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RELATIONSHIPS AETWEEH PLANT SIZE ARD
COST OF PROCESSING FLUID MILK IN om0

Introdustion

The number and sise of Oregon fluid milk prosessing plants has
changed considerably during reesnt yeers, Meny procsascrs have guit
or been absorbed by their competitors. Other deslers have expanded
both in voluse of business and in area served. The nusber of sdlk
processors in Oregon in 1940 was 666, Om Jasunry 1, 1957, the nusber
was 15L, Aversge sise in pousds of butterfat Wm ml fiald
purposes has inoresssd Irom sa aversge of 85,971 pounds per year in
1951 to 117,291 pounds per year for 1956,

Xeny reasons may be cited as influencing changes im the fluld
ailc processing industry. They wey be classiflied either as
influences that actively creste internal pressures for expansion of
& processing plant or as extemal developments that passively
facilitats the growth of a dealer's operstion,

The internal pressures arested by rising fized costs require
greataer plant ocutpat to reduse or saintain sverage wnli coels. The
sise of lnvestment reguired to operats a licensed plant has boon
incressed by compulsory pasteurisstion laws and by health dspartzent
speeifications for smitsry sguipsent and plant facilities. Purther
ineresses in investsent negessary to mesd cmim have sccospanied
the introduction of new products and containers. For instance,
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such as the gallon Jug required an sdditional bottle washer snd filler,
The use of papsr bottles required wore costly bottls fillers. The
development of more and better autometie eguipment such ss the HTST
pastourisor as well s rising lsbor sosta and higher fixed sests Irem
larger investment has incressed the optimwm sise for a fluid silk
provessing plant, Larger container sizes slso reguire an increased
voluse of milk to fully utilise the plant and orew designed to handle
& glven cumber of units. |

Other food industry operaters have reduced their costs through
aschanisation. These foods now compele move favorably with dalry
producta, '
without commanding & larger share of their sxisbing serket ares or
pushing into outlying eress.

Expansion into oullying areas has besn facilitated by a susbes
of recent developments. The dovelopment of transporiation fesilie
ties has boen one of the foundabions for dairy plant M‘

Improved roads make regularly scheduled routes ower long distences
possible the year around., Mechanical perfections have produesd more
relisble and economical Lrucks, aore dependable refrigerabion equip-
ment, and more effesctive insulstion.

The introdustion and acveptaancs of the paper certon has ine
oreased the optisum trusic losd and the optimum ares that may be
served by a plast,. ilk in paper cartons welghs a third less and
requires lese spase por case then milk in glass, stays cold longer,




and dows not require heulbse of empty bottles (34, p.3l).

Udstrivution pattems also have changed. Gomeral population
growth and ineressing urbanization of the countyy side surrounding
work tdenters have produced larger conesnirebed mavicel aveas, The
shlft from bome delivery to stors sales has concentrated sven nove
the distribution mutlets for a plank.

iad higher and more unifomm quality both
in thelr selecticn ab the market place sad in their insistance upon
more stringent health regulations and inapections. mality improve-
meats, in tum, heve made longer heuls prastical.

Desressing mumbars wnd {ncreasing swemge sise of producers bas
poraitted the introduction and growing seceptance of bulk handling
wethods of procuring rew milk, ' .
mert of & protessing operetion at but & frastion of the invest
formerly required for & system of outlying can receiving snd milk
sonsolidation statlons.

Finally, court action has tended to break rather than uphold trede
barriers restrieting Iree movement of milk.

Frocesaling plant opsrators have nol Iully responded to ob
conditlions in spite of the presence of inbernsl pressures to grow
and the developuent of extemal facilities for expansion, Vertical
andd borisental integration in the industry, restrictive treds regue
lations, and eloments of spacisl monopoly have lossened the effecw
tivenssa of competitive forces in many market areus, Individual




&
deslors often have hesibasted Lo adiust because of the wcerbtainty
assoclatsd with the long tise niture of investsent. In obber cases,
reaction Yo change Yy doth producsrs and procsascrs have lupeded
progress, Ofben decisions heve been bassd on RONESOROBAR OF DOPw
sonal preferences rather than on aveilsble esonomde informetion.

Pricr studies heve Lndilented plant uait prosessing costs dee
sline as the aise of operstion incresses, Transportaticn unit
sosbs, on the other bend, increase with the expansion of the area
served. A baslc waunswered question in the fiudd silk industiry
f2 st whut polnt do seoncalss of scale In pland proge
begin te b nwb i by $reressed transportstion costs in the
prosarescnt and distridbation of =ik,

an overeall reglonal profect was initisted to study the re=

psing coste

latianship betemen desreasing plant unit prooessing cosis md ine

sasing: transportation sosie, The study wes dividsd into Liwes
covers the slfect of plunt expansion ou costs of procuring v
milies phuse two couperes goste of distributing silk in Jocal and
oatlying sress; snd phase tores 1s & study of the relationship of
plant procesalng costs S0 sise of aperalion,

superant, cletriutlon, snd plant ¢osts, Phise one

ship betwsen nalt processing soste aidd sise of fiuld sdlk provesse
ing plads opersting under Oregon sonditions, This study wss o



part of phase thres of the roglonal project, ut was concerned
primsrily with larger than aversge asilk plants. & prelisinary
study of ssaller

beea ecupluted (27),




A Review of Theory Holatsd to tis Problem

For every givan fluid =il preocessing plant, thore sre gertain
fized costs such as deprecisticn and interest oo investment, that
contimue regardless of plant output (OA in Figure 1) In addition,
there ere virisble coste such as laber, utilities and supplies, that
may inoreass at Iirst at & decreasing rate and later 8% an inereasing
rate 68 voluwme of ocutput 1s inoressed (AD in Figure 1). Every total
oost, OC, divided by its cerrespending output, 0D, will gzive & ceries
of unlt sosts (AR in Flgare 2), As plant output inoreases, unit
costs decresse up to the mmm the optimes op m& cost point,
Inereases in output beyend this podnt bring rising unit costs,

Fluid ailk processing plants may differ sither in ccmbiastien of
progsasing technique, in veluse hendled, or beth, If the average
cost curves for o group of plants of the ssme type bub varying sises
are plottad together on the same chart, & Mm will be formed by thelr
laast cost points, Soma of the Lerms ussd for this line are exponsion
in Figure 3 dravn through the low point in each of the individual
ourves is such & long run aversge cost curve, Average oosi curves
WW@W&MM&M.M%FW&; decreasing costs,
hence, increasing returns to scale as in Plgure 5 or v&w versa as
in Figure 6, The average cost curves in Flsures 4, 5, and 6 show
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Figure 1. The relationship between total, fixed, and variable costs.
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Figure 2. The average unit cost curve for a hypothetical plant.
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Figure 3. The relationship between long run and short run average cost curves.,
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Long run average cost curve with constant average costs
per unit,
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‘Figure 5.
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unit
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Long run average cost curve with average costs per unlt
decreasing at a constant rate.

Figure 6.
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cost
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unit

Daily volume

Long run average cost curve with average costs per unit
increasing at a constant rate.

Figure 7.

Daily volume

Long run average cost curve with average costs per unit
first decreasing and then increasing.



0
{ne wepansion pathe The vabis of sosts to voluse of

output i3 & sonatant,

Prdor studies of fludd =il provessing plants bave found neb a
stradent Ko relationship, buty rather, o curved expunsion puth as
shown in Flgurss 3 end 7 The ratic of unit sosts to volume changes
a8 the level of outpub inoreasss, This indioates there s s sise of
will have lower costs than similar plants eltber smaller

OF Larger.

obher combination of plant processing wethods also will

i sversce cost curve, Thass curves muy oF say not

siww the sane sosts,

Dadey plont cost surves are oot contiruouse In a given plunt
gume o6 called vardable fnputs gon be ndded only in lumps. Ilsbor is
souslly such an inpabe & ziven pland my be able to vary saipt
eongidersbly wntll AL reschms the capaeiiy of scze faotors To prve
duse beyond this point, ano

the L

ey it of ingub most be added. In
sition from the utilisstion of o wmall fraction of & planik
capaslty to fall copasity, & cost eurve sinilyr o Figure 8 will
ikely appears In the 1llustrated sase, operation st a Jow vapecity
with & partlisl or Lwo men crew will give lower unit oosts than the

use of a lavger orew, it some polnk, b

wy sutput can not be
ineraesesd without ihe additisn of more labor either in the fore of
grsrtloe pay or o the form of a new orew mesbe

This same phenomenon cxlsts in daley plant long run sverags cost
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cost
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Figure 8.
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| |
|
I l |
2 men | 3 men | 4 men 5 mert !
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) | |

Daily volume

A discontinuous average cost curve for labor in a hypo-
thgtlcal dairy plant.



surves (Flyere §)s fobble fillers sre mede 1o bub & Lmited nusber
ol slzsss Tho same Lo Lrus of bollers, refrigeration equipsent and

vale apd e

Z8e Henoe, thers mey seb be 2 Peusidls processing
b3 are partioulerly Madted as to possidle graduntions in sisa,
Larger opersblons, however, say choosn not enly lerger capaoity
alng undis, but slso maleiple units of smaller equipnant,

The prieary parposs of this study, restastsd in terns of the
above Lhwory, wes Lo locats podnts on the long ren aversge cost
ewrve for varylng siess of plants typlesl of thwes found in Oregun.
It was not concerned with definiag fndivicual plant cost curves,

pland for wvery point aleng the theor

Hor way it owntemed with the refinecent of }

et wo possible sporoschas Tor lovating & loow run
average cosl gurve. Une approssh ls the sanlysis of aciusl plate.
Ths olher 1s aynthetic o

Fleld survey of sctusl plands has sbe very Luportant sdvantages
The results sre subject to verificstion by statistieal analysis.

Anslyels of setual plant recop
coneapt of ihe long run averags cost surve, Howsver, the lesst ooet
Ay will 1o some
since thers in 1ittle shanve sll plants studled will be opersiing sb

e appears Lo glve s practicsl

long run curve pro st bealiw Lhe ouserved curve

the lLusst cost polnt on thelr ing!

vhadunl cost curve.
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Figure 9. A family of hypothetical average cost curves with a discontinuous long run average cost
curve,
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Unlertusately; t e uselulnsss of statietical snalysis Lz limite
od Ly the svalleblliity of the data, If; in what would otherwise be
& suffislent sumber of plasts, there sre too many latervelated varie
ablesy the melhod pequires s larger wnd wore complex experimentsl

signe If there are too Tew plante avallable Zor tha W,
wis is lepossible, In sone sases, costs
of colleoting deta from & sufficient semple say be Loo high
avallable funde, Useslly, bowever, this nethod is less expensive
than & full scals miﬁkﬁma study .

Synthetic or budgetary anslysis, on the other hand, is not
subjocl to the limitslions of stebistical anclysis. Ib allowe stuly
of problens where price shengss or new Lecimigques huve destroyed
the uselulnoese of avalisble historical rocoprde. It may De used
whiers thers are too few plaata for statistical malysise It is
valusble where 2 sample of plants opersting uader somparsble
Yion st any one tlae cannot be found. In eddition, & now OF Ul
tried varlobls may be postuleted and studied by the aynthetis

48 implied earlier, the costs develospsd in a synthebdio model
cannot be stebistically verified. A% best, only rough cosparisons
ean be wade with base datss & second sbjectlon to the sethed is
the work and, hence, the exponse lavelved in & aysthotis sbudy,

The ldbor vequiesd &0 the first phass of gathering and preparing
base duta For woel mymthatic studies wouls complets similer studies
using the statistioal mathod of anslysis,

for




is

4 final objustion of the method is the gualifisations requived
of the researcher, The snalyst not ouly wust be fanilisr with
zethods of eoonomic evaluation, he sust sleo bave the technfosl
xnowledge snd skedll to prepurs 5 relistle budget.

Indtial survey of Urogon plants showed too many intervelated
variavles snd too fow plints Lo allew deterainstion of the long yun
average cost curve Uy statistiocal methods, Censeral nem-uni?
in delyy planis bas loag plague
searching for relstlve cost inforesbions Yith meny interrelsted
varisbles, the faelors affecting coste are difficult Lo sspavete
and studys This undoubtadly explains why aost studies of dairy
Plants sade prisr to the developesent of the symthetic swthod heve
reported costs only as an average for the group of pleats in thelw
respactive studieos, The Limltations of the statistics) method made
it an improper tool for studying sn industry wish relatively fow
plante and seay vardablse, |

Therelope, this sbudy was un snelysie of mmthetic models
that used a3 a pulde dets obbained from aetusl Oregon plunta. 3y
ing heavily on base data z'm sotual planks, the costs devoloped
dn the aynibetic models likely spproximated closely those of tha
actusl plants studied, Thersfops, Lhe leng mun sverage cous curve
obtained io this maaner probably, as mesdionsd sarliar, sus not the
least oost curve, However; s long run sversze cost ourve &ppp

mating sctual axperisnce should be 8 rere prastisel gulde Loy




b
Also, models synthesised %o closely resessle sstual plants should
bave less oppertuniiy for errer than those whoss syothesis is
Zadded anly by theorstios) wlatmmm¢

“Lglack (7), fadd {3&3, pont arossler (10) eash presuat further
disvusslon on thy developeent o " 3 st 4 e )
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History of dalry plant research revesls a rathor sarked evelu~
tion in the v'-’@'po of work dens, Sows of the first studles of dalry
plant operstion were effielency studies concerned priserily with the
econcales of & specific techmologicsl develspwent. For instance,
in 1913, Dowen published & USpA eireular on the uvilization of ex~
haust stesm for hesting wash water wwi boller fwed water (8},
Another exanple was Farrsll's study of power requirements for
slestrically driven dairy squipment published in 1927 (19). From
this begloning has evolved a long series of studies, including this
one, concermed with processing cosbs and plant efficiency.

inother approach (o dairy plant costs has bosn the study af
sarketing sargins. Soms of the publissticns have besn little more
than reports of the margin taken by plant operators. These repords
bore little resesblance to sost and efficiency resssrch, Howsver,
partioularly in later years, margia anslysis was refined to allew
souparison of cosbs botwesn plants snd Yetwsen metbods of operation.
Henoe, studies of marketing marzin aleso are classilisd as studies of

procesalng coats and efficieney,

Hout sarly work was condusted on the plant survey basis, Pinde
ings were published as aversges for the group of plants studied,
Ressarchers were concerned with coupsrstive ocosts between plants of
different sise and method of operstion. However, dsiry plents were




se fow in number snd had such wide veriations in sise, produst
statistiosl analysls was diffisult,. Consemently, some of the
sopt valustle infommeiion of this er: was statistleally :
able cbhusrvatisns and opinione bssed on » fow gage studiss. lo
early sxasple of this type ol study was published in 1934 by Slack
wad Guthrie (7)e Thess ressarchers, one & dairy technicise. and the
other an sccountant, Lesssd up to slndy the factore related to

To wmake the survey sethod more useful, Mmi‘%&m&wﬁsm '
intraduced. For instance, costs wers presented oo & ps? unit basis
to fuollitats comperisen betwesn plants and plast eperations., This
convapt won used suspessfully in the lats 1920V Ly & number of row
searchers stuiying costevoluse relationships in cowntyy peceiving
slations, mleld (47) in 1947, Dsrtlett and Oregs (4) in 1928,
Comburn (14) snd Tucker (4LB) in 1949 each published 2 receiving
station stady. Tuckerts study not enly presenbsd dotal wnit costs
per hundred wolght, but slso introduced Lhe use of cost elesents
such a8 labor, supplies, aod utilities, Henee, sose of the sources

of varl:itlon in costo could be shosm,

Mbsenuant studise ef dadry plant costs alse begen to include
Tucker's wathod of anal g cost slessnts as well s tolal costs.
However, researchers did not oo tablish satlslactorily cost-volume

relationships Jor processing plunbes
‘avanessent o ressarch teshaiqne probably was srssted Ly the
ropid cevelopment of mils marketing regulatory sgancies in the aiddle
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1930's, These sgencies requested coasidersble inforsation, not on
sost~voluse or sost-~technlque relationships, bub, rether, on average
marging and sverege unit costs for plants in the sarket, Consejquents
1y, most of the research published during thess years was comducted
st the request of or for the benefit of these agencles, For instance,
in 1934, Spencer reported costs and profits for Hew York City #ilk
Dealers {42). later, he sade a study of upstete milk dealers.
Almo, in 1934, Hortensen published sn analysle of milk marketing
policies (28), It included & historical array of desler margine and
a breskdown of ths margin inte slementary costs as & percent of the

total sargin. The next year, Stelszer published average procesuing
costs for 22 plents in vest Virginias.

Probably the sost eignifiosant study of progesaing costs to some
od in 1936 for the Massachusetis Bilk
Control Sosrd by the Charles P, Hittanhouse fire of ascountants, The

out of this era was prepe

usual survey of prosessing planit records wes supplementsd with mn
enginsering time study for allocating costs to departownts., This
procedure not only allowed deterninstion of sverege unit costs by
cost elesent, it also allowed dotersinstion of coste for individusl
products.

Thars ware many Califomias Demrimant of Agrisulture raportes
on sosts of processing fluld milk in thad state (eg.,;12). Thezs,
also, were based on wudifs of handler records and eagineering time
studies for allosabling costs to individual products.

The technique demonstrated in these reports lster besane an
essentisl anslytiocal tool for gathering base dets for synthetic



studies, | |

In 1939, Dow broks swey from the sonventional survey method of
soupardng walt procassing costs (17)e ile developed & quart sguivaw
lenb sbancisrd for sach produst. His bewss unlb was the cost al pwrow
sesedng e divteibeting & quart of regular milk. Spences r
kit 2sme yrossirs s & sty St Ale nosbs S prasbakhig Sl e
trituting uile in northern Xew Jorssy (43)« The provedure allowed
6 plants with verying prodavt mix, Yhus,
these sbudies were an stbtespt Lo overdone one of the weontrolakle
variatles in astusl plants.

The eyothetds approsch %o cost snalysis was developud to pvars
seabllity feund in sctunl planta,
The dadry industey hed boo Lew planbs and Yoo many svaress o variee
tion for meaningful stetistical anslysis of plant resords. Refines
mente of the survey Lechaique bhed belped. 7To sakts survays nore usew
ful, researchers broke tobil costs inte oot wlements such ss labor,
ien, and suipewnt costs,
fndivideual products oF proves ;
cost variations betwesn plants wers stuiled, Cozts of sibsrnstive

precessing methods were conpared,

some the meny slesents of noveco

ran aversgs oost curve required s serdss of plante varying enly in
sise, Duch & group of plante are seldom to ba found PARTEnoN
of the syothetic method ab this polnt in the ewlution of dalry plant

o
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resoursh was probably nstursle
One o tha [iret exaaples of thde Lype of study was sn snalysis
of recsdving stabions by Bressler {9). 1% was published enly 15

wiyede of elght actual row

youre B0 “The stily wao based on an an
oceiving stations,

Brasslerts work wee followed by u series of twelve University
of Connesticut tullebine generslly titled Effictensy of Hilk Harkete
ing in Connooticut. Ome of Lhess by Henry, Sressler, ssd Frick, 1548,
was & synthetic determinstion of eosts for omsller prosessing plants
{22)s It was the earliest snd almest the only publication to date

Rt a%wtwmﬁs&%»wﬁmm the long ron aversge ¢osh o plate
aing curve for daliry plonts.

Four other exanples of dalry industry costevoluse deterainatios
by the synthetic wethod may be sited, In 1952, Prasier, Wisleca, and
Hord, dalry technieoisn, industrial engineers and sgriculbural econoe
uish teaned up to develop inputeoutput date for six butter plante (20)
Ag an Interesting sddition, the synthetic models were compured with
the originsl planta.

The next year, Valker, Preston, and Helson published a study of
butterenonfst dry milke plants (50)s Twelve schusl plants were used
&8 & basis for synthesising five roller and seven spray prosess plants,

In 1954, Seum, filey, snd Weeks published s syathetic mnslysis
of both gan and bulk reselving opepstions {5). The study presented )
conts resuliing both from varistions in volume for a glven operation
and from wardlations in sise of opersiion, Hence, bodh the aversge

o
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sost curvs fw the Indiwidusl ﬁl&ﬂ te and Lhe long run sversge cost

In 1956, nonroe and Yalker shad & stuly of small finid

ailie plants in Idaho (27). The publisstion presentsd problems found

sing six small preceseing eperstions and used the symthetic
approsch to study means of solving thess diffieuities, It was origine
astad ay & pllet stﬁtzy‘&sw this project. Consegmently, Lhe swthode
ology used in this study follows ratbor elesely thet of Honroe and
Walker,

The syniiwtie methed has besn exploved for uses other than ooste
volmse walysis, In 1951, Carter, Dromdage, and Prodficld published
physical spscifisations for a ailk pecsiving station (13)e This
study differed from other paslicstions reviewed in that its maln purw
Lermine unit soste, tut, rether, to present guides
and physical specifications nseded in plamaing or albering a ree-
esiving etatice. | |

& similor synthesis of & 15,000 quart o day =ilk botiling plend
was published in 1953 by Gonoer, Spencer, and Pleves (15). Howover,
in this cass, costs ware also prosented. It was » pllot study to
test and {llustrate the |
snalyuing cost relstionships wilhin a plant. The input-output date
used in the study was developsd largely by & firm of menagesant
dyleg dalry plant scsis for the How York State Teaporery
Comdweion on Agriculture.

pose was not Lo de

eplnesrs st

A seoond eiudy of this sume typo wes m&mﬁ in 1956 by
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Wobster (51 aod 52)e He used an adeptation of iLho method developsd
by Camner, Spanser, snd Plerce to develep spseiffcations and coste
for & plant processing 6,400 quarks per day.

4 diseussion of ths developeant of synthetic snslysis ls not
sonplete witbout nentfoning use of the methed in other fields,
Probebly o 8f the sosl coprebansive studdes
maLbhod was lrewster's study of colton sved oll mills (11}, He
syatheaised 67 types sod simes af mills for Tive geogrephie s
Hie also examined the sffest of universal ues of the least coet

mathod upon robums Lo cabton sesd produsers and pIossssors an
whe pricvs W users Of sotion seed producte.
Another use of synthetic anslysis was publlishec
{21)s He used & method sbadlor o that develope
#aod Plerce.in developing speeifications and costs for four sises of

These studies show some of the poesibilities of the aynthetls
method for anslysing problems in other fields of vessarch

ia

In 1946, Howe published s gomersl swmesry of prior resear
the dairy industry (). In bhis susmery of work on comnbry milk
receiving stations, he presented & group of studies showing coste
volums relstionships for this opsraticn. It is interesting to note
that te did sob do this for plant processiag costs. [ils sumwsry of
rasearch on dairy plant costs included enly sversge unit processing

S



eostse This may be further evidenvge that the delry Industey with
ralatively few plants and many interrelsted warisblss is not sulte
able for costevolums snaly
Hy this time, the budgetary method of snslysis had been intyoe
duced, Howsver, the sebthod reguired conpidesnble physicsl imgute
output data thal were not resdily avellable or easily develeped.
Puthersore, 14 required the resssroher to have consldersbls technical |
sidlls Partly for this ressen snd partly becsuss detalled costs were
not always sought, much of the postewsy ressarsh cospletely ige
the synthotic method of analysis, Other studies sight be oalled
transitory ressarch, In these coses, st least, some of the phyeical
Inputecutput relationships needed in synthetic studies wes developed,

aie by the swrvey mathod,

s \ xtensive awerage cont and marketing mergin
analysss of recent year: ware the seriss published 1948 to 1951 by
the Now York State Temporary Comusalon on ‘grieuliure (29,430,232
and 33)s & lirm of rencgensnt sugincsrs somducted axtengive time
studien for all routs and plant operaticas. Unltl Zosts were deturw
wined in sisute detsil to sllew comparison betwsen milk deslers end
within a given dealerts opurstion. Ne aynthesi
cost poseibliitiss 4n the reorgonismstion of & given pland, or to
sompare sosts between plints with the seme orgenization Wt of dife
{orent sive. Howsver, the dabts that wers coupiled has since found
use in the synthetic studies by Comner, Spemver and Pleres snd by
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In 1952 sertlett sod Gothard published a study on messuring the
efficiency of processing plants {3). Yoth physical inputs and
of milk processed per day and the sorpespondw
ing =un sinutes, squers fest, hovse power hours, snd STU%s required
per hondred gallons of ailz proesssed. Then two plants wors axamined
in detieil. Some of the analytical tools wnd plyysisal data of this
study could be adapted for ues in & synthelic anslysis.

The next year Seott pablished an anslysis of lsbor requiremsnts
in ssll milk processing plants (39). This publication was based on
a time study of four plante handilng 2,500 to 3,500 quarte per day.
The murpose of the study was to coupers labor sosts of different
methods of operation., The phiysical date developed was suitable for
use in a synthetis aualysis of labor costs for similar planbte,

Une of the sost uwmsusl transitory studies reviewsd coepared
sosts for a plant with & giass Mlling operation with costs for the
sama plant afber it switehed o an all paper operetion (36), dHew
search woricers from business, educalion, scisnes, and industry
teamad up Lo deberaine the cost of packeging milk in paper as compared
with glass, snd Lo determine which type of conteiner wvas preforred
by tha customers who bought home delivered milk, The snslysie of
plant and delivery operstions included both monetary and physical
eoats,

arrayod to show gallons




To date no resulis have besn published that are coupletely
applicable to the determination of prooessing costs for the Uregon
plants. In the first place, very few investizators have studiad
sosbevoluns relationships in fiuid silk processing plants, Of all
the studies reviewsd, only those by Heary, Hressler, and Prick (22),
and by donroe and Walker (27), included detalled cost informstion
for sach of several specified sises of plants. Howewver, both of
these studles wers for smaller plante,

Equally wnsuitable was a secend slterastive of cosh

ining various
studiles into one composite sourcs of informstion, For one thing, a
vast sajority of the work reviewsd presentsd average costs for &
group of plantes that differed both in volume handled and in procen-
sing sethods used. Obwiously, such dals could not be adapted for s
study of costevolume relaticnships.

Some of the studies were not zll inclusive. For exsaple,
Carter, brundage, and Hradfield studied enly receiving operations,
Seotl, on the other hund, studled a complete processing operation,
but he presanted only the labor recuiresents,

A few studies prosented detailed costs, but they sppeared all
or in part only in sonstary Serms, dost of the cost items sould be
adjusted using svallable index series providing the physical relative~
ships on which they were basad wers known to appromimste Liose fop
Uregon plants, Prooessing ﬂl&ﬁw Wey VAry over time or
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betarsen different areas of the coustry, Thus, ualess sdequate inforw
mblon about the accompanying relationships is cvalleble, the use of

‘pdstorical data can be uisloadlog.

In additicn to these diffieulties, the vange of plant sises
studiad doer not include plents as lergo as Lhoss Pound in Uregon.
Honow, sven 4f dota frea pedor studies were usable, supplenentary
information would noed be obtained to somplete the anslysis of

Thus, in susmary, most prior rewsarch sither was reported in
nonelary Serms ooly, or wes condusted on plusts susller than most
Toand in Cregom, sdolevy and sowe of the fimiings of
other resssrchers heve besn used 3 this study, The spplicstion of
prior resesreh %o the spewifie probless in this shady will be dise
cussed 23 1t eccurs in the luter sections,




As an introduction to the number snd sise of processors in the
state, & 1ist of Oregon fluid silk plants ans thelr approxisate
volume of output was oblained from the now defuned mdlk nmarkeling
asdsinistretion, Thers were sistesn planta on the 1ist Lhat were of
suiteble size for the study. These plants were surveyed by a
personnl visit to determine method of operation, number and Lype of
non=findd milc products procesesd in the plant, and willingness of
the operator to he inoluded in the study. N |

The plants were divided, roughly, loto six sise groups, One
plant from oach group was selegted to supply the base data., The
eriteria for selecting the plonts were plant sise, product output,
and mm&ng' technique used. The plants closen were representative
of the medium to lorge opersticns found in the state, To Lhe extent
posaibls, piuts were delected that did not progess nonefluid
| products,

Host of the data obtafned from the precessors were strietly
confidentisle Conseguently, detailed information about Lhe indivie
dusal base plants are not premsnted. However, & few general

" i o o ——
Ftnroughout this utuds, the tern "base plante® hus refersnss %o
the actusl plants whose records wore used as & gulde in developing
the synthetic models presanted in this stuwiy,
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observations sbout the ares and the plants serving this part of the
Rertiwsst should inorease the usefulness of Lha study. without this
| iptlon, the sultebility of the findings for other markets and
situations may be diffieult to deteraine,

Oregon plants renged in else from less then 1y 000 pounds pur
procegsing day Yo an aversge exessding 200,000 pounds per daye

Host mummwwmmmmm five daye
& Wosk,

Hagy of the plants in this srss received part or all of ¢ hadp
widkc on dally order from a producers' scoperetive, Consequently, iu
these casen, tho probless of seasouality of recelpty and of wtiline
mmwmmwmwmmﬁm Also, in
thess vases, fivemday-a-wack . operction wus possible with less yuw

mswammwmmmmmmmmt
plants vab processes oresm. . fow plants, bobl large snd small, vas
pasteuriszed chosolate milk, Soms plwrts vab pasteurised silm for

The base planks were all lecated in the ¥illaneble Valley of
Oregons 411 Mt the smallest and the largenst wore speratisg sear
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proctissl copacitys® ALl seld thelr product botk retall and wholee
sales 431 procesesd primurily for a urban wmarket and feced cone
sidscuhle compitition,

Host of e plante 3 d 32 and 20 persent oross, hell end
balf, hesogmised, regulsr, skim, and chosolate wmilk, ersnge dvink,
bubteruili, snd from one be four obher types of nilk, The other
milice included b perceah wilk, 5 percent milk, msltivitesis milk,
smliivitadn sicds, breed milks, presdus or herd willks, and fluid
drinics with skim =ilk solids soided, Ounerally, the plants carrled
only ene or two of these other ailis.

¥ost plents pachaged milk i both peper sud gless bobilea.
Exoept for hall gallons, mopre planis used the prefovesd paper bottle
tian the type formed ab Lhe tiws of £illlng. In this part of the
Horthwost, the sise of plual apparently has not inflnenced the cholos
between thess two types of bettlos. Omaller plants zlse fillsd balf
gullenw in preformsd nested cartons, Some zdik wes dlstributed in
half gullen yless bottlss, The gallon jug alse was in limited use,

% the tisme of the survey, prestically all plants disteibeted
hosogendised milk in bulk asus, and in half gallon, cusrt and belf
plot conbalners, Skis and regalur milc often were distribated both
in quart botiles and 4o bulk cans., ALl other types of silk and flaid

&8 wero gensrelly dletributed m!;r in quart containore.

ant m% prwhmm ,@f; w &pgﬁiw, the mﬁm ai‘
dayg Jing of milk wae completed in s SIENS
; Par pariod of a9 {one elght hour shilt wiﬂ& # mr &‘mr for
- lunch), M and servicing of equipment regmived sdditionsltime.
The smallest bass plant was cperating at less t%saa practical m#m
The largost was opereting scmewbhst over practical cspasity.

o
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Hall sod half was pacosged 1o opart and pdnt botiles, Cresss were
distributed in pint sad hall pint centuiners, GSince the survey, an
dneresaing ousber of sroducte have sppesrsd slep in half pallon paper
Cartons

For all plante, the divisien of total pland subput between
producty wes sbout the ssme. They ranged
from 80 to 85 perosnt in fluld mili, around § persent in Helf snd
Eally snd o353 to L3 pereent in oveas, snd 8 %o 134 percent in the
chosolate, sicls, buttermili, and orenge products, Only the propoye
tions Letwesn homogenised and regular allk varied satensively betwesn
planta, aised milk rangsd fyom 55 Lo 83 percent of the total
plant subput for the seversl plants etudlied,

Some waristicn was found ameng the plants in the proportion of
plant oubput packazed in various sises of conteiners. Plante renged
fram 12 to 30 parcent of osutpab in helf gallen bottlem, 63 o 83
parcent in grarh bobtles, i.4 to 2.4 percent In pint bottles and 4.9
Lo 138 percent 1n half plat bottles,

The greatest wuristion cocurred among the base planbs in the
percentages of total product put wp in paper and glass containers and
in bulk sane, Dacept for one plant, the preportien in glass renged
from 38 to 58 parcent of the plunt cutputy She proportion in paper
ranged from 1¢.5 Lo 61,5 pereenty and the properiion in bulk cans
rongod from 2.y b0 b parosut,

Ho maried sessunal changes vsowrrsd in the predust proportions.
Exoept for hemogenised hall pint bottles, the proportion in different

wilks, cresma and specialiy
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slsos of cuntsiners wlso did not shange. Por all plauts, the oumber
of half pint containers did net clunge during the school year, but
deslined durding the pusaer.

the yeur, 1958, The produst flow, the plant orew, asd the dutlss of
euah mesber wers obbalned by interview with the plant sensger. Bullde
st lnventoriss were talten frem plant inventery
regords where possibla, Otherwisze, oquipment was listed whlle lne
specting the plant. The layout for plsut and equipsent wes sketohad
b0 seale, #Llk reeeived and produst oubput wers obtained from plant
reconds. (uantities of wtilfitiss and thelr undb and totsl coste wers
obtalned frow plont £0es. Whey posaible, physies) quantities of
suppliss pupshassd end their unit prices also wers obtained fyom the
interest retes sud peymonts, insursnce coste, and betel axpendis
o8 were obtained from records kept for income bax purpuses

Bquipment and eupply housss also were visited, Where possible,
1956 prices for equipnent and supplies wers cbtsined from bhree
separate suppilers, Price changes for larger quantities were noted
where applicshle,

Gurreat lover coste were obtained from the 1956 unlom contruet,

fag soats snd <
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The above information sbtained from the base plants was used a8
operaticnsl assamptions, and synthesising the plyaical relationships
and budgets of the model plants,

Five models wers budgeted to pspresent the medium o large
sises of plants in Oregon. The smaliest, designated plant X, prow
sessed an sversge of 14,000 pounds of rew milk a day, five days &
the preceding size of plant, They were designated 2X, 4K, 6%, and
16K, '

Wnon the physical spesifications for the model plants wers
eomplated, they were shesked by plant cwmers snd dairy equipment
1956 prices were applied to the physisal

The product mix used throughout this study is shown in Table 1,
Iv is mmsmmgmwmmmm:ms&mm
plankes The share of total cutput sssigned in tids mamner to esch
product is falrly represestative of sll the base plants. However,
as noted earlier, the base mﬁ@mxﬁ scusidersbly in proportion
of sutput in different simes of containers anxi psrdicularly in the
preportion in glass and papers
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Table 1, FProduct mlx for all model plants with glass and paper
output with nusber snd kinds of sontalners for plant X
W&* '

product

Glass vottles

SEABERERBANNARBSBEEERSEAAB R L P AR R REI S IEAPRER RN E IR AR AR RS H U R B ARG REN

Paper bottles ,
hosoganised LIB,670 411,835 255,240 42368
i | 246

#4330 :

special 21,893 | 1.30
croms 32 8,368 L,k b
aresm 108 58,625 35,712 o he32
sitdm 25,598 le52
shocolate 22,178 9y 16

A WA 3

Q;&‘¥?$
paper sutpad 28,08 65,08  2,% T.5¢
.t&ilQiﬁ#é.0&0#!;*6?!l‘iﬂﬁﬂﬁitimﬁibﬁiiO*i&‘i‘ﬂ#t#l**##t%lt‘?%#Qﬂﬂ#*k‘
hosogenized 4y 230
regalar 3,002
sicin b

‘ ., -a ; - AR
lbﬁltttibéiiltvtiﬁtaia&ﬂ*iﬁbﬂh#&'ll*#“‘Qi&ﬁt"‘i‘th‘ﬂﬁ'%!t*‘ﬂﬁl’&i‘
Percent of \ 4
total output 10408 u.088 | 68,67 1.81F  5.348 100,008

#The product mix for planbs 2%, 4%, 8X, and 16X was the seme as X
exsopt thet the respective quantitios of sach of the products in
ﬂf;&m&m&wsmﬂﬂmmmummmwm
BLED .
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Thiae, the proportien of produst in ¢ifferect kinds sud sises of conw
telomre was not nocessarily typioal of sll the bass plants,

With the selected product six snd product tests, anly & minisum
amount. of exvess sikin ailk resulted, m.mmwmmmm
for the dlsposition of surplus skim or oresm. Plust X bad an sversge
surplas of Len pounds of skim & duy, and 16X sn aversge of one hundred
ard sixty pounds,

8inse more of the plants visited used preforsed paper cartons
than the type fowmed st the tims of filling, the preformed bettlss
were adopted as standsrd in the development of the models,

Ideally, all models should be ss near the same as poesible to
anmmanuvwmmmmmﬁwmmm
studisd, On the other hand, to be realistis, the standands for a
Mfwngmmmmwwwmwrmmwp
¢al fndustry counterpsrts. for most of the stundards selooted for the
synthetie vodels, no conflict existed between these two sonesphla,
mwxmmammamwwmm»
& large operation, Hewover, soae of the prossduves used in sasll
plants were not found in s large plant exeest in s modified form,

In these instances, the model plant standsrds ueed in this study also
wer's modified slightly te represent preetices followed in the sctusl
plants,

Helew nre listed the sssusptions adopted ss obtancard for sil of
the model plants,
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Plant eperstion began with the receiving of the milk and
snded when Lhe ailk wes loaded sate the tyucks or loadout
Part or all of the ailc was vrecelved from & predus
enoperative, Thus, probluss of sessonality end surplus
wilk wers cob of fmmediote consern for Lhese models.
The vew milk aversge Lest was 4 peroent butierlal,
The standard product flow is shown in Flgure 10, 21
Plent labor was unionised,
The plants operated on & Tive day wesk,
The milk processing sl botiling operstion oscupled wix
and & half bours with the HIST pseteouwriser operating ab
the spesifisd capaeity and bottle filling squipsent
opersting =t 8D pevoent of ite rated capscity. Thie
sssunpiion had 0 be rolaxed in the cass of the largeet
motel plent because a glass botile Filler large enough %o
meat this sehedule was not availlable at the time the deta
ware pathored,
Truok doac outl was for esrly meraing delivery.

ors!




honmogenized milk
regular milk
multivitamin milk
half and half
cream

chocolate drink
skim milk
buttermilk

Code

SURGE TANEY
CAN HALF GAL GLASS PAP:R
FILLER FILLER FILLER FILLER
Figure 10. Product flow for five model plants with can intake and

glass and paper output based on an analysis of Oregon
plants, 1956.



Fiysical Spesifications and Inguts for Five Model Flants

Consideratls verdation exlsted in the wildieg facilities asd
phant layouts of the base plante, JSome of the bulldings

wore new,
othiers were old. Jome had long spans of {loor spsce; obthers were
out up into relstively smsll rooms and cublesls by structursl beare
ing=walle. Jome of the plant serangessnts were saay to alter snd
oxpands dore eften, sxpension io the plunts ocould sot come sbout
without either completaly esrrssgiog b

ing the existing Zﬁym&. in 2 haphasard, illeglosl, inefficient
BAIMSr,

Variations in Sypes of bulldings and plant layoul were ralloste
d in plant effielency and, thus, lu plsnt unit prosessing costs in
the nome plants, Thersfore, standard balldings and layouts were de-
veloped and used in all wodel plasts to keep random varietions in
these piant festures st a miniem, |

Onewlovel bulldings with mﬁ*m service lines wnd surge
tanks and paper bottle storage over the sooler wers W throushout
thdes study.

The building systes veed for sll model plants wes ths leng spen
sikeleton frems type. Hoof trusses were supported only by structu
volumns in the oubalde walls, This type of construstion greatly foe
eressad Lhe cost of Lhe roof frems. However, it was ldeu) for
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4t of & lens expensive consbruction could be sdded
and resoved darlig remcdeling without aflesting tie stabililty of the
stracture. Eoulpsment ocsld be plesed and rearrasged without intess
forence from piliers or inside supporbing walls. Thus, thies sere esw
pensive structural systes was chessn S0 sllow gresber flexibility ias
layout wnc to allow savings durleg futues pesodells

In guneral, conmruction maberials wers of sonorele, csnorets
blosic, mnd wood, ALL Floors exoeph the ccoler and prosessing roe
floors were fourvineh concrebe with surfese hardener. The cesler and

processing roos were four-inch concrebe floor with a quarsy tils
overlay, sll walls were eigit-inch concrwte bleck, The office walls
were furred snd plastered. The ccaler snd procsssing
soversed with faece tile,

The roof frames were wood W . trdases with hall inoh
plywoed decking, Rooling wus corpugeted ol

Both glase bleok and steel Ireme windews were used a@ & source
of oubaide ilght. Uoers wers woud. The covler was insulsbed with
olght Lo ten inches ol corits The roof wes insulated with a one Jush
Pldgid insulstions 311 ceilings amd wells wilhout face tile were

i wontragtors for for estilmebing meterials amd comsbrantion
coats for t&a five mouel plants will w shown in a later seshion
(Tuble 24).




4s in the case of tuilding specifications, a standerd plant
model plants, The cusatity of iloor space sllosated %o sach process
ing function wae determined from analysis of the distrivation of
floor space in Lhe bese plants,

Ga the tasis of tobal plant volume soms ¢f the base plants
appsarad to have a dispropartionste qusntity of floor space sllscated
Lo certain procosslng centers such as bulk ean fliing, sluss botile
fliling, and paper bobtle filling, This was due to variations in
tie proportion of the tobal plont preduct hendled in thess osnbers.
Thersfore, the voluwe of sutput atbribubted o esch zres of floor
space was only bhut portion of the totsl plant cutput prosessed in
the given sres. Table 2 lists the procuseing senters and the daily
volume correlzted with each sres. For instacoe, the volume of milk
ebbribated Lo the glass bottle filler arves wes only that portion of
total plant outpat botiled in gless. Using this procedars, variae
tions betweon base plants in the prepertion of the total plant cute
pub bottled in glass did oot affect the velune-floor space relatione
ablpe In this sanner, & wilfora relationship betwesn wolume and
quantity of {leer spscs was Wwfw all the floor space sube
divisions of the modal plants (Table 3).

Prior %o sslevting a standard medel plant building and soul
ment arrangemant, layoat objectives wers sstablished. The objsctives
seluoted for the model plants were a8 follows:

-
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Teble 2. Hethod of allocating sverage daily volume to floor space
satiivigions,

Subdivision of ,
floor space Voluse allocated divided

feceiving aress dogs
trugk shed Total raw wilk reveipts « 365
bulk intake " .
san intake Pounds of milk received in sans 365
raw storage Total raw milk receipts - 363

HIsT » :
surge tanks Tobal raw sily reosipts

Dock, linear feel Yotal pounds of product

Bobtle handling arous
bottle and came dock Total pounds of preduct
botile waasher pounds of produot bottled in glass
glass filler pounds of produst bottled in glass
half gallon filler pounds of preduct bottled in half
gallons
paper {iller pounds of product bottled in paper

Speeialty areas ; .
bulk can wash and £i11  pounde of product in bulk sens
processing vabs »

8 B BB BBE BB

Cooler ares total pounds of produst

Genersl plant aress
separator #
test lab #
washup *
paper storage tal pounds of product in mm
other storage wmmmar product in glass

and sane
all othear areas total pounds of product

g¢ &

#Floor spsce was constant for all sises of plants,
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Tatle 2, Distribution of Floor Spase to Cost Centers for Five
Hodel Flants Jased on Analysis of W Plants, 3&56,

(145000
ibs,

i
Jebbe B Bsd EaESE of b

TS

2,048

(28,000
1ibs,

e3Bs B ExB EsbER oF BB

14304
1,356

1,‘?&6
752

10,568

{ 55;::
los, R

{m,m {m,ma
lbs.,  lbw.

24,992

3%5




1s To previde ss short s milk line ss possible into and

2. To provide a short, compast line 6f travel into and out of

the planta for bottles amd oases,

3o To provide for shord servics lines {(refrigerstion, stsus,

alr, and water),

4e To provide for o minisun differsnce in plant and bullding

arrangeset betwean all sizes of model plants.

5« To acocmplish the sbove objestives without obstructing the

skpension of Lhs plant in the future.

This study was not 7 soncerned with the soste of axpans
sion for a given plant, Howsver, a plant arvengesent that did net
provide fop pleat expeansion was conslidsred unsound, Therefors, obw
Jeotive five was included,

With the specific reof wystes used in these bulldings, lengbive
wise sxpansion was the aluplest snd easlost, ‘nother type of system
allowing expansion in both length and width would hsve yequired a
somewhat different indbial plast arrengement. However, ths layout
principles demonstrated in tids section ware suitable for uss with all
types of bulldingn.

4 floor plan for plant % waz drewn scoording to the dlstpibution
of floor space listed 1: Table 3 and arracged with the sbove lsyout
objectives in mind, Then, to sinisdse layout varistions between the
model plants (objeotive four), the floor plan for plant 2 snd LX was
drawn as an wopansion of the preseding sime (Figere 1l). Likewise,




Lty

KEY i
s Ice Builder
[} Receiving Room q Vats m Dock workshop
t or
b Storage Tonks n Can Filler n Bulk Cans A moom
cker
[ Lab ' Half Gal Filler [ Cooler u Lo ) ‘
v Route oom
d Washup i Paper Filter p Rest Room '
Office
e Processing Area k Glass Filler q Bo:ler w Shed
ck L]
t Separator | Bottle Washer 4 Refrigeration x Tru
y Supply Storage
SCALE Alternate  4X
[ 20 40
bk bk q
feet a
p— !
L0
b e !
o
’ j
N RPR '
K] k x
T 11 :
u r
m ]
—
]
y '
ln
fPlont 8X
Plant 2X o ] q .
o
l | o —
ﬁl J ¥ prsg—
S - . ]
e 1
LI
9 ' '
c d
!
™ w X
Yy S . ——
2 | !
w vl—l . ‘v
L’J J
1 []
Y
] ,
Plant 16 X
. . . - - -
Plant X q
— °
u - \
— T . ] T
e
=
LA | 0 b ¢
¢ g k ]
. . x e | j k ] ]
__' ! ¢ d m .
~ m !
'3 5 '

Y r
T | L —

Figure 11. Plant layouts for five model plants.
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for plant 8X and 16X,

an alternsie plan wes drave for LY and expanded
This procedure ymtm;ny slininated unnosesssry varistions in bullde
ing and squipment arrengesent botwesn the dilferent sises of plenta.
Incidently, 1t alse a!'mwzﬁ how plants could be arvenged to allew feor
expanelion with & sdnisun of ressdeling snd sgaipsent relecstion v

ie shown 1o Tabls 3, oll siwes of plants vequired sbowt the
ssne guantity of floer spsce for certsin of the prosessing centers.
These wero the cenders that included the HIST pasteurdser, hemogone
iser, sepaputor snd clapifier, boboock tester, bulk recelving puep
and hose, and weshup equipnent, Only sasll inoreases in siae
eecurved in the sress allowed for speclaliy eate, Jee bullders,
botile and onpe washars, and boller roosws. For ssoh subesquent size
of plunt, nore definite incresses sppeared in the rew sterage, bottle
filler, wulk cen, refpigersticn, and route youm aress. The greatest
inorease in floer space allobments occuwrred in the offices, locker
rooms, truck shads, dooks, bottle and case soriing aress, coolers,

and paper botlle and general storess Poool.

The srses thel supended may be obsurved resdily in Flpgure 11,

The base plssts varied considersbly in thelr plant equipsent,

L combinations varded in slse and type. The speed and capacity
of various pieces of scuipment were not matched in the same manner

for a1l slses of plants. The quelity of the equipment wes not the
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same and the asoust of siainless steel and other deluwe sxberiors
also varled Letwsen plants,

Thess varistions sffected unit procesaing costs, Veristions in

eaipmant purchase price and length of 18fe uffected depracistion

costs, Variations in the metohing of squbpment sltersd usdb sosis
through sffests on plant offiviency. Thus, for seaningful cost eoume
parisons betwsen the model plants, unifors equipment stendards bad
Lo be adoptud, |

The standarde followsd in sising sach pleces of equipment
deseribed below, /8 near as possible, &ll standiods uzed in seloote
ing size and ecsbination of squipment were consistant with the gesersl
prastices of the bass plant (Tsble 4).

quipment was sised to allow intske of the
sversge daily receipts in two and & balf howrs time. The uilk was
assumed to arrive in forty-quart cans conteining sn aversge of 70
posnds of allk or 80 percent of capssity,
The pusp wes slsed at one and one half times the receiving rete.

Raw milk storege tanks wero eised to hold up to 80 pevoent of
the aversge dally receipbs over night, In addition, one emply tank
was provided for reosiving esrly noming milk,

In the larger base plants, the musber of Lanies incresssd evan
though wors seoncaioal storage cspseily could huve been obtalned




Table 4. List of squdpmant forr five model plants with ean intale and glass mnd paper cutput,
Orogon gomxtiiions, 1956.

b T (n. m




100 ga1
15 gl
25
Jar

25,000 BTU's
B
He
ﬁfﬁf

38,000 BIU's




2, bout 2 bott %
mwtyiww =ik - milk mille | milk
%g: kmﬁ: 10 f% 0 % 12 nn 2 £ 12

gémi& o ?&E@ 1 up 4 mp

vatar"tan 228 gl Bda  HE Bm Bk

Wmmmuﬁu&lm: lns for pounds, mmammmmmw
ssses por minute, i/hr for pounds per hour, 0P for horsepower, gal for gallons, KIST for high
teuperatire short time pasteuriser, BPY for bottles psr aimute, mmmmmmmmm

T for tons of refrigerstiom, émfbrmig fm&ﬁrwﬁmﬂ, 2.5 for stainless stesl,
I% for feet, und CIP unit for clsan-in-place unit.
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with 2 fewor nusber of larger tanks, Howewer, lirper nusmbers of
tuaks allowed greater flexlbility ef eperstion. Lsss tise elapeed
during filling and standerdising & smsller terde, 2 grester varlety

of products could be mixed and standamiised in the holding tunis at
the suze Slus,

The nusber of raw ailk holding tanks i the sodel plents was dow
tepained from the trand estabidshed in an snslysis of the nusbers in
the base planta.

paent was sised to allow processing of ths aversge dally
ocutput betweun 8100 A, snd 25130 P, with the HIST pasteuriser operets
ing &% the stated cupsoity snd the Lottle washing and f4lling equipsmnt
operating ut 20 percent of maximum capacity. This allowed ihe prepurue
tion of the squipmemt and the processing and packsging of the product
in an elght and & hall hour work shifk.

Plants X and 16X did oot moet thisz stendard, For plesk X, gaps
in available sises of botitls fillers resulted in & choice of & filler
umhherxiumtmw*amtm in less than six hours. In othey
worde, plant X bad excess filler capaeiby. For 16X, the aveilable
glass bottls {illers were not lirge enoug)
six and & half hour period. These deviations frox the adopted standard

Hinor wdjustsents were mude in the cholse of processing squipment
o matoh more elossly ihe capacitice of the various individual pleces,
For instance, the cspacity of the pasteurising squipment in plant X




.+
wag iacrsased to matoh wore cleossly the dapscities of the bottis fille

- These laniks wers sised so the ssallest tank would hold the cone
tenba of the largest speeialiy product wat. In the sodel plants, the
sontents of the largest spesislty val was bubtermilk when procwssed
evary other day, 1The totel capscity wes selested to sallow constant
sparation of the HIST pasteuriser, The number of tanks in sach sise
of model plant was determined by ths trend sstablished by snslysis of
the mmbers in the base plants,

These vala were sised to permit processing orsaums, buttersili,
was acounmtlated and standandized in & vat slso used in the preparstien
of mltiviteain uilk, Chosolate drink snd half and half were mixed
in coe of the raw wilk holding tenks. Siim silk was secusmleted in
a vab in the smaller plante and in one of the rew milk helding tenks
in the %wo larger plests, ALL products were short time pasteurized,

This ftem was sised Lo bandle nesessary scperetion in about a
three to four hour peried. Thus, separetios wes cempleted and the
produst standardized in time for pasteurissilon the swse day in the
produst sequence selested far use in the medel plants,
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The plant boller was sised to sset the maxiaws sntieipated load.
The maximan load was flgursd as the eonbined loads of 2ll plant
suipmsat requiring steam, Using this standard, the boilar had
ecnsidersble reserve apacity for most operations,

The total refrigerstion losd consisted of the cosbined needs of
the rew silk plate cooler, Rew milk was reoeived in csns at &0
sration secticn at 70 degrees and was ccoled to 38 degrees. Thus,
the dally load of the lee bullder was caloulated as 32 BY's per
pound of milk pasteurised and 20 #MU's per peund of wilk recsived.

The sversge dally load of the gooler depends a lot upon the way =~

workers keep the doors olessd. For the models, the hest lesk through
the walls, ceilings, and floors with an aversge of 30 degrees tem~
perature differentisl was sstimsted from informstion in Farpell (18,p.
118). This estimate wes them inoreassd 25 percent for a wniform
estimste of the extra loss Shrough open doors.

ol aperation cut of ewery 2, hours., Plants paying for slsstricity on
8 demand besis might prefer equipsent to operste 15 %o 18 hours &
day to sven out elestricity conmaption, However, the longer
oparating day gave less reserve capacity for future sxpsnsion or
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amergency sibtuabtions,
The gondenser was sized Yo motoh the total capanities of the

The ice bullder wsa sized 4o store envugh Lve for s complebe

Labor and oquipment utilization sohedules were prepered Ior each
model plant (Figares 12, 13, 1i, 15, and 16). They were devsloped
o cheak ths sultablility of the ecuipment selosted for the wodel
plants and S0 asulst in the plaming of plant processing srews and

additionsl plant procedures and prossssing sesumptions were defined,

Heseiving of raw milk was sssused o comeenes by 7:30 A.M.
About 80 percent of ﬂw averasse recsipts wepe yeocsived dally, seven
days & wesk. Thao, less overnight rew ailk ctoruge eapasity was
requlred. The rest of the sverage delly receipte wes ordersd ss
noeded and processed the swae day it wes delivered.

iwceiving was not scheduled at maxisum ospacity becsuse of
anticipated irresularities in the arrival of the milk trucks. On




1.A. Equipment Operation and Utilization Schedule

5k

et dG‘l 1 T 1 ’ ! T 7 T T T 4 T T T qu v é T s M 4' T é é T
4} AM. > ? ‘7 ? ? l‘O 1 \‘2 Noon | PM. 2 4 .
= 0 ibs per mia

Can intoke
Storage tork  No |

No 2
Pasteurrzer
Surge tonk  No |

No 2 [;(--—.A‘—L

B s per e

Mot gor  ‘tilier
, G e P sk.m Choc 27 Ins por min
: y
Poper  filer _—,_.I-_JM [ =
L m ey sk "
Glass  hiier _’_—,_:I-____nul---— |l
M,l EO: s, por mia
Con Hiiter
Separator P S B 27 1ve. per min
Ins
Skom  vo
s
Buttermik  vor
Craam ot (Y
vime of doy 128 Piant Crew and Labor Work Schedule
—_— " "
M i EIEE! s 6

4aM. 5
b

i

~

. Receiver

-

4. Bottle Hiler

9 {
: | | !
777t S| precre ened) a6 15T
| Plant monager |ciesn cocies | srarr mrsT [srariser - tend vors ™

6 7 8 To T 12Noon 1PM 2
! I

I operare HTST l begin woshur I

I prepcee #duip 8 rocerve miK |/wrcnl receiving room -aq:'w washup I

AT
Bottre filler I operare WHIST paper titrer |/m~n E:f,','."'!nu titter, homo, surge """‘J

| ceerare giess filier ln/l M/Igoll il glass IIu:ﬁ'vun til1ers, vars, Processing m:l

3. Bottle washer |,mpa'- vosher, wosh dartles, tend dock Ilncnlu,nn wosher, wesh mae/m’l:i

Figure 12.

Labor and equipment operation and utilization schedules for plont
glass and paper oulpul.

X with can intoke and



134 Equipment Operation and Utilization Schedule

55

‘ time of doy ———~

. J
T T T T T T T T T T T T T M T
s AM T e 1 8 ° 1o " j2Noon  1PM. 2 3 4 5 &
o | i ' [ ¢
' ! ' ‘ ' E £ Ips per min
. — - T T T IE,QU ive
EG,’)C'} e
T T e T IE-C,’)'JO o
E 80 Ins
e i e e - . e e 300
(r o iy N E ve
e JE‘-5Z 1oe
o
e e |l R
o cr L My e JSkem CAOC 20 (bs per min
_ = E
1w reg hm
.., B0 s oor e
——— e —— o
M! a ,,,,] Ewoo Jos. par min
Cen titler [ —— .
33 toe. per min
Seporctor E
T T 3,.C0
i50c  Ibs
Swim 0t
T ) - - - 9C
| - - [
Butrermak vat - — J— S—
T T T - A — 900
e
L 1E
time of day 138 Plant Crew and tLabor Work Schedule
4aM 5 ' 6 1 ' 8 9 ' o 1 I2Neon IPM.| 2 L e 1
| i | | | i I I 1 | ] T ) ) T i
I Checher r o W,;’fﬂ stach cases j/unu s10ck [7arzrq ¢o%es. do oad jobs
I e

Storoge tamx No |
No 2
No 3
Pasteurizer
Surge tonk  Nu
Ne 2
Hott ga: hiller
Poper  t.iles
Gicss  frer
\
|
|

; 2 Recewver
‘ 3. Plant manoger

4. Botiie  fuler

5. Botile filter

‘ 6. Bottie washer

| Figure 13. Lobor ond equipmeni operalion ond utilizotion schedules for plant |2X with can intake and

i

orepore eauip 8 receve mith /wm[ woshup recewing equp 8 area I

5 i operate  HIST 1
L’ « MIST[ Stari 500 | operale 172 gal I;//:ﬂ’”m operale WIS wash Aome, surge

7
operate paper filler _msj/umm Vi poper wash fitiees, HTST, & .m1

[ operare glass fiiier l/mm il glass wosh friter, zep, cleritier ]

r operate bollie washer levaM dotties | service washer, cleen Wock, M1

gloss and paper oulpul.




14A. Equipment Operation and Utilization Schedule

Con  intone

Storoge tonk No

Pasteurizer

Surge ranm No

Halt gal e
Pape, tiies
Glass fitier

Con  frlier

Separator

Skim vot

Buttermiln  vot

Cream vol

time of doy

T

-

) 10 "
I

u y ’
12Noon 1 P
)

T

Y
2
i

-

i

om

homa

148. Piant

Crew and Lobor

work Schedule

E 100 the. per min

"ws

1be. per min

Ins. por min

ne. per min.

e por min.

ve. por min

YA T T T M T T T T Ll
aam 5 [3 7 8 9 10 ' 11 i2Noon IPM. 2 3
| | | 1 | | | ) | i
[T fetnet ‘/”;] tuneh cosrare  paper fiiter J
oo
2 Stacuer (f:';', stoce crses /Amth[ stack  cases
3 @scaiver [ pr8pare  eguiv 8 raceive  mik 1;‘”’:»[ woshup rec. reom 8 sewp. I

4 Posirur ze

8 Booiie ller
& Bottie wmather
T Dotk man

8 P P Operator

9. Clesnup

[prepcre equif coerate  HTST Mm
starr mosTl srart sep.,  tend val

operate WIST

Tore o]

[

operare  gloss

filier

Jhmr rift  gless

] wosh fiiier

]

! srorr B operote  woesher

‘JwLmnu ml service wesher, m—l

[

tend dosi

wmwll Ltlm 8 tend doch lnmn o sort Mﬂ

prepare 8 operate 12 . filler Im"" peper I:II:']lamL

Finigh woshep

—

[ oo CEF T e

tinish weshup

1

10.  Plenat

monager

Figure |4, Labor and equipment operation and utilization schedules tov plont 4X -nn can intake and
glass and paper oulput.




57

18A. Equipment Operation and Utilization Scheduls
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16A. Equipment Operation and Utilization Schedule
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Figure 16. Lobor and equipment operation ond utilizotion schedules for plant 86X with can intake end
gloss aond paper output.
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16B. Plant Crew ond Lobor Work Schedule
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the other hand, redeiving was sssumed Lo sontimae during ibe waiting
perdods whils tanks of milk were stendardized snd the overnight
holding tenke washed. Necslving curing Shese pariods was posaibls
oparastion of Lhe separetor,
capscity. ALL pleces of boitls handling eculpment were sswumed Lo
opsrabe &b 80 peresnt of the rated capeeity of the manafacturer,
Al Ssniks and vets were assumed bo hold the wolume listed by the
samfacturer although, in actual prectice, they wssally beld up to
ten peroeat more, | |
method. The provessing ovder for the preduste wes homogenined
eream, hal! and half, multivitsmin mili, vegular milk, sicis wmilk, sad
chooolate drink, The chief goncern in choosing & processing seauence
‘was W0 allow the residual butterfat im higher testing predusts to be
rinsed out by lower testing products. This seguence
early washing of the homogenizer on the odd days when te
Preparation of processing squipment was ssoumed o begin around
7100 4. The pasteurizer wes sssamad t0 commence operabting sbout
8:00 A, and ron conbtimscusly until the deily product was procsssed,
The breaks in the bar vepresenting the pasteuriser in the schedules
were to indicate the times of day for shanges betwesn pradacts.
snd half, sultivitesin milk, and checolsie drink. ‘
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he botile £illing eperantion wes generelly anssumed {0 summence
about 15 mirmtes after sterting the pasteuriser. For 16X, the glaes
£iller large enough to operate within the time schednls used in obher
plants was not avellable (Flgure 164). The time required for
mimates for all sises of fillsrs, The time nosensayy for changing
the sise of bhe containur was assused Lo be two minutes.

The separator wes started about #:30 2.3, and operated unbil the
skim adlk and sress nesds were filled. Cream wap scoumtlated in &
holding vat for standardisation, one day for 30 peroent oream and the
next for 32 percent cresm. Crems aleo was pwped from this vat inte
amn&lﬁhﬂd&m%t&t dization as half and half,
Mmlsivitanin was preparad in the smpty cress vat in the smeller
plonte and in & mixing vat in the larger sises of plants. Skie wilk
was acewmlsted in the skia vabt and the dutteradlik vat in the three
smallost plants. In the two larger plants, sicls milk was aocumlat
in & rew milk bolding tenk. Skim milk wae pumped from She accumie
lating vat for use in standardising varicus fluld products and for use
in choocclats drink and buttormilk, futtermilk was generally cet
evory other day and bottlsd the following dey. In 161, this ccourred
daily sinee s sbendewi vat large snough for an every-other-day el
was nobt aveileble.

Afber the sstablishment of the above standard
oporation sebedules were developed as follows: Acrows the top ef

e becsuse &
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the schedele was plased s time of day seals, The perlods of opera~
tion for the resslving, provessing, botile £411ing, and separsting
equipsent were plotted agoinst the time scale to show how long cesh
eperation lasted, Por instance, the hslf galles filler in plant X
was operoted between 10:15 snd 11115 A.M. (Flgure 124). 7he paper
fillar in this sams plant, on the other hand, comswsneed fillisg
quarte of homogenisad milk at 8115 A.¥. snd wes smwitehed to hall
pinte st 10:30 A, Prom 10145 %o 11115 Ad., the filler was idle.
At 11315 A.d., orean was botilsd In hel! pinte for sbout three
minutes aad, then, after the change over, in pints for sbout thres
minutes., ifter snother five mimute change over period, pinte of
half and half were bottled, and, Shen, omarts of half and half,
Hultivitemin milk was bottled for seven mimates, and, alter another
 shange over, rogular mllk wes bottled for 13 mirubes. A% this time,
12120 P.4,, the filler mawm to Junch, After lunsh, the skim
milk was resdy to bettle., Finally, chotolate drink was bottled. The
filler wae ready to wash and service by 1:30 P,

For tenks snd vabs, filling and esptying retes were graphed
against the sase Sime scale, Thus, for eny hour of the day, the
sacunt of produst in any of the tanks or vsts wae sasily deterained
by sight. For instance, the rumber two surge tank in plant LY was
ompty until sbout 9110 A4, (Figere Lid). At that time, the everflow
of hoeogenised allk from surge task nosber one started eatering at
the rate of five pounds & mimute, AL 10500 AJM., howsver; the half
galion filler wae ebartsd snd the level of the milk decliced st the
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rate of 51 pounds ¢ winute. 7The level dropped frew 250 peunds to
zoro in sboub Mive ninates. The tank wes espty watil 12:00 noon.

&b that tise, sbout 500 pounds of cream was pamped in from the
pesteuriser enly o be drafned beck oat into the fillers, A% 12027
Paey multivitemin mille bogan to enter the tank. M L2140 F.i., the
pasteuriser switohod from msltivitemin $o regular milk., Therefors,
the level of multivitamin milk dropped Crom abowd 1200 pounds st
12140 to about 730 pounds at 12:50 P.M. AL that time, the glase
filler wes switohed to anotbor mrodust. The paper filler then
eaptied the tank between 12:54 and 1:01 P.M. Shertly after, the
tanic begen to i1l again with the overfiow of regulsr wilk from
e, A 123 Pl 4% wan eaply ageln and
resained that way until 1358 P., when $4 began to receive chocolste
dreink. Finally, st 2015 P.H., 16 was sapty and ready o wash,

Tims, the developement of these sohedules proved veluable Lo
shouking the seleotion of plant equimment and scheduling their
operation. Eouipeent operating pariods and doswn time were resdily
apparent. For tanks amd vots, the proportion of the cepnelity
utilived and, henve, the suitability of thelr size were sasily
detersined. Hquipmeot misfite and lsproper scheduling of plant

aseigning thom thelr major tasks (Figures 123, 138, 148, 158, and
16B}. Por instanse, in plant 8X (Plgwre 158), the opsrator of the



pastouriser arrived st wodk an hour befors the processing operets
osspenced. Bis aubly was o o y sbarilises ssulipment belove
oparation bagan, ibout 8100 AJ4., be sbarted the pastesrising squipe
mont on homogenized milk, When the pasteurising operation gob underw
way, he atarted the separeter, Hetwessn 11100 and 11130 A0, he ate
Junghe clter lunch, he stmt down the soparstor snd shanged the proe
dusts belng pasteurised. 5t 12:28 .M., the cress started thruagh
the pasteurizer, In five minubes, helf snd half wes started through.
Afber thab, sadbivitenin will, regulsr milk, skis sdlk, ani checo
drink were pasteuriszed in thot order. Ploslly, ab 2148 P, the
bed and the enuipment ready Lo wash. 5%

3130 Poiay the operator of the pesteuriser went home while mesbers
of the clusuup crew Look over the washup of the sguipnent, Thus,
with tha help of the =wuipment operation scheduies, the dubiss of
sach asmber of all thw provessing

The laber reguiresmits for washing snd prepering eniposnt in
the smaller plants were adapbed from ibe iaformstion presented ia
Conner, Spenser, and Plevce (15, p. 19=2), Carter, brundsgs, sad
pradrield, (13, ps &1), and Seott (39, pe 16, 19, 20, and 23).
Far the larger plants, tha orews were scheduled from information obw
tuined in the intervisw of plant mecagsrs. In all casas, the washup
and sstup Labor requiresents were suhaduled to 714 ths soulpsent
operabion sshedule,

In Teble § s lieted the nusber of mon shown in Flgures 128, 138,
148, 154, and 168, snd the tetal men bours per year required in sach
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Table 5. The nusber of men and total man hours per yesr vesulired in
five sodel plants with cun intake sad gless snd paper
mtm, Orezon m&im, 1@56

b P

Supber of men 5 & 10 16 42
Total nan ,, ~
hwra]yuar 30,400 12,480

model plant.

mmmmatmsmum,mwtww
work schedules were emmpleted, they were reviewed for ressonshlenss:
by the plant msasgers of corresponding base plaabt,

ammmmwmmmumm
Table 6. 41l bottle, cap, aase, and cen supplies wers held constent
per unit of output. Thus, the quantity of each of these items of
supply for cach plant was twice the quamtity for the preseding sims of
plant.h 411 cap and paper bettls suppliss were debermined by adding

mmmmmm&um&mﬁm&ww
probably used fewer of these supplies per wndt of output then the
smaller planta. This, of ceurss, WM&&W&M@Ww«
ﬁmwwamwm War, Pocords ware
aﬁm%m@hm&mmmm %mrm
was found to substantiste this ispression. Only lienry, fressler,
and ¥rick oamsentod om Lhe possibility, They queted Cleset as
Wmmammmwwﬂwmmﬁﬁ%w
rathor than to the sise of the epsretion (22, p. 34~36). Thersfore,
the rates for loes and desage in this study were considered the sese
for all sizes of plante,
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Table 6. Schedule of supplies for five model plants with glase snd
paper mw, ﬁr«w mmm* }.95&.

Item

Staples®

mﬁ
Glua, 1oe!

rHyBlead | iral supplie determined,
lar valuas for these m% arw m &:&mr (m 2

an extra 2 peroent to the musber of unite of culput requiring these
sapplios.

Before the usage of botbles, osses, and cans could be debermined
sbandard leagihs of 1life had to be sdopted. The lollowing twrippage
standards wore used for all sizes of planter BHoltle trippage was
sonsidered to be 20 trips for all beStles, This figure was develeped

mﬁw i&k&mﬁ;‘?@ﬁ‘ﬂﬁﬂg Mﬁ
&mﬂw, and Friek allowsd 4% Ws per bobids (22, p. séh
wmmmmwfwmmm,,m ;
iﬁ, Pe &&)* tsbater allowed 50 trips on wholesale wnd @ W
on m for uis olses of bobtles {51, Pe 90}, &mm sl whalley
reported an average of %W%Mawmﬁw@wﬁw
sevan plante in the Xeephis, Tamessee murket (23, pe 13)+ Cook
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trippege could be drawm from the records taken from the base plants
Casen were sllowed 300 tripe sash. mwi&z,g,ﬁﬂ}‘
and Conner, Spencer, and Plerce (15, pe 46) used this figure,b
figare wes used by both Conner, Spesesy, and Plerce (15, pe 46) mnd
by Webater (51, p. 8).7

availskle for asourstely estimating the Lrippage

or monetery cuantdties for fndividual Iteas such se seaps, cleaning
puiors, relrigerant, lubrieants, laundry, and wnlforms purchased
Reports from other researchers wore not helpful in determining

Wwawﬁiﬁw&mmm Mm,

mmmmmmm-wammwmm&mm
ﬁwmmﬂhmzmmmw{m.méﬁ).

S30th researehers used O trips for quart oxsve, bub Webs
Mmmwmmmm. meﬁw
glass bottles, Plant managors in this arsa felt cases for paper
bottles hud a longer life then the canes for glass bottles, Howaver,
the 300 trip figure was used sinee s more socurete estimate of vase
1ife in this ares was not availabls,

*t*aﬁfw

?ammmwwuwan ;
300 teips for Ww -

mﬁm,iw&nmw

on the basie of the nuaber of asne WM@ the year, the

MMWWWWMWrmm
W%@A%mmﬁgﬁmmw%

opureting wmippiies Pe « A e 8%

did not £ ths data obtained frem the records of the base plante.

Honyoe and walker eale mmlmpu@wmmmﬁm?m

§6465 £ § emw,fﬁﬁgm tolal expan g gusle waibs
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no physical quantitios wers established for thess genwrsl plent

supplies, O(nly a lump swa estimabts in dollare and cents was presented

for mh size of plamt {Table Zh}e

Fuel oil consumption was estimsted by deteraining the smmal heat
requiranent for esch plant and converting this requlrssent into its
fual equivalent (Table 7). The annmal requireset wes determined by
sstimating an average hourly uesge rate for sseh best sonsuming plece
of squipment., The hourly rete was multiplisd by the sversge pumber .
of hours In use per day snd egain by the number of days in use during
the year.

The hourly usage rete for san washers, case washers, and bottle
WRSHArS was deberained &y maikdplying the mesulroturer's boller
horsepower raling by 33,500 BTU's per horsspower as shown in Farrell
(18, pe 95).7 The houre per duy of operatice included an hour hest wp
period before setusl operation began. Wobster slso used this method
for ebtalning plant eperating stews req iressnts (51, pe 57).

The heat for pasteurisation was saloulsted as 32 BTU's per pound
of milk received. This figure wos based on 75 percent regensrotion
In 10,000 pounds of nlik per waek (27, pe 40)s This formuls gave
results below those sxporienced in the base plants,

9The mamfacturerts horsspower rating for ease, can and bettle
washers was based on the amount of hest required 1o bring the emuipe
ment up to epsrating tenperature in one hour, Hest of operation
afler the warsup peried varied betwesn differsnt makes of smouipment,
Generally, however, the heat required for operation was eithsr near

siderved equsl in all cases, : ’




Teble T. Estinated heat requiresents and fusl oll sonmusption for rive andel plants with can inteixe
and glase and papsr output, Orogon conditions, 1956,

165

Item (25,545,600
e RBTCS

Can washer, P

hourly Usaie, isi
hury of tmg
Bily ueagy, m's '

Specially ean washer, G
hourly amgﬂ, Bure
hours of oparationd
Ladly W&, s

Case washer, C¥M
ourly usage, STUts
Ladly usage, Dilts

Case washer, Oy
bosrly W@; s’f’*’ﬁ*s
houps of operatio
tally Wﬁ, ;&?ﬁ'u

mh' M&gﬂ, &*ﬁ}*
bours of mmumf
Daily usage

HTAT, daily lba, of milk
m usagay 32 ms*sfw




Ibam

Half gallen filler, 3PH
m];w; m'a

ve "
(‘5173

(13:&:%
o 0RTES)

759
(26,945,500
quarts)




Table 7, . {contitmed)

1tem {1,684,100 (3;353’“ (637363W (13,&?2,898 (26,945,600

mmmwmwm

Anzuaal uzs:a ﬁu'-? 1,997.&3?@ 2,451,507,200 3,886,153,480 6,109,161,840 10,948,300,800
100,000 U's/gall 15,97 Uy 515 38,862 €,892 109,483

operating temperature,

Zinrmal ussge was obtsined by maltiplying reseiving can washsr dally usage by 365 days and all other
dally uwssges by 260 days.

Hhis heat factor was 70 percent of the theoretieal heat in & gallom of oil to allow for s boiler
mmawma&m
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in the [ITST pasteuriger, !illk left the regeneration sestion st 130
mmwmmwMéwp

mammmmmnmﬁwusasmuww,w
aquare foot of floor epace 4o be heated, This wes an adaptation of
the method demanstrated by Webster (51, ps 57). He sllowed an average
of one pound of stesa per thres squars fest of floor spaoe.d0 Fer
use in this study, the steam was converted inte 51U'%s as shown in
Farrall (18, p. 93).

dvarage dally wesh water heat wvas estisated se 335 5TU's per day
por square foob of processing ares, Heary, Bressler, and Frick were
the firet to report this method of estimeting wesh water heat (22, p.
35, Aw.ravmm%w.wwwmm“:

';Mrmmmmm

Heat loss estimstes were based on surfase radistion data reported
in 7arvsll) (18, p. 108), This wethod of estimating heat loss was
substantiated by data found in a Clayton steam generstor sales

After all the dally ussges were caloulsted, the swwal reguire~
mont was estimated by mmltiplying the sverage daily usages by days
of oparation per year, Heseiving room equipment was opereted 165
days par year, mmmumummmammm. m
 10This estimate was oheoked by the formula from Heating and Alr
Conditioning by Allen, Walker, and James as yeported in Baptlet snd
Uothard (3, p. 46). mm&mxmmmmtwwm
following forwmls: degree days for the location of the plaus,
merm«:mmx.wmawwmww

mmmumwmammmm. The Willumette
Vallay degrow days were taken as 4,380 BtU's per degree day as 8903

and opersting days as 260,
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samual usage was converted ints fusl oil eguivelent at the rete of
100,000 5IU's per gallen of odl. This figure was 70 pereent of the
theoretical hest reported in & gailon of oil. Thus, the bollers were
sensidered to operate st 70 percent sfficteney,il

The consuaption of eleatric power was sstimated frum the hourly
wmmwmmmmwumnwmm
model plants (Tuble 8). To allow for metor ineffisienty, sll motor
horsepover ratinge wore sonverted inte watte at the rute of 1,000
watts rather than the theoretiesl 7.6 watts per horsepower.’2 The
heurly usage retes for the lights and motors were mmitiplied by the
average musber of hours of operation per day and again by the number
of operating days per year.d? Zstimsted annmual power eonsumption fer
eagh major user of elestricity is showm in Table 9.

on boller effisiensy do not agres, Hemry,
mm«mmammnmmummmua&o
pervent efficlency, and in larger plants, 65 poreent (22, ps 34).
Conner, Spencer, and Pleres (15, p. mmmw(ﬂ,y. 57) each
wahuttmmkvswa roported theoretical hest
in a gallon of fuel edl, presusmsbly, to allow for bollars operating
&t 75 percent ai’tﬁeﬁuw MM magufacturers usually guarantoe
'M&lmhmmhﬁ&ﬁm«ntﬁfiﬁmwhmmﬂ:m A
reprosentative of an enginesring consultant fim recommended the use
erwh?ammAMwwﬂwstﬁam For the
base plants, most of these ratings wore $o0 high, ¥When the methed
used in this study was checked on the base plants where sotusl fuel
swmmm,ManathWhW
nearer 50 percent than the mamfacturer's guavanteed 80 percent, The
mmpﬁmmnﬂ-mwﬁwmﬁm%?zmatﬂw

cient,
(z2 ma;gy. Bressler, and Frick alse used thls conversion rate
2 Pe . ;
L3nescarchers have varied in their estimstes of power sonsumption,
WWanmmmmwuamwam ~
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Table 8, betimuted hourly consumption of wlesteicity for idghts and
ecquipment in Dive model plants with can intake and glass
and paper mtput, Ore:on mmm, 1.9551*

pump ; 590 1,000 1,000 5,000
agitators 1,000 1,500 3,000 by'T%0 15,500
lignts $00 7% 750 1,000 1,250
posp 20 560 750 1,000 2,000
slarifier 14500 2,000 3,500 Jum 75000
onogeniser 10,000 25,000 50,0 75,000 100,000
agitators 500 500 1,000 x.em 55900
ts 250 250 250 250 250
Bottls handle
convoyor 1,000 2,500 75900 30,000
washor 54500 65000 6,000 $,000 12,000
Zass 1) }.,250 1,250 1,250 1,333 1,500
paper fill 333 50 750 1,250 2,250
balf gal 401 500 500 32333 32333 3,833
gase washer 2,000 3,000 2,000 3,000 3,000
sase washer - - 3,000 5 74500
conveyor 750 1,350 2,000
Ughts 000 1,00 1,250 1,250 1,250
Opecislties ‘
 oan washar | 5,500 6,000 2,500 2,500 94000
sgitators 1,000 14500 2,000 3,250 4,500
Mghts 50 250 2% 250
blowers 750 1,000 1,500 2,000 4,000
ligits 500 1,000 1,25 1,500 1,500
Moo w 31,000 25000 2,500 3,000 §,000
UK ay dN ’ ¥
e S AR R g N
SORpIBIBONS A5y M 52s »
2,000 44X0 6,000 10,000 30,000
adr 25000 3,000 75000 10,500 20,000
CIP unit 7%0 1,000 %,% 3.5'%% ag 0
well pamp 2,000 3,000 25,000
1ights : 15 500 &.290 7,* 3,2@ 11,000

5 allow for motor Ineffiolenay, ALL eqMIpHGN: BOLOFS Were AASURed
to consume 1000 watts ruther than the theoreticsl 746 watts per
horsepower,
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Table 9, Zstimsted annual censuspbion of electrleity by lights and
aguipsent in five model planmbs wilh can intake and glass
snd paper cutpat, OUregon conditions, 1956,

Wi

190 (3

L

LR
FREREN

(1,68,
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Flant Totsl, |
L 9900k 176,97k 30TM0 493,586 912,128




In most of the base plants, water was obtained frem plant wells,
Therafors, adequate bass date was not aveilable for sstimating the
water reguirensnts in the model plente. However, all base plants
purchased the water used in the boilors from eity water systems, The
wodel plants were assumod to do the sawe, ’mahtormﬁm,u
monstery alloweanes is eetimated for the water used in the bollere
in the wmodel plants (Table 23),

In this study, the product loss was assumed to bs 0.8 percent
of the raw milic reseipts in all sises of plants.lb

to estimate Lhe power eonsusption in thelr model plants (27, p. 40).
The base plante in this study did not show o limsar relationship
betweens plant volume and power consumption,

Henry, sreseler, and Prick (22, p. 28-30) and Webster (51, p. 60)
mmmwmmtm * reairenents demonstrated abowve,
mwmmsmwmmmmmmrmm
was known, the sstimates for the larger plants approximated
usage. For the smallsr plants, however, WMwmmmm
ably beslow actuel cousampiion, mmmmm»m
ooy be oven less offislent in their utilisation of olsotris power
Mmmw%m

on product losses have varied. Yebeter aleo used 0.8
Wlﬁu(ﬂ.p.é’lh Henyy, Dressler, amd Frick used one percent
(22. Pe 37}s Cooner, Spencer, and Pisrce, on the olher hand,
ted product loss by finished produst (15, p. 28-29), }ﬁlkm
mmsuaw.‘?smmm Cream loss was 2,0 pereoent fer light
oresm and 2,25 pareent for whipping cresm, Sikim loss was 1.0 percenmt.
fatterndllk loas was 1.8 porcent,

iosges in the base plants fell en both aides of the selscted 0.8

perownt loss,
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The Relationships of Physical Inputs Per fuart to Sise of Plaut

In the preceding section, the physisal requirements and tetal
inputs wers presented for five modal plants reesiving wilk in cans
and boAtling milk in both puper and glass bottles. These inmputs ave
sumsarised in Table 10, Each physical input tetal was divided by the
corresponding plant cutpab in quarts of milk to obbein physieal inpute
por quart equivaleat (Table 11).15 thoe physical foputs per quart fer
the cost elsments of laber, fuel oil, elestricity, various supplics,
bullding spsee, and milk loss were obtained in this memner, Them,
unit {nputs of each element were examined for a relstionship to sise
of plant {Tsbls 11).

laber

Labor requirements por quart deslined rapidly at firet, and thea
mmm:«mmwmaﬂmm(mm.
Plant X required ,3705 men minutes per quart of milk, Plant 2X ueed
02223 man minutes per quart, or only 60 peresnt of that used in plant
Xo Plant 4X hired ,1253 man minutes per quart, or only 50 psroent of
that in plant X, Plants 8X and 16X both required ,1482 men mimmtes
per quart, or A0 peromnt of the requirement in plant X, Tims, the
mmmmwummmmmw
than the twe largest plants,

" 15The tarm cuart squivelent in this study refers to veluss only.




Tabde e Sumary of tolal pliysical dnputs for five medel plants
with osn {abuke and gless and paper oulput, Orogon

conddtionn, 1956,
JE— N R T XA

Tooast (3,606,100 (3,368,200 (6,736,400 (13,472,800 (26,%

943,800

0 3,993,600

09,472
e

supplies, Louipmont oould not be prosented in sdditive terms, and
thers are no physicsl quentitiss for tesss, intepest, or M
#ethons itons ineladed an allowasnse of 2 percent for waste and.
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Teble 11s Physiosl inputs per quart squivalent for five sedsl pleats
with oan intoie sand glase and paper output, Oregon
conditions, 1956,
A K &
Ttem®* (1,664,100 (3,368,200 (647365400 (13,472,800 (26,
\ntas iy L OUaPeR ) LIPS

SR,

R

i—sm

5

Labar, man win 43705 2223 1853 oli82 23482

Utilitlee
odl, gals  ,009% 0073 #0058 006 #0043,
powery wutts 58,79 52458 L5599 36463 33.85

half gals  oSM00 L5100 500 +5300
stoples 1,000 1,020 - -

suppliss, Bqal sould not be presented in sdditive terss, and
there are no physisal quantitiss for taxss, intereet, o insurence,

*ﬂimml?wmm“mfwmhsmufuwpbhmm
‘bl’ L



One of the rensons for lower labor unit inputs in the larger
plants was that members of the prosessing and bottling erews guserelly
mm&u&m&u@ahmrmiﬁu oo, ;mmmm
3,000 pound per hour pasteuriser in plant X (Table 4). His counter
part i plant 16X tended & 35,000 pound per howr pasteuriser,
worker positions (Figures 12, 13, Lk, 15, and 16), The man recatving
milk in plant X dumped up to 4,000 pounds of milk per hour, In pland
16X, he dumped up %o 64,000 pounds per hour, The bettle washey
mmmmxm,mwmmmwmmmmxm
he washod a8 many as 145 bottles & sinute, Siamilar inoresses in
sfficiency oscurred wilk the men who oparated the bottle fillers,
the sepurators, the refrigeration ejuipsent, and the boilers, In
m«m@-,mmxmmmmmmumnmorm
investaunt, honcs, the capasity of the equiiment opersted by o given
quaatity ol labor,

& second gource of higher lsbor cosis in ths two suallsst plants

was insomplete utilizstion of the laber and equijpment, Jor instonse,

as Sndicated in Plgures 128 and 134, seversl shubt dewns of the botile
£ililers ocowrr=d during the mﬁm deys In addition, the provesse
ing day onded earlier, Hence, opersters of these pleces of sguipment
not only filled fewsr units per hour Shan sisdlar operators in larger
planbs, tut they alse did not f1ll bottles as many mlmates out of the
working days This source of inefficlency probably wasa't ss sericus
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Teble 12, /versge daily lsbor for specified functions in five model
plem%s with ean inteke znd glass und paper outpus, Orezon
ﬁmdj.tims, 1?56.

Itan
Frocessing and

bottling ;

recetving bed 40 bl b0
eurizing 5,0 645 7.0 8.0
half gal £ilXk 1.0 245 &7 3475
glass rilling 3e75 6,25 6425 7.0
gloss bottle washing 375 6435 425 700
paper tﬂling 3478 6,28 110 28,00

P atd washup
Vind moagesert.  Ma8 1125 56,25 13023

Flant total H0.0 LB 800 1280 2360

PESORBBLNBERBNOASNS ﬁ‘iﬁ'#!ﬁQil-‘i&ii‘ilCGO'C!QU‘ﬂ.i’ﬂﬂ"QG&OQ*Q#"""!“

128, ‘wera:e daily man mi:mtes per quart

bottling <0611 L2043 L0897 04108 0TS
Coaler HLL5E W19 L0242 L0200 L0254

Flant totel 3708, LZAAB2 L8527 JuBZR U8R
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aa 1. apreared, Spotty operation of certalin esquipnent in pland T
allowed workusrs Line to do various odd Jobs in the plant, Operational
stmtdowns probebly sould net be eliminated witheut hiring sose
additional labor 4o do the odd jobs. The shorber presessing duy

Ancther reason for higher unit labor coste in the ssaller plante
wns Uhe higher proportion of the total quantity of labor required in
the preparation, wasiup, and maintenanee of dalry processing equijment
(Figure 123), For all sises of plarde, shout the same quantities of
labor wore allotted to the washup of smilar pleces of eculpment. For
sach larger plant, no appreciable increase coourred im washup labor
reculred por vat, tank, or bottle filler, Incresses in floor ares
(Table 3), wall surfaces, snd musbers of banks snd fillars (Tsble 4)
did increase the labor required for preparstion and washup. Labor
required for maintenance and servieing of equipment alse increased as
plant volume and capasity of equipsent grew, In the firet four plants,
MWmm»mtumwmmme
eutput (Teble 12A), Hemee, this labor per unit of eutjput deelined as
the sige of plant inoreased (Table 123},

Total labor inputs per quart did not decline beyond plant X
(Table 12B), nhmmammhwmmmm.
Exoept for paper fillers and the dosk work, plant 16X recuired about
8X (Figure 158 and 168), Yinse 16X packaged twice the volmme of 8X,
the unit labor imputs for processing and bettling wes less than that



&h
of EXs On the other hand, the tise reguired ia stucking and lesdout
increased slecdily in every subsequent sise of plant, However, this
was aot the prise reason that tetsl labar inputs seased to dee

The orow for ell functlens othsr than Prossasing was sore than double
that of 8X, Additional waslup and selup men were required, Ixtrs
percomnel was necesssry for servicing, repaizing, snd storing dutiss,
While a detadlod analysis of the situstion i3 the bese plants
wes not nade, 1t appesred thit both muiagement Limitations sad usien
apeocilications »f worlker dabisn tended to 1imdt the respongibiiities

uMwmwmmmmumMﬁme

larger. ‘tanagement iimitations resulted primerily from a growing
MM&MW%&WWM“WW;
Sines the plant memsger had greater diffisulty in perscoslly aver~
mmmwmum.mmwwmmuwm
anjor Sask,. This tochnique sewmed nesessery for assigning dutiss sng
mmmmzmmammwwwwmmm
great for similtansous persenal direstimn, The net result wes that
the base plant, like plant 14X, lost the efficlencies gained in larger
milic handling equlpment to higher imputs in servising the geners)
Plant snd the various processing oost senters.

unit inputs,
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The andt fnpats in 2:3lone of oil por quart of milk declined
throughout the full runge of plent sises otudied (Table 1l)s Plast X
used 0095 gallom of oll per quart of cuipube. Plant 2X required OO
galion per quard, or 77 pereent of the recuiressnt in plems X, Plant
4X burnad L0058 gallen, plant 8X about 0044 gallom, snd plamt 18X
mly J04L gallon of fusl oll per quart of output, Thess quantities
were &0 peroant, 47 peresit, and 42 percent, respestively, of the

asount burnad in pleot I, Thas, euch larger sized plant required
meamww:mmkmmwmﬁ

The mjor seires of hest savings ooourred because of the greater
mmber of units preccesed par pleoe of heat consuming squipment,
Eqipamt such as bottle washers, cese washers, snd csn washers ree
quired a quantity of heat emuivalent 4o an hour of operstion before
they resched operating tesperature (soe foctaote 9, p. 68), This
fized wermmup heat was spresd over sore unites in the larger plants
an? the heat required per quart declined (Tables 13)s 5o maried des
oline por unit oscurred for bullt can washing in the first three plants
because the washar in the reseiving room was used, Hencs, Lhere was

. no warenp heat to spread among & larger musber of units. Plante 8X

end 16X had & sepirate can waghey for tulk cans. Therefors, the quan
tity of host per cus wns leas in the largur of thess twe plaots bub
wag more then the smuller plants with no fixed heat to sallosate among
ths mumber of units handled,

Heat rocuirsmante per quart of oulput also declined sharply for
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Table 13 MU's per quart for speeified pleses of eguipment in fiwe
model plants with can intake and glass and paper output,
Oregon conditions, 1956.

A ipsevmpes ————

k2 a4 .’ i %
E G 835, Bri.its

20

/36,400 (

(S50 &

- 8 N Iy
13,472,800 (26,945,600
SRarva s AL -

WIS W P

can washer 25441 19%.9 5.2 90,8 90.8

washer 153.6 138.2 153.6 2245 1997
case wusher 575 .S 5340 2140 35.2
czze washay - - 5%l W2 »0
bottle washer 370,0 308,3 2544 A%.8 196.9
HTST 6942 6942 £542 69,2 6942
} gad filler = - 3.9 3142 2248
space beat 190,3 18,3 7768 65.5 Lha2
washup 1940 133.2 1047 80,1 5941
hest lose h9e5 25,0 2l 1e,2 17.8

AR SR A R AR A A A gl e Ty N T YTy T ey

Plant total  948,5 727.8 57641 459k 063

. . PRI I
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space heat, wash waler heat, and heat loss (Table 13), The cubie
fert of tullding did nol expand s fust as plust output (Table 7).
Likewise, the washup hest per quart was less as the sise of plant
gTow lorger because the flsor surfuges and squipment surfaces 1o be
cleaned did not incresse as fuast ss plant volume, The lLength of the
stean lines did not change such as the sise of plant inereased,
Hence, hest loss per quart also deslined,

~ T™he data developed {n thic study indlested thet plants larger
than 16X sheuld exparisnes even greater reductions in quentities of
fusl required per quart if output is increased through the use of
larger sised equipment, mm@mmmmwmmh
wilts of existing sixes would not permit heat ecencuies in equipmenty
only the heat requiressuts for space heat snd hest Joss could be
spread over more units,

Elaotrisity

Each successive inerease in plant sine wvao acvonpanied bty & ree
duced consuption of electricity per quarb (T:ble 1l), Plast X used
56,79 watte per quart of output 36 The other plents runged betwess

EAWW plants are surrently using more slsctrieity then in
former yoars, In 1948, Herrmann and Whatley reperted seven plants in
the Hexphis, Temesses ares that were aversging only 5.66 watts per
art of milic (23, p. 15)e The sawe yesr, Henry, Bressler, and Frick

onted a 4,800 quart a day plant that used 11,9 watts per quart
22y pe 99)e Thelr date was based on prowsr precessing relstionshipe,
In 1953, Connerts 14,780 quart model plant was sstimeted to require
26,6 watts per quart, Lebster's estimste published in 1955 for &
6,@@%&&@9&&%%&&7;5%&“9&%; Only these two
mmmtemumwwmmeﬁuMpm
i “3%.
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this flgure and 31l.15 watis per cuart im plant 16X, This was only 56
pereeat of thst for plant X,

The seoncales in power eonsunption were due primarily to grester
effielency i the lurger sised squipment [Tutle 14). For sxsmple, res
frigerstion eguipment consumed 23.6 waitls per juert of eutput in plant
fy bub onky 15,8 watis in plent 16X, Likewise, homogenisers, the
other Jargest single usor of power required 7.6 wotte par quart of
output L plant X but only 643 wetts per guard in 161, Similar ine
greases in procescing efficicnay, Wit en a smaller amla, vere obe
served for nost of the squipment in the five sises of plante,

The per quart requirements for various kinds of supplies
(Tabls 10) were determined by dividing the respsctive supply by their
quart squivalent (Table 11), Ouart squivelents for sach kind of supply
are presented in Table 15, -

ALl peper container anc cap supplies (Table 1, pe 34) ware ine
creased two percent to allow for waste and damage (Tsble 10). Thus,
for each quart of milk packsged in half gallon scntainers, 51 ine
stesd of 50 cartons were required (Table 11). Sisilarly, for each
quart of ailk packeged in half pint cartons, 4,08 instead of 4400
botiles were used,

The fraction ef s bottle reguired for mill bottled in glass was
obtained by dividing the mumber of bottles required per quart equie
valent by the average musber of trips per bottle, Tims, fowr botiles
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Taole 14, Power regquiresents per quart by speoified function for
five nodel plants with ean inteke and glass and paper oute
sub, Oregon coniitions, 19%6.

Iten {z., 0 (3,368,200 (6,736,400 (;L;&;»m (%m

nan washar helsld 2e303 1.658 .878

Cooler 2,7 2,395 1,806 i, 93
bodler #9635 708 o525 b8 790
refrigerstion 231,607 23202 204441 17,067 15,858
alp 1019 o865 659 o518

well pump  L79L 1343 L4680 L6799 Lok

Total éﬁ ﬁﬁ
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Table 15s  Guarh soulvaleat for seh kimd of supply for Sive modsl

Item

balf gals
sbaplea
WK
papar q’w

. papes |

paper & pte
glm q‘h

@m!ﬁ b phe
caps

caB08

sans

373340
*ﬁ?@%

-

61666:} :

23, s 740
'ﬂ,&ﬁﬁ

539;5% ;

6,780
Mg&&
565,015
1,5%;%5

1Tl 689
miwo

Iw 3;3’33:%

&smm

plonts with glasy and paper mﬁm, f:}mgm sond astim,w%

MR

po¥ quart of milk put up in hulf pints divided by the aversge of 20
tripe per bottle gave .20 half pint glass bottles per quart equie

valent,

Por unit quantities for esse und container supplies were sssumed
to be constant for ull simes of plants, Henee, no physical econcmies
were shown for the five simes of plunts.

Unlike contalners and cases, general plant supplies were not
assumed Lo be constant for all simes of plonte. However, physiesl

guantities could not be determi

od for these supplies, Therefore, no

relationship between physical Saputs por quert and sise of plant is

prasected,
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The bullding spase requiresents did not inoresss nserly as fast
as output in the dit‘tuﬁma& sizes of planta (Tedle 10), The mwber of
squere feet per 1,000 cuarts per yesr is ;Ma& X was 44779 (mxe 16}
Ia plant 2X, the mumber wus 3.138 or less thun &6 percert ef Lhe rew
quirement for plant X. Plant 4X used 2,367 susre fest or 50 percent
of the sscunt used sn plant %, Plant 8X rejquired 1.85% sqare feet
and 26K only 1363 squure feet per quart of output. These requirew
ments ware 19 and 29 percsut vrespsctively of the floor spasce per
quart in plint X, Per unit physicsl recuirements for tullding speace
wors, thorefors, s definite eource of savings in the larger plunta,

The wost izportent resson for the msller per unit requiresmt
for floor spaoe was the larger squipment used by the larger plenta,
Increases in cutput were obtained priasarily from the ssme number ¢f
pisces of equipment but with larger processing capasities (Table 4).
Tius, in the respective prossssing aress of the vsrious plants, the
floor spucs requirements did not change very much (Figure 11 snd
Table 3), Mfwmsmmmmm.ugmmm
1,000 quarts per year in plint X to 012 ejusre foob in plant 16X,
Ths bobtle mung snd speslelty areas showed s almiler relationship
to sise of plont. The total for all processing areas ranged from
+591 squars foot per 1,000 quarts in plent X to (10h square foot in
Plant 16X This was 18 pervent of the space per 1,000 quests row
quired in plant X,

Hon provessing plunt aress did expand for each inorasse iu plent
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81z, tut at @ lowsr rete than imcresses in plant output (Tedle 2).
Thereflore, Iloor spuce per i,ﬁm qaarts decreassd, but not as fust as
in the receiving sni processing arsas (Table 16), Nen preesssing
aroas par 1,000 quarts rangsd from 4,779 square feet in plant X to
1,365 squure fest in plunt 16X, Flant 16X required cnly 29 pereent as
much ares a8 plant Xo | |

The five plunts voried consideratly in their physical requires
ments for wmipment. lowever, these differsnces were mainly in the
capagity of sach unit and not in the mmber of pleces of sash type of
oquipment (Pable 4). Thus, physical inputs per quart for the equipe
maat in esoh precessing eenter, unlike gsllons of oil or kdllowatt
hours of slectricity, could not be sussed snd compared, \

[pterest, Insurance, and Other Cosis
Taxas, interest, and insurance could not be deterained in
physieal quantitics,
standard set of plant llcemse fese and costs was adopted for all
sises of planta, Thus, ss &8 shown in a later seotion, the larger
the volume of oubut, the sualler the unit requiremsnt for a licwss
(tsble 26),

is reported sarlier, s standard produot loss wea asswaed, Hm

no phyueisal econoaies in preduct loss wers reported for the different
sises of plunts,



Table 16. Floor space per 1,000 quarts by specified funotions for
g;;mlplmtstmamWaermmﬁm,
»

vate 14034 #5337 o259 22 wdiody
Total «591 o300 227 «149 104
Parcent of , .
pPaad X 100 575 3844 2542 17.6 “
O"QO..‘i‘..*‘.‘l*'i'Q.i"-!‘#‘0l*’QQQ“Q‘#O'r'i"ﬁﬁ-‘l"ﬁ"‘*l’ﬁi"*"ﬁQﬁﬂ"ﬁﬁﬂ ]
Noneprocessing
areaxs
recaliving o299 78 #3100 113 08,
sooler 299 «287 N> +192 «118
bulk csns 1,105 « 747 »523 7 «378
botler 133 L78 057 40 »020
refrigeration 166 #1307 «065 .03 0%
papor storage LE1B «582 379 24 188
other gstorage 1,368 22 +5TL «362 o2
truck shed «9%0 517 502 07 +293
offices 334 o223 oL 0155 &m
other o369 «352 282 +383 +133
Total | 4187 2.798 2,140 1,706 1,260
Peroent of ,
plant X 100 65.8 531 W07 30.1
'I‘lt‘!.d‘*l&'i*lflﬁ"ﬁ!‘Ql”‘!ﬁi""."“l!’.’&iQ"‘U‘OQ‘Q'Q'.‘C..!".'."“
Plant Total 40779  3.138 2,367 1,855 14365
Percent of

plant X 160 6547 4943 8.8 2846




The various idnds of pysleal inputs could not ba totaled to
shiow the net relationship between plunt sivse and total Lsputs becanse
the individusl items wers not in comparable terme. To mae these
plysicsl quantitiss sdditive all physical units wers converted inte
dollars and ceata, |

Since the purpose of this section was to show enly the sffects
of physical efficiencies, the prices used for esch of the vurious
iteus were the sawe for all sisss of plants. These were the prices
for plant X (Table 17)s In the next sestion, the effect of changing
prices will be sdded to siiow the net relationship between costs per
quart and the size of plant,

Table 17. list of prices for the wam inww of model pmm b
Oregon mm, 19456,

- " N " o o " Lt

labor, per day §20,76 paper } pte,d . ¢ 1.1530¢

fuel oil, per gal 15,84 glass qte,d 12,875¢

slectricity, per B 1.39244  glass pts,0 | 11,2504

nested hulf gils,d 5,708 % phe,d T.238¢
4 a4 i o 2

wex, per 1b 10,734 @m | & 3»7"5 |
glae, per 1b 29,04 floor space, per aq.ft, & 0,92369
wire, per b 3%.65# ; product loss, per owb, § 5,20

e o o e I > i o P

labor gquantitios wers multiplied by 320,76 par day to give total
values for the labor (Tuble 18), Gellons of fuel oil were swltiplied
by 15.8 cants, Hleotricity was tonverted inte dollars at the wvarage
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robe of 1.3924 cents par killowait hour, Floor space was muliiplied
by 92,367 contse This wasz the annusl deprecistion snd maintsnance
sllowance per square foot of tullding in plant %. Jroduct loss was
taken sa §5.20 per bundred wedght of less, The plant license fes was
100 for all planta, 4

Lusopt for half gzullens, sll supplies were the same prics per
uwnit for all sises of plants, Plants X and 2% used staples and neste
ed, preforsed halfl gallon cartons, The other three plants formed She
half gallon oartoms at the time of filling, They used wax, siuwe, wive,
snd the less expensive carton, Thus, the half gallon suppliss were
one price for X snd 2X, snd mother for LX, 8%, and 16X,

As noted sarlier, the physical inputs for ejuipment wore not proe
sented in comparable units. Therefors, prices for equlpment of varieus
capacities were assumed to refleet differences in the physical qusne
titlos only, |

Por watepr, matwmmmwtm phyadeal mw
price changes for the various sises of planta, Hater costs were eoe
tim.ted 1n & lump sun from the squatilon ¥ 2 0423,7¢ # 1783,
whare Y equaled total anmual expanditure for waber and X squaled
anmial rew milk receipts in millisns of peunds (Table 18), This
mmmmmmmnmmum the expsnditures for waber
in the base plants,

A9 noted eurlier, detemination of the physicsl requiremsats for
general plant suppliss could not be made. s with eguipment and watey
costs, the suns used for genersl plent supplles (Table 18) sre those

I



Table 18, Sumanry of total oosts with the same prioe for xll physical
- inputs Tor five model plants with sen inteke and glass and
WW output, Gregon prices, 1956.»

Item

éﬂiﬁm 625.966@ 32:3W¢W $ 53;95‘»& $ 35;3?5&70 %173)7”0%
fuel od) & 3;5334‘?5 $ 3;373037 3 60N & 9,709 & 17;2?50“
m 1,378.66 .19 hgm% 6587225 13:‘?&%?

Suppliss :
half gals 3 6,257.%% § 12,515.88 § m,%s.n b ﬁ,m.za $ A&nﬁéﬂ-%
staples 96035 193.70

W - 2;9%&97 519‘13 9 u’w c”

glue -~ - wﬂaw 36? 5 535:“

wire -  T0.56 Uled2 2023y
paper 756495  1,513.90  3,027.80 Q&&aﬁﬁ ,3.11.

Paer b pte 2,35l 6ot 13hovas sim o
Luss ot T36 1oenz 21, ss'm,as

Taxes $ z,aaa.vz $ 2,@.;&.@ % 3,%‘35 % »m.w & 9,aw.xs
Interest  § 5,089.20 & 6,830,95 & 11,149480 § 16,665,20 § 26,554.55
Insurence § ew.w $ aams a x.u.s.se @ z,m.s? s 3,3m.56
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for the sotuxl costs to the varlous modsl plants (sos page 115 for
the developsnent of these estisates), Thess sums ocootained elements
of both physicsl econonies sni prics reductions to the larger eiges of
pluntos However, the greatost sinre of the change iu gost per unit
for ihese itens probebly was due Yo physies)l efflclencies. rFor
insiinoe, the quantity of wniforss per quart to purchase or lsundry
w8 sanlier in the iéwgw plants because Lhe nunber of workers per
quart wis lowers The quantity of soups and clesners regaired per
quart was less in Lhe larger plunte bacauss the number snd nren of ,
thy Lenks and fillers and the sguare feet of floor spsce L0 be cleaned
did not inors:se as rapldly as volume, The seme was true of sheaieal
disinfectunts, and botble and cun washer supplies., 2 similer roe
lationship existed for lubrissote, refrigerants, wud rast room
sapplion.

There are no phyelosl unite fop taxes, interest, or insursnoe,
Therelore, thsse vere osloulatsd on the waluss for the lot, building,
s equipment ln Lhe manner shown 1n a leber section (Tsbles 30, 31,
and 32)e Changzes dn thess sosis por quart of output reflect only
differences in physiosl feeilities for the Tive sises of plants.

The physical unite when convertsd into dollars, displayed the
same relationships vetwesn the various cosi elowents snd siwe of
plant as wes shown in Table 11,

ihe sum of the sonetury valuss for inputs of each cost elsuent

showed a vory definite declins in the total physical inputs recuired
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_per quart Jor each inoresse in aige of glaﬁ% (Table 19 and Ploure 17M
Those values declined from a high of 5.8706 cents per quart for plant
X %0 & low of 3.,0633 cents per quart for plant 16X, The decline was
rapid between the first tires plent sizes. Sstwsen planbs LX and 16X,
the decline wus more jradusl, Total physics) inputs for plant 16X
vers ooly 52 percent «f those for plant X. |
The sise of plunt for maximen shysiesl sfficiency probably was
largsre than plunt 16X. From all sppearences, throughout the full
rangs of plants, the iapute required per quart of output fer all
physical costs except labor werce still declining. lienos, the low
podnt on the long run avernge input-output relationship curve was not
establisned by this study. |
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Table 19, Sumsary of unit costs with the same prise for all phyeical
inputs for five model plants with can intuke wnd glass and
paper m&m, Oregon Mﬁﬂ, 1956,

pr mr

thas

Plant total 5487068  hoiillg 3.T95¢ 3.272%¢ 3406334
Parcemt of
plansX 100 7546 Gl oy | 55.8 | 52.2 |
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Figure 17. The relationship between total physical inputs per quart eguivalent and size of plant for ©
five model plants with can intake and glass and paper output, Oregon conditions, 1956.
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In the preceding sestion, the costs per unit of eash physicel
mmmmmrmmmm«m. In the
reports from the a0tual base plants, this wvas not found to be the case,
Generally, the cost of each unit of physical input diminished as the
quantity parchased grew larger. Sinoe larger planta used greater
quantitiss of ssch ingut, these plants experienced menetary savings
in addition to the physical sfficienciss already noted. Therefore,
the purpese of this seotion was So develop and apply sotual prises te
mmmrmmmnmﬁuaﬁtp&m.
for all sodel plants, Aseording to this contract, the wages for eash
individusl Lsberer depended wpen his Job classifieation and wpen the
assording to his duties as developed in the labor and sguipsent
utilisation sshedules (Figures 128,135,148,188,and168). The plant
srew, union pay retes, and annual labor costs wepe deoveloped for sach
modal plant (Table 20). The average dsily wege included an allmesnce
of 38 osnts per hour to cover vacetions, double time provisions for
8ix legal holldeys, contributions to the health and welfare fund, and



Tabls 20, Plant orew snd laber costs for five model plants with ean
intaxe and glase sud paper m%mt, QMM wage x&m,

Sis08 of

(1,684,200
quarts)

=
(3,368,200
quarts)

WL
(6,736,400

(ﬁé?ztm

roveliver

bottle filler
bodtle washer
dook men

purepsk operator
b;n: gann [illey
cleanup

Ch@m’ 5%‘3&“
relief man
engineer

5 9508 5949

+79314 4945




X sheaker 2 M.G? § w,w,w
(26,%5,&0 staoker 2 3?&3

ts)  pasteuriser -3 %M 5932480
receiver I 046 Sytidel
cheaicer 2 20,57 10,696
puropek aperotor 1 208 3isges0
bottle riller 5 20,06  26,2008,00
battls washer 1 20,16 8241.60
bulk gan filler 1 20,16  5,241.60
S ] oD dem
cleamup 7 20,91 38,056,20
relisf man 1 08 5,320,680
sagineoy 2 1,
plant sansger é

SLeToT requirements are Dased o snalvels " Oregon plante, 1956,
&tmnmmﬂnmda%mmmrm?ﬁmmmmm
mummummmmmmmm,mmummm
Mmandwumm,wmmwmwmm

fund, The rote also includes an sdditionsl ten oents for hours
worked before 5:00 A.M, snd after Stm P,

ten cents per hour to the unien pension fund, The robe alse insluded
sn sdditional ten sents per howr for hours worked befors 5100 A, oF
after 5100 P.H, '
in plante X and 2X were working senagers who supervised the aetivities
1o the plant L adédtion to their regulsr plant Jab, For the thres
larger planta, the sole duty ef the slent mnsger m to 8 upervise the
operation and kesp the necesscry racords of the plant,

4 standani rate achedule such as was adopted for wse in thie



study did not allow differences in wage rotes for labor doing correw
sponding work in diflerent simes of plunts, Thue, in & senss, there
wmneuemmmmmwrummmum«mh
Howover, workers in different jobs got pald differeni wages, The
proportion of workers at the differwnt pay levels varied between the
different sizes of plants, This v.ristica remlied in different
avarage wages par man daye Plant X with a PLfth of its labor padd at
the plant mansger level, aversged $20.76 per man per daye Plunt 2%,
ﬁ%mmmmtmmnw%mmgaww¢ﬂ
per mun daye Flant 4X, had thres wore men snd sveraged $20,55 per men
per daye Flant X added & second salaried msn and aix other men to
MWVWMMMaMW‘anW'm. This plant
amww.&wmﬁuvw. Plant 16X had even a higher propow
tion of 1ve Labor in the higher pay brackets and aversged $20.65 par
Ben per days This varistion betwesn sizes of plants would have been
mmmmmmbnmmwmuammw
mmﬂmafw&rﬁ&ffwztjluhith the range of wages
quammmmiwwwmmakmmw
4106460 per yoar, However, this small rangs was largs enough to
indiccte that possitle econcaies and digeconouies of sise can appesr
kamﬁuhbormtwmwwwmm:asmmm
schedule is sdopbed, Pleats largar than 16X sppavantly should expect
WW&OE%MM%W&&WQQW%&#lth
mmuwwﬁwtwmwmmmm.

The varisidon in rates of pay for the worker st different wage



108
levels were so small that the labor sost per quarb did not ehange
materially from the figures shown esrlier, mmmmu
the same manner as the siss of plant grew larger (Flgure 18), Cost
per quart decreased from 1,6012 cemts in plunt X to 6373 esut in
Plent 8X and then inoreased to ,6377 cmnt in plant 16X (Table 20),
Thus wumfrgwAMammamamwMﬂm&m
Plunt X,

The fuel oil priees for the model plants were based on infommabien
obtained from the base plaks and on the ofl csmpony price quotstione
a8 of Mareh 1, 1957. ,

ﬁmmmwmmwtmmamammw
the different simes of plants (Table 21), w:xmxmmw,,'
gallen, At the othar exiresw, plant 15X paid only 9.6 cents per
ganmwmw&lmta:ﬁmwt&plmtx.

M,MW@M%&*WMMM&MM&W&
the larger plants aleo had prive economies (Pigure 19). Plant 16X used
oaly 58 perosnt as mach fuel oil per quart and had a net cost oaly 26
pereent of that for plant %,
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Figure 18. The relationship between labor cost per quart equivalent and size of plant for five
model plants with can intake and glass and paper output, Oregon wage rates, 1956.
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Figure 19,

Costs with physical
economies
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Comparison of physical inputs and costs per quart equivalent for fuel oil in five

model plants with can intake and glass and paper output, Oregon prices, 1956.
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Table 2, Fusl oll ocosts for five model plants with can inbeke and
flass and paper outpnt, Oregon prices, 1956,

"~ — e — A ¥ | 15 S
Iten (156805200 (3,368,200 (6,736,400 (13,472,800 (26,945,600
21wl RaERE) uaren)  aguards ) LA B

P

Gallons of ol 15,97%eh  RpSAS.L  32,608,6 61,891.6  109,470.7
fuel ofl cost 12,523.96 $3,109.42 14,385.37 36,3783  510,509,19
Fuel oil cost ; ,
por guart +149%4 Q92 L5 OLT3¢ |
Pareent of :
plant X 00 6146 b3eke i I8 2540

B

8 in the guss of fuel oll, elestris power also varled in pries
per unit scoording te the amount used. The average price per killee
watt hour for eash of the model plunts was determined with infoream
tion obtalned from the power and gt company. To develop sverags
price psr killewatt hour, the average monthly consusption of power
was stimated for esch vodel plsn%. /n sverags demand (maximus come
ssption for & 30 mimute interval) was estimeted for esch plaat, With
this fuformation, the avurégnz monthly pewer bill was salsulsied from
the powsr company rats scheduls (Tsble 22). The Bverage monthly power
bil) divided by average monthly powar gonsumption geve the over-all
averuge prics per killowutt hour,



Table 22, Power costs for {ive model plants with ean intuke snd glsse
and paper oubput, Omsm rates; 19356,

o

Armmal AWK 99:91& 176;9‘?& 39?.1&&3 &93:556 913;3@
Average moulhly o
K B,251.2  1ATLT48  25,595.0  £1,129.7 76,010,6
First 150 X6H ‘ : ‘
W75 $ 563 B S5.63 0§ 5483 B 5463 & 5.68
Hext 350 K | N
438 Y38 15038 1438

29,38 2.8 29.38 29,38
132.48 k.38 184,38 184,38

sost 31'375-.66 32,302,323  $3,709.60 $5,749,92 39,5570
m :a:g/gt 08194 '%&:Q ’ ﬁiﬁ 'Mt ; :%554’

plant X 100 83,5 6743 524 4343

Power prices renged fwom 1,392 cests per killewstt hour for
plant X to 1.0478 cents for plant 14X (Table 22). & was noted
sardier, larger planty also experienced definite reductions in quane
tities of power required per quart (Flgure 20), The maxtmwm resuction
in cost per quark for slectrisity wss in pleat 16X, This plant used
enly 56 percent as meny watte per teart and had & net powsr cost par
quart only 43 percent of that for plant X,
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Figure 20. Comparison of pnysical inputs and costs per quart eguivalent for eleciricity in five

model plants with can intake and glass and paper output, Oregon prices, 1956.
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A8 noted earlier, the sxpanditure for water was sptinsted np a
lump sume SO physisal suentitiss were deterzined. The dollay sum
for wber axpundiiure by the sodel planbes was estimated by the
oquation ¥ ¥ 342378 £ §7.63X,  where T equaled Sobal smal ewe
pendivare for water and X squaled samusl raw silk recsipts in millicns
of pounds (Tsble 23)s This emation wos derived from an anelysis of
expanditures for bellor water in the bese plants, |

Mtawua,inm:a GaBey were mnmwm«mmm
wmwm.
Toble 23, istimeted aonual expendisures on boller water for fve

model plonts with can intake méahm Mmmww.
W oamﬁm. 1,9551.

M X 100 5346 3040 18,0 12,0

The physical mippliss for sll five model plaats were llsted

sarlior in Tabls S As with obher cost items, supplies often cost
leas per unit whes parchssed in Lurcer aantitios, Tharefore, to
kesp the sises of the orders in the sase proportien as the sise of



plants, standards for the lengths of time Letwesn orders were
satablished, ,

The standards were as followss mmmﬁummm
order paper betiles every two months, Wex was ordered monthly snd
wire twice & year. Cases were ordersd svery two momths, Olase
botiles were ordered monthly, Cans were repleaished twiocs a year,
Csp prices were based on anoual ussge,l? |
were increased twe pareent to allow for lose sud demsge. This |
sllowance was choven on tie busls of the sxperience in the base
Placts.2® inen the sise of the orders had besn detersined for sach
item of supply, the proper purchase price was debermined from the ree
ports of the supply houses. Totel costs and costs par quart for cach
iten of supply were saloulated (Teble 24).

Prysisal quantitiss per quart for rest supplics were assamed to
bs the same in all simes of planta,
paid for scus supplies. For others, 1ittle or no difference appesrsd
(Table 24). |

Geserally, the larger plaents did not have a gresd unit cost

Spenner, snd Plerce,

; * (5 p. #0) and Couner, Spenser, and Pierce (15, p, 46)
also used & two M& axm;t ﬁ’mm!:utin w‘%
Corporation recommsnded & figure L¢3 parcent, but this appesred
%00 low in the light of the experience in the base plamtss




Table 24. sm«rwmr&wm@p&mmmwm
mﬁé Wr mtput, W ;wim, 1?56.

i paper § pals. m é‘?ﬁ 2 é 357.?&*
staries ﬁg‘gﬁ ’; 605

&X

glue, lbs. L5 133 -‘?‘?‘“
wirs, lbs. 208 04564
paper gls,. 2;&6&92&33 ﬁ?,‘?&?aﬁﬂ
paper pts. 189,930 2,589.93
glass gis. 107,920 13,895,710
glass pbe, 2,75 308445




Table 2 (continued)

Plant

8K paper [ gals. 49,360 § 20,960,86% 1,898,720 1,105¢
wax, lis. 5’#;13{) ﬁ;m whed &;Mgm sw}.
ﬁlﬂﬁ pihlh m gé? 'W }&t&%ﬂ’w *m
"5»1“% lﬁh 410 1390 L898,730 007

161
wax, lbse
%;3&&&, 1#0*
wire, los,
glass q%u. 431,48 54
glase
glase 5 Ws
Cang
gonersl

25;?53 w8 9 W;W vm
23,068,90 24224060 97
2320 z,,m 08

*Thess 0oabs INCInAe A ALlowince ﬁmar Woshe and GBREgSs



advantage with the preformed bodtle, glass bottle, case, or con
suppliss, ALl plants were largs encugh %o obbain quart snd half pint
ejuivalent, hovever, were 023 cent lower for plamt 16X, With bulk
oans, only 16X was large encugh o obtain o price dlssount, Per 10X,
onses oost 95 percent as smoh as they cost plant X. The prefomsd
did for small plante, In all of these items, there wre o great
savinge Lo larger plents,

Fer saps and paper balf gallens, reductions in unit prices wers
wore pronounced, Flant X padd 2,678 eente per quart of wilk packaged
in half gslion prefomsed nested contsiners. For plant 2%, this sene
Wrpe of container cost only 92 pervent of that price, Flant 4Z; ueing
a carton formed st the time of filling paid only 56 percent as much ss
plant X, orl.&ﬂ?mwwr@uwtfwtham,m,gm,m
wive , For plant 16X, the cost wes only l.341 cents or 50 pereent of
the cost for plant X. Parb of the savings in container gosts for e
bottles formed ab the time of £illing were lost in hischer boltls

Llor depreaiation costss -

Cap costs raonged between ,365 and 298 emnt psr cuart egquivalent,
This allowsd 16X & unit cap cost of only 79 percmnt of that for plank
X,
 Wo physical quantitiss wers sstablished for general plant
supplivs, Therefore, sometary expenditeres for these suppliss were
deterained as follows: The sotual total expenditure for sapplies by
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eash base plant was obtained from plant income tax records. 7rom this
total axpendiiure was subbrected the imown costs for paper bottles,
staples, wax, glus, wire, glass bottles, cape, cases, and cans, The
m#iﬁm was attrituted be general plant suppliss such 23 soaps,
cleaning powders, chemiczals, refrigerant, lubrissnts, and uniforms,

Each residusl was converted indo s percentage M‘m sbher supply
cosks, The poresnt for sach plant was multiplied times the totals
of the costs for Gasvs and containers in the respective model plunts
te arrive st the sum for gensrsl plant supplies. Henee, the allowsnes
for genaral plant supplies in the mudel plants werse based on an anulye
848 of the experiencs in the base plants. For piant X, the allowance
was 25 peroant of the cost for all octher suppliss, For ZX, the allows
snce was 15 percent; for 4X, it wes 10 perownd; for 83, it wes six
parcenty and for 16X, it was 5.,3 peroent,

The greatest souree of redustion in sapply costs cane from

-gensral plant supplisa, Unit costs for those suppllss declined from

ohlidy gent for plant X te ,051 sent for plant 162, However, 4s menbion
od earlier, the chief source of this redustion in unit cost was
phiysionl econmales rather than reduced purchese price per unit of
supply e

Total supply cests changed from sn average of 2,228 ecents per
quart in plant X to 1,612 cents per quart in plant 16X, Thus, larger
planta had savings up to 606 sent per quart, OF this sum, over half
or 4393 eant wos from general plant supplies. The other 223 cend
was dus entlirsly to the price reductions, Tmas, the net costl per
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unrd for supplies to 16X vas 72 purcent of the cost for sapplies iu
slant Yo iine pereent of this redustion was from reduced prises.

Table 2 also shows the sompurative sontalnes coste per querk
edvalent for sifferent sises and types of containers, For all
plants, the mlk can wis by far the cheapest contalner (Figure 20).
Un & quard beals, this metbod oost caly 103 to 089 cent per guark.
The ssoond oheupest forr of containers were glass bottles, usré
botile coste wera 64k cent fop all plants, Pints ranged fyes
1e128 to 898 sente per quert esuivelent. 211 Half pints were 1,462
cants per quart equivalent.  mong the preformsd puper bobtles,
cantalner costs inoressed for quarts, ball gellens, phots, and half
pluts in that orders For plant X, thess costs per quart equivalent
ware Lo9aT, 2,678, 3.189, and 4704 vents, respectively. Half
gallen cantsiners foraed st the tise of Filiing sost less per -uaré
equivalent than all other conteiners exespt cuns snd glass querbs
and plats, However, uw noted sarlier, part of this ssvings ia cone
walner gonie wes loot Lo nigher bottle fillor depreciation and malne
Lenanoe costa,

por quart of =ilk showed & marked decline as the plant aise inuresed

(Table 11). Constowotion coat estimabes gensrelly have shown, slso,

a decliodng cost psr somare fool of bullding ss the sise imoreused,
im was roparted carlier, a standard tuilding systes, plent



12+~ 309
arrsngement, and bullding materials were sslected, Ourrest material
and oonstrustion costs were determined and cost astimstes for the
five plents were rade »ith tte sdvice of & member of an enginoering
sonsultant fimm,

Canstruction costs did not double for exeh subsement pise of
plant (Teble 28). C(nly soderste (ncreases ccourved in the requires
sente for sits preparetion, concrete work, walls, and roofing in the
larger plents. These, in ture, only incressed soderately the necessary
investuent for each larger sise of plant.

The lives of the bulldings wers sstimsted at 20 years, Henoe,
sach was depreelated st ﬁw mmt par mh”

The envmial allowsnoe for bullding and maintanance repeirs was
two percent of the cost of construstion (Table 26), Structures des
precisted over s lonper leagth of time probably would have required
a graster allowanse to aover added reof and processing room floor
ropalre The tile overlsy in the precessing rooms have proven p:rbioe
alarly troublescms in most dadry plante,

Total building depreciation and maintensnes costs for the model
plante displayed lowsr vosts per cquart than those shown fros physical
efflclencion (Figure 22). These couts per quart runged fram iblh
cant iﬂ‘plmtyi $0 0850 cent im plamt 16X, Tims, plant 16X required
elab roof contirustics’ss the mash prasiisal of the slterastives in
thelr synthetic anslysis of tutterepowder jlants (50, pe 30), This

type of roof would have lengbhensd the expeeted life to sbout %0
yeoars, but gxm.mmhmmwmmmmtmm
iy Pe .

strusture (3 22 s 2%).



Wecellanecus Data Bullding ares ,000
MI-LN oubage
Outside dimensions
: o ot o 3229 54490 12, 1‘: u-:
J
Exterior wmll surface i:?o% 1:2(!) 1% 1.7% oy
% fu0 —&*
—Units Sost Unjiy —Tits Talle
1. Site preparstion
Grading and leveling $ .20 sqyd. 2,200 $ WO 2,500 $ 500 3,500 s 700 4,800 $ 960 6,000 § 00
Exoavation 1,60  cu.yd, 135 216 140 22, 170 r 200 30 20 e
2, Concrete work
Footings and foundations® 65,00  cu.yd. 65 4,225 4,55 95 6,175 120 7,800 U0 903
Floor, 4" with hardever W59 sauft. 6,656 3,927 8,032 4y 39 12,336 7,278 19,580 11,552 29,20, .
Ploor, 4" with quarry tile 2,25 sq.ft. 1,88 4,158 2,536 5,706 3,608 8,118 5,412 12,\m T bl 16,9
3. Walls
Canorete block, 8% W72 squft. 10,340 Tolele5 11,600 8,352 12,410 8,935 17,030 12,262 18,25 i T
Concrete block, 8% with face tile 2.47 sq.ft. 3,160 7,805 3,680 9,090 4,360 10,769 5,760 L, ,227 6,160 5. A%
Wall finish, furved and plastered .45 #q.ft. 2,20 1,008 2,800 1,260 2,800 1,260 5,600 2,520 6,080 2,
Glass block, 8* 3.50  3q.ft. 2,200 7,700 2,400 8,400 2,900 10,150 3,500 12,250 5,300 b K,
4o Roof
Trusses 350, each 6 2,100 7 2,450 10 3,500 - - - -
Trusses 700, each - - - - - - 1 7,700 16 4
Deoking, 3* ply W33 squft. 8,400 2,772 10,080 3,326 15,330 5,060 23,520 7,762 35,200 Thyble?
Roofing, corrugated aluminum 98 sq.ft. 8,400 8,232 10,080 9,878 15,330 15,023 23,520 23,050 35,260 S
5. Insulation
Roof, 1" ridged 20 sq.ft. 8,400 1,680 10,080 2,016 15,330 3,066 23,520 by 704 35,280 i
Cooler, 8 40 10* 1,20 squft. 1,928 2,31 3,416 4,099 4,808 5,70 7522 8,669 8,616
6. Windows and doors
Windouw, atee) fremes 80 aq.ft, 1,100 880 1,200 960 1,450 1,160 1,750 3,400 2,650 2,120
Doors, wood 4.20  wq.ft. 255 1,0m 330 1,386 300 1,260 1,260 360 1,502
7. Painting, 3 coats W10 equft. 31,840 3,18, 36,480 3,648 43,780 4,378 62,220 6,222 76,260 7,626
8. Gutters and down spouts 67 ln.fe, 240 161 272 182 368 a7 400 268 560 378
9. Heat and ventilate "
Systes o cuJft. 160,000 9,600 192,000 11,520 292,000 17,520 Wle8,000 26,880 672,000 40,320
0il storege 22 @l 1,000 "120 2,000 20 3,000 *360 43000 v 57000 "300
10, Klestrical aystem 90 sq.ft. 6,000 55400 7,900 7,110 9,000 8,100 11,600 10,440 16,600 L%, %0
1, Puhing® - 3,90 - 4,55 - 5,610 - 6480 - 7,200
12. Perimeter fencing, 6' chain link 3.00 lin.fe. 420 1,260 460 1,380 540 1,620 620 1,860 780 2,340
13. Miscellanecus, scaffolds, wetal, etc. - 2,033 - 2,363 - 3,122 - 3,990 - 54133
1. Coatrector's profite’ 308 2,507 231 38,635 55570 TSk
~—Tuts) Copstrugticn Cost Estimate 106,198 122,308 168,208 240,00 326,907
1znoluding ferms, stesl, and pipe service ducts.
294 inolude n y L s sink and hose stations, snd floor &
S

d 3%, fess, paraits, md surveys 108, contingencies 9%, profits 10K.

ocT
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Figure 22, Comparison of physical inputs and costs per quart ecuivalent for building depreciation and;s
maintenance costs in five model plants, Oregon construction cost estinutes, 1956. =



Tabls 25, Total snd unit costs for bullding suistensnce and vepsir
- for five model plents, Oregen prices, l?ﬁéu

ITtem

Investaent in , ,
building 106,198 $127,308 M,‘m - 220,003 %3%19@
Allowance {op

maintenanse §2,123.96 52,546.16 3?,”54” %;815,06 £6,538.3)
Anngal cost

per quart 12614 07568 +05004 L3574 0234
Parcant of

plank X 100 60,0 39.7 283 19

g e

anly 29 percent s mish floor epase and had only 19 percent of the
cost per quart in plant X |

Tius, sasll plants uisplaysd s severe cost disadvantage in
taidding expense, In actusl prectice the disparity ia these costs wes
Mumﬁ&ns&m&yﬁmm«h. Larger plants generslly had more
lwarous bulldings than was shown for the mpdelss Conferense rooms,
the plent building, Dut even with thess additimns, the lerger sotual
plante had bullding costs less than 50 parsent of those in the ssalle
er planta,

The type and capasity of the eguipment for the model plants
(rmhz?)memmmmbmar%nsm&mam
sarlier sod the sise of investaent determined. As nsar as possibls
the standards used in seleciing euipment ware consistant with



Table 27, Inventory of equipment by cost center for f%ve model plants, 1956 prices,
Model Plants

123

Processing

HTST
timing pump
homogenizer
clarifier
clarifier
crane

surge tanks
surge tanks

bottle filler, glass
bottle filler, paper
bottle filler,
bottle filler, ; gal
sanitary pipe

miscellanecus
Total Bottle Handling

3,0000/hr 7,192

5 CPM 1,255
20 BPYM 2,960

208 1,10
35 BPM 10,000

10 BPM

5,L008/hr 8,499
5,L008/hr 658
5,L008/hr 5,510
6,0006/hr 3,643

150 gal 1,439
300 gal 2,275

10 cPH 2,551
28 BPM 3,70
30 BPM 2,005

3% B 10,000

108 5,680
1,625
2

9,6004/hr 11,738
9,600#/hr 1,011
9,6006/hr 8,680
12,000#/hr 4,720

545

300 gal 2,275
300 gal 2,275
300 gal 2,275
I‘:)“

38,0

9,082
5 CPM 1,255
10 CPM 2,551
5, BPM 6,416

3,515
50 BPY 3,6%9
50 BPM 23,090
16 BPM 37,500
3,205

18,000¢/hr 16,032
18,000¢/hr 1,041
18,000#/hr 10,400
22,000#/hr 5,711

545
600 gal 3,20
600 gal 3,240
600 gal 3,240

4,625

5 CPM 1,255
15 CPM 3,659
110 BPM

4639
100 BPM 6,916
50 BPM 23,090
75 BPM 19,800
16 BPM 37,500
3pk02

10 CPM 2,551
160 BPM
W5 BPM 8,1

110 8™ 38,000
120 B 35,000
33 BPM 70,000

6,602

X 2X [33 8X 16X
Equipment (14,000 lbs/day) (28,000 lbs/day) (56,000 lbs/day) (112,000 lba/day) (224,000 1bs/day)

Size Cost Size Cost Size Cost Size Cost Sise Cost

Can Receiving
can canveyor $ k2 $ L2 $3,116 $ 5,230 $ 9,527
can dump 30 L5 85 95 95
scales 1,000 1bs 100 1,000 1lbs 898 1,000 lbs age 1,000 1lbs 898 1,000 1bs LI
weigh tank 500 lbs 1,075 750 lbs 1,200 1,000 lbs 1,312 1,000 lbs 1,312 1,000 lbs 1,660
receiving tank 800 lbs 625 1,000 lbs 0% 15200 lbs ms 1,500 lbs 870 2,000 1bs 1,158
vacuum sampler - - - - - - - - - $50
can washer R., 24 CPM 1,180 Re, 3CPM 1,865 St.,4CPM 3,049 St.,8 CPM 5,937 St,,16CPM 9,227
plate cooler 4,000#/hr 2,000 8,0006/hr 2,200 16,000#/hr 2,900 32,0006 /hr 4,620 64, ,000#/hr 7,000
pump, centrifugal } WP 160 HP 196 1 HP 283 1 HP 283 5 HP W34
storage tanks 1,000 gal 4,684 1,500 gal 5,273 1,500 gal 5,273 3,000 gal 7,377 5,000 gal 9,846
storage tanks 1,000 gal 4,684 1,000 gal 4,684 1,500 gal 5,273 3,000 gal 7,377 5,000 gal 9,846
storage tanks 1,000 gal 4,684 1,500 gal 5,273 3,000 gal 7,377 5,000 gal 9,846
storage tanks 1,500 gal 5,273 1,500 gal 5,273 3,000 gal 7,377
storage tanks 3,000 gal 7,377
sanitary ziipem L ‘{gg ) 97‘1, y 1,557 L b 1,:38 ) 3,146 .
pump, cen ga » HP HE 1 3/u HP 260 HP
Total Can Receiving 15,875 ﬁ;'z'z; 35,297 Ejﬁ% 78,

get



Table 27. (continued;

Model Flants

X 2X LX 8X 16X
Equipment {14,000 1bs ‘day’ (29,000 lbs/day) (56,000 1lbs/day) (112,000 1lbs/day) (224,000 1bs/day)
S5ize Cost Size Cost Size cost Size Cost Size Cost
Specialties
can washer 23 CPM 131 L TEM 27 L ChM 338 8 CrM 3,012 6 CPM 6,033
can filler, hand 08 208 243 243 243
can riller, mechanical - - - 1,240 1,465

vats, cream

vats, buttermilk

vats, chocolate

vats, skim

pumps, centrifugal

sanitary pipe

starter incubator
Total Specialties

Cooler
cooler blowers

General Plant

5uU gal 1,13y
75 gal 1,048

200 gal 4,136
2 - & HP 392
1,934

128

7.130

15,000 BTY 379

100 gal 1,08
150 gal 1,r4Y

LU gal 1,662
< = 3/4 kP 520

25,000 BT 553

200 gal 1,649
30U gal 3,147

BUGU Zal 5,653
2 - 3/4 HP 520
2,256

128

13,934

5,000 BTU 726

300 gal 3,47

600 gal 4,886

LO0 gal 3,662

1,500 gal 5,273
3 -3/, HP 780
3,076

22

wht

50,000 BTU 1,106

600 gal i ,886
600 gal i, 4886
8OO gal 5,653
3,000 gal 7,377
3 = 2 HP 1,197
by721

"

70,000 BTU 1,452

separator 1,600#/hr 3,585 2,0004/hr i, 333 4,000m /nr 5,231 6,000#/hr  ©,140 6,000#/hr 6,140
separator 6,000#/hr 6,140
timing pump 1,4006 /nr 387 2,000# /hr s5R 1, ,000# /hy 558 5,0007/np 658 6,000#/hr 658
timing pump 6,000#/hr 658
bowl crane 545 545 545 545 1,090
boiler 25 HP 2,81y 30 HP 3,196 50 HP 4,018 85 HP 7,236 80 HP 5,968
boiler 125 HP 8,4y
compressors 73 HP 1,640 7% HP 1,640 15 HP 2,245 25 HP 3,362 4LO HP 4,771
compressors 78 HP 1,640 74 HP 1,640 15 HP 2,245 25 HP 3,362 4LO HP Ly
compressors 15 HP 2,245 25 HP 3,362 LU HP Ly 771 4O HP L, 771
compressors 40 RP L, T
condenser 2.87 832 17,5T 1,295 33,27 1,758 67.8T 2,795 149T 5,349
ice builder 4,600 1bs 2,915 9,000 1bs 4,854 19,200 1bs 8,214 36,000 1bs 13,000 71,000 ibs 22,000
punp, industrial 2 - 1HP 65 2 -2 HP 620 2 - 3 HP 660 2 - 5 HP 694, 3 - 10HP 1,335
air compressor 2 PH LH0 1 HP 375 2 HP 4,60 3 HP 535 10 HP 1,284
air compressor 2 HP 460 5 HP 685 7% HP 1,193 10 HP 1,284
sink 245 245 24L5 21

acid dispenser 68 68 68 62 S(l,g
bottle shaker 12 bottle 102 24 bottle 116 24 bottle 116 36 bottle 124, 30 bottle 124
centrifuge 12 bottle 83 24 bottle 118 24 bottle 118 36 bottle 186 36 bottle 186
water bath 24 bottle 73 24, bottle 3 24 bottle 73 36 bottle 100 36 bottle 100
acidity tester 25 25 25 25 25
bottle washer 12 bottle 39 2, bottle 80 2i, bottle 80 36 bottl 1

aiscellaneous 30 60 60 ¢ % 36 bottle 19,“0
pipe wash tank 10 £t 378 10 rt 378 12 1t 392 12 £t 392 12 £t

sep, disc washer 3 73 73 73 1 1;225
C.1.P. unit 3/u HP 934 1 Hp m 2 Hp 1,061 3 HP 1,083 5 HP 1,102
floor scrub machine - - - - 130 130 *990
wash sink 295 350 360 360 720

K41



Table 27, (continued)

125

Model Plants
1 X (34 16X
Equipment (14,000 1bs/day) (28,000 lbs/day) (56,000 1bs/day) (112,000 1bs/day) (224,000 lbs/day)
Sise Cost Size Cost Size Cost _3ise ___ Coet Sise  Cost

pamp 2 HP 384 3 HP 518 T8 HP 948 15 WP 1,52% 25 WP 2,31
water tank 220 gal 150 315 gal 200 750 gal 275 1,500 gal 328 3,000 gal 538
chlorinator 1;0 (]

Total Genersl » » » s N

Total Investaent 488,630 $119,228 $216,941 $311,084 $506,490

Annual Deprecistion 8,863.00 11,922,80 21,654.10 31,108.40 50,649.00

Equipment Costs «5263¢ «3560¢ «3220¢ «2309¢ «1880¢

por Juart

set



proctices followed in the bave plants, The price for esch plecs of
equipmant was the sverege of the prices from thres suppliers of dairy
sjuipnent, These prices wers obtained in the late fall of 1956, To
the extent possible, esch plece of syuipment was slullar Ln cuslity
mwms&ﬁmw%&uwﬁiﬁMw&&wﬁmm
plants, '

ALl equipment was depreciated at 10 perosat per year, This
figure was obtained from the reports of the hase plants.

The annual allowanss for the repsir and maintenance of eguipment
was § pereent par year of the new cost (Yebls 28), This figure was
Table 28, Total and unit allowsnces for equipment maintensnoe and

repalr for {ive model plonts with oan intske and glass
and paper oubtput, Oregon prices, 1936,

Iten (10680,100 (3,368,200 (6,736,400 (13,472,800 (26,945,600
, SUBESE § o SBAESY RO GRAaRLE, GRRCSE L.

S

Investment in »
suipnant WBB,630 3119,228 26,91  U312,08,  $506,490
Allowsnos Cor

mi;'ﬁm . Leh3le50  5,561.40 10,847,085 15,554,200 25,3250

per quart #2631¢ 277048 +16108 11544 9O
Percant of ;

plant X 100 656 @2 w9 3

RN

ﬂ/&nhanplmtaan&mmh for incose tux purposss. I
agtual . practics, cifferent types of sguipmsnt had different lengths
of life. lost lasted move than ten yesrs, One of the ressens
aﬁmmmhm,umww%abmmmwu
wag its slaplicity, Ten percent of the purchase cost was Gssy 10 cale
culata, Howsver, snother reasen appeared that wam sconomicslly wore
sound ;ummammmmmmmmmrm
not fully deprecisted, yet no longer in uss in the plant, Plant managwe
thcwmmmeuamﬁwsmmmzmm,u
asost likely would be replaced in Shat tisme,



bused on Webster's report on the experience in his area (52, p. M)e
Very little researah has been published on the repair costs for daivy
squipment,? The base plants sosprised oo mssll & sampls 1o owtabe
1iah a rate comuon to Oregon plonts, However, their reports indicsted
that an allowsnge of at lsast § pwroent wus nesded,

Equipment depresistion and repair costs per quart ranged from &
high of 7895 cent $n plant ¥ to & low of 2820 cent in plant 142
(Pigure 23), iquipment costs per quart in plant 16X ware only 36 pere
esnt of that for plant X, 4

In actusl prectioe, the differsncct in squipment cests bebtween
the various sises of plants was not quite as grest ss shown for the

less steel exteriors, The smaller plants, on the othwr hand, nore
often had pleces of equipment with tinned sad painted sxteriors.
Lighter weight squipment slso was used, b oven with these differsw
oaces, the average cost per quart for squipment in the two largest
base plints was only sbeut 52 parcent of the average for the tue
mllmtp&m&ao |

nwsctﬁm-mw»rmammm:wan
mxmmmumnamanmfwmzautm
about 4e5 pereent of the new sost of the equipment (27, p. 34-38).
Walikesr, Preston, wd Nelson found repairs in butter-powder plants
to be a funstion of the sise of the investment mdmwimat

ullk processed (50, pe 35)e
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Figure 23. Comparison between equipment depreciation and maintenance costs per quart equivalent and ®
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size of plant for five model plants with can intake and glass and paper output, Oregon, 19%.



The tax valus of xll real anc personal propsrity was estimsted
48 2 pergent of the "true cash valus®, The sum used ss the true
onsh velue for the vullding and exuipmsnt was 50 perosnt of the
originel cosis to simuliote investuent when half depresiated, This
chodos fbr average lavestuaent required the assumption that balldings
and equirment would be wom out when fully depresiated and would not
be disearded for obsolescenas pricr to that time,

The valus of the bullding lots for the Lase plants varied coaw
eidersbly according to lossticn of the 1ot in relation %o the rest
of the oity or town s well as upen the sime of the lst. Varistions
in Lot assessuents reflssted in processing ocsts through variations
in taxes and intersst, To eliminate sources of varistion in these
costs not directly associated with plant aise, all lot values ware cale
mmitamuu«n‘smmwrmm;“ The rew
sulting valuss are listed in Table 29, |

The tax rates reported by the base plants were not the same,
Tusrefore, a standard rate of §73.70 per thousmd was selected, It
was the 1956 rate for « typicel base plest, 7The estimated tax was

ocaloulated as shown in Teble 30,

Cost par quart for real estate and property taxes were ,1090
oent for plent X, (0686 cent for pleat 2X, 40530 cent for plant 4%,

* is rate was mpaMb;rmm&smauwwrwam
communitien,



Table 9. stimated wilves for wullding lote for five asdel plante,
Oregen m&&t&m, 1?5&

z " e L -_., o o

m H:;;ﬁv* l’!,ﬁ% 2254500 %;m ”’m g‘lim
i‘ﬂaﬁﬁ fo5elte %;370 37,280 @9,3% %ﬁﬁgm £17,550

rw. m tm mm.

Tavle 30, wWammWWMfwﬁwma
plants with enn imtake sod plass and paper oubpul, Oregea
prices, 1936,

TSN

Iten ix..m 100 (meman (a.m.m (13:&?%@{” (%’Mﬁ”

Invastamnt

builddng® £53,099 163,65, %8&,2&& 120,400

ecaiipmente by 318 59,434 a&ﬁ 155;5&3

iverage totbal , ;
investeent 103,764 ﬁmpm sémym MM,N

;’u vﬂg&“ $Ra08 430,302 GARAEE 369,315
axuy &

ST3.70/80000 £1,835.72 $2,309,17  135T0e% 45 g2
Tax wﬂfgﬁ ‘1% %7 «5;30:% %
Pereowt o

plant X 300 62,9 ¥ W) 34.8

®iverags Laveslment oF 50 PRFGENS of Lhe OFigins) Cy—
%mﬁm%wamﬁfwmmmM *true cash
k£ &




m
«0379 cent fop plant 8, and 0286 ceat for plant 165, The tex per
quart for 16X was only 26 percent of the smount for plant X
(Figure 24].
Antorest

Hot all of the base plants pudd interest charges. For this study,
interest was sasumed to be a cost of sperstion whether paild on & losn
or retained by the operator, Thepefors, a standard interest rate of
5 peroent of the average total investuent was selected and interest
costs caleulated (Table 31). The average tobal investment was the
same oo shown (or Lax purposes. |

Interest charges per qusrt rangsd Cram ,J0R) cent per quart ’fw
pisnt X to 0806 cent for plant 16X, Costs to 16X were only 26 parw
oent of ihe oosta to plant X (Figure 2).

Tabds 31, tatimsted interest on investment for five model plunte
with ean intake and glass and paper cutput, Oregon rates,

1956,

;; e wm ‘Z‘ g“‘)" rg}

Iten (1,684,100 (3,368,200 (6,736,400 (13,472,800 (26,945,600
meres ) SARELEL SRELISD L A GBEG areg)

g

Average total ‘ | , ,
Ww 8103,786  2130,508 §200,943 6a88,80h 430,29
5 ”m . §5,109.20 $6,527.40 $10,09715 B14,400.,70 $20,712.35
per quart 30814 19384 14998 10724 08064

Percent. of

plant X 00 62.9 LBeb 38 6.0

W
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The relationship between taxes, interest, and insurance costs per quart eauivalent and
size of plant for rive model plants with can intake and glass and paper output, Oregon, 1956.
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lamrenge

The amount of losurance carried oy the base plants varisd cote
sicerably. The risk of loss by fire was considersd a cost in thie
study, whether borne by the plant operator or by sn insurance sompany,
Therefore, insurance costs wers figursd on 100 perosnt of the aversge
depresiated value (Table 32). The average depreclated valus of both
Mmymwumtmmmtdbatmgwmmhw
50 peroent of the now cost, The smmal rate for bulldings on & thres
year contrect was §5,804 per §1,000 of valus, The anzusl cost for
contents undsr a thres year contrast was §7.70 per Wta The
insurence rates used in this study were obtained froe an agonoy hune
dling acoounts in the Willametis Vaill

Insurence costs per quart to plant X were ,0386 cenk, Por 2,
they were 0245 cent; for kX, 0096 cenby for 8, .Ol4l semb; snd
for 16X they were 010§ cent. 49 a percent of the gost to X, these
wore bi, psrocent, 51 percsnt, 37 percent, snd 28 psromt, respesctively,

Qther Costa

Other costs included a monetary allowsnce for product loss and
fop plant liceases (Table 33),

5!%:1& rates were considerably reduced when the plant mt
sontents were lnsured at 100 percent of walue., The asnual rate fop
buildings on a three yoar contract changed from $10.75 to §5.80)
per thousand per year when lnsured at 100 percent of vilue, For
contents, the changs was from 512.83 1/3 %o 47.70.



Teble 32, zstimated insurence costs for live model plante with can
intaxe and glass sad paper wﬁm&, Oregon mw, 1986,

*&xﬁ‘g: ::aw 353,999 3&3.653. m,m sm,m M’sm
£5.805/50000  308.2h 369,51 488,46 698.93 948,85
Equipe :uw Ship315 859,616 108,471 155,32 $253,248
$7070/81000 341423 AS9.03 835,23 . L0977  1,949.97

Total Ins.cost 5649.47 §828.54 $1,323.68 §1,896.60 §2,933.47
Ins, cost

per quert JO386¢  LOA6s . JOL964 S  LJOX0P
Percant of

plant X 100 $3.7 50.8 56,5 28,0
®iversge Investaent or 50 erage investaent Or 50 percent of the now 0oobe —

Table 33+ Other costs for five medel plants with ozn intake snd gluse
and paper mtmt, Uregon m‘mn, 1956.




MWMWumuaa}”ﬂoMpﬁmef%o%w
hundred weight 2 |

Base plaat license fee reports vorded widely., 2 standard set of
fees :ud costs of 3100 was selacted for use in this study. This was
hdgher than the state lioense fes, but not as high zs some of the
eity ldcense fees and costs in this ares,

The net effect was & slight redustion in cost per quart as the
sise of plent grew larger (Taile 33} For plant X, the cost was 0961
sent per quart. Por 16X, it wes 0908 cent or 95 percent of the cost
to X4 This reduction per quart was dus entirely to the fiped plant
ligense fes that was divided smong more quarts ss the sise of the
plant grew lurger.

Total costs are sumsarised in Table 34, Costs per quart for eash
cost element are shown in Table 35,

Total unit costs declined throughout the entire rangs of model
plants (Table 35 and Figare 25). Totul costs per quart is plant X
were 5,8706 centss For plant 2K, they were 4,3283 cente; for 4X,
thay were 3.6515 centsy for 8X, they were 3,122 oentsy and for 14X,
they ware 2,9043 tents, !3 s peroent of the sost to X, these were 7
percent, 42 pereent, 53 pereent, sd 50 percent.

Eﬂmmm plants whers milk was used for samfentured
produsts, tos, product loess was charged off st maoufaoturing milk
ratos,
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Table 34, Swmsiry of total ceets for five model plunts with can inleke
and glase and peper output, Oregon prices, 1956, f

Item (1 6&. mo { 3,3w zm ( [ m,m (13,&?%&0@ (%,%s,sm
¥ t | l I l

Plant labor $26,966,40 & 32,314.60 & s:a.m.ae 4 85,865,00 @msﬁmw

Utdlities

M oid g 335230” % 3;“3'102 ‘u”’u” % 6’375‘” * W:N?d.’
power 1,378.68 2;303;33 3,700.,68 52Th%.92 9;557%
water , , Gk 5 o L)
? ] : 5; ,‘ s atul . y " pessenieciif olinuy o -

Supplies
half gals 3 6,354.79 5 13,733.13 § 34,12644) § 26.939.7& £ 50,955.93
paper qts n.mm 23,969.37 LT7:789.50  95,428,40 9038»3& 60
g‘ 75649 513.90 3,999-93 5,967.59
pts 3,351.% 6 270368  13,400,30 26,779.65 53;3&9.25
&hlt qbs 3;&73«63 6.%7.35 13,894.70 a?,mw 55,578,860
glass phs 76.50 153.00 30548 L0808 m.ﬁ
glass 5 pts 270,72 Shl el 1,082,90 2;16%?9 4933157
saps 2,061,721 3,649.62 79299 o2 13,&?1.56 26494318
caned 1,536,719 3,009.34 6,075.64 23,k
cans 175.w 3%.0@ 'm.m

506,00 § 11,7200 § 2,630,101 30,1080 £ 50,6490
TN T T n s TR
Taxos ¢ 1oB35.T2 % 2,309.17 & 35709 § 5,108,52 § 7,68).02
Interest § 5,089.20 & 6,527.40 & 10,0975 § Lhphi0eT0 § 20,702.35
Insarancs  §  OW9.47 &  BIB.SL & Lp323.68 3 1,806,600 & 2,933.47
Plont Total §98,866.94 $145,785.56 $245,977.41 $420,916,16 ﬁ“msﬁ?kﬁ
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Table 35. Susmary of unit sosts for five sodel plante with sun
* ’ﬂm ard glems mnd W cutput, Oregon prises, 1956,

Jtem

Plant labar  1.60026 95944 79514 Amo -éa??i
Utilitien

-
'
rons ik

half ﬂh 2.6‘77 5‘ 20“% W luum hm

Batlding WAl W26464 A JLESM4 +0830¢
Egudpment JTEGhe 5310 ohB324 f :
Texes «1090¢ 06864 w5309
Insuranes L3868  L0R06¢ «96¢
Plant Total 5.07068 4.3283¢  3.6515¢
Feroont of

plant X 100 73,7 62,2

#iCost per unit of MLk bottied in respsctive Kind ef oou
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Figure 25. Comparison of total physical inputs and total costs per quart equivalent in five model
plants with can intake and glass and paper output, Oregon prices, 1956.
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Thus, the lergest model plant processed milk for 2,9663 cents a
quart less than the smallost plant (Table 364). Physical efficiencies
agoounted for 2,8073 cents or 94.6 peroent of the ssvings. The rest
of the saving in larger plants was due to the lower prices associsted
with the purchass of larger suantities,

Container costs and genersl supply costs were the largest iteas
of expenss for all sizse of plants, %o physical efficisncies ware
allowsd for container supplies, but price rsductions pemsitted s
savings in the larger model plante that ssounted to 9 pervent of the
supply eoets in plant 16X, Additienal savings for general plant
mupplies brought the sum to LE168 emnt por quart (Tabls 364) or 20,8
psroent of the total redustion (Tsble 36B).

Labor was the next largest iten of sxpsnse ia all plante. There
vere only mimor differenses in labor costs due to lasbor price per men
bour (0034 cent for plent 16X), Physissl efficiencies, however,
brought the total savings to 9635 cent {Tabls 362) per quark or 32.§
perosat of the tobal reduction in cost per cusrt in plaat 16X,
{Table 368). | ,

mem»ptrqmﬁawndugmmmtwmhﬁ
twsen plunt X and 16X than any other cost alement, However, thrse
cests were such a ssall part of the total dost that their net effect
was less than for sither labor or supplies, Heduced building space
requiresents socounted for 1620 cent or 5.5 percent of the total
savings to plont 16X, Hedused bullding cost per squere foot of spase
sooounted for another .19kh oeab. Tolal savings from tuilding costs



uo

Table 36, Costs per quart equivalent for five model plonts compared
to the costs in the smallest plant, ‘}n;gm pr‘im, 1956,

’ ﬁiﬁzat "ty 4 _w4" h; A iy 'J‘ 3 L .
Ivem (1,681.,3.@@ (3;36%& {6.796.&00 (nmamo (%n%ﬁgm
Labor 1.60024
Utilities 2588
Ballding o)y
Equiment 7094
Taxes 1090
Dterest 3080

SRSCNBEEORNNOERRINERLBDESERRABBABVNESNBEN SRS ER R RP P EENBARRNEEEBIENONS

368, Cost ﬁm& uu M

Laber 273 Llb
Utilitien beby Sole
Supplies 2840 13.6
Ballding Te8 - 118
Equipmant e 1648
Taxes 1&9 2,6
Intereat Tk
Insurence

o ek mﬁmmm

QQlﬂQ#Q0‘1‘O.Qﬂ..ilQ‘li‘.!Q'QQ.OO.."‘OO‘..'QQQO'i".‘&i"#'ﬁ‘*"’*'.‘

— ‘ Q%p.‘km tl:g%’%&“ L9 Em of

100 3

Utilitien 100 677 h96 3647 30.1
Supplias 100 9046 8.9 7540 72,3
Sullding 100 - 600 397 2843 19k
Squipment 100 656 813 439 35.7
Taxes 100 62,9 48,6 Uyel 260
Interest 100 62,9 L6 38 26,0
Insurance 100 6347 0.8 3645 28.0
Obher 100 96,9 95.3 Wb Qe
Total 100

737 62.2 5342 4945




aceounted for 12,0 peromt of the total sawings per quart in plant 16K,

The cost element with the second greatest percentace reduction
in costs per qusrt in the lirger planis was sguipment, lowever, like
llding costs, thene costs were oo smoell & part of the total costs
that their net effect was less than eiiber lubor or suppliss, Reduced
st cost per quart acoounted for 5067 cent (Table 36A) or 171
parcent of the tobal savings te plant 16X (Table 368), |

Taxes, interest, and losursnce costs per quart fellowed the sems
genersl pattern us bullding and equipmend cosbs. Reduced taxes,
interest, and insuranve dus to physical efficiencies nsoounted for
3150 cent or 10,6 percent of the savings per quart Yo plant 16X.
Additicnal savings frow lower inwestnents in bulldings secounted for
another (0206 cent per quart. Thus, total redustion was 3356 sent
(Table 36A) or 11,3 peresnt for plant 16X (Table 360), |

Utilities were & relstively small part of the totsl procsssing
oosts per cquart, Howsver, they cocunted for JLiLY eent per quart or
he§ peromt of the savings to plunk 16X en physicsl efficiencies alene,
Their totol «ffect was & reducticn in costs par quart of J1E08 cend
(fable 364) or 6,1 parcent of the net savings o plant 16X (Tabde 36B)

Other costs acoounted for sboub «2 percent of the savings in all
of the lirger sises of plaats (Table 363). }

This study did not lecats the low podnt in the long run averege
cost curve. irom all appearances, labor sosts per quart bave cessed
t0 decline, For scwe supply items, ineressed volume would not be
acoompanied ty reduced unit prices,




On the other hand, unit costs appeared #till %o be falling but
at a declining rate for utilitiss, generel plant suppliss, and all
sapdtal costa such as depresistion, maintensnoe, taxes, intersst, aud
insarance, |

Unit costs for the ssuller plarks, both medul and actual, were
unduly high vecause some items of cost such ae umwmm
eould not be coublined in such a way as to parait wtilisatiwn of thelr
full capacity. rlant X, for instance, had considersble unased filler
papacitys 4 plant peorganisation th:t included & alizhtly larger
pasteuriser and & longer prossssing day would have peraitted & sone
sider.ble incresse in wvolmme with little additional total opet,
Howsver, under the fixed asswapbions of & given volume w rthod
of operation, the illustrated combination of labor and equipment
gave the smallest unit coste |

Operators of actual plants are usually faced with the firet
assusption of & mm»xm{nmwtmmw.
However, the method of plant epsration ¢sn be changed in the short
ran. Therefore, further resesrsh couparing the costs of dilferent.
methods of processing for several sises of plaste would be valusble
to plant operators for short run decisiona,



The purpose of this study was to deternine the relaticnship
betwoan siss of plunt and unit processing ooets,

There were too fow plante and not encugh similarity betwemn the
plants in Oregon to allow a meaningful statistical anulyeis of the
costevolume relationships in satusl plunts, Therefors, the aynthetic
budget wos used w0 minimdme variation between plants swcept for sise,

Five synthetic models were budgeted to represent the medius to
large sixes of ylants in Oregom. The emallest, designated plant X,
precsssed an averags of 14,000 pounds of rew milk a day, five daye &
week, The subsecuent models procsssed twive the amount of milk as
the preceding sise of plant. They were designated 2X, 4X, 8%, and
16x, E

Data from s study of six actual plants were used as a gulde in
sstablishing the type and amount of physisal inputs requirsd for 4
processing =ilk in the various sises of model plants. Physiocal inpate -
cutput relationships reported by other resssrchers nlso served as a
guide,

Bach model plant wos assumed to receive milk in oons and to
packsse the produet in bulk cans, glsse bottles, end preformed paper
curtons. . third of the plint mt.wt Mt into glause bottles, 10
pereant into tulk cans, snd 56 perosnt into papsr eartons, Both
paper and glass quart, pint, snd ball-pint bottles wers used, About
69 peroeat of the plant cutput went into quarts, 1.8 percent into




pints, 5 percent into halfepints, snd 14 peraant lito half gallonse
Half gallons wers puckaged in puper onlys 4w s percent of the total
output, hoaogsnised ailk was 69 persent, regalar milk 11 pereent,
akim wilk & percent, half and half 6 percent, sultivitamin milk 3
perosat, buttermilk 2 percent, chooolste drink 2 percend snd the
oreaus 1 percent. Thess assumptions were represeatative of the
prectices found in the sctuxl plants, |

“he labor recuiresmnts und dutiss of scch orew mesber wers
determined with the ald of detalled lshor and equipment operation
achedules, Mol oil consumption was determined from Lhe heat requires
ments per hour and the number of hours of operstion for ssch plece
of hest consuming equipment. In & simtlar mr. consuuption of
slectricity wvas synthesised from the hourly rates of censumption and
the oumber of noura of use for each motor and light. Supply requirew
ments wors determiued by firet setablishing ths types of suppiies
raquired for the aseumed plant cutput and, then, acopting usage,
breakage, and trippage standards for sash type of supply.

A standerd tuilding system, bill of material, and plant layous
were selsated for all sises of plants, laterial and constrastion
duta necessary for sstimating constimetien costs wers obbained, #
standard list of equipment varying hetwsen plaats, for the most pars,
only dn sise or cspaeity wes selected, |

When sompleted, the budgsts were cheeked fur resscunableness by
dairy plant owners and equipment sales engineers, Finally, 1956
pricss were applisd to the physical budgets and the net procesaing
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aoats determined lor eath sise of plant,

Total processing costs per gquart declined as the sisme of plant
inoreased. The rate of desline was relatively repid betwsen plante
Xy RAy and 4X, bubt leveled off somswhut between LX, €X, and 16X, The
lower costs per quart i the larger plants resulted beth Irom lower
phiysical inputs per quart and from reduced prices per unit of m;‘ny

Labor costs per quart renged from 1.60 sents in pluat X teo .&
cent in plant 16:. Since the schedule of wage rates was standard
for all sises of plants, tils redustion in labor cost was due, prie
marily, to fewer man minutes required per gusrt in the lurger plante,

Puel costs per quart of milk in plant X asme Lo .15 eent, In
plant 16X, it cost only .04 eent, Plant 16X used enly 58 pereent as
much oll per gquart but, Ledauss lowsr prices were pald farqs.l,mdn
aet cost only 26 percent of that for plunt X, ‘ |

i with fuel oil, elestrieity requiresents per quart and prices
per killowstt detlined ss the siss of plant increased. Power sone
suapLion rangsd {rom 52,8 watis per quart io plant I to 33.8 watis in
plant 16X, Coste were 082 cent per quart in plant X, but only 036
csnt in plent 16%s Thus, plant 14X used only 56 percent as sany watis
per quart asd had a not power cost only 42 porcent of that for plank X.

Container snd case supplies per quart were assumed constant fer
all sises of plants, Therslore, no physical economies wers available
for these supplies in the larger plunts. However, price reductions
for the grester quantities purchased by the larger plante sllowed



savings up to ,22 cent per quart for plant 146X,

Ceneral plant supplies per quart sush as soaps, chesicals,
refrigerant, and lubricants varied according to the sise of the plant,
These supplies cont 4Ll cent per quart in plaat X. Cost decressed
rapidly in esch subsequent sise of plamt to ouly 052 eent inm plant
16X,

Total supply coste per quart for plant X were 2.23 emts; Por
the largest plant, these costs were only 1.6l cents or 72 psroent of
the cost to plant X. Price reduotions for larger purchuases acoowrbed
for ¢ pereent of this diffsrence, |

Bllding costs showsd the greatest percentege shange in requires
mont per quart bstween the various sises of plante, Flamt X reguired
+0048 scquare foob per quart per year while 16X required only OOL,
souare foot. The net deprecistion and maintensnce costs for thase
areas were L4l cont per quart in plant X and 085 cent in plant 16X,
Thus, 16X required only 29 percent as maeh floor space per quert and
exparisaced only 19 parosnt as such bullding expense as plant X,

Kquipnent deprecistion and meintensnce costs per quart declined
rapldly betwosn the [ivst thryee plante and then begen to decline a
estle more gradusl. These costs par quart ware .79 cent in plant X,
but only 38 cent in plant 16X, Thiz was 35 percent of the cost in
plant X ‘

Taxos, interust, and lasurance costs were oalenlsted at the same
ratss for all sises of plante. They were based on dbullding, lob, and
squipment valuss, Sindge the sise of investwent per quart for thess
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items decreused with each larger plant, taxss, interest, snd
insurance costs per quart also declined, Cests per usrt of milk for
these thres itews renged fros 46 cent per quert in plant X te )2
oant in plent 16X, Thus, plsnt 16X pold only 26 peroent as meny of
these acosta per quart as plant X, ‘

Total procsssing costs $n plant X wers 5.87 esnts per guart. In
plant 2X, they were 4,33 osots; for AX, 3.65 cents; for 8X, 3,12
cents; and for 16X, 2,90 cents per quart, As & percent of the pro-
csssing costs in plant X, these were 7, peremnt for 2X, 62 pereent of
LXy 53 percent for 8X, and 49 percent for 16X,

The lergest model plunt processed silk for 2,97 sents s guart
lees than the smsllest plant, Uifferences in the cusntitiss of
physicsl inputs per quert secounted for 94.6 puresst of this saving,
The rest of the sdvantage in the larger plants was dus 0 lower prices
that scocapanied the jurchass of larger quantities of physical inputs,

Hore sfficient use of labor was She biggest souree of savings in
the larger plants, This cost element socounted for 32.4 peroent of
the net savings in plant M6X, Heduotiems ia supply dosts per quart
ware responsible for another 20,8 percent of the savings, Changes in
equipnent depreciation and maintensnce costs per quart asocunted for
17.2 percant of the savings in 16X while redustions in building de=
preciation and nalatenance costs were responsible for 12,1 percents
Reducad taxes, intarest, and insurance costs per quart accounted for
11,3 pereent of the savings. Puel oll, electricity, znd beller
wvater costs asoounted for 6,1 percent of the total savicgs to plant 18%
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This study did not Jocate the low peint in the long run aversge
cost gurve, From all appearanees, labor cests per quart had ceased
to decline, Yor some supply items, incressed volumas would not be
scoompanied by vedused unit prices., Por most cost elessnts, however,
unit costs appeared sbill to be falling, but at a declining rete,
This was true for fuel oil, elestricity, water, genersl plant supplies,
and all building and equipment costs such as depreciation, maintensnce,
taxes, Interest, and insurence.



Lo

24

3o

s

-

[ 8

T

8.

Yo

i

Allred, wells M. and Bdward H. Ward, Costs, quality, and prices
“ogan, Utah stete agriculturel ecollegs, 1953, A4Up. {(Utsh,
Agriculturel eaperiment station. dulletin 365)

Bartlett, fHolend W, The milk industry. New York, Honald press,
1946, 282p.

Sartlebt, fdoland W, and F. J. Gothard, Measuring efficiency of
milk plant operation. Urbans, University of Illineis,
1952, S56p. (Ilidnols, Agricultural experiment station,

Bartletl, Roland W, and W, §. Oregge Hilk marketing in Pennsyle
venls-shipping station oporations. 5tabe college, Fennsyle
vania state college, 1928, 43p, (Pernsylvanis,
Agricultural sxperiment station, Sulietin 29)

Jausy Le Ley Re De Slley, and B, E. Wecks. Sconoaies of soale
in the operstlion of can and tank milk receiving rooms,
with apesial reference to western Washington. Pallman,
dtate collage of Washington, 1954, 7T0p. (Washingten,
Agricultural experiment stetions. Teshnical bulletin 12)

Hlaek, Guy. Synthetic method of cost smalyels in agricultural
;;mri;etmg Tirms, Journul of farm eoononies 37:1270-279.
Fh5e

dlacky Je De and Ee 3, (uthrie, ioonomie aspscts of orsRmEry
organisstion. Ut. Paul, Univereily of Yimnescts, 192.
1llp. (dimnesota. Agrioulturel experiment station,
Teshnical bulletin 26;

Dowen, John Thomas, The wtilisetion of exhsush stesn for heate
ing boller, feedwubter, and wush waber in amilk piants,
cresaeries, and dairies, wsshisglon, U. 5. Government
printing office, 1913. 13p. (U, 5. Department of agri=
culture, Circulay 209)

dresaler, Re s, Jr. Soonmdes of scale in the operstion of
sountry milk plants with special refersnce to Hew England,
Soston, New ingland ressarch council on marketing and
food supply, 1942. Ya2p,

sressler, ie Gay Jr. Ressarch determination of seonomies of
soale, Joumal of farm sconciics 27:1526~539. 1945.

A""‘
i




il.

i2,

L

15

16,

17

ig.

A9

23,

50

Browster, John ¥, Comparative efficiencies of diffsrent typea
of cottonseod ofl mills snd their effoot on oil supplies,
prices, and returns %o growers. Yashinglen, mmmx
sarketing servios, 1954. 27p. (U 3. Departoen
agriculture, Marketing ressarch report no. 5&)

Californis. Department of agriouliure. The weport to the
direstor of sgriculture pertzining to the sosts of dis-
tribubing fluid milic for Lhe Log Angoles county marketing
area for the yeur 1939. Sacrassato, 1940. 68,

Larter, e Hey e P Brundege, and Alee Bradfield. Lsbor and
squipment use In milic-receiving plents, Burlington,
Univarsity of Vermmout and state sgrisultural collsge,
1951s Tipe (Vermont. Agrioultural experiment station.
ullstin 563)

Casburn, O« Mo Hilk recedving station operstion in Vermont.
Burlingten, University of Versont and state agricultural
college, 1929, 38p. (Vermont. Agricultural experissst
atation. Bullstin 303)

Conner, . Csy Leland Spencer, and C. ¥, Flerce., Speuilice-
tlons and costs for e milic pasteurizing and bettling plant,
acksburg, Virginla Polytechnic Ianstitute, 1953. Lip.

{ ?u%a%&g Agrioultural experiment station. Mulletin
0. L6

Gooik, Bagh L. Paper packeged milk in wiscensin, its pard in
sxpanding distribution m. Hadisen, University of
Wissonsin, 1953. 40p. (visconsin., Azricultursl expsrie
went stetion, Research wm 179)

Dow, G. Po An sconomic study of ailk distribution in Halne
maricets, m imwud‘v of Mﬁ*ﬂ, 3393?‘ 1&&?& (Wﬁ*
sgricultural mmz station, Pulletin 395)

Farrall, 4. We Dairy enginesring. Yew York, John Wiley snd
Sonm, 1942, 435p

Farrall, A. We Power resuiresent of slestricslly driven dairy
masufacturing equipment, Davis, University &! California,
1927, 20p, (Califomis,. mmm puperinent station,
Bulletin 433)

Frazer, Jo Rey Yo ils Wielson, snd J. De Hord, 7The cost of mane
ufasturing tutter. ames, lows stale college, 1982,
PP.T89-860, (Towa, Agricultural experimsnt station,
fiesearch bullstin 349)

‘




21,

2.

e

oo

25

26,

2B

9.

30,

am, Thomas Elliot, Hew sountyy elevators. mstaium; e e
Covernment printing office, 19%5. 29p. (Vs 5. Parmoy
meu service, FCS eireular JO)

ﬁm’ We Fap Re o M&lﬁl‘y ﬂ?ff’ and Ge e Fﬁﬂﬁ» gfﬁﬁ&%@’
of milic maricsting in Connsetiout., 1l. Zoonomies of sesle
in specialized pasteurizing and m&ﬂm rﬂmta. Horrs,
University of Conmeetinnt, 1948, 4élp. (Commeetieut,
Storrs sgricultursl experiment station. Mmlletin 259)

ﬁm,m?.mms‘mmw¢ Costs and margins of
milk distributors in Hesphis, Tenneases in 1968, Yashing~
ton, furess of sgriculiural esonomies, 1950, 30p.

m, cwm Be Harkeling margins and costs for dairy m
shingtan, U, 8, Govermment printing office, 1946, m;;.
(ﬁ. taent of agrisulture, Technicul bullstin
B9, 93

Heluger, iHomer 2, Coats of ataw.aiﬁg psstourized milk, Orose,
University of Malne, 1953. & {Mﬂt Agrieulitural
sxporiment station. Sulletin 5&5)

Hiller, Arthur H, Bulk bandling of wisconsin uilk - fams %o
plant, Sadison, University of wisconain, 1956, 7Tip.
(Wisconsin, Agricultural sxperiment staticn, Hesearch
balletin 192)

¥onroe, Willles J. and Scott 2. Weliker. An ssonomic study of
small fluid milk plant probleme in northern Idsho, Hosoow,
Univarsily of Idaho, 1956. 43p. {(Idabe. Sgriculiurel
experiment stetion, iulletin no, 225)

Hortenson, ¥. P. Seonowic comsiderations isn marketing fluid
milk, dadison, Univsrsity of wisconsin, 1934. S56p.
(Wisoonain. Agricultuwral mﬂamt station,. Heswvarch
bulletin 12%)

Kew York (state), Temporery comuission on agrioulture., Anmus)
roport: An analysis of ths spread bstween Tavs and cone
sumer milik prioces in Aasterdsn wwier present practices,
i‘lm, kmﬁm mu" 1?51* WO

New York (stele). Temporary commission on agriculture. Annual
raport: mmm&sufmambm&mmﬁw
suner allk prices in Singhampton under pressnt practices,

Alboarg, wWillisms press, 195,1. Slpe




A.

34

33

e

35

36,

e

€.

39

40

New York {state), Temporsry commission on agriculture, Ansmal
report: 4n snalysis of the spread bebween fars and cone
sumer milk prices in uffalo wnder preswmid practices,
Albany, Willisss press, 1950. Tip.

Haw York {(state), ’fmrw comniesion on agriculiure. Amwal
reporty  An snalysie of the spresd bebwesn fawmm and soosun
ar sl prices in New York olly wnder pressat m&%m.
A&w; éwmw m' L%gg %ﬁt -

Hew York (state). Temporary comsission on egriculture. Ammsl
raport: An analysis of the spresd betwesn famy and conpuws
or milk prices in New York stats maricets, Albsny, Williams
press, 1951, 40p.

Siorth aentral regional comxittee on dairy mariteting ressarch,
Cater-uprket distribution of »ilk in paper containers in
the norih mtm reglon. lafsyells, ?arﬁan fmiv:%tx,
1953, {Indisna. Agrdioultursl experimest statiom,
atutim ml:mm &00)

Page, Clayton N end Soott A salker, Buallding designs for
dairy processing plaats, Hoscow, :mﬂmmiw of Idaho,
1953, 27p. (Idshe. Agriculturel experimsnt station,
Mlletin no, 297)

Pari, Clyde Wep wde HMilk packaging for weteil distrivutlion,
ﬁ%ima%i, Ae He W; 1?%& Mt

ilttunhouss, Charles ¥, and ¢o, Sussary report on sost of dis-
@rimtim alik ia e mm sarkot, HBoston, Massschusetis

iadd, R We Hesearch in merksting efficiency. Harketing
sifisdency in & changing sconcay, Washington, Agricule
tural mariceting serviow, 1955. ppedi-67, (ts 54 Departe
went of agrisuiture. Agriouliursl mavketing ssrvies 60)

Soobb, Hobert A. labor utilisabion in ssalle-velume mili
pasteurising and botiling plants., Ithses, Jornell %‘MW
sity, 1953 36p. (dew York, Agricultursl ewverd :
station, Bulletdn i.%. B50)

Smith, Helem V, snd Louls ¥, Hervmann, Changing patborns in
fiadd milk distribution. mm:m. wmmm maricate
% ”M“p 1955. 38p. (‘.m 3¢ Departsent of agriculturae.
Harketing ressarch report no, 13%)




e

il

&7

. Us Be Jawtm& af ammltam;

133

Spancer, lelavd, An esoncaic study of the operaticms of six
leading aiik companies in the Hew York-Siew Jerowy vatvyo- ,
politan ares, IOLl-1948, Ithacs, Comsll mm&r, 1949
36p. (Mew Yark, agricalturel exporiment station
falletin A.0. éﬁﬁ-)

Spencer, Loland, Cosbs asd profits of milk dealers ia Hew York

ity Jor sugust, 1933, Hew York, Depertmsat of agriculture
wnd mariceta, 3&‘}3&& 36p.

Spencer, Lelsnd, Costs c;sf distributing milk in Yew Jersey.
zggtm Departwent of agrisuiture, State of Rew Jersey,
+ 98p.

Spancer, lLeland, Hecent trends in the sales, costs, and profits
of ails dealers in the New York market, Itlwea, Coraell
universily, 1951, 10p, (New York. igrioulturel experi-
nent ctatien, Balletin LB« 7%

Starr, O We #Ik distribution cost « 1954,
industyy foundatdon, 19355, &p.

Stelser, H. De and Ts H. Thurston, Milk mmmsm soste in
et Vieginda., I. 2 study of the w&a inourred by :
pisnts during 1993, MHontgomery, West ?imini& M&%ﬁﬁ
ﬁf mmgy, 1935, 36p. {%}wumm Agrivultaral

choenfald, Y. A« Some econcedc aspeste of the markeding of
mﬁkm&minm;ww. %uhiam, s&. Ze Govelns-
mand printiog of ﬁ%; 1927. Thp. {53: Ge Departesat of
sgriculture, Clreular 18)

Tucker, o4 K. The cost of hendilng fluis silc and oress in
sountry plants. Itheos, Comell university, 1929, 199p.
{Hew York. Agrienltural experiment station, Balletin L73)

producte. W shdngton, Us Sa Wm% mﬁw office,
igh2, %j}; {*n 8, lepartaend of sgrioulture, Froduwetion
g marketing winindstoation)

Walker, Saott H., Homer J, Preston, snd Glen T, Nelson, 4n
scancale analywls of utter-nonlat dey milk plants, Y¥os~
cowy University of Idsbo, 1953, 90p., (Idsho. ‘igrieultursl
exparinet station. Research buliletin ne. 20)




154
51. sebster, ¥red C. Spesificetions s costa for a soderstely

sanll wille pusteurising and bottling plant, Ph.D. thosis,
Ithaca, Comell university, 1956, 138 musb. lesves,

52. Webstor, Frod C. ISpecifications ond costs for a milk pastenr-
ising and bottling plant of 6,400 quarts daily capaoily,
Ithaou, Cornell university, 1956, 19p. (Yow York.
Agricultural Wrimnt station, Bulletis A.5. 1031)



	StrainJamesRobert1957.pdf
	StrainJamesRobert1957prt2



