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INTRODUCT ION

Bulk milk assembly is one of the more important changes in the dairy
industry since 1940, It is increasing in importance in Oklahoma as well
as in other areas of the United States and the rate of adoption of this
new technigque has been very rapid. It has been estimated that in 1958,
bulk milk shipments will exceed can shipments in all U.S. Federal Order
markets .

In Oklahoma, the bulk milk tank truck is rapidly displacing the con-
ventional can milk truck, The first farm bulk tank truck was used in
1954, By 1957 bulk tamk trucks were picking up milk from some producers
in each ma jor Oklahoma milkshed.

The transportation of bulk milk grew from the conventional can type
transportation. Consequently, methods which were familiar in conventional
can type transportation were utilized in the hauling of bulk milk. This
created many new problems. One of the major problems is an equitable
pricing system. A second major problem concerns the efficiency with
which the milk is hauled from the producer to the processing plant., Other
problem areas include sanitation, quality, and ecomnomic relatinnships,l

This study is concerned primarily with the cost and pricing problems

of bulk milk transportation which face the producers and cooperative

dustry, Pennsylvania University Agricultural Experiment Station Paper
No, 2053 Journal Series (University Park, Pennsylvania, May, 1956) p. 20,



officials of the Central Oklahoma Milk Producers Association., Cost and
pricing information obtained from this study may be useful in indicatimng
the means whereby effi@iéncies may be made in the bulk milk tramspertation
service for producers and firms im Oklahoma, The specific areas under
consideration are:

1. The costs incurred im the transportation of milk umder varying

'@@mditi@ns;
2, Alternative and equitable pricimg systems for the service of

bulk milk tramsportation.



BULK MILK ASSEMBLY
Development of Bulk Milk Assembly

United States

The use of enclosed tanks for bulk milk pickup at the farm is omne
of the ma jor changes which the dairy industry has undergone during the
past cemtury, This method of milk assembly was introduced in California
in 1939. The change has occurred during an era of improved breeding of
cattle, better methods of herd management, more emphasis on quality con-
trol and improvement in the distribution and marketing of milk., The bulk
milk industry has become important not only to producers, but to handlers
and haulers of milk, bulk tank manufacturers and dealers, processing
plants and trucking industries in all parts of the United States,

Conservative estimates show that there has been a major increase in
bulk milk shipping during the past few years. A mail survey by Cowden
covering the entire United States, except California and Florida, indi-
cated that the milk producers and milk receiving plants were continuing
to comvert to bulk tank operations at a rapid rate.l The estimated number
of bulk milk shippers was 17,720 in March, 1955 as compared with 6,150 in
May, 1953. This indicates that there was an increase of approximately

188 percent in the number of bulk tank shippers in less than two years.

lJoseph M. Cowden, Bulk Milk Handling in 1955, United States Depart-
ment of Agriculture Farmer Cooperative Service General Report 22 (April,
1956), pp. 1-4 and 27,



The survey indicated that the average bulk milk shipper sent 846 pounds
of market milk daily to the market. The average can shipper sent 459
pounds of milk daily. This would indicate that there was a direct re-
lationship between the size of operation and use of bulk tanks., Approxi-
mately the same relationship held for ungraded milk where the average
bulk tamk producer shipped 505 pounds of milk daily and the can producer
shipped 249 pounds of milk ‘daily. Bulk producers comstituted 19.1 per-
cent of the total number of producers and shipped 30.4 percent of the
milk, Can producers totaled 80.9 percent of all producers but shipped
only 69,6 percent of the milk,

The majority of the bulk milk was hauled in bulk trucks owned
either by contraét haulers or by the dairy plants receiving the milk.

Some milk was hauled by trucks owned by cooperative bargaining associa-
tions. There were 231 firms which reported a total of 600 trucks operat-
ing in bulk milk hauling. The alternate or every-other-day pickup was the
dominant practice in the Pacific Northwest, West North Central, and New
England states. The East North Central states, in the vicinity of
Chicago, were on a daily route basis because of the regulations imposed

by the Chicago market area,

Each bulk tank truck hauled an average of 1.36 loads of milk per day.
This meant that about one-third of the trucks were hauling more than a
load per day since some trucks were on an alternate day basis.

Producers delivering bulk milk to the reporting firms were paying
substantially lower average hauling rates than producers shipping in cans,
In addition, bulk milk producers generally received premiums for the bulk

milk over the comparable grade in cans. The major reason for the lower



hauling rates was that the producers using bulk services were large, low-
hauling-cost producers. The practice of charging producers a flat rate for

hauling was more common for bulk than for cans,

Oklahoma

Bulk tank usage has increased tremendously in Oklahoma since the date
of the first installation on June 5, 1954. At the close of 1956, there
was a total of 402 milk producers shipping bulk tank milk. These pro-
ducers shipped bulk milk to three centers within the state,

The first firm to inmitiate bulk milk operations was Bolton's Dairy
at Chickasha, The first bulk tank in this milkshed was installed Jume 5,
1954, and producers were encouraged to change to the bulk tank, The mar-
ket was small and producers made the change very quickly. During the
month of Jume, 1954, 68,590 pounds of milk were shipped. Within four
months the Boltomn's Dairy received milk from bulk milk producers omly,

By December, 1956 a total of 435,165 pounds of bulk milk was received,
The total bulk milk receipts for 1956 amounted to 4,724,556 pounds
(Appendix Table I).

The Central Oklahoma Milk Producers Association began bulk milk
pickup operations in the Oklahoma City milkshed on May 7, 1955. The
trend toward increased use of bulk tanks was sharply upward and as of
December 31, 1956 about 263 producers owned bulk tanks, During the month
of December, 1956, 19,37 percent of nil producers shipped 32.49 percent
of all milk handled in the Oklahoma City milk marketing area. This rep-
resented 5,911,337 pounds of bulk milk out of a total of 18,195,269 pounds
of milk, The annual totals indicated that bulk milk represented 12.32
percent or 46,732,376 pounds out of a total of 201,824,343 pounds

(Appendix Table II).



Data obtained from the Pure Milk Producers Association of Eastermn
Oklahoma indicated that as of December 31, 1956 about 195 producers owned
bulk milk tanks, »Ihis represented 8,31 perceht of all the producérg witﬁv
in the milkshed amd 17.44 percent of the milk. Only seven months ear};er,
producers delivered 1,258,763 pounds of bulk milk, or 6.27 percent of all
milk delivered im the milkshed., Eight month tetals indicated that |
17,068,709 pounds or 11.8 percent of all milk was bulk milk {Appendix
Table ILI),

The comsolidated déta for the three markets imdicate that the bulk
tank industry has made a tremendous growth in approximately twe an@ban@=
half years. During December, 1956, 402 producers were shipping 9,650,276
pounds of bulk milk. This was 25.70 percent of all milk marketed., As
an average for the p@ri@d-Juneys, 1954 to December 31, 1956, about 17.67
percent of all the milk markéted in the combined markets ovahi@kasha,
Oklahoma City and Tulsa was buik milk (Appendix Table IV).

All of the bulk milk shipped in these markets was hauled im trucks
owned by the Asseociatioms and the dairy, The every-other=-day pickup
was the common practice although there were certain times when it was
necessary that more tham @né route per day or every-day pickup be dene.
This was the @xc@pﬁi@m rather than the ruleol

Producers served by the Central Oklahoma Milk Producers Association
were paying a flat rate of 25 cents per hundredweight for the peried
May, 1955 to April 1, 1956, This rate was used regardless of the
distance from the processing plants or from the Association headquerters,
However, after April 1, 1956 zone pricing has been used in the establish-

ment of tramspertatiom rates for milk from grade A producers,



Cooperative Bulk Milk Assembly in Oklahoms

The Central Oklahoma Milk Producers Association consists of many)
producers banded together to form a "bargaining cooperative.” The primary
function of this Association is to obtain "acceptable prices" for the
£luid milk through bargaining with the individual processing plants.
However, the Association 2lso performs a limited number of marketing
functions characteristic of a marketing and purchasing cooperative,

One functiom that the Association may perform for a producer is to
increase marketing efficiency. Efficiency may be defined as any act
which will increase services rendered at the same cost or decrease the
costs for the same services rendered. Larsom states:

Society is interested in having the total of marketing
and other production costs at a minimum within some limits,
Before socliety cam get these low costs, however, it is neces-
sary that imdividuasl marketing firms operate effectively.
There is, therefore, a continual effort on the part of market-
ing as well as other business firms to reduce costs of providing
present services, by such means as increasing volume so as to get
the benefits of decreasing per unit costs, and bringing about
@ better combipstion of factors of production used., The firms
practicing these measures tend to locate in areas that permit
them to operate at the lowest costs, for if they did not,
other firms might do s0 and thereby gain competitive advantage.
The individual firm, conmsidering all these costs, temds to
operate at & point where marginal costs are equal to margimal
revenue - where the extra total cost of doing an extra unit of
business is equal to the extra total revenue received,

Costs of marketing firms are reflected to consumers or
society in varying degrees. Under highly competitive con-
ditions, consumers will get goods near the cost level. Under
monopolistic conditions, however, this will probably not be
true, because of monopolistic profits, failure to adopt
efficient practices, and failure to provide goods and services
most wanted., Even a monopolist, however, reflects part of the
cost savings he makes to society in his effort to maximize his
profitsuz

gAdlowe L. Larson, Agricultural Marketing, New York: Prentice-Hall,
Inc., 1951, pp. 391-392.




The technological development of bull tanks has permitted the Asse-
slation to sxpand the sres in which operations may rcuulﬁ in increased
sfficiency, Applrtnﬁiy efflciancy in transporiation has bssn increased
atd savings to producers bave bssn reslized. One of the primary incen«
tives for adoption of the bulk tank system on farms it Oklahoms has besn
the reduction in the cost of trensportation.

Many Oklahoma wilk producers marketed thair grade A milk in cans
prior to the bulk tamk innevation. The cans wers loaded at the farm and
bauled to the processing plant by private haulers in 10-gallon cans, The
principal d;!furuaei in the bulk tank and can methods is that of frequency
of delivery, Milk in cans wust be picked up daily while bulk milk amay be
picked up svery-other-day. Under the can system the drivers unload |
previcus iu&u eapty cans at the farm amd load the full cans, A study by
the Oklahoma State Bn&v-riity Dairy bepurticnt indicates that the time
sequired for loading cans makes the total time of pickup longer than for
the bulk Dybtﬁﬁ$3 Conparable average times at the dairy farm indicate
$8.0 winutes for bulk and 137.0 minutes for caus.

There 1s also the posaibility of a reduction in the loss to the
faruer of milk which sticks to the cans., The Oklahoma study 1§aicitta_
that the butterfat less for cans in delivering 100 pounds of ullk per day
averaged 0,920 pounds, Average losses to the faruwer based on 1954 prices

would be $50 to $60 per year. The Delavare Experismeant Station reported

‘3& B. Johneon, B, C. Olsen, and R, L, Von ciatn, A W of
' » Oklahoma State

3he Rulk and Can Syscems for Handliog Milk
University Agticultural Rxperimeat St.ttonksullatin Wo, B-456 (Still-
vater; Oklahoma, An;nat, 1954), p. 10,



a loss of 0.478 pounds per 100 peunds shipped.,4 This would result in
larger annuval losses to the farmer.

The Central Oklahoma Milk Producers Associsation has a great poten=
tial for inmcreasing warketing efficiency through bulk milk assembly. In
most cases the individual farmer represents only a small segment of the
industxy. He contracts with a private milk hauler to tramsport his milk
to the distributor’s plant, Economies of scale may be such that farmers
acting cooperatively eanm approach the optimum scale for the hauling
@nt@rpriS@gj If a group of farmers through a cooperative could purchase
- the required equipmemt to tramsport milk for several imdividuals, then
one segment of the cost schedules might be altered and tramsportation
costs reduced. This would be particularly true if the cooperative action
could attain added flexibility of being able to switch producers from one
route to another.

Theoretically, with added flexibility amnd increased efficiency, costs
would be‘l©wer for the cooperative bulk milk handling method than for the
private cam type method. The equilibrium econditions for this comparisen

are illustrated inm Figure 1. For the can method of daily pickup, AGl and

“. 4. Baker, W, E. McDaniel and B. L. Bonduramt, Milk Hamdling - Can
or Bulk Tank? Delaware University Agricultural Experiment Statiom Circular
Ne. 29 (Newark, Delaware, May, 1954), pp. 4-5.

5@ptimum scale of plant. An optimum-scale of plant is ome in which
the short-run average cost curve forms the minimum poimt of the lomg-rum
average cost curve, It cam also be thought of as the scale of plant with
a short-rum average cost equal to the long-run average cost at the
minimum point of both curves., See Richard H. Leftwich, The Price System
and Resource Allocation, Rinehart amnd Company, New York, 1955, p. 155.
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Figure 1. Hypothetical Marginal and Average Cost Curves for "Can"
and "Bulk” Milk Assembly
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M@l would represent average costs and marginal costs respectively for

various levels of output under one organizational level, AC, and Mge

2
would represent averagé and marginal costs respectively for various

levels of output under the bulk tank methodvof pickup., Of course, this
organizational level’fnr the bulk tank method may or may mot be the most
efficient lomg-run organizational level, To the extent that economies

of scale exist for the new method, long-rum average costs could be reduced
by a larger scale of operation. In this case Acz and Mﬂa would represent
only short-run average and marginal costs.

Efficiency im presemt bulk milk assembly methods by the Central
Oklahoma Milk Producers Asseciation might be increased by ome of several:
ways. First, the average cost for hauling milk might be reduced with
increased volume., This will establish rules for growth, The ASSQQiati@m
should be imterested in producing to the point where marginal cest equals
marginal revenue, Under pure competitiom, this operatiom will result in
production at the point where average cost equals average revenue, A
second method of increasing efficiency is by making the milk pickup opera-
tions more effective by lowerimg the cests on present operations, Effec-
tive operation might encompass less man minutes regquired for bulk milk
pickup or it might imclude & rerouting @oncépt. Substantial savimgé in
time amd labor may result in lower marginal costs, and in lower average
costs, Third, route time may be saved through improved bulk milk pump-
out facilities at the precessing plants, Inefficiencies exist and addi-
tiomal time is required because of poor facilities, poor equipment and

poor unloading arrangements., Savings would result in a more effective

marketing of milk. If the average costs are reduced under any of these
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methods, savings may be passed to the producers im the form of patronage

refunds or reduced hauling charges.

Effect of Reduced Haulimng Charges

The milk price received by farmers in the Oklaboma City milkghed is
determined under Federal Order according to certaim formulas subject to
bargaining between the Association and the distributor, This price is
determined each month for the various classes of milk delivered to the
plants. If, for example, a price of $5.00 per hundredweight were set om
Class I milk, this would mean that the farm price should be $5,00 per
hundredweight minus the cost of tramsportation, If the farmer pays 40¢
per hundredweight for can type tramspertatiom, his returns would be $4.60
as illustrated im Figure 2, The area (.49) Q represents the cost of hauling
milk by cans which the producers must bear,

If cooperative action in transportation of milk could lower tramspor-
tation costs, the milk producer would receive a higher net price for milk.
Thus, imcreased marketing efficiemcy could be passed directly to the
farmer, For example, if the cooperative were able to effectively lower
the average hauling cost teo 25¢ per hundredweight, then the price received
by producers would increase to $4.75 per hundredweight.

In the lomg rum, producers will mot comtinue to supply the same quamn-
tity of milk. Therefore, they will ﬁot obtain the full benefits of the
reduction im the cost of the transportatiom services. To illustrate,
assume that the demand for milk at the prb@essar level is DP in Figure 3
and that transportatiom services have a horizemtal supply curve at Tl
cents per 100 poumds. Imitially, quamtity Ql is supplied by producers at

price Pl and they receive price Pg (Pl = TL)° The equilibrium positiom
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Figure 2. Hypothetical Short-Run Effects of Varied Tramsportatiom
Costs on the Price of Milk at the Farm
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is at the intersection of SF and DF’ the supply of milk and the demand
for milk at the farm respectively.
If the cost of the transportation service is decreased to TQ’ the

new ﬁemand schedule for milk at the farm will be D_' and the price of

F
milk at the farm will increase to P3 for quantity Ql. This higher price
will provide the incentive for expansion of production. At the new
equilibrium position quantity Q2 will be supplied by producers, For this
quantity proeessors will pay price P4 and producers will receive prige P5:
Under purely competitive conditions, beth consumers and producers
would bemefit from the reduction im the cost of th transportation
servigév The magnitude of the share of bemefits accruing to each group
will depend on the elasticity of demand and the elasticity of supply, ‘If_

the elasticity of demand is high relative to the elasticity of supply,

then the larger share of benefits would accrue to producers.,

Market Comtrol

Bulk milk assembly by the cooperative association also has implica--
tioné for market control. The Association has the power to market patron
milk at the highest possible prices. |

‘In the milk indust;y in the Oklahoma City area, the processors are
few in number and have diffgrentiated products, This means that each
processor has some control over both the price he receives for his pro-
duct and the price that he pays for the raw product. In economie termi-
nology, each processor faces a downward sloping demand curve and marginélv
revenue curve, In addition,,eachmprpcessqr:facesza.sgpply curve and & mar-
ginal resource cost curve which 510pé upward with increasing purchases, Mar-

ginal resource cost can be defined as the. increase in a givenm firm’s total cost
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which results from the purchase of an additional unit of a rescurce per
unit of time,é

The p;@d@gers acting cooperatively can affect the amount of profit
earnings by bargainimng or by control over the quantity of milk. Through
joint action, the supply curve can Be transformed in such a manner that
at least a portiom of the curve can have a horizontal segment. For
example, preducers coqld bargain through Federal Order pricing procedures
for price OE in Figure 4 and supply only that quantity which could be sold
at that price. This price may represent the minimum Federal Order price
or the minimum Federal Order price plus a premium. The supply curve then
would be EFGS., The marginal resource cost curve would be identical with
the new supply curve, from point E to point G, be discontinucus at peint
@, and be idemtical with the original marginal resource cost curve for
quantities greater than an

This action might necessitate the withholding of milk from distribu-
tors im an attempt to achieve the higher milk prices to producers. Te
this extent, the cooperative asgqciation may be aple to partially offset
the potential momOpSOny powers of distributors, Bulk milk assembly by
the cooperative may contribute to increased preducer control over guantity
when it is the omly firm transporting member patron milk and when the
volume of bulk milk is large. Bulk milk may be easily moved from one
market to amother with only minimum extra loading time and expense,

The net result of the withholding action would be to increase the
price received by farmers for milk for aggregate quantities up te Q2° At

quantity Ql’ for example, there would be an increase in the gquantity of

6Ib1do, P. 299,

L)
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milk supplied and a higher price paid to producers but the monopsonistie
‘profits represented by the area ABFE would be eliminated. The quantity
Qan W@uldvhave to be diverted By the bargaining association to uses other
than Class I in this market,

In Professor Leftwich's discussion on this point, the conclusion was
reached that if prices were established between A and E that monopsony
would be offset to some extent but not completely. The closer the fixed
price approaches E the smaller the monopsony profits., Prices higher_
then E will result im counteraction of the monopseny profits but a guan-
tity smaller than Ql would be sold as Class I. The gquantity of milk
produced will be greater than the quantity purchased by milk processors

under these conditioms.
Review of Selected Studies on Bulk Milk Assembly

Most early studies of the costs associated with bulk tank transpor-
tation of milk have been devoted to a comparison of the costs of trans-
portatien by bdlk tank trucks with can type trucks, One of the first
studies on the comparative costs of bulk versus can transportation of
milk was completed by Clarke im 1947.,7 This study indicated that col-
lection costs were reduced by bulk tank transportation of milk., Clarke
also pointed out developments which appeared to bring about further
reductions in the cost of milk distribution through the bulk tank method

of milk assembly,

YDQ A, Clarke, Jr,, A Comparative Analysis of the Costs of Operation

ST LTI e T T e G

of Agricultursl Ecomomics Mimeographed Report No. 91 (Berkeley, California,
October, 1947), p. 1. :
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A comparative amalysis of can and bulk tank assembly of milk was con-
ducted in the state of Washington by Baum and Pauls. This study indicated
that total truck operating costs, on a route-mile basis, were similar for
the 1,500 gallon tank trucks and the 2 1/2-ton van type can pickup truckso8
Also it cost approximately 5 cents more per route-mile to operate a 2,500
gallon tank truck thanm a 1,200 gallen can truck, The analysis of opera-
tional costs vnder various route conditions indicated lower per hundred-
welght costs whem all milk was collected on altermate days by tank trucks
relative to the daily procurement of milk in conventional 10-gallon cans,

In 1954 the Farmer Cocperative Service of the United States Depart-
ment of Agriculture published a report of bulk milk handling.g This
study indicated that price premiums and hauling savings through bulk milk
shipping brought average direct mometary benefits of slightly over 12
cents per hundredweight of milk to producers at 72 reportimg plants, Also,
payments by plants to producers of & price premium or "bonus" for farm
tank milk not specifically related to quality was found to be a common
practice, About 45 percemt of all plants‘teported such price premiums in
effect, An additional, or in some cases an alternative; monetary incentive

of reduced hauling charges was offered producers by dual-receiving plants.

8E° L. Baum and D, E. Pauls, A Comparative Analysis of Costs of Farm
Collection of Milk by Can and Tank in Western Washington, 1952, Washington
State University Agricultural Experiment Station Technical Bulletin No., 10
(Pullmen, Washington, May, 1953).

9

Cooperative Service, United States Department of Agriculture Circular 8
(November, 1954), o
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About 75 percent of reportimg plants indicated that this was a common
practice,

In July of 1957, Donald B, Agnew of the United States Department of
Agriculture reported that with_£he introduction of bulk tanks, the custo-
mary tasks and their accompanying costs are redistributed among milk
dealers, haulers and fatmers.lo This study indicated that bulk milk
assembly results in generally lower hauling costs., The savings on a
typical tamk milk collection route result from larger load capacity,
hauling more than one load daily, picking up larger leads of milk per
farm, or picking up the milk every other day. In addition, he estimated
that overall savings in milk assembly costs for'the United States would
be approximately $5 te $12 million annually when the development of bulk
assembly farm-to-plant reaches its peak and levels off.

In Qctober of 1955, a study of farm-to-plant bulk handling of milk
by Miller of the University of Wisconsin was published.ll He reported
that bulk bandling offered many plants the opportumnity to reduce the cost
of assembling milk from their patrons, especially whenm alternate day pick-
up was possible, Under conditions then current, he found that route costs
would be increased by bulk handling in most sections of Wisconsin under

daily pickup. He felt that it was necessary that a premium be paid for

loﬂ@n@ld B, Agnew, How Bulk Assembly Changes Milk Marketimg Costs,
United States Department of Agriculture Market Research Report Ne, 190
(July, 1957), pp. idd-iv,
1¥Arthur H. Miller, Bulk Handling Wisconsin Milk - Farm to Plant,
Wisconsin University Agricultural Experiment Statiom Bulletim No, 192
(Madison, Wisconsin, February, 1956).
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bulk milk above the can milk price unless the producers and the haulers
were willing to accept lower incomes in return for lighter work,

In 1950, an analysis of hauling charges, route returns, and route
costs on 364 milk assembly routes was made by Walter P, Cotton. Assembly
routes were duplicated by different trucks hauling to different companies
and by individual producers hauling their own milk te market.l2 Hauling
rates for b@éh winter and summer tended to be constant, One of the recom-
nmendations made was that the supply territory should be reallocated so
that milk not needed for fluid milk purposes in the flush seasor will mot
be transported unmeecessary distances,

T. Burress, mapager of the Tank Division of the Heil Company was the
author of am article published im 1953, dealing with the entire bulk piek=-
up system of marketimg milk. He comcluded that one of the criticisms of
éh@ bulk milk industry was the method of determining the amount of milk

i@'@ farm holding tank°13

He maintained that the reading from the cali-
bration stick might vary dependimg upon the milk temperature and the milk
solids comtent., Another critiecism leveled against the bulk milk industry
was the unsanitary neture of the use of the calibratiom sticks, the ladles,

and the plastic hoses. He also discussed factors which should be comsid-

ered im the selection of a farm cooling tank and a bulk pickup tank,

lQWQlt@r P, Cottom, Milk Hauling Rates and Problems in Noxth Carclina,
North Carolima State University Agricultural Experiment Station AE Infor-
mation Series 28 (Raleigh, North Carolina, December, 1950), pp. 8-9.

lﬁT@m Burress, The Bulk Farm Pick-Up System of Marketimg Milk, The
Heil Company (Milwaukee, Wiscomsin, 1953), p. 27.
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Cowden of the Farmer Cocperative Service of the United States Depart-
ment of Agriculture found that the substitution of the bulk milk procure-
ment m@thqd for can type hauling offers opportunities for substantially
reduced farm-to-plant milk transportation costs in many fluid miik mar=
k@t8014 The study indicated that savings probably will be realized only
when bulk tank trucks serve each farmer every other day simce time required
per stop is greater under the bulk system. The average farm stop time on
two bulk routes was 6 to 8 minutes per loading stop plus 0.35 minute per
hundredweight of milk loaded while can type pickup was 1,45 minutes per
loading stop plus 0.46 minute per can loaded., Thus the time requirements
were greater for bulk milk pickup unless the every-other-day pickup is
used,

In addition, Cowden foumd that bulk handling costs compared with can
h@ulimg.@©3cs were lq@er on lenmg routes than on short routes. Potential
sévings were greatest when relatively large producers were served by bulk
routes. Substantial savings were possible, however, when the average
daily production per farm ranged from 300 to 500 pounds, a level typical
of fluid milk markets im 1956, He estimated that with volumes averaging
600 pounds or more a day onm salternate day bulk routes, the estimated

savings in hauling over & 1l5-year peried would more than repay producers

for the added costs resulting from comversion to bulk tanks,

14J@seph M. Cowden, Comparing Bulk and Can Milk Hauling Costs,
Farmer Cooperative Service, United States Department of Agriculture,
Circular 14 (June, 1956), p. v.
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Ishee and Barr of Penmsylvania State University recently completed a

15 An

study which was primarily an analysis of bulk tamnk costs to farmers,
attempt was made to determine the size of herd necessary to pay for com-
version to & bulk tank, They found that added costs of changing from
customary cam cooling to bulk handling of milk were greater than added
returns for most farmers im the Penmsylvania area. Their study was based
on the assumptions of no premium for bulk milk and no additiomal returns
to the producer because of reduced hauling costs for bulk milk,

Those imdividuals im the Pennsylvania area who adopted the bulk
tank, despite added costs, did so because the decrease in revenue was a
smaller reduction than going out of the dairy business, Other imndividuals
did not adopt the bulk tamk because their net incomes would be reduced
less by shifting resources cut of dairy imto other farm enterprises or
non-farm occupations.

The study indicated that no time was saved ir the dairy chores,
However, bulk handling may allow women and children to mamage a dairy

enterprise since it elimimates lifting heavy weights associated with milk

in cans.

blﬁsydn@y.lshee and W, L. Barr, Economics of Bulk Milk Handling,
Pennsylvanis University Agricultural Experiment Station Bulletin No. 631
(University Park, Pemnsylvania, March, 1958).



METHOD OF ARALYSIS

Both accounting data and time and motion data were used in an attempt
to determime the costs of bulk milk ﬁransportation in the Oklahoma Gity
milkshed., Generally, the time and motion data obtained during the sample
period were used as a basis for allocating the annu@l cost data to
specific fumctioms performed.

The accounting data were obtained from the 1956 audit report and the
individual monthly reports as published by the Central Oklahoma Milk
Producers Asé@@i&ti@mo These data included total mileage, total pounds,
total cost, and gross income figures,

The time and motion data were obtained by surveyors who rode with
11 drivers om 14 differemt milk routes om 44 route days during the
suﬁmer of 1956. Each operation péxformed by the driver was timed on each
of the survey routes. The times for the various operations were grouped
according to the following functioms:: (1) check-in, (2) driving, (3)
farm stops, (4) unloading and testing milk, (5) clean-up and check-out,
and (6) miscellameous funmctionms.

Specific amalyses were made of the time used in performing each of

these functions,

Basic Model

Check-in Time
The normal procedure for the check-in operation was to check the oil

and water im the truck &nd start the motor. After the motor was warm,
24
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the truck was driven to the driveway adjacent to the Association head-
quarters, The inside of the tank was then sterilized by a spray of dis-
infecting solutiom, The next operation concerned the pump. The pump was
assembled and sterilized by pumping & chlorine selution through the pump
into the tank and then back from the tank, ”

The next operatiomns performed in check-in were to get ice for the
milk sample bex, check the supply racks for potemtial delivery of sup-
plies and obtaim sample bottles.

The nature of the operations performed under this fumctiom suggests
that check-im time may be a fumctionm of the fixed qperations plus waiting

time as f@ll@wss.

where
Il = average time for performirg the fixed operationms,
wl = waiting time.

Priving Time

Total driving time will vary with meany travel comditioms. However,
in this study driving time was assumed te vary as follows:

(3.2) I, = £(d, G, R, C, V)

where

b

]

distance traveled,

&
f

geographical area,

=
]

road classificationm,

C = road conditien;, and

<
il

relative size of load.
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The analysis of driving time involved many subjective evaluationms.
The actual procedure was to stratify the roads according to geographical
location, type, amd conditiomn.

With respect to geographical location, an attempt was made to test
the hypothesis that there was a difference in the roads between the
eastern and western half of the Oklahoma milkshed. A line due north and
south was drawn through Oklahoms City upon & map. All the roads which
fell on the eastern side of this line were classed as eastern and all
roads on the western side of the line were classed as western roads.,

Within each geographiceal lecatien the roads were classified_a@@@rd=
ing to the ﬁ@ll@wing types: highway, gravel, and dirt. A highway was
defined as a h@r@ surfaced road consisting of an asphalt or concrete
base, A gravel road was defimed as one with some form of special rock
or other material placed on the surface to make it an all weather read,
A dirt road W@s-defim@d as a road of any other type a&nd usually could
not be comsidered as am all weather road.

Each different road type was then classified according to condition,
The classifications were good, fair, and poor, Each classification of
road condition was made by the enumerator im consultation with the driver
as the road was traversed., The classifications attempted to cover the
roughness of the road and the ability of the driver to maintain a desired

speed comsistent with proper care of the equipment.

Farm Stop Time
Within the farm milk parlor each driver performed a number of basiec
operatioms, The first duty performed was to remove the plastic milk hose

from the truck and commect it to the bulk tank, Concurrent with this
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operation the driver gemerally umreeled the electric cord from the rear
of the truck and placed the plug in near the electric receptacle provided
by the farmer im the milk storage parlor.

N@ﬁm@lly the second operation performed was to weigh the milk.l This
was dome with the use of a special calibrated stiek and a special capacity
ehart for esch imdividual bulk tamk., The calibration stieck indicated the
height of the milk in inches with measurements as fine as 1/16 or 1/32 of
an imeh, The reading of height was comverted to pounds by finding equi-
valent. values expressed im the chart,

The third step was to turn the agitator on and allow the milk te
b@@@mé thoroughly mixed., Agitatiom of at lesst ome minute usually was
mecessary. The fourth step was to sample the milk. The sample was
obtained by dipping the ladle into the milk., Two ladles of milk were
obtained from two separate parts of the tamk and placed im & sample
bottle marked with the producer's can number, Later the sample was
placed in the iced sample box located im the rear of the trueck,

The fifth step was te pump the milk from the farm tank into the tamk
truck, The sixth step was to write the ticket, This step was performed
concurrently with the pumping of the milk if the number of pounds were
large emcugh., If mot, the writing of the ticket usually oeccurred before

the milk was pumped out,

lTne normal sequence was as follows: hook up the hose and cord,
weigh the milk, agitate the milk, sample the milk, write the ticket, and
pump the milk imto the truck tank. An abnormal occurrence oftem altered
the normal sequence, for example, if the agitator were om the sequence
might become: sample the milk, hook up the hose and cord; allow the milk
to settle, weigh the milk, write the ticket and pump out the milk.
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The seventh step was to unhook the hose and electric cord and replace
them im the tamnk truck, The fimal step was to rinse the farmer's tank
with lukewgrm water, This operation was performed to prevent milk solids
from drying on the tank and to aid in the prevention of milk stome.

The pr@@@@mr@s followed by the drivers in performing the various
operations were standardized but time used in each operation varied from
driver te driver, Differences between drivers in the performance of these
operations will be discussed in the following chapter.

The total time at farm stops per route, averaged for all drivers,
was defined as follows:

(3.3 Ty = f(n, X, S)
where |

n = number of farm stops per route,

X = volume of milk pumped per stop, and

S = number of items of farm supplies delivered per stop.

Unloading and Testing Time

- The driver performed a number of basic operatioms at the precessing
pl@ntog The first duty performed was to hook up the stainless steel
pipes from the processing plant storage tank to the tanmk trueck, The milk
was transferred imto the normal marketing chammel imside the processing

plants.

gThe actual sequence was often changed because other trucks were
unloading .,
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The second operaticm performed was the testimg for butterfat com-

3

tained in each sawple.” The milk was tested as follows: First, milk was
placed in test bottles and warmed to & normal temperature; second, acid
was added and the entire solution was centrifuged for three minutes;
third, distilled water was added and this solution was centrifuged one
minute; fourth additional distilled water was added and this selution was
centrifuged for a minute, and the final step was to read the percentage
of butterfat comtainmed im the milk,

The third operatiom performed was to record the appropriate butter-
fat on each of the producer’s ticket., The fourth step was to wash and
eclean the equipment used im testing the milk,

The second, third, and fourth operations were performed while the
milk was being removed from the tank truck emd the time used was assumed
to be the same &8 pump-out time, However, actual time used in testing
may have been greater than time used im pump out, The actual time of
punp out varied between processing plants and with the volume of milk
hauled.

The fifth operation performed was to umhook the staimless steel
pipes and return them to the processing plant. The fimal step was to
rinse the tamk truck to prohibit the drying of milk solids within the
tank and to aid in the preventiom of milk stone.

The time spent in vnloading and testing was defined as a fumction

of volume of milk pumped and of waiting as follows:

3This test is commonly called the Babceock Test,
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(3.4) T, = £V, W)
where
V = volume of milk pumped per stop, and

WQ = waiting time,

Clean-Up and Check-0ut Time

The normal procedure upon return te the Association headquarters was
the driving of the truck to the clean-up area., The driver them thor-
oughly cleansed the rear compartmemnts, the pump, and the ice box ¢f the
tank truck, He dismantled the pump &nd scrubbed the pump parts, rear
compartment, and ice box with socap and water; The entire compartmenmt
area was them rinsed with scalding water, The driver then reassembled
the pump and the truck was moved te the parkimg area, and left for the
next day's route,

The time used in cleam-up and check-out was treated about the same
as time used in cheeck-in. Clean-up and check-out time was defined as:

(3.5) T5 = (I, wg)
where

12 = gverage time for performing the fixed operatioms, and

Wj = yaiting time.,

Miscellaneous Fumctiom Time

Some receiving plamts required truck weights on the milk received.
This necessitated extra drivimg time and two stops at the s@alés <F©
obtain gross and tare weights). Also, some drivers stopp@d for méals and
coffee breaks. Although the timés for performing these funections varied,

they were comsidered as a constant for each route. Thus, the time was
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defined as:
(3.6) T, = a,
whare 8, = the average time per route spent in performing miscellaneous

functions.

Total Time

The total time for each route can be represented as the summation
of the time associated with the performance of each of the basic functionms,
Symbolically this is represented as:

(3.7 TtaTl+TE+T3+T4+T5+T6

where

Ty

#

total time per route,
Tl = time used at Central Oklahoma Milk Preducers Association from
check=in to driving,

T, = time used in drivimg,

=3
i

time used at farm stops,
T, = time used in unloading and testing,
T. = time used in cleam-up and check=-out, and

time used at lunch, weighing, and other miscellaneous functions,

=3
(o)
it



ANALYSIS OF TIME
Check~in Time

The average time spent by drivers preparatory to running the bulk
milk routes was 364.90 minutes per route, This ircluded checking in-
structions, checking the truck, assembling the pump, sterilizing the tamk
and pump, securimg sample bottles, supplies and ice, and waiting. The
detailed time involved for each of these operations is listed in Table I.

In the basic model, check-in time was defined as a fumction of the
fixed operations performed by the driver and waiting time. Differences
between drivers im performimg these operatioms were not statistically
significant. Waiting time, while important in imndividual cases, accounted
for only a small proportiom of the tetal check~in time. Consequently, the
average waitimg time was included with the fixed operatiomns for subsequent
analysis as follows:

(4.1) Il = il + ﬁl = 34,90 minutes per route,

Driving Time

Observations were obtained for 4,789.3 miles of drivimg om bulk milk
routes during the sample period. An average of 1.84 minutes was required
to travel each mile. This was equivalent to an averége speed of almost
33 miles per hour for drivimg onm all classes and conditions of roads.

Driving time per mile varied with the class and condition of roads
traveled, Imn the Oklahoma City milkshed about 68 percemt of all roads

32



TABLE 1

AVERAGE TIMES FOR OPERATIONS PERFORMED BY DRIVERS DURING
THE CHECK-IN PERIOD, CENTRAL OKLAHOMA MILK PRODUCERS

ASSOCIATION, 1956

¥
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Average Time

Operatiom (minutes)
Check instructions 3,13
Check truck 1.83
Drive to buildimg (includes warm-up time) 2,85
Sterilize tanmk 5.61
Assemble pump 4,52
Sterilize pump 3,70
Obtain ice 2.95
Obtain producer supplies 2,66
Obtain sample bottles 2,56
Waiting 2,54
Other 2,55
Total Time 34.90
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traveled was classified as highway (Table II). Almost half of this was
on good highway and almost half was on fair highway. Only a small pro-
portion was classified as poor highway. About 23 percent of the roads
was classified as gravel and this was distributed fairly equally as be-
tween fair and poor conditiens. Significantly, about 9 percent of the
roads was classified as di;te The proportion of poor dirt roads was
slightly greater tham the proportiom of fair dirt roads, Few dirt roads
were classified as good,

less time was required for traveling om highway than om gravel or
dirt roads (Table II). GCenerally, less time was required for traveling
on gravel roads tham on dirt roads. |

Within each road classificatiom, speed varied inversely with the
condition of the road, Minutes per mile were lowest for good comnditions
and highest for poor comditions for each road classification. Also for
the same road condition, dirt roads regquired more time per mile than
gravel and gravel required more time than highway. The single exeeption
was less time for traveling on good gravel roads as compared with good
dirt roads, However, this may not be an accurate representation of time
since less than one-half of one percent of the roads was classified as
good dirt,

With respect to geographical area, a larger percemtage ¢f the sample
roads traversed w@s on the eastern side of Oklahoma City (Appendix Tables
V, VI, and VII). Generally, the roads on the eastern side of Oklahoma
have a clay type soil base, and the terraim varies from flat to guite
hilly., On the other hamd, roads on the western side generally have a

sandy soll base and the terrain is less rolling tham im the eastern areas,
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TABLE II

TOTAL MILES AND MINUTES PER MILE FROM A SAMPLE OF ROADS TRAVELED
ON CENTRAL OKLAHOMA MILK PRODUCERS ASSOCIATION BULK MILK
ROUTES : CLASSIFIED BY GEOGRAPHICAL LOCATION, TYPE OF
ROAD, AND CONDITION OF ROAD; 1956

Miles Minutes Per Mile
East West Total East West Total
(number) (mumber) (number) (percentage) (mumber) (number) (mumber

All Roads 2,735.1 2,054.2 4,789.3  100.000 1.87 1.80 1.84
Highway 1,970.2 1,304.6 3,274.8 68,377 1.69 1.58 1.65
Good  921,0  688.0 1,609.0  33.596 1.60 1.54 1.58
Falr  928.5 5755 1,504.0 31,403 1.73 1.61 1.68
Poor 120.7 41,1 161.8 3.378  2.10 1.79 2,02
Gravel = 704,7  377.0 1,081.7 22,586 2,3 2,05 2,23
Good 41,5 15.9 57.4 1.199 1.91 %/ 2,10
Fair  348.8  209,1  557.9 11.649 2.3 2,00  2.20
Poor 3144 152,0  466.4 9,738 2,38 2,04 2,27
Dirt 66.2 372.6  432.8 9,037 2,45 2,33 2.35

Good 1.7 22,2  23.9 0.499 ¥/ */ 1,92%/
Fair 22,7 147,6  170.3 3.556 */ 2,17  2.22
Poor 35.8  202.8 238.6 4,982 2,37 2,50 2,48

%/

—'Observations based on less than 25 miles for each road @lassiflcation
or condition were comsidered umreliable for reporting.
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Of course, individual roads on either side are exceptions to this general-
ization,

On the basis of simple average time per mile, roaés on the western
side of Oklahoma City were sfightly better than on the eastern side,
There were two exceptioné. Good gravel roads and the poor dirt roads on
the :astern side were somewhat better than the comparable road type and
condition on the western side, These exceptions, however, may be
attributed in part to the limited number of observations, There were
only about 16 miles of gravel roads classed as good on the western side
and only 42 miles classed as good on the eastern side. Both sets of
observations representgd only small proportions of the roads traveled.
For the poor dirt roads, there were 203 miles on the western side but
only 36 miles on the eastern side.

The differences in time per mile on the eastern side as compared
with the western side were quite small, In most cases, the actual time
required per mile averaged from 0.02 minutes per mile to 1702 minutes
per mile. Expressed in speed, the differences averaged about one-half
mile per hour for the good highway classification to about 11 miles per
hour for good dirt classification,

The results obtained from statistical tests indicated that no sig-
nificant difference existed between any single road type or road com-
dition on the eastern side and the comparable road type or road condition
on the western side. In addition, no significant differences between
the eastern roads and the westerh roads were obtained when the individual
road types of all conditions were tested.

The results of these analyses }ndicate that any apparent differences

between the roads on the eastern side and the western side of Oklahoma
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City were not statistically significant, Apparently the geographic loca-
tion of & route was not im itself an importanﬁ factor influencing the time
of bulk milk pickup, Hemce, the evidence was that costs of bulk milk pick-
up were not significamtly influenced by geographical location withim the
Oklahoma City milkshed for routes with the same distribution of road types
and road conditions, However, im 1956 there was a higher percentage of’
dirt rogds on the western side of Oklahoma City. About 9 percent of all
roads were classified as dirt and most of this was west of Oklahoma City,
This fact imdicates that more travel difficulties, and greater costs, may
be associated with the westerm routes.

There was no way te estimate the net effect of relative size of locad
on driving time, Heavy traffic conditions were directly correlated with
relative size of load. The trucks were empty or had small loads in the
early wmorning hours at the beginning of the route and had relatively large
loads om return to the precessimg plants during the afternocon and evening
hours, Consequently, only a gross effect was obtaimed,

An average of 1,54 minutes per mile was required for drivimg from
the Association headquarters to the first farm stop, This compares with
1.72 minutes per mile required for driving from the last farm stop to
the seales or poimt of unloading. The gross effect of relative size of
load plus traffic comnditioms increased the time of travel by about 11.7
percent, This is equivalent to & reduction in speed of about 4 miles per
hour when the truck is returning with a load as compared with the empty
truck early morming travel.

The lack of statistical significance for geographical locatienm ef

routes and the lack of data for the met effect of relative size of loads
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necessitated a revision in the equatiom for drivimg time., The equation,
based on average times im Teble II and omitting geographical location and
size of load, is as follows:

(4.2) Tg:@[:u..janlc + 1.68 R.C +2.02 RyCy + 2,10 RyC, +

1 : 172
2.20 R,Gg + 2,27 Rgc3 + 1,92 chl + 2,22 R362 %
2,48 R
48 03-‘

In this formuls,
D = total number of miles,
Rlcl = percentage of roads classed as highway - good;
RLCB = percentage of roadé classed as highway - fair;

Rlcj

RaCy

RQG2 = percentage of roads classed as gravel - fair;

%

percentage of roads classed as highway - poer;

i

percentage of roads classed as gravel - good;

R@QS = percentage of roads classed as gravel - poor;
&

R3@l = percentage of roads classed as dirt - goed;
R3©2 = percentage of reads classed as dirt - fair;
RBCB = percentage of roads classed as dirt - poor,

Ar example may be useful im interpreting this fermula. If a route
existed which required travel on good highway only, then the driving time
would be 1.58 minutes times the number of miles, However, if 7O percent
of the route consisted of good highway roads and 30 percent comsisted of
good gravel roads, them the driving time would be computed in the fol-
lowing manmmer, With 70 percent of all reads traveled classified as good
highway, a net of approximately 1.106 minutes would be required to travel
the good highway portion of an average mile E;,SS (.70) = l.l@éj .

similar computation for the gravel portion of this mile would give 0.630
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minutes Eéolo (.30) = ,63dj. The driving time for am average mile on this
route is obtained by adding the wminutes from these computations and is
1.736 minutes per mile (1,106 + 0.630 = 1,736). This is a weighted
average number of minutes per mile, If the route is 100 miles in length
then the driving time per route is 173.6 minutes or slightly less tham
three hours. The same procedure can be followed for determining the

driving time on routes with other road types and conditions,
Farm Stop Time

The procedures followed by drivers in performing the various opera-
tions of bulk milk pickup at the farm were standardized but actual times
varied from driver to driver. A detailed amalysis was made of the times

and of the differemces betweem drivers in performing each operstion,

H@@kéup

The driver’s first sctiom upon arrival at a milk storage parlor was
to hook the milk pipeline plastic hose te the bulk tank., A 15-foot hese
was unwound from within the back compartment of the truck and fitted
upon the coupling at the fromt of the bulk tank. Immediately thereafter,
the driver unreeled the electric cord from within a secomd back compart-
ment and placed thé plug-in near the electric socket,

The eleven drivers were compared on the basis of the mean time re-
guired in the performamce of these functioms. The average time required

varied from 1.17 minutes teo 2.04. The spread im time as required by the

different drivers was 52 secomds., The "F" test was used to determine if there

were Statistically significant differences. In this test the hypothesis
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was that there was no differences between the means of the individual
drivers. The criteria for accepting or rejecting the hypothesis vere
based on the comparison of the computed "F" value to the table value of
"F", The table value of "F" was 2}37 based on M1 = 10 and M2 = 482 degrees
of freedom. The:compUCéd value, "F" = 4,45, was greater than the table
value, therefore, the hypothesis that the means were equal was rejected
(Appendix Table VIII). This test indicated that there were significant -
differences betwéen drivers but it‘did not indiéate which drivers were
significantly different from the others. The New Multiple Range Test
was utilized to indicate the differences between drivers which exis.tedo1
The results are presented in Table III,

This test was conducted in order that those drivers or groups of
drivers who were significantly different from the other drivers in terms
of hooking up the hose and electric cord could be determined. 1If a driver
were significantly different from the other drivers, then this driver
would be isolated from the line under the other drivers. In other words,
there would be no overlapping of the lines as in Table IIT,

There is an indication, at different levels of the test, that some
drivers were significantly different in performing this function, how-
ever, when all stages of the test and all drivers were examined there

was no driver whose mean time was significantly different from that of all

other drivers considered.

1David B. Duncan,"Multiple Range and Multiple F Tests,' Biometrics,
March, 1955, pp. 1-42. :



TABLE 11X

REW MULTIPLE RANGE TEST FOR DIFFERENCES BETWEEN DRIVERS IN HOOK-UP OPERATION,
CENTRAL OKLAHOMA MILK PRODUCERS ASSOCIATION, 1956

: Driver
D A B G E G F J H I K

{99 percent probability level) )

Mean Time 1,169 1.382 1.403 1.440 1.507 1.515 1.588 1.720 1.779 1.905 2.036

The results of the test are as follows:

1. The test indicated that the mean time for driver K was significantly different from mean
times of drivers D, A, B, C, E, and € and not significantly different from drivers F, J, H and I,

2, The test further indicated that the mean time for driver I was significantly different
from D, A, B, C, E and G and was not significantly different from F, J and H.

3. Driver H was significantly different from D and not significantly different from A, B,
C, E; G, F and J.

4, DBriver F was not significantly different from drivers D, A, B, C, E and G.

Source: Computed from survey data obtained from Central Oklahoma Milk Producers Association,
* Oklahoma City, Oklahoms, Summer, 1956,

9
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Milk Weights

The second step with normal operation was to weigh the milk by using
8 calibrated rod. This rod was inserted into the bulk tank and a measure-
ment of height of milk was determined. The driver compared this measure-
ment with a poundage scale. This comparison gave the total pounds of milk
in the bulk tank, Agitatinmg the milk and pouring in other milk were
occurrences which altered the normal sequence., When this occurred, the
driver deviated from his set routine ard allowed the undulation to cease,

The eleven drivers were compared on the basis of the mean time re-
quired by each driver to weigh the milk, The average time required
varied from .40 to 1,318 minutes or from 24 to 79 secomds, This was a
difference of 55 secomds, There was a significant difference between
drivers sinece the "F" observed, 9.38, was greater tham the table value
(Appendix Table VILI).

The New Multiple Range Test was used to indicate the difference
between drivers, Since there was overlapping of linmes, there was no
driver who was significantly different from the other drivers im the

operation of weighing the milk. The results are presemted im Table IV,

Milk Samples

The third step which was performed by the majority of the drivers
consisted of samplimg the milk, However, ;his sequence could be easily
altered, If the agitator were on when the driver arrived, then the
sampling of milk became the first step. The usual procedure followed
wass; (1) after agitatiom, the ladle was dipped into the milk and two

separate samples were drawn, {2) the milk was checked for odor amd



TABLE IV

REW MULTIPLE RANGE TEST FOR DIFFERENCES BETWEEN DRIVERS IN WEIGHT OF MILK
OPERATION, CENTRAL OKLAHOMA MILK PRODUCERS ASSOCIATION, 1956

' Driver
C A D K E I G B J H F

{99 percent probability level)

Mean time in
minutes 400 .680 651 .678 .968 97T 1.049 1.129 1,195 1.221 1,318

The results of the test are as follows:

1., The test indicated that the mean time for driver F was significantly different from the

mean times of drivers C, A, D and K and was not significantly different from E, I, G, B, J, H and
Fe

3. DBriver I was significantly different from drivers C, G, B, J, H and F and was not
significantly different from drivers A, D, K, E, and 1.

3. Driver K was significantly different from drivers E, I, G, B, J, H and F and was not
significantly different from drivers C, A and D,

Source; Computed from survey data obtained from Cemtral Oklahoma Milk Producers Asseciation,
Oklahoma City, Oklaboma, Summer, 1956,

€Y
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rancidity by either tasting or smellimg, (3) the sample bottle was marked
with the preducer's number, and (4) the ladle and the sample bottle were
placed in the proper place in the truck,

The eleven drivers were compared on the basis of the mean time re-
quired by each driver to sample the milk, The range varied from .254 to
.845 minutes or 15 to 51 seconds., The "F" test indicated a significant
difference between drivers since "F" observed, 2,50, was greater than
the table value (Appendix Table VIII). However, the New Multiple Range
Test did not indicate any one driver to be significantly different from

all other drivers (Table V),

Ticket

Writing the ticket was the most flexible of all the duties performed
in the milk storage parlor, This act did not specifically fit into any
certain phase of the saquence. It might be done at the beginning, at the
end, or at any time between, The major reason causing this variation was
the difference in actusl time spent in the milk parior based on quantity
of milk picked up. If the quantity picked up was large, then the ticket
usually was written as time permitted between duties in the normal
sequence, Small guantities required the performance of the normal
sequence and the writing of the ticket usually occurred at the end of the
pump-out period. The writing of the ticket often fell at the beginning,
especially when an agitator was on and the driver had to wait to let the
milk settle.

The eleven drivers were compared on the basis of the mean time re-

quired to write the ticket. The range of time required varied from ,08



TABLE V

NEW MULTIPLE RANGE TEST FOR DIFFERENCES BEIWEEN DRIVERS IN MILK SAMPLE
OPERATION, CENTRAL OKLAHOMA MILK PRODUCERS ASSOCIATION, 1956

Driver
I C K B A E J3) J H F &
{99 percent prebability level)
Mean time in
minutes 254 410 .530 .550 .590 .602 .638 739 . T79 .844 .845

The results of the test are as follows:

1. The test indicated that the mean time for driver § was significantly different from the
mean times of drivers I and C and was mot significantly different f£rom drivers K, B, A, E, D, J,

H and F,

2. Driver J was significantly different from drivers H, F and G and was not significantly

different from drivers I, C, K, B, A, E, and D,

Source: Computed from survey data obtained from Central Oklahoma Milk Producers Association,

Oklahoma City, Oklahoma, Summer, 1956.

4
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to 1,241 minutes or 5 to T4 secends,

The "F“_test indicated a significant differemce between drivers since
"F" observed, 14.52, was greater than the table value (Appendix Table
VII1). The New Multiple Range Test did not indicate that one driver was
significantly different from the other drivers in the ticket writing

operation (Table VI),

Unhook

| The finmal step of the driver was to replace the pipelimne hose and
the electrie cord in the rear of the truek. This was done by umplugging
the electric cord and allowing the cord to reel im., The milk hose was
unhooked from the bulk tank, wound, and stered im the rear compartment,

The eleven drivers were compared en the basis of the mean time

required to unhook, The range varied from 1.112 to 1.77 mimutes, This
was & variatiom of T3 to 106 seconds. The "F" test indicated a signi-
ficant difference between drivers (Appendix Table VIII)., However, the
New Multiple Ramge Test did mot substantiate differences in one driver

as compared with the other drivers (Table VII),

Other Services

Delivery, The drivers often made deliveries of certain small items
such as milk strainers, soaps, disinfectants, and feeds to farms om their
routes, Deliveries were made to 2.6 percent or 13 of the 492 producers
on the 44 routes, The time required to perform this service was compared
with a time obtaimed at the same farm when deliveries were mot made, If
this time were impossible to obtain, then the nearest comparable stop om

the same route by the same driver was selected,



TABLE VI

NEW MULTIPLE RANGE TEST FOR DIFFERENCES BETWEEN DRIVERS IN TICRET WRITING
OPERATION, CENTRAL OKLAHOMA MILK PRODUCERS ASSOCIATION, 1956

Driver
A B C I K H J b E F G

{99 percent probability level)

Mean time in
minutes ,080 241 . 310 .600 614 . 788 .889 976 .990 1.222 1.241

The results of the test are as follows:

1. The test indicated that driver G was significantly different from drivers A, B, C, I and
K and was not significantly different from drivers H, J, D, E and F.

2, Driver E was significantly different from drivers A, B, C, F, and ¢ and was not signifi~
cantly different from drivers I, K, H, J and D.

3. Driver K was significantly different from drivers H, J, D, E; F, G, A and B and was not
significantly different frem drivers C and I,

4, Driver C was significantly different from drivers I, K, H, J; B, E, F and € and was not
significantly different from drivers A amd B.

Source: Computed from survey data obtaimed from Central Oklahoma Milk Producers Association,
Oklahoma City, Oklahoma, Summer, 1956,

Ly



TABLE VII

NEW MULTIPLE RANGE TEST FOR DIFFERENCES BETIWEEN DRIVERS IM THE UNBOOK
OPERATION, CENTRAL OKLAHOMA MILK PRODUCERS ASSOCIATION, 1956

Driver
F A G C D B I E H K J

{99 percent probability level)

Mean time in
minutes 1.112 1.218 1.260 1.290 1.311 1.397 1.445 1.487 1.608 1.668 1.770

The results of the test are as follows:

1. The test indicated that the mean time for driver J was significantly different from mean
times of drivers F, A and € and was not significantly different from drivers C, D, B, I, E, H and
K.

2, Driver K was significantly different from F and J and was not significantly different
from drivers A, ¢, C, B, B, I, E and H.

3. DBriver H was significantly different from drivers K and J and was not significantly
different from drivers F, A, 8, C, B, B, I and E.

Source: Computed from survey data obtained from Cemtral Oklahoma Milk Proeducers Association,
Oklghoma City, Oklahoma, Summer, 1956,

8%
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The average time required when a delivery was made was 1.0 minute
more per stop than whem no delivery service was performed. The "t™ test
indicated that this differemce was not significantly different at the 99
percent probability level (Appendix Table IX),

Agitator on., Actual time of waiting was obtained when drivers were
forced to wait fer the bulk tank milk agitator to stop turning or for the
milk to settle, The agitator was turning at 27 of the 492 stops., This
constituted 5.5 percent of all stops. For amalysis, this time was com-
pared with a time obteined at the same farm with the agitator off and
the milk calm, If this time were impossible to obtain, then the nearest
comparable time om the same route by the same driver was selected and
the comparison made,

A pmet addition of 3.9 minutes per stop was required if the agitator
was on when the driver reached the farm milk parler., This addition was
significantly different at the 99 percent probability level (Appemndix
Table IX).

Producer at the farm milk parler. Drivers were often detaimed by
producers telkimng te them or interrupting the @river schedule in some other
magmner. The producer was at the farm and interrupted the driver's routine
in 15 of the 492 stops, This was 3.1 per@ent of all stops. The amount
of time at each of these stops was compared when possible with the amount
of time eobtained at the same farm when the preoducer was mot present, If
this was impossible to obtaim;, them the time required fér & comparable
layout and volume om the same route by the same driver was used.

An addition of 4.9 mimutes was required for the pickup operation

when producers were at the parlor as compared with producers away from



the pérl@ro This addition, or difference was statistically significant
at the 99 percent probability level (Appendix Table IX). Generally, this
time represented a public relations function for the Asscciation and may
have been quite valuable to the Association,

Wait for milking, The drivers often had to wait or re-route while
producers completed their milking. To test, observations were taken when
drivers were forced to wait for the producers to complete milking. The
drivers had to wait for the producers to complete milkimg on 7 of the 492
stops. This constituted 1.4 percemt of all steps. This time was com-
pared with . .the time at the same farm on & different day when possible, If
this were impossible, them the nearest comparable time on the same route
by the same driver was sele@tedo

The results obtained from the comparison indicate that 8.2 minutes
would be added each time a driver had to wait for the producer to fimish
his milking, The difference was statistically significant at the 99 per-
cent probability level but the frequency of such occurrences was small,
Generally, the routes were organized to avoid the necessity of waiting

to complete milking except im unusual weather or routing comnditioms,

Summary of Driver Differences im Farm Stop Operations

Statistical tests indicated that the mean time for performing each
of the operations by some drivers was greater tham for other drivers.
Consequently, the driﬁers were ranked in the performance of each of the
five major operations. The driver with the lowest time im each operation
was assigned a number of 1, The next lowest received a number of 2, This

method was continued umtil the last man received a number of 11, The
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figures were summed amd the driver with the lowest total score was ranked
8s the most efficient, That is, this driver required the least time to
perform the milk parlor duties., The eleven drivers were compared on the
basis of the ramk im total time required to perform five milk storage
parlor duties (Table VIII)., The "F" test indicated that there was no
significant difference between drivers as the"F" observed 1.48, was
smaller ‘tham the table value (Appendix Table VIH)n

There were several variables which affected thé time required by
the various drivers in performing the farm stop operation. Some of these
variables depended on the characteristics of the drivers., Others depended
on additional services performed,

For the individual characteristics of the drivers, the drivers with
the greatest length of service tended to use less time or ramk higher im
Table VIII than the newer drivers. Apparently, the more experienced
drivers used "shortcuts,” which increased their efficiemcy in the opera-
tioms,

A secomnd variable was the amoumt of educatiomn. The drivers who had
the higher levels of education tended to be slightly more efficient,
These drivers may have been able to recegnize and adopt time-saving ways
to do the jeb.

A third variable was the age of the driver., The ycunger drivers
appeared to rank higher than the older drivers, The drive and the ambitioms
menifested by the youmger menm may have asccounted for their ability to per-
form their duties ir & minimum amount of time,

The similerity of estimates of the time required to perform the five

me jor operatioms at a milk storage parlor for the various drivers indicated
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RARK OF DRIVERS IN PERFORMING THE FARM STOP OPERATIONS,
CENTRAL OKLAHOMA MILK PRODUCERS ASSOCIATION, 1956

Operation A 3 6 B R & W_ 1 5 K
Hook wup 2 3 4 1 5 7 6 9 10 8 11
Weigh 2 8 1 3 5 1 7 10 6 9 4
Sample 5 4 2 7 & 10 11 9 1 8 3
Write ticket 1 2 3 8 9 10 1 6 & T 5
Bnhook -2 6 A 5 8 1 3 9 7 11 10
Total 12 23 1% 24 33 39 38 43 28 43 33
Ramk in 1 3 2 &4 6 8 7T 9 5 9 6
Efficiency (tie) (tie) (tie)(tie)
Source: Computed from survey data obtained from Central Oklshoma Milk

Producers Associatiom, Oklahoma €City, Oklahoma, Summer, 1956,
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that a comstant linear relatiomship could be used for the farm stop opera-
tioms of bulk milk pickup, Consequently the data for all drivers were
pooled and a least squares regression computed, This regression provided
the basis for the feollowing formula for farm stop time:

(4.3) Ty =N (7.5) + .214X
where

'N = number of stops per route

X = hundredweight of milk picked up on each route,

In general terms, the fixed time required for each stop was 7.5
pinutes (Figure 5). Fixed time was defimed as the amount of time required
at any milk parlor with zero pounds of milk picked up. This consisted of
the time regquired im hooking up, sampling, weighing, writing the ticket
and unhooking.,

Each additional one hundred pounds of milk required .214 minutes
additionmal time for pumping out the milk., For example, if a producer
had 1500 pounds of milk, then Figure 5 indicates that a total of appreoxi-
mately 10.7 minutes would be required at this farm, This is 7.5 minutes
fixed and approximately 3.2 minutes variable time,

Studies of these operations in one other milkshed indicate a some-
what different time structure. Cowden of the Farmer Cooperative Service
obtained estimates of 6.8 minutes for the fixed operatioms and 0,35
minute per 100 pounds of milk pumped; based on obserxvatioms from two
routes, For the 1500 poumd pickup, these estimates indicate a total time
at the farm of about 12 minutes which is somewhat higher for the same

volume than in the Oklahoma City milkshed.
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Unloading and Testing

At the time of the survey, the unloading operation was performed
simultaneously with the testing of producers milk for’butterfat content,
The actual time of unloading (T4) then depended on both the facilities of
the receiving plant and the time required by the driver for testing the
milk, Generally, the testing required more time than the unloading and
this may have resulted in the allotment of more time to the unloading
operation than was actually consumed., Certainly the relationship between
unloading time and volume was obscured, Waiting time appeared to be only
a small proportion of the total unloading and testing time. Thus sepa-
rate estimates were not obtained. The average unloading and testing
(including waiting) time was 52.89 minutes, Thus:

(4.4) T, =V + W

4 o = 52,89 minutes

where
V = the longer of the times for either unloading or testing

W, = the waiting time.
Clean-up and Check-out

On most routes the driver wasvreguired to dismantle and clean the
pump and hoses and perform other cleaning operations., However, he was
not required to wash the tank. The average time required for check~-out
was 36.23 minutes of which 29,05 minutes were required for the clean-up
operations. Waiting time was rare in the clean-up and check-out opera-
tions and was included with the fixed operations. Thus:

T5 = Eé + ﬁé = 36,23 minutes.
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Miscellaneous Functions

Some recei&img plants required truck weights on the milk received,
When these weights were obtained, the time for the route was increased,
An average of 6.5 minutes was spent at the scales plus any extra time
involved in driving, However, since not all the routes required truck
weights, the total time was distributed over all routes. An average of
4.6l minutes for each route was used at the scales for weighing,

Some drivers stopped for coffee or meals, usually at mid-morning or
lunch time, As an average for all routes, approximately 26,77 minutes
per route were used for these purposes,

The total of scales time plus coffee or lunch time was 31.38 minutes
per route, Thus:

T6 =a, = 31,38 minutes,
Summary

The average time was obtained for each of the various functions per-
formed im bulk milk assembly., The first functiom, check-in, used 34,90
minutes per route. The second fuﬁction, driving time, varied with distance
traveled, road elassification, and road conditien., The average time was
obtained for each road classification and comdition. Farm.st@p'time, the
third function, required an average of about 10 minutes per farm but the
actual time varied direetly with the volume of wilk pumped. The average
time for each of the remaiming functions was as follows: 52.89 minutes
per route for unloading and testing; 36.23 minutes per route for cleam-up

and check-out; and 31,38 minutes per route for miscellaneous functions,
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The efficiency of the eleven drivers was compared for each of the
operations performed at the farm stops. The statistical "F" test for
each operation imdicated that performance was signifigantly diffgrgnt
among drivers, However, this test did net indicate which drivers were
different from other drivers., The New Multiple Range Test was used to
determine such differences., There was an indication at different levels
of the latter statistical test that some drivers were significantly
different in performimg each of the farm stop operatioms; however, when
all stages of the test amd all drivers were comsidered, there was no
driver whose mean time was significantly different from that e¢f the ether
drivers.

Generally drivers with the greatest length of experience tended teo
use less time amd to be more efficient at the farm stop than did the
newer drivers. In addition, drivers who had higher levels of education
seemed to be more efficient than those with less education, Younger aged
drivers took less time than did older drivers te perform the farm stop
operations, probably because of extra "drive" and ambitiom.

Service functioms and unexpected delays added various amounts of
time to the normal total route timeo. The fregquency of cccurrence of these
functions and delays was small; however, their appearamce should be ex-
pected., One delay encountered by the driver at the farm was to wait for
the milk to settle because the agitator was on at the time of arrival,
This occurred at approximately 5 percent of all stops and the net addition
to time was 3.9 minutes per stop. A second major additiom to time was the
result of interruptiom by farmers talking to drivers or by disruptimg drivers

in some other manner, The drivers were detained by farmers at approximately
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3 percent of all farm stops which resulted in an addition of 4,9 minutes
for the farm stop funmetion. Generally, the latter time represented a
publie relationms fumectiom for the Association and may have been valuable to
the Association,

Some imefficiencies existed in performing the unloading and testing
function, The time required for unleoading and testing might be lowered_
somewhat if better facilities and more efficient service were provided at

additional processing plants.



ANALYSIS OF COSTS

Three major cost items in the bulk milk pickup operatiens were labor
costs, truck and tank cests, and other costs such as equipment and over-
head costs, Sqme of these coéts varied directly with respect te total
use and were definmed as variable costs, Some did not vary with use and
were :defined as fixed costs.

Labor costs comsisted of such items as haulers salari@s; payroll
taxes, clothing, laundry, supplies, group insurance, training, and over-
head items, For the purpose of this analysis, haulers salaries and pay-
‘roll taxes were definmed as variable costs and totaled $53,250¢5§ for
1956 (Appendix Table XII)., All other labor items were defined as fixed
labor costs and totaled $8,793.60 for 1956,

Truck amd tank costs were the major equipment costs and were divided
inte twe groups, The first group included costs which varied with road
type and road condition and were defined as variable truck costs. Ihis
included gasocline, oil, tires, sanitation supplies, truck rentals and
truck and tank depreciatien. Actual variable truckvcosts under this
ﬁ@#mul@ti@n totaled $61,500.80 for 1956 (Appendix Table XI),

Depreciation costs gemerally are not classified as vatiable costs im
economic analyses. However, for purposes of longer range plamning, it
was felt that such costs did vary with use - particularly as related to
roads - and should be included im any decisions relating to expansion of

routes, The depreciatiom rates in 1956 were based on a three year expected

59
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life for trucks amd & 10-vear expected life for tamks, Im view of sub-
sequent experiemce, depreciation costs in this anglysis were based on a
two-year expected life for trucks amd a sevem-year expected life for

tanks, This higher depreciation rate resulted in an increase in variable
truck costs of $4,252,27 for 1956 or about one cent per mile, Im addition,
the equipment which replaced that in use during 1956 was larger and the
gasoline requirements were greater than im 1956, Thus an addition of
$4,351.29 was made to variable truck costs for the greater gasoline cen-
sumption, With the extra depreciation and gasoline cests imcluded,
variable truck costs totaled $70,104.36,

The second group of truck and tank costs included costs which did
not vary with road type amd condition. These costs were combined with
other fixed costs of the Association, including overhead, which were
associated with the bulk milk hauling operation. These costs totaled

$24,483.22 in 1956 (Appendix Table X).
The Typical Route

An attempt was made to use the time amd motiom data im Chapter IV
to allocate the 1956 annual or adjusted annual costs to the va:i@us
functions performed in bulk milk assembly., Consequently, it was necessary
to comstruct am average or typieal route. This typical route will be used
as a basis for determining the number of routes traveled in 1956 and the
use of labor and truck time,

Some of the functions performed on the routes tended to require about
the same amount of time per route, These functions included Tl.(@heckwin),

IQ (unloading), T5 (check-out), and T6 (miscellaneous fum@&i@as)0 The
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total time for these functions was 155.40 minutes for the Association
average route durimg the sample peried,

The average route during the sample period was 145.2 miles im length.
This consisted of drivimg 38.8 miles from the Association headquarters to
the first stop, driving 77.8 miles between producer stops, and driving
28,6 miles from the last producer stop to the unloading dock where the
pump-off occurred then te the Association headquarters. The 1956 average
route is ill@strdﬁed in Figure 6.

The distances traveled from the Association to the first producer
and from the last producer te the Association were combined to represent
a fixed mil@age of 67.4 miles per route. The total time required to
travel this distance was 111.92 minutes and the average time required was
1.66 minutes per mile, This average time reflected the relatively heavy
concentration of highway driving in the fixed or overhead portion of route
driving time,

The travel between producer stops gemerally included more gravel and
dirt roads; comsequently speeds were lower, It required 155.25 minutes
to travel 77.8 miles which was an average of 2,00 minutes per mile.

The total route driving time was 267.17 minutes., This was obtained
by adding the time of travel om the fixed portiom of the route amd the
time of travel betweem preducers., It could be obtaimed by the use of
formula 4,2 as follows:

(5.1) T, = 15.2[0 1,58 (33.596) + 1.68 (31.403) + 2.02 (3.378) +

2,10 (1.199) + 2,20 (11.649) + 2,27 (9.738) + 1.92 (0.499)
+ 2,22 (3.556) + 2,48 (4,982) |

T, = 267,17 minutes,
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The average route during the sample period imcluded 13 farm stops and
the volume of milk picked up at each stop varied cemsiderably. In order to
reflect variable volumes per stop, an average volume was determined for the
first stop om each route, The same procedure was followed for the second
stop and for each of the remaining stops., The volumes are presented in
Table IX,

It is recognized that this procedure may minimize the extent of
variation on individual routes but it appeared that some variatiom in
volume was desirable for the typical route formulation, The volumes in
Table IX were used with formula 4.3 to obtain the total time at farm stops
for the typiecal route as follows:

I;=n (7.5) %él X, = 134.30 minutes,

The times for performing all functions are summarized in Table X,

The total time was 556.87 minutes or about 9.28 hours. Approximately one-
half of the driver's time was used in actual driving, about one-fourth was
used at the farm stops and the remainder was used in the various fixed

functions.
Labor Costs

During the 1956 calendar year, 435,129 miles were traveled om Associa-
tion routes, With an average route length of 145.2 miles, approximately
2,997 routes were traveled, At 9.28 hours per route, approximately 27,812
hours of driver labor would have been used in 1956,

A cost of driver labor per minute was computed from this estimate amnd
from the record of salaries spent by the Asscciation for laber., Variable

labor costs totaled $53,250.58 in 1956, Based on 27,812 hours of labor,



TABLE IX

POUNDS OF MILK PUMPED AND TIME REQUIRED PER STOP FOR
A TYPICAL ROUTE, CENTRAL OKLAHOMA MILK PRODUCERS
ASSOCIATION, 1956
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Stop Number V?lume‘of Fixed Pu@p=0uc Total
Milk Picked Time Time Time

(pgznds) (minutes) (minutes) (minutes)
1 1185.6 75 2.5 9.0
2 14126 Te5 3.0 10,5
3 1562.5 7.5 3.6 11.1
4 1274.0 7.5 2,7 10.2
5 1214 .8 T.5 2,6 16,1
6 1343.4 T.5 2,9 10.4
T 1412.5 T.5 3.0 10.5
8 1523.6 T.5 3.3 10.8
9 1123.4 7.5 2.4 9.9
10 1361.4 7.5 2.9 10.4
11 1431.2 Te5 3.1 10.6
12 1312.6 7.5 2,8 10.3
13 1385,0 T.5 3.0 10.5
Total 17542,6 134 .3




TABLE X

SUMMARY OF THE TOTAL TIME REQUIRED FOR A TYPICAL ROUTE,
CENTRAL OKLAHOMA MILK PRODUCERS ASSOCIATION, 1956
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Percentage of

Minutes Total Time
Fixed Functioms
T, (check-in) 34,90 6.27
T4 (unloading and testing) 52.89 9.50
T5 (elean-up and check-out) 36,23 6.51
Té {(miscellaneous functioms) _31,738 ‘ 5.63
Total Fixed Fumction 155040- 27.91
Variable Function
T, (driving) 267.17 47,98
13 (farm stop) 134,30 24,11
Total Variable Functioms 401.47 .09
Total of All Functioms 556.87 (9.28 hours) 100,00

Source: Computed from survey data obtained from Central Oklahoma Milk
Producers Association, Oklahoma City, Oklahoma, Summer, 1956,
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this would be equivalent to a variable labor charge of 3,19 @ents‘per
minute,

Fixed labor costs associated with bulk milk assembly im the Oklahoma
City milkshed were $8,793.60. This was equivalent to about 0,53 cents per
minute, 1If these costs were spread uniformly over the functions performed
in 1956, fixed labor costs would have been $2,454.29 for fixed fumctionms,

$4,219.17 for driving, and $2,120,14 for farm stops.

Labor Costs for Fixed Fumctions

Variable cost of driver labor for the fixed functioms of the bulk
milk route totaled $14,862.24 for 1956, This was an average of $4,96 per
route, The variable labor cost for these fumctions could have been
obtained either from labor costs and the percentage of time for fixed
functions or from the average time per route (155.40 minutes) and the
average variable laber cost per minute (3.19 cents),

The fixed cost of driver labor for the fixed fumctions totaled
$2,454,29 in 1956, The share of the fixed costs per route totaled $0.82,
Thus, the average driver labor cost (including fixed and variable shares)

was $5.78 per route,

Labor Cost for Driving Time

Labor costs im 1956 were allocated to total driving time on the
basis of a fixed and & variable element., Fixed labor charges were baséd
on the proportiomn of drivimg time te total time amnd were assumed to be
$4,219,17. Variable labor charges were assumed to be 3.19 cents per
ninute, If the variable costs per minute are combined with the minutes

per mile in formula 4.2, the follewing variable cost schedule results:
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3 + 6,699 R Cy

+ 6,125 RBGl + 7,082 R3GE +

(5.2) VLG + D [59040 R)C) + 5,359 R Gy + 6,444 R C +

7.018 RyC, + T.241 RyC

7.911 RBGé]

The varisble labor cost is given directly in this formula for roads

3

im eany given classification. For example, if all roads were good highway,
the variable labor cost would be 5.04 cents per mile and for 500,000 miles
of travel during & given year, the total variable labor cest would be
$25,200.00, (500,000 E5°040é1 = $§25,200,00), For ccmbinations of road
types and conditiems, the variable labor cost of driving would reflect a
weighted average of the actual time involved.

Total labor costs of driving would reflect both the fixed and vari-
able elements, Thus, total labor costs of driving per year would be:

(5.3} 10y = 4,219.17 + D [?.040 R\C) + 5.359 R\C) + 6,444 R C, +

6,699 RyC, + 7.018 RyG, + 7.241 RyCq + 6.125 Rgci +

7.082 RyE, + 7.911 R,C, ]

Labor Cost for Farm Stops

The variable labor cost per farm stop depended on the volume of milk
picked up. The physical relationship for time used at these stops indi~
cated that 7.5 minutes were used for fixed operatiems and that 0,214
minutes were used for esch hundredweight of milk pumped (Formula 4.3‘in
Chapter 4). If the variable or marginal cost is 3,19 cents per minute
then the variable labor cost in cents for each farm stop would be:

(5.4) ViC, = 23.9 + .68 X

To illustrate the use of this formula, assume that a stop is made

and that 1400 pounds of milk are picked up, The substitutieom of X = 14
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in formula 5.4 results im a variable labor cest of 33.4 cemts (23.9 + .68
[14]) for this volume of milk,

The share of fixed labor cests attributable to the farm stops totaled
$2,120,14 in 1956, This is an average of $0.71 per route or 5,5 cents per
producer,

The average labor cost in cents per producer, based on 1956 conditions
would be the sum of the variable and fixed elements as follows:

(5.5) ALC, = 29.4 + .68 X,

This formulatiom of average labor cost is not usual in that the fixed
element is expressed as am average rather tham a total, It is alse dif-
ferent from that obtained by applying average labor cests per minute to
the physical relationship expressed in formula 4.2, The first formulatiom
was preferred for this analysis, in spite of its shortcomings, because it
appeared to be more useful in subsequent analysis of a petential farm

stop charge,
Truck Costs

Variable truck amd tank costs totaled $70,104,36, including
$22,260,04 for depreciatiom of trucks and tanks. The actusl time of
travel for trucks, 13,366.62 hours, was the same as the driving time for
drivers,

If the variable truck and tank costs are related directly teo the
time om the road, them the variable truck cost would be 8.75 cemnts per
ninute, Multiplyimg this rate by actual time involved im travel would
give one estimate of cost by road type and condition. These costs would

be as follows:
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(5.6) VIG, =D [13.,825 RjCy + 14.700 RC, + 17.675 R G +
18.375 R,C, + 19.250 RyCy + 19.862 1?.2(:3 +
16.800 R,C) + 19.425 R5C, + 21.700 R3G3]

However, costs based on actual times overstated the costs of travel
on highways and understated the costs of travel on gravel and dirt roads,
The times were obtained on dry roads during the summer months of 1956,
This was a relatively dry period in Oklahoma and very little diffieculty
was encountered because of wet roads. When roads are wet and muddy,
equipment will not stamd up as long and occasionally additiomal time is
required as compared with dry road cenditioms. It not eonly takes extra
time, extrg fuel, and am occasional assist from a farm tractor or com-
mercial winch truck, but it also means that the equipment may sustain
internal damage which shows up later im motor overhauls and increased
naintenance,

In an attempt to approximate actual costs on the various roads for
average conditions over am entire year, the following assumptioms were
made

1. Each minute of aectual time of travel on highway roasds would

constitute 1,0 unit of cost,

2, EBach wminute of actuasl time traveled omn gravel roads would

comstitute 1.5 umnits of cost,

3. Each minute of actual time traveled on dirt roads would

constitute 2,0 unit§ of cost,

On the basis of these assumpﬁions, a total of 1,002,780.89 units of

cost were imvolved im travel in 1956, This would be a unit cost of 6.99

cents for the variable truck cost categery. The formula for variable
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truck costs by road types umder this formulation would be:

(5.7} VIG, = b [110044 RC

1 + 11,743 R.C. + 14,120 R.C.. + 22,019 R,GC

172 173 271
+ 23,067 R,C, + 23,801 Rac3 + 26,842 RBCl +

C, + 34.670 R.C ]

31.036 R 305

3

Fixed costs, imcludimg other equipment and overhead were $24,483.,22,
LIf these costs were distributed uniformly over the miles driven, they
would have been equivalent to 5.627 cents per mile.

Average truck costs per mile, based on average fixed truck costs
and the second formulation of variable truck costs would be as follows:
+

1°1
+ 23,067 R,C, + 23.801 R

(5.8) ATC = 5,627 + D [11,044 R)G; + 11.743 R)C, + 14,120 R C,

22.019 RBCl 263 +

26,842 RHC) + 31.036 R,Cp + 34,670 chjj

As was indicated im the section on labor costs, this formulatiom departs

from the usual average cost formulas,
Total Costs Per Mile

Total costs per mile for trucks and laber are summerized in Table
X1 and Figure 7, These costs are based on formulas 5.3 and 5.8 and
include only actuwal driving costs, They do not cover such costs as
check-in, unloading or clean-up,

In Figure T, the costs for the various classes of roads averaged
as follows: 24,5 cents per mile for pavement, 37.0 cents per mile for
gravel, and 44 .5 cents per mile for dirt., It should be noted that these
are costs for average conditions over am entire year. During months whenmn

dirt roads are wet and muddy, actugal truck costs may rise sharply abeove
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COST OF DRIVING ON VARIOUS TYPES AND CONDITIONS OF ROADS,

CENTRAL OXKLAHOMA MILK PRODUCERS ASSOCIATION, 1956%
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Road Class Share of Variable Cost< Total Fixed
or Condition Fixed Costs Truck Labeor Total and Variable
(cents per mile) wat
Pavement
Good 6.596 11.044 5,040 16,084 22,680
Fair 6.596 11.743 5.359 17.102 23.698
Poor 6.596 14.120 6.444 20,564 27.160
@r@vél‘
@@@d 6.596 22,019 6.699 28,718 35.314
Fair 6.596 23,067 7.018 30.085 36.681
Poor 6.596 23.801 T7.241 31,042 37.638
Dirt
ot
Good 6.596 26.842 6,125 32,967 39.563
Pair £.596 31,036 T7.082 38,118 bb T4
Poor ©.596 34,670  7.911 42,581 49,177

*Based on time costs for labor and umit costs for the variable
Unit costs for trucks were determined as
one minute on & highway road is 1,0 umit of varisble eost, 1.0
minute on & gravel road is 1.5 units of variable cost; and one minute on

component of cests for trueks,

follows:

a dirt road is 2.0 units of variable cost,

Fixed Costs:

Truck and-overhead $24,483.22
Labor 4,220.05
$28,703.27

G
Tneluded in Varilable Costs:

$22,900.04

Source: Computed from survey data obtained from Central Oklahoma Milk
Producers Assoclation, Oklahoma City, Oklahoma, Summer, 1956,

Truck and tank depreciation
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Figure 7. Cost of Driving on Different Classes and Conditions of Roads, Central
Oklshoma Milk Producers Association, 1956
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the costs indicated im Figure 7. Alsc during months when dirt roads are

dry, actual truck costs may decline relative to these average costs,
Costs of Bulk Milk Assembly on the Typical Route

A summary of the time and cost associated with each fumction per-
formed on the typical route of the Association is presented in Table XII.
The two primary classifications used were fixed functions and variable
functions,

The fixed fumctions included check=-in, unloading, check-cut, and
miscellaneous functions. The varisble labor cest of performing these
functions totaled $4.96, This together with a share of the fixed labor
cost resulted in a total cost of $5,78 per route or 44 cents per pro-
ducer,

The variable function included driving and farm stops. Driving
costs were further subdivided into overhead driving and driving from one
producer to another, It was assumed that all overhead driving was on
highway of which half was élassified as good and half was classified as
fair, Under this assumption the total overhead driving cost averaged
$15,.63 per route or about $1.20 per'produ@er. Driving between producers
averaged $25,.87 per route or about $1.99 per producer, Farm stop costs
averaged $4.99 @er route based on average volumes per stop., This was
equivalent to 38 cemts per producer, The total cost for the typical

route was $52.27 or $4,.02 per producer,
Cost of Addimg a New Producer to the Typical Route

The detailed breakdown of laber and truck costs associgted with the

operations involved in bulk milk assembly may be used to evaluate the net
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TABLE XII

AVERAGE DATILY TIME AND COST FOR EACH MAJOR FENCTION PERFORMED ON A
TYPICAL ROUTE, CENTRAL OKLAHOMA MILK PRODUCERS ASSOCIATION, 1956

Time Labor Cost Truck Total Cost

Funection (min- Variable Fixed Total Cost Per Route - Per
utes) Share Produger
Fixed Functions |
Check-in 3,90  §1.11 .18 1,29 --- . $1.29  $ ,10
Unloading 52.89 1.69 28 1.97 === 1,97 .15
Check=-out 36.23 1.16 19 1,35 === 1.35 .10
Miscellaneous 31.38 1.00 AT L17 ==- 1.17 .09
Total 155.40 4,96 .82 5,78 === $5.78 8 44

VYariable Functiens

Driving
Overhead 67.4 miles 15,63 1.20
Between producexs T7.8 miles 25.87 1.99
Total 145.20 '
miles 267.17 8.52 1.42 9,94 $31.56  $41.50 $3.19
Farm Stops 134.30 4,28 71 4,99  =-- 4.99 .38
Total Cost Per Route §52 .27 $4°®2*

%
Determimed from the total cost per route and differs slightly from
the sum of the costs for imdividual items,
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effect of adding new producers to existing routes, For example, suppose
there was a producer considering the installation of a bulk tank who was
located northeast of producer No., 2 on the typical route. This producer
is now shipping about 400 pounds per day in cans. However, if he con-
verts to bulk, there is reasom to believe that he may increase production
by 25 percemt. If he succeeds im increasing production, he will ship
about 1,000 pounds per pickup on alternmate days., For this preductien,
he may have a herd of about 26 cows averaging 7,000 pounds per cow per
year, This producer is located im Zone 3 which means that he will be
charged 35 cents per 100 pounds for hauling., At this rate, the Associa-
tion would gross $3.50 per pickup.

Can the Associatien afford to let this producer install a bulk tank?
The answer depends, of course, on & number of facters. The first ques-
tion obviously is "how much extra driving would be necessary?" This
producer is located sevem miles from producer Ne. 2 and in view of the
road comditioms it will be necessary to back track on the route, Thus,
a totel of 14 miles would be added to the route,

The second question is "what kind of reads must be traveled?” 1Im
this case, comsider that 2 miles are goed highway, 3 miles are fair
gravel, 1 mile is fair dirt, and 1 mile is poor dirt, Simce the road
must be back tracked, total travel will be 4 miles om good highway, 6
miles on fair gravel, 2 miles on fair dirt, and 2 miles on peor dirt,

The cests to the Association can be determined from Table XI as

follows:
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Good Highway 4 miles at 16.084 = 0,64
Pair Gravel 6 miles at 30,085 = 1.81
Fair Dirt 2 miles at 38.118 = ,76
Poor Dirt 2 miles at 42,581 = _ 85
Extra cost of driving 4,06
Extra labor cost at the farm « 31
Total of extra costs $4937

These extra costs include the wear and tear onm trucks and tanks but
they include no ecomtribution whatsocever to other overheéd costs of rum-
ning the bulk tamk pickup service, In addition, they do mot provide for
the fixed labor cests such as lgundry and driver supplies., If these
costs were imcluded, the total cest of adding this preducer would be
84,37 plus 92 cents for fixed costs of driving plus ,07 cents for fixed
ecosts of labor at the farm to make a total of $5.36. Even at this higher
cost the producer is not sharimg the route costs of cheek-in, driving
from Central Oklehoms Milk Producers to the first pr@dﬁ@er, and other
items,

With income at $3.50 per pickup amnd costs at $5.36 per pickup, 8
loss to the Assoeciation is imevitable., It is not so much the actual
distance which will make this unprofitable as it is the kind of roads
traveled, If the dirt reoads were paved, the total extra costs would have
been $3.41 which would be slightly less than imcome, A slight comtri-
bution would be made to the @verheada Just graveling the dirt roads
would help ecut costs although a loss would still exist, Total extra

costs in the latter case would be $3.96 and total costs would be $4.93,
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These examples were used in order that the importance of type and
condition of roads om costs of bulk milk assembly might be brought into
focus, They also illustrate one way of using the data te evaluate the
income and cost p@sici@m to the hauling agency of addinmg pew producers

to existing routes.,
Summary

The time and motion data were integrated‘with the 1956 income and
ecost accounting deta to obtain estimates of unit costs of performinmg
‘Sp@cifi@ funetions in bulk milk assembly. Unit costs for labor were
based on minutes used in performing each function, Unit costs for trucks
and tanmks were based on assumed relatiomships between time of travel on
the three road types: highway, gravel, and dirt, The assumed relatiom-
ships were that one minute on a gravel road represented 50 percent great-
er vaﬁiabl@ truck cost than one minute omn & highway road and one minute
on & dirt road represemted 100 percent greater variable truek cost tham
one minute on a h;ghway road.

Costs of performimg the specific fumctions of bulk milk assembly
represented the proportiomate shares of time in minutes mulciplied[by
the unit costs. For the fixed fumctions of rumning a route, the variable
labor cost was $4,96 in 1956 and the share of fixed labor cost was $0,82,
Thus the average labor cost was $5.78 per route, |

Costs of driving depemnded on distance traveled, road classificatiom,
and road conditiom. Average costs of drivimg in 1956, imcluding labor

and truck costs, ramnged from a low of 22,68 cents per mile for good

i
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highway roads te a high of 49,18 cents per mile for peor dirt rxoads,
Based on the distributiom of miles drivem in 1956, average costs per mile
were as follows: 24,5 cents for highway, 37.0 cents for gravel and 44,5
cents for dirt,

The average labor cost for each farm stop was expressed with a
fixed and a variable portion., The fixed portion was 29.4 cents, The
variable portion was 0.68 cents times the volume -of milk pumped. The
average labor cost for each farm stop was 38 cents,

It appears that chamges may be made to increase efficiency in the
bulk milk transportation department of the Association. The Asscciation
management is faced with the dilemma of adding some producers .to obtain
greater market contrel and eof refusing to add some producers because of
high cost transportation comditiomns. The relatively laxrge proportiomn of
dirt rosds, particularly on the western side of Oklahoms City, is imdica-
tive of the direction of decisions made in the face of this delimma .,
Travel on these dirt roads has been costly and in many cases the indivi-
dual producers located om the dirt roads have not shared the full cest
of the mransporcéti@ﬁ service. Much theﬁégme condition exists with
respect to individual farm driveways.,

The decision to add a producer who is located om a dirt road should
be made with full recognition of the consequences. - These conseguences
include direct extra costs on these roads, hidden extra costs, amnd delays
in route pickup. It would seem desirable that the decision teo add a new
producer should be made by the persom in charge of the transportation
department, A check list to be used in this decision might be as

follows:
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Is the farm situated on an all-weather road?

Are all bridges adequate for loaded tamks and trucks?

Are the farm entrances sufficiently wide to accommodate present
truck and tamnk equipment?

Is the farm driveway classified as all-weather?

Is the income from the volume of milk per step sufficient to
cover the cost of drivimng the additional mileage for this
producer?

Is the farm bulk milk parlor layout accessible and convenient?

A negative amswer to amy ome of these points should be sufficient te rule

against adding a new produger,

In the event that the decision of this manager was unfavorable for

adding a partiecular producer, the producer should be able to appeal to

the hauling committee or some other appeal board. Then, if the manager

is overruled amd the producer is added, a net less om this route might

be expected.,

Individual farm driveways can be as difficult, if not more diffi-

eult, than the dirt roads, Thus, it would appear that each producer

should be required to have a driveway surface which can be classified as

all-weather before he is added to a route. Producers om existing routes

should be encouraged, and eventually required, to meet the same driveway

specifications.



ANALYSIS OF ALTERNATIVE HAULING RATE SYSTEMS

There are several basic methods which might belused for determining
the bulk milk tramsportation charges to producers. Among these basie
methods are: (1) a standard flat rate per 100 pounds of milk, (2) a zone
rate per 100 pounds of milk with zones related to distances from a cen-
tral point im the milkshed, and (3) & flat charge per stop.

When bulk milk pickup was inmitiated by the Central Oklahoma Milk
Producers Asscciatiom, a standard flat rate of 25 cents per 100 pounds
of milk was the method employed by the Associstion to price the transpor-
tation service to producers, This method had the advantage of simplicity
in administration and im producer understamding. However, it did mot
reflect the costs invelved im transportimg milk from producer farms to
plants when these farms were not equally distant from the plants. Thus,
there was the problem of equity of pricimg the transportatiom service to
farmers.

The use of the standard flat rate pricing procedure resulted in
higher costs to the Association than were anticipated at imitiatiom of
the bulk milk tramsportation service, At this time the canm type pickup
service which was being displaced was priced omn the basis of distance
traveled, Charges varied from about 25 cemnts per 100 pounds for producers
relatively close to the plants to as much as 50 cents per 100 pounds for

producers relatively far from the plants,

80
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On the basis of these charges, the incentive for producers to chamge
to the bulk system were greatest at the periphery of the milkshed and
these distant producers actually were first to make the tramsition. This
resulted in a comcentratiom of farm stops at greater than average dis-
teances from the plamts, which in turm, caused relatively high transporta-
tiom costs per LOQ pounds. Under these conditions, either the producers
whe were located relatively close to the plants were helping to defray
the transportatiom costs of producers located further from the plamts,r
or, if deficits to the Association occurred, all members of the Associa-
tion were helping to defray these costs, Either situatiom appeared un-
acceptable for the long-run interests of the Asseciatioen.

In April, 1956, the Association changed its pricing pr@cgdure.from
a standard flat rate to & zone rate per 100 pounds of milk., Zones were
established on the basis of 20-air-mile intexvals. Concentric circles
with the center im Oklahoma City were drawm on township and range maps of
Oklahome as illustrated im Figure 8., Producers whe were located in the
interval between two circles were @h&rged the same rate per 100 pounds of
milk, The zones gnd charges per zone are presented in Table XIILI.

This method represented a compromise between a stamdard flat rate per
100 poumnds and a rate based on distance. As such it incorperated both
advantages and disadvantages of each method., The ngair-mil@ zone rate
system required somewhat more effort to establish transportatiom charges
which were applicable to imdividual producers but, once established, it
was relatively easy to administer. In edditiom, it was more equitable
among producers than the stendard flat charge and most producers under-

stood this pricing system., However, problems of equity among producers



Figure 8, Illustration of 20-Air-Mile Zomnes, Central Oklahoma. Milk Producers Association
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gtill existed under the zone pricing system. Costs of transportation were
greater for producers located at the outer fringe of the zome than fer
producers located at the immner frimge of the zone. Also, this zone may
have resulted in different charges to neighboring producers who were
located on opposite sides of the same road. There was also the question
of whether air-miles or miles from the producer to a central point with

travel on the most direct hard surfaced road should determine the zone

rate,
TABLE XIII
SCHEDULE OF CHARGES USER BY THE CENTRAL OKLAHOMA MILK
PRODUCERS ASSQCIATION, APRIL 1956 THROUGH JUNE 1958
. Charge per Hundred
Zone Number ylles Inclusive Weight (in cents)
1 0-20 .25
2 , 21-40 - 30
3 41'60 n35
4 61 and over .40

The problem of equitable charges among producers could be mimimized
by decreasing the size of the zomes, However, administration costs would
be greater for establishing and maintaining charges for the larger number
of zomes, In the analysis which follows, standard flat-rate, 20-air-mile

zone, and S5-air-mile zome systems will be conmsidered.
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Income and Costs for the Standard Flat Rate

During the 1956 calendar year, a total of 46,732,376 pounds of bulk
milk was picked up from farms by the Association. At 25 cents per 100
pounds, this would indicate a gross income of $116,830,94., The costs
incurred by the Associatiom totaled $148,028.20 in 1956 and with adjust~-
ments for larger equipment and higher depreciation rates would have
totaled $156,631.76. Using the latter costs, a net loss of $39,800.82
would have occurred for the bulk milk hauling operatioms of the Associa-
tion im 1956 umder the 25 cent flat rate. This would be a loss of 8,52
cents for each 100 pounds of milk, or about $13,28 per route, This
would be equivalent to about $1,02 for each producer per pickup or about
$186,00 per producer per year,

| These cost and income figures indicate that the flat rate charge
must be at least 33,5 cents per 100 pounds for 1956 density of producers
and road conditioms if the bulk milk hauling operations are to break-
even. At a charge less tham 33,5 cents per 100 pounds, a deficit would
exist which would require & transfer of funds from some other segment
of the Assoeciation getivities,

Even with the same producers and no reorganization of routes, it
would appear that each producer would have to increase his daily average
volume of production by about 400 pounds if the Associationm were to break-
even on the hauling operatioms umder this pricing system. This extra
volume, of course, could not be handled on the presemnt routes and would
require additiomal routes which would incur extra costs.

4 variation of the standard flat rate method is a standard charge per

stop plus a flat rate per 100 pounds of milk, The usual premise for such
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a pricing system is that it would cost almost as much to stop for a small
volume producer as for a large volume producer,

In the analysis of Chapter V, the average per stop cost was 29.4
cents plus 0.68 cents times the volume. This indicates that a cost of
almost 30 @@mﬁs was associgted with the usual operatioms of picking up
milk at the farm even if mo pump-out time were required. Thus, a charge
of 30 cents per stop might be levied against each producer. Such a
charge im 1956 would have decreased the potential deficit of the standard
flat rate pricimg method to $28,112.52 per year or to T2 cents per pick-
up.,

Thies portiom of the average cost does not allow for overhead items
such as check-in, testing, lunch, time at scales, amd check-ocut., Nor
does it allow for am average quantity of milk picked up. As an average
for all routes saﬁpled, with these overhead costs and the volume of milk
ingluded, the per stop cost would amount te about 82 cemnts. Under the
present rate structure, 82 cents per stop would substitute for five cents
of the hauling rate so far as income to the Association is concermed, I1f
this charge were levied against. each producer for each stop plus the |
standard flat rate charge per 100 pounds of milk, the deficit would have
been cut to 20 cents per 100 poumds im 1956, The hauling rate under this
system would be 82 cents plus 25 cents per 100 pounds, A fixed charge
of $1.00 per stop would be required to wmake income and costs approximately
equal so long as the rate remaimed at 25 ecents per 100 pounds.

The inclusion of an 82 cent stop charge would have the effect of
increasing the effective rates for small volume producers and decreasing

the effective rates for large volume producers. For a volume of 500 pounds
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this would be 82 cents plus $1.25 for a total charge of $2,07 per stop
or about 41 cents per 100 pounds. For a volume of 8,000 pounds, this
would be 82 cents plus $20.00 for a total charge of $20.82 per stop or
about 26 cents per 100 pounds,

This pricing system would recognize the close relatiomship existing
between cost and volume, but it would not reflect the costs associated
with distance., Instead, the rate per 100 pounds of milk under this
gystem must be high enough to cover costs associated with distanmce, Such
rates generally do not result in equitable pricing of the service for pro-

ducers.,
Income and Ceosts for 20-Air-Mile Zone Rates

An attempt was made to use the sample routes to evaluate income and
costs for zome pricing of the tranmsportatiom service., It wasvassum@d
that generalizations derived from income and cost data applied to the
sample routes would be applicable to the total operatioms of the Asso-
ciation,

Generally, the sample routes were distributed geographically in the
same proportion as the total of all routes. Also, these routes were about
average in volume of milk hauled per mile., Data from the 44 route sample
indicated that 773,302 pounds of milk were picked up at the farm which
required total travel of 7,161.4 miles., This was about 108 pounds of
milk hauled per mile in the sample as compared with the Association
average of 107 pounds per mile for the calendar year 1956.

Income received by the Associatiom for milk tramsportation under the

zone pricimng method was computed from the sample reutes, A zone rate
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based on 20-air-mile imtervals was determimed for the geographical loca-
tiomn of each producer om each sample route, This rate was multiplied by
the actual volume of milk en the day of the sample to obtain the gross
income for each producer., These gross incomes were summed to obtainm a
gross income of $2,377.82 for all sample routes,

Total costs were computed from the total miles driven om the sample
routes and the average cost per mile, adjusted basis, for the calendar
year 1956, These costs totaled $2,577.89 for the sample routes,

The 20-air-mile zone pricing procedure would have resulted im a met
deficit of $200.07 for the 44 routes or about $4.55 per route. The
deficit per producer stop would be approximately 35 cents and the deficit
for the celendar year would be about $13,636.00,

There is some justification for pricing the tramnsportation service
in line with the cost of providimg this service on the basis of a per
stop ecost plus a zome rate per 100 pounds of milk pickup. Accordingly,
an attempt was made to evaluate the effect of this pricing procedure.

An average per step cost of 82 cents was used as in the previous section.
This average cost was defimed im such a way as to include driver labor
.@@sts at the farm plus a proporticnate share of the labor costs imvolved
in the fixed functions such as @he@k=iﬁ @nd unloading. If the charge of
82 cenmts per stop were levied sgaimst each producer, them the hauling
rate in each zone could have been reduced by two cemts per 100 pounds to
keep income and costs approximately equal. Actually, a met return eof
$31.92 or 73 cents per route would bave been realized on the 44 routes.

‘ This would be equival@nt“t@ almost six cemts per producer or a total of

$2,188.00 for the calemdar year 1956,
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This pricimg procedure would have the effect of increasing the
effective rate for small volume pfoducers and decreasing the effective
rate for large volume preducers. For example, a producer with a pickup
volume of 500 pounds in Zome 2 (250 pounds daily) would pay 82 cemts plus
$1.40 (500 pounds at 28 cents per cwt,) or a total of $2,22, This would
be about 44 cents per 100 pounds as compared with 30 cents under the
regular zone pricimg procedure with deﬁi@it conditions., The large pro-
ducer, on the other hamnd, would have a reduced rate relative to the
regular gone pricing. A producer in Zone 2 with 8,900 pounds would pay
$0.82 plus $22.40 (8,000 pounds at 28 cents per cwt.) or a total of
$23,22, This would be about 29 cents per 100 pounds &5 compared with 30
cents under the deficit producing regular zone pricing. An average pro-
ducer in Zome 2 with 1,368 p@unds would pay 82 cents plus $3.82 or a
total of $4.65, This would be about 34 cents pér 100 pounds which is
slightly higher tham under the regular zone pricimg procedure with
deficit comditioms but is about the same as under a zZone pricimg system
which entailed mo loss to the Associatiom for the bulk milk hauling
operation,

Generally, the additiom of & per stop coest.plus th@ur@@u@@d~z@me,rate
would imcrease the tramsportation @h@xg@s more for small pr@dué@rs located
relatively close to Oklahoma City than for small producers located at
greater distances from Oklahoma City, This oeccurs because of the nature
of adding & fixed elememt to the variable zome pricimg. A fixed charge
of 82 cemts om a 500 pound volume would bg equivalent to an effective rate
of about 16 cemts, Im per;entage terms, this would be a greater increase

for & low zome rate than for & high zone rate, For example, the 500
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pound volume in Zome 1 would have an effective rate (based omn the per
stop charge and 23 cents per 100 pounds) of about 39 cents per 100
pounds, This would be 14 cents higher than the regular zone price of 25
cents and would represemt an increase of about 56 percemt. The 500
pound volume in Zene & would have an effective rate of about 54 ceﬁts
per 100 pounds ($0.82 per stop charge and 38 cents per 100 pounds) which
would be 14 cents higher than the regular zone rate but an increase of

omnly 35 pereent,
Income and Costs for 5-Air-Mile Zone Ratés

Zones smaller than 20-air-mile intervals would minimize the problem
of unequitable charges for tramsportation as related to distanéé within
zones, Comnsequently, an attempt was made to comstruct estimated income
and cost data for zome pricing om 5-air-mile intervals,

Income received by the Aséo@iation for milk transportatiom umnder a
given zome system was calculated at $2,464.60 from the sample routes,
This would represent & met loss on the hauling operation of $113.23 for
44 routes or about $2,57 per route, The schedule of charges which would
cover costs was determined om the basis of producer locations and volumes
on the sample routes and is presented in Table XIV. In order to keep
rates im terms of cemts rather tham fractions of cents the possible income
under this system was allowed to increase from $2,464.66 to $2,619,.32 for
the 44 routes, Actual;y about one-half cent per hundredweight would be
made on bulk hauling simce the charges were rounded to the mearest cent,

For the first zome, the rate would be ome cent per 100 pounds more

than the 20-air-mile zome rate, For distances from 20 to 25 miles, the
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TABLE X1V

SCHEDULE OF HYPOTHETICAL ZONE RATES BASED ON 5-AIR-MILE INTERVALS,
CENTRAL OKLAHOMA MILK PRODUCERS ASSOQCIATION

Rate per 100 Pounds

Zone Number Miles Inclusive Without Step  With Step
N Charge Charge (82¢)
1. | 0-20 26 20
2 | 20.1-25 29 23
3 25.1=30 31 25
4 ' 30.1-35 33 27
5 ‘ 35.1-40 35 29
6 40,1-45 37 31
7 45,1-50 39 33
8 50.1-55 40 3%
9 55.1-60 41 35
10 60.1-65 42 36
11 65.1=70 43 37
12 70.1-75 44 38
13 75.1-80 45 39
14 80,1-85 46 40
15 85.1-90 47 41

The rates increase one cent
for each additional S5-mile
zone,
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rates would be less than the 20-air-mile zome rate but for distances
greater tham 25 miles there would be a higher rate. These higher rates
reflect the larger income necessary for a break-even position of the
Agsociation.

1f @ per stop charge of 82 cents per producer were combined with the
5-mile zome rate system, then each zone rate could be reduced by about 6
cents per 100 poumds of milk (Table XIV). Income from these routes would
be slightly in excess of costs, Gemerally, the rates under the smaller
zones would be more equitable among producers and the rates would be some-
what higher for distamces greater than 85 miles as compared with the 20-
air-mile zome system,

The inmclusiom of & per stop cost under the 5-air-mile zone system
of pricing would imcrease the effective rate for hauling milk from small
volume producers and decrease the effective rate for hauling milk from
large volume preducers. It would also result in a greater percentage
inecrease in hauling rates for producers located relatively close to
Oklahoma City then for the same sige preducers located at greater distances

from Oklahoma City.
-Suumary

Estimates of income amd costs were made for altermative bhauling rate
gystems of the Central Oklahoma Milk Producers Associatiomn. Generally,
these estimates indieate that hauling rates should be increased im eorder
that the bulk milk assembly operatioms might be a profitable department,
Rates under the now discarded flat rate system would have to be increased

about 8.5 cents to 33.5 cents per 100 pounds. Rates under the current
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20-air-mile zone system would have to be increased about 3.0 cents per
100 pounds,

It appears that & 5-air-mile zome rate would minimize the problem
of unequitable charges for tranmsportatiom as related to distance within
zones, For this reasom, it is recommended that the 5-air-mile zone rate
system be carefully comsidered. im the determinatiomn of rate structures
for bulk milk assembly in Oklahoma,

The addition of a per stop charge to the rate structures would
contribute to more equitable charges among large and small producers,

The per stop charge would increase the effective rate most for the small
producers located relatively close to Oklahoma City,

At present, it appears that a larger and larger proportiom of pro-
ducers adding bulk tamks will have relatively small volumes of milk,
Thus, each producer should contribute to the direct coste imvolved at
his farm plus some share of the fixed costs oﬁ running the route., A per
stop charge plus & rate per 100 pounds would be more equitable between
large and small producers. The per stop charge could be lgvi@d once each
month for beockkeeping convenienmce. ILf new producers addimg bulk tanks in
the future are likely to have small volumes, then costs of hauling may
inerease enough to foree am increase in rates for all producers, This
could result im a continueows upward adjustment im hauling rates during the
coming years which would be independent of changes in the gemeral price

level im the economy,



SUMMARY AND CONCLUSIONS

Th@ central problem area of this study involved the bulk tamk trams-
portation of milk im the QOklahoma City milkshed, This problem was
examined from the standpeimt of varying cost conditions and alternative
hauling rate structures for the Central Oklahoma Milk Preducers Associa-
tiom,

The drivers were compared on the basis of efficiemcy in performing
each of the fumectioms., Amalysis of variance indi@ated that there were
significant differences between drivers in performing each fumnctiomn, The
New Multiple Ramge Test was used to determime which drivers were signifi-
cantly different from the other drivers im performing the functioms,
However, when the five major fumctioms were pooled and the drivers com-
pared, there were meo significant differences between drivers,

Service functioms and unexpected delays added additiomal time to
the normal total reute time, The frequencies of these functioms and
d@l@ys were small but they should be expected, In a limited number of
cases drivers were detained by farmers imterruptimg the mormal pickup
operation, Gemnerally, the additiomsl time represented & public relationms
function for the Asseclation and may have beem valuable to the Associa-
tion,

The time and motiom data were integrated with income and cost
accounting data for 1956 to obtain estimates of unit costs of performinmg

specific fumctioms, It was foumd that the average cost was $5.78 per

93
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route for 1956. GCost of driving depended on distance traveled, road
classification, and road comditiom, Based on the distribution of miles
drivem im 1956, average costs per mile were as follows: 24.5 cents for
highway, 37.0 cemts for gravel, and 44,5 cents for dirt,

Careful considergatiomn should be given to the addition of producers
to the bulk tamnk pickup route, Travel on dirt roads amd poor gravel roads
is costly and in many instances where individual producers are added on
these road types they do not share im the full cost of transportation
services,

The decisiom to add a producer who is located om a dirt read should
be made with full recognitiom of the consequences, Normally, the person
in charge of the tramsportation department should make this decision, A
cheek list of iﬁ@ms te be used in this decision might be as follows:

10 Is the farm located on an all-weather road?

2, Are all bridges adequate for loaded tarnks and trucks?

3. Are the farm emntrances sufficiemtly wide to accommodate present
truck and tank equipment?

4, 1Is the farm driveway classified as all weather?

5., Is the income from the volume of milk per stop sufficient to
cover the ecost of drivimg the additicmal mileage for this
producer

6. Is the farm bulk milk parlor layout accessible and comvenient?

A negative answer to amy one of these points could be sufficient to rule
against adding a mew producer,

Individual driveways often ceuse as much trouble as poor dirt roads.

Care should be exercised to imsure that all producers, both old and new

in terms of using bulk tamk facilities, meet a minmimum driveway specifi-

cation,
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Estimates of income amd coste were made for alternative hauling rate
systems of the Central Oklahoms Milk Producers Association. Under the
flat rate system, hauling rates would have to be about 33.5 cents per 100
pounds, Zone systems of pricing the hauling service appeared to be more
equitable tham the flat rate system., Rates under the 20-air-mile zone
system in use from April 1956 through June 1958 would have to be increased
by abeout 3.0 cents per 100 pounds for the Association to cover costs, A
proposed system of 5-air-mile zone rates appears to be more equitable for
bulk milk assembly im Oklshoma,

The addition of a per stop charge to the rate structures would con-
tribute to more equitable charges among large and small producers, It
appears that mamy producers adopting the bulk tank system in Oklahoms will
have small volumes of wmilk, If this osecurs, the costs of hauling may im-
crease enough to forece am imerease im the rates for all producers, A
greater proportion of small volume bulk milk producers ceuld result in a
continuous upward adjustment im hauling rates which would be independ@mt
of chamges in the gemeral price level im the econemy.

Additiomal studies should deal with demsity of producers and its
effect on the costs of bulk milk assembly, Also, the effect of weather
should be carefully examimed. The extent of additionmal costs and depreci-
ation rates because of variable weather comditioms are not known., Speeifie
studies under varying conditions should be arramged to determine the effect

of weather om the costs of bulk milk assembly.



BIBLIOGRAPHY

Agnew, Donald B, How Bulk Assembly Changes Milk Marketing Costs., United
States Department of Agriculture Market Research Report No, 190,
July, 1957,

Baker, T, A,, W, E, McDaniel and B, L. Bondurant, Milk Hamdling Can or
Bulk Tank? Delaware University Agricultural Experiment Statiom
Circular No. 29, Newark, Delaware, May, 1954,

Baum, E., L, and D, E, Pauls, A Comparative Analysis of Costs of Operating
Milk Collection by Can and by Truck inm Western Washinmgtom, 1952,
Washington Agricultural Experiment Statiom Technical Bulletin No, 10,
Pullman, Washingtom, May, 1953.

Bressler, R, G., Jr., E. O, Anderson, D, A. Clarke, Jr., and E., N,
Belinker, Efficiemcy of Milk Marketing in Conmecticut, Number 5.
Economics and Biology of Alternate - Day Milk Delivery, Storrs
Agricultural Experiment Statiom Bulletin 247, University of
Conmecticut, Storrs, Conmecticut, May, 1943,

Burress, Tom. The Bulk Farm Pick-Up System of Marketimg Milk. The Heil
Company, Milwaukee, Wisconsim, 1953,

Clarke, D. 4,, Jr,, and R. €. Bressler Jr, Efficiency of Milk Marketing
in Conmecticut Mumber 6. La

Delivery Routes., Storrs Agricultural Experiment Station Bulletin
248, University of Commecticut, Storrs, Conmnecticut, June, 1943,

Clarke, D, A., Jr, A Comparative Analysis of the Costs of Operation of
Milk Colleection by Cam and by Tank in Califormia. Gianmnini
Foundation of Agriecultural Econemics Mimeographed Report Ne., 91,
Berkeley, Califermia, October, 1947,

Cottom, Walter P, Milk Hauling Rates and Problems in North Carolina,
North Carolima Experiment Station AE Information Series 28, Raleigh,
North Carolina, December, 1950,

Cowden, Joseph M. Bulk Milk Hamdlinmg im 1955, Farmer Cooperative Sexrvice
General Report 22, United States Department of Agriculture, Washing-
ton, D, C., April, 1956,

. Comparing Bulk and Can Milk Hauling Costs. Farmer

Cooperative Service Circular 14, United States Department of
Agriculture, Washington, D, C., June, 1956,

96



97

Duncan, David B. ‘'Multiple Ramge and Multiple F Tests," Biometrics,
Volume 11, No, 1, March, 1955,

Hammerberg, D. 0. and W, G, Sullivan, Efficiency of Milk Marketimg in
Commecticut, Number 2, The Iransportation of Milk., Storrs
Agricultural Experiment Station Bulletin 238, University of
Comnecticut, Storrs, Commnecticut, February, 1942,

Ishee, Sydmey. The Impact of Bulk Handling on the Market Milk Industry.
Pennsylvania University Agricultural Experiment Statiom Journal
Series Paper Number 2053, University Park, Pemnsylvania, May, 1956,

, and W, L, Barr. Economics of Bulk Milk Handling.
Pennsylvania University Agricultural Experiment Stationm Bulletin
No, 631, University Park, Pemmsylvania, March, 1958,

Johnson, P, E,, H, C, Olsen, and R, L. Von Gunten. A Comparison of the
Bulk and Can Systems for Hamdlimg Milk om Farms. Oklahoma State
University Agricultural Experiment Station Bulletinm No, B=456,
Stillwater, Oklahoma, August, 1954,

Judge, George G, and Ralph L, Baker., "Time and Cost Function for Egg
Routes,” Poultry Science, Volume 31, No. 4, July, 1952,

King, G. A. and R, 6. Bressler, Jr, Efficienmcy of Milk Marketing im
Comnecticut, Number 12. Wholesale Milk Distributiom. Storrs
Agricultural Experiment Statiom Bulletim 273, University of
Conmecticut, Storrs, Commecticut, July, 1950.

Koller, E. Fred. "Cooperatives in a Capitalistic Economy.” Jourmal of
Farm Economics, Vol., XXIX, No. 4, Part 2, November, 1947,

Larson, Adlowe L. Agricultursl Marketing. New York: Prentice-Hall,
“t Inc,, 1951,

Leftwich, Richard H. The Price System amd Resource Allocatiom. New
York: Rinehart and Company, 1955.. .

B e A s

Wisconsin. University Experiment Statiom Research Bulletin No, 192,
Madisom, Wiscomsin, February, 1956, :

Stocker; Noel, Progress im Farm to Plant Bulk Milk Handling. Farmer
Cooperative Serviee Circular 8, United States Department of
Agriculture, Washingtom, D. C., November, 1954,

Webster, Fred C. Specifications and Costs for a Milk Pastuerizimg and
Bottling Plant of 6,000 Quarts Daily Capacity. Cormell University
unpublished PhD dissertatiomn, Ithaca, New York, February, 1956,

7



APFENDIX



APPENDIX TABLE 1

BULK MILK PICKUP AT FARMS BY BOLTON'S DAIRY, CHICKASHA, OKLAHOMA, JUNE 5, 1954 TO
DECEMBER 31, 1956

1554 1955 1956

Number of Pounds of Rumber of Pounds of Number of Pounds of

Producers Milk Producers Milk Producers Mill
January 34 438,745 34 425,755
February : 34 409,506 - 34 389,366
March 34 466,765 34 442,622
April 34 467,177 34 430,345
May 34 453,349 : 34 426,575
June T 68,590 34 : 406,800 34 367,214
July ' 11 98,800 34 384,114 34 346,497
August 20 103,760 34 351,438 34 324,607
September 30 275,622 34 377,209 34 323,630
Detober 35 378,414 3% 394,249 % 397,279
November 35 431,376 34 417,051 34 415,501
December 34 444,629 34 442,598 34 435,165
TOTALS 1,801,191 5,009,101 4,724,556

Source: Bolton's Dairy, Chickasha, Oklshoma.
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APPENDIX TABLE Il

BULK MILK PICXUP AT FARMS IN THE OKIAHOMA CITY, ORLAHOMA MILKSHED
MAY 7, 1955 to DECEMBER 31, 1956

Percentage of Total Market

Number of Pounds of

Month Producers Milk gzz;;;@;: ﬁi;gi:azfm
1955 May 4 75,746 .30 .48
June 20 204,787 1.49 1,42
July 36 492,787 . 2.66 3,51
August 61 938,422 4,37 6.74
September 76 1,329,024 5.40 8.97
October 86 1,807,561 6.06 11,58
November 94 1,933,201 6.69 12,63
December 100 2,126,251 7.23 13,23
8,907,779 7.43
1956 January 107 2,319,315 7.80 14.24
February 111 2,305,278 8.15 15.20
March 120 2,825,306 8.83 16.48
April 135 3,207,044 9.80 18.55
May 149 3,549,291 11.04 19.99
June 161 3,474,370 11.70 21,05
July 175 3,618,864 12,95 22,29
August 199 3,792,290 14.48 24,24
September 235 4,684,328 17.03 28,62
October 249 | 5,609,302 17.82 31.30
November 255 5,575,838 18,61 32,18
December 263 5,911,337 19.37 .49
| 46,872,563 23,22

Source: Milk Market Administrator, Dairy Division, Agricultural Market-
ing Service, United States Department of Agriculture, Oklahoma
City, Oklahoma.
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APPENDIX TABLE III

BULK MILK PICKUP AT FARMS IN THE‘TULSA, OKLAHOMA MILKSHED
MAY, 1956 TO DECEMBER 31, 1956-

: Percentage of Total Market
Month Number of Pounds of Number of Pounds of

Producers Milk Producers Milk
May 29 1,258,763 2.40 6.27
June 34 1,214,397 2.82 6.95
July 45 1,318,989 3.75 T-T7
August 69 1,814,595 5,52 11,02
September 79 2,223,330 6.27 12.87
October 98 2,919,326 7.68 15,53
November 100 3,015,565 7.89 16,52
December 105 3,303,774 8.31 17.44

Total 17,068,739 11.8

Source:; Milk Market Administrator, Dairy Divisiom, Agricu ltural Marketing
Service, United States Department of Agriculture, Oklahoma City,
Oklahoma .



BULK MILK PICKUP AT EARMS IN THREE OKLAHOMA MILKSHEDS,

APPENDIX TABLE IV

1954 TG DECEMBER 31, 1956

JUNE 5,

102

Number of Pounds of Percent of

Month Producers Bulk Milk Total Milk
1954 Junel 7 68,590 .22
July 11 98,800 .35
August 20 103,760 .37
September .30 275,622 97
October 35 378,414 1.45
November 35 431,376 1.39
December 34 494,629 _.1.52
Total 1,851,191 . B8
1955 January . 34 438,745 1.35
: February 34 409,506 1.37
March 34 466,765 1.32
spril 34 467,177 1.29
M@y 38 529,095 L.45
June 54 611,587 1.90
July 100 876,901 2.85
August 95 1,289,860 4,31
September 110 1,706,233 5,39
October 120 2,201,910 6.61
November 128 2,350,252 7.26
December 134 2,568,949 1.713
Total ' 13,916,980 3,53
1956 January 141 2,745,070 8.20
February 145 2,694,644 8.59
March 154 3,267,928 9,11
April 167 3,556,576 9.57
May 212 5,235,259 13,69
Jupe 227 4,995,977 14,36
July 254 5,484,350 16.34
August 302 5,931,492 18.29
September 348 7,231,288 21.29
October 381 8,925,907 T 264,05
November 389 9,006,904 25,02
December 402 9,650,276 25,68
Total 68,725,671 16,30
Grand Total 84,493,842 8.24

Ypulk milk pickup began on the Chickasha market Jume 5, 1954,

“Bulk milk pickup began om the Oklahoma City market May 7, 1955.

“First date available for pounds of bulk milk om the Tulsa market,
Source: Milk Market Admimistrator, Dairy Division,’hgri@ultural Marketing

Service, United States Department of Agriculture, Oklahoma City
and Tulsa, Oklshoma; Bolton's Dairy, Chickasha, Oklahoma.
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MILES TRAVELED AND TIMES PER MILE FOR EAST AND WEST HIGHWAY ROADS,

CENTRAL OKLAHOMA MILK PRODUCERS ASSGCIATION, 1956

H GGOD g FAIR POQOR
:No. of :No. of:Elapsed:No. of :No. of:Elapsed:No. of :No, of:Elapsed
Route:Obser- :Miles : Time :Obser- :Miles : Time :0bser- :Miles ; Time
ivations: : (min,) :vationms: s {min,.) :vations: : (min,)
EAST ROADS
A 29 149.3 242.0 23 135,1 210.1 5 9.5 15.0
B 14 36.2 58.6 12 42.9 84.9 3 5.6 18.5
€ 8 36,1 55.7 T 34.6 54,0 2 10.1 13.9
D 12 86.4 140.2 12 57.2 113.8 2 1.3 2.4
E 13 69.9 138 .4 7 194.6  340.6 8 21.7 57.5
F 3 15.5 34.0 13 90.4 170.0 & 5.7 11,2
G 11 100.7 162.5 1 71.3 126.8 1 7.5 18.2
H 17 148.8 236.2 264 180.4 294.0 3 33.3 62.9
L 20 278.1  409.2 31 122.0 208.4 10 26,0 53.3
Total
Bast 127 921.0 1476.8 146 928.5 1602.6 38 120,7 252.9
Ave, time per mile 1.60 1.73 2,10
WEST ROADS
J 10 119.2 150.2 26 228.2 374.4 1 1.1 7
K 57 270.2  459.4 16 34,6 73.2 4 8.0 16,3
L 6 79.8  107.3 10 60,7 92,8 - - -
M 6 70.0 124,1 11 82,6 137.6 2 4,9 6.8
N 29 148,86 220.1 30 169.4 246.8 T a7.1 48.6
Total
West 108 688.0 1061.1 923 575.5 924.8 14 41,1 73.4
Ave, time per mile 1.54 1.61 1.79
Total East
and
West 235 1609.0 2537.9 239 1504,06 2527.4 52 161.8 326.3
Ave, time per mile 1.58 1.68 2,02
Source: Computed from survey data obtained from Central Oklahoma Milk

Producers Association, Oklahoma City, Oklahoma, Summer 1956,
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MILES TRAVELED AND TIMES PER MILE FOR EAST AND WEST GRAVEL ROADS,

CENTRAL OKLAHOMA MILK PRODUCERS ASSOCIATION, 1956

GOOD

FAIR

POCR

:Ho. of :No, of:Elapsed:No. of :No., of:Elapsed:No. of :No. of:Elapsed

Route:Obser= :Miles , Time :0Obser- :Miles : Time :0bser- :Miles ; Time
:vations: :(min,) :vatioms: s{min.) :vations: : (min.)
EAST ROABS

A 3 5.3 11,6 27 96,1 229.2 34 139.5 322.8
B 5 9.4 23.8 18 27.3 75.1 5 6.2 29.2
c - == - 12 21.6 49,5 4 5.9 15,1
D - == -- 26 29.5 9.7 13 27.4 70.7
E 1 6.7 9.4 17 26.6  69.6 4 2.8 9.5
F 3 7.9 13.0 5 11.7 25,3 7 25,5 64,3
G e 1.2 2,9 g 9.7 23.1 5 12.2 36.7
H 5 11,0 18.7 31 105.4 204.7 13 25.4. 50,6
1 = - - 26 20.9 52.4 &7 69.5 151.8

Total

East 19 41.5 79.4 171 348.8 808.6 132 3l4.4  T48.7

Ave, time per mile 1.91 2,32 2,38

WEST ROADS

I 4 2.3 6,3 17  55.2 109.3 20  85.6 163.1
K & 1.3 5.1 19 32.9 775 6 8.4 26,7
L 1 3.4 15.9 9 17.4 44 .6 6 12.8 31.2
M 4 8.7 13.9 16 36.0 73.2 4 3.1 5.6
i 1 .2 o0 34 67.6 116.5 12 42,1 83.5

Total .

West 14 15,9 40.9 95 209.1 421.1 48 152.0 310.1

Ave, time per mile 2.57 2,01 2.04

Total East

and

West 33 57.4 120.3 266 557.9 1229.7 180 466.4 1058.8

Ave., time per mile 2,10 2.20 2.27

Source: Computed from survey data obtained from Central Oklahoma Milk
Producers Association, Oklahoma City, Oklahoma, Summer 1956,



MILES TRAVELED AND TIMES PER MILE FOR EAST AND WEST DIRT ROADS,
CENTRAL OKLAHOMA MILK PRODUCERS ASSOCIATION, 1956

APPENDIX TABLE VII
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-_GOOD

FAIR

FOOR

:Ho, of :No. of:Elapsed:No. of :No.-Bf:Elapsed:No, of :No. of:Elapsed

Route:Obser- :Miles : Time :0Obser- :Miles : Time :0bser~- :Miles : Time
;vations: : {min,):vations: :(min,) :vations: :(min.)
‘EAST ROADS
A - - == - == - 1 4,1 7.6
B = == it 1 09 105 5 4’05 1807
C 1.0 1.1 6 5.8 18.3 - - ==
D = -= 1 T L.7 5 9.1 17.2
E - -- == 3 2.6 6.0 3 9.7 18.9
F - == = 1 1.9 4.5 4 7.8 20.6
@, = == o= e = PP _— = = == = e
H o7 3.9 4 8.2 20.1 - _— .-
1 - -o - 2 2.6 5.7 1 .6 1.8
Total
East 3 1.7 5.0 18 22.7 57.8 19 35.8 84.8
Ave, time per mile 2.94 ’ 2.55 2.37
WEST ROADS
J - o - 5 9.2 19,5 12 43,0 100;1
K 15 15,2 31.6 44 64,0 139.4 39 54,7 156.4
L 1 4,0 4,2 7 15.3 39.5 11 26, 68.6
M 1 3.0 5,8 20 25.2 58.7 9 14 .4 40,0
N - e - 19 33.9 62,7 30 64,0 141.9
Total
West 17 22,2 41,0 95 47,6 319.8 101 202,.8 507.0
Ave, time per mile 1.85 2.17 2,50
Total East
and
West 20 23.9 46,0 113 170.3  377.6 120 238.6 591.8
Ave, time per mile 1.92 2,22 2,48

Source: Computed from survey data obtained from Central Oklahoma Milk
Producers Association, Oklahoma City, Oklahoma, Summer 1956,



#p® TEST FOR THE VARIOUS OPERATIONS PERFORMED BY DRIVERS
AT FARM STOPS, CENTRAL OKLAHOMA MILK PRODUCERS
ASSOCIATION, 1956

APPENDIX TABLE VIII
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d.£f, 5.8, M.S. F
HOOKING UP
Total 491 325,05 == -
Group 10 27.57 2,76 4,45
Error 481 297.48 0,62 -
= dodke
L 4,45 > 2.37
SAMPLING
Total 491 310.09 - -
Group 10 71.86 7.19 14,52
Error 481 238 .23 0,495 e
= ? Jede
F obs 14.58 > 2,37
"WRITE TICKET
Total 491 316,20 -= -
Group 10 20,46 2,05 3.33
Error 481 295.74 0.615 -
= 2 AT%%
Fobs 3.33 > 2.37
WE IGHING
Total 491 194,65 - -
Group 10 31.81 3.18 9,38
Error 481 162.84 0.339 -
F = 9,38 > 2, 37%%

obs
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APPENDIX TABLE VILII (Continued)

d.£, S.S. M.S. F
UNHOOKING
Total 491 316,20 .- --
Group 10 20.46 2,05 3.33
Error 481 295.74 0.615 -e

F . = 3.37> 2,37

TOTAL OF ABOQVE

Total 491 10848,.66 == -

Group 10 323.9175 32,3918 1.4804

Error 481 10524, 7425 21.88 ==
Fps = 1.4804 < 2,37

ok
Significant at the 99 percent probability level,

Source: Computed from survey data obtained from Central Oklahoma Milk
Producers Asscciation, Oklahoma City, Oklahoma, Summer 1956,
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APPENDIX TABLE IX
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STUDENT “t® TEST FOR OTHER SERVICES, CENTRAL OKLAHOMA MILK

PRODUCERS ASSOCIATION, 1956

Comparison; Delivery Services

Delivery

134 .4
1455 .86
13
10.34
2.35

.65

845

1,178

Comparison: Agitator Om or Off

on

345,9
4823.95
27
12.81
3.89

<15

.896

3.248%%

Comparison: Producer at the Bulk Milk Parlor

5 .26k%

Ho Delivery

21,1

1174.09
13

9.32

1,36

o 54

Ho

121,7
1029 .59
15
8,1
1.74
45
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APPENDIX TABLE IX (Continued)

Comparison: Waiting to Milk

Wait Non-Wait
X, 123.5 58.6
X 2455,39 503.28
N T T
X 17.6 8.4
5, 6.79 1.46
S 2.57 «55
S _ o = 2,628
Xl X2 |
= 3050**

ke
Significant at the 99 percent probability level.

Source: Computed from survey data obtained from Central Oklahoma Milk
Producers Association, Oklahoma City, Oklahoma, Summer 1956,
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APPENDIX TABLE X

SCHEDULE OF OVERHEAD AND TRUCK COSTS FIXED WITH ROAD CLASSIFICATION,
CENTRAL OKLAHOMA MILK PRODUCERS ASSOCIATION, 1956

Truck and Tank Insurance $5,366.87
Compensation Insurance | 418 .37
Sanitation Suppli@sl 1,194 .63
Federal Use Tax 587.50
License Plates 4,785.53
Utilities® 2,197,51
Travel Exp@nsel 2,394.18
0ffice Supplies® 1,368.86
Telephone and E@l@graphl 516.97
Freight and H@ulingl 60.87
Receiving Plant Depreciation 951,20
Plant Repairs amd M@imten@m@@l 862,70
Pump House and Pump Depreciation 541,32
Butane Tank Depreciation 127.59
Boiler Depreciation 159,96
Qffice Building Depreciation 234 .83
P@St@g@l 212,76
Dues and Subscriptionsl 127.12
Property Taxes 139.72
Interest Expense 2,232.73
Miscellaneous ‘ 2,00

Total $24,483,22

lThese items may be classified as variable costs for some amalyses.
These items totaled $8,935.60 in 1956,

Source: Audit Report, Central Oklahoma Milk Producers Associatiom, Okla-
homa City, Oklahoma, for period Jamuary 1, 1956, to December 31,
1956,



APPENDIX TABLE XI

SCHEDULE OF TRUCK COSTS VARIABLE WITH ROAD CLASSIFICATION,
ADJUSTED FOR 1957 EQUIPMENT, CENTRAL OKLAHOMA
MILK PRODUCERS ASSOCIATION, 1956

111

1956 Actual Costs

Truck and tank operation and maintenance $25,904.75

Fuel and oil 16,915.84
Truck rental 32,44

Total $42,853.03
Adjustment in fuel costs for 1957 equipment 4,351.29

1956 Depreciation Costs Assumed to Vary with Road Conditions

Trucks 12,710,37
Tanks 2,931340

Total 18,647.77
Adjustment of depreciation for higher rate of use 4,252,27

$70, 104, 36
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APPENDIX TABLE XII

SCHEDULE OF LABOR COSTS, CENTRAL OKLAHOMA MILK PRODUCERS
ASSOCIATION, 1956

Costs Variable with Road Classification

Haulers salaries $52,082,68
Payroll taxes 1,167,.90
Total $53,250.58

Costs Fixed with Road Classification

Coveralls and laundry 1,520,76
Drivers supplies 102.23
Employee training 47.41
Group imsurance 223,20
Other salaries 6,900,00
Total 8,793.60

Total Labor Costs $62,044 .18




APPENDIX TABLE XIII

MILES DRIVEN AND VOLUME OF MILK PICKED UP, CENTRAL CKLAHOMA

MILK PRODUCERS ASSOCIATION, 1956

113

Month Miles Driven Volume
Janvary 23,234 2,319,315
February 25,847 2,305,278
March 29,486 2,825,306
April 32,056 3,126,231
May 36,480 3,549,921
June 35,031 3,414,366
July 37,778 3,618,864
August 37,500 3,792,290
September 42,062* 4,684,328
October 45,006* 5,609,302
Novemnber 45,114 5,575,838
December 45,665 5,911,337
Total 435,129 46,732,376
*gstimatedq

Source: Central Oklahoma Milk Producers Associatiom, Oklahoma City,

Oklahoms and Milk Market Administrator, Dairy Divisiom,

Agricultural Marketing Service, United States Department of
Agriculture, Qklahoma City, Oklahoma,
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