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SELECTI O ·f TiiE PTlH:J~ IZll TOAAGE TA~~K FOR USE 
IN BULK MILK HANDLING 

JNTRODUCTI ON 

In recent ye~rs there has been an evar-lncraasi.ng t rend omon9 

91·ade-A mi lk producers throughout th•· United Sta ·tes toward the adoption 

of bulk mt1k handling faci. l h ·les. This adoption of bu lk fact Htles In• 

vo lves the t ransport and rteelvlng of milk at procosin9 phmt5 el· we.1 l 

•s the p.roductlon of this basic; end vital fOGd comnodity. £xparlment5 

w·lth bul k storage at the f arm, p ick"up, 11nd transport in bulk to the 

processing plant were firs t conducted In California in 1939.y · lha 

prac t ice of handl Ing mi lk in bu lk f or co6 1 Jng on the f arm and for haul .. 

ins to relay sta t ions o r proce.ss-ing pl ants has grown r apid ly since about 

1953 , In that year there W4tr• approxlmat•ly 6,000 .bu lk mi lk coot .fng tanks 

on farms ·throughout the United Stat••· By Oecerlber, 1956 , th•re were 

appr oximate ly 57.000 bulk tanks in use on Anierican da iry farms.JI By 

Jun•, 1958, 1urvey1 ShQqd ~r• dl•n 80,000 bul k t an s ifi use throughout 

the country wl th more tha.n i l , 000 t anks In operation tn the largest ml tk 

produc'lng state, Wlsconsln.l/ 

J/ the Hell Company~ The Bu l k Pick-up Syst•. of Marketing· Ml lk,, 
19SJ, p. 11. 

Y u.s . . O~artrnent of A.gricu lture, How Sulk Assembly Changes, MH k 
ttarket(ng Costs, 1957, p. l. , 

JI Dean, Myron P., "Pros and tons on Bu l k MJ tk Handl ·Ing" ,. Hoards 
l)a.Jrynian, Jun• 10, 1958 • . p. 601. 
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Tha trend toward Increased utJllzatlon of bulk milk faclHtles 

has also been pronounced In the St.ate of VJrghda. Sy late 195$ 

approximately 700 Vtrgfnfa dairy farmers. wtre reported to be usfng 

bulk storage tankl. These producers represented nearly ·seventeen 

percent of Virginia .dairymen. engaged .fo .P~lng rade-A ml lk at that 

tine ·ll Dy early 1959 there ware. appro'-dmetaly 2200 bul~ storage tanks 

In use throughout tho St•te. This ntanber rapr•onted over sevenw 

per<,;~;'.:t <lf ·tf»e gra.de-A ml lk produ<:ers in Virginia at that dato . The 

Wa!ihlngtoo, o. c •• ar-. for exaq>le, received llOGrly one ·hul'ldr•d 

percent of Its mllk from bulk tanks.&/ To c»11Kt and tren$port ml1k 

from these b-..lk stor.ge tanks to processing pl•nts or relay statfon5, 

there \-.ero .126 bulk tonkar trucks i.n operaUon In Vtrgln.I• In January, 
1959.J/ The contb••d eepaclty of these trwcks was over 280 thc>usand 

gaUons. 

The trend tow.rd bulk mllk ha~dHns hldlcotes ao ever-Increasing 

Investment Jn new equipment by prodw:ers . nawler$, and mHk pracessors 

end dlstrib\.ttors . Because of the investment 1nvo1ved In conversJon to 

bulk handling. dec1$fc:>n$ to u.ndllrtake such conversion are f~rtant. ones. 

These declslons may be the result of any one of, or any combf.natfon of, 

l/ tcrle~lturat Extension Service, "Oalry Outlook" , Vfr&lo~a ftDD 
IAmanies, Virginia Polytechnle fnsth:ute, No~r~ 19 ;,- p. 7 

'V Virginia Department of i&r1.~1ture•Vlrghil• Polytodlnlc; lnstltut.-. 
Agricultural Extension Service, 'fbe Graslf~6 :Data fndy1&tx In 
vi~IBl! t 1959, PP• 4, L•7. 

'JI I J. P• 19 



uveral factors z· · (J) m•rketiQg r~ul•·Uon$ may ·f9rce ~onven·IOf\ -from 

eart t(.I bu.tk. hllndUgg; (2)' t1- p~not MJ lnstltute the ·eonveraton 
. 

f.or any one or nor• 'df ·a v•rleiy of reasons• (J) t.h~ prod.-t$ d..,.. 
~ 

·selves may favor· •d ·work toward conversion to c~ 'bu.lk handUng of 

mt tk. 

Having ac~_tedg•d· the f~re;;;stllg trend toword t.,_ Uff of bt,Jlk · . . . 

h.a"dUng fac:tl I Jt1·e1 tbro14havt the Unl ·ted Sta,t1H <:ind In V-lrgfnla, 
. I ' ' ' 

F'J'Om the $t.-.dpolnt of publ i~ ~If are. a l>ai»lc <>bJt1ttfve In 

markatb1g f$ th•t of making • gJ'vep e~f ty ·•v·a.Htlble to • · con:sum6r 

qt the least PoHibttl c:ost.. Tc:> acldeve thh objective, resources "lllii$t 

~ u5'Jd eff.lcfontty" Orclln,or1.1y. ill, ... •rte.ting pnxess, ~t 

decJs)oJu; tnvotvl"& re$0Urr;e U5• ar.a m.d41 by sa~ral ·fJnn. before th& 

~dity te9Ch•$ t:~ CORsuraor. E~b stop '" tho ·~rketlng procos& 

req.._J re.$ tlM eonmhin•t of r•sour~$ and assoc f a"ted e<>siis. h' the 

market1ng of gtade .. A ml Jtc, two stanfOr.:ant co5t$ 1,1ro t.hos• of •tore• 

and tr.ansporl4lltlon to proc.t-'iiJll plant or r«:ieJvfng .$tation. ln tht 

~Yr,....-. trend \owarcf, .bulk h.andtl~ 'Of grade•A ad ·1 1i;~ the rc.sourMJ u"d 

(Jn. tile fona of buU~ storap ~k$ -and bUJk tankers f'ot' transPQrtatlOfl) 

increase coSt$ be~nd th.et l•vel ~ssootated whb convent.Jon-41J ,c:• 

stQra~ and hauling.. TI'le$e cc;lsts thU$ be.eome oven roore slgnJf loant fn 

f;Ontrf:~tfng to tM price \&hlma~ely peld for ml lk on the con.s\dllr 
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merk4t. Sim:.~. on. 4' ·glVer\ mJ lk ro1.tt0, ~her<J :a r~ m ny .producers ~· fm.ISt 

$tore. ml lk. the eost of suelt st()rage b~i· a:tartlcut._ r-ly important .• 

The selection of ttora1• tanks t ·. usually made at o.r after tha time· at 

whicJ1 the det~nninatlon f ,s made of h u-Jing fact J itf.e and f .requancy of 

m · 11· ~o nact Ion . therefore, , thi s study of the ~e.sour~ used py pro• 

ducers Qn e sefocted sarnp}e tot.rte and the ~leotlon of optfi um tank 

sh:e also foclude$ dta' eon:iide,.,ti"on of r $our:c.es ~d by the h .. 1.1ler. 

:Ful''Uter. since resour~os use.d fQr $torage and for h~n.iHng ar• htt•ar-

, , ... leted. thh .study w.I 11 e>e:amlne tJ1e aggregate .. se o ~ resoul'\ces by 

producers and t.,. hauler· on the sampl.a route ••lected for study . 

hl this study._, optf~ tank sJze wl H f)e &$su.ne.d to be tha·t size 

used: by each p.rodl.lee.r wh 1l.cll, ·~o used ·ii:l .~nJul'\'Ct loo wlt·1 -.xi stJ"g · 

hou Ung facllhies under a g,hen frequoncy of ~ll~ctJan, wU 1 reault 

In the J~.ast-.coi>t stor~ge (lflq n:>l/OfClet1t of mffk to t he recelvf ng p t~ru. 

Optimuin st?~ h , therefore; tQ be considered es that st.z,o f'.or ~eh 

:tn·oa.0.ca.r (or com\> l .n~tfon of &i~s for al i .route .p-r~d~~r&)· \*icil wl t I 
~ 

f)rodl;lce tb.e .JOOn eff h;;J,~t \1$e .of te$ourees la tlle st~r~ge of m.l lk and 

which., 1'4'\en ·c:.Qmb..Jnod wt.th t he most efficient UiG of resources ~Y the 

baulet, wn.t result Jn the l~St total con of :>tor1nr.; and · ransporUllg 

milk to the roce.lving plant . 

·n1 f s &tudy wl 11 exainl ne. the .aooregate r~.sour e use. on ci route 

whero tll<l dechlOtl ha.s <?1.lrea<iy .been mad~ to. 'tore "n D'GYe mt lk. tn l;iul k . 

fJn s{4ch <tl route where the deQ.h ·lon h & been made to . .:idopt the bulk synem 

of $torase and ~ransport-. tn. ne:<t: log l ~l ind tmporaant decfs-lon f.nvo. IV.:i 
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the 6e l~t iOJl of $Ci\l.tpme~t ·tQ be used by bpth p.l'Qd11cer$· ~r:td hau ier. 'The 

baut~r ffiUSt ,det~rmi .. wftqt ldl<ld err bu.lk tMk4r ilo use. His dec:hi<>n mey 

bQ · h1Hue11ced 'by $t1ch ' f'aetors- as tntck ilze. tank >i'-iZQ, 1~rl~s .of eom-
~ttng Hne-s of equipment. <0110 $ host of. ot'her rectors. · · 

~. produeers are a l~o co:nfr<>nted with a var iety of f~ctors \i'.bfeb. 

11t1t 11 lnfh~nee the setect: fQtJ of bitU ~anks. Pr"e.ot tte,rd. ~iz¢1. , ph1'1i 

to expand or not to. exps.uJ.d herd a.lie, abt Jl ·t.y to co.11trol ~sooa-1 :1ty of 

produc.tfon 1 ldnds. af\4 make,$ Qf Gto·r~s.:e. tiinks, prtce.s of ~etf.~ 

Uries - • tn~se :fiector$ . '$~f<lt .au be consfdfM".ed' bafo.re ml lk prod~'' ' . 

on o g iven root.e · ·sele¢t f!tQJ"~5& tanks. Howave·r,, a de~ lsive in,fh••*•· 

hwo.lv,od ht the '$GleetHm or both b\1lk. storage t ·efll'S bv produc~U end 

~he select ton ~f 'a · tl°ilnspor.t t anker by the hauler i s the f tequeney of 

mHk ptck-u.p to' ~ J>Taotic-etf. u:pGn. coo:verst,o.n :t.o b.u H~ hand lhtg. This : 

factor la bas-IC ·to the ft"a1 ~termif\atJon. of resour¢o uSG· and stor~• 

cost for prod\£cer1> ~~ ~U •$- reS.o.urcQ"u~e and h. uHng <:;Qs.ts.' for the 

haul.er. ' I 

lbe si,ze. of storag,• t'"1kt> and &s$otl~t•d ec>st$ ., as \'..lt)Jl .iii\$; .size of 

bu1k tan~.r ~ llSf>OOfated c0$t$• W0 .1 b~ a fy-ncti®· of th.e freQ'u611cy 

of ml k pi·c.k ... \lp . A :Aurllbf)r of 51.trveys of d~iry m~rket .in& lodicate that 

e\iery""()ther•day ·muk pi~k-.u~ b Qq>loy~d ln a l•rse maJortty of th.$ 

ar()a-q \!Jhere ~U~ hendHng of mti k h pra!:;t.iced . · h1dlngs contained tn 

one study l'lf9de by th.e Un f.ted St,!l~S Oepartmeo , of t'\g,r icu:l ture hJ<:tl~~te 

tha~ in 1956 over h'!tl'f of the proces$ing phint.s iu th~ nation equipped 

to handte milk tn ·oulk. Wttte riecclvtng the Jndfyl dua l prodw:ers 1 mHk on 
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an every-other-day bash • .V The majot"tty of Uterature reviewed for 

thh study fndt·c•ted thet this frcqu~cy Qf. milk collect;Jon . Is the npsi 

COtm'IO.nJy used v.i:lert balk haQdJf.ng Is ~.Joyed, 

If every-other~d«ty freqMcncy of ,plck"'.up : Is , being practJC,ed wl thO~t 

r~~ard to the possible. economfes to be bad fr.om some ~lternatfv~ pcl~k.-up 

frequency, then suc;:h .a pract··f ce erbitrart ly ~.stabl islles sto('age tank dz• 

for prOducers. Jn ·SO do·tng., the p-rodl.tcers ~ ~· given route -~ ·be ··fo('.ced 

to f nv~st caplta.I· unneees$erUy or may· be den led sa.vlns$ re-suh1• f ·rom 

·~ome other frequency .of pick-up. ln addition tQ ·Investment In !Storage 

tanks• operatl ng costs assocf ated wl th tenk.s selected for every-othe·r· 

day plck,...up would be just as arl>ttrarf ly daterntJned. At the Hire time, 

It 1$ logf cal to at$&111e that economies for ·the hauh~r may l>o aHcx:Jeted 

wf .th some other frequonc:y of collection. Less frequent eo·llectlon ~uld 

reduee truck operating coits under cett•tn route condition•·#' 

Flnally, resourc:$s tn the agsregate may flOt ·~ usQ.d wtth ... xrnun 

.afflc.lency. Thctre h tome ha1Js for reasonlQ& that eyety-othe.-•day 

freq,uenc.y of ml Jk plok•up pr.actieed on ibe •811\ll• route saf.ected for 

study @5 not .-malt. tbe most •ff lc,Jent us• of resou..r.c;es In ~hca $1tOrege 

end transportation of ml lk t.o 1;be proeeufcng pJ.ent. lnce freq'*1Cy of 

JI u. s. Department of_ J>crl ·~ult!ire, HQW @Miis AsHJmkb Cl1f4Dftt ttl_lk 
HarfsAStns Cgsgs. 1957, p. 29. . . 

1l On a lars• rouie with many produeers, for •~l~. the hauler ml$ht 
arrange tttlrd~day pfc;k•up ·to •~•h. additional milk vol~ 
wltho\lt qndorgolng the expense of acquiring an additional tr~k. 
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Hf lk pf<:;(< .. up affecu reiCurce use by both producer$ and · the hauler on 

a ~f ven route, th IS study wU l e.'<tvnlne the effects on aggregate resource 

use on a s~ le route when frequency Qf pf·ck-up is projected t;o some 

oth..er frequency. Particular attention wlll be directed to the selection 

of ·the optfmum· slze of ·storag,e tanks resulting fr.am the frequency of 

milk co.11ecUon \"1Jcb permits the Jeast•cost methc;r of storing and 

transporting a given volume of ml lk to ttlo process ina plant. 

rn this study the costs of storJng .and co·l lectlng ml lk every day 

and every tMrd day wH 1 be cOl'l'IPared wf th those costs assoef eted wl1t-h 

·every-ot;her-day storage and coHectton on a sele(:tcd route. Tbfs 

eomp r I son wf H ~ me de t .o det.e rm t ne the· re hst Ive cconor.l'f es of tho 

different frequencies of plck--up. 

The _..ypothesls of thh study is that, e:s frequency of mf lk storage 

and collactlon Is extended from every day to ~very th'ird day• ·dollars 

used .by prodt.tc:ers (for storage) substf tute at a dtminfshl·ng marginal 

rate for do.J lars used by the route he."1et (for transportation). 

TI1e ol>Jec.tlve5 .of thh study a re. to detetmfne for e sampl• bulk 

mtJk route t (1) total storage tenk lnvestmant and operating co1.ts of 

~H route producers requf·rod fo·r bulk sto.rage of milk ~Jhere pick-up Is 

made every day, eve.ry other day, and every thf.rd day ; (4) bul.k tonker 

investment and costs of operation requf red for every-day,, every-other-

day,, ~nd every-third-day ml'lk plck ... up; (3). the r ata at 'Which au 
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resources ·used · by ·route producers (for storage) substitute for resources· 

ased by· the hau fer (fo.r · tr• sporta·tlon); (4) ttle reso rce use · c6"Jbt- , 

~tlon which wf H .~ perml t · t~ lowest poss I bl• cost of milk storage and 

movement from farm to rttcefvfng $t,ation, and (5) the so Jee Jon 'of 

optimum site storage • tanks for storage · of-• g iven f.lnm.1.i volume of ml lk. 

I \ t ' I ' 

TypJ.ca lne" and D•s.crlptlon of the Sel4'Cted C••• 
' ' 

~ literature revl-.d for this study consis.t.od p,.·:imarl Jy of text 

material pertafn1n9 to the prfoc;:lpte of substitution and rosurch 

.buHet ins contaln.ing studies of bu-lk ritllk 'ftora9- •nd col hK:tfo0. 

&ISie Information P4tf"talnlng ·to the pr1nc·lp1e of subs ti tutton was 

der.IV4Jd from .conomlc . t•xts.y ' further explana.tlons •nd 11 JustratJons 

of lub$tltutlon 'and 'of res<>urce uM were o&>talned' from • .grfcuhural 

pcarlodtc.ls .JI 
tho revlail of I f:terature for this stucly revealed< that the maJorf ty 

Qf previous 5tudhas of bulk mfl.k handling w.ra concerned wl. th · problems 

.O$SOC:.lated Wf th converi Ion from c:onventlonal c•n Storage and eel teed on 

of r.ll lk. only one study · touc.hed on the posslbH itY of econom·I•• 

as104:latod wl th the ext.n&lon of storage and ml Jk col tecUon to every 

J/ Hfaady, 4.0., &cono!!lcs of Asr lc:uJ tura 1 Productic:m and Resource U!e, 
Prentic:•·HaU~ HIS!, JChapter 5 . ·,. ,. · ; · ' ! '· 

JI Chamb1 bs·, a. Lee, ' Jr.' Uft•cfucfns Cotti Through Sub&thut lontt ' 
Yh~·stn la F•r.m ltonomlcs, Vfrglnl'• Polytechnic tnsthute, Agrlc;ult;ur•I 
Extension Service, ·February.,.· 19)9, ppi. S-lo. 
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third .day \<Jhlch has been exemlned In tbh, s.tudy.!/ No revlous ,studtes 

were found wh ich examined .• In detal t, the varhtfon of frequency of : , 

tJi.tl each frequency .•. 1 Research. bul letfns; r~vl~cl touch~ l:t:gh;tlY,.· on · , 

co~arl sqn.s between everv-d:ay and every-Qther-iday plck-up,. but,.df (f. not. ' 

tre t . aggregate US.e of resou.rces assoclete:d whh each sf tuatlon. 

For the reasons. ment toned above. .the search of t f tetaturo was 

coocantrat ed on estabHshlns that t he .sample rou.t e used t.n tlds ~tudy 

was rQasonc l:>l;y itypt- ea l one and that p roeed·ur:es ond resources ,use;d , 

were tepresentatlws of those u$ed throughout the gr ade-A dairy f1ndustry. 

On the sMJp le route studied , the twenty•tWO' producers l·nwtved usod 

.storage tan~s t ngfng 'fn she from 200 to lOOO g.,.,llot11s capacity.~ •ntese 

si zes se.arned ·re.present•Uve of tanks mentioned .In oth<!r st:ud fes of bU1k 

mHk hand ling. One study of' fff.ty .. nhw farms sel Hnfj mllk ·1n the 

Washingt on. o. c., mHk stied sho ed t ank sizes rang ing from 200 to 600 

gapons capochy:lf A study of the bulk system tn the state at Oregon 

1 I I i 

JI Deum. E.~. and '"II• o.£., A Con!>aratlft ·A11atxsu of eosgs gt F•f! 
Cot lec tioo of M lk b Can and Tank In western Washf n ton l 2, ;' 
$tate CQHege of W.$bJngton., Tef;hnfcal · au.J letitn lQ, ay,, l953, · 
pp. 26-27~ 

Y, Appendix. a., T~b.Je J., 
'j/ Deal , G.M. and Twlnhi,g, C. l\ ., ~ HandUng of Mfll$ IQ t'1f 

W shl t 8 . C ·M I ·. Shed, Unlverslty of Maryl and ,~~fcu,lt~rtal 
er lment Statton·, Misc. Pubtic;atfon. J76, June. 1953, p. 9 . 
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sho~..cd she rai1g~ of ·from 10 to 1000 .gatlons ca ac hy.J/ A· study · 

of one New ·En~fand aree · r~portted too~ sizes ran6·r·n"' from ·:)00 to ·1000 

g llons capi.\clty~,V By late L57, terlks ·us.ed fn the rea served by · 

t he fiD ryland 'and 1Vf'rg 1lnf·a Mt lk Producers • Assoc.J aticn for the .metro'!"' 

P'O'litan 'eshfnatonf 0.' C., market r~ngad from ·10 to 1500 gallons. CS'f>acft.y 

t·JJ tn an ... verage tank !$ f ?e of 300 ga 1 Ions .J.f " . 
~ ith respect t.o ·t ~nk s}ze. this J·tudy t~ve& 1ec' exce$&lve tank 

fnvestment by producers.!tf The producers on the Farris llrothers route 

h vc their mi 11< pi cud up every other day . 1 Recontnendat Jons for the 

purch se of the correct. s i z(l t ank (based on each p.roduce.rs• ouiput). ~re 

avat L:iblo from ·a nunber of SQYr"Ces, ~nd t.t ts surprtsf ng that there wa& 

scernlngly J ·ute ·c0r,rel~tion bet ~n recontnen:ded t onk she and, actual 

size 0 tanks on the: route studied . 

O! e r'/-other-day ptck-up, Vermont study 1"CComMnd5 tank 

c~po.~·ty fo r four ; mtlkt113~ plus a.Jlowance for herd o;ponslon.if A study 

m.:idc. t the Uni.wrsl_ty of ftaryl a.n · ho reeOOlilGndz tQnk . capacttyr for 

ll Nelson. Glen T., i<;2DQ1lc Aseasts of Farm Ta9k . ij9Q~ltng of Ml,ULIQ 
Qrer-12n. 1-arlcultura 1 Experiment Stat lont · Or,eeon St.ate CoUege .. 
Clrci..t'lar of ·tnf~Uon 5ZO, Februery., 19Sl. p. 2.. . 

y Verrroat Agrlc:ult~ra 1 Experfmcnt Stat ion. ES,9!!Q!11fr! Effeets of ,Bu!~ 
Milk Handling Jn ' Vet!!!2!lt 1 Bulletin 581; J\u'Wa, l9~5 . p. 13. · · · 

JI ~athen ,, J'3111Qs B.; "Before 'Shi'fttng froin tans to Bulk . ••• i•, 
JWa·r. •s . D9lrpn,. No~er 25. l95:J,,• pp . H26· 1127 .. 

~ Append ix a. Table 4 . • · .. 
t;j Vermcmt Asrfe"1tura1 e~rlment Station, §eonom[c Efff9t3 of °'f!k 

Milk H;ndJlng In y~nmnt,, Bull.etln 581 , JuneJ 1955 , p. 1' • · 
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four mlltdngs ;wftb every-,o,ther.•day ph:k·up.J/ . Hew.ever, the .Maryland 

s.tudy shQwQd .that, 1of .fffty-.rd:ne f.arm5 ' tudled, ,Jess thcan fort.y .. ,.rcen.t 

of the tanks u5od :war~ large enough to hold mflk for .every-other-day 

pick-up during tb.4' ·flush production selison. Thh: situat1on . ls ln :sharp 

~ntrast to the · ex~stve tank sfzes found on· the farms Included 1n thh 

study. The ·moJor reeson ,.glwn by producer$ on the .rout• studied .for 

~essive tank S 'f~e .wes a . ~sire tQ have . ....,,. sto.r·age , capacity for 

future her d expans Jon. . Thh . reason for te:rger-than-neceS$ary , ten~ s 1'.ze 

h suwcrted by a study made ·of a sar11>1e •tea wt thin the. \ilash'lngton, 

D. c •• milk $hed. tn that ·Study, of fifty-nine farms, $urveyed end •re 

tank. utllh:aticn was low .on. a ·nurnl:>er of farms., twenty-five producer$ h4td 

lnerea:;ed hord sin $Jt1e4 t .ank lnsta1 tatlon or '.W!;)rc pl•rutlng to cfo, so.],/ 

Of tJte twanty-twc> tatak$ 'used on tho •el"1l• · route, twenty were tee~ 

bank types and b«> were the dlt'ect-expaMlon type.JI This pattern of 

tank tyPE>s ts contrary to the geqera1 trend towarC::: adopt ion of bulk 

storage tanks rn Vlrgl·nt,;. ey· early 1959 sfxty-$even pereertt of the 

b\alk tQ.n'ks used Jn Vlrghtf• were dJrect. e>qMtnsfo" tanks and only tb·Jrty-

three percent ,~re leei-baq-k.W 

tnl'ttel $~orage t•nk cost on the r(Ute stqdfed r•nged ftom $2.; 161 

-Vi Oeal and TwJn.tng, Op. · oft., P• to. 
:;1 Beal and Twining, · ·0p. , cf~ •• P• l). 1fi Appendix B, Tat>I• 1. '!ii Figures obtained from Dr. G. c. Graf , Head., hp_'11'tment of DaJ.ry 

Sctance, Vlr:g1n·10 Polytechnfe. ln$·tltute·. 
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for the smallest tank ef 200 gallons capacfty to $4, 783 for t he largest 

t ank of JOOO gallon~ capacity.!/ These were suggested reta il selling 

prlces .y The.se pr·fce.s seemed reasonable f n ti gh t of t ank prfces In 

othe.r ~mas. For. example, Glen T. Ne 1 son ~f Ore~on State Co Hege has · 

repOrt~d t ank costs of ~s low as $1,750 for a 100 ga llon tank to 4\S ht,gh 

as ~5 , 574 for . a 1000 gallon tank.-.l/ fn the Vermont study. av.rage prices 

of t ailkS ranging , tn size from· 200 gallons to 500 g lions were as follows: 

Tank size-gallons 
200 
300. 
QOO. 
500 

Avera~c prtce 
$2,021 
$2 .389 
$·2,G9l 
$3 ,188 ~ 

Prkes pa id for equivalent si ze tanks used on the route studied here 

"~re as fo 1 lows : 

Tank sh~:e.-gal Ions 
200 
300 
400 
500 

Pri ce paf d 
$2 ,16 1. 
$2 ~628 
$2,$ 71 
$3 ~ 628 

! l ; 

tt shou ld be noted ·thet .prlces in the Vermont $tudy ~re flve years old. 

Several studies tndlcete that costs of ope·ratl 11g the Ice-bank tftnks 

were sorneWhat higher tha.n cns~s of operating the direct-expansion tanks. 

Electrtcal costs constitute a major part ·of cost of operation. A study 

11 Appendlx 8, Table 2. 
y Prices were ' taken from prtce I ists obtained from manufacturers of 

tanks used on the route studied. 
JI ttolson,. Op. ~It., p. 2. , 
':JI Vermont Agricultural fxperlmont Station. Economie lff§t! of Bulk. 

111 lk Hapd! IQ& lo Vernpns. Bui letln sat II June., 1955, p. 13. 
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by tltcblgan Stat~ ~iversJty states t'ha~ th4 ~s~ of eJectrlc.ty Is 

h l gher for the f ce•ben.k t~ tan.k ~han for th• dJ r·ect-e.>q>ans J QI'\ ~an,k.!/ 

The Vermont study reporu that, In ~ fJotd test. using el~trlc•I ~if>.rs 

on both dlrec::t•exp4ntlo1J and tee-bank typo t1ok1• alect.rJcal consumption 

wes someWiat higher for the Jce"'bank ta.nks.y Some\'Autt hJgbor electrf·¢aJ 

constJn()t1on by Ice-bank tanks,. a$ compared to dlrect-expandon tanks, 

was .a1GO roporte~ ,by one U.$.D.A. buUotfn rovlewed.J/ CQsi of operation 

of tonks used on the sarJCtte l"04,tte studied h discussed later. 

' '\l ft.h respect to the hauler, the equipment and procedures uMd on 

the s~1e route studied were ~ to be reasonably typical of ·equipment 

and procedure$ used et.s8\'llere Jn the grade-A d.tl·ty Industry. 

Ttle hat,1ler on the route s~udied used an UlOO gallons oapac,lty bulk. 

~anker equipped w.lth a po$Jtlve-actlon p~ <:flpeble of pumping at the 

rate of fifty g•Hons per mt'nute. ~ne stucfy of tbe transtt fon to bulk 

handling of mJlk fn .northern Hew Enr;h1nd s~d tblrty percent of t .he 

bulk tankers fn use to have a capacity of l800 gallons.!t/ These trucks 
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were equ ipped with t\\O types of pumps .. - ceotrtfuga! ilnd posltfve-

actlon . \4h l le the centrifugal puffit"S nonna J ly have a f aste r pump i ng 

capacity. they have the dtsad'ventage of using gr vi t y flow ·SO ·that the 

stoFage t ank must be h igher then the butk tanker pum • The positive-

action pump has a small~r pumpfng capacity but ca. pup mtlk ~ from · bel<DW 

t he t anker level, • Thi$ Is a positive advant age since , on the t route • 

studied, a ll but one of the· storage t anks were below the level •of • th~ · 

butk tanker wh~n mll'k was pum ed from storage tank -to truck. The bulk 

tanker used on . tt)e ,Farrls rQute: is equ tpped wfth t h i s pos ttlve-actdon 

typo pump. 

WI th respect rto farm-stop · rocedure emp Joyed by t he tanker operator• 

the procedure fo 1 lowed at each farm on the Sait\p 1~ rout e WO$ TOUnd to ·be 

s.fm.t Jar to procedure, reporte.d I n other studies . Thi s p l"ocedu~e :fs 

dt scussed later . . i · 

Form•.stop . tfme under every-other ... day mtl k se>1 tect Ion ,r anged· from 

10.4 minutes to 20.1" minutes wf t h an average tt111G of l3+5 mt'nut es per 

fa.nn.y This average farm-stop time compared favor~bl y wl ·th an. ' average 

.stop time of l4 6 minut4s reported ln ·a study of bulk milk handl'lng by 
I I 

Gl'en T. Nelson of Ore oh State C·ottege .y The major port ion of tht ~ 
! l 

total stop tfme was consumed by f ixed time opetotions of appraxl.mat~ly 
' i . 

lf Appendix c. Tab le 4. 
y Ne T son , Op, c f t • • p • 4. 
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9.0 minutes. Thh time was about the same as that r_.,ortad by Baum and' 

Pauls who found fixed . time oper•tions to average 8.S .minutes ·at each farm 

using bulk storege facl Ii ties.!/ tn • StU'dy for Th• Hei I Coq>eny these 

flxed operations wer.e reported to range from·S.8 to 12. minutes per 

farm St<>p.1/ · One U.S.D~A. Karkcttfng Research report shows 4 ' fixed t.fme 

varfarn::e 1>9r farm of from 6.0 to 15.0 llflnutes~J! 

Variable time . operations on the route studios ran .ed from 1.4· to 
11.4 minutes .,_r stop. Thfs time el-.nt fs ·a f.unctfon of ml lk :volum1, 

p~ capac·f ty. season, frequency of col lectfon, and a number of other 

factors. Variable ti• operatrons for the MlllPl• rout• •r• presented In 

Appendix c, •Table 4. 

Since the variance of milk co11~tlon fr..-ncy was u&ed 'In this 

study to examine the •UM of resources -un•r each frequency of plck.,up., 

other studies which e.umfned savings associated wlth different ~ol lectton 

;frequencle1 were of particular Interest. Of ·the •tertla 1 eJC.amlned, ·those 

studies Which discussed haut Ing costs suggested that lower ~sts were 

.as:S<>Clated wl th every .. other-•y bulk col l·ectfon of ml lk1. (as c°"1'•red 

with every-day collection). Although the studies exam·lned referred on1y 

to sav I ngs •cc ru Ing to the bau l er, a number of cGnll'St ts •re made · In · 

j/ Baum and Pauls, Op. cit., p . JS. 
'}/ 'n. Helt Coq>eny,i Jhe .Bulk Ph~k-up - Svstem of Hark4i$fng. ttf u~, 

Hf Jw.ukee, 195), p. 5. . - .. 
ll Urthed States e.parttnllnt of Agrlcut ture, How @ulk AsSMblx Chanses 

.Miik Market Ins Costs, Agr lcul tura I Mer.ket·lng Service,. Marketing 
llesurch Divf1 .1on. Report 190., July, 1957, p. 29. 
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referenc~ to cost chatlges when frequency .of plc'k•up was alter:ed. In a 

study tor the FarmeT ~peratfve Sel"Vlea, Joseph M. Cowdan ~ the 

fo1 lowl .ng r~rks. con~ernlng every-other-day venqs every-day pt:ck:"'UP 

' of mf 1k: ~ • : ': j I ~ • ! i ~ I I t , 

Svery'l"Other,-dQy bt.llk service. on the other :hand ~an ; ,, . , 
reduce both ml leag• and t :tna requl r.-n·ts an a ,por 
bundre<twe·lght of ,mflk basis.. Total , hauling costs on , 
•fffclentt·y organJ~ every-other-day bulk l"OQ.te5 ere not 
only much, JQW&r :than. On daf ly bull~ ~ut•$ but fn pract:roaUy an ·r:ases 5u.bsiantla1 Jy Jowar than on can roates s.rvfng 
comparable groups of producers •.••• ,.. IMry-other•day b'l.lk, , '·· '· 
service· can$&~ uJ) to so pere,ent on the mileage of 'he 
pfckup ~tf on1 of the route a'$ coaip.and, ;to da i ly serv.f ee . , . • , 
by either bulk or ·CM t~k$ •••• lvery-othet-day servtce 
a lso .provf.des 'l ptaetJcable solution to t"- bigh farm i , , ,, , , , 

stop ti• prob.1•. The every•othar•day h•u.lar •. b.y ph~ldng 
up 2 days• milk at each stop, euts ihe farm stop tf• per 
100 pounds of nafJk to ~' the time f.t takes to load tM 
same. amoun~ of ,mf lk In cans, .•. , AJ the. ,volume of mUk co·l leetGd 
per fam inerease1. the· Una SJ*lt by the ~Jk bau·1er at 
the farm Is more efffelent ty utl ltzed. As prevlousty , " 
·fndJeat.-4 thl$ dme cbl$ not lnc:rMs• In propo.rtlon to tho 
·quantity of mtJk 1oed04. ·To a ecm.slderabt~ axtent the , ' . 
sane co$tt are 1pr4Mtd over ·~ groai•r volume of infl~10 Thi• 
f.oct h prfmar·J W respons·fbla for ·fq>rovement; i11 the relatl• .. 
east pos·l•lon pf J>ylk heuHn,g as th4t voluiNt of ml lk ·loaded 
per stop 1n~raases.j/ 

Bowring an.d Taylor. st~te t hat the ,f .lxod :tfme opetat1ons -~h:'h 

represent overhead costs for the 11au·ler can ~ reduced throQgh c:henge , 

from daJly collect ion to every·-other-day collection . They further , 

suggest that savings resul ting from every-othet ... d~y or every .. th:frd•day 

j/ CO\..-den, Joseph K. , · GgmearlM Bytk .and Cm 11flk Hm«lln2: Cott•. 
Farmer Cooperative Set'V ice,, UnttedStates Department of 1'gricu1ture, 
PC Circular 1.4• Ju'"'• 1956. pp, 4-6. 
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pick-up can be passed ·on to ·producers In ·the form o · toiloer haul1ng ·" 

·r <.tes • .JI One study for The Heil Company suggests that , by makfng · · 

pfck .. ups every. ethe.r day' o·r even every tfU rd day, the hauler 'can· serve 

two or three rout~s ·wf th the same pick..,up tankor an thus rilore fully , 

I ,. ' . 
Ii I 

On ly one ·study revie\....ed conta ined' Information pGrtatn lng to eo·Jts 
' . I \ J I ' ' 

ass·oci a tGd whh every-third- day col le.ctl'on:. n1.ts t~dy, conducted· by 

Baum and Pauls:, reported thi d .. day p ick·\ap 1 to be che- per ·than ·other 

freque1ie tes of pkf« .. up Jn the erea studf~d.· Thetr st dy c.ontaint th$ 
t • ' • 

An t.rkrease fn the tfme Interval · bet\>Jeen col tectlonf 
necessitates greater favu•ot$ ht fario &Cora~e and 
rerrigeratlort equipment. Thh pottcy wduJd result t.n 
b.lgher fl.Qd cost• on the farm. sa .. ~h• totu.1 amouni 
of milk ha11dled' ~aoh day at the reeatvhtg point ~uld not 
&le affec;;;ted• r~$f vfng room, cos~s pet tw~redweJgJl• 4»f 
milk ought · to : remain the same. lbe distance traveled to 
co110<lt a given amount ·of mJlk d41Creaas with each day · 
increase In t~ eotfectfon time tn:terval, h~tlc~ . t .ruck. 
operation costs per mmdt~l.ght of ma 'k ~u h:I dec.reaae. 
the short<!t ·route length assootated wfth a t; ivcn volt.De 
of mUk and the &k;r-.sa tn th& total ft.-4 tine rc.qulred 
to service f~r stop.s te$u ft In JcWiat row.te £:bot costs. 

'" 

'" . 

: 1 I 

The imalysJa cQlllpartng daf'ly can plck•up of 1111 lk and 
alternate day, eve·ry third day, imd every fourth d.:ry, indl'tat•& 
the l<>Mist cost of collection a.lld rece.tvlng per hundr'lM,'Jght 
o.f mtlk Js· secure«f when the .altern'at~ day pick ·UP of ml lk la' · 
cans ls U.$ed. A. slm1 h1r eompartMn madt f-or t ank .pick-up 
systetrts Indicates every tltf.rd day p1ek .. up to hove the lowest 
c;ost per hundredwslght of milk. 

JI . bJri.ng and: tayJ.or. Op. cl t • .,, p" 37. . . " 
:V The Heil Company, !he ful~ Pick-pp Sxstem 9f Mal"k@tfQI Ml Uh 

i lw"ukoe, 19).,,, p • . 8 . . 
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Deyond th4$0 poin·t5 , t he increase · In finrm stQrage ond1 

r•frlgeratfon co:.ts offsets any savtngs ga.1·ned by the oth$r 
factoJ"s . j/ · · · · 1 

• • .,. 

The material quoted above \\OUld iodlcat.e that positive ecooomf $5 ato 

to be found with every-thi rd- day s torago ~nd c.onectton of mllk~ 
! . ' 

' j 

JI B~ end P•uh , Op . ctt., pp • . 2fr-27 . 

' I 
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USIGN Of THI STUDY 

This stuctv waa dellgned to •ka uM of the caH ttudy 1119thod to 

determine whether • more •ffclclent a.y•t.• than that presently used In 

bulk milk handUng on a allllllll ml lk collection route ls feasUtle. 

l$tJmata for alt•rnatlv• sytten.s ar• projected by t he u1a of avai1abl• 

da t a tn the construction of budgeta for sy·stemt f nvol vln9 variations In 

tM freque~y of m·l lk pick-up. Resultant esthlNtte.d cos u of the several 

.sys tems , indica ting the differenti a l Jncldlance of the se costs on both the 

producers and th• hau ler, p•rmU determination of t~ least- co.st method 

of storing and moving a g iven vo lume of mJ lk from form o processor. 

Ana l y t ica 1 Sat Ung 

Th• ana lytic.al too l useld her-e Is that of the pdnc i p le ·Of 

st.tbst itut fon .l/ This is o p laJn4ld adequa te ly in t he l itera ture, but 

since Jts use w·l 11 be mod ifi ed somewha t , soma cl edf ica t ion Mems 

and two Input f actors subs ti tu t•d for each oth•r a t varyi ng r a tes, the 

l•st-cost combina tion c:an be •termlned by corqpart ng th• substitution 

r a tlo with the fnv•rse of th41 price r a tio . Usu-a l ly , l pu ts ar• contlnous 

and measured In physic.al quan t ltfos . In the pr•S•cti t p r ob l em inputs are 

l l Heady , 1.0. , Economics of AJJ.rl~uttur 111l Product ion , d f\esourc:e U~!. 
Prent ice- Hall . 1952, Chapter 5 . 
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discrete in that on ly thr• t omb inll tl ons are poHib le and the unit of 

rneas..-.rement h dot lars (or. an s.anu.al basis). 

With a glv•n product i on function, where substi tut i on between two or 

oore fa<: tors ls pos.slblej inpu t factors may sub$ti tu e f or each other at 
' 

increasing, constant. or decreas.i.ng rates.y ·10 the present prob l•, ft 
. . 

wa:s ant&c.lpat•d that Inputs (in do l tars) us•d by· prodU<ters for storage 

·would substltute for htputs (Jn do.J lars) used by the hau l•r for 

transportation at a cllmlnisnlng marginal rate as f:ntquency of col 1•tion 

was •xtendctd from every-day to every-thfrd- d.ay pfck - Uf>· 

Normally, •hlons lnvo ivi119 substl tutlon between two factors are 

i'Md6 by a slngle firm. HC:Mver. 1n the pres•nt prob lem, subst.ltutlon is 

betWMn producers• dollars and haul•r's dollars - - therefor•. In thti0ry, 

dechlon5 regarding substituti on betwMn these two fac tors would h.ave to 

be· made by separate flrms. producers and the hau l•r. ThiS does not alter 

t he va Hdlty of the princip le, of substitution llQ.r tu ·J>p lieatlon here 

in attomptl.ng to es tab I lsh th«t least-cost nwthod of storing. and moving a 

gi ven vo lume of i:nilk to th• pr Q¢.iess4ng p lant. 

Se. lee t io11 of "i l k Route 

The primary considera t ions in se lecHng ,. r oute f or use in thf 1 

_I Heady , £.O .• and Jensen, ff.R . , Farm HanaS!!!!! t .8cpnomics. Prentice-
fia ll • l 955, pp . 69--77 · 
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procedure, (3) typical opera tl n procedure by hauler , ~nd (4) a11equil t• 

r oute l • ng th • 

The bulk mi lk route choSel'i was the route operated by Farris Brothers 

Da iry . Inc., of Neiwbern, Vlrginfa . This ff rm opera tes tho bul k route 

under contract to Soutn•rn :() ides , tnc., Wlns t n Sa lem, North Ca r ol ,na. 

producers .JI 

Mi k l.s hauled from f arms to a Farris operated re l .. y 5tation In 

tWwbern, Virginia. from 'thh potnt h h trantported to \Hnston ... Sal em 

t n a 2SOO 9a l lons semi - tr a t1 er every other day . · i th re ar d to vo I ume, 

In 19$9 thh route pick•d up from farms and dll l Jvered to the Ne.wber" 

nltlay st don a total of 77 1,1 69 gallons of mi l k (6 ,632,054 pounds). 

The route (s (llrranged to provide ·for ev•ry other ~day f rm pfc.k -up .y 
The milk coll41Ction tanker t.J$•d is two-and·one-ha l f - ton stake type 

truck equipped wl th an 18oo 9a l loos $ta in less $tee i t.ank capab le of 

ho l ding 1S1lf80 pounds of mi tk . ~ route r•quires ap.pro imate1y 168 

mi les of travel to pick up ·nd de l iver the. mf lk o f twenty- two producers 

t o the New~rn re lay stat ion· on an £00 pick-up basts . 

Scope o·f the Study 

The ea$e study method was use4 with a re l.aUve ty t yp ical bulk milk 

i / See route map in AppendJx A. y lvary, ·oth•r-day w1 l l hereafter be expr•ssed as £00. 
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route, servfng ••, the b4tsls 'for study. lhe study covers a tfme period of 

one y•r. The most r-ecen t v•r for wh I ch the n4lCessary di ta were 

aval table .. -1959•· w.as used • 

. Although ·conversion to bulk milk handling may. tn certain cases, 

Involve thrM separate fl.rms (prodt1eer, hauler, and pr~essor), data 

fovoJvlng onJy the producer and hauler were Included i.n thh study. This 

was ~ deliberately ·because frequency of milk pick ... up prlmarl ly aff~ti 

the produc•r who must store Ms •f lk untl I plc:k ... up end the hauler who mu&t 

haV8 dw equ:lpnant to acconrnoct.te a given route volume under • given 

frequency of ptc:k•up. 

The problem wou.ld t.ve been oxtenclecl beyoRd hs intended scope tf 

the bulk tanker had been t;0n1>i.dtar•d as • part of the operating. equipment 

of the processor. If the study had a1su.d the bulk tanqr to be 

pr~.•to:r 4tqUfpment, savings on hauling which 11lght resuh from altering 

frequency of plck .... up would have had to be considered fn the I fght of 

altered coats of ra:elvlng mHk at the processing plant.. Such 

®nslcler•tlons would .,_ out1lde. th4l scope of thh study wMch was 

deslg* to determine the 1Mlt"<ott metho4 of stor'tng 1end moving • given 

volume. of ml tk from farm to processing. pl•nt and to provide. ,a t.tls for 

sel11Gtlon of the optin.tm size of storage tank as a resu lt of such 

•termln.tlon. Therefore, thll hauler wes consl•red a separate firm 

ra,ther than a unit of operaUng 41qU'fpment of the mJlk proc•ssor. 

Coll~tlon of Dan 

To collect necessary data, dafry supply c~nlet were contacted for 
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st.udi·es pertaining to bulk ml tk hand I ing end for data on storage tanks. 

Re$earc:h bul 1etins were ob·tained from a variety of sources Including 

col l•ges, manufacturers, and dairy service organizations. Fina l ly, the 

author obtained data on the sample route· under study thr ou·gh eonferenc•s 

wi.th the President of Fards Bro the.rs Dairy and by personat observations 

of route and producer op•ratlens. Ji mad QbHrvatlonJ;. 14re ·Obtetned by 

vl$1 ting. representative producers and by travel Ing Ut• mi Jk. t'oute with 

the bulk tank ope-r a tor . 

Proce®·re of Analysis 

Th• estimates and flndlng·S dev•loped In thh study are bas•d upon a 

budgetary analysts of a s• lKted bulk pick-up rout• un•r al ternat.lve 

plck .. up schedules. co .. utatlons :fnvolved In this study WfJ.re stand•rd 

art th1111tlc computations. Totsl dol Jar Input (resource use) was 

de,tormi ned for both produc.ers and the hau t•r under ex ist f ng route 

¢ondf tions Involving 100 milk piGk· up. This information was then used to 

pro Jee t do I I ar requtremen ts for .producers and th• hau 1 er under sys terns of 

ev•ry .. da:y and •very .. third-day pJck .. yp. After establi shing dol ler f.nput 

requirements as~lated with each of the thr" diff•rent frequencies of 

storage and pick .. up, the data were u1ed to establish <.ln. iso .... product 

con'tour ref Jectlng th• rate of subs ti tu ti on of dol L~r$ (resources,) us.ca 

by producers for 1toraga for do l1ars (resources) u$ed by the hauler for 

transportation as frequency of pic:k..,up was extendctd from ev•ry day to 

every third day. 
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Every- fourth-day pick-up wets fnltl.a fly conslder•d In t he problem and 

pre.l lminary da ta .were assemblad for use. However . fourth--day pic:k .. up wai 

rej ec ted as being fmpr.actlcal for two basl.c reasons : ( ! ) it would have 

neces s i t a ted the purchase of at least o,,. add I t Iona l bu 1 k tanker by the 

hauler and would have incurrod costs attandartt to the opera tion of the 

tankttr (both purc:ba$e pr tee and addl dona I operati Qrta t .co$t wou ld 

increase SUb$tantlal 1y the hauHng costs of mflk) ; and (2) substantieHy 

larger storage tanks wou ld be required on th• fartnS: for storage for fourth-

day p· ick ~up would entail modificati on and 4'1\larg«men t of the milk houu. 

requ l r l ng add I t ion.a 1 I nvu tmcln t for storage beyond tha t of th• tank 

Itself. 
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CHARACTERISTICS OF EXISTING STORAGE 
ANO HAULJNG FACtLITIES 

Produeers 

Productrs on this route -r• located in a three-¢ounty a r41i,t 

·requiring approxima tely 168 ml 1.- of trave l by the h· uler f or each 

comp lete cot Jectlon of mi l.k on an 100 basis. Mi l•age t r il.v•l•d varied 

sl lghtly by season * ause of variation fn ml lk produc t ion.1J 1he 

major I ty of the producers used the lc.e•bank type coo l• r. wl th s I zes 

ranging from 200 to tooa gal lons capacfty.y Although most producers 

ere advised to install tank.1 to ac.connodat• four mJfklnga p ius twenty 

percent reserve capacity at peak 1110nth output for EOO plck·up. producers 

on this route had not fo110Wltd such advice conslstant ly. Tank sizes 

ran99d from slxty .. thr• ga l lons Jess than. to 2 16 ga l 'Ions fllOre than, this 

recomnlllnded size (b•sed on lndlvfdual .producer output) ·11 lntervJews 

wl th representatlv• farmers produc•d a variety of r•asons for the wide 

variance in this productlon .. s ,torage reletionshlp. The principal reason 

g f ven for I ns ta J 11 ng storage tanks 1 ar ger than the racOllJl19nded s lze was 

that the. producer wanted ampl e sto.r ep capacl ty to acconrnod•te future 

additiona l output If and when he focreas•d herd size. Where the tank 

s i z• was sma J l er than that recoo.mended, herd s i ze had i nca·•ased s I nee 

!/ Ap"ndl x. C, Tab le l . 
21 Append! x 8, Tab le I . l/ Appendix B, Table 1. 



- 3:2 -

Ins ta 11 at ion of bu I k tanks. Howev•r. no On9 of the fou,r producers in 

this latt•r sl tuatlon was • KJ>•rlenc 'fng acut• $horta9e of s torttge spac:e. 

\rlf th .resptaet to resour:ee efficiency. 111ny producers possessed 

storage capac.hy caoslderab ly in • ·cess of that present y requlr•d.Jj 

There we-re two pr Inc I pa l reasons for th ls s .I tua t I on : ( i ) as man t f oned 

ab<>~. de l iberate purchase of l arge tanks to aGctOflfOOd..:r te future herd 

expansion, end (2) a high .• grft of sNsonalfty of produc t ion.)/ Thi ·• 

fa tter factor was not vJ t al to t he prob lem and thus W;l)S no t Investigated. 

However. the f.ac t that a hi gh degr• of s•sona I i tY of .product I on •~ I .s ted 

l·ndlc;atel fal lure to pla" pro4uctlon for ttuJ entfre year. 

Hauler· 

Ai pr•.vlously state'CI.; the hauler Involved In t:hl$ stu.dy travel•d 

portions of a thr• .. county ar-.a to col ltaet ml lk on an .£00 basis. He 

utl i lzed a two- and-on9-half-ton I t ake type truck wl th a gross load 

re t tng 9qutvalent to the mad mum. permitt•d on Virgi n i a hl sfiw•Y•· The 

chests was •quipped wl th a stafn le1s st .. l tank cepa,b l·• of ho lding 1800 

gal lon1 ( tS,480 pQunds). Th• r oute was approx imate ly t66 mites In le11-9th 

with some S l ight variation in ml l• age due to seasonal i ty o f m.l l k output. 

This dlstanc• was the av•ra9• dist nee trav• l•d for a complete £00 

eo l laction of ml l k . 

1/ ApP41ndi ioc 8, Table 1. Y App•ndf .x. A, Table 2. 
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Three trips to the Newbern re lay station were required to transport 

at 1 mi lk from farms to the sta tion durfng a complete col lectJon of m.i lk. 

The driver operated on a split shift, wf th the flrst load being collected 

,f n t he e vening between 6:00 P.M. and 2: 00 A.H. Af t er ..., few hours of 

s leep, the driver returned to the route at 6:00 A.fit. and collected t he 

second and third loads by 1+:00 P.M., approxima t e ly twen ty-two houn after 

t he mi l k co 11 ec t ·1 on was begun . A f t•r the I as t l ood wo$. t r ans fer red to 

the serni-tra ller In Newbern, the t anker was cleaned t:fld roacht ready for 

the ne··t co l 1ectlon beginning at 6:00 on the .evenl.ng of the next day. 
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PRODUCER AND HAULER IN11ESTHENT AND COSTS 
EVEAY-Onti&·DAV PICK-UP 

Genera l 

'The monthly mHk deU verie$ on the route studied for the year 1959 

served as a start f,ng point for compu t Ing producers and hau I er I nves tmen t 

and costs for EOO frequency ef storage and col lection .lf This del fvery 

(production) schadul• also served as the bet.IS for projections of 

investment and costs for every- day and every-third ... cfay stor age and 

pJ.ck-up. lheae flgures were Gbt a fned from the off ices of the hauler. 

Farris Brothers OaJry, Inc., Newbern. Virginia. from these figures, 

T bJe 3. Appendix A, was constructed showi,ng average ind.tvidual producer 

c;ht ll vedos for every-day, &00. and •very-thfrd-day frequenc ,Jes of pfck ... up. 

These average production figures were, In turn, used t c::oq,ute and 

project the ul tirMte Investment and c;:osts for af 1 route producers end the 

hau l er under each frequency of co 1 l ~ t I on • Th• t I ma per i od used to 

forecast Investment and c.osts was the twelve-month per,lod from January 

thr.ou9h December 31. 1'959. 

Total 'Producer Investment and Co.sts 

A major lnvest•nt f tem for the producers lnv<!> l ved ln this study was 

1/ Appendi x A, Table l. -
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the initia cost of bu lk uorage anks. To achieve price uniformity for 

his study , th• manufacturers 1 $uggestod r:etai I price was used to 

de term.i.ne tank investment. lndi v i.dual .producer investment in storage 

t l s is shown in Table 2, Appendi x 8 . Tot I inves tment by a l 1 producers 

ii 1>resented in Tab l e I. An u l costs of storage ·for 11 route producers 

Is also presented in Tab le l . These annual storage. costs consisted of 

depreci at ion, inter.st, lnsuren~• and taxes, cleani n ~ and tank operating 

costs. Exp lanations of cos t computations are conta ined lo tabl• 

foo note&. 

Tank operating 40$tl were cUffkuJ t to ·determine. Oe ta. ref lee ting 

operatln costs fn other aecUons of the datry lndustry pre.nnt•d a wide 

v.arh1t lon in ~o•t of operation. n. pdncipl• o1emenu in ¢0$t of tank 

aper ti on are repa Jr ~os ts and cost of e f ec tr .i c Hy • t f tanks rece Ive 

reasonable c.are, repair costs shou.ld be 1nslgnlflcant . Dete.rmlnatlon of 

e ec.trf0ca i cost h di fflcu It because of the varl•ty of fee.tors which may 

affect the running. tlma of tank c~reasors; such factors are: 

(1) quantl ty of warm milk addecl pw mi lkln9. (2) ,r ate o f rnllk addl don., 

(3) orlgi. cil volume of co ld mi lk fn the tank. (4) sbe of tank •nd 

~~re55or', and (S) ambient t ... ra ture of the rni I house. Other 

i nf l ~cing factors are 1ea$onal:i ty of production and efficiency of the 

partic"l ar tank cooling sys tem. 

. Tho ,me hod of es t hna t fog cost of opera ti on f or t;h i s $ tudy Is shown 

In Table ' 3• Appendix e. The data fn this table are based on material 
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co tai ed In a u.s.o .. A. bulletin which was reviewed.!/ The aval 1ab1e 

cost figu.res were for every-day storage and plck .. up. Projections of cost 

were made by mwlt .iplying the establi.sned dally cost y factors of two and 

three to ob a in storoge cost fo r eoo and every ... third- duy pick-up. 

It is ifft?ortant to note that these operc.itlona t $t rage costs do not 

i lc tude i itial tank investment. The total annual cost of opeTation for 

a l r ute p.roducers was obtained by mulUplyln the o a in . .column (4) 

·of Tubte ~/by a factor of 36 ( umber of day$ duri \'Jbf c;:h storag• cost 

was incurr•d). The resultant total co.,t h pr·eS41l1 t ed i <11 Tabt.e 1. 

liilbor cost for tan c l 0,an i 119 was a I so d if f 1cu l t<> ct. term i ne . Mone 

of the rootorial reviewed provided figures for this. cos , a .d Jntervf·ews 

wi . h represontativ.e producers f~l led to p.rovlde a bt1s ls for det•rmlntng 

the av•raga hourly wago pafd o those personi re$p<>nsfbte for tank 

~ eaning. Many produ~ers perfor,_d th•lr own dairy chorta$ and coulcl not 

accuratflly furn11h hour y wa.go rates. Those farmcars who p Id a dalryman 

to rn i lk had a vari•ty of agreements with this fllrm he lp. Certain far•r• 

gave percenta9.e of the R¥:1nth ty mi lk receipU to tho dairyman wh .i le 

oth•rs pa id the dairymal\ by the hour or by the month. Where the hourly 

,and monthiy wage was paid. there wa$ no urt:lformf ty of wa.9• payment. 

JI Cowden . Joseph M •• C~etrh~9 Bulk and Can ~O l,k Hau t ing Costs, 
Farmer Cooperative Servi'41 • .Uni t•d States ·Department of Agrf:cu1 ture. 
FCS C I rcu l ar 14, Jun•. 1956, pp . l.t-6 . 

Y ppeodi ~ 8, Tabl e 3. 
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Av•rage wage rates for the State were not used because tne sample area 

studied was not considered large enough to be representa tiv• of av•raga 

for the en t I re State. For these reasons a rate of $ l . 00 per hour was 

orbitrad ly chosen as the bash for determining labor ·&-Oft for cleaning 

for a 11 producer$. 

Observations of the time r«Jqulred to clean storage tanks produced 

twO major conclusions: (1) there was an ln1l9nlfhtartt varfatJ.oA. i·n time 

required to clean large and $11k1ll tanks, •nd (2) th• av•raga tlma required 

to c lean tanks and to clean utensi· h aft•r use was ~nty minutes. 

Initial cteanfng h performed .by the drlv.,. of the bu lk tanker who. upon 

empty .Ing the storage tank. is required to rinse the t~mk before laving 

the farm . The producer is required to brush-cl•n a l t utensl 1 surfa<;e1 

with hot dairy ckatergent wiater -after which he dl'lSes the tank wl t.h hot 

wa ~r. y Later, befor• diJpos hi ng fresh milk., the pr oducer must ,san It l u 

the tank wfth an efftKtf.vo app.roved bacterlc:tdal .agen t. With cim average 

c leaning time of twenty minutes per tenk, twentY '"' tw0 pro®"rs would 

expen<I labor worth $7.26 for ea~h compl•t• route co ll tctJon. Thh figure 

was multlplhtd by a. factor of 183 (number of c1eaAlngs requtred under 100 

plck .. up for one year) to obtain the total expenditure. fot labor for 

t Jeanfng shown In Table 1. 

Tota l coat t-o all route produce.rs for the one~year period under IOD 

Jj Vfrginta Department of Agrt~u: l tur• and lrmtfgraUon , ~e9uJatJoos 
f>er:tai:nl·ng to farm Qu lk Ml lk !feldfns, 1956, p. 3. 
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storage and pick-up was $ 1 l ,3 13. 15. 

·Ha.lit har I nves tmen t .and cos ts 

As for producers, a major cos t item fQr the h u ler was the purchas• 

of equipment. Retal 1 cost of the bulk t~nker Is shown In Table 1. 

Cost of operation for the hauler embrac:,s a l l i tems inc luded In 

footnote (f) o·f Table 1. lhls operational cost was computed by .farrfs 

8rothctrs Dairy to b9 $0.25 per 111i le. To eJtablf•h that this systtm of 

presCWJUng o,,_ratlonal cost was fairly connon and to e$tabl ish fur·ther 

that the rate of $0 .25 par ml.1• wet rusonable, two other t.lzeable firms 

engaged I n operating s I ml 1 ar eq~ .I pmon t were con tac ted · ll Bo th th' 

procedure for . pres•tlng c;ost of QJ>eratlon, as ln Tabl e I, and the rate 

of $0.25 per mf 1e were confirl'l18d by the companies contac t•d · Cost of 

operation for the ~aul~r thus .became ,otely a fuocti on of ml l•age tr&veled 

by the bul k tanker. Tab le l ,. ApP4tnd l x c , shows t l• ,ml i eage pres.n t 1 y . ' 

tn~vo l .cl for EOO milk eol lectlon. WI th an .;werage dl5tanee trave l-4 per 

complete col Jec:tion of Jb8 ml Jes and wf t:~ 183 :.o l lec;tf.ons ~r year un•r 

100 p ick- up • . the total year y mi lea~was J0,744. At $0.25 per mfl•, ta,. 

to ta J annua f cost of operation was eompu t•d t9 be $ 7, 686. 00. th Is f I gur• 

Is shown .f.n Table l. 

JI tflghw.-, Equlpment t..eastng CorPQratJon, Chr·lsdansbu.rg, Virginia; 
Southern Dairies, lne. , Christiansburg, Vlrgfni a. 
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Table 1. - Investment and Annual Operating Costs for al I Route 
Producers and Hauler on. a Selected Bulk Mfl k Route 
Every·-Other-Day Plck•up, Vi rglnt a, 1959a 

Producers 
tnl tlat fnveStlMnt In t anks, all producers 

Cost.s of op•ratlon: 

.c:leprec I at 1 onb 

lnt•r•Stc 

lnsuranc• and taxesd 

est I ma te.d opera t I ng cos ts (e I ec t .r I c I ty and repa l r) 

cJpnfng• 

Total annual cost - all route producers 

Hauler 
Initial lnve1i.nt In bulk tanker 

Cost of operation @l $0.25 per mltef 

To t a t annua I cost f o.r hau 11 ng 

To t a l annua 1 cost of opera t I on - t tor age and hau H ng 

a f or a f)9rlod from January I through Dec..0.r J 1, l 9:59. 

$63,278.00 

• 4,218.53 

$ 1,581. 95 

$ 316.39 

$ 3,869.00 

$ 1,328.58 
$II ,313. tS 

$13,710.00 

• 7,686.00 

$ 7,686.00 

$18,999.15 

b Depreciation was calculated on the straight line l'h9thod with 
fifteen yeart estl•ted l If• wl th no salvage va l ue. 

c Interest was calculated a t the rate of 2.5 percen t on I n f tfal 
investment. 

d Insur.nee and taxes were ca fcula.ted at the rate of O.S perc;ent 
on Initial lnvest•nt. 

• Labor for cleaning was ¢aleulat•d at the rate of $1.00 per hour. 
f Incl udes al 1 1 tem1 of eost as fol Jaws: Interest on ,i nvestment, 

Insurance, deprecl .. atlon, taxes, 1 lcenses, fuel, lubricants, 
repairs, tires, l•bor. 
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In addi tlon to cost determinations made above, estimations of 

average truck speed were made ln otder to arrive at some app·roxJmation of 

the t ime required to collect mi lk under e.very-thfrd ... day pick-up. Ability 

to cover the route was n.o t in question with EOO pick- up , for it was being 

done . Nor wat there any question that one truck cou d do the job on 

every··d y pick-up where on ly one full load and a fra¢tl o , of a second 

load would be hauled. However , third-day pfck-up \'IOu ld require more trips 

by t he presont tanker for each comp l ete collection beeause of the 

additiona l accumulation of mi lk. Tilerefore, a determi na t ion was made of 

the approx imate time required for route operations under every- third-day 

mi tk col lectlon. 

The starting point f a r these determinations was t he measured route 

time of eighteen hours under ex ist1ng EOO ml lk pick- up. Three adjustments 

had to be made, however. before actual average trave l time cou ld be 

determined. 

lbci. first adjustment invo lved time spen t at each producer's farm. 

Avera9e fa.rm-stop time for each frequency of plck•up was :computed and 1.s 

shown in Table 4.y WI th r•speot to farm-stop tfme , vari able time 

opetati -ns were a functh>n of producer output. Computa t ion of these 

times is e , p lained In tab le footno tes. Fixed-time oper.ntlons were timed 

and these t imes, presented in Table 4, Appendi x C, ref tec t an averag~ ·Of 

l/ Appendi x C, Table I+. 
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the time spent a t al I f arms . Fl xed ... t ime opera tions rema!in the same 

regard less of output , and Inc lude the fo l lowing standard procedures at 

each co l lectlon point: (l ) tneils u·re ml lk a~d record i t s wei ght, (2) start 

f a rm. t ank ag itator, (3) a ttach t anker ho~e to bu lk t nk outlet. (4) read 

and record mllk temperature, (5) take butterfat $amp le ~nd place In 

bott le In t anker's Ice chest . (6) st•rt tanker pump nd pump mi lk to 

t anker. (7) disconnect t anker hose and el1JCtdc cord end return them. to 

tanker , and (8.) flush out f rm tan wl th c lean water . .Ill ..... 
The S4Kond • djustmen t invo lved a determinati on of the ,veroge thne , 

spent unloeding mi lk a t the re lay sta t'i o!l . In this conoec t l n. as 

frequency of pf ck .. up was e tended f trom· every day to every third day, the 

number of t rip& to the re lay sta ti on i.nereesed for each eomp fete 

co llec tion of ml lk,, as did the· un loading ttme l rwo lved .y lnforma th>n 

pert i nent to un oading tf me is p,r esented tn T~b le 5 .y 
The. th ird adj us tmen t i nvo J ved the t f me requ f red to c l oan the tanker 

at the end of ea¢b col lec tlon for t he en t ire route. Thh operat ion was 

timed and found to requi re ninety m.J nutes. 

With the three ad.j ustmeot$ Jus.t cteseri.bed, e~vt tl'on of operational 

11 The H•l I Company I nae SuJk Pfck- l.!P Sxst.• of MarketJng f4Uk, 
Milwaukee , 1953 , p. l L · · · · ·· 

Y A th0u9h the number of trips per comp lete col toc tion would· incrh••· 
the total number made during the year under third• day ·p ick-up would 
decrease . 

J/ p~dix C, Tabl e S . 



time for the re>Ute 'was made a$ fol lows: 

To tal measured opl!Jr!!ttiona l t ime .. . 

minus total average sto time of . 
minus total unload time of 
ml nus tanker c leaning t.I ma of 

Actua l running ti• .. . ...• 

lt<Mtt• length - - - • - .. 168 mt 1!$ 
Actu~l runnfog tlme of 10;3 hours 

18 hours, 0 mins. '( to8o mins.) 

4- hQurs,, 46 rni 11s. (286 mins.) 
I hour • 25 ml 11$ . ( SS m Ins . ) 
l hour , JO mi ns. ( 90 1111 ns.) 

10.J hours (619 mlns.) 

• 16.6 ml le$ par hour .average 
runnln.g speed 

~ aett1a l average running speed of the bulk. tankor seems unrealhtleally 

s Jow. Hc.wev•r, this lncJuct.e time spent In off-the-road farm Janes, 

$tarts and 1tops, and 1low running due to fu1 I ml lk load. 

The av•rage running spaad ts used later fn the projections of 

operations a1sociated. with •ve¥y .. thfrd-day plek-ttp. 
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ADJUSTMENT OF lllSTING EVIRY.-G.THER·DAY STOAAGE FACl :LITIES, 
IHVESnteNT,. AND COSTS OF OPIRATION 

Existing proclucer s.torage facl ll Uei end 81SO¢iated investMnt 

an.d attMdant costs of oper.atfon on the roi.tte stu.df•d ~r• found to '-

c;.onsl•rably In excess of ac;tua i ·r"u1r .. nt1.J! ldstlng stor•ue 

C.apadty was found to b9 as high al 216 gallons In e xuss of the actual 

stor.age requirements duri:ng t.,_ peak produc.tlon month .JI This sltuatfon 

produced an annuel average rate Qf tank utHlietlon as low •• twenty .. 

for the entire rou.w of fi.fty-blO wcent.,ll From tn. •vl•c• 
c;o1 lected. it appnr•d that this over-lnva•t•nt l'esulted from biO 

•Jor factor•: (I) a general f•ffure ·to observ• lndu$try reconnen<latlons 

for tank purchase besed on peak-.mcmth storege requf r._nt:s plus provl1lon 

for tw41nty perc4lflt res.rve· ~pac.lt.y, end (2) a 94J"-ra t C-.slre to provlct. 

f or future ~r.d expans .I on. AS a resu l t of these fac tQrf ,, ex Is t Ing cost 

of storage tC'lnks anoclated with EOD nti lk collection was qu:f t• hJgh and 

was consider•d unsuft•ble fot a rea l lstlc projection. of t h• subs.ti tutlon 

of produ.c•rs' dollars (for s -torag•) for hau ler do i lars (for tran1por .. 

tatfon) . n.refore, Jab • 2 was constructed to ref lee t ac t u.a l investment 

requ I remltnts for storage under present EOG ml l k co , lee: don . 

l/ Appendh B, T.ab le 2 . 
j/ Apf)4tndtx 8, Table ! . 
11 Ap~ndl 11< a. Teble ~. 
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'Table 2'! Adjusted Producer Storap·e • ad i t:tt.e:s end soof ated 
ln~5talllllt of alt ftoute Pro~ers • .. Every•Dayt) . 
£\fery .. other .. aw. and E ¢ry-Tutrd•Oay Froquen~tes. of Plc:k•t.fP 

. - ~ 

Pres ''" Req Req P:rod- tank ·tank tank tank 
er . . ,s;a t Joy . - ••• tnv 

soo 
SO) 
102 
50·3 
5.04 sos 
506 
508 
so~ 
SIO 
SH 
Sl4 
S15 
S1'7 
523. 

5~4 
scr1 
))) 
.Sl8 
519 
S20 
s21 

L>ZS 
425 
300 
425 
500 
330 
aoo 
At25 
L.o() 
300 
300 
300 
330 
42.S 

1000 

350 
250 
300 
2SO 
250 
475 
300 

$3102 
$3102 
$2594 
$310i 
$3628 
$2716 
$2lif 
f 2462 
$2571 
$2270 
$2170 
$2594 
$2716 
$3l02. 
$4783 

$2741 
f24SI 
$2170 
$2451· 
$2451 
$3472 
•PZQ · 

$~3278 

300 
l50 
100 
200 
200 
ISO 
too 
~o 
l60 
150 
200 
200 
ISO 
200 
475 

200 
100 
lSO 
ISO 
100 aso 
200 

$2497 
$176J 
$.llHi 
·$2l61 
$2l6l 
$1161 
$J4't1 
$2022 
$1608 
$}907 
$.2247 
$2161 
$179J 
$2161 
$3472. 
$:21,61 
$1550 
$1~ 
$1907 
$.1550 
$1761 
W4Z. 

$43597 

' . " Req Req Roq .. 
tank tank tank tank 

aim 10¥ :;.:ta. i lox 
500 
240 
200 
350 
3SO 
240 
ISO 
42S 
350 
2"° 
425 
350 
300 
415 

1000 

350 aoo 
300 
240 

. 200· 
300 
3SO 

$3st4 aoo 
$22'11 42S 
$20$7 300 
$2741 soo 

. $2741 475 
$2217 330· 
$i729 200 
$300S 545 
$2741 soo 
'$22.J.7 ·ltoC) 
$3005 650 
$2741 $00· 
$2497 425 
$3005 650 
$4783 . 1-1000 

$274l 
$2037 
ti497 
$22'7 
$ll29 
$2497 
11241 

$57649c 

1 ... 300, 
500 zso 
400 
400 
300 . 
475 
500 

....... ___ ... _, _____________ ,...,..,......__...,..........,,. __ _ 
a Donate& every day·. 
b Denotes every third day. 
c, Adjustod figures In column {7) are based on suggested re~al 1 

price of prov•lent type tank used. 
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The adjusted total fnvestment f fgure of $57,649 ln column (7) 

of fable 2 was use-cl to compute adjusted costs for all route producers 

fn Tab·le 3 below. 

fable ). • Adjusted lnwsim.nt .,d Annu•J Oper•ttng Cottts for alt 
Route · ~rs on a Selected Bv1k Mf .1k Route .. .. 
Every-Other-Oay Pl·ck•up, Vlrg.fnle, 4959 .................. . 

Adjusted tnftfal fovestment In aJI route tanks 

Adjusted cost. of opuatlon: 

dl!tpree.Ja~.ton• 

lntotestb 

Insurance end tuasc 

e$Umated oP«l'oUna c;ost• (•lectrJcl·tY ..S .-.,~ .Jr)d 

cleanln18 

Adjusted total annual cost - aU routo preducer1 

$57 .• 649.00 

$ 3,84).2.7 

• 1."4l.2J 

t zaa.2s 
$ 3,869.00 

S _f ,Jif,5§ 
$10.110.33 

a Deprecf atJon was e•lettlated on the atrafght 1 tne methQd with 
f(.fteen year• •il•t•d Ufe whn "° ••Ives• value-. 

tl lnteres• _.,, c~h:ula~ed •t the rate of 2.5 perQen·t an J"hf.al 
investment. 

c: lnsurariee and taxes were c:atcut:ated at the rate of 0,5 percent 
of lnlttal Investment. 

d thts. f1gure remains the s._ as presented In Tate 1·. 'P• J6. 
e Thh figure romaJns the J.- •• presented ·In Table I; p. J6, 
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PRO.DUCER AND HAULER HIVE T 1ENT ANO COSTS - EV£RY·DAY 
P.ttl<•UP 

Tota.I Pl'QdlH!Or lnv.ttmant and Costi 

Vlth d411y storage w plck ... ~p . • majQF co;st to alt rout~ prodwers 
' ' ' ,, ' 

was again the lnlU•I lnves.tment 1n bulk Jtorap tanks. ProJ•c;ted iaok 

cost for fndl·vtctu.I prod&Ket• h sno. fn Table 2.J/ Total fnws'"*'t 
' ' 

In atoroge tanks by al 1 f'OUt• producers .• '-'• shown .in Tabl• t.:, W.1 

$43.597 .. ·00. 

•roJected anrwa.l : stQrege costs (co1&s of operation) •re sboNl fn. 

feble 4 . As wet: ti. c•s• for e:oo .stores• Ind pfc.k .. up. c;osa: 9f 0,,e,r•don 

:1.ncludes deprec;h1tfon• tntetest• Insur.,._, •d tu.&$• ••t1•t•d· oporadng 

eosn. and c; ·leanlng·. W1th re1peet tQ e$th"ted ·operating C:O•t• 
' 

{f.He<:titlcfiy and .rflP•fr), tn. fi~re In. Tab.I• I+ was Gbtaf.ned by. 

multlptyJn1 the tot•t t~. ~1*11\ (4) of t8l• )1/by a factor of 36S 

(number of days during \tltl<;h $COt4e CO•t wo-.:ld be ln<:ijrted) • li.abor 

easts were det,ai'mlllad by \lslng the prevl.®Sly mentioned tY8rfg8 cJeanll)g 

Ume of twenty, mln-.t•5 .,_r tank and . ..,... t•t• of $1 .oo par hour. 
' 

To~a:.I oost of oper•tlon for 011 ·route prod~rS. for every-day 

l/ AppeqdfX. B, Table 2. 
1,/ Appendix B, Table 3. 

' 



• 

.. 47 .. 

'\Jain, a, major c:cNt for tho halfler ~s thet of itla pu~eu of the 

IN1k tanker. Tith coat ,.,.,.,. f$ c:ont•f;nod In Jabte. 4 • 



Teblo 4. - lrtY9Sl\tllent .•d _., ..... ~•thta COit$ tor •U Rout• 
ProdUc:ers and Hlt'-Jler· on .a Sel.Cted Bulk MHk r.otn• - 11o 

l.verv-.o.f .Pl~l<-"\,q)., vtrgh'•I•~ f95ga •••• .•••••••• •:. ~ ......... . 
' ' . 

, ;N .. , ) 

Costs of ~raUoo: 
· dGprec: latlonl> 

lntorestc; 

Jn5ur.anc.e and tax.sd 

estJmated QPeritlng «>sts (~d~trtc :lly and rtPai r) 
~ .teantntf 

Tota I OilrlWJ I c:o&t • •ti route pr~r• . 

• - g f - I ~ I' ·,"iMJ•c -

Cost of operation: (@ $0.ZS pet m:t lef 
Total -annu.l cost for haultng 

k i - • 

~ i . 

$ 2,906.47 
$ t,089.93 
• 217.98 
$.J.869.00 
I ., .u.n ag : a.a*X"Rftlll!Ln_ 

1H& •. f!is,29 
$.Jz .• 045.oo 

• For a period ff'Ql;D Jarn••rv I through o.<:~r Jl. l959· 
b l)epreefett.on wos ~etleulated on tt. str•faht Une ~t.hod wl th 

flft~ years e,sdmated Uf• wJtb *> ••.l'tq• v•h..-. 
"' lnte.fc.$t •• ealeuJated ilt the .r~te of 2.S petc.ont on fnltlal 

tnve&tmen~. 
d ln$urance end ta>ce \r.Qte calt:'yfat:ed at tho. rate of 0.5 per~t 

QC\ hlftlal f.nwJ.,_t. · 
e L.abcr for cfeMf:I'\& • -• calc"t•ted •t ta. r•te 0,f $1.00 per :hQvr. 
f tm:oludcn all tt.,. of c»1t as fotlQWS ~ ·io••r.$t on tn¥ettmilntt 

fn511ranee, deprct•Uon. taxgs, license•• fuia1, htbrl~ts. 
·repa1r•. tlrt'•.• labor. 
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. ' 

on & •wr.age r®te dbtance of 1 )2; mUes f)er ~1•te ~H•tton. w.es 
$·H,,()4s .. oe, •• ~. IJ'I T·eibl•· 44 ('J'he, •yerage d-htaoca of :1:32 mtl•• 
' ~ 

fe>r e.ach ®I let.Jon was bai$d 'On d:J~t~s thown In Af>"1\dla C ,. Tabt• 2). 
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PRODUCER ANO HAUL£R INVES·t1'ENT ANO COSTS 
E\/IRY .. nURO-DAY PICK- UP 

Tota I Produ~r I nves tmen t and Cos ts 

As with the two pr41vl.ous storage sltuatlon1, projected investment In 

storage tanks represents a major cott to producers with third-day storage. 

and p ick - up . Projected tank cost fer lncttvtdua l p.roduefers h ·shown In 

Tabl e 2. l / Total lnv•stment h1 storage tanks by af.l rout• p·roducers, as 

snown fn Tabl e 5, was $74 ,6.$1.00. 

Table s. As for ttt. two previous storage and collection situations, ·CGSt 

·Of oper· tio11· Includes .depreci ation . fnt..-est. i.nsurance and taxes. ••ti· 
mated oper.aUng co5ts, and c teanJng . With respect t (I • •tirns ted oper•tlng 

eosts (ellM:tricl ty and repair),, the figure f11 Tab le S w~s obtal,... 'by· 

,..lt·lplylng the total Jn column (4) of Table i!lby a factor of 365 

(number of day• .during which StQra.949 cost would be hteurr·4"f). Labor c;oSt$ 

were agatn obtained by usJn9 an ~verage cleaning tinwt of twenty · minutes 

per tank a.nd •" hour ly wa-ge rc~te of $ J .00 pw hour . 

Tota I cost o.f operation for el'l route prc>dUc•rs fQr •very-thJr4 .. day 

storage and plc,k ... up was •ter111fn•d to be· fl 1 • .970.99 as shown ln Table s. 
ttau ler I nves tNA t and -Gos ts 

As with t™t two prevlouJ sltu·atlons. • major cost to tb4t hauler wa$ 

1/ Appen.cU x ,a. T~bte 2. it Appen.di x 8 , Tabl• ). 
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the cost of the bul k tanker. This cos t figure Is conta tned In Table 5. 

The annual cost of opera U on for the haul•r. computed on the bash 

of $0.25 per mll• and an ove r age route distance of l77 mi es per 

~ollectlon, was $5,39"8.SO , as shown in Tables . (lhe ve rage distance 

of 177 ml Jes for ..-.c.b comp 1•t• col lttetlon wa$ bas4d on dlitanc.es 1bown In 

Append Ix C ,. Tab le 3.) 

WJth respect ,to ti• demands and running tllllfJi for e very-third-day 

plckwup, It was determined that thlt single bulk tanJ«ar could easl ly 

cQI l ~t the addl tlonal ac:eumuJatlon .of ml lk associ a ted with this frequency 

of storage . f»ro)ec;t_. data showing the col lectlon requir .. ntl for 

th I rd-day p I ck-up are shown In Append Ix C, Tab I e 3. 1h ·II t~b I e shows that 

the. max f 1111.lm d It tance demand occu red Jn September wh•n th4a t anker wou Id 

have to make five trips and travel an aven1ge dls t.anco of 2 fl ml 1• per 

c<:>q> ete Go l lec.t;lon of mil k. Oivl41·ng thh figure by the pr•vieua ly 

de termined average running sp .. d of 16., ml1ea per hour produced an 

averuge t ime requirement of twe lve hours .and for ty-one minutes for over-

th•- r oad' mov9"*1t. Added to this was- i;he average unlo d t imo of two hours 

and twenty- thr• minutes ass~l ated with thlrd~day ph :k-up .l/ Fina l ty , 

average to t a l hrm-ttop t .lme of five hour& and b4nty- s ix mf11ut•s 

as&OCi a ted wl th third-day p lck .. up was added to .prodi..ce the tota l tl.M of 

opera ti on.y lbesta figures p.r oduoed • tot.a t average time Qf twenty hours 

and ·tht r tY m I nu t•s requ I red for opera t Ing the e x Is t lng t nker on. an every· 

l/ Appendi x ~' Table 5. !J Appendi x C, Table 4. 

, 
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t hird day. p h:k -u~ basis duri ng the peak roducti on period of September. 

'nlerefore 1 the • '«h Ung tanker cuu 1 d· eas l l y accomnod~rte mH k output. dur l ·ng 

the f a l I peak product I on per I od . 

Although · somewha ·t gr•a ter demands wou ld b4t made on the driver, It i's 

probable tha t, by spl I ttlng t he: route, the one ma · cou Jd drive the route 

under every- third- day plck .. up. Furth.,., tM dhtance of 2 l l ml le5 II the 

peek dis tance travel•d whi le t he average dfstance for th .ls frequency of 

p.ick -up Is only 177 miles. This distance (b•1ed on an average running 

s,pMd of 16.6 m.p.h.) cou ld be covered In e .lghteen hours and thirty 

mfnut•I·· This Is on ly thirty minutes more than the t imt present ly 

requ I re~ for o~ra tf ng the ;tanker on .an IOD bas Is . 
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Tab l e 5 . .... I nves tman t and Annua I Opera t Ing Cos ts for al l Route 
Producers and Hau er · n a Selected Bu lk Hi l k Route • • 
Every- Thlrd-0 y . Pick- up, Vfrg .lnla .• 195ga 

Producers 
f.nf ti al Investment in t anks , a l t prod.ucers 

Co$t S of poration: 

deprecla t lonb 

fnterestc 

insurance and taxe$d 

est 1 mated aper a ting CO$ ts (e lee trl c I ty and .rep, a ir). 

c 1ean ing0 

Total annual cost - all route producers 

· Hau.Jer 

tni tla l Investment In bulk tanker 

cost of operation @ $0. 25 per ml taf 

To ta I annt.Ja l cost f-or hau l ·l ng 

Tota l annua l cost of operation ... Stora" and hauling 

a For a pe.riod from Janua ry I through Dec~r J l , 1959. 

$74,651 .oo 

$ 4, 976.73 

$ 1,866. 28 

$ 373.26 

$ 3,869 .. 00 

I 88~.Zl 

$ ll ,970.99 

$13.710.00 

$ 5,398.50 

$ 5,398.50 

b Depreci a tion wet calcu lated on the straight line method with fJft .. n 
years •stfmat•d life wi th n.o s.alves- va l ue . 

c Interest was calculated at tbe rate of 2.s percen t on Initial 
i nves tmant. 

d Insurance and taxes were ca lcul at•d e.t the .rate. of 0 . 5 percent on 
inl ti a l Investment. 

e Labor for cleantng wat cakula t•d at the rat• o f $ 1. 00 per hour. 
f Inc h.Ides a1 I I terns of cost s fat lotd: Interes t on: inveJb'IMint, 

i nsur ance, depreclatJ on , taxes~ 1 ic.n1 .. , fue l, fubrican ts, repairs, 
tires , labor. 

• 
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PROOUCER VERSUS HAULER COSTS 

WI th edjustments in invests1*lt and co$t of o~ration f or producers 

a tab I fshed and presented l n Table 3. Table 6 was cons t r ue ted t<> 1 ndh:a te 

the tota I dollar Inputs by all route prQcfucers and the rout• h~uler for 

the three frequencl•t of uorage ~d pJck-up • xamfned in the problem. 

Table 6 .... Projected Total Doll ar tnp.uts under tbree Cel loctfon 
Fr~uenc I es - - At J Produeert end H•u l er o l a Se I~ ted 
Bu·lk K.l lk Rou te, Virgll1la, 195~ 

Producer• 

Total 
do 1 tar input 

Ivery-day 
pfck•upb 

•' . 

,10,733.28 

$12,045 .oo 
t2z.11s.2a 

Every-oth•r-day 
pick-up . 

$I0,770.33d 
' . 

• . z,686.oo• . ' . ( -

$ 18,'tS6. 33 

£very- th I rd-clay 
flCl<,-upC 

$ll ,97().99 
' . 

$ 5,398.50 ' 

$17,.369 ... 9 

a Based on actual producdon from Janu•i"'Y through Dec;ember 3i, 1959~ 
b Figures takan from Table 4 .. 
c Ftgur•s tal<Aln from ' Tab I• s. 
d f i gu.re taken from Tab J e 3 . 
• Fi9ur• taker\from fable l . 

1'he flgur•s In Tabla 6 fndtcate the c:h•nge.s in r.esouru u••whlch 

oc;c:ur wheo fr-.quenc;y of milk 1toreg• end pick•wp 11 extended frQ11 '4a~y 

day to every third clay. Oo l1 ar i npu tt of t ncr-.1 Ing a®un ts ere requ I red 

for produc•r 1torag• as the ~o1 lec.tlon of ml Jk is eJtt'OOded to every third 

cMY. nae stora941 fact 11 ties needed to hold mil k for th f rd-day pick-up 

Involve ·a subst•ntfal ly gr&tttet cloJ lar co•t then that c0$t associated 
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wl th el ther every ... day or OD storage. Tho input schedule reflected Jn. 

Table 6 Indicate$ a requirement for dol lat .input Jner•ment$ (resource 

use) of Increasing amounts for producer storaige. As fr9<1uancy of 

co 1 l oc ti on ls ex tended to every third day • add I t f ona do l l ars used for 

storage substitute for fewer dol 1¥$ used for hauling. Table 6 lncUteiatn 

th t , since the size of each tncrement of dollar Input increa••s a• 

frequency of storage ~nd eo l lection Js ax·tended. tho5e do •ari U$ed for 

$torage substitute at a dlmini.shing merglnal rate for dol lar$ used for 

hauling. 

ft seems probab le. that t~ rat• of substitution Juit dhcussed U 

partially du• to th• substantially htr9er ln.,.stant and costs assocfatad 

wt.th tanks for third-day $tor.age.. Kany Smel I tanks. vary ·fin sl~• by only 

a ·smal I amount,. In tome ltnes by only fffty gal 'font. Therefore. di .fry 

farmers may purch•M tanks from a s•lectlon In wflfch th• price 

differentla,l h not too great. However, the lar- tankt produced by most 

manufaetur•r• s-neral ly differ In sl%• by at least 100 gallons and In SOll9 

.1J nes by an evon grh ter .mount. l'berefore, da I rycnen faced w Ith the 

probl.m of purchasing large tanks to ecCOAlll)date th.frd•fiy storage, of ial lk 

might be forced to buy tank.s rnuc:h larger than actual ty raqu.'ired and would 

hal/.e to consn i t do 11tlr5 for 5 tor age Capac J. ty wh I ch wou l d llO t be used for 

'SOtll$ ti me I f at a 11 . For these rcta$on1. as storage is • teo•d and tank$ 

for .stora~ become larger, each s ucce&&lve lncreose in tank size brf~g5 

forth investment Increments of greater amounts. 

From the figures presented In Tabl• 6, the Jso .. product contour In 
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Fl gur~ I was constructed, ref lectl n a dl mlnf$h i n .... ma r g tnal r a te of 

subs t I tu U on of producers~ do l l ars for ha.u 1er <fo,J Jars as frequency of ml 1 k 

. col Jectlon Is moved from evety day to evory third day. ntf·1 substitution 

ratio resu lts from the necessi t y of applying ·l~c:reasfn ly larger 

quantities of dollar$ to purchase addf tlonal tank storage space as 

frequency of pick-up Is extendad, whl le, at the , same tfme, lnputt of 

dollar-s by the 'hau 1er dlmf nl sh beeeuse of decreased cost of operation 

assoc lated wl th reduced travel. 

~ 
I• 
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every-other-day pick-up 

.. 112,000 .,..,. ____ ___,..,. /

very-third-day pick-up 

every-day pick-up 

111,000 

110,000 

19,000 

18,000 

17,000 
Producers 

16,000 

15,000 

L 
0 as.,ooo 16,ooo t?,ooo •s.ooo•~ •1Q000•11,ooo'iz,ooo 

Hauler 

Figure 1 - Isa-Product Contour Reflecting Rate of Substitution Between 
Dollar Inputs by Producers and Dollar Inputs by Hauler on a -
Selected Bulk Milk Route - - Every-Day, Every-Other-Day, 
and Every-Third-Day Storage and Collection, Virgi nia, 1959. 
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SUMMARY 

Th.h stuctY was designed co -deter.fne ·the tot•l Jnve:sb•lt . ..-<I 

operatJng costs on • f;eJGGted --.l• "®te for aU prodl&Cers ~ for 

che route hauler wh•re stor•p ad CQltac.tfOA of mUk oecu,..d every 

d-V• $very o~r d'Y• and every thfrd d.y. n. study was aho c:.t..1lg•d 

to ~amine the rato at .alch r•$0\tr~s (•su,..d tn do• fer•) us•d· bf 
sr•de-A producers ·on the route st.,dlad substlt~t• for re$0Urc;ei 

{mea$urod hi dbl.Jars) uMd by t'- milk hau.ter Oil th$ s,_ r-QUte·. 1'be 

stuctv . ..,., fur-.,._r deslpcl t.o dot•rml• the lMSt .. co1t •thc>-d of storing 
and .(DC)vfng a given volUllle ~f mHk from f•nn to p~Hot or recefvfng 

•t•~lon. tl\roli&h tho U$e of klk !itorqe •d h•Hng f•iHd••· flneUy, 

~he $tudy was dalgn6d to ,._lne the effects oa total' producers• cost 

and on total htiufv cost· on the $ample '~t• W a1t•ratf<>.n of ~ 

frequency of stc>T•a• Md pfck•up. (thh t:ncfomatfon h w•ed to pr(ldlct 

the most eco.nonth;a.J •tor• ad newment of ml lk and h caud •• • gufct. 

tA t~f"I Hlect:fon of t.nk• V'blch, "'- used with other buU~ 

fac:J Htles. wl·n ·ruuh tn the. lea~t--co1t iMl!ndlf• of' • gf.wn wlUAM1 

of ml lk.) 
~ 

A ,bulk •f tk tout.• Mbractng, portfon1 of • three-country •ru -.d 

lnvolvJng twtllty-two pro&.cers. was Qed In tMs ffse $W<ly. 'na. hauler· 

operatted lncltpeqdentty rat-r t.hm as .,. ••av• of the •Hk processor. 

Th• production •d hat.11 Ing period wa1i a twelve-.>nth period ftoll 

J.-nuary J ihl'ougb e.c.-..,. 31. 195~. 
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With. r.apec:t to p~r costi, star-.• eosis ware lowest with 
every.day storage and p.lck•.up of ·,ml lk . .net ltie,._ed a1 f~y of 

pJc:k•up w.1 utCMtded to every third day. ·n. greatesl l~rMso In 

·•torage. c;osi• ~rred "9en c:oU-.t:lofl fr~ mo-d fl"OQl ·~ other 

cf«'/ to evety third c:tey. Co«lvel'telv; h•ltng c:o•ta were lus"t with 

ewry-thJrd•ct.J •Ok pJc;k IM"1 lne"*.S COMhttnUv as mHk was r>f~hed 

wp mor.. ft....-Uy • . ,... ar•~•t •~•••sa fft b•.Unz cost• ~rred 
whe11 frequency e>f cotlectton ws $hlft9d ,,_ •Vf'ty o-het dlly to ev.ry 
de.y. 

WJth ~t to tesot.f.r'4!J us.a by producers, tt was 'dettetmt•d ~t 

c;onstdef'•le ovttr•lra~tmtni ''" storage tll'tkt ·4Pel$ted,, 1ld• was m. to 

p l<Qlls for hord -.•• lon., f•I· '""" to· •d&1e,. to l:ndustrv , .... ndaiJQna 

.f:n tbo· purdtale of ·t•b•. fnd ·• hip degree of s&aSOMl S:ty ·Of fU'c>~1on. 

Avor:eg$ t-*. ·UCIUz•lon for the entJre potlod r•ged fro.11 u tow•• 
twanty-rU.• pcat~t io u hl&h •• .nJ•tY.nl• peru.,.t • wl Ut • amueJ 

•ve,fge &:ttl n •• ,,_ r•'• ()f flf tv-tw:> ..-rctnt .•. 

ht"9$tli*IC t:n Jnd uitllzttlon. of ·tliq¥1fl!i'*'t by tl'Ml .hduler ·• f°"nd 

tct b1$ ttNSOl'ltbl• .-,d ••tfaf~tory In vfw of the •mal .,gJw. of ml l" 

ftll>"9d. 

tnftleJ lnves~t In $qUfpmal\t wu clttettibied to be a •Jor cost 
It• ·for J:aoth pn>di#CerJ ..S tho: b-.ler. A a-era1 over-ln~tttQeltt In 

pro~C$r $torage f.:;IHU•J h1dlea-tod a Itek of .l(tv~• phwvd• for, and 

estll'!Mltlon of, actual storaa• tequf.-...t,$, Thb oV,B.f ... lnW$tillilnt Qf 

cbUars l~reased the farm-t011arket eost of storl.rtg and •vfft& 4' glv.n 
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vol~ of mflk. 

The leatt""CO•t e,om~lnatton fo·r sto·rtna •d ruovtng. ttle artQ'taf ouipu.t 

of ml tk '" tha aanpJe area . 5~udte.d was .that cor$lnaUon resulting firm 

every-thfrd•d-V s~or,age ·and p1¢k""YP• .w..n ft~y of ¢01 Jectf·o.- w.·s · 

movod ·to thlS point. ~be colt to alt rout•· prodUt;er?. wo$ ste•tett. 

However. the .reduccJon In h*'Hn& eost• more t:ftai offset dla. lncrN$•d 

c;ost for- comblnad, n:»1ce p~r•. ·so tltat: di•· l.-t•CQ$t :ha<ll hag of 

mi tk oecur·rod whh thlrd-4-y co11.4letfon. Tbef'efore, ·~· sttKly lodle•t•d 

that the gr~~ pos•l»·l• ~1•5 er. at.toe·••ted with thlrd-d,y 

ito1'¥tP and col \~don of ml Hei. 

Thi,. ~tudY detertnl-nad th•t cbH•r• ti••d by the combh-.d produc:4t• 

on the .s~ht .route •lil.b•Utut•d for dc>1 t4'• ·u.Md by the lMuler •t • 

dJmfnJ sh hl; mar:gtn• 1 r.•t• t"1en coJl e<;l'Jotl f ·r.-q..,ey was mov.d to- every 

tJJlrd ~. Thf$ fndlc4tM • r."1.driDlliOnt of lt1<1rtA$fngly ••rsor Inc:....._,, 

of prodt.tcers 1 ~apttal as f.requea.cv of pf ck•• :wa• ~>c*O.d to e,,_ry tbltd 

dey. 

lo the $tlt.,._.t of •he prQblem., opt.Imp tank d~e was ct.fJ-.d a• 
that. ·sf:tci u.sed by eeh pro4t.&cer llli ·I·~,,· ~ c.&Hd In canJunctton whh · 

e.xhtlog heuHng f~IUt.I• URCS.r a gt..- fr...-ncv of e.ou.c,foa, WMJld 

:nHul ·t tn the Jeast•eost· 1.torege aqd mW1111M1:t of milk from fai'm$ to 

reeef vint; plant or relay staUon. Sfrw.e the stJ.tdy ~termfMd that the 

1 cast•eos~ com.btneU91r lB butk m'Uk h-.dJ lrJg 0¢.Calrt'ed wJ~h •verv·~blrd­

day p.tck-up. Jt h eonctud$d that, from tha stM<IPoint. of reduch11 ~·• 
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and using resouRes effh:lenUy, the tlnk ·slZ.1. ·us4d for thltd-dav 

sto·r•e would IJe oonshftred more .nearly, 9pU~ for tho saapJe .route 

used Jn this $Wdy. 
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CONCWStONS 

.eased .on ~he flnd1t-a1 of tbl.- itu<Jy. It 1f' conchtded ttutc:. on, thlt 

saq>ie route s·tudfed, ·~he 110 .of bulk storap tanks purchased fot' Md 

'-*&ed ln conjum.:tton wnn overy•tbird-4-y coHo.c;tlon of milk '°-tld b4J 

optfmum as tM term 1$ used hor·o.. Stt01"ag4i t1nks t.l$ed on this route for 

every-th.11'1-d-day· plck .. up ,..1d .,equtre. • UMll iet 1ggreg•t• cost for •ll 

f'OUte Qpel'•,·lons di.• tb•t ""'''•d wfth •Y ot•r freq~y of •tor• 
' I 

and. c;oJJ~tton. - From ta. 1tandpo.lnt of -.t1ng dollars (Md the ,fUO&lf'~ 

whieh they purchase) as eff~ct.n,t,1y es PQ••fb·l•• lll\d from tbfJ .Jt•dpohtt 

of pejrformJ,.g ~ ~a~te., or toG\e ph.se of., • pl'Qductfert• f ·unc;tlOd wi'th 
' I. 

. ' 
A abtft to tbbd-dlfY s.t.or9 and plck•l.iP on thQ N>Ut• 1tudJed coul.d . 

llO-t toke p·lace wf~t .idhf9UI cost to producer•. Greater lnvef~l 

an. J.11tg•r S.'°t• ..... tOUid be neioets.ry hi- ·$0Rlf;I CB$$$:- The \OWllt 
' ' 

qgre~ate caai for th&.rct-dly .p·tok•!IP ts. l•rao.ly the ,.."h of :c:ons.t•·•&tl• 
I 

••vtngs f°' ~- ta.fer UQdtt thlt~day Q.01 h~Gtfon of ml Jl~, U ._. 
' , ' • I • 

togleal th.at, sbouid JUGh a ahlfi tn ~• l~itcm fr~y oc4ur and tf 

••via&$ l\ich •• thote theff(:1ted io thh 1tudV 1e;-e.rue to th tr.al•• t .be 

' l ' 

routo: produeer• In; ·th• form of fQWll" bauUq coJt$. ~U• thf·• .wht :t-. 
~ , I I 

~s .f r·•···· partfcularly ftofn the $••dpc:>tnt of the 'rQ.\tt4 pro~r•, wr• 
h :no •tsutane• th•t the b.ul•r ·Wll»Uhi P••• s~h 1•vfqgs on tQ ~h(a 



producer. 

From the findings of this $tudy, It h concluded that resources 

are not now befng used as eff.lcfently as might ·be pos.s lble on the routo 

studied. Tills conclusion f.s based on cost flgur•s \'A1 lch fndfcato that 

the present .system of EOO s·torage and pick-up reqyi res ·a .greater dollar 

f nput then \'QU1d be .necessary under thlrd•day pick-up of ml 1k. Th4 

pr.eserat method of utl~ do1l•rs under Et)O. pfc;k-u.p may be the result of 

state health regulations W"llch prohibit the storage of gracJe,.A ml Jk for 

more tha.n fJfty•two hours. Other reason$ may also exJst for the practice 

of a ft.arnate day c:ollectlon u.sed on ·this route. 
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APPENDIX A 

Production Figures for a Selected Bulle Milk Route, Virginia, 1959 



Appendix Table l. - Monthl;r Milk Deliveries of all Producer• on a Selected Bulk Milk Route, 
Virginia, l 9S<JA 

Prod-
ucer Ja,n Feb Mar Apr _ Ma.v Jun Jul Ay S•,E O~ __ tf9_T Dec 

500 .3.3943 32508 39225 37'172 37909 .30307 35215 40122 51026 S.3542 44599 42143 
501 16762 12757 12253 11090 14972 22905 2.3406 23908 24027 21.181 19S37 21793 
502 13929 14063 16347 172.38 15562 13937 16313 18688 20661 18458 13995 12299 
50.3 21690 20601 27718 35558 33946 30804 29577 28350 33634 3277? 26117 25957 
504 21458 18079 19029 22462 21339 21426 242.TI 27128 .3.324.3 30412 22791 20578 

505 14361 11356 llJOJ 12908 17732 17469 20478 22486 22331 20804 18257 17828 
506 7784 6664 5862 6560 7547 8199 10701 13202 13418 1.3676 11798 10329 
sos 2642.3 26259 27516 32330 30169 22731 21908 21085 29941 39059 35199 .34664 
509 2.3853 22687 25162 31185 32699 28480 23286 18092 24466 .31970 278.34 2S871 
SlO 20421 16398 18412 22841 22104 22989 20281 17573 15577 23555 23637 228.32 

511 33401 28659 29206 35438 33804 28960 29166 2937.3 3213.3 37893 33954 JS179 
Sl4 28801 27281 28.312 31578 33265 JlS14 3028.3 29052 34137 32412 27965 29753 
SlS 22538 20480 18689 22586 24627 21467 22623 23779 28687 28380 2325.3 24364 $ Sl7 29785 21669 21818 24.380 28157 25657 297.37 33817 38652 .3557.3 34694 32770 
52.3 72129 l:JJ.367 65/:JJ8 62024 66926 5281) 66204 79595 90788 92030 81964 76459 I 

524 20191 16007 17705 22972 2.3040 18972 23067 27165 3391.3 3512.3 29153 28175 
507 10097 9781 11314 13064 14917 16967 lSll.2 15505 16206 15900 14.316 11916 
51.3 21.895 18481 2.3560 16700 21996 20474 181.35 22194 25974 25117 20076 24932 
518 2,3208 ll961 11984 17320 21588 15929 19914 11318 11127 19140 22181 2.3672 
519 17901 15972 16957 17740 16195 14340 9529 8141 12608 186.34 1706.3 19576 

520 14791 13150 14889 15150 18197 15274 12255 18387 23970 27.382 22554 17386 
521 26124 23550 20494 20;50 2.3201 23729 2ll58 25226 331S9 .34832 32156 27172 

Total.a: 
521455 4587.30 493.363 528746 559892 .505343 52262S 554186 649678 687850 l:JJJ093 585648 

a Rxpressed in pounds. 



Appendix Table 2. - Sea•onalit7 of Production of Producers on a Selected Bulk Milk. Route,. 
Virginia, 195~ 

Prod-
ucer Jan Feb Mar Apr Ma,,y Jun Jul , Aug Sep OOt 

soo Lb 
SOl L 
502 
50.3 L H 
504 L 

505 L 
S06 L 
508 
.509 H 
SlO 

511 L 
514 L 
515 L 
517 L 
523 L 

524 L 
'J07 L H 
51.3 L 
518 
519 

520 
521 L 

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

He 
H 
H 

H 

H 
H 

L H 
L 

L 

H 
H 
H 
H 

H 

H 

H 
L 

L 

L H 
H 

NOT Dec High Low Difterential 

S.3542 .30307 2.32.35 
.32757 11090 21667 

L 20661 12299 8352 
35558 20601 14957 
.3.3243 18079 15164 

22486 11.303 11183 
1.3676 5762 7914 
39059 21085 17974 
32699 18092 14607 

H 236.37 1SS77 8060 

,37893 286S9 9234 
341.37 27281 6856 
28687 18689 9998 
.38652 21669 16983 
920.30 5281.3 39217 

3Sl23 l(:/;)O'/ 19116 
16967 9781 7186 
25974 16700 9274 

H 2.3672 lll27 12545 
H 19576 8141 114.35 

27.382 12255 15127 
l4832 20494 14338 

Totalsc 722243 407811 314422 

cJ 
I· 



Appendix Table .3. - Average Dail7 Individual Producer Deliveries of all Producers on a Selected 
Bulle Milk Route, Virginia~ 1959a 

~ Feb '·-- !!!: Apr. -Prod-
EVDb JRDDd ucer :a.me EVD EOD ~RDD EVD EOD ~RDD EVD EOD JRDD 

500 1128 22.56 3384 1083 2166 .3249 1308 2616 3924 ?-236 2472 3708 
501 558 1116 1674 426 852 1278 408 816 1224 370 740 1110 
502 464 928 1392 468 936 1404 S44 1088 1632 574 1148 1722 
503 724 1448 2172 686 1372 20.58 924 1848 2772 1186 2372 3558 
504 718 1436 2154 602 1204 1806 634 1268 1902 748 1496 2244 
505 478 956 14.34 .378 756 ll.34 376 752 1128 430 860 1290 
506 260 520 700 222 444 666 196 392 588 218 436 654 
508 880 176-0 2640 876 1752 2628 918 18.36 2754 1078 2156 32.34 
509 796 1592 2.388 756 1512 2268 838 1676 2514 1040 2080 3120 
510 680 1360 2040 546 1092 1638 614 1228 1842 762 1524 2286 
511 1114 2228 3342 956 1912 286S 974 1948 2922 1182 2364 3546 ~ .514 960 1920 2800 910 1820 2730 944 1888 2832 1052 2104 3156 
515 752 1504 2256 682 1364 2046 622 1244 1866 752 1504 2256 
517 992 1984 2976 722 1444 2166 734 1468 2202 812 1624 2436 
523 2404 4808 7212 2012 4024 60.36 2186 4372 6558 2068 4136 6204 
524 674 1.342 2022 534 1068 1602 590 1180 1770 766 1532 2298 
507 .3.36 672 1008 326 652 978 378 756 1134 436 872 1308 
513 7.30 1460 2190 616 12.32 1S48 786 1572 2358 556 lll2 1668 
518 774 1548 2322 398 ' 796 1194 400 800 1200 578 1156 1734 
519 596 1192 1788 532 1062 1596 566 11.32 1698 592 ll84 1776 
520 492 984 1476 438 876 1.314 490 980 1470 506 1012 1518 
521 _.!!/A ~ 2622 7$6 !ill ~ ~ 131 1952 686 ~ 2058 

17.384 347 S2152 14955 2990a 448 s 1 4 3212 4$242 17628 3525 52884 
Totals: 



Appendix Table 3. - (Continued) 

May ~ ~ Aug 
Prod- -
ucer EVD EOD JRDD EVD EOD _ .3RDD EVD EOD JRDD EVD EOD ) RDD. 

500 1264 2528 3792 1010 2020 3030 1174 2348 3522 1338 2676 4014 
501 500 lOJO 1500 764 1528 2292 780 1560 2340 796 1592 2388 
502 518 1036 1554 464 928 1392 544 1088 1632 622 1244 1866 
503 1132 2264 3396 1026 2052 3078 986 1972 295S 946 1892 2838 
504 712 1424 3126 114 1428 2142 810 1620 2430 904 1808 2712 
505 592 ll84 1776 582 1164 174b 682 1364 2046 7SO 1500 22.50 
506 252 504 756 274 548 822 36o 720 1086 440 880 1320 
508 1006 2012 ~18 758 1516 2274 730 1460 2190 702 1404 2106 
509 1090 2180 3:?:10 950 1900 28.50 776 1552 2328 604 1208 181.2 
510 736 1472 2208 766 1532 2298 676 1352 .2028 586 1172 1758 
511 1126 2252 3378 966 1932 2898 972 1944 2916 992 1984 2976 
514 1108 2216 3324 lOSO 2100 3150 1010 2020 JOJO 972 1944 2916 ' 
515 820 1640 2460 716 1432 2148 754 1.508 2262 792 1584 2376 ~ 
517 938 1876 2814 856 1712 2568 992 1984 2976 1128 22S(> .3384 I 
523 2230 4460 6690 1760 3520 5200 2206 4412 6618 2654 5308 7962 
524 768 1536 2.)04 632 1264 1896 768 1536 2304 906 1812 2718 
507 498 992 1488 566 1132 1698 504 1008 1512 516 1032 1548 
513 734 1468 2202 682 1364 2046 604 1208 1812 740 1480 2220 
518 718 1436 2154 5.30 1060 1590 664 1328 1992 378 756 1134 
519 538 1076 1614 444 888 1332 318 636 954 272 S44 816 
520 6o6 1212 1818 510 1020 1530 408 aJ..6 1224 612 1224 1836 
521 ~ ~ 2322 __m lif ~ .J!22. 1412 2118 ~ 1680 2520 

18'b60 31>206 55974 168!0 33 O 504.30 17424 3.384S 52278 18490 36900' 55470 
Totals: 



Appendix Table 3. - {Continued) 

Sep Oct Nov Dec - - -Prod-
u.cer EVD EOD 2RDD EVD EOD JRDD EVD EOD 2RDD EVD EOD 3RDD 

500 1.300 2600 .3900 1784 )'l6a SJ.52 1486 2'n2 44.58 1404 2808 4212 
Sol. 000 1600 2400 706 1412 2ll8 644 use 19.32 726 1452 2178 
502 68S 1376 2064 616 1232 1848 1+66 932 13?8 410 820 12JO 
503 1122 2244 3.366 1092 2124 3276 870 1740 2610 866 1742 2598 
504 1108 2216 .3324 1014 2028 J0-42 760 1520 '2200 6a6 l.372 2058 
50.5 744 1488 2232 694 1.388 2082 600 1216 1824 594 1188 1782 
506 448 S96 1344 456 912 1368 394 788 ll82 341+ 688 1032 
508 998 1996 2994 1302 2604 3906 U74 2'.348 .3522 1156 2312 3468 
509 816 1632 2448 1066 2132 3198 92$ 1,856 2.784 862 1724 2586 
510 520 1040 1560 786 1572 23.58 . 788 1576 2364 762 1524 2286 
511 1072 2144 .3216 1264 2529 3792 1132 2264 3396 ll72 2344 3516 
514 1138 2276 .3414 lOSO 2160 3246 932 l~ 2796 992 1984 2976 
515 9S6 1912 2$68 946 1892 2838 776 15~ 2328 812 1624 2436 ....., 
517 1286 2572 .3B5g 1186 2372 3558 1156 2312 3468 1092 2184 3276 ·\IJ 

S23 3026 6052 9078 3068 6163 9204 27.32 5464 8196 2548 5096 7644 I 

;24 1130 2260 .3390 lI'TO 2.324 J510 572 1144 2916 940 1880 2820 
'!IJ7 S40 1080 1620 530 1060 1540 444 SSS 1332 398 796 1194 
513 S66 1732 2598 838 1676 2514 670 1340 2010 832 1664 2496 
518 370 740 1110 638 1276 1914 740 1480 2220 790 lS$0 2370 
519 420 840 1260 622 1244 1860 S68 11~ 1704 652 1304 1956 
520 000 1600 2400 912 1824 2736 752 1504 2256 580 1160 1740 
521 1106 2212 ~ 1162 ~ 348~ ~ ~ ~21~ ...2Q§, 1812 ~ 

21254 42508 637 2 22932 075 6074 19 3932 . 60192 19524 39058 5g572 
Totals: 

a Expressed in pounds •. 



Appendix Table 3. - (Continued) 

b Deliveries with ner;r-da7 pick-up. 
c Deliveries with every-other-day pick-up. 
d Deliveries with every-third-day pick-up. 
e Procedure for computing: 

(1) Each producer's monthly production was divided b;y 60 to obtain average pounds per 
milking. 

(2) Resultant in (1) was nmltiplied by factors of 2, I+, and 6., to obtain average daily 
deliveries for every day, every other day', and every third dq, respective:Q". 

"'I 
~ 

I' 
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APPENDIX B 

Producer Facilities. Investment• and Costs tor a Selected. Bulk Milk 
Route. Virginia. l9S9 
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Appendix Table 1. - Existing Storage Tanks and Storage Requirements - -
All Producers on a Selected Bulk Milk Route, 

Virginia; l959a 

Minimum tank Existing 
Present EOD Preaent available surplus 

Prod- Tank Tanlc storage b tank tor EOD storage 
ucer make type requirements · size storage . oa:eacitz 

soo Esco mo 498 42S 500 -63 
501 Esco IB 223 425 350 /.120 
.502 Esco IB 192 300 200 "108 
503 Esco IB .331 425 3.50 /.94 
504 Esco IB 309 500 3.50d /.191 
505 Kratt IB 209 330 240 ,ll.21 
S06 Esco IB 127 200 1.50 /..73 
508 Moj8 l):gt 363 425 400 /.62 
509 Unico DE 304 400 400 /.96 no D-Kool IB 220 300 2.50 f8o 
Sll D-Kool IB 353 300 400 -S2 
514 Esco IB 318 JOO 350 -18 
515 Kratt IB 267 330 30011 /.63 
Sl.7 Esco IB 3S9 425 42S /.66 
523 Esco IB 856 1000 1000 .j.144 
524 Esco IB 324 350 350 /.26 
507 D-Kool IB 158 250 200 /.:92 
513 D-Kool IB 242 300 250 t58 
518 D-Kool IB 220 250 250 /.30 
519 D-Kool IB 182 250 200 ./-68 
520 Esco IB 259 47S JOO .j.Zl.6 
521 D-Kool IB 324 300 400 -24 

a Expressed in gallons. 
b Based on peak month production plus twenty percent reserve capa.cit7. 
c Denotes ice-bank type cooler. 
d Data unavailable for Kraft equipment - this is an Esco tank. 
e AbbreViation for Mojonnier Bulle Milk Cooler. 
t D9notes direct expansion type cooler. 
g Abbreviation for Dari-Kool Bulk Milk Cooler. 
h Data unavailable tor Kratt equipment - this is an Esco . tank. 



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

Every-Day.Pick~Ui> Ever_z-other-D!l Pick-u2 Eve!:f:-Third-D!l Pick-u2 

(1) (2) . (3) (4) (5) (6) (7) (8) (9) {10) (11) .{12) {13) 

Req Pre• Req 
Prod- Str8 tank Tanlc Str tank Tanlc Str tank Tanlc 
ucer req size coat b size cost H.P. reg siae cost H.P. H.P. reg 

500 248 JOO 12497 1-1/2 498 425 $3102 l 746 800 $4224 2 
501 112 150 $1761 3/4 223 425 $3102 l .335 no change $3102 l 
502 96 100 $1417 1/2 192 JOO $2S94 l 288 no change $2594 l 
503 l6S 200 $2161 l 331 425 $3102 l 497 soo $.3514 1-1/2 
504 155 200 $2161 l J09 500 $3628 1-1/2 464 475 $3JS8 1-1/2 

505 105 150 $1761 3/4 209 330 $2716 l J14 no change $2716 l 
506 64 100 $1417 1/2 127 200 $2161 3/4 191 no change $2161 3/4 
508 182 250 $2022 1-1/2 363 425 $2462 2 545 545 $2824 .3 
509 152 160 $1608 1-1/2 304 400 . $2571 2 ·· · 456 ·soo · $2924 3 
510 llO 1·50 $1907 1/2 220 JOO $2270 l 330 400 $3182 l 

511 176 200 $2247 3/4 353 JOO $2770 l 529 650 $4015 l 
514 159 200 $2161 l )18 300 $2594 l 476 500 $JS14 1-1/2 
515 lJJ 150 $1761 J/4 267 J30 $2716 l 400 425 $3102 l 
517 179 200 $2161 1 359 425 $3102 1 538 650 $3980 2 
523 428 475 $3472 2 860 1000 $4783 3 1284 l-1000gal°$4783 3 

1- 300gal $2497 l 
524 16J 200 $2161 1 324 J50 $2741 l 490 500 $3514 1-1/2 
507 79 100 $1550 1/2 158 250 $2451 3/4 2J7 no change $24Sl 3/4 
513 121 150 $1907 1/2 242 JOO $2770 l 36J 400 $3182 1 
518 110 150 $1907 1/2 220 250 $24Sl J/4 331 400 $3182 l 
519 91 100 $1550 1/2 182 250 $2451 3/4 273 JOO $2745 l 

520 127 150 $1761 3/4 255 475 $3472 l-1/2 382 no change $3472 1-l/2 
521 162 200 $2247 3/4 324 300 $2770 1 486 500 $3615 1-1/2 

Total 
investment: $4J,597 163,278 174,651 

d 

a Denotes storage requirements in gallons. 
b Denotes horsepower. 
c Least-cost combination is obtained with the two tanks and associated prices indicated. 
d Procedure tor computing: 

~........av~dail..y-preduot.-ion~dUFing-peakr<preduct.ion-mont-h~Et-aken...-from~T-abl;e JJ*ppendix · A~· 
served as base figures for computing - - to each figure, twenty percent {reserve capacity) 

(2) 
waa added tor ever,y-da7, EOD, and every-third-da7 pick-up. 
resultant in (1) above was divided by' 8.6 {pounds ot milk per gallon) to convert. to 
storage requirements in gallons. 

~ <» 

' 
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Appendix Table 3. - Average Operational Cost ot Storage - - All 
Producers on a Selected Bulk Milk Route, Virginia, 

19594 

(ll (2) Cll tttl t~l ~~l 
Average Actual prod .. Projected Projected 
production Cost per ucer coat - producer producer 

Prod- for every- hWldred every-day cost - EOD coat - 3rd 
ucer day pick-upb po\lllds pick-up pick-up day piCk•:Up 

500 1200 .045 • SI+ 1.08 1.62 
501 700 .062 .43 .86 1.29 
502 soo .074 .37 .74 1.11 
503 900 .061 .55 1.10 1.65 
SOI+ 800 .068 .54 1.08 1.62 
505 600 .073 .44 .88 1.32 
506 .300 .123 .37 .74 l.ll 
So8 1000 .055 .;5 1.10 1.65 
509 900 .061 .55 l.10 1.65 
510 700 .062 .43 .s6 1.29 
SU 1000 .055 .55 1.10 1.65 
514 1000 .0§5 .ss 1.10 1.65 
515 800 .06S .54 1.08 1.62 
517 1000 .055 .55 1.10 1.6.5 
523 2400 .02). .so 1.00 1.50 
524 800 .068 .54 1.08 l.62 
507 500 .014 .37 .74 l.ll 
51.3 700 .062 .43 .86 1.29 
518 600 .073 .44 .88 1 • .32 
519 soo .074 .37 .74 1.11 
520 600 .073 .44 .as 1.32 
521 900 .061 .;; 1.10 1.65 

Total cost per collection 
period $10.60 $21.20 $)1 .80 

a Procedure for computing: 
(1) Producer annual production divided by 365 to obtain average 

pounds produced daily 
(2) Daily pounds produced multiplied by cost per hundred pounds 

to obtain actual producer cost per ~ 
(.3) Resultant in column (4) above multiplied by factors of two 

and three to project storage costs for every-other-day and 
every-third-day pick-up, respectively. 

b Average daily production rounded to nearest hundred pounds to confo nn 
to the cost scale used. 
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Appendix Table 4. - Annual Average Rate of Storage T&nlc utilization - -
All Procbcers on a Selected Bulk Milk Route, 

Virginia,. l9S9a 

~l~ r2~ t~l ~!tl ~~l 
Average 

Total production 
annual for EOD Annual average r ate 

Producer ;eroduction° eick•UE Tank size of tank utilizat.ion 

soo 447S01 2452 425 67% 
501 244951 1342 425 37% 
502 194490 1066 .300 41% 
S0.3 345729 1894 425 52% 
504 2gi222 1546 soo J6~ 
505 20731.3 1136 330 1+0% 
506 ll5740 634 200 32% 
S08 347284 1904 425 52% 
509 31S59S 17.30 400 S0% 
510 246620 1JS2 300 52% 
511 387166 2002 .300 74% 
Sl.4 354353 1942 JOO 75% 
SlS 281473 1542 .:no 54$ 
517 356708 1984 425 54~ 
523 866907 4750 1000 55% 
S24 295483 1620 .350 54% 
507 165095 904 250 42% 
513 259534 1422 300 55% 
518 209342 1148 250 SJ% 
519 184756 1012 250 47% 
520 213385 1170 475 2</% 
521 .3114l! 1706 300 99% 

Total 6,6.3.3,054 c 

a Procedure for computing: 
(1) producer annual production was divided by 365 to obtain 

average pounds produced daily 
(2) resultant in (l) multiplied by a factor of two to obtain 

the average pounds stored for EOD pick-up 
(3) resultant :in (2) was divided by 8.6 (pounda of milk per 

gallon) to convert resultant in (2) to gallons 
(4) resultant in (J) was divided by individual prowcer•s 

tank size to obtain the average rate or utilization. 
b Expressed in pounds. 
c Average r ate of utilization - .52 percent. 
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APPENDIX C 

Operational. Times and Load Schedules for the Hauler on a. Selected 
Bulk Milk Route, Virginia, l9S9 
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Appendix Table l. - Load Table - - Evary-other-Dq Pick-up on a Selected Bulk Milk Route,. Virginia,. 19S9a 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct NoY Dec 

~ ~ · ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
Prod' l bs ea e Prod lbs ea e Prod lbs ea e Prod lbs ea e Prod lbs ea e Prod lbs ea e Prod lbs e e Prod lbs e~ e Prod lbs a e Prod lbs ea Prod lbs ea e Prod lbs ea 

520 984 520 ir76 520 980 520 1012 520 1212 520 1020 520 816 520 1224 520 1600 520 1824 520 1504 520 ll60 
513 1460 51.3 1232 513 1572 51.3 1112 51.3 1468 Sl.3 1.364 513 1208 51.3 1480 51.3 17.32 Sl.3 1676 51.3 1340 513 1664 
521 1748 521 1572 521 1368 521 l.372 521 1S48 521 1580 521 1412 521 1680 521 2212 521 2324 521 2144 521 1812 
507 672 507 652 507 756 507 872 507 992 507 ll.32 '!IJ7 1008 507 10.32 507 1080 I 507 1060 507 888 507 796 
500 2256 500 2166 soo 2616 500 2472 500 2428 .500 2020 .500 2.348 soo 2676 500 2600 soo 3768 .500 2972 .500 2808 
523 4808 523 4024 52.3 4.372 52.3 .4136 523 4460 523 3520 523 4412 52.3 5308 52.31~* 15.3 52.3~ 5.3 52.3 5404 523 5096 
524~ 60 524 1068 60 S24 ll80 60 524~ 60 524 1536 60 524 1264 60 524~ 60 524 1812 60 15 . 524~ 60 524 1880 60 

13270 11590 12844 12 l.3744 11900 12740 15212 15.39 15216 

506 S20 506 444 506 392 :506 4.36 506 504 506 .548 506 720 506 880 506 89' 506 912 506 788 506 688 
501 lll6 501 852 501 816 501 740 501 1000 501 1528 501 1560 501 1592 501 1600 501 1412 501 1288 501 1452 
509 1592 509 1Sl2 509 1676 509 2080 509 2180 509 1900 509 lSS.2 S09 1208 509 16.32 509 2132 509 1856 509 1724 
514 1920 514 1820 514 1888 514 2104 Sl4 2216 514 2100 SlJ+ .2020 514 1944 514 2~6 514 2160 514 1864 514 1984 
502 928 502 9.36 502 1088 502 1148 502 1036 502 928 502 1088 502 1244 502 1376 502 1232 502 9J2 502 820 
S0.3 1448 50.3 1.372 503 1948 50.3 2372 · 50.3 2264 503 2052 503 1972 503 1892 503 2244 503 2184 503 1740 503 1742 sos 1760 sos 1752 508 1836 508 2156 508 2012 508 1516 sos 1460 508 1404 sos 1996 sos 2604 508 2348 508 2312 
505 9.36 505 756 505 752 .505 860 505 ll84 505 1164 505 1364 50.5 1500 505~ 56 sos~ 56 505 1216 sos ll88 
511 2228 Sil l<Jl2 Sll 1948 .5ll~ llJ 511

1mi 
60 5ll 19.32 Sll 1944 5ll 1984 13 14024 Slll~;'t 60 511~ 60 

515 1504 60 515~ 60 515~ 60 515~ 60 515 1508 60 51.5 !2!!t 60 14254 
134S2 12720 134 15100 l"Si81 15232 

523 •• 52.3 •• 523 •• 523 • • 52.3 1100 523 •• 523 •• 
·524 •• .524 •• 524 •• 524 2260 .524 2324 524 •• S24 • • 

.517 1984 517 1444 517 1468 517 1624 517 lir76 5111712 517 1984 517 2256 517 2572 517 2372 517 2184 517 2184 
510 1.360 510 1092 510 1228 .510 1524 SlO 1472 510 1532 510 l.352 510 1172 Sl.O 1040 I 510 1572 510 1524 510 1524 
518 1548 Sl.8 796 518 000 518 US6 518 14.36 518 1060 518 l.328 sis 756 51·8 740 518 1276 518 1480 518 1580 
519 ll92 519 1064 519 ll32 519 1184 519 1076 519 888 519 636 519 544 519 840 519 1244 .519 ll36 519 1.304 
504 1436 S04 1204 504 1264 504 149& 504 1424 504 1428 504 1620 504 1808 504 2216 I 504 2028 504 1520 501+ 1.372 
515 _..:,:.. 48 515 •• 48 515 •• 48 515~ 48 515~ 48 515 •• 48 515 •• 48 511 •• 48 511 2144 511 2528 58 511 •• 511 • • 

7520 ~ 5884 8924 ~· 6920 6536 515 1912 55 14444 515 ~ 48 515 .~ 48 
1.3724 9.39 11.38 

Sl5im 0 
Mileage 1 2 
totals: ~ li! 168 ~ 168 ~ ~ ~ 167 ~ 168 - - -
a Amounts expressed in pounds. 
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Appendix Table 2. - Load Table - - Every-Da;y Pick-up on a Selected Bulk Milk Route. Virginia, 1959& 

Jan Feb Mar A Jun Jul A Se Oct Nov Dec 

mil- mil- mil- ' mil- llil- mil- mil- mil- mil- mil- mil-
Prod lbs e~ e Pr od lbs ea e Prod lbs ea e Prod lbs ea e Prod lbs ea e Prod lbs ea Prod lbs ea e Prod lbs ea e· Prod 1-0s e · e Prod lbs .ea. e Prod lbs ea. e Prod lbs ea e 

520 492 520 438 520 490 520 506 520 l:IJ6 520 510 520 408 520 612 520 800 520 . 912 520 752 520 580 
513 TJO 513 616 513 786 513 556 513 734 513 604 513 l:IJ4 513 838 51.3 866 513 838 Sl.3 670 513 832 
521 ftl4 521 786 521 684 521 6S6 521 774 52'.i 790 521 706 52.1 840 521 1106 '21 11~2 521 1072 ,21 906 
507 336 507 326 507 · 378 507 436 '°" 498 'YJ7 566 507 504. ';07 516 507 S40 so·1 530 507 444 SO? 398 
500 1128 soo 1083 500 1308 500 1236 soo 1264 500 ll74 500 ll74 .500 1338 500 1300 500 1784 500 1486 500 1404 

.523 2404 523 2012 523 2186 523 2068 523 2230 523 17l:IJ 523 2206 523 2654 523 3026 523 )068 523 2732 523 2548 
524 674 524 534 524 590 524 766 524 768 524 632 524 768 524 906 524 1130 524 ll70 524 572 524 940 
517 992 517 722 Sl.7 734 .517 812 517 9.38 517 856 517 992 517 ll28 517 1286 517 1186 517 1156 517 1092 
510 600 510 546 510 614 510 762 510 736 510 766 510 676 510 586 510 520 510 786 SlO 788 510 762 
518 774 518 398 518 400 Sl8 578 518 718 518 530 518 664 518 378 518 370 518 638 518 740 518 790 
519 596 519 S32 519 566 519 592 519 538 519 444 519 318 519 272 519 420 Sl.9 622 519 568 519 652 
504 718 504 602 504 634 ·504 748 504 712 504 714 504 Sl.O 504 904 S04 uoa 504 1014 504 1l:IJ 504 6S6 
506 260 506 222 506 196 506 218 506 252 506 274 5~ 360 So6 440 506 448 506 456 506 394 506 344 
501 S58 501 426 501 408 501 ·370 501 500 501 764 501 780 501 796 501 800 501~ 90 501 644 501 726 
509 796 509 756 509 838 509 1040 509 1090 509 950 509 776 509 604 509 816 1112 . 72 S09 928 509 862 
514 96o 514 910 514 944 514 1052 514 1108 5l4 1050 514 1010 5l4 972 14536 514 932 514 992 
502 464 S02 468 502 544 502 574 502 518 502 464 502 544 502 622 509 1066 502~ 1'27 502 _£2 127 
503 724 503 686 503 924 503 1186 503 1132 127 503 1026 503 986 503 J.46 127 514 1138 514 1080 l 04 14924 
508 880 127 sos 876 508 918 508~ 127 15116 508 75g 500. ~ 127 l 54 502 688 502 616 

1S040 505 378 505 376 15 505~ 127 1501 503 ll22 503 1092 503 870 S03 866 
511 9S6 Sll .1lJj 127 sos 1006 1512 508 702 508 998 508 1302 508 1174 508 ll56 sos 478 Sl.5 682 lZ'/ 14992 50S 430 sos 592 50S 682 505 750 505 744 505 694 505 608 505 ;94 

5ll 1114 14955 5ll 1182 511 ll26 511 966 511 972 511 992 511 1072 5ll 1264 511 1132 5u i172 
515 ...18 3 515 622 0 515~. 3 .515~ 6 515~ 3 515a 3 515~ 6 515~ 19 515 .s6i§ 35 515~ 15 515 812 15 

2344 515 •• 622 23 4 3544 323 71 4 0 4600 
Mileage 
totals: · 130 127 127 l.30 m ~ ~ 133 l 125 ~ ~ 

a Amounts expressed in pounds. 
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Appendix Table ). - Load Table - - EYer;y-Third-Dq P.iAk-up on a Selected Bulk Milk Route, -Virginia, -19S98 

Jan Feb Mar Apr Kay Jun Jul Aug Sep OCt Nov Dec 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . I 
Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs eage Prod lbs ~uge Prod lbs eage Prod lbs ea.ge .. Prod lbs eage 

520 1476 520 1314 520 1470 .520 1.518 520 1818 520 1530 520 1224 520 1836 520 2400 520 2736 520 2256 520 1740 
513 2190 513 1848 .513 2358 51.3 1668 Sl.3 2202 Sl3 2046 513 1812 513 ~20 Sl.3 2598 513 2514 51J 2010 513 2496 
521 2622 521 2.358 521 1952 521 2058 52J. 2322 S2l 2370 521 2.118 521 2S20 521 3318 521 3486 521 3216 521 2718 
507 1008 507 978 507 11.34 507 1308 507 1488 507 1698 S07 1512 507 1S48 50'7 162o 507 1590 507 1332 S0'1 1194 
500 3384 soo 3249 soo 3924 500 3708 .500 3792 .SOO JOJO .500 3522 ' .500 4014 500 3900 5001~ 53 500 4458 soo 4212 
523 ~ 53 523 ~ 53 523 ~ 53 5231~ 53 523 ~ 53 5231~ 5.3 523 ~ 53 523 ~ 53 5231~ 5.3 523 2208 53 523 3~ 53 

15480 1.5480 lSl+OO 15480 15400 15400 15m 15 
soo 192 

523 2412 523 303 .523 1916 .523 984 52.3 2832 523 474 523 1.326 523 4620 523 7434 523 7434 523 5988 523 4524 
524 2020 524 1602 524 lT/O 524 2298 524 2304 524 1896 524 2304 524 2718 524 3390 5241~ 45 524 2916 524 2820 
517 2976 517 2166 517 2202 517 2436 517 2814 517 2568 .517 2906 .517 3384 517iB 45 517 3468 517 3276 
510 2040 510 1638 510 lfll.2 510 2286 510 2208 510 2299 510 2028 510 1758 510~ 44 510 2286 
518 2322 518 1194 518 1200 sis 1734 518 2154 518 1590 518 1992 518 1134 517 3558 1473 518~ 44 
519 17, 46 519 1596 519 1698 519 1776 519 16li 46 Sl.9 13.32 Sl.9 9.54 519 _fil2 46 510 1560 510 2358 1527 

1355 .504 1806 504 1902 504 2244 . 1392 504 2142 504 2430 14430 518 lllO 518 1914 518 2220 
506 666 506 588 5061',tfi 64 506 822 506 1006 64 519 1260 519 1860 519 1704 519 1956 

504 2154 501 1278 501 _1243 64 504 2136 501 2292 64 15026 S04 2712 504 3324 504 3042 .504 2280 504 20.SS 
506 780 503 ~ Tl 143 506 756 15414 506 1320 .506 1344 506 1J68 65 506 ll82 506 1032 
501 1674 14307 SOl 1110 SOl 1.500 501 2340 j()l 2388 501 2400 14100 501 1932 501 2178 
50.3 2172 503 2772 .503 3558 503 3396 503 3078 503 2958 503 2838 503~ 73 SOJ 2610 503 2598 
502 1392 502 1404 502 1632 502 1722 502 1554 502 1392 502 1632 502 1866 143 501 2118 502~ 72 502 1230 
514 2880 514 2730 514 28.32 514 3156 514n 56 514 3150 514 JOJO 514 2916 56 503 3276 1 32 514m2 74 
509 2388 61 509 2268 509 2514 5091~ 42 12 509 2850 509 2328 14040 502 2064 S02 1848 14028 

1.3440 508 2628 sos 2754 sos 2271+ 508 2190 46 514 3414 514 3246 514 2796 
505 ll34 sos 1128 34 .509 3270 505w 34 14478 509 1812 509 2448 5091. 41 S09 2784 .509 2586 

508 2640 511 2868 1J6.32 sos 3234 508 3018 144 .508 2106 508 2994 .508 3522 508 3468 
505 1434 515~ 28 505 1290 505 1776 505 2046 505 2250 505 22-32 7 sos 1824 505 1782 
Sil .3342 1507 511 2922 511 3546 511 .3.378 511 2898 511 2916 5ll 2976 13151 .508 .3906 511 ~ 33 511 3516 
515~ 6 515 1866 .3 515 225i 6 515~ 26 515 ~if 3 515 2262 .3 515m2 26 505 2082 14322 515~ 26 

72 4788 1032 13902 7224 11520 ' 511 3216 511 3792 13788 
515 2868 3 515 28d: 6 515 232g 0 
~ 12 232 

Mileage 
totals:. ~ 12 ~ 165 181 1§lt Mt§. ill ~ 210 ~ !2Z - -

a Amounts expressed in pounda. 



Appendix Table 4. - Average Farm-Stop Time of the Hauler on a Selected Bulk Milk Route. Virginia. 
. 195~ 

Eve!2-D!i[ Pick-UJ! Everz:-Other-D!i[ Pick-uE Eve!2-Third-D& Pick-up 

{l) (2) (3) (4) (5) (6) (7) (8) (9) (10) (ll) (12) (13) 

Tot.al Total Total 
F!.xecl Var. time Fixed Var • . time Fixed V a:r. · time 

Prod- Gals. time time per 
ucer J?WDP!db opr.c opr.d stop 

Gals. time time per GaJ.s. ti.me time per 
J>W!ped opr. opr. stop pumped opr. opr. stop 

500 2S6 9.0 5.7 14.7 572 9.0 ll.4 20.4 758 9.0 15.0 .:24.0 
501 78 9.0 1.6 10.6 156 9.0 J.C 12.0 234 9.0 4.7 lJ.7 
502 62 9.0 1.2 10.2 124 9.0 2.5 ll.5 186 9.0 3.7 12.7 
503 110 9.0 2.2 ll.2 220 9.0 4.1. lJ.4 330 9.0 6.6 15.6 
504 90 9.0 1.8 10.8 180 9.0 J.6 12.6 270 9.0 5.4 14-4 
505 66 9.0 1.3 10.3 132 9.0 2.6 ll.6 198 9.0 4.0 13.0 
506 36 9,0 .7 9.7 72 9.0 1.4 10.4 108 9.0 2.0 11.0 
508 110 9.0 2.2 11.2 220 9.0 4.4 13.4 .330 9.0 . 6.6 15.6 
509 100 9.0 2.0 ll.O 200 9.0 4.0 13.0 300 9.0 6.o i5.o 
510 78 9.0 1.6 10.6 156 9.0 J.O 12.0 2.34 9.0 4.5 13.5 
511 124 9.0 2.5 11.5 248 9.0 s.o 14.0 372 9.0 7.4 16.4 
514 112 9.0 2.2 ll.2 224 9.0 4.5 13 • .5 336 9.0 6.7 15.7 
515 90 9.0 1.8 10.8 180 9.0 3.6 12.6 270 9.0 5.4 14.4 
517 114 9.0 2.3 11.3 228 9.0 4.6 1.3.6 342 9.0 6.8 15,.8 
523 276 9.0 5.5 14.5 552 9.0 ll.O 20.0 828 9.0 16.6 25.6 
524 94 9.0 1.9 10.9 188 9.0 3.8 12.8 282 9.0 .5.6 l.4.6 
507 51 9.0 1.0 10.0 102 9.0 2.0 n.o 156 9.0 J.O 12.0 
513 al. 9.0 1.7 10.7 168 9.0 3.4 12.4 252 9.0 5.0 14.0 
518 66 9~0 1.7 10.J 132 9.0 2.6 ll.6 19S 9.0 4.0 lJ.O 
519 &J 9.0 1.2 10.2 120 9.0 2.4 11.4 180 9.0 J.6 12.6 
520 68 9.0 1.4 10.4 136 9.0 2.7 ll.7 204 9.0 4.0 1.3.0 
521 ?O 9.0 1.0 10.0 100 9.0 2.0 11.0 150 9.0 J.O 12.0 

Total average 
stop time: 3 hours. 59.0 mins. 4 hours~ 46.o mins. 5 hours. 26.o mins. 

a Yearly average stou time tor moving milk to receiving station under each frequency of 
pick-up. 

b Columns (2). (6)~ a.nd (10) computed as follows: 
(1) days of the year Dlltiplied by a f actor of 2 to obtain the figure of 7.30 
(2) each producer's 19a:rly output (Table .3~ Appendix A) was divided by 730 to provide 

the average pounds per milking 
-~---f 3-) -.nwnber~of--pounda-per---mil.king->were~di-vided~by-r'C!;ct.or ro£- a.6- (-po.ttnds- 0£-m:i±k-per- gal-lon}-

to obtain the number of gallODB per milking 
(4) the result&nt in (3) above was multiplied. by f act.ors of 2. 4. and 6 to obtain the 

average number of gallons pumped for each producer per trip for every-day, EOD• and 
every-third-day pick-up. 

c Columns (3). (7). and (11) computed as follows: 
(1) operations were observed and timed at the farm with a range of from seven to eleven 

minutes 
(2) average time for fixed operations establ ished at 9.0 minutes per f a.rm stop. 

d Columns (4). (8), and (12) were computed by dividing the f i gures in columns (2), (6), and 
{10) by a factor of fift.y (gallons per minute pumping capacity). 

e Columns (5), (9) • and (13) were computed by adding columns (3)(4) • (7)(8), and (11)(12) fo'f' 
each producer. 

<» 
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Appendix Table 5. - Receiving Station Unload Time under Every-Day, 
Every-other-Day, and Every•Third-Day Collection 
of Milk on a Selected Bulk Milk Route, Virginia, 

1959a 

Every-Day pi4k-up Every-Other-Day Every-Third-Day 
pi~k-up ~ pick-up 

Load Unlosfi Load Unload Load Unload 
number time number time number time 

l 35 l 32 l 36 
2 8 2 .3.3 2 34 

J 20 ) )2 

4 2~ 

... 5 16 

Total unload 
time per 
collection 43 minutes l hour, 25 minutes 2 hours, 23 

minutes 

a Procedure tor computing: 
(1) total was determined for the average load hauled each month 

(Appendix c, Table 1) 
(2) resultant in (1) was divided by twelve to obtain an average 

hauled for each load 
(3) the average in (2) above was divided by S.6 (pounds of milk 

per gallon) to convert to gallons hauled 
(4) number of gallons was divided by fitty (gallons per minute 

pump capacity) to determine the average, unload time for each 
load with every-day, every-other-day, and every-third-day 
pick-up. 

b Time is expressed in minutes. 
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