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CHAPTER I 

INTRODUCTION 

Bulk pick-up of milk at the farm is a relatively recent technologi ca l 

development and is an important force altering the combination of re

sources within dairy farms. Evaluating and deciding for or against such 

alternative resource combinations is a continuing decision making process. 

It is recognized that the adoption of a bulk milk handling system 

is only one of many alternative uses for capital. For example, an indi

vidual could invest his capital in additional cows, machinery, land, or 

other enterprises. This study will not attempt to evaluate t hese alter 

natives. Rather the primary purpose is to provide farmers with a guide 

by which they can estimate their own situation and determine the addition

al costs and returns from the utilization of a bulk system. 

Since the introduction of bulk handling in the Oklahoma City market 

in May, 1955, management has been faced with a choice between the older 

can system or the bulk system. One criterion of choice is returns over 

cost. Cos t s are usually expected to vary with the size of farm and also 

the methods of operation. Converting to the bulk tank system can be 

accomplished most efficiently if estimates of cost and returns associsted 

with t he installation and operation of bulk tanks on various s ize farm

ing units are known. 

1 



Objectives 

In order to aid farmers in decision making with reference t o con

version to the bulk tank system, this study has been designed specifi

cally to: (1) investigate the characteristics of Oklahoma da iry farms 

now using a bulk tank; (2) estimate the relationship between volume and 

costs for these farms and the volume necessary for savings from the 

tank t o exactly offset costs of the tank; and ( 3 ) estima t e the relative 

pr of it pos i tion of Oklahoma dairy farms at various volume -output levels. 

2 

The analys i s may furnish useful information to farm managers insofar 

a s r eturns· over cost form a criterion for choice between a can or bulk 

system. I n addition to its usefulness to dairymen as a decis ion lll!lking 

tool , the results should serve as a guide in evaluating t he soundness of 

a bulk tank loan from the standpoint of credit institut i ons. 

While several similar studies have been conduc ted i n other states, 

these studies were designed to compare cost of install i ng and operating 

a bulk system with the cost of a can system . No spec i fic consideration 

wa s gi ven to the level of product i on at which added re turns from convert 

ing to a bulk tank would exactly of fset the added cost. 

Assumptions and Limi tat i ons 

The assumptions made in this study wer e: ( 1) the costs of producing 

flu i d mi lk were equal under a bulk or can system; (2) dair ymen were 

profit mo t ivated; and (3) the observed farms were opera ting efficiently 

a nd each was observed at a point on its short run cost function that was 

tangent t o the long run cost curve. 
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Application of the findings of the study are limi ted to the Ok lahoma 

City milkshed or to areas with similar farm characteristics and cost 

structures. Since information from the farm sample was obtained by 

personal interview, the accuracy of the results is limited to the relianGe 

that may be placed on this method. 

Area and Time of Study 

Information for the study was obtained primarily from a representa 

tive sample of dairy farms. The area of the survey was that commonly 

defined as the Oklahoma City milkshed and is shown in Figure l. The area 

includes parts of 25 counties. There were 1,331 Grade A dairy farms 

shipping milk to Oklahoma City in March, 1957. Since the a rea differs 

widely in soil type, topography, and farm organization, the sample was 

designed to insure complete coverage of the area. 

The survey was conducted during the sunmer of 1958. Informsttion was 

obtained for the calendar year 1957. This year was one of relatively 

large rainfall and excellent grazing conditions, Milk sales per fsrm may 

be somewhat greater than normal as a result. 

In this study the problem was to provide estimates of the annual 

costs and savings associated with the use of a bulk milk system. Using 

these estimates within a specif ied framework, the level of output of milk 

per farm can be determined at which added costs from this system are e~rniil 

to possible added returns. Dairy producers, using this information as a 

guide, can determine for themselves the advantages or disadvantages in 

converting to a bulk handling method. Attempts were also made to estima te 

the relative profit position of dairy producers at five levels of produc

t ion and the effect of convert ing to a bulk system. 



Numbers outside of parenchesis 
represent number of Grade A 
milk producers. 

Numbers inside of parenthesis 
represent number of bulk milk 
producers. 
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Figure 1. The Oklahoma City Milkshed; March_, 19:5~( 
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CHAPTER II 

PROCEDURE 

The problem of obtaining reliable estimates of cost functions Jn!!AY 

be approached by budgeting from relevant production and price data or by 

~bserving cost and volume data from a representative sample and then 

deriving a _synthetic cost function. The former method htlis ~ny advan

tages when complete and accurate cost data may be obtained on all the 

©omponent parts of a production operation. In the absence of such data, 

estimates of the long-run average cost curve may be obtained by observ= 

ing a stratified sample of production operations at different levels of 

output. For purposes of this study the latter procedure luis been 

adopted. 

Sin6e the Central Oklahoma Milk Producers Association provides the 

only bulk milk transportation service in this area, all bulk producers 

selling milk on the Oklahoma City market are members of the Asso~iation, 

Information on farm characteristics and the cost of installing and oper~t

ing a bulk tank was obtained from a sample drawn from this population of 

dairy farms. This information was supplemented with dat$ from the records 

of the Central Oklahoma Milk Producers Association, the OklaholU! Metro= 

politan Milk Marketing Administrator, and v~rious bulk tank IM1.nuf~cturi~g 

and distributing concerns. Total milk sales per farm were also obtained 

from the Association. Information used in estimating the feed and labor 

5 



cost per farm was based on previous research at Oklahomei. State Univer~ 

. 1 s1ty. 

Selection of the Sample 

Dairy farms in-- the Oklahoma- City mUkshed are characterized by ex-

6 

treme variations in size, productive resources, physical composition, and 

management levels. In addition, there has been considerable influx and 

outgo of dairy producers in this area. Changes in the relative profit-

ableness of dairying with respect to beef production may account for much 

2 
of the turnover among dairy farmers. For these reasons the sampling 

procedure adopted is an attempt to eliminate the influence of factors 

other than those under direct consideration. 

The universe to be sampled was limited to those d&iry producers with 

bulk tanks selling milk on the Oklahoma City market as of Jan~ry, 1958. 

Sales of milk per farm since May, 1955, the date that bulk hauling w~s 

initiated in this area, were obtained from the Association, To avoid 

possible bi.as from the inclusion of a relatively short time producer, 

this population was restricted. In order to qualify as a potenti~l 

sample unit, a farm must have been producing Grade A milk commercially in 

the Oklahoma City milkshed for a minimum of two years prior to Jan'IU!ry, 

1F. L. Underwood, Economic Survey ,2i Resources Use~ l!x ~airy Farme~s 
!!!. Oklahoma, Agricultural Experiment Station Bulletin No. B=482 (Okllii= 
b.oma State University, December, 1956) p. 19. 

2Leo V. Blakley, Producer Adjustments and Opinions Under Federal 
~ Pricing of ~ .iJ! !h!, Oklahoma City Milksb.ed, Agricultural 
Experiment Station Bulletin No.B-479 (Oklahoma State University, September, 
1956) p. 8. 
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1958, By this definition, the population of bulk tank dairy farms in the 

universe to be sampled was 210 or 58,6 percent of all bulk producers in 

this area, 

Based on earlier studies of this milkshed and actual observa t ions of 

land resources, i t was assumed that there could be significant d i f ferences 

i n farm organization in the eastern half of the milkshed compared with the 

western ha lf . These differences might suggest separate t reatments in t he 

course of the study. Because of this assumption an arb i t rary di viding 

line, Highway 77, extending north-south through Oklahoma City was se lect= 

ed. Such a division would avoid t he possibility of a samp le being drawn 

exc lusively from either the east or west side of the mi lkshed , Follow

i ng this procedure , 96 farms were located on the east s i de and 115 farms 

wer e loca ted on the west side of this arbitrary dividing l i ne , 

Further stratification of the sample was necessar y in order t o pro

vi de r easonable estimates of bulk tank costs associated with different 

leve l s of milk production. The 2 10 farms in the population were divided 

into f ive separ ate groups (A through E) based on the average pounds of 

milk produced per mon th duri ng the calendar year of 1957, 

Because this s t udy is concerned primari ly with es timating costs of 

bulk milk t anks a t dif ferent levels of output, no attemp t was made to 

draw t he sample i n proportion to t he popula t ion of s pecific stratific~

tions . To insure approximately equal coverage by s ize, t en schedules 

were selected fr om ea ch of the f ive groups , Farms of the eastern ha l f 

of the milkshed were arrayed first and those in each strata of the 

wes t er n hal f were t hen arrayed. Probability sampli ng was a s sur ed by 

a s signing each farm a number and t hen selec t i ng a number at random. By 



systematically sampling the remainder of the farms in each strata, the 

number of farms in each size group was proportionally allocated ~ccord

ing to the total number in the two areas. 

8 

The total sample consisted of 50 farms, 21 in the eastern half of 

the milkshed and 29 in the western half of the milkshed. In group A 

there were only ten producers. All of these were included with no alter= 

nates. There were 48 possible sampling units in group B, 61 in group C, 

64 in group D, and 27 in group E. Ten farms were selected from each of 

these groups and five farms were randomly selected as alterXUl).tes in 

each group. Schedules were taken by the personal interview technique 

from the dairy operator. A total of three calls per farm was allowed 

before an alternate was substituted. 

Method of Estimating Costs 

The long-run average cost curve is emphasized in this study. This 

is the cost curve that is just tangent to all possible short-run average 

cost curves and shows the least possible cost per unit of producing 

various outputs when the firm has time to build any desired sc~le of 

plant. The long-run average cost curve has often been termed the exp~n= 

sion curve since in the long run all factors are considered v~ri~ble, 

this expansion curve shows the levels of cost that tU.y be expected from 

the operations of firms of various sizes, and assumes that oper~tions 

are organized as efficiently as possible under given conditionso this 

concept is particularly applicable to this analysis since it shows that 

the possibility of lowering cost per unit by the adeption of a techno= 

logical innovation is greater as the size of farm operation is inc~eased. 
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Eight components of the total cost of installing and operat ing a 

bulk milk tank were computed for each of the 50 farms in the survey. All 

costs were expanded to an annual basis. Fixed costs, t hose cos t s incurred 

independent of output, included depreciation ) costs of investment ) taxes) 

and insurance. These were summed and amor tized over a 15-year period 

which was compa rable with the life of the tank. Variable costs) t hose 

costs that change with output, included electricity, repair, a nd materials 

and labor used in cleaning the tank . Variable costs for each farm were 

computed for the 1957 farm output of milk. Tota l cost per farm was the 

sum of fixed and variable costs . Total cost d i vided by t he sales of milk 

per farm in 1957 yielded the average total cost per hundredweight. 

The long-run average cost curve used in this analys i s was derived 

by leas t squares regression using the average total cost per hundredweight 

a s the dependent variable and volume of mi lk per farm as the independent 

variable. This procedure illustrates the average relat i onship between 

cost per farm and volume of output, and provides an estimate of the cost 

per hundredweight of using the bulk tank at any given level of production. 

A serious limitation to this procedure is that it correctly estimates 

the long-run average cost curve only when each farm s tudied is observed 

at a point on its short -run cost curve that is tangent to the long-run 

average cost curve.3 The synthetic curve therefore is not an average 

cost curve in its strictest sense) but closely approximates what the 

3Richard Phillips, "Empirica l Estimates of Cos t Functions for Mixed 
Feed Mills in the Midwest/' Agr icu ltural Economics Research) Vol. VIII, 
No, 1, January, 1956) p. 3 . 



!a!Verage cost ~urve would be. Heady points out th~t in studies of this 

nature, some farms are in~luded which operate at the low point of the 

short=run average cost curve and others to the left or right of this 

point. 4 Therefore, regression analysis, as an averaging devi([).e; pro= 

10 

vides estims.ttes of neither short-run cost curves nor the long-run exp~n= 

sion curve, but of a synthetic curve with essentially the same p&~ameters 

~s the expansion ([;urve, but lying above it. In spite of these limit~-

tions, estimates provided by this proicedure ream be used to suggest the 

©.Ost structure associated with different levels of p:rodu@tion 1atnd di.f= 

fi,n::ent sizes of bulk milk tanks. In particular} these estim.lfrlltes show 

the average relationship between cost per unit and output, the long~,:rllln 

size which gives the lowest cost, and the absolute de@line in @osts ~s 

different outputs ~re attained. 

Information from the producer survey supplied d~ta for an estiroR.te 

of average revenue that @~uld be imputed to the bulk tank. Comparison 

of this extra revenue with the extra cost presented an opportunity to 

!Mlke an estimate of the net returns from @onversion for ea@h of the @if= 

ferent levels of milk production. Further analyses, omitting the effe@t 

of the bulk premium ii!nd savings in hauling cost on the bre~k-even volum!1i, 

h~ve also resulted from this procedure, 

per cow cost of feed, pasture, and direct l~bor w~s derived from 

4E,~rd O. Heady, Dean E, McK~e, and C. B, Haver, Farm S iz~ ~~ t "" 
l)!lt~Jl:lj:S in Iowa and Cost Economies in ~ Production for Torms of ill= 
!,~remt Sizes, Agricultural Experiment St£!ltion, Rese~rch Bulletin 4,28, 
(Iow2 State College, ~y, 1955) p. 434. 
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research data and applied to the average number of cows in each of the 

groups. Because the cost data were relatively limited, it was necessary 

to assume linearity for all size groups. This supplied an estimate of 

the cost of milk production at each of the five levels of output. 

Revenue was determined on the basis of milk prices received and sales 

of milk per farm in 1957. The difference between these two esti~tes 

provided an estimate of the annual net profit per farm. This procedure 

permitted an estimate of the effect on net revenue of adding a bulk milk 

tank at each of the five levels of production. 



CHAPTER. III 

BULK MILK HOLDING TANKS 

The bulk milk tank is a covered, insulated, refrigerated, stainless 

steel vat which is used for cooling and storing fresh fluid milk. It is 

used primarily on commercial dairy farms producing Grade A-milk. These 

tanks are designed to maintain milk temperature at about 38 degrees 

Fahrenheit. Classifications of bulk tanks may be made on the basis of 

heat removal systems, design, condensor cooling methods and lo~ation, 

and exterior finish. 

Bulk Tank Heat Removal Systems 

In the process of cooling milk in a bulk tank, heat may be removed 

directly or indirectly. In direct heat removal, the heat moves from the 

milk directly to the refrigerant material in the refrigerati~n system 

without the use of other fluids. With indirect heat removal, the heat 

may be absorbed first by ice water which is cooled by the refrigerant in 

the system. The heat is then transferred from the water to the refrig= 

erant material. 

Direct Expansion Tanks 

This type of tank gets its name from the method used to remove heat 

from milk, that is, direct heat removal. In this study 49 of the 50 

Oklahoma dairymen interviewed were using the direct expansion type tank. 

This appears to be fairly representative of Oklahoma dairymen. The 



Oklahoma Agricultural Extension Service reported 264 dire~t expansi@n 

tanks and only three ice-bank tanks in use in the Oklahoma City Market-

1 ing Area as of January l, 1957. 

In the direct expansion system, Freon 12 is the refrigerant. This 

gas, when compressed, forms a liquid and cooling is accomplished by 
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absorbing the milk heat directly. As the liquid is pumped thr@ugh ~oils 

welded between the inside lining and the exterior wall of the tank, ~@n-

tact is made with the heat of the milk in the tank. As the refrigerant 

absorbs the milk heat, it is converted from a liquid to a gas. The ~@m-

pressor and condenser then compress and cool the gas so that it becomes 

a liquid again and is ready for reuse, The heat is transferred to the 

air and the cooling process may be continued. 

Figure 2 illustrates this tank and its essential operating features: 

the control panel with thermometer and thermostat; the condensing unit, 

containing the condenser, compressor, and compressor motor; and the 

agitator and motor. 

From two to four electric motors are usually found on this type of 

tank. Since the direct expansion tank does not store refriger2tion 

capacity, but cools by direct contact with the refrigerated t~nk w~ll, 

a relatively large compressor and compressor motor is re~uire@. 

Generally, the compressor motor ranges from two-thirds to one horsepower 

per 100 gallons of daily milk capacity. There is an agit~tor motor of 

1carl W. Hall and Donald L. Murray, Bulk Milk Handling, Pro©eed-. 
ings of National Conference on Bulk Milk Handling (Michigan St~te 
University, May, 1957) p. 127. 
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approximately one-sixth to one=third horsepower. This motor on aill 

models is automatically activated when the compressor is running, and 

on some tanks a time device turns the motor on for five minutes each 

hour. Most tank models have a manual control on the agitator to permit 

mixing of the milk when taking a sample, If the condensing unit is air= 

cooled there will be one or two motors, approximately one=eighth hors~-

power each, operating the condenser fans. 

The presence of the comparatively large compressor motors adds 

directly and indirectly to the cost of the tank. The initial cost is 

approximately 10 percent greater than the ice-bank type. Indirectly, it 

contributes to a higher installation cost since the direct expainsion t@nk 

usually requires the additional expense of larger swit©hes .and ~dditfomil 

wiring for the milk houseo 

Offsetting some of this expense is the relatively low electric~l 

consumption rate of the tank. Because of the larger motor, ~ooling of 

the milk is accomplished in a relatively short period of time. As a\ 

result, the direct expansion tank usually requires about one=h~lf kilo= 

w~tt hour less per hundredweight of milk cooled than is re~uired for the 

ice=bank tank, A Michigan State study found that when opera\ting @t f~ll 

~~pacity, the compressor runs an average of three to six hours per day 

2 
or 13 to 25 percent of a 24 hour day. It was the opinion of Okl~hom~ 

farmers that the ~ompressor in normal farm use runs only ~n ~ver~ge of 

3.4 hours per 24 hour day. 

2D. L. Murray, et.al., Handlingfil.!ls.!nBulk..£!! the Farm, Cooper/al= 
tive Extension Service Bulletin No. 342 (Mi~hig~n St@te Extension 
Service, May, 1957) p. 14. 



With the direct expansion tank the overall cooling rate is faster 

than the ice-bank tank. This system has a relatively slow caoling rate 

when milk first enters the tank, but cools faster as the temperature 
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drops. Milk may be cooled from 95 degrees to 38 degrees in approximately 

1.30 minutes. 3 

There are two disadvantages associated with this tank. First, there 

is a danger of milk freezing. Farmers encountering freezing usW!lly 

experience this trouble when milk is first emptied into the tank or when 

only a small amount is being cooled. To avoid this problem, the tank 

must be equipped with accurate and reliable thermostats, expansion valves, 

and suction valves. A second problem is presented in t.he event of a 

power failure. If this should occur there will be no cooling for the 

duration of the failure. However, full cooling will be effected as soon 

as the power is restored. 

Ice-Bank Tanks 

These tanks have also acquired their name from the process used in 

cooling milk. With this tank the actual cooling is done indirectly by 

an ice bank rather than directly by the refrigerant and the condensing 

unit. The refrigerant creates a bank of ice by the removal of heat from 

water and this ice bank cools the milk as it enters the tank. As the 

heat is transferred t0 the ice bank the ice melts and the cy@le is 

repeatea. · 

Figure 3 illustrates the essential characteristic of this tank. lt 

has the same operating features as the direct expansion tank plus 

3carl W. Hall and Donald L. Murray, p. 42. 
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evaporator @oils for forming the ice bank, pipes and jets for sarrying the 

water 1 and the water pump. For top efficiency there should be a thin lay-

er of ice surrounding the @oils when the milk rea@hes 38 degrees. 

From three to five motors are on this tank. In addition to those 

listed for a direct expansion tank, there will be a motor of approximately 

one=fourth to one-third horsepower operating the water pump. It is the 

function of this pump to c~rry the chilled water to the top of the tank 

where it either is sprayed or flows by gravity over the inside lining 

of the tank. 

The ice bank provides a reserve of cooling c~pacityo Be~ause of 

this, the tank re1uires a relatively small motor and compressor unit. 

The size of the compressor motor will be between one=third and one~balf 

horsepower per 100 g~llons of d~ily milk c~pa~ity. For example, a 300 

~ompressor. Building the b~nk of reserve i©e ~auses the ©ompressor and 

motor to ruri a longer period of time than for the dire©t expansion tank. 

In rebuilding the bank of ice the compressor runs from 12 to 20 hours per 

4 day or 50 to 83 percent of a 24 hour day. 

Since the compressor operates over a longer period of time, it has a 

~ given time is ~onsider~bly less than for the direct expansion tank. At 

milking time there are m@ny other farm and home electrical appli~n~es 

being used. The tot~l result is likely to be less str~in on power lines 

4 D. L. Murr~y, et ~l., p. 42. 
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during this criti©al period. As a result ele@tric ~ompanies may recom~ 

mend this type of tank, particularly in areas where a relatively large 

number of bulk tank dairy farmers are ~oncentrated on the same electri@al 

line facilities. 

The ice~bank tank has a relatively fast cooling rate at high milk 

temperatures. When milk is emptied into the tank it is cooled to a 

temperature of 50 degrees in 60 minutes. From 50 degrees to the holding 

temperature of 38 degrees the ~ooling rate is not ~s rapid as for the 

dire@t expc11msion t~nk. 

Sin©® the entire t~nk wall is cooled, condensation of w~ter may 

O©©ur on the inside upper walls. This ©~n be a serious disadv~nt~ge if 

these droplets f®ll into the milk and cause odors t0 develop" A se©ond 

dis~dv.sintage, whi©h ®pplies pa:rti©u~rly to Oklahama ©onditions, is the 

formation of s@ale inside the tank walls9 Ihis o@@urs as the result of 

minerals in the water. For this reason it is generally assumed that the 

useful life of the i©e=bank tank will be comparatively shorter than for 

dire©t expansion tanks. 

Bulk Tank Design 

A se©ond method of ©lassifying bulk holding tanks is by the design 

and construction of tanks for milk storageo A tank having an unsealed 

or non=~ir tight removable lid or cover and whi@h is filled by dumping or 

piping milk through @ str&1iner lo©.~ted in the lid, is of the ai.tmospheri@ 

type. A newer @nd perh@ps simpler system) gener~lly used with a pipe 

lin~ milker, is the v@@uum t~nk. This t~nk has an air tight or se@lable 

lid or ©.®ver whi@h is held in pl~@e by v@©uum pressure during the 

milking oper~tiono 
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Atmospheri/Q. T~nks 

'the &lltm«:llsph®.ri<\! pl'l\,i!S!'luJ:e t~nk ~y be of ~ny shi?ipe ~nd the refrige:r~nt 

system t00,y be :ice b~nk or cdirect explalnsiOJn, Of the 50 produt1::eJrs inter= 

viewed ilDl this study, 46 i@@r.e IJlsing thlis type t&1nk. ?he large nll.llmber of 

these t®nks m@y be eixpl&llined in p$l't by the f~@t thait the v@cuum tank is 

rel~tively n®w and the @SS@/Q.i~ti«:lln did not re<\!@mmend it lJlntil re<\!ently. 

V&J\/Q.uum '.r&1nks 

th@ V$/Q.uum t&ink b l"&ll,pidly girQ)1w1ing; in f~vm: with Okls\hom<\9l dairy= 

men. the Centr&lll Okli!ilh©Jm® Milk ]?rQ)@illl«'!~rrs Asso/Q.i~tiQ)n J;wi,:; indkS1ted that 

the curr~nt r@lte <O!f inst&i\llati((}@ CJf these tlffinks ~X©8),eds thillt of the 

atmQ)spheri<\! type. 'Ehe V/fil«::;uum t&Jtir,k mi,,,rnt be I'l(l)UKlld t<OI ifU:hst~nd the pres

sur~. Ihe lids ~re fitted with g@5k®t5 t@ IDS1i@t~i1m the V~<\!uum at 13 to 

14 in©h®s Olf m@r©ui,ry. 'Jr:b® ©Dlst of this t<!l;@k is slightly gre~ter th~n the 

©ost of the ~tmosph~ri© pressmrei type t~.mik. 

The V®«'!uum t@nk i:s more e&i1sUy &,id&llpted to a system of pipeline milk

ing sin©® the v~~ulJlm ~int@ined <O!n the t~nk is the same @s the vacuum 

m®.int£llined on the milki@g Un@, Milk !ll!lltY move dire~tly from th@ cow, 

through the lin(!1], ®n©l i@tr()) tbe t!,"i,nk, this e limbl-1i ttii,S th@ need for the 

vacuum rel®~ser used with ~n @tmosphe:ri/Q. type t<lllnk ~nd offers a definite 

~dv<!ilttt@,ge to f1u:mceirs p1<1ll.l!ming th~ insti!llll®tton of @ pipeline systemo 

Ihe ©ondensing ~nit ©©~sists of~ ©ompr~ssor ~nd motor,~ condenser, 

~@d ~ :r@©@iver. the ©©n@~nsi@g unit si~® is~ fun/Q.tion of the qu~ntity 

of milk <r;;ooled <®,n©\ the ©r())Qling :r<litte r<!'llther than tai.nk size only. The 11::om

presiwr should h<12ve Um ©lillp~11::ity t.Ql /Q.itml the first milking to below 50 
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degrees Fahrenheit within one hour after milking is completed and down to 

40 degrees in the second hour. It should be of sufficient size to hold 

the blend temperature of subsequent milkings below 50 degrees at all 

times, 

Condenser Cooling Methods 

There are three different types of condensers available for use 

on bulk tanks: air cooled, water cooled, and a combination of air and 

water. Generally, air cooled units are installed on ice=bank tanks and 

small direGt expansion tanks, Although air-cooled units are most appro= 

priate for use with small @ondensing units, they are available on systems 

as large as five horsepower, This type unit is the simpliest me@hani= 

cally, needs the least attention, and is most easily installed. Air 

cooled condensers and motors are designed in the ratio of one horsepower 

per 100 gallon tank capacity for milk collected every day. Without 

adequate ventilation, the hot air surrounding the air-cooled unit in~ 

creases the compressor running time, the load on the motor, and conse

quently the cost of operation. The surrounding air should be free of 

dirt and dust. Otherwise, the condensing unit should be cleaned fre

quently to avoid a sharp decrease in efficiency. 

Cooling the condenser by a combination of air and water increases 

the efficiency of the unit and decreases .the operating costs. In experi~ 

ments conducted at the Pennsylvania Experiment Station, a saving of .515 

kilowatt hours per hundredweight of milk cooled was achieved after the 

unit had been converted from air cooling to air and water coolingo5 

5carl W. Hall and Do!Ulld L. Murray, p. 41. 



In addition, the cooling rate of the first milking was faster and there 

was a smaller temperature rise at subsequent milkings. 

Combination air and water condensers are used on bulk tanks ranging 

ia size from 150 to 1,000 gallons. They are most advantageous where the 

water supply is adequate and where there is a ventilation problem. 

Usually these units are run on air and water in the summer and air alone 

· during the winter. In winter tb'e water is drained from the unit to pre-

vent freezing. The systems uses an average of two gallons of water per 

gallon of milk cooled when the water.cooled section is in operation. 

Water cooled condensers are most often used on tanks of five horse-

power capacity and over. They require from one to two and one-half gal-

lons of water per minute for each horsepower rating of the compressor 

motor. It is important that the supply .of water be adequate and free 

from salts that might collect inside condenser coils. Experimental 

evidence indicates that this type condenser uses less kilowatt hours per 

hundredweight of milk cooled, the initial cooling rate is faster, and 

6 subsequent temperature rises are the least of the three methods. -

Water cooled condensers need periodic cleaning to remove deposits 

of water scale which cause a decrease in efficiency of the unit. The 

required frequency depends upon the degree and type of hardness in the 

water. In areas where the water is very hard the use of water cooled 

condensers should be avoided • 

. Location of Conaenser Units 

For tank sizes of 500 gallons or less, producers usually b.ave an 

option as to whether the condensing unit shall be attached directly to 
. ( . 



the tank or installed separately. The attachea unit is slightly less 

expensive initially and is easier to install. However, it delivers the 

milk heat into the milkreom and adequate ventilation must be provided if 

the unit is to operate efficiently. 

The remote installation has the condenser mounted outside the milk· 

room. This is available oa all but the S1'4ller tank sizes and is usually 

the only alternative for tank sizes larger than 500 gallons. The Central 

Oklahoma Milk Producers Association requires a small protective housing 

over all units installed outside. the milkroom. This is to prevent weather 

damage and is necessary for insurance coverage. The house should be large 

enough to permit intake and. exhaust of air. 

Exterior Tank Finish 

The exterior wall of the tank may be stainless steel or paintedo 

In either case ail surfaces in contact with the milk are of stainless 

steel. The cost of the stainless steel tank is approximately 10 percent 

greater than the painted tank. Despite this higher cost, 45 of the 50 

Oklahoma dairymen interviewed were using stainless steel tanks. Only 

one brand of the painted steel tank was founa in the study and tanks of 

this type were among the first installed in the milkshed. 

The taseful life of the painted tank is not expected to be as great 

as the all stainless steel tank. C. N. Turner conducted a field study 

on 120 bulk tanks of whi~h 53 were stainless steel and 67 were painted 

steel.7 He found all the stainless steel surfaces to be in excellent 

1c. N. turner, "iulk Milk Cooler Field Studies," Agricultural Engim 
n.eering,: Vol, 38, No. a, (February, 1957), p. 94. ·· 



condition, but 19 of the painted steel tanks showed varying degrees of 

chipping, peeling, and wear that frequently resultea in rustei spots. 

In addition, rust was often found over welded material used to join 

seams, hinges, and vari0us parts of the tank componentso Rusty areas 

were also common 0n the unurside of painted. tanks near tke milkh.euse 

floor. These conditions are considered undesirable from a maintenance 

cost point of view and also reflect unfavorably upon the tidiness and 

sanitary conditions as viewed by the. the'. public,~eal,tµi;ijs:peQ,tQr,. 
. ·' . •; .. '· .. ' . .· ·\ '.~ ,' '. . ' . .' .. ··.. : :,, 1\::, ·.·,. . •; ':'. .: . ,· ',. ~ .... 
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CHAPTER IV 

CHARACTERISTICS OF FARMS WITH BULK MILK TANKS 

The costs of owning and operating bulk tanks were developed from the 

sample of bulk milk producers. The present chapter presents the structure 

of f~rm organization and the dairy enterprise for these produ~ers in order 

to provide a better understanding of the economic environment withinwhich 

bulk tanks are installed and used. Consideration will be given to re-

sources available, enterprise combinations, sizes of tanks in use, prob~ 

lems associatedwitll bulk tanks, and changes either made or anticipated 

after installing the bulk tank. 

Farm Resources and Enterprise Combinations 

Half of the farmers in the sample reported that 90 percent or more of 

l the total farm income was derived from dairying. Five farms reported 

less than 50 percent of farm income from the dairy enterprise. The ave-

rage income reported for all farms in the survey from dairying was 76.2 

percent of total farm income. 

Farm Size 

The 50 farms in this study averaged 550 acres per farm. These farms 

ranged in size from 76 to 3,030 acres. Farms in the east were larger 

than those west of Oklahoma City. The eastern farms averaged 709 acres 

©ompared with an average of 415 acres per farm in the west. Almost half 

l In©ludes sales of cattle and calves. 
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of the farms ia the survey·(21) contained. more than 500 acres (Table 1). 

As might be expected., farm,s with relatively low annual milk proeuction 

had the smaller acreages. Half of the farms in ~he two lowest producing 

groups contained less than 300 acres. All but twe of the twenty farms 

averaging greater than 20,aoo pounds of milk per month contained more 

than 400 acres. 

Land Use 

The proportion of land devoted to pasture exceeded all other uses 

in 19570 Dairymen on the 50 sample farms reportecl that some grazing was 

obtained on 441 acres per farm. This was an average of 80.2 percent of 

the total land in these farms (Table II). Although the absolute number 

of acres devoted to pasture varied greatly between groups, the.acreages 

expressed as a percentage of total farm land were similar except for 

group A. The 201 acres in pasture on group A farms ave.raged only 64 .8 

percent of land in the farmo 

Grazing was obtained froll,l five principal sources. The most common. 

was native open pasture (Table II). Native improved pasture was used by 

about half the farms. Woodland pasture, found mostly in the eastern area, 

was used by 62 percent of all farms for ''some grazing". Temporary pas

ture was used by 72 percent of the farmers to supplement permanent pas

ture. In most cases crops used for this purpose were sorghum, sud.an, or 

sem.e combination of oats, wheat, barley, and suda.n. Harvested croplanli 

was pastured by 78 percent of the farmers and usually consisted of wheat, 

oats, or sorghum grazed during the winter or spring and later lulrvested 

for grain. 



Table I 

Ownership, Acre~ge, and Size Distribution of Dairy farms 
in Sample, Oklahoma City Milkshed, 1957°1 

Group A Group B Group C · Group· D Group E 
Item Total 0-1-0,000 lbs. lb-15,000 lbs. 15-20,000 lbs. 20-30,000- lbs, > 30,000 lbs. 

Farms Avg. F.!irms Avg.. Farms Avg. Farms Avg.. Farms Avg. Farms Avg. 
Report-Acres Report- Acres Report- Acres · Report- Acres Report- Acres Report- Acres 

ing ing ing ing ing ing 
Ownership 

Rent 17 255 4 259 3 133 4 235 3 507 3 147 

Lease 19 

Own 39 

Total acres 50 

Acres less 
than 100 

100-199 
acres 

200-299 
acres 

300-399 
acres 

400..;499 
acres 

Over ,499 

1 

5 

6 

8 

9 

400 

400 

550 

2 

7 

10 

1 

1 

4 

2 

1 

280 

215 

310 

5 

7 

10 

0 

3 

2 

l 

2 

308 

204 

337 

3 

8 

10 

322 

689 

742 

Size Distribution 

0 

1 

0 

3 

2 

3 

8 

10 

0 

0 

0 

2 

2 

acres 21 1 L_ 4 6 
a Averages in all ~ases are computed on the basis of number of farms reporting. 

370 

376 

564 

6 

9 

10 

0 

0 

0 

0 

2 

8 

569 

459 

799 

1\1) 
~ 



Item 

Total Pasture b 

Native-open 
Native=improved 
Temporary 
Woodland pasture 
Harvested crop-

land pastured 
Cropland 
Wheat 
Cottone 
Sorghum 
Oats 
Barley 
Alfalfa 
Corn 
Sudan 
Othe:rs 

Table II 

~nd Use on Farms in Sample, Oklahoma City Milkshed, 19578 

Group A Group B Group C Group D Group E 
Total 0-10,000 lbs. 10°15,000 lbs. 15-20,000 lbs, 20-30,000 lbs,> 30,000 lbs. 

Farms Farms Farms Farms Farms Farms 
Report- Avg. Report- Avg. Report= Avg, Report= Avg. Report= Avg" Report- Avg, 

ing A~:r~s ing Acres ing Acr.es ing Acres ing Acres ing Acres 

50 
44 
26 
36 
31 

39 
47 
35 
17 
31 
29 
10 
19 
10 
13 
24 

441 
195 
99 
74 

110 

123 
224 

91 
17.9 
37 
68 
32 
44 
57 
32 
67 

10 
8 
4 
8 
5 

7 
10 
8 
5 
6 
7 
2 
5 
2 
3 
4 

201 10 
81 10 
71 4 
32 8 
29 3 

97 9 
180 9 
72 6 
18.2 2 
30 5 
54 6 
40 2 
32 4 

9 1 
23 5 
37 6 

274 
115 
25 
41 

109 

92 
174 
108 

6.o 
25 
40 
29 
13 
75 
28 
53 

10 
10 

5 
4 
6 

7 
10 
6 
5 
6 
3 
2 
2 
0 
2 
4 

632 10 
360 8 
120 6 
45 7 

158 8 

141 7 
208 8 
146 8 

17 ,0 3 
44 6 
92 6 
23 4 
31 4 

3 
28 l 
59 3 

458 10 
197 8 
74 7 
50 9 

141 9 

155 9 
275 10 

93 7 
13.0 2 
35 8 
65 7 
34 0 
42 4 
64 4 
45 2 
53 7 

640 
202 
162 
172 
97 

136 
288 

47 
38 .o 
45 
98 

100 
71 
50 

107 

aAve:rages in all cases are computed on the basis of number of farms reporting. 
b In~ludes harvested cropland pastured. 

@Includes @otton acreage in soil bank in 1957, 

ro co 



29 

An average of 224 acres was planted in crops on 47 farms in 1957. 

This was 40.7 percent of the total land in these farms. The three farms 

reporting no cropland were in the extreme eastern half of the milkshed. 

Farms ia group A reported the largest relative amo.unt of land in 

crops. Croplancl in this group averaged 58.l percent of total acres in 

these farms, or 180 acres per farm. Farms in group C reporte.d the small

est percent of cropland but this reflects the influence of one large farm 

whi~b. was primarily in pasture. Farms in group E averaged only 36 percent 

of the total land in ~r@pland. 

Wheat was grown on mere farms and in larger quantities per farm than 

any other crop. Farmers reported an average of 91 acres per farm devoted 

to this enterprise. Cetton was grown on 17 farms· but 14 of these reported 

the 1957 cotton acreage either in the soil bank or sold to someone else. 

A 11 other cr0ps reported. were gr0wn as feed crops. Grain. sorghum and 

oats were reported on most farms. Farms in the soutneast, especially the 

larger farms with land along creeks or river bottoms, grew some corn as 

a feed grai.a. 

Although the acres of land 4evoted to different uses varied widely 

among individual farms, little variation among the groups was found in 

the percentage of total farmland devoted t@ a given use. Native grass 

and wood.land pasture represented the greatest utilieation of land. All 

but three farms were predu~ing grain or forage crops that were complemen

tary to the dairy enterprise. Generally, complementary crops were fed on 

the farm. and marketed through the sale of milk. 
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Livestock 

The average number of dairy cattle per farm was 68.7 animals and 

ranged from 28 to 204 animals (Table III). Groups A and B reported 

approximately equal size herds of 40.5 and 42.4 animals respeetively 0 

Farms in group C reported 68.0 dairy animals per farm and farms in group 

D averaged 80.4 dairy animals. In group E, tb.e average nwnber reported 

per farm was 112. 3 anim.a ls and ranged from 52 t0 204 head. 

Evidence of the relatively high clegree 0£ specialization of dairy 

farms with bulk milk tanks is indicated by the inventory of other livestoek 

<Hi farms (Table ~:O,, Generally, the survey farms repHting livestock otb.er 

than dairy inaicated production primarily for home use. 

About 10 percent of the sample farms reported a beef enterprise. The 

average number of animals on these farms was 95.2 kead. There were no. beef 
I . 

animals reported on farms in the two largest size groups. , Beef animals 

appeared to be tne only livestock enterprise, other than dairying, of any 

commer~ial conse1uence on these farms. In addition to the beef-type 

animals reported, it appeared to be common practice on these farms to sell 

dairy bull calves as beef Gr vealers. This is consistent with Blakley's 

findings that beef cattle are the best alternative for some farms produc-

2 ing Grade A milk in the Oklahoma City milkshed. 

Ten farms reported hogs, five growing hogs commercially and five for 

home con.sumptian. Seven of the farms reporting hogs, were farms prod.uc:iing 

less than 15,000 pounds of milk per month. No farms, in the two largest 

milk producing groups reported a @ommercial hog enterprise. 

2 
Leo V. Blakley, Po 3. 



Table III 

Number of An.imals of Each Livestock Class and Number of Animal Units 
on Farms in Sample, Oklahoma City Milkshed, 19578 

Group A Group B Group C Group D Group E 
Total · 0-10,000 lbs. 10°15,000 lbs. 15-20,000 lbs. 2@-30,000 lbs.> 30,000 lbs. 

Farms Farms Farms Farms Farms Farms 
Report- Avg. Report- Avg. Report- Avg. Report- · Avg. Report- Avg. Report- Avg. 

ing No. ing No. ing No. ing lfo. ing No. ing _ N~. 

Number of 
Animals per 
Farm 50 624.2 10 99.1 10 110.6 10 178. l 10 

Dairy 50 67.5 10 40.5 10 42.4 10 68.o 10 

Beef 5 95.2 1 31.0 1 12.0 3 144.3 0 

Bogs 10 i2.8 4 21.2 3 17.6 1 87.0 1 

Poultry 29 9.32.0 5 94.0 6 102.8 8 72.6 4 

Number of Animal 
64 d b Units per Farme 50 .4 10 33.2 10 3.3.4 10 83.6 10 

4Averages in all cases are computed on the basis of number of farms reporting. 
b Average would be 54.a if e-1 is omitted containing .332 beef cattle. 

@Average would be 79 • .3 if E-3 is omitted containing 25,000 laying hens. 
d ~verage would be 51.2 if 0-1 and E-3 are omitted. 

97.6 10 2635.6 

80.4 10 106.4 

0 0 0 

1 l 2 

42.7 6 4215.0 

58.8 10 113.0° 

e . ~ Animal units based on. the relative amounts of feed c9nsume~ by different classes of livestock. G. W. 
Forster,~ Organization.!,!! Management (New York, 1953), p. 401. 

\.>J 
I-' 
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Poultry was produced on._29 of the sample farms, but only five farmers 

reported 200 .. or more birds per farm. Only one farm reported. a poultry 

enterprise large enough to be important commercially. 

Because of the variability in numbers and types of livestock, a 

comparison of the total number of livestock reported at different levels 

of milk production was made on the basis of a feed consuming animal unit.3 

Qn this basis the animal units averaged 66.4 per farm.. Generally, the 

number per farm increased as the level of milk production increased, 

reflecting the large number of dairy animals found on these farms. 

Dairy Herd Compodti<l>n 

The average number of .dai~y cows on s,mple farms was .37 head (lable 

IV). 
4 I 

This ranged from eight to 142 cows per farm. The average produc-

tion per cow in 1957 W<liiS estimated. at 6,91.3 pounds per year.5 In a study 

in this same area, Blakley estimated an average production per cow for 

3G. W. Forster, Farm Organization !!ll! Management, (New York, 1953) 
p. 401. Each type and class of livestock reported by farmers was redu~ed 
to a common base by defining one steer, one cow, two heifers, four calves 
less than 12 months old, three sows, five mature hogs, ten pigs of 100 
pounds each, and 100 hens to be the equivalent of one animal unit. 

4This and all subsequent references to dairy cows refers to cows, 
dry and milking, two years of age and older. 

5The average production per cow in each strata is a simple average 
based on sales of milk in 1957 and the number of dairy cows on farms. 
The average for the total sample is a weighted average where the average 
for each group is weighted by the percentage that the possible sampling 
units in each group is Gf all possible sampling units, (page 8). 



Total 
Item Number 

Report- Ave. 
ing No. 

Total Per Farm 50 67.5 

Cows (dry and 
milking) 50 :37 .o 

Heifers 1-2 
years 48 15.8 

Heifers under 
1 year 48 12.2 

Bulls 46 1,7 

Others 24 6.7 

Raised in 1957 49 15.0 

Deaths in 1957 33 3.6 

Bought in 1957 23 8.1 

Sales in 1957 47 11.5 

Table IV 

Herd Composition and Average Number of Dairy Cattle per Farm 
in Sample, Oklahoma City Milk~hed, l95't1 

Grou12 A Grou12 B Grou12 C Groui.D Group E 
0-10,000 lbso 10 ... ·15,000 lbs. 15-20,000 lbs. 20:"'30;000 lbs. >30 7 000 lbs. 

Number Number Number Number Number 
Report- Ave. Report- Ave. Report- Ave. Report- Ave. Report- Ave. 

ing No. ing No. ing No. ing No. ing No. 

10 40.5 10 4:2.4 10 6800 10 80.4 10 106.4 

10 18. 7 10 22.4 10 32.3 10 41.8 10 69.9 

10 8.8 10 8.7 9 19 .2 10 21.3 9 21.8 

10 7.6 10 8.2 10 11.5 9 15.1 9 19.8 

10 1.4 7 1.1 9 2.0 10 1. 7 10 2,2 

5 8.0 6 3.8 5 10.2 4 5.0 4 7.0 

10 9.0 10 10.1 10 16.0 9 18 .o 10 22.2 

3 1. 7 8 2.0 5 3.6 1 3.6 10 5.6 

4 3.5 6 6.3 2 5.2 6 7.3 5 15.0 

9 7.3 10 5.2 10 ll.3 10 17.6 8 17.0 

aAverages in all cases are computed on the basis of number of farms reporting. 

w 
'o) 
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all Grade A producers of approximately 5,610 pounds in 1950. 6 Underwood 

reported an average of 5,470 pounds per cow for 1950.7 Inflating these 

figures by 21.86 pereent, the resulting production figures would be 6,836 
8 and 6,666 pounds per cow respectively. These estimates suggest that 

production per cow on. bulk tank dairy farms is not significantly dif-

ferent than for all Grade A producers in this area. 

The average number of dairy cows p!iir herd was directly associated 

with milk sales. Farms in group A reported 18.7 dairy cows per farm. 

These farms accounted fer only 10.3 percent of all cows ~n the survey, 

b'!!t 100 percent of the cows for this group. Prociuction. per c0w averagecm. 

5,370 pounds per year. This was considerably below the average for all 

bulk producers and the lowest for any group. 

Farmers in group B reported an average of 22.4 dairy cows per farmo 

Farms of this size accounted for 12.1 percent of the dairy cows in the 

survey and 22 .3 percent of the tota 1 number of a 11 farms. The average 

production per cow was 6,971 pounds per year. 

Producers in group C reported 32.3 cows per farm. Farms in this 

group accounted for 17.4 percent of the cows in the survey and 29.4 per-

cent of the 210 farms eligible to be included in the study. The average 

production per c@w on farms in this group was 6,658 pounds per year. 

6 Leo V. Blakley, p. 7. 

7F. L. Underwood, Po 7. 

8the expansion factor of 21.86 percent was computed from the average 
production for all produ@ers of 3,660 pounds of milk in 1950 and 4,460 
pounds in 1957. See United States Department of Agriculture, Milk Pro
duction El! Farms and Statisti@s .!! Dairy Plant Praduction, .!2..21, (Wash
ington, D. c., February, 1958 and previous issues). 
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Farms in group D reported 22.5 percent of the dairy cows in the sur

vey and 3008 percent of the possible sample farms. Farms with this level 

of production averaged 41.8 dairy cows. The average production per cow 

was 7,150 pounds. 

Farms in the largest size group reported an average of 69.9 dairy 

cows. Because of the wide limits allowed in this strata, these farms 

reported a range of 40 to 14i cows.· This group, while containing only 12.8 

percent of the farms in the study, accounted for 37.7 percent of th.e dairy 

cows. The average production per cow was 7,399 pounds per year. This was 

the highest average per cow for all the groups. 

All farms contacted were raising their own herd replacements. The 

average number of heifers under two years old was 28 head (Table IV). 

This represents 75.,7 percent of the number of cows of milking age on 

these farms. If a heifer-cow ratio of 50 percent is required to maintain 

herd size, this figure may indicate a planned expansion of milk production 

on these farms. However, the increased ratio may also reflect farmers' 

realizations .that some of these heifers may not be suitable for herd 

replacements. 

The ratio of heifers to dairy cows was greatest on farms in group C. 

The 30,7 heifers reported on these farms was 95.0 percent of the number 

of dairy cows reported. The 41.6 heifers per farm in group E represented 

59.5 percent of the average number of caws reported on these farms~ the 

smallest percentage rep@rted. For the remaining groups, the replacement 

percentage ranged from 75.4 to 87.7 percent. 

All but four respondents reported a herd bull on the farm. The 

average number of these animals was l.7 per farm. Twa farmers reported 



cows being bred by artifieal insemination. Several other fal'll\ers had 

attempted this method of breeding cows in the past but reported that 

results had not been satisfactory. 

Available Labor 
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Farm enterprises may ])e classified as labor intensive or labor exten

sive. Labor extensive enterprises are those which requ.ire relatively 

small amounts of labor per unit of output, and labor intensive enter

prises are those which reciuire relatively large amounts of labor per_.unit 

of output. Dairying is considered to be a labor intensive enterprise 0 In 

a study of 140 dairy farms within the Oklahoma City milkshed, Underwood 

found an average labor requirement per cow of 124 hours per yeJr.9 

Mechanical innovations represented by the milking machine, bulk 

tank, pipeline milkers, and parlor barn may be reducing these labor 

requirements. Many studies have pointed out th.at by converting to bulk 

milk handling, the quantity of labor is aot necessarily reduced but labor 

may be saved qualitatively. With a bulk tank system, chores such as lift• 

ing cans of milk and handling and washing milk cans are eliminated. This 

bas a twofold advantage in that the family is able to do more of the 

milking chores, the operator is released for other jobs, and hired labor 

is easier to obtain aad keep. However, in addition to making the job 

easier, all but two farmers in this study reported some saving in clean

up time after milking. 

Labor used on farms with bulk milk tanks in the Oklahoma City area 

is fairly homogeneous in composition. Family labor is used primarily 

9 F. L. Underwood, p. 19. 
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on all farms averaging less than 30,000 pounds of milk per month. This 

source accounted for all labor used in the milking operation on 76 percent 

of the sample farms. Of the 12 farms hiring labor for this purpose, 

eight were in the group averaging greater than 30,000 pounds of milk per 

month. Hired--labor was used in the milking operation on. one farm in 

group A and on one farm in group C. In both instances the operator and 

his wife had full time off-farm jobs. Two farms in group D reported hired 

labor used to assist tb.e operat0r in the milking operation. 

The average age of the dairy operator on farms with bulk milk tanks 

was 46.l years. The average age of the operator in each of the size 

groups did not differ greatly from this average. However, five farmers in 

both groups A and E were above 50 years of age. 

Buildings and Fa~ilities 

The milkhouse on most dairy farms int.he sample represented an invest

ment of approximately $2,500, Concrete blocks were the most common building 

material used (Table V). This material was used frequently by the smaller 

producers. Seven farmers reported using a wooden milkhouse, either an 

older building or a combination feed barn and milkroom. Milkhouses 

classed as "otheru included frame buildings with a metal c:overing, tile 

blo@k, and brick. These were use~t primarily by large volume producers. 

GenerallY, these farmers had been producing milk commercially for relative

ly longer periods of time than other produ®ers in the sample. 

Wooden walk-in stalls were reported in use on 31 of the 50 sample 

farms. No significant difference existed between the groups. Metal 

walk=in stalls were used on seven farms. The parlor type milking barn 
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Table V 

Dairy Equipment and Type of Milkshouse Construction on Farms 
in Sample, Oklahoma City Milkshed, 1957 

Number af Farms 
Having 

Group A Group B Group C Group D Group E 
Total 0-10, 000 10-15, 000 15-20, 000 20-30, 000 > .30, 000 

pounds pounds pounds pounds pounds 

Milkhouse Construction 

Concrete 

Wood 

Other 

Stalls 

Wood 

Metal 

block 32 

7 
11 

31 

1 

9 7 
1 1 

0 2 

6 7 
2 2 

8 4 4 

2 1 2 

0 5 4 

7 7 4 

1 0 2 
a 

Average number 7 5.4 6 5.7 7.4 10.4 

Parlor 

Electric Milkers 

Pipeline Milkers 

Rot Water Heaters 

Electric 

Gas 

A . a . verage size 

Bulk Tanks 

Average size 

12 2 

50 10 

17 l 

5 0 

45 10 

31 gal. 27 

50 10 

353 gal.233 

l 

10 

2 

l 

9 

gaL 27 

10 

gal. 244 

2 3 4 

10 10 10 

2 6 6 

1 2 1 

9 8 9 

gaL 31 gal. 32 gal. 40 

10 10 10 

gal. 332 gal. 339 gal. 582 

8Averages in all cases are computed on the basis @f number of farms 
reporting. 

gal. 

gal. 



39 

was used by la producers. The parlor type milking arrangement contributes 

to a qualitative and a ~uantitative saving of labor. The savings in labor 

are greatest when used with a pipeline milker. There was a tendency for 

the parler-type barn to be associated with large volume production. 

Dairymen on all farms were using electric milkers. Seven farms 

installed electric milkers at the time of conversion or soon afterwards; 

all others were using electric milking equipment before purchasing a 

bulk tank. In contrast, Underwood found only about two out of every five 

10 dairymen in the same area in 1950 were using milking machines. The 

number of farms using milking machines in his study varied considerably 

among different geographical sections of the market. In general, milking 

machines were more prevalent in the eastern part of the area. 

There was little difference between groups in the number of milker 

units used per farm except for the largest group whi@h reported 3.8 

units per farm. (Milker units refer to the number of cows that may be 

milked at a given time with one milking machine.) Farms in the other 

groups averaged 2 units in group A to 2.7 units in group D. 

Pipeline milkers are being adopted rapidly by Oklah.oma dairy farmers. 

The pipeline milking arrangement is essentially a labor saving device 

and, on farms where labor is the scarce resource, it can be used profit-

ably. However, it represents a large capital investment, ranging from 

lOibid., p. 18. It should be noted that Underwood 8s study was based 
oa a sample of all Grade A producers and th.at pulk tanks were not then 
in use. The present study is more restrictive in that only a restricted 
population. of bulk producers were sampled and these were relatively long
time producers. 



$1,100 to $2,200 depending on the amount of stainless steel or plastic 

pipe needed. With this arrangement one man (or woman) can perform the 

entire milking operation on an average farm. 
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Seventeen of the sample farms reported using pipeline milkers. The 

number of farms using this equipment appears to be closely correlated 

with volume of production. Of the 17 farms reporting pipeline milkers 

in use, 12 were in the two groups averaging more than 20,000 pounds of 

milk per month. The ac~elerated installation rate of pipeline milkers 

is consistent with the trend toward greater farm automation. 

Hot water heaters are required in the milkroom by the State Health 

Department. Farms with a 500 gallon or smaller, bulk milk tank are 

required to have a 30 gallon gas or 40 gallon electric water heater. For 

tanks larger than 500 gallons, a 10 gallon increase in size of water 

heater per 100 gallon increase in size of bulk tank is required. All 50 

of the survey farms were using hot water heaters, 45 using gas as a fuel 

and 5 electricity .. All farms, however, did not have a tank of prescribed 

capacity. The average capacity per farm was 31 gallons. There was a 

slight increase in size of water heater as milk production on farms 

increased. This item is likely to represent a substantial addition to 

conversion costs for most producers, since 28 of the 50 bulk tank pro

du®ers indicated installation of a water heater at the time of conversion. 

Size of Bulk Tanks 

The average size bulk tank used on the sample farms was 351 gallons. 

The range was from 145 te 1,000 gallons, The average size bulk tank used 

on farms in group A was i33 gallons with no tanks rgported larger than 
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300 gallons. The average size tank in use an farms in graup B was 244 

gallons with 400 gallons the largest reported. The average reported for 

groups C and D was 355 and 399 gallons respectively. There were no farms 

in group E using a bulk tank less than 485 gallons in size. The average 

size tank reported for this group was 582 gallons. The, number of tanks 

ranging from 200-300 gallons accounted for 50 percent of the tanks in 

the survey. 

The average amount of milk cooled per pick-up may influence the 

level of costs assaciated with operating a bulk tank, Pick~up receipts 

were not readily available for an estimate of the actual tank utilization. 

In the absence of such data, producers were asked to estimate an average 

percent of utilization per pick-up for the year 1957. These estimates 

r~nged from 30 to 80 percent with an average utilization per pick-up of 

60 percent of capacity. Group A producers reported only 55 percent 

average usage per pick-up. This usage factor increased directly with 

level of milk production. Farmers in group E reported an average of 65 

percent of tank capacity per pick-up during the year. 

Problems Associated with Bulk Milk Tanks 
and Producer Attitudes 

Farmers in the survey were asked to indicate their experiences with 

problems associated with bulk milk handling. These problems were~ (1) 

milk rejected, (2) churning of the milk, (3) freezing of the milk, and 

(4) off=flavors and odQrs in the milk. 

When milk is cooled in a bulk tank, there is the ever=present danger 

that milk from one cow may cause the entire tank of milk to be rejectedo 
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Respondents in this study indicated only two tanks of milk had been reject

ed for this reason. Both instances occurred on farms in group A. 

A second problem, churning of the milk in the tank, occurred on 

seven of the survey farms. When this happens, all of the milk in the 

tank may be lost or in some cases it may be sold at a reduced price. The 

churning problem usually occurred when the agitator was left running 

while the compressor was not operating. 

In some types of bulk tanks the milk may freeze, Tb.is problem wa.s 

reported on 1l of the survey farms, Freezing was most prevalent when 

only a small amount of milk from the first night's milking was in the 

tank, Freezing may also 0ecur if the agitator is n@t · operating when the 

compressor is running. 

The last major problem cannot be attributed exclusively to the bulk 

milk tank, since it may occur as easily with a can handling system. 

Trouble with milk odors was reported on 16 of the 50 sample farms. Most 

respondents indicated the odors occurred in the spring when cows were 

grazing on wheat or oat pasture and had not been removed from the pasture 

a sufficient length of time prior to milking. 

Trouble normally asso~iated with milk appears to occur less frequent

ly with bulk tanks than with can coolers. Of the 50 producers interviewed, 

all were satisfied with the new method and none would consider reverting 

to a can handling system. Thirty-seven of the 50 producers indicated 

they were happy with the weight and test of milk received since convert= 

ingo In reply to the question, "Do you think the market will eventually 

be all bulk milk?'', 47 of these producers replied in the affirmative. 

The two most frequent reasons given wer,e: (1) a better quality product 

for consumers, and (2) the Health Department will require it. 
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Changes in Produ@tion After Installing Bulk Milk Tanks 

The use of a bulk milk tank on dairy farms may induce changes in 

farm organization and size of operation. To ascertain the type and mag-

nitude of these changes, farmers were asked to indicate the adjustments 

that had taken place on their farms since the installation of the bulk 

milk t~nk. Some of these @hanges were directly associated with the use 

of the bulk tank, others were not. 

The most significant ~hange was the increase in number of dairy 

ir:ows. Sixty percent of the farmers in the survey reported a change in 

the number of dairy cows on farms since the acquisition of a bulk tank. 

Two farmers had reduced the number of dairy cows, but 28 farmers report-

ed an increase in the number of dairy cows on farms (Table VI). The 

average increase was 6.2 dairy cows per farm. There was no appreciable 

difference between groups in the number of farmers reporting increases; 

however, the average increase per farm was great.est in the two groups 

with the highest average monthly production of milk. 

A second change, closely associated with the increased number of 

dairy cows, was the increase in milk production per farm. This increased 

output is accounted for by increased numbers of cows on farms and the 

addition of higher producing cows, 

A trend in milk production per farm for the two-year period August, 

1956, to July, 1958, was computed by least squares. The prediction 
I\. 

equation for all sample farms was Y = 210,0142 + .38549X. 
(.4639) 

A 

Where Y m hundredweight of milk sold per month 

X = number of months since August, 1956. 
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Table VI 

Number of Farms i~.Samp!e Reporting Changes in Herd Size and Farm 
Size After: Installation of a Bulk Tank, Oklahoma City 

Mi lkshed, 19 57 

Group A Group B Group C · Group D Group E 
·. 

No. of Farms With Tota+ · 0-10,000 10-15,000 15-20,000 20-30,000 > 30,000 
pounds pounds. pounds pounds pounds 

~ecreased milking 
herd 1 0 0 0 l 

In®reased milking 
herd 28 4 6 4 8 6 

Smaller farm size 5 2 0 0 l 2 

Larger farm size 5 l 0 2 0 2 

Table VII 

Specific Changes Planned by Producers in Sample, 
Oklakoma City Milkshed, 1957 

Specific Plans 

Expand number of 
cows 

Average increase in 
cows per farma 

Install a pipeline 
milker 

Buy a larger bulk 
tank 

8 The average is 

Group A Group B 
Total 0=10,000 10=15,000 

pounds pounds 

35 8 8 

17.a 15.2 13.7 

15 3 4 

8 0 2 

Group C Group D Group E 
15-20,000 20~30,000 > 30,000 
pounds pounds pounds 

(Number) 

6 9 4 

25.0 20.7 15 

4 2 

a 4 0 

computed on basis a£ number of farms reporting. 
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The estimated average in~rease on the sample farms for this time period 

was 38.549 pounds of milk per month. This trend in milk sales is con

sistent with farmersv estimates of increased numbers of cows on these 

farms and is illustrated in Figure 4. A seasonal pattern is also evident 

with the greatest production in the spring months and the lowest produc

tion in the late summer months. 

Milk production per £arm did not increase for producers in all 

size groups. Increases in the number of dairy cows per farm were report

ed by only four producers in group A, The trend in the average milk sales 

per farm for producers in this group has been decreasing at the rate of 

61 pounds per month (Appendix Table IV), 

Survey farms in group B have been increasing milk production at the 

rate of 118.55 pounds per month (Appendix Table IV). Since installing a 

bulk milk tank) six of the 10 farms in this group have increased the num= 

ber of dairy cows an average of 3.3 cows per farm. 

Farms in group C have experienced the largest increase in production 

per month, 135.541 pounds (Appendix table IV). Sin~e installing a bulk 

milk tank, four farmers in this group have increased the number of dairy 

cows an average of 5.3 cows per farm. 

The upward trend in milk production per farm in group D was 45 pounds 

of milk per month (Appendix Table IV), Eight farms in this strata report

ed an average increase of 9.2 dairy cows per farm. 

The esti~ted trend in milk production on farms in group E indicates 

a decrease in pr~duction of 45.709 pounds of milk per month (Appendix 

Table IV). However, six farmers in this group reported an increase of 

7.5 dairy cows per farm sin~e installing a bulk tank. 
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'In order to add more cows and increase production, it is frequently 

necessary to add more laad area. Information from the survey indicated 

that 22 farmers, 44 percent of those interviewed, had added farm land 

since installing a bulk milk tank. For these 22 farms, the average 

addition was 153.2 acres. 

If the survey farms in this study are representative of all bulk 

producers, dairymen with bulk tanks in the Oklahoma City milkshed have 

been increasing the number of dairy cows on farms and the volume of milk 

per farm. this trend may be expected to continue over the next five year 

period. About 70 percent ef the farmers plan .to add an average of 17.2 

dairy cows per farm during this period (Table VII). However, there is 

great variation between tke size groups and between farms within each 

group. 

There are indications that farms averaging less than 10,000 pounds 

of milk per month are decreasing output. Some farmers in this group 

appear to be adjusting to some alternative farm enterprise or obtaining 

non=farm employment, while others are increasing the size of the milking 

herd and moving to a higher level of production. Most farmers in the 

production range of 10,000 to 30,000 pounds per month are increasing their 

scale of operation. This may permit these farmers to take advantage of 

lower fixed cost per unit and increase net revenue;-from the dairy enter-

prise. This group would include 82.4 percent of the 210 producers defined 

to be eligible for the survey, 

pounds of milk per month are expected to continue their operation with 

the present number of cows. Many of· the farmers in this group reported 



they were content to increase output per farm by attempting to increase 

production per cow. 
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New equipment purchases are contemplated by many farmers within the 

next five years. Thirty percent of the producers expect to install a 

pipeline milker and 16 percent expect to buy a larger bulk tank. 



CHAPTER V 

COSTS OF INSTALLING AND OPERATING BULK MILK TANKS 
ON OKLAHOMA DAIRY FA.RMS 

In considering conversion to a bulk milk system, dairymen are 

interested in two groups of price and cost data. The first group is 

associated with the initial investment outlay likely to be required when 

converting to the bulk tank system. The second group is concerned with 

the cost of cooling a given amount of milk. Any premiums or savings 

accruing from the conversion will also be of interest to dairymen since 

they may offset part or all of these added costs. 

Bulk tank manufacturers and other firms actively engaged in selling 

and installing bulk tanks provided information related to the initial 

cost. of installing tanks of various sizes. Farmers contributed informa· 

tion regarding necessary modification costs of dairy plant and equipment. 

Detailed cost data for both of these groups were necessary in order to 

provide reliable estimates of costs for various levels of milk production, 

Farmers also provided estimates of the additional returns associated with 

the use of a bulk milk tank. 

Initial Conversion Cost 

The initial investment required to convert to bulk milk handling is 

the cost of the tank installed on the farm plus any necessary costs of 

modifying existing facilitieso Results of this study indicated that the 

tank cost varied primarily in proportion to its size, but the expense of 



c.b.anging existing facilities varied widely frG111 farm to farm. These latter 

costs were associated with: (1) construction of or additions to buildings, 

(2) installation of heavier electrical wiring, (3) purchase of hot water 

heaters, and (4) improvements of farm roads and lanes. 

Tank Costs 

Variations in prices of bulk tanks of a similar size may be due to 

differen~s in make, type of cooling, type of finish, tank design and 

method of sealing the lid, and dealer discounts. These factors were con~ 

sidered in attempting to establish costs of installing a bulk tank. 

From the records of Central Oklahoma Milk Producers Association, it 

was found that four makes, Sunset, Blackburn, Zero, and Creamery Package, 

comprised 88.9 percent of the tanks used in the Oklah0111& City milkshed. 

The remaining ll.l percent was composed of nine different makes. 

Price lists for 1958 for the four major brands were obtained with 

the various components of total installed price listed separately. In 

each case, a list price and a discounted priee was given •. the discounted 

prices were used since they coincided with those on the producers' loan. 

records. 

Prices for the four principal makes of taaks were averaged for 

each of 10 different size classifications and the results are shown i,n 

Appendix Tab le I. Tb.e average installed price is assumed to be represen

tative of all makes of tanks. In computing this average however, con

sideration bas been given to price variations of tank components between 

makes of tanks 0 Considerable variations in items listed as tank components 

by different tank manufacturers may also be reflected in tank price ~uo

tations. Some manufacturers list the compressor separately and same 
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include it with tank cost. Others, Creamery Package for example, list 

several pieces of their equipment separately. These differences between 

makes of bulk tanks were given careful consideration when determining the 

total installed price. 

Table VIII indicates price and cost data for 10 different sizes of 

bulk tanks. The average cost per gallon and per hundredweight, assuming 

100 percent capacity utilization for each size, decreases as size of 

tank increases. These decreasing cost relationships would hold for any 

given percent of capacity utilization, the use of 1958 prices may overQ 

state the actual costs of the farms in this study but it does provide an 

up=to=date estimate of conversion costs which a producer at these various 

levels would be facing if he were currently contemplating conversion. 

The average size of the bulk tank in each size group together with 

the cost data in Table VIII was used to determine the typical outlay for 

the sample farmso By this method, the average producer in the sample 

had a tank size of 351 gallons costing $2,410.66 (Table IX). The range 

in tank cost was $1,963.48 for farms in group A to $3,247.75 for those 

in group E. 

Costs of Im.proving and Modifying Buildings and Facilities 

Many producers have incurred addition.al plant and equipment costs 

(other than the bulk tank) when converting ta a bulk handling system. 

Farms that require these items before conversion and would not re~uire 

them with a can system, must consider these costs as part of the total 

conversion outlayo 

Milkhouse Improvements. There is little difference between a bulk 

system and a can system in terms of milkhouse requirements, but in some 



Table VIII 

Average Prices and Costs for Ten Sizes of Bulk Tanks Available 
in the Oklahoma City Milkshed, 19578 

Size of Tank 
Gallons Pounds 

100 

150 

200 

250 

300 

400 

500 

600 

800 

1000 

860 

1290 

1720 

2150 

2580 

3440 

4300 

5160 

6880 

8600 

Cost to·Farmers 
Average Price Range in 

Priceb 

$1,437.21 

1,734.47 

1,924.61 

2,042.04 

2,279.09 

2,610.50 

2,991.91 

3,396.76 

4,226.05 

4,458.99 

$1270-1604 

1660-1840 

1742-2006 

1944-2110 

2182-2351 

2541-2645 

2886-3289 

3194-3790 

3734-4785 

4232-4793 

Average Cost 
Per Gallon 

14.37 

11.56 

9 .62 

8,17 

7.60 

6.53 

5.98 

5.66 

5.28 

4.46 

Average Cost 
Per Cwt. 

167.12 

134.45 

111. 90 

94.98 

88.34 

75.89 

69.60 

65.83 

61.42 

51.85 

a The discounted prices of the four brand name tanks were used in 
making these computations. These were Sunset, Blackburn, Zero and 
Creamery Package. 

b Range in price refers to the prices of the four makes of tanks 
used in computing the average price. 



Table IX 

Estimated 1957 Tank Cost and Cost of Improvements per Farm 
in Sample, Oklahema City Milkshed, 1957 

Item Total Group A . . Group B . Group C Group D Group E 

Tank: 
Average size ( ca llon,s) 
Average cost per farm 

Improvements: 
· Milkhouse: 

New construction: 
Farms reporting 
Costs per farmb 

Remodeled: 
Farms reporting 

.351 
$2,410.66 

5 
2,500.00 

Costs per farmb $ 
19 
29.82 

Electric Wiring: 
Farms reportinl 
Costs per farm $ 

27 
29.62a 

Purchase of Water Heaters: 
Farms reportin~ 
Costs per farm 

Improvements of Roads 
and Lanes: 

Farms reporting 
Costs per farm 

28 
$ · s3.oo• 

19 
$ 30.69a 

Average of allbimprovement 
Costs Per Farm $ 37 .65 

8nata not available on all farms. 

0-10,000 10-15,000 15-20,000 20-30,000 > 30,000 

233 244 
~1,963.48 2,037.25 

. _.,.,:,-,, .. , .. 

1 1 
2,000.00 2,500.00 

5 2 
9.20 15.00 

7 7 
24.00 24.50a 

6 3 
79 .€;>'78 94.508 

4 5 
27.oo& 30.008 

28.59 38.00 

355 
2,413.01 

0 _a 

4 
22.70 

7 . 
34.108 

4 
_a 

2 
a -

26.91 

339 
2,391.80 

2 
2,750.00 

4 
10.00 

1 
15.00 

8 a 71.00 

3 
36.00 

30,50 

582 
3,i47.75 

1 
2,500.00 

4 
100.ooa 

5 
44.80a 

7 
86.60a 

5 a 
. 30.00 

60.27 

bAverage computed on basis of number of farms reporting that could provide cost data. 
V1 
vJ 
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cases additional expense may be expected. Five producers constructed a 

new milknouse and 19 remodeled the old milkhouse before installing the 

bulk tank (Table IX). Remodeling in most cases consisted of rearranging 

or adding to the plumbing, adding a cement slab to facilitate loading, 

and removing or adding a partition. 

For the five farms reporting construction of a new milkhouse, the 

average cost was $2500 per farm. This was not included in computing the 

average cost per farm for milkhouse improvements. On all five farms 

reporting, the installation of a bulk tank in itself did not require the 

building of a new milkhouse. 

Excluding the new milkhouse figures, the estimates for milkhouse 

improvements averaged $29.S2 for the 19 farms reporting expenses of 

this type. These casts ranged from $0.00 to $200.00 per farm. In most 

cases tne costs reported were for materials only. Where farm labor was 

used, no addition to cost was reported. 

Electric Wiring. Electrical wiring in dairy barns in this area is 

often in.adequate to carry tae load of the large C(l)lllpressors required for 

bulk milk tanks. This is especially true if the tank is of the direct 

expansion type. 

Twenty-sevem. farmi<1 reported they had .in~_;rred an'expense of. this 

type. The average cost of wiring for these farms was $29.62 with a 

range in cost of $0. 00 to $100. 00 per farm. This relatively small figure 

reflects the use of farm labor in many instances. On 76 percent of the 

farms, the cost came as a result of changing £rem a llO to a 220 volt 

system. Generally, there were fewer farms in the larger size groups 

reporting this added expense. Presumably, the larger volume producers 
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had made this change because of the size of their can operation prior to 

converting to a bulk tank. 

Hot Water Heaters. Health department regulations require dairymen 

who use a bulk tank to include a pressurized hot water heater as part @f 

their milk room equipment. Many dairy farmers in Oklahoma not using bulk 

tank systems have open vat arrangements to heat water. For these farms 

the cost of a hot water he®ter is a necessary part of the conversion cost. 

On some farms the installation of a bulk milk tank may require a larger 

water heater than is currently in use to meet health department specifi~ 

cations. In either of these two cases the added expense of the water 

heater should be charged to the new system. 

About half the farmers incurred additional expense for a hot water 

heater. Contrary to expe~tations, the number of farms requiring this 

expense increasecl with size of farm. Three-fourths of the produ@ers 

averaging greater than 20,000 pounds of milk per month reported some out

lay on a hot water heater. About 40 percent of these found it necessary 

to purchase a larger water heater than the one currently in use. 

Determination of the average cost per farm for this item was based 

on limited information. Only 10 Ci?f the 28 farmers reporting purchase of 

a water heater could provide estimates of the cos_t. For these 10 farms 

the average expense was $83.00 for this item. In several instances, the 

heater was installed with farm labor. 

Improvements~ !!!m, Roads~ Lanes. Farmers with bulk milk tanks 

may be required to make some road (driveway) improvements in order to 

have their milk picked up by the hauling agency. With a ~an system the 

cans of milk may 'be picked up at the milkhouse or transported by the 



farmer to the roadway during inclement weather. However, with a bulk 

system the tank truck must go to the milkhouse each time milk is picked 

up. 

Farm driveways or lanes in the Oklahoma City area are usually dirt 

roads, and often become almost impassable when wet. In a cost study in 

this milkshed, Blakley estimated a total cost of 42.6 cents per mile to 

1 the Association for year-round travel on poor dirt roads. In that study, 

the advisability of adding a producer was questioned when that addition 

required travel on poor dirt roads on or off the farmstead. If the 

Central Oklahoma Milk Producers Association should require bulk producers 

to have all-weather roads and lanes before their milk can be picked up, 

this improvement cost would become an integral port~on of the conversion 

costs. If this is not done the hauling rate to all producers would 

necessarily be high enough to cover the added costs of travel on these 

road types. Thus far, the Association has not forced producers to make 

improvements but it has made suggestions and provided financing and c0st 

sharing arrangements for improvements of this type. 

Only 19 produeers reported improvement expense on roads and lanes 

since installation of the tank. The average annual.expense was $30.69 

per year and, with one exception, ref iects the use of farm labor and 

machinery. These figures do not include farms that occasionally hauled 

dirt or other material either before or after conversion. While there 

were no great differences in the average cost per farm at different 

1Leo V. Blakley, Walter B. Rogers, and. Ke:nnetll B. ·Boggs, ! Prelim- : 
inary Report, .2!! !J! Analvsis of ~ ~ Transportation Costs -2!, !!!, 
Central OklahCl>l.d.M:Uk Producers ~cciatien, (Oklahoma State University, 
1958), p. 15. - - -



levels of milk production, there was a difference between farms in the 

eastern half and farms in the western half of the milkshed. Because of 

a clay soil and a rolling terrain, as contrasted to a more level sandy 

soil, more farms in the East incurred this expense and at a generally 

higher cost per farm than in the West. 

Salvage Value of Can Equipment and Firuancing Arrangements 

Producers in the Oklahoma City area generally have been successful 

in disposing of their used can equipment. On most farms the amount 

required on the bulk tank. The unpaid balance was financed through 

some agency by 90 percent of the farmers. Information was obtained from 

these farmers regarding the amount received for their can equipment and 

the cost and sources of @redit used in finan~ing the ~onversion to a 

bulk system. 

Salvage Value£!_~ E9uipment. Eighty-two per~ent of the producers 

were able to dispose of their milk cans and coGlers. Nine of these pro-

ducers sold their coolers to other farmers while 33 producers traded the 

can equipment in on the bulk tank. 

The average value re@eived per farm from disposal of cans and coolers 

was $208.29 (Table X)~ The 41 farms disposing of cans reported an average 

of 12.6 cans sold with an average value received of $36.50 per farm. The 

44 farms that sold and traded their can coolers reported a value received 

of $171.79 per farm. The range in salvage value received per farm was 

$156.50 for farms in group A to $279.47 for those in group E. Generally, 

farms with a larger volume of milk usually had a larger @apa~ity cooler 



Table X 

Disposition Value of Used Can Equipment on Farms in Sample, 
Oklahoma City Milkshed, 1957 

Group A Group B Group C Group D Group E' 
Item Tota 1 0-10, 000 10-15, 000 15-20, 000 20-30, 000 > 30,000 

Cans 
Farms reporting 41 9 9 7 8 8 

Number per farm 12.6 12.0 7.5a 13.1 15. la 20.5 

Value received per farm 36.50 34.00a 26.75a 48.99a 44.17a 70.19 

can Coolers 
Farms reporting 44 9 9 10 9 7 

can capacity 8.2 6.5 7.1 7.9 9.8 9.7 

Value received per farm 171. 79 122.508 152.77 154.90 225 .14a 209.28 

Average Total Value Received 
per Farm 208.29 156.50 179.52 203.89 269 .31 279.47 

-
aData not available on all farms reporting. The average is computed on the basis of number of 

farms for which data were available. 

Vl 
00 



and more ©ans, @onsequently the salvage value received per farm was 

greatero 
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Disposition of used can equipment for an amount sufficient to make 

the required down payment on the bulk tank has tended to reduce the 

financial barrier associated with tank ownership. Although there bas 

been a ready market for these coolers and cans, the demand may be 

expected to decrease as the shift to bulk handling continueso Farmers 

converting in the future may not be able to salvage their present equip

ment with the degree~£ e@onomic advantage that has been experienced in 

the pasto 

Firuilncing Arrangements: Sources~ Oostso The large initial out

lay required to purch&se a bulk tank represents the major conversion 

problem to IM!ny @an pr~du@ers. This problem is enhanced by the re~uire~ 

ment fer improvements in existing facilities. In order to be within 

the reach of most farmers, there must be some system of financing the 

c~nversion, 

Several sour@es of @redit are open to producers. The most frequent

ly used arrangement, however, is that afforded by Central Oklahoma Milk 

Producers Association. In this arrangement, the Association purchases 

the tanks in quantity lots for resale at less-than-retail prices to their 

members. It disposes of the producers 0 old can e~uipment, installs tanks, 

calibrates, services tanks, arranges financing, and deducts repayments 

from producers 1 monthly milk checks. 

The Asso©iation fiB.sln@ed all but one of the 45 producers who obtain= 

ed a loan to pur@hase a bulk tank. This one loan was financed through 

the Rural Electri~ Cooperative, Apparently the latter sour~e lMis not been 



exploited since the interest rate is very low and monthly payments may 

be added to the ele@tric bill for convenience of payment. Production 

Credit Associations were expected to be one of the more active lenders 
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for this purpose; however, records of the Federal Intermediate Credit Bank 

at Wichita, Kansas, reveal only one loan discounted in the state of Okla"' 

homa for this purpose. It is possible that more loans by local production 

credit associations have been made through regular operating fundso Other 

lending agencies include local banks and bulk tank distributors but 

evidently these are not frequently used. 

three credit imstituti0ns available to farmers were contacted regard= 

ing the cost of fimaa@ing bulk milk tanks. The Central Oklahoma Milk Pro

du@ers Assoc::ia.tion c::harges 5. 7 percent of the unpaid balan@e per yearo 

The unpaid balan©e is e1tll$.l to the c::ash pri@e of the tank installed minus 

ten perir:!ent down payment plus cancellation insu:.rance. Canll:lellation insur

ance for the three-year period is 2o26 percent of the cash price installed 

minus the down payment. In calculating the finance cost, charges of 11 

percent of the unpaid balance are used for a three-year finance periodo 

Ihe Central Rural Electric Cooperative @barges a rate of 3. 7 percent 

annually on the unpaid balance when payments are made on a monthly basis. 

Their charge covers interest and cancellation insurance. If payments 

are m!ll.de annually, the interest rate is 4.12 percent of the unpaid 

balance. 

Commercial banks usu~lly charge six perc:en.t per year on the unpaid 

balan@e plus a one doll~r filing fee if paid monthly. The loan is 

covered by cancellation insurance with the premium included in the six 

percent interest ~hlirge. 
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Annual Milk Cooling Cost 

'I'he second cost of interest to farmers considering conversion to a 

bulk system is the cost of operating the bulk tank. To determine the net 

returns or net losses asso@iated with a bulk system, the total cost of 

operation must be computed with reference to a specific period of time 

and in relation to a spe~ifi@ volume of milk. All cooling costs were 

computed on an annual basis and in terms of cost per hundredweight of 

milk. 

?he factors th.at influence the total cost of performing any process 

may be divided into two classes, variable and fixea, The fixed factors 

are those which would be incurred even if no output occurred, while the 

v~riable cost factors are usually defined as those costs which depend on 

the output of the pro~ess. Information was obtained from bulk tank 

owners, engineers, and Central Oklahoma Milk Producers Asso@iation to 

determine the level of these costs. 

Fixed Costs 

Once the farmer h&s purchased the bulk tank, he will incur certain 

costs regardless of the amount of milk cooled, These annual costs are 

(1) depreieiation, (2) interest on investment, (3) taxes, and (4) insur'."' 

Depreciation, D>epre@iation is the loss in value and service capacity 

resulting from natural wear in use, obsolescence, accidental damage, rust, 

2 F. C. Fenton and G. E. Fairbanks,~ Cost of Using f!E! Machinery, 
~nsas State College Engin®ering Station Bulletin No. 74, (ManJ::iatt.in, 
~nsas, September, 1954), p. 15. 



in the dairy industry, obsolescence is of particular importance with a 

long-term, high cost investment such as the bulk tank. 

Bulk milk tanks have not been in operation on Oklahoma farms for a 

sufficient length of time to arrive at an accurate estimate of their 

expected life. Studies in other states have indicated an expected life 

of 10 to 20 years for the tank and an average life of 10 years fer the 

compressor. Servicemen at Central Oklahoma Milk Producers Association 

estimate the tank life at 20 years and ·the compressor at 10 years. An 

aver~ge of owners 9 esti.m.!il.tes from the producer survey indicates an 

expected life of 14.5 years for the tank and 9.3 years for the compres-

sor. 
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Based on these estimates and the advice of agricultural engineers, 

the following procedure was used in determining annual depreciation 

schedules for 10 sizes of tanks. The average price of the tank and of 

the compressor installed was determinedo A salvage value of five per

cent was allowed oa both. the tank and the compressor and deducted from 

their original costs, The remainder was depreciated on the basis of a 

life expectancy of 15 years for the tank and 10 years for the compressor. 

Straight line depreciation (equal amount for each year) was used in both 

cases. The results are indicated in Appendix Table II. 

To find the average annual cost of bulk tank depreciation on farms 

in the sample, this same procedure was applied to the average size 

tank reported by these producers. The average yearly depreciation for all 

producers in the sample was $163.77 (Table XI). The range was $133.62 for 

farms in group A to $222.33 for farms in group E, 



Table XI 

Estimated Annual Cost for Bulk Milk C0oling, 
Oklahoma City Milkshed, 1957 

Item Total Group A Group B Group C Group D Group E 
0•10,000 10-15,000 15-20,000 20-30,000 _2_Jjh000 

Fixed Costs 
Depreciation $16.3.77 $1.33.62 
Interests on investment 56.19 51.54 
Taxes 21000 17.67 
Insurance 6.66 5.60 

Total Fixed Costs $247.62 $208.4.3 

Variable Costs 
Electricity $ 72.81 $ 28.46 
Labor 53.35 40.48 
Repair 51,85 42.48 
Cleaner and sanitizer 35.76 31.09 

Total Variable Costs $213.77 $14~L51 

Total Costs $461.39 $350.94 

Average Costs/Cwt. Cooled .17968 .3495b 

a Average annual production= 2568.6b cwt. 
b Average annual production= 1004.18 cwt. 
C 6 Averag~ annual production= 15 1.59 cwt. 
d Average annual production= 2150.63 cwt. 
e . . 
Average annual production= 2988.78 cwt. 

f . 
Average annual production= 5138.09 cwt. 

$138.26 $163.92 $162.57 $222.33 
53.48 63.34 6a.78 85.25 
19.15 21,, 24 20.28 25.98 
5.87 6.73 6.43 8.23 

$216.76 $255.23 $252.06 $341. 79 

$ 44.26 $ 60.96 $ 84.72 $145.64 
42.40 5.3.96 51.52 57.62 
43.67 51.89 51. 5.3 71.64 
32.56 35.81 35.52 40.39 

$162.89 $202.62 $223.29 $315.29 

$379 .65 $457.85 $475.J5 $657 .08 

.243le .2129 d .1590e .1279f 

~ 
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Interest .Q1! Investment. The costs of resources to a firm are their 

values in their best alternative uses. Money used to purchase a bulk tank 

cannot be used in other productive uses; therefore, interest on invest-

ment is considered as one of the costs of ownership. 

In estimating the ~osts of owning a bulk tank, it is convenient for 

the present analysis to ~ompute an interest charge that is constant or 

e~ual throughout the life of the tank. This may be accomplished by making 

an annual interest charge on the average investment in the tank over its 

full life. The average investment is equal to one half of the sum @f the 

origitml cost plus salvage value. 3 For example, the annual investment 

$1 437.21 + $71 85 costs for a 100 gallon tank would be ' 2 ~ · = $754.53. In 

this study the interest was assumed to be five percent per year. Therefore, 

the interest on investment for a 100 gallon tank would be $37.73 

($754,53 x 0,05 = $37.73), The results for 10 sizes of tanks are shown in 

Appendix Table II. 

This procedure was employed for determining the interest on .investment 

component of annual fixed «::ost for each of the farms in the survey. The 

average investment cost per farm for each of the strata in the sample was 

determined by using the average size tank reported by farmers in that group. 

These results are shown in Table XI. 

Insurance Costs. While it is not~ univers~l practice to insure milk 

cooling equipment, the insurance charge appears justifiable, If a farmer 

does not insure, he carries the risk himself. Bulk tanks may be insured 

3IbiiL, p. 15. 



by an individual hazard policy or by a policy covering all farm buildings 

and equipment. If the tank is financed, a hazard insurance policy is 

required for the duration of the loan. The rate charged by Central Okla-

homa Milk Producers Association in its financing plan is 1,05 percent of 

the unpaid balance for a period of three years or 0.33 percent per year. 

Based· on engineering reports, an annual charge of 0,25 percent of 

4 the initial cost appears to be a more suitable estimate. This charge 

was used in computing the estimates for 10 tank sizes (Appendix Table II). 

The average annual c~st of insurance for the producers in the 

sample was computed by applying the 0.25 percent rate to the average tank 

cost. The annual cost of insurance for all producers averaged $6.66 per 

farm. The range was from $5.60 for farms in group A to $8.23 for farms 

in group E (Table XI). 

Taxes. Farm machinery is taxed at the same rate as other farm 

property. The tax rate, which varies widely with locality, is applied 

to an assessed value of the machine. For purposes of cost estimating, a 

constant average yearly @barge of one-half to one percent of the first 

cost is commonly assumed.5 

In Oklahoma, each school district has an independent tax levy. The 

Payne County Assessor 6s office in Stillwater reported a range of $3.50 to 

$5.40 per $100 assessed valuation for machinery in these districts,with 

an assessed value at approximately 30 percent of the original cost. 

4Roy Bainer, R. A. Kepner, and E. L. Barger, Principles !f Farm 
Machinery, (New York, 1955), p. 35, 

5 ~., p • .35. 
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For this study, a uniform tax rate of $4.50 per $100 assessed value 

and an assessed value of approximately one-third the average investment 

were used to determine taxes. The average investment was one-half the sum. 

of the original cash price installed plus salvage value. The assessed 

valuation of the bulk-tank was pla~ed at about one-third this average 

investment. The tax rate of $4.50 per $100 was applied to this assessed 

value to obtain the annual tax. Taxes for eaeh of the 10 sizes of bulk 

tanks are shown in Appendix Table II and appear to be consistent with the 

range of one-half to one percent of the first cost. 

This same procejure was used to determine the taxes for farms in 

each of the sample strata. The average tax cost per farm for all farms 

was $21.00 per year (Table XI). 

Variable Costs 

Variable or operating costs are incurred as a result of actual bulk 

tank operation. The four variable cost items considered in this study 

arei (1) electricity, (2) repair, and (3) labor and materials used in 

cleaning the bulk tank. 

Electricity. 0ne of the more important variable costs of cooling 

milk is electricity. Previous studies in other states have indicated 

that a lower cost for cooling milk generally may be expected with a bulk 

tank. The number of kilowatt hours per hundredweight of milk cooled 

depends upon: (l) amount of milk cooled and the temperature to which it 

is cooled, (2) size. of the tank, (3) percent of capacity of the tank used, 

(4) type (direct expansion or sweet water), (5) condenser cooling method 

(air, air-water, or water), (6) horsepower of compressor moter, (7) 



frequen@y of pick-up, and (8) season of year. 

A number of electrical consumption tests have been completed on bulk 

tanks. In all tests approximately the same results were obtained. One 

of the most @omprehensive studies was conducted at Michigan State Univer-

6 sity by Carl W. Hall. A plan to adapt this Qata to Oklahoma conditions 

by inflating the kilowatt eonsumption rate by a temperature factor was 

abandoned because of the large number of unknown elements in the original 

research. Instead, it was decided to install check meters on several 

tanks in the Central Oklahoma area. Assistance was obtained from Elmer 

Daniels of the Agri@ultural Engineering Department and Dave Goodri@h and 

other personnel fram Central Rural Ele@tric Co-operative. The latter 

organization also supplied the equipment for this test. 

Four farms were selected to represent a diversity of operat~ng con~ 

ditions. The kilowatt meters were read monthly, and the monthly pounds of 

milk sold by each farm were obtained from the co-operative associations. 

One gallon of milk per day, the estimated home use, was added to sales to 

obtain the total amount cooled. The average number of kilowatt hours used 

per hundredweight of milk cooled was 1.1338 (Table XII). The kilowatt 

hours per hundredweight of milk for the individual farms ranged from .8050 

to l. 7343 and are shown in Table XU. 

The bulk tank with the lowest consumption rate appeared to be oper~t-

ing under the most ideal @onditions. The tank was of the dire~t expansion 

type, with the ~ondensing unit ~ooled by air and water, and with a high 

6 " Carl 'W. Hall, '''Bulk Milk Pickup Electrical Costs,·· Milk~ 
Mo:i.;ithly, May, 1955, p. 4. 



Table XII 

Metered Electricity Consumption and Costs for Four Bulk Milk Tanks, 
'Oklahoma City Milkshed, 1958 

v- Time Period Percent Amount l(lfB Avg. No •. of · Avg. Cost Per .L'.ISter · · · · · ·· · · ·· . 
. · Number . .. , of•. of Tank of Milk . _RWH . . P,ar . . . Kilowatts . .· . · Farm 

· ''test Utilization Cooled (cwt;) Consumed Cwt. of Milk Used Per Day . Per Day (cents) 

3• 
lb 
ac 
4d 

Total 

Average 

Aug .. l-Nav.3 
July 25-Nov • .'3 
July 25-Sept • .30 
Aug. l-Nov .3 

87 .. 81 
66.58 
85.45 
26.51 

66.59 

1.37.3.296 
554.146 
587 .910 
414.586 

2929.938 

732.484 

1105.5 
667.0 
8.30.5 
719.0 

3,32a.O 

830.5 

.8050 
1.2036 
1.4126 
1.7343 

1.1338 

16.,328 
,.588 

12.563 
7.543 

43.022 

10. 755 

46.3 
18.7 
35.6 
21.4 

30.5 

a500 gallon Creamery Package tank, direct expansion, compressor installed remote, air and water cooled. 
Compressor motor - 3 H.P., 27.5 amps, agitator motor-1/3 H.P., 5 .. 6 amps, two fan motors. 

b 255 gallon Zero tank, direct expansion, compressor attached air cooled. Compressor motor, 1 1/2 H.P., 
agitator motor 1/8 H.P., 2.6/1.3 amps, two fan motors. 

C . 
250 gallon De Laval tank, direct expansion compressor attached, air cooled. CGlllpressor motor,3 H.P., 

agitator motor 1/6 H.P., amps .3.o, two coolin.g fans. 

4500 gallon Zero tank, direct expansion, compressor installed remote, air cooled. Compressor motor,', 
3 H.P., 19 amps, agitator motor 1/6 II P., amps 3.41, two fan motors, 1/12 H.P., 1.8 amps. 

·. Source:. Results of experiment conducted on four Central Oklahoma Dairy farms, August, September, and 
October, 1958. 

Q'\: 
ClO 
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percentage utilization. The relatively high consumption rate for the 

two smaller tanks could have been due to the fact that the condensing 

units were inside the milkroom and were cooled entirely by air. The 

fourth tank was operated under what should have been favorable conditions 

but the consumption rate per hundredweight of milk cooled. was high. 

The high consumption rate for the fourth tank may have been related 

to the low utilizatio~ of i6.5 percent of capacity. Studies by Hall and 

others have indi~ated that utilization rate is of no great importance 

in the consumption of ele~tri@ity but these figures would indil!:late other

wise. To @heck on this possibility, the percentage utilization by months 

was computed for this tank. The percentage utilization for August was 

16.61 and the kilowatts per hundredweight were 2.5287; for September, 

the percentage utilization was 24.39 and kilowatts per hundredweight 

were 1,1570; for October, the percentage utilization was 41.07 and kilo= 

watts per hundredweight were 1. 0042, Thus, as produ~tion and the percent"' 

age utilization increased.7 .!:.he ,consumption of electricity per hundred

weight of milk decreased. Some of the decrease, particularly from the 

large August consumption rate, probably was caused by the lower outside 

temperatures. However, a decrease this large is not likely from tempera= 

ture change alone. It would appear from these data that tank utilization, 

at least at low levels of use compared with high levels of use, may have 

some effect on ele~tri~al ~osts per hundredweight of milk ~ooled. 

The seven direct expansion tanks with every-other-day pi~k-up used 

in the Mi@higan study are shown in Table XIII. The average utilization 

was 57 per~ent of tank capa~ity with an average tank size of 277 gallo~s. 

the average kilowatt hour per hundredweight of milk @ooled was 09728. 



Table XIII 

Bulk Milk Tank Utilization and Electricity Consumption, 
Michigan, 1955 
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Tank Description Time Period 
of Test 

Percent of Tank 
Utilization 

KWH Per Cwt. 
of Milk 

200 gallon, direct expansion) 
2 H.P. compressor motor, 
air cooled 

200 gallon, direct expansion, 
3/4 H.P. compressor motor, 
air cooled 

200 gallon, direct expansion, 
3/4 H.P. compressor motor, 
air cooled 

300 gallon, air cooled 

300 gallon, air cooled 

200 gallon, 1 1/2 H.P. 
compressor motor, air and 
water cooled 

400 gallon, 2 H.P. compressor 

June-March 

April-August 

April-August 

May-August 

May-August 

April-August 

motor, air and water cooled April-June 

Average 

62 

62 

60 

36 

73 

43 

63 

57 

.75 

.95 

.86 

.87 

1.25 

1.03 

1.10 

.9728 

Source: Carl W. Hall, 11Bulk Milk Pickup Electrical Costs," Milk Plant 
Monthly, May, 1955, p. 4. 
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This compares with an average of 1.1318 kilowatt houllS for the four tanks 

observed in Oklahoma. lf consideration is given to the normal temperature 

differences between MiQhigan and Oklahoma it would appear that the results 

of these two axperiments are not significantly different. 

To determine the cost of cooling milk by the bulk system, the kilo-

watt consumption rate was assumed to be constant at l.1338 kilowatt hours 

per hundredweight of milk cooled. With an assumed rate of 2 ,83L~5 .cents. per 

kilowatt hour, the cost per hundredweight was estimated at 3~2138 cents.7 

Evidence from the Michigan study shows that cost of cooling with an ice-

bank tank is 1.9T cents per hundredweight greater than for a direct 

expansion tank. 

Repair Costs. Farmers using bulk milk tanks reported few operational 

breakdowns. Since installing the tank, 33 of the producers have had some 

repair work performed on the tank. A total of 71 service calls were made 

for these producers and the addition of freon gas to the compressor unit 

was the most frequent service performed. Several tanks have needed re-

pair work on the agitator motor or switch. 

Thirty-five producers had a service contract with Central Oklahoma 

Milk Producers Association, The cost of this contract was $25.00 per 

year. The gontract covers all mileage, time, and labor used in repair 

of the installed tank. All materials and parts used are charged at the 

wholesale cost rate plus 25 percent. Refrigerant gas is charged at the 

7The averaSe cost of i.8345 cents per kilowatt hour may overstate 
the electrical cost for producers utilizing large quantities of electri
city. If an average cost of 2,5 cents per·kilowatt hour is used, the 
annual electrical cost w~uld be reduced about $3.00 for the smallest 
producers and about $32.00 for the largest producer. In both cases the 
redu~tion would be less than one=half cent per hundredweight of milk 
«:ooled, 



rate of one dollar per pound. 'Iwenty pro4ucers reported all repair 

~barges covered by the contract and eight reported payment for repair 

parts. Seven fanners did not know if additional @harges were made for 

service calls. 

Repair q;:osts for the compressor were separated from those of the 

tank in ~omputing an annual repair cost for bulk milk tanks. Compressor 

repair ~osts were set at 50 percent of the original cost of the unit 

with this amount spaced e~ually over its useful life of 10 years. Repair 

~osts for the tank were set at 25 perq;:ent of the original cost of all 

~wmponents other than the tank (cash price basis) with this amount spaced 

e~ually over a 15 year period. The annual repair cost for each size tank 

was the sum of these two estimates, Annual repair cost for 10 sizes of 

tanks are indicated in Appendix Table II, 

The same pro~edure w~s used to esti~te repair costs for the average 

size tank for all produ\t':ers and for each group of producers. The average 

annual repair cost was $51,85 per farm. The average cost for farms at 

each of the five levels of milk production is indicated in Table XI. 

Cleaning~, Cleaning cost in this study was defined to in~lude 

a charge for labor used in cleaning the bulk tank and the cost of clean

ing supplies used in this ~peration, The cost of cleaning and preparing 

the bulk tank for re=use was considered a variable cost, In a sense this 

cost is fixed, assuming the tank is used at all, sin~e approximately the 

same amount of work ~nd supplies were used with any ~uantity of milk. 

In this study, 90 per©:ent wf the farmers were @f the opinion the it· 

cle~ning time had decre~sed since converting to a bulk system. The 



average bulk tank eleaning time reported by these producers was 16 

minutes per tank with a range of five to 35 minutes per tank. 

A least squares equation was employed to estimate the number of 

minutes required to clean the bulk tank. The size tank reported on 

each of the 50 sample farms was chosen as the independent variable (X) 

and the farmer 1 s est~te of time required to clean the tank was taken 

as the dependent variable (Y). The resulting e~uation was 
,.. 
Ya 10.875 + .1460 X. 

( .06.315) 
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When milk is picked up every=other-day, the bulk tank must be clean= 

ed approxi~tely 15 times per month. The time spent in cleaning a given 

size tank per year may be obtained by multiplying the least squares 
~. 

estimate of time per pi@kup by 180, the approximate number of pickups per 

year, A labor charge of $1. 00 per hour was assumed in computing tme 

annual labor cost. The innual cost for ea~h of 10 sizes of tanks is 

shown in Appendix Table II. 

The labor cost for farms in each of the sample strata was determined 

on the basis of the average size tank reported by farmers in that group. 

The cost for the average tank size was computed by interpolating between 

the nearest tank sizes in Appendix Table II. This cost ranged from 

$40.48 for farms in group A to $57.62 for farms in group E. 

The ~ost of cleaning <'ind sanitizing supplies was computed by 

essentially the same pro~edure. However, only 22 producers could estiQ 

m.\te their monthly cost for this item. The tank size reported on each 

of these farms was selectee as the independent variable (X) and monthly 

cost of supplies as the dependent variable (Y). The estimating equation 

"' w~s Y ~ 2.281 + 0 01987 X. The estimate for a given size tank was 
( .023655) 
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multiplied by 12 to eonvert this estimate to an annual basis. The results 

for 10 sizes of tanks are indicated in Appendix Table II. 

The cost of cleaning sappU,es fer farms in each ef the sample strata 

was determined on the basis of the average size tank reported in that 

group. The annual eost for cleaning supplies for farms in the total 

sample and each strata are included in Table XI. 

Total Costs 

The annual cost of ~eoling milk with a bulk tank for the sample 

farms is the total of ea@b. of the elements of fixed and variable 11:osts 

in Table XI. For all producers interviewed, the average cost per year 

was $461.39 per farm. 

The average cost per hundredweight of milk cooled at each of the 

five levels of milk production was also computed (Table XI). The average 

cost per hundredweight of cooling milk with a bulk tank decreased as out~ 

put of milk per farm increased. Because of the limited range of observac 

tions in this study, the average cost per hundredweight decreased for all 

levels of milk production considered. 

Anaua 1 Revenue From the Bulk Tank 

Most dairy producers in the Oklahoma City m:Ukshed have been able te 

realize additional revenue from converting to a bulk tank. In eonsider

ing the conversion, dairymen are interested in knowing the level of milk 

production necessary for these added returns to exactly offset the added 

costs of the bulk tank. ~etermination of this "break-even" output will 

give dairy farmers the needed economi@ criterion by whieh they can esti

mate the profitability of conversion on individual farms.· 
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Possibilities of added returns from the conversion may come from 

several sources. Among these are: (1) a pr$mium paid on bulk milk, (2) 

sayings in hauling costs, (3) less milk loss through spillage, (4) de

crease in bacteria count, and (5) higher butterfat test. Information was 

obtained from farmers with bulk tanks and from previous research at this 

station to estimate the magnitude of the additional revenue from these 

seurces. 

Bulk Milk Premium 

At the present time, bulk producers are receiving 10 cents per 

hundredweight more for their milk than the same quality milk shipped in 

cans. Argumen.ts for this premium stem from two sources. First, it is a 

payment to farmers for producing a better quality milk. Second, it is 

an aid for financing the conversion by shifting part of the milk plants 

decreased handling cost directly to the farmers. 

The added returns from the premium was determined by multiplying 

the annual production of milk by 10 cents per hundredweight. The average 

annual revenue from this source was $256.87 for all producers (Table XIV)o 

For farms in group A, the average revenue was $100.41 per year. Farms in 

group E, with a much larger volume of milk per year, received $513.81 

from the bulk premium. 

Savings in Hauling Costs 

Since May 5, 1955, the Central Oklahoma Milk Producers Association 

has been directly involved in the hauling of bulk milk. Currently, the 

charge for hauling is based on a zone rate with Oklahoma City as the 

focal point. Zones are established on the basis of 20 air mile intervals. 



Item 

Premium at lOe per cwt, 

Savings in hauling cost 

Savings in milk losses 

Total Annua 1 Returns 

Table XIV 

Estimated Returns from Conversion to Bulk Tanks, 
Oklahoma City Milkshed, 1957 

Total Grou:e A Grou:e B Grou:e C 
0~10,000 10 ... 15,000 15-20,000 

Pounds Pounds Pounds 

256.87 100 .41 156.16 215 .06 

410. 98 160.67 249.85 344010 

43.61 17.04 26.50 36.49 

711.46 278. 12 432.51 595.65 

Grou:e D 
20-30,000 

Pounds 

298.88 

478.20 

50.71 

827. 79 

Grou:e E 
> 30,000 
Pounds 

513.81 

822.09 

87.18 

1423.08 

-..:i 
CY\ 



77 

Producers who are located in the interval between two circles are charged 

the same rate per 100 pounds of milk, 

Hauling costs were less under the bulk tank system than under the 

can system for 49 of the 50 producers. The average cost for hauling 

milk in cans for these producers was 46 cents per 100 pounds of milk at 

the time of conversion. At the time of the survey, these same producers 

were paying an average of 30 cents per 100 pounds for milk hauled in 

bulk form. This is an average saving of 16 cents per hundredweight of 

milk sold. Based on the average milk production in 1957 for all sample 

producers, the savings in hauling costs was $410.98 per farm. the ave

rage annual savings on farms in each of the five groups is indicated in 

Table XIV. 

the savings in hauling costs will vary ameng producers according to 

their distance from Oklahoma City and their location in a pricing zone. 

There may be no savings for producers close to the market and there may 

be an increase in llauling rates in some instances. Generally., savings 

are greatest for those producers located on the periphery of the milkshed. 

Savings Obtained From Aveidance of Milk Losses 

When milk is sold in cans, the farmer is paid for the volume of milk 

deliverea at the receiving plant4 Generally, there is some loss of milk 

from two sources: milk which is spilled when handling cans, and milk 

which sticks to the inside of the milk can and does not drain out during 

the dumping process. Any milk loss from either of these sources is the 

farmer 0s less. 

When milk is sold in bulk, the farmer is paid for the volume of 

milk that is measured in the farm tank. The milk losses associated with 
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cans are eliminated from the farmer 0 s payment. The elimination of this 

loss by conversion to a bulk tank represents a saving to farmers from 

this system and hence, an increase in total farm revenue. 

The results of a research project by the Department of Dairying at 

Oklahoma State University were used to estimate the added revenue from 

this sourceo8 Tnese results indicated an average of 0,32 pounds of milk 

lost from each 10 gallon milkcan. The 0.320 pounds of milk lost per can 

was applied to the number of ten gallon cans that would have been used for 

1957 milk sales if each were filled to capacity. By this procedure, the 

average sample produeer would have lost 956.4 pounds of milk that year. 

With an average blend priee received in Oklahoma City in 1957 of $4.56 

per hundredweight, the average producer would have lost $43.61 if he 

were using cans (Table XIV). Since he did not incur this loss with a 

bulk tank, this amount represents added revenue accruing from the aonver-

sion. 

Savings Obtained From a Lower Bacteria Count 

Evidence indi~tes that most raw milk cooled in a bulk tank has a 

lower bacteria ~ount than milk cooled in cans. Apparently this results 

from the faster ~eoling rate and more effective cleaning associated with 

the bulk tanko Johnson found an average standard plate ~ount of 54,700 

for raw milk handled in ~ans as compared with a plate count of 17,400 

8 P. E. Johnson, H. C. Olson, and R. L. VonGuntea, ! Comparison~ 
the Bulk !J!! Can. Systems !2I. Handling ~ £?!!· Farms, Agricultural Experi
ment .Station No., B-436 (Oklahoma State Universtt:r, August, 1954) 7 p. 13. · 
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for similar milk cooled in bulk tanks. 9 The decrease of 37,300 in tne 

plate count was attributed to the bulk tank. He also reported that only 

six of 51 bulk counts were higher than 50,000, while 25 of 50 were higher 

than 50,000 whe~ milk was cooled in cans. 

Forty-four of the producers interviewed reported a decrease in 

bacteria count after installation of the bulk tank. Many producers 

could not estimate the amount of decrease, but all considered that one 

of the prime advantages of bulk handling was the better quality milk 

produced. For the 17 pr~ducers who estimated the aecrease in bacteria 

count, the average decrease was 50,735 per farm. 

While evidea~e exists that additional revenue may be obtained on 

some farms from this source, the amount would be negligible and is n@t 

considered in determining the break-even output. Dairymen, who @ensist-

ently experien~e diffi~ulty produ~ing milk below the minimum allowable 

plate count with cans likely would benefit most from installing a bulk 

tank. 

Savings Obtained From a Higher Butterfat Test 

When milk is cooled in either cans or a bulk tank, a certain amouat 

of cream adheres to the sides of the container and is lost. The amount 

lost in cans is markedly greater, since a larger surface area is exposed 

to the milk and the rising cream adheres to the ~an lid. If less fat is 

lost by conversion, the.same monetary result is obtained as increasing 

the test of milk from bulk tanks. Ihis aided return would represent 

revenue imputed to the @enversion, 

9 Ibid., p. 8. 
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Only 38 per@ent of the farmers had noti~ed any increase in milk test 

since installing the bulk tank. these producers reported an average 

im.@:rease of 0.25 points per hundredweight. 

Because of the small number of prod.uc::ers reporting an increase in 

the test and the confli~ting reports from previous studies, revenue from 

this sour@e was not in@luded in the analysis, However, in@reased revenue 

from higher test milk llUAY be obtained on some farms, 

Total Returns 

Dairy produ©ers my obtain greater revenue from five major sources 

by adopting bulk milk ~ndling. It is unlikely that a single farm will 

benefit from each of these possibilities, but evidence indi@ates that 

nearly all farms will benefit from three of these. 

The average revenue that may be obtained from the bulk premium, 

savings in hauling ~ost, and savings in milk losses was computed for 1957 

milk production on farms in each of the sample strata. The range in 

total annual returns was $i7s.12 for farms in group A to $1423.08 for 

farms in group E (Table XIV). The average annual revenue for all sample 

farms was $711,46. The average revenue per hundredweight of milk cooled 

was $0.2770 cents at all levels of milk production. 



CHAPTER VI 

DETERMINATION OF BREAK-EVEN VOLUME WITH BULK TANKS AND ESTIMATED 
NET PROFIT FOR VARIOUS LEVELS OF OUTPUT 

Farmers contemplating the purchase of a bulk tank are vitally 

interested in the annual volume of milk necessary for possible savings 

to offset the added costs of the tank. An estimate of the break-even 

output would enable present can producers to determine the potential 

net profit from the ccmversion. The break-even volume may be defined 

as that output where the added costs of owning and operating a tank are 

exactly equal to added returns from the tank. With an output less than 

this, the farm would be incurring losses from the conversion; with an. 

output greater than this, the farm would be obtaining profits from the 

conversion. 

Estimation of Break-Even Volume 

Estimation of break-even outputs involve the computation of an 

average cost and an average revenue function. The average cost function 

could be discrete or continuous and could relate the average cost per 

hundredweight for the bulk tank to each volume of output. The average 

revenue function also could be discrete or continuous and could relate 

the average revenue per huadredweight derived from the bulk tank to each 

volume of output. A break-even volume could be determined by equating 

these two functions. 

81 
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Costs 

Theoretically, toe long run average cost curve for an industry may 

be defined as the envelope curve tangent to all possible firm short-run 

average cost curves. The long-run average cost curve thus represents 

the least cost combination for any output. Generally, the long-run 

average cost curve is 11uu shaped.. That is, the average cost for a small 

volume is high. It decreases with addition.al volumes at a decreasing 

rate until a.minimum cost is reached. Alternatively stated, as each 

scale of plant becomes more and more efficient, the rate of decrease of 

the average cost function cieclines and eventually becomes zero at the 

minimum point of the long-run average cost curve. Thereafter, as output 

is increased, increasing inefficiencies, or diminishing returns to some 

fixed factor, cause the long-run average cost curve to slope upward. 

Under the assumption of optimum farm organization with all costs variable 

in the long run, the envelope curve or long-run average cost curve may be 
',, 

called the planning curve for the firms in an industry. 

The annual average cost for the ownership and operation of the bulk 

1 tank on each farm was computed from survey data. These costs are shown 

as symbols in Figure 5. Consistent with the theoretical curve, the 

average annual aosts for the individual farm observations decrease rapidly 

with increases in output for small volumes which, in turn, indicate 

increased efficiency as output is increased. However, costs flatten out 

substantially at the larger outputs and the rate of decrease is quite 

l.rnese costs differ from .the costs in Chapter Vin that they are 
derived from the cost of the tank size and make reported on each sample 
farm. 
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small after an ann~al v0lume of 3,000 hundredweight is obtained. An 

increase in output from 3,000 to 8,400 hundredweight reduces the average 

cost by only about three cents per hundredweight (Figure V). 

Contrary to the theoretical curve, there is no evidence that costs 

have reached a minimum point for the volumes observed. From the data, 

costs appear to approach a horizontal line or minimum at 11 cents per 

hundredweight. The lack of evidence for higher costs at larger volumes 

is frequently found in attempts to estimate empirical average cost 

functions, The lack of evidence may be due to three important factors. 

First) it is difficult to c::>btain observations over a range of sufficient 

size to obtain diminishing returns to a factor. Second, in most studies 

the assumption is made that factor prices are independent of output. 

third, management may u:tually be at an optimum level for each firm so 

that inter=firm comparisons do not show increasing costs beyond some 

defined output. In practice, diminishing returns to an exogenous variable 

such as management are assumed for the construction of average cost 

functions. 

An estimate was made of the long-run average cost curve from the 
/\ 

sample observati@ns. 

2 

A second degree polynomial of the form Y = a - bX1 + 

cx1 was selected as the type of equation to represent average costs for 
/\ 

various volumes, where Y is the average cost per hundredweight and x1 is 

the volume of milk per farm, in hundredweight. In computing this equa-

tion, the method of least squares was employed and the average annual cost 

of installing and operating the bulk tank for each of the sample farms was 

treated as a single independent observation. The fitted equation was as 

A 2 
follows: Y = .440119 - .0119334 x1 + .00009988 x1 • 
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The statistical results lend support to the use of this equation for 

2 estimating average unit costs. The coefficient of determination (R) 

indicates that 83.4 percent of the variation in average cost was explained 

_by this equation, Student 9s "t-test" indicates that both of the param-

eters, band c, were significantly different from zero at the 99 percent 

probability level, 

The graphic results of fitting the polynomial are shown in Figure V. 

The curve follows the dictates of economic theory in that the cost esti-

mates conform to the principles of the hypothetical long-run average cost 

·curve with an inverse relationship existing between output and costs up. 

m the minimum cost per hundredweight of milk. The curve underestimates 

the cost for most producers in group A and overestimates the cost for 

producers with an annual volume greater than 7,500 hundredweight. The 

estimated minimum cost output, that at which the optimum scale of plant 

is achieved} is 5,973.88 hundredweight per year. 

On the basis of economic theory and the statistical tests, the 

equation in Figure V will provide an estimate of the average annual 

total cost of installing ana operating a bulk tank at various levels of 

output on farms in the Oklahoma City milkshed. A prospective bulk pro-

ducer may compare his annual output with this average cost function and 

estimate the net cost of utilizing the bulk system. 

Revenue 

Average revenue, in the ~ense used to calculate a break-even volume 

of milk,is an average return per hundredweight of milk that a farm may 

earn from converting to a tank system. The items in such a computation 



include (1) a premium for bulk milk, (2) a lower hauling cost, and (3) 

a decrease in milk losses. 

In Chapter V the average revenue imputed to the bulk system was 

determined for each of the sample strata. Based on the average returns 

per farm, this was 27 cents per hundredweight. Since .the average returns 

per hundredweight were the same for each sample strata, the average revenue 

curve is a horizontal line or perfectly elastic schedule.as illustrated in 

Figure VI. Under these average revenue conditions the farms gaining most 

hom conversion tc;, a bulk system would be the larger farms since cos.ts 

decrease as the volume of production is increased. the greatest return 

was 19. 33 cents per huadredweigh.t at an output of 5, 97.3 .88 hundre·dweight. 

The Break-Even Volume 

If the costs of produ~ing milk are equal with either a can or bulk 

system, the only relevant eosts for determining the break-even volume 

after conversion are the extra costs associated with the installation and 

operation of the bulk tank. Since both the extra costs and the extra 

returns in Figure VI are directly associated with the bulk tank, they 

will provide the basis f«'>:r estimating the break-even output per farm. 

The estimated annual volume at which the bulk tank will e~actly pay for 

itself is 1,574.304 hundredweight, the iaterseetion of the two curves in 

Figure VI. This is equivalent to 13,119 pounds per month or 50,8 gallons 

per day per farm. Farms with production less than this probably are 

incurring losses from the ~onversion and farms with production greater 

th.an this probably are making profits from the conversion. The difference 

between the two curves, average revenue minus average cost for each output, 

is the profit or loss per hundredweight associated with the conversion. 
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The break-even volume of about 51 gallons per day was estimated on 

the basis of average conditions found in the Oklahoma City milkshed. Farms 

with better than average capacity utilization percentages and cooling 

efficiency, and higher transportation cost differentials would have lower 

costs per unit and would find that the tank would pay for itself at a 

lower output. Conversely, farms with less efficient practices likely 

would not pay for the tank at the indicated output. 

Even though a farm may be operating at less than the break-even 

volume, other circumstances may necessitate the conversion to bulk handl· 

ing if the producer is to continue in production. For example, higher 

can hauling rates or decreasing market outlets for can milk in the future 

may force many farms to convert to bulk tank even though net losses would 

result from the c0nversion. In this case, the net losses may be smaller 

than those associated with going out of business. 

The relationship between average revenue and average cost for each 

of the five size groups in the sample would provide some basis for antiei· 

pating changes in production. For the smallest size group, it would 

appear that individual producers with less than 10,000 pounds of milk per 

month are either increasing their production to achieve economies of large 

· scale production or dropping the dairy enterprise. Producers with an out

put between 10,000 and 30,000 pounds per month are generally increasing 

output. For producers with volumes greater than 30,000 pounds per month, 

the bulk tank is su~h a minor part of total milk production expenses that 

perhaps it can be neglect~d in estimating changes in production. On the 

basis of tank costs alone, all producers would strive for an output of 

about 50,000 pounds per month. At this volume, savings from the conver= 

sion would exceed costs by approximately 19 eents per hundredweight. 
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Alternative Break-Even Volumes 

The break-even volume in the previous section assumed average returns 

and costs per hundredweight from the conversion under specific assumptions. 

In order to extend the analysis to cover alternative assumptions or situa

tions, the estimated costs and returns should be allowed to vary and the 

effect on break-even volume determined. 

The first specific assumption was. that bulk milk would obtain a 

premium of 10 cents per hundredweight over can milk. Both can and bulk 

producers have expressed doubts about the continuation of this premium 

after 100 percent ~oversion is attained. The discontinuation of the pre

mium would have the effect of shifting the average revenue curve down by 

10 cents per hundredweight, the amount of the premium. Thus, profits from 

conversion would be less (or losses greater) and the break-even volume 

would be greater. The average cost curve w011l~ intersect the new average 

revenue curve at a greater volume of output (Figure VII). The break-even 

volume under these conditions would be 2,917.015 hundredweight per year 

or 24,308 pounds per month. 

From this estinMllte only 38 percent of the present bulk producers 

would have a volume equa.l to or greater than the break-even volume. 

Assuming that most of the remaining can produ~ers are the relatively 

smaller ones, the @on.ve:rsil!l>n c::ould not be justified on the basis of costs 

and returns alone if the premium were not in effect. 

A second important element of the average revenue curve was the 

reduction in hauling costs attributed to the bulk system. It was assumed 

that the average redu~tion in hauling cost was 16 cents per hundredweight. 

Eliminating this 16 cents per hundredweight in the equation, average 
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revenue would be .1170 eents per hundredweight. With the same costs as 

before, the break~even volume under this revenue assumption would be 

4,147.192 hundredweight per year or 34,560 pounds per month (bin Figure 

VII). This is probably the most realistic revenue position to assume 

for producers living close to Oklahoma City. It would be difficult to 

justify the conversion on a strictly break-even basis for these producers. 

Conversely, producers living on the periphery ef the market area reported 

savings up to 30 cents per hundredweight which would result in a much 

lower break-even volume than that indicated in Figure VI. 

Whi.le these are only two of many variables that could affect the 

break-even volume, they are the most important from the standpoint of 

the individual producero The third major source of savings, decreases 

in milk losses, was assumed to be about the same for any level of output. 

Improvement costs, necessary before conversion, are more important 

on some farms than others. The annual improvement cost for farms in the 

sample averaged about $2.16. Because of the wide variation in the im

provements needed and the relatively small importance of improvements 

when amortized over a period of 15 years, improvement costs were assumed 

to be the same as the salvage value of the can equipment shown in Table 

X. Since improvement costs and salvage values were offsetting, both were 

neglected in computing the break-even volumes. Although improvement costs 

considered as long term cost items may appear to be relatively unimportant, 

they may be quite import~nt as initial outlay investment items. Improve

ment costs are a part of total initial investment costs and cannot be 

ignored. These costs may be particularly important to farmers with limit

ed capital resources. 



Comp~rison of Total Direct Costs and Returns 
~t Five Levels of Production 
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In this study ~n ~ttempt was made to estimate total direct costs and 

total returns for e@@h of the five size groups in the sample, From 

these estilll$tes, an inrnic~tion of the effects on net profits of conver-

sion to the bulk tank system could be obtained for each level of produc~ 

tion, 

To determine the @osts of milk production, data obtained in the same 

2 
are~ by Underwood was used. It was assumed that three costs in his 

study must be @overed by the returns in orier to insure their continued 

use in the business of milk production, These costs were pasture, hand-

fed feeds, and dire@t man labor on cows. These items normally account 

for thre~=fourths to four=fifths of the total cost of producing fluid 

milk. Only direct labor ~n the ~ows was in~luded, Indirect labor such 

as produ©ing and grinding feeds, repairing utensils, and the like was 

omitted. All ~~sts were on an annual per cow basis. 

Pri~es used by Underwood in computing these costs were for 1950, 

To refle~t the generally higher level of pri@es existing in 1957, the 

feed ~osts were infl~te~ by a factor of 101139. 3 This higher price level 

w~s the result of the higher level of pri~es of feed grains occurring in 

~. L. Underwood, p. 19. 

3this factor was @omp~ted in the following manner, The index of 
prices received by Okl®hom~ farmers for feed grains and hay for 1957 was 
divided by the index number of 1950 as was reported by G, P, Collins and 
w. G, Hill, Prices Ree@ive@ .E,Y Oklahoma F~rmers, 1910=1957, Agricultural 
Experiment Station Pro©esse~ Series P-297 (Oklahoma State University, 
June, 1958), p. 83. 
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the first half of 1957. Labor costs in Underwood's study averaged 94 cents 

per hour. This was increased to $1.00 per hour for this study. Pasture 

cost was left as erigi~lly computed. 

Total direct costs were obtained for each of the sample farms in 

this study by applying the new prices to Underwood's estimates of costs 

per cow, then multiplying by the average number of cows (milking and dry) 

reported on farms in e~@h of the sample strata. To this was added the 

total annual cost of inst~lling and operating the bulk tank. Total 

direct costs per f~rm ~re shown in Figure VIII and Appendix Table III. 

Total revenue for e@ch of the strata was estimated from the average 

sales of milk per farm for 1957. The average blend price received in 

Oklahoma in 1957 of $4.56 per hundredweight was applied to this volume .to 

obtain tot~l revenue frem milk sales (Figure VIII). The added revenue 

from @onverting to the bulk t~nk was obtained by multiplying the return 

of 27 cents per hundredweight by the sales of milk. Total revenue is the 

sum of tot&l revenue from milk sales and the added revenue from conver

sion, 

By @ompa:iring tot~l revenue and totml direct costs, net revenue at 

e~ch of the five levels of p:iriodu@tion @an be estima(ted. Farmers with 

production @omp$r&ble with group A &ppear to be incurring net losses. 

Ex~luding tank ©~sts and returns, the average annual net loss is $884.60. 

Inst~lling ~ tank ~t this level of production only in@reases the loss to 

$964.39. Farmers of~ si~e similar to those of group B, appear to be 

netting $576, 15 per ye®r @ver direct costs without the tank. Installa

tion of a tank ~t this l~vel of production in@reases net revenue over 

dire@t costs to $616~03. Converting to a bulk system in group C inareases 
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net revenue over dire~t eosts from $369.63 to $580.67. Farms with produc

tion comparable with group D increase net profit over direct eosw from 

$1,415.95te $1,747.57 by eon.verting to the new system. Farme.rs in group 

E appear to be making the largest net profits. Net revenue over direct 

costs excluding the ta~k was $3,006.67 and after conversion to a tank 

system increased to $3,7:,6.87. Viewed from the standpoint of the total 

sample average, net revenue over direct costs was $1,702.22 per farm ex

cluding the effe@ts cf tke tank. Under the bulk tank system, net revenue 

over direct ~csts was $1,934.15 per farm per year. 

Two cGn~lusions may be drawn from these figures. First, conversion 

to a bulk system increases net revenue per farm at all levels of produc• 

tion greater than 10,000 pounds. Actually, the increased revenue would 

come only after the bre.eik .. even volume of 1.3,119 pounds per month. Net 

revenue added by converting is greater as output is expanded up te 

5,973.88 hundredweight. 

Second, the greater tke production of milk per farm, the greater the 

net profit per farm for the farms in the sample. Individual farms with 

preduetion below 10,000 pe~nds per month are losing money at present 

organization.al levels. Tb.ere is evidence that the smaller farms are 

in~reasing output ~r substituting a farm or non-farm enterprise for the 

dairy enterprise. These figures show net profits increasing in a linear 

fashion as output is ia@re~sed. This may or may not be the case. Total 

revenue and total d.ire@t @osts of prodµ,ction were ~omputed assuming a con

stant return per cow. There may, however, be other factors on farms 

contributiug to dise~onl!>mies of scale as tb.e number f?f cows is increased. 



If this is the ease, the relatively advantageous position of the larger 

producers may be different from that shown in Figure VIII. Beyond some 

optimum output profits presumably will decline. 

The net revenue estimates may be somewhat misleading in that labor 

is ineluded as a direct cost of milk production. Since practically 
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all labor and management on dairy farms in the survey were provided by. 

the farm family, this is a@tually a residual return. In many farm manage

ment studies all costs of production except labor are subtracted from the 

value of the product and the remainder is the residual return to labor. 

In determining the relative profitableness of operating a dairy farm, the 

farmer must secure a return equal to or greater than he could obtain in 

his next best alternative, assuming no non-pecuniary motives. Therefore, 

a labor cost in the form of a rate per hour is included in this analysis. 

For this reason, a predu~er could remain in milk production at a loss 

in Figure VIII if he is willing to earn less than $1. 00 per hour for his 

direct labor. However, due consideratioa must be given to costs not 

included in .. this study such as a return on capital items. 

~-



CHAPTER VII 

SUMMARY AND CONCLUSIONS 

The central problem of this study was to determine the volume of 

milk sales per farm at whilllh possible savings from a bulk tank would be 

equal to the added costs of tee tank. Additional objectives were to des

cribe the typical farm organization for farms with bulk tanks at five 

levels of milk production and to investigate the profit above direct 

costs being made from the dairy enterprise by these farms. 

The installation of a bulk tank has decided advantages for the 

larger farms and poses definite problems for the smaller farms. The 

advantages and disadvantages of the bulk tank system should be carefully 

weighed by each farmer considering conversion. Some of the more impor~ant 

advantages are : 

1. Producers with bulk tanks receive a premium of ten cents per 

hundredweight of milk sold, 

2. The average p~oducer in the Oklahoma City area realized a 

saving in hauling costs of 16 cents per hundredweight. 

;3. There is less milk loss through stickage and spillage. 

4 •. A better quality product is produced, especially from the 

standpoint oi de~reased bacteria count. 

5. There is a possibility of increased butterfat test. 

6. There is a decrease in cleaning costs. 

7. Some of the mi\Rual labor associated with cleaning and lifting 

cans qf milk is eliminated. 

97 
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Some of the disadvantages are: 

1. There is a high initial investment in the tank. 

2. Some farms may in~urr expense for improvene n.ts in milking 

facilities and roadways • 

.3. there is a possibility of losing four milkings if the milk is 

rejected.. 

4. Since all bulk milk is hauled by the Association, the can pro-

ducer already on the market surrenders the individuality of 

his bargaining power to this organization when he converts to 

bulk but may gain more effective economic bargaining power 

through. collective group action. 

There are many other factors to consider when deciding whether or 

not a farmer should convert his dairy operation to bulk. An economic 

justification for converting exists only if the extra revenue from the 

tank would be equal teer greater than the extra cost of the tank. 

Uafortun.ately, tne solution to the problem even in a purely economic 

framework is not the same for all producers. 

The specific question of conversion must be answered for each farm 

after tbe cbaracteristi@s ~f that farm have been considered. This study 

presents estimates of added costs and returns from bulk tanks based on 

the coniitions found on 50 sample farms in the Oklahoma City milkshed. 

Results from this stuiy indi~ate that farms presently using bulk milk 

tanks are larger in terms of acreage and number of dairy cows than grade 
. ..,. 

A dairy farms using cans in the Oklahoma City area. The productiou·of 

milk per cew is also greater on these larger farms. The installation of 

a bulk tank appears to be related to the trend toward increased output 



per farm. These chara~teristics are sim.i~r to those reported in other 

milksheds. It is hoped that the estimates obtained from these sample 

farmers will pr~vide .t1:u~ framework for making a decis"ion concerning 

conversion even though ea~h farm may have a unique problem solution for 

its average revenue and average cost conditions. 
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Bulk tank costs per farm were estimated from eight variables 

incorporated into an average cost function showing the relationship be

tween annual cost and volume of output. A second degree polynomial was 

used to estimate the average t~tal cost per hundredweight of using a bulk 

tank for any volume of output. From this equation the cost per aundred

weight decreases rapidly until an annual output per farm of 3,000 hundred

weight is attained. Thereafter, the decrease is small until the optimum 

output of abeut 6,000 hundre~weight is reached. Beyond the optimum output 

the equation indi@ates .increasing costs but the limited observations of 

this study do net subst~ntiate the rising portion of the function • 

. Average revenue fl:'om the bulk tank was estimated at 27 cents per 

hundredweight at all levels of milk production. Revenue would vary o~ 

individual farms primarily fr0.~ differences in savings in hauling costs, 

An estimate of break~even volume was obtained from the average cost 

and average· revenue ~urves (the point of intersection). The break-even 

volume for the average sample producer in this area was 13,119 pounds of 

milk per month. For f~ms with monthly production of milk less than this, 

the extra costs illif tb.e bulk tank likely are greater.than the extra revenue. 

For farms with greater milk volume,.· the extra revenue probably exceeds 

the extra ~~st. Again, iaQividual farm organization and management 

levels will influen~e the exa~t break=even volume on eaeb farm. 
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An addition.al obje~tive of this study was to compare total revenue 

from the dairy enterprise with the direct costs of milk production at 

five levels of output. These results indicated that farms producing less 

than 10,000 pounds of milk per month were not covering direct costs 

when a charge for f~mily labor was included. This net loss was increased 

by converting to bulk t~nk handling. Farms averaging more than 13,000 

pounds of milk per month appeared to be operating at a net profit. Con

version to bulk handling increases the net profit earned annually for 

these farms. Aver~ge net revenue from milk sales over direct costs from 

the dairy enterprise f@r ~11 sample producers was $1,702.22 per year. 

By converting to a bulk tank, this was in~reased to $1,934.15 per year. 

It is evident from the findings that for Oklahoma dairy farmers 

a bulk premium and some savings in hauling @osts are necessary if the con

version is to be made"on a strictly economic basis. On the other hand, it 

would seem that no producer ©ould afford not to convert if all Grade A 

milk shipped into Oklahoma City in the future is to be handled in bulk. 

While a value cannot be pl~ced on the latter possibility, farmers must 

recognize this in Ill$lking their long-range plans. Such a possibility 

leaves the smaller pr@duc~r with four alternatives, two if he remains in 

the ~rade A d~iry business ~nd two if he decides to stop dairy production. 

First, he may re~in in @~irying, convert to bulk handling, maintain his 

present produ@tion, and oper~te at an output at whi@h gross revenue· from 

the dairy enterprise is l~ss than the dire@t costs of milk production. 

Seiccmd, he may ©:onvert ®ind expand his output of milk. Third, he may elect 

to stop dairying, re@ombine his existing resour@es, and replace the dairy 
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enterprise with a farm enterprise requiring less capital. Fourth, he 

may maintain other farm enterprises and substitute off-farm employment 

for employment in the ~iry enterprise. In practice, anyone of the four 

alternatives may be used by an. individual small producer. The, adoption 

of bulk tanks on Oklahoma ~airy farms may contribute to the trend toward 

larger farm units and the exodus of some of the less efficient producers. 
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Tank and @ontrols 
Compressor 
Hose chute and brush 
Warranty 
Sales tax 
Installation costs 
Freight 
Calibration 

Cash prii1;e :installed 

a Insuran~e-1:Aazard b 
Insuran@e-@an@ellation 
Finance @bargesc 

Price installed with 
finan@ing 

100 

966.67 
251.10 

13. 75 
5.45 

24.74 
130.00 
23.00 
22.50 

1437 .21 

15.09 
29.08 

147014 

1628.52 

Appendix Table I 

Schedule of Itemized Costs of Installed Bulk Milk Tanks, 
Oklahoma City Milkshed, 195~ 

150 

12.37.10 
251.10 

13.75 
4.40 

30.13 
150.00 
31.32 
16.67 

1734.47 

18.21 
35.12 

177.58 

200 

1.379.45 
292.67 

13.75 
4.40 

33.80 
140.00 
35.54 
25.00 

1924.61 

20.21 
38.97 

197 .04 

250 

1484.88 
291.68 

13.69 
5.77 

35.92 
136.67 
40.10 
33 • .33 

2042.04 

21.44 
41.34 

209.07 

300 

1650,54 
350.30 

13.75 
7.15 

40.43 
150.00 
48.25 
16.67 

2277.09 

23.91 
46.11 

233.13 

400 

1896.37 
407 • .31 

13.75 
8.80 

46.52 
150.00 
57.75 
30.00 

2610.50 

27.41 
52.86 

267 .27 

500 

2:;;a50.16 
424.81 

13.75 
8.80 

53.95 
150.00 
67.19 
31.25 

2999.91 

31.50 
60.75 

307.14 

600 

2495 .51 
525.50 

13.75 
11.55 
60.93 

181.25 
76.27 
32.00 

3396.76 

35.66 
68.78 

347.77 

800 

3170.21 
606.33 

13.75 
11.55 
76.04 

206.67 
88.17 
53.3.3 

4226.05 

44.37 
85.58 

432.67 

1000 

33oa.35 
641.58 

13.75 
· 18.70 

79.53 
215.00 
103.08 
85.00 

4458.99 

46.82 
90.29 

456.52 

1965.38 2180.83 2313.89 2580.24 2958.04 3399.30 3848.97 4788.67 5052.62 

8 Computed for three year payment period at 1.05 percent of the unpaid balance. 

bCOlil.puted for three year payment period at 2.25 per~ent of cash price installed minus ten percent down 
payment. 

0 aomputed for three year payment period at 11.0 percent of (cash price installed plus hazard and cancella
tion insurance and minus ten percent down payment). 

Sour~e: Compiled from data collected from equipment manufa~turers, retail distributors, and Central Oklahoma 
Milk Producers Association. 

..... 
0 
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Appendix Table II 

Schedule of Annual Costs of Owning and Operating Bulk Milk 
Tanks, Oklahoma City Milkshed·, 1958 

Tank Size . , a Investment· c d Ele((!tri@ity Cleaning Costs Repairg (Gallons) Depreciation Costb Taxes Insurance Cost6 Laborf Suppliesf 

100 $ 98.97 37.7.3 1L34 3.59 36.22 36.60 29.76 32.32 
150 117 .80 45.53 13.67 4.34 54.33 39.00 30.96 37.27 
200 1.31.17 50,52 15.17 4.81 y.2.43 4L40 32.40 41.83 
250 138.57 53.60 16.10 5 .. 10 90,54 43.44 3.3.36 43.75 
300 155.31 59.77 17.95 5.69 108.63 45.60 34.58 49.62 
400 178J22 68.52 20,59 6.53 144.84 50.64 36.96 57 .oa 
500 20.3.45 78. 75 23.65 7.50 181.09 54.60 39.24 64.16 
600 231. 77 89.16 26.78 8.49 217.26 59.40 41.64 74.12 
800 286.85 110.93 .33.31 10.56 289.69 68.04 46.44 90.65 

1000 302.72 117.05 35.15 11.15 362.11 76.44 51.24 95.70 

Total Annual 
Costs 

286.53 
342.90 
389. 73 
424.46 
477 .15 
593.38 
652.44 
748 .62 
936.47 

1051.56 

8 Str~ight line depreciation is used. Five percent of origirui.l cost is arlowed for salvage value. The 
remainder of tank cost is depreciated over a period of 15 years and compressor oveT a 10 year period. 

bAnnWil interest rate charged at five percent on one-half original cost plus salvage value. 

cTax is figured at a uniform ~ate of $4.50 per $100 assessed valuation. 

dAnnual insurance charged at .a5 percent of initial cost. 

eComputed assuming optimum utilizatiGn of tank capacity of 72 percent and a kilowatt hour consumption 
rate of 1.1338 per hundredweight of milk cooled. The cost per kilowatt hour was $0.028345. 

£Estimated by least squares analysis. Labor charge was $1.00 per hour. 

8rifty percent of compressor cost amortized over a 10 year life and 25 percent of tank cost over a 15 
year period. 

Source: Computed from survey data-obtained from members of the Central Oklahoma Milk Producers Association, 
from reeordsaf the Association, and from bulk tank manufacturers and distributors, June, 1958 
to September, 1958. 

1--' 
0 
0\ 



Appendix Table III 

Estimate4 Dire~t Costs and Returns from the. Dairy Enterprise for Sample Farms, 
Oklahoma City Milkshed, 1957 

Item Total Grou:e A Grou:e B Grou:e C Grou2 D 
· 0=10 2000 10=1,'2 2000 l,2=20 2000 20=,20 2000 

Feed ~gsta 5,287.67 2,672.42 3,201.18 4,615.99 5,973.64 

Pasture ~ost b 
934.25 472.17 565.60 815.57 1,055.45 

Labor «::ost Cl 4,588.00 2,318.80 2,777.60 4,005.20 5,183.20 

Total Annual Cost 10,809.92 5,463.39 6,544.38 9,436.76 12,212.29 

Total An:nual Return d 11,713.09 4,579.08 7,120.87 9,806.87 13,628 .. 86 

Net before tank 
is installed 903.17 = 884.31 576.49 370.11 1,416.57 

Added revenue 
frt;>m tank8 693.54 271.13 421.63 580.67 806.97 

Cost of tank f 46L39 350.94 379 .65 457.85 475.35 

Net After Tank 
Is Installed 1,135.32 - 964.12 618.47 492.93 1,748.19 

a Annual feed cost estimate of $142.91 per cow. 

bAnnual pasture cost of $25.25 per cow. 
e . Annual labor cost of $124.00 per cow ($1.00 per hour). 

Grou:e E 
> J0 2000 

9,989.41 

1,764.97 

8,667.60 

20,421.98 

23,429.69 

3,007.71 

1,387.28 

657.08 

3,737.91 

d . . 
Annual returns eomputea from average amount sold per group and price of $4.56 per hundredweight. 

8Tank revenue computed from average amount sold per group and 27 cents per hundredweight. 
f From Table XIII. 

_Source: Computed from survey data obtained from members of the Central Oklahoma Milk Producers Association 
and information from Oklahoma Agricultural Experiment Station Bulletin No. B-482. 
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Appendix Table IV 

Regression Equations for Trends in Milk Production on8 Sample Farms, by Size Groups, 
August, 1956 to July, 1958 · 

For the 10 Sample Regression E~~tions Standard Errors of Monthly Change in Milk 
Farms in !Grou.:e: the b Coefficients Production Per Farm 

(Pound~) 
A 

A Y.., 92.002 - .60915 X .29618 = 60.915 

B 
I' 
Y = 11,3.93375 + 1.18550· X .50037 118 .550 

C 
I\ 

Y ""' 166~65738 + 1.35541 X' .6322 135.541 

D 1i·"" 244008038 + .45117 X .45766 45 .117 
/\ 

E Y : 433.42362 - .45709 X .91321 - 45. 709 

8 Based on total milk sales per farm for this two year period. 

Source: Information obtained from the records of Central Oklahoma Milk Producers Association. 

.... 
0 
00 



VITA 

Fred Allen Mangum, Jr. 

Candidate for the Degree of 

Master of Science .. 

Thesis: COSTS Alm B.E'nmNS OF BULK MILK TANKS ON DAIRY FABMS IN THE 
OKLA.HOMA CITY MILKSHEI> 

Major Field: Agricultmral Economics 

Biagraphiit1al: 

Personal Data: B~rn near Zebulon, North Carolina, March 14, 1931, 
the son of Fred A. and Annie Rue Mangum. 

Education: Attended grade and high school at Wakelon High School 
at Zebulon, North Carolina; graduated from Wakelon High School 
in 1949; re~eived the Bachelor of Science iegree from North 
Ce.rolina Stat~ ©cllege, Raleigh, North Carolina, with a major 
in Agri~ultural Economics, in May, 1957; completed require
ments for the Master of Scienc::e degree in February, 1959. 

ProfessioWll Experien~e: Served ia the United States Army from 
Jan~ry, 1953 t~ January, 1955. Worked part-time for the 
Department of Agricultural Eeonemics. North Carolina State 
College from June, 1956 to September, 1957. Research Assist
ant, Oklahoma State University from September, 1957 to 
Februry, 1959. 


