
ratio with the inverse of the price ratio. Usually, inputs are continous

and measured In physical quantities. In the present probiem inputs are

1/ Heady, E.O., Economics of Agricultural Production snd Resource Use,
Prentice~Hall, 1952, Chapter 5.
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discrete in that only three combinations are possibie and the unit of
measurement is doliars (on en annual basis).

With a given production function, where substitution between two or
more factors is possible, input factors'may substitute for each other at
increasing, constant, or decreasing rutﬁs.i/ in the present probiem, it
was anticipated that inputs (in dollars) used by producers for storage
would substitute for inputs (in dollars) used by the hauler for
transportation at a diminishing marginal rate as frequency of collection
was extended from every-day to every-third-day pick-up.

Normally, decisions invoiving substitution between two factors are
made by a single firm. However, in the present problem, substitution is
between producers' dollars and hauler's dollars - - therefore, in theory,
decisions regarding substitution between these two factors would have to
be made by separate firms, producers and the hauler. This does not alter
the validity of the principle of substitution nor its application here
in attempting to establish the ieast-cost method of stouring end moving a

given volume of milk to the processing plant.
Seiection of Milk Route

The primary considerations in selecting a route for use in this

study were: (1) adequate voiume of milk hauled, (2) typical pick-up

1/ Heady, E.0., and Jensen, H.R., Farm Management Economics, Prentice~
Hali, 1955, pp. 63-77.
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procedure, (3) typical operating procedure by hauler, and (4) adequate
route leagth.

The bulk milk route chosen was the route operated by Farris Brothers
Dairy, inc., of Newbern, Virginia. This firm operates the bulk route
under contract to Southern Dairies, Inc., Winston-Salem, North Carolina.
The Farris bulk route serves a three county area embracing twenty-iwo
producers. |/

Miik is hauled from farms to a Farris operated reiay station in
Mewbern, Virginla. From this point it Is transported to Winston-Salem
in a 2500 gallons semi-trailer aevery other day. With regard to volume,
in 1959 this route picked up from farms and delivered to the Newbern
relay station a total of 771,169 gallons of miik (6,632,054 pounds).

The route is arranged to provide for every-other-day farm pick-up.2/
The milk collection tanker used is a two-and-one-ha!f-ton stake type
truck equipped with an 1800 ga!ions stainiess stee! tank capablie of
hoiding 15,480 pounds of mi'k. The route requires approximateiy 168
mi les of trave! to pick up and deliver the miik of tweniy-two producers

to the Newbern relay station on an EOD pick-up basis.

Scope of the Study

The case study method was used with a rclati@aiy typical buik milk

1/ See route map in Appendix A.
2/ Every-other-~day wiill hereafter be expressed as E0D.
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route serving as the basis for study. The study covers a time period of
one year. The most recent year for which the necessary data were
available ~~1959-~ was used.

Although conversion to bulk milk handling may, in certain cases,
involve three separate firms (producer, hauler, and processor), data
invelving only the producer and hauler were inciuded in this study. This
was done deliberately because frequency of milk pick~up primarily affects
the producer who must store his milk until pick-up and the hauler who must
have the equipment to accommodate a given route volume under a given
frequency of pick-up.

The problem would have been extended beyond its intended scope if
the bulk tenker had been considered as a part of the operating equipment
of the processor. |f the study had assumed the bulk tanker to be
processor equipment, savings on hauling which might result from altering
frequency of pick-up would have had to be considered in the light of
altered costs of recelving milk at the processing plant. Such
considerations would be outside the scope of this study which was
designed to determine the least~cost method of storing and moving a given
volume of milk from farm to processing plant and to provide a basis for
selection of the optimum size of storage tank as a result of such
determination, Therefore, the hauler was considered a separate firm

rather than a unit of operating equipment of the miik processor.

Collection of Data

To collect necessary data, dairy supply companies were contacted for
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studies pertaining to bulk miik handling and for data on storage tanks.
Research bulletins were obtained from a variety of sources including
colleges, manufacturers, and dairy service organizations. Finally, the
author obtained data on the sample route under study through conferences
with the President of Farris Brothers Dairy and by personal observations
of route and producer operations. Timed cbservations were obtained by
visiting representative producers and by traveling the milk route with

the bulk tank operator.
Procedure of Analysis

The estimates and findings developed in this study are based upon a
budgetary analysis of a seiected buik pick-up route under alternative
pick~up scheduies. Computations involved in this study were standard
arithmetic computations. Total dollar Input (resource use) was
determined for both producers and the hauler under existing route
conditions involving EOD milk pick-up. This information was then used to
project doilar requirements for producers and the hauler under systems of
every-day and avery-third-day pick-up. After establishing dollar input
requirements associated with each of the three different frequencies of
storage and pick-up, the data were used to establish an iso-product
contour reflecting the rate of substitution of dollars (resources) used
by producers for storage for dollars (resources) used by the hauler for
transportation as freguency of pick-up was extended from every day to

every third day.
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Every-fourth-day pick-up was initially considered in the problem and
pre!iminary data were assembied for use. However, fourth-day pick-up was
rejected as being impractical! for two basic reasons: (!) it would have
necessitated the purchase of at least one additiona! buik tanker by the
hauler and would have incurred costs attendant to the operation of the
tanker (both purchase price and additional operational cost would
increase substantially the hauling costs of milk); and (2) substantially
larger storage tanks would be required on the farms for storage for fourth-
day pick-up would entail! modification and enlargement of the milk house,
requiring additional investment for storage beyond that of the tank

itseif.
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CHARACTERISTICS OF EXISTING STORAGE
AND HAULING FACILITIES

Producers

Producers on this route were located in a three-county area
requiring approximately 168 miles of travel! by the hauler for each
complete collection of miik on an EOD basis. Mileage traveled varied
slightly by season because of variation in milk production.]l/ The
majority of the producers used the ice-bank type cooler, with sizes
ranging from 200 to 1000 gallons capacity.2/ Although most producers
are advised to install tanks to accommodate four milkings pius twenty
percent reserve capacity at peak month output for EOD pick-up, producers
on this route had not followed such advice consistantly. Tank sizes
ranged from sixty-three gallons less than, to 216 ga!lons more than, this
recommended size (based on individual producer output).3/ Interviews
with representative farmers produced a variety of reasons for the wide
variance in this production-storage relationship. The principal reason
given for instailing storage tanks larger than the recommended size was
that the producer wanted ample storage capacity to accommodate future
additional output if and when he increased herd size. Where the tank

size was smaller than that recommended, herd size had increased since

Appendix C, Table 1.

Y
2/ Appendix B, Table 1.
3/ Appendix B, Table 1.
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installation of bulk tanks. However, no one of the four producers in
this latter situation was experiencing acute shortage of storage space.
With respect to resource efficiency, many producers possessed

storage capacity considerably in excess of that presentiy required.i/
There were two principal reasons for this situation: (i) as mentioned
above, deliberate purchase of large tanks to accommodate future herd
expansion, and (2) a high degree of seasonality of production.2/ This
latter factor was not vital to the problem and thus was not Investigated.
However, the fact that a high degree of seasonality of production existed

indicates failure to plan production for the entire year.
Hauler

As previously stated, the hauler involved in this study traveled
portions of a three-county area to collect milk on an EOD basis. He
utiilzed a two~and-one-haif-ton stake type truck with a gross load
rating equivalent to the maximum permitted on Virginia highways. The
chasis was equipped with a stainiess stee! tank capable of holding 1800
galions (15,480 pounds). The route was approximately 168 miies in length
with some slight variation in mileage due to seasonality of milk output.
This distance was the average distance traveled for a complete EOD

collection of milk.

1/ Appendix B, Table 1.
2/ Appendix A, Table 2.
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Three trips to the Newbern relay station were required to transport
all milk from farms to the station during a complete collection of miik.
The driver operated on a split shift, with the first load being collected
in the evening between 6:00 P.M. and 2:00 A.M. After a few hours of
sleep, the driver returned to the route at 6:00 A.M. and collected the
second and third loads by 4:00 P.M., approximately twenty-two hours after
the mitk collection was begun. After the last load wos transferred to
the semi~trailer in Newbern, the tanker was cleaned and made ready for

the next collection beginning at 6:00 on the evening of the next day.
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PRODUCER AND HAULER INVESTMENT AND COSTS - -
EVERY-0OTHER-DAY PICK-UP

General

The monthly milk deliveries on the route studied for the year 1959
served 25 a starting point for computing producers and hauier investment
and costs for EOD frequency of storage and collection.!/ This delivery
(production) schedule alsc served as the basis for projections of
investment and costs for every-day and every-third-day storage and
pick~up. These figures were obtained from the offices of the hauier,
Farris Brothers Dairy, Inc., Newbern, Virginia. From these figures,
Table 3, Appendix A, was constructed showing average individual producer
de!iveries for every-day, EOD, and every~third-day frequencies of pick~up.
These average production figures were, in turn, used to compute and
project the ultimate investment and costs for all route producers and the
hauier under each frequency of collection. The time period used to
forecast investment and costs was the twelve-month period from January 1

through December 31, 1959.

Total Producer Investment and Costs

A major investment |tem for the producers invoived in this study was

1/ Appendix A, Table 1.
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the initial cost of bulk storage tanks. To achieve price uniformity for
this study, the manufacturers’' suggested retai! price was used to
determine tank invesiment. Individual producer investment in storage
tanks is shown in Tabie 2, Appendix B. Total investment by al!l producers
is presented in Table 1. Annual costs of storage for al!l route producers
is aisc presented in Table |. These annual Storage cusis consisted of
depreciation, interest, Insurance and taxes, cleaning, and tank operating
costs. Explanations of cost computations are contained in table
footnotes.

Tank operating cosis were difficuit to determine. Data reflecting
operating costs In other sections of the dairy industry presented a wide
variation in cost of operation. The principle eiements in cost of tank
operation are repair costs and cost of electricity. |[f tanks receive
reasonable care, repair costs shouid be insignificant. Determination of
electirical cost is difficult because of the variety of factors which may
affect the running time of tank compressors; such factors are:

(1) quantity of warm milk added per milking, (2) rate of miik addition,
(3) original volume of coid miik in the tank, (&) size of tank and
compressor, and (5) ambient temperature of the milk house. Other
influencing factors are seasonaility of production and efficiency of the
particular tank cooling system.

. The method of estimating cost of operation for this study is shown

in Table 3, Appendix B. The date in this table are based on material
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contained in a U.5.D0.A. bulletin which was reviewed.]/ The availabie
cost figures were for every-day storage and pick-up. Projections of cost
were made by multiplying the established daily cost by factors of two and
three to obtain storage cost for EOD and every-third-day pick-up.

it is important to note that these operational storage costs do not
include initial tank investment. The total annual cost of operation for
all route producers was obtained by multiplying the total in column (&)
of Table 32/by a factor of 365 (anumber of days during which storage cost
was incurred). The resultant total cost is presented in Table !.

Labor cost for tank cieaning was aiso difficuit to determine. None
of the material reviewed provided figures for this cost, and interviews
wi th representative producers faiied to provide a basis for determining
the average hourly wage paid to those persons responsible for tank
cieaning. Many producers performed their own dairy chores and could not
accurateiy furnish hourly wage rates. Those farmers who pald a dairyman
to milk had a variety of agreements with this farm heip. Certain farmers
gave a percentage of the monthly milk receipts to the dairyman while
others paid the dairyman by the hour or by the month. Wwhere the hourly

and monthiy wage was paid, there was no uniformity of wage payment.

1/ Cowden, Joseph M., Comparing Bulk and Can Milk Hauling Costs,
Farmer Cooperative Service, United States Department of Agriculture,
FCS Circular 14, June, 1956, pp. 4-6.

2/ Appendix B, Table 3.
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Average wage rates for the State were not used because the sample area
studied was not considered large enough to be representative of averages
for the entire State. For these reasons a rate of $1.00 per hour was
arbitrarily chosen as the basis for determining labor cost for cleaning
for all producers.

Observations of the time required to clean storage tanks produced
two major conclusions: (1) there was an Insignificant variation in time
required to clean large and small tanks, and (2) the average time required
to ciean tanks and to clean utensiis after use was twenty minutes,
initial cleaning is performed by the driver of the builk tanker who, upon
emptying the storage tank, is required to rinse the tank before leaving
the farm. The producer is required to brush-clean all utensil surfaces
with hot dairy detergent water after which he rinses the tank with hot
water.l/ Later, before depositing fresh milk, the producer must sanitize
the tank with an effective approved bactericidal agent. With an average
cleaning time of twenty minutes per tank, twenty-two producers would
expend labor worth $7.26 for each complete route collection. This figure
was multiplied by a factor of 183 (number of cleanings required under EOD
pick-up for one year) to obtain the total expenditure for labor for
cieaning shown in Table I.

Total cost to all route producers for the one-year period under EOD

1/ Virginia Department of Agriculture and Immigration, Regulations
Pertaining to Farm Bulk Milk Holding, 1956, p. 3.
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storage and pick-up was $11,313.15.
Hauler Investment and Costs

As for producers, a major cost item for the hauler was the purchase
of equipment. Retall cost of the bulk tanker is shown in Tabie 1.

Cost of operation for the hauler embraces all items inciuded in
footnote (f) of Table 1. This operational cost was computed by Farris
Brothers Dairy to be $0.25 per mile. To establish that this system of
presenting operational cost was fairly common and to establish further
that the rate of $0.25 per mile was reasonable, two other sizeable firms
engaged in operating similar equipment were contacted.]/ Both the
procedure for presenting cost of operation, as in Table !, and the rate
of $0.25 per mile were confirmed by the companies contacted. Cost of
operation for the hauler thus became solely a function of mileage traveled
by the bulk tanker. Table 1, Appendix C, shows the mileage presently
traveled for EOD milk collection. With an average distance traveled per
complete collection of 168 miles and with 183 collections per year under
EOD pick-up, the total yeariy miieage was 30,744, At $0.25 per mile, the
total annual cost of operation was computed to be $7,686.00. This figure

is shown in Table 1.

1/ Highway Equipment Leasing Corporation, Christiansburg, Virginia;
Southern Dairies, Inc., Christiansburg, Virginia.
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Table 1. - Investment and Annual Operating Costs for all Route
Producers and Hauler on a Selected Bulk Milk Route - -

Every-Other-Day Pick-up, Virginia, 1959°

Producers
Initial investment in tanks, all producers $63,278.00
Costs of operation:
depreciation® $ 4,218.53
interest® $ 1,581.95
insurance and taxesd $ 316.39
estimated operating costs (electricity and repair) $ 3,865.00
cleaning® $ 1,328.58
Total annual cost - all route producers $11,313.15
Hauler
Initial investment in bulk tanker $13,710.00
Cost of operation @ $0.25 per milef $§ 7,686.00
Total annual cost for hauling $ 7,686.00
Total annual cost of operation - storage and hauling $18,999.15

a For a period from January | through December 31, 1959.

b Depreciation was calculated on the straight line method with

fifteen years estimated life with no salvage value.

¢ Interest was calculated at the rate of 2.5 percent on initial

investment.

d Insurance and taxes were calculated at the rate of 0.5 percent

on initial investment.

e Labor for cleaning was caiculated at the rate of $1.00 per hour.
f Includes all items of cost as follows: Interest on investment,
insurance, depreciation, taxes, licenses, fuel, lubricants,

repairs, tires, labor.
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In addition to cost determinations made above, estimations of
average truck speed were made in order to arrive at some approximation of
the time required to collect milk under every-third-day pick-up. Ability
to cover the route was not in question with EOD pick-up, for it was being
done. MNor was there any question that one truck could do the job on
every-day pick-up where only one full load and a fraction of a second
load would be hauled. However, third-day pick-up would require more trips
by the present tanker for each compiete collection because of the
additional accumulation of milk. Therefore, a determination was made of
the approximate time required for route operations under every-third-day
milk coliection.

The starting point for these determinations was the measured route
time of eighteen hours under existing EOD mlik pick-up. Three adjustments
had to be made, however, before actual average trave! time could be
determined.

The first adjustment involved time spent at each producer's farm.
Average farm-stop time for each frequency of pick-up was computed end is
shown in Table 4.1/ With respect to farm-stop time, veriable time
operations were a function of producer output. Computation of these
times is explained in table footnotes. Fixed-~time cperations were timed

and these times, presented in Table &, Appendix C, refiect an average of

1/ Appendix C, Table &.



w B} -

the time spent at all farms. Fixed~time operations remain the same
regardless of output, and include the following standard procedures at
each collection point: (i) measure milk and record its weight, (2) start
farm tank agitator, (3) attach tanker hose to bulk tenk outlet, (&) read
and record milk temperature, (5) take butterfat sample and place in
bottie in tanker's ice chest, (6) start tanker pump and pump milk to
tanker, (7) disconnect tanker hose and electric cord and return them to
tanker, and (8) flush out farm tank with clean water.}/

The second adjustment involved a determination of the esverage time
spent unioading milk at the relay station. |In this connection, as
frequency of pick-up was extended from every day to every third day, the
number of trips to the relay station increased for esch compliete
coliection of milk, as did the unioeding time invoived.2/ Information
pertinent to unioading time is presented in Table 5.3/

The third adjustment involved the time required to clean the tanker
at the end of each collection for the entire route. This operation was
timed and found to require ninety minutes.

With the three adjustments just described, computation of operational

1/ The Hei! Company, The Bulk Pick-up System of Marketing Milk,
Milwaukee, 1953, p. 1.

2/ Although the number of trips per compiete coliection would increase,
the tota! number made during the year under third-day pick-up would
decrease.

3/ Appeadix €, Table 5.
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time for the route was made as follows:

Total measured operational time . . . 18 hours, O mins. (1080 mins.)
minus total average stop time of . & hours, 46 mins. (286 mins.)
minus total unload time of . . . | hour , 25 mins. ( 85 mins.)
minus tanker cleaning time of . . | hour , 30 mins. { 90 mins.)

Actual rumning time . . . . . . . . . 10.3 hours (619 mins.)

Route length ~ - ~ - - = 168 miles = 16.6 miles per hour average

Actual rumning time of 0.3 hours running speed

The actual average running speed of the bulk tanker seems unrealistically
siow. However, this incliudes time spent in off-the-road farm lanes,
starts and stops, and siow running due to full milk load.

The average running speed is used later in the projections of

operations associated with every-third-day pick-up.
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ADJUSTMENT OF EXISTING EVERY-OTHER~DAY STORAGE FACILITIES,
INVESTMENT, AND COSTS OF OPERATION

Existing producer storage facilities and associated investment
and attendant costs of operation on the route studied were found to be
considerably in excess of actual requirements.]/ Existing storage
capacity was found to be as high as 216 gallons In excess of the actual
storage requirements during the peak production month.2/ This situation
produced an annual average rate of tank utilization as iow as twenty-
nine percent for one producer and an annual average rate of utilization
for the entire route of fifty-two percent.3/ From the evidence
collected, it appeared that this over-investment resuited from two
major factors: (1) a general failure to observe industry recommendations
for tank purchase based on peak-month storage requirements plus provision
for twenty percent reserve capacity, and (2) a general desire to provide
for future herd expansion. As a result of these factors, existing cost
of storage tanks associated with EOD milk collection was quite high and
was considered unsultable for a realistic projection of the substitution
of producers' dollars (for storage) for hauier doiiars (for transpor-
tation). Therefore, Tabie 2 was constructed to refiect actus! investment

requirements for storage under present EUD milk co iection.

1/ Appendix B, Table 2
2/ Appendix B, Table !.
3/ Appendix B, Table &.



Table 2. Adjusted Producer Storage Facllities and Associated
lavestment of all Route Producers - - Every-bay,
Every-Other~Bay, and Every=Third-Day Frequencies of Pick~-up

Existing

s Required
[6)) 15& G5 ﬂ%ﬁ) [(3) ‘mm @"&%r"“

Pres Pres Req Req Req Req Req  Req
Prod- tank tank tank tank tank tank tank tank
uycer size _iny _ size _inv _ size oy slze oy

500 425  §3102 300 $2407 500 @ §3514 800  $h224
501 425  $3102 150  $1761 2w0  $2217 h2s  $3102
502 300  $259% 100  $i&17 200  $2037 300  $2594
503 425  §3102 200  $2161 350  $2741 500  $3514
504 500  §$3628 200  $2161 350  $274i 475  $3358
505 330 $2716 150  $1761 20 $2217 330 $2716
506 200 $2161 100  $i417 150  $1729 200
508 425  $2462 250 52022 425  $3005 545  $2824
509 400  $2571 160  $1608 350  $2741 500  $2924
510 300 $2270 150 $1307 240  $2217 koo  $3182
511 300 $2770 200  $2247 L25  $3005 650
514 300  $2594 200  $2161 350  $2741 zoe $3514
25
650

515 330 $2716 150 $1761 300 $2437
517 425 $3102 200 $2161 425 $3005 ‘ $3980
523 1000  $4783 475  $3472 1000  $4783 1-1000  $4783

1300 $2497
524 350 §2741 200 $2161 350 $2741 500 $3514
507 250  $2451 100  $1550 200  $2037 250  $2451
503 300 $2770 150  $1907 300  $2497 Loo  §3182
518 250  $2451 150  $1907 20  $2217 400  $3182
519 250  $2451 100  $1550 200 $1729 300  $2745
520 475  $3472 150  $1761 300  $2497 L75  §3472
521 300 $2770 200  $2247 350  $274) 500  $3615

$63278 $43597 $57649° $74651

Denotes every day.

Denotes every third day.

Adjusted figures in column (7) are based on suggested retall
price of prevalent type tank used.

noUTre



The adjusted total investment filgure of $57,649 in column (7)
of Table 2 was used to compute adjusted costs for all route producers
in Table 3 below.

Table 3. = Adjusted investment and Annual Operating Costs for all

Route Producers on a Selected Bulk Milk Route = =
Ewrv.othwm "Ck"up. V'n'n’.. 1959 sossssnvsevessssnse

Adjusted Initial Investment in all route tanks $57,649.00

Adjusted costs of operation:

deprecjation® $ 3,843.27
interest? $ 1,541.23
insurance and taxes® $§ 2838.25

estimated operating costs (electricity and npalr)“ $ 3,869.00

cleaning® $.1,328.58
Adjusted total annual cost - all route producers $10,770.33

a Depreclation was calculated on the straight line method with
fifteen years estimated life with no salvage value.

b Interest was calculated at the rate of 2.5 percent on initlal
investment.

¢ Insurance and taxes were calculated at the rate of 0.5 percent
of initlal investment.

d This figure remains the same as presented in Table 1, p. 36.

e This figure remains the same as presented In Table 1, p. 36.



PRODUCER AND HAULER INVESTMENT AND COSTS - - EVERY-DAY
PICK~UP

Total Producer Investwent and Costs

With daily storage and pick-up, a major cost to all route producers
was again the initial investment in bul'k storage tanks, Projected tank
cost for individual producers is shown In Table 2.]/ Total investment
in storage tanks by all route producers, as shown in Teble 4, was
$43,597.00.

Projected annual storage costs (costs of operation) are shown in
Table 4. As was the case for EOD storage and pick-up, cost of operation
includes depreclation, Interest, insurance and taxes, estimated operating
costs, and cleaning. With respect to estimated operating costs
(electricity and repair), the figure in Table 4 was obtained by
multiplying the total in column {4) of Table ﬁlby a factor of 365
(number of days during which storage cost would be incurred). Labor
costs were determined by using the previously mentioned avoéaae cleaning
time of twenty minutes per tank and wage rate of $1.00 per hour.

Total cost of operation for all route producers for every-day
storage and pick=up was computed to be &w.\zjs.zs as shown In Table 4.

Appendix B, Table 2.
2/ MAppendix B, Table 3.
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Hauler Investment and Costs

Agaln, a major cost for the hauler was that of the purchase of the
bulk tanker. This cost figure is contained in Table 4,
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Table 4, - Investment and Annual Operating Costs for all Route
Producers and Hauler on a Selected Bulk Hilk Route « =
ﬁnry‘m ’!Gk‘w. V‘fa!nll. '9595'0oo.nocatc‘ntootno.acc

o

, Producers

Initial investment in tanks, all produce $43,597.00
Costs of operation:

depreciation? $ 2,906.47
interest® $ 1,089.93
insurance and texes? $ 217.98
estimated operating costs (electricity and repair) $ 3,869.00
cleaning® : $.2.649,90
Total annual cost - all route producers $10,733.28

Hauler
Initial investment in bulk tanker $13,710.00
Cost of operation @ $0.25 per mile’ $12,045.00
Total annual cost for hauling $12,045,00
Total annual cost of operation = storage and hauling $22,778.28

e

investment.

a 6

on initial investment.

-Hh O

For a period from January 1 through December 31, 1955.
Depreclation was calculated on the straight line method with
fifteen years estimated 1ife with no salvage value.

Interest was calculated at the rate of 2.5 percent on initial

Insurance and texes were calculated at the rate of 0.5 percent

Labor for cleaning was calculated at the rate of $1.00 per hour.
Includes all items of cost as follows: interest on investment,

insurance, depreciation, taxes, licenses, fuel, lubricants,

repairs, tires, labor.
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Cost of operation, computed on the basis of $0,25 per mile and
on an average route distance of 132 miles per mum collection, was
$12,045,00, as shown in Table 4., (The average distance of 132 miles
for each collection was based on distances shown in Appendix C, Table 2).
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PRODUCER AND HAULER INVESTMENT AND COSTS - ~
EVERY-~THIRD-DAY PICK-UP

Total Producer Investment and Costs

As with the two previous storage situations, projected investment in
storage tanks represents a major cost to producers with third-day storage
and pick-up. Projected tank cost for individual producers is shown In
Table 2.1/ Total investment in Storage tanks by all route producers, as
shown in Table 5, was $74,651.00.

Projected annual storage costs (costs of operation) are shown in
Tablie 5. As for the two previous storage and collection situations, cost
of operation includes depreciation, interest, insurance and taxes, esti-
mated operating costs, and cleaning. With respect to estimated operating
costs (electricity and repair), the figure in Table 5 was cbtained by
multiplying the total in column (4) of Table }yby a factor of 365
{number of days during which storage cost would be incurred). Labor costs
were again obtained by using an average clesning time of twenty minutes
per tank and an hourly wage rate of $1.00 per hour.

Total cost of operation for all route producers for everv-third-day

storage and pick-up was determined to be $11,970.99 as shown in Table 5.
Hauler |nvestment and Costs

As with the two previous situations, a major cost to the hauler was

1/ Appendix B, Tabie 2.
2/ Appendix B, Table 3.
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the cost of the bulk tanker. This cost figure is contained in Table 5.

The annual cost of operation for the hauler, computed on the basis
of $0.25 per mile and an average route distance of 177 miles per
collection, was $5,398.50, as shown in Table 5. (The average distance
of 177 miles for each compiete colilection was based on distances shown In
Appendix C, Table 3.)

With respect to time demands and running time for every-third-day
pick-up, it was determined that the single bulk tanker could easily
collect the additional accumulation of milk associated with this frequency
of storage. Projected data showing the collection requirements for
third-day pick-up are shown in Appendix €, Table 3. This tabie shows that
the maximum distance demand occured in September when the tanker would
have to make five trips and travel an average distance of 211 miles per
comp lete coilection of miik. Dividing this figure by the previously
determined average running speed of 16.6 miles per hour produced an
average time requirement of twelve hours and forty-one minutes for over-
the-road movement. Added to this was the average unicad time of two hours
and twenty-three minutes associated with third-day pick-up.l/ Finally,
average total farm-stop time of five hours and twenty-six minutes
associated with third-day pick-up was added to produce the total time of
operation.2/ These figures produced a total average time of twenty hours

and thirty minutes required for operating the existing tanker on an every-

4

1/ Appendix C, Table 5.
2/ Appendix €, Table 4.
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third-day pick-up basis during the peak production period of September.
Therefore, the existing tanker could easily accommodate milk output during
the fall peak production period.

Although somewhat greater demands would be made on the driver, It is
probabie that, by splitting the route, the one man could drive the route
under every-third-day pick-up. Further, the distance of 211 miles Is the
peak distance traveled while the average distance for this frequency of
pick-up Is only 177 miles. This distance (based on an average running
speed of 16.6 m.p.h.) could be covered in eighteen hours and thirty
minutes. This is only thirty minutes more than the time presently

required for operating the tanker on an EOD basis.
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Tabie 5. ~ Investment and Annual Operating Costs for all Route
Producers and Hauler on a Selected Bulk Miik Route -~ -

Every-Third-Day Pick-up, Virginia, 1959%

Producers
Initial investment in tanks, all producers $74,651.00
Costs of cperation:
depreciation® $ 4,976.73
interest® $ 1,866.28
insurance and taxcsd $ 373.26
estimated operating costs (electricity and repair) $ 3,869.00
cleaning® § 885.72
Total annual cost - all route producers $11,970.99
“Hauler
Initial investment in bulk tanker $13,710.00
Cost of operation @ $0.25 per milef $ 5,398.50
Total annual cost for hauling $ 5,398.50

Tota! annual cost of operation ~ storage and hauling

317,369.49

a For a period from January | through December 3!, 1959.

b Depreciation was calculated on the straight line method with fifteen

years estimated life with no salvage value.

¢ Interest was calculated at the rate of 2.5 percent on initial

investment.

d insurance and taxes were caiculated at the rate of 0.5 percent on

initiai investment.

e Labor for cleaning was calculated at the rate of $1.00 per hour.
f Includes all items of cost as follows: interest on investment,
insurance, depreciation, taxes, licenses, fue!, lubricants, repairs,

tires, ilabor.



PRODUCER VERSUS HAULER COSTS

With adjustments in investment and cost of operation for producers
established and presented in Table 3, Table 6 was constructed to Indicate
the total dollar inputs by all route producers and the route hauler for
the three frequencies of storage and pick-up examined in the problem.
Table 6. ~ Projected Total Dollar Inputs under Three Collection

Frequencies - -~ Al! Producers and Hauler on a Selected
Bulk Milk Route, Virginfa, 1959°

Every-day - Every-other-day Every~-third-day

p‘l ck-upP plck-up pick-up®
Producers $10,733.28 $10,770.339 $11,970.99
Hauler §12,045.00 $ 7,686.00° $5,398.50
Total $22,778.28 $18,456.133 $17,369.49

dollar input

Based on actual production from January 1 through December 31, 1959.
Figures taken from Table 4.
Figures taken from Table 5.
Figure taken from Table 3.
Figure taken from Table 1.

eoUTy

The figures in Table & indicate the changes in resource use which
occur when frequency of milk storage and pick-up is extended from every
day to every third day. Dollar inputs of increasing amounts are required
for producer storage as the collection of miik is extended to every third
day. The storage facilities needed to hold miik for third-dey plck-up

involve a substantially greater doilar cost than that cost assoclated
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with elther every-~day or EOD storage. The input schedule reflected in
Table 6 indicates a requirement for dollar input increments (resource
use) of Increasing amounts for producer storage. As frequency of
collection is extended to every third day, additional dollars used for
storage substitute for fewer dollars used for hauling. Table 6 indicates
that, since the size of each increment of dollar input increases as
frequency of storage and collection is extended, thouse doilars used for
storage substitute at a diminishing marginal rate for dollars used for
hauling.

It seems probabie that the rate of substitution just discussed |s
partially due to the substantially larger invesiment and costs associated
with tanks for third-day storage. Many small tanks vary in size by only
a small amount, in some lines by only fifty gallons. Therefore, dairy
farmers may purchase tanks from a selection In which the price
differential is not too great. However, the large tanks produced by most
manufacturers generally differ In size by at least 100 gallons and in some
lines by an even greater amount. Therefore, dairymen faced with the
problem of purchasing large tanks to accommodate third-day storage of milk
might be forced to buy tenks much larger than actually required and would
have to commit dollars for storage capacity which wouid not be used for
some time If at all. For these reasons, as storage is extended and tanks
for storage become larger, each successive increase in tank size brings
forth investment Increments of greater amounts.

From the figures presented in Table 6, the iso-product contour in
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Figure ! was constructed, refiecting a diminishing marginal rate of
substitution of producers' dollars for hauler dollars as frequency of milk
collection is moved from every day to every third day. This substitution
ratic results from the necessity of applying increasingly larger
quantities of dollars to purchase add!tional tank storage Space as
frequency of pick-up Is extended, while, at the same time, inputs of
dollars by the hauler diminish because of decreased cost of operation
assoclated with reduced travel.
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Figure 1 - Iso-Product Contour Reflecting Rate of Substitution Between
Dollar Inputs by Producers and Dollar Inputs by Hauler on a
Selected Bulk Milk Route - - Every-Day, Every-Other-Day,
and Every-Third-Day Storage and Collection, Virginia, 1959.
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SUMMARY

This study was designed to determine the total investment and
operating costs on a selected sample route for all producers and for
the route hauler where storage and collection of milk occured every
day, every other day, and every third day. The study was also designed
to examine the rate at which resources (measured in dollars) used by
grade~A producers on the route studied substitute for resources
(measured in dollars) used by the milk hauler on the same route. The
study was further doilsmd to determine the least-cost method of storing
and moving a given volume of milk from farm to processor or receiving
station through the use of bulk storage and hauling facilities. Finally,
the study was designed to examine the effects on total producers' cost
and on total hauler cost on the sample route by alteration of the
frequency of storage and p!&.k-up. {This information is used to predict
the most economical storage and movement of milk and s used as a guide
in recommending selection of tanks which, when used with other bulk
facilities, will result In the least~cost handling of a given volume
of milk.)

A bulk milk route embracing portions of a three-country area and
involving twenty-two producers was used in this case study. The hauler
operated independentiy rather than as an employee of the milk processor.
The production and hauling period was a twelve-month period from
January | through December 31, 1959.
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With respect to producer costs, storage costs were lowest with
every-day storage and pick-up of milk and increased as frequency of
pick-up was extended to every third day. The greatest Increase in
storage costs occurred when collection frequency moved from every other
day to every third day. Conversely, hauling costs were least with
every~third-day milk pick and Increased consistently as milk was picked
up more frequently. The greatest increase In hauling costs occurred
when frequency of collectlion was shifted from every other day to every
day.

With respect to resource use by producers, It wes determined that
considerable over-investment In storage tanks existed. This was due to
plans for herd expansion, failure to adhere to industry recommendations
in the purchase of tanks, and 2 high degree of seasonality of production.
Average teank utilization for the entire period ranged from as low as
twenty~nine percent to as high as ninety-nine percent, with an annual
average utilization rate of fifty~two percent.

Investment in and utilization of equipment by the hauler was found
to be reasonable end satisfactory in view of the annual volume of milk
moved.

Initial investment in equipment was determined to be a major cost
item for both producers and the hauler. A general over-investment in
producer storage facilities Indicated a lack of advance planning for, and
estimation of, actual storage requirements. This over~investment of

doilars increased the farm-to-market cost of storing and moving a given
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volume of milk.

The least-cost combination for storing and moving the annual output
of milk In the sample area studied was that combination resulting from
every-third-day storage and pick-up. When frequency of collection was
moved to this polnt, the cost to all route producers was greatest.
However, the reduction in haulling costs more than offset the increased
cost for combined route producers so that the least-cost handling of
milk occurred with third-day collection. Therefore, the study Indicated
that the greatest possible economias are assocliated with third-day
storage and collection of milk,

This study determined that dollars used by the combined producers
on the sample route substlituted for dollars used by the hauler at a
diminishing marginal rate when collection frequency was moved to every
third day. This indicated a requirement of Increasingly larger increments
of producars' caplital as frequency of pick-up was extended to every third
day.

In the statement of the problem, optimum tank size was defined as
that size used by each producer which, when used in conjunction with
existing hauling facilitlies under a given frequency of collection, would
result in the least~cost storage and movement of milk from farms to
recelving plant or relay station. Since the study determined that the
least~cost combination in bulk milk handling occurred with every~thirde
day plck-up, it is concluded that, from the standpoint of reducing cost
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and using resources efficlently, the tank sizes used for third-day
storage would be considered more nearly optimum for the sample route
used in this study.
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CONCLUSIONS

Based on the findings of this study, it is concluded that, on the
sample route studied, the size of bulk storage tanks purchased for and
used in conjunction with every-third-day collection of milk would be
optimum as the term is used here. Storage tanks used on this route for
every-third-day pick-up would require a smaller aggregate cost for all
route operations than that required with any other frequency of storage
and collection. From the standpoint of using dollars (and the mms
which they purchase) as efficiently as possible, and from the standpoint
of performing a cowilota. or some phase of, a production function with
a minimun of cost, it is concluded that selection of storage tenks to be
used for three-day storage would be best.

A shift to third-day storage and pick-up on the route studied could
not take place without additional cost to producers. Greater investment
in larger storage tanks would be necessary in some cases. The lower
aggregate cost for third-day pick-up Is largely the result of considerable
savings for the hauler under third-day collection of milk. It snm
logical that, should such a shift in collection frequency occur and if
savings such as those indicated in this study accrue to the hauler, the
hauler shouald be willing to pass some part of these savings along .to
route producers in the form of lower hauling costs. While this would be
desirable, partl‘aularly from the standpoint of the route producers, there
is no assurance that the hauler would pass such savings on to the
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producer.

From the findings of this study, It Is concluded that resources
are not now being used as efficiently as might be possible on the route
studied, This conclusion is based on cost figures which indicate that
the present system of EOD storage and pick-up requires a greater dollar
input than would be necessary under third-day pick-up of milk. The
present method of using dollars under EOD pick-up may be the result of
state health regulations which prohibit the storage of grade-~A milk for
more than fifty-two hours. Other reasons may also exist for the practice

of alternate day collection used on this route,
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APPENDIX A
Production Figures for a Selected Bulk Milk Route, Virginia, 1959



Appendix Table 1, - Monthly Milk Deliveries of all Producers on a Selected Bulk Milk Route,
Virginia, 1959%

Prod-
ucer Jan __Feb Mar Apr _ May Jun Jul Aug  Sep Oct Nov Dec

500 33843 32508 39225 37072 37909 30307 35215 40122 51026 53542 L4599 42143
50L 16762 12757 12253 11090 14972 22905 23406 23908 24027 21181 19537 21793
502 13929 14063 16347 17238 15562 13937 16313 18688 20661 18458 13995 12299
503 21690 20601 27718 35558 33946 30804 29577 28350 33634 32777 26117 25957
50L 21458 18079 19029 22462 21339 21426 24277 27128 33243 30412 22791 20578

505 14361 11356 11303 12908 17732 17469 20478 224,86 22331 20804 18257 17828
506 778, 666L 5862 6560 7547 8199 10701 13202 13418 13676 11798 10329
508 26423 26259 27516 32330 30169 22731 21908 21085 29941 39059 35199 3466k
509 23853 22687 25162 31185 32699 28480 23286 18092 24466 31970 27834 25871
510 20421 16398 18412 22841 22104 22989 20281 17573 15577 23555 23637 22832

511 33401 28659 29206 35438 33804 28960 29166 29373 32133 37893 33954 35179
514 28801 27281 28312 31578 33265 31514 30283 29052 34137 32412 27965 29753
515 22538 20480 18689 22586 24627 21467 22623 23779 28687 28380 23253 24364
517 29785 21669 21818 24380 28157 25657 29737 33817 38652 35573 34694 32770
523 72129 60367 65608 6202, 66926 52813 66204 79595 90788 92030 8196k T6459

524, 20191 16007 17705 22972 23040 18972 23067 27165 33913 35123 29153 28175
507 10097 9781 11314 13064 14917 16967 15112 15505 16206 15900 14316 11916
513 21895 18481 23560 16700 21996 20474 18135 22194 25974 25117 20076 24932
518 23208 11961 11984 17320 21588 15929 19914 11318 11127 19140 22181 23672
519 17901 15972 16957 17740 16195 14340 9529 8141 12608 18634 17063 19576

520 14791 13150 14889 15150 18197 15274 12255 18387 23970 27382 22554, 17386
521 26194 23550 2049k 20550 23201 23729 21158 25226 33159 34832 32156 27172

Totals:
521455 458730 493363 528746 559892 505343 522625 554,186 64,9678 687850 603093 585648

a Expressed in pounds.
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Appendix Table 2, - Seasonality of Production of Producers on a Selected Bulk Milk Route,
Virginia, 19592

Prod-

ucer Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Deec High Low Differential
500 Lb H® 53542 30307 23235
501 L H 32757 11090 21667
502 H L 20661 12299 8352
503 L H 35558 20601 14957
504 L H 33243 18079 15164
505 & H 22486 11303 11183
506 L H 13676 5762 7914
508 L H 39059 21085 17974
509 H L 32699 18092 14607
510 L H 23637 15577 8060
511 L H . 37893 28659 9234
514 L - H . 34137 27281 6856
515 L H 28687 18689 9998
517 L H 38652 21669 16983
523 L H 92030 52813 39217
524 L H 35123 16007 19116
507 L H 16967 9781 7186
513 L H 25974 16700 9274
518 L H 23672 11127 12545
519 L H 19576 8141 11435
520 L H 27382 12255 15127
521 L H 34832 20494 14338

Totals: 722243 4LO7811 314422

a Amounts expressed in pounds.
b Represents low production month.
¢ Represents high production month.



Appendix Table 3, - Average Daily Individual Producer Deliveries of all Producers on a Selected
Bulk Milk Route, Virginia, 19592

dan Feb Mar Apr
Prod- b d
ucer  EVD® EOD® 3RDD

500 1128 2256 3384, 1083 2166 3249 1308 2616 3924 1236 2472 3708
501 558 1116 1674 L26 852 1278 408 86 1224 370 740 1110
502 L6l 928 1392 468 936 1404 5L, 1088 1632 574 1148 1722
503 724, 1448 2172 636 1372 2058 924, 18,48 2772 1186 2372 3558
501 718 1436 2154 602 1204 1806 634 1268 1902 48 1496 224
505 L78 956 1434 378 756 1134 376 752 1128 430 860 1290
506 260 520 780 222 Wb 666 196 392 588 218 436 654
508 880 1760 2640 876 1752 2628 918 1836 2754, 1078 2156 3234
509 796 1592 2388 756 1512 2268 838 1676 2514 1040 2080 3120
510 680 1360 2040 546 1092 1638 61, 1228 1842 762 1524, 2286
511 1114 2228 3342 956 1912 2868 97h 1948 2922 1182 2364 3546
514 960 1920 2880 910 1820 2730 9L, 1888 2832 1052 2104 3156
515 752 1504 2256 682 1364 2046 622 1244 1866 752 1504 2256
517 992 1984, 2976 722 144, 2166 734 1468 2202 812 1624 2436
523 2404, 4808 7212 2012 4024 6036 2186 4372 6558 2068 4136 6204
521, 674 1342 2022 534 1068 1602 590 1180 1770 766 1532 2298
507 336 672 1008 326 652 978 378 756 1134 L36 872 1308
513 730 1460 2190 616 1232 1848 786 1572 2358 556 1112 1668
518 774 1548 2322 398 796 1194 400 800 1200 578 1156 1734
519 596 1192 1788 532 1062 1596 566 1132 1698 592 1184, 1776
gglo 492 l9sa égé hgg 876 1314 490 922 1470 6522 1012 1513

2 7 1572 zgzg 684, 13 1952 1 205
St 173 347 52152 14955 29908 44865 1611, 32128 482,2 17628 35256 5288L
O S

EVD EOD  3RDD EVD EOD _ 3RDD EVD EOD __ 3RDD




Appendix Table 3. - (Continued)

" May Jun Jul Aug
il :
uger . EVD EOD  3RDD EVD EOD 3RDD EVD EOD 3RDD EVD EOD 3RiD
500 1264 2528 3792 1010 2020 3030 1174, 2348 3522 1338 2676 LO14
501 500 1000 1500 764, 1528 2292 780 1560 2340 796 1592 2388
502 518 1036 155, L6l 928 1392 54, 1088 1632 622 1244 1866
503 1132 2264 3396 1026 2052 3078 986 1972 2958 946 1892 2838
504 712 1424 3126 714 1428 2142 810 1620 24,30 904 1808 2712
505 592 1184 1776 582 1164 1746 682 1364 2046 750 1500 2250
506 252 504 756 274 548 822 360 720 1086 L4O 880 1320
508 1006 2012 3018 758 1516 227, 730 1460 2190 702 1404 2106
509 1090 2180 3270 950 1900 2850 776 1552 2328 604, 1208 1812
510 736 1472 2208 766 1532 2298 676 1352 2028 586 1172 1758
511 1126 2252 13378 966 1932 2898 972 1944 2916 992 1984 2976
514 1108 2216 3324, 1050 2100 3150 1010 2020 3030 972 1944, 2916
515 820 1640 2460 76 1432 2148 754, 1508 2262 792 1584 2376
517 938 1876 2814 856 1712 2568 992 1984 2976 1128 2256 3384
523 2230 LL6O 6690 1760 3520 5280 2206 4412 6618 2654 5308 7962
521 768 1536 2304 632 1264 1896 768 1536 2304 906 1812 2718
507 498 992 1488 566 1132 1698 504 1008 1512 516 1032 1548
513 734 1468 2202 682 1364 2046 604 1208 1812 7,0 1480 2220
518 718 1436 2154 530 1060 1590 664 1328 1992 378 756 1134
519 538 1076 1614 Liul4 888 1332 318 636 954, 272 544, 816
520 606 1212 1818 510 1020 1530 wg 816 1224 _g_llé 1?’% 1836
521 1 2322 1 2370 706 1412 2118 1 2520
1'8'% 33% 55974 13% 35% 504,30 17424 338L8 52278 184,90 36980 55470

Totals:




Appendix Table 3, - (Continued)

sSep Oct Hov Dec

Prode
ucer  EVD EOD  3RDD BVD EOD 3RDD EVD EOD  3RDD EVD  ECD  3RDD
500 1300 2600 3900 178, 3768 5352 486 2972 4458 10 2808 4212
501, 800 1600 2400 706 1412 2118 64, 1288 1932 726 1452 2178
502 688 1376 2064 616 1232 1848 166 932 1398 410 820 1230
503 1122 2214, 3366 1092 2184 3276 870 17,0 2610 866 1742 2598
50, 1108 2216 33 1014 2028 3042 760 1520 2280 636 1372 2058
505 744 1488 2232 694 1338 2082 608 1216 1824 594 1188 1782
506 L4L8 896 1344 456 912 1368 394 788 1182 3h4 683 1032
508 998 1996 2994 1302 2604 3906 117, 2348 3522 1156 2312 3468
509 816 1632 2,48 1066 2132 3198 928 1856 278, 862 1724 2586
510 520 1040 1560 786 1572 2358 . 788 1576 2364 762 1524, 2286
511 1072 2144 3216 1264 2528 3792 1132 2264 3396 1172 2344 3516
514 1138 2276 3414 1080 2160 3246 932 1864 2796 992 1984 2976
515 956 1912 2968 946 1892 2838 776 1552 2328 812 1624 2436
517 1286 2572 3858 1186 2372 3558 1156 2312 34,68 1092 218, 3276
523 3026 6052 9078 3068 6163 9204 2732 5464 8196 2548 5096  T6LL
52, 1130 2260 3390 1170 2324 3510 572 114k 2916 940 1880 2820
507 540 1080 1620 530 1060 1540 LbL, 888 1332 398 796 1194
513 866 1732 2598 838 1676 2514 670 1340 2010 832 1664 24,96
518 370 740 1110 638 1276 1914 7,0 1480 2220 790 1580 2370
519 420 8,0 1260 622 12, 1860 568 1136 1704 652 1304 1956
520 aog 1600 2400 9.2.2 1821 2732 752 1504 2252 580 ﬁg l?kg
521 110 2212 18 1162 232 8 1072 21 21 906

2125, 42508 6;327'35 22932 :.Zo%‘% s%%.?l 1 3—%932 60192 1952, 39058 53572
Totals:

a Expressed in pounds.,

-EA-



Appendix Table 3, - (Continued)

Deliveries with every-day pick-up.
Deliveries with every-other-day pick-up.
Deliveries with every-third-day pick-up.
Procedure for computing:
(1) Each producer's monthly production was divided by 60 to obtain average pounds per

o a0¢

milking,.
(2) Resultant in (1) was multiplied by factors of 2, 4, and 6, to obtain average daily
deliveries for every day, every other day, and every third day, respectively.

-l -
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APPENDIX B

Producer Facilities, Investment, and Costs for a Selected Bulk Milk
Route, Virginia, 1959
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Appendix Table 1, - Existing Storage Tanks and Storage Requirements - -
All Producers on a Selected Bulk Milk Route,
Virginia, 19592

Minimum tank Existing
Present EOD Present available surplus
Prod- Tank Tank storage tank for EOD storage

ucer make type reqq;remsntsb size storage capacity
500 Esco  IB® 498 425 500 -63
501 Esco IB 223 425 350 #120
502 Esco IB 192 300 200 #108
503 Esco 1IB 331 425 350 #94
504 Esco  IB 309 500 3504 #191
505 Kraft IB 209 330 24,0 £L21
506 Esco IB 127 200 150 £13
508 Moj®  DEf 363 425 400 #62
509 Unico DE 304 400 400 #£96
510 D-Kool IB 220 300 250 #80
511 D-Kool 1B 353 300 40O =52
514 Esco IB 318 300 350 ~18
515 Kraft IB 267 330 300 463
517 Esco IB 359 425 425 #66
523 Esco IB 856 1000 1000 #A1hk
52, Esco 1B 324 350 350 #26
507 D-Kool IB 158 250 200 £92
513  D-Kool IB 242 300 250 #58
518  D-Kool IB 220 250 250 £30
519  D-Kool IB 182 250 200 £68
520 Esco IB 259 L75 300 £216
521 D-Kool 1IB 324 300 400 -2l
a Expressed in gallons.

b Based on peak month production plus twenty percent reserve capacity.
¢ Denotes ice-bank type cooler.

d Data unavailable for Kraft equipment - this is an Esco tank.

e Abbreviation for Mojonnier Bulk Milk Cooler.

f Denotes direct expansion type cooler.

g Abbreviation for Dari-Kool Bulk Milk Cooler.

i Data unavailable for Kraft ecuipment - this is an Esco tank.



Appendix Table 2. - Producer Storage Facilities and Investment on a Selected Bulk Milk Route,
Virginia, 1959

~ Every-Day Pick-up Every-Other-Day Pick-up Every-Third-Day Pick-up

£3) I8 {8 T i (ONOEONENC)) (10) (11) (12) (13)
Req Pres Req

Prod- Str® tank Tank Str tank Tank Str tank Tank
ucer req size cost H.P.b req size cost H.P. req size cost H.P.
500 248 300 $2497 1-1/2 498 425 $3102 1 46 800 $422l, 2
501 112 150 $1761  3/L 223 425 $3102 1 335 no change $3102 1
502 96 100 $1417 1/2 192 300 $2594 1 288 no change $2594 1
503 165 200 $2161 1 331 425 $3102 1 497 500 $3514 1-1/2
504, 155 200 $2161 1 309 500 $3628 1-1/2 464 475 $3358 1-1/2
505 105 150 $1761 3/h 209 330 $2716 1 314 no change $2716 1

506 64 100 $1417 1/2 127 200 $2161  3/4L 191 no change $2161  3/4

508 182 250 $2022 1-1/2 363 425 $2462 2 545 545 $282, 3
509 152 160 $1608 1-1/2 304 400 $2571 2 L56 500 $2924 3
510 110 150 $1907 1/2 220 300 $2270 1 330 400 $3182 1
511 176 200 $2247 3/4 353 300 $2770 1 529 650 $4015 1
514 159 200 $2161 1 318 300 $2594 1 476 500 $3514 1-1/2
515 133 150 $1761  3/L 267 330 $2716 1 LOO 425 $3102 1
517 179 200 $2161 1 359 425 $3102 1 538 650 $3980 2
523 428 475 $3472 2 860 1000 $4783 3 1284 1-1000gal®$4783 3

_ 1- 300gal $2497 1
524, 163 200 $2161 1 324 350 $2741 1 490 500 $3514 1-1/2
507 79 100 $1550 1/2 158 250 $2451  3/h4 237 no change $2451  3/i
513 121 150 $1907 1/2 242 300 $2770 1 363 40O $3182 1
518 110 150 $1907 1/2 220 250 $2451  3/4 331 400 $3182 1
519 91 100 $1550 1/2 182 250 $2451  3/h 273 300 $2745 1

520 127 150 $1761 3/L 255 475 $3472 1-1/2 382 no change $3472 1-1/2
521 162 200 _$2247 3/h 324 300 $2770 1 L86 500 $3615 1-1/2

Total
investment: $43,597 $63,278 $74,651 .
a Denotes storage requirements in gallons.
b Denotes horsepower.
¢ Least-cost combination is obtained with the two tanks and associated prices indicated.
d Procedure for computing:

(1) —-average daily production during peak production month (taken from Table 3, Appendix A)
served as base figures for computing - - to each figure, twenty percent (reserve capacity)
was added for every-day, EOD, and every-third-day pick-up.

(2) resultant in (1) above was divided by 8.6 (pounds of milk per gallon) to convert to
storage requirements in gallons.
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Appendix Table 3. - Average Operational Cost of Storage - - All
Producers on a Selected Bulk Milk Route, Virginia,

1959

) (2) (3) (L) (5) (6)

Average Actual prod~ Projected Pro jected

production Cost per wucer cost - producer producer
Prod- for every- b hundred every-day cost ~ EOD cost - 3rd
ucer day pieck-up - pounds pick-up pick-up day pick-up
500 1200 045 54 1,08 1.62
501 700 .062 b3 .86 1.29
502 500 O74 37 Th 1.11
503 900 .061 55 1.10 1.65
504 800 .068 5l 1.08 1.62
505 600 073 olidy .88 1,32
506 300 123 «37 oTh 1.11
508 1000 +055 55 1,10 1.65
509 900 061 <55 1.10 1.65
510 700 062 43 .86 1.29
511 1000 055 «55 1.10 1.65
51l 1000 055 55 1.10 1.65
515 800 .068 5k 1.08 1.62
517 1000 .055 «55 1.10 1.65
523 24,00 021 «50 1.00 1.50
524 800 068 o 54 1.08 1.62
507 500 074 37 oTh 1.11
513 700 062 oA43 .86 1,29
518 600 073 oy .88 1.32
519 500 074 37 oTh 1.11
520 600 073 oy .88 1.32
521 900 061 55 1,10 1.65
Total cost per collection

period $10.60 $21.20 $31.80

a Procedure for computing:
(1) Producer annual production divided by 365 to obtain average
pounds produced daily
(2) Daily pounds produced multiplied by cost per hundred pounds
to obtain actual producer cost per day
(3) Resultant in column (4) sbove multiplied by factors of two
and three to project storage costs for every-other-day and
every-third-day pick-up, respectively.
b Average daily production rounded to nearest hundred pounds to conform
to the cost scale used.



Appendix Table 4. - Annual Average Rate of Storage Tank Utilization = =
All Producers on a Selected Bulk Milk Route,
Virginia, 1959%

() (2) 3) (&) (5)
Average
Total production
annual for EOD Annual average rate
Producer __ production® pick-up Tank size of tank utilization
500 447501 24,52 425 67%
501 244,951 1342 425 37%
502 194490 1066 300 L1%
503 345729 1894 425 52%
504 282222 1546 500 36%
505 207313 1136 330 4O%
506 115740 634 200 32%
508 34728, 1904 425 52%
509 315595 1730 400 50%
510 24,6620 1352 300 52%
511 387166 2002 300 4%
514 354353 1942 300 75%
515 281473 1542 330 54%
517 356708 1984 L25 5hk
523 866907 L4750 1000 55%
524, 295483 1620 350 54%
507 165095 904 250 L2%
513 259534 1422 300 55%
518 209342 1148 250 53%
519 184756 1012 250 L7%
520 213385 1170 475 29%
521 311417 1706 300 99%
Total 6,633,054 c

a Procedure for computing:
(1) producer annual production was divided by 365 to obtain
average pounds produced daily
(2) resultant in (1) multiplied by a factor of two to obtain
the average pounds stored for EOD pick-up
(3) resultant in (2) was divided by 8.6 (pounds of milk per
gallon) to convert resultent in (2) to gallons
(4) resultant in (3) was divided by individusl producer's
tank size to obtain the average rate of utilization.,
b Expressed in pounds.
¢ Average rate of utilization - 52 percent.



APPENDIX C

Operational Times and Load Schedules for the Hauler on a Selected
Bulk Milk Route, Virginia, 1959



Appendix Table 1. - Load Table - - Every=Other-Day Pick-up on a Selected Bulk Milk Route, Virginia, 19592

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
mil- mil- mil- mil- mil- mil- mil- mil- mil-
Prod 1lbs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs eage
520 984 520 876 520 980 520 1012 520 1212 520 1020 520 816 520 122}, 520 1600 520 1824 520 1504 520 1160
513 1460 513 1232 513 1572 513 1112 513 1468 513 1364 513 1208 513 1480 513 1732 513 1676 513 1340 513 1664
521 1748 521 1572 521 1368 521 1372 521 1548 521 1580 521 1412 521 1680 521 2212 521 2324 521 2144 521 1812
507 672 507 652 507 756 507 872 507 992 507 1132 507 1008 507 1032 507 1080 507 1060 507 888 507 796
500 2256 500 2166 500 2616 500 2472 500 2428 500 2020 500 2348 500 2676 500 2600 500 3768 500 2972 500 2808
o 132 G0 5o 1068 G0 5o 110 G0 5on 132 G0 5on 1536 G0 3o 136k 60 o013k 0 s islo G0 ASHE D ABB s ilki 60 354 1080 60
1
13270 11590 1281, 1‘2‘% 137hk 11900 12740 15212 153 15218
506 520 506  Lik 506 392 506 436 506 504 506 548 506 720 506 880 506 896 506 912 506 788 506 688
501 1116 501 852 501 816 501 740 501 1000 501 1528 501 1560 501 1592 501 1600 501 1412 501 1288 501 1452
509 1592 509 1512 509 1676 509 2080 509 2180 509 1900 509 1552 509 1208 509 1632 509 2132 509 1856 509 1724
514 1920 514 1820 514 1888 514 2104 514 2216 514 2100 514y 2020 514 1944 514 2276 514 2160 514 1864 514 1984
502 928 502 936 502 1088 502 1148 502 1036 502 928 502 1088 502 124, 502 1376 502 1232 502 932 502 820
503 1448 503 1372 503 1848 503 2372 503 226l 503 2052 503 1972 503 1892 503 2244 503 2184 503 1740 503 1742
508 1760 508 1752 508 1836 508 2156 508 2012 508 1516 508 1460 508 1404 508 1996 508 2604 508 2348 508 2312
505 936 505 756 505 752 505 860 505 1184 505 1164 505 1364 505 1500 505 56 505 l% 56 505 1216 505 1188
511 2228 511 1912 511 1948 511 l% 60 511 2252 60 511 1932 511 1944 511 1984 13 511 22 60 511 234 60
515 1 515 1 515 1 - JR{? 515 1432 60 5151508 60 515 158, 60 13% 14254
134 12720 134 15100 15188 15232
523 .. 523 . 523 . 523 . 523 1100 523 e 523 .
524 . 52 .. 52 .. 52l 2260 52k 2324 52, .. 52L e
517 198l 517 1hhh, 517 1468 517 162; 517 1876 517 172 517 19 517 2256 517 2572 517 2372 517 21 517 21
510 1360 510 1092 510 1228 510 1524 510 1472 510 1532 510 1352 510 1172 510 1040 510 1572 510 1524 510 1524
518 1548 518 796 518 800 518 1156 518 1436 518 1060 518 1328 518 756 518 740 518 1276 518 1480 518 1580
519 1192 519 1064 519 1132 519 1184 519 1076 519 888 519 636 519 5hb 519 840 519 1244 519 1136 519 1304
05000 1a 35 v 48 33 s k8 M3 Lok 43 NS 1IN0 ks 3 se M NS b8 AL A8 S )2 se A .. L .
515 [ X 515 [ X ] 5 e 5 1 [ X 3 s e (A e o0
7520 > 588, 8924 920 53 51511 12 55 1LLdd, 515 ;39 L8 515 1}.28 L8
515 lgg 0
Mileage 1892
totals: 168 168 168 168 168 164 167 168 168

a Amounts expressed in pounds.



Appendix Table 2. - Load Table - - Every-Day Pick-up on a Selected Bulk Milk Route, Virginia, 19592

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
mil- mil- mile- mile mil- mil- mil- mile mile mil- mile mile
Prod 1bs eage Prod 1lbs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs ecge Prod 1bs eage Prod 1lbs eege Prod lbs eage
520 492 520 438 520 490 520 506 520 606 520 510 520 408 520 612 520 800 520 912 520 1752 520 580
513 730 513 616 513 1786 513 556 513 734 513 604 513 604 513 838 513 866 513 838 513 670 513 832
521 874 521 786 521 684 521 686 520 T7h 521 790 521 1706 521 840 521 1106 521 1142 521 1072 521 906
507 336 507 326 507 378 507 436 507 498 507 566 507 504 507 516 507 540 507 530 507 L4L4 507 398
500 1128 500 1083 500 1308 500 1236 500 1264 500 1174 500 1174 500 1338 500 1300 500 1784 500 1486 500 1404
- 523 24,04 523 2012 523 2186 523 2068 523 2230 523 1760 523 2206 523 2654 523 3026 523 3068 523 2732 523 2548
525 674 524, 534 524 590 524 766 52, 768 524, 632 524, 1768 52l, 906 524 1130 524 1170 524, 572 52h 940
517 992 517 1722 517 T34 517 81z 517 938 517 856 517 992 517 1128 517 1286 517 1186 517 1156 517 1092
510 680 510 546 510 614 510 762 510 736 510 766 510 676 510 586 510 520 510 786 510 1788 510 762
518 774 518 398 518 400 518 578 518 718 518 530 518 664 518 378 518 370 518 638 518 740 518 790
519 596 519 532 519 566 519 592 519 538 519 L4k 519 318 519 272 519 420 519 622 519 568 519 652
504 718 504 602 504 634 504 748 504 712 504, T14 504 810 504 904 504 1108 504 1014 504 760 504 686
506 260 506 222 506 196 506 218 506 252 506 274 506 360 506 440 506 448 506 456 506 394 506 3i4
501 558 501 426 501 408 501 370 501 500 501 764 501 780 501 796 501 800 501 %06 90 501 644 501 726
509 1796 509 756 509 838 509 1040 509 1090 509 950 509 776 509 604 509 816 112 509 928 509 862
514 960 514 910 514 94k 514 1052 514 1108 5L 1050 514 1010 514 972 11,536 514 932 514 992
502 464 502 468 502 544 502 574 502 518 502 464 502 54l 502 622 509 1066 502 127 502 _410 127
503 724 503 686 503 924 503 1186 503 11 127 503 1026 503 986 503 ghé 127 514 1138 514 1080 15104 14924
508 880 127 508 876 508 918 508 1078 127 1511 508 758 508 730 127 15254 502 688 502 616
15040 505 378 505 376 15 505 127 1501 503 1122 503 1092 503 870 503 866
511 956 511 _974 127 508 1006 1512 508 702 508 998 508 1302 508 1174 508 1156
505 478 515 682 127 992 505 430 505 592 : 505 682 505 750 505 ThL 505 694 505 608 505 5%
511 1114 14955 ‘2 511 1182 511 1126 : 511 962 511 972 511 992 . 511 107% 511 1262 511 1132 511 léKZ
515 _752 3 515 2 0 515 3 515 _820 515 385 3 515 515 i9 515 . 9 3% A5 15 515 2 15
234 5s .. 622 52%3 ait' 354k ‘1‘& 521.%3 32 F% ﬁ A 1,600
Mileage
totals: 130 127 127 130 133 130 130 133 3 125 L2 12

a Amounts expressed in pounds.
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Appendix Table 3. - Load Table - = Every-Third-Day Pick-up on a Selected Bulk Milk Route, Virginia, 1959°

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov “Dec
mil- mil- mil- mil- mil- mil- mil- mil- mil- mil- mil- mil-
Prod 1lbs eage Prod 1bs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod 1lbs eage Prod 1bs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs eage
520 1476 520 1314 520 1470 520 1518 520 1818 520 1530 520 1224 520 1836 520 2400 520 2736 520 2256 520 1740
513 2190 513 1848 513 2358 513 1668 513 2202 513 2046 513 1812 513 2220 513 2598 513 2514 513 2010 513 2496
521 2622 521 2358 521 1952 521 2058 521 2322 521 2370 521 2118 521 2520 521 3318 521 3486 521 3216 521 278
507 1008 507 978 507 1134 507 1308 507 1488 507 1698 507 1512 507 1548 507 1620 507 1590 507 1332 507 1194
5522 2800 53 5522 321.21229 53 202(3) Zé_lﬁgu 53 552(3) 37028 53 552(3) 3?2 53 ggg 2806 53 Ssgg 3232222 53 ggg m}gah 53 % 2900 53 5001 ” 552(3) “22053 53 ggg hilzg 53
1% 15480 15480 1 1%11% 1 15480 15480 1 15480 1%5
500 192
523 2412 523 303 .523 1916 523 98l 523 2832 523 474 523 1326 523 4620 523 Th34 523 Th34 523 5988 523 4521
524 2020 521, 1602 524 1770 52l 2298 524 2304 521, 1896 524 2304 52, 2718 524 3390 524 0 45 524 2916 521, 2820
517 2976 517 2166 517 2202 517 2436 517 2814 517 2568 517 2906 517 3384 517 ﬁ 45 1 517 3468 517 3276
510 2040 510 1638 510 1842 510 2286 510 2208 510 2298 510 2028 510 1758 510 g% Li 510 2286
518 2322 518 1194 518 1200 518 1734 518 2154 518 1590 518 1992 518 1134 517 3558 147 518 2 Ll
519 1788 46 519 159 519 1698 519 1776 519 1614 46 519 1332 519 954 519 816 46 510 1560 510 2358 1527
1355 50l 1806 504 1902 50l 2241, - 1392 504 2142 504 2430 11430 518 1110 518 1914 518 2220
506 656 506 588 506 6 64 506 822 506 1086 6L 519 1260 519 1860 519 1704 519 1956
504 2154 501 1278 501 12% 6l m’% 504 2136 501 2292 64 15026 504 2712 504, 3324 504 3042 504 2280 504 2058
506 780 503 2058 77 143 506 756 154114 506 1320 506 1344 506 1368 65 506 1182 506 1032
501 1674 14307 501 1110 501 1500 501 2340 501 2388 501 2400 1ﬁ_oo 501 1932 501 2178
503 2172 503 2772 503 3558 503 3396 503 3078 503 2958 503 2838 503 6 T3 503 2610 503 2598
502 1392 502 1404 502 1632 502 1722 502 1554 502 1392 502 1632 502 1866 1. 501 2118 502 1398 72 502 1230
514 2880 514 2730 514 2832 514 3156 514 3324 56 514 3150 514 3030 514 2916 56 503 3276 1332 514 2976 Th
509 2383 61 509 2268 509 2514 509 &% 42 1%%& 509 2850 509 2328 14040 502 2064 502 1848 12%3
13440 508 2628 508 2754 508 2274 508 21 L6 514 3414 514 3246 514 2796
505 1134 505 1128 34 509 3270 505 12% 34 1447 509 1812 509 2448 509 8 41 509 2784 509 2586
508 2640 511 2868 13632 508 3234 508 3018 14 508 2106 508 2994 1 508 3522 508 3468
505 1434 515 20, 28 505 1290 505 1776 505 2046 505 2250 505 2232 37 505 1824 505 1782
511 3342 é 1507 511 23226 511 3546 ¢ 511 ﬁg " 511 2898 511 gz.’zg 515115 2972 26 13151 ggg Zoﬁ 511152322% 33 ;112; 3&5252 o
515 22 515 1 3 515 22 515 26 515 21 3 85 3
72 L788 103 13902 "ﬁso 7221, ﬂ% 55:1% 23?63 ! ,’,{} gg9§ G o 13788
608, 1'2'53 '2'5232
Mileage
totals: 166 138 154 165 18l 164 148 18l 21 20 202 197

a Amounts expressed in pounds.



Appendix Table 4. ~ Average Farm-Stop Time of the Hauler on a Selected Bulk Milk Route, Virginia,

1959%
‘Every-Day Pick-up Every-Other-Day Pick-up __ Every-Third-Day Pick-up
) (2 (3) W) (5 (6) (D (8 (9 @o) (1) (12) (13)
Total Total Total
Fixed Var. time Fixed Var, time Fixed Var. time

Prod- Gals. time tinsd per Gals. time time per Gals, time time per
ucer pumgedb opr. opr., stop pumped opr., opr. stop pumped opr, opr. stop

500 286 9.0 5.7 14.7 572 9.0 1l.4 20.4 758 9.0 15.0 24,0
501 78 9.0 1.6 10.6 156 9.0 30 12,0 234 9.0 L7 13.7
502 62 9.0 1.2 10,2 124 9.0 2,5 11.5 186 9.0 3.7 12.7
503 110 2.0 2.2 1.2 220 9.0 Loly 13.4 330 9.0 6.6 15.6
504 90 9.0 1.8 10.8 180 9.0 3.6 12.6 270 9.0 5.4 1h4.4
505 66 9.0 1.3 10,3 132 9.0 2,6 11.6 198 9.0 4.0 13.0
506 ¥ 955 .7 9% 7% 90 1.4 10,4 308 90 2.0 1.0
508 110 9.0 2,2 11,2 220 9.0 Loty 13.4 330 9.0 6.6 15.6
509 100 9.0 2,0 11,0 200 9.0 4,0 13.0 300 9.0 6.0 15.0
510 78 9.0 1,6 10.6 156 9.0 3.0 12.0 234 9.0 L5 13.5
511 124 9.0 2, 11,5 248 9.0 5.0 14.0 372 9.0 7.4 16.4
m 1l2 900 202 ll.z 2210 9'0 ‘0-05 1305 336 900 607 15-7
515 90 9.0 1.8 10.8 180 9.0 3.6 12,6 270 9,0 5.4 1lh.lh
517 114 2.0 2,3 11.3 228 9.0 L.6 13,6 342 9.0 6.8 15.8
523 276 9.0 5.5 14,5 552 9.0 11.0 20.0 828 9.0 16.6 25.6
524 9L 9.0 1.9 10,9 188 9.0 3.8 12,8 282 9.0 5.6 14.6
507 51 %.0 1.0 10.0 102 9.0 2,0 11,0 156 9.0 3.0 12.0
513 84 9.0 1.7 10.7 168 9.0 3.4 12,4 252 9.0 5.0 14.0
518 66 2.0 1.7 10.3 132 9.0 2,6 11.6 198 9.0 L.0 13.0
519 60 9.0 1.2 10,2 120 9.0 2.4 11.4 180 9.0 3.6 12.6
520 68 9.0 1l.4 10.4 136 9.0 2.7 11.7 204 9.0 4.0 13.0
521 50 2.0 1.0 10.0 100 9.0 2.C 11.0 150 9.0 3.0 12.0
Total average
stop time: 3 hours, 59.0 mins. 4 hours, 46.0 mins. 5 hours, 26.0 mins.

a Yearly average stop time for moving milk to receiving station under each frecuency of
pick-up.
b Columns (2), (6), and (10) computed as follows:
(1) days of the year multiplied by a factor of 2 to obtain the figure of 730
(2) each producer's yearly output (Table 3, Appendix A) was divided by 730 to provide
the average pounds per milking
(3) number of pounds per milking were divided by factor of 8.6 (pounds of milk per gallon)
to obtain the number of gallons per milking
(4) the resultant in (3) above was multiplied. by factors of 2, 4, and 6 to obtain the
average number of gallons pumped for each producer per trip for every-day, EOD, and
every-third-day pick-up.
¢ Columns (3), (7), and (11) computed as follows:
(1) operations were observed and timed at the farm with a range of from seven to eleven
minutes
(2) average time for fixed operations esteblished at 9.0 minutes per farm stop.
d Columns (4), (8), and (12) were computed by dividing the figures in columns (2), (6), and
(10) by a factor of fifty (gallons per minute pumping capacity)
e Columns (5), (9), and (13) were computed by adding columns ( {(L), (7)(8), and (11)(12) for
each producer,

-gs-
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Appendix Table 5. - Receiving Station Unload Time under Every-Day,
Every-Other~Day, and Every~Third-Day Collection
of Milk on a Selected Bulk Milk Route, Virginia,

1959
Every-Day pick-up Every-0Other-Day Every-Third-Day
pick-up pick-up
Load Unloag Load Unload Load Unload
number time number time number time
1 35 1 32 1 36
2 8 2 33 2 34
. o 3 20 3 32
Total unload
time per
collection 43 minutes 1 hour, 25 minutes 2 hours, 23
minutes

a Procedure for computing:
(1) total was determined for the average load hauled each month
(Appendix C, Table 1)
(2) resultant in (1) was divided by twelve to obtain an average
hauled for each load
(3) the average in (2) above was divided by 8.6 (pounds of milk
per gallon) to convert to gallons hauled
(4) number of gallons was divided by fifty (gellons per minute
pump capacity) to determine the average unload time for each
load with every-day, every-other-day, and every-third-day
pick-up.
b Time is expressed in minutes.



ABSTRACT

This was a case study of a selected sample buuc ol 1k route embracing
twenty-two Vtrxlah grade-A milk producers and the hauler who served them,
The study cmimd aurqatc investment and costs associated with every-
other-day storage and col hctton of milk pmmt.ly practiced on tho route
studied. On the mn of data collected, projections were made of
investment and costs asmht«! with ‘wn-m and every-third-day storage
and collection of milk, md comparisons were then made of the -fﬂctmy
of resource use mdor the thm froqumcus of milk storage and pick-up.

Producer cost for storage was least with mry-dly storage md
collection. Transportation cost was vhwn,at under this fr-qucncy of
collection. As frequency .of collection was uw to mry-m’trd-m.
producers' investment and costs increased, mlllo investment and costs
associated with hauling decreased. The reduction in hwﬂm costs
was greater than the increase in producer storage cost so that aggregate
cost was minimized under this frequency of storage and collection. From
the standpoint of eggregete resource comni tment, third-day storage and
collection was found to be tho most economical onl the route studied.

Existing Investment and costs for hauling were found to be
reasonable and compared favorably with costs of siniler equipment in
other areas of the grade-A dairy industry; however, storage costs were
unnecessarily high because of ms storage tank capacity.
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