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General Description and History

of Heat Shucking Process

George J, Flick

A field study, designed to evaluate the commercial heat-shock method

of preparation of oysters for shucking as recommended by the Cooperative
Program, was conducted by the South Carolina State Board of Health in
cooperation with the Gulf Coast Shellfish Sanitation Research Center in

the early l960's.

In additio~ to the cooperative field study, a laboratory study was

undertaken by the Research Center. This study was carried out to give a

more carefully controlled and detailed research evaluation of the heat-

shock method of opening oysters.

The objective of the field study as well as the controlled labora-

tory study was to evaluate the heat-shock method as practiced in South

Carolina and to determine whether the method could be incorporated in the

Shellfish Manual on the same basis as is given to the normal cold shucking

method or, if this were not indicated, to determine what special require-

ments might be necessary.

Thi.s was to be accomplished by studying the commercial heat-shock

process by accepted bacteriological parameters. Included would be  I! a

study of the comparative effect of the heat-shock process and normal cold

shucking methods of opening oysters on the bacteriological quality of

shucked shellfish meats and �! an examination of the sanitary aspects

of the process. Information about factors influencing the public health

aspect of the process would bc collected and any sanitary requirements

determined and appropriate revisions, if required, inserted in the Manual,

The results of the laboratory study would serve to provide information

obtained under more carefully controlled conditions.

The field study consisted of the bacteriological examinatio~ of

traced lots of oysters taken from various stages of the heat-shock pro-

cess and the examination of the immersion water. The oyster samples re-

presented shell-stock opened before immersion, immediately after immersion



an after remaining nn the»bucking bench for variou» lengths of time.
he water samples represented the immrr»ion water at thr t ime the

oysters were dipped.

Five commercial l>]«nt» ver< ir}voived in the coop«a
study of the sanitary aspect» of the process in each plant
plished by record} ng informnt inn nn harve»t ing area, date a
harvest length of storage:md »forage conditions, "~~~~
peratur e, vo lume and t empe rnture of immers ion water, vol ume

per dip period of t ime of hear shoe.Q condit ion nf . hei l

unu»ual condition of proce»»ing.

The water and oysters were examined for coliform and fecal coliform

MPNs and hy standard 35 C  95"F! plntc counts.

In the laboratory study, a special]y Je»igned all glass water bath

with a constant agitation of distilled water was used for immersion of

the oysters. The temperatures vere controlled with an electric immersion

heater in an outer water bath coupled with r>n elec tronic thermoregulator,

Both Alabama oyster» and So>>th  '.;>rol i»««r>ysters were r>»ed in the labor-

atory studies.

The heat-shock method of prel};>ring oysters for»l}r>cL ing, a» carried

out in South Carol ina, is based upon the premi se that immersing the oyster

in hot water at a given temperature for a definite period of time, fol-

lowed by immediate chill down, will result in a product that is easier

to open but onc that may be approved hy the Cooperative Program. The

results of the strrdy indicated that certain changes due to the process

may be expected to occur in the bacteriological indices used as a mea
sure of the sanitary quality of shellfish. The effect of the heat-shock

process was a reduction in the density of the bacterial indices measured.
This reduction was evident both in the over-all mean values for

dices from the before immersion stage of the process to the after immer

sion and shucking bench stages of the process and also in the mean

ratios of the bacterial indices at the various stages in the process o�

a traced lot basis

Th|rty-two lots of shellfish meat.s and process

various stages-tages of the commerc.ial process were examined

I-2



The bacterial content of the immersion waters was found to be con-
sistently low. Viable coliform organisms were recovered in only 2 of
3l samples tested. Viable fecal coliforms were recovered in only 1
the 31 samples. The 35oC  95oF! plate count ranged from 5 to 3>000
organisms per milliliter with a median value of 120 organisms per milli-
1 iter.

Variations in the densities of the selected bacterial indices at
three stages of the heat-shock process are summarized in Table 1

Values listed at the three percentile levels were derived from the
probability plots with no attempt at traced lot analysis. The heat-shock
process resulted in an over-all reduction in the coliform and fecal coli-
form MPNs at all percentile levels. The greatest reduction occurred in
the samples examined immediately after shocking. Holding on the shucking
bench appears to result in a slight increase in these two groups of bac-
terial indices as compared to oysters examined immediately after shocking.
However, these levels remain significantly lower than the levels obtained
from samples from the cold shucking process.

The 35oC  95 F! plate count showed a slight decrease at the 25 and
50 percentile levels both in oysters immediately after shocking and in
shocked oysters held on the shucking bench. At the 90 percentile level,
the plate count of the oysters immediately after shocking was comparable
to the count obtained from cold shucked oysters. At this percentile
level, counts from shocked oysters held on the shucking bench were
slightly higher than counts obtained from cold shucked oysters or oysters
examined immediately after shocking.

The average percent change in coliform and fecal coliform densities
examined on a traced lot basis is shown in Table 2. In most instances
the shocking process resulted in a reduction of the coliform an<1 fecal
coliform MPNs in the shocked oyster meats. A comparison of oysters ex-
amined immediately after shocking wi.th cold shucked oysters indicated a
reduction in coliform and fecal coliforms of 50 percent and 25 percent,
respectively. A comparison of shocked oysters held on the shucking bench
with oysters examined immediately after shocking indicated a 40 percent
increase in coliform MPN and a 10 percent increase in fecal col i form ~IP'A,



A comparison of shacked oysters held on the shucking bench with with cold shucked

r'eductian Ln cali farm AN and a 17 percent re-
~PN af the shacked o t over the cold shucked

oysters.

s "f shacked oysters tested imnediately the
ecre"s«r na i~crease in coliform density wh

"sters ~ ln 72 percent of the lots tested the
decrease or no increase in fecal colifa~ d

s "ack« oysters examined ilneediateiy with shocked
53 Wr t af the lo ts t t d ho d

'>«ease in coliform MPN ln the remaini 47 of
the lats, however, there was an increase in cal iform MPN. On the same
basis of comparison, 43 percent af the lots showed a decrease or no increase
in fecal col iform MPN, and 57 percent af the lats showed an increase in fecal
col iform dens ity.

In a comparison af shacked oysters held an the shucking bench with cold
shucked oysters, 80 percent of the Lots tested showed a decrease or no in-
crease in col iform KPN with 20 percent of the lots shoeing an increase.
With respect to fecal col i farm HPN, 71 percent af the lots tested showed
a decrease ar no increase and 29 percent of the Lots showed an increase.

laboratory investigations conducted ta determine the influence of
the heat shocking process an the bacteriological parameters consistently
resulted in reductions in col iforms MPNs. fecal coliform MPNs and 35oC
 /Sap! plate counts in both Alabama and South Carolina avsters

A comparison af results  Table 3! sho"s that the percent reduction in
the selected bacterial parameters was significantly higher in the South
Carolina oysters. This difference in b cterial reduction appears to cor-
relate with the heat penetration differential determined in the oysters
from the two sources. The average i "ternal temperature of the Sooth
Carolina oysters at the end of three minute immersion was found to b
higher than the Alabama oysters immersed for the same pe'riod af
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Table 3.  omparative Reduction in Selected Bacterial Parame'ters
in Alahama and South Car«i inn Oysters immersed Three
Minutes at e6oC �SOoF!

Percent Reduct ion �!
Mi'N/10~0 Plate Count/g

Feca 1 35oC
Coliform Coliform

Sample
Source

75.0A l a. Oyst er

S.C. Oyster 99.483.0

�! Based on the average of six determinations.

Because of the above study, the Public iiealth Service recognized that,

tie».

The following guidelines are taken from Appendix  , of "Heat Shock
Method of Preparation of Oysters for Shucking," published in The Rablzc'
thv~  lh .'i'rvioc 'n,".heLL J't'eh Mom�<i-. Whi le the guidelines were intended

to apply only to the cluster-type oyster, it was recognized that they may
hr appl icable to other species.

Washing of Shelf-Stock

Shell-stack »ubjected to the heat shock process shall be washed im-
mediately prior to the heat shock operation in potable water. Experience
has shown that wash water temperatures between 1,8«C �5 F! and 24oC  TSoF!
«re effective for adequately washing shell-stock. Shell-stock shall be

protected from contamination prior to and during the prewash cycle.

1'ub L ie-1.eu lt.h e~ 1 anrztz'.on.

Although it' is required that shell-stock be washed reasonably free of
bottom sediments and detritus as soon after harvesting as is practicable,

it i s necessary to again wash shel 1-stock immediately prior to heat

shocking to reduce the bacterial load in the dipping tank. Invariably
some mud or detritus wil 1 adhere to the shell-stock; hence the necessity

1-6

with proper sanitary precautions, the heat-shock process could be util ized
with beneficial results. Consequently, the heat shock method for shucking
was permitted by the State of North Carolina shellfish sanitation authori-



to again wash the shel 1-stock before it is immersed in the heat shock water
where the mud or detritus may be released by the warmer water. The cleaner
the shell-stock, the more rapidly the oysters will arrive at the optimum
temperature for shucking and there will be less variation in heat transfer
among different lots.

.0'atiafactory compliance.

This item will be satisfied when--

a. All shell-stock subjected to the heat shock process are washed im-
mediately prior to the heat shock operation in flowing potable water. Water
temperatures not less than 1.8 C �5oF! nor more than 24 C �5 F! are rec-
ommended.

b. Shell-stock are handled in a manner which prevents their contamina-
tion during the pre-wash cycle.

2. Temperature and Change of Dip Water

During the heat shock process the water shall be maintained at not
less than 63 C �45 F! or more than 66 C �50 F!. The water shall be com-
pletely drained or removed from the heat shock tank at least once each
3-hour period. An accurate indicating or recording thermometer shall beI

available and used during the heat shock process for temperature measure-
ments. Recording thermometers are recommended so as to provide a record
of the temperatures used.

Public-heal.+h ezpZanation.

Fxperience and research indicates the temperature range of 63-66oC
�45-150 F! to be adequate to faci litate removal of oysters from the shell
without apparent physical change to the oyster. A temperature range is
specified rather than an exact temperature because of varying climatic con-
ditions during the year, Dip water is required to be changed at least
every 3 hours to avoid bacterial concentration or build-up of mud or detritus.

I Thermometers should be accurate to within loC � F!; should have0

scale divisions not greater than I C � F!; and should be so instal led as
to be easily read. Accuracy of thermometer should be checked at least
once each year by the State regulatory agency.

I � 7



5atia factor p marry> i.t.a»c.e.

This item wi1 1 be satisfied when--

a. lleat shock water is maintained at not less than 63oC �45 F! or more

than 66 C �50oF!,

b. The heat shock watertank is completely f1<>shed at 3-hour intervals

or less in such manner that al I mud and d»tritus remaining in the dip tank

fram previous dippings is eliminated,

c. An indicating or recording thermometer, accurate within 1 C � F!

between 63o : �45 F! and 66oC �50 F! is available and is located in the

heat shock water during all periods of shock operation.

3. '1 ime Interval of Immersion

Shel I-stock subjected to the heat shock process shall not be immersed

in the h»at shock water for periods longer than 3 minutes. An accurate

tieing device shall be available;>nd used to control the time of immersion.

Only approved containers of I/O-hushcl capacity shall be used in the heat

shock process. It is recommended that an automatic timer or an automatic-

ally electrically controIled timer be used.

I'ubl ic-I>aa I. th e~lanatia>t.

Ind«stry practice and investigation reveals that an immersion time

varying between 2 and 3 minutes is all that is necessary to facilitate

th» shucking process. A maximum time af immersion is specified to pre-

vent any physic;>I cha»g» in the oyster which would prevent it from being

classified as ,i fresh product . The maximum time specified is based on

the us» <>f 1/2-l>ushel quantitics of shel I-stock in 1/2-bushel wire baskets

or other I/O-bushel containers approved by the shellfish sanitation con-

trol agency,

."z f. >'.afar. tr r,~ no~> l7'.a»oe.

This item will be satisfied when--

a. Shell-stock is not subjected to the heat shock process for periods

longer than 3 minutes.

2
Defined as 1,075.2 cubic inches or as one-half the U,S. standard

bushel of 2,150.4 cubic inches,

I � S



b, An accurate timing device is available and used to control the time

of immersion.

c, Only approved containers of I/2-bushel capacity are used during the

heat shock process.

4. Dip Tank Volume

At least 8 gallons of heat shock water shall be maintained in the dip

tank for each I/O-bushel container of shell-stock being heat shocked.

PubZic-heaZth ezpZanation.

The minimum of 8 gallons of dip water per I/2-bushel is necessary to

prevent bacterial buildup and extreme variations of temperature in the

heat shock water.

Satisfacto~ comp Zine.

This item will be satisfied when there are at least S gallons of heat

shock water in the heat shock tank for each 1/2-bushel container of shell-

stock undergoing the heat shock process.

5. Cooling of Heat Shocked Shell-Stock

On removal from the shock immersion water, all heat shocked shell-

stock shall be subjected to an immediate cooldown with potable tap water.

Heat shocked shell-stock shall bc handled in a manner which prevents con-

tamination reaching the shell-stock during the cooling operation.

PuZ Zic-heaZth ezpZcmation.

After undergoing the heat shock process, the internal temperature of
the oyster meat was elevated to temperatures within a range of 37oC  98oF!

to 43 C  IIDoF! in field studies and 47-64 C  II6-147oF! in laboratory

studies. It is therefore necessary to reduce the internal temperatures

of the oyster meat immediately to prevent bacterial growth, but not to

the extent that the purpose of the process is nullified.

Satia facto~ compZiance.

This item will be satisfied when--

a. All heat shocked shell-stock are subjected to cooling with potable

tap water immediately upon removal from heat shock process water.

I � 9



b. All heat shocked shell-stock are handled in such manner as to pre-

clude contamination during the cooling process.

6. Refrigeration of 'Shocked Shucked Shell fish

The oyster meats from all shell-stock which have been subjected to
the heat shock process shall be cooled to an internal temperature of
7 C �5oF! within 2 hours after the heat shocking process.

Public-haa5th ~zplanat~.on.

Oyster meat temperatures of shell-stock which have been subjected to
the heat shock process are higher than those of conventionally shucked
oysters. Therefore, it is necessary that such meats be cooled quickly
to 7oC �S F! after the heat shock process to deter bacterial growth.

Zat7 a Jaoto~ cog It.anno.

This item wi l 1 be satisfied when all oyster meats of shell-stock

which have been subjected to the heat shock process are cooled to at
least 7oC �5"F! within 2 hours after the heat shock process and are

placed in storage at 7 C �5oF! or below.  This requirement will re-
quire the use of ice in the shucking containers, blowers, skimming tables,
or wash tanks, or the use of refrigerated water, wherein the meats will

be in direct contact with crushed or flaked ice, or with refrigerated

water.!

7. Records of tleat Shock Time and Temperatures

I'.ach plant operating the heat shock process shall maintain an accur-
ate daily record, on a ledger form sati sfactory to the State supervisory

agency, of' the time and temperature of immersion of at least three lots
of shellfish during each day of operation as well as recording the time

of change of heat shock ~ater. It i s preferable that records show the
time of day each recorded lot is immersed and the time of day each re-

corded lot is removed from the water, and that the individual recordings

be at intervals of 2 or 3 hours. These records shall be preserved for

at least 3 months for the informatio~ of the supervising State agency.

Wbl".'c-heaT+h e~'ana 'on.

Records are needed to maintain a summary or abbreviated history of



each hot dip operation. They are of assistance to the supervisory agency

in determining whether the operation is carried out in accordance with

these or other State regulations covering the process. They are also of
assistance to the operator in maintaining the process within the limita-

tions imposed by State authorities,

Satisfactory eonrpZi~nee.

This item will be satisfied when--

a. Each operator maintains an accurate daily record of the time and

temperature of immersion of at least three lots of' shellfish during the

day of operation and records the time of change of heat shock water.

This record shall be on ledger forms satisfactory to the State supervisory

agency.  PIants using recording thermometers will be deemed in com-

pliance with this item if suitable indication is made on the chart when

the shell-stock are first immersed and when they are removed from the

heat shock water, as well as the time of change of heat shock water.j

b. The above records are preserved and are on file at the plant for

inspection by State authorities.

8. Cleaning and Bactericidal Treatment of Heat Shock Process Tank

At the close of each day's operation, the heat shock tank shall be

completely emptied of all water, mud, and detritus, and shall be cleaned

in accordance with the requirements for cleaning of equipment. Prior to

the start of the next day's operation, tho heat shock tank shall be given

required bactericidal treatment, Heat shock process tanks shall be of

such construction that they may be easily cleaned.

, ublie-heaZDA ezp2ancztion.

If the water, mud, and detritus were allowed to remai n in the heat

shock tank under declining temperature conditions, it would constitute an

excellent medium for growth of bacteria. Emptying the tank and cleaning

it at the close of the day's operation will more likely insure that the

next day's dipping operation will start under optimum conditions of

cleanliness. Bactericidal treatment prior to the start of the next day' s

operation will insure destruction of any pathogenic bacteria remaining



after the cleaning operation or intrnduced during the eriin storage

period. It will also prevent carryover of therniophillic or thermoduric

bacteria froni the previous day's operation.

~ati.nfac r.ozw~ c.o~il.irzvr.r .

This itein wi 1 1 he satisfied when--

a. The he«t shock process t'ink i s thorough!y cleaned at the clhe close of

each day's operation in «ccordance with the requirenients r cleaning
equipinont.

fliis'hed with water froni an approved

source «fter cleaning and is allowed to drain and dry overnight ~

c. Required bactericidal treatioent is provided the heat shock "nk
prior to the start of the day's dipping operation.

d. All heat shock process tanks are of such construction that they may
be easily cleaned.



Development of a pasteurized Oystez product"

D. Goldmintz, R. C. Frnst, and J. Rasekh

I. INTRODUCTION

The Charleston Laboratory of the Southeast Fisheries Center, National
Marine Fisheries Service, has been investigating the use of steam for the
production of a pasteurized oyster that is an intermediate of the raw oyster
and commercially sterilized product, Our objective is to produce a lightly
heated product that has high microbiological safety and quality with accep-
table yields and organoleptic characteristics.

The primary criterion for oyster pasteurization was that the process
would provide conditions sufficient for destruction of organisms of public
health concern. To accomplish this, we established times and temperatures
of exposure of shell-stock that would destroy heat-resistant inoculated
Salmonella as indicators of destruction of other microorganisms in shell-
stock. This information has been presented at other meetings and is now in
press. Those experiments will not he discussed herc except to say that the
target temperatures for the pilot production of steamed-in-shell oysters
were based on the conditions previously determined necessary to destroy
these public health and other spoilage microorganisms. !t is important to
stress that the term pasteurization is used advisedly, since we are in the
process of investigating any possibility of potential problems due to an-
aerobic sporeformers such as Clostridium botulinum in lightly heat.-treated
oysters.

ln the development of a "pasteurized" oyster, we began with shell-
stock rather than shucked oysters. It was felt that heating the shell�

stock would make shucking easier and also sanitiz.e shell surfaces, which

can be a source of contamination.

Atmospheric prcssure steam was chosen for pasteurization after evalua-

tion of several criteria that included consideration of:

This paper was previously presented at the Third Annual Tropical and
Subtropical Fisherios Technology Co"ference of the Americas.



1! initial cost
2! operating cost
3! avail;iiii1ity of eqiiipment
4! familiarity wit]i proce»»
S! process ef feet on proi]iict qii;i] ity
6! recovery of by-prod«ct»

Among the methiiil» considered were: l»>t wit er immersion, »»e of dry he;it,
mi crow;ive lieut i ng, an�   lev;iteiI;iriii,it mu»I!I> 'ri c 1!re»»iire»t e'iming.

]lot water immersion generat s;i I;irge vol»me af waste water. I]irect
exposure to water <htring heating can  «»ise leaching of' soliible protein and
f]avor components. In;iddit.ion ~ recovery of oyster I iquor from large

quantities of water i s imp ract i ca].

IIry air brit tng his the obvious drawb;ii'k of potent in] dehydration

the proi]iict during heating.

h]icrowave heating cauld I>e iiseil for pa»te»riz;it ion. T]tere is a rather
high initial e<]uipment cast, however,;ind it has heen reported that micro-
wave treatment can produce iindesiraii]e f]avor change» in food.

Wlien»sing elevated lira»»iiri ste;im I'or Iia»t eiir it i� » »lie]]-stock, sig-

ni f'ic;iiit ]irob] em» were encoiint  u  il iii In iil iiig ri. tort�», t e»ii I t ing in non-

tln I I 0 rm hail t 1 llg .

'I'hi ii»e of non-pl cssili 1 eil »team Ioi' <!ystel pa»te»11 'it ion !ias a

re]at ively low init i;i I operat ing cost. 'Ihe equipment i s readily available

and easy to operate. 'I'he process i s a familiar one with much information

nva ilablc an the effects of steam processing on various foods. Also, the

I ii]iior expre»sed d»ring paste«riant ian cauli] he recovered,

I I . Ml:"I'II !l !q

ging]e I;iyer» of oysters were ste'imed on trays in a cabinet. The

tem]ier;itiire was monitored using t]iermocouples inserted into the oyster
bel Iy m:is»es throug]i Iioles drilled into the shel]s. 'Sing]e layers of

oysters were used because stacking ca»sed tinacceptable disparity in heat-

ing. In aildit ion, the oysters were sepat'at ed into batches by weight sa

time/temperature variations due to size could be minimized. The cabinet
used was a converted ]2 cubic feet upright free" er with sanitary sparger.

As soon as the average internal temperature of the oysters reached the



desired level, the steam was removed and the oysters were cooled with

sprayed water to 30oC  86 F!. They were then shucked and the yields

det erm i n ed.

Further tests included total counts on Standard Methods Agar and

coliform determinations using standard HPN' s and Violet Red Bile Agar,

Shear press measurements were performed using a Kramer Shear Press

equipped with a l500 lb ring, Organoleptic evaluations were performed
using triangulation taste panel testing with at least twelve panelists.

I I I . RESUI.T'S

Table 1 shows the reduction in total plate count and col iforms as a

function of temperature at the come-up time. The temperatures we chose
to test were those for which the thermal death times of heat-resistant

bacteria had been established in previous investigations. At 60 C �40 F!
the total count was sharply reduced and the coliforms were virtually elim-
inated. The remaining total aerobic count was due to Bacillus. No

aerobic spoilage or public health significant organisms could be detected.
It appears, therefore, that steaming oysters to 60 C �40 F! or slightly
above may be adequate for pasteurization.

Table 2 shows the yield of shucked meats compared to shell-stock
after heating. At 60 C �40oF! there is approximately a 20'4 yield loss
compared to the raw product whereas there is a 70't yield loss of the fully
cooked product. The raw and pasteurized products are similar visually,
except that the pasteurized oysters are more uniform in color.

Once the initial microbiological criteria for pasteurization were

satisfied, the food technological aspects of pasteurization of oysters
were evaluated. Raw and pasteurized products were offered to taste pan-
elists in order to ascertain differences and preferences. Acceptability

was satisfactory. At a recent test comparing raw and pasteurized oysters
which were deep fried, the majority of the panel ists could not different-
iate between the two products. Of those who could tell the difference,
preference was equally divided. We also had a workshop at our laboratory
in College Park to demonstrate the product to local industry members who
commented favorably on the product and are considering similar processing

techniques .



'I'o determine factors that inf!uence taste pane!i sts' judgments,

used a shear press to investigate the texture of the pasteurized product.

To our knowledge, this type of work has not been done with oysters. The

results of shear tests of raw, pasteurized, and cooked oysters with and

without the adductor muscle are compared in Tahle 3. Without the muscle,

the changes due to heating were relatively small. Ilowever ~ when the

muse!o was present, the shear press values increased sharply, These data

support the o1>servation» of taste pan< lists who noted increased firmness

in the texture of the adductor muscle after heating. It appears, there-

fore, that the shear press can he a useful tool for measuring the texture

oI oyster pro~!ucts,

'I'he "pasteurized" product can be economically produced with slight

modification on the equipment currently available in the industry. Table

4 shows the economic information for this product based on 14- and 50-

bushel-per-day capacity pilot apparatus. These are incremental costs--

that is, above the cost of the raw product. The labor cost per bushel

for the larger production drops due to use of the same people for raw and

pasteuri..ing operations and the f <ct that manipulations for both l4- and

%0-hushe! quantities nre not significantly different.

I V.  ; ON ; 1.1JN IONG

I ightly heat-treated oyster product has been developed as an alter-

nat ive to t1'ie raw product. It.s closer similarity to raw oysters than to

commercial ly steri l ized products indicates that it may find use as an ad-

junct to the raw product. It is also likely, with the sharp decrease in

microbial !oad and the destruction of oyster enzymes at pasteurization

temperatures, that shelf- life could he extended beyond that of the raw

product. It was also noted in our studies that steaming reduces undesir-

able coloration occasionally present in raw oysters. Last, but not least,

application of steam for pasteurization of shell oysters facilitates

shucking. Table 5 summarizes the product characteristics.

I-uture stuclies with pasteurized oysters will include further com-

parison of shear press measurements  using a shear compressions cell to

measure elasticity!, taste panelists' evaluations, and continuation of

work on the significance of anaerobic sporeformers in shell-stock that may



affect the safety and quality of heat-treated products. Long-term storage

studies at 5oC �loF! and at freezer temperature -40 C  -40oF! have begun

to evaluate product stability ~ith reference to bacterial, organoleptic,

and chemical characteristics.



['mb 1 e 1 F f feet of Steaming on Survival of Bacteria in She 1 1 -stock

Co 1 i forms

Before After
Steam Steam

TPC

Before Af ter
St earn Steam

 .ome- up

Time
 min�!

Internal
"on perature

910900

1700

340296.0

420177.0

13001512. 0

'l able 2, l:ffect of Steaming on the Yield of Shucked Oysters

Yield
From raw shuckedFrom shell stockTreatment

1004Raw

lleated to: 60oC �40 F!

71 C �60 F!

8 0'a

6 5'u

84 C �'D F! 4 0'o

Autoclave   '. !mpa ra 	« to
c onm crc i a l 1 y st cr i 1 i z«d
product� !

30~

Internal

Temperature
 oC!

Shear Values

 lhs/sq.in.!Treatment

Raw w muscle
w/o

18 172
144

Pasteurized w muscle 62
w/o

388
196

Cooked w muscle
w/o

493
206

5 >OC �330F!

60o  �40oF !

65oC �49oF!

71oC �60oF!

84oC  ]8!oF!

62,000

47,000

55,000

31, 000

51 ~ 000

12 � 15 o

9. 5 � 11'.

7. 5 � 9. 5'0

5. 0 � 6. 0'o

4. 5 "o

'I'ahlc 3. Effect of Steaming on Oyster Texture



Table 4. Estimated Incremental Cost of Pasteurization

50/bu/dayCapacity 14 bu/day

$2000.00$500.00

$/day

8. 33

$/bu $/bu$/day

0. 15 2. 08 0. 17

24. 001,72 O. 4824. 00

9. 500. 190. 22 3. 08

42. 2329. 162. 09 0.84

PasteurizedRaw

3-Week shelf 1 i fe*2-Week shelf-life

Eliminates coliforms and
related organisms

Public health organisms
possibly present

Bacteria essentially 0Spoilage bacteria increase in
2 weeks

Taste panel acceptable 2 weeks

k
Possibly longer depending on results of future taste panels and chemical
analyses.

Initial

Equipment
Cost

Equipment

Labor

Utilities

TOTAL

Table 5. Summary of Product Characteristics

Require skilled shucker

May have undesirable coloration

Taste panel acceptable 2
weeks +  still under
investigation!

Shucking facilitated

Uni f orm co 1 or

0. 30/lb. for 14 bu/day
0 12/lb. for 50 bu/day
 Cost addition to raw!



Case Study on Oyster Steam Shucking

Yield, Ef f ic i ency, and Qual ity

Frank Huang

I. INTRODUCTION

Hand shucking of oysters is a skill-demanding and time-consum>ng p«-
cess. A live oyste~ exerts considerable force with its adductor muscle
when it is heing pried open. Application of sufficient heat t»ive
oysters can, however, ease the shucking effort considerably by relaxing
the adductor muscle through heat shock.

In Virginia, several processors have experimented with the steam
shucking process to induce heat shock on oysters prior to hand shucking.
In the process, a tunnel is constructed for heat ing the oysters and re-
taining steam. A transporting system is used to control the heating time
as well as to move the oysters  Fig. 1! . There are two major transporting

systems; baskets on a monorail and a continuous conveyor belt.

The steam tunnels are made of plywood, stainless steel, or other

material with a sturdy frame, with steam pipes laid on the bottom,

A typical oyster steam shucking process is depicted by the block
diagram  Fig. 2!. The shell-stock is unloaded from a boat or truck into
holding crates, or in piles in a shell-stock storage area. Oysters are
then shoveled into baskets or onto a conveyor belt.. Sometimes, they are

bulldozed into a hopper, then released intermittently into baskets that
transport. them through the steam tunnel to the shucking table, At the
shucking table, oysters are opened and the meat is collected in shucking
buckets containing water and ice. The meat is then drained and weighed
at the weighing station. The shucked oysters are transferred and kept
in 5-gallon pails until the time for blowing. Blowing norma]ly consists
of 5 minutes of blowing agitation followed by 20 minutes of soaking in

chilled water. After soaking, the oysters are briefly drained at a

skimming table before packing Packed oyster products are iced and

stored in a cooler prior to shipment .



he study of three dii ferent steam tunnel instal lations in Virginia

was conducted with the cooperat ion and support of the plant management..

In the study, every c ffort was made to minimize disturtiance to plant

product.ion, and the data col ]ected include normal production variables.

For compar ison, cert» i n oyster »amp]~ s werc shucked a sept i cal ly or

treated under simulated conditions,

A »mal 1 ho 1 e was dri I I ed into the shel I where a copper- cons tant ni

thermocouple was inserted and fastened with a rubber band. In eac»est

run, one such oyster specimen was placed on the bottom, at the center,

and near the side of a basket which was filled with oysters in the usual

manner. On the conveyor holt, one specimen was placed on each side and

in the middle of a cross-section of' t.he Iielt along with oysters to be

ste;im-treated. An additional thermocouple was attached to the basket
basket or be 1 t

and thc air in

or placed on thc conveyor bc]t over the oysters. As the

moved from entrance to exit, temperatures ot the oysters

the tunnel werc recorded by us i»g a data logger  Monitor Labs Model 93 �,

Monitor l.a'h», Inc, 'ian Diego, CA '92]3I!. 'I'wo to three visits were made

to each plant, and at least ten dupl icate test runs were conducted at

each visit,

product yield was determined by the weight of shel I-stock and the
oyster meat obt.ained from i t. The moisture co~tent of the oysters at
various production stages was also monitored. The oysters' moisture con-

tent was det.ermined by draining the samples on a food strainer for 5

minutes followed by drying in an air oven at IOO-IIO C �]2-230 7! for
18 hours. I'or ap>iearance and other organoleptic qualities, oysters were

examined visual ly during product'ion-

anaiyses were made,

A. Case A

A monorail. transport system was used  Fig, I! in Case A. The ther-
mometer inserted in the stcam tunnel recorded the temperature changes at

I]ased on the observation of the tunnel construction, steam util izatj.on,

work efficiency, line layout, etc., and the data collected, the following



that particular spot during the process. These temperature readings did

not reflect the temperature throughout the entire tunnel. With the use

o f thermocoupI e», it became apparent that the temperature increased a I-
most I incarly in thc First I/O section and fluctuated in the remainder

of the tunnel  Fig, 3!. Temperature fluctuation observed in the last

2/3 of the tunnel may be due to improper steam injection, inadequate
insulation, inappropriate steam pipe layout, or a combination of thesr.

A proper setup should provide maximum energy utilization indicated hy an
even temperature throughout the tunnel.

The temperature of the oysters increased gradually from an average
of 13 to 28 C �5-82oF! as they were transported through the tunnel. The

increase was rather small. On the other hand, the temperature difference
between the tunnel and oysters was quite large, indicating inefficient
transfer of' heat energy from steam to the oysters. Moreover, due to in-

sufficient heating, oysters did not receive the "heat shock" effect that

the steam treatment was designed for. In fact, the mild increase in tem-

perature might have sti~ulated the oysters' muscular act ivity, making
the shucking more difficult during the winter season.

Oyster is a cold-blooded animal, and its body temperature varies
with environment. In the tunnel, each oyster's temperature is directly
affected by the amount and temperature of steam, length of time it re-
mains in the tunnel, chemical composition of the meat, thickness of
shell, and amount of mud and soil on the shell. Mechanically, the tunnel
structure, the steam distribution and air current in the tunnel, the size,
shape, material of the basket or carrying containers, and the location
of the oyster in the container are al.l significant factors governing the
heating of oysters in the tunnel, After exiting from the tunnel, the
oyster temperature is influenced by the ambient temperature as well as

the processing and storage conditions. For sanitation purposes, the
lag time between the heat treatment and shucking/cooling should be re-
duced to a minimum.

In Case A, it appeared that the geometric shape of the basket, the
loss of steam from the open ends of the tunnel, and the steam distribution
pattern contributed to impair an efficient heating of oysters. It also



appeared that tlic i»>mhcr of layers of oysters in the hask< t needs to bc

reduced to achicv<. thorough hc it pc»et rat ion, perh«ps there ihoiild hc

no morc than one to two layers of oyst<rs on each heat-receiving

lnt roduct i on»f:i h<! 1 1 nw core w i t h;i w i re mesh cyl ind< r in c ach h«skct i s

an ingenious «ppro«ch to improve the heat ut i 1 ization and distril»it ion.

1 escaped st e;im»ot onl y const i t utes;i large energy los» hut a 1 su ere«t es

higli hi>midi ty «nd cond nsat ion problems in the operation area, '1'hcreforc,

i»iiil;it ion i» «n important factor in retaining thc heat and maximizing

th  stc;im iit i l i z:it ion. l.ikcwisc, heat 1>arricrs instal lcd:it the <ntrancc

and < xit of;> tiinnel <.-an grc«t ly rcdu .c stcam loss.

11.  :;i sc 11

'llie second pl: »1 studied ti«d a s .tup very similar to thc first one

 pig. 1'1, But the .second pl;int used different baskets and the manually

control l< l steam m:iin. Thc h;iskets werc V-sh«ped troughs built with stain-

lcis steel plates. Circular hole» one inch in diameter were drilled on

thc s i<le panels to f«cil itatc heat penetration, Oysters were carried in

th< h;isket on a monor»il through the tiinnel and to the shucking tables.

As i own i» 1- i g. 4, thc tiin ie 1 temper«tiirc w«s raised to an «verage

ol;it<oiit  >OoC l l� !ul'! at the entrance sect ion. It increased to 8SoC

  lN;iop! iii 11>e fir.it half of the tunn< I «»d dropp<.d off r ipidly in the

1;i .< 1/3. wlicr  1 iv  stcam w;is not fed. The oyiter temperature varied

gr :it dc:i 1, wli i eh c;in he «t tributed 1 «rgely to poor heat penetrat ion

through the 1;iy .rs ot oysters. 1h< oysters in the center of' the basket

t cri l< d 1 o l e cno 1< r tlian those located ne«r t1i<' per imctcr of the basket

;ind   xp !scd dir .ct ly t i th< stcam.

P< iliit <.' the in«<i< quate basket design, the stcam seemed to have been

 isc� i«le�»;�<. 11 . 'phc heat energy w:is ! argely absorbed by the shell-stock,

'is I i'� i c'lt. Cd h. the sm« 1 I e r temper ature d if f erence between the tunnel and

thc oyster ~, when comp«red with the previous case.

At this inst'il 1:it ion, exhaust lioods equipped with fans were employed

'to ver>t thc stc«m from both ends of the tunnel. In addition, no steam

wa» injected '.» the last I/3 of the tunric 1 . As a result, tlie humidity

co»dc»sat ion problem in thc pl;int was largely el iminated. However, to use

I/.> of thc tunnel for collecting stcam appears to bc somewhat wasteful



C. Case C

The third plant employed a continuous wire mesh belt, conveyor to

transport oysters through the steam tunnel  Fig. I]. Normally, only one

or two layers of oysters were spread on the belt. Steam was sprayed on

the oysters from underneath the belt. The steam main was connected near

the middle of the tunnel to the pipes laid on the bottom in the tunnel.

The tunnel was situated so as to have an inclination of approximately

9o, making the exit end higher than the entrance. When steam was turned

on, it tended to travel upward in the pipes. Only a small portion of

the steam moved to the entrance section. As heat rose, the steam and

hot air in the tunnel had a tendency to shift towards the higher exit end,

then up the chimney. As a result, the entrance section of the tunnel was

rather cold  Fig. 5!, and much of hot steam was lost up the chimney.

Therefore, a steam could not be used efficiently until the oysters

traveled almost to the end. of the tunnel. Itue to this inefficiency, thc

advantage of a conveyor belt system could not be demonstrated convincingly,

although the oyster temperature appeared to rise at a more acceptable

rate than that in Case A.

When the oysters are evenly spread as in this case, there should be

little variation in the temperature of the oysters on the belt. However,

temperature variations among the oysters as shown in Fig. 5 were larger

than expected. This was due to the production variability, the excessive

amount oF mud adhering to the shells, and/or faulty steam distribution.

I I I . ORGAKiOLEPTIC EQUALITY

There was no appreciable organoleptic difference between steam shucked

and fresh shucked oysters. This was also found in the Pringle report in

l961 when oysters were heated in 60 C �40 F! hot water for 5 minutes.

However, a "dry" appearance was occasionally noticed on the oyster im-

mediately after the steam treatment. It disappeared readily after soak-

ing in water.



IV. PRODUCT YIELD

A 204 loss in product yield was reported in the oyster products pro-

ccsscd by the Goldmint z pasteurization process. Shucked oyster yield vs.
oyster temperature was plotted on Goldmi ntz's data  Fig. 6!. When the
oyster temperature was 60oC �40 F!, only 80% yield was possible. How-
ever, if the lines are extrapolated, it appears that a 100'~ yield could
be achieved as long as the oyster temperature remains below 49oC  l20 F!.

In our study, most of the oysters were seldom heated above 60 C �40 F!,
Little difference in yield was found between fresh shucked and steam

treated oysters. Both shucking methods yield approximately 12't by weight,
cole«lated from shell-stock, In the plot  Fig. 6!, a 12't yield from shell-
stock is roughly equivalent to IOO~ from raw shucked oysters. This result
seems to support. the assumption derived frora the Goidmintz' data.

Thc moisture content of the oysters changed during processing  Fig. 7!.
Oysters from the water of high salinity  New Jersey! had lower moisture
content than those from brackish water  Maryland!. Water pick-up rates
of the two kinds of oysters during the processing were also different,
This may bc due to the difference in the osmotic pressure.

Comparing the meat of oysters from the same source, the fresh oyster
meat showed lower moisture contents, than that treated with steam. Oysters
normally continued their biological functions for a period of time after

shucki»g. They bled quite readily irrunediateiy after shucking, loosing
their body fluids In the oysters treated with steam, on the other hand,
the biological function may have been impaired or even stopped due to a
sudden temperature increase. Consequently, the moisture content of steam
shucked oysters tended to be higher than that of shucked and drained
fresh oysters.

After soaking in ice water for I/2 to I hour, the fresh shucked oysters
appeared to have a higher moisture content than their steam-shocked counter-
parts . Thc heat might have partially denatured the latter' s protein mem-
brane, retarding the normal osmotic migration, thus changing the water
absorption rate. During this initial soaking period, the water pick-up
rates of the oysters from different sources varied in the steam-shucked



samples, but were fairly constant in the fresh shucked ones. Protein de-

naturation occurred to a greater extent in the Maryland oysters than the

New Jersey oysters, perhaps because of the osmotic pressure difference

between the two.

After prolonged soaking -- that is, after washing, blowing and packing

in water, the oysters from one source approached a similar moisture Level,

regardless of whether they were shucked with or without steam treatment.

This common moisture level may well be the osmotic equilibrium for the

oyster in a water medium. Based on this finding and the direct product

yield calculation shown earlier  Fig. 6!, it is conceivable that the final

product yield needs not suffer as a result of the steam shucking process.

V. CONCLUSION

The major advantages of the steam shucking process can be summarized

in three categories. First, the heat from steam tends to relax oyster's

adductor muscles, making shucking easier and more efficient. The produc-

tivity is upgraded. Second, oddly shaped and sized oysters, which are

normally discarded, can be utilized with the steam shucking process.

Third, the steam shucking method may alleviate the labor supply problem,

because, with the use of steam treatment, workers with little experience

and training can be put on the line to do the hand shucking. The steam

shucking process did not set back the yield, or organoleptic or microbio-

logical qualities of the oyster products. lt is our feeling that the

implementation of the steam treatment should be beneficial to the oyster

industry.



Figure l. Block diagram of an oyster steam shucking process
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Figure 6. Product yield of oysters as affected by the heating temperatu,os
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Microbiological Aspects of Steam Shucking

Bonn R. Ward

Steam shucking offers some very positive features to the processor. of

fresh oysters. Ln addition to faci 1 itating the removal of oyster meats

from the shell, there exists an ancillary benefit potential; the destruc-

tion and/or injury of a portion of the bacterial population associated

with the oyster.

This presentation could be summarized by stating "steam shucking im-

proves the microbiological quality of fresh shucked oysters." However,

stating thi s without qualification would be a disservice to users and po-

tential users of steam shuckir>g. Although steam shucking does appear to

be helliful from a microbiological perspective, the steamed oysters arc

handlc<J in the same manner subsequent to steaming as traditionally ~bucked

oy»ters. Thus tire same opportunity for bacterial contamination still exists

and stiJl occurs,

l'he data in 'J'able» 1 anrl 2 ;ire representative of what is found in steam

shucl ing operation». The data indicate that the standard plate count is

significantly reduced after the oysters have passed through the steam tunnel,

but t.hat. increase» in the bacteriological character of the oysters occur

a» thc oysters move through the various processing steps. The oysters pick

up a »igni.ficant bacterial load from the skimming table at the weighing

window, wliich i s due primarily to surface contamination The skimmirig

tables in the plants sampled appear to be clean having been rinsed with a

water spray following the weighing-in of each shuckers buckets, which is

the practice in most oyster plants. Nonetheless, skimming tables  or any

»urface with perforations! are very difficult to clean and to keep clear>.

A quick rinse with water or water with added chlorine is not always suf-

ficient; the table rm~st bc scrubbed periodical ly on top and bottom. Some

of the corrtaminants encountered in oysters samp]ed at the skimming table.

undoubtedly come from the shucker during the shucking operation.

Jt i s apparent that the contamination observed at the skimming t able

is a surface contamination, since oysters emerging from the blowing tank



 the next step in the process! are of lower bacteriologicaL counts.
could be argued that, since oysters do pump while in the blowing tank,
some depuration may be occurring- lk wever. Since the oysters are in the

tank only for a limited period of time, the amount of depuration should
not be a significant factor, Lh>ring the next step in the sequence
another skimming table, there again i s an increase in bacterial counts
due to contaminat ion. From these examples, j t appears that the benefit «-
rived from steaming could he negated hy post processing contamination.

Studies on oysters,  ,rassoa reu uipgjn jc z, report that the predominant
mict'oflora of oyster meats harvested in the  :hesapeake Bay are Peeudomon zs,
Vibrzo, Poroaebla-A~inetobrarter,  >g r!f 6rgifR and Plauobaetezium. Those who
are fami liar with microbiology would recognize these genera as all gram

negative organisms. This is significant in view of the relative heat re-

sistance OF microorganisms, since gram negative bacteria tend to be less

heat-resistant than gram positive bacteria. Furthermore, most of the food

spoilage organisms are gram negative and, consequently, the reduction of

this population could increase shelf life of the foods,

Bacteria are located on the surface of the oyster shells in the mud

and are probably a mixture of gram negative and gram positive bacteria,

Bacteria are also associated with the surFace of the animal and the diges-

tive tract . As oysters pass through a steam tunnel, the outer shell of

the oyster receives the most direct and prolonged application of steam,

thus achieving the highest temperature. The data collected from various

steam tunnels in thi» study indicate that the maximum temperatures recorded

jn the tunnels range from 1 ~~ to -"BQ"F- One would expect the outside sur-

face temperature of the oyster shells to approach these temperatures and

therefore to have a very positive effect in destroying and/or in]uring some
of the bacteria associated with the surface mud, This in turn may produce
a beneficial effect on the degree of contamination transferred from the
shuckers and shucking knives to the shucked oysters,

The maximum internal temp«ature of the oysters ach'ieved range from
96 to I6Q F and the minimum ~" t»O~F- Wile it is uncertain if any
significant bacteriological destruction occurs in ovsters achieving a
minimum heating  i.e., 70 � I " '!, internal oyster temperature reachin
i4Oop has a very positive influence This Latter statement is based on



work performed by the National Marine Fisheries Service on the pasteuriza-

tion of oysters.

Another import «nt consideration regard in g the e f fect i veness of steam

shucking on the destruction of bacteria is the time of exposure at a

given temperature. The pasteurization of milk is the classic example of

the increased killing efficiency at higher temperatures. Milk can be

pasteurized by heating it to a temperature of 145oF and maintaining that

temperature for 3O minutes, or by heating to 161 F for 15 seconds. An

ll"o increase in temperature reduces the time required for an equivalent

process by over 99';.

Tn summary, steam shucking offers a tremendous potential for improving

the bacteriological quality of oysters. However, due to the processing

subsequent to steaming, the benefits derived from steaming can be negated
unless strict attention is given to sanitation and good manufacturing

practices.

One final word of caution, heating of the oysters by steam necessi-

tates cooling of the oysters to refrigerated temperatures   40oF!,

I%i - 3



Results o f bacteriological analysis of oysters at various Po ints
in a steam shucking P>ant  Plant A'1

TA8LE 2. Results of bacteriological analysis of oysters at various points
in a steam shucking plant  Plant 8!
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Steam Shucking of Oyster» � Public Health View point

Cloyde W. Wiley

l. BACKGROUNP

Following a search of many years, tempered by frequent trial and

errors, several Virginia oyster packers introduced a revolutionary oyster

opening system which is credited with increasing both production and

worker earnings by approximately 40~, The first known oyster steam tunnel

system in the United States was installed in August, 1977, at Rem!i k,

Virginia. The "Heat Shock Treatment" of oysters is expected to ease the

seafood industry labor problems, and in a few years, many additional pro-

cessors will be using the system.

Basically, the system involves shocking oysters with steam as they

pass through a tunnel to the extent they relax their adductor muscle so

the shell gapes at the bill. This permits the shucker to insert a knife

and remove the meat easily. The oyster meat is not affected by the steam,

thus permitting the product to be marketed as fresh.

Various prototypes of the heat shock treatment  steam application!
have evolved for the shucking of oysters. 'l'here are two basic types:

automatic tunnel  horizontal or inclined! and manual box system. The
tunnels are automated and util ized in conjunction with a monorail and/or
belt conveyor system for heat shocking and delivery to the bench for
shucking. Fxhaust fans are used to reduce condensation. Sophisticate d
controls are used to maintain temperature and variable speed motors
control the exposure time The box system primarily involves placing
the shellfish manually in a box and exposing them to steam for a pre-

determined time.

The industry advises that the heat shock method of operation provides
the following advantages:

An individual with no previous shucking experience can readily
learn to shuck and produce enough product to provide a decent
day's wages.

2. Experienced shuckers can shuck more oysters du gdurin a work day,

thereby increasing their earnings by 35-40"..

3, Oysters are considered fresh and not cooked.



4 Oysters have a more uniform, bright color and appear plump ~

5. Total plant operation time is reduced.

Cluster oysters are readily shucked.

Packed product yield is about the same as regularly shucked
oysters.

Pink discoloration previously associated with seasonal algal
blooms is eliminated.

9, Bacterial counts are reduced.

10. Shelf-life of product is increased.

The one disadvantage reported is the need to control completely the tem-

perature and exposure time One operator suggests that a temperature of
180oF  82 C! minimum with a 190oF  SSoC! maximum facilitates opening and

prevents overcaoking. If the shell oyster is overexposed, dehydration

occurs and yield is reduced.

Although technological advances are a must, they bring with them

their own peculiar problems regarding sanitation and protection of public

health. Presently, there are four automated "steam tunnel" systems being

utilized in Virginia for the processing of oysters and one small manually

operated "steam box" system.

II. DESIGN AND OPERATION

A. System No. 1

The shell oysters are stored in large rectangular wire baskets. The

baskets are then dumped into a hopper for dispensing to the steaming baskets.

Each steaming basket has a wire center adapted for more efficient steaming

of the oysters, Baskets travel on a monorail from the basket filler, then

through the steam tunnel and continue on over the shucking benches.

The steam tunnel is 24 feet long and is built on a concrete shucking

bench. The monorail has a variable speed control, and the baskets remain

in the tunnel from I to 2 minutes depending on the age, size, harvesting

area, and temperature of the shellstock. Oyster baskets enter the tunnel

through an entrance hood which resembles an inverted box that has plastic

flaps to retain steam in the tunnel, On the exit. end of the tunnel there

are similar flaps and a 90o metal hood to retain the steam. Attached to

each end on the top of the hoods is a single vent pipe which connects to

a vertical discharge for removing steam,



Steam is introduced into the tunnel through two one-inch pipes. Thc se

pipes are located in each corner of the bottom of the tunnel, Each of the

horizontal pipes has 1/8 inch holes drilled 8 inches apart in them for

di spersing steam,

The interior of the tunnel is constructed with 1/8 inch aluminum and

is rectangular, Approximately 2 inches of insulation separates the in-

terior and exterior walls of the tunnel. The outside closure is formed

trom plywood.

Internal temperature is registered hy a straight stem dial thermometer

which has the probe inserted in the middle of the tunnel. The internal

temperature is controlled by a thermoregulator that closes and opens a
magnetic steam valve. Steam flow and basket movement are manually con-

trolled by toggle switches. Temperature studies conducted hy Dr. Huang

 see Chapter III! demonstrated varied temperatures existed in different
areas of the tunnel. The maximum temperatures ranged from 152 C �06oF!
to l70oC �38oF! through the entire tunnel. At the entrance end and for

about one third way in the tunnel, the range was 50 C �22oF! to 60 C
 l40 F!. At the exit end the range was 70oC �58oF! to 96 C �0SoF!.

The steamed oysters travel above the shucking benches on the monorail

and are dumped by the shuckers as needed, The person operating the hasket
filling machine is responsible for controlling the steaming rate. When
there are more oysters in baskets than are needed by the shuckers, the
steam is turned off and the monorail is stopped. When this occurs, the

tunnel temperature cools to about SOoC �22oF! in about 2 minutes. This
rather quick cool down in the tunnel is probably a result of air flow in

the exhaust system

A bacteriological profile shows 3 out of 28 shucked and shell oyster

samples which had received heat shock exceed the national shell fish bac-
teriological standards for fecal coliform, One sample was unsatisfactory
for the standard plate count. It appears that applying steam to oysters
decreases the bacteria population and increases the shelf-life of the pro-
duct. But it is not likely that the temperature and exposure time is great
enough to destroy bacteria in the meat. The steam treatment does remove
much of the mud that increases the bacterial count while shucking oysters.



Another factor influencing bacterial population in shucked oysters
is the length of time between shucking and packing. Steam shocking re-
duces this time considerably. All oysters that have received heat treat-

ment are shucked in buckets with ice. This practice also retards the
bacterial increase

Problems and Recommendations

The tunnel should be designed to give easy access to the in-
terior for cleaning and inspection.

The inside surface should not have exposed pipes near the
inside walls to avoid shells getting lodged in the cracks.

3. The tunnel should have some incline for proper drainage-

The temperature of the process should be controlled by an
automatic device.

The conveyor track should not be exposed to steam, and a
food-grade lubricant should be used.

Oysters should be shucked in ice and the 45oC  II3 F!
packing temperature strictly observed.

7. The monorail should not have water standing in it. This
water should not drip on shucking benches.

8. The baskets should be cleaned. No shells or organic ma-
terial should remain in them after clean-up.

B. System No. 2

Oyster meats are removed from the shells after they are subjected to

steam. The oysters are stored in large wire-mesh containers. The storage

containers are moved to the steaming room and are shoveled onto the steamer

belt at the rate needed by the shuckers.

After the oysters have been heat shocked by passage through the tunnel,

they slide down a stainless steel chute onto the conveyor belt of the shuck-

ing table. The operator that shovels the oysters onto the steamer belt

then goes to the shucking room, starts the shucking table conveyor, and
uses a wooden stick about two feet long to slide the oysters off the belt
in front of each shucker.

The steamer is a wire-mesh belt modified from a clam-gradirrg conveyor.
The bottom is covered and a raised cover is attached to the top of the
to retain the steam. Under the wire-mesh belt there are two perforated



pipes that eject steam onto the oysters. These pipes extend lengthwise

and are about ten feet long. The belt is moved by a variable speed gear

motor Oysters are exposed to steam for approximately three minutes and

travel twelve feet during the steaming operation. A thermometer and a

thermoregulator probe are positioned near the top and midway of the steamer.

Exposure is 165o � IROoF �6 � 82 C!,

The steamer has a slope of twenty-two inches in twelve feet. There

are no exhaust pipes connected to the steamer. There is a steam hood

over the exit end of the steamer. It is constructed of stainless steel

and discharges through the wall at the end of the shucking room. The slope

of the steamer and the forward movement of the belt causes almost al 1 the

steam to travel to the exit end.

Oysters enter the shucking room via a chute in an opening in the wall.

The shucking table is thirty-five feet long, accornrnodating shuckers on

both sides. Shells are discarded in a gutter and aro conveyed out of the

shucking room by a belt under the shucking table. Outside the building

there is a shell pile conveyor for moving shells away from the building.

The bacteriological profile on this system for one year is very good

for steam treated oysters. A metal conveyor belt appears to have merit

for a commex'cial heat shock method for preparing oysters for shucking be-

cause the steam is directed on individual oysters which axe dispersed on

the belt.

Problems and Recommendations

The motor and chain should be moved more to the side of the
conveyor. If this was done it would eliminate two problcrns:
the motor ~ould not be exposed to rnoistuxe damage, and the
lubricant would not touch the food product.

The top and the bottom of the steamer should be removable
for inspectio~ and cleaning.

Since the steamer has an incline, all the water and oyster
liquor drains on the floor where the oysters are shoveled on-
to the steamer belt. A gutter should be attached to the
lower end of the steamer to convey the liquid to a drain.

The stainless steel st.earn hood should be moved nearer the
end of the steamer where it would be more effective in re-
moving the steam.



C. System No. 3

The oysters are stored in the shell storage room, and from this

room, they are hand-shoveled into the monorai 1 haskets-

The steam tunnel is attached to the ceil,ing of a shell storage room.

It is "L" shaped and is approximatel,y L6 f'eet long. There are eight steam

jets spaced approximately two feet apart. These jets are 1/4 inch pipe
nipples that extend into the tunnel on the lower side facing the room. An

automobile temperature gauge indicates the inside temperature of the tunnel.

The internal temperature is not automatically controlled. The steam flow

is manually controlled by an electrical valve connected to an external

temperature control which is adjusted to the desired operating temperature,

A pair of switches located outside the shell room turn the steam entering

the tunnel on or off and start or stop the monorail.

The monorail is powered by a variable speed motor. Baskets remain in

the tunnel for 2 minutes. The automobile thermometer maintains the internal

temperature at 200 F  93 C!. After remaining in the tunnel for two minutes,

oysters reach a temperature of ll0 F �3 C!. After leaving the tunnel, the

temperature in the oyster continues upward reaching 124 F �1 C!. After

the maximum temperature is reached, cooling is rather rapid.

The baskets are spaced about 44 inches apart on the monorail. They

are filled at the rate needed by the shuckers. Baskets are not filled to

capacity so that better steam penetration can be achieved.

Both the entrance and exit hoods of the tunnel are equipped with dual

swing doors that are forced open by the entrance of a wire basket of oysters,

and then closes as the basket passes. After a few months' operation, plastic

strips were attached to the hoods for more efficient retention of stean~.

The interior of' the tunnel is galvanized metal. It is insulated with styro-

foam. The exterior plywood shell was never completed. Only one steam ex-

haust pipe is used. This pipe is vertical and terminates above the roof of

the building.

After the baskets leave the steam tunnel, they go to the far end of the

building before they are distributed to the shucking benches. The oysters
are shucked in buckets containing ice.



The steam tunnel is supplied with steam from a Columbia Boiler with

an input of 840,GOO Btu, a gross output of 658,000 Btu and a net output

of 486,000 Btu.

Problems and Recommendations

1, Since the tunnel for this steam is attached to the ceiling
and has a 90o bend, it is almost impossible to clean or inspect.

2. The monorail is in the steam chamber which subjects oysters
to the lubricant. A food grade lubricant should be used on
the monorail.

3. There is a considerable amount of condensation in the
steaming room.

4. As the oyster baskets travel from the steamer to the end of
the shucking bench, they drip at the receiving window and wash-
up sinks. These areas should be protected from the dripping

D. System No. 4

Oysters are removed from the shells after they have been heat shocked.

Containers that move on a monorail are filled from a shell hopper. The

wire baskets that had been used f' or approximately one year were replaced
by V-shaped stainless steel containers. The new containers were in-
stalled for easier cleaning and better heat contact with the shellstock.

Oysters move on the monorail and into the steam tunnel. They are in-

side the tunnel for 2 minutes and reach a temperature of 18G F  82

The internal temperature of the tunnel is automatically controlled by a
steam solenoid valve actuated by a thermoregulator. The thermoregulator

is positioned midway in the tunnel. Toggl.e switches located near the shell
room shut off steam and stop the monorail movement when the shucking

benches are filled.

The interior of' the tunnel has the geometric shape of an isosceles

triangle. Phc interior of the tunnel is lined with 1/16 inch galvanized
metal. The exterior shell is plywood, and 2 inches of styrofoam is used

for insulation.

Steam is injected in the tunnel by a single horizontal pipe that has
holes drilled in it. This pipe is located approximately 4 inches from

the vertex  bottom of tunnel!. The steam supply enters the tunnel midway



by a single pipe system. A Y-type strainer precedes the sol«old-op«a' d-o erat ed

valve. An automotive-type thermometer probe enters the tunnel at the same
general location as the thermoregulator.

At each end of the tunnel there are hoods for collecting escaping steam

Originally the ends of the hoods had canvas flaps, but they have been re-
placed with plastic strips.

After the oysters receive the heat. shock treatment, they move on the
monorail to the shuckers. The oysters are shucked in buckets containing

ice.

Fecal coliform bacteriological populations covering seventeen months

of heat shock treatment were very low for the first year �977!. From
June 1978 to January 1979, 47' did not meet the market standards Some of
the standard plate counts also exceed the standards.*

Problems and Recommendations

The monorail track passes through the tunnel and there is
possible lubricant contamination of the product. Food grade
lubricant should be used.

2. The geometric shape of the tunnel and the steam pipe causes
shells to become lodged in the base of the tunnel. The tunnel
should be constructed so that it can be dismantled for clean-
ing and inspection.

3. Oysters are dumped on top of oysters already on the shucking
bene.b.

4. The monorail should have weep boles in the bottom so that water
will not be carried over the shucking tables.

F,. System No. 5

The manually operated box is approximately 5' x 3Q' x 4', constructed
of wood. Operation has been intermittent and few data are available.

The unsatisfactory fecal coliform bacteriological samples occurring from
June 1978 to January 1979 were, most likely, caused by hot weather
conditions This heat shock operation is 'the onlv one that processes
oysters throughout the entire year. All the unsatisfactory samples dur-
ing this time span occurred in June, September> October, and December
One-half of the shellstock was unsatisfactory before processi.ng. One of
the samples was from the York River, and the rest of the samples were
from out of state waters. The bacteriological findings, therefore, are
not considered to be attributed to beat shock processing.



II I. PUBLIC HEALTH CONCERNS

following factors should be considered in future steam tunnelcate the

construction:

Steam tunnels should be so designed to permit the monorail
track to be on the outside, with only the baskets passing
through the tunnel. Design should not allow undue loss
or escape of water vapor. This will eliminate lubrication
problems and possible contamination of product, Also, con-
densate within the monorail should be materially reduced.

Present monorails must be lubricated with food grade lubri-
cants.

The steam manifolds should be so designed and located as to
prevent the catching of oysters and shells. This will. aid
in the cleanup process.

Entrance and exit areas should have flaps or doors of imper-
vious material instead of canvas which will contaminate shell-
fish.

Tunnel bottoms or lower edge, V-shaped or otherwise, should
be either hinged or demountable for cleaning and inspection.

Monorails should not drip into steamed oysters, shucked oysters,
on tables, utensil sinks, delivery window, etc. If already
in place, adequate protective barriers or shields should be
installed to preclude such occurrences.

Monorails should have weep holes bored in the bottom to allow
condensate to drain off.

Temperatures must be controlled by a therrnoregulator.

Oysters should be washed prior to subjection to the steam
process.

Fish hamper type containers used on monorails need redesigning
to allow exposure in center of baskets and to facilitate
cleaning.

10.

All tunnels should be straight with no turns or angles.

Any probes to facilitate flow and transport of shcllstock
should be of inpervious materials.

12.

Hoods should be so designed and operated as to prevent loss
of steam or water vapor into shucking area. Thi s will elimi-
nate condensation and contamination of product. Condensation
associated with the heat shock processing of oysters is both
a significant bacteriological and building structural problem.
This is most noticeable during cold weather. Steam escapes
from the tunnel and also from the heated oysters in baskets
after they exit the tunnel.

Bureau of Shellfish Sanitation review of the various operations indi-



Drive motors and chain drive should be located out of the
steam or high water vapor areas.

When heated oysters are piled on the shucking bench, careful
attention should be given not to cover the ones that are
already on the bench so that the shucker will constantly
~hucking oysters that have been recently steam treated,

IV. PROPOSED REGULATIONS GOVERNING THE HEAT SHOCK METHPDS OF PREPARATION
OF SHELLFISH FOR SHUCKING

General plant construction, equipment and associated facilities
shall comply with established guidelines.  Shucking and
Packing of Shellfish.!

I'he Hot Dip method shall not be used for processing shell
oysters or clams due to the detritus accumulation and bac-
teriological build-up within the dipping tanks.

3. Washing of Shellstock

Shellstock shall be cleaned or washed at the plant with pot-
able water prior to heing subj ected to the heat shock method.

4. Construction of Fquipment

a! Processing equipment, including piping, shall be constructed
of smooth, non-corrosive material so designed as to drain
quickly and to be easily and thoroughly cleaned.

b! Where belting is used to transport shellstock through the
processing equipment, it shall be of such design as to
facilitate steam penetration and be easily cleanable.

c! When wire baskets or other containers are used, they should
be so designed as to distribute heat evenly to all shell-
stock within the container and be easily cleanable.

d! Proper vents and exhaust systems shall be constructed to
remove heat and condensation from the processing room to
the outside.

e! Conveyor belting, baskets, or containers passing overhead
shall be provided with adequate protective devices to pre-
clude spillage/drippage on shucking, packing tables or pro-
cessing equipment.

f! Monorails used for transporting shellstock through the steam
shall be so designed that the track does not run

through the tunnel.

5. Records of Heat Shock Time and Temperatures

a! Each plant operating a heat shock process shall maintain an
accurate daily record of time and temperatures for each
batch/lot of shellfish processed.

b! Recording devices such as recording thermometers»d steam
inlet control valves shall be provided.



6. Refrigeration

a! The oyster meats from all shellstock which have been sub-
jected to the heat shock process shall be cooled to an
internal temperature of 45oF �o Q! within two hours
after the heat shock process

b! Refrigeration of the shucked product will be accompi>shed
by the use of ice in the shucking containers, skimming
tables, wash tanks, or blowers or by the us«f r«»g-
erated water.

7. Cleaning of Equipment and Bactericidal Treatment of Heat Shock
Process Facilities

a! Daily cleaning of all equipment utilized in the heat shock
process shall be accomplished. Equipment shall be sub-
jectedd to an approved bactericidal treatment in accordance
with established regulations.

b! Food grade lubricants shall be used for lubricating con-
veyor parts, motors, etc. and shall not come into the food
product zone.

It is anticipated f'inal regulations governing the heat shock process
will be adopted in 1981. In the interim, any Virginia dealer anticipating
the installation of a heat shock system should discuss the proposal with
a representative of the Bureau of Shellfish Sanitation in order to meet

the regulations.

V. CONCI.I!SION

The Bureau of Shellfish Sanitation is of the opinion that the Steam

Tunnel Heat Shock Method has considerable potential in the oyster proces-

sing industry and is vastly superior to the Hot Dip Method for opening
oysters.

A report hy Bureau of Shellfish Sanitation concerning the steam tunnel
process has been referred to the U.S. Food and Drug Administration for
evaluation and possible acceptance as an approved processing technique.
Food and Drug Administration wants to establish a controlled bacterio-

logical monitoring program before further comments are made. Hopefully
this can be accomplished during the next oyster season.



PLANT SANITATION ASPFCT
OF TIIE OySTFR STFi~ SlillCKIN ; PROCESS

Stanley D. Ratcl!ffc

I have been a»ked to talk «hout tin plant »anitation aspas ect of good

impac't nn th ste~m h ckin p rocess as
"" "rug Admi ni »t r it ion I think the hest way to

brief review and backgrou dnd on the Food,

the '"od manufacturing Practice regulations
Admi» «ration' s principal responsibility is
I rug, and Co»met ic Act �938!  FDCA or FDfC

Act! enacted to insure whole»ome foods, harmless cosmetics, and truthful
label i ng of such product s. Important amendments inc lude the Food Addi-
tives Amendments of ]958 and the Color Additives Amendments of 1960.

Responsibility in the food area covers essentially all food except
raw meat and poultry which are within the authority of the U.S, Department

of Agriculture  IISDA!, Iiowever, Agency authority does not extend legally

or pract ical ly to guaranteeing the safety, purity, and wholesomeness of

al] foo<I» consumers c at. Forexamplc, from a legal standpoint the Agency

can act orily again it food produi ts sold in int'erstate commerce. Products

made and sold entirely within a state must he regulated by that, state,

pract i ca 1 ba rricr stem» f rom the fact t hat most contaminat ion occurs af ter

food i» purchaseil for home or restaurant use. In addition, with the ex

ccpt ion of a I imited number of Foods such as enriched flours, the bureau
does not set nutritional requirements and has no authority to require manu-
facturers to produce food that is nutritious. There is a nutrient labeling
requirement, but it appl ies onlY when a nutrient has been added to a foo
or when a nutritional claim such as "enriched" or "fortified" is made The
development of GMP's i » one of the methods FDA uses to efficiently enforce
the FI!pC Act and meet it.s rc»I'onsibil it Y a» sot forth by Congress.

would like to read parts of three sections of the Act ththat are o f
ma/or import ance to the food proc essing industty, Sect ion 3O I sets forth

cer ainrtain Prohibited acts. The prohibited Acts include: d Ie ivery for intro-



duct.ion into interstate commerce any food, drug device, or cosmetic as adul-

terated or misbranded, the adulteration or misbranding of any food, drug

device, or cosmetic in interstate commerce, and the receipt in interstate

commerce of any food, drug device, or cosmetic that is adulterated,
Good Manufacturing Pract.ice regulations are based on Section 4 
 a! �!

and  a! �! of the Act which pertain to the adulteration of food products,

These sections are as follows:

Section 402 'a!�!: The food is adulterated if the food consi sts in
whole or in part of filthy, putrid, or decomposed
substance, or if it is otherwise unfit for food,
or

 a! �!: if the food has been prepared, packed, or held
under unsanitary conditions whereby it may have
become contaminated with filth, or whereby it
may have been rendered iniurious to health.

The basic thrust of FDA GMP regulations then is to prevent or reduce adul-

teration or contamination of food material either prior to receipt of or

during the processing operation,
In the development of regulations, the public must always be given the

opportunity to respond to each proposed document. A frequent industry re-
sponse is to question FDA's authority to promulgate any new regulations.
Section 701 of the Act provides FDA the authority to promulgate additional
regulations for the efficient enforcement of the Act. The courts have
deemed that Section 701 does in fact give FDA the authority to develop

additional regulations including GMP's.
The Food and Drug Administration utilizes "Current Good Manufacturing

Practice in Manufacturing, Processi~g, Packaging, or Holding Human Food"
in regulating the processing of human food as a tool for assuring the
safety and wholesomeness of food products shipped in interstate commerce.

I want to briefly discuss the relationship between the National Shell-
fish Sanitation Program and the Good Manufacturing Practice regulations.
Since 192S, the sanitary control of shellfish shipped in interstate commerce
has been regulated u~der the guidance of the National Shellfish Sanitation
Program  NSSP!. Between 1925 and 1968, the Public Health Service adminis-
tered the federal /state/industry voluntary program, ln 1968, in the
interest of consolidating all food inspectio~ programs within one agency
the Department of Health, Education and Welfare, the NSSP was transferred
to the Food and Drug Administration.



member of theThe Food and Drug Administration as a participating m
will continue to

Sani'tat o p
controls to in-

industry
for shipment in

olesome and safe shell f' h

tions, including the steam shucking plants.

Section 110.57 b! �! addresses management responsibilities for pro-
viding devices or systems to protect against backflow or cross connections
between potable water and waste ~ater systems. Any processing operation
that utilizes equipment that must be connected to the potable water supply

and could be a source of contamination would need to comply with these re-

quirements.

Section 110.80 a! provides guidelines and requirements for assuring

the quality and safety of the raw material or products that are brought
into the plant for processing. The plant owners or managers need to take
the necessary actions to ensure that the incoming raw product does not
contain such levels of microorganisms as to produce food poisoning or other
diseases and to prevent any other adulteration of the product.

Determining product quality may be accomplished through laboratory
testing or product guarantee or certification- The NSSp provides the
mechanism for meeting this requirement by state shellfish control officials
classifying shellfish growing waters as approved for harvesting and the
certification of shellfish shippers and processors, It is the jndustr
foremost responsibility to purchase shellfish from only certified deal
and to obtain shell-stock that has been harvested from approved wat

There are continuing problems of shellfish being harvested f rom con-

taminated areas and processors knowingly accepr.ing these shellf

int ers tat e commerce.

be categorizedThe shellfish sanitation control program within

as a dual program, bot:h regulatory and voluntary in n«ur At t emot i ng to

effectively utilize these two concepts has created some a m "j ni strati v e

problems for both FDA and state control agencies ~

The agency is presently in the process of revising the ~bbrella GMP

it as t"e primary guidel ine for shel lfish proces-
"ised umbrella ~P would replace Part III of the NSSP

to highlight several of the sections
'""'d ~p" t»t may affect shellfish processing opera-



shucking and shipment in interstate commerce. It appears that steam shuck-
ing process reduces the initial bacterial count in the shellfish, Some
processors may he tempted to take advantage of this condition and use
shellfish with high bacterial counts caused by improper handling or those
harvested from unapproved areas. The problem is increased when demand is

high and supply of high quality shellfish is low,
Systematic quality control can only be obtained by responsible man-

agement practices across the entire spectrum of the shellfish industry.
Ensuring that only safe and wholesome shellfish are used is the major

critical control point in any shellfish processing operation.
Section l10 80 b! �!  i! gives 45 F as the appropriate temperature

for holding foods that can support the rapid growth of microorganisms of
public health significance. At the 1968 National Shellfish Sanitation
Workshop, the workshop participants agreed that shucked shel 1 f ish shoul d
be cooled to 45 F within two hours after shucking and stored at 34 F to
40oF. Since controlled studies and industry results show improved prodirct.

quality and extended shelf-life with the cooler temperature, we antici-
pate that the industry would continue to hold shucked shellfish at 34
40 F rather than 45oF. The GMP' s are not considered to be maximum re-

quirements, but rather what the food industry can reasonably be expected
to meet and maintain,

Section 110.91 a! �! requires the coding of the finished product by
lot number and the plant where the product was processed or packed, This
is very important for the shellfish industry. For example, a few months
ago, there were several reported illnesses caused by the ingestion of
shellfish Fortunately, adequate records had been kept and both the
source and distributio~ of the product were known. This greatly aided in
the study of the disease outbreak and prevented possible closing of several
shellfish growing areas.

Section 110.35 pertains to sanitary operations within the processing
pla~t. Subsection 110.35 c! di scusses equipment design and construction.
This area. could have significant impact on developing a shellfish st.earn

shucking operation.

The GMP ' s require processing equipment be designed for easy clean-
ability and constructed of material that can be maintained so foocl will



not become contaminated during processing, 'l'he type of materials accept-

able for equipment construction has been changed in the proposed revised

GMP, The revision calls for corrosion-resistant rather than corrosion-

free materials. Thi» change allows for other types of material besides

stainless steel to he used in the construct ion of food processing equip-

mcnt. From the viewpoint of both thc regulatory agency and industry, we

need to evaluate many different types of materials for use in food pro-

cessing equipmcnt in order to reduce the cost and still maintain product

quality and safety as required under federal and state regulations.

Section 1 10 35 c! concerns cleaning and sanitizing thc processing

plant and equipment. The requirements are set forth in general terms to

permit the utilization of cleaning «nd sanitizing methods best suited for

a specific processing operation. The Food and Drug Administration' s pri-

mary concern is that both plant and equipment he cleaned and sanitized so

tho food product docs not hecome contaminated during processing.

The GMP also requires management to develop and maintain supervision

processes to assure that the necessary day-to-day cleaning and sanitizing

operations arc completed. A plant can have well designed, easily cl ean-

ahle equipment, sanitizers, and employees who are willing to do what is

necessary to maintain the equipment, but if management does not accept the

responsibility to assure vigorously maintained sanitation practices, then
tho entire processing operation will he jeopardized.

Some of the problems I have observed in the hot dip method as prac-
ticed in some of the southern states may also apply to the stcam shucking
operation. The first problem that comes to mind was the varying length
of time oysters were left in the hot dip tank. The processing time changed
with such variables as the size and quantity of oysters in each basket l

tho quantity of mud on the shell-stock, and the area where the oysters
were harvested. Another problem was that too many oysters were placed
on the shucking bench at one time and the shuckers cauld not keep up with
the heat shocking process. As a result, the oysters closed up and became
difficult for the shuckers to open. This defeated the hot dip process.

I sec several potential problems that may be associated with the
development of the steam shucking operat ion. I present them for your
consideration. When oysters are steam-shucked, is the product raw or
cooked? If it is cooked, it no longer falls under the NSSP. Another



problem, relating hack to the discussion of purchasing shell-stock that

comes from unapproved areas is, what is the effect of steam heating on

viruses? This question should be addressed in the future.

Washwater disposal may create a problem. The plant must meet the

EPA requirements for waste water discharge. Depending on the amount of

mud on the shell-stock considerable amounts of solids could be released

to receiving streams or waste treatment systems.

The final problem relates to the possihle need to develop specific

guidelines to cover steam shucking operations. The Food and Drug Admini s-

tration must look at the total industry on a nationwide basis. The in-

dustry in Virginia may be able to do things exceptionally well in a steam

shucking operation. But what about a small plant in the Gulf Coast or

in New England? Is it reasonable to expect these plants could or would

need to meet the standards established here in Virginia? I think this

could be a significant problem, particularly in the development of the

types of equipment, control systems and how intricate the control system

should be.

In conclusion, as we look at the prospect of going into a new tech-

nology for the oyster industry, I believe that we must look at its devel-

opment in general terms in order to permit as much diversification as

possible within thc economics of the industry. At the same time, we need

to look at the steam shucking operation in terms of what is feasible as

far as the regulation and the maintenance of sanitation within the plant.

The primary concern of FDA, state health departments, and the industry

must be the production of a safe product. I am sure that no one is more

interested in that than the industry itself. The goal that needs to he

reached is the development of the best procedures for steam shucking that

will produce a safe and wholesome product on a financially sound basis.



Equipment and Design

Frank Huang and William H. Nashburn

Purpose.

Heat treatment is designed to relax the adductor muscles of the oyster

and cause partial gapping of the shell, thus facilitating the subsequent

hand shucking operation. In the systems presently used by the Virginia sea-

food industry, live steam is injected into a tunnel through which the oysters

are transported on either a monorail or conveyor belt system, as described

by Huang �980!. However, the basic functional requirements for the system

must be clarified, and the need determined for improvements or construction

of a new line for optimal operation.

II. Functional Requirements.

Four basic functional requirements in a production design for the heat

treatment of oysters are listed below.

A. Temperature.

Research has indicated that raising the temperature of oysters causes

Ye 1 axa tion o f the adductor muse 1 es, However, high hea t can severely reduce

both the yield and the quality of oysters. It has been suggested that 120

is the maximum internal temperature of the oyster which does not cause.

appreciable ill ef fects  Goldmintz et al.. 1978; Huang 1980!-
In order to minimize bacterial growth, the time allowed for heating

and maintaining elevated temperatures should be carefully controlled. Ihe

shorter the time the oysters remain warm, the lower their bacterial count.

Therefore, rapid chilling of the shucked oysters is recommended.
V � I



B. Investment and Operation Cost.

Generally, oyster shuckers are paid at the same rate per gallon o»«ght

of meat they shuck. The economic payback of a heat treatment

plant owner then must come from increased production rather than reduced labor

cost. Therefore, it is necessary that both investment and operational cost

be kept to a minimum. Investment can be minimized by proper sizing and careful.

selection of materials, whereas operational cost can be reduced by efficient

management.

Generally speaking, the product cost is made up of three components:

labor, material, and energy. For the last two years, the cost of energy has

been ri.sing at a faster rate than the cost of the other two, A prudent manager

should give special attention to the energy component. To be energy-conservative

the steam tunnel system should have good insulation in the outer shell of the

tunnel and suitable means of containing the steam within the tunnel. The

design should also be such that the heat source provides a maximum heat transfer

to the cyster with a minimum loss to the transport system. Reducing heat losses

not only conserves energy but also provides more uniform heating throughout the

tunnel, producing a more desirable product.

Versatility and flexibility of a system to handle more than one product

line can sometimes prove to be important. Due to the seasonality of the oyster

industry, possible changes in use and/or expansion of the oyster plant should

be considered. Adapting the existing facility for a new process usuall.y means

a reduction on capital investment. In modifying a processing line one also

needs to evaluate the efficiency of the operation.

C, Cleaning, Repair and Maintenance.

Routine cleaning and sanitizing is necessary to ensure good product

and to meet the health inspection requirements in a food processing plant

V - 2



An easy access to the transport system and the tunnel i.nterior greatly facili-

tates the operation, Furthermore, i.t expedi tes repairs and maintenance,

improving reliability by decreasing down time.

D. Environmental Concerns.

The operation system must conform to the food and health authorities'

requirements as well as the Environmental Protection Agency's regulations,

with respect to corrosion, lubrication, boiler water treatment, high humidity,

noise, effluent and solid waste disposal. These are the concerns that. also

exist in the conventional hand-shucking operation.

III. Developing a Functional System.

In developing a functional system, decisions must be made concerning

various components of the overall system. These components are discussed in

detail below,

A. Heating Methods.

The hot water dip method was reported by Pringle �961! and Russel et al.

�964! and used in the industry to raise the oyster temperature in order to

achieve gapping, However, using live steam appears to have the advantage over

using hot water in several respects: �! it greatly reduces water usage and the

resultant ef fluent; �! it decreases potential for contamination caused by the

dip water leaching into the gapped oysters; �! it applies more intense heat

on the oyster directly in a shorter time, and; �! it prevents energy loss due

to dirty hot water disposal.

Some other energy sources, such as electric resistance, radiant heat, open

flame, microwave, and laser beam, have also been tested. The microwave and the

laser beam have a high initial investment cost. In addition, since they are

energy-intensive tools, it is hardly possible to control precisely the tempera-

ture of individual oysters, which are irregular in size and shape, on a mass

V � 3



production line. Neither microwave nor laser beam app~ar~ to have commercial

value for oyster heat shock at the present 'time ~

Gpen flame has been used couzaercial ly

However, its effect tends to be too rapid and

control. Tt also causes excessive moisture depleti~~ in

fid uprevent the oyster meat from dehydrating, direct flame be ting ~

heat utilizing electric heating elements, or radiant h«t fro

steam should be supplemented with a controlled high-humidity en"iro"me"t.

Among various radiant heat sources, electric resistance has the advant g«f

low initial capital cost, ease of temperature control, and low maintenance.

Its operational cost, however, may be higher than that of steam or hot water.

Using a closed steam supply system alleviates the need for large amounts

of feed water to replenish the boiler, and thus reduces the cost of boiler

water treatment. Additionally, because the condensate does not come in direct

contact with the oysters, chemicals used in the water treatment may not be

restri.cted by the food regulations. In a closed supply system, live steam

is not in jected and released in a steam tunnel; thus problems associated with

high humidity in the working area are alleviated.

An energy source should be selected with specific constraints of indivi-

dual plan'ts in mind. Factors to be considered include the avaij ability

price of the energy source, tbe cost of installation and maintenance

exi.sting feei.lities and plant layout, desired precision in temperature control

and the qualifications of the production supervising personnel.

B. Tunnel Structure.

l. Materials. Because of the marine environment and sanitatia on requ rements,i

all ~tais used in the steam tunnel system must be corrosion-on-resistant. This



may be accomplished by using a corrosion-resistant base material or a coated
metal.

Stainless steel is the best material from the standpoint of corrosion-

resistance but is expensive and difficult to work with. Aluminum is much less

expensive and easier to machine, and i f the proper alloy is selected, it meets

the requi.rements of corrosion resistance. Alloys best suited for the marine

environment are 5052 and 6061.

If a low carbon corrosive steel is used, it can be coated with chromium,

cadmium, or zinc. Chromium is the most durable and the most expensive.

Cadmium is preferred to zinc.

Rien plywood is used to construct a steam tunnel, moisture- and corrosion-

resistant coating, lamination, plastic, or metal sheet must be applied on the

surface which comes in contact with the steam. The plywood structure is cheaper

to build but not as durable or sanitary as the metal ones,

2. Insulation. Insulation should be selected to meet the relatively high-

temperature and high-humidity requirements, Foam polystyrene has been used in

steam tunnels but suffers f rom having relatively high moisture permeability,

relatively low mechanical strength, a high burning rate, a low maximum recom-

0 0mended service temperature of 176 F, and a softening temperature of 194 F.

Spray-on polyurethane foams and foam gl ass are more suitable for use in steam

tunnels.

used to carry the steam. Holes 1/9 to 3/16 of an inch in diameter may be

drilled on pipes to inject steam into the tunnel. These holes should be located

so as to provide an even distribution of steam. Nore holes per unit length

should be made near the entrance end than at the exit of the tunnel.

gradually decreasing number of steam injection holes from the entrance towards

V



the exit is desirable for good steam utilization. Exposed stea~ pipes that

&re not used for heating purposes should be insulated to conserve energy.

4 . Shs e and size of tunnel.. Continuous steam tunnels in rectangular, tri-

dimension and speed of the conveyor system.

by us ing the formula:

In " general, it can. be calculated

V L
P � x � x 60

T

where,

p = desired production volume, bushel/hr,

V-6

angular and tubular shapes have been built by the industry over the Years.

In most cases, the tunnel has been constructed to fit the existing facilities.

engineering standpoint, a tunnel should be designed to meet the

regulatory requirements and to provide efficient heat transfer and energy

«iii»tion at s minimum cost. A tubular metal construction may be easier to

«rk «th> but leaves various amounts of unused space depending on the type

of the transport system employed. In a triangular tunnel, it is difficult to

clean the debris collected. The rectangular tunnel is particularly suited for

use with a belt conveyor. Regardless of shape, a well-designed tunnel should

leave little room for waste.

"Steam boxes" have also been used for oyster steam shucking in batch

productions, Their efficiency is generally low and temperature control

unreliable. The use of a pressurized tunnel for the operation, which has been

suggested by some people, allows total containmsnt of the steam but requires

pressure locks.

The size of the tunnel should bc determined primarily by the production

volume desired, the available sp~~~ for the installation, general condition of

the raw oysters  e. g., clean or muddy * thick-shelled or thin-sh II d

lean, large or small, warm or cold!, tunnel temperature e, ea t ng t i me dur a t ion,



V l bushel o f oysters = w. t. > 0

w width of conveyor belt.

t = thickness of oysters on belt, ft,

the length a bushel of oysters spreads

L = tunnel length,

T time duration of each oyster in steam tunnel., min,

u L/T = conveyor speed, ft/min.

Since P is a proj ected quantity  bushel/hour!, V is equivalent to one bushel

of oysters in question; R can be obtained by measuring the spread of one

PRT
bushel of oysters and the length of the tunnel can be obtained as L = 60 '

Because the size and shape of raw oysters may vary in each lot, either

the production  P! must be altered or the heating time  T! has to be adjusted

tunnel temperature must be proportionally increased or decreased in order to

allow the same amount of thermal energy to be received by the oysters. By the

same token, whenever a new stock is used, the heating time and temperature

should be altered to compensate for variations in thermal proper ties of the

shell-stock. The time-temperature relationship should be determined in a

laboratory to facilitate accurate control prior to production.

If a shorter tunnel is desired, and all other conditions rema>n the same

the tunnel and the belt must be widened Increasing the numbenumber of la ers of

oysters on the belt is not recommended because it causes pooor heat distribution

among the oysters due to slow heat penetration

L = � =PRT 60x5.5x2
60 60

ne I 'vhExample.'

2 ft,

3 in.  no more than 2 layers of oysters o

1 bushel,

V � 7

according to T = . In the latter case, when the heating time is changed, the60L
Pk '



h,=>.5 ft,

P = 60 bushel/hr, and

0
T = 2 min. at a tunnel temperature of 180 F.

Conveyor belt length needed: 2xll = 22 ft.

5. Others, The steam tunnel can be suspended from the ceiling or placed on tbe

floor. It can also be made portable in order to give flexibility in shifting

production lines . A tunnel installed with a slight slant is recommended to

allow drainage and steam ventilation. Double flexible curtains, air curtains,

water curtains, airlocks, or pressure locks should be installed to reduce heat

losses caused by escaping steam during the transfer of oysters in and out of the

tunnel, It is strongly recommended that a part of the steam tunnel be easily

removable for cleaning, repairs, and maintenance .

C. Transport System.

Several transport systems can be used in the oyster steam shucking opera-

tion, including monorail, belt, and screw-type conveyors. Some oyster packers

Virginia already had monorails carrying the oyster shell-stock in baskets to

the working station. When they adopted the steam shucking process, they simply

added a steam tunnel at one point in the monorail system. In this operation,

raw oysters are filled into the baskets and transported through the tunnel and

onto the shucking table. Indivi.dual workers unload the baskets, form a pile of

heat � treated oysters on the table in front of them, and proceed shucking. The

monorail co~tinuously moves through the line unless stopped by shutting off the

driving mechanism. The greatest disadvantage of the monorail system lies in

uneven heat distribution due to poor heat penetration in the baskets. This

drawback may be improved by re-designing the basket and the steam injection

pattern. Another inherent shortcoming of the monorail system is the heat loss

occurring from the constant heating-up and cooling-down of the baskets as they

are moved in and out of the tunnel.

V � 8



Flat-belt conveyors are employed widely in food processing plants to

transport goods. They are available in a variety of materials for different

purposes. A steel wire mesh belt is the most efficient for heating the

oysters on the belt. It allows heat to distribute evenly among one or two

layers of oysters placed on it. It also allows debris to fall through. The

belt conveyor facilitates controlling the heating temperature and belt speed;

thus, the danger of overcooking the oysters is greatly reduced. As shown in

Figure I, the belt conveyor may be entirely concealed inside the tunnel to

eliminate heat loss caused by the heat-and-cool cycle.

The belt conveyor transport system is found to have one disadvantage.

Workers at the beginning of a shucking line tend to select large oysters and

leave the smaller and odd-shaped ones to those at the end of the line. This

problem could be solved by designating personnel to distribute the oysters to

the shuckers along the line. If the incentive wage system is replaced by

hourly payment, the problem will naturall.y be alleviated.

Although only a few are being used at present, screw conveyors can be

rather efficient system to heat and transport oysters. The outer tube of the

screw conveyor may be steam-jacketed and insulated to contain the heat. The

screw may be equipped with a hollow shaft to pass live steam to heat the

oysters. The major disadvantages of this system are a high noise level,

susceptibility to jamming, and excessive wear of the system caused by shell

particles and other debris.

In most cases, a transport system has moving parts which need frequent

lubrication. Because of the likelihood of the lubricant coming in contact

with oysters, it is required that only food grade lubricants be used for this

purpose. The tunnel temperature should also be included in the order

specifications.



D. Temperature and Time Control.

The heating temperature and time duration to relax the oyster's adductor

muscles, but not to cook them, are critical in maintaining product quality and

rendering a maximum yield. One can use variable speed drive in the transport

system to manipulate the heating time and apply temperature-sensing devices

to manually or automatically regulate the steam inlet and thus the tunnel

temperature.

Sensor probes should be located at several places throughout the tunnel to

monitor the tunnel temperature. A check on the oyster body temperature after

the heat treatment also is recommended to ensure correct heating conditions ~

Shucked oyster meat must be chilled rapidly to discourage microbial growth.

The product temperature should be checked periodically so that corrections can

be made immediately.

Ln selecting a temperature-sensing device, one should consider the

accuracy, recording capability, ease of reading and installation as well as

the cost. Mercury thermometers are generally accurate and inexpensive.

Digital readout temperature sensors are easy to read but costly.

An automatic steam valve control governed by the temperature sensors

can be easily installed. But a by-pass should be provided so that, when

oysters are not being sent through the tunnel, steam can be saved by shutting

off the valve.

E. Ventilation.

When the tunnel is not totally enclosed, steam escapes. Even in an air-

tight condition, the heat-treated oysters coming out of the tunnel will

disperse water vapor. This excess moisture in the air will cause high humidity

and condensation problems in the working area.



To avoid high humidity and condensation, some means of ventilation must

be provided. A collecting hood may be installed to vent the escaped steam

outdoors and, if necessary, a fan can be added to draw out the moist air, A

slanted ceiling and a sloped floor help prevent dripping and facilitate

drainage. By using thermopane glass, condensation on the windows can be

greatly reduced. Because condensation occurring in the tunnel may pose a

health hazard, the tunnel should have a slanted roof and good drainage.

During this era of energy shortage, every possible effort should be made

to conserve energy, Recovery of heat from the exhausted steam from the tunnel

should be considered, so long as it is economically feasible.

IV. An Optimal Functional Design.

Figures V-1 and V-2 show two designs that attempt to optimize the required

functions described above. The shell of the tunnel is sheet aluminum 5052

alloy made into a sandwich with two inches of polyurethane as insulation.

In order to reduce heat loss from the transport system, Design A  Fig. V-l!

uses a conveyor with a wire belt totally enclosed in the heat tunnel. Oysters

are placed on the conveyor equipped with a spreader which levels them out to one

or two layers. They are then dropped down a chute through a double airlock

door onto the conveyor within the steam tunnel. They travel through the tunnel,

drop off the end through a second double airlock door onto another conveyor

or to wire baskets for transporting to the individual work stations-

conveyor motor is located outside the tunnel so that it is not subject to high

heat and humidity.

The steam is injected upward from underneath the belt and/or downward from

above the belt carrying the oysters. More holes are drilled in the steam

pipes at the entrance to allow maximum use of the steam. The number of holes



on the pipes gradually decreases toward the exit end. Three thermometers are

inserted in 'the tunnel at different locations. The top or the bottom of the

tunnel is made with hinges on one side and butterfly bolts and nuts on the

other. A rubber gasket is used around the !unction between the moveable part

and the main body to give a tight seal when closed.

Design H  Fig. V-2! reduces the size and total internal space of the

tunnel by placing the belt sprockets and return portion outside

structure, The total internal space is 27 cubic feet as compared to 42 cubic

feet in Design A. This reduction in space should improve heat utilization

and efficiency. However, Design B does lose more heat through the belt,

which is exposed to ambient temperature on its return, and requires a longer

belt, 30 feet as compared to 22 feet in Design A.
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Steam Generation

Boiler Selection, Boiler Maintenance, Water Qual it! and Tests

Frank Huang, William H . Mashburn, and d . Kenneth Riggins

I, INTRODUCTION

A boiler is a pressure vessel that generates steam by heating water,

using electricity or some other fuel. Efficient boiler operations involve
correct operation and mai.ntenancc procedures that become even more impor-
tant when large quantities of steam are generated and consumed. Food
processing plants utilizing stea~ for can sterilization, retort cooking,
pressurized cleaning, or other direct heating purposes require a constant
supply of live steam and thus a continuous supply of water to replenish
water lost as steam. Improper water quality can reduce boiler efficiency

tremendously because the impurities cause scale to be deposited on the
heating surface. For example, a quarter-inch scale deposit increases fuel
consumption by 25 percent  Fig. I!. Boiler efficiency is also reduced,
and energy wasted, when fuel combustion is not adequately controlled.

Proper operation and maintenance procedures are also good safety
practices. Most boilers operate above atmospheric pressure and could he
dangerous if improperly operated or maintained. For this reason, the
American Boiler Manufacturers Association and the American Society of
Mechanical Fngineers have established standards and codes for boiler
construction . States and insurance companies have also set stringent
specifications and requirements for boiler operations . A well -designed
and constructed boiler does not guarantee safety, however. If the boiler
is neglected, scale and corrosion accumulations or faulty valves and
gauges may cause hazardous conditions within the boiler; also, erroneous
operating procedures can cause safety as well as mechanical problems.

II. BASIC BOIlER ELEHENI'S AND TYPES OF BOILERS

A boiler consists of two basic parts: a heat source and a vessel
in which boiling water generates steam for heating and cooking, Surfaces
in the vessel that water and steam contact are called watersides, and
surfaces contacting the heating source are called firesides.

As shown in Figure 2, a boiler receives feed-water from a well or
municipal source combined with the return steam condensate.
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Figure I, Effect of the thi ck-
ness of scale on the boiler's

fuel consumption.

A boiler system can be either closed

or open. In the closed system,

employed as an in<iirect heating agent '

Stcam pipes dc nnt haVC Openings O»ts~«
the bo i [cr  I:ig, x!, 1'hus, the steam co»-

densate is recyclcd to the boiler for steam

generation. !iteam jacket kettles and space

heaters are good examples of this arrange-

An open system employs steam as a direct

heating agent. ln this case, steam con-

densate will not return to the boiler  Fig.

4! . Consequent ly, a constant water flow

will be necessary to make up for water

losses. Retort cooking and sterilization

in food processing are examples of this

system.

Efficient steam generation requires as

much water as possible to be brought in

close contact to the heating source. To

meet this requirement, boilers are con-

BOILE R WATER

BOILER WATERSIDE



structcd with tither watertubcs or BOILE R

f i rctubes  I'i g. 5!, I n both cases

t»bes passing thro»gh the boiler

provide efficient heat transfer,

A watert»be boiler allows water to

flow inside the tubes, whereas a
WATER

firctubc boiler directs the heating

agent through the tubes. A water-

tube boiler generally consists of

a water and steam reservoir drum

STEAM CONDENSATE

Figure 3. A closed stea~ s«ppll system.

and has large capacities with

high steam pr'essures. A firetube boiler is often built with additional

passes to maximize heat usage. Boilers may be designed for horizontal

installation, or, to save space, vertical construction.

Some boilers use electricity rather than fuel . In this case, heat

evaporation capacity, or equivalent direct radiation. Boiler h~orse over

is equivalent to the evaporation of 34.5 lb of water per hour at 2l2'F
I»

speci 'ied steam conditions. The h~eatin surface is the total square

footage on the fireside of the tubes. ~p. uivalent direct radiation  Epgl

is 242 Btu/hr-ft2 for steam boilers.

MAKE U
WATER

RETORTBOILER

Figure 4. An open steam supply system.

is generated between metal electrodes submerged in the boiler water. Since

an electric current will continue to flow only when water is present, the

water level automatically controls heating in the boiler . There are also

smaller steam generators that simply use electric heat elements for their

source of thermal energy.

Boilers may be rated accordi ng to their horsepower, heating surface,



I I.I. WATER QUALITY

This section deals with the hasic principles, problems, and treatment

of boiler water. Methods are discussed for determining water qualitY>

water treatment, and correct operation procedures to reduce effects of
i tnpuri t ies in water .

Boiler water is «scd to generate stcam or to trinsfer heit. Its quality
is of vital importance to the effi cicncy ind safety oF the boiler. Good

b ji lor water is free f rom impuri t ics that may cause detrimental effects

within the boiler. Several tests can be made to determine water qualitY,

including pH, acidity, alkalinity, odor, color, turbidity, total solids,

total dissolved solids, dissolved gases, hardness, chlorine content, etc.

Fortunately, in many cases, depending on the specific situation, not all

tests are necessary.

A. pH, Acidity, Alkalinity

The pH represents the intensity of the acid or alkaline condition

 hydrogen ion concentration! oF water. It can bc easily determined using

a pH meter. Electrodes are inserted into the sample and the pH value is

read on the meter, Since the water tempcriturc,if'fects the reading, a

correction must he made an each mcasuremcnt. Normally, pH 7.G is the neu-

tral point, A value lower than 7 indicatrs acidity � ikc vinegar}, and a

va 1ue greitc r than 7 indicates alkal inity  for example, soapy water! . To

measure thc total amount of acid or alkali in a sample, employ a titration

method using an alkali or acid solution of known concentration.

Thc proper pif of f'ecd water for hoilers ranges from 7.5 to 9.5, and

that of blowdown water from 10.2 to 11.5. Impt'oper pH induces corrosion,

As corrosion continues, metal thickness is reduced, resulting in greater

boiler stresses and unsafe operating conditions, If a steel boiler is

subjected to lang exposure to highly alkaline waters, caust ic embrit tie

ment can occur, In s»ch cases, cracks develop below the water line and

under rivets, welds, and seams.

Boiler water is considered acidic when its pll is below 8.5.

acidity is a result of dissolved carbon dioxide and/or dissolved minerals

and organi c ac i ds . Normal I y, municipal wat er has a pH between 6 and 7 .

Thus, for boiler use, city water is usual ly too caustic and requires ad-

justing by addition of caustic soda or by installation of a de-aerator,



FLUE STEAM

STEAM FLUE

FEED
WATER �-

WATER

Figure 5A. A firetube boiler. Figure 5B. A watertube boiler.

Boiler efficiency is determined by comparing the output heat  steam!
to the input heat  fuel!. In order to achieve high efficiency, a boiler
should be designed to minimize heat losses. In addition, proper care and
maintenance must be exercised routinely so that high efficiency may be
sustained and operational safety warranted.

A boiler that is 'clean' and 'tight' is one that is properly oper-
ated and maintained. Feed water quality is most important in maintaining
boiler cleanliness. 'Kater of undesirable quality can cause scale forma-

Proper fuel-air mixing is also important. Poor fuel adjustments cause
soot and ash deposits to accumulate on the firesides, reducing efficiency
and increasing operation costs. Correct operation procedures can greatly
reduce these problems.

A 'tight' boiler is free from water, steam, or air leaks. Periodic
inspection and repair of faulty valves, gauges, steam pipes, etc . through
the entire boiler system is necessary to ensure tightness . A routine
maintenance schedule provides opportunities in both cleaning and repair-
ing. A tight boiler provides maximum efficiency, long boiler life, and
better safety conditions.

tion, corrosion, car~r over   continual discharge of slag in the stean!,
and caustic embritt lement  the development of cracks in the boiler s> stem'!



B. Dissolved Gases

As mentioned above, dissolved carbon dioxide can lower the pH in
water, causing corrosion. Corrosion also takes place when oxygen is present
in the boiler water. Corrosive reactions accelerate at the elevated temp~~-
atures at which boilers normally operate; if uncorrected, localized pitting
or cracking can eventually rupture boiler tubes. When rusty water shows in
the gauge glass, it is a sure si gn of corrosion in the system.

To remove dissolved gases in boiler water, a de-aerator can be in-
stalled on the feed water line. Sodium chromate, sodium sulphite, or

hydrazine can also bc used to control corrosion. Sodium sulphite and hydra-
zine react with the oxygen in water and eliminate oxygen.

C. Odor, Color, Turbidity

Normal boiler water should not have odor, discoloration, or turbidity
problems. Excessive amounts of suspended matter which either di.ffuse or
interfere with the passage of light cause turbidity and give color to the
water. Filtration or sedimentation can usually eliminate the suspended

solids in water.

0. Total Solids and Vardness

Total solids include dissolved and undissolved solids that are sepa-

rated by filtration. Vndissolved solids arc usually referred to as sus-
pended matter. Because the amount of suspended sol ids in most water sup-
pliess is relatively small, it is rarely a concern for boiler maintenance .
On the other hand, total dissolved solids is an important test, which can

hc determined by either evaporating a water sample and drying the residue

or by means of a condiictivity meter,

Among the dissolved solids ~ sulfates, chlorides, and carbonates of
calcium and magnesium are notorious for their tendency to form boiler scale.
Their presence is indicated by thc concentration of calcium carbonate jn a
water sample. It is called degree of hardness. Carbonate hardness ran
precipitate with prolonged boiling, and therefore is termed ~emeorary hard-
ness. Noncarbonate hardness, formerly called permanent hardness, does not

precipitate from water by physical means.
Total dissolved solids range from 20 to 1,000 milligrams per liter

 mg/I! in potable waters and increase with hardness, The necessity to
reduce or totally eliminate these dissolved solids prior to feedirig water



into the boiler cannot be overemphasized. Scale formed on the heat ing

sur face, due to the presence of the di sso1 ved sol ids, has the same c f feet
as insulation: it retards the tlow of heat, lowers fuel efficiency, and

permi ts overheat ingl of tht firesides,
The procedure to el iminate hardness in water is commonly known

~softenin . lt can be done by addition of phosphatcs, polyphocphates, or
1 imr., or by appl ication of ion-exchange resins or reverse osmosis tech-
niques. When chemicals are used to precipitate the hard-water salts, cer-
tain organic compoirnds may be added to keep the insoluble matter in sus-
pension as a sludge to be flushed out periodically� . When the resins and
reverse osmosis rrnits are applied, they can he regenerated by passing strong

salt solutions through them, or they can be cleaned for further use,

In addition, blowdowns of tho boiler water from the drain valve carr

remove the loose sludge settlerl on the bottom and also reduce the c oncen-
tration of scale-forming substances. Scale formation is thus discouraged,
Continuous blowdown can be achieved by installing automatic control devices.

llowever, considerable hot water is lost through this practice . A system
designed to recover the wate~ and thermal energy lost in blowdown should

bc considered.

Undissolved substances, such as grease, scale particles, and dirt i n

boiler water can carrse foaming and carryover problems in the system.
Foami~n is the existence of a layer of froth and suds on the water's sur-
face in the boiler drum. When foaming is severe, boiler water, scale par-

ticles, c.orrosion, oil, grease, or dirt can be discharged with steam into
pipes  that is, carryover!. Deposits of the carried-over substances and
disSol ved SOI ids in Water may Settle in the steam piping and valves, causinrl

loss of efficiency or a blockage to steam passage. To remedy carryovr r
and foaming problems, the total solids concentration in boiler water must
be reduced to, and maintained at, a minimum level. Mild cases of carr> over
can be limited by installing a mechanical separating device in the drum,

Occasionally, undesirab'le contaminations can be brought from the
boiler into steam piping by a sudden carryover of boiler water . This
~rimin problem may be due to a sudden change in demand for steam, or a
surging or spouting in the drum. It can result in shocks and water-hammier
in the steam lines. Because priming and foaming represent undesirablc and
ofte~ dangerous conditions, immediate i~vest~gation and correction is
necessary.
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Other Tests
hosphate,

1-'or speci fic purposes, tests to
u ted to evaluate

e, nitrate, gr

y are not normally consid .d out
rocedures in

testing boiler water.

The chloride content is used as an index
sea water

intrusion and also as a tracer For pollution of wells.
oride concen-

tration general ly increases as the mineral concentration r

in boiler maintenance, chloride concentration can be
etermine

F. Sampling, Testing and Reporting
complete boiler water analysis should include samples of makeup

water, feed water, and blowdown from each boiler in a plant. Clean con-
tainers should be used to collect samples. Water should be filled to
container volume and containers should be closed air-tight, if possible,
to avoid contamination with air or dirt. Since the water can be danger-
ously hot, care should bc taken in collecting pressuri~ed boiler water
from the b lowdown drai n valve. 1t i s prefcrab le that the sample be taken
just before or at the time of blowdown. The samples should be cooled and
tested immediately.

Detailed testing methods and result reporting can be found in the
Annual Book of ASTM Standards  American Society of Testing and Mater.ials!,

Table l. ASTM Test s Most Frequently Used for Boiler Water Ana],ysis,

Test ASTM Method

Acidity and alkalinity
Carbon dioxide
Chloride ion

D lS114
D S13
D S12

Dissolved oxygen
F.lectrical conductivity
Hardness

88'
D liZS
D 1126

Hydroxide
Nitrate
Phosphate

S14

992
D slS

the need for and frequency of blowdown.

Reporting
S amp 1 in g wa ter
Sul fate
Sulfite

D S96
»3~O

sl6
1339



under section D for water analys is . Table I lists some AgTM tests and

procedures.

The chemical tests which may be used for prevention or control, of

specific boiler problems are tabulated in Table

Table 2. Chemical Tests Used in Controlling Boiler problems

Bailer Problems

Scale Corrosion Embrittlement CarryoverTest

Makeup water:
Acidity/alkalinity
Hardness

Feedwater:
Acidity/alkalinity
Ilardness

Boiler water:
Acidity/alkalinity
Hydroxide
Nitrate
Phosphate
Sulfite

IV. FIRESIDF. MAINTENANCE

Boiler inefficiency can also result from improper operating proce-

dures and poorly maintained fir esi des. Problc'ms that can develop include
either excess or deficient combustion air, fouled and inefficient heating

surfaces, and faulty burners.

A. Fxcess or Deficient Combustion Air

A certain amount of air is required to completely burn the fuel.
If excessive air is used, energy is wasted in heating up the excess air
and discharging it into the flue Figure 6 shows the relatia»h'p be-
tween the percent theoretical air required for combustion and the fuel
efficiency. When air is supplied in excess  beyond 100'4 of required air
for complete combustion!, the fuel efficiency falls below its maximum
passible level .

On the other hand, if the combustion air is insufficie the effi-



Figure 6. Because fuel does not 'burn completely without sufficient air,
a deficient air supply not only causes a severe loss nf f»cl efficiency but
al so constitutes a safety hazard. Vhe residual s ot an incompletely com-

busted fuel such as snot or ash may deposit on the heating surface, causing
overheating. Or they may escape the fl»e as smoke and pollutants.

To assure complete use of fuel, a properly control led comh»stion should
allow IO to 20 percent excess air. This control can he achieved by using

forced draft system to regulate the air-fuel ratio, To determine if a
correct adj ustment has been achieved, test the flue gas »sing Orsat analy-

sis or an oxygen indicator.

8. Fouled 1feating Surface

A fouled heating surface reduces heat transfer from the combustion

gases to the water. The major symptom of this problem is increased flue-
gas temperature. Unfortunately, a number of conditions tend to obscure

this indicator. For example, deficient combustion air a»d fouled or eroded

burners tend to decrease fl»e-gas temperat»re. This decrease could offset

the increases due to a fouled heat transfer surface. ln addition, priming,

foaming, and carryover can cause excess water in the discharge steam

line, increasing the flue-gas tem-

perature, Thus, it is important to

insure that these latter conditions

do not exist before usi,ng flue-gas

temperature as an indicator of heat-

transfer surface fouling, If this

precaution is taken, the change with

time of-' the flue-gas temperature

FLUE GAS TEMPERATURE

0-

> 70

O

4
uj 50

indicates the amount of fouling. Of

course, the flue-gas temperature30
50 100 150 200

/o THEOR ET I CAL AIR
should be approximately equal to

the design value spec.ified by the

manufacturer Any deviation from

normal flue-gas temperature

Fig»re 6. The fuel efficiency as
affected by the amo»nts of air
supplied for combustion in a
boiler.

ciency is greatly reduced. The fue] efficiency can be improved consi«»biy
by simply i,ncreasing the supply of ai r for comb«st ion from SO percent to
IOO percent of the amount required for a complete comb»stion, as shown in



 assuming proper combustion air burner operation, etc.! indicates fouling.

A visual inspection of the boiler tube surfaces will reveal fo»ling

if present, This fouling includes corrosion and scale formation on the

waterside as well as the deposit buildup and corrosion on the fireside.

Such fouling direct ly affects the heat transfer, which can be monitored

by the installation of chordal thermocouple tubes in the tube wall. Peri-

odic checks of tuhe metal temperatures can signal the buildup of harmful

deposits. When nec essary, internal cleaning can be performed to avoid

overheating damage

C. Insufficient Heating Surface

Insufficient heating surface limits the amount of energy transfer

between the hot gases and water, resulting in a high flue-gas temperature.

The flue-gas temperature should be compared to the minimum allowable tem-

perature  approximately 250 F for natural gas and 290'F for fuel oil! as
specified for a particular boiler. Any flue-gas temperature in excess of
this minimum value may indicate insufficient heat transfer surface. Addi-

tional heat surface can be installed in the form of an air preheater or

economizer. The installation cost can be paid off in less than one year

for any boiler with a designed flue-gas temperature exceeding 400-425'F,

D. Faulty Burners

A number of problems can occur with burners -- including fouling,
improper design, and material degradation. The result of any of these
conditions will bc. poor fuel -air mixing and subsequent incomplete combus-

tion. Thus, extremely large amounts of air compared with the theoretical

requirement will be needed to allow complete combustion of the fuel. When
a reasonable amount of excess air is used, the Orsat analysis will indi-

cate significant amounts of carbon monoxide and unburned fuel if the burner

is faulty.

Periodic cleaning to free the burners from foreign matter and carbon
residues minimizes Fouling. Pilot burners, ignitio~ equipment, and other
parts should be inspected to insure proper flame performance.



V. OTHER SOURCES OF DEFICIENCIES AND ENERGY LOSSES

A. Leaks

Since a boiler is a pressure vessel, it should be tight -- that is,

free of leakage. Routinely checking the steam pressure, investigating

abnormal ~ater loss, and looking for leaking tubes are maintenance prac-

tires recommended to ensure a tight boiler.

Unless an automatic recorder is used, frequent checking of steam

press»rc is a s»rc way of knowing aho»t any abnormal press»re drops or

increases in a boiler before it is too late, l'or this reason, dependable

pressure ga»ges are necessary, They sho»ld be chcckcd routinely and old,

worn o»t or faulty ones sho»ld be replaced.

Due to a buildup of corrosive deposits aro»nd the bottom of the

valve, a safety valve may fail to open at thc set press»re . It may leak

or even cause safety hazards.

Water losses can he determined by thc water level observed at the

ga»ge glass and/or the amount of makeup water used in a period of time.

In general, a boiler used for a closed system, in which ail steam returns

as condensate, should not lose more than three inches of water per month .

Otherwise, there probably is a leak in the system.

Leaking t»bes ca»se abnormal water loss. An »nusual 'hiss' or a

s»dden demand f' or feedwater without a corresponding increase in load may

indicate a leak. One leaking tube could mean morc faulty tubes. There-

fore, a thorough inspection of the boiler should take place as soon as

possible.

Stcam leakage from faulty valves and joints on the discharge steam

pipes and worn gaskets on cooking vessels can also cause considerable heat

loss. These leaks are generally apparent and sho»ld be corrected immediately.

H. Lack of Proper Insulation

Witho»t proper insulation, heat can escape through the boiler shell,

from the walls of steam pipes, or from cooking vessels such as retorts, An

unins»lated retort may lose more than twice the energy needed to operate it.

Losses due to uninsulated steam pipe may seem insignificant, but they

do, in fact, represent a relatively high energy loss. Figure 7 shows the

expected vearly heat loss of variously sized  diameter! steam pipes, And

the heat loss per foot of uninsulated hot water pipe is indicated in Figure
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C. Improper Operational Practices

Operational procedures and specifications recommended by the manu-

facturer should be closely followed to avoid various di fticulties and

hazards. Priming may occur if the water level in the boiler is too high .

Great energy losses may occur if blowdown is too frequent or the flue-gas

temperature is maintained too high. Stress or waste may result if a

boiler is utilized over or under its capacity. I'roblems can get bigger

and more difficu]t to solve, i f routine checkups are ignored,

Certain economical measures may be considered in order to conserve

energy and reduce operating costs. For instance, cleaning the heating

surfaces periodically, installing a forced-draft system, utilizing a pre-

heater for feedwater and combustion air, adding heat recovery systems,

and using accurate gauges or monitors can all contribute to the economi-

cal operation of the boiler.

VI . HA I NTENANCE

Engineers  ASME'i

Following are the routine maintenance schedules for heating boilers

and hot water boilers as recommended by the American Society of Mechanjcai



A. For Steam Boilers:

Daily  boiler in service!. Observe operating pressures, water
level, and general conditions and correct,

Weekly  boiler in service!.

Test low-water cutoff and/or water feeder. Blow down boiler
if considerable makeup is used.

b. Test water column or gauge glass,

c, Observe condition of flame; correct if flame is smoky or if
burner starts with a puff  for oil, observe daily! .

d . Check fuel supply  oil only! .

e. Observe operation of condensate or vacuum pump.
Monthly  boiler in service!.

a. Safety valve, try lever test.

b . Test flame detection devices.

c. Test limit controls.

d. Test operating controls.

e, Sludge blowdown where required .

f. Check boiler room floor drains for proper functioning.

g. Inspect fuel supply systems in boiler room area.

h. Check condition of heating surfaces  for preheated oil instal-
lation, inspect more frequently; twice a month!.

4 . Annuall y.

a, ?nternal and external inspection after thorough cleaning.

b. Routine burner maintenance.

c. Routine maintenance of condensate or vacuum return equipment .

d. Routine maintenance of all combustion control equipment.

e. Combustion and draft tests.

f. Safety valve pop test,

g. Slow drain test of low-water cutoff.

h. Inspect gas piping for proper support and tightness.

i . Inspect boiler room ventilation louvers and intake.

B. For Hot Water Boilers:

Daily  ' boiler in service! . Observe operating pressures and tem-
perature, and general conditions, Determine cause of any unusual.
noises or conditions and make necessary corrections.

2. Weekly  boiler in service!,

a. Observe condition of flame; correct if flame is smoky or if
burner starts with a puff  for oil, observe daily! .



Check fuel supply  oil only!.

c. Observe operation of circulating pumps.
Monthly  boiler in service! .

a. Safety relief valve, try lever tests.

b, Test flame detection devices.

c. Test limit controls.

d, Test operating control».

e . Check boiler room floor drain for proper functioning.
f. Inspect fuel supply system in boiler room area.

g- Check condition of heating surfaces  for preheated oil instal-
lation, inspect more frequently; twice a month!.

h. Perform combustion and draft tests  preheated oil only! .
Test low water fuel cutoff and/or ~ater feeder if piping arrange-
ment permits without draining considerable water from the boiler.

4 . Annus I 1 y.

a, Internal and external inspection after thorough cleaning.
b Routine burner maintenance .

c. Routine maintenance of circulating pump and expansion tank
equipment.

d. Routine maintenance of ent ire combustion control equipment .
e. Combustion and draft tests .

Safety relief valve s! � pop test.
g. Slow drain test of low water cutoff,

h. Inspect ga» piping for proper support and tightness.
i. inspect boiler room ventilation louvers and intake.

Maintenance and cleaning procedure for specific purposes or situations
can also be found in the ASME Handbook, as well as your manufacturer's
manna 1,

  . Chemical Treatments:

To clean the grease, scale, and corrosion deposit from the internal
surfaces of the steam generator system, alkaline detergent solution may be
applied to remove the oily matter, followed by acidic or basic solvent to
dislodge other foreign materials. However, this type of cleaning is highly
technical and should be supervised by qualified personnel .

The United St..tes Food and Drug Administration and the Department of
Agriculture have approved a list of chemicals which can be used for boiler
water treatment . Only the approved chemicals may be used in an open system



where steam may be in direct contact with food mateXis» .' ~ Ie

VII. BASIC CONSIDERATIONS IN BOILER SELECTION

In selecting an adequate boiler for plant oper x<~o"
criteria should be considered:

A. Capacity, temperature and pressure

B. Future expansion

C . Fuel availability and economy

D. Initial cost of unit

E . Space requirement

F. Insurance policy

Table 3. FDA Approved Additives for Boil er Water Treatment

Acrylamide-sodium acrylate resin
Ammonium alginate
Cobalt sulfate

Lignosulfonic acid
Monobutyl ethers of

polyethylene-polypropylene glycol

Polyethelene glycol
Polyoxypropylene glycol
Potassium carbonate
Potassium tripolyphosphate
Sodium acetate

Tannin

Tetrasodi»rn ED TA
Tet ras odium pyrophosphate
CycI ohexyl amino
Di ethyl am i n oethano1

So di um
Sodium
Sodium
Sodium
Sodium

Hydr az in e
Morpho I i.nc
Octadecyl anIi ne
Trisodim nitrilotriacetate

he xame t aph os pha t e
humate
hydroxide
1 ignosulfonate

* For usage lirni0ahi~s, 2abe2Ii~ z eq~i~qmz«
an other' cie tailsrefer Lo ~he Code of Federa'L,reputations, <gZ~ ~~ i73 3gg
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Sodium
Sodium
Sodium
Sodium

alginate
a 1 uminat e
carbonate
carboxymethylcellulose
glucoheptonate

Sodium
Sodium
Sodium
Sodium
Sodium

Sodium
Sodium
Sodium
Sodium
Sodium

eet asi 1 icate
me t ab is ul f it e
nitrate

pho sph ate
pal ya cryl ate

po1 ymethacryl ate
si 1icate
Rul f ate
sul f ite

t» pol yphosphate



VI I I . CONCI.US ION

A properly m«int«ined boiler can provide maximrrm effici«ncy «ith no

«bnorraal safety hazards. Boiler c«rc mc«ns th» difference between saving

and wasting. Do not let yo»r boiler problems g«t ahead of you, A rout ine

checkup al lows «n c«rly warning so that you can correct boiler troubles

early, eliminating excessive maintcnrncc expenilit»rcs.

This manual provides hasic informat ion anil dr«ws processors' at ten-

tion to the importance of boiler m«intenance. It must, however, be empha-

sized that bailer services should always he sirpcrvised hy trained experts

or professionals bcc«usc of the comlri icnt iona, thc regulatory implications ~

and the potential dangers involved in many of the maintenance Proced»res.

I X. Ri'.Fl-'.RI'.MCI",S

ASM-: Boiler and Pressrirc Vcss»I Code - An American National Standard,
1974  rcvi seri annrr«l ly! . Section 6: Recommended Rules of Care «nd
Operation of lie«ting Boi lers; Sect ion 7: Recoamx.ndcd Rules for Care
of Power Boilers. American Society of Mechanical I'ngincers. New York,
New York 19917.

Annual Rook of AS'N Standards, 1974  revised annually!. American Society
for Testing and Materials. Phil«ilelphia, Pennsylvania 19103.

Dyer, David, and Clcnrron Maples. 19~8. Irr<lrrst rial-commercial-institutional
boilers: Mensrrring «nd improving efficiency. Paper presented February
]-2, 197', North Carolina State University, l>ivi i<n of Continuing
kduc«tian,

I!yer, D,F. ~ G, Maples, J . C, MaXwell, Jr., D, Pride, and W. G. DiCkie, Jr,
197, . Me;rsuring «nd improving the el ficiency of boilers . Paper prepared
for Federal Irncrgy Administr«tion, W«shingrnn, P..C. November, 19"6 .
Contract No. Fl:A-CO-04-B0100-00. Re'vise'.



An Economic Design for an Oyster Shucking Prc'd~chion Line:

A Comparative Study of Four System>

Jose hl. A. Tanchoco and Charles W. Coa]-e ~

I. IMTRODUCT ION

The oyster industry has traditionally relied 4i hl -skilled labor-

intensive methods for shucking oysters. In the pasr. decade, however, t isecade however this

skil.led labor pool has significantly declined. The acldition of a steam
bath process has been shown to improve the labor pradLlctzvzty of the
shucking operation. A steam bath causes a slight opeAing in the shell.
This opening enables the oyster shucker to extract t.he oyster meat from
the skell more quickly than from oysters processed in the conventional
method without the steam bath. In-plant observations of oyster shucking
showed that where shell-stock was passed through a steam bath prior to
the shucking operation, the shuckers increased their productivity by
20-35 percent. The simplified method brought about by the introduction
of a steam bath reduces the skill level required of shuckers. This sim-

plification coupled with the monetary incentives that come with increased
labor productivity will reduce the unit cost of preparing fresh oysters

for market. and decrease the need for a more skilled work force.

The purpose oC this paper is to evaluate a revised work station

design incorporated into oyster shucking production systems and the

corresponding economic analysis complementing the steam bath as a means

to improve capital and labor productivity in the oyster industry.

Five factors that are critical to an effective operation of an

ovster shucking jprocessing pla~t are examined. This is to insure that.

the potentia] for improved productivity with the irjtroduction of the
steam bath is compatible with the total svstem design which inc]udes

shucking work station, the material handling me'thod. and payout. Lom-
parativc cost analyses are then performed to demonstrate the re]ative
economies of alternative production systems.

To realize the potential productivity gains wing

steam bath process, workable management p] ass

implementation, are proposed, These plans are for.
a. oyster shel 1-stock procuremcnt

zng,
b. regu]ation of shell stock flow in sW stem,



ter shuckers,c. training and supervision of oyster
d, preventive maintenance, and

e. sanitation and qual,ity maintenance-

Objectives of the Study

The specific objectives of this study » the following'-

'n rinciples of motionl. To design an oyster shucking work sta'tion»~ g p

economy to improve processing e f f i cie«y ~

2. To examine the effects on labor productivity o selected material

handling methods.

3. To develop and compare alternative plant layouts forts or each handling

method examined.

To examine tho effects of introducing the steam bath Process on
labor and capital costs, savings, and productivity of alterna ive
production systems.

5. To analyze and recommend a workable management plan for personnel
and production line operations.
Each of these objectives is analyzed and discussed in separate

sections of this paper.



II. MATERIAL FLOW FOR OYSTER PROCESSIhl i

There are a number of processing stages required in the conversion of

shell-stock to edible products and oyster meat by-products utilizing the
shells, as shown in Figure I. Beginning from the harvesting stage and in
some cases through a relaying operation, shell-stock is hauled to shucking
houses for further processing. The principal products of the shucking

operations in Virginia are the oyster meat and the shells themselves,

Fresh, fresh frozen, and fresh frozen/breaded oyster meat products make

up the largest percentage of Virginia's marketable products. The oyster

shells are mainly replanted on oyster seed beds, and a smaller portion is

utilized in the manufacture of poultry feed and lime. The oyster shucking

operation indicated by the shaded area in Figure l is only a small part of

the total system. Even for such a small segment of the total system, the

amount of detailed requirements for an economic design of the oyster shuci�

ing subsystem is enormous and necessary.

In the fallowing sections, industrial engineering principles were

applied to derive an improved work station design and to provide alterna-
tive material handling methods and layout arrangements. Four material

handling methods were analyzed:

a manual method complemented hy skatewheel conveyors,

2. a manually operated pallet truck system,

3. a floor mounted horizontal belt conveyor system, and

4. an overhead monorail conveyor system using wire baskets.

A comparison of these four methods was made with and without a steam bath

process incorporated prior to the actual shucking operation,

VII � 3
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FACI LIT> DESIGN CQhlSIDERATIONS

A. Desi.gn of the Work Station
fac il ity i s t. he workThe fundamental element in any products

station. A poorly designed work station ults in a more fatigued
shucker caus ing wide variations in output rates.tes. Such conditions

cause sharp declines in productivity for the entire p anentire lant, Rede-

signing the work station is thus critical, since thence the current method

shucking in existing work stations viol. ates many of the princi-
Ples of motion economy. Labor-intensive operations performed in
these work stations offer opportunities for improvement and signi-
ficant cost reduction.

The design of work stations has been extensively studied par-
ticularly in the manufacturing  metal working! industry. Several
principles, known as 'laws of motion economy, ' have been developed
as a result of these studies. The following principles were judged

to be directly applicable to an effective design of a shucking work

stat ion:

a. fixed locations should be provided for all

tools and materials,

b. gravity bins and drop delivery should be

used,

c. all material s and tool~ should be located

within an effective area in both the vertical

and horizontal plane,

a comfortable chair should be provided for the

operator and the height arranged so the work can

be efficiently performed by the operator alter-
nately standing and sitting

proper illumination, ventilation, and tempera
ture should be incorporated

visual requirements of the work station should

be considered so eye fixation dern nd»re

minimized,

g rhythm is essential to the smooth and automatic

performance of a shucker, and the wo k h I
be arranged to P"~ ~~ easy and nat r l rhythm
in the shucking operations



h. investigate the possibility of powered or semi-

automatic tools.

The app!ication of these principles in conjunction with the use
of anthropometric data as shown in Figure 2 resulted in a recommended
shucking work station illustrated in Figure 3. A prototype of this
shucking table has been f'abricated in the Manufacturing Process

Laboratory of the Industrial Engineering and Operations Research
department at Virginia Polytechnic Institute and State University.

conveyor handling system,  b! the pallet truck handling system,
 c! the floor-mounted horizontal belt conveyor handling system, and
 d! an overhead monorail conveyor handling system.

Operational characteristics of each system are first described.
Oetermination of the areas required per shucker is then made for each
system  Figures 4a, 5a, 6a, and 7a! and layout arrangements illus-

trated  Figures 4b, 5b, 6b, and 7h!.

I. The Skatewheel Conveyor Handling System  Skatewheel Conveyor!

Under this system, shell-stock is placed on containers which
are loaded manually onto the skatewheel conveyor located in the

aisles adjacent to the shucking work stations. The shucker has

easy access to the containers. The shell-stock is then dumped

into a bin on the work table and the empty containers are stacked

at fixed locations along the aisle and returned via a dolly for

refill. The skatewheel conveyor is utilized tc facilitate the

horizontal movement ef shell-stock serving the same function as

the wheelbarrow, a method currently used in several shucking

houses.

For this system, the total area

work station, the shucker space, the

required for the shucking

skatewheel conveyor, and

personnel aisle is l6.67 square feet per shucker  see Figure 4a!.

2. The Pallet Truck Handling System  Pallet Truck! - A pallet truck

is a non-motorized lift truck of low

capacity. Its function is basically

to intermediate load carryzng

f' or the horizontal movement

B. Material Ilandl ing Systems

Four material handling systems to transport shel I-stock to the
individual shucking work stations were considered:  a! the skatewheel
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Figure 3. Drawing of prototype shucking work station
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of material s over a wide area. As with other types s of lift

t,rucks, the fork is inserted under a pallet on «P o of which are

the containers fil led with the shell-stock. A numbeer of shell-

'" "s ca" "e ~tacked on top of the pallet but but limited

pacity of the equipment or by the load bearing
The volume of oysters carri pi ed er

«te at which shuckers can completete the

the oysters in each container. One shel.l-sell-stock

by this method. This system needs a total
q"are «et per shucker inclusive of the aisle

qu" " by »th personnel and equipment  see Fi e S

orizontal Belt Conveyor Ilandling System  il lt
Conveyor! - A horizontal rubber-belted conveyor with an end-
drive unit is sufficient for the purpose of delivering the shell-
stock to each of the shucking work stations. The shell-stock
is initially dumped on top of the moving belt conveyor and, as
each shucker requires additional shell-stock, a diverter is
activated to provide an adequate amount to fill the shell-stock
bin on the shucking tables. The effective utilization of a

belt conveyor system requires that the top strand of the con-

veyor be 1 t i s posit i oned at the same e1evat ion as the top of

the shell-stock bin. This positioning facilitates the delivery

of' shel 1-stock to the bins since gravity is utilized, but the

"drop" di stance should be minimized for maintenance of the pro-

duct quality.

An advantage of the belt conveyor handling method compared

to the skatewheel conveyor and the pallet truck handling systems

is the reduced effort involved in the continuous delivery Of

shell stock to individual work stations. The area required per
shucker under this method is identical to the pallet truck system,
lg,67 square feet, inclusive of the conveyor equipment space,
the operator work space, and a personnel aisle  see Figure 6a!.

4, Overhead Monorail Conveyor System  Wnorail Conveyor! - Under
this method, shell-stock is loaded into containers from a fee

hopper. At the work statio~, the shell-stock is either manually
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or mechanically dumped into the shell-stock bin at the work st.a-

pion. The basic principle involved in the use of this system

is identical to the belt conveyor system. However, the trans-

portation medium for the monorail system is a wire basket or an
equiva!ent container The container is connected to a contin
uously moving chain driven by a variable speed motor. A vari-

able speed motor is needed to periodically adjust the conveyor

speed to the shucking rate.
The total area required for each shucker using the monorail

conveyor system is 14.67 square feet [see Figure 7a!.

C. Introduction of Steam Bath

The preceding discussion focused entirely on the handling methods
for the delivery of shell-stock to the shucking work stations where
the oyster meat is separated from the shells. The application of
steam to the shell-stock through a steam bath can now be discussed.

Without the benefit of the steam bath process, the average output

rate at a single shucking work station is estimated at 1.13 gallons of
oyster meat per hour. Subjecting the shell-stock through a steam bath
process yields an output rate of approximately I .50 gallons of oyster
meat per hour, a 33-percent increase in output. Using these output
rates, a table  see Table 1! was constructed showing the number of
shuckers required at various levels of outputs ranging from S0 to
500 gallons of oyster meat per day, The total floor space area
needed at each output level for the various material handling systems

discussed earlier is contained in the same table.

D. Plant Layout Considerations

Based on the four handling systems previously discussed and and the

shell-stock processed with or without the steam bath, eight possible
combinations of handling and processing systems could be designed-
Of these eight systems, the fo], lowing four constituted the more

feasible alternatives:

I. Without Steam Bath

A. Skatewheel Handling System

B, Pallet Truck !Iandling System
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II. With Steam Bath

A. Belt Conveyor Handling System

B. Monorail Conveyor Handl ing System

It is meaningless to discuss the physical layout arrangement of

work stat ions and equipment without defining a desired plant output

level. Consequently, an output level of 250 gallons of oyster meat-

per day were chosen and used as an average output per day of a

typical oyster processing plant in Virginia, The total number of

shucking work stations required for the four systems considered were

28, 2B, 21, and 21 for systems IA, IB, IIA, and IIB, respect.ively.

'I'he corresponding layout arrangements for these four systems are

contained in Figures 4b, Sb, 6b, and 7b. Note that, for Systems

IIA and IIB  Belt Conveyor and Monorail Conveyor Systems, both with

steam bath!, a wire-mesh conveyor was used as the transporting device

to carry the shell� -stock through a steam bath process. The shell-

stock was subsequently dumped into a chute feeding the main conveyor

line. The layouts in Figures 4b, Sb, 6b, and 7b are the results of

careful study and analysis. A minimal use of space was achieved in

each of these layouts and flexibility in terms of expansion has been
built in.

A summary of the various requirements  building, equipment, and

personnel! arc given in Table 2 for comparison. These figures formed
the basis for the economic analysis.
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IV. ECONOMIC ASPECTS OF COMPARABLE OYSTER SHUCKING PRODUCTION SYSTEMS

Facilities and equipment were standardized for each of the fou»I«r
native production systems so that oyster shuckers may produce oyster meat
of comparable quality. These systems were designed to produce 250 gallons
of oyster meat per day. In-plant observations of oyster shucking showed
that, where shell-stock was passed through a steam bath prior to the
shucking operation, workers increased their shucking productivity by
20-35 percent over shucking operat ions without steam. Each production
line varied in facility and equipment costs depending on the engineering
organization of resources among the four production systems analyzed-

A. Comparative Costs of Oyster Shucking Production Systems

The comparative costs for oyster shucking production systems

described in this paper sho~ed values for facilities, equipment, and

labor utilization  see Table 3!,

Comparative costs for each production line faci lity were allo-

cated to floor space requirements for shucking tables, aisles,

material handling equipment, oyster shucking personnel, and, when

applicable, a steam tunnel. Fquipment costs for each system were

compared and allocated to oyster shucking work stations, conveyors,

monora ils, pallet truck, and steam tunnel. A comparison of labor

productivity was also made.

Skatewheel Handlin S stem � The costs of space for this pro-

duction system werc allocated to shucking work stations, aisles,

personne], and material handling equipment. The total facility cost.

for this production alternative amounted to $9,333.20. A high per-

centage of floor space costs in this system was assigned to shucking

work stations  about 32 percent!, the adjacent aisle space  about

32 percent!, and the shuckers  about 24 percent!. Eighty-eight

percent of the space costs were devoted to the oyster shucker and

his work station, and the remaining twelve percent to the skatewheel

handling system utilized to supply shuckers with shell-stock. The

equipment costs consisted of 28 shucking tables  about 89 percent!

and a roller skatewheel conveyor  about ll percent!. In-plant

observations showed that 28 shuckers were needed to operate at a

capacity of 250 gallons of oyster meat per day.
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pallet Truck Handlin System � The cost of $8,213.20 of space in
this system was allocated to shucking work station, aisles, and Per-
sonnel. Thc major cost of building space in the line was assigned «
the shucking work station  about 36 percent!, aisles  about 36 per-

cent!, and personnel  about 28 percent}. The pallet truck supplying
shuckers with shell-stock utilized existing aisJe space with a realized

cost savings.

The equipment costs to make this system operational were allo-

cated to shucking work stations and a pallet truck; about 69 percent

to the shucking work station, and about 31 percent to the pallet

truck. This production system utilized 28 shuckers to operate at

! t 5 capaczt y ~

Belt Conveyor !!andi in S stem � The fac i I ity cost s for the belt

conveyor system were designated for building space, shucking work

stat ions, aisles, shuckers, material handl ing, and steam tunnel equip-

ment. The cost for this alternative production system amounted to

about $11,850.00. A relatively small cost for space was assigned to

the shuckers' work stations  about 19 percent!, for aisle space

 about 26 percent!, and for oyster shuckers  about 14 percent!. A

larger portion of costs was devoted to equipment spaces such as the

stcam tunnel  about 24 percent! and material handling space  about

17 percent!.

The equipment costs in this alternative were allocated to

shucking work stations {about 31 percent!, belt conveyors  about 24

percent!, and a steam tunnel  about 45 percent!, This production

system utilized 21 shuckers to operate at its capacity.

Monorail Conveyor Ihand] in S stem � For this produrtion

system, the building costs and the costs of the steam tunnel and

material handling equipment amounted to $9,760.00. It was broken

down as follows: work stations  about 23 percent!, aisle space

 about 30 percent!, shucker space  about 17 percent!, conveyor space

 about 1 percent!, and steam tunnel  about 29 percent!,

The equipment costs for the monorail system amounted to

$12,973.00. They were divided among shucking work stations  about

33 percent!, conveyor equipment  about 21 percent!, and steam tunnel

 about 46 percent! . The reason the conveyor cost is high compared to



the other equipment is the higher fixed cost of a short conveyor.

This production system utilized 21 shuckers to operate at its capa-

city.

Comparative Cost Savings of Four Oyster Shucking Production Lines
The total and average costs of oyster shucking operations for

the four production systems were estimated to determine whether any
of these four designs offered significant cost savings to oyster

processors  see Table 4!. Facility, equipment, and labor costs were
estimated on the basis of capital and labor productivity for the oyster

shucking operations with and without the steam bath. Building cost s
were estimated on the basis of $20.00 per square foot. These values

were applied to the analysis of each of the four production lines.
Cost amortization schedules for building were based on a 30 year

repayment period, an interest rate of 20 percent, and a repayment
schedule based on 12 equal yearly payments. Equipment costs were

estimated on the basis of industry and engineering data. Equipment

costs were amortized on an 8 year repayment schedule, an interest

rate of 20 percent, and 12 equal yearly payments. All four pro-
duction systems were rated at an output capacity of 280 gallons of
oyster meat per day to provide an equivalent basis for evaluation

The Skatewheel liandlin System � The total and average costs

for operating the skatewheel system without a steam bath were the
second highest of the methods studied. The total operating costs for
the shucking operations amounted to $97,529.00 for producing approxi-
mately 30,000 gallons of oyster meat in a season �20-day period].
The average operating costs per one gallon of oyster meat was $3.2S.

The amortized costs of the building space were estimated at

$1,87I.S2 or the second lowest of the four systems analyzed. Equip-
ment costs, on a yearly payback schedule, amounted to $1,S77.76,
the lowest cost of the four systems. The total fixed costs for

building space and equipment amounted to $3,449.28, the lowest
value of the four.

Labor costs incurred in utilizing this production system

amounted to $94,080.00 per season for the estimated 28 shuckers.
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The total cost  building, equipment, and labor! ut'ilizing the

skatewheel conveyor without a steam bath amounted to $97,529,00.

estimated cost figure does not include the cost of utilit ies

heat, lights, and water. The average cost of the shucking operation

per season amounted to $3.25 per gallon, which is the third highest

cost of t.he four production systems studied.

Pallet 'lruck 11andling System � The total and average costs for

operating this system were the highest of the four production lines

studied. The total cost amounted to $97,763.52 per season. The

average cost was $3.26, the highest average cost for the four pro-

duction systems.

The amortized value of building space was estimated at $1,646.SR.

Building space cost for this system was the lowest of the four sysrems

analyzed. Equipment costs, based on the amortized schedules, amounted

to $2,036.64, the second lowest figure of the four systems. The total

cost for building space and equipment amounted to $3,683.52. This

was the second lowest cost of the four production lines in the study,

Labor costs incurred for a seasonal output of oyster meat amounted

to $94,080.00. As in the skatewheel handling system, 28 shuckers were

needed to operate this system.

The total cost for this production line operation amounted to

$97,763.52, exclusive of utility cost. The average cost amounted to

$3.26. This was the highest operating cost for any of the four sys-

tems studied. Although the comparative cost analysis showed the pallet

truck system to offer the lowest cost of construction and equipment,

its operating costs were calculated to be the highest of the four

production lines, However, there appears to be no significant

difference between the operational costs of the skatewheel and the

pallet truck handling systems without a steam bath. The decision to

select either of these production systems should be based on factors

other than costs.

Belt Conveyor Handling System � The total and average costs for

operating this system were significantly lower than the skatewheel

and pallet truck systems. This product ion line introduced into the

shucking process a steam bath which treats shell -stock prior to

delivery to the shucking work station. The total operating costs for

VII � 23



the horizontal belt conveyor system amounted to $76, 299. 24 for pro-
u""g '»" "'mat y 30 000 gallons of oy ter meat in a l20-day

ve»ge cost of this yearly operation amounted to aonrox-

There appears to hc clearly signi fi.cant. rant reductions

y '" roducing the steam bath inta the shtick>ng process.
yearly "ortized cost for building space was estimaestimated at

equipment at $3,363 00 for a total amount of $5,739.24.
elt conveyor system, building space is the most expensive

of the four systems studied.

l.abor costs incurred in operating this produ~<ion
to $70, gbp. 00 pe r season, Twenty-one ayst.er shuckers were requzred
to operate this system at its capacity.

The total cost of operating a conveyor belt syst" W~~~ ~
bath amounted to $76,229.24. This estimated cost fi.gure did not
include the cost o f utilities -- heat, lights, wat.er, and steam
The cost of operating this system should be higher than stated because
the cost of stean> which was not accounted for should slightly increase
the overall operating cost. The average cost at its rated capacity
foz' one season was $2.84 per gallon. This was the second lowest
cost of the four production systems studied. The difference in the
operational cost between thi» system and the skatewheel and the
pallet truck systems without steam appeared to be significant,
'I'he decision to select this method over the first two methods could

be based on red»ced costs. Other operational factors also favor the

selection of this system.

for oPerating this system werc about the same as the bel,t conveyor
system, but were significantly lower than the skatewhe l
pallet truck systems. This productio n line featured
did the belt conveyor system.

The total operating cost for the overhead mo~

amounted to $75,779.04 per season, and the average
$2. 53, Thi s was t he lowest average operat ing «s+ fo t e our systems.

The amortized cost of building space was estin>at d t $I 957 08n>ated at $I,957 08
or the second highest annual cost of the four systen> en>s. Equipment costs,
based on an eight. year payback, amounted to $3,26l. 96, hthe second



highest cost of the four systems. Total cost for building space and
equipment amounted to $5,219.04, or the second highest value of any
system.

Labor costs incurred in operating this product.ion line at

capacity amounted to $70,560.00 per season utilizing 21 shuckers.
Total cost for operating this system amounted to $75,779 04

This estimated cost figure did not include the cost of utilities
heat, light, ~ater, and steam. The cost of operating this oyster
shucking production system should be higher than the stated average
cost since the unaccounted cost of steam would increase the average

cost slightly. The average cost of this system amounted to $2.52
per gallon of oyster meat. This was the lowest average cost of the

four production systems studied.
There was a significant difference in the average cost between

the monorail conveyor system and the skatewheel or the pallet truck
handling systems, and the decision to select this production method
over the skatewheel or pallet truck handling systems should be on
reduced operating costs or other operational factors. iiowever, the
decision to select the monorail conveyor system over the horizontal

belt conveyor system should be made primarily on non-cost factors
since no significant cost di fference appeared in the analysis.

C. Summary of Comparative Costs and Savings for the Four Production

Systems

The building costs for the four production systems varied
between $8, 213 .00 and $11, 850 . 00 The lowest cost facility was

the pallet truck handling system. The total cost of this system
was lower because the supply of shell stock to oyster shuckers was
provided in the existing aisle space. The highest cost for building
space was in the belt conveyor system. although space for per-
sonnel was reduced because of the layout design greater space was

needed for the support systems related to equipment. specified for
conveyors and steam tunnel .

The equipment showed greater variation in price among the four
systems. The least expensive production line was the skatewheel
handling system. Th«quipment specified for this system was valued

VII - 25



at approximately 50 percent of the cost of a belt conveyor system.
The belt conveyor system required the most expensive equipment of the
four systems studied.

The total facility  building and equipment! cost for the skat~-
wheel handling system was the least expensive of the four. The most
expensive system was the horizontal belt conveyor system. Lowest
cost systems do not necessarily yield the lowest operating cost.

This concept is examined in greater detail next.

There were significant differences in the operating costs among

the four production systems studied. The operating costs were sig-
nificant ly lower in these systems in which a steam bath treated the
shell-stock prior to shucking. The skatewheel and pallet truck hand-
ling systems incurred the highest average operating costs of $3.26
and $3.25 per gallon of' oyster meat, respectively. The lowest aver-

age operating costs per gallon of shucked oyster meat were obtained
from the belt and monorail conveyor systems which showed an average

cost of $2.54 and $2.52, respectively.

The average cost savings derived from the belt and monorail

conveyors with the steam bath clearly showed a significant advantage

over the skatewheel and pallet truck handling systems without a

steam bath, The steam bath, utiliz.ed as a gaping method for opening

the oyst.ers, is an important component of the more productive systems.

The cost reduction potential offered by the two conveyor systems

belt and monorail -- provide significant incentives to oyster pro-

cessors f' or their installation and operations in the shucking opera-

tions of the industry.

'l'he management dec.ision of whether to select a belt or mono-

rail conveyor rested with pr'oduction factors of shell-stock procure-

mcnt and handling, in-plant shell-stock flow, labor management, pre-

ventative maintenance, and sanitation and quality maintenance.
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I.abor productivity gains werc significant for those systems incor-

porating a steam bath in the production line at comparable output levels,
This increase in labor productivity reduced the number of shuckers and

the building space and equipmcnt needed to produce at comparable output

levels.

A sample of oyster processors showed that processing plant output

in Virginia averaged about 250 gallons of oyster meat per day. Twenty-

eight shuckers were required to produce this output level in the operations
without a steam treatment and 21 shuckers in production systems with a

steam hath  Table 5!. The labor savings realized from the reduction in

the number of shuckers from 28 to 21 amounted to $19,520.00 for a 120-day

period, a 22 percent decrease.

The absolute labor savings increased as the scale of plant increased

with more shuckers added to the production lines utilizing a steam bath

 Table 5!, At each level, a plant was also operated by a labor force

of about 25 percent less shuckers in systems with a steam bath.

V I, A hIANAGEMENT PLAN FOR REALIllNG POTLNTJAI. PRODUCTIVITY GAINS FROhf ALTER-

NATIVE OYSTFR SIIUCKING SYSTEMS

A management plan for realizing potential productivity gains from
the four oyster shucking systems studied included subordinate plans for

maintaining adequate shell-stock for the system to operate at plant

capacity, maintaining optimum flow rates of shell-stock to oyster shuckers,
assigning, supervising, and training an adequate labor pool of oyster

shuckers, maintaining the operating effectiveness of the engineering

plant, and implementing a quality maintenance and sanitation program.
The systems described in the four production designs fell in two

basic work-oriented categories -- with and without a steam bath appli-

cat.ion. Those engineering designs featuring a steam bath application
included a floor-mounted horizontal belt and an overhead monorail conveyor

systems, and those systems operating without a steam bath application

included the skatewheel and pallet truck handling systems. The systems

were labeled 'With Steam Bath process' or 'Without Steam Bath Process.'
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With Stcam Bath Process � A critical time-period for managing this

system is the interval when the shell-stock is treated in a steam bath

to cause a slight opening of the oyster shell. This opening allows the

shucker to extract the oyster meat from the shell more easily. Ilowcver,

shell-stock should be treated in a steam bath cycle only long enough for

the oyster to open its shell, but not any longer. A prolonged exposure

of the shell-stock to steam tends to cook the oyster meat thereby reduc-

ing its quality as a fresh oyster product.

Without a Steam Bath Process � A management plan for implementing

oyster shucking systems does not differ significantly from the work

methods currently applied in the oyster industry. The material handling

systems supporting the shucking methods without a steam hath treatment

differs only slightly from the manual or mechanized delivery systems

utilized in oyster processing plants.

A, A Management Plan with a Steam Bath

Productivity gains expected from passing the shell-stock through

a steam bath were 20 to 35 percent over the productivity of the sys-

tems not utilizing a steam bath. The production lines illustrated

in this analysis featuring a steam bath showed an estimated average

gain in labor productivity of about 24 percent, regardless of output

rates.

An overall management plan for realizing potential productivity

gains from a steam bath consisted of a shell-stock procureme~t and

handling plan, a plan for regulating in-plant shell -stock flow, a

plan for supervising and training oyster shuckers, an engineering
design and preventive maintenance plan, and a quality maintenance

and sanitation program Fach subordinate plan noted should be inte-
grated into a master management plan to insure productivity gains

from the steam bath systems.

A Shell-Stock Procurement and Handling Plan � A steam bath

treatment for shell-stock simplified the method of shucking. The

new shucking method reduced body fatigue of the shuckers and enabled

them to work for longer daily time periods resulting in higher out-

put rates. A plan should insure that additional quantities of

shell-stock are available to support extended working hours should

two work shifts be feasible-



aridling methods of
A steam bath treatment also changed the

quantities wereshell-stock being supplied to shuckers. Smail
monorail for a steamloaded on the conveyoz and in baskets for the

requires morebath treatment. This handling procedure probat
effort by the worker in the shell-stock room ]ceep shuckers

adequately supplied.

These two demands focus attention on a ma>ag a ement plan that

calls for an adequate supply oF shell-stock and a well-trained handler

supplying shuckers with shell-stock,

A plan for Regulatin Shel]-Stock Flow in Steam Bath Svste s-
A key variable For rea] izing maximum labor productivity from a
s'team bath treatment is time. The importance of time is illustrated
by the following example The shell stock is conveyed through a
steam bath at a defined rate, Once the shell-stock exits the steam

bath, it is moved continuously or in batches to the shucking work
stations. The delay between the time the shell � stock exits the
steam bath and the time the oyster meat is removed from the shell

should be minimized. The in-plant shell-stock flow rate should be

regulated so that a small volume of shell-stock is waiting to be
shucked. The shucking work station was designed for steam-treated

shell-stock to move toward the shucker in the order that it exits

the steam bath. Excessive time delays may cause the oysters to

close their shells together, causing a loss in worker productivity.

A cooking effect may also take place should the shell-stock remain

unshucked due to the high temperature of the shell. Shucking the

shell-stock immediately after the steaming process reduces this

undesirable effect,

The two material handling systems  belt and monorail conveyors!

reduced the time delay bY their design and application The fl

mounted horizontal belt conveyor sYstcm had the capab lity tp
oysters continuously. The shuckers could keep only e
stock to shuck in a reasonable time period witl out

being piled up in the work station holding bin
came off of the conveyor, the inclined panel

allowed the shell-stock to be pushed toward thz



"first in" and "first out" effect. This procedure insures the

quality of the oyster meat because of its rapid transit through the
production line.

Thc overhead monorail conveyor, on the other hand, operated on

the concept of a batch process. This system transported the
stock in a wire basket containing about ]/" bushel of shell-stock,

As these baskets were conveyed in front ot a shucker, the entire

shell-stock was dumped into the bin on top of the work table,
this procedure, delays in shucking might have occurred that
not present in a belt conveyor handling system. The batch proce~s
supplied more shell-stock and the order of shucking might not a]ways
result in a "first in" and "first out" flow.

Observations showed that shucking work stations near the steam

bath were highly preferred by the shuckers. Aggressive shuck rs
tended to position themselves near the entrance of the tunnel for
access to freshly steamed shell-stock. The flow of shell-stack to
work stations had to be controlled to minimize the delay in con-

veying shell-stock from the steam bath to the shucking station.
In order to effectively maintain the flow of shell-stock to the

shuckers, a management plan must include an appropriate plant
layout, an adequate supply of shell-stock, and a shucking force
trained and supervised in fundamental work methods.

A ]'Ian for Su ervising and Training Oyster Shuckers � The pro-
duction lines containing a steam bath changed the oyster shucking
work method slightly. The most important aspect of the modified
work method was to reduce the de],ay time between the steam bath and
the shucking of the oyster from the she]l, Oyster shuckers shou]d
be trained and supervised in the steps of the modified work methods.
This training and supervision shou]d insure that the potential pro-
ductivity gains are realized through the modified work method,
that the quality of the oyster meat is maintained.

The steam process should enlarge the ].abor pool available to
the industry hecause of the reduced ski]l ]evel needed to perform
the oyster shucking operation This shou]d enable the processing
industry to increase the dai ly hours of operation should
necessary to increase oyster meat output.



An Fngineering and Preventive Maintenance Plan � Management must

incorporate an effective engineering design for the potential pro-

ductivity gains to be realized through the application of the steam
bath to shucking operations. The principles of motion economy and
material handling must be used in designing a production system.

Prototype design» of four production systems were illustrated.

The proposed systems minimized construction and operating costs

because they made effective use of building space. The design of

the shucking work station incorporated the principles of motion

economy which minimized the motion s! of the shuckers during the

shucking operation. These principles included the application of

gravity flow designs to the storage bins for shell-stock and mini-

mization of the reaching and moving functions of the shucker's body

in picking up shell-stock, removing the oyster meat, depositing the

oyster meat into cans, and discarding the oyster shell. Caution

should be exercised when utilizing the gravity flow methods. Oysters

may lose weight and quality if dropped excessive distances in a

modified work routine.

These modified shucking work methods and work station designs

contributed to potential productivity gains. I/owever, the gains may

not be realized unless a complementary preventive maintenance pro-

gram is implemented. The two systems utilizing a steam bath � � the

belt and the monorail conveyors -- consisted of many mechanical parts

of which a certain failure rate might be expected. A qualified

maintenance worker should be employed to repair any breakdowns in

the system. To complement a maintenance worker, an adequate supply

of spare parts should be inventoried for potential repair needs.

A Quality Maintenance and Sanitation Program � The shelf life

in the market place of oyster meat depends on an effective in-plant

quality maintenance and sanitation plan. A plan should include

handling procedures for shell-stock  temperature maintenance! and

for oyster meat  shucking, blowing, and packing procedures!. A

cleaning and sanitizing program should be developed for the shell-

stock holding room, the steam bath  tunnel!, the shucking work

stations and shucking room, and the conveyor system, Particular

attention should be directed to a regular cleaning cycle of the

VII - 32



steam tunnel, the shucking work stations, and the conveyor systems.

The overhead monorail conveyor requires minimal cleaning and sani-

tizing. There is a cost/quality trade-off in the batch process with

a monorail delivery system in that it is easy to clean because the

machine is not in touch with the shell-stock conveyed through the

system. As for the belt conveyor system, the flow of shell-stock is

continuous but the down time for cleaning is greater.

8. A Management Plan Without a Steam Bath

Productivity gains of production systems without a steam bath

were expected to equal output of traditional oyster shucking systems,

or at rates of 20 to 35 percent less than systems with a steam bath.

An overall management plan for operating an oyster production

system without steam treatment was much more simplified than a steam

bath system. Management plans supporting these systems consisted

of a shell-stock procurement and handling plan, a plan for super-

vising and training oyster shuckers, an engineering and material

handling plan, and a quality maintenance and sanitation plan.

A Shell-Stock Procurement and Handling Plan � A procurement

and handling plan for shell-stock in production lines without a steam

bath closely paralleled manual or mechanized industry practices.

Shell-stock handlers supplied shell-stock to oyster shuckers by a

skatewheel conveyor or a pallet truck. These handlers delivered

several bushels of shell-stock to each work station at a time.

Their major concern was keeping an adequate supply of' shell-stock

in front of the shuckers.

A Plan f' or Training and Supervising Oyster Shuckers � Oyster

shuckers working on production lines without steam treatment faced

a task of shucking oyster meat from a tightly closed shell-stock.

Training methods for these shuckers focused on the application of
traditional work methods in the use of oyster mal lets and knives

and the related motions in the shucking process. A principal duty

of the supervisor was to monitor the discarded shell-stock to insure

shuckers were not throwing away the smaller oyster shell-stock arid

reducing the shell-stock yield and marketable oyster meat as a result.
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An En ineering and Material Handl in Plan � The engineering
plan in this set of systems focused on an effective design of a
shucking work station and its associated material handling system-

Relatively little coordination was needed to supply the oyster

shucker s w it h shell - stock,

A Quality Maintenance and Sanitation Pro ram � A plan comparable
to the stcam bath system was nccdcd to prolong shelf life of oyster

meat. The principal difference was the absence of the conveyor sys-

tern and its more frequent cleaning and sanitizing needs.

C. Summary of the Management Plan

The management plan for production systems featuring a steam

bath was much more complicated than that for systems without a steam

bath and required greater attention to detail. The duties expected
of management to operate the steam bath systems were greater in

number and were more complex in nature. This situation indicated

that the size of management staff and its competence should be

improved to effectively manage a steam bath system. The benefits
derived from the installation of a steam bath appeared to justify

this trade-off to be made.



An Eva lust ion o f the Heat Trans f er Capability

of Two Virginia Oyster Steam Tunnels

J. Kenneth Riggins

A. INTRODUCTION

As the steam tunnel becomes more widely used in the oyster industry,

becomes increasingly important to establish certain criteria to assist

in its proper design and operation. This chapter investigates the oyster

meat temperature and tunnel air temperature as a function of oyster travel

time in two Virginia steam tunnels. This relationship is important in that

it can be used to provide an indication of the tunnel to oyster heat trans-

fer capability. Since design considerations and operational procedures

must insure maximum heat transfer between the tunnel and oysters, the re-

sults gained from this investigation should enhance the future development

of the oyster steam tunnel.

B. TUNNEL DESCRIPTION

The basic features of the conveyor typ» steam tunnel tested in this

study are shown in Figure VIII-l.

I- Tunnel  Il

Oysters are dumped from a hopper located at the entrance and con-

veyed through the tunnel on a steel chain link belt driven by a vari-

able speed motor. A layer of oysters 3 inches thick is maintained on

the belt while steaming.

The tunnel is constructed with a top and two sides. No hot tom is

used. The inside surfaces are boiler plate steel and outside surf aces
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are plywood. Tunnel dimensions are: length, 12 ft; width, 36 in;

depth, 12.5 in. No insulation is used.

In order to reduce steam loss through the end openings, two heat

barriers are Located at each end of the tunnel. The force of the oys-

ters striking the barriers causes them to swing open to allow passage

of the oysters.

Steam is supplied near the entrance to a header supplying fc ur

pipes 1 inch in diameter running the length of the tunnel . Since these

pipes are located beneath the oysters, the injection holes are oriented

upward so that steam can be directed on the oysters on the conveyor
0

belt above. The tunnel air temperature is maintained at about 185 V.

0The tunnel is inclined 7.5 to achieve natural flow of steam

through the tunnel. A hooded exhaust fan at the exi.t vents steam from

the building.

2. Tunnel 82

Gysters are hand shoveled approximately 3 inches deep on to a

steel chain link belt operated by a variable speed motor.

The tunnel is completely enclosed on all four sides and is con-

structed with stainless steel surfaces inside and boiler plate steel

outside. Tunnel dimensions are: length, 12 ft; width, 26 in; depth,

13.75 in. No insulation is used.

Steam is supplied to the tunnel near the mid section. Two pipes

perforated with holes carry the steam through the tunnel. Since these

pipes run along the inside bott.om of the tunnel, the steam injection
0

holes are directed upward. The tunnel thermostat is set at 185 F.

oA 9 incline of the tunnel and a hooded exhaust fan allows the



flow and ventilation of steam through the tunnel and out the building.

One hc»t birrler st each end is «i;ud to prevent steam from escaping

too rapidly.

C. TggT PROCEDURE

Oyster meat tempi'rat«re and t»nnel air temperatiire were recorded on a

data Logger  Honi tor Labs Model 9300, Mani tor Labs, Inc. San Diego, CA

92l3l!. Temperat«res were mens»red by copper � constantan thermocoiiples.

After each test oyster was washed, a 3/l6-inch hole was driLled through

each shel i. Through this hoLe a therm accouple was inserted into the oyster

ment. A Loop of the thermocouple wire waa fastened with a rubber band to

the oyster shel l. tu prevent dislodging nf the thermocouple from the oyster.

A heat resistant put ty compound placed around the driL Led hole prevented

out aid~ heat from enteting the oyster at this point,

Experimental and production ta sts were conducted on each tunnel. In

the experimentaL testa, only test oysters were conveyed through the tunnel.

ln thi' production tests, test oyster r~ were mixed in wt.th a normal batch of

production oysters. This procedure was used so that the effect of the oys-

ter l.iyer thickness could be determined.

Tlie tests  observations! were plot ted as s function of time and are

shown in ' fgures VI II-2 and VIII-3 for tunnel if< and Figures VIII-7 and

VIII-8 fnr tunnel 42. Each data point represents the average eeet tempera-

ture «t a given time of three oysters equally spaced across the conveyor

belt. lwch observation is a plot of the average meat temperature at each

time intervaL in the tiinnel. An average observation was plotted for each

sot of observations.
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tunnel air temperature was recorded by fastening a thermocouple on

outside of an oyster's shell and ppnveving it with the three test oys-

t«s ~ With tunnel PL this was done in onLy one production observation

 Fig- VIII-4! and with tunnel W2, in alL four production observations  Fig.

VIll-9! .

Figures VIII.-S and VIII-10 are plots of the average experimental and

pr««t ion meat temperature and the average tunnel air tempe rature for

t»n«~ kl and P2 respectively.

Average tunnel and oyster meat temperatures are recorded in Tables 1

and 2 . Temperatures were recorded every 15 seconds in tunnel 41 and every

5 seconds in tunnel 82.

Tabl.e 1 . Oyster and tunnel temperatures for tunnel. CL

0ys t e r  pr o duct. ion!
OF

Oyster  exp e r i me n t a 1!
OF

Tunnel
OFTirue  sec!
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Tshlc 2. Oyster end tunnel tetnperstures for tunnel P2

Oyster  experimental!
F

Oyster  graductian!
F

Tunnel
FTime  s ec!
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D, RFSULTS AND DISCUSSION

Initial Oyster Heat Temperature
0

The initia}. oyster temperatures varied by over l4 F depending «

storeroom temperatures. Since an accurate evaluation

transfer performance of the steam tunnels should reflect the use of
equaL starting temperatures for the oysters, an average starting tem-

D
perature was used in all meat temperature tests. The average �2.38 F

was determined by averaging all initiaL meat temperatures. Using
062.38 F as the initial meat temperature, the average tunnel and meat

temperatures fur both tunnels are plotted in Figure VII.I-L2.

2. Regression Fquat ions

T.inear and non linear regression analysis on observation averages

yielded the following prediction equations where x is the independent

variable representing tunnel travel time.

a. Tunnel

0i!, Fxperimental meat temperature, F ~,398x + 65.04
0

2!. Production meat temperature, F = .32l.x + 63.14
o 2

3! . Tunnel «l.r temperature, F ~ 87 ~ 98 + l 586x � .0062x

b, Tunnel 02

l! . ape rime ntal meat tempe.rature,

0 F 56,94 � .3.369x + .01L9x � .000049x
2 3

2! . product ion meat temperature,

0 64.39 � .2353x + .01.2x � .00005x.
2 3

3!. Tunnel air temperature,

0 F ~ 90.45 + I.855x � .PP88x
2

To reflect equal starting temperatures, the regression e �ati

VIII



omodified &th 62.38 F as the starting temperature for all seat temperature

tests.

a. Tunnel Pl

ol!. Experimental meat temperature, F - .398x + 62 ~ 38
0

2! . Product ion mat temperature, F, 32lx + 62. 38

b. Tunnel P2

l! . Fwperimental meat temperature,

0 2 3
F ~ 62,3S � .1369x + .0119x � .000049x

2!, Production seat temperature,

0 F ~ 62.3S � .2353x + .012x � .00005x
2 3

The F and t-tests on the regression variances and estimated co-effi-
2

cients were significant at the .0001 level and all R values were greater

than .98. Tbe regression curves for these equations appear in Figure VIII-

6 for tunnel 41 and Figure VIII-ll for tunnel 42. Figure VIII-13 shows the

regression curves using the actual starting temperatures and Figure VIII-14

shows the curves using equal, starting temperatures.

3. Tunnel Air Tempe rature

The tunnel air temperature in both tunnels follows a similar trend

 Figs. VIII-12 and VITT-13! . Tunnel P2, however, heats slightly more than

tunnel Pl near its ndd section. lligher temperatures near the mid section

of tunnel d? are probabl.y due to the steam supply which is located at this

point. In tunne1 01, steam is supplied near the entrance.

Oyster Heat Temperature

a. Experimental tests versus production tests

Experimental meat temperatures are greater than production meat

VTIT � 12
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teraLreratures in turrne]. ¹1  pig. VII'-5! . This i.s expected since sur-

rounding oysters in the pz'oduct ion tests prevent the igher heatthe hi her heat

t ransfer possible in the experfrm.ntal tests.

in tunnel. ¹2 the experimental meat temperature curve is initially

Lower than the production meat temperature curve

comparing starting temperatures in Figure VII I-XO it can be seen that
0the experirnentaL oysters are approximately 6 F colder than the produc-

tion oysters, accounting for this discrepancy. Upon heat.ing the

oysters, the experimental temperature moves rapidly upward and fin-

ishes higher than the production temperature.

h. Oysters in tunnel ¹1 versus oysters in tunnel ¹2

Oysters in tunneL ¹2 leave the tunnel at higher temperatures

than those in tunnel. ¹1, The characteristic wave in the meat temper-

ature curve of tunnel ¹2  Fig. VIII-13! shows the effect of sunni»inc

steanr near the rrrid section. If steam had been aupplied near the en-

t rance, the sharp increase in rreat temperature near the mid section

would be rrore uniformly spread across the travel tirrM, appearing

similar to the Linear relationship of tunnel

5 - Heat. Trans f e r F f f i ci ency

In order to provide a general. indication oF the heat tzansfez  H.T,!

efficiency «l each tunneL, an expression based on the. ratio of

under the rrodified meat teraperature curve to the area urrder the t�nnel air

temperature curve is used. This ratio represents the pezcentage of avaiL-

able tunnel heat effectively penetrating the oyster and heating the inside

meat. The relationslrip is expressed as:



b
T. Efficiency a 0 ster Neat Te erature!!dx

~ ba Tunnel Air Temperatu«!

Tunnel PL

1! H. T. ef f iciency  product ion!
pl 50

100 0 .32lx dx
150
0 �5,6 + 1.586x � .0062x !dx

24. 55X

2! H. T. ef f iciency  expe rimentel!
150

100 0 .398x dx

~150
0 �5.6 + 1.586x � .0062x !dx

R 30.44

b. Tunnel 42

1! H. T, efficiency  production!
~135 2 3

100 0 � .2353x + .012x � .00005x dx
135

26. 3?X
20 �8.07 + 1.855x � .0088x !dx

2! H. T, ef f iciency  expe rimental!
135

10P 0 -.1369x + .0119x � .P00049x dx3

135 = 32.97X

0 �8.07 + 1.855x � .0p88x !dx

6. Tunnel Travel Time

Research has indicated that the oyster ~at

exceed 120 P to maintai optimum product quality

bring the oyster meat to 120 P is determined by

regression equations.
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Where dx represents the incremental change in oyster tr v 1 time through

the tunnel, and a and b refer to the beginning and ending of the oyster

travel time, For tunnel gl the travel time is l50 seconds and for tunnel

t2 it is 135 seconds. The base temperature of 62.38' P is subtracted from

both the oyster neat and tunnel air temperature equations-



Tunnel 4 I

L! Production Time

a

. 32lx + 62,38 ~ 120' F

x ~ 180 sec. ~ 3.00 min.

2! Experimenta} Time

. 398x + 62. 38 120' Y

x = 145 sec. = 2.42 min.

b. Tunnel f2

I! Production Ti.me

62.38 � .2353x + .012x � .00005x ~ L20' F
2 3

x ~ 117 sec. 1.95 min.

2! KxperimentaL Time

62.38 � .1369x + .0119x � .000049x = 120' F
2 3

x = 102 sec. = L.70 min,

The tonne} travel times calculated from the regression equations are

Longer than the time calculated by Mashburn  see section V!. Since the

tunneL travel time calculated by Mashburn �.66 min.! is based on a constant

temperature di fference of. 130 F �80 F � 50 F! between neat and t«nne}

temperature, the heat Penetration rate of 289 }}TU/hr does not account for

the changing temperature difference between the tunnel and oyster meat.

reality, as the regression curves demonstrate, the heat f Low is constantly

changing since this temperature difference is continuaILy changing ~

289 BTU/hr is expected to be too high since a constant 130' F temperature

difference between oysters and tunnel will not be achieved under

ope rat ion procedures.



7. Average Heat penetration Rate and Thermal Conductance of Oyste«

Mith the conveyor system, the number of oyster Layers on the conveyo~

belt affects the heat penetration and thermal conductance of the oyster's ~

Oysters stacked severaL layers deep wiLL tend to have a lower heat pene-

tration rate and thermal conductance than oysters stacked in a single

Layer. In order to observe this variation due to layering, an average heat

penetration rate and thermal conductance are calculated for both production

 multi-layer! and experimentaL  single layer! tests.

AIthough the heat penetration rate changes in response to changing

temperature cond' tions between the tunnel and oyster, an average rate can

he expressed from the following equation:

q average
L af 0 AC TLT2!dx wherea

q average ~ average heat penetration rate  BTU/hr!

2 2
A surface area of oyster ~ lp in {.0694 f t !

C ~ thermal conductance  BTU/hr ~ ft ~ F!2 0

T ~ modified meat temperature equation  'F!
2

T ~ tunnel air temperature equation  'F!

a ~ time in tunnel  sec!

In order to solve for C, another expression for q average is necessary.

Since 8 BTU is required to bring oyster neat from 50' F to l20' F' and

tunnel travel time to heat oyster neat to 120' F has previously been calcu-

lated  see section V!, q average can be expressed as,

8 BTU

time required to heat to 120' F

Solving for q average and substituting it into the original equation,

avera e
C can be determined. Thus C

1 a
f A {T � T !dx

a
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Tunnel PI

l! Pr<>duction oysters

8 BTLi 60 min.q average ~ x � � ' 160.00 BTH/hr
3. AO mi n. hr

160.00 HTU/hr

.0694 f t / 180
2

l80 0 �5.6 + L.256x � .0062x !dx, F

C - 31.80 BTU/hr ~ ft ~ 'F

8 HTU 60 min.q zv ~ rage 42 i z h l98.35 BPU/hrhr

198.35 HTU/hr
C

.0694 ft, 145
2

145 ' 0 �5,6 + 1. 188x � .0062x ! dx, 'F

C 4l.86 BTU/hr ~ ft ~ 'F

b. Tonne L f! 2

I! Product ion Oysters

8 RTU
q Averag4

246,LS HTU/hr

.0694 f t l. l 7
2

117 0 �8.07 + 2.09x � .0208x +
.00005x !dx, F

C - 47.0i HTU/hr ~ ft 'F

q average - x ' = 282.35 HTU/hr8 HTU eo min.
l .70 min. hr

282.35 BTU/hrC

.0694 f t LA2
2

102 0 �8.07 + l.992x � .0207x +
.000049x3!dx, F

C - 57. 40 RTU/hr ~ ft ~ F0

VIII � 25

2! Fxperimental oysters

2! Fxperimental Oysters

x h 246. L 5 BTU/hr
hr
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R. Comparison of Tunnels

Table 3 shows a comparison of both tunnels. Comparing Production and

experimental results of each t»nnel, oysters heat nrore rapidly in tunnel P2
compared to tunnel Pl and consequently require less sterned-ng time

the heat penetration rate and thermal, conductance values are significantly

higher in tunnel 42. These higher values indicate the greater capability

of tunnels l2 to handle larger volumes of oysters in a given time period or

to steam a given quantity of oystets more rapidly.

The heat transfer efficl.encies of both t»nnels are similar However,

by int roducing the steam supply at the ent rance of tunnel 42, the heat

transfer ef ficiency would be expected to improve since <oysters would be

exposed to a given quantity of steam for a longer time period. This would

also decrease the required tunneL travel time and increase the heat pene-

tration rate and thermal conductance of the oysters.

9, Design and Operation Considerations

The following design and operation considerations are suggested in

order t<> maximize the steam tunnel performance. These suggestions will

improve the efficiency of the steaming process by increasing heat transfer

between the tunnel and oysters.

De sign Cons id e ra t ions

1! Locate the steam suPPly near the entrance of the tunnel.

2! Steam oysters from bottom and top.

above and beneath the conveyor belt could he su lied wl h

st am from two headers, one above and tge other beneath the

belt.

3! Enclose and ins~ late the tunnel on al L sides Also ins ] tp
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al l exterior steam Lines.

Use flexible heat barriers made from rubber or plastic. If

necessary, use severaL at each end to prevent excessive

amounts of steam from escaping the tunnel.

5! Incline tunnel to allow steam to rmve slowly to exit end.

go not incline m>re than necessary. A 4' to 5' angle should

be sufficient.

6! Correctly size exhaust fan. An oversized fart will draw

steam from the tunnel and an undersized fan will not vent

steam adequately,

7! As an alternative to venting steam, use this waste steam to

preheat oysters prior to steaming.

b. Operation Considerations

l! Wash oyr ters before steaming. Mud and debris on the oysters

reduce the heat transfer between the tunnel and oysters.

2! Maintain a minimum oyster layer thickness on the conveyor

belt.

3! Zf oysters are consistently oversteaxed, lower the tunnel

air temperature rather than increase the conveyor belt

speed . If oysters are i onsistent ly understeamed, decrease

the conveyor belt speed rather than increase the tunnel air

temperature,

periodically disconnect and check tunnel temperature gauges.

Replace if the condi.tion or accuracy of the gauge is ques-

tionable.
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smeuev

The folio@i.ng items ~r«ccomplished in this study:

l ~ Data from tvo Vi rginia oystet' steam tunnels ve re compile ed

used to calculate tunnel air temperature and oyster ~at temper

ature predi ct ion equat ious for multilayer and single layer oysters

on a conveyor belt.

2. A method ~as deveLoped to determine the heat transfer capability

of the oyster steam tunnel hy calculating:

heat transfer efficiency between tunnel and oysters,

b. time needed to reach a 120' F meat temperature,

c. heat penetration tate of oysters,

d. thermal conductance of oysters.

'3. Both steam tunnels vere compared based on their heat transfer

capabilities.

4. Design and operat ion procedures vere suggested to improve the
heat transfer capability of the steam tunnel.
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Comments from the I ndu st ry

A. Bill Morgan

The fi rst efforts of steam shocking were done by,f.

Ferguson. Thc method was originally started to increase production
tunnel hy .f. W. Ferguson was built as inexpensively as possibfe be  ause

it was an experimental model. Waving great success with this apparatus
and after many alterations, he later built a more permanent and more

sanitary model of stainless steel.

W. F, Morgan 6 Sons, Inc. built an aluminum model about three months

after Ferguson's first tunnel. This one was intended to be permanent so
considerable cost was involved. »it» a new high pressure boiler and al]

other equipment, the cost came to $I8,000. The next venture of this r~Trc

was a conveyor belt system by Tommy Shackleford.

Roth the Ferguson and Morgan tunnels have baskets on a track system

running through the tunnel. The belt system by Shackleford has a mesh

bett which allows a more even steam heat to penetrate the oysters, The

only drawback in this type of system is the assembly line oF employees.

The employees standing closest to the tunnel will have first pick of the

largest and most open oysters, leaving the smaller oysters for shuckers

at the end of the fine.

In each case, however, production was increased by as much as 3S'a.

There are many factors involved with this operation with which we are

stil I unfamiliar. Absorption of the oyster liquor is one of these factors,

The oyster upon being heated has a tendency to absorb its own liquor in

the shell. This gives the oyster a much better flavor.

We also know that there is less yield after blowing ste»«oyste»

than with conventionally shucked oysters. There are many unknowns
volved in modernizing a food processing industry and we wish to involve

as many agencies and universities as we can to help. Hop«»fy the stcam

shock method will be the first step in the development of automatic

shucking machinery.

We in the industry would like to thank Frank Huang and the rest of the

VPI team for their help and support in our efforts to promote our industry,



R. J. W. Ferguson

I have been given an opportunity to make a few remarks for thxs work-
shop put together by the Virginia Tech Sea Grant Advisory Program and the
National Fisheries Institute. My name is J W. Ferguson, Sr., and
associated with the J. W. Ferguson Seafood Co., Inc., at Remlik, Virginia
ln 1974 I became concerned about the oyster processing industry and began
looking for some way out of the problem facing the industry. The industry
was facing a very serious problem with minimum wage and inflation. People
were leaving the industry and going to better paying jobs, and we couldn' t
blame them. Because of the increase in the cost of living, they could not

make it on their present salary.

I had looked at all kinds of devices to try to shuck oysters, but had
found none that were practical. Because of the size and shape of the oyster,
there was nothing that would do the job commercially. It was then that I
began to explore the use of a steam tunnel. I would like to say at this
point that I appreciate the cooperation given me by Mr. Cloyde Wiley and the
Virginia Health Department. In the summer of 1977, I built a steam tunnel
with the help of my employees. This tunnel was only 17 feet long and tri-
angular shape with a monorail conveyor. The tunnel was built so the conveyor
would pass through the center of the tunnel. We used this tunnel for two
years and in the summer of 1979 we built a new tunnel.

The new tunnel is made of stainless steel and is round, 20 foot long,

30 inches in diameter. It is also covered on the outside with three-inch-

thick insulation. we maintain the temperature of 185-190oF  85-88oC! in

the center and a 170-175 �7-79oC! at each end. We are using a 20 Hp high

pressure Columbian boiler. The conveyor drive has an adjustable motor, and
we set the speed so the oyster will stay in the tunnel for two minutes If

the oysters are large and the shell thick, we expose them to steam for two

and a half minutes.

When the oyster meats are taken out of the shell, they are dropped

into ice and ice water, until they are received at the skimmer window.

can't say this process will keep red oysters off the market, but I can say

we haven't had any trouble with oysters we have shucked using the steam



tunnel in the past three years. VVI has made evaluations oF the tempera-

ture inside the tunnel, and I believe that the oyster meat temperature

ranges from LIO to 120 F �3 to 49 C! when it leaves the tunnel.

Now I want to talk about the economics of shucking oysters. First,

we had the cost of oil for the boiler and the cost of the tunnel, but we

increased our production by about 35'». It meant that our overhead cost

per gallon was sufficiently reduced to offset the cost of the tunnel «nd

oil. Here I'd like to say that the extra oysters that we are shucking

with the tunnel reduced the overhead cost to only $l. 02 per gallon, Nor-

mally the overhead on shucked oysters is about $1.25 per gallon. You can

see that the i~creased production has lowered the overhead cost per gallon.

We were shucking 300 gallons per day previously, and now we are shucking

400 gallons per day. Our payroll for shuckers has i.ncreased from $975 to

$L,500 per day, Our employees who were earning $20 per day now earn

$28-30 per day. Some s,huckers make as much as $50 for a 7» -hour day.

Now we can meet pretty much the minimum wage which is $3. 10 an hour. Our

employees are making up to $6.00 an hour.

I was the first to build a steam tunnel and while I was building the

tunnel, I tried to encourage others in the industry to try the same, know-

ing the industry was in trouble and must try and find a way to decrease

the cost of shucking oysters, and increase the volume of production, be-

cause the more volume you have, the less cost per unit.

QUFSTION: According to your experience, are oysters of poor quality

more affected by the treatment of steam than the fatter oysters as far as

yield and the final product quality are concerned?

ANSWI R: When oysters are poor and only produce 4'-> pints or less per

bushel, there is nothing you can do to improve the quality once they are

shucked. Nowever, I don't find poor quality oysters to be of poorer

quality once they have been steam treated.

QUESTION: What is the regular yield for the regular oyster?

ANSWER: Oysters that are shucking fair-to-good would yield from 5!»

to "> pints per bushel-
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QUESTION; Why did you change from a galvanized wire-mesh
a stainless steel one?

ANSWFR: I recommend using stainless steel for the baskets because
it is hard to keep galvanized baskets clean, for the steam corrodes gal-
vanized ones.

QUFSTION: How do your workers make out on their wages with steam

shucking?

ANSWER: We are paying $3.25/gallon by weight, the same price per
gallon as without the steam treatment, and the shuckers are earning about
35% more per 7'q hour day. For example, some shuckers have been working
for us for over 25 years and their average pay was from $17 to $20 per day.
with the steam treatment their average pay is from $28 to $32/day. All
this is because it is much easier to get the knife into the oyster after

the steam treatment.

QUFSTION: Does that mean that it is easier to train the workers?

ANSWER: Yes, you can take a person who has never shucked an oyster,

and within two weeks, he can make the average of what the house is making.

QUESTION: What kind of insulation do you use in your tunnel?

ANSWER: Polyurethane, 3 inches thi ck, and the insu lat ion for the

whole tunnel and the ends costs about $500.

QU}."STION: How about the exhaust system, do you have some kind of
system in the tunnel to take care of high humidity and the steam that es-

capess from the tunnel?

ANSWER: We are using a 20-foot stainless steel tunnel round in shape

and 30 inches in diameter, with a hood at each end which is raised about

16 inches above the tunnel to trap excess steam and exhaust steam.

QUFSTION You don't experience any problem with high humidity
shucking area'?

ANSWFR; No, we don' t, because we are exhausting just about all of the

steam and the heat with exhaust fans to the outside of the building.



QUI:STION: Does the boiler that you are using have the proper capacity
far the aperation? What would you recommend?

AN'SWFR: I would recommend boi lcrs with no less than a 20 Np capacity,

although I don't »se my boiler for anything else but the steam tunnel. If
you are using the bailer for anything else like heating the building, then
you need a larger boiler. A 20 lip boiler wil 1 suffice if it is only going

to be used for the steam tunnel.

QUI:STION; Now many shuckers can the tunnel serve?

ANSWI:.R: Up to 50 shuckers without any problem. If you add mare
shuckers, then you have to have a longer tunnel. If you want to increase

the number of shuckcrs to '70, I recommend at least a $0-foot tunnel, sa

that the speed would be increased by a third but the oysters would be ex-
posed to the steam for the same length of time.

QUI.:STION: What is your estimate for the total cost of the tunnel?

ANSWFR: The complete cost shouldn't be over $5,000. I used my own

men to install the tunnel; I had it built away from the plant; I bought

stainless steel sheets wholesale and had them welded together. It is a

good hcavy gauge, though I don't know the exact gauge. I can get the in-
formation easily and have it available. The sheets were 4 x 10 ft and
were rol led, spotwelded and then welded together to make a 20-ft round
cylinder. That cost $2,000 and $500 for the insulation. My investment
was about $2,500, but I did a lot of the work with my own crew

QUI-:STION: How is your fuel cost after starting steam shucking opera-

tions as compared to before?

ANSWER: Far a 5-day week we are using about $160 worth of fuel, but
I feel that the extra product ion o f 500 gal lans per week, wi th the same
manpower and the same equipment and building, cuts the cost. Normally the

overhead cost per gallon is $1.25, but these 500 extra gallons that we are
shucking with the steam treatment. are only costing an overhead of about

324, so I think it is a good investment.

QUUSTION: You already had the boiler and the monorail in your plant

before using the steam shucking process?



We have been using the monorail for about 18 Years. We built
the tunnel around the monorail conveyor, so that the conveyor goes»ght
through the tunnel. If Y were building a new plant, I would prob»IY
have different ideas about how to steam treat the oystei's ~
you would conserve your steam by using a flat belt. conveyor to run the
oysters through the tunnel, because the opening would be much smaller.
After oysters come out of the tunnel, you can distribute them to the shuckers
in any fashion you want to.

QUESTION: Does the origin of the shell-stock affect the heating time
and the qual ity of' the product?

ANSWER: No, I haven't found it so. We shucked some oysters all the
way from Texas to Delaware, and some of the oysters have a thick shell, so
you slow your belt down to keep them in the tunnel longer. And you run
thin shell oysters through faster, I found 2 to 2'; minutes will take
care of any oyster you run across in an operation.

QUESTION: So you do vary your heating time according to the size or
thickness of the shell of the oysters?

ANSWER: Yes, if you don' t. give them enough steam, they are going to
bc hard to open. But you can't afford to give them too much steam, so you' d
hetter be on a minimum side instead of on a maximum side. Otherwise you

will dehydrate the oysters and you come up a loser. We never allow the

oysters to go through the tunnel more than once.

QUESTION: How does the shelf-life of a steam shucked oyster compare

to a regular shucked oyster.

ANSWER: Shelf-life of the steam shucked oyster is longer by at least

7 days.

QUESTION; Is there any quality improvement on the steam shucked

product?

ANSWER: We found the quality has improved in taste and in color. You

have a more standard color and an improved taste. We haven't had any

proble~ with red or pink oysters.

QUESTiON: Do you think it is better to use steam shucked oysters

for a breaded product and why?



ANSWER: We have been hreading oysters for 20 years and learned a lot
about the right kind of oysters to use. An oyster that is firm and solid
handles a lot better in the breading operation, and wc find that the steam
treatment does not tear the oyster as badly as regular shucking. Bcca«se
of the steam treatment, the shucker doesn't have to dig in the knife and
the meat does not get damaged, and it is a lot more plump.

QUESTION: What about cleaning the stcam tunnels

ANSWER: Wc have a rig attached to the side of thc t«nnel which uses
high pressure water. And we use a detergent and a sanit i zer. We rinse it
down thoroughly first, then use the detergent and the snniti er, wash it
well and then rinse it again with water,

QUESTION: What are the workers' opinions about the steam tunnc17
ANSWER; We have more shuckers now than we had before we installed

the steam tunnel. We find that younger people are morc interested now.
We have some young people in the plant just out of school. They came here
and are doing quite wcl l. It usually takes them about a week to ten days
to learn how to shuck if they never had any experience with shucking
oysters. After 10 days they increase their pay abo«t one dollar a day.
They norma lly start out making $10 a day, and after a week they get $l2
to $14 a day, and thereafter up to $25 a day. From then on, it depends
on how hard they want to make more money,

Cloyde Wiley's Comment;

I would like to relate an incident that occurred several years ago
regarding the steam tunnel oyster processing sys' tem in the state of Virginia.
While visiting the J. W. Ferguson plant in Remi ik, Virginia, in the late
summer of 1977, Captain Buster explained to me his ideas for developing
the system utilizing steam for the opening of oysters. Ne went into great
detail explaining his ideas and how he intended to construct a tunnel
system in order to make the shucking of oysters easier and thereby in-
crease the capability of non-experienced or less-experienced workers. Cap-
tain Buster stated he had been thinking about «ti»»ng steam for this
purpose for a long time and would like to construct a system in his plant
to give a trial. After much discussion we conclu"ed that it seemed like



a good idea and that the State Health Department would work»th»m
trying to develop such a system.

l.ater I asked Captain Buster i f he planned to patent his idea «
charge a royalty for this system, should it be successful. Captain Buster
thought a minute and replied: "No, if the system works, I don't want an!'
reward for whatever I am able to contribute to the seafood industry
the system is successful, I would like to see the shellfish industry use
it to its fullest capability. If it is of any benefit to the industry.
or helps foster it in any way and will help keep it viable and alive,
then that will be reward enough." Consequently, I consider Mr. Ferguson
the father of the steam tunnel oyster processing system in the state of
Virginia. ! thi.nk we all owe him a debt of gratitude for his contribution
to the industry. I recommend that we give him a round of applause to ex-
press our appreciation for what he has contributed to this industry......

,J. W. Ferguson's Response:

Mr. Cloyde Wiley, the Director of the Shellfish Sanitation Department,

and his department have worked with us on the steam shucking processing
of oysters, and his comments were very encouraging. ! would like to say
that I appreciate the nice things that Mr. Wiley said about me with refer-
ence to the steam tunnel and the possibility of maybe having it patented.
I didn't have any desire to capitalize on something that I felt I owed
the industry. The oyster industry has been very good to me. I began
working with oysters when I was only 1S years old, and now, I am past 72
and have been working with oysters just about all the time. I have managed
to raise a family and buy a home and have a little money in the bank. So

I feel that the very least I could do is to contribute something to the

industry that may be helpful in the years to come. The industry needs
contributions of this type and I have been more than happy to give it.
I would like to say further that, if people desire any information from

my experience or about the tunnel that I am using, then I would be happy
to invite them to come in and take a look. And I will try to help them

in any way that I can, answering any questions that they may have.

C. Tommy Shackelford

Basically the reason we started our steam tunnel is that, at



time, we were producing a lot of shell oysters in this area and we did not
have experienced shuckcrs for that kind of oysters. Shell oysters werc
not uniform in si c, shape or otherwise, Then we learned that, in   arol inn,
they used heat to open the oysters partial ly to make them easier to shuck.
In  ;arolina they use a hot water bath, so we looked at first for a hot
water hath for our plant. But thc l ealth I'!epartment frowned on hot water
baths, so wc had to look for another method, which was steam. We did not
have anything to start with, such as an overhead dolly system that a lot
of other oyster plants already had. We started from scratch.

By t.rial and error, we settled on steam and the conveyor method. We
like it because it is a clean method approved hy the Health Department.
As for the labor problem, out of the 24 shuckers that I now have, only
about LZ had been shuckers before, We did not have skilled oyster shuckers
in this area to run a fresh oyster shucking plant. Most of my shuckers
are young mothers who start at 7: 30 in the morning whi.ch gives them time
to get the children ready for school. And they quit at 2;30 so that they
are home before thc children return. This steam method was ideal for us,
hccause there is no machine available that will shuck oysters.

The conveyor we usc was converted from an old one used to run clams
on. I will eventually replace this old conveyor with a new stainless
steel one. I will make a lot of modifications on the system because I
have gained more knowledge thanks to the studies done by Virginia Tech
scientists. These studi es show that the tunnel could be smaller and the
stcam could be injected at a different area than where I have it now, to
make it more efficient. The tunnel should be insulated, which would bc
a great help. All in all there are various things that can be done to
improve thc present system, My advice for anyone starting out is not to
make their tunnel like mine but to go with the modifications and suggestions
of the people that did the studies on steam tunnels.

At the beginning of our adventure with the steam tunnel, we ran into
a problem: the shuckers at the beginning of the line would take the larger
ovsters and leave the smaller ones for the shuckers further down the line.
We eliminated this problem by putting a man on the line to rake the oysters
to the shuckers. That way they shuck what is put in front of them, and
they have no choice as to size and shape,



Discussion and Fvaluat ion

Roy E. Marttn

Steam shocking of oysters for faster and easier

promise for the oyster industry. But in order for th> > new metho d o b
thoroughly efficient and widely accepted, more reseal-ch Deeds
Some of the questions that must be answered in the fut.~«

1. Once the oysters are steam-treated, how l,ong can yc>u hold them before
the adductor muscles begin to tighten up again?

2. What is the minimum internal temperature of the oyster for its muscle
relaxation to occur'?

3. What are the bacterial levels of the mud prior to heating?

4. Investigations should be evaluated with regard to seasonal varia-
bilities.

S. Comparison of bacterial counts of hand-shucked oysters and those of
steam-shucked oysters.

6. Microbiological speciation to determine bacterial populations.

7. Design the system to reduce foreign matter loading before the entrance
to the tunnel.

8. What effect does high temperature have on the viruses?

9. Need for a bettor definition of what is considered raw and cooked
oysters.

10. When oysters are considered poor, what happens to product yie]d?
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