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INTRCDUCTION

The deiry industry is one of the leading industries in the field
of food processing. It is of a highly competitive nature and it oper-
ates on e narrow margin. Dairy products play a'very important part in
the food habits of the people of this country. Almost everyone utilizes
milk and its products in one form or another. The consuming public is
constantly seeking economical and high-quality products. The manufacturer
that can produce a highe=quality product at a relatively low cost will
expand his sales volume, prosper, and survive under present-day compet-
itive conditions.

The modern milk plant is a structure designed for the purpose of
housing the equipment and facilities for processing and handling fluid
milk. Fluid raw milk is usually bought from individual producers and
shipped to the city milk plant where it is inspected, processed, and
packaged for sale to retail stores, and directly to individual consumerse.
In the design of a milk processing plant many factors must be considered,
such as sanitery requirements, labor requirements, initial cepital in-
vestment, overhead costs, and expected sales volume. Labor costs,
building and construction costs, equipment costs, and power costs are
all at a premium and the plant must be designed to keep such costs at
a minimum. Therefore, the design of the‘milk plant must provide for a
highly efficient operation that will produce a high-quality product et

e low selling price.



: In the initial steges of planning, the investigation was designed
to determine some of the desirable basic principles of dairy plant de-
sign and layout. The points that were to be deterﬁined are listed be-
low.

1. Space Requirements

2. ﬂayout Principles

3. Plant Location

4, Arrangement of Rooms

5. Arrangement of Equipment

6. Ventilating Requirements

7. Lighting Requirements

8. Materials of Construction

Following the review of literature, it was found that some of the
principles rezarding the above factors had been fairly well estzhlished.
Also, in conducting the investiration, it was discovered that time
limitations would not permit a study of such wide scope.

The information available for determining or estimating the size
of a dairy plant for a given volume of milk handled, was quite limited.
The review of literature indicated that a few general figures are avail-
able for estimating the total plant size and the size of the rooms in
the plant. However, there was no indication of any study conducted for
the specific purpose of determining space reguirementss

It was apparent, however, that space requirements, or the size of
the milk plant, had a very pronounced effect on operating costs, overhead
costs, and the initial capital investment. The space allotted to the

various operations in a milk plant and to the building as a whole,



determines to a large degree the efficiency of the operation. If crowded
conditions are prevalent, workers interfere with each other's duties, good
housekeeping is impaired, and, in general, there is a resulting loss of
efficiency. Excess space, on the other hand, results in additional
unnecessary time being consumed by workers in moving to and from their
work, higher overhead costs, and higher initial investment. Here again,
we evidence an overall reduction in the plant's efficiency.

The space requirements for the milk processing plant appeared to
be one of the major factors in a design for efficiency. This study
was undertaken to determine a method for estimating or predicting the
amount of space required for a milk processing plant to handle a given
amount of product. For the most part, the investigation was confined
to a study of the smaller plants since it is these that usually are
not able to acouire the services of an engineer or architect. However,
it is not always the small plant that has an inefficient operation.

The major points investigated in this study are listed below.

1. Space Required for Milk Handling and Processing Rooms.

2. Space Required for Auxiliary and Service Departments.

3. Space Required for Plant Offices.

4, Space Required for Storage Areas.



LITERATURE REVIEW

Value of Effective Design

The modern milk processing plant should be designed to house the
facilities of an operation and meet certain sanitary requirements. 1In
the eyes of the consuming public, the physical appearance of the milk
plent is an important guide in determining cleanliness and also in
determining the quality of the finished product. A properly designed
dairy plant will tend to make the job of maintaining cleanliness much
easier and will also aid in keeping the employees' morale at a high
level. If the milk plant is overcrowded, housekeeping will be more
difficult, a more disorderly eppearsance will result, and employees
will find more difficulty in performing their deily tasks. An im=-
portant factor to consider in the design of a milk plant is the deter-
mination of the size of the plant to eliminate overcrowding and the
resulting disorderly appearance.

Babcock (2) stated that the milk processing plant should be a
modern sanitary structure of durable construction if it is to satis-
factorily serve its intended purpose. In order that all operations
can be conducted efficiently and economically, it will be essential
not only to install sanitary and up-to-date equipment, but elso to pro-

vide for an efficient layout of the building and equipment. Bartlett

(Ref. 3, pe 54) listed the conclusions of Kelly and Clementl, in which

1 E. Kelly end C. E. Clement. City Milk Plants, Construction and
Arrangement, U.S.D.A. Bul. 849, 1920. pp. 34-35,



they stated that modern milk plants should have a good appearance from
an architectural point of view. Broughton (6) contended that the dairy
plant of the future will have a sparkling sanitdry interior, an attrac-
tive modern exterior, and be streamlined for efficient production. A
modernistic, attractive plant has a perpetual advertising value; beauty
is synonymous with construction materials and designs. Broughton (7)
maintained that beauty and efficiency are complementary; the dairy plant
must be attractive inside and out. Clarkson (9) declared that for sur-
vival under present-day competitive conditions, modern design ias a “must"
for all buildings.

It was maintained thet the physical maintenance of a dairy plent
is essential not only to protect the owner's investment in the building,
but also to present an attractive looking plent to the publie (18). The
ma jority of consumers are inclined to associate a neat, well-kept plant
with high-quality products, meking the appearance of the plant one of
the most effective means of advertisement. Ackerman (1) said that public
confidence and acceptance always follow the more efficient operating
methods and rigid product controls. Although there are many firms and
competition is keen, there will always be a place for the efficient,
well-managed plant, whether large or small. The general rule for success-
ful dairy plant operators will be efficient plant operations and narrow
operating margins.

Parker (Ref. 21, p. 34) advanced the policy of a streamlined series
of operations from the receiving point of the raw material to the ware-
house for the finished product. Congestion of equipment and a maze of

pipe lines are discouraging to the workers responsible for cleamip and



have an important bearing upon effectiveness end economy. A lack of
interest in, and an indifference toward effective sanitary practice
will result from tiresome and involved disassembly and assembly of equip-
ment and pipe lines. It is well to keep in mind that congestion, besides
being eggravating to employees, is irritating to those dficials respon-
sible for approving processing and sanitary practices. Erb (10) ac=-
knowledged that the first impression a person gets in entering a dairy
plant is the state of housekeeping. Good housekeeping is a very important
part of consumer confidence due to rising standards of living and new
concepts of cleanliness. The dairy processing plant should be immaculate
on the inside, for the state of housekeeping soon becomes public knowledge.
Housekeeping is made more difficult by crowded conditions and too much
volume for the size of the plant but they do not eliminate ite existence.
Parker (Ref. 21, pp 14-15) observed that sometimes reference is made
to inadequate washing facilities, improper plant surroundings, badly de-
signed buildings, inadequate lighting, and inadequate ventilation when
classifying food establishments as insanitary. Furthermore, aside from
the Federal food laws, conditions designed to ensure the comfort and
morale, as well as, the health of the employees is included in sanitary
codes and legal requirements. A well-lighted, well-designed, well-kept
dairy plant is a means of impressing upon employees and visitors that
care is being exercised in maintaining clean conditions and surroundings.
Farrall (14) declared that we should aim towards a more compact plent
design and direct our energies toward making the plant easier to keep

clean and sanitarye.



Eliminating crowded conditions and maintaining a well-designed plant
for milk processing was believed to be one of the major elements in estab=-
lishing a successful dairy manufacturing enterprise. An efficient and
economical operation 1s realized when housekeeping is carried out with
ease, and sanitaery requirements are met with little difficulty. An effec-
tive advertising medium for building public confidence is made possible
by utilizing a well-designed and well-maintained plant. To help insure
that the operation will be conducted in an efficlient and economical
manner, the employee's moresle must be maintained at a high level by
avoiding overcrowding and providing the necessary comforts for his well-
being. A well-designed dairy plant will aid in establishing these de-

sirable characteristics in the milk processing businesse

Space Reguirements in Relation to Efficiency

The operating efficiency of a milk processing plant will depend to
a large measure on the amount of space that is allotted to the various
operations.

A limited amount of space will result in excessively crowded cone
ditions. Plant workers will interfere with each other's duties. Extra
time eand labor will be required for maintaining and cleaning the processing
equipment. Time and labor may be wasted because only a limited amount
of product cen be handled in a given amount of time. Production will
not be as flexible as the demand and progress will be hampered, resulting
in an eventual loss of business due to keen competition. Extra costs
for essential materials and supplies will result from the inability to
purchase large quantities at a discount. Time, labor, and costs for

maintenance in case of emergencies may be increased because of the in-



ability to provide adequate spare parts storage. Thus, a limited amount
of plant space will tend to raise time, labor, and material costs and
decrease the operating efficiency.

An excessive amount of plant space will also tend to reduce the
overall efficiency of the operation. Time and labor requirements will
be excessive because of the extra number of steps required in performing
daily tasks. The increase in heating, lightinz, refrigerating, and
ventilating requirements will raise overhead costs. Excessive lengths
of piping, extra pumps, and other needed equipment will increase tosts.
The added investment in the original building will not be commensurate
with the size of the operation. A plant which is excessively large will
increase overhead costs and the initial investment to a point where the
business may eventually terminate in complete fallure.

Farley (12) sfated that the common objective in planning dairy
plants is "to process the maximum quantity which can be sold of the
highest quality products at the lowest possible costs™. Bixby (4) be-
lieved that in planning a dairy plant one must know (a) the production
the plant is required to handle, (b) the nmumber of products to be handled,
and (c) the method of packaging the products, because they determine (a)
the size of the equipment, (b) the size of the rooms, and (c) the size
of the plent, and the operation must be carried out in en economical
labor day if lowest costs are to be attained.

Bartlett (Ref. 3, p. 44) made an sppraisal of all the factors
entering into the price consumers pay for milk. It was found thet the
real possibilities for savings are to be found in the more efficient

distribution of milk for most markets in the country. Analysis of milk



distribution based on the itemized costs on ninety-two wholesale companies
end seventy-three home-delivery companies, showed that the low costs of
the more efficient group of companies were larzely due to the following
considerations.

l. Efficient layout of plant and equipment.

2. Limiting the number of items handled.

3« Exclusive stops.

4, Large volume per route.

5. Low prices for high quality milk.

6. Large volume per stors.

Shubin and Madeheim (Ref. 23, pp. 312-313) stated that because the
floor space of a plant represents an investment, it should be utilized
to its fullest extent. This i3 particularly true when additional floor
space is costly. A high output per unit of floor space will usually be
the result of an efficient plant layout with a well-integrated and compact
floor plan.

Tracy (24) conducted a study of four milk plants in Weshington, D.C.
in 1943 to determine why plants in that city have shown low margins, as
compared with many other cities, for receiving, processing, bottling,
sellinz, and delivery of milk. The results indicated that as the mumber
of square feet of floor space per hundred callons of nilk handled increased,
the rumber of mernhours required per hundred gallors milk handled also in-
creased. He concluded that a well-planned lsyout can reduce the capital
cost of milk distribution by minimizing the floor aree required per
hundred gallons of milk, in addition to bringing sbout low unit labor
costs.

Babcock (2) stated that the economy of operation as well as sani-

tation must be teken into account when arranging rooms and equipment.

The arrangement of rooms and equipment should be such that the men cen



10

carry out their work with the least possible steps and plant space will
be utilized most economically. Proper arrancement will reduce expensive
lengths of piping and numerous fittings which cause extra labor and also
decrease losses which may result from milk sticking to sides of pipes
and from lesks st pipe connections. Babcock (2) concluded trat in a
well-erranged plant it is possible to effect great economies in labor
while a poorly planned plant may result in a continual source of added
expense due to excessive labor requirements. Bartlett (Ref. 3, p. 54)
listed the conclusions of Kelly and Clement.l They stated that the rooms
in e plant should be arranged to cause the lowest possible expense for
machinery and labor, end also, so that the work should be accomplished
with the fewest possible steps. Labor requirements sre increased with
a poorly arranged plant.

Shubin and Madeheim (Ref. 23, p. 72) stated that a reduction of the
total plant space required for a given output of products results from
conservation of floor space. As a result, overhead costs are lowered
and thus, the fixed cost per unit of output is reduced. The extra burden
of having a large building for future expansion will increase the overheed
and daily operation cost so much that the business will be uneble to grow
(8)e For this reason, the larger sized building that had been planned will
not be able to be used at any future date. Babcock (2) stated that the
rooms in the plant should be large enough to prevent crowding of machinery

and workmen; however, at the same time there should be no unused space.

1 E. Kelly end C. E. Clement. City Milk Plants, Construction and
Arrengement, U.S.D.A. Bul. 849, 1920, pp. 34-35.
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Excess space requires unnecessary labor in moving milk from one piece
of equipment to another and also requires an added investment.

It was found that a properly designed plant, having the required
amount of space, will aid materially in minimizing the capital investment,

labor recuirements, and overhead costs.

Size of the Plant

It has been found that a well-designed plant, the size being a major
factor, has an important bearing on efficiency, cost of operation, over-
head costs, capital investment, and sales appeal. The size of the milk
processing plant will depend upon a number of related conditions. The
most important consideration is, of course, the volume of product handled.
The amount of space required will be determined to e leaser extent by the
method of operation, the type of equipment utilized, end the method of
packaging the finished product. These various factors, however, are
usually determined in some degree by the volume of product handled.

Mitten (19) stated that the size of a plant is a function of the
amount of milk handled per square foot of floor space. He further stated
that the size would depend upon considerations, such as, the type of pro=
cessing, the storage areas, and other features which are incorporated.
Areas which are generally not included are garages and retail stores.
Ross (Ref. 22, p. 324) maintained thet the size of a processing plant
depends entirely on the smount of milk handled end how it is utilized.

Babcock (2) said that the size of the rooms in milk plants and the
floor area required per hundred gellons of bottled milk handled daily
are widely variable. For the most part, lack of standardization, and

construction without due consideration to the important factors which

have a bearing on the size of the rooms, 1is responsible for this variation.
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Mortensen (Ref. 20, p. 24) maintained that the recuirements for

floor space depend not only on the character and volume of business to

be conducted, but also on the methods of manufacture.

He further stated

that there is no definite rule by which the esmount of floor space needed

to menufacture a particular volume of finished product, can be calculated.

The floor space required will depend on the kind of machinery installed,

as well as, upon the method of manufacture.

One pasteurizer may occupy

twice the floor space of another utilizing the same capacity.

Kelly and Clement (Ref. 16, p. 268) found that no uniformity existed

between the size of rooms and the volume of milk handled because, in

addition to the volume handled, the size required depends on the method

of handling.

TABLE Il

This conclusion was the result of the data given in Table I.

FLCOK SPACE IN THE VARIOUS WORKROOMS OF

FIVE WELL-AFRR

N3ED MILK PLANTS

———

e e———

Quantity Receive~ Bottle Pasteur- Bottl- Total Milk Clean
of Bot- ing Wash- izing ing Area, Storage Bottle
tled Milk Room ing Room Room Hendl-= Room Storage
Handled (ft.2) Room (£t.2) (£t.2) ing (££.2) Room
Daily (£¢.2) Rooms (£¢.2)
(gallons) (£t.2)
1,000 400 600 500 300 1,800 450 400
1,500 - 700 200 3715 1,625 _950 -
- 3,000 900 1,050 1,300 1,200 4,450 1,200 750
4,000 460 1,886 540 700 3,586 1,426 540
6,000 1,200 1,908 720 720 4,548 1,110 720

1 E. Kelly and C. E. Clement.

Arrangement, U.S.D.A. Bul. 849, 1920,

City Milk Plants, Construction and
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Kelly and Clement made the following statements regarding the in-
formation presented in Table I.

l. The plant handling four-thousand gallons daily had a com=
paratively small pasteurizing room, although the total area for
handling rooms was ample.

2. The plant handling three-thousand gallons daily had space
enough to handle considerably more than this quantity.

5. The milk-storage room and clean bottle storage rooms in the
plant handling six-thousand gallons daily were hardly large enough
for this quantity of milk, but some milk was sent directly onto
the delivery wagons and so less storage space was required.

4. The figures in the teble, besides giving an idea of the space
required, also effectually illustrate the lack of standardization,.
even in modern plants.

The conclusion made by Kelly and Clement stating that no uniformity
existed between the size of rooms and the volume of milk handled eppears
to be somewhat in error. They steted that the plant handling three-
thousand gallons daily had en excess amount of floor space. If this had
been taken into consideration, the data given in Table I would tend to
show that a direct relationship probably does exist between the floor
space and the volume of product handled.

Bixby (4) asserted that in order to plan a dairy plant, one must
lnow (a) the amount of product to be handled, (b) the mmber of products
to be handled, and (c) the method of packeging the product, because they
effect (a) equipment size, (b) room sizes, and (c) plant size end in
addition the operation must be completed in an economical labor day if
the lowest costs are to be realized. Babcock (2) acknowledged that
construction requires careful study end planning, since the building
represents a large capital investment. Fair (11) advenced the policy
of determining the actual size of the plant in order to insure the lowest

unit production.costs. PFurthermore, when planning the layout, have a

definite purpose in mind and use models.
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Kelly and Clement (Ref. 16, p. 268) believed that rooms should be
of adequate size to evoid crowding machinery or workmen; however, there
should be no excess or unused space. Unused floor space requires extra
lebor in moving from one plece of equipment to another. Shubin and
Medeheim (Ref. 23, p. 72) contended that bottlenecks resulting from in-
adequate materials handling, poor locations of work stations; and in=-
sufficient capacity of work stations, inspection stations, and cribs,
may be eliminated by the use of layout engineering and operation analysis.

Mitten (19) stated that one to two square feet of floor area per
gallon of milk handled may be allowed for the total plant area for plents
handling over twenty-thousand pounds of milk daily. For plants handling
less than twenty-thousand pounds deily, up to three square feet per gallon
should be used feor the total plant area.

Forrall (1%) maintained that the greetest miastake usuzlly made in
the construction of a dairy plant is building it too large or too small,
or in such a menner that ready expansion is made difficult. Ackerman (1)
acknowledged that meny operations began in smell plants with additions
being made as needed and, e8 a result, little attention was given to
engineering end future planse.

Shubin end Madeheim (Ref. 23, p. 6), Broughton (7), and Mitten (19)
believed that it is necessary to build the plant originally for the
present volume with en additional capacity to accomodate any expected
increasse in sales in the near future. The most important consideration,
however, is to plan the building so that future expansion of the plant
capacity can be had with a minimum loss of previous investment and with-

out interfering with the operation (18). Brouchton (6) and Farrell (13)
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emphasized that it is essential to study the building, the lot, and the
complete layout and determine if it is possible to expand or add another
dairy department. Shubin and Madeheim (Ref. 23, p. 6) and Farrall (13)
declared that excesa capacity or too large a plant should be avoided.
Farrall (13) warned thet, particularly in a new business, the overhead
costs of a large building and equipment heve been a major factor contribe
uting to the bankruptcy of many concerns.

Smubin and Madeheim (Ref. 23, p. 313) found that in a layout with a
low percentage of space allocated for the production floor in relation
to the total plant area, a larze amount of space was occupied by none
productive activities, such as office space, storage areas, and tool
cribs. Thev concluded that for average conditions, a desirable floore
space ratio of thirty percent of the space for nonproductive activities
and seventy percent for productive activities may be considered as a
rough estimate. This ratio, of course, will vary from industry to
industry. It was also stated that in order to eliminate waste areas,
mezzanines might be utilized for offices, storerooms, inspection cribs,
laboratories, and locker rooms.

Broughton (6) said that hellways end passageways should be avoided
in planning small and medium sized plants because they are nonproductive
areas. Babcock (2) believed that a mezzanine or balcony is advantageous
from the standpoint of providing extra floor space without increasing
the ground space or men and labor requirements. Broughton (7), Maguire
(17), and Ackerman (1) preferred the use of one-story buildings because
they are more flexible, require less supervision, save time and labor,

require less space because the equipment is more closely connected, and
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pernit more floor space per square foot of building. Babcock (2), found
that for small plants, the one-story building was the most popular, and
the next most popular type was the one-story building with a mezzanine
or balcony. Broughton (17) stated that medium end small planté have
found that multi-level buildings are more costly in operatione.

Broughton (6) proposed that long, narrow rooms should be avoided,
because square rooms provide for bettier arrangement, are the most eco-
nomical, and are readily adaptable to changing conditions.

The size of a milk processing plant wes found to be dependent on
the volume of'product handled and the amount of space allotted to service
and auxiliary departments. Hellways, passegeways, and other nonproductive
areas should be avoided as much as possible because they increase the
capital investment of the building by increasing the floor space, and
may increase time and labor requirements. Mezzanines and balconies may
be u£1lized to provide space for nonproductive activities without in-
creasing the total plant space and building size; For small and medium
sized plants, the one-story building will require less space, is the most
economical, and can be readily expanded to meet changing conditions. The
rooms in a plant should be as nearly square as poassible to give less
expensive construction, to provide a better arrangement, and to allow
for ease of expansion. The plant should be built originally for the
expected volume with provisions for ready expansion in case of future
increases in capacity. Excess capacity should be avoided in order to
keep capital investment, overhead coests, and labor requirements to a

minimme.
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Size of Processing Rooms

The size of the rooms in the milk processing plant will exert a
profound effect on the capital investment, overhead coste, and labor
requirements. Therefore, it is imperative that the size of the rooms
in the milk plent be determined in such a menner that capital investment
and operating costs be kept to a minimum.

Mitten (19) found the minimum allowable floor area required for
processing rooms (A) could be determined by knowing the area (a) occupied
by the equipment. The minimum allowable area, (A) = -i—-. After expansion
to twice the original volume, the area obstructed by g;ﬁ?ﬁment should
not be more than one-third the total area. The New York City receiving
station specifications stated that in a milk handling room, the equip-
ment should not occupy more than twenty-five vercent of the total floor
aree (8).

Size of Receiving Room

Babcock (2) stated that a small receiving room will soon become
cluttered with milk cans and other objects, and will be difficult to
keep clean and attractive. The receiving room in small plants should
be of a sufficient size to handle at least one truck load of milk in
cans and provide enough space to handle the cans without crowding. The
receiving room in larger sized plants should preferably be large enough
to handle several truck loads of milk in a short period of time. Enough
floor space or conveyor space should be provided to handle this amount
of milk until it can be dumped.

It was found that to give maximum efficiency at a minimum cost under

a given set of conditions, some of the points to consider in designing the
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receiving room were (a) locel health bosrd requirements, (b) the volume
of milk to be hendled, especially during the flush season, (c) the method
of delivery, and (d) the emount of floor space, or conveyor space, for
incoming and washed cans (1€). PFurthermore, sufficient space and equip=-
ment must be allowed for the inspection of milk and for hendling cens

of rejected milk.

It was ssid that in many of the smeller plants, the rotary cen
washer, which occupies a small space and cen be operated by one employee,
is used (18).

Farrall (15) announced that one of the latest improvements in milk
handling equipment is the bulk handling system as used on California
farms. With this particular system of hendling milk, the receiving room,
as such, would be almost entirely eliminated. However, space would need
to be provided for receiving the milk directly from the tanker trucks.

Most milk plants have storege tanks for handling incoming raw milk
and also, frequently for skim milk and other products.(l&). Verticel
tenks, in comparison with horizontal tanks, require less space, but
horizontal tenks recuire less hesd room. Most storege tanks are cylin-
drical in shape but some rectangular tanks are used. Rectangular tanks
regquire less floor spece, but they are structurally week and the rein-

forcement of construction is expensive.

Size of Pasteurizing Room
It was stated thet pasteurizing rooms seldom need to be expanded
because increased cepacity can be accomplished by installing greater
capacity equipment (8). However, Broughton (7) believed that even in
the smeller plants the pasteurizing room should never be less than twenty-

four by twenty-four feet.
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Babcock (2) contended that space mey be reduced in plants processing
large quantities of milk by utilizing high-temperature short-time pasteur-
ization. Bixby (4) stated that plants using batch pasteurization could
change to high-temperature short-time pasteurization and provide great
increases in capacity without requiring more floor space, and because
of the compact design, could create additional floor space.

According to Maguire (17) floor space requirements may be reduced as
mich as sixty to seventy percent with the use of high-temperature short-
time pasteurization and, in addition, make a straight line flow even
more efficient. However, as stated by Babcock (2) and Farley (12), even
with high-temperature short-time pasteurization, vat-type pasteurizers
are still needed for pasteurizing cream and by-products. Babcock (2)
eand Farley (12) announced that the line of demarcation for high-temperature
short-time pasteurization, is at a plant capacity of 2,500 pounds per

hour with a total capacity of ten to twelve thousand pounds daily.

Size of Bottle Washing Room

Broughton (7) stated that the bottle washing room should contain
enough floor space to house the bottle washer end the case weasher and,.
in addition, provide enough room to handle the daily run of all sizes of
bottles, to allow sorting of crates and bottles, and to provide storage
for new bottles and new crates. Mitten (19) and one sales engineering
department (8) recommended that the size of the bottle washing room be
approximately equal to the total space occupied by the bottle washer,
the case washer, and the cold storage rooms. It was also found necessary
to allow about seven feet in front of the bottle washer to provide space

for stacking cases required for the bottles necessary to fill the bottle
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washing machine (&). Babcock (2), however, believed that the size of
the bottle washing room would depend on the method of handling the
bottles in the plant. If most of the bottles are sent directly from
delivery trucks to the washer, only enough space is needed for the
bottle washer, conveyors, and workmen. As a rule, however, many of the
bottles will have to be stored before being washed and sufficient storage
space should be provided.

A seles engineering department (8) recommended that space should
be provided for the expension of the bottle washing room becsuse an
increese in cepscity must be sccomodsted by an increase in the size of
the room.

Boucher (5) stated that the soeker-type bottle washer is more effi-
cient than the jet-type, however, it requires more floor space for the

same cepacity.

Size of Milk Storsge Room

Bebcock (2) and Kelly and Clement (Ref. 16, p. 3£2) maintained that
the milk storage room should provide adecuate space for storing all the
milk a plant cen hendle when running at full cepacity plus additional
space for conveyors, cooling units, emergencies, and passageways between
stacks of various kinds of products. It was ststed, however, that too
large a room is costly and reauires additionsl refrigeration. Babcock (2)
further stated that the size of room needed will depend on the proportion
of milk held over in storage. Also, if large quantities of milk are stored
in cens, more space will be recuired becsuse it is impractical to steck
cans more than two tiers high.

Broughton (7) and Mitten (19) found that the size of cold storsge

rooms handling round bottles, cen be figured on the besis of 5% gallons
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per square foot. Mitten (19) steted that for square bottles, a factor
of 7%'gallons per square foot may be used. The above mentioned calcu-
lations allow space for aisles and fifty percent excess space.

One ssles engineering department (&) recommended using approximetely
one sguare foot of space for each case of round bottles or eech can shown
on the daily processing requirement analysis. With the use of square
bottles and bottle cases, one-third less space is required. These
figures will allow for aisles snd conveyor spece when ceses are stacked
five high. Cases can be stacked seven hizh, providing for a forty per-
cent expansion in business.

Babcock (2) recommended that full, quart-bottle cases be stacked
six tiers high end full, pint-bottle cases be stacked seven tiers high.
When cases of round bottles are stacked in this way, epproximstely twoe
thousand gallons of bottled milk in cases can be stacked in an area fifteen
by sixteen, or 240 square feet, exclusive of space for conveyors, passage=-
ways, cooling units, end emergencies. If allowsnce is made for the men
to work and for emergencies, a room approximately eighteen by twenty feet
would be needed for storing this quantity of milk. If square bottles are
used in place of round bottles, nearly fifty percent more milk can be
stored on a given floor area.

Babcock (2) recommended the approximate sizes of milk storage rooms
required for plants hendling various quantities of bottled milk as shown

in Table II,
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TABLE II

MILK STORAGE ROCMS REQUIFED
FOR DAIRY PLANTS

Gallons of Bottled Size of
Milk Hendled Room, feet
300 8x8
500 10x10_
1,000 12x15
2,000 18x20
4,000 24x30

The figures shown in Table II allow space for the men to work and

space for emergencies.

Space for Dry Storage Rooms

Babcock (2) declared that all milk plants, regardless of si-e, should
have a place to store washing powders, bottle caps, replacement parts, end
other such items. Small plants may provide suitable storege by having
cabinets located in the by-products room, but large plants will usually
require a separate room.

It was stated that a clean and orderly stock room, easily accessible,
and large enough to store all the supplies needed daily in the plant, is
one of the first requirements of good housekeeping (18). Adequate shelf
end locker space should be allotted for storing parchment wrappers, milk
bottle ceps, clean cartons, clesning materials, and other similar items.

Broughton (6) seid that very few plants of any size heve enough

dry storage space. A large dry storage space will effect a saving in
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time end aid materially in preventing waste and contemination of bottle
caps, washing powder, parchments, and other supplies. Clarkson (9) and
the plant operators manual (&) recommended that adequate dry storage be
readily accessible to the loeding platform and processing rooms. Shubin
and Madeheim (Ref. 23, p. 313) maintained that storerooms should be
consolidated and overhead space should be utilized for high stacking in
order to reduce inventories,

Shubin and Madeheim (Ref. 23, p. 400) proposed that the size of =&
warehouse be determined from the inventory an? the desired provisions
for future expansion. The optimum shape is a square building with the
meximum ratio of one dimension to another not exceeding three to one.

A long building results in extra handling and construction costs are
unnecessarily increased.

Broughton (7) end Mitten (19) found the minimum allowable area for
dry storage space to be approximately twenty-five percent of the total
plent area. Broughton (7) further stated that the storage area may range

up to one-hundred percent of the total plant ares.

5ize of Office Space
Shubin end Mpdeheim (Ref. 23, p. 216) believed that individual office
space requirements should be determined by the area required for the office
equipment and the activities conducted. A general standard for the alloca-
tion of space for various office activities is given in Table III. The
standard requirements shown in Table III would vary according to the size
of desk used, the arrangement of desks, and the space required for bulky

equipment, such as files and mechanical office equipment.
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TABLE III1

ALLOCATION OF SPACE FCR
OFFICE ACTIVITIES

Office Activity Area (ft.2)
Private office for executives 300
Private office for dept., hesd or technician 250
Space for division head, chief clerk, etc. 150
Space for stenographer-secretary 50
Space for clerical work 40-50

Allocation of Office Space. Management Review, May, 1940. p. 179.



METHOD OF STUDY

The size of a milk processing plant may depend upon a number of re=-
lated factors. The amount of space required may be determined largely by
the volume of product hsndled, however, the method of handling, the type
of equipment employed, and the method of packaging the finished product
may also require consideration. Of course, the volume of milk handled
will be the foundation for establishing these variables, at least to a
certain degree. It would be expected also, that the rate at which the
product is processed will regulate the size of the equipment to be em=
Ployed and thus put its limitations on the necessary space requirements
to ensure proper and efficient handling.

This investigation was suggested for the purpose of determining
the amount of space required for a milk processing plant to handle a given
emount of milk. It was believed that the volume of milk handled daily
was the most important element in establishing the spece requirements.

For this study, a number of plants were selected which were con-
sidered to have an efficient operation. The plants selected ranged in
size from 500 to 11,000 gallons of milk handled daily. However, due
to the limited amount of information obtained from the larger plants,
the only plants considered in this investigation ranged in size from
500 to 8,000 gallons of milk handled daily.

A questionnaire was constructed incorporating the major points of
dairy plant design and layout, including both ice cream and milk plants.
This form was then sent to 34 dairy plants located in various parts of

the United Statese.
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N;ne questionneires, or approximetely 27 per cent, were completed and
returned to the author. Of the nine, two were received from ice cream
plants and not used in the analysis. One of the nine retvrned cuestionnesires
wes not completed in the section referring to room sizes and also the
section on the size and kind of equipment used.

The author personally visited nine other plants in the vicinity of
Lansing, Michi-an and gathered the necessary information as outlined in
the questionnaire. Two of the nine plants visited were ice creem manu-
facturing plants and one milk plant was considered too large to be in-
cluded and, therefore, were not contained in the final anslysis,

A supplementery questionnaire was later formulatéd to obtain addi-
tional information regarding the emount of milk handled daily, the number
of units packaged in glass and in paper, the number and kinds of products
handled, and the nmumber of personnel required for processing, offices,
and routes. This form was mailed to eight of the plants which had supplied
information for the originel questionnaire. Of the eight, six were com-
pleted end returned. Two of the supplementary forms were completed per=-
sonally by the author.

In this study, an effort was made to obtain a correlation or relation-
ship between the volume of milk handled deily in the milk plant and the
space which was rejuired to hendle it. The data collected from the various
milk plants studied, both by mail and by persocnal visit, were compiled
into one group to obtain an effective sample and statisticelly anelyzed.
The everage number of gallons of milk handled daily was teken as a figure
which was estimated by the plant supervisor.since it wes assumed that

he should have a fairly accurate knowledge of the amount of milk which



27

his plant was handling daily. The plant supervisor's ovpinion was also
regarded in determining if the rcoms thro:~hout the milk plont were of

adenuate size 10 ec-~r=r c1t the processing operations.

g9

Tre 8%7e 0 the rcona as raported in the questionnaire wee anumed
to be accurate on those forms recsived by mail. In thoae plants studied
by & personal visit, the rooms were measured bv the author where floor
plans were not available. If floor plens were made available, the
measurements were teken directly from the plans.

The gallons of milk handled daily and the area, in square feet, of
the several rooms in the milk plant were tabulated and an effort was
made to obtain the best eouation and representetiive curve of the rela-
tionship between these two variables by the least sgqueres method. In the
mathematical analysis, those rooms that were considered too small for
efficient production were not included. Only ithose arees that were con-

sidered to be lar-e enough were used in making the calculations.



PRZSENTATION OF DATA

Spece Recuired for Receivinz Rooms

The receiving room in a milk processing plant is desisned to contain
the equipment and facilities for handling raw milk which is shipped to
the city milk plant, generally by individual producers, for processing
and subsequent sgale to the putlic. It must be desisned for efficient
and rapid handling and also meet ricid sanitary requirements,

The equipment employed in the receiving room varied from plant to
plant, but appeared to follow a general trend. (See Appendix II).

This variation, in part, would depend upon the original desion, the number
of producers supplying milk, the smount of milk suprlied by each pro-
ducer, and the rate at which the milk is handled in the plant. Generally,
the equipment will include a can washer, a wei-h tan% with scales and a
receiving tank, and conveyors for handling the inconineg and ouitgoing

milk cans.

From the data collected on twelve milk plants, some general state-
ments can be made in reference to the equipment needed in the receiving
room. It appeared thatthose plants handling aspproxirately 2,000 to 3,000
gallons of milk daily, or less, would find a rotary can wesher gquite
satisfactory. The capacity of the can washer varied between one can per
minu£e and six cans per minute. The rotary cen washer occupies a small
amount of space and can be operated by one employee (18). In six of the
installations using the rotary can washer, roller conveyors were utilized
to aid in the handling of milk cans, while in the seventh plant no con=

veyors were used in the receiving room.



29

Milk plants that were handling approximately 3,000 to 8,000 gallons
of milk daily resuired the use of a straight-away can washer. The capacity
of these washers ranged from six to ten cans per minute, depending on
the rate et which the milk was received. All of the installations utile
izing the straight-away can washer had the services of power conveyors
for conveying the milk cans to and from the receiving point.

The weigh tank should be of sufficient capacity to handle approx-
imately all of the largest producer's milk at one weighing. Weizh tanks
are generally supplied in three sizes; 500, 750, and 1,000 pound capace
ities, although smaller and larger sizes are available, Five of the
plants studi=d, handling from 500 to 4,000 gallons deaily, were using
500 pound weigh tanks, and one plant handling twenty three hundred gallons
daily was using a 750 pound weigh tank. One plant handling 700 gallons
o2 milk daily did not use a rerular weizh tank, but employed a smell dump
tank into which the milk was dumped and pumped to the processing roon.
The capacity given for the weigh tank in the other five plants was given
either in gallons or in the number of cans it held so that it was diffi-
cult to decide just what size weigh tank was being employed. The size
of the weigh tank should, of course, be determined by the amount of milk
that is supplied by individual producers. Most plants handling less than
4,000 gallons of milk deily will not require a weigh tank with a capacity
greater than 500 poundse.

The size of the rcceiving tank should be large enough to allow for
continmuous receiving and will depend on the capacity of the plant and the

rate at which milk is received.
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Babcock (2) stated that the receiving room in small milk plants
should be larze enough to handle at least one truck load of milk in cans
end provide enough space to handle the cans without crowding. Also,
the receiving room in larger plants should preferably be larce enough
to handle several truck loads of milk in a short period of time. It
was further stated that sufficient floor space or conveyor space should
be provided to handle the milk until it can be dumped. Sufficient space
and equipment must be allowed for the inspection of the milk and for
handling cans of rejected milk (18).

In most of the smaller plants, it was observed that only enouch
conveyor space wes recuired to transport the milk cans between the milk
truck and the receiving point. Only this small emount of conveyor space
was necessary because the full cons were unloaded and emply cans were
reloaded sirmultaneously at the same point. However, in the larzer plants
it was necessary to provide enouch conveyor space to handle the largest
load of milk received, since unloading and loading wes done at two differ=-
ent stations., This added convenience allows for rapid and efficient re-
ceiving of milk.

One of the latest improvements in milk handling equipment is the
bulk handling system as practiced on some farms in Californie (15). With
this system of handling milk, the receiving room is almost entirely elim-
inated, however, 3pace should be provided for receivihg the milk directly
from tanker truckse.

The space resuired for the receiving room wes studied in thirteen

milk plants. The eamount of milk handled daily by these plants ranged

from 580 to 7,950 gallona. The size of the rooms and the equipment used,
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are listed in Anpendix II. Two of the thirteen plants stated that the
receiving room was too small and the data was not used in constructing
the curve shovm in Fig. 1. The plant handling 975 gallons of milk daily
end the plant handlins 4,190 gallons of milk daily each had one fifteen
hundred gallon storage tank loceted in the receiving room. I'inety-six
square feet, the ares occupied by the tank, was subtracted from the total
area of the room for this analysise.

The required amount of floor space for receiving rooms as shown
in Fige. 1 should allow enouzh arsa for a can washer, a weigh tank with
scales and a receiving tenk, in addition to a sufficient amount of spece
to satisfactorily handle all milk cans.

Referring to Fige. 1, the sclid line shows the best estimete of the
area, in square feet, for receivinz rooms hendling from 500 to &,000
gallons of milk daily. The curve should not be extended beyond the limits
of Fiz. 1, Bince another sample containing larcer sized plants might
pos3ibly produce a much different result. The two broken lines shown in
Fig. 1 represent the upper and lower limits of the required area for
receiving rooms. This variation should account for differences in the
type of equipment employed, veriations in conveyor space, layout, and other
desi»n features. The viriation between the solid line and either broken
line is approximately seveniy-two square feet measured on a vertical line.

The amount of floor space recuired for a receiving room can alszo be
calculoted from th2 following equation which was used in constructing

Figo 1.
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Yo = 221.6 £ 0.07082X

Y. = the recuired emount of floor space expressed
in sauare feet.
X = gallons of milk handled daily.

The limitations of this enuation are the same as those stated above

for the curve shown in Fir. 1.

Space Recuired for Processing Rooms

After the milk has been received and weighed at the milk plent,
it is usually pumped to the processing room where it may be stored for
a short time and subsequently processed and packaged for sale. The equip-
ment recuired for processingz milk end its byproducts may vary from plant
to plant. The type of ecuipment employed will depend on the size of the
operation, the nmumber and kinds of products handled, the method of pack=
aging the finished product, and the method of handling the product. The
processing room, however, should be designed to handle the incoming raw
milk efficiently with a minimum of time and labor and yet produce a hirh
auality product which will meet ricid sanitary stendards.

The data recorded from twelve milk plants rancing in size from 500
to 8,000 gallons daily indiceted thet the majority of the processing
operations are done in one room. Five of the twelve plants had all the
processing ecuipment located in one room. One plent handling 975 gallons
of milk daily was enuipped with a special byproducts rocom and the milk
storare tank was located in the receivin~ roome The nlant handling 1,100
#sllons of milk daily had n s~»arate room for the milk% storaze *aonlz and
the nipe washing tankr. A senarste room was used for houcine the milk
etorare tank in the plant handling 2,700 gallons of milk daily. A special

byproduct room for +he manufacture of coitage cheese and butter
J = ?



was utilized in the plant handling 4,190 gallons of milk daily, and the
milk storage tank was located in the receiving room. The plant handling
4,800 gallons of milk daily had the milk storaze tanks located in a
separate room. All the processing operations, with the exception of cot-
tage cheese manufacturing, were handled in cne room in the plant pro-
cessing 6,400 gallons of milk daily. The cheese vats werc housed in a
separate room. Separate rooma were provided for pasteurizing, milk

tank storage, byproducts manmufacturing, and bottle filling in the plant
handling 7,950 gallons of milk dailye.

Those plants processing approximately 4,000 gallons of milk daily
and less, would probably find one room in which to conduct all pro-
cessing operations sufficient. As the operation becomes larger, it is
advantageous to design separate rooms for tank storage, pasteurizing,
bottle filling, and byproducts manufacturing. This type of layout in
larger plents will allow a better arrangement, better working conditions,
and help to prevent crowdins and cluttering of ecuipment.

The most essential items of equipment that were necessary in all
plants anpeared to include pasteurizing equipment, a separator, e method
for cooling the pesteurized milk prior to bottling, and a bottle filler.
It was also obvious that today's milk plant reguires the services of a
homogenizer. All of the plants studied included a homogenizer in the
list of equipment.

Milk storage tanks were generally not found in milk plants handling
much less than 1,000 gallons of milk daily; elthouzh one plant handling
730 gallona of milk deily was using a 300 gallon storage tank. In the
smaller plants where vat-type pasteurizers are used and the total volume
of milk handled is reclatively small, the pasteurizer suprlies most of

the necessary storace space,
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For larger sized plants, especially those using hich-temperature
short-time pasteurization, milk storage tan“s are usually resuired since
the milk cannot be processed as fast as it is received and must be stored
for a period of time. Nine plants handling from 975 gallons to 7,950
gallons of milk daily had total storage tenk capacities ranging from
fifteen hundred to seven thousand gallons.

The equipment required for pesteurization showed some variation,
but seemed to evidence a gensral trend. The five plants processing
between 500 end 1,100 gallons of milk daily utilized vat-tvpe pasteurizers,
The tolael cepacity of the pesteurizers for these five plsnts renced
betwsen 200 and A00 rellons. One plent handling 4,190 gellons dsily end
another nrocessing 4,800 gellons deily each hed vet-type pasteurizers with
capacities totaling thirteen hundred gallons. However, it was believed
that these two plants could well afford to install the hi-h-temperature
short-time system and would find it more satisfactory from the stendpoint
of efficiency and floor space requirements.

Those plants hendling from 1,165 gallons to 7,950 gellons of milk
daily, with the exception of the two previously mentioned plants, used
the high-temperature short-time method of pasteurization. The capecity
of these systems ranced between 3,000 and £,000 pounds per hour. Fowever,
with short-time pesteurization, vat-type pasteurizers were necessary for
the processing of cream and byproducts. With thie type of pasteurizetion
the amount of floor space required is reduced considerablye.

Maguire (17) steted that floor space recuirements may be reduced as
much as sixty to seventy per cent with the use of hizh-temperature short-
time pesteurization. However, as steted by Babcock (2) and Farley (12),

even with thisg system, vet-type pssteurizers are still needed for past-
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eurizing cream and byproducts. They further stated that the line of de=
rarcation for hich-temperature short-time pasteurization is at a plant
capecity of 2,500 pounds per hour with a total capecity of from ten to
twelve thousand pounds daily.

The type of bottle filling equipment used appeared to be uniform
throughout all plantss The bottle filling ecuipment for nine plants handling
from 560 to 2,310 gallons of milk daily had capacities ranging from twenty-
six to one hundred and twenty quarts per minute. One plant processing
4,190 gallons of milk deily had two fillers with cepacities of sixty
quarts per minute and eizhteen quarts per minute, respectively.

The three largest plants packaged milk in both glass bottles and
paper contasiners. The plant handling 4,800 gallons of milk deily wes
using en eighty-four quart per minute bottle filler and a thirty-five
quart per minute paper carton filler. The bottle filler in this plant
was too small. Another plant processing 6,400 gallons of milk daily was
utilizing a bottle filler with a cepacity of 140 quarts per minute,
operated at 110 cuarts per minute, and had, in addition, a sixty-five
quart per minute paper certon filler. One plant handling 7,950 gellons
of milk deily was packaging milk with a ninety-seven quart per minute bottle
filler and an eighty-four quart per minute paper carton filler.

Cbviously, it would not be feasible nor economical for a smell plant
to handle & combined operation for both glass and paper containers. Howe
ever, for larger plants, competition mey require the production of milk
in both types of containers.

All other minor items of equipment used in the processing rooms for

the plants investigzated in this study are listed in Appendix II. It
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appeared that as the total amount of milk handled increased, there was
a definite trend to use exzuipment with a greater capacity and therefore,
increase the space requirements.

Seven plants were used in meking the analysis of the space require-
ments for processing rooms. The sample is somewhat limited in its scope,
but it seems to provide a good indication of the emount of floor space
required for processing a given amount of milke.

The area for the processing room includes that required for all
operations in the preperation of raw milk snd its byproducts for con-
sumption. This areas includes that necessary for milk tank storage,
pasteurizing, homogenizing, cooling, bottle filling, byproducts menu-
faéturing, and all other allied operations.

The two plants handling seven hundred gallons and 975 gellons of
milk deily produced a smsll amount of ice creem in addition to the
regular products. It was assumed that this would have little effect on
the total area required for processing end consequently, the arees were
used in meking this enelysis,

The amount of floor space required for processing rooms for milk
plants handling from 500 to 5,000 gellons of milk daily is illustreted
in Fig. 2. The curve shown should not be extended beyond these limits,
since en anslysis including larger plants could possibly give a much
different result.

The sclid line shown in Fig. 2 indicates the best estimate of the

average emount of floor space, in scuare fecet, reculred for the process
ing room. This area includes that required for milk tank storesge, pas=

teurizing, cooling, homogenizing, bottle fillin~, byproducts manufacturing,
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and all other allied operations in the processing of bottled milk. The
two broken lines on either side of the solid line indicste the upper and
lower limits of the area recuired for the processing room. It should
be noted that the variation between the solid and broken lines is less
for smaller plants than for larger plants. This could be expected since
the small sized operations usually require only a limited amount of
additional equipment and floor space for th; nmanuTacture of products
other than bottled milk.

The area renuired for the processing room can also be found by

use of the followinz equation which was used in constructing Fig. 2.

Logig Yo = 1.123181 £ 0.621603 Logy X

Logig Yo = losarithm to the base ten of the floor
area required, in square feet.
Logig X = lorarithm to the base ten of the gallons of

milk handled dailye.

The same limitations are reouired in the use of this equation as

was mentioned above for Fig. 2.
Space Recuired for Bottle Yeshing Rooms

After the milk hes been pasteurized and cooled +o anproximately
52 to 40 decrees Fahrenheit, it ia put into clecn, sterile bottles and
capped for storage and delivery. A separate room i3 provided for storine,
sorting, and washing the incomin~ dirty bottles bofore they are token to
the bottle filler for Pilling. The bottle washing room should be larce
enough to accomodate a bottle washer, spece for sortins bottles and cases,
and provide sufficient storage space for the daily run of all incomine

bottles. Additional spece emy also be resuired to allow the use o cone-
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veyors. In plants where a lzr-e number of bottles are handled, it is
advantereous to provide a loep in the converor line entering the bottle
washer in order thet empty cases, from bottles required ‘o fill the washer,
need not be removed and stored until the washer is emptied.

The size of the bottle washing room should be appnroximately eaqual
to the total space occupied by the botile washer, case washer, and cold
storace rooms (10). In addition, about seven feet should be allowed in
front of the bottle washer to 3tack the ceses required for filling the
bottle washing machine (8). Babcock (2) stated that the size of the bottle
washing room would depend on the method of handling the bottles in the
plant. If most of the bottles are sent directly from the delivery trucks
to the washer, only enough space i3 needed for the bottle washer, con-
veyors, and workmen. As a ruls, however, many of the bottles have to be
stored before beinz washed and sufficient storasze space should be providede.

The soaker=type bottle washer is more efficient then the jet-type,.
however, it recuires more floor space for the same capacity (5)

The amount of floor space that is required for the bottle washing
room will larcely depend on the amount of bottled milk handled, the size
of the bottle washer, and the styles of bottles used. Ample storage space
should be provided for storing cases of bottles and also for the sorting
of bottles and cases.

The sosker-type bottle washer was used in 21l twelve plants studiede
(See Arpendix II)e The amount of bottled milk handled daily by these twelve
plants ranged between 50 and 25,100 zallons. The size of the botltle
washers used varied from a four-wide washer w ith a capacity of approx-

imately 32 quarts per minute to a twelve-wide washer with a capacity of
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114 quarts per minute. This trend illustrates a general relationship be-
tween the size of the bottle washer and the amount of bottled milk handled
daily. However, the capacity of the bottle washer is governed entirely
by the capacity of the bottle filler,

The method o€ handling the bottles and cases in the bottle washing
room may elso sffect the floor space requirements. Those plants hendling
approximately 2,000 gallons of bottled milk daily generally used case
dollies for transportinsg the bottle ceses in place of the converor systems
found in the larzer plants. It was assumed that at one time or another
during the day, most of the empty bottles were stored in the bottle wash-
ing room and were not sent directly to the bottle washer as they came in
from the routes.

The square-type milk bottle was used by eleven of the twelve plents
investicated. Only one plant wes still using the old style round bottle.
By using square botiles and bottle cases, one-third less space is renuired ¢).

Six of the 12 plants were used in makinz the final anslysis of the
space renuirementse The plant handling 730 gellons of milk daily was still
using the old style round bottle. Only plants using the square-type botitle
were used in making the analysis. Two plents handling 975 to 2,310 gallons
of milk daily did not indicate if the room was large enough and were
omitted in the calculations. The actual amount of bottled milk handled
daily by the two plants handling 1,165 gallons and 4,190 gallons of milk
vas not known. Also, the bottle washinz room for the plant handling
4,800 gallons of milk deily was too omall to be considered.

The six plants used in making this analysis were handling approxi-

mately 90 per cent of the bottled milk in quart bottles and the other 10
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per cent in half-pint bottles. The approximate range was between &5 and
02 per cent for quarts and between 7 and 15 per cent for halfepints. One
plant wes bottlinz about 1.3 per cent in pints while another plant was
handlinz approximately 1.7 per cent of the bottled milk in ten-ounce
bottles.

Fige 3 illustrates the smount of floor space required in the bottle
washing room for plants handlins from 500 to 5,000 gallons of bottled
milk daily. When the floor space requirements are estimated by the use
of Fige. 3, they should be limited to those plants handling between 500
and 5,000 gallons of bottled milk dailye

The solid line shown in Fig. 5 gives the best estimate of the re-
guired amount of floor space for the bottle washing roome The broken
line on either side of the so0lid line indicates the upper and lower limits
of the floor space recuired. The variation between the solid and broken
line is enqual to approximately 117 saquare feet. This veriation should
account for differences in handlinc- methods, and variations in the design
and arrangement of the room.

The following equation, which w=s used in constructing Fig. 5, may
also be used for calculating the approximate amount of space resuired

for the bottle washing room.

Y. = 383.2 £ 0.2030X
Yo = square feet of floor space.
X = gallons of bottled milk handled daily.
The same limitations should be placed on the use of this ecuation

as stated above for Fige 3.
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Space Recuired for Milk Storagze Rooms

Milk that hes been bottled and canped is usually taken directly
to the milk storage room where it is kept refrigerated until delivery.

The milk storage room also generally handles bulk milk in five or ten
gallon cans, packesged cottage cheese, and many other products that are

sold by the dairy. It is good procedure to design the milk storage room
sufficiently large enouch to sccomodate all the products that are processed
daily plus enough additional space for aisles and conveyors. Some plants,.
however, may route their milk directly from the bottle filler to the de=
livery trucks end less storage space may be recuirede

Broughton (7) end Mitten (19) found the size of cold siorase rooms
handling round bottles to be equal to one square foot for each or gallons
of milk handled. MNMitten (19) used a factor of 7%-gallons per square foot
of floor space for scuare bottles. The above requirements allow space
for aisles in addition to 50 per cent excess space.

One square foot of floor space for each case of round bottles or
eachh can shown on the daily processing requirement analysis and two-
thirds of a square foot for square bottles and cases wns recommendied by
one sales enzineering department (8). When cases are stacked five high,
the above method will allow for aisles and conveyors.

Since it is impractical to stack cans more than two tiers high,
more space will be resuired for storing large quantities of milk in cans (2)e
It was also recommended that full, quart-botile ceses be stacked six tiers
hign and full, pint-bottle cases seven tiers hich.

Seven of the 12 plants investigated indicated that they had suffi-

cient floor space in the milk storage rooms; however, one plant wes using



round bottles and was not included in the analysis of data. Only those
plants using square bottles were contained in the calculations. The two
plants handling 975 and 2,310 grllons of milk daily did not indicate
whether the room was large enoush. It was assumed that the area allowed
for the milk storage room in these two plants was larce enouzh after com=-
parinz the floor space and the area per 10C gallons of milk handled daily
with that of the other plants studied. Also, the plant handling 2,200 gallons
of milk daily stated thet there was some room for expansion in the milk
storage roome. It was assumed not to be excessively larce and was contained
in the final analysis.

The estimate of the average amount of floor spece required for the
milk storage room in plants handling between 500 and 5,0C0 ~allons of
milk daily is illustrated in Fige. 4. The indicated areas allow enouch
floor spsce for storing the daily run of all products in addition to that
rejuired for eisles and conveyorse

The solid line shown in Fige 4 indicetes the best estimate of the
average amount of floor space recuired for the milk storage room in plants
hendling between 500 and 5,000 pgallons of milk daily. The broken line
on either side of the solid line indicates the uprer and lower limits,
respectively, of the floor space requirements. Some variation is to be
expected due to differences in hendling methods and variation in the design
and arrangement of the room. Fig. 4 should be used for estimating the
floor space reauirements in milk storage rooms for only those plants using
the sauare-type milk bottle.

The following equation, which was used in constructing Fige. 4, mey

also be used to estimate the floor area renuired for milk storagze roomse
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Logy, ¥, = 1.076085 £ 0.504535 LogjgX

Logip Ic = logerithm to the base ten of the square
feet of floor area reguired.

Loglo X = logarithm to tne base ten of the gallons

of milk handled daily.

Space Required for Lry S torage Rooms

The dry s torage room siioula be large enough to supply sufficient
storage space for washing compounds, bottle caps, spere perts, and any
other supplies tnat are recuired in the milk processing plent. The ma-
jority of tne plants investigated in tnis stuay aid not have sufficient
ary storage space. A separate roo.. should be set aside for the storing
of supplies, regardless of the size of the plant. By utilizing & separate
room, Supplies czn be purchased in larger quentities at & reduced cost,
inventories are reduced, sna waste and contamination ere at & minimum.
However, smell cabinets or shelves may be placed at eavantageous positions
in the plant to handle most of the supplies for daily requirements.

Bebcock (2) empnasized thet all milk plants, regardless of size,
should have a plazce to store washing powders, bottle ceps, replacement
perts, end other such items. He further stated that small plants may
provide suitable storege by having cabinets located in the by-products
room, but large plents will usually recuire a separate roome.

Only a few plents of eny size have adequate ary storage space (6).
However, a lerge dry storege spzce will affect a saving in time, and &id
materizlly in preventing waste and contamination of bottle caps, washing
powders, parchments, and other supplies.

Storerooms should be consolidated and overheaa space utilized for

high stacking in order to reduce inventories (Ref. <5, p. 315).



Freu~hiton (7) end Vitten (1¢) found the minimum cllow-ble area for
dry storece space to be approximetely 25 per cent of the total plant aren.
Broucshton (7) steted thet this area may ran~= up 100 rer cent of thre totel
plant, area.

Of the 12 plants investis=ated, four indiceted that the dry storage
area ves too small. Three plants did not submit the size of the dry
storare ares, and one plant did not indicste whether the room was larce
enough.

The plant handling 4,800 gellons of milk deily stated that the dry
storege area was not larce enourh to handle a 30 dey sup~ly of materials.
However, it wss assumed that had thec storace area been equipped with a
12 to 14 feet ceilinr, instead of & feet, the emount of space would have
been ndecuate. Also, the plant handling 7C0 zallons of milk deily stated
that the storage ares wes eslmost large enourhe. Acain it was assumed thet
if the cciling heicht had been 12 to 14 feet, instead of 10 feet & inches,
the amcunt of space would have been sufficient. The two plants hendling
4,800 and 7,950 gallons of milk deily were packaging milk in paper con=
teiners and reqjuired more space for dry storage than ordinarily found in
a plant handling milk in glass bottles onlye.

Fig. 5 shows the best estimate of the averace amount of floor area
required for the dry storege room, s celculated from thet found in five
milk plantse As indicated by Fig. 5, there was a very high degree of
variation between the flocr area recuired for dry storage in the plents
investizated. A large emount of varistion cen be expected due to the
wide variation of items cerried by verious plants. Some milk plents mey

carry a large supply of replacement parts or handle paner conteiners and
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others m~y not. Some plents may be locsted close to suppliers and not wish
to corry a large inventory, while others may find it necessery to provide
enough space for et least a 50 day supply end perhaps more., However, the
curve shown in Fig. 5 should indicate enough floor space for the averace
milk plont having a 12 to 14 feet ceiling in the dry storeze room.

The solid line shown in Fige 5 indicetes the best estimate of the
average smount of floor areas required for the dry storace room having
a 12 to 14 feet ceiling. The broken line on either side of the sol:d
line locetes the upper and lower limits of the floor area requirede. Fig.
© was constructed to be used with those plonts handling between 500 and
£,000 callons of milk daily. It should not be used for rlents outside
this ranre, since another sample incorporeting other plants might produce
a different result.

The following ecuation which was used in constructing Fige 4 moy
elso be used to calculate the floor space recuirements for the dry storaze

room in milk plantse.

Logyg Yo = 0.453200 £ 0.809050 LogyoX

Logyp Yo = locarithm to the base ten of the
scuare fecet of floor areae

Logig X lozerithm to the base ten of the
gallons of milk handled daily.
The same limitations should be placed on the use of this ecustion

es stated gbove for Fige 5.

Space Required for Boiler Rooms
The boiler room in a milk processing plant should be located in a

section of the plant completely isolated from the processing roomse It
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should have adeauate floor space for a boiler which will supply the re-
quired amount of steam to carry out all processing operations. An ade=-
cuate supply of steam is usually needed for the bottle washer, the case
washer, the can wosher, pasteurizing, water for wasning and sterilizing
ejquipment, and heating the plant.

The majority of the pleonts investizeted in this study had no problems
concerning the size of the hoiler room. This room is desimmed to handle
one piece of equipment and is not confronted with the complex problems
of expension that affect processing rooms.

Cf the 12 plants investiicated in this study, three plantz did not
meke availeble the size of the boiler room snd one plant stated that the
boiler room was too smell. Those plants handling between 580 and 1,100
callons of milk deily hed boilers with capacities between 20 and 40 horse-
rower depending upon the deily steam requirements. Plants handling between
2,310 and 7,950 gallons of milk daily had boilers with cepacities between
120 and 125 horsepower; althouzh one plant handling 6,400 gallons of milk
daily had in addition to a 120 horsepower boiler, s coel-fired boiler with
a 150 horsepower capacity for stand-by service. In general, most of the
boilers being used todey in milk plants are either gas or oil fired, thus
reducing the problem of ccel dust and ashes ususlly found with coal-fired
boilers.

Fige 6 illustrates the smount of floor space required for boiler
rooms in milk plants handling from 500 to &€,000 gallons of milk daily.

The emount of floor spsce required as indicated in Fig. 6 does not allow
for coal bins or fuel storage. The solid line shown in Fig. 6 indicates

the best estimate of the average amount of floor spece required for boiler
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rooms. The broken line on either side of the solid line cives the upper
end lower limits, respectively, of the recuired amount of floor space.
The floor space reauired for plants outside the rance stated above should
not be estimoted with the use of the curve in Fig. 6, since another sample
for other milk plants might yield a different resulte.

The followinz eauation which wes used in constructins Fig. 6 may also
be used to estimete the amount of floor space recuircd for milk plant

boiler rooms.

Log g Yo = 0.143176 £ 0.736160 LogyX

Log10 Y, = logerithm to the base ten of the square
feet of floor area required.
Logjg X = logarithm to the base ten of the gallons

of milk handled daily.

Space Required for Plant Cffices

The milk processing plant recuires a certain amount of office space
in order to carry out the daily business at hand and keep an orderly file
on all records. FPecords must be kept on all purchases and sales and all
other necessary transactions for the operation of a successful enterprises

The amount of space that is renuired for plent ofTices will depend on
the number and size of the desks utilized, the emount of space recuired
for files and office equipment, end the arrangcement of these items. A
general standard for the allocetion of space for various office activities
is given in Table III, p. 24,

Of the 12 plants studied, four did not report on the emount of floor
sppce available for the plant offices. The plant handling 700 gellons of

nilk deil:" ccmbined the of 7ice and the driver's check room into cnn rcom;



this plent was not used in the enalysis. OCf the eizht plants reporting,
seven steted thet the space allotted to of“ices was adesuate. It was
assumed that the plant handling 975 gallons of milk deily elso had adecuate
office space. Those plants handline up to 1,100 gallons of milk end over
should not require more than a one man of“ice force or at the most two,
depending on the amount of business transacted.

Fige 7 indicates the average samount of floor space reocuired for
of7ices in milk plants hendling between 500 and &,0C0 gallons of milk daily.
We should not expect the area to decrease for larger plents es is indicated
by Fige 7o Due to the lerge veriation found in the office space for various
milk plants and the fact that we have a limited semple, this has occurred.
There is no reason to Lelieve thet the area should decrease for larcer
plants. However, the area as indicated in Fig. 7 should provide a good
estimate of the amount of floor spsce required for offices in milk plantse

The solid line shovm in Firce 7 indicates the best estimate of the
average amount of floor spece resuired for offices in milk plants handling
between 500 and 8,000 gellons of milk daily. The area for larger plants
should not be estimated from this curve. The broken line on either side
of the solid line indicates the upper and lovwer limite of the required
area. The variation between either broken line and the solid line is
eoual to approximately 98 scuare feet measured on a verticel line.

The following ecuation which was used in constructing Fig. 7 mey be

used to calculate the floor space required for milk plant offices.

T, ==143.2 £ 0.4562% - (10-T x 360.5%2)

Y. = square feet of floor space recuired.

X gallons of milk handled daily.
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Y, = - 143,185 £ 0.456R11 = 10~7Tx360.495%% _ _
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The srme limitetions apply to the use of this equation es was steted

above for Fice 7o

Space Reauired for Compressor Rooms

The compressor room is usually located g3 near as possible to the
cold storace rooms so that the lensth of refrigeration lines are kept to
a minirmme. It is advisatle to provide a separate room for refrigzeration
machinery so that it may be consolidated for easy maintenance. However,
in some of the smaller milk plants no specific rocm is provided for housing
COmpressorss.

The size of the compressor room will depend upon the number snd size
of compressors necessary to furnish the hourly refrigeration requirements,
In moct milk plants, compressors are required to maintain the tempersture
of the cold storage rooms, in addition to supplying the necessery amount
of refrigeration for heat exchange ecuipment. The size of the compressors
should be established accurately from the refrizeration lond as it occurs
through the day. In smell plants, two compressors should supply all the
refriceration for plant needs. One 1is recuired to maintain the temperature
of the milk storage room end the other is uséd in conjurction with the
sweet water system. OCne compressor would ordinerily suprly the refrig-
eration requirements, however, with two cocmpressors, less troutle is likely
to occur in case of a breal-down.

A study of 12 milk plents indicated thet no reneral relationship
could be estatlished for the size of the comprezsor room g3 determined
from the emount of millz hendled daily due to varieble and insuf‘icient
data. Table IV shows the floor space available for compressor rooms in

ten milk plants investicated for this 3tudr.



TABLE IV

FLOOT SPATE AVATLARLT WChR OCIPEIS3COR
BACYS TTT TTN VTN FT AT

Fels. of Size ¢© Paom (ft.
Millk Ayon Torce
®lant  Fandled “idth Teneth o Uaicht (2+.7) “nou~h?
Nnilr )

_ BP0 Tome one  Mone Yono o
Bl 700 6.00 14,00 == o4 "ot ghated
cl 730 17,00 12,00 9,00 144 Yos
E 1,100 .25 8.3 11.A47 =5 Yes

11.75 1547 11.47 1002
H 2,200 20.00 20.00 12,00 4oo Mo
I 2,310 20.00 Lo,00 14,50 £00 Ve
K 4,200 1°.00 2°.00 £.00 =04 To
11 £,400  21.50  15.92 14,00 34l Yes
" 7,050 25,00 70,00 12,00 750 Yes

—l

1Coz::pressors arz used for both milk and
ice cream handling.

2Arca occunied by a sweet water tanlz with
a 6,000 pound cepacity.

Space Fequired for Plant Yaintenance Shops

The maintenance shop for a milk plent may range from a small cabinet,

with an adequate supplyv of tools, in a small plant to a liberal sized machine

shop in ler~e plants. Usually in sm=ll milk plantis, the plant operator
conducts mo3st of the maintenance and service work while in lerce plants,
a trained engineer is usually hired. In the modern milk plent, there is
a need for continual and periodic maintenance of equipment so that re-
gardless of the size of the plant, some space should be provided for

handling a supply of tools and equipment.



57

The size of the maintenance shop will depend entirecly upon the tyve
of service work done in the plant end the tools and mochinery recuired to
satisfectorily handle the job. The small milk plent cannot economically
afford a complete machine shop, however, tools should be available in case
of a breskdown and repairs are needed. A sugrested list of tools and
ecuipment for smell deiries is recommended by Farrall (Ref. 13, p. 333).

The majority of the plants invesii-ated in this study had some type
of 1:minienance shop available. However, no% enough information was avail-
able for determining the size required for plants hendling various ouantities
of milk. Table V shows the floor space available for plant shops as found

in seven milk plents.

TABLE V

FLCCR SPACE AVAILABLE FCR IMATNTZNANCE
SECP3 IN 3ZV=i MILK PLANTS

Gals. of Size of Foom (ft.)
Milk Area Larce
Plent Handled Width  Length  Heicht (£t.2) Enourh?
Deily
A 520 None Mone None Mone -
cl 730 £.00 £.00 9,00 &l Yes
B 1,100 Mone one one “one o
I 2,310 17.00 34,00 14.50 812 Yes
K 4,r00 10.00 27.00 A,CO 270 o
! 6,400 15.25  60.08 12.67 017 Yes
M 7,050 50.00 35,00 12.00 1,050 Yes

lﬁaintaining milk and ice crecam esuipment.



Space Peauired for Locl-er Froms

Locker rooms should be provided for ell plant employees, including
bath and toilet focilities. Sinece it is desirable to have a neat and
sanitery appearinz plant, it is necessary for employees to heve facilities
for chan~ine from street clothes into white uniforms.

The size recuired for locker rooms will depend upon the number of
employees needed to hendle the processing operations, the type and arrange-
nment of lockers, and the facilitics available. In some plants, it was
noted that the locker room was also used for a lunch room. Howevear, where
employees are renuired to lunch in the plent, it is much bhetter to havs a
separate room set aside for this.

Only four o? the 12 plants investigated had adeguate space for a
locker room. The plant handlinz 6,400 gallons of milk deily stated that
the locker room was larre enough except at noon when employees utilized
it as lunch room. One plant had only toilet facilities availeble. No
conclusion could be drawn stating the amount of space required for locker
rooms. Teble VI illustrates the floor space aveilable for locker rooms

in nine milk plants.
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TARLE VI

FLOCR SPACZ AVAILABLE FOR LOCKER
ROOMS IN NINz MILK PLANTS

Gals. of Size oI Room (fTe,
Milk Area No. of Large
Plant Hendled Width Length Feight (ft.2) Personnsl Enough?
D=ily
_A 580 7.50 13.50 _0.00 101 3 Yeg
B 700 8,00 £.00 9.00 6L 3 Ves
C 730 7.C0 7.00 8.00 Lo 3 Yes
E 1,100 - - - Mone - -
H 2,200 £.00 15.00 9,00 120 3 o
I 2,310 8.50 17.83 12,00 152 7 Yes
K 4,800 12.00 _1&.00 2.00 216 - o
L 6,400 15.00 18,00 15.00 2708 20¢ Yo

15,00 11.00  15.00  155P

M 1,950 8.00 12,00 £.00 96 25 Yes

&Space for lockers.
bSpace for showers end toilets.

CZmployees for both milk and ice cream.

Space Required for Driver's Check Room

The driver's check room is desicned to provide the fecilities to
aid the route salesmen in keeping records of their accounts and sales to
their customers. The size of the room will depend on the mumber of sales-
men and the available facilities. In moat milk plants, tables may be
utilized to provide sufficient working space, space for keeping records
and route books, and space for handling accounting machines.

The size of the driver's check rooms as found in this investigation

was extremely variable. 1o definite conclusions could be made regarding
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the re~uired gices, Tehle VIT ahnarrg tre ormeont of Ploor ann_ e oavailahle

]

for Ariver's check rosms a3 Poind in seven il rlenta.

TATLET VIT

FLCCE 2DeCT ATAILA

CHUOVW Lo T 3TV VTV PLATTTS

FCE DITY TTle

Grla. of Jize of hoom (ft.)
Tl Aren io. of Lor~e
Flant  Fendled '1idth Len~th  Heicht 242 Porzonnel  Tnoush?
ha) - -
Al S —
A =70 7.00 17,80 .00 o5 L Veg

B 700 1°.00  °0.00 _10.67 340 § .. Yes

C _7_;10 . L"' i (\o 1"?_0 ?_ & 010- 1 6 R ’.",‘: 3

D 7S 9.70 17,50 - 115 - -

.
—— e e — f— ——

= Lwo e 547 Tobo 55 5 o

I 2,710 10.70 10,00 2,00 160 13 Yag

W 7,050 20,72 bo.no P.on 1,700 =1 o

Snace Pevuired for Totrl PFlent Arca

The total emount of floor snace rervired for the milis processing
rlant will derend uron the individunl re-uirements for esch room in the
plant. %Yot enough information w-3 =vailoble on the plents investiirated
to mnke an estimate of the totrl pl-ont area rewuired to hendle a ¢iven
amount of milk. However, by usin~s the fi~vres obtained from the estim-ting
esuations derived for the individu-~l rooms, we can anproximrtie the amount
of floor space r2-~uired for the more importent rooms in the milk processing
plant. Table VIII shows the estim-te of the floor snace re-uired in the
importent rooms in mil% plonts hondlins botween 5CO and 5,770 c2llons cof

milk dailyr.



TATLE VITT

FI.OCR SPACE BETUTEPD TN THD IZI'FCRTALT BOM S
CF VILY PLATTSZ BANLLTI STTVERY
S0 AD 7,000 MALLCTTS CF VTLK DATLY

Cals. of TReceiv-  Procees-  Fottle Totel, Milk Drv
ik ing ing Foom  VWnshing  Handling  Storace  Siorace
Handled Foom (££.2) Reom Rooms Poorg Room
ooily  (21.9) (2£.2) (££.2)  (2.2)  (e.?)
500 °57 €2 Les 1,57 o74 4=3
1,000 2cp o753 _Bn6 1,551 zeo 750
2,000 363 1,505 779 2,6k7 £82 1,350
7,000 Lok 1,008 oe2 23352 €77 1,°45
4,000 =05 2,30% 1,1¢5 4,c03 7°2 2,231

5,000 575 2,645 1,308 4,410 £76




CCIICLUZIOS

l. The floor o»n-~ce reruired for mill nl-nt reeceivin-~ rooma depended
arcaly he mt ga n3 of nrilk hondled daily for t™os -nts
larcely on the number of gallons of milk hendled 4aily for e pl-nts

handling bstween CO 2nd #,000 ccllons of milk derily.

2. The nmomt of floor sn~ce reruired for milk nlent bottle washing rooms
w2s directly related to the emount of botiled milk hendled daily for rl-nts

handling between 00 and 5,000 rnllons of bottled milk daily.

5+ The gallona of milk hcndled daily by a milk rlent provided a zood beris
for estimatiny the size of the beiler room required for milk processing

plants handlinz botween 500 a-d €,000 c2llonas of milk dailyve

4, The emount of office sprce rcruired for a milk processing plent wes
directly related to the volume of milk hondled daily for those plants
handlinc btetween "CO and &,000 gallona of milk daily. However, some
discrepancy was evident in this reclationship for larser plontse This
could be due to the cmall number of plants available for the investigation
and also to the variebility of the snace 2vailnble from plant to plant in

the lerrer plants.

5. The floor sp~ce recuired for dry storsse rooms was related to the cellons
of millk h~ndled daily b:r the milk nlent. Althouch & rel=wtionship wes
indic~ted, due to the limited number of plants avail-ble for the rnalysis,

a reliable prediction of the space recuired could not be mnde.



6. The size re-vired for milk pl-nt milk s*ors~c rcoms enneared to be
directly rcleted to the gellons of milk heondled daily for those plants
hondlin~ between 5C0 end £,07°C 721lons of mill daily. The estimete of the
floor spnce re~uired for mill stors~e rooms wos not a relirhle one, heowever,

due to the small number of plants available for making the anrlysis.

7. The floor ar~a re~uired for milk vlani processine rooms depended lerg-~ly
on the gallon3 cf milk hendled deily for “hose ploants hendlinz botween

5CC and 5,0C0 gallons of milke 7The estimnted area for processing rooms
provides only a rou~h ~nproeximotion of the reauired area beconse the area
for all processing operations, including brproducts mrnufacturing, were

corbined into one fi-ure.

8+ A study by auestionnaires i3 not entirely setisfactory for eon investicntion
of dairy plent lavout ond d<sirn. A ve2ry am=ll return mey Le exnected,
in addition to the fect thet the reli-bilitr of the information obteined

is open to ouvestion.

Qe The volume of prodncts hondled by e given plont shovld be determined

sccurately from plent recordse.

10. An individuel study should be m~de of each nrocessin-~ operation in the
mill%z plant recerdin- the releotionship between the floor area »nd the

ruentity of product hnandled.



FICCLYITUDATTIONS FCR FITURZ 37TV

1. Cbtain the cooperation of = larre number of dairies to take pert in

g study of the layout and desim of milk plants.

2. Define a method for estim:ztinc the operating efficiency of a milk plent.
x . N J

3. Determine the emount of excess sp-oce which mey be included in the orizinal

plsnt design for future exponsion without excessively increasing operation

-

end overhead costse.

L, Deterrine how much incre=se in c=paciiy can be had in =2 milk plent
by instelling greecter capacit;” eouirment without increasing the floor spece

recuirementse.

5. Determine the totcl ground space recuired for milk plants hondlinz

various quantities of milke

6. Determine the number and kinds of products, s2nd the qurntity of ench,

handled by the averz~e rilk pl-nt.

7+ Construct operation time schedules for milk plants handling verious
cuantities of milk and determine good layouts utilizing models or termplates

of the ecuipment.



APPZIDIX I

Statistical Annlvais of Data

The least squares method of =nslysis was employed in computing the
equation to represent the relastionship between the area required for the
various rooms in the milk processing plant end the gallons of milk hendled
dailye. Several veriations of this method, linear, non-linear, end curvi-
linear regressicn, were tested in an effort to obtain the best fitting
equation. The data used in the cnlculations of the space recuirements
for milk processing plants are shown in Table AT,

Sermnle calculetions are illustreted for the statistical analysis
of receiving rooms onlye. The final results of the statisticsl anelysis
for the processing, bottle washing, milk storsge, dry storage, boiler,
and office rooms are given in Tables AV, AVITI, ATX, AXI, AYIII, and AX

respectively.
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TASLE AT

DATA USZD IN CALCULATIONS CF THE REZLATIONSHIP BITVEZN
GALLCI'S OF MILK HAIDLTD DAILY A'™D FLOOR SPACE

FOR THZ VAPICUS PROCI3 IN THE MILX PROCES

REMUTIRZD

CITG PLANT

Gals. of Gals. of Pro Milx  Dry
Plant 1lfilk Bottled cesg- Bottle Store- Stor-
Hendled Millk  Receiv~ ing Washing age are Doiler Plent
Dnily Handled ing Poom Room Foon Room Room Roor Offices
Drily  (££.2)  (ft. f),(ft.L), (££.2) (£t.2) (££.2) (£.2)
A 550 5£0 270 700 L1y zho 1752 162 153
B 700 700 2002 700 700 208 360 200 340
C 750 575¢ 105 720 960 320 820 o252 20l
D 75 - 375b 1,160 608d 300 pzzb L 210b
E 1,100 1,100 172 5407 507 2142 1452 204 121
F 1,165 - 264 1,078 0481 1008 Ly148 - -
G 1,270 - 400 - - - - - -
1§ 2,200 1,000 4Co ) &8¢0 600 -~ - -
I 2,510 1,570 503 1,770  acsb  geib - 4o7 748
J 4,100 - Lo 2,152 957 752 5,200 500 -
K 4,200 - 512 1,624 gsha o34a 1,032 704 1,248
L 6,400 4,610 5058 32,0062 1,430 7412 3,87°8 1,017 -
M 7,050 4,120 00  2,060% 1,0°0 1,350™ 3,000 1,050 1,200

8Rooms which were too small.

bAdequacy not stated.

CUsed round bottles.

Receiving Rooms

The size of the receiving room was investigated in 13 milk plants

handling from 580 to 7,950 gallons of milk d=ily.

Two plents handling
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700 and 6,400 gallons of milk d=ily, respectivzly, stated that the receiving
rooms were too small and these data were not used in meking this an=lysise.
One plent hondlinz 975 gollons of milk daily did not indicete if the receiv-
inz room was larre enouch, however, it was assumed to be adesuate. The two
plants handling 975 and 4,190 gollons of milk daily each had a 1,500 gallon
storace tank in the receiving room and 98 square feet were subtracted

from the area to allow for it.

The data for the receiving room in the 11 milk plents having adequate
floor space were compared by four various methods of regression. Sample
calculations for the relationship between the gallons of milk handled daily
end the floor space reguired for milk plant receiving rooms is shown in

Table AII.
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TABLZ AII

SAPLE CALCULATICITS SHOWIN: THE
FZLATICIZEIP BZTWEEI! THZ GALLOCIIS
OF MILK HAYDLZD DATLY AT THE
ATEA OF MILX PLAITT FZCZIVIMZ ROCHS

Gals. of
Milk
Plant Handled Aresa
D-ily £t.2
X Y
A 520 270
c 750 105
D ) 213
E 1,100 172
7 1,165 24k
G 1,2°0 Loo
5t 2,700 400
I 2,310 50%
J 4,100 Loo
K L,2c0o 512
M 7,050 £00

3emple calculations for lineer re-reasion. The followins sums were cal-

culated for makins this enalysis: BXY = 14,542,115; €X2 = 120,000,250;

Ev° = 2,054,007; @X)? = 744,102,400; @®Y)? = 10,000,161; TSY = 1,735,2073
XX = 27,2°0;8Y = 4,360; ¥ = 307.1218; X = 2,470

The e~uation for linear regression iz of the form

Y.Zafdm (X3
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a SEY = T = 307.182
n

m = nTAY-IXEY =
272-(ZX)°

= (11)(14,5k2,117)-(27,°70) (£, 540)
(120,000,25C)=(744,158,400)

n = 0.070°17361
Z 307.132 £ 0.708174(%-2,4°0)
Vo T 221.755 £ 0.0708174%
The explained sumz of saquares,
£Y_2 = 1,907,808
“he correlation coefficizsnt,

r = (n)(2xY)-FXEY
\/fn ) I mar=(2%)7]

(11)(14,542,115)-(27,270) (4,320)
y('ixlﬂo cCC,000,250)- (744,107,400 )][(11%2,05 L,“”") (15,038,161 )]

r = 0.9065

The standard error of estimate,

o—:rs = é{__y_‘.zj;c_

n

é{»’O:’L’nf?_ ho? o

)
@
[

2 £ 72.0%5

An~17sis of Varirnce for Correlation Ceoeflicient

“ourcz of Variance Voriance
) . .
Ivpleincd: g v, - ZY T3Y = 1,007,507 - 1,735, 27 a7 = 250,521
V'\—.‘ 1
o - [a)

I"r"o--f:*}s‘infd:0‘.":'3 z‘_i?_zy!i = 2,05L1J-c°7~1)_(107££i = &,=4°

n-r 9
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o} -r w— N e el - ~ - =
Total: £y =IYP-VEY = 2,08L,°07.7 728 977 = 21,640
n-1 10
F1,0 = 207,501 = 41.,7ch (7 = 22,855 e+ 0,17 level)

6,42

« o The correletion between the two vorieables i~ ei~nificent.

Srmrle crlenlotiors for curvilinesr regression. The followinge sums were

calculsted for makin~ thia ennlwvais: XX = 27,060; £Y = 4,360; 2V = 14,540,115;
Ix2 = 120,000,25C; Y2 = 2,054,707; €£X°Y

=it

77,176,5°0,725; EXO = 716,106,657 ,47°C;

4,0802,005,146,101,25C; YZY = 1,735,2°7
The eguation for curvilinesr re~ression is of the form
Yo =afbX £ e
The normal e~uations for sclution are
1. TY = na £ bIL £ cIX2
L,360 = 11a £ 27,2°0b £ 170,00C,25
2.EXY = gZX £ bIX2 £ 23
14,542,115 = 27,270 & £ 120,000,25C b £ 716,106,637,450 ¢
5.2X2Y = o¥X2 £ v2ud £ ezt
77,174,5°0,325 = 120,000,25C e £ 716,106,657,4°0 b £
4,200,°00,166,1¢1,250¢

From the sirmultaonecus solution o2 the normol equations,

o
"

2156.0CQ%

"

0.07404795

-10-9%516. 6414

o}
.« Yo = 216,909 £ 0.0740L70%-10"%5168.641%°

The exploined sums of scuares,

27,2 = 1,007,600
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The index of correlation,

= 07_,6ﬂ0-1,] 5,077
2 OJ‘I’"‘Y 197,/3(87

P = 0.60500%

The stendard error of estimnte,

My, ¢1X2-IY 2

é/’ 2,058,5 7 1,067,670

Ty,

£ 72.115

Anelysis of Varinnce for Correlation Coefficient

Sodrce of Variance Variance

Explained: @2y, = 1,007,670-1,73%,2°7 = 131,177
2

Unexrlained i: = 2,08 F?? 1,007,670 = 7,151

Totals °—=2y Z 2,0%4,°°7-1,735,277 = 51,040

F = 121,107 = 16,347 (2 = 17.40% ot 0.1 level)
15

« o The correlation between the two variebles is simificont.

3amnle colculetions for non-lineer recression, Lo~1g¥. = Lo~p g»% b Loryp¥e

Let X' = Logye¥, ¥' = Logio¥, and Y.' = Losjo¥e. The following sums were
calculated for mskins this en-lysis by using the LogioX end LogioY in place
of X and Y recpectively: TX'Y' = 02.052108;FX'2 = 117.4460ck;2Y'2 =

724054085 (€%')2 = 1,277.3°63402; (TY')2 = 702.345033; YAY' = 72.051367;
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TX' = 35.7L0542;ZY" = 28.,140624; X' = 3.2L014C; Y' = 2.550066.
The esuation for this anzlysis is
T, = a' £m (X'-X")

a =2V =Y ' = 2,550086,

n
m = n¥X'Y'-zx'zY!
Zx'e-(zX')=
Gl et el
m = 0.456609
Yo' = 2.559066 £ 0.456600(X'-3.240140)

ad
1"

c 1.075007 £ 0.458600%!

Loz1g¥, = 1.075077 £ 0.450660Lozq X

m

The explained sums of squares

TY!\2 = 72.306006
Trhe correlastion cocfficient,

1= (n)(zX'y')-2zX'CY!

naX 2= (ZX )2 [Ty ' 2-(3Y ' )2
C
(11)(02.052108)-(35.740542) (28,148 42L)

g.,l[hl)(n?.ms,o@u)-(l,277 e6z42)] [(11)(72.423408)
-(792.345033) ]

71 = 0.8383
The standard error of estimate

ryls = ZY'2-IY'2

é'[ 72. liﬂ*boc-v.;ofoos

'y = £0.102013
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Anz=lysis of variance for ccrrelation coefficient

Source of Varience Variance
Explained :g=%1 = 72.306C06-72.051357 = 0.275530
1
]
Unexplained: @ y'y = 72.42340°-72.306006 = 0.0129k47
9
—2 1]
Total: ' = 72.,423402-72.031%467 = 0.0362041
10
F Z 0.275530 = 21.226 (F = 22.855 at 0.17 level)
1 -___1;;47I 5 ;
»? 0.0129447

« o The correlation between the two variables is significont.

Sample cclculations for non-lineor recression, Y, = a £b LozyoXe Let X' =

Logyof. The following sums were celculated for meking this analysis by
usinz the LogyoX in place of X:EX'Y = 14,767.503816;EX'2 = 117 .446954;
TY2 = 2,054,867; (EX')2 = 1,277.306342; (£Y)2 = 156,028,141; YLY = 1,735,207;
X' = 35.7L0542;1Y = 4,360; X' = 3.2L0140; Y = 397.182
The enuation for this analysis is
Yo =adn (X'-X")

a STY = Y = 307,182
n

nIV'Y-IX'eY
ntX'Z(tXWZ

(11)(14,767.503818)=(55.740542) (4,360)
(11)(117.446094)-(1,277.526302)

n = 433,025303

e o Yo = 397.182 £ 453,025 (X'-3.2L49140)

Yo = 433.025X'-1,009.778

Ve = 435,025L0g70%~1,009.778



74

The expleined sums of scuares,

The correlation cocfficient,

s = (n)(z'Y)-2x'EY
'e-(zx')=] [ney--(zY)<]

- (11)(14,767.508)-(35.740542) (4,369
V11 (117.4:¢998)-(1,277.306382)] [(11)(2,05H,8¢7-(19,078,1€]]

/‘2 = 0.82Ck

The stenderd error of estimate,

s =4;;{2‘4Tc?
n

= £[2,05L,787-1,662,9°3
v 11

675 = £ 80.850

Analysisg of Variasnce for Correlation Coefficient
Source of Variance Varincnce

Explained: 0=§lc

oL7,606

1,902,003-1,735,0°7
1

Unexpleined: ‘::%: s

2,054,977-1,002,0°3 = 7,009

9
Totel:  €§' =z 2,054,877-1,735,277 = 51,060
10
F1,9 = 247,606 = 31.005 (F = 22.855 at 0.17% level)

7,509

+ « The correlation between the two variebles is sisnificant.

Recults for rececivin~ roomse. Table AIIT lists the results obtained from

the celculations for the relationship betwecn the gallons of milk handled

daily and the recuired floor area for milk plant receiving rooms.
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TLRLZ ATII

FZ3ULTS CETAIIED FRCM CALCULATICIHS
FCR THg PILATICIRHIP RUTWRFDT GALLCYS CF
MILY PATTLED DAILY AIM TIE FLOCE ATZ
FCR MILK FLAIT P27 TVING RCOLS

Estimating Stondard Correlation
Ecuation Error of Coefficient
Eatirate
1. Yo T 221.555 £ 0.0705174% 0ys = £72.035 r = 0.0063

2. Y, = 216.909 £ 0.0749L70Y
-10-9x516. 6412 (7, = £ 72.115 P = 0.5061

3. Logyc¥e = 1.075057 £ C.L584600Lo~X (y's = £ 0.100013 /41 = 0.6303

L, Y, = 433.C25Locy0%-1,009.778 (v, = £ 20.550 [ = o.eo0h

Eocuation (1) was essumed to represent the best relaticnship between
the gollons of milk hrndled deily end tke flcor area required for milk
plant receiving rooms. (3Sce Teble AIII).

Equatiors (1) and (2) indiceted almost equally, o satisfactory re=-
lationship between the gallens of milk hendled deily and the amount of
floor space required for the receciving room. The degree of the relation=-
ship is expressed by the correlation coefficient which, when e-ual to
1.00, indicetes a line that describes the relaticnship perfectly. Also,
by squaring the coefficient for eruations (1) and (2) it wes observed that
epproximetely €2 per cent of the verietion in the floor spzce over the
rance of rlants studied was explained by the reletionchip of square feet
to gellonc of milk hendled deily. The rcmaining 18 per cent of the variation
is due to other factors, such =3 arran-ement of enuipment, t;me of esuirment,

and method of handlinge
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The standerd error of e=stimete indic~ted that for the 11 plents
used in the anelysis, the smount of floor spnce recuired for receiving

roons coculd be expected to vary within about ﬁ 72 snucre feet of the

is estimeated by either ecuation (1) or (2). If this renre were extended
to include ebout 6% per cent of the plents studied, we could expect to
estimate the floor srace renuirements to within about £ 144 scuare feet
of the aciual emount re~uired.

The reliability of the relationshiv was e~ually well expressed by
eitner ezuetion (1) or (2). Fowever, by introducins a third constent,
as wes done for enustion (2), the reliabilit’ of the rcsulis is reduced.
This gives the same result as reducing the sizs of the sample.

v

The derree of relationship botween the floor area and the callons
of milk hendled daily wes neot as well defin-d by equetion (3). Aprrox-
imately 70 per cent of the voriation in the flocr arce was explained by
eauation (3) for t-e relationship of floor arza to ~~llons of milk handled
daily. The floor area would be evnected to verr hetween £ 54 and - 42
sruer2 feet of the trus value for arout ¢ per cont o0 the plants hendling
5C0 ~2llons o< milk dailv =nd b-tween £ 193 and = 152 aminre feet for
about 6% per cont of the plants hawdline 7,000 ~2llona of milk drily.
Approximntely 71 per cent of the veriation in the floor area was
explained by the relationarin of smare feet to ~nllonsg of mill hendled
daily as express=zd in cquation (4). The estimste of the floor arca would
be expactcd to verv betwsen £ °1 snuare foet of the reocuired smount wren
estimated by e-vation (4), for enrrovim~tely 6° per cont o +he nlants

stutied.

Therefcore, e~vavian (1) providea tha hanst astimete of the amovnt ~°

flcer zpnree rosuirad for mill rlant raceivins rocma rg cvnlained by
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the relationshin of soucre feet to grllons of milk hrndled daily for
those plents handling between 500 and €,000 gallens of ﬁilk deily.

Touation (1) indicated thot a generel reletionship existed between
the zallons of milk handled daily and the floor space reouired for milk
plant receiving rooms. Heowever, due to variations in arransement of
eruiprent, type of enuipment, and methods of handling, the area reruired
for receiving rooms is guite variable. An estimste of the floor space
r-quired, when usinz equation (1), would be expected to vary within £ 72
square feet of the actual value for aporoximately 5% per cent of the
plants and within é 144 souare feet for arproximately 95 per cent of the
plants.

Because of the variation in the srea re-vired for milk plant receiving
rooms, o preci~e prediction rcrarding the floor spece recuirements cannot
be mede. Fowever, the area re-uired, when calculated from the reletion-
ship of square feet of floor space to gallons of milk handled daily, should
prove to be a sa‘isfactory estimrte.

Table AIV shows the estim=te of the averec-e amount of floor space,
with uprer and lower limits, recuirsd for milk plant receivins rooms as
celculsted from the estimntin- ecuation, Y, = 221.55% £ 0.C70°174¥, Tre
upper and lower limits for the required area were determined by edding
£ 72 sauere feet to the estimeted area. This amcunt of veariation in the
floor area can be expected to include arproximetels %° per cent of the

plents studied,
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Processin~ Rooms

The siz2 of the processins rcem was invecti-sted in 12 milk plents
hendlines from 5°C to 250 g~1lons of nill d-ilv. Those rlants handling
£ - 9y IV E . ! g

1,1C0; 4,°00; 4,4CC, end 7,95C cellons of nilk deilv, resr-ctively, had

n the annl-

processing rooms which were tco 30211 and were not included

(=3

ysis. Cne plant hanilinz 7% ~clloms of millt daily did not indicote if
tre processinz room was lar-o enouzh, howover, it wos assumed to le nd-
esupte. The two plants handling 7% rollons end 4,100 r2llons of milk
deily eech hed a 1,500 ~allons stor-r~ec tank in the receiving room and €6
srvare f et wecre sultrected from the receivine room area snd ~dded to thot

of the prccessins room.



The erca for ths proressing reem includes the ares for roctonrizine,

i1
e
[

1ol storm -2, vot’tle £i1lin-, L mrediacis memufreturin-, coclinz the

'
™

=
(8
!
r

prior tc bottle-filline, horme~enicin~, 2nd o111 cther allicd ovnernoticnsa.

Fesnlts for processing reemze Tatle AV lists the reosltis ottainsd from

trha calculnticns for the roleticn=hin between the r~allons of milk handled

deilr end tre re~cvired floor arsa for millk vlant procesn

nT 00N e

TOFTLOR (RTINS ArrorpaTIove
FCR I RTIATICOCN TR T ZATICTS

C7 ITLY virTmITT DATTY OATT YT FICCR
FE2A FCZ MILK TLAIT FICC2WI7TNG FAQUR

Corr~l=tion
“rrer of Coef®icient

Tatdigete

1. Yo = 591.010 £ C.4177157 vy = £ 1740151 r = C.0%14

2. Lo-10%¢ = 1.1271°1 £ 0.£7217C3Lep10” G-, = £0o.0b57he P=0.0401

Zavetion (7)) wes sssumed to more neerly renrencnt the relaticnship

between the

(m

21lons of milk n~ndl=d d~ily end the flcor 2r-a re~uired
for milk plent procezzine rocms. (3e- Tolle AT).
r [ /
Zguetion (2) ~mve a slichtly better mensure o the decroe of relation-

3hip betwoen the erea revuired for rilk pleont rrocecssin: rcoms end the

]

allons of mil hendled deily. The correlestion cocef?icients were 0.0716

¢

~

end C.C4C1 for e~uations (1) and (2), rearsctiiveoly. A coe®icient cf 1.00

indicates a perfect reletionchine. Alzo, anproximetsly €1 =nd ch per comt

of the variation in the Tloor =resa, over the ran-e of rplants studied, was

hip of shuare feot to £-llon

¢

of millr hrndled

w

exnlained by thie relations

. . ’ ) .
d=il7, by equations (1) and (2), respcctiv-ly.
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The revirasd smount o? floor spece, wncn estimetind br e~uvetion (1),
could te expected to vury between £ 154 souerc fret of thre antunl volue
for £ per cent of the rlonts studied. If this ren-e were eriended to
include epproximately 5 per cont of the plent- studied we should exrect
this estimete to very between é 228 gruara fent of the actu~l value.

"men ecuation (2) is uacd, the estimote of the re~uired smount of
floor spece would be expectesd to very within nr-rovwimately A 70 and - 63
srvare fzet of the 2ptusl volue for 6° per cont of the plents handling 500
~allons of milk daily and within £ 204 and - 255 gru=re feet of the rctunl
value for & per cent of those rlants hondline 5,000 ~allons of milk daily.
If these limits ere extended to include aporoximet~ly ¢5 per cent of the
plents studied, those rlants h-ndlins 2CC collons of milk daily would be
exrected to show a veriation of from £ 140 4o - 126 scuare feet from the
cerrrct emount wnils rlants hanilinz £,C00 ~rllons of milk daily would be
expescted to vary between £ £°4 and - 530 acusre fret of +he sctu=l ~mount
of floor arca reccuircd.

Zauaticn (2) wi- selected nus the ons best reprecentine~ the relation-
ship bciween the souare feet of floor sn~ce reasuired for milk plant proc-
essing rooms and the rollons of mills hrndled deilvy. This erustion erpnear~d
to srow a better revresentetion of the deta.

A lar~e emount of varintion tetween the size of procersincg rooms fer

n the rurbter of rrocucts

e

milk plents was nuite evident due to veristions
handled, and nlro v-riations in the tyne ond arrnngement of the ecuipment

emnloyed. Ther:z is consid~ra lc doubt rs to the relicbility of the estirste
of tre area for precessing rcomz, since the crea inclucd-s thot re-uired for

ell procescing operaticn~, includinz hrproiucts meoufecturins and milk tanlk
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storagre. Also the plenis used in this stud includ-d some wrich hed ricsh-
termrerature short-tims restenrizaticn in eddition to vat pasteurization,
and some which did not. “herefore, the estimoate of the area re~vired

for the processine rcom= cnn only be used es a very roush arproximetion.
It does show, however, th=t e seneral relationship exists between the
arount of product hcndled daily and the floor area re~uired for milk plant
processing rcomsS.

Ta:l

(O]

LTI shows the estimste of the avera-e amount of floor spnace,
with uprer and lower limits, re~uired for milk plant processing rcoms

es calculated frem tre estimating eruntion, Logyg¥, = 1.1271°1 £ 0.4214C3
Losjpte The urper and lower limits for the re~uired area were determined
by edding £ C.OLET7LC, the loraritrm of the error of estim-tion, to the
lo-arit™m of the estimnted erea and then ottsinin- the enti-loraritim.
"ris amount of variation in thre floor area cen be expected to include

erproxirately % per cent of the plants studied.

TABLE LVI

FSTIVA T CF PLCCE ATTA FIOUITED

FOX MILX FLAYT Pr{CE3SIN3 RCCLS
32D IN COT3TRICTING FIZ. 2

Gala. of
vilk Floor Area Eenuired (ft.7)
Hendled
Daily Avp. Max., Min.
=0 gz2 702 =49
1,000 o713 1,071 °12
2,000 1,407 1,853 1,347
Z.000 1,525 2,140 1,753
4,000 2,702 2,°5¢ 2,072
£,000 2,047 2,030 2,371




Botile Washing FRooms

“he size of the bottling wnshing room was investigated in 12 wilk
plants handlinz frem 5€0 to 7,950 g=llons of milk daily. One plant han-
dling 4,80C callona of milk daily indicated that the bottle washingz room
wes tco small and wes not included in the enelysis. 1In sddition, the
amount cf bottled milk hendled daily wes not known for three other plants
and consequently they were omitted from the analvsis. Also, the plant
hendling 2,310 -ellons of milk daily did not indicate if the bot:le washing
room was larce enouzh and this plant was not included in the enalysis of
the data. The plent handlinec 730 gallons of milk daily wss using round
bottles ond only those rlants urcing scuare 'ottles were included in the
calculationss This analysis wms based on the callonz of bottled milk

handled deily.

Fesults for bottle weshing rcoms. Table AVII shows the results obtained

from the calculations for the relationship between the gallons of bottled

milk hendled daily end the reocvired area for milk plant bottle washing

rcoms.
TABLE AVII
E7T LS CaTAINTD FRCY CALCULATTCIS
FCR THT FTLATTORETR BYTWEET FATLCNT CF
0T .LZD MTILX UTATTLID DATLY AMD TiHY FLCCP
ATYA FCR MTI¥ PLAYT ZCTTLT WAIBHTNMZ EOCYS
Esti;;figém_ " stendard Corrclation
Zouation Zrror of Cosf7icient
“3timete
1. Yo = 534,151 £ 0.203005Y fvs = £117.4°1 r = 0.9414

2. LorigYe = 1.355 21 £ 0.47532¢LogioX (T v's = £ C.10Ch47 /= 0.0060
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Equation (1) was assumed to give the test estimate of the floor
area reosuired for milk plant bottle wasiiing rooms. (3ec Table AVII).

The decrse of relationship between the floor area and the callons
of bottled milk handled deily was explained more satisfrctorily when
using equation (1) than when uvsin~ equaticn (2) for estimeting. The
correlation coefficients, which are a measure of this decrece of relation-
ship, were 0.0414 and 0.9040 for enuations (1) 2nd (2), resrectively. A
rerfect relationshin is indicated by a ccefficient of 1.00. Also, by
souaring the coeffici~nt, it was obzerved that anproximately €9 and 82
per cent of the variaticn in the floor space for bottle washing rooms was
explained in the relationship of ssuare feet of arsa to gallons of bottled
milk handled daily by equations (1) and (2), respectively.

Tne emount of variation in the estimated results was much grester
wren expressed by enuation (2) than when expressed by ecuation (1). For
enuation (1), the estimated amount of floor space would be exrected to
vary within £ 117 scuare feet of the actusl value for £° per cent of the
Flants studied. This variation in the estimatcd amount of floor space
would be increased to £ 224 gcuare fret if eprroximately ©7 per cent of
the plants were to be included within the limitis of variation.

“hen ecuation (2) is used, the varistion to be exnected between the
actual and the estimated amount of floor spoce recuired for bottle washine
rooms would be within £ 239 and - 154 sruare feet for €7 per cent o the
nlanta handling 520 rellons of bottled milk d=ily end within £ 601 and
- %2£0 s~uare feet for 6" per cert of the plants hondlinz 5,000 gallons
of bottled milk deily. If the ren-e of vaorietion ias extend~d to include
annroxiretely @7 per cent of =211 plentr, the shove voriotions would be

doubled.
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Zeuation (1) wna sclectsd to rerrzsent the bast eatimete of the ©loor
er2e remuired for mill rl-nt bottle weshins rooms bec-use the error of
estimation w23 much smaller then for eruetion (2).

There arneared to be 2 ~eneral relationchip between the size of milk
nlent bettle wrshine roorms snd *™e ~2llorz of bottled rilt Ye=Aled Aaily,

b L
)

7 amcara feat for the estimated Tlocr arsa iz nof
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21 eontideorin- the aiza of hottlzs wo-hin~ roomna.

T™is amount of vorioling 13 dree 10 d3€P2ranca3 in methods o0f handling
bottle reses in the bottle wrihine voom and elso due in pert to the limit-d

sizz of the sa~ple. Yowev-r, *he arca ng3 estircted by erunstion (1) in this
szction should rrovide a hottle washing room of ade~uste size handlin=x
the swuare-type milk bottle.

Teble AVIIT shows the estimete of the sveres~e emo'nt of flcor sp-ce,

withh unrer and lower limits, re~uired for mi’k rlent tottle weshine rooms

|te

mating 2~uation, Y. = 393,151 £ 0.70-005%. The

29 celenloted by the 2-tin o2 c

unper end lower limits for the remired erea were determined by =2ddin-~ £
117 scuare feet to the estimatnd eree. Thiz amount of varistion in the
floor ares would be ex~ected *0 inclu’e nrnroxivctelr A7 per esnt o0f the

rlants studied.
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T fals. of T T -
Pottl=4 Tlaor Area Feruired (f%.“)

“}"11:} Ay~ Moy Yine
___feo ks o397
1,000 B2 4 704 150

2,000 779 _____°7
=,0C0 ong 1,110
4,000 1,105 1,715
5,000 1,708 1,715

11 Storace Fooma

N

handlin~ from 87°C to 7,°50 gallons of milk d=ily.

e size of the milk storn~ec room was inveszticeted in 12 milk nlonts

Five of the plonts in-

dicated that the milk stors~e rcom was too smell end thess were not in-

cluded in the anelysis of data. The two plonts hendlin~ 975 and 2,310

~1llons of mill d~ily did not indicete wrether the milk stora~e room was

larce enou-h, hovever, they were both as-urmed to be adeqvats in size. The

rlant handlinz 730 gallons of millt daily was usinz round bottles and wes

also nandling a small smo:nt of millk in pener containers. Only thoze plants

4.9,

handlinzg milk in squsare botiles were included in

.ne an’

.
lysise

esults for milt storc~e roomn. Teble ATY shows the results obtained from

the culculations for the r:slationship between the rallonz o milk hendled

daily and the recruired aren for milk storare roomse.



TALILD AIX

TOSULTS CETATTTED FRCY CALCULATICTS
FCE TYZ F-LATICTTUTP BRTTIETT GALLCYS
Cr MTIK 1UTLED DATLY 4™ Tt FLCCR

AZTA FLOUITTD FCOT MITY OFLAT

o P

VITY STCFAST TOOS
Zstineting Standard Correlation
Znuation Zrror of Coef icient
Totim-te
1. Yo = 251.044 £ C.125°71% 67, = £72.005 r = 0.6214
2. Lomig¥, = 1.C75085 £ 0.504577Lor) X @', = £0.050506 L= 0.0522
Ecuation (2) was zssumed to rerresent the best roletionship between

the gellons of milk handled dnily ~nd the floor arca renuired for milk
storare rooms. (See Teble AIY).

The desreze of relationship botween the floor area and the gallons
of milk handled d=ily was more satisfactorily ex-lainad when using e~uation
(2) then when usinz enuation (1), however, tie difference was smell, o8
indicated by the correlsticn coefficients. It was alco observed thaet
epproximetely £5 end ©7 per cent of the varietion in the floor spece for
milk storage rooms wes explained by the relstionshiv of souare feet of
area to gallon3 of milk% handled deily when estimeted b7 equations (1) and
(2), respectively.

The amount of floor snace, when estim~ted by esuation (1), m~v be
exrected to very between ﬁ 72 s~uare feet 02 the actusl value for approx-
imetely 95 per cent of the plants studied.

e range of variation to be expected between the esctuzl end the

estimnted emount of floor space reouired for milk store~e rooms would be



witnin £ 41 and = 36 souare feet for epproximately 65 per cenmt of the plents
handlinz SCO gellons of milk daily, ond within £ 131 and - 114 scuare feet
for 6% per c2nt of those plants hendlins 5,070 callons of milk deily, when
the areas are estimnted by ejuation (2). If the ran~e of variation were
extended to include annroximately 95 per cent of e2ll plants, the varinstions
stated above would be doubled.

Zouation (2) indicated a slichtly better relationship between the
floor area and the rallons of milk handled for milk stiora-e rooms than
did equetion (1). Z-usntion (2) elso showed & lesser emount for small
plants and a creater amount for larrsr plants in the variation hetween
the actunl and the estimrted amount of floor space required. A larcer
variation, however, would be exnrected for the larrer pl-nts. Therefore,
etuetion (2), probably rrovides the bsst estimete of the floor area.

The size of thc milk storece room anpeanred to be directly related
to the rallons of milk hmandled daily br the millz plant. The veriation
of the estimate was prohabls due to differences in the number of products
handled, the msthod o2 hondlin~ the finished products, the arrencement of
the room, cnd the hei~ht at which cnses of milkk are stacked. Also, some
o the variation i3 undoubt~dly due to the small number of plants svail=-
able for making this analvais. The area as estimated by ecuation (2)
should provide sufficient floor space for the milk storesze room handling
milk in the squere-type milk bottle.

Table AX shows the estimate of the average amount of floor snace,
with upper end lower limits, reauired for milk plant, milk storaze rooms
es celculeted from the estimeting enuation, Lozip¥e = 1.076C85 # 0.5CLS75Lor X

The upper and lower limits for the estimoted arzs were determined by adding



£ 0.0605¢6 to the locerithm of the estimoted value and then determining
the anti-logaritim. This varietion in the floor area would be expected
to give a ranre of area which would include that for arproximstely &8

per cent of the plants studied.

TABLE AX

nOIINVATZ CF FLOCR ARZA FEQUIRTD
FOR MILX PLANT MILK STCPAGEL RCCMS UCZD
IV COUSTRUCTING FIG. 4

Gals. of
Milk Floor Area Reouired (ft.2)
Hendled
Daily Ave. Max. Min.
500 274 315 2383
1,C00 5"‘9 1.1;7 23R
2,000 =52 6= 40
5,0C0 e77 178 _5°0
4,000 i oC0 651
5,000 £76 1,007 762

Cry Storace Rcoms
The size of the dry storn-e room wzs investisated in ten milk plents
handlinz from 590 to 7,950 gellons of milk daily. Four of the plants
indicoted that the dry storsge room was too small and these were not
included in the anzlisis o® data. The plant h-ndling 975 gallons of milk
daily did not indicate whether the milk storece room was lar-e enoush and

w28 omitted from the enlculations.



Tesults for drv stor-~2 roomg, Table 4¥I gshows the results obi~in~d from

the coleulations for the reletionship batween the rallons of milk hondled

d2ily ~nd the reauired area for milk nl-nt drv storare rcoms.

MADT T Ay

—ehdlea laiw

C3mATTD F=CY CALCULATICYS
¢ TNZ EXLATICIUSHTP B.TUVETI GALLCYS

CF LILY EAUDLTD DATIY AMD THI FLCCR

AFTA FIOUTESD FCE OMILY PLAITT

DrY 3TCESZZ RCCYS

Zatimetine Stendsrd Correletion
renation Zrror of Coefficient
Dstiwate

1. Yo = 834,451 £ 0.37040o5% Ovs = £ 3,95 r = C.A0C5
£

3uatio% (2) was the only eruation showins a satisfactory relationship
batween th2 -2llons of milk hancled daily and the floor 2rea renuired for
mill: pl-nt dry storc~e rooms. (3¢ Table AVI).

The diffcrsnce between the relinsbility of the two estimetes, as shown
by the correlation cosfficients, was 30 extreme that sclection cculd be
nade on the basis of this alone, recalling thet a coefficient of 1.C0 ine-

icates a relationship which is nmerfect. Arproximately 56 and 75 per cent
of the veriction in the floor spmce for milk vlent dry stor-re rooms, waien es-
timated by e~netions (1) and (2), resnectively, was exnlaincd by the re-
letionship of snuare fset of arsa to gallons of milit handled deily. The

other 64 ond 25 ncr cont of the veriastion wes due to other factors. Shere-
fore, emuation (2) wes the only one showins any degree of reletionship be=

twecen the two variebles.
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“-u-tien (2), hovever, dozs not nrovide a very relioble r-olationshipe.
“t.e enmount o floor sp-ce, when estimetcd by ecunation (2), may be expectod
to very within £ 261 and = 174 e uare foet of the actual valus “or e~nro:e
i1etely 28 prr cent of tloze plents hendlins 800 re1lons of milk dnily and

witrin £ 2,455

Nl

nd = 1,554 srnare fret of the sctncl veluc for acproviate-
17 57 per cert of tione plants hendlin~ ©,000 ~ellons of milk daily. This

\

lar~e amount of vroriation wez du~ +o the ex*rerme differznce in the cize of
the dr;r stora~2 rcoms found in m*1n rlanta and ~lso, to the limited number
€d in the ~nelvraia,

-

13,-.0,‘.'-;,,9 af ‘-‘2".67 1"7‘"‘ e N TORREES S (‘ﬂ V”l":‘."’f"' on -

crrd in =31 rlont dry
storz-e roomr, s relicile estim-te of +he spoce roonircemenic cennot be

mice o

=

Tatle ATIT 3ghiove the estimnte o the sversee arcunt cf fleoor spree,
with verer ~nd lower limita, reoruired for milk plent dry stor~~e rooms o3

calculatzd from ths estiroting eqvaticon, lozya7, = 0.4572°0 £ 0.F0705CLory Y.

Q.
Y

¢

The urror end lewsr 11 345 for the recvirsd sren were determined by adding
£ 0.204515, the lo~sritim of the estim-tine error, to the lorrritim of the
estin-tsd arcs and tren determinir~ the anti-lo-~ritihm. The ronse of area

centoined within +heze 1irits would he ewrcocted to include f-t rsouvired

for arnroxim~tely & per crnt of a1l rlanta.
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Toiler Froma

Data were «veil-tle fer hediler recoms from nine milk ~l-n*s hendling

from £°0 to 7,750 rnllons of mills d2ily. The pl-nt hondlin~ 72C gallons

of mill daily sisted thet the cize of the heoiler room wes too smcll end

wo3 not vsed in this ancl

T

Taoilts Por beiler rooms,  Tohle AVITT chevs tr2 resuvlts obinined fron

tre ccleouletions for the relationshin bitween the ~2llone of millt r'nil d

dnily end the resuired area for mill plont boiler reoma.



g2

TATLT ANITI

PrSENEASY

SEFLUS CRTATITTD FRIN CMLINLATICS

MCT MU T IT AATOTTANTD T Tures g LGS
PR ladan . e L Ldua s AL LULD

TOVILE "’T'**D CATLY AT

P N

.A._—ﬁﬂ. T‘ T’ ”D —!C" \tTY Tr
iCIliﬁ RCLCIS
Lstimatine Ztandard Corlc]aflon
Z-uation Zrror of CocfPicient
=stirete —

1. Yo = G0.210 £ 0.124C77°X Gvs = £ 7hc0n r = C.07%1

2. Lorjg¥e = 0.142176 £ 0.73618CLom X 7'y = £ C.C5CTEL 2 = 0.c708
Equation (?) was assumed to rerrcsent the moot satisfactory rclation-

ship between the ~21lons of millz hondled daily ond the flccr area re-uired

'ﬁ

or milk rlont boiler rcoms. (S=e Totle AVITI).

Tre difference between the reliability of the two estimntes was
practically nerlicrible, a3 explained by the correlation coefficient. “ren
estim~ted by ecustionz (1) and (2), resrectivcly, epproxim-tely 05 end 945
per cent of the varintion in the floor space for millz plant boiler rooms
was explained by the relation~hin of smuere feect to zellons of milk hrndled
daily, indicctint a very rzlishle reletionshipe.

The emount of floer space, when estimated by cquation (1), mav be
exrected to vary between é 7L gouere feet of the actunl value for the

~

encce resuired in approwimet-lr &7 per cont of all planis and between
£ 14° saupre fret in arproximately O5 por cent of ell pl-nis.
The ren~e of variation to be evnccted hetween the eactunl and the

estim-ted amount of floor space reauired for milk nl-ont boiler rcoms weculd

be within £ 20 and - 17 snuare feet for approximately 6° per cent of all




pl-nts hoendlinz 5C0 eallona of milk drnily, ond vittin £ 155 and - 134
sruare feet for enproximately €2 per cent of tvose plantg handlins £,000
z=1lons of milk daily, when the areas sre estimated by equation (2). If
this ronre of veriation were extended to include avproxirately 95 per cent
of all plants, the variations stated zbove would be doubled.

The size of the boiler room was found to be directly related to the
gallons of milk h=ndled d=2ily by milk plants. The variation in the esti-
meted floor area was probably due to some differences in the original de-
sicn, and also, in part, to the small size of the semple mvailable for
meking this analysise.

Table AXIV shows the estimete of the averaze emount of floor space,
with upper and lower limits, renuired for milk plant boiler rooms es
calculnted from the estimntinc equation, Logig¥e = 0.143175 £ 0.725150Logy oX«
The unper and lower limits for the required area were determined by adding
é 0.0509744, tre logarithm of the estimating error, to the logaritlm of the
estimated value, and then determrining the anti-lozaritim. Approximately
6% per cent of all plants would be expected to be included in the rance of

area bounded by these limits,



TAZLZ AXIV

U3 IMATE CF FLCOR AVTY IR7UTESD
FCI ITLX PLEMT 3CTLRR ECCM3 USZD
I CINBURICIING FIG. 6
Gels. of -
¥ilk Floor Area Fecuired (©t.°)
Handled
Drily Ay -, v, Mine
500 175 155 117
1,000 205 Sk 104
2,0C0 374 470 =04
=,0C0 =05 =79 4o
4,000 Aol 715 b
5,0C0 755 rL3 £
€,000 ~hy okl 770
7,000 ol 1,070 90
C,000 1,020 1,102 c0%

Plant Offices
Data were ~vailable for plant offices from eisht milk nl-nts handling
from 570 to 7,550 gallons of milk daily. The plent handlins 975 callons
of milk daily did not incdicate if the snz2ce ellotted to plent of“ices was
large enou-~h, however, it wrs assumed to be adeauate. The pl-nt h~ndling
700 gallons of milk daily included the driver's checl: rcom in the space

allotted to offices end this plant was omitted freom the annlysis.

Fermalts for pl-nt of?ices. Table AV shows the results obtained from thre

—

calculotions for the relationship between the sallons of milk handled daily

and the recuired area for milk plont cfficese.
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PZTULT3 C3TAIU.D FRCL CALCULATICI'S
FOR THEI RALATTICIIOVIP R OTWTIT ZAILLCHS
OF MILX MATDLTD DAILY A'D THZ FLCCF
ATZA FEOUIRTD FPCI MNILK PLAXT CFYICTS

Zstir~ting tandord Correlotion
Zruations Error of Coefficient
Tgtimate

1. Yo = 151,076 £ 0.159°0CY, 0vs = £ 105,054 r = 0.°C14
2. Lo ¥, ==7.20k774 £ 0.78721%Lor o v'g = 0.1797C7 & = 0.7°75
ad Aid - I_ = i -
J. To = = 157,195 £ 0.4567117

7 Jo-Tx*80.kos? Gy, = £00.066 = 0.0745

n

Druation (Z) wos assumed to ronregent the most sntisfectory relation-
ship botween the ~allons of millt hendlz? doily and the flocr area re~ruired
for milk plant officrs. (S22 Talle ¥XV).

The dezree of relationship tetween the floor srea and the crllons
of millkk h-ndled dailvy was much better exrlained by ecuation (%) as indi-
cated by the correleiion coefficients. Annrovimately 21 end 79 per cent
of the varistion in floor stnce for vlent offices wes exnleined by ersuntions
(1) and (?), resrec ivelv, by the relstionshin of s-vare feet to c2]llons
of nillz hendled daily, wvhile 2bovt 0% ner cent of the veriation wns ex-
ploined by eruotion (7).

Ten estinated b euntion (1), the amount of floor anacc re~uired
for plant offices wry be expected to vary hotwucen £ 107 sruare feet of
the actur~l velue for arnroximectely A% rer cent of ~11 nlants. The differcnce

tween the actual and the estirated amount o2 fleoor snoce for nlint officesn,

when estimrted br ervetion (7)), may be ~rmected +o vars vithin £ 70 and - 45



gruare frot far AT omcs cant 0f a1l nlomta Teadlins S0
AniTr and within / 775 ard — F17 ~ 0awa Dont fry 40 row oannd 0f Rl rlontns
Pendline 2,000 eallonn of millr deilr, Tha varistion avmest 4 19 the “loor
craa when estivsted hr o emiation (’), would he within { 0" gmiare feet of
the 2etnnal value when annrovimetel-r 4% nar cent 09 211 rlanta are included.
If the nbove roncea were ertmnded 1o inelude apnrovimately 25 ner cent of
211 rlent=, the omonnt of vori-~tion in the floor ar2a hetuesn the ~einal
and the estimnted valuecs would he dorbled.  Zince the rel-tionnh™n hrtueen
the flnor 2ren ~nd “me -~1lons of milk h-ndled drilv wes rich more 3otis-
Protorils exploined by e~urtion (3) =nd 2l-o, the eatimitin~ rrror wos
sm~1ler, csncci~1lly for the l-r-er plants, this ervation was selected ns
the one providins~ the best cetimate 07 the oTice ~n-ce rowired for nilk
plenta,

Tue to th= =m~11 mimher of rlen*s used in the »n-lreis, and =1zo

Lde

the variatrilits i1 the floer ar-~ca aveslnllz for ¢77ineg in the lar-or

planta, the relationshin estetlished doos net ~iva o very relioble indi-
cetion of the cffice sp-ce reauirerents for *the lor~er nlen*s. The es-
timated veluns indic-ted thet the floor snnce re~uvired for plant offices
incrnased with on iner~esins nl-nt con-nrity for rlents Mendlin~ un to

annrovimatelr £,07C ~rllona of mili dailv. For plenta hendlins over 5,CCO

% dnilv, the area reiired decrersad with an increesine«

!
©
-
-
o
3
a
o]
th
=1
=
fd

nlant copaclity. It mi-ht be expected that the ersa would increcse at a
decreasing rate, but it is imnrecticcl to exnect the remiirzd area to de=-

crease with an incrensed nlent eopacity. Thercfore, the upner limits of

this ertim~te, nrotably bovond a plean* crnacity of apnrovimatelw 5,000

(]

enllons dnily, cannot be denendcd unen *o rrodnes o vary rolisblz estir-t



Tokla XTI shows tho estimete of ihe ~vora~n ~mount of floor sp-ce,

with urncr and lowar limiis, re uir-d for millk nlont o7fices ¢35 cnlenleated
from the estirntin~ e-ua*inn, Y, = - 113,175 £ 0.474711% = 10~ <750 4052,
Trne unper and lower limits for the re~uired area were deterrined b~ nddine
£ 07 gmere foet to ths estimetod area. This amount o varintion in the

e3timnted area should ~ive a rance which would be emmected to include the

~re~s for arnroxiwetelvy 47 per cent of 1l plantsa,

TATLT AT
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Gals. of

Vilk Floor Area Peauirad (£1.7)
Yondled

T ider Avo-, Mew, ine




APFIIDIY II

Lizt of Plont Descrivtions

Pl-nt A

Plent A, constructzd in 1649 to hendle epproximetely 7,5C0 callons
of milk daily, was & one-story structure processine 5°0 rallons of milk
daily. Milk was bottled in +the souare-t;pe bottle with annreximotely
1,000 cvaris and 1,500 half-rints of milk produced daily. In addition,
apnroximately S0 pounds of cott~~es clicese were processed dailye.

The products haniled were vhole millk, homosenized vitamin D milk,
cnocolate millz, chocol~te drink, cereal mix, coffee creecm, whinprinec cream,
buttermilk, cotta~e cheese, 2nd slkim nillk.

The emplorvens consisted of onz man for the office, four routec men,
and three men hendling the processing operationse.

The following information lists the size 0 the various rooms and

the enuipment recuired for the milk plente.

P P -1 .
Rzcoiving roome The raceivin-~ room was 170 ft. wide x 20 ft. lon~ x 14

ft. hizh and was considered to be larse enoush. The following equipment
was linted for the receiving room.

1. Yeigh tank, (50 zo1s.)

2. Botery can wesher, (4 cprm.)

5+ Poller convecyors for receivinz and returning coans

Processing rocme The dimensiona for the processing room were 20 ft. wide x

35 ft. lont x 14 £t, hich. This room wns assumed to be sufficiently larce.



“he ecuipment recuired for processing is listed as follows.
1. Preheater, (4,000 1bs. par hr.)
2. Pasteurizers, (2 at 270 gols. each)
3. Yomozenizer, (200 ¢ol. per hr.)
4, Surface cooler, (2,5CO lbs. per hr.)
5. Bottle filler, (25 gts. per min.)

8. Cheese vat, (50 gal.)

Ul

Te -

eprrator-clarifier, (1,°060 1bs. per hr.)

Bottle wachin= rcom. The size of the bottile washing room was 17 ft. wide x

2% ft. lonz x 14 ft. hich and wes considered ‘o be adenuate in size. The
eruipment indiceted for the bottle washing room wes as followse.

1. Sonker-type bottle washer, (4-wide, 32 brm)

2. Compressors, (2 at 2 hp)

C2ses of bottles handled on dollies

\H
.

ars . 1 . ;
Vill stera~e rooms The milk storsge room wes 15~ ft. wide x 22 L ore, longz x

9 ft. high end was sssumed to be lar~e enouch. Millz was stored in stuare-

tvpe milk bottles.

Dry stcrasa room, The dry storare room was apnroximrtely one-tr=ird as

ler~e as nece~sary and was 10 ft. wide x 1:% ft. long x 14 £t. high.

Office spacee This plant haed an office 8%~ft. wide x 17 ft. long x 9 fte.

high and was considered to be ler-e enouzh.

Driver's check roome A sufficientlv lerre driver's check room was available

which measured 7 ft. wide x 135 ft. longz x 14 ft. hich.
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Boiler room. A 40 horserower oil-fired boiler was located in a 12 ft. wide
= ) . . .
x 175 ft. long x 14 ft. hich room. This rocm was c-nsidered to bz adenuate

in size.

Locker room. A smrll room 7%-ft. wide x 15% ft. lonz x @ ft. high was

available as a lavatory and shower room, and was sufficiently larce.

Plant B

Plant B, processing approximately 7CC zallons of milk deily, was
a one-story plant constructed in 1947 to handle 750 rallons of milk daily.
¥ilk was bottled in souare-type bottles with epproximately 2,400 ouarts
end 1,200 half-pints being bottled deily. In addition, arproximately
€0 pounds of cottaze cheese per day and 10,000 gallons of ice cream per
year were being processed.

The products hendled were grede A and B milk, raw milk, homogenized
vitamin D milk, chocolate milk, buttermilk, licht cream, heavy cream, and
orangeade.

This operation required three men for processing, two office worlers,
and six route salesmen.

The following information gives the size of the rooms for this plant

and the ecuirment recuired to carry out the processing oreretions.

Peceivin~ rocme The size of this room was stated as being 10 ft. wide x

20 ft. longz x 10 2/3 ft. hishe. The cperator indicated that this room
should probably bz 15 ft. wide. The list of eruipment for the recziving
room was as follows.

1. Fotary can washer, (1% cpn)

2. Tump tank
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Procesrin~ room. An adecuete sized room for processin-~ we3 avail-ble which

bl ) - . , N
meesured 175 ft. wide x 40 ft. lonz x 10 273 24, hich. The scuinment re-
auired for orocessin- included:

1. Cl~rifier, (4,000 1.s. per hr.)

2. Serarctor, (2,570 1lbs. ~or hr.)
3. Factourizers, (3 ot 190 cel. each)

=

Creese vats, (70 zal.)

5. Homceonizer, (400 ral. mer hr.)

8. Crbinet cooler, (4,00C 1hs. per hr.)
7. Bottle filler, (2,0C0 ots. per hr.)
8. Batch freezer, (5 zal.)

@¢ Ice cream pacrace filler, hand op=ratcd

~ . . 1 . ,
“otile wnsrin~ roome The bottle washine room was 177 f1. wide x 40 ft.

lon~ x 10 2/3 ft. hirh end wes ~seumed to bs lar~e cncuch., The following
evuipment wac located in this room.

1. Jonker-type boitle washer, (4 wide; 2,270 boh)

132k s*ornre reom. The milk storece rcom was sufficientlvy lar~» end mezsured

14 ft. wide x 22 ft. lons x = ft. hi-n. ilk was hrndled in s~uare bot<les.

Cry stornce roome This room wes indiceted as beins just about lerce enouch.

The dimensions were 17 ft. wide x 20 ft. lonz x 10 2/5 f't. hishe.

LIPS T

Cfoice and driver's check rooms The size of this room was 12 f£t. wide x

20 ft. long x 10 2/3 ft. hich end was consider-d to be l~r~e enou-~h.
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Eoflrr roeme A 20 horsenower horizontal, r-eor-c unit Leiler was located

in 2 snfliciznily lar-s room wmeesuring 10 £i. widz x 20 24, lon~- x 10 2/3 ft.

Comnre-sor rocm. 1hiz room mecavrad £ f4, wida x 14 ft. hi~h end wyos che-

ruete in size. The followin- comrressors were locoted in this room.
1. Cne, % "n. (Freon-12)
2. Twvo, 2 ¥Yp. [Preon-17)

e (ot lechloride)

L, Crney 17 wp. (Freca-17)

Locker roome The cizz of the locler room wns © £t wide x 7 £4. lon~ x

4 P | h - N 2 3 3 -
O £, ni~h and w-s of 5:%%icirn* sizo.

Jlont C waes a one-s*orv huild oricinally in 1¢42 to handle Lr2 ~nllons
of milk daily. In 1770, a new buildin~ wns ercctsd, =dditions were mrde to

4

the orisinal plant, and the ceomplsete 1. rout wos rarrren~od to hoadle 720

'pe bottle with arproxinctely 7,000 suarts, 1CC »ints, and 1,007 hnlf-
rints boin~ bot 124 doily. A-vrowinstely LOC ~uarts were hondlod in poper
conteiners. In aidition, cbout 1C,000 ~allons of ice creem were processed
vearlye.

The vroduects hendled were mrrlet rills, cotter- chesae, buttermills,
ice cr=or, or-n~2 drin':, and ctocelete mil'c,

o

Trhreoc mon were cmrloved to handle procestinc, on? wen racvired “or

+h2 of?cn, 2nd five were neodad o3 routs saleoman.
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2 information licted bolow ntodns the 2ire 09 tle tho vorions rcoms

fomd in the rl-nt ~nd t-- ervivrent reo-nir-d.

Freni-rins reeme The receivins room wes 15 ™, wicde 17 24, lon~ » 7. £

i end wes cons’Adered to T lerce enmith, The eruitiitrt resvivad ivclude
1. Uai:s gant (570100
T. Tellar cnvwovens

Precoscip~ yeer, o diveomsiona of 41 rreociorin-~ reom were 17 fh. wide x

40 2, len~ ¥ 17 P4, Yi-h erd 24 wea acgumed *0 be e fliciemtl 1eree, The
e-uinment re=-virsd for nreees fin- i~ 1istaod -2 fellowe,

-y (4,700 Lo, ner hird)

2. Jepar-tor-clerifier, (L,0% 1rs, rer rr.)

Z.ViL etorn o terk, (2CC 1))

do Fostovriners, (2 2t 190 ~cl. ennt)

6. llomo-=nizer, (PCC ~2l. pcr ir.)
7. Pla%c ceoler, (5,000 lbn. ner ¥Yr.)

P.otettlae 2i1ler, (B0 40 LT octa, por oring)

Tz aize of 4o lotdle weshins roem wes 50 1. wvide

v oond 54 w3 comtiderad 4o ho 3¢ iete in siza,

The eruinrent indiented for the tottle worhines reem wos es “ollows.

1. Sen%er-time hot*le wazher, (72 to 47 ~*s. per mind)

~

7. Foller convaeror for cnses from wrsher to filler.

e Iower cerveror for betiles frem wr-ier to filler.

-

TS - 4. PR
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Trroslorocn recrs Whers wevae two reooms fer drcosfeors oo oand Lne totel arca

w2 conzid-red to b fco omill. Cne roem mecsurec 27 £, wide % 25 £, lorng

]
:

<4
o]
)
o~
L]

10 £, 1, vhile the ether room wes 14 ft. wide x 20 PH. lon-
bl -

“oiler rceme This room, whiichws lorve cnou-y, wrg 1% fi. wide x 17 ft.
~

lonz x © ft. i he Tt contrinsd = 2C Terserower boiler which wos az:umed

to t2 *co smelle.

Conrrzaser yreorme This reoom meeosurod 17 £, wide x 17 £, lon~ x © ft. ni-h

snd wes concidered to be sufficiontly l-r-2. The follouin~ cermres-ors
vere uzed for beth milk .nd ice cream hondling,
1. Cn2> 1C hp. compreszor

2« Cn= 20 ¥n, crmres-or

tednteononens gon, The size of thia rocm wrs £ £, wide x 7 “t. lons x C

loalrer roem, The loclzr room wes lar~c cnov - ond meravred 7 £t. wide x 7

ft. lonz x 7 £, ri-h,

4
[
v
@
—
[o]
3
“

o)
ih

v
3

Cfficz crcce. Thism plent hed an ofTice 17 ft. wide w

2i~h which wre censidered to bhe sufficiently lar-e.

.

Driver's creck roeme A chock roox censidered to be in cize wns

o)
o+
(6]

»
$ e

. - SR ! . fel s
availnlls wiich mensured & 4. wide x 4 f4. long x 7 fi. hirh.

Flert D
Plant D wrs o two-ztory plen’, bssrmeat end sround “loor, built in

1750 to rrndle 2,07C r21lons o° milk é-ily. A1 the tire of this study
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€75 gnllens of milk deily wes beins prccessed. In eddition, this pl-nt

\n
[e}

wes processins appreoxinmstaly 70,000 sallons of ice cream per year,

o the vorious rcooms

(4]

The infcrmaticn listed below indicetes the siz
found in the plant and the ecuinment rervired. Ilo resnonse w s given

incicating whiether or not the rooms were larre enourh.

crivin- rocm. The roceivine room wes 15 ft. wide x 29 1/3 ft. lonr.

'y

o

|

“he followins e~uinment weg listed for this rcom.
1. Fotary cen wezsher, (4 crm.) toco gmall
2. Weich tonk, (50C 1b.)
%2, Clerifier, (2C0 ral. per hr.)
L, i1k stora~= tan¥, (1,50C ¢2l.)

5. Foller convevors for roceivinrs end returning cnans

Procsasin~ rcome “hic room wns 20% ft. wide x 52 ft. lonc., The enuipment

ro~uired includad.
1. Serarator, (120 ¢~1. por hr.) tco smell

surizers, (3 et 37C c~l. =nd 1 st 100 =el.)

N
d
—+

283

Yomozonizer, (400 r1. per hr.)

ot
.

I~

Flate cooler, (500 enl. per hr.)

5. 2ecttle filler, (5C =ts. per min.)

3 rprofncts recom, Tnis rcom was mecsured in two sections beccuse of the

iy . . . ~ 1
shape. Tre dimensions were 11 2/3 ft. wide x 1~% ft. lons rlus 115 ft.
wide x 23 £+, lon~. The onlr e~uvinment licsted for this rorm wns.

1. Ratch freeczer, (10 ~~1.)

2. Ice cream pnacknace filler, hand operated

1

cottle w-oninr rcom. The size of the tcotile wzshing room was 1G ft. wide




x 72 ft. lonz. "he ecuipment listed for this roocm wrs 23 fcollows.
1. Sosker=type wosrer, (4 wide)

2. CTace wosher

-

1ilk s*ora~e rcom. The direncsions 1ist-d for this room weres 12 1/3 ft.

/

. b . .
wide x 245 £, lon~. Foller converors were used for lording delivery

.

Trr stor~ce rooms. The drv ctore-e room mensured 12 1/6 ft. wide x 19 1/6

ft. lon-.

Cffice annce. This plant hed an of“ice 171 ft. wide x 15% ft. lon-.

m

Driver's check reom. The room aveilnble measured O ft. wide x 127 ft. lonc.

Roserent.s The basement was utilized for refrigceration, boiler room,
rmeintenonce shop, ond truck storare. Some of the ecuinment listed was

as follows.
1. Cne, & hp. comnressor
2. Two, 10 kn. compreszors

Z. Cne, 1% hp. comprescor

4, Cne, 20 np. boiler

Plant E
Plant © was g one-story plant hendlins approximately 1,100 gallons
of milk daily. All milk was hendled in the scuare-t;pe milk bottle.
Four men were emploved to handle the processing, while one was re-

guired for the office and zix were reauired to hendle the milk routes.



The informaticn licsted below indicrtes the aize of the rooms in the

pl=nt end the equipment evailatle to handle the processing operations.

Feceivin~ roem. The receiving room wes 11% ft. wide x 1% ft. long x 11 2/3

ft. hi-h and

cluded.

was censidered to be lar~e enouch. The eouirment recuired in-

1. Potary can w-sher, (3 com.)

2. Weizh tank, (500 1lbs.)

z

Tank storare

5. Foller conveyor for receivins cans

room. This room was 141 ft. wide x 15 ft. long x 11 2/3 ft.

and was

e
e
3

oy

1. Milk

2. Pipe

ade~vate in size. The ecuiprent used w28 a3 follows.
storare tank, (1,500 gal.)

washineg tank

Processing rocm. The processine rcom wos smeller thon recuired snd wns

141 Pt. wide

included.

x 24 1/6 ft. lonr x 11 2/3 ft. hich. The eruinment recuired

1. Separator, (7,000 1hs. per hr.)

= M N
. .

N
.

Pesteurizera, (1 each st 100, 20C, & 700 enl.)
. Homo~enizer, (4C0 c21. per hr.)
Fl-te Cooler (6,CCO 1bs. per hr.)

Zottle filler, (42 nts. per min.)

Cotile wonnine r~om. The size of this room wes given as being 15 ft.

wide x 21% ft. lonz x © ft. hi-h plus a section 117 ft. wide x 15 ft.

lont x ¢ ft.

kizhe This L-sheped rocm wes considered to be sufficiently

larce to handle all inccming bottles. Tne following e~uinment wos liated

for this room.
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1. So=ker-tvne boitle washer, (& wide, 55 bom)

2. Coses of bottles handled on dollies

i1k storm~e room. The milk storare room wrs too smell and ceses of milk

. ra. e \ . 1
could nct be s*ored on dellies. 7~his rocm mersured 14 ft. wide x 15+ ft.

.
lonz x ~% ft, hizh,.

1
Dry stornz2 roome The dry storace room wes too smnll and me=sured 113 ft.

wide x 14% ft. lent x 11 2/3 ft. hich.

Cffice sprces Thiaz plont hrd an office 11 ft. wide x 11 ft. long and it

was considered to be sufficiently larre.

1

Driver's check rocm. The room availeable me~sured € 2/3 ft. wide x © 5/6

ft. lono x 7%>ft. hish and was not esdeaquete in size,

Poiler rcome A 30 Fersenower reos-fired boiler was located in a roem 11 1
e - A -

ft. wide x 18 ft. lon~ x 11 2/3 f+. his~h which wes assumed to be larre enourh.

Cormpreegor reor. This rocm measured 6} ft. wide x # 5/6 ft. long x 11 2/3

. hish end was emnle in size. Cne 7% Forserower compressor was availatle.
In rddition, a space 11 1/3 ft. wide x 15 2/5 f+. lonz x 11 2/3 ft. hizh

was occupied by a 6,000 1lb. capacity sweet water trnk.

Plent F
Plent F, a onc-stery structure built in 1649 to h-ndle aprroximetely
2,7%2% rallons per day, w 3 processing 1,147 pallons per day. This plont

wos 8till in the process of remodeling. 17ilk waes hendled in th= s-vare-

<

type milk botle. In addition, annrcxirctely 2C,0C0 callonc of ics creem



were processed vearly and 0 ncunds of cotlt~-z creesa were processed weslnly.
Four men were re~vired to hondle the nroces:in~- cperations.
Th2 followin~ inform-tion lists the aize of the verious rcoms end the

e~uinrment re~uired for hendlin~ 211 preocesainz oreretions.

s A 3 ; 1
Focrivine roome The rreeivin: room was 147 £4. wide x 1°9% £t. lonc x QO ft.

ni~h and wes considered to be lar~= enon~h., “The fellowin~ erulpment was
listed for the receivin: room.

1. Roters cen w-sher, (5 cans)

3, ®~1-nee t=n's, (200 rel.)

=

. toller cenveyors for racaiving and returning cens

Prorac~ina- roc~e This rocm wes me~sured in thres a-cti~ns bccecaune of tre

vorirtle shapa. The ctions mes~ured ware 2C 24, wide x 77 ft. lonT x

D

12 1/3 £4. bi-h, 7 ft. wide x 27 ft. longr x 12 1/3 f£t. hish, and € fi.
wide x 12 /5 £4, lor~ x 1?2 1/35 f+. hi~h and werr com~idered to he mTPi-
ci~mtlr lar~e. The e~uirment re-wired “or procecsing ie 1iatnd ~s Tollows.

1. Y317 atoreee tomk, (1,5°C ~al,)

D

~
2

. %ennretor, (P70 ~o1. mer hr.)

m

o TUTLELT0 panteurizer, (3,777 14, per hr.)

AN

-

P-atevrizer, (5 ot 200 =~1. erch, 1 =t 40 ~21.)
S. Tomo-rnizer, (2,700 1ha. per hr.)

£. Chees~ vot, (1€0 ~-1.)

7. Tottle f£iller, (70 ~*a, par min.)

ca

o Wos’ *ank with rowver brush

Ce Zrv storncs cuntonrd
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10. Fewer conr-yer frem woshar to 311~y for bottles

11. Feller cenvorer from wosher to £1ller te storon for cones

Tatdla qaghive pacre, fln ad A A Y e AT e ey voor w3 sivon in

two 32¢c o Lesana ¢f the veoriehlas ghars of 4AYe roomr, Cnn rectien yrcs
22 2/7 £r, wida w 27 T/5 PL, Ton- x 12 1/7 £4L bk and e other woa 14

Pt, wida x 30 4. lovr x 12 1/3 £4. 2izh., “Wia room wos conaidered to he

ademinte in sire. The emmipment indicet~3d for *he bettle washine roem

v~s 2a followse.

1. 3c~er-tyne hottls wesher, (£ widr, <0 bom)

2, Lettle crces Pondled on dollies

Yill storscn rron.  Tie milk storase room wes 12 £t wide = 12 £i. lor- x

A% P+, hi-h end wes mich too smrll. Y117 w3 handl-3 in the g uore=tirne

Dy ntare~n reem, e drv ator-~e room w-s 2lso too amcll end wes 17 04,
Zrroatort e rect y

vide ¥ 26 ft. lone x T ft. hi-h. Tt wes neceascry to hoeve most of the

peper sunnlies stored by the suprlier end hove them ordered ea noedord,

Cther rooma, This plant wes in the vrocess of remodelins end »ad nlemned

a now boiler room which would contrin the comnrasaor room and the mointe-

nrnce 3hon,  In addition, the mow plans called for ler-or storees reoms,

rew loclar roors, 0f%ices, and retail store. The other ecuinment i3 1liated

below. .
1. CGre & br. commressor
e« Cne, 25 Mn. co=l-fircd »o’l~r, st-ondby

Z. Caz, N ¥yn, 0il=fired boil

o

r
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Flont 3
Plant G, nrocessing erprozire*ely 1,770 ~nllons ner dov of mill, was

2 ~vwo-3tory vlant built ia 1220. ™ow additions »-ve been mede since thet
time *o sccomedzte on cxpandin-~ btusinesa., In 2ddition to wendlin< milly,
this plént nroceszed approximetely 125,0CC rallons of ice creem vearly
nlus some cotterc c! 2. Gix wen were rernired to hwendle all procesrting
operations,

The onlr information evailable from this plant was that for the »n-

crivine rocom. 7This room meegured 20 1. wide v 20 £, lonz x 10 T4,

i~ and wes censidered to bha sufficientlr larse,

Plant H
Plont ¥, proceozsing arnroximately 2,7°CC gollons of nill daily, wes a
one-story plant conestricisd in 1¢47 to hendle 2,007 ~ellone of milk d-ily.
Since that time, a chan-o hes been mode in the prsteuriration eruvinment ond
row millz stor=ce to nccomodate the incre~se in production. Vilk was be*tled
in sruare-trpe bottles with ennroximntely 6,010 ~usris, 200 pints, and 2,5C0
half-nints baine tottled deily.

The products handled in addition to mills were buttormillz, chocolate

]
—

1z, heavy crecem, lirrt cream, cereal mix, cottare cheoese, and sliim milk.

v

e

Three men were emnlo-ed to nhendle processins, two were renuired for
the office, and six were needed =23 route salzamen,

The information listed telow states the size of the various rooms

found in the plant end the esuipment re-uvired.



Fecoivins roome The receivins room was 2C ft. wide x 20 f4. lon~ x 12 fi,.

hich and was considered to b2 lar-e encurh. The ervinment recuired incladed.
1. Fo*nr; can wesher, (3 cans)
oy

eisr tank, (5 cons)

%+ Eeller coaveviors for recolving end roturning cons

Ten's storac room. The dimensions for this room were 12 ft. wide x 14 ft.

lonr x 10 ft. hich., Tt was conzidercd to be sufficien*ly larce encush to
provide sprce for one, 3,000 ~allons stcrnre tank. Provizions were being

]

mede to =2dd anothier tanke.

Processinz room. An adecuate sizz2d room for procezssing wrs evailable which

mersured 25 ft. wids x 30 ft. lonc x 12 ft. hish. The eruinment re-uired

for processing included.

Q

1. Clarifiar, (°0C =-1. per hr.)

Ny
.
(6]

/. .
etarator, (eir tirht)
3. 1.T.5.7« posteurizer, (40C zal. ner hr.)

L, “omo~enizer, (40C onl. per hr.)

£. Totile filler

“otile wesxins rooms The bottle washins rcom was 20 £, wide x 20 ft. long

x 12 ft. hich and was assumed to be lar~e enourh. The following envipment
ves locoted in this room.

1. 3o~ker-tyne boiile waster, (& wide)

2. Pover converor from washer to filler for bottles

3. Roller conveyor from wnrsher to filler for cases

L, A1l cases of boitles are handled on dollies from trucks to the wesher
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111k storsce roome The milk stor=-2 rocm had spoce for evwnansion and
Z r L

measured 20 ft. wide x 3C ft. lons x © £t. hizh. Milk wes hendled in

s~uare bottles.

Compre~-~er room. This rcom measured 20 ft. wide x 20 ft. lonz x 12 ft.
high end was considered to be too small. The following compressors were
locrted in this room.

1. One emronie compressor, (4x4)

2. Cne =rmoni~ comnressor, (5x5)

Locwer roome The size of the locker room was & ft. wide x 15 ft. long x
¢ fte Mirh and it was too smell.

The boiler room, dry storo~e room, and offices were located in a
separate building constiructed since the plant wss oririnally built. A

25 horserower reg=fired boiler was available 83 e steam geonerator.

Plant I

Plant I, a two=-story plant constructed in 1649 to handle 750 callons
of milk per hour, wns processingz annroximately 2,310 callons of milk daily.
The second floor of this plant was used for dry storage and offices. Milk
was tottled in scuare-type bottles with approximately 9,920 cuarts, 1,7°0
tnird-auarts, 267 pints, 3,1CC half-pints, end 577 cuarts in tulk being
handled daily.

The products handled were grnde A milk, homorenized millr, sl-im milk,
buttermilk, light and heavy cream, and chocolate milk.

The employees consisted of six men for the office, thirteen route men,

and seven men hendlins the processing operations.
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Doceivint rcoms The receivine room wes 1% ft. wide x 3° 2/3 ft. lon~ x

, T . . 5 . . .
14 ft. hi-h and wes consider~d to be l-r—2 enourh. "he following e~uipment
wos listcd for the receivinz room.

1. Streirhy-swn cen washer, (° crm)

2. Meich tonk, (750 1hs.)

Procestin~ room. Thz dimensions for the processing room were 328 2/5 ft.

wide x 44 1/3 1. lon~ x 1'% f4. hirh. This room wes essumed to ba
sufficiently lar-e., The ecuinment ressuired for processing is listed o3
follows.

1. Pre-heeater, (11,C00 1bs. per hf.)

2. Clarifier, (4,500 1lbs. per hr.)

5. Storage tenks, (2 at =,000 ral. each)

4, 4.T.3.7. Pasteurizer, (&,500 1bas. per hr.)

5. Pasteurizers, (2 at 20C g-1. each)

6. Yomocenizer, (4,20C 1.s. per hr.)

7. ¥ilk cooler, (25,000 1bs. per hr.)

[a)

€. Bottle filler and hooder, (120 ats. per min.)

Bottle washiny room. The size of the botile washinz room wes 25 ft. wide

Al . 3 3 3 .
x 357 ft. lonz x 10 ft. high and it was considered to be ede2ouate in size,
Tre eruipment indicated for the botile wrshin~ room was as followse.
1. Soeker-tyve bottle washer, (90 bpm)

2. Case wssher, (120 cases per min.)

Milk stora~2 rcome The milk storare room was 19 ft. wide x 36% rt. long

x & ft. hizhe It wes not indicoted whether the room hnd adeaquate snoce.



Zoiler room. A 125 horscnower cil-fired boiler was locoted in e room

e

14 ft. wide x 55} ft. long x 145

ft. high which wes considered to bz

ed2"uate in size.

.
Ccmpressor roome This room measured 20 ft. wide x 40 ft. long x 145 ft.

high and wes adeouate in size. The followiny compressors were locatcd
in this rcom.
l. Two 5x5 compressors

2. Two 64T compressors

Yointenence shepe. The shop occupied a spece 18 £4. wide x 4 f. lonz x

.1 “ e 9 s e
145 ft. mizh and wes sufficiently larse.

1
-

Locksr roome The lockar room was of adecuate size and mensured &7 fit.

wide x 17 £/6 ft. lonz x 12 ft. hi~h and provided frcilities for savan men.

}2e

Cfoice srnczs Tris room mensured 22 ft. wide x 34 ft. lonv x £% ft. hizh

end wes ceonsidercd to be ler-e enough.

Priver's eh~ck reom. Adezucte space w2s ovailalble in a rocom 1C ft. wide

x 12 ft. long x ° i hizh,

Plent J
Plant J, a two-story plant constirvectzd in 1970, w~2 handiling opprox-
imctely 4,100 callons of millk dnily. The second floor was utilized for
dry storar-e and locker rooms. In zddition to milk, this plant was producing

aporoxinatelr £CO rallons o2 ice cream rer dey, 3,000 to ,7CO nounds of

mitter per weck, and cotto~e cheese.



116

The information lie*-d below rives the siza of the rooms and the

ecuipment re-uired for rnendling the milk,

Eeecrivin~s room. “he recoiving roem was 15 ft. wide x 72 4, lon~ x 12

Y

ft. hi~h end wrs con3id-red to be ler-e enou-h. T“he ecuipment re-uired
included.

1. Strei~at-eway cen wosher, (5 erm)

I

2. Yeirh tank, (507 1be.)
Z. Ctore-e tenlr, (1,500 ~a2l.)

=~

Fower conveyor for receivins and retumins cons

Proccosine rcome The dimensions for the processing room were %2 ft. wide

x 4L Pt lonz x 12 ft. high and it was essumed to be sufficiently lar-ce.
Tre e-uipment recuired for processin~ is as follows.

l. Preheeter

2. Ienarator, (7,000 1lts. per hr.)

3. Pasteurizers, (3 et 3CO cale. and 2 at 20C ral. each)

4, Cr-em vet, (200 cal., coil)

5. Bolance tank, (1CO sal. on hr-draulic 1ift)

€. Plate cooler, (10,00C lbs. per hr.)

7. Yomo~snizer, (°C0 gal. per hr.)

€. Zottle filler, (17 ot. per min.)

9. Paper machine, (20 o%. per min.)

Byproducts reem. Th

\

size of this room was 17 ft. wides x 35 ft. long x 12

fte high end it was loroe enouch. The eouvipment included:
1. Chesse vots, (2 =%t 30C cnl. each)

2. Sutter chmurn, (4CC 1ts.)
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Tot+le wonlin~ raome The rottle washin~ rcom woasurzd 20 £t. wide x 33
fte lony x 12 L. mi~h rnd wrg ermidored to b ed2uate in zize, The

.

esuinment indicated woa 25 follows:

1. Jo~ker-+:me botile weaer, (° wide)

*1' storc~2 rocme The milk gtore~e reem hondled arrroximetely 3,5CC =<=1loms

0 milk d-ilv, me=-ured 15 £4, wide x 47 £t. lon- x © £t 2ich ~nd wos
s33umed to he lor~a enmn~h, Y31l yas heniled in hotn ~1-a3 botitles and

p-ner containers,

s
o)

Drv stors~e room, The drrrost

ron room wal lor~2 enourh end meacsurzd 52

ft. wide x 1C0 £t. lonr % 12 fi. hich, The area occunizd hr *>is room

w3 e url to *re toital crea of *he procecsing nlont.

Seiler roome A 125 horsspovrer oil-fir~d hoiler wos loeated in a room 2

=

ft. wide x 25 ft. lons which waa 2ammed to ho ~da2mete in gine.

Plant K
Plant K, a two-story rlent with 2 rmezzenine, was orisinclly built
in 1213 and exn-ond=d hv resrran~ement in 1037 to handle arnroximately
2,0C0 callons of milk per d-v.e At the time of this investirotion this
plont wos hendlins L,700 zollens of milk per dey.

e

¥ilk was hendled in hoth the sruare-t;pe Totila and peper containers.
1

e Tollowing information ~ives the size of thes rooms for this plent

and the enuipment re~uired to cerry out the processing oreratiors.



- . - . . . . -
Fre 3 rire roacvie 13 racys wey tadaicqai]ley S rlhiens and mennonred T2 1.,

vide v 72 . leres x 11 £, W -h oand wes comnidored to b2 lorse encush.

a8

The 1lizt of e-v’rnent for the roctivin~ reom 1t a5 fellow.

1. 3*vos - teauny econ yazher, (5 cpe)

Z. Fower converor for roccivin- ond raturrinc cons

Tanls stcro-c reon.  This room mescourcd 1 Pt wide x 2L Pr. lone x 13 ft.

vicrh and w23 ceorcidered to ke ndrcuete in size., Tho eouirment resvired
w3 a3 fellovse.
1. Jteore~e tanla, (1 -t 2,00C =rl.; 2 8t 1,00C ~~1. ench)

~ ~~

2. ™urfees coelzr, (H,07C 1va. ver hr.)

Prreo-qir~ poem, The nrece~sine~ rocm woa 25 P, wide x 76 1. lon~ x

R

1% 4. hi=h ond, in eddition, crnteinsd a tnlconr mensurine 15 2t. wide
x 17 ™, lon~ x © £t, i, The arce evailable for prrocessins wes too
srm2lle  Tne emvirment vaed included:

1. Clarifier, (17,000 lbs. per hir.)

ry

. Seporetor, (5,00C lius. per hr.)

Prencatera, (15,00C 1lka. per hr.)

\M
.

I~
.

Pratcurizerrs, (£ et 200 cals. ecch; 1 at 100 --1.)

'n

« Belomee teonlr, (LCC eall)

6. Horouonizer, (1,1C0 ol, por hr.)

7. Surface ccoler, (0,C0C 1bs. rer hr.)

£, Bottle £iller, (7 ¢ts. per min.)

« Poper corten filler, (5% c43, por min.)

1C. Cheusz corton filler, hand overctod



17 4. Ri-he The esuipment
1. JSorker-time totile westor, (12 wide, 1C7 prr min.)
2. Cove weosher
e Fower conv~ora for coses 2nd bottles frem wosher to filler
Uil ztorncc roem. The rilk otorn-e room won 28 ft. wide x 36 ft. lone x

¢ ft. hiirh and did not nrve sufficient cocpocitye.

vor stcrost rocme The dry storrre reom was locsted in ihe bonerment end

N

wos not leree enou-~iy to h-ndle a 20 d=2r surrly of matericl. This room
rcosured 24 ft. wide x 37 ft. lon~ x ° ft. bich rlus en e2ren 70 ft. wide

x 74 1, len- x ¢ fi. hich,

Feiler roorme The beiler roem uas oderunte in cire snd meosured 22 £t.

vide x 2 ft. lon~.

Cf ice an~ce, Ths oflices were locnicd on a menranine measurin~ 25 ft.

wide x 4° fi. lons- x 7 ft. high end were connidered to be eufficicntly

n

Locler rocome The locker roem was 12 ft. wide x 18 £t. lonzr x & fi. hicrh

and was essumed to be too smell.

‘mintnonce shere This room messured 10 £, wide x 27 fi. long x ° Tt

high end did not contsin sufficient space.
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Plant L
Plant L wes a onc=s*orr pl-nt heondling ronroximetely 6,400 ~allons

of rmilk deilv in eddition to processing between 100,3C0 end 15C,000 rallons

cf ice cromm por yeer and 1,°C0 rounds o cot*a~2 cheese per wecke Milk

£

was rocesse

e

in botn s~ are-t;pe tottlzs and porcr contriners with arprox-
im~tely 16,7C0 marts ond £,000 relf-pints hondled in glesa botiles daily,
and 3,800 ruert, 1,700 nint, ~nd 1,°CC 10-ounce nrrer contniners hondled

dsily.

)

The preducts bandled in +the ril% rlent were prerium millt, r-~ul-r
nilk, homo-enized milk, homo~enized vitamin D milk, skim wilk, chocolate
ril¥z, liznt end hesvy cream, buttermilk, oran~e drink, end cottare cheese.

Twenty ren were erplo;ed to hrenile processing, twelve were recuired

« s o s
for the office, and approxim-otely forty-five were neednd a3 rcute salosren.
The infrrretion linst~ad trlow stotes the gize of the verious roors

P}

found in the plant and the ecuipment re~uire

[N

PR 2 PR 1 o - -
Facezivine room. The receiving room was 17 ft. wide x 30 ft. lonz x 15

ft. hirh and wos censidered to be too small. The enuipment re-uired included:
1. Streichteawey czn washer, (10 cpm)

2. Veirn tenk, (50C 1lbs.)

N

. Clarifier, (20,CCO 1bs. per hr.)

-~
[ ]

Power ccnveyors for reccivins and returming cons

N -~ . . - . 1 N
Frocessin~ r~om. The dimensions for the processing room were 2% ft. wide

X 52; ft. lonz x 12%-ft. hish plus 2 balcony messuring 17} ft. wide x 17%

~ . 7
ft. lon- x # ft. hich. In eddition, en arsa 17) ft. wide x £4] ft. lon~ x.

¥

12 1/3 ft. hi~h vas availatle for the cetin~z cheese peclzing and bottle

IS
»
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fillin~ operations. The tot=l area was too s-all for a satisfaciory orerstion.
The ecuipment re~vir~d for nroces~in~ is as follows:
1. Stor=~e tanks, (1 =t %,C0C ~21. and 1 at 2,000 ~2l.)
. 3eparctor, (12,0CC 1bs. per hr.)
3¢ HeTe3.74 nestevrizer, (20,0CC 1lba. per hr.)
4, Pasteurizers, (1 »t 1,0CC sel.; 5 et 5CC rel.; 4 et 200 ral. each)
5. Cobinet cooler, (15,C00 1hs. per hr.)

€. Homorenizers, (1 ~t 20,070 1bs. par hre; 1 at 6C0 gnl. per hr.)

B-mroducts rcome This rocm, used for manufacturine cottace cheese, measured
’ s N ’

17 ft. wide x 28 ft. lonz x 1% ft. hich ond was sufficiently large. The

-

ecuipment located in this area concisted of two, 800-gallon cheese vats.

Bottle w-ahin~ room., The size of the bottle waohine r-om was 26 1/3 ft.

wide x 4 2/3 ft. lon~ x 12 2/5 f4. hi~h end it was ccnsidered to be lar-e
enov~h for the prescnt operation. The enuinment listed was as follows:

1. Zozker-t.pe bottle washer, (12 wide, 11% bpm)

2+ Case washer

3« Power convevor for receivinz cases from trucks

1'i1)- storo~2 room. The milk storare rocm wrs tco smnll to satisfactorily

handle e11 products. This room, divided into two arers duve to the variable
shape, measured 17% ft. wide x 45% ft. long x 7 5/5 ft. hich plus £ ft. wide

x 14 ft. long x 7 5/5 ft. hizh. A cold dif“user located in this room occupied
approximately 2L s-vare feet. A power convevor was used to hendle milk cases

into #snd from this room.
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~ry stor~ce room. The aren 2llotted to drv storrn~e wns corsidered to be

too am~1le For milk processin~, the followine are=s were eveil=ble for
dry storsre: (a) 20% £i. wide x 60 2/3 ft. lonw x 12 2/3 ft. hi-h, (b)
45 1/6 ft. wide x FO™ ft. lenc x 12 fi. hich, end (c) 14 ft. wide x 17 ft.

lone x 15 ft. hirh.

“oiler room. A 17°C horserower cas-fired boiler and a 150 horsenower cool-
. ] . 1 . ~a =
fired standby boiler were located in e room 267 ft. wide x 78 3/L ft. lone,

wnich w23 edenuate in size.

=550r rcome The comnregsor room wrs 17 4. wide x 21%-ft. long x

nres

|5
3

—
G

ft. hicn end wes sufficiently lerce. The folloving compressors, for both
the milk end ice creem operations, were lccated in this room.
l. Three 50 hn. compressors

2. One 20 Ip. conmnressor

Meintenance shon. The room for meintenance work was of ede~uate size ond

reasured 157 ft. wide x £0 £t. lon~ x 12 2/3 ft. hirh,

Locker rocm. The area allowed for leckers wes 15 1/€ ft. wide x 1° ft.
lons x 15 ft. hish, end thnt allotted to showers ond a l-vator’ measured
11 ft. wide x 15 1/5 ft. lon~ x 1% ft. hich. This room was considered to

be tco srmell to provide adenrvatc facilities for 24 men.

Plant M
Plont ¥, processins epproximnetely 7,950 ~allons of milk d=1ily, was
e two-story plant orisin-1ly constructed in 1022 to handle 4,CC0 rallons
of milk deily. Since that time, addition~, new buildin-~s, end reerraoncements

h-ve been made to handle the increased production. I/ilk wes h-ondled in



both s~ vere-typre cless bottles =nd p-per contziners with arproximetely

14,100 cuerts, €20 10-ocunce bot*les, and 4,300 helf-pints h-ndled in clens

[

and 5,200 cuarts, 4750 pints, and 2,0C0 10-ounce handled in paper contciners.

IS

In eddition, annreoxi—~“ely 550 rounds of cotte~z cheese

-

doilye.

were processed

Twenty-five men were emplored to h-ndle prccessing, seven were re-

nuired feor the office, and fifty-one were needcd =3 route salesmen.

The follewin~ information ~ives the size of the rooms for tris plent

and the eruipment re~vired to carry out the processinc operntions.

receiving rocme The si-2 of this roem wns sieted as bein

nz 20 ft. wide

40 ft. wide x & ft. hi-h end was considered to be lar~e encuch. The lict

of e-uipment for the receivin- room wns as follows:

1. Strai-htenway con washer, (¢ cpr)
2. Weich tank

3. Fower cowverers for hondlint cons

“anl ctero-n reems Thiz room mensured 20 ft. wide x 35

here with o total cepncity of 7,000 callonse.

Pegiourizin~ room. 7“he nrateurizinz room wes sufficiently lerre and mersured

15 £+, wide x Z£€ ft. lornc x 12 £4., hirh. The ecuinrent

wo3 indiceted ~s fellows:
1. Clarifier, (12,000 1%s. per “r.)
2. V.TNT. Pastevrizer (9,000 1bs. per hr.)

5. Homorenizar, (FCC =~1. per hr.)

ft. lon~ x © ft.

nich end conteined suf“icient floor snnce. Four storns=z +-nka were Joc~icd

re-uired for procescir
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L, Pl-t~ ccoler

[~

-

e Znolomee tonls

Zottlz 2311ins roer, Taia reom did net hov~ ~de-mete snece ~nd me~anred

20 ft. widz x 2% ft, lon~ x 15 Pt. hich,  Tha ecyirment losoted here won

a3 follows

l. Fr~2r c-rion mrchins

T Bottle filler, (C7 r*s5. por min.)
3« Pouer convevors from 2illcors *o cecrler

Trreduets racme Tha brmrodnets reom wes 20 At widae x £0 fr. lenc x 12

ft. hi~" »rd w3 tco om-ll fer ef?iciant rroductions ™2 ecuinment used
inclured:
1. Cheran vats, (3 et 200 =21, anon)

Do Toveratar, (7,070 1o ree hry)

SodErs v hitar rhome T?Tied tar ances et evailahle for hottle wetins
in o rone R0 24, wida x D7 P4, Tor~ v 0 A, nish The £011ovian etninrent
won lornted in *his roor:

1. 3o~tor=torae hot:lsz wrater, (%4 o O7 bp-)

Ty ondtor oo roee.  The rooms evaltlabla for Ary starasn mecenwad Lo e+

wide x U5 24, Ton~ x 10 24, “i-h pnd 20 P+, wida x 70 ft. lon- x 10 £,

i~ ~nd providsd o an®?iei~ont emomt of sroce.
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Zptler room, 1 170 “orzerover 0l1=Tired helloy wen loecetod ia en odesrnte
zize roor mesourins 37 M, widae x 35 1. lons - 17 £, hi~h,
DAmnyenaer reoc,  The camnrestor reom woa 27 2, yide w70 YL lonr w12

ft. hi~h, woos sufficiantls lar-e, ~nd con*~in-d cone comnrea-or,

6}
B

Yadintenone2s 3heon, Sufficlent ~noct wos vrovidsd in e room RO . wide

I,

5P, 1onn x 12 4. hich,.

Toeclrayr rorm. "Mi3 roem nocasured T P, wide x 12 . lonz x £ ft. hich

and w~5 conzideored lor~e onou~h to nrovidz Tocilitin~sz for twcniv-five men.

O
I}

Cofic~ an~ece A room P4, wide x 20 ft. ler~ x ° ft. “i-h rrovided omnle

0°fice ocuarters.

Driver's ehnels ream,  Tre mein office was 2lso utilized ~3 a driver check

room and su’ficiesnt spnce was not cvailable for thise.
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APPEIDIX III

QUZSTIOMNNAIFE FOR THE STUDY OF DAIRY PLANTS
Fame of plant
Location of plant
Plent manager
3ive location in relation to the nearest city or towm.
What is the averace daily production of your plant?
A. Milk - gals. per dey______, or lbs. per deay
B. Ice Cream - zal. per year
C. Other (Cheese, butter, etc.)
Yhat is the present maximum daily capacity of your plant?
A. Milk - gals. per day___, or lbs. per day__
B. Ice cream - gals. per year
C. Other (cheese, butter, etc.)

What wes the maximum output on any one day in 19507

A. Milk - gals. per day s Or 1bs. per day
Be Ice cream - gals, per yeer
C. Other

For what copacity wes the plant oricinelly built?

Date built . Did it handle the amount desirned for?

Has the plant ever expanded? . How was it expended? (Addition,

new building, rearrangement, etc.)

Was the above method of expansion satisfactory? . Please explain.

Do you believe that a plant should be built large enourh originelly, to

accomodate an increase in production, or should it be built just larce
enouch to handle the known capacity with provisions to permit additions

a8 needed?
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13.

14,

15.

16.

17.

18.

15.

2l.

22.
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Is the present plant site lerce enouch to allow for a building expansion?
o« Draw a simple sketch of the plant and plant site showing its

limitations.

Do you believe that the plant site should be large enough to permit

ready expansion on a one floor level?__ . Please explain.

Are the rooms arranged to obtain efficient-use of labor and efficient

operating conditions? . FPlease explain,

Can the plant operation, as a whole, be easily supervised?__ . If

not, why not?

What type of delivery schedule do you maintain (every other day, three

day week, etc.)?_______. How many days per week is the plent in operation?

Is the storage tank capacity large enough for normal operating conditions?
« Does the storage tank capacity provide enough flexibility to

take care of emercencies, such es, a decline in sales or a breekdown?

Do you think that the tank capacity should provide for such emergencies?

How much space, in general, is left between pieces of processing equipment?
. Is this sufficient for proper maintenance and cleaning?

At what distence from the walls is processing eocuipment?

Is this satisfactory?

What methods are used for the mechanical cleaning of senitary pipe lines?

Are they satisfactory?

What methods are used for holding milk lines in place?

Where are the water, steam, and refrigeration lines located? (In walls,

tunnels, suspended from the ceiling, etc.) Is this method satisfactory?

« How would you chenge?



25. Size of rooms

12¢

Type of room

ength

Width

Height

Amt. prod. handled
or stored

Largze enouzh?
Yes or No

Keceiving

Tenk storage

Pasteurizing

Byproducts

Filling

Milk storage (cooler

Bottle washing

Mix room

Freezer room

Hardening room

Dry storage

Boiler room

Compressor room

Laboratory

Shop

Locker rooms

Office space

Retail store

Driver's check=-in

Garage

Loading docks

Unloading docks

Other

b— —
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24, List major items of equipment

Item

Can washers

ize or capacity

Type

Larze enough?
Yes or Mo

Weigh tanks

Pre-heaters

Clarifiers

Storace tanks

Separators

Pasteurizers

Cheese vats

Homogenizers

Coolers

Fillers

Bottle washers

Cese washers

Freezers

Flavor vats

Fruit fceders
o

Ice cream pkg. filler

Specielty tanks

Compressors

Boilers

Other
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Are conveyors used? « Do you feel that they are efficient end
economical? . Where are they used? (State whether powered or
roller).

Give the location of floor drains in processing roomse.

How many floors does the plent have? « Is this leyout satisfactory?
Txplain. What ic esch floor used for?
Yhat type of ventilation is employed? Is this satisfactory? BExplein.

What type of lighting is used in processing rooms? Is this satisfactory?
What type of window construction is used in processing rooms?

4. Glessblock

B. Steel sash and frame

C. Wood sash and frame

D. Aluninum
hat meterials are used for floor construction?

A. Procezsing roors

B. Milk stornce _
C. Pottle woshing rooms
D. Freezin~ rooms B
Wat mrteriels er»> vad for well construction?

A. Exterior walla__

B. Interior w2lls_
Draw a simple sketch indiecatinz the flow pettern for products end
packazes (1abel the various stations).
Do you have a reteil store?_ . TIs it desirable? . Explain

If you were to build now, in order to obtain maxirmm opnerating efficiency,

what suzsestions do you have relative to the following items?



37.

A. Building materiels

Floors

Exterior wells

nterior wnlls

Window construction
R. Plceement of dreins in proces=ing roomn.
C. Type of electric li~hting.
D. Use of conveyors.
. Pefrireration system and levout.

F. "humber of floors for the plant.

5. Ventilation.

He Arrancement of rooms in relestion to each other.

I. Other sus~egtions.
*"hat questions would you lilke to have answared?
I? it is possible, would you previde us with detailed floor plans of
your plant loyout? TIf this i3 not nossible, would you provide us with
e simple sketch of the layout; label individual rooms and sive the
dimensions. Anv plans will be returned to you afier a reasonable
veriod of time.
NUﬁbef of men handlin-~ processing?
"umber of hours worked per day?
If you feel that it i3 not too confidential, could you state the cost
of processinz alone per 100 1lbs. of milk? . Per 100 gels. of

ice cream?



DAIRY PLANWI STUDY
SUPPLZIMENTARY CUZSTIONNAIRE

Please indicate the average daily emounts for the following items.

1. Milk received daily,

2. Total
3. Total
4, Total

Qe

50 Total

8e

6. Total

7. Please list the various products that you process.

rgals. or ____  1lbs.
products pasteurized daily, gals. or_____ lbse.

products held in storage tanks deily, galse or___ 1lbse
products handled in milk storage (cooler) daily, galse

Please indicate the total number of units hendled in the milk
storage daily for the following.

1. Paper containers 2. Glass bottles
quarts quarts
pints pints
helf-pints helf-pints

products bottled daily.
Paper containers ralse
Glass bottles galse

1. Please indicate the total number of units bottled daily.

a. Paper containers b. Glass bottles
quarts__ quarts
pints ____ pints
half-pints helf-pints
nunber of bottles washed daily, units. FRound Square

8+ Number of men/handling processing

NN

9. Approximete nuﬁﬁég of office personnel

10. Number of route men utilizing the driver check-in room

11, Name of plent

12. Address

13. Plant manacer
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