
DESCRIPTIVE 

FOOD 

ENGINEERING 

DEVELOPED BY 
OR. THOMAS BUTTERWORTH 

AUSTIN FOOOTECH 

AWORKSHOPPRESENTEOBV 
AGRJCUtTURAtA,.,EDEXPORT Bl)SlNESSES 

12·DOKKISTREET 
GIZA~CAIRO 

TEL tl2~338~144$ 
FAX02.;148;.Q729 

USAID ··P·ROJECTNO.263·0264 



THOMAS A. au I I ERWOR I H 
Austin FoodTech 
114 Pearl Avenue 

tI .... a-wfllVlpoIvtrt Beach, CA 92662 
TEL (714) 666-8482 FAX (714) 666-1017 

Ellll'LOYIIEIIT EXPERIENCE 

1988-Present Managing GelMllai Pal h lSI' Austin Food Tech, Inc. 
-Specialists in Food Procb:t Devefopment 

1984-1998 Insbu::tor, "FDA Betta Process ConIroI 
School," Chaprral University, OIalg8, CA 

1988-1989 Lec:b.I"er. "Chemical Engineering Proatss DesisJ\. 
Depa hiNri of Chemical Engi!tsering 
California State UnNersiI:y at Long Beach 

1973-1988 Associate Oih'.lclOI, Reseadl atd Oe\lIIopmeItt 
BeaIriceItkwlt-Wes8on, Inc., Fullerton, Calilbmia 
- Management of productIprocess development with ataIf d 24 

- Ploject budget 01 $1.5 million 
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it llerface for the following bI a Ids: Orville 
Redanbacher, Hool's, Peter Pal, FISher, J. 
Hungerford Smith, and Food Proc:U:ars 

- E.lIperianoe with state-of-the-art aseptic systems. 
tomato prodIlds, toppings, SBlICeS, dry mixes, 
drink bases, low acid catlled foods and fn.its for 
boIh food service atd retail product lines 

- StaIf oornmen:iaIized 32 new products ald line 
extensions ald 30 product impollemsllts in a five 
yea-period 

1982 Instructor, "Food EnginaeMg" 
Dept. 01 Food Science and Technology 
Chapman University, Ora 198, California 



1980 -1981 lecturer, "Chemical Engineering Process Design" 
Dept. of Chemical, Nuclear and Thermal Engineering 
University of California at los Angeles 

1968 -1973 Teaching and Research Assistantship 
Dept. of Nutrition and Food Science 
MIT, Cambridge, Massachusetts 

1968 Chemical Engineer 
Western Regional Research laboratory, Albany, CA 
- Work resulted in three publications 

1964 - 1967 Chemical Engineer 
B.F. Goodrich Chemical Company, long Beach, CA 

EDUCATION 

Ph.D., Biochemical Engineering, 1973 
Massachusetts Institute of Technology 

- Chemical Engineering and Biology minors 
- Thesis project concamed separation of protein 

solutions by ultrafiltration covered in two publications. 
- Recipient of Nestle-1FT Fellowship 

B.S., Chemical Engineering, 1967 
University of California at Berkeley 

PROFESSIONAL AFRUATIONS 

Institute of Food Technologists: 
-Former Chairman, Food Engineering Division and 
Former Member, Annual Program Committee 

Institute for Thermal Processing Specialists 
American Assoc. for the Advancement of Science 
Industry Advisory Council, Food Science and 
Technology Department, Univ. Calif. Davis 

Food Engineering Advisory Council, Univ. Calif. Davis 



.. ~:" 

REGISTRATION INFORMATION 
FOOD ENGINEERlNG 

Narnl~ ......... : ... : •.• : •.•• :.: ........................................................................................................................... :.:.: •.•.•.•.• :.:.:.:.:.:.:.:.:.:.:.:.:.)0)0:.:-:.)0;.;';':';';'»;", 

I!JI!t ...... v."v'''~~~._,~'''~,.=,='''''~~~M~._~'''v.<,.,.,w.w"""""'" 

9J.l.np3.n.L"w.w~ ..... , ....... ,.,~"""',...... ~~~~""""~"""' 

tdQ(tw{j ............................. , .. , ... ",.,,"' . .. ~.~ .. ,..,.,.,......'<'. """""""""'~"""'~"""= 

..••.••.•.••.• : ••.•.•.•.•.•.•.••.•.•••••.•.••.•.•.••.• ," •.•.•.•.•••.•.•.•.•.•.•.• :.)o:.:.)o:.:.:.:-:.)o)o:~.:.)o:.;.;.:·:·:·)o:·;')o;'»)o:-:·)o)o:';')o»)o»)ow,.,.x.,.~»»»;.~· 

TEL . 
..................................... ~~ ............................. ••••••••••••••• ... ~ ........... .I'. .......... ~ ...... ==w~~.=. ___ ,,_w. 

PAX •.•.••.•.• '.' •.•.•.••.•.••••••••••.•.••.•.•.•.••.••.•••.•.•.•.•.•.••.•.•.•.•.•.• : ..... :.: ••••• : ..... ; ••• :~.;.;.:~.:.:.:.:.:.:.:.)o:.:.:.:~.:.:.:.: .... :.:.:.)o:.:.)o)o:.:.)o)o:')0)0)0:')0)0:.",:-:"")0",:.:.:. 

t~..n1:i1J ..................................................................... «,~:«.:.:..~>.««.X«<.»>,««.:.>:.",,~~...x.,.,.,,«.>,,~:«.:.,.,.;,.,.,., 
~ wiil ~mNK11tw pognnn bi 

CAIRO [':: :':::':J AlEXANOR~[:::::::1 
At~Mlct~N$. m<l1 f~~~:$;ll;:lt:<l t~!i#~li. in;:l! 1#'~hu. M~WJiM{;:r.:Mlk} 
AU:::!:} fM'f (!\'If ,\1'::;1:1 1~IW~f I)t\·~lj:::' P!jf.Ml':! ~l ~~ i<ifirsW if f!;w 
I:>:M~ m :WWl,~ ~l'> l!·:.::ll ~.~~ q:nW~~ ~Wfi}i¥i~ij!l:i)'. 

TiWili '<'iili til; :~lnU: .. f tqi#t~Iki:~f.::i!thMW~(w~tN!'$Mr~ftu wil 
f,lNl;:':~' }l v::\.n~il f'(ih'l~x:"iK, Ur;:iM!8.#fM#Mi#li>l!#~~~ mijmir~~ ®4 
ili\,::·:;·,,:;,:>:, 'i" <:lK'" ,h~' WI,; ~~wl:m::WlSijfP#MW~iiMt 

For furt/lor detailstCQnt.ct: 
,<\qt\n~Hl.HO U:d ~::::Xflort Bl#;W(l$*M{:A1JtH) 
'12 O::+;K\ Sh i:)l:i1 .. 

OoHd. CHit,(l. FOYPT 
TEL;W2···JVl·144t, {& lhH.W:1 
FAX j(k';~4e·on>.9 

"""\'" 

DESCRIPTIVE 
FOOD 

ENGINEERING 

A SHORT COURSE IN A SERIES 
SPONSORED 

BY THE 
AGRICULTURE LEO eXPORT 

BUSINESSE$ PROJECT (ALeS) 
CAIRO, EGYPT 

& 
THE CENTER FOR ADVANCED FOOD 

TECHNOLOGY 
PISCATAWAY NJ USA , . I ... 

U~:l~\m Cm~~mn N"l. 11Y~hjl64 

{'·)c-t",\.)ZC'r '1 n 2" t){')P ",t t)JClf'l <':<~ th'~' I. j,v'~'~l! :.. :-'. ,,:.:,~ ~~. ".-!' ( :-. ~ . .... 1 <:~~~ .... ?~} I'~ {O.:~ ~ .. Xy' r-J ~')~-"> . 

M~ircuro: Al!lKandria 
October 17, 2000 at 9:00 at the ALES 

Traininn CenWr 
12 DOkki Stroot, S!h Floor 



DESCRIPTIVE FOOD 
ENGINEERING 

Dr. Thomas A 8utterworth, Consultant to 
ALES: has been in Egypt for six weeks, both in 
w'inter and spring, During this time h* visited 16 
food processors throughout the countrv. During 
these visits he noticed trwJ some of the people 
vvete asking about many of the sam€' things 
and rnany of H19 h:Jcillties we.re trying to solve 
s!n1llm operahonal concerns, 

This course is intended to emphasize these 
cornman threads that ate both engineering·· 
cnented and subject tel Irnproveml"'-lnL Th{~ 

sp~:?<~i:ri:c .f.ub.it}ct"~::; tt~ b(~ ~'X)V8re<~ Off::: ;~~). fo;~(;~v<;: 

r·h,3Vo' in Control Heudspace 

06~fhjtion$: irnf,)Crt;(;lnCfJ Gf h~ad~;pm;e: f"'lctors 
that control ~leadspace and common metilods 
to control thes€~ factors 

How to Centro! Vacuum 

Definitions., irnportance and normal ranges of 
vacuum: f;(;lctors that v:mlro! vacuum and 
cornmZ)rl methods to tu::hi(\,ve 8nd c(.lntrol these 
f~.lctms 

How to Bring Horizontal 
Sfm Retorts into 
Compliance with U.s, 
Regulations 

A n::lViovv of the- applicablt':l fouuistion including 
specific design criteria and eqqipment 
specifications 

Some Common Sanitution Probil;)!n$ ;;:nd 
How to Avoid Them 

A retrospective of some of on Gtv1P's and 
senitary practices & 0;", 8uttel'North's 
c;bsen/(ltions 'NhilB in Egypt 

Design of Batch 
ProGesses: 

;-\ $urnrnary of how to design batch processes 
In terms of how to speCify tl'10 nunlt)er of batch 
opemtions and lngn:::dk~nt flo'l<! mt~JS mquh=:d 
for !JH~ ~:P~,'f;ii'iui >:$ ~<pNd. 

Hvw h:< Cgk;ulate heathG 
Time In a Kettl€' 

/;,. review of el€'mentary heat tmntfer at it 
applies to heating Equid in a jack.eted kettle, 
Handout and explanation of a floppy dbk \>vhich 
wm enable the atiendae to tn"'lh€ his own 
ca{culaHcH~f;, custzxnized for any fac!Ety. 

How to Make a Preliminary 
Estimate of Capital Costs 

A method Z){ estimating preHmirHHY ~~t.lp!tal (::o:~t$ of 
either new installations or expt.lf1sions of existing 
facilities, Such an estimate can be rnade with 
knowledge only of t.he unin,s1aHed cost of the rnajCJf 
equipment 

INsTRucrOR·,·· .. ("< 

Dr. Thofnas a~!ttefWorth 
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Austin FoodTech 
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The course in intended to be descriptive and 
apptled in nature with minlmaf emphasis on 
theory or mathematics. 
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1113.3 DermitiODS. 

(h) "Headspace, grossn is the vertical 
distance between the 1eYe! of the 
product (generally the liquid surtace) 
in an upright rigid container and the 
top edge of the container (the top of 
the double seam of a can or the top 
edge ofa glass jar). 

1113.3 Definitions. 

(i) "Headspace, net" of a 
container is 1he vertical distance 
between 1he level of 1he product 
(generally dle liquid surface) in 
dle upright rigid container and 
1he inside surface of 1he lid 

How to Control Headspace 
In a Canned Product 

• Control variations in: 
-Net weight 
-AIr content 
- Fill height 
-Conlainer size 
-fill temperature 
-Amount of primary fill (ego a-na) 

~ \\1'.f I 
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Why " IIlIdspace Imporllnt'l 

• AtrecbI vacu.rn 
• Atrec:ts net weight and "ebe 

cost 

Why " UlldspIc! ImportIoII7 

• At IImea a aIicaI factor In 
IhennaI processing 

• E1a:e8llve headspace could: 
-Low QIIIojI ..... 

-Be In via 1.100 of /'IgI' fans 

How. COllbPl t'lIdlpIC! 
In. Canned Product 

-FII tIImperaII.n 
-AmIIIuIIGf plii_Y_ (eo. ae.a) 

tl,Jil,J .JlI~· 
usa .p." c:wa wi- ,J .JlI ~ • 
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Controlling Net Weight 

• Weight control program as part 
of Quality Control: 
-Communication between a.c. lab 

and filler operator 

• Accul11te filling operatlon(s) 
• On-line check-weighers 

Controlling Air Content 

• FUling without introducing air 
• Deael sHoo prior to filling 
• Filling with a vaalum assiat 

Filling Without Adding Air 

• At may be introduced thrOugh 
filler seals or by splashing 

• May require slowing Hoe speed 

<,I J" v- u- .,jo.S (WI.,-J,.s.:u e-oll ........ 
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De-aeratlon 

~-­-~ 
Filling with Vacuum Assist 

A.-_"puIod ... __ ...... ,' ' ......... ...... 

If All Else Falls 

Try. "tilt rar fi:Ir ...... , I 
... lItoace Wi"'" 

... ~""", .... 
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Tilt Rail 

A "tilt rail-Is a strip of stainless 
steel over which the cans pass 
just before seamlng.Thls crail­
lifts one side of each can a 
prescribed amount and spills 
excess product to the floor. 

Disadvantages of a Tilt Rail 

• wastes product 
• May create sanitation 

problems 

y ~.i'u-~(p')p~.<.ILI~. 

rU ~ J.i i.,.:t... .\;l>ooJ ..,..101 .;.. ,.,.. I ..... 
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How to Create and 
Control Vacuum in 
a Canned Product 

How to crute Vacwm 10 
a canned Product 

• \MIat is vacuum? 
• How is V8CtUI1 rneaslI1ld? 
• Why is V8CtUI1 irr1poI1anl? 
• How nu:h vacuum Is na aded? 
• How to ac:::hie'Je it ... 

What Is Vacuum? 

"A degiae of i8afaction 
well below atmosphel'fc 

pr8S8UI'8 ... • 

VVebster's DictioIa, 

,5aU.1 e' j {H,slIN 

« .s. -1'* JjJ", Si 

't.'J111 ..,. t.. • 
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What is Vacuum? 

A m8astn of the extent to 
whiCh air has been 

removed from a 
hermetJcaHy sealed 

container 

Zero Vacuum 

... the pressure in the 
headspace is equal to 
atmospheric pressure. 

Full Vacuum 

... all gas has been removed 
from the container (76 em Hg) 

fli..uJ4 ,.. 

.;II..JI .t.. ~ u- .'.,.11 tJl 

.... ~ r:.J.-J rS-~ 

j,pJI J;.b J..r...:.II ~ ••• 
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Why is Vacuum Important? 

• Vactun maintains Ihe can 
ends or jar closures in a 
concave position, giving a 
visual index to the condition 
dllecontents 

Why is Vacuum Important? 

• vaa.un reduces the cp.anIIty 
cI oxygen in lie container, 
delaying oxidative reactions 
such as darkening, lipid 
oxidation and can COfloeion 

• ,... tt II ,)'" ILl 

.... ;.1, ~ .... At u.. t''''' c:a..-s.. 
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Why Is Vacuum Important? 

• Vacuum prevents pennanent 
distortion of can ends and 
helps hold the closure on 
glass-packed products 
during thennal processing. 

How Much Vacuum Is Nt!tded? 

• Varies with salt content, pH of 
the product and type of 
container 

How Much Vacuum II N"dtd? 

• Minimun: 13 an Hg 
• Ideal range: 24 to 38 an Hg 

Any vacuum over about 45 
an Hg could cause paneling, 
high removal torque or 
inability to use lighter cans 

fi...&. t" M <",so. IlI.tl 

~ UI.,.,JJ • ~ e.l..)iII ~ • 
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~ r\S:..t., .uts.. ~ clWJI 
utu\:'" ~ .f: ••• d,.s ;.1 

~1..rJ ~ ,,\.l.'ii ~40.j 

~.>l-' eLJI ,siJ:t- ......... >,')'1 u.. ~ • 
·~th~.,...JI 

';u!a-I tl.JiI ".".I.t 

&oj r"" H" :.". ..,u')'1 J.>JI • 
r"" T' A. .)J "t UI! L. c.),,k :..,JltJI J.>JI • 

..;,.ij 

~.....,.... &oj r"" to ~ ~ tl.;i tJ' 
I.;.....;.I! i; 0-~ ~ yJI.".. r--J-l 
~I .;.. ijlill ,.:» ~ j ItJ....c. 

.~ ..,.wt 



M!Ihods of Achieylna Vacuum 

• Hot filing 
• Mec:l'alical application of 
vaa.un 

• Steam displacement of 
headspace air 

Hot Filling 

• The procb:t Is heated to 75 to 
9lJDC prior to dosing. 
NaIl: For this dscussion • IIerm8I 

exhIIuIt system wit c:nIIIIa 
YIICUUIII in lie same WfIft- hot .... 

Hot Filling (Cont) 

• This taillpanilhn a I h& .. 
abnosphe,. in the haaltspace 
which WlIIaIIS parity steam. 

tl,J! ........ .v­
U'U""". 

tl.;ilys"u"d ~'!fI • 
..»-If .)"..,.t .'".1 ~ ~.l. 
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Hot Filling (Cont) 
• The steam condenses and 

contracts when cooled, thereby 
forming a partial vacuum. 

EIfact of C!oeInq Temperature on V-lIP! 
(Water) 

» » • ,. • ,. • 

EIIact of Heads ... 

50 
40 
30 

J : 
o 

Yac:uum(8tcfIID 

. 
"-

"-
"-.: 

02040 

Gross "'adspace (MM) 
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~ ~.J!:I1......l.k. ~ J!t..!i ~ • 

.~Jl.It.I.J.~u.A 
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- II • • » lit .. • • " • 

. 
"-
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Mechanical Application of 
Vacuum 

AporIionoftheCOIltai18l' 
headspace gas is pumped out by a 

vacuum pump: 
Vetys/ow 

Sometimes used for pouc:hea 

Steam DIsplacement of 
Headspace Gas 

• StaaTlIs Injected into the 
headspace 

• The steam replaces soma d 
the air 

tteadspac8 Gas (Cont) 

• The conI8iner Is sealed 
. I8diatet hil'Y 

• Vacuum Is produced when 
the steam condenses 

jp.I ,J .1,..,.1 J.d u- .;/#, At 
~ ~ .\i...Io.lIo..I"l#~ 
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Etrect of He.dspactt on 
Vacuum (with Steam Flow) 

Jf1;t I! I 
o 5 10 15 

Gross Headspace (MM' 

Vacuum is Affected by: 

• Fill temperature 
• Headspace 
• Exhaust box 

• Steam flow 
• Mechanical application 

o 5 10 15 

,.. ".,w lfaJI ~ 
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Houv to Bring a Horizontal Still 
Retort into ComplianCe wiU1 
U.S. Regulations 

21 CFR Part 113 
Thermally Processed Low­
Acid Foods Priaged In 

liermeIicaIly Sealed 
Containers 

Hew izootal StIli Retorts 
01110" Cdlelia: 

~ thellllllllllill (MIG) 
T .. '..,.....,iiCiH .. 
sc.meprN.1er 
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Ble "S 
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MercufY·ln-a'ass Thermometer: 

• Required 
• Calibrated 
• Calibration 

records 

• No divided 
columns 

• EasHy read 
• Reference 

instrument 

113.40 Equipment and procedures. 

(a) Equipment and proceduteS for 
pteStlUte processing in steam in stili 
18toIts-(1) Indicating mercury-in-glass 
themlometer. Each retort shall be 
equipped with at least one mercury-ifl.. 
glass thermometer whose dMsions are 
easily readable to 1· F and whose 
temperature range does not exceed 

• 

Thermometers shalf be tested 
for accuracy against a known 

accurate standard 
themIometer upon installation 

and at least once a year 
thereafter. or more frequently 
If necessary. to ensure their 

accuracy. 

;.w.l ~~'p 'I. 
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.,....a; t..,-. .).jSS.a ~ ) ~U:. ~ 
~ c)oo .!S\:;II .dI.\" '.)J.;.Wa\I 



3 

t 

Records of thermometer 
accuracy checks that specify 
dale, standard used, method 
used, and person performing 

the test should be maintained. 
Each thermometer should 
have a tag, seal, or oIher 

meallS of Identity that includes 
the date on which It was last 

tested for acancy. 

thennometer that has a divided 
II'I8f'aQ coh.mn or that carlllOt be 

!iusted to the standard shall be 
repaired or replaced before fur1her 
use of the retort. 

shall be if1SI ned II: 
they can be acanteIy and 
read. 



" 

The mercury thermometer­
not the recorder chart-shall 
be the reference instrument 

for indicating the 
processing temperature. 

Temperature Recordina Devtct: 

• Required 
-Chart 
graduation 
maximum 

• Scale 
maximum 

-Agreewlth 
MIG 

- Security 
• May be part 

ofTRC 

(2) Tempe18wre-teCOrCIing 
device. Each still retort shall 

have an accurate 
temperature-recording device. 

d-M ~.J) ~jJ jw."..Jd ~ 
~ ~"'il t".,>01 yt. Ja .;,D 

·oj· o·,lI 'JJ'III> ~J.l 

y",u.... 

t:h~u~-' 
.l:JI .llr:. ~, 

..,.....M 
.llr:.~~­

..,...,.nl .l:JI 
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Graduations on the 
_penll1niofecoo:liing devices 
shall not exceed 2" F within a 

range of 10" F of the 
processing temperalll'e, 

Each chart shan have a 'MlItdng 
Ie d not more than 55° F per 

inch within a range of 20" F of 
processing temperature, 

tempelaIUre chart shall be 
ladjusttild to agree as nearty as 
possible wIIh, but to be in no event 
/higherthan. the known acanIe 
lmenuy.in' -allass thermometer 

the process time, 

u.;.. cJR...a; c:Av J,..s ~ c:I '. ' 
,) t...." JS1 c..l·oo i:F-~ 'l1 I To· ~ 

{po ."i' r.Jp 4~ c..l·Y. -..>' eJ,j 

~ ,,;. r.JpJ 4.Jo'1 u,.....I ihI J.,..;. -
., Ji.a,..P t:'" j)S.."lI ~ cJi.;!, • 

.J t;i" ell! ~ .ltJ ~.J Y~ ~ 



6 

A means of preventing 
unauthorized changes in 
adjustment shall be provided. 

The recorder may be combined 
with the steam controller and 
may be a recording-controlling 
instrument. 

Air-opeiated temperature 
controllers should have adequate 
filter systems to ensure a supply of 
clean, dry air. 

.;..,... ~JoI .\;1.)<1 J..;...l ~ J '; •. 
a ~ ~j! w ,)I:. .I~ ~ .;iJ 

.~.J ~ .I~ ..,..:;....JI ~'1I1i" 



Pre!sure Gayg.j 

• Required 
• Scale 
maximum 

-Not 
emphasized 

(3) PrNsuIe gages. Each 
retort should be equipped willi 
a pre8SlI'8 gage that should 
be graduated In divisions ~ 2 

pounds or less. 

SlMm System Reaul!"!fMIllIj 

• Steam wllboller 
• Piping ailelia 

• Steam spreader 
• Bleeders 

~f?"" 

... .,u.. • 
uJ.I.d c.us. • 

.... '*1t.JMI 
..-II' 

~j.a .JiI.. 

:'.'",'46? 

~ajJJII';"' • 

~1..!"M-I • 
~.,:.;;.... 

\.I ... ' "',.lit'''''' d.:II. 
r/-f1J ;... vi ~ 
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~) Steam controller. Each retort 
shall be equipped with an 
automatic steam controller to 
maintain the retort temperature. 

5) Steam inlet. The steam inlet 
to each still retort shall be large 
enough to provide suffICient 
steam for proper operation of the 
retort. 

Steam may enter either the top 
portion or the bottom portion of 
the retort but, in any case, shall 
enter the portion of the retort 
opposite the vent; 

~ WS; J ~.J.i.+-lI J ;,. (0) 
IJiP ri-'l .k JS ~ J.J-'l'-..,.JI J.i.+-lI 
~ y)l-l\ J~ ~fl ~.J <...ltS • 

.~ JUI4 ~ J,* . 

i 
) 



(6) Crate supports. Baffte plates 
shall not be used in the bottom 

still retorts. 

(7) Steam spreaders. Steam 
spreaders are continuations of 

steam inlet line inside the 
reforl Horizontal still retorts shall 
be equipped with steam 
lsPneadEn that extend the length 

the reforl 

For steam spreaders 
along the bottom of the 
retort, the perforations 

should be along the top 
goo of this pipe 

~ ,...1f..I .lllt.I cJ&. ~,."... 
y."m di 'ri-lI J..-+t. &J-t 
.. ..1f..I .lllt.I cJ&. ups d ~ 

•• ~ u.- 0,. fI).J 
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The number of perforations should 
be such that the total cross­
sectional area of the perforations is 
equal to 11/2 to 2 times the cross­
sectional area of the smallest 
restriction in the steam inlet line. 

(8) Bleedem. Bleeders shall be one­
eighth inch or larger and shall be 
wide open during the entire 
process, including the co~ 
time. 

For horizontal still retorts, bleeders 
shall be located within 
approximately 1 foot of the 
outermost locations of containers at 
each end along the top of the retort; 
additional bleeders shall be located 
not more than 8 feet apart along the 
top. 

~ • Jio.lII.l..Ia...oII "I .... (!I jli..J ..::.M i (A) 
~ J.J J& j ~.H Af' ,:,1 .. 1 ill ~ J 
ijii c!lI.i '" L..., (;:Ii· 0 11 ~jii JI."..J. 4.... . 
.~.,u...u ~)~ 4..)oll ~ ~ J.,.... 
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All bleeders shall be 
arranged so that the operator 
can observe that they are 
functioning properly. 

(9) SIacIdng equipment and position 
of containeIS. Crates, trays, 
IgorldollilS, etc., for holding 
c::ontainers shall be made of strap 
Iron, adequately perforated sheet 
metal, or other suitable material. 

!1I'1J1_1 perforated sheet metal is 
used for the bottoms, the 
PelfOiations should be 
~pproximately the equivalent of 
1-inch holes on 2-inch centers. 

pl ~ ~I~"'J' , ... " ... Yii"P , '. t, 

\tJI va J;.~~,.~ va ~Q ...... ..."... 

'C:P' . « ~ c..J.-j 
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1..Jnch holes on 2-lnch center!: 

Oil- 1 n Centera· 2 m. 

~ ... 
•••• 

If dividers are used 
between the layers of 

containers, they should 
be perforated as above. 

(10) Air valves. Retorts using air 
for pressure cooling shall be 
equipped with a suitable valve to 
prevent air leakage into the 
retort during processing. 

: 

di,b ~ J-I.,a rlJA:U rll.ll 

~ AI J ~ .IJlj 'd.UWI 
.. ~l ..)~ .JA I..S 
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(11) Water valves. Retorts using 
lwater for cooling shall be 
equipped with a suitable valve to 
prevent leakage of water into the 
retort during processing. 

Vent System Requirements: 

• Valve type 
• Piping aiteria 
• Location 

(12) Vents. Vents shall be 
Installed In such a way that air is 
removed from the retort before 
·mlng of the process Is started. 

:4.. of! da:Ii ,"; ,:,I rPf· 

,&-It,;· 
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tvents shall be controlled by 
gate, plug cock, or other 
adequate type valves which shall 
be fully open to permit rapid 
discharge of air from the retort 
during the venting period. 

vents shall not be connected 
directly to a closed drain system. 
If the overflow is used as a vent, 
there shall be an atmospheric 
break in the line before it 
connects to a closed drain. 

1l'Ie vent shall be IocaIed In 
that portion of the retort 
opposite the steam Inlet; 

Julo c':.P ~ ..:L.:ii ~ ~ ...... t. 

00 (J-'p-I tl.,...,i 1/1 .) U'"~ "" /,1 'ii .J 

cL...ll ~ I •• ,'; i ~ ~ cl.,1 • . .It 
~ J.H. 00.1.,.JI~ ...... ~II 

.~ sJii ,,\.d 

,,,Hot,.:;\! :wi ~ oAI J ~ 
.) WSi ~ pJ ,)6;. ,.;..:.n ;... 

• ~ Ji.,l..l t..I!IL ~-' 



Plant: 

PhF SpecI".1a Inc. 
Low Acid Canned Foods 

CFR 113 AudIt 

Location: 

L Process DesIgn and Registlallon 

...... 
Does finn have • cunent 
FeE IIUIIlber? 
Is location and pIMt 
_I11III informallon 
c:omId? 
Has finn fled prOducts 
willi FDA I11III do they 
have valid SID 
numbeIs? 
Do fled prodliCiS. can 
sizes and _lIiziii types 
C:Ollespond to UIose 
cumII1IIy in ... for 
product 8lqIOfted to tile 
US? 
list tile proc: B 55 
esIabIIshment soun::e 
under commenIs. 
Ale theIe lINt 
pel\iltlaIkh'I and 
tempellIlunI dIsIrIbUIIan 

, SlIdes on file? 
i Is theIe a wrIIkIn 
: 18COI11II1801daIion for 
· IeInpera1ure dIsIrIbUIIan 

• tttat lists crIIIcaI faI:Iors 
i for eacII alellIIzer type? 
i If yes, detail under 
· COIIII_IIS 
I Does tile finn malllIain 

doct.InenIs sIIowIIlO 
I8loIt diaglalls I11III 
plullIbiIlg? Ale cIIInges 
~ 
Alelell..,...... 
dIsIrIbUIIan "'drs 
llllllronned to _aid ... 
IIIIIIfo1l1l811'8 aftIIr 

_made? 

l'V sr- jell .. lac. 
IIWoWO 

Al::c ..... tv.) UftICI ....... (No) 

i 

! 

I 

CGIIIIIIIIIIII 
eon.ca. AcIIoR 
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I. Process Design and Registlatlon (Continued) 

Item 

Are there written 
scheduled processes 
recommendations for 
each produd that itemize 
any critical fadors? If 
yes, detail under 
comments 

D. Process Delivery 

A. Critical Factors and 
Container I . 

1.Critical Factors 
Do raw materials, produd 
formulation, particle size, 
consistency and packing 
medium correspond to 
those for which the 
process was designed 
and to critical fadors 
listed? 
Us! filling method: for 
solids: hand, voIumetJ1c, 
piston vacuum 
Us! filling method for 
liquids: gravity, piston, 
volumetJ1c 
Is any filling variable 
listed as a critical fador? 
Which? 
Us! monitoring frequency 
and method for critical fill 

fadors. 
Is a record kept for critical 
fill weight fador? Is it 

bIe? 
Are other critical fadors 
required by the process 
authority or on the filing 
form monitored and a 
record kept? List 
frequency. 

PbF Specialists IDe. 
10104100 

Acceptable (Yes) Unacceptable (No) 

2 

CommentslCorrectiv 
eAction 

, 
c 



I. Process DeIIvwy 

111m 

A. Clitia' FIIdonI .... 
COl ....... 
2. Container 
List type and sizes Of 
confaIners in use for 
export to the USA. 

Do conIaIner sIZes and 
types ~Id to 1hoISe 
on the 8m foIm? 
Do tempenllIn 
dIIIItbuIIon SlId II 
8CCIIIIIIl for the I1IIIIJ8 Of 
conIaIner sIZes and slyIes 

, beIna UII8d? 
List types and III8'IIber of 

macllines. 
Are YisuII fIlBISllen_ 
made of dosI.ns every 
30 minules and Is a 
rac:ord keDt? 
Are YisuII ml I 5 ___ 
tabn and a record kept 
after doIunI jim&. 
Id)uIIIment. or stall up 
after an extBnded sIIut 
down? 
Are doIunI taanlcllillns or 
desIruc:IIve fells 
perbmed 81 a minimum 
Of every 4 hours and Is a 
record"'" 
List fIIctors m.I.UI8d In 
desIruc:IIve tests and 
meIIodofeNI 111ft. 

Are COIlecI.e ac:tioIlS 
........ and .-ded When 
VIIues do not meet 

..., s,.. jaJjtI, IK. 
I~ 

Ace ..... (yes, UlIKC""'" eNo) Cr: . .., 
c:om.ctI¥I At ... 

3 



U. Process Delivery 

Item 

2. COntainer Integrity 
(continued) 
If using glass vaeuum 
closures Is there a cold 
water vacuum c:I1eok at 
start uP. at changeover, 
after extended bnlaks. or 
lams? 
Have personnat 
perfonnlng closure tests 
received train ina? 
Are containers coded on 
line? 
Does code Include finn. 
product. year, date. and 

Is coding period eight 
houlS or less? 
B. Retort Room 
Operations 

1.ThennaI 
PftICUling 8,..... 
(GeneraJ) 

Under comments list 
number of retorts, types 
of retorts, and 
manufacturers. 
Do retort systems 
con-espond to fiUng 
fonns? 
Is esch retort equipped 
with a MIG, readable to 
0.5 degrees centigrade (1 
degrees F.)and Is the 
temp. range less than 8 
degrees C. (17F.) per CM 
(mdI)? 
Are MIG's calibrated at 
least annually against a 
known standard at 
processing temperature? 
Are records kept for esch 
MIG shoWIna date? 
Is each retort equipped 
with a TRC with one-
degree C. gradations 
wiIhIn 5.5 degrees C. (10 
degrees F.)of process 
t ? 

PhF Sp«:IaliSlS Inc. 
1004100 

Acceptable (Yes) Unacceptable (No) 

4 

CommentII 
COrrective ActIon 

I 

t 
I 



It. Puc ... Delivery 

...... 
8.Refoft~ 

1 ............. 
Pll,lc ... lngS, I as 

Does the TRC have • 
WOIIdlIU scale of not more 
1h111112 deglllBs C. per 
Celltllileter (55 degraas 
F. per inc:II) wiIhIn 10 
degl8as C. (20 degllls 
F.fof 
Is each nItOIt equipped 
wIIh a PI B ISIO IIIIIIU8 
gradll8Ied in dMsloM of 
21bs. or leis? 
Does each I1ItOIt have an 
automatic sIMm 
COIlbclBr? List type. 
siaellic or 
Is there an auIomIlII8d 
compuIerized control 

If there Is an aulOma'8J 
system. d8aa11be 
equIfJment specs. 
Plcgrwmning inI'ormaIIon. 
how cdIIcIII fadcIs .. 
COIIbDled, caIbnIIion. 
andv ...... -on 

I'IIF I\D i".' 11K:. 
10l0Ml0 

. 

Acceptllble ev-, Unac ....... (No, CCI ..., 
ComIctiw AcIIon 

, 



H. Process Delivery 

Item 

B. Retort Room 
()pendionS 
i.Thermal ProcessIng 
Systems (General, 
continued) 
00 retort baskets have 
dMders, racks, or trays? 
Describe. Were these 
employed during 
temperature distribution 
studies? 
Is orienIation of the 
container in the retort a 
critical fador? Is It the 
same as studied for 
developing the thermal 
proeess and temperature 

. distribution? 
B. Retort Room 

s 
2.Procedu_ 
a. Retort Room 

, Are scheduled proeesses land . ~, venting, come up 
time, or other sterilizer 
critical fadors 
00 sdleduled processes 

. correspond to filing 
! fomIs? 
. Are initial temperatures 

measured and recorded? 
List intelval. 
Are initial temperature 
reacfmgs peIformed so as 
to measure average 
temperature of contents? 
Is the sample taken from 
the first container in the 
first b8sket? is the 
temperature 
measurement davice 
calibrated against any 

1 standllld? F 
Is there an easily 

, readable tlmilllJ devIoe ? 

PIIF Sperialjsls Inc. 
IMl4100 

Acceptable (Yes) Unacceptable (No) COrnmenlsl 
CorrectIve Ac:tIon 

I 

I 

! , 

i . 

. 
i 

i 

I 
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I. Procll8 D~,. 

..... 
8. R8tod RacIal 

2.PIO' __ 
L R8tod RacIal 

1$ thIIre a SJslam for 
iderJIII'ying and 
S8QIIegalitl9 tetoIted and 
weluoted prvducIs? 
Describe 
How many opeIllors per 
number of AIloIIs? 
Have opeIaloIs RiiiiiiVed _. Desa1be. 

MIl opeIllors recollll1g 
aIIicaI fac:ton5 corredIy 
and in real time? 
1$ openIlor using the MIG 
• the .eference 

Do operators make 
compelisollS bett,esn 
MIG's and lRC's? Does 
~.!!? agree but read 
no --than MIG? 

Does the lRC,::' the 
COInICt lime of 
1$ the lRC ~sIem 
PfObICIId fRIm 
unauIhorIZIId use or 

Do opeIalonIt11k8 
8IlPapid IIdIon in the 
cae of deIIldlolls? 
a-w I8lort cycle and 
COIIIIIIIIIl 

8. R8tod RacIal 

2. 1"10,.111 .. .-
b.. Post PiG r I I 

CGntafnII 
IScooIIl9_ 
1:11101111.111 .. 1110 a 
............ r-Mt ... and 
is alac:ord UpI? UsI 

of 

IV Spew --IDe. 
IMl4AlO 

Acc:epIabIe (y.-) UnIIcCiIF tIbIe (No) Ca .., 
CamIcIive Acll. 

: 
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IL Process Delivery 

Hem 

B. Retort Room 
0 s 

2. Procedures 
b. Post Process 

Container Handling 
Are contaillefS cooled 
before /IandUng seams? 
Are contaillefS cooled 
and dried without further 
contact from towels, rags 
or contaminated water? 
Are container handling 
systems designed to 
avoid damage, and 
punctures to seams and 
contaillefS 
00 cleaning and 
sanHation p!oIOCOIs exist 
for container handling 
systems and are they 
enforced? 

II. Paoc ... 
DocumentatIon 

Is there a wriIlen retort 
rec:onJ that Includes 
product, code, date, retort 
number, container, code, 
CUT, vent and process 
time and MIG reedillllS? 
Are scheduled process 
parameters and any other 
thermal processing 
critical factors monitored 
and rec:onJed for each 
retort cYCle? 
00 the I'8COIds contain 
errors, omissions, or 
mistakes that are not 
initialed or noted? 
Are the written ratort 
records dated and signed 
by the operator and dated 
and signed by the 
SUDervisor? 

PbF Specialists IDe. 
10l04l00 

Acceptable (yes, Unacceptable (No, CommentslCorrectiv 
eAction 

8 



.. Proclll 
DocumentatIon 

..... 
Do the TRC's include 
the dale, I1lkIrt 1II.IIIber, 
baIdI. time. opIIIalor 
signIIunt. and revi_ 

? 
Does the 111m have a 

i formal pRlglBIII for 
L dB liug willi proc as s 

deIriaIions indudIng 
hOIdiIlII all produc:I 
pm< III I ~ willi 8 
deYIaIIDn? 
Does 8 proc II!. 8IIIIIorIy 
evaIuaI8 deviations? 
Who? 
Does the proc a IS 
8IIIIIodly pnMda a 
formal nMew indudIng 
8Y8IuaIion procedures. 
/IISUIIs of the evallllalion 
and 18COI11l118l1ded 
disllOlSilion of the 

Ate 18COI1Is_ 
showIIlII disllOSiliorl of 

Does the PlOt_I 
dIaIIJ'S nMew aIIo 
include revi8liulllll 
I8COIIIs for oilier CIIIIc:aI 
fac:laIs DOl on the 
cklvlallon 

Acceplllllll IV-) 

~'--------------

IV Spw' ,. 7 IDI:. 
}CW4JIlO 

UMcc ...... lNo) Celli II., 
ComIcIIw AI ..... 

I , 
I 

, 
i 

j 
, 

Dale, ... : __ _ 
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How to Avoid Ctdain 
Sanitation Problems 

A ,.' iiip8CIive of some poor 
rnanufIlctuiIng tachniqIM I 
111M obHrved in Egypt 

Data Base: 

• A total of 21 factory vIsIs 
• Ttne W8I'8 visited twice 

• C8iro and AJaxandria 
• Nowember 1999 
• March-April2000 

Facility Open to Outside 

• Docn open, no fans or nips 
- Broka'a windows 
-Tomsauns 
• NlInber Of observations = 17 
-R-*-.1 

.u,.a ~ .::.ItIIII ~ ....... .,.. ..,.., >-.,......,.,. 
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Trash Stored 
Inappropriately 

o Near processing area 
o Next to building 
o In processing facility 
• Number of observations = 9 
o Rank=#2 

Animals In or Near 
Processing Area 

o Birds 
o Flies 

-Rodents 
-Dogs 

-Bees 
oN=8 

• Rank =#3 

Inappropriate Plant Life 

- Weeds, planters, shrubs, potted 
plants 
-Inside processing area 
-Next to building 

• Number of observations .. 7 
• Rank =#4 

, .. j,t;.' JYI'-I. 
eJh .... a.l:o..J Ja.,I..l' 

'I = , •• 1;. ...... .lJI> • 

Y# = . iii· ...... 
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Use of Wooden !mplemta" 

a Wood Is porous and can be 
a ~ of conIaminalion 

a NLmber of obserYaIion8 ... 6 
-Ra1k=#15 

Dirty Walls and Floors 

a NI.I1'Jber of observations = 6 
• RID: = #5 (tie) 

Standing Water 

-Ontloors 
-Indlalns 
a Ca1 bnIed miaoorganlanas 

- NI.I1'Jber of observations = 5 
aRID:=fi' 

1 ntH d" ,,'f"" 
i.,-IJPI J ~~ ....... 

.:,~ 

, - '.''":t..I ..a.l&. 

fII·· ip ••• 

~ '-G'''''.I~. 
~"_'''r •. 

.:JrajJI.Ja a 

~.J...-jw'a 

_ .:I.IISt '-' .,. c:I..:M. 
,.'-... , ...... 

." 
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No Protective Clothing 

• Overalls • Une wor1<ers 
• Hair restraints 
• Shoes 

• Quality control 
• Management 
• VISitors 

• N-5 
• Rank = #7 (tie) 

Bad Odors 

• Odors in the processing area 
• Number of observations: 5 

• Rank = #7 (tie) 

liquid Product Recovered 
From Unsanitary Sulfa. 

N=4 
Rank=t10 

jiiF""-Frc .......... _ 

J..i.J ........ 

"'.,... ~.)O • 

lJ.>~1 • 

Ul..fJjl • 

i'I.,lJ ........ .,:J. • 
~~.j;r.J 

tt..'M eloJ 
.... .;I~I. 

eJj
··" UI..i... '}~ei"J ~"..i· 

4) =,'! .... s;.., .... ~ .•• '. , 
(J.foo) V# = . ;"j ...... 



How to Avoid Such In 
Unsanitary Condition 

Cross Section of Slit Filler 

-----

Totes Made of Wood 

• Callas abrasion of raw ... 
dI.Iing b ansit 

• CIm not be adequately de anad 
• Number d observations = 3 
-Rank=#l1 

10------... 

.U'II L\ ad ....... cJIS wi ...... 
Itli1 

.~ 1eiJIi&......,. 
,.. = .... '",.1.- • 

tt=·,. .. • 
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Idle Equipment Dirty 
From Previous Run 

• Causes odors 
• Attracts pests 
• Makes cleaning more diffICUlt 
• Number of observations = 3 

• Rank=#11 (tie) 

Loose Jewelry 

• Number of observations = 3 
• Rank = #11 (tie) 

Condensate 

• Dripping from unsanitary 
surface into product tanks 

• Number of observations = 3 
• Rank = #11 (tie) 

'. &,lin,., US cjiII Ui.w ~.a..1\ 
We,,, JA@' Ai t,. 

Vel.,.) ~.J!'.J.)~. 
.:U~I ..,.l¥ • 

~~u-..,........;. 

f - ,-J 1;,,'lI.JI -. • 

(.),JS..) , , - , '4" ....... 

• 
f - ,-41;,,)1" -. • 

(.J.foo) "ill - • '4;,4 • 

(.)fo.}' Iii - , \li,4 • 



Dirty Totes 

- Same tole8 used for boIh raw 
and in-prOOeSS product 

- NI.mber of obsentations = 2 
-Ra!k=115 

Example 

........ -.... 
fIIIFIr-,. 
-. - ... a.. 

Storaae of Packagina 
Material 

• PI'"ay packaging mabiwials 
1k:lI8d in pocessi Ig area 
exposed to splashing 

• NI.mber of obsentations = 2 
• Ra!k = 116 

u- JIil S ... 70 ......... uoiI v" • 
¥ .2,$,'", I.!, I # d,,.d 

....,,, ......... , -........ 
t;UfA 

.~ ..... -.. 
h.~" 
r-

J lJ...,..... ~.1 Up.1I :A". UIiJI· 
~.I.lo;..a w..".. ~ &i-

T - • .. J1:."d .... 
,,, _ ... 4 • 
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Exposed Light Bulbs 

• Number of observatiOns = 2 
• Rank = #16 (tie) 

lnadeguate Hand Washing 

• 0iJty hands, fingernails 
• Inadequate facilities 

-TCMlels 
-Soap 
-Hot water 

• Number of observations = 1 
• Rank=#18 

Washing Moldy Fruit 

Mlth.a t!tI' .... 

~ ; .;iUll~l-, ",,"11 • 
... ;..;11.>-1 • 

..a..I­
wi-I­

b.U "-*,,,-
,- .... h.. ...... ~ • 

'A.-~. 



Eliminate Moldy Fruit 

-
Too Many to Count 

• Rough welds on food COilbd 
.. faces 

• TIl aa£lad fittings on proclJCt 
IIneI 

• 0uIUdirt on non-food COiIlact 
.. fat8s 

The Blagest Problem 

• Inability of 
management 
to anlon:e 
consi s tentIy 
good 
sanIIaIIon 
practices 

• 
....... 1 He'! I' J.4I .... oeM3 

:,.!t L.J .. 
el-'lII .)a ~ ,t..J Jo ...... .l ..... ,. 

~I •• ;' .. 

.w. .)a .:p cJL,.» ....a- .l ..... ,. 

£'SM 
.; el-'lII.)a '·'+1.4!JtI. .l ..... ,. 

~J.nr., .. 
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Any Sanitation ProblemS 
Here? 

• Glass bottle near product 

-Smoking 
• No protective clothing 

• Old wooden pallets near line 
• Totes very dirty 

.»'j,. ~ ~S',· U Ali ~ 
~ 

~\ )~ ~-"',. ~l:,.j ~. 

~. 

~.,n ~ .I.~) ~ • 

J..iJI)~ ~ :i.uH ~ ~."..-'­

c:1....,,~ ~ JI~l, ..\I-
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How" DeIIan Batch Proc!!UI 

Exampl .. • 

How many retcns do I need? 

How many batch ketIIes do 1,1l88I.i?j 

A process in which opeIations 
are carried out in discrete steps 

Horizontal Still Retort -= -t+l....6oi .... QoC _ .... 

) 



line Data 
Retort capaciIy = 3000 cans 
Riling speed = 175 canslmlnute 
sterilizing time = 60 minutes 01210C 
Venting time = 8 minutes after steam on 
Cooling time = 20 minutes 

How many retorts are needed? 

Retort Cycle 

OpooJ~UaIood • :~~ - -... J.....u.. ::. - Clooe .-
"1t • HoIdlilf Tum ... 

~ ..... .... 
.J '-- .. v._ 

~ --
TimiDSJ of Each Ooeration 

0pnII0n Cumu_ 
lime (min) 

R_empty 0 

Load ba8ket81nto -. doae door 5 

Open vent, open __ valve 10 

ActieYe VlInIIng noquirements, close vent 18 

pc. Ing temp. (12IOC) 23 

~"" •• ~;"'4.... 
~ ,yo •• J.J~J" 

fO n \ ..... ,. =~v-j 
J.i.Il J,.,... ""4 ,JiltI A = ~ v-j .Y. =~v-j 

~~'».I .... y.l.. 

-,M'D \ jLf.;!. i u.s 
;.. .... ,t;t.. • 

<lo-:I 

~b" ,...,.. ". 

Jt J" ...... ...... ;.. 
0J"":'_'" ~ 

11 
, 

j,).>JHf ~ .... 
,,;Ji' 

E)olI ...... ., '- ~.-lJ_,1I .. ....... J>- ...... ;..". 

l,d< ~ ~i! 

~.;,.j1 ~ 
(lI,J» 
,;.. tJl"";" 
• -#.;10 ".,... ;.. uw .......... """" 
\ . ~ "..... e".~ ~ ell 
\. ~ ..,. .;10 .t,u,:dI.:.I,u.o.. ......, 

,. It'",) ~ 'j.".. ~jlI..u-", 

2 
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EminA 'continued) 

c . -•• q • ..... jIIIIIIf _ ......... -'" ""'-=_ ...... Inhduce......., 
CanIpIIIIt c:ooIInO. _ .. -. chiIn 

or-.-:-..... ~-

Line Data 

ReIoft cllpldly '"' 3000 cans 
filing speed '"' 175 cansImInute 

83 

118 

113 

120 

TIIYIfI required to compIeIe a reIoIt cydI 
-120 minutes 

How many nItodIant nllded? 

Line Data (COnt.) 

3QOO C8!!!!1n!t!!d!Mile .25 cansImIn 
120 minutIIInIIoIt qdIt (0lIl nItorI) 

One I'1IIoIt can 1Ita_ 25 C8IIIIfmIn. 
Vou need 176 ceililillill 

(eta c-·II. 
~ooJj 

.,....,)0.,:::.1 ............. --11 ~ .. 
u ..... I. ..... ~.HrL-~ 

,,~ ......... efl,..u...a.,. ............... 
\T. . ............... J."... J-efl 

~ 1' ••• • ,..wI '"'~ 
UIoAA lV ......... ~.J'" 

a.,.. \Y. '"',;us '"' 'J.Il.JA.l .... JJa.I.,.' 
Ilt.;IJ.oI ,;.r4IJMJ - JI> '" 

~, ... ,.;.:! :Itt iJi>Ne 1' ... 

(.>oJ .. ,,;..s M ri-fJ ;... 1Ji> piI4 ". 

~ t_ ,.. J ..... rial JMJ;§.., 
411""" wo ~ wi .. 

\' .... 1JooI.,.·.l •• .h "'" _ ...... 
: "... ".. 

I 
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Batch Kettle: Pasta Sauce 

I I 
Capacity = 900 L 

Formula: Pasta Sauce 

....- % KI/IIIIfdl 
W_ 42.1 398 
Tcmotoes, diced 31.0 293 
T_ ..... 22.0 208 

Olive oil 3.S 33 
Salt 1.0 9 

Spica .2 2 

Onion, prtic .2 2 

Procedure 

• Add water 
• Add diced tomato 

• Add tomato paste 

• Add 
-OIMtoll ...... 
-opk:es.onlon. 
-garic 

• Blend 
• Perfonn C.C. 

check 
• Heat to 8SOC 
• Drain 
• Rinse for next 

batch 

I I 

4 .• t,., 1, .. ,M WAA 
~.U 

Wdil't' 'I!o 
f .. iT .\ 

nf T' " 

'.A TT " .. f,O 

~ \ .. , .,' , .,1 

..:..lIfo.I~~ • 
~ u-4 01-"" • 

"' ..... <,a."., 
r·At~ .llD ~ • 

~. 

lp.....n~. 

~ 
.1. 

l.l.i.,~ 

o:A,.s. 

,JoWoI "--
UJJlU~ 

c!. 
o:J;" 

,,1.0..., 

.Ua...j • 

Woi..I rl-Wd a...j • 

rl-Wd u...... a...j • 
:.,J. I. a...j • 

<eI- 'UJliJ ""ti -
.~u:lJt+­

,J-

4 

I 
I 
I 
I 
I 



Fonnula: Pasta Sauce 
,4.aal 

.tal"" .... • c.- -- - I::: .,. .... ...... ...... 
w_ - lOlJmiIa lO t. '<l<lllJlt. "A ... 

IDioo 193 fCLhaioI 7 - 101 301Jmi1a 7 

Oil 33 1$...-:2 
WI II lIt¥a* 'I ...... 2 2 ....... I 

Y '<l<lllJln .... WoI..,Mo.Jo. .-. .. '<l<lllJlt. t., i ....... ."... 
, 

T ~\ .. ... , 
iIo1iU"" 

\ '~, , cI-
I ~t • ""Jw oao 2 2 ....... I \ .~. T p.s.. 

Fonnula: Pasta Sauce ti,J,JS..! J ,0',_,2 ne,' !M',iiI 

l _5r~ __ ~ 
................ 101,w, 7 .. 
Oil 33 1$ t¥a* 2 

WI 9 ' ..... I 

Batch Kettle 1conI.) 

""":=-DIoe 

a--..... 
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------_ ........... _. 

Sequence of Operations 

Operlllion ,..". '*I. (min) 

Add Ingredients 25 
Blend 10 
a.c._ 10 

Heat to 85"C 60 

Drain 

RInse 5 

Time to Drain Product 

Une speed = 175 containers/minute 
Container size = 0.5 L 
Product demand = 175 X 0.5 = 88 Umin 

Batch size = 900 L 
Time to drain = 900188 • 10.2 min 

Batch Kettle (cont) 

-==-DIce 

To ftBe, 

(u,J.I) .,.IIoWI ~ .\,oW 

'0 dJfooIUWoi 
\ . J.lU 

\ . ... ..,.J~ .... ".JI'I 
,. tAt!.llr;.~ 

........ 
• ..Jl..U 

~Pol.. IV" -.l.iJI ~.".. 
j1. "o-~~ 

UJ.>lII j1. M - • ,. X IV" - ~ .,..u.:;, 

j1.~ .. -w..I F 
u;... \ ',Y - M/~" - ~..:i" 
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Sequence of Operations 

Op • ..-......... 
~i'lll ...... 25 

....... 10 
Q.C ....... 10 

HMttoll9'C II) 

Dn*I 10 

RNa f 5 

Line Data 

Kelile capacity = 900 L 
Fang speed = 175 c:onIairIeIIIrI 

-88Lhnin 
TIme ....... to complill • balch cyde 

• 120 minutes 
How many keIIIes are needed? 

Line Data (cont.) 

900 !...Ib!!Ich cyr;Ie _ 7.5 LImIn 
120 II'IinUIaIIbaId qdI (one ... , 

One IuIIIIe _ pnIduee 7.5 lImin. 
You need 88 LJmIn ...... 

7.5"-' r 

' .... M ... e:#i 

(ol¥iII .......... u.a , . 
,. 
,. 
,. 
,. 
• 

dl..w .... 
WiJ 

.. ... ~ ..... .lIII 
,.. ......... 
~ ..... 

.J1' ••• ~a... au.,.... IV •• ..,.."-.... 
:IViII.J1 AI. • 

.::wa.;. ~ '.u> ,J...SI.II .... JJ..I.,., 
~"' .. 

~~-",1. 

U#JII~ Y,- • .:W. .... ,.,... ',fA" . 
~.,..."., i:.W>';' ~ '»> /'II> ". 

U#JII ~ y,. p ;;J w .. r.;:JM 1M 
JJIIiII ~ M f!bo:J do .. 
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How to Estimate Heatlna 
nmes for Liquid Foods 

-UQuIcI wIImM 
..AgbIor speed 
-AnIa of IiIIIam jec:IIIIt 
-Max. pl'ftSlft in jec:IIIIt 

HeatinaDme 
Depellds an: 

.InIIiaI tempefIIunt 
-F"maI tempefIIunt 
-Steam temperah.n 
-PIoperIies d the liquid 

4tl!;11 "d,,1 .4M j ,.. if 
11' ,,1 

4IA 3 .. "'0 

..... ,.... 
~ ..... -.:I" 

.,;...I..J:Ww.. 
dtob.l.o..l.a ;;,.",..,n "., 

l:t tift I)!j 

...,.....v~.J' 
~sJ""'.J' 
~sJp.J' 

JU ..".;. 
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Properties of the liquid 

• DenSity (or specific gravity) 
• Viscosity 
• Heat capacity 
• Thennal conductivity 

Viscosity 

• The resistance to flow 

-Note: This same resistance to 
flow also provides resistance 
to heat and mass transfer 

Viscosity Coefficient 

An expertmentaly determined 
number used In ftuld mechaniCS 
to account for the elfects of 
viscosity 

(:u,... ~ .. I) WSlI • 

4 .. jIlI· 
~1~.t...lI. 

.,)yJl J,,-jill. 

4.j!l1 

>.p/~ ) .iu!.,.,... :.:.1.>. ... 

(~-rl"') 
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ADDrQxllnate VIse_II! CoeIIIEI!!d 
ofSelected~ 

c III 
--, 

I {eI ... I I - 0.1 

~ 1 - 10 

MoiorCX(ME1III , 100 
, 

1.-

ean. ...... 10.0IIII 

I ~II I -I 

Which Is Thicker? 

·Honey,or 

• Mayonnaise 

P!ppertill oflhe LIquid 

• Densily (or speciIIc gravity) 

• ViScosiI.y 
• Heat capacity 
• Thermal conduc:tivily 

I 

.=-'1.1• ,1!31 \..wi!IM-1It ~liI sJ.IM 
t,Ia iIISMI 

... .,. 
""'"'" (h..-.! 

'.' .II 
I ... 

\. j .... »1' 
, ... i ........... -

\.' .. ..,.,. 
\·t-'''' .~ ...... 
, ....... .,.1-

d' 'C ...... 

fti,o.. ~ J) ~. 
~...;tI. 

~.,Jal'-l. 

."J.,Jal "-iii-

3 
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Heat Capacity 

The amount of heat (in calories) 
required to raise the temperature 
of 1 gram of a substance by 1OC. 

Units = calorieslgm-"C 

Cp 

Heat Capacity 

Add''''_. III 

Heat caDacities of leletied Foods 

~ 'KW_ Cp 

ww. 100 1.0 

-soup 88 0.94 - 75 0.81 p-.- 14 0.44 

Soy 01 0 0.40 

~ (~.;oJ d~) iJ,pJ ~ 
rO\ .)I~i.>W o-/"l"I.)~~jl~) 

rO -~-..u~d.J""= ..:.l .... ."J 
Cp 

CP '1\ .1..1 .,alUe'W 

\ .. \ .. .to 

.,'U AA ,.w...u> Ii>< 

'.'" v. uJoI.I. 

"U \l ....... ~.H 

.,E ~ . I;..-J "'t) 
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Properties of the Uquld 

• Density (or specific gravity) 

• ViscoSity 
• Heat capacity 
• Thermal c::ondudMty 

ThennalConductivHy 

A measlR of1he abIty of a 
substance to c:onclJct heat 

!henna. ConductiyIty of 
SeIact8d Materials 

....... TttwmaI CoocIudivIIy c...,..c cmJIC) 

P..uol O.4x1Q-S 
.... ."..(avg.) 1x104 

.... (IIVg.) 1.2x104 

IWtnr 1.311104 
. .... 38x104 

951x104 

(~~))U2SJ. 
~.J,jII. 

"U.,..H ..... 
I/J..".J Ilt-jil. 

" A pI LlMt1I 

.,J~.Jrr-~ d.II 
,. -,..-'".;tJ¥U~ .:.I ........ 

.... ,.x ..... ~<ltII ..... 
"""·X\ fl-Md.l ....... 

'1'-, .X\.l fl-M' .... 
1"-\ .Xl,f' I 01.1 

..... , .)(f'1 i ,-".,-• ..-

"""l.",.' ...... 

s 



Thermal Conductivitv 

Rate of heat n.-<caIorieoIIsecl : q : kA(T,-T,)Il 

Rate = q" .039'2(121-25)/100" 0.073 caIIMc 

Heating Time 
Depends on: 

-Initial temperature 
-Final temperature 
-steam temperature 
-Properties of the liquid 
-Uquidvolume 
-Agitator speed 
-Area of steam jacket 
~_pnlssureinjacket 

Heating Time 
Depends on: 

-Initial temperature 
-final temperature 
-steam temperature 
-Properties of the liquid 
-Liquid volume 
-Agitator speed 
-Area of steam jacket 

2SOC 
8SOC 
1210C 
Weter 
900L 
22rev/min 
2M2 

q" .039'2(121-25)/100 = 0.073 cal/$ec :J" <Ja.l 

rOY", 

"oAQ 

rOn \ 
.l. 

.,;a It .. 

IJi.>III t..),> H 
'rY 

~S)..-JI~ ..... 

~')"""~"'" 
J.i.-I. 'J J'" ~ ..... 

J.i.-I. ~p. 
J!U~ 

~;.... ... -"", 

tlJ.i.-I. ~ ~ 
~ ";.\oI...:.ll .....,NI ...J -

~tJ"""OI;. ..... -
~ tJ..-JI 01;. ..... -

J.i.-I. t J J'" ~ ..... -
JjI..JI ~p.­

J!U~­
.!l...,...JI JIt+lI ... .J-' 

tlJ.i.-I. ~ ~1.- -
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Crossectlon of Tank 
-...,....- ....... ..,., 

--~ 

0---7 7 

..." 

Similarity to Conductivity 

What do we know? 
Rate of hili fAInIf'er. q .. kA(T,.T z)II.. 

k ... an tIuid 
,.,.. = A = 2JEl= 20,000 cm2 
T, =121"C 
T2 = 251C, IU WIrieI wiIh time 
Lis ~ IU depends an 

ViIcoIIy 

~4-"'" 
o-Ity 
HIiltC.p.dly 

r4t I!J ,,1Il. 
q • kA(T,. T z)II.. • .,.J.,JaI"* ,;.... 

..... .;...>oWK 
t"...' _, ••• _ Y,' _ w...a 

t"ln .T, 
""'./0 to...!loS \0lil,. , •• T 2 

.;.. -...; \0lil<1 ........ .;. L 
~.., 

~~~ .... 
iIIIl 

~".,-.a 
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What do we Know? 
Rate of heat transfer .. q = kA(T,-T ~ 

or: 
q = kIL*A(T,·T:U 

or: 
q = UA(T,-T:J 

lJI/I1ere U = kIl 
= heat transfer coefficient 

Selected Heat Transfer 
Coefficients 

~ U x 1 .. C..-..,.....'Cj 

Gasse$ 0.310 3.0 

\IIocous liquids 1.410 13.6 

WIlIer 13.610136 

Belilng water 4010525 

COI1den8klg .. am 13510407 

The variations in the values of 
heat transfer coefficients means 
you can not look up a value in 
a book. It must be measured. 

!.u JLl "lll "" 
q = kA(T,·T:U1L - "J..PJ Jill! J,w. 

:) 
q = kIl*A(TrT:z} 

:) 
q = UA(T,·T:J 

" AI 1iIooll JUSI J.al £ ,1-1 
il11l.l1 

U x 19' CCall$8c-cm2,'C) UoJ 

,",' vI' •• r .::J':;" 

H','.,I ',t lo-.JI.JII,.. 

H'"' wS H", ,I. 

.T' .... t. .,1M .1. 

f.V ~ ,,.. ..... ;., 

~ II) pi! Ji,iIl J.J.'F' .»lli.. ~I u! 
l. ..,.,~ .) ):>L III r)Io ~ ~ ~ <UI 

..... ~ ~ ).li.J1i 



What do we Know? 

Varies over the heating time since 
the water temperature (T2) 
increases with time 

What Else do we Know? 

The total heal load Is 1he amount 01 
heal A!IqUired to raise 1he 
temperab.n 0I1he water from 25 to 
85I'C 

Q .. MCp(T_T~ "1IOOIc1000x1X1(85-25) 

.. 54,000 ("od .. 

Anything Else? 

The heat transfer coefIIcient (U) 
is not knOwn with precision. 

V.,.,J a..s JA $)""" J- r.I--tJ 0»-'1 
"l!.0 .". '" u- wU)J" ~.JI' ~) 'IoIJii.J 

t 

.. 54,000 CiIIIDI_ 
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Two Problems 
• The rate of heat transfer is 

reduced as the water 
temperature approaches the 
target 

• The heat transfer coefficient (U) 
is only an approximation 

Temperature vs. Time 

Temperature va. Time 

~>' yfo w:... <I}~I JillI J-~ • 
""fo..JI ~ jill .:,.. • WI i J J'" 

Y'A (U) <I.;I,,,.JI JillI J,.t.... ~. 
..IJi 

(" .. Wli.)JI>"~Jl 

as i -::;:;-~-
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HEATlRANSFER CAl QILATIOI. 
AGITATED TANK WITH STEAM JACKET 

t. ENTER DATA FROM A TEST RUN WITH IIIIIALL IEllFERATURE RISE:au •• 11 fEAT 
TIWISFER COEFFiiCENT AT 0.1. CAl.JCWI.aec--c 
2. SET tHE TIlE INTERVAL 80 ntAT AT LEAST 108 INTERVALS B YSE DURI't8 TEST_ 
(ElfAIIIPLE: FOR A TEST RUN OF 10 MIIUTES 1lIE CAI.CUlA.TIOIIINTERVAL tltIOtl D BE o.t 
MINUTE., 
3. SEE HOW 1lIE AC1UAL 11ME OF tEATING COIFARES TO 1lIE CAl QILATED BE. CHMICE 
THE VALIJE OF 1lIE fEAT TRANSFER COEFFiCiENT BY TRIAL AND ERROR lInL CAI.C\llAlEO 
VALUE ,H3PFFS WITH ACTUAL. 
4.. YOU CAN NOW PREDICT fEATING TIMES FOR 1lIE SAlE TANK. II. Nt ~ NlD TIE 
8AIIF AGITATOR SPEED. 

HEATTRANSFFR COFFF1CENT 
AREA OF1lIE HEATING JACt<ET 
STEAllTaFERATURE 
STARTI'!IG TEMPERATURE 
FNSI ED TEMPERATURE DESIRED 
HEAT CAPACITY OF A..lJI) 

VOlUIE OF ROO 
DENSRYOF FUJI) 

TIE NTERVAL FOR CALCUlATION 

o 
1 
2 
3 
4 
5 
e 
7 
8 
9 

10 
11 
12 
13 
14 
15 
18 
17 
18 
19 
20 
21 

0.135 CAI..ORESt'CIt-sEC-Oc 
81 SQUARElIEiERS 

121 Oc 
25 0e 
asOc 
1 CALCJRESIGM. Oc 

8ClOO LITERS 
1 GlIWCIf 

IJQUI)TEM U"'TURErcJ 
25 

25.7 
28.3 
27.0 
27JJ 
28.2 
28'-
29.5 
30.1 
30.7 
31.4 
32.0 
32.8 
33.2 
3U 
34.4 
35.0 
35.8 
38.1 
38.7 
37.3 
37.9 



22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
SO 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
66 
69 
70 
71 
72 
73 
74 
75 
76 

38.4 
39.0 
39.6 
40.1 
40.7 
41.2 
41.8 
42.3 
42.9 
43.4 
43.9 
44.4 
45.0 
45.5 
46.0 
46.5 
47.0 
47.5 
48.0 
48.5 
49.0 
49.5 
SO.O 
SO.S 
51.0 
51.5 
51.9 
52.4 
52.9 
53.3 
53.8 
54.3 
54.7 
552 
55.6 
56.1 
56.5 
56.9 
57.4 
57.8 
582 
58.7 
59.1 
59.5 
59.9 
60.4 
60.8 
612 
61.6 
62.0 
62.4 
62.8 
632 
63.6 
64.0 



77 
78 
79 
80 
81 
82 
83 
84 
85 
88 
ff1 
88 
89 
90 
91 
82 
83 
1M 
85 
86 
97 
98 
99 

100 
101 
102 
103 
104 
105 
108 

84.4 
84.1 
81.2 
85.5 
85.1 
1111.3 
88.7 
ff1.o 
81.4 
ff1.1 
81.1 
88.5 
88.1 
81.2 
89.8 
IIU 
70.3 
70.8 
71.0 
71.3 
71.8 
72.0 
72.3 
72.8 
73.0 
13.3 
73.8 
74.0 
74.3 
74.8 

-11 



9'pltal Cost: 

• Includes cost of: 
-PurdMslng equipment 
- installing equipment 
-HousIng equipment 
- ProvIdIng utillUeS for equipment 
-Providing ancillary facilities (eg. 

offlaIs) 

PrelimiN" Ca., """"'" 

-To determine feasibility 
-To obtain financing 
-To screen alternatives 

Hpw to r Ph, ... Capital 
ColIs 

• Delelmlne the cost of each 
part 

• Add the cost of Installation 
• Add direct and Indirect 

costs 

I;t,.,n W·,j .. IIp 

:"Itl..~~ • 
-01"";-
-,*.;-
~~­

.:b.IdJ~~;­

( ...... .J4 ~ dJ.;-J.;;-

IS~~· 

r..Pl Jua ~ J..,.-J. 
. c.JJ.lfI ~;. 

., •• ,2', l.rA" .'" 

.;.. Ji ~.IpS. 
.... ~~u.....t. 

;~;,,'~..;,Jau.....t. 



2 

Accuracy of Estimate 

• Accuracy = f (information) 
-The more information 
required: 
-The estimate itself: 

»Costs more and 
»Takeslonger 

Cos" ,(Making IB Estimate 

_11----

• . .... '" 

A Simple Proem 

Pump 

':'1...,s...II - UlII • 

.:.1.."l..JI u- v 4iA <J5 ws· 
:~ 

:u!S:i .::.» j WS-

<Wi .)Ili:ilI« 

J"loI u. .... 'l/I ,i,.....1 ws..t« 

--".-----,;;,..---, 
_11-----

" ....... 

"s. • .. JtMI~ 



3 

Cost of Major Items 

• Tank (T-1) $35,000 

• Pump (P-1) $8,500 

• HeatExch. (H-I) $45,000 

• Tank (T-2) $100,000 

Total S188,5OO 

Main Plant Bem.; MPI 

-Defined: 
- lbe major items In a 
process 

- In this example cost of 
MPI: 
-$188.500; delivered 

But What AbouL .. 
-Site 

preparation 
- Installation 
-Piping 
-Insulation 

- Instrument­
ation 

• Electrical 
-Other 

utilities 
-Buildings 

W,J! ~ljt'll a. 
ji.,. ro, ••• (Jill) ~. 
ji.,.",o •• (P-1)~' 

ji.,. to" .. (H-1).,,)~~ • 
J'Y."" , ......... (.,a)~. 

J't.,. 1"",0" ....... '11 

:~""'.,..:i. 
~ 'I.i- .,. ~~ .1.»"11 -

~ .';..1 UK1 wt> &..lilt. wi· 
:W~ 

~ ~.;a ji.,. \A.A. ••• -

••• ,y! ,L llJ 

dP~' 
~ .::J.F..JiI • 

1$""''11 di' JOI • 



4 

Tota! fixed capital Costs 

• MPI + Ancillary 
equipment, or 

.(MPI) X (Factor) 

Tog' Fixed Capital Costs; 

Fixed capital ,. MPI X Factor 

Fixed capital .. $188,500 X 3 

Fixed capital .. $565,500 

Ancillary equipment cost ,. 
$377,000 

The Factor De_.,. On: 

• Size (or capacity) 
• Materials of consnuction 
• Operating pressure 

+ "J'9Ji.;11 (if 0011 101.»1 • 
.J1 ,~'il ul~ 

X (".1'9;1\)11 (if e.~ jlol.»t). 
(J..t.....ll) 

X ~ 41-1.,1 ~ .1;.1 - <t:.ta W 
J,.1...I . 

r X , ......... " - <t:.ta :iI\S:iJ 

:ri '"' ".II: J.!a..oI ~ 
( ....... )~. 

.. Wu"!ll .lI"... 

~.l.i...:a. 

WJ ~"ltl .. ~&- \.a.J 



Another Look 

" ... ",,_ca, 7 wstnn 

- c.too. 

T·I S.1SN SIGN 

P-I S8.SM $IN 

11-1 S4SM SlSM 

T4 $1 .. SIOU 

T .... St .... SSlM 

But What About. .. 
-Site 

preparation 

- Installation 
-Piping 

- Insulation 

- Instrument­
ation 

- Electrical 
-Other 

utilities 
-Buildings 

,s eJ ttl, 

e' •• :a. 

,;V_ "'""' ....... ..... , . ..II ........ ~. 
..II ... 

..II ........ ' ..II" ........ ....... ..II .......... 
..II" ........ ..II ........ , .. 
..II,,' 

........ ,..11 ............ 
..II" 

.::I,M~. 

~.:J.,p.~. 

cS,.,s.Yi .JjJ yolo 

T.I 

.... 
H-I 

T-2 

..-

~,.. -'-!. 
.:J,#~. .... ,.. "". 

.J.joJ • 



6 

Total Fixed Capital Costs; 
(Stain I •• ) 

fixed capital ,. HPI X Factor 

Fixed capital "" $188,500 X 3 

Fixed capital = $565,500 

Andllary equipment cost = 
$377,000 

Total Fixed Capital COlts; 
(carbon Steel> 

Fixed capital = MPI X Factor 

Andllary equip. cost = $377M 

Fixed capital = $57M + $377M 

Factor = 7.5 

Tota' Fixed Capital COItsi 

Fixed capital = MPI X Factor 

As the unit cost of 
equipment increases the 

factor decreases 

X e>-!l v...J.J ~ .1 j,J -~ :4.lIS:.I 
J.I,...J 

rx 'AA,O •• -~~ 

J'JyO'o.,,~~ -~~ 

.l:M.I ~ • f' . j AI ' it'S:;' ,.L.aJ , 

J.I,...J X w.J ~ .1 j,J -~ :4.lIS:.I 

11.»';"';'" rvv - ~"il ..:.I"",) ~ 

+ .i'il.» .;,.,;... oV - ~ e:o-n v...J.J :4.lIS:.I 
J"i.» .;,.,;... 'NV 

til" 1;~A.!I 4" ..... J , $ i,'p' # 's' , 

w.J ~ .1.;..1-~ e:o-n v...J.J :4.lIS:.I 
J.I,...J X 

Ji LJS ..:i.l&.Jl u.- u..)llJlS:l .::.d j LJS 
J.I,...JI 

11 



Estimatlna TecbnlaUM 

-"Nothing succeeds like 
excess,lI 

-Oscar Wild 

Refined Factor Method 

Presumes that the factors 
vary with the average unit 
cost of MPI 

Also, each part of the factory 
has ItS own factor 

-
--
-

.. -_'" -
, -

., ..• 

~ J...~ Il,lo tA J,.\a.I .:J IJIa JtlIl 
W~ ~ .IJtJ .;,. bo..,I 

J,.\a.I ~ u- .;.. JSI (J.j • .111:& 
~~ 

.. -
, 





..... ", ___ ", .... 1' .. I 

AVEIWJE UNIT COSTOIF "P.L II _ US$f.XIO") 

UNDeR $12M $ZIU $27M ..... .... OIlER 
$12M 

TO TO TO ID TO .-GIIM S2lU ..... .... ... 
MP.L (Uoin PIInt_): x x x x x x x 

, 
! , 

I M.U.e.p' 1_ .......... 1: 

I j , . 
" 

.,.., 10 , ........ lIDlD 10'lI0 IIf M.P .l ..... II . : IN 
MIl:: EeI_.n: 
0 ..... 10 .... 
• , ... --

Scopellf .............. 101D1'I .. ' ... P.L ...... C IN 

..... T.tJiI.....,Cca.' r S I 

Pi :....,~ ..... 
a...n tJiI....., SiqiI Pi • I' . .... 

BASIC EelIJIPMENT. II P' + II U E 100 100 100 100 tOO 100 100 

HIgh .... ca 'C tJilequIpIIInt Inodoino 
1igIi .... -

2311. 21117 1Cf18 111'15 17114 ,111'13 15n3 

AVf1W3IE. «-....... _ . ., 111'12 17111 111'11 15nO 14111 1,. ,. FELD ElIEC IIQIII OIF 
I 

MIl:: EQIJIIMEIIT i 
Hlghi*W 7 C '-eGiGllon .. 1 WIt I 

-I ___ ligIiunlt ..... ·, i.1t 12f7 11n 11. 1015 1115 1115 
irMlhiiV ............. 

I i :! 



AVERAGE UNIT COST OF U.PJ.IH 1989 U$$ (Xla') 

UNDER $12M $2OM $27M $«1M $5\1M 
OVER 

$12M TO TO TO to TO 
$68M 

$201.1 $271.1 $«1M $5\1M $68M 

HIGH - PredaminaI ... of """..-as 
or mild - ~ raquiring '-Y 17112 15110 1<119 1219 111!! 
founda1Iao IS 

AVERAGE - MikI_ tab! icoIIod 
EQUIPMEttT equipmont 1317 11/11 1015 8/4 713 
FotINDIITIONS AND 
STRUCTURAL Lr:NV/AVERAGE - "'_'iI .... of 

SUPPORTS *t_o4herhlghlri:prlcer.bticollod 1/3 7/3 iI3 813 713 8/2 511.2 
equipnwIt 

LOW - e.....-manHlr-
510 410 3ID 3ID 210 210 Ii!! ""'111 on ........ 

HIGH~ _1iqIide. 
",*" ... 110""",*. B8pIants 1IiIII! 1051111S - 801048 70140 5iI34 50/30 42125 
auboIIanIioI ~ 

PIPING {Ir>iIIIiIoM AVERAGE FOR CHEMICAl PLANTS; 
ductuwat: ucIUdea liquids 65133 5!8127 48/22 «lt16 34112 30110 25/9 
InsuIidIoII 

UOUIDS AND SOUDS 33113 27/10 2219 16/11 1215 lW04 iI3 

Lr:NV - Soidot 1315 10f4 813 8/2 511 410 3ID 

;VERY HIGH - Subootw .... mId_ 
iequipmont roq&iring IaiggIru - ~ 13110 1219 100 111'8 815 115 8/4 
:Iow l1li'4*_ 

INSULATION OF IHIGH - &.iboIIIIi .... equipmont roq&iring 

EQUIPIIENT ONLY !~-hlgh"",, ..... """'" 1W17 111'8 815 714 813 513 513 
'(peIrocte,"",*} 

AVERAGE FOR CHEMICAl PLANTS 8/3 1/3 8/2 8/2 4tI 3/1 211 

Lr:NV 410 3ID 2Kl 2Kl 2Kl li!! 1i!! 

VERY HIGH· Subootw .... mId_ 
piping roq&iring ~ _ ~ low 13110 1219 100 111'8 815 715 8/4 
l1li, .... _ 

INSULATION OF PIPING HIGH - ......... piping roq&iring 
ONLY ~ _ high l1li, .... _ 18/14 15112 13110 1118 111'8 714 413 

AVERAGE FOR CHEMICAl PLANTS 18/12 1~10 1219 1015 8/4 8/2 <112 
, 

i lr:NV 1419 1216 1015 8/4 813 <112 211 



&·1 .... ~ ..... 
connI~.i ... 
'MC"l1 '.NEOUS CHEMCAL 
PlANTS 

U1Io .................... 

NOtE: ToIII~_'" 
I11III.., .gNIIIt ........... 1IId 
'-.. I11III...., ..... " I •• 

'" BIllie F<f \ .It. If .. ddt, 
..... 1 ........... 

".C.lMEDUI jTCIJII"'--=_lIIhG'" , 1 
, 1 ...... , r ,Ipl'l"""'-...... _ ....... BaIIGn"',...,.,......., ........ 
_................. pi I 

AVI!IW3I! UNlTCOSTOF ..... ~ .. _ UBI 

1anG ,. 1317 ,,. l1li5 714 

32113 2I8t10 7IJI'I 15/5 1113 112 - ~ 

2IJ8 1711 1315 1QIS 712 l1l'i 

RANGE FOR ALL VALUES OF M8IC 

EQUIPMEHT .10 ". 

" 



IUILDING EVALUATION 
when most of units are located inside 

HIGH MeDIUM LOW 

QUALITY OF Brick & EVALUATION 
Economical 

CONST. Steel 

+4 +2 0 

VERY HIGH MOSTLY MOSTLY 
UNIT COST ALLOY MIXED CARBON 

TYPE OF EQUIPMENT STEEL MATERIALS STEEL 
EQUIPMENT 

-3 -2 -1 0 

OPERATING VERY HIGH INTERMEDIATE ATMOS. 
PRESSURES 

-2 -1 0 i 

BUILDING CLASS = ALGEBRAIC SUM = 

NOTE: When building specifications and dimensions are known, a high-speed 
building cost estimate Is recommended especially If buildings are a significant 
lIem ot cost. It a separate estImate is not possible, evaluate the buildings as 
above before selecting the features 



AVERAGE UNfT COST a= M.P'!. IN 1_ U8$ (X1~ 
BlDG. 

$12M 120M $27M $4OM $5OM ClASS UNDER OVER 
$12M TO TO TO to TO ... 

BUlDINGS: 120M $27M $4OM $5OM ... 
ARCHITEClUAL +2 9:7J68 82181 74158 87149 SIIf44 5?J3O 48133 
& STRUCTURAL 
(uckKIes MOST OF +1 TO·1 72149 ~ 56138 61133 45128 411211 311/21 
building PROCESS 

UNITS INSIDE 
SIIIYIces) BUILDINGS -2 FJJI:f1 44133 40/2$1 35126 30121 27118 23M5 

OPEN-AIR 
PlANTS WIT1f 37118 32113 28111 2418 2QoI8 1714 1412 MNOR 

BUILDINGS 

NOTE: The foIIowirG fIIc:tms .. ror BIIIIary UmIt (pra : III) buildings IXIIr MIl ... 
aqII'IIIIMd in percent of BuiIcIing-ArdI~ & SInIc:IunII COIIl "., •• nat ......... to 
1M Basic Equipment cost 

HIGH AVO. lDN 

Comp ! IlId ... ror geneI1II .. 2 5 
HIVice IXIIr 
EJectric IIgIItIIIg 18 II 5 

Splnlders 10 8 3 

PlumbIng 20 12 3 

BUlDING lleallllg 25 18 8 
SERVICES 

YelIIIation wiIIIout air 18 8 0 
COI.IRionIng 

VenIiIaIion willi air 
45 35 25 

conditioil"lg 

TOTAL OVER-ALLA 85 55 20 

Ina .......... ...., .......... ........" • ai ....... _ TlllJdIIMt-.. 
t. ~ ............................. , •• .,IIIIIIIdo_IIIIIIIdo __ -'1I 
fot"'*"' ... I' ed ... be ....... ..., ....... _ .............. 
'2,"'-_ 

The ___ .............. I11 ............................. pt'd ...... ......... ... 
"" __ II ..... _III,".lIIId_ 



STORAGE AND HANDLING IN PERCENT OF BATTERY-LIMIT COST 

LOW: Raw material by pipeline. LHtIe warehouse 
space 

AVG: Average raw material storage" finish-product 
WMehouslng 
HIGH: Tank farm for raw- matet1al. Substantial 
WMehousing for finished product 

Grass Roots 
Plant 

BIl. Addition on 
ExIsting Site 

% of BIl. Cost 

2 0 __ -#-. 

15· 25 2·6 

70 20 



• 

U11...ITES IN PERCENT OF BAIIERY"""" COST 

EIeetIIcaI Sy • .... 

o.Sy 11m 

Set,e •• & Dr ....... System 

WlilllrSy 1 n 

FInt PI"lIidioil 

w.lIirT,uL_1l 

'II '1 'IOUS 

ovw ........... ror .. ..... 
Avg 

10 23-30 50 

,... ... 
o..asRDals 

1-10 

2-7 

0.5-4 

0.1-4 

1.5-e 

0.5-3.5 

0.5-3 

0.15-1.5 

O-U 

1.8-3.5 

1.5-11 

1-t 

0.5-1 

1·10 

1-' 

0.5-5 

Q.15-3 

0.2·1 

0.2.1.5 

0.5·1 

BIL"" ... I 

3 1-14 



SER\l!CES IN PERCENT OF (EM. + SAM + Ul 

MainOflice 

laboratories 

Shops & Stores 

L.unch Rooms 

Change Houses 

PersoMeI & Galehouses 

Roads. Railroads & Fences 

8ervIoe Equipment 

Miscellaneous 

OVer-all averages !orIOla! 
seIVIces 

GrassROOIs 

Avg. 

5 10-16 

High 

20 

Low 

o 

Range !or 
GrassROOIs 

1-5 

o· 2.5 

1·8 

0·2.2 

0-2.2 

0-1 

1:3- 5.5 

0.5-4.5 

0.5-2 

BIl Additions 

Avg. 

2-6 15 



OOLI.AAS .....•••••..•........•••.....•..•.•.....• 

BASIC EQUIPMENT (M.P.I. +M.u.E.) 
(EXCLUDING SAI..F$ TAXES) 

FIeld .lIICIIon of Baic 
EquiprMnt 

EquiprMnt 
FOUlldlillolII & 
SIruc:tunII supports 

PIPING 
INSUlAT10N 

EquIpment 
PIp/nIJ 

Elldliall 
InsIrumentaIIon 
Mil ',..,.. 
BuIIcIings: AId!'! & 
8buc'I 
BlIIIlING IIERVICES: 

LOW PROB'III F HIGH 

100 



SUMMARY SHEET FOR FACTOR ESTIMATING 
Division & Location Proj. or Study No. TITLE DATE 

Requested By 
CAPACITY 

FACTOR 
OR LOW PROBABLE HIGH 

ACCURACY 

DIRECT COST OF B1L 

STORAGE AND HANDLING 

unLmEs 

SERVICES 
(in per cent of B1L + S&H + U ) 

TOTAL B1L + AUXILIARIES 
i 

TAXES I 
TOTAL DIRECT COST ! 

1 
, 

INDIRECT COSTS: 
, 

CONSTRUCTION FIELD. O.H. & PROFITt ! 
i 

ROYALTIES. LICENCES AND PATENTS 
i , 

ENGINEERINGi i I 

TOTAL INDIRECT COSTS I 
I 

TOTAL DIRECT AND INDIRECT 

I 

l 

i 
CONllNGENCIES I 
TOTAL APPROPRIATION 



THERMALLY PROCESSED LOW-AC,D 
FOODS PACKAGED IN HERMEnCALLY 

SEALED CONTAINERS 
Code of Federal Regullltions 

Title 21, Part 113 

CONTENTS 

••• t A""'(; .. Plow. f 

Secrioft 

1133 DefiuiIious •• m ..... m ••• __ .... _ ............. _ ............................ _ 191 
113.5 Curreat gooct-r ...... iD& pnIttic:c ....... m ............................... 192 
113.10 Pac d ............................................................................. __ 192 

Sd,.rt C E; la I.-
113.40 &";1- pt ad .. 0I':IIICIIns .......... __ ....................................... 192 

<a) PnM ;4, in stam in ItiII n:tcdI .......................... _...... 192 
(II) Procc ... in WIlla" in ItiII n:tcdI ........................ ___ 195 
(e) l'I:oc-";", in stam ia CYMIIj_ ~ ..... _ ... 191 
(d) Proc. ;og ia stam ia ditcclllinoounpwtiog ..... .... 199 
(e) I'I:Q niog ia WIlla" in ditCXMIIj_ qitaIin& ..... _ 200 
(I) I'I:oc et I jog ill __ ill bydiCJ6tltic n:tcdI ........... _......... 201 
W Aaepdc .. oce. 'og ad JI"'hIiog ., ............ _ ........... 202 
(Il) Flame 1IICriJQIen .......................................................... - ..... 205 
(i) l'Nceu"1I in _j".,ioo willl ........................ _ ........... 205 
(I) 0IlIe£ sysIanS ._ •• _....................................................... 205 

SuljllJtD C ... nhfC.... k ....... PI ....... C •• ' I n, 
aa ' ......... _ ........ 
113.60 Contaiatn .................................................................. m ........ _ .. 205 

(a) Closures.............................................................................. lOS 
(II) CooIin.I WIIIa"..................................................................... 71!1 

119 



(c) Coding ........................................................................... : ..... 207 
(d) Postprocess handling ......................................................... 207 

Subpart E-Productioll and Process Controls 

113.81 Product preparation ..................................................................... 207 
113.83 Establishing scheduled processes................................................ 208 
113.87 Operations in the thermal processing room ....... ......... ............... 208 
113.89 Deviations in proceSSing. venting. or conllOl of critical 

faclors ........................................................................................... 208 

Subpart F-Records and Reports 

113.100 Processing and production records ............................................. 209 

190 
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(0) Minimum thermal p~S& mo:ans!be application of heat to food, either before or after sealing in a hermetically 
sealed container, for a period of lime and at a temperature scientifically determined to be adequate to ensure 
destruction of microorganisms of public health significance. 

(p) OptTating process means the process selected by the processor that equals or exceeds the minimum requirements 
set forth in !be scheduled process. 

(q) Relon means any closed vessel or other equipment used for the thermal pmcessiDg of fooo:ls. 
(r) Scheduled process means !be process selected by !be processor as adequate under !be conditions of manufllctore 

for a given product to achieve commen:ial sterility. This process may be in excess of that necessary to ensure ; 
des1mction of microorganisms of public health significance. and shall be at least equivalent to !be process eatablished . 
by a cOlllpetent processing authority to achieve commercial sterility. . 

(5) Shall is used to state mandatory requirements. 
(I) SIwIM is used to state recommended or advisory procedures or 10 identify recommended equi~ 
(u) V«IUIIII-packed products means those products that are sealed in a container under !be vacuum specified in the 

scheduled process. !be maintenance of which vacuum is critical to !be adequacy of !be sdleduJ.ed process. 
(v) Vents means openings through !be retort sheD, controlled by gate, plug cock. or other adequate valves used eo.. 

lite elimination of air during !be venting period. 
(w) Water activity (a..) is a _ of lite free moisture in a product ami. is lite quotient of lite water vapor pressure 

of !be subatance divided by !be vapor pressure of pure water at the same temperature. 

§ 113.5 Cummt good manufacturing practice. 

The criteria in §f Jl3.10, 113.40, 113.60. 113.81. 113.83. 113.87, 113.89, ami. 113.100 shall apply in detennining 
wbether!be facilities. methods. practices, and controls used by the COIIIInercial proce88Cl'in !be _facture. processing. 
or paddng of low-acid foods in hermetically sealed containers are operated or administered in a manner adequate to 
proIeCt !be public health. 

§ 113.10 Personnel. 
The openton of processing systemS. retorts, aseptic processiDg and packaging systems ami. product formulating sylIteIIIS 
(inclnding systems wben:in water activity is used in conjunction with tbennaI processing) aod oontaincr closure 
inspec:tors sbaIl be under the operating supervision of a person who bas attended a school approved by !be Commissioner 
for giving insIructinn appropriate to the preservation tecbnology involved ami. who bas been identified by that school 
as having satislactoriIy completed the prescribed course of instruction. This person shall supem.c 0II1y in those areas 
for which a school approved by !be Comntissioner identifies !be person as baving saIisflIclorily completed lniniltg. 

Subpart B-[Reserved] 

Subpart C-Equipment 

§ 113.40 EquIpment and procecIuree. 

<a) Equipmeltt and proct!lh .... ,s JoT pressure processing in sleam ill stilI retons-

192 

(1) Indicating mercury-in-g/an lM1'1fIOMeler. Each retort shaD be equipped wjtb at Iea5t one mcn:ury-in-glass 
tbermometer wbose divisinns are easily readable to 1°F and wbose tempetatore range does I1Qt exceed 17"F 
per inch of graduated scale. 1bermornetets shaD be tested for accuracy against a known _ standard 
thermometer upon installation .amI. at least once a year thereafter, or more frequently if necessary. to enswe 
tbelr accuracy. Records of Ibetmomeler accUl'llCy checks that specify date, standard used, method used. and 
pe!'SOII performing !be test sbould be maintained. Each tbermometer should bave a tag, seal, or other means 
of identity that includes !be date on which it was last tested for accuracy. A thermometet that has a divided 
mercury column or thaI cannot be adjusted to !be standard shall be repaired or replaced before further use 
of !be retort. 11Iermometers sball be installed where they can be accurately ami. easily read. Bulbs of indicating 
tbennometers shall be installed either within the retort shell or in externat wells attached to tbe retort, External 
wells or pipes sball be connected to the retort through at least a 314-inch diameter opening ami. equipped 
with a lilli-inch or larger bleeder opening so located as 10 provide Ii full lIow of steam past the length of 
!be !bermometer bolb. The bleeders for external wells shall emil steam continuously during the enlire 
processing period. The mercury thermometer-not the recorder chart-shall be the reference instrument for 
indicating the processing temperature. 
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connects several vent pipes from a single still retort, it sball be controlled by a gate. plug coclc, or rn 
adequate type valve. The retort manifold shall be of a size thaI the cross-sectional area of the pipe is lat 
than the 10181 cross-sectional area of all coonecting vents. The discharge sball not be directly connecle( 
a closed drain without an aImOSpberic break in the line, A manifold beadet connecting vents or manifc 
from several still retorts sbalilead to the atotospbere. The manifold header shall not be controlled by a va. 
and sball be of a size that the cross-sectional atea is at least equal to the total cross-sectional area of 
connecting retort manifold pipes from all retotls venting simultaneoosly. TIming of the process sball n 
begin until the retort bas been properly vented and the processing lempetatlml bas been reached. Some typi€ 
installations and operating procedures rellecting the requirements of Ibis section for venting still retorts. 
given in paragraph (a)(12)(i)(a) througb (d) and (ii)(a) and (b) of Ibis section. 
(i) Venting horiWlltal retQrts. 

(a) Venting througb multiple I-inch vents disebatging directly to atmosphere. 

~,One 1.-.... lor -V SleeIof_ 
length. equipped wIIh a gale or plug cock valve and <lachargir> 
to atmosphere; end vents not mono !han 2 112 feet '""" ends ( 
retort, 

VMIfng _ Vent valves should be __ tor at Ieti 
5 _ end 10 at least 225'F. Of at Ieaat 7 minutes and to at 
1easI22O'F. 

(b) Venting through multiple I-inch vents discharging through a manifold to atmosphere. 

Gate valve Manifold Sp.edlc:lltIons. One 1 __ lor -V 5 _ 01 _ 

length; end vents not_ 2 11.2 feet '""" _ of -= Size of 
manifold-lor __ Ihan 15 _In IengIh. 2 112 inches; lot 
_15 leet end _In 1engIh. 3 inches. ; 

•... 11I1a' 

(e) Venting dmIugh WIler spteadets. 

81_ Yal" 

~~~:l~~::~:lnl.t 

VsnIIng method. __ gale or plug cock valve should! 
be _ open for 81_ 6 _ end 10 alleasl225'F. or for 
at least 8 minutes end to at Ieaat 22O'F • 

1 
SIze 01_ end __ . For _ lese fIIan 15 feet In 

length. 2 Inchea; lor retorts 15 feat end ....... In 1engIh. 2 112 1· 
"""'ItS. 

SIze 01_ IIPI-. For _ less Ihan 15 feet in lenglh. 
1 112 inches; for retorts 15 feet end _In \engIII. 2 inches. The 
number 01 hOles __ be such 1hat _toIel """",,·sectlonal 
area Is ~ equal to the cross _oat area of the I 
_pipelntel. I 

Venllf1g _ Water .".-.. _ gala Of plug cock vaNe 
should be _ open lor at least 5 minutes end to at .... st 
225"F. Of for at _ 7 _ end 10 at 1_ 220°F. 

(d) Venting dirougb a single 2 II2-inch top vent (for retotls not exceeding IS feet in length). 

~1St A 2 112'_ vent equipped WiIh a 2 112·inch I yeat -.. gale Of plug cock valve and located Wilhln 2 _ ollhe cente, 01 
the_. 

Venting ~ Vent gate Of plug cock valve should be wide I., 
open lor at least 4 minutes and 10 at least 22O'F. 

I 

1 
i 

1 
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(Ii) Ve'IlIDrg W'nitxII -. 
(a) VeIIIiJI& .......... I lll·inch overflow. 

OVerflow pipe as vent 

I-In Yeftt..... -Gate val". 
,-e::::::.~ 

..... All~ ___ pipIo"'\2 ' ... . 
1 ~ ... or ................. IIIQI __ .... oI 
1 ~pipIo...,.... ................... ID .. _ ,._ 
.. 1O.nwtiI ..... . 
v.r.ng- ".,. ... "' ....... __ .. -

cpon 10<._._"'10 .. _218"1'. ",10< .. _ 
5_ ... 101ll_215''F. . 

Itl • r .. Al"'_IDIIt ... -. 2 h '_a 
, ...... or .............. cIJd.at ...... _ .. ... , , ....... ....,.... ....... . 
v.r.ng-".,. ... ", ... --_ .. -cpon 10< .. _ 5 _ ... 11> 111_ 23111'F. arlJJr .. _ 

7 _ ... ID 1II_2!II1'F. 

(IiO oa-' . n *_ ........... '" .............. deviMe m. dlelll:l've, ., .. M • .., ...... if 
dIae is «I" ' e ia dlelixm 01 ... disIlibufrAa dMa. wbidI .......... CIa lie. ... ., II" ,5 ' 
.. •• WIIIiwI of air~ 

(13) CritiaIl jM:tqrs. CriIbI r-s tp'dficd ill die 'd·'''1ed (IrIlICea IIIIIl ... ed .. I. C • d CIa .. 
...... '., n:cool. iDta'nIl oI...&io:irpt fieq , flO __ .......... _ ............ Ii II ' 
...... 1ICIIoduIed ..-. 
(i) WIleD ___ 6JI.ia IX ....... 1IIIIIiPt ill", jfied ill ....... ' f..-. it ....... I ... 

I_lied ........ 01 .... ieaI ~ flO _ ........... 01 die ...,.. .... _ COIIIleMf 
• _i fOr die ai- , .......... sia 'IJOe il'ed ia die ., 'Ied..-. 

(ul ...,.... -.' ie __ iD _ .. ""pIICbd jXUduds ....... obiea.... ...... I I.' 7 .. 01 
~ml '10_ ........ _ milluSfo iWiDdie ..... ' d..-. 

(iii) SIIdI I a ... noaadiIcs sIIouId ....... 8I .... _10 __ • .5 :~n::._ .... 
(iv) WIJea die pmcb:t.e,le __ iD and ...... or layaiaJafdle .. · , JII'IIIIIIII:t ...... ,. ,die 

posit« ... 01· '. 'WlS iD die IeIOrtIhd ... -ditc flO die • ' "d..-. 
(1) ,.. .... ,..., JII'OC t n /Dr ~ ~ iii _ iIi!llill ~ 

(1) ,'£ ... ...,. ."e.,., .. Pm ...... c.,. Each n:tort sbIII be ftpqrpad witIt. .... .-: ea) ill S'" 
dlellll(77 I wlIoIe di¥isicB _ easily radabIe flO l"f .., ,.. I" ,_, ....... ___ Il"I' 
pel' iach of' p .... ,led IC8Ie. '1'IIerIIeM."II" shill ... IDSIed for -It)' ......... ___ ad 
lIIe .... OIIIII'" upoa m.l1adoa .... least IlIICC a yettr ilia .... , or _ fJeow Iy if _ y. 10_ 
dleir """'*'1. Rt:Cilids of' IboimomJ In _ac1 cbects whidl specify dIIe.. SIaiIdIid ued. ...... ued. 
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and person perfooning the test should be maintained. EacI! thermomeer should have a tag, seal. or oth. 
means of identity thai includes the date when it was last tested for accuracy. A thermometer thai bas a divide 
mercury column or that cannot be adjusted 10 the standard shall be repai!ed or mplaced before further us 
of the reton. Thennomcters shall be installed where they can be accurately and easily read. Bulbs of indicann, 
thermometers shall be located in such a position that they are beneath the surface of the water througbou 
the process. On horizootal retorts, this entry should be made in the side aI the center, and the thermomelet.. 
bulbs shall be inserted directly into the retort shell. In both vertical and horizontal retorts. the Ihennomelet 
bulbs shall extend directly into the water a minimum of at least 2 inches without a separable weD or sleeve] 
1be mercury thennorneter-not the recorder cbart-shall be the reference instrument for indicating thel 
processing temperature. 

(2) Temperature-recording ikvkt!. Each still retort shall have an accurate temperature-recording device. Gradua­
tions on the tempe,rature-recording devices shall not exceed 2°P willlin a nnge of 1000F of the proeessing, 
temperature. Each cban shall have a womng scale of not more than SsoF per inch within a I1IIIge of 20°FI 
of the processing temperalUre. The temperature chan shall be adjuated 10 agree as nearly as possible with, i 
but 10 be in 110 event higher than, the known accurate mercmy-in-g1ass Ibet_ during the process time. . 
A means of preventing unauthorized changes in adjustment shall be provided. A lock, or a notice from 1 
management posted at or near the recording device which provides a warning that only authorized persons I 
are pcnniued 10 maIre adjustments, is a satisfactory means for preveming unauthorized changes. 1be recorder 
may be combined with the steam controller and may be a recording-controlling instrument. 1be recording- t 
thermometer bulb should be located adjacent 10 the bulb of the mercmy-in-glass thermometer, except in the 
case of a vertical retortequipped with a combination recorder-controller. 10 such verticaI retorts. the temperature I 
recorder-eontrol bulb shall be located at the bottom of the reton below the lowest crate rest in sucb a position 
that the steam does not strike it directly. In horiZOIltai retorts, the temperature recorder-eontrol bulb shall be 
located between the water surface and the horizontal plane passing through the center of the retort so that 
thole i. no opportunity fur di!ect steam impingement on the control bulb. Air-operated temperature controllers 
should have adequate filler systems 10 ensure a supply of clean. dry air. 

(3) Prusunr gages. \ 
(i) Each reton shooId be equipped with a pressure gage, which should be gnmlarec! in divisions of 2 pounds i 
«~ . 

(ii) Each reton shooId have an lllijustable pressure relief or control valve of a CllpllCiIy sufficient 10 prevent 
an undesited increase in reton pressure when the water valve is wide open and should be installed in 
the owdIow \iae. 

(4) Steam conIrolkr. Each reton sIIaII be equipped wilh an automatic SIeam controIlec 10 maintain the retort 
1l!I1IperahIre. 'This may be a reconIing-controlling instrument wben combined with a reconIlng thermometer. 

(S) Steom intnxluctiOlL Steam shall be distn'burec! in the buttom of the reton in II IJIlIIIII« adequate 10 provide 
uniform beat distribution throughout the retort. 10 vertical retons, uniform steam distribution can be achieved 
by any of several methnds. In horizomaI retons, the steam distributor shall run the length of the bottom of 
the retort with perforations distributed uniformly along the upper part of the pipe. 

(6) Crate supports. A buttom crate suppo!t shall be used io vertical stin retorts. BaflIe plates shall not be used 
in the bottom of the retort. Centering guides should be installed SO as 10 ensure that there is abuot a 1 1/2-
iDch clearaace between the side wall of the crate and the reton wall. 

(1) Stocking lHJMipmntl aM posititm cf ctml<linen. Crates. trays. gondolas. CI1:., for holding containers shall be 
made of strap iron, adequately perforated sheer metal, or other suitable material. When perfontted sheer metal 
is used for the bottoms, the peaforations should be approximately the cquivalellt of I-inch buies on 2-inch 
centers. If divider plates are used between the layers of containers, they should be perfOOlrec! as above. 1be 
positioning of containers in the retort, when specified in the scheduled process. shall be in accordance with 
that process. Dividers, racks, trays, or other mcaos of positioning of flexible containers shall be designed 
and employed 10 ensure even cifCUlation of beatiog medium atOUnd all COIIIaiDen in the retort. 

(8) Drain valve. A IIOIIClogging. water-tight valve shall be used. Screens should be installed over all drain openings. 
(9) Water level indicator. 1bere shall be II means of determining the water 1""101 in the retort during operation. 

e.g., by usiog a. gage. waler glass, or petcock(s). Water shall cover the top layer of containers during the 
entire come-up-time and processiog perinds and should cover the top layer of containers during the cooling 
periods. 1be operator shall cbeck and record the water level at intervals sufficient to ensure its adequacy. 

(10) (i) Air supply aM cOftlrols. In both horizontal and vertical still retorts for pressure processing in water, a 
means shall be provided for introducing compressed air at the. proper pressure and rate. The proper 
pressure shall be controlled by an automatic pressure control unit. A check valve shall be provided in 
the air supply line 10 prevenl waler from entering the system. Air or water cin:ulatioo shill be maintained 
continuously doriog the come-up-time and during processing and cooling perinds; the adequacy of the 
air or water circlliation for uniform heat distribution within the retort shall be established in accordance 



I 
I 
I 

willi pmceduR!s nlC .,.b." by • CIlIJ"peIC,1I processin& iiIIIoiil:)- ... __ a. be .. 011 file; if .. 
is used 10 .. _ clrc:uJaIioa. it shall be iatrodIIa:d iaIo thc> _ Iiae .. a .... betw=- ... _ 
IDd ... _ OOIIIJOI valve at thc> boUom of die __ 

(ii) W_'l:in:Jtlmiorr.. WJoq • _ cin:ulatiDa .,.- is ... b beat disdluIIioa. • a. be illI' .1 .. 
SIICb • _1IIat _ will be drawn Iiom die boUom of thc> _ dIrouP • __ " -flUId ad 
cIisdIaJed tIIrougb a ijiiewltt wIIich exICIKls die IeD&Ih of die lOp of ... __ 11Ie boles ..... _ 
spreadieI" shall be IIIIifClCmIy dislribu1l:d ud should have _ ....... _ .. .-........ __ 
sec:tioa _ of thc> 0IIIIet line Iiom die pump_ 1he --.1IIIIIets should be .......... willi .... a;iq; 
_ to b:qI ddJris Iiom eIIII!riDc die cimdati,. syem. 1he pump ... be ft' -I .... willi • pilot 
Iighl or odoer sipaIiDg deYic:c 10 _ thc> opoill\lDi wbea it is _ -m,. ad willi a bIeedar 10.­
.. wbm ..... ~ AJIenIIIj\'l! •• 41 bcimd ...... ofWlitll::r ..... _.., be-t .... 
CIII.Ibtished by • (01111111 1 IIIIIIooiIy as ........ b _ beat diatribIIIioIL 

(II) 0>0liIttJ -",,,.,,,,,,,- In ~ _ die c:ooIia& _ should be .. ........., ..... 1Op of .. _ 
belw_ ... _ ud COIIIaj,.,.. ie¥ds; in buiizwlal _ thc> COCIoIias _ should be ..........., ..... 
--. side of ... JIUIIIP- A c:IIect: 'OIYe should be iloc ..... ' ..... COCIoIias _ ...... 

(12) R_... '."....,. 1he I •• '11'*>0 _ 'J to atIIInJI ... .. .. e should be - .... betw_ ... 
_1eW:J ud "lOp ol .. _ sheII_ 

(13) V .. nicaI <lllllllliofi;wnlul dmom_ Venical ud lIooi. 11IiII_ should fcIIIDw .... '. ill 
die m,.r.u below in Ibis ...... 1IpIL OIlIer iamII ....... ........, pi<WeJI _ IIIat ...... Iium __ 
... , ....... _ may be IISIed.ISJoaa IS then: isevidalce in ... t'onaofbeatdislliibuliCllldlllloradler - ' ... 
ial'ormatioa. wfIidl shall be b:pt 011 file, IIIat deu'*",_ IIIat die bell dil<llil 1_ is...... --- ...-......... _1' ..... __ A-__ 

u-__ 

g=~q.l!.""" 11,---I!,--
F-~_ 0-"'_l1li __ H-_" __ 
I -Cb 250 ..... J-_ 
K-A. I :; !I-
L _I ... ' t . 
M-T C 1 ............ .. '" -0-__ 

'p-....,-o-v. ..... _; • R-__ s-__ _ 
T-__ 

U-III_ V-To..-......... I 
W-To , - ...... x-.,.-. 
v.-en. ...... Y.-CIoIo.-. z-~ __ _ 
z.-~ ____ -._ 1.-------...... -

(14) CritiaIl tot:- Critial tiIctors 'lJl'riW in ......... 1 I 1..-... be ell ... R- 'M •• _ .. 
.... fl'-'II.ec:oro at iIIIawIs of .,1Ik .. Seq ="}' 10 _1IIat ... tiIctors _ ............. If" is I 
iIl ... ~Ied..--
(i) w-...un- fiU-iIl ordraiaed weipt is life i .. ' in \be., t Ied..-. .a. be ell ... 

_daI at iDIaYaIs ol sufliciealliequeoc'J 10 _ dill .. weipt of ..... odIa does _ -' 
... _.~ b ... Pm " ••• -__ 'lJl'riW in \be.........."..,..--

(n) CkIIia& _ hi_ •• ill _ ..... 'ed pmducu shall be obieiwod ... lei c .... ' at - 7 ... of 
s:ufIidaIt 1Jerr.." 10 _1IIat \be .acuum is as !p":iW ill tile ...... ·decl ..-. 

(m) SudI __ IDd _chp should be a...re • iaIIornIs - 10 exceed IS ••• ~-::::'...,a. 
(iv) w-. ... pvdua atyIe RSIIIIs ill sbIificaIiCIII or JayeriJtc ol'" .... y .. odIa iu ..... • - I" 

positioai", ol-mm in tile _ ... be ICIXlIdiac 11)"''''''''''''''''''--
(e) Eqtdpmmt <liliiii p~jorp1WSlln ~ .. _ .. ~~ ~ 
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per incb of ~ $CaIe. Thermometers shall be tested for accuracy agaillSt • known accurate slanda 
tbennometer upon instlIIlation and at least once a year thereafter, or more fR:queatIy if necesSal)', to ensu 
their accul"llC)'. Records of thermometer accuracy checks which specify date, standard used, method use 
and person performing the test should be maintained. Bach tbennometer should have a tag, seal, or oth. 
means of identity !hat includes the date on which it was last tested for acc\II"IlC)'. A thermometer that has 
divided mercury column or that cannot be adjusted 10 the standard shall be repaired or lqllaced before furtht 
use of the retort. Thermometers shall be installed where they can be accurately and easily read. Bulbs i. 
indicating thermometers shall be installed either within the relOrt shell or in exlmUll wells attached to th< 
reIOrt. External wells or pipes shall be connected to the reton through at least a 314-incb diameter opening 
and equipped with a 1I16-inch or larger bleeder opening so located as to provide a full flow of steam pas 
the length of the thennometer bulb. The bleeders for extema\ wells shall emit steam continuously during the 
emire processing period. The mercury thennometer-not the recorder chart_hall be tbe reference instrument 
for iodicatillg the processing temperature. 

(2) T~mpt!TdIIln-N!COrding devi.c~. Bach retort shall have an _ ternpetllt\ml-recordiug device. Graduations 
01\ the tempetature-recing devices shall not exceed 2"F within a raage of lOOP of the processing temperature] 
Bach chart shall have a worldng $CaIe of not more than 5SoP per inch within a J1UIge of WOF of the processin~ 
temperature. The temperature chart sball be adjusted to agree as ~y as possible with. but to be in no 
event higher than. the known accurate mercury-in-glass thennometer during the process time. A _s of 
preventing unautboriz.ed changes in adjustment shaD be provided. A lock, or a notice from management 1 
posted at or near the recordillg device that provides a warnillg that only authorized persDIIS are permitted to I 
IIUI.ke adjuSlments. i. a satisfactury means of preventing unanthorized changes. The _mde! may be combined 
with the steam controller and may be a recording-conlroUing instrument The temperatunMecorder bulb shall I 
be iasta\led either within the relOrt shell or in a well attached to the sbc1I. Each temperature-n=conIer bulb , 
well shall have a lfl6-inch or larger bleeder opening emitting steam continuously during the proceasing I 
period. Air-operated temperature controllers should have adequate filter systems to ensure a supply of clean. 
dry air. 

(3) PnUlln gage$;. Each retort sbouId be equipped with a pressure gage that should be graduated in divisions 
of 2 pouads or 1esI. 

(4) Steam COIIlroller. Each reIOrt sha\I be equipped witb an automatic steam oontn>IIer to majmajn !be retort 
. temperature. This may be a recording-cootroUing inst:nllDent when combined with a recording tbeiu_lteter. 

A steam controller activated by the steam pressure of the mon is acceptable if it is carefully maintained 
mechaaicaIly so !hat it opaates satisfactorily. 

(5) Bltuttkr.r. Bleeders, except those for tbennometer wells, shall be one-eight inch IX Iatgu arid sha\I be wide 
open during the entire process, including !be come-up-time. Bleeders shall be located within approximately 
I foot of the ootermost location of containers at each end along the top of the retort; additional bleedenl 
shall be located not more than 8 feet apart along the top of the retort. All bleeders sha\I be artanged so that 
the operator can observe that they are functioning properly. The condensate bleeder shalt be checked with 
sufficient tiequeD<:y to ensure adequate removal of condensate or shall be equipped with an automatic alann 
syatem(s) that would serve IS a continuous monitor of condeosate-blee funotiooing_ Visual checb sbould 
be done at intervals (If not mono than 15 minutes. A record of such checks should be kept to show that the 
bleeder iB functioning properly. 

(6) Velll'illg and t:tJ1UIensate removal. Vents shall be located in !hat portion of the reIOrt opposite the steam inlet. 
AIr shall be removed before processing is started. Heal distribution data or doc:umem.ary proof from the 
DWlufacturer or from a competent processing authority, demonstrating !hat adequate venting is achieved, 
shall be kept on lile. At the time steam is turned (10, the drain should be opened for a time sufficient to 
remove steam condensate from the retort" and proviSion shall be made for continuing drainage of condensate 
during the reIOrt operation. The condensate bleeder in the bottom of the shell serves as an indicator of 
continuous condensate removal. 

(7) Retort spud liming. The rotational speed of the reIOrt shall be specified in the scbeduled process. The speed 
sha\I be adjusted and nocorded when the relort is started, al any time a speed change is made, arid at intervals 
of sufficient Iitqueacy 10 eRSIIre that the reIOrt speed i. maintained as speeified in the scheduled process. 
These l!IljuSlments arid II!COfdings should be made every 4 boors or Jess. Alternatively, a recording tachometer 
may be used 10 provide a continuous record (If the speed. A means of preventing unauthorized speed changes 
on retorts shall be provided. A lock, or a nntice from management posted al or near the speed adjustment 
device !hat provides a warning thaI only authorized persons are permitted to make adjustments, i. a satisfactory 
means of preventing unauthorized changes. 

(8) Emergt'llcy Slops. If a mon jams or breaks down during processing operatioos, necessitating cooling the 
reton for 1qIairs, the retmt shall be operated in such a way that ensures !hat the product is commercially 
sterile, or the reIOrt is to be cooled promptly and all containers either reprocessed, repacked and reprocessed. 
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(2) Tttmpl!rtllUn-m:orliing dtt.ict!_ Eacb retort shall have an accurate temperatUR'>-recoolilll device. Graduations 
on the temperature-reconting devices shall not exceed 2"F within a range of 1O"F of the processing temperature. 
Eacb chart shall have a wortdng scale of not more than SS"F per inch within a range of 20°F of the processing 
tempcralllre. The temperature chart sball be adjusted to agree as nearly as possible with, but to be in no 
event higher than, the known accurate mercury-in-glass themIometer during the process time. A means of 
preventing unauthorized changes in adjustment shall be provided. A lock, or a notice from management 
posted at ur near the recording device that provides a warning that only authorized persons are pennitted to 
make adjustments. is a satisfactnry means furpreventilll unauthorized chaJlIes. The recorder may be combined 
with the steam conlroUer and may be a recording-rontrolling inslromeDL The temperature-recorder bulb shall 
be installed either within the retort sbell or in a well attached 10 the shell. Each temperature-recorder bulb 
well shall have a 11l6-incb ur larger bleeder opening emitting steam continuously durilll the processing 
period. Air-operated temperature controllers sbuuld have adequate filter systems to ensure a supply of clean. 
dry air. 

(3) PTr!SSIITr! gages. Each retort should be equipped with a ptaSIIftI gage, wIIicb should be graduated in divisions 
of 2 pounds Or less. 

(4) SteQlrl controller. Each retort shall be eqwpped with an automatic steam conlroIler to maiplllin the retort 
temperature. 'Ibis may be a recnrding-coDlrollilll instrument when combined with a recooIing thennometer. 
A steam controller activated by the steam pressure of the retort is acceptable if it is mechanically maintained 
so that it operates satisfactorily. 

(5) Blttedttrs. Bleeders. except those fur thermometer wells. shall be one-eigbth inch ur larger and sball be wide 
open during the eotire process. includiJll the come-up-time. Bleeders shall be located within approximately 
1 foot of the ootemlOSl location of containers. at each end a10Jl1 the top of the retort; additional bleeders 
shall be located not more than 8 feet apart along the lop. Bleeders may be inslalled at positions other Iban 
those specified shove, as IOJlI as there is evidence in the foon of beat distribution data dlat they accomplish 
adequate removal of air and circulation of beat within the retort In retorts having top steam inlet and bottom 
venling, a bleeder shall be installed in the buIrom of the relort to remove condensate. All bIeedets shaD be 
arranged in a way that eoabIes the operator to observe that they are functioning properly. 

(6) Venling and cMtl~1UQk nmowd. The air in each retort sblll he removed before proces1Iing is started. Heat 
distribution data or documentary proof from the manufacturer or from a competent pro<:esaing authority, 
demonatrating that adequate venting is achieved, shall be kept on file. At the time steam is turned on, the 
drain should be opened for a tUne sufficient'to remove steam condensate from the ",tort and provision should 
be made for containilll drainage of condensate during the retort operation. 

(T) Rnon 3ptI!ed timing. The rotational speed of the retort sball be specified in the schedules process. The speed 
shall be adjusted. as _sory. to ensure that the speed is as specified in the scheduled process. The rotational 
speed as well u the process time shall he recnrded for each retort load processed. Alternatively. a recording 
~ may be used to provide a continuous record of the speed. A _aDS of preventing unauthori:eed 
speed cIwIges on retorts shall be provided. A lock, or a notice from ~ posted at or near the speed­
adjllstmeat device that provides a warning that only aulh<xized person$ are permitted to make adjustments, 
is a satisfactory means of preventiJlIlIDlIulh<xized changes. 

(8) Critical .factors. Critical factors specified in the scheduled process shaI\ be 1Masured and recnrded on the 
pro<:esaing record at intervals of sufficient freq1Ieocy to ensUte lhat the factors are within the limits specified 
in the scheduled process. The minimum headspace of containers in each tetort load to be processed. if 
spiccified in the scheduled process. shall be measured and recorded at intervals of sufficient ftequency to 
ensure that the beadspace is as specified in the scheduled process. The beadspace of solder-tipped. lap seam 
<vent bole) cans may be measured by net weight determinations. When the product consistency is specified 
in the scheduled process. the consistency of the product shall be determined by objective measurements on 
the product Iakat from the fiIIer before processing and ",corded at intervals of sufficient frequency to ensure 
that the consistency is as specified in the scheduled process, Minimum closing machine vacuum in vacuum­
paclred products. maximum fill-in or drained weight. minimum net weight. and percent solids shall be as 
specified in the ~beduIed process for all products for which deviations from such specifications may affect 
the scheduled process. All measurements and recordings of critical factors should be made at intervals not 
to exceed IS minutes. 

(e) Equipment and pf"(Jadllrtls for pressur~ proc~ssi"g in water in disccnlinuous agitating Tr!tarts-

200 

(I) Indicating 1IIt!TCury-in-g/ass th~rmomet~r. Each retort shall be equipped with at least one mercury-in-glass 
thennometer whose divisions are easily I'e1\dable 10 lOP and whose temperature range does not exceed 17°F 
per inch of graduated scale. 1bermometers shall be tesled for aceuracy against a known aceurale standard 
thermometer upoo inatallanon and at least once a year thereafter, or more frequently if neces. ... ry. 10 ensure 
their accurncy. Records of thermometer accuracy checks which specify date. standard use. method used, and 
person performing the test should be maintained. Each tbennomeler should have a tsg. seal. ur other means 
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(2) Temperalure-rt<:ording device. Each retort shall have an accurate tempera\lIre-recording device. Graduationl 
00 the temperaIlIfe-recordlng devices sllliU not exceed 2°P within a range of lOoP of the processing temperatu;;\ 
Each chart shall have a working scale of not more tban 5S"P per incb within a range of20"P of the processin! 
temperature. The temperature chart shall be adjusted 10 agree as nearly as possible with, but to be in n.; 
event higher !han, the known accurate mercury-in-glass thermometer during !be process time. A means 0' 
preventing unauthorized changes in adjustment shall be provided_ A lode. or a notice from management 
posted at or near the recording device that provides. warning that only aotborized persons are permitted tq 
make adjustments. is a satisfactory means for preventing unauthorized cbanges. The recorder may be combined 
with the steam controller and may be a recording-<:ontroIling insuument. The temperature-recorder bulb shalll 
be installed either within !be steam dome or in • well attached 10 the dome. Eacb ternpera!U!e-recorde< bulb 
well sbaU have a 1I16-inch or larger bleeder opening which emits steam continuously during the processing)' 
period. Additional temperature-recorder bulbs shall be installed in the hydrosWic water legs if the scheduled' 
process specified maintenance of panieuJar temperatures in the hydrostatic water legs. Air-opetated temperature I 
controllers should have adequate filter systems to ensure a supply of clean dry air. 

(3) Pressure gages. Each retort should be equipped witb. pressure gage which shoold be graduated in divisions i 
of 2 pouds or less. I 

(4) R«ard"lIIg of Wllperaturu. Temperatures indicated by the men:ury-in-glass themIomeIer or thermometers 
shall be entered on a suitable form during processing operations. Temperatures sbaH be R!COI:ded by an 
accurate automatic recorder or JeCorders at the following points: ! 
(i) In !be steam chamber between the steam-water interr.ace and the lowest COIIIainer positioa.. I 
(li) N_ the top aad the bottom of each bydrosWic water leg if the scheduled process specifies maintenance ! 

of panicular temperatures in !be legs. Ii. 
(S) St_ controller. Each retoIt sball be equipped with an automatic steam coatroIler to maintai" the _ 'I' 

temperature. This may be a recordlng-controlJing mstromenl when conthined with a teCOOIing thermometer. . 
A steam controller activated by the steam pressure of the retort is acceptable if it is carefully mechanically '1',. 

maintained 80 that it operates satisfactorily. . 
(6) V_mg. Before !be start of processing openIIions, the retan steam chamber or charnbmI aball be vented to I, 

(7) == !:moga lf4-inch or larger shall be located at the top of the steam """"""" or chambers \: 
opposite the point of steam entry. Bleeders shall be wide open aad sball emit steam continuously duriJI,g the 
entire process, indading the come-up-time. All bleeders shall be arranged in such a way that the operatoc 
can observe that they are functioning properly. 

(8) Reto" Ip«d. The speed of the container-conveyor chain shall be specified in !be scheduled process aad shall 
be deldmined aad !ecorded at the start of processing aad at intervals of sufticieat frequency to _ that 
the retort speed is maintained as specified. The speed should be determined aad !ecorded every 4 hour$. An 
automatic device should be used to SlOp the chain when the temperature drops below that specified in the 
scheduled process. A _ of preventing III1IUIlhorized speed changes sbaU be provided. A IocIt, or a notice 
froin maaagement posted at or near the speed-adjusting device that provides a warning that ooIy authorized 
persons are permined 10 mate adjustments. is a satisfao:tory mesns of preventing unauthorized changes. 

(9) Critico1 Fum. Critical factors specified in the scheduled process shall be measured and R!COI:ded on IPe 
processing record at intervals of suflicieJlt iRquency to ensure that the factors are witbin the limits specified 
in the scheduled process. 
(i) When IIIlIXimwn fill-in or dnIined wejgbt is specified in the scheduled process, it aball be measuned and 

!ecorded at intervals of. aufficient frequency to ensure that the weigllt of the product does not exceed 
!be maximum for the given container size specified in the scheduled process. 

(ti) Closing mriioc vacuum in vacuum-padted products shall be observed aad _ded at intervals of 
sufficient frequency to enSlln!> that the vacuum is as specified in the scheduled process. 

(iii) Such measurements and recordings sbould be made at intervals not 10 exceed IS minutes. 
(g) ~ptic [lI"OCt!ssing tIIId pacJcagillg Systems -

(1) ProdllCl sterilizer -
(I) Eqllipmem--

(a) Temptratun-illdicaring device. Eacb product steriliur sball be equipped with at least one mercury-in­
glass Ihcnnometer or an equivalent lemperalUl'e-indicating device, such as II thermocouple-recorder. 
Mercury-in-pass thermometers shall have divisions thai are easily readable to lOP and whose 
temperature range does not exceed 17"P per inch of grnduated scale. Tbermometers and temperature­
indicating devices sball be lested for accuracy against II known accurate standard thermometer upon 
installation aad at least once a year thereafter, or more frequently if necessary, 10 ensure their 
accuracy. Records of accuracy checks which specify dale, standard used, method used, and person 
performing the test sbould be maintained. Each thermomeler and temperature-indicaling device 
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• satisf&tut, .... of .. c U tid, ,··· .... bed ,. I , 

(8) PI"-, ~ tIIbe. The product-lll!riliziJl& boIdiII& ....... lie .... ,.. .... .... .i 
hcJIcfia& of nay pIIIicIe of bid b IlIaat tile •• 1!aIdiIIa"', ......... h ' , ' ..-TIle..,. !ube .... lie desiped 10 .... 110 padioa of_ ....... __ ......... .... 
art die product ~ caa lie IIeaItd, art it _ he sloped IIpWIId IlIaat o.2S iIIdI per fiJat. 

(II) Flowdi--.....,.......Ihp" •• ........... Iow .. --..,-..it .... lIe· p! 
in .. product .... kIcIled betw_!be product cooler __ jNOihct .... or ....... ... 
art .... lie 'h'r'~ IID.u-t low • .., '- _ .... or .......... _ •• .u,. 
o.roIs ancIfor walilbc Ii)' , should be ......... _ ....... .. .. ) r. ., aM 
.. "'_n ......... d _Ibe IlllriIi2iilc ltia;a_e ill _ boIdiII&'" or jN e cIifi5 ..... 
ill !be product, , .. dR1ps bdow 11M' ifioed IimiIs. Flow ....... 5, .... 1Ie qI .. , 
art ......... iII_ ........ widue"... H_of .. ........,..... . ._,..".... 7 .iIy. 

(;) &POri - ~"., tIw IaoIdiItt tIIbe. Product ClOOIIn, ....... IIIiIb, .. ., .... 
........ • ...... am '- die boIdia& lUbe, willi .CJIIliua or ..................... fthe ..... 
~ u , .... or odIa-liIIICh paiIIII. _lIlIljeclIo pial..., of 1IIia<a' ., 
the prIIdIIct. Salol .,. ia Ibe ..,.- sIiouId be equijrpt:d willi _ ........... dfetti ... 
bIirias at _ ...-w __ poilu. Appn:IpriIIIe _ .... be .. \Willed .. pemit" ...... _ 
lID .-iIDt !be perfcm • of die .... or bIirias diiri'I a;allioao. 

(ii) Opt!ratiDft-
(a) SItutotp. Belcwe _ "'" of acpIic ... ins ... ___ product ....... _ d ~-

COIIIad surfirces ~ shall lie broughIlO a coodilioD of _16M saeriIiiy. 
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(b) TemperatIUT drop i" product-sterilir)ng Itoldmg 1IIbe. When pmduct tempenlture in tbe h31din 
tube drops below the IempelllllJre specified in tbe scheduled process. product flow should be di v 
away from !be filler or aseptic surge tank by means of a flow-diversion system. If for any 
product subjected to a temperature drop below the scheduled proces$ is filled into containers. the 
product sball be segregated from product that received the scbeduled process. The processins 
deviation shall be handled in accordance with § 113.89. The product holding tube and any further, 
system portions affected shall be retumed to a condition of com.mercinI sterility before product flow 
is n:sumed to the filler or 10 the aseptic surge tank. 

(e) Loss of propttr pressUrts in the regenerator. When a 1~1IIor is used, the product may lose' 
sterility whenever the pIeSSIIre of sterilized product in the regenerator is less than 1 pound per square' 
incb greater than lite pIeSSIIre of unsterilized product in tbe regenerator. In this case, pmduct flow 
sbould be diverted away from the filler or aseptic surge tank by means of lite tlow-diversinn system_ 
If for any reason lite product is filled inlO containers, lite product shall be segregated from product , 
Ibat received the scheduled process and shall be reprocessed or destroyed. Product flow 10 the filler 
or 10 the aseptic surge tank shall not be resumed until lite cause of the improper pn:ssure relatinnships • 
in the regenerator has been corrected and the affected system(s} has been returned to a condition I 
of commercial sterility. i 

(<I) Loss of sterile air presslmI or otlter protection level in tlte aseptic surge tonk. When an aseptic 
surge tank is used, conditions of commercial sterility may be lost when the sterile air overpressure ~ 
or other means of protection drops below the scheduled process value. Product How to andfor from ! 
lite aseptic surge tank shall not be n:surned until the potentially cootaminated product in the tank I 
is removed. and the aseptic surge tank has been returned to a condition of COIIII1lCIciai sterility. 

(e) Records. Readings at lite following points shall be observed and recorded at lite start of aseptic 
packagiq operatioos and at intervals of sufficieot frequency 10 eosure that these values are as 
specified in the scheduled process: Temperature-indicatiq device in holding tube outlet; temperature 
lecorder in boIding tube outlet; temperature rewuleI-controller at final beater oudet; diffetcntia! 
p:asme nocorder-controller, if a product-to-product regeneratot is used; product ftow rate as estab­
lished by lite metering pump or as determined by filling and closing rates and, if an aseptic surge 
tank is used. sterile air pressure or other protection JDelIJIS; and proper perfonnance of seam seals 
or other similar devices. The _ and recordings sbould be made at inl«vals not to exceed 
I boor. 

(2) CtmUJiner sterilizing. jIllmg, aNI dosing operatio" -
(i) Equipmmt-

(a) Recording device. The container and closure sterilization system and product filling and closing 
system shall be instrumented to demonstrate Ibat lite ~ sterilization is being accomplished 
cootinuous1y. Automatic recording devices shall be used to record, when applicable, lite sterilization 
media !low rates. temperature, concentration, or other faaors. When a batch system is used for 
container sterilization. lite sterilization condition& shall be recorded. 

(b) TIming lMtlrDd(s}. A methodes) shall be used either 10 give lite retention time of containers, UJ<I 
closures if applicable. in the sterilizing environment specified in lite sebeduled process. or 10 control 
lite sterilization eycle at the rate specified in lite scheduled process. A means of preventing unautho­
rized speed changes must be provided. A lock, or a notice from manqement posted at or near the 
speed adjusting device Ibat provides a warning that only authorized persons are pennitted to make 
adjustmeors, is a satisfactory means of preventing IIDIIUthorized changes. 

(ii) Operation-
(a) Startup. Before lite start of packaging operatinns. both lite container and closure steriIizin& system 

and lite product filling and closiag system shall be brought to a condition of commercial sterility. 
(b) Loss of sterility. A system shall be provided 10 SlOp packaging operations, or alternatively 10 ensure 

segregatinn of any product padtaged when lite packaging conditions fall below scheduled proces$es. 
ColDpliance with litis requirement may be accomplished by diverting product away from lite filler, 
by preventing cnntainers from entering lite 6Uer, or by other suitable means. In lite event product 
is packaged under conditions below those specifted in lite scheduled process, all such product shall 
be segregated and handled in accordance willt § 113.89.10 the event of loss ofsterility, the system(s) 
shall be returned 10 a condition of commercial sterility before resuming packaging operations. 

{el Records. Observations and measurements of operating conditioos shall be made and recorded at 
intervals of sufficient frequency to ensure that commercial sterility of lite food product is being 
acbieved; such 'measurements shan include the sterilization media How rates, temperatures, lite 
container and closure rates (if applicable) IItrough the sterilizing system, and the sterilization condi-



tiuu.s if a -.:II system. is used for c_.a • M i saaiJir4- 1be" I· 7 ..... 5 ...... 
lie made II .... DOt 10 ex£eed I 1Iouf:. 

(3) biatbatiorr. hII:vbIIioa _ should lie coadolCll!d 011 • lepi IlIi"" ....... or....· • at .. 1IIIoid tnm 
eKII code; m:mIs or die leSt RSilbs should he maimi ... 

(4) Critical facto~ CriIicaI f&lOiS specified in die ~ process rllilllile .. red ............. die 
processiDll n:<:Oid II inlavIIs of suftic:iaIt lieqaeacy 10 __ die (&lOiS _ wiIIIia dlelilails SPOh iled 
ill die scheduled process. Such _ .... I_dia&s should lie ..... II iaIemds _ .., a.-d 
J.5 mUa'leS 

(b) Eqttj: JIfI tIItd ~for II_u"'~ The' IW' UIiii ... ,... ..-s rIIiIII"'; IV" i.li. die.' " I 
pnxas. The ...... ain« CIlIl¥eyW..-s rIIiIII he .. ed ........... ., die _ of ......... ., '. ... 
of sufIicieoJl frequeacy 10 __ dleCllll'VeJW speed ii_spec ified ia die SCM' , I process. Sad!-:~:::,: 
ad lealidiaJs should he ..... at l-1Iouf: ~ Alleiililliwly, lec:onfiaJ I...... 1 IiIIJ lie ..... .., .. wide • 
mntiiwoos RCClId of ..... S!*'f. A _ of ..... c:wdII& """'" ia a.-" • ., .. t' .,.... t I 
011 ..... COD¥eyW rllilllile ,,0IIided. A Ioct, Of • JIOtiI:e fnIm...' • posted II or ........ ..-s aut .. 
deYice _,,0"'" .......... _ oaIy ....... i2led penIOIiI _ pamiued 10 ... -Ii" • is a sf f "M, 
naasof~·""""iuddt"11 1be sur&ce ...... of.lea:ltc.ec·.,· ... eKlaccau'j. 
c:IunId rllilllile Ii !Ioed _,_dod at die -, ad., ..... cad of die ......... period II ' •• of .... ' 
f-op ." 10 _ dial die leUijiet_es specified ia die It." f process _ F' , 'Sad! 
ud -dia&s sbouId lie ..... at iaIavaIs DOt 10 --' 15 18 ' 

(1) Pmt:tm i1tIIImq1tiorL fa ..... _ of process ~'iipIiw ...... die 1ei14 .. I_e of die PI'Jdila .. ..... 
Ihpped, an IiIIIIorimI, v'wh!ed ....... ""'" pIIII ........... II) • qnIified ............. capen ... ....... 
of die proc:as I....... '> IiIIJ he ...... 

(2) CriIictIJ ~ Critical facII:a ..,..afied ia .............. process rllilllile ed ............... die 
pro! , ., RCClId at ~ of sufticieut &equeacy 10 __ die facII:a _ wiIIIia dlelilails I 'f I 
ia die v'wh'ed process. 

(i) Et.,..."., tIItd poe __ for ......, ~ IiII/ /tttIIb ••• " criIiaIl ~ .-to .. -1Iairfq _ 
...,.~...u.."""'~'l1Ie,""'ud""_""'fordle f I.... ,£ .. 
pIItiDc at .a foods shaD lie .. e ...... jB ... ~ in die """'W process ad rIIiIII he GjliiiaMd or ' - - , ill • 
_ ... , 1 10 _ dial die JlIOduc:I: .. safe. The dme .... 1 ,w_e of plCM 'I ......... criIia:al 
CxIIIn specified ia dIe ........ !ed process rllilllile II ed willi ~ ....... _&J ..... '7 T~ 
Ideq , 10 _ dial ... RIIJIdii. , _, of die 1Cbedn!ed ..-_ met. AD ..... lie ...... 
....... dld at ~_ of sufticieut 6"1 J 10 -.. dial die cdIbI r... _ wi1IIia "1iIlIiIII1V" '0 , ill ... 
........ !ed process. 

(j) OtIwrqsll!aS.ADI) 9 .......... or_ .. if .. aBJ .. •• '~ia ....... forllM!:......... -sat ..... 
IICid foods ia 1M:n ..... aJlJ ...... uwMj .... rIIiIII ........... ID 11M!: ............ , - at .......... 
meIbods ......... _ rred for die r ........ pICK • I> _ ,... 'i", of diae foods .... he • 2" , ill 
die a""',., process. 1"- .)4 rllilllile GjliiiaMd or" . '9 ed ia. _.2 I ID _ ... 
........ «:iahlaililJ;udlie ..... Criliallfxmnll .. ·Ii .. lia ... ' ,...,..-.... 1Ie ed ....... I ' 
., i.-vaII of .... it. &bJ ." 10 _ dial .. aiIicIII r.:..s .. wi1IIia .. IiIIIi1I III -0 ' ir ... ...... 112ed..-. 

SUbpart D-ConIroI of Components, Food Product Con ........ 
Closures, and In-Procl •• MaterIaI8 

• 113.80 eo. ..... ..,., 
(a) a..-..r. Rep'v Clbia ..... rllilllile m .... '· ... cIariIII pM" 'ioa ...... an-~ iIr:iIcII. ,.., -et 

ddec1s rllilllile RCClIded .. CIOII!Iaiw: actioIl ..... ud ........... AI u.a •• of .... iw 'n:;; J ID_ 
........ ~ ... .....-.domre~,OfodlerquMed' ... ilwc:lr.1liR; '1M .......... .......,. 
eN..' eiIIIa''' kip _ of. All ........a,.L '0'1 rr- adI - I bcId or ... ea.e of at ....... 1Jpe 
of,"-"* beiacued- shaD RCClId die aIIsta .......... Par.lIouIle CMI,. ... _ .... IIe.' t 
for __ or _I dMU ", ar ... wPM _lies. rue -. dIQop II .. _ or lip. .. II ,".,·01 
iaride of co • - k WIll for evideoce of ilnIbD diMct. SudJ __ and _r • .... he made .. 
iaIervab DOt 10 --' 30 m;. .... AddiIkrW viAW domre i ...... ioas rllilllile ... . f I " NBuw'" • 
jq ia • c:IosiDc mIIChiar.1fW closia& .'.' jill' ~ ar IfW autup of a p. hjP 1ioIIn .... a pW • 1 
sIwdowD. AD perl; ! ~ ." he , .......... Whea impIaaiIics _ I'ouad. 11M!: ..... ecliw: actioIl .... 
lie Ralided. 

/ 
I" ~ 



206 

(I) TeaJdoWD examinations for double-seam cans shall be performed by a qualified individual and the res 
therefrom shall be reconled at intervals of sufficient frequency on enough containers from eacb seam 
station to eJlSllle mainleltllllCe of seam integrity. Such eXllll1inations and recordings should be made at inten 
not to exceed 4 hours. The results of the teardoWD examinations shall be recorded and the corrective act 
taken, if any, shall be noted. 
(i) Required and optional can seam measurements: 

(a) Micrometer measurement system: 

Cover hook 
Body hook 

Required 

WidIh (length, height) 
Tightness (obselVallon lor wrinkle) 
Thickness 

(0) Seam scope or projeclOr: 

Body hook 
0VefIap 
Tightness (obseMIIion lor wrinkle) 
Thickn e s s by micromaIer 

(e) Call double seam taminoIogy: 

nm ... __ _ 

0VefIap (by caIcuIaIIon) 
Countersink 

WIdIh (length, height) 
Cover houk 
Countersink 

__ 111_ 

(1) "Croasover": The portion of a double seam at the lap. 
(2) ''P'tover'': A fr1actun:, sharp bend. or break in the metal at the lOp of the inside portion of the 

double seam. 
(3) "Deadhead": A seam which is incomplete due 10 dluct spillllillg in the countersink. 
(4) "Droop": Smooth projection of double seam below bottom of normal seam. 
(5) "False seam": A small seam breakdown where the cover hook and the body book are not over­

lapped. 
(tS) "Lap": TWl) thiclalesses of material bonded t"8"ther. 

(ii) Two measurements at different locations, excluding the side seam, shall be made for each double seam 
characteristic if a seam scope or seam projector is used. When a micrometer is used, three measurelll\'OIs 
shall be made al points approximately 120· apart, excluding the side seam. ) 

L 
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of public beaIth significance shall be sufficient to render the food he of microorganisms tapable of reprociucin 
in the food under normal nonrefrigerated conditions of stotage and disttibutiOD. 

§ 113.83 Establishing scheduled processes. 
Scbeduled processes for low-acid foods sbaII be established by qualified peniOIIS baving expert bowled&e of thenna; 
processing requinmJen13 for Inw-acid foods in hermetically sealed containers and baviog adequate facilities for makin, 
sncb determinations. The type. range, and combination of variations encouO!ered in commen:ial productioo sball be 
adequately provided for in establishing the scheduled process. Critical factors. e.g .• millimum headspI<:e. consiSlenCy 
maximum fill-in or dIained weight. a.. etc •• !bat may affect the scbeduled process. sball be specified in the scheduleo 
process. Acceptable scientific methods of establishing heat sterilization processes shall include, wben necessary. bUI 
shall DOt be Iimiled to, microbial tbemJal death time data, process calculations based on product heat penetlation data. 
and inoculated packs. Calculation shall be "",funned according to procedares recognized by compeleDt processing 
authorities. If incubation tests are neces.w:y for process confirmation. they sball include containers from test IriaIs and 
from actual commercial production runs during the period of instituting the process. The incubation tests for confirmation 
of the scbeduled processes sbould include the containers from the !eSt tria1s and a number of containers from eacb of 
four or more actual commen:ia1 production runs. The number of containers from actual cOlJlllll!R:ial producIion nms 
should be determined on the basis of recognized scientific methods to be of a size sofficieot to el\S\lre the adequacy 
of !be process. Complete records covering all aspectS of Ihe establishment of the process and associated incubation 
_ .ba11 be prepared and shall be peunanently retained by the person or organization making the detennination. 

§ 113.87 Operations In the thennaf pl'OC88Slng room. 
(II) ()peraIin& processes and retott venting procedares to be used ftw: each product and ,..".. .... llize being palked 

shall either be posted in a conspicuous place near the processing equipment or be mad!: readily available to the 
retort .,.. processing system 0petaI0t and any duly autboriz:ed emplnyee of the Pond and Drug Adminiatration. 
ScbednIed processes must be made readily available to the supervisor and any duly authorized employee of !be 
Pond and Drug AdministraIion. 

(b) A system ftw: product traffic _I in the relOtl room shall be esI:IItIiabed.lP prevent _led product from 
bypassing the retort process. Each ",lOtI bash!. ttuck, c .... or crate used to bold containers in a Ietort, or one or 
more COIltaiDeIs therein, shall, if it contains any retor!ed food product. be plainly and conspicuously marbd with 
a beat-sensitive indicatot. or by other effective.means that will indicate visually, to IbermaI processing peISOmel. 
those lIIIi13 that have been retorted. A visual cheek shall be performed to determine whether or DOt !be appioptiate 
cbangc has occuned in the heat-sensitive indicatot as a teSUlt of reIOtIing for all retort bashIs. trucks. can, or 
cra!eS, to _ thaI each lIIIil of product bas been retorted. A written recctd of tbeae cMc:b should be made. 

(c) The initial tcIIlpClIIlUIe of the CORtcIIlS of the ccnta.iners to be processed sbaII be determined and recorded with 
sufficient fn:quency to _ !bat the !emperIIIIIn! of the product is no lower !ban !be minimum illilial ~ 
specified in the scheduled process. For those operations !bat use water during the filling of !be reIOtI or during 
processing. provision shall be made to ensUte !bat me waler will not, bet_ Ihe start of each thermal process. 
1_ the illilialtemperature of the product below !bat specified in the scheduled process. 

(d) Tuning devicea used in recordinglhermal process time information sball be accurate to !be extclll needed to coswe 
that !be processing time and venting time specified in the scheduled process are achieved. Pocket or wrist watches 
are DOt consideted salisfactoty for timing purposes. Digital clocks may be used if the operating process and the 
venting scbedule have a I·minule or greater safety factor over the scbeduled process. 

(e) CInck limes on recording-temperature charts should reasonably com:spood to Ihe time of day on the written 
processing records to provide correlation of tbeae records. 

(0 The steam SIlppIy to the tbemJal processing system sbaIl be adequate to Ihe ex.tcIII needed to ellS11Ie !bat sufficient 
steam pressure is maintained during tbermaI processing. regardless of other demands of steam by Ihe planL 

(g) If mufflers ate used on bleeders or vent systems, evidence thaI me bleeders or vents are operated in a ~ thaI 
docs not signifieantly impetle the removal of air sball be kept on file. This evidence may be in the form of heal 
disttibution data or 6ther satisfactoty evidence such as a let!er from the manufacturer. the designer. or a competent 
processing authority. 

§ 113.89 Deviations In processing, venting, or control of critical factors. 
Whenever any process is less than the scbeduled process or when critical factors are OUI of control for any row-acid 
food or container system as discloSed from ",cords by processor check or otherwise. the commercial processor of that 
low-acid food shall either fully reprocess thaI portion of the production involved. keeping fuU records of me reprocessing 
conditions or. alternalively. must set aside that ponion of the product involved for funher evaluation as to any potential 
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(d) Rccords shall be mainlllined 10 idelllify the initial dislribution of the finisbed product 10 facilitate. when necessary, 
!be segregation of specific food lots that may have become contaminated or oIbetwise rendered tutfit for their 
intended use. 

(e) Copies of all records provided for in this part, except tboe JeqUiml under § 113.83 establishing scheduled 
processes. shall be reIlIined at the processins plant for a period of not less !han 1 year from the dale of manufacture. 
and at the processing plant or other reasonably accessible location for an additional 2 years. If, during the first 
year of the 3-year recnrd-retention period, the processing plant is closed for a prolonged period between seasonal 
packs, the records may be transferred to some other reasonably accessible location at !be end of the seasonal pack. 
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