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Engineering Economic Model For

Fish Protein Concentration Processes

By

K. K. Almenas,’ L. C. Durilla,* R. C. Ernst,’
J. W. Gentry,” M. B. Hale,” and J. M. Marchello®

I. ABSTRACT

A process engineering economic model for fish protein concentration processes has been de-
veloped. The model predicts the construction and operating costs for fish meal plants and for
plants producing fish protein concentrate (FPC) by: isopropyl alcohol extraction, biological,

and press cake-isopropyl alcohol extraction.

Typical process flow sheets and a computer program were developed to be used in the design

and cost computations.

The model provides for each process to be studied both internally and
externally in comparison with alternate processes.

The program and model were prepared in

such a way that changes and updating may be accomplished quite readily as new information

becomes available.

This report contains directions for users and descriptions of the processes.

A listing of the computer program and example calculations for each process are presented in
the Appendix to guide the user and to illustrate the nature of the model output.

While the model does develop construction, operating, and production aspects of the processes,
it does not deal with the economics of selling the products and the resulting profit and return

on investment.

Problems of allocation of costs and marketing arrangements are not covered

in this report, but must be considered in the final decisions relating to a complete evaluation

of alternatives.

II. INTRODUCTION

Fish protein concentrate (FPC) production
holds substantial promise of helping to meet
the growing food and dietary requirements for
the world’s human population. It appears that
several of the processes now being developed
will be successful in making FPC available on
a competitive basis with other sources of pro-
tein (1, 2). To provide for the orderly and
rapid development of these processes it is ne-
cessary to continually review the internal steps
of each process and to compare processes on a
common basis.

* University of Maryland, Department of Chemical
Engineering, College Park, MD 20740.

. National Marine Fisheries Service, College Park
Fishery Products Technology Laboratory, College
Park, MD 20740.

The objective of this study was to develop
a process cost and design model which can pre-
dict construction and operating costs for a wide
range of FPC process conditions. The model
was to handle a number of the FPC processes,
operated singly or in conjunction with associ-
ated operations such as fish meal manufacture.
This approach of making predesign computer
estimates (3, 4) is becoming a common tool of
management in process industry research and
development.

A. Engineering Economic Model

The model consists primarily of a digital
computer program which determines the size
and cost of major items of equipment for each
process and then estimates the costs. The
model is constructed so that new information




at the bench scale, pilot plant, and demonstra-
tion plant levels can be easily incorporated to
keep the program current with the available
knowledge about each process.

Typical process flow sheets were developed
with suitable options for each of the processes.
These were used along with the available in-
formation on the process to prepare the ma-
terial and energy balance portions of the pro-
gram. Changes in flow sheets, types of equip-
ment, processing sequences, and operating
conditions, may be made following the internal
program changes procedures.

From the material and energy calculations,
the major items of equipment are sized and
their cost estimated through built-in design and
cost information. The program then deter-
mines the operating and manufacturing costs
subject to the input data and internal assump-
tions of the model.

Two important features of the program are
the built-in consistency of estimates for differ-
ent processes and the continuity of estimates
during the several stages of development of a
given process. The uniformity of estimates re-
sults primarily from the use of a common set
of equipment cost subroutines and a common
set of assumptions regarding such cost items
as indirect costs, land, engineering, ete. Since
input data include the cost of labor, plant size,
and cost indices, the program is useful in many
broad-based studies of FPC production in dif-
ferent parts of the world at the present and in
the future.

The model provides for each FPC process
to be studied both internally and externally in
comparison with alternate processes. Internal
costs identify areas needing further research
and development. The ability to estimate costs
for a number of processes for a wide range of
input conditions provides the broad comparison
type information needed to guide a variety of
research and development projects. The en-
gineering economic model contains five process
plant programs: fish meal; biological; iso-
propyl alcohol extraction; press cake-biological;
and press cake-isopropyl alcohol extraction.
Process descriptions and flow sheets are pre-
sented in the next chapter.

Fish meal processing is a common operation
and there are many such plants throughout the
world. Fish meal is used for animal feed while

the other processes make products for human
consumption. It was included to provide a basis
for comparison and because frequently interme-
diate meal products are a starting point for the
FPC processes. The other processes are viable
candidates for commercial manufacture of
RPE.

B. Cost Estimation

In the development and use of the model it
is important to have accurate cost information.
Equipment and capital cost data were obtained
from a number of recent publications. These
figures were compared and reviewed for con-
sistency and accuracy. In several instances
costs were adjusted to meet the actual exper-
ience of individuals knowledgeable in the field
of marine protein manufacturing. Finally all
costs were adjusted to the base of early 1970.

The adjustment of cost data from the past
several years to an early 1970 value was made
using the Marshall and Stevens Equipment
Cost Index which is published in the periodical
Chemical Engineering. The M & S Equipment
Cost Index is based on a value of 100 in the
year of 1926. The early 1970 base value of
297.5 is used for equipment costs in this report.

Adjustment in costs from one year to an-
other is accomplished by multiplying the known
cost by the ratio of the index values at the two
years involved to obtain the desired cost. The
choice of the M & S Index over several other
indices that are available was based on the fact
that the components used in the M & S Index
are more nearly those present in FPC plants,
and the general cbservation that all the indices
have been moving at about the same rate in
recent years.

Use of these indices over more than a few
years leads to considerable uncertainty and is
not recommended. It is hoped that users of
the model will continually update the data from
the best sources available and not resort to
changing the cost index alone. Equipment is
continually being developed and many specific
items do not follow the average trends.

There is a wide variation in costs at any given
time. This is due in part to the inventory and
backlog situation of the individual manufac-
turers and suppliers. The best cost informa-
tion is a written quotation for a specific item



to be purchased during a given period. In a
number of instances, particularly for the IPA-
Extraction process (17), quotes on equipment
were available and were used in adjusting the
literature data. Essentially the same thing was
done, through discussions with experienced per-
sons, for the typical fish meal process.

The capital cost estimating procedure of
Guthrie (6) was used in developing the process
engineering economic model. A module tech-
nique is employed in which cost elements having
similar characteristics and relationships are
grouped together. This grouping is discussed
in the program output section. Published
equipment cost information was obtained from
a number of sources (6, 7, 8, 9, 10, 12, 13, 14,
and 15). The cost data were fit to appropriate
equations and are contained in the cost sub-
routine. This portion of the computer program
and procedures for changing the data are dis-
cussed later in the report.

Costs of chemicals and raw materials were
taken from recent issues of the OQil, Drug and
Paint Reporter and from actual purchasing
experience. Some of these are program input
items and can be changed whenever the pro-
gram is used. The cost of fish is quite varied
and depends greatly on local conditions. Fish
meal manufacturers often make contractual
arrangements with the boat owners whereby
the final price paid is dependent upon the in-
come ultimately received from selling the fish
meal. This input item will require close atten-
tion of the program user. The tradition of the
industry of speaking in terms of fish rather
than weight can also be a point of confusion.
For menhaden, one million fish is taken to be
755,000 pounds of fish.

C. Process Economics

The model develops the construction, oper-
ating, and production aspects of each process
subject to specific input and internal informa-
tion. It does not deal with the economics of
selling the products and the resulting profits
and return on investment,

Each of the processes makes several products
and consequently requires the managerial de-
cisions of cost allocation to establish selling
prices of products. Marketing, inventory man-
agement, product distribution, and sales con-

tracting are important factors in the final de-
cision on commercial operation. The model is
intended to provide processing information up-
on which preliminary deliberations and deci-
sions of the venture risk type can be made.

It is most important in using the model to
recognize its limitations. Of the processes in
the model only fish meal processing is a com-
mercial operation at present. Even in this case
the model attempts only to give representative
information for a somewhat typical kind of
plant under average conditions in the United
States. Several IPA extraction plants for FPC
production are under construction. The model
IPA process is based on a modified analysis
of the National Marine Fisheries Service Ex-
periment and Demonstration Plant at Aber-
deen, Washington. In all other instances the
processes are in the early pilot plant level of
development.

The model is also generally limited to use for
plants handling 50 or more tons per day of fish.
Modern domestic fish meal plants handle 1,000
or more tons per day and it is expected that FPC
plants will be in the range of 100 or more tons
per day. There is significant interest in pro-
cessing FPC on board ships and developing
small village industry operations. Use of the
model in the 10 to 50 tons per day range will
require some modification or at least close at-
tention and judgment about the details of the
output.

The model is presently applicable to coastal
plants. To place one of these processes on
board a ship will require significant changes.
Generally space is a limiting factor on board
ship and the processes would need to be rede-
signed for compactness. Special modifications
to the ship could be costly, while certain land
operation requirements, such as pollution con-
trol, might be eliminated, resulting in savings.

Village industry operation, and operation in
foreign countries in general, will require a
number of changes. The model provides for
modern, instrumented, continuously operating
plants. Equipment costs are for the United
States and, in general, the plants are custom-
made large facilities. Smaller plants, in the 10
ton per day sizes, might be mass-produced and
thereby benefit from unit cost reduction much
like appliances. If the appliance approach is
not used on-site fabrication of village level




plant would probably be of the batch type.
Such plants would have additional difficulties
with quality control. A training program for
village plant operators might be necessary to
overcome potential health and operating prob-
lems.

III. DESCRIPTION OF
PROCESS MODELS

A. Fish Meal Process

The diagram of the fish meal plant is given
in Figure 1. On the drawing, the streams are
labeled. The fish are processed for three prod-
ucts, fish meal, fish oil, and fish solubles (50 %
water). An option is provided as to whether
fish solubles are produced as a product or added
to the fish meal.

Fish are unloaded from the boat by fish
pumps. A weighing conveyor carries the fish
to a storage unit which has a three-day capa-
city. A bucket conveyor takes fish from stor-
age and drops them into a cooker. Oil is re-
moved from the cooked fish in a continuous
SCrew press.

The press cake leaving the press contains
507 solids. This stream in tons/day is labeled
AA(91,2). The press liquor contains the oil
and water from the fish and 15% of the total
fish protein. It is labeled AA(91,3). The
cookers are available in 100 ton/day and 250
ton/day sizes. Similarly two different sizes
of secrew presses are available. The selection
of cookers, presses, and screens is internally
handled in the program.

The program then branches to two proces-
sing streams. The stream containing most of
the oil and water is discussed below. The first
input option considered is whether to add the
fish solubles streams to the fish meal stream
[[PTION (1) = 2], or to market them as sep-
arate produects, [ITPTION (1) = 1].

From the presses, stream AA (91,2) passes
through a mixer where the recycled fish
solubles may be combined with the main
stream. The stream then goes to steam tube
drying in which approximately one-half of the
weight is evaporated. Antioxidant, correspond-
ing to 0.01 #/# of oil retained in the fish meal,
is then added. The meal passes through a

mixer to a storage unit where it is cured for
15 days. The meal is milled prior to bagging.

Stream AA (91,3) is centrifuged. The cen-

trifuge is sized from the flow in gallons/hour.
The oil is then polished with hot water (10%
of the oil weight of water is used) in a second
centrifuge. The dummy variable TONSA is
used for this stream at this point in the pro-
ogram. The fish oil product is designated
AA(90,5). All hold tanks in the stream have
a one-hour holding time. The fish oil storage
capacity is 15 days.
" The water and soluble protein are conveyed
into an acid mix tank where it is mixed with
sulfuric acid. This stream TONSWW then
passes into a triple effect evaporator. The
streams TONA and TONC are in tons/hr
rather than tons/day. TONA is the inlet
stream to the triple effect evaporator. TONC
is the stream from the third effect going to
the concentrator. The resulting fish solubles
stream is 50% protein. It may be marketed
as a product AA (90,4) or returned to the mixer
and processed as fish meal. The storage ca-
pacity for fish solubles is 15 days.

In summary, three products may be pro-
duced—fish oil, fish solubles, and fish meal.
Also, by an appropriate choice of option the fish
solubles may be recycled and processed with
the fish meal.

B. Biological Process

In the biological processes the proteins of
the fish are partially hydrolyzed with enzymes
to permit separation of the oil, bone, and pro-
teinaceous material. The distinguishing fea-
ture of the process is large heated and stirred
vessels into which the ground fish is fed and
in which the digestion takes place. The sub-

 routine handling this process is labeled “Sub-

routine Biolog”; the flow streams and equip-
ment blocks of this subroutine are identified in
Figure 2. In addition to the standard four-
card input discussed in Section IVD, “Biolog”
requires 5 input items which are entered on a
fifth card in E12 format,

1. ULOADING, STORAGE AND GRINDING

The handling of the fish up to the digester
stage includes fish pumps, conveyors with wash
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and weighing provisions, and refrigerated
brine storage. Storage is an expensive equip-
ment item and a capacity sufficient for 3 days
of plant operation is assumed. From the re-
frigerated redwood bin the fish are taken by
means of a bucket elevator to grinders, The
ground fish is conveyed to the digesting vats.

2. DIGESTERS

The digesters are stainless steel, jacketed,
and stirred vessels. They are sized for 5-hr
residence time, with the assumption that each
plant needs at least three vessels in order to
provide a continuous feed to the equipment
processing the digested stream. If a plant ca-
pacity exceeds three 10,000 gal. vessels, the
number of vessels is increased. The streams
feeding into the digesters besides the ground
fish are 1) water, 2) enzyme, 3) CaOH, 4) 5N-
NaOH, 5) antioxidant, and 6) cone., H:SO..
All of these streams have a separate identi-
fication in the AA (90,J) matrix (see Fig. 2);
thus if processing conditions at the digester
stage should change in the future, these changes
can be made in sub-program “Biolog” without
unduly affecting the other parts of the program.
The program contains the following relation-
ships between the streams:

a water — equal in weight to ground fish
feed.

b enzyme — added in sufficient quantity to
correspond with effectiveness (pro-
gram input).

¢ CaOH — 0.849% of the weight of the
ground fish feed.

d 5N-NaOH — 4.3% of the weight of the
ground fish feed.

e Antioxidant — 0.017% of the (oil & ash &
protein) of the fish feed.

f conc. HaSOy — 1.9% of the ground fish
feed (added after hydrolysis).

Digestion itself is a 5-hr batch process, but
since at least 3 digesting vats are used per
plant, the streams after the digesters are con-
tinuous. The digested fish slurry is fed by
gravity into vibrating screens (one screen per
digesting vat) for removal of bones and scales.
The screened liquid is pumped to a self-cleaning
disk centrifuge for separation of undigested
solids and oil from the aqueous stream.

3. BONE FEED STREAM

The bone feed stream consists of the bones
and scales removed from the vibrating screens
(moisture content 509 ) and the sludge dis-
charged from the desludger centrifuge (mois-
ture content 7677 ). The bone feed stream is
conveyed into a stream tube dryer where the
moisture content is reduced to 10%. The dry
bone feed is sent to a hammer mill and then
bagged. The final product stream [AA (90.3)]
identified as “bone feed” is 40 protein, 22%
oil, and 287 ash.

4. OIL STREAM

Approximately 757 of the lipid content of
fatty fish is removed in the oil discharge from
the disk centrifuges. Most of the balance of
lipids is adsorbed on the undigested solids and
removed in the sludge discharge. The oil
stream from the centrifuges is pumped into
intermediary storage tanks (with a maximum
storage of one hour). About 109% additional
hot water is added to the oil and the mixture
is fed to “Sharples” type polishing centrifuges
in which the water including solvated solids and
blood are removed. The product fish oil can be
stored up to 15 days and is sold in bulk.

5. DISSOLVED SoLIDS

Less than 19 of the total fish lipids are con-
tained in the aqueous main stream discharge
from the disk centrifuge. This stream is
pumped to a wiped film evaporator in which
the stream moisture content is reduced to 507 .
This evaporator output stream is called “fish
paste.” Depending on the input option, all or
part of it is either packaged in ecans or fed into
a spray dryer where the moisture content is
further reduced to 5% . The exit stream from
the spray dryer is bagged as the “dry concen-
trate” product. The fish paste product is 41 %
protein, 0.3% oil, and 8.3% ash. The dry con-
centrate is 79% protein, 0.5% oil, and 16%
ash.

C. Press Cake-Biological Process

This process (Figure 3) is similar to the Bi-
ological process, The differences are that be-
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fore being fed to the digestion vats the fish
are cooked and pressed as in the Fish Meal
Process. The separation of oil and stick water
takes place before rather than after the di-
gestion stage. Process description: a) Input
(besides the standard input) is the same as for
the Biological process, except that in this case
the enzyme which is added to the digester is
based on 100 lb. of cooked and pressed fish (re-
ferred to as press cake) rather than on raw
ground fish; b) Unloading and storage pro-
cesses include fish pumps, conveyors with wash
and weighing provisions, and refrigerated
brine storage for up to 3 days of plant oper-
ation. The stored fish is lifted by bucket ele-
vators into steam cookers. The fish are cooked
and pass into screw presses where the moisture
content of the “press cake” is reduced to
60%.

The press liquor is screened and pumped
from a hold tank to a centrifuge for oil sep-
aration and “foots” removed by screening are
recycled to the press. The separated oil is
polished with hot water in a second liquid-liquid
centrifuge, as in the Biological process, and
pumped to bulk storage.

The aqueous ‘‘stickwater” stream from the
first centrifuge contains both soluble and insol-
uble solids. It is added to the press cake in
the digesting vats along with additional water
to form a press cake slurry for enzymatic hy-
drolysis. For hydrolysis with the alkaline en-
zyme the pH is adjusted with 5N NaOH at 2.2 %
of the weight of raw fish feed.

After a 4-hr hydrolysis the slurry is passed
through a vibrating screen. Bones and scales
with a 50 % moisture content are conveyed from
the screen to a stream tube dryer where the
moisture content is reduced to 10%. The dry
bone meal is sent to a hammer mill and then
bagged.

The screened hydrolysate is concentrated to
a fish paste containing 50% solids in a wiped
film evaporator. Depending on the input op-
tion, all or part of it is either packaged in cans
or fed into a spray dryer where the moisture
content is further reduced to 5%.

The final products are bone meal (36% pro-
tein, 9.7% oil, 47.4% ash), fish paste (39% pro-
tein, 6% oil, 5% ash), dry concentrate (75%
protein, 11% oil, 9% ash) and fish oil. In-
soluble solids are not removed by centrifuga-

tion as in Biological process.

D. IPA Extraction Process

The IPA process is shown in Figure 4. This
is a solvent extraction process in which water
and lipids are removed using isopropyl aleohol
(17). Solvent recovery and recycle is an im-
portant part of the process. The first decision
variable is whether wet deboning or no debon-
ing is used. In wet deboning the bones are
dried, ground in a hammer mill, packaged and
sold as bone meal. This option is activated
when IPTION (1) is equal to one. If no de-
boning is desired, no option is specified. In
this case, the dried concentrate product will
contain both protein concentrate and bone
meal.

Unloading and storage processes include fish
pumps, conveyors with wash and weighing pro-
visions, and refrigerated brine storage for 3
days of plant operation. The ground fish is
pumped to a slurry mix tank where solvent
miscella M-2 is added. The solids go through
four stages of extraction. They are separated
from the miscella between stages by screens
and presses.

For the material balance on the extraction
vessels the miscella stream are designated
STRMM (I) where I is the stage number. The
constituent streams of oil, protein, ash, water,
and isopropyl aleohol are designated STRM
(1,J). Here, however, the index I designates
the stream entering the Ith stage or leaving
the I + 1 stage. The unit operation of this
part of the process is a 4-stage liquid-slurry
extraction process in which an azeotrope of
isopropyl alcohol and water is used as the ex-
tractive solvent. The solvent to fish ratio is
2:1.

1. FISH PROTEIN CONCENTRATE STREAM

The slurry stream leaving the fourth stage
of extraction contains the ash, most of the pro-
tein, and a small residual amount of oil. This
stream enters a series of dryers (dryer, strip-
per dryer, and conditioner) in order to reduce
the moisture of the stream to approximately
8% and to reduce the IPA residual to below
250 ppm. The amount of material leaving the
conditioner is designated TASB. The fraction
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of protein retained in the fish protein concen-
trate is designated as ZA7 and the amount of
bone meal in the FPC is ZA8. The original
fractions chosen are 0.96 and 0.04 respectively.
They can be changed readily without affecting
the main body of the program. The finished
concentrate and bone meal are then milled and
packaged.

2. OIL STREAM

The stream containing the bulk of the oil
is the miscella stream leaving the first stage.
This stream is acidified (cone. H.SO4 at 1.9%.
of fish feed) and enters an oil-water centri-
fuge. Approximately one-half of the oil is re-
moved. This oil plus the oil from the still bot-
toms product, which was centrifuged, are com-
bined into one stream. About 10% hot water
is added to this stream before it enters a pol-
ishing centrifuge. This oil can be stored up
to 15 days and is sold in bulk.

3. SOLVENT RECOVERY

The rest of the oil and solvent from the first
oil-water centrifuge is heated prior to the dis-
tillation process. The solvent, which is mostly
isopropyl aleohol, is distilled in a 25-tray col-
umn. SBOT(I) designates the constituent
bottoms consisting of isopropyl alcohol, water,
oil, and soluble protein. The product at the
top of the column is designated STOP (I) and
consists of isopropyl alcohol and water. The
recovered solvent is then pumped to the stor-
age tank where make-up isopropyl alcohol is
added as needed.

4. Fi1sH SOLUBLES

The non-oil portion of the centrifuged col-
umn’s bottoms is fed to a triple effect evap-
orator. The product is further concentrated
to 50% protein in a concentrator evaporator.

The products stream consists of fish protein
concentrate AA (90,7), bone meal AA(90,3)
(if wet deboning is specified), fish oil AA
(90,5), and fish solubles AA (90,4).
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E. Press Cake--IPA Process

The Press Cake-IPA process combines the
proved technology of IPA extraction with a
pre-processing of the raw fish in order to pro-
vide a more concentrated and more easily stored
feed. A diagramatic representation of the pro-
cess is shown in Figure 5.

1. TUNLOADING, STORAGE, AND PRESS CAKE
PRODUCTION

The fish is unloaded by means of fish pumps,
weighed and washed and stored in refriger-
ated brine. A storage capacity sufficient to
provide 3 days of feed to the press cake pro-
duction unit is provided. From the brine stor-
age vat the fish is lifted by bucket elevators in-
to steam cookers. The fish is cooked, crushed,
and passes into a serew press which reduces
its moisture content to 609 . The excess liquid
passes through a vibrating secreen filter into a
hold tank. This liquid is processed separately
in order to recover the oil and dissolved solids.
The compressed bulk fish, called “press cake,” is
ground, transported by screw conveyors either
into a closed redwocd bin for intermediate stor-
age in IPA or directly into the IPA extraction
stages. The capacity of the intermediate stor-
age is sufficient to provide a 50-day backlog
for the IPA extraction portion of the plant.

2. IPA EXTRACTION

The press cake is turned into the final FPC
product through multistage countercurrent
IPA extraction. The program is set up in such
a way that the number of extraction stages
and their individual efficiencies can be changed
readily. The standard number of stages is as-
sumed to be four; however, any number up to
eight can be specified in the input. If the de-
sired number of stages is other than four, that
number should be entered in column 40 of the
first input card.

After each separation stage a detailed ma-
terial balance on each component of the input-
output streams is performed. The separation
efficiencies for each component and each stage
can be specified separately. They are stored
in the library subprogram LIBRE and can be
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changed readily without modifying the main
program.
Consider two sequential stages I and I + 1:

Y

Stage I STM(J,1) Stage I+] STM(J,1+M)

The J index deseribes the five main com-
ponents of the stream. The relationship is as

J o= il == g1l
JN—"28=— " Protein
J—"3"— Ah
ge=—"4 —=Wiater
=5 — TPA

The quantity for each component exiting
from stage I + 1 is computed by the following
relationship:

STM (J,I+1) = STM(J,I) * DATB(LJ)

Where: 1-DATB(I,J) is the extraction effi-
ciency for component J in the I + 1 stage.
These quantities are thus stored in the readily
accessible LIBRE subprogram,

The above definition has to be modified for
the case of the IPA content leaving the first
extraction stage. The modification is:

STM (5,1) = STM(4,1) * DATB(1,5)

3. FisH PROTEIN CONCENTRATE STREAM

The slurry stream leaving the final extrac-
tion stage contains the ash, most of the protein,
and a small residual amount of oil. The stream
" enters—in sequence—a dryer, a stripper dryer,
and a conditioner in which its moisture content
is reduced to about 8% and the IPA residual
falls below 250 ppm. The solid stream leaving
the conditioner is labeled TASB. It is milled,
weighed, and packaged.

4. OIL STREAM

The stored liquid from the press cake pro-
duction process and the still bottoms from the
solvent recovery still are fed into a liquid-lig-

13

uid centrifuge. Oil separation efficiency is as-
sumed to be 94%. Bottoms containing the dis-
solved solids are fed into a storage tank in
order to be processed through evaporators, the
top oil containing fraction is pumped into a
polishing "“Sharples” type centrifuge. Here
10% volume fraction of hot water is added.
The purpose of this centrifugation is to remove
entrained blood and remaining solids. The
polished oil is fed into final oil storage tanks.
A storage capacity sufficient for 15 days pro-
duction is designed.

5. FISH SOLUBLES

The stream containing dissolved solids from
the liquid-liquid oil separation centrifuge is fed
into a triple effect evaporator followed by a
concentrator. The moisture content is reduced
to about 50 %, the product is acidified and stored
as fish solubles.

6. SOLVENT RECOVERY

The solvent-containing stream is preheated
and passed into a 25-tray distillation column.
The bottoms of the column pass, as noted, into
the liquid-liquid centrifuge of the oil separation
stream, the solvent-containing tops go through
a charcoal filter and, after addition of requisite
amounts of makeup solvent, are recycled to the
IPA separation stages.

IV. COMPUTER USER INFORMATION

A. Program Outline

The programs making up the FPC cost anal-
ysis code can be divided into three classes.
1 Programs handling input and output data
and performing calculations which are com-
mon to all FPC production processes. This
class includes the MAIN program and the sub-
programs MATER, CAPTOL, and OPERAT.
2 The programs describing each of the five
separate processes. The main portion of the
computations is performed by these programs.
The material and energy balances are comput-
ed. On the basis of this information and on



built-in decisions regarding equipment sizes
(see Section B) the required capacity for the
major equipment items are calculated. The
six programs in this class and the process
which they analyze are:

Program Name Process

FPCXXI Fish meal plant

BIOLOG Biological process

PRESCK Press cake biological
process

XXIPA Isopropyl aleohol extrac-
tion

PRSIPA Press cake-IPA extraction
process

3 The service and information subprograms.
These consist of a large number of largely si-
milar subprograms which calculate the cost for
individual equipment items and of the library
subprogram LIBRE which contains all of the
costing data. The costing subroutines are dis-
cussed in more detail in Section C. Usually
they are named directly by the equipment name
and given an equipment capacity return, its
cost and the cost breakdown. In some cases
similar types of equipment are handled by sing-
le subroutines. The list of the equipment sub-
routines is:

Sub-
Identification routine
Number E quipment Name
o= Conical Hopper Hopper
T Fish Storage Silo
8 = Scrubbers Conden
L = Pulveriser Pulver
W = Screw Conveyor Screwr
1 = Hammer Mill Hammer
1195 = Drum Dryer Dryer
20— Pan Dryer Deyerp
2l = Rotary Vacuum Dryer Dryerr
2 = Boiler Boiler
340 = Spray Evaporator Evpspr
S— Wiped Film Evap- Evpflm
orator
S2— Forced Circulation Evpfre
Evaporator
ahit— Vertical Evaporator Evphor
40 = Shop Fabricated Storag
Tank
4= Pressure Vessel Vessel
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A3 = Distillation Column Column

49 "= Jacketed Reacting Reactr
Vessel

BE= Fish Grinder Grinder

il — Vibrating Screen Screen

52 — Sharples Centrifuge  Sharp

B = Solid Bowl Centrifuge Bowl

b4 = Vertical Basket Cntfge
Centrifuge

bl = Free Flowing Solvent Blendr
Blender

6by = Reciprocal Pumps Pmprec

66 = Centrifugal Pumps Pmpent

61 = Shell-Tube Heat Heatex
Exchangers

N — Belt Conveyor Belt

T = Bucket Conveyor Bucket

— Scale Scale

= Agitator-Propeller Agitor

4 — Ball Mill Balmil

Toh— Bagging Machine Baggma

= Rotary Drum Filter Filter

80 = Overhead Crane Cranes

81 = Drag Conveyor Dragma

85 = Mechanical Refrigera- Refrig
tion

99 — Facilities Fascil

The library program LIBRE performs no
other function besides storing the cost data for
all equipment items and those process raw ma-
terials which are not given in the input data.
These data are made available to all the sub-
routines by reading the contents of LIBRE in-
to a large common block which is made up of
two rectangular matrices and a linear matrix,
namely AA (100,20), TA (100,5), and BB (100).
The first index of the AA and IA matrix usually
refers to the identification number of specific
equipment items. The BB matrix contains raw
material cost data. Thus LIBRE has to be
called just once for each individual cost cal-
culation. This is done from the MAIN pro-
gram,

Most of the program changes which will be
necessary as cost data change or become more
accurately known can be done in LIBRE. This
is discussed in more detail in Appendix A.

The interrelationship of programs during a
typical calculation is shown diagrammatically
in Figure 6.
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B. Equipment Sizing

This section follows the listing of equipment
in subroutine LIBRE. Only those items of
equipment about which design decisions had to
be made are discussed.

Pulp Presses are 6 feet long and the diameter
in inches is calculated by the relation 8 (ton-
days/50) * up to 24.

Serew Presses (for fish meal) are in two
sizes with preference for the large one. For
250 ton-days the size is 21 feet long and 16
inches in diameter and for 100 ton-days, or
less, the size is 15 feet long and 12 inches
in diameter.

Rotary Steam Tube Dryers are sized accord-
ing to amount of feed based on 2.5 square
feet to process one ton-day of material fed
per day.

Cookers are based on 0.25 square feet per
ton-day of fish.

Boilers are based on 150 psig steam and
sized in terms of 1.05 times required steam
for the entire process.

Spray Dryers are sized on pounds of water
to be evaporated as given in reference 7.

Wiped Film Evaporators are based on AT =
50° F and U = 500 BTU/hr ft? ° F giving
the relation area in square feet equal pounds

of water evaporated per hour divided by
25.

Forced Circulation Evaporators are based on
AT = 50° F and U = 400 BRUL/hr fitZesE
giving the relation area in square feet equal
pounds of water per hour evaporated divided
by 20.

Vertical Tube Evaporators are taken as (a)
three in series with AT = 50° F and U =
400 BTU/hr ft* ° F giving the relationship
area in square feet equal pounds of water
evaporated divided by 20, or (b) the concen-
trator evaporator which has AT = 50° F and
U = 500 BTU/hr ft*> ° F giving the area in
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square feet equal to the pounds of water
evaporated divided by 25.

Storage Tanks are based on the holding time
for the stream involved.

Distillation Columns are prorated from the
Experiment-Demonstration Plant (EDP)
still design and directly scaled. Stage num-
ber is 25, height is 54 feet and reflux ratio
is two as they are in the EDP. The diameter
of a still cannot be less than 4 feet and in-
creases in 2-foot intervals of diameter (4, 6,
8, ete.).

Reactor Vessels (biological) are sized based
on a residence time of 5 hours. The min-
imum number of vessels for a plant is three.
The maximum vessel size is 10,000 gallons.

Fish Grinders are in two sizes for 150 and
75 ton-days with preference for the larger
size. Horsepower requirements are based
on 40 Hp/3 tons/hr throughout.

Centrifuges are of two types. Solid-liquid
(disk-type slimers) having 2000 gallons per
hour of throughput, and liquid-liquid (Sharp-
les) having 1000 gallons per hour capacity.
In both cases only one size is used and it re-
quires 20 horsepower.

Pumps, both centrifugaal and reciprocating,
are sized in terms of the product of gallons
per minute times the required pressure in
psi, generally taken as 30 psi.

Heat Exchangers are of two kinds. Heaters
using steam are sized according to area in
square feet equals 0.1 times pounds of steam
required, (AT = 20° F and U = 500 BTU/
hr ft? ° F and the cooling water rise is 20° F).

Belt Conveyors are taken as 100 feet long.
For less than 150 ton-days the width is 36
inches and for greater than 150 ton-days the
width is 48 inches.

Bucket Conveyors are based on a lifting
height of 20 feet.



Agitators are for two purposes. For slurries
the required horsepower is 0.01 times the
tank volume in gallons. For waterlike lig-
uids the horsepower is 0.005 times the tank
volume in gallons.

Bagging and Packaging Machines are based
on bags or cans per minute. 100-pound bags
are used for fish meal, 25-pound bags for
FPC and other dry produects, and 5-gallon
cans for paste products,

Refrigeration includes brine recycle pump
and heat exchanger and is based on 0.5 tons
of refrigeration per ton of fish stored and
three days of fish storage.

Brine make-up — This is a unit called a
Brinopac, which delivers 50 gal/hr of 100°
brine. Itis 24 inches in diameter. The price
FOB with hopper is $1,190. This unit is
good for any plant up to 300 ton-days. For
any larger plant, the unit would cost $1,880.

Boiler Feed Water Treatment — This in-
cludes all the material to purify the boiler
feed water, i.e., the water in the make-up
tank is deaerated to get rid of dissolved 0.
and CO.. Ion exchange is used to eliminate
Mg and Ca ions. A pH adjustment is also
made. The initial unit for boiler feed water
treatment for any size is about $1,000. After
that, it costs $100/month for upkeep.

Buildings are sized at 14 square feet of
ground floor per ton-day of fish. Generally
buildings are 40 feet high and have several
levels depending on operations.

Real Estate is based on 0.0050 acres per ton-
day of plant capacity.

Warehouse space is taken as 15 square feet
per ton-day for fish meal plants and 3 square
feet per ton-day for other plants.

Fish Pumps are reciprocating type. The
plants use one fish pump for each 500 ton-
days of fish. Smaller plants have one pump.

Dock Facilities are 2,400 square feet for each
fish pump.
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C. Equipment Subroutine

The material base cost of almost all pieces
of equipment are estimated by the equation
Base Cost = a (SIZE)® (1)

The installation cost, labor cost, and incidental
costs are determined by

Subsidiary Costs = (Base Cost) - d' (2)
where d = cost factors in LIBRE, i = 1, 2, 3, 4.

The subprogram associated with the fisheries
costing programs uses the following variables:

COST. (1) Base Cost

COST  _ (2) Field Materials Cost
COST (3) Labor Cost

COST (4) Indirect Cost

COST (H) Total Cost

COST (6) Uncertainty in Cost

The base cost is updated by multiplying the
value determined in equation (2) by the Marsh-
all and Stevens index BB (1).

The factors accounting for materials cost,
labor cost, indirect cost, and uncertainty cost
as well as the constants @ and b are stored in
program LIBRE.

The factors are:

AA (IX,7) = Unit Cost (a)

AA (IX,8) = Exponential in Cost
Equation (b)

AA (IX,11) = Materials Cost Factor

AA (IX,12) = Direct Cost Factor

AA (IX,13) = Indirect Cost Factor

AA (IX,14) = Unecertainty Cost Factor

In a limited number of the subprograms, the
factor @ depends on a second size variable.
In this case the cost is entered directly into the
subprogram:

ie. SCREWR

Furthermore, in some cases, it is desired to
have a materials option. Several approaches
have been used in the program:

PMPCNT
STORAG

i.e.



In subsequent changes it is recommended that
the following procedure be used. The material
is selected in the program and designated by
IA (IX,5) =INTEGER. For example if the
equipment is to be constructed of monel then
IA (IX,5) = 8: it is not necessary that the
integer be associated with the same material
for each item of equipment. In the subpro-
gram one has the statements

IF (IA (IX,5). EQ.8) BB (2) = 6.1
COST (1) = COST (1) * BB (2)

The second card comes after the computation
of the indirect, labor, and materials cost based
on the initial base cost.

The factor BB(2) can be entered from the
main program (XXIPA, BIOLOG, ete.) as well.
In addition a print statement is added to be
consistent with the new option.

Usually the sizing equation is adequately
represented by one sizing variable. This term
is designated AA (IX,17). Occasionally it is
necessary to have two variables, in which case
the variable is usually AA (IX, 18), although
on occasion AA (IX,20) has been used.

To illustrate the costing program we con-
sider a typical subprogram BUCKET, the pro-
gram for the bucket conveyor.

SUBROUTINE BUCKET*

1. IX + 71

0o

Q = AA (IX,7)

3. IF (AA (IX,18). GR. 30. and. AA (IX,
18). LE. 75),

AA (IX,7) = AA (IX,7) + 180

4. IF (AA (IX,18). GR. 75.) AA (IX,7) =
AA (IX,7) + 280.

5. COST (1) = AA (IX,T * AA (IX,17)
** AA (IX;8) * BB (1)

6. COST (1) =:COST' (1)-=n00l

* FORMAT, DIMENSION, PRINT, common state-
ments have been omitted,
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7. COST (2) = COST (1) * AA (IX,11)
8. COST (3) = COST (1) * AA (IX,12)
9. COST (4) = COST (1) * AA (IX,13)
10. COST (5) = COST (1) + COST (2) +

COST (3) + COST (4)

11. COST (6) = COST (5) * AA (IX,15)

12 DO 1T ="L6

13. 1 COST A (I) = COST A (I) +
COST (I)

14. AA (IX)7) = Q

Statements 2 and 14 are necessary in order
that the values in LIBRE remain constant when
the subroutine is used repeatedly.

Statements 3 and 4 adjust the value of the
constant @ [AA (IX,7)] for different values of
AA (IX,18) which is the capacity of the con-
veyor in tons. The size unit AA (IX,17) is
the height in feet.

Statements 5 and 6 determine the base cost
in thousand dollar groupings. In 7-11 the costs
of materials, labor, incidentals, and cost var-
iation as well as total cost are determined.

In statements 12 and 13 the running cost of
the plant option (IPA, Biological, ete.) is com-
puted.

If different materials of construction were
used then one would add the statement

COST (1) = COST (1) * BB (2)
between statements 9 and 10.

D. Program Input

The input to the FPC program can be divided
into two parts: a) the “standard” input which
is common to all of the different processes; b)
the “optional” input presented in Section III,
which discusses the individual processer; here
we shall explain the standard input.

The standard input consists of four cards.
The first of these enters integer input data, the
remaining three enter input data in the floating
point format.



II.

1Tk

IV.

Program Variable

Card 1:
A. Iz

B. Options

1. fish meal
IPTION (1)
TRTION(2)

200 TPA
IPTION (1)

Card 2:

tons

BB(1)

BB (50)

Card 3:
BB (5)
BB (6)
BB (7)
BB (8)
BB (10)

Card 4:
BB (30)

BB (31)
BB (32)

Columns

Format: (8I10)
1-10

11-20

Format (3E 12.5)

1-12

13-24

25-36

Format (5E 12.5)

1-12
13-24
25-36
37-48

49-60

Format (3E 12.5)

1-12

13-24
25-36

Description

Fixes process to be analyzed.

1 = fish meal

Z o= 0B

3 — biological

4 — press cake — biological

T = press cake — IPA extrac-

tion

1 solubles are product
2 solubles recycled

1 = wet deboning

blank = no deboning

[0l

The tons of fish to be processed
per day.

The Marshall-Stevens index tak-
ing the 1970 index of 297.5 as
one.

The operating days per year.

Cost of the fish in ¢/Ib.

Cost of electricity in ¢/KWHr.

Labor and supervisory costs in
dollars/hr.

Depreciation and interest in per-
cent per year.

Fuel cost in dollars per therm.

Oil composition of the fish in
weight percent.

Protein composition percent.

Ash composition in percent.

(For Biological and Presscake programs only)

Card '5:
BB (40)

BB (41)

Format (5E 12.5)

1-12

13-24

153)

The effectiveness of the enzyme
being used in 1bs. of enzyme re-
quired per 100 Ib. of fish being
processed. (For press cake
Biological, it is per 100 Ib. of
press cake being processed.)

Price of enzyme is $/lb.



BB (42) 25-36
BB (43) 37-48
BB (44) 49-60

VI.

Card 1:
40

E. Program Output

The output of the cost analysis program is
presented in seven separate sections:

1)
2)
3)
4)
5)
6)
7)

Each of these sections is printed out in the form
of a table. The contents of these tables will
now be taken up in turn.

Printout of input data.
Detailed equipment costs.
Material and energy balance.
Cost of facilities.

Capital costs.

Operating costs.

Production Cost of FPC.

1) Input Data.—Identifies the process be-
ing analyzed, prints out all of the external in-
put data and operating options.

2) Detailed Equipment Costs.—This is the
most extensive table of the output. It presents
the total cost and the cost breakdown of each
major item of equipment required in a given
process. Each equipment item is identified, its
capacity, capacity units, and major construec-
tion material is printed. Following this infor-
mation the total cost and the cost breakdown
for this equipment are given. The cost break-
down uses the scheme of Reference (6) which
is identified in the table headings. That is,
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The percentage of the total dis-
solved solids stream coming out
of the wiped film evaporator
(see Figure 2) which is pack-
aged in paste form.

The effectiveness of the antioxi-
dant being used, in lbs. of anti-
oxidant required per 100 lb. of
fish or 100 Ib. of press cake.

Price of antioxidant in $/Ib.

(For Press cake — IPA extraction only)
Format (8110)

The number of IPA extraction
stages (if different than four)
should appear.

the first column labelled “Base Cost” gives the
FOB. to manufacturer cost for this type and
capacity equipment. /This cost is multiplied by
the Marshall and Stevens index given in the
input data. The methods used computing this
cost, the sources of the required internal data
and the means for modifying these data are
presented in Appendix A.

The subsequent three columns present addi-
tional costs which are incurred before the
purchased equipment becomes operable.

Column 2, the “Material Costs” includes such
diverse items as piping, electrical wiring, equip-
ment base, and heat insulation. Column 3, the
“Labor Costs” are the labor costs incurred dur-
ing installation, and Column 4, the “Indirect
Costs”, summarizes remaining expenses such
as shipping, insurance, construction overhead,
and construction engineering costs.

All of these cost items are calculated as fac-
tors of the first column. These factors vary
with equipment type but not with capacity.
For each equipment item they are tabulated in
the subprogram LIBRE and are easily acces-
sible for modification.

The fifth column, titled “Module Cost”, is a
summation of the four previous columns and
represents the capital investment required to
design, order, ship, and install a given equip-
ment item. Finally, the last column, titled
“Range”, is an estimate of the reliability of



these cost figures. This estimate is based up-
on the cost data available at the end of 1969
and summarized in the LIBRE subprogram.
As time passes and cost figures are modi-
fied, the range estimate should be changed as
well.

The information described above is printed
out individually for each major piece of equip-
ment even if multiple items of identical type
and capacity of equipment are required. The
sequence of printing out this information starts
with equipment required to unload and store
the fish (that is, the first item is always the
fish pumps), and after that follows the main
process streams. For example, in the fish meal
plant analysis the equipment required to pro-
cess the solids stream is presented first, then
come the centrifuges required for oil separa-
tion, the evaporators required to concentrate
the dissolved solids, and finally equipment items
which do not really fit into the process stream,
as the boiler, fork lift, or the cost of the in-
strumentation loops.

3) Material and Energy Balance.—This
table presents first the overall, then the detailed
material and energy balance. In the overall
section of the table the total steam, electricity,
and cooling water used in the process is given.
The fish feed is broken down into the oil, pro-
tein, and ash components.

The detailed portion of the table prints out
the process stream bhalances in terms of hourly
throughput. The sequence of printout gener-
ally follows the process stream flow lines as
shown in Figures 1 to 6. Where branches in
the process stream occur (for example at the
separation of oil and stickwater for the fish
meal plant) the balance calculation follows one
of the streams to completeness and returns to
the branch point to pick up the remaining
stream.

4) Cost of Facilities and Site Development.
—This table summarizes the cost of land, docks,
warehouses, and process buildings. The cost
breakdown is similar to that deseribed for
Table 2. The data used in the calculations are
stored in subroutine LIBRE and are printed
out for easy reference in the table.

5)
summation of total capital costs.

Summary of Fixed Costs.—This is a
It includes
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the already detailed costs for equipment and
facilities plus provisions for spare parts, engi-
neering of the plant, and contingencies. The
latter three are calculated as fractions of the
summarized equipment cost.

6) Operating Costs.—This table presents
the total and detailed plant operating costs on
a daily and yearly basis. The quantities of all
the materials used in the process and their daily
costs are printed out first. This portion of the
table contains also such items as electricity,
packaging, and labor and supervision man-
hours. Under the title “City Water” only the
water used in the process which must be of
drinking quality is included. The cost of pro-
cess water (i.e. for serubbers and condensers)
is calculated in terms of the electricity needed
to pump it.

The second portion of the table includes items
which are calculated as fractions of the total
capital or equipment costs. These are depre-
ciation (at a percentage figure given in the in-
put), maintenance, and insurance. The fac-
tors used to calculate these costs appear in
subroutine OPERAT. Where not supplied in
the input, the prices of the process material
are stored under the designation BB (I) in sub-
routine LIBRE.

The third portion of the table summarizes
the produection rate of various products on a
daily and yearly basis.

7) Production Cost of FPC.—The last table
is entitled “Production Cost of FPC.” In this
table the following are listed:

a) by-products of the process

b) the assumed selling price in cents
pound

¢) the by-produects total worth.

Two prices of FPC appear at the end of the
printout. The first price is calculated by di-
viding total operating cost by the FPC pro-
duced per year. The second price takes into
account the process by-products by subtracting
their total worth from the total operating cost
before dividing by the FPC produced per year.
The calculations and printout take place in the
subprogram OPERAT. The assumed selling
prices of the by-products are found in LIBRE
[BB(66) to BB(68)] and can easily be
changed.



APPENDIX
A. Internal Program Changes

A-1. INTERNAL DATA CHANGES

There are several occasions when it may be
necessary to update the program. These in-
clude the following:

1) The estimated cost of an item of equip-
ment is in error

2) a new piece of equipment is to be added

3) the equipment sizing routine is to be
altered

4) a new option is to be added to the plant
options

5) a change in the cost of chemicals.

Most changes, especially of the types 1 and 5,
may be made directly in the program LIBRE.
Changes in bare cost, incidentals, labor, and
materials for the process equipment may be
made by substitution of the appropriate cards
in LIBRE.

Example 1

The cards in LIBRE for a Rotary Dryer are:
AA (21,7) = 1000.

AA (21,8) = 5

AA (21,11) = .30
AA (21,12) = .30
AA (21,14) = .30

For these values the base cost of a dryer with
400 square feet is estimated to be $20,000.

The manufacturer’s estimates for this equip-
ment were $30,000, with the installed cost,
labor cost, and incidentals estimated correctly.

Solution:

The base cost of the equipment too low. The
simplest adjustment is to alter the base cost
AA (21,7) to give the correct value. However,
an increase of the base cost results in a inci-
dental increase as well. The recommended so-
lution is to substitute for the above ecards in
LIBRE the new cards.

AA (21,7) = 1500.
AA (21,8) = .50

AA (21,11) = 20
AA (21,12) = .20
AA (21,14) = .20

Example 2

The price of sulfuric acid is 30% more ex-
pensive at Plant A than it is at the other plants.

Solution:

The card [AA (100,14) = 1.00] in LIBRE
is replaced with AA (100,14) = 1.30.

Occasionally in some items of equipment,
such as a serew conveyor, one cannot alter the
program by a single change of cards in LIBRE.
The reason for this is that the base cost is a
function of the diameter of the conveyor, which
is an additional input variable to the costing
subroutine. In this case it is necessary to alter
the costing subroutine itself.

Example 3

The cost of the secrew conveyor with a di-
ameter greater than 2” has been found to over-
estimate the cost by a factor of 12. The labor
cost, the incidentals, and the installation costs
are correctly estimated. All other estimates
are correct.

Here one cannot simply change LIBRE
since the modification would appear for other
sizes as well. There are many ways of modi-
fying the program; one way would be to add
the card to the subroutine SCREWR.

If (AA (IX,18).GT.12.) AA (IX,7) = .b*
AA (IX,7) which states that if the diameter
is greater than 12 then the base cost is reduced
by 50%.

The addition of a new equipment item re-
quires three changes to the program.

1) First the new subroutine is named and
given a previously unassigned index number.
The Fortran statement of the program would
be closely modeled after existing subroutines.
It is strongly recommended that AA (IX,17)
be used to designate the principal variable in
the costing equation.

2) The variables for the costing equations
are added to LIBRE. These should include

AA (IX,7) Base Cost
AA (IX,8) EXPONENT
AA (IX,11) Materials
AA (IX,12) Labor

AA (IX,13) Incidentals

AA (IX,15) Range of COSTS



3) The calling subroutine must be added
to the primary subroutines. This calling se-
quence will include at least a sizing equation
and the call statement.

AA (IX,17) —SIZE * 01/24
CALL EQUIPM

A-2. EQUIPMENT SIZING AND PROCESS
CHANGES

The equipment sizing routine is altered by
changing statements in the primary subrou-
tines.

Example 4

The area of heat exchangers in square feet
was found to be 12% of the water evaporated
rather than 10%, for the preheater to the dis-
tillation column.

Solution:

The subprogram XXIPA has the statement

FF = STEAMS * .1
AA (67,17) FF

These two cards are removed and replaced with
AA (67,17) = STEAMS * .12

Which not only makes the desired change but
increases the efficiency of the program as well.

Major changes in program options must be
made in the subprograms. In addition changes
must be made in the main program as well.
In general, there is no simple way of making
these modifications.

Example 5

It is wished to add a costing subprogram for
" the VIOBIN program.

The procedure is to write a subprogram in
Fortran for the VIOBIN program analogous
to the program for the IPA process.

In addition changes are required in the pro-
gram MAIN and the program OPERAT.

The user by referring to the above programs
and using the example of the IPA process, can
by analogy make the appropriate changes ne-
cessary for VIOBIN.

The printout can be modified by substitution
of Format cards in the appropriate program.
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C. FORTRAN' Listing of Program

The FORTRAN listing of the program ap-
pears as Table I.

D. Sample Problems

To illustrate the capabilities of the program
a cost study spanning the feasible range of
plant sizes was conducted. The plant capaci-
ties chosen were 50, 200, and 1,000 tons of fish
per day. Fish availability time in each case was
200 days per year. For all processes except
the Press cake-IPA this corresponds also to the
plant operation time. For the Press cake-IPA
process the IPA extraction portion of the plant



can operate for an additional 50 days to pro-
cess the stored press cake. Fish food compo-
sition corresponded to a ‘“lean” species (oil
fraction = 0.04) and a “fat” species (oil frac-
tion = 0.12). The price of fish was taken as
1¢/1Ib. for these examples.

1. SAMPLE OUTPUT

The entire output printout for an IPA pro-
cess plant having a capacity of 200 tons/day
and sized for a “lean” fish feed is presented in
the subsequent pages. The number headings
identifying the tables are explained in Section
IV-E. The detailed equipment printout table,
IPA Plant Cost Analysis, (Table II,) can be in-
terpreted by following the process description
given in Section ITI-C.

E. Study Summarization

The output of the study is summarized in
Tables IIT to VI. The first three present data
for each of the three plant capacities producing
FPC. Table VI summarizes the results of the
bench mark fish meal process.

349. Use of abstracts and summaries as communica-

tion devices in technical articles. By F. Bruce
Sanford. February 1971, iii + 11 pp., 1 fig.
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360.

361.

3562,

354.

356.

361,

4
Research in fiscal year 1969 at the Bureau of
Commercial Fisheries Biological Laboratory,
Beaufort, N.C. By the Laboratory staff. No-
vember 1970, ii 4 49 pp., 21 figs., 17 tables.

Bureau of Commercial Fisheries Exploratory
Fishing and Gear Research Base, Pascagoula,
Mississippi, July 1, 1967 to June 30, 1969. By
Harvey R. Bullis, Jr., and John R. Thompson.
November 1970, iv 4+ 29 pp., 29 figs., 1
table.

Upstream passage of anadroomus fish through
navigation locks and use of the stream for spawn-
ing and nursery habitat, Cape Fear River, N.C,,

1962-66. By Paul R, Nichols and Darrell E.
Louder. October 1970, iv 4+ 12 pp., 9 figs., 4
tables.

Sanitation guidelines for the control of Salmonel-
la in the production of fish meal. By E. Spencer
Garrett and Richard Hamilton. October 1971,
iv 4+ 7 pp., 9 figs. For sale by the Superinten-
dent of Documents, U.S. Government Printing
Office, Washington, D.C., 20402. Price 25 cents.
Stock number 0320-0023.

Floating laboratory for study of aquatic organ-
isms and their environment. By George R.
Snyder, Theodore H. Blahm, and Robert J. Me-
Connell. May 1971, iii + 16 pp., 11 figs.

Regional and other related aspects of shellfish
consumption — some preliminary findings from
the 1969 Consumer Panel Survey. By Morton
M. Miller and Darrel A. Nash. June 1971, iv +
18 pp., 19 figs. 3 tables, 10 apps.
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WFORsS MAI
FOR S9A-07
MAIN PR
STORAGE
COMMON

nnon3
nnoy
0nNos

N.MAIN
/12-11303 (0y)

0GRAM

Table I.—FORTRAN listing of program.

11ISED: CODE(1) NnA0O4N7: NATA(N)

RLOCKS:

BLOCK1 0n5050
BLOCK2 460016
RLOCKY4 000012

EXTERNAL REFERENCES (BLOCK, NAME)

0no6
nnoz
0nlo
nnii
oniz
0013
0niy
nnls
nnie
0on1z
nnz2n
nn21
nn22>
onz23
nna24

STORAGE

nnon
nnon
nooo
nnoon
nnnon
nnoon
noni
nno4 R
nnon I
noon R

fa 100
anint
anin3
oning
anins
antin
anl11

| IBRE
FPCxx1
¥XIPA
BIOLOG
PRESCK
PRSIPA
FASCIL
CAPTOL
OPERAT
NINTRS
NRDUS
NIOPg
NRDCg
NPRTs
NSTOPS

nn033n3:

BLANK COMMON(2)

ASSIGNMENT  (BLOCKs TYPE. RE| ATTVE | OCATTON,

nofp1o 1oQF
no%o4l 1607F
no0142 1013F
nofn13 Ln2F
009015 16G3F
n0%9313 1034F
009304 2n60L
nofnn7 COSTA
n0f%no4 1w
n02007 TONS

1% CISERPENPROCESS

0090 onnos2
6090 nonnn1l
0090 0001s4
0nov non226
0Nnoo CoN2A4
0990 0onnn17
aNo1 onn4n3
00903 nN3720
0090 1 NNNON3

NAME )

nono62
nonily
non166
non233
non271
nonn30
non000

0005 I 0ono0o

1Un0F 2000
1U1F 5000
1014F 000
1020F 3000
1030F aonn
1040F aonn
999l 0003
IA

X

0000 I nonn02

COST ANA| YSIS PROGRAM

2% COMMON/BLOCK1 /AA(10n,20) . TA(100+5)¢BB(100)
S COMMON/BLOCK2/ COST(7)+COSTA(7)

4% COMMON/BLOCKL,/ TIpTYON(1n)

5% 2 DO 1t J = 17

6% COST(J) = 0,0

7% 1 COSTA(J) =C.n

ononnn

10n1F
101nF
1015F
1021F
1031F
104l1F
AA
IPTION
T,

nnon
noon
0oon
0000
0000
0001
0003 R
0000 1
noon 1

nnon72
nno120
nno201
nno244
nno277
nnonok4
nn4704
nnon06
nnono1

1002F
1011F
1016F
1022F
1032F
1066
BB

1V

1z

onnn
onnn
nnnn
0oonn
nnnn
nno1

nnnin2
nnn132
nnn213
0nn2s5
non3n5
nonon2

0nns R 000000
noonn I onoonS
onoo I onnono

1003F
1012F
1017F
1023F
1033F
2L
COST
v

)
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Table I.--Continued.

nniia
nnlly
nnizu
nn12s
nn132
nn133
nnlay
anl43
anluyy
nnisi1
an1s52
nn1s3
anisy
an15a
an157
nanlie6n
o163
anle6hA
nni71
nnil7u
an177
an2nn
nan201
nn2n2
nan2n3
an2n4
nan2ne
nn2n7
nn212
nn215
an220
nn223
nn226
nn231
nn23yu
nN23A
nn237
an2u?
an2us
an2sn
an2s3
nn2s54
an255
nn2%56
nn2s57
nn2s7
an2an
nn2al
an2e6l
nan262
an2aA4
nn2a7
nan271
nn27u
nn277
oaninn

el s R A

B%
9%
10%
11x%
12x%
13%
14x%
15«
16%
17«
18x%
19«
20%
21x
22%
23%
24 %
25%
26%
27
28%
29%
30%
31«
32%
33%
34
35%
36%
37%
38%
394
40
41
424
43«
LT
45«
46
47«
48«
49
50N
51«
52x
53«
S4
554«
S5h%
57«
58+
59«
60
61
62«
634

=

190
101

102

1903

1246
1941

1237
1230
1201
1202
1093

101n

1911
1012
1013
1014
1215
C
1916
1017
c

200
1920

CALL LIBRE
READ (5, 100,END=999) TZelY.IXy [wseIV,IU

FORMAT (8110)

READ 101,TONS,BR(1).BB(5n)

FORMAT (3E12.5)

BB(1) = BB(1)%297,/2A0.

READ 102,BB(5),RB(6),BR(7):BB(8),BB(1n)

FORMAT (5E12.5)

READ 103,BB(30),Br(31),BR(32)

FORMAT (3E12.5)

BB(91) = 12

IPTION())=T1Y

IF(IZ.EQ.7) TPTINN(5) =T1W

FORMAT ( / /44K TuF WET DEBONING OPTINON IS APPROPRTATE)

FORMAT (/ /44K T4F DRy DEBONING OPTION IS APPROPRTATE)

IF(IZ .EQG. 1) PRINT 100n

IF(IZ «EQ. 2) PRTINT 1001

IF(1Z «EQ. 3) PRTNT 1002

IF(IZ .EQ. 4) PRINT 1UN3

IF(IZ.E0.7) PRINTY 1007

FORMAT(1H1//2nX,4nH PRESc CAKF IPA PRNCFSS CnST ANALYSIS )
FORMAT(1H1//2nX30H £1SH MFAL PLANT COST ANALYSIS )
FORMAT(1H1//2nX301 TPA PI ANT COST ANALYSIS )

FORMAT (1H1//2nX351 RIOLOGICAL PROCESS CnoST ANALYSIS )
FORMAT(1H1//20%444 pRESS CAKE BI0LOGICAL PROCESS COST ANALYSTS )
PRINT 1010

FORMAT(///16H INPUT DATA )

PRINT 1011.TONS

PRINT 1012+RB(1)

PRINT 1013,RB(5)

PRINT 1014+RB(6)

PRINT 1017+RB(10)

PRINT 1015+:RB(7)

PRINT 1016+RB(8)

PRINT 1030

BB(33)=100.n=BB(3n)-BB(31)=AB(32)

PRINT 1031:RB(30)

PRINT 1032/RB(31)

PRINT 1033/RE(32)

PRINT 1034:RB(3%)

FORMAT(//8X%1H PLANY SI12F =sF1IN«20aH TONS/DAY )
FORMAT (/8X31H MARSHAL/STFVENS TNDEX =.F10.3 )
FORMAT(/8X31H COSty nF FIcH =sF10,.2+94 CENTS/LA )
FORMAT(/8X31H ELECTRICITY COSTS ZeF10.2010H CENTS/KWH)
FORMAT(/8%x31H LABoR AND <uPy,., COSTS =oF10,2+12H DOLLARS/HR

)

FORMAT(/8x31H DEPRECTATION AND INT. CHARGE =,F1n.2+1nH PERCFNT )
FORMAT (/B8X31H FUF) cOST =+F1IN.2+15H DOLLARS/TH
ERM )

PRINT 1020

PRINT 1n23.RB(50)

IF(IZ.NE.1) GO Ta 2n0

IF(IY .EG. 1) PRINT 1022

IF(1Y .EG. 2y PRINTY 1021

CONT INUE

FORMAT (/7231 oPFRATING OPTIONS )

L L ot A8



Table I.--Continued.

an3n2
an3n3
an3ng
nn3ns
nan3ine
an3in7
nn310
nn311
nn312
an3i1s
nn3zn
nn322
an32y
nn32a
nn3i3in
nn332
nn333
N33y
nn33s
nn33s
an337

65% 1022 FORMAT(/8X45H SOLURLF FISH SOLTDS REMOVEN AS PRODUCT TY=1
FORMAT (/8X2AH OPERATING DAYS PER YEAR =,F8,n)

66% 1023
67x% 1030 FORMAT(//8X18H4 FIsH cOMPNSITION
68x 1031 FORMAT(/13X11H OI)
69x% 1032 FORMAT( 13X11H4 PRNTFIN
70 1033 FORMAT( 13X11H ASH
Tix 1034 FORMAT( 13X11H WATER
72% IPTION(5)=1Iy
73% IF(IX.EQ.1) PRINT 1040
e IF(IX.EQ.2) PRINT 1041
75% IF(IZ .EQ. 1) CALI FPCXX1(TONS)
76% IF(IZ.EQ.2) CALL w¥XTPA(TONS)
T7x IF(IZ .EQ. 3) CAL) RIOLOG(TONS)
78x% IF(IZ .EQ. 4) CAL) PRESCk(TONS)
T79% IF(1Z.EQ.7) CALL PRSIPA(TONS)
B0* CALL FASCIL(TONS)
81x CALL CAPTOL(TONS)
82x CALL OPERATI(TONS)
83 GO TO 2
84 x 999 STOP
85x END
END OF COMPILATION: NO DTAGNOSTTCS.

=+F6.2+,8H PERCENT)

)
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Table I.--Continued.

RFOR«S FPCXx1rFPCXX1
FOR S9A=07/12"11:03 (0»)

SUBROUTINE FPCXX1 ENTRY POINT D0D2231

STORAGE 11ISED: CODE(1) 002315; NATA(Ny nnuU6ONn; BLANK COMMON(2) nnbnnn
COMMON RLOCKS:

noo3 BLOCKY 860012
0004 BLOCK1 805050
n005  RLOCK2 660016

EXTERNAL REFERENCES (BLOCK, NAME)

nnoe PMPREC
0007  BELT
nnio STORAG
nni1 PMPCNT
nn1z BUCKET
0013 DRYERR
nnlg SCREWR
n0ls  SCRFEN
n0le  BLENDR
nniz HAMMER
an2n  SCALE
nn21 BAGGMA
nnzz cNTFGE
nnzs SHARP
nn2u EVPHOR
0n2s  ROILER
nh2s  CONDEN
nn27  MATER
nn3o NPRTg
nnai NIO2g
nn3z NIO1s
nnN33 NEXP&S
0034  NERR3S

STORAGE ASSIGNMENT (BLOCKs, TYPE, RFE| ATIVF | OCATTON, NAME)

nnon  nof214 1nlnF 0000  n0NneRS 1021F anno - non0Y87 1022F onon  NN0203 1034F nnon  NON174 10&41F
onon 009215 1660F 0ND0  NNN226 1URLE 0000 0on237 10R2F noon NN0250 1063F nnnn onn26l 1064F
nnon  nof272 1065F 0No0  0NO3n3 10ABF aonn  non314 10RTF nnnn  Nn0325 1068F annn  NON336 1069F
n0o0  n00347 1n70F 0000  00N3R0 107LF 2000 0on371 1072F nnon  nN0&13 1073F annn  nON&N2 1074F
nno1 nofn27 1116 0001  0nn1il 1366 aony non146 1556 nnnt 0no220 1766 nnnn n0N1n3 2000F
nnoi 000377 2506 0001 onnsS14 3L aonn  nonllé 3nnnF nont nnos02 3276 nnn1 000S30 4L
nno1 00lp32 4226 0000  0N01&A 42U2F oon NO1073 4376 non nn1usT S1L nnn1 000563 S2L
nnn1 001663 664G 0004 p 0NONNO AA n0NG R NOLT04 RA nonn R NNON24% BULK nons R 00NONO COST
nNos R n0%nn07 COSTA 0noo e 000Nu6 FISH aonn R nonnl3 6 nono R NNON32 GAL onnn R 0NND31 GALL
nnon R no®nn7 GALLON 0000 R NOONIN GALS anno R non0lb WP nnon R NNON16 HPOWER onon I nooon0 1
anos I no3720 IA 0000  NNANSs7 INJPs nON3 I Non000 TPTION nnon 1 nnonsl IxX onnn I nON0O&0 J
I Non012 NUM nonn 1 NNON26 N1 _onon 1

ANON T n0Bn21 Na 0non v 60nns3 WA aono
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Table I.--Continued.

nnon
nnon
nnon
nnoo
nnoo

anini
anini
ani101
nn101
anin3
nni1nu
anins
anineg
nnl1o07
ani1n
G0 ]
anl1s
nn11é
anl17
nnian
nni21
ani122
anl23
aniou
an125
an125
nnlza
ani2aA
napl127
nni3i
ani13l
nn132
anl3y
na13y
an13y
anl135
aniun
LERETS |
nnly?
aniup
aniy?
aniy2
nnluy
aniys
anlup
aniy7
anis0
an1s1
nnis52
nn1s3
anlsy
nn157
an1an

R nofn44 SCRUB 0Nn%0 R NNDNu3 SOL 0000 R NONOUS STM 0000 R NNON1l SUMHP
R n09n33 TONA 0000 R NNON34 TONB 00n0 R NNNO3S TONC nooo r NNON37 TOND
R n0%p20 TONSB 0090 R 0NNN22 TONSS 0000 R NONO30 TONSSW 000N R NNON25 TONST
R n09n17 XNUM 0000 r 000NN2 71 0000 R NONO03 72 no00 R NNONO4 23
R 000001 26 0000 R 0NON27 27
1% SUBROUTINE FPCXX1(TANS)
2%
3% FISH MEAL PRODIICTION
[
Sx COMMON/BLOCK4/ IPTTON(1n)
bx COMMON/BLOCK1 /AA(10n,20) . TA(100¢5)BB(100)
7% COMMON/BLOCK?2/ COST(7)+CnSTA(7)
Bx BB(3)=1,
9% BB(2)=1,
10 DO 19 I=30:33
b I I 10 BB(I) = BB(T)%D.0N1
12+« BB(33)= 1.-RB(30)-BR(31)-BB(32)
13 AA(91,2)= ((BRB(311%,R5) + BB(32))%x TONS%2.
b AA(91+3) = (1.2%ToNg)=AA(Q1,2)
15% 26= TONS*(BR(31)%,15)/AA(91,3)
16x 21=AA(91,3) /TONS
17% 22=AA(91+2) %.5/AA(91,3)
18x% Z3=TONS * BR(30)/(AA(91s3)+(.5%AA(91¢2)))
19x% Z4=AA(91+2) /TONS
20 1922 FORMAT(/ 25H PAYLOADFR ANND FORK LIFT » 10X »15H » 10H
21% 1 'F10.3,30X,F10.3)
224 1021 FORMAT(/ 25H CONTRoL TNSTRUMENTATION r 10X »15H » 10H
23« 1 1F1n.3s30X.F10.3)
22U PRINT 2090
254 2396 FORMAT(1H1//55H DFTATLED EQUIPMENT CcOSTS (ALL COSTS TN 1000.n DOL
26% CLARS) )
27 % PRINT 3000
28« 3030, FORMAT (//18H FOQUIPMENT TYPE»10X10H CAPACITY,12X9H MATERTAL:
29x C60H BASE MATFRTALS LABOR INDIRECT MODULE RANGF »/6
30% COX60H COST cOSTS COSTS COSTS coST + OR = )
31x DORAST=1107
32x COSTA(I)=0.
33% COSHEIE0S
3% 1 CONTINUE
35%
36% UNLOADING AND STORAGF nF FIcH
37 %
38x% TONSA=TONS*2000./R« 33
39« GALLLON= TONSA/(24,%&0,)
40 GALS =GALLON%1,.,3
41x% SUMHP= 9,
42x IA(65¢1) = n
43 IA(65¢2) = 1.0
Yy x AA(65017) = GALS*%15
45% NUM = TONS/aNND, +1
46 DO 143 I=1+NUM 1
47 SUMHP=SUMHP+ (AA(A5,17)*.0n1%1.5)
48x 143 CALL PMPREC

00N0 R 000015 TANK
0000 R 0NOONE TONSA
nonn R ONO036 XLOOPS
00nn R NONONS 24
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Table I.--Continued.

anle6?
anl63
nnlas
anla7
an171
an173
nn174
na17s
an200
an2n1
an2n2
an2n3
an2nu
an2ns
an2n7
nan210
an211
nn212
nn213
nn214
an215
an216
nn217
nn22n0
nn221
nn222
nn223
nnp24
nn225
nn22a
an227
nn23n
an230
an23n
nn23n
nn231
nn232
nn233
nn23u
nn23s5
nN23A
nna2u4n
an2un
an2u4p
nna24u3
nn2uu
nnaus
AN2uk
nn247
nn252
nN2s3
AN25u
nn254
an2e6n
aAN26H2
an26u
an2hu

49%
S0 %
514
52%
53
54«
55%
S56#%
57%
58«
59%
60%
61«
62
63%
64+
65%
66
67
68x
69x%
T0*
el
T2«
73+
Thx
75«
T6x*
77
T78x
79
B0%
B1%
B2«
834
Blx
85»
86%
87
Bb*
89a
90 %
914
92%
93#
94
954«
96 %
97«
EL Y
99«
1004
1014
1024«
103«
104«
1054

oo o0

81

IA(6502) = Nen
IF(TONSALLT.3n000.) G=(3nN0N./(2u4,.*60,))*15,
IF(TONSA.GE.30000.) G=(450000N.7/(24.%60N,)) %15,
IF(TONS.LE«150.) AA(T7Ur1R)= 3F,
IF(TONS.GT«150s) AA(70+,1R)= H4A,
AA(T79,17)=1nn.

CALL BELT
DO 81 I=1.2
AA(UNs17)=TONS*32.15%x3.
IA(4Ne1)=0

IA(4Ns2)=2
CALLL STORAG

IA(4Ns2)=0
CONTINUE
AA (BRI 17)=30,. %30 . %xTONS/ (2L, *60.)
CALL PMPCNT
HP=.NN1*AA(BARI1T)
SUMHPz=HP+SUMHP
TANK=240,*TONS*1 .

IA(49,1)=2

AA(L4D,17)=TANK

AA(40,18)=1.n

CALL STORAG

TONSA=TONS* ,8%2NNN. 7(B.33%16.)
TONSA=TONSA%71/.8

HPOWER= ,C1*TONSA

NUM= (HPOWER/20.)+ 1.

XNUM=NUM

TONSB=TONS/24 .

AA(71,1B)= TONSR

AA(71s17)= 20N,

CALL BUCKET

FISH COOKERS AMD SCRFW PRESS

BB(2) = 0.67

IA(21,5)= 2

AA(21917) = N 25%TONS

CALL DRYERR

TAL21+5) = .0

IF (TONS.GT,3n0.) NAS(TONS/260.) +1.
IF (TONS.LE.300,) HAS(TONS/Z100.) +1.

C PUMP TO PRESS

AALBAE1T)S(AA(DL 130 +AA101,2))%2000,*30,/(16.4h0.4R33)

IA(6ARL1)=0

CALL PMPCNT
HP=NN1*%AA(6A1T)
SUMHP=SUMHP+HP
DO 2 I= 1s.NA

IA(17:5)=3

BR(2)=1;1

IF(TONS.GT«3N04) AR(AZ:1AT) = 24,
IF(TONS.GT.‘“O-, AA(‘71’8‘ = 16,
IF(TONS.LE«3NN.) AA(17.18) = 12,
IF(TONS.LE«3NN.) ARTLT 17} = 48:

CALL SCREWR

C PUMP FROM PRFCS v0 SCReFu

i



1€

Table I.--Continued.

aAn2A/5
nN26A
anN267
an270
nn271

an272
anN274
an27A
an277
nnani

an3npy
an3nu
an3nNA
anany
nAN310
nan3i1
an312
313
nn313
an313
1n313
Nn314
1314
316
an317
an3an
na321
nn3z2
an323
nn3oy
nn32s5
nn32a
nn331
an332
nNn333
an333
nn33s
N334
0337
nn3un
ﬂﬂqu
an3y2
an3u3
an34y
nn3us
INn3ue
an3u7
an3s51
an3s52
an3sy
nNn355
1356
an3s7
nnN3s7
AN360
an3sl
hﬁsﬁz

106
107«
1084«
1094
110«
1114
112«
113%
114
115%
1164«
1174
1184
119«
1204
121«
122«
123
1244
1254
1264
127+«
1284
1294
130%
131%
1324
1334
134«
135«
136x%
1374
138%
139«
140%
1414
1424
143%
144 %
1454
146
147
1484«
149,
150%
151%
152«
1534
1544
155%
156%
157«
1584
1594
160
161«
1624

AA(B6¢17)=AA(91+3)2x2NN0 %30/ (16.%60,*R,33)
IA(66,1)=0
CALL PMPCNT
HP=«NN1*AA(6AR,17)
SUMHP=SUMHP+HP
IF(TONS.GT+30N.) AA(51,17) =5.0
IF(TONS.LE«3NNs) ARSI NT) = Ban
CALL SCREEN
2 CONTINUE
TONSS=TONS*74
IF(IPTION(1).FQR.2) TOMNSS=TONSS + (TONS%Z1%), %76)
IF(TONSS.GT.3n0.) Gn TO 3
NB=(TONSS/1n0.) +1
AA(21917)= 1ND.%3_ 8
GO TO 4
3 NB=(TONSS/250.) +1.
AA(21917)=25N.%3.8
4  CONTINUE

FISH MEAL STREAM

OO0

IF(IPTION(1).FR.1) Gn TO 52
C PUMP FROM PRESS TO MIXFR
AA(66217)=AA(9192)42nN0e*30e /(16 %60, %7, 33)
IA(6601)=0
CALL PMPCNT
HP=«NN1*AA(BARL17)
SUMHP=SUMHP+HP
AA(STr17)=(AA(91»2)+TONS*k71%76%2, ) %2000, /62.4
CALL BLEMDR
52 CONTINUE
DO 5 I=1,NB
IA(21,5)=3
CALL DRYERR
5 CONTINUE
C PUMP TO DRYER
AA(B6E17)=TONSS*20NN0 . %304 /(16.%60.%8,33%)
IA(6601)=0
CALL PMPCNT
HP=«ND1*AA(6BR,17)
SUMHP=SUMHP+ P
AA(B1,18)=1n.
AA(B1417V= TONSS* 0,33
BULK= 15. * TONSS

TONST =(TONS*Zu*.5) + (TONS*Z4x.5% 73)
AA(90,18) = TONSS- TONST
IF(IPTION(1).FQ,2) AA(ANy18)=AA(90r18) +(TONS%71%2A)

AA(90,18)=AA (AN, 1R) %2000,/ 16.
IF(IPTION(1).EQ.2) TONST= TONST + (TONS%Z1*76)
AA(90,13) = TONS*74w.5%23%2000.%.01
AA(ST7917)=(AA (AN, 3)+AA(90,13)/2500,.)%2000.7/62.4
CALL BLENDR
AA(90s3)=TONST
C PUMP FROM DRYER TO MIXFR
AA(BHe17)=AA(9N+3) %2000, %306/ (P4 . %60, %8, 33)
CALL PMPCNT
HP=.001%AA(6As17)



a8

Table I.-- Continued.

an363 163x SUMHP=SUMHP+HP

nn36u 164x AA(4N»17)=(AA(QNs3)+AA(90,13)/2000.)%2000«/B.33%15.
an3es 165« IA(40,1)=0

nn36hA 166x CALL STORAG

nn366 167 C PUMP TO CURING

n3k7 168x IA(66¢1)=0

nn370 169« AA(66¢17)=AA(LUNI 171 %3N/ (15+%16%600)
an371 170% CALL PMPCNT

an372 171% HP=.0N1*AA(6A+17)

an373 172 SUMHP=SUMHP+HP

an374 173« AA(18+17)= 1.30 * TONST/16.
an375 174 CALL HAMMER

on376 175% AA(72,17) = 1A.

nn377 176x CALL SCALE

an4nn 177 IA(7501)=0.0

on4nt 178« IA(75.2)=0.0

nnuo2 179x AA(T75¢17)=AA(90r3)x2Nn./(6N.*16.)
anun3 180x CALL BAGGMA

nn4ny 1814 AA(75,17) = AA(75.,17)%60x16
nn40ns 182« HP=XNUM%20 «

anuneg 183 SUMHP=SUMHP + (.n01*HP)
‘nnun7 184« AA(S54,17)=Hp

an4n7 185x c
nnun7 186 C FISH OIL STREAM
nnyonz 187« Cc

an4i1n 188% AA(40217)=AA(91+3)22nN0. /116, %P ., 33) %1,
LLUSE 189% IA(4001)=0

nn412 190x% CALL STORAG

nNu13 191« AA(BH 1 7)=AA(UNI1T7)%N. /6N,
nn4ly 192x CALL PMPCNT

anu1s 193« CALL PMPCNT

nnu1e 194 HP=«NN1*AA(6AR+17)

anu17 195« SUMHP=SUMHP+HP

an420 196« SUMHP=SUMHP+HP

nn421 197« DO 11 I=1,NuM

onu2y 1984« AA(S4,17)=2n.

nnuz2s 1994 11 CALL CNTFGF

anu27 200% TONSA= TONSA* Z3%1,.1

An43N 201« HP= .025*TONSA

nnu31 202% AA(52,17)= WP

nnu32 203« N1=(HP/20.) +1.

anu33 204x% HP=20%N)

an43u 2054 SUMHP= SUMHp+ Hp

0nu3s 206% AA(52,17)=2n.

nnu36A 207« DO 12 I=1,Ny

LLUTSE 208% 12 CALL SHARp

nnuy3 209« TONSAZTONS*3.N* ., Bas 1322000 /8,33
nnuuy 210% TONSA=TONSA&Z1%73/( R*.13)
nnuus 211% Z7= 1.-23

LLETT 212x IA(40,1)=2

nNUL7 213« AA(40»17)=TONSAR®T, /3,

nNusn 214 AA(40,18)=1.n

nnus1 215x% CALL STORAG

0nus2 216 IA(66:1)=0

nnus3 217% AA(66+17)=TONSA®Z0./ (3.%1A.*60.)
nnusy 218« SUMHP=  SUMHP +(AA(RAs 17V wa0NY)

nnuss 219« SUMHP= SUMMP 4+ (AAlAARs1TY=.00Y)
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Table I.-- Confinu‘ed.

anuse
aNus7
an460
anue60
nnu60
andan
anusl

anue2
anu63
an46Lu
nnu6s
NN46A
nnNu67
anNu7n

ang7n

nnu7n

ANL70

nnu71

ang72

nnu73
nnu7y
an47s
na476
any77
ans00
nn5n1

an5n2
nnsSn3
nn504
an505
ans06
nnsSn7
nns510
an511
an512
an513
an514
nn515
nnS1A
nns517
an52n
nn521
nn522
an523
nnSa4
nn525
nn526
ans527
anS3n
nn531
nnS32
nnsS33
nns53y
ans535
nnS3a
nns537
nnsun

220
221
222x%
223
22U x
225x%
226x%
227
228x%
229x
230
231x
232
233
234 %
235x%
236%
237x
238x%
239%
24 0%
241w
242
243
244 %
245«
246 %
247 %
248x
249«
250%
251
252
253«
254 %
255
256%
257
258«
259«
260%
261«
262«
263
264 %
265x%
266x%
267
268
269x%
270
271x
272%
273%
27U x
275%
276x

AA(BBr17)= AA(66s17) %30,

CALL PMPCNT
CALL PMPCNT

G
C FISH OIL STORAGE (15DAYS)

€

C
(¢
(&

AA(90r5)=TONSXkZ1%2Z3
AA(40»17)=AA(9N»5)x2nN0./R.33%15,
IA(40,1)=0

CALL STORAG

AA(E61T7)=AA(LUNP17V%30e/ (ANe*x1Sa%164)
CALL PMPCNT

HP=«001*%AA(BA»17)

SUMHP=SUMHP+HP

FISH SOLUABLES STREAM

PUMP TO ACID MIX TANK

TONSSW=TONS*71%x27
IA(66+1)=0
AA(66917)=30,*TONSSWx20N0./(B.33%16.%60,)
CALL PMPCNT
HP=.001*%AA(6A417)
SUMHP=SUMHP+HP
GALL=TONSSWx.?
GAL= TONSSWx.01
IA(49,1)=2
AA(40,17)= GAIL*20n0,/(8.33)
AA(49,18)=1.n
CALL STORAG
IA(40,1)=2
AA(L4D,18)=1,.n
AA(40,17)= GALL*20NN«/(R.33)
CALL STORAG
GAL=TONSSW*2nNNe/(Rs33%16,)
AA(66¢17)=GA| x3N./A0.
SUMHP= SUMHP +(AA(RAr17)%.001)
SUMHP= SUMHP +(AA(AA?17)1%e00N1)
IA(B66s1) =0
CALL PMPCNT
CALL PMPCNT
TONAZTONS*+87%«B*%20N0e*enN01/(B,33%x 1.82)
TONA=TONS*27%21/( ,87%.8)
AA(90,14)= TONS%Z7%*71%,0n1
AA(49,17)= TOMA% 70.0
IA(40,1) = 1.0

IA(40,2) = 1.0
CALL STORAG

IA(40,1) = n.0n
TA(40+2) = n.n

TONB= TONAZ(16.%60.)
AA(A6r17)= 3n,%TONB

IA(66+1) = 2

CALL PMPCNT
SUMHP=SUMHP+ (AA(66.17)%,.0n1)
IA(66¢1) =0,.n

TONA= TONS*,80*0.R7%« 200n./16.
TONA=TONA%Z1%77/( .8« .87)
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Table I.--Continued.

nnsS41
nnS42
ansu3
anS4y
ansus
ANS4A
nnSuA
ansu7
anss50n
nn5K1
nns52
nnS553
nns554
nn585
nn556
nn557
nns560
nn561
nns62
nn563
nn564
nns65
nnShA
ans67
ans7n
nns70
nns70
ans7n
nnS572
ans73
nns574
ans75
an575
nn575
nns7s5
nns7a
nns77
nn577
nnS77
nans77
an6nNn
nn6N1
nn6N2
anaNeA
nn6NA
nnGNT7
nan610
an61n
aneGIn
nan610
61l
an612
nne13
nnk1u
an61s
nn6G1A
LS

277
278%
279
280 %
281«
282x
283
284«
285
286%
287«
288x%
289«
290 %
291 %
292«
293x
294 %
295%
296 %
297«
2984
299«
300
301«
302x%
303
304
305%
3064
307%
308x
309
310%
311
3124
313
3144
315«
316
317«
318%
319«
320%
321
3224«
323«
3244
325«
3264
327
328%
329«
330«
331«
332%
333

AA(33,17) = TONA 7 20
CALL EVPHOR

CALL EVPHOR

CALL EVPHOR

TONC = TONA%.06/(«A7*.3)
TONC=TONC*ZAr%.8B7/(27%.06)

C PUMP TO CONCENTRATOR

o0

o000

o000

¢

AA(B6117)=TONC*200N %30/ (Be33%604)
IA(6As1)=0

CALL PMPCNT

HP=«NN1*AA(BAK1T)

SUMHP=SUMHP+HP

AA(33,17)=TONC/25.

CALL EVPHOR y

AA(ON s 4)=TONGSAZ1%Z2(%*0 %1 .
AA(UN17)=AA(90,4) «2NND«/(A33%16.) %1
IA(4Ns1)=D

CALL STORAG
AA(6AR»1T7)=30,%AA(U4UNI17) /6N,

CALL PMPCNT

CALL. PMPCNT

HP=«NN1*AA(BA1T)

SUMHP=SUMHP +HP

SUMHP=SUMHP+HP

IF(IPTION(1) ,Fn.2) Gn TO &1

CONDENSED FISH SoLUBLES STORAGE (15 DAYS)

51

AA(4NP17)=AA(90+4) 2nN0. /R, 33215,
IA(4Nns1)=0

CALL STORAG

CONTINUE

SUMMATION OF STFAMs» wWATFER, aND E)I ECTRICITY

AA(27,18)= 15n.
AA(27+17)= TONS*2 . #*2000./(3.%16,)

BOILER WATER TREATMENT

4242

COST(5)=1.00n

COST(1)=COST(5)
PRINT 4242:CnsT(1),CnST(5)

FORMAT (/25H BOILER WATER TREATMENT ¢ 10X #15H
1 aFH\.BoBI\X.Flﬂ.,\)
COSTA(1)=COSTA(1)4c0SsT(1)
COSTA(S)=COSTA(S)14c0&T(5)

€ FUEL OIL STORAGE

c

IA(4001)=2
AA(40V17)=TONS#ANNN. 73BT . 215,
CALL STORAG

AA(6617)=30, #AA(UA17)/(15%bN.)
CALL PMPCNT

HP=.N01*%AA(6/+17)

SUMHPZSUMHP + 1P

»10H
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Table I.--Continued.

nan620n

nne21
nn622
nna23
nne24
nn625
nn62A
nn626
626
nN626A
nn627
nna3N
nn631
nnh32
nnN633
nnh3u
nneA3is
nn636
nne637
nnALN
nn6a4l
nneus
nn6L4A
nne47
nN6SN
nn6s51
nN6S2
nNRS3
nn6s7
nn6AN
an6h1
nn662
ANGTN
nn671
nNG72
nnN6E74
NRTS
anK77
an70n
on7nl
anTn2
an7nl
nn7nu
nn7ns
nn7TnaA
nn7n?
an710
nn711
nn712
nn712
an7y12
nn712
N7y
nn71u
an71S
LLEAT
nn7a21

334x% CALL BOILER

335% XLOOPS= 9 4+ NA +nB

336x% TOND=TONA/2.4 =TONC/2.4 +(TONC*.4)
337 AA(91,+5) = (TONA=TOND)/(n.6%8.33)
338 AA(90,17)= (TONCx* U4,

339 AA(90,16)= (TONA=TONC) /2.4

340% AA(66+117)=Ux(AA(9Nr1A) +AA(90,17)) +1,.5%xTONS
341 % Cc

342« C SEA WATER PUMPS

343 18

344 IA(661)=1

345% IA(66:4)=2

346x CALL PMPCNT

347« IA(66+1)=0

348% IA(66+4)=0

349 SUMHP= SUMHP 4+ (AA(6A+17)%.001%1.5)
3504 COST(1)=XLOOPS *AA(100s1)

351« COST(5)=C0ST(1) =
3524« COSTA(1) = COSTA(1) + COST(1)
353% COSTA(5)=COSTA(5) + CnST(5)
354« PRINT 1021 cOST(1)»c0ST(R)

355% AA(Bs17) = TONS

356% CALL CONDEN

357 COST(1)=AA(1nD+2)

358% COST(5)=C0ST(1)

359% COSTA(1)=COST(1) + COSTA(1)
360% COSTA(5)=COSTA(5) + COST(5)

361+ PRINT 1022+ COST(1).COST(5)

362« AA(72+17)=1A.

363 CALL SCALE

364% CAL)s  SCALE

365« PRINT 1041+ (CNSTA(J) 1J=1.6)

3664 1041 FORMAT(//25H TOTAI COSTS »35X6F1n.3)
367% COSTA(7)=0«n2%COSTA(1)

368% IF(IPTION(1).FQ.2) AA(90,4)=0.
369« 1934 FORMAT(// 4OH ToTAL cOST OF FEPC P|LANT
370« PRINT 1010

371 a- 1010 FORMAT(1H1)

372« HP = TONS*0,0n124 +13.6

373« SUMHP = HP + SUMHp

374 HP = 40*TONS/3,

375« SUMHP = HP + SUMHp

376« AA(9N,y2)= SIIMHP% ,7u57 * 16,

377« AA(9Ns1)= TONS* An0ON./387.

378« AAC100+10)=COSTA(R)

379 IXX =(16.0%(TONS/50.0)**,31) +0.5
380« PXX =ZIXXx

381 AA(90,9) =Pyx«l1n.

382« AA(9N,B) =Iyx*B.N

383 C

38U C MATERIAL BA|ANCF TNFORMATION PRINTOUT
385 C

3864 CALL MATER(TONS)

387« TONS = TONS/16

388« AA(9N0+15)= TONS#*2n0n.*,2

389, PRINT 1060+AA(90,+15)

390 1060 FORMAT(/8X2AH COOKERS STEAM FBuN7H

+F16.3)

LB/HrR )
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Table I.--Continued.

an722 391 x AA(Q1,3)= AA(Q1,3)* 2000./16.

on723 392« AA(91,2)= AA(91,2)% 2000./16.

nn724 393% PRINT 1061+AA(91+3)

nn727 394 4 PRINT 1062+AA(91,2)

nn732 395« 1061 FORMAT(/8x2aH PRESS LIQUOR +FBuans7H LB/HR )
an733 396% 1062 FORMAT(/8X2ArH PRESS CAKE 1FBens7H LB/HR )
an734 397% AA(91,1)= AA(Qls3)*77

nn735 398x% PRINT 1063+AA(9141)

an740 399x 1063 FORMAT(/8X2AH STICK WATER +FBuny7H LB/ZHR )
nn7u1 400 AA(90+5) = AA(90,5)x2000.0716

nn742 401« PRINT 1n064» AA(90,5)

nn7us 402x% 1064 FORMAT(/8x2hH FISH nIL +FBanNs7H LB/HR )
nn746 403« PRINT 1N65¢AA(90,16) ’

nn7s51 404« 1065 FORMAT(/8X2AH TRIPLF EVAP. STFAM +FB.nNy7H LB/HR )
nn752 405x% AA(91,4)= 0,15*%BB(31)*.01*TONS*2000.0/0,30

nn783 406x PRINT 1066 ,AA(91,u4)

nn756 407 1066 FORMAT(/8X2aH TRIPLF EVAP, CONCENTRATE ,FB8.n,7H LB/HR )
nn757 408« AA(91,5)=AA(9Ns 16V *u.0

nn760 409% PRINT 1067 ,AA(91.,5)

nn763 410% 1067 FORMAT(/8%x2sH TRIPLF EVAP, COOLING +FBuD+s7TH.GAL/HR )
n764 411 PRINT 1n68+AA(90+17)

an767 412 1068 FORMAT(/8%X2AH CONCENTRATOR EVAP, STEAM ,F8.n,7H LB/HR )
an770 413x AA(91,6) =AA(Q0s17) xleD

on771 414 PRINT 1069¢AA(91+4)

nn774 415« 1069 FORMAT(/8X2AH CONc. COOLTNG WATER +FBuNs7H GAL/HR )
nn775% 416% SOL =AA(90+4)%200NnN/16

nn776 417 PRINT 1070¢S0OL

nont 418% 1070 FORMAT(/8X26H FISH SOLUBIES +FB.Ns7TH LB/HR )
n1002 4194 AA(9N,18)=AA(90+1R) 716

non3 420% PRINT 1071+AA(90+18)

n0nA 421 1071 FORMAT(/8X26H DRYFR STFAM +FBuN,7H LB/HR )
n10n7 422 SCRUB=180%TONS

no1n 423 PRINT 1072+SCRUR

0013 424« 1072 FORMAT(/8%X2sH SCRIIBFR WATFR +FB.ns7H GAL/HR )
01014 4254 STM=AA(27+17)=AA(Q0,18)=AA(9N,17)=AA(90,16)

no01s 426% * PRINT 1074+:STM

ni02n LU27= 1074 FORMAT(/B8X2AH MISCE: ANFOILIS STEAM +FBuNs7H LB/HR )
n1021 428+ FISH =AA(90,3)*20n0.n/16

n1022 4294 PRINT 1073+FISH

n1025 430 1073 FORMAT(/BX2AH FISH MFAL +FBeN,TH LB/HR )
nnz2e 431« TONS = TONS»16

n1027 4324 AA(90+5) = AA(90+s)«16.0/2000.0

N 030 433 AA(91,2)= AA(91,2)%1A./72000.

n1031 434 AA(91,3)= AA(91+31*16./2000,

n1032 435 AA(GNs13) = AA(Q0,13) + (AA(90.3)+AA(QNr7)+AA(90+20n)+AA(9N.4))
nN033 436« AA(ON 14)=AA(9ns 1LY %2000,

n1034 437« RETURN

N 035 438« END

END oF COMPILATION: NO  DTAGNOSTTCS.
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Table I.-- Conﬁnuéd.

RAFOR,S PRSIPA*PRSIPA
FOR S9A=07/12711:03 (1,)

SUBROUTINE PRSIPA ENTRY POINT 003537

STORAGE 11SED: CODE(1) NO3617; NATA(Ny nnl&ln; BLANK COMMON¢2) 0nonNN

COMMON RLOCKS:

nno3
no0oy
nnos
nooe6

RLOCK2 a00016
NATA1 260050

BLOCK1 005050
RLOCKY4 000012

EXTERNAL REFERENCES (BLOCK, NAME)

nnoz
nnNlo
no11
nnip
nniz
nnlu
nnis
nnla
nn17
nna2n
nn21
nna2
nna23
nn2u
nnas
nn2e
nn27
nn3n
nn3i
nn3»s
nna3
nn34
nNas
nnN36
nn3y
no4n
0041
nn42
no43
no4y
nn4s

STORAGE
nooon

noon
nnoon

pMPREC
BELT
SCALE
STORAG
REFRIG
SiLo
RUCKET
DRYERR
SCREWR
SCRFEN
PMPCNT
GRINDR
REACTR
AGITOR
HEATEX
COLUMN
VESSEL
CNTFGE
SHARP
EVPHOR
HAMMER
BAGGMA
BOILER
CONDEN
MATER
SQRT
NPRTg
NIO2g
NIO)g
NEXPHS
NERR3S

ASSIGNMENT  (BLOCK, TYPE, RE) ATTIVE | OCATTON, NAMF )
000453 1003F 099 NNN3A4 1021F 8000 Non375 1022F nonn NOO443 1041F 0001 000020 1136

nofueu 1201F 0090 000476 1202F 5000 non510 12n3F 0oon 000522 1204F noni 0n3005 12046
007534 1205F 0noo 0NNSuh 12n6F 0nno non560 12n7F 0000 0N0572 1208F oonn 000617 1209F
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Table I.--Continued.

nNo1
n0OD
nnon
nnoon
nnoo
n001
n0o1
nno1
nno1
nno1
nND1
noo1
nnon
nnon
noon
nnoon
nnon
nno6
nNoo
nnoo
nnoo
nnNoo
nnon
nnon
nnon
nnoo
nnoon
nanon
nnon
nnoon
nnon
nnon
nnon
nnon
nnon
nnoo

nnini
aning
aning
anins
anloa
anin7
nanlin
nni1
nan111
nni11
nan111
nan112
nni1s
nnlia
nani2n
nni23
onl2u

006Nk
0onn7n5
onn7s2
0ninuo
nn1122
on3221
nn3276
00n3ul
onn7n2
0nn4n7
Dp2574
NN21137
no47nk
onniz3
0non2n3
00n02n7
nno1sr7
onn2zg
non3>s
nnn225
onn271
non2u7
nnnisl
nnni1z5
nnn2s1
onnnno
nonivzo
non3nk
non222
oNnN2s4
nnn2u3
nnn221
onn3ix2
0on3s1
non3i16
0nn3>3

1210F
1215F
1220F
1225F
1231F
13364
13744
2376
3506
42u2F
u9L
7166
BB
DAYSR
FACTIN
GALS
1

IR

K
NQUIP
N2

SAA
SBOT
SOLLTO
STFAM2
STM
SUMHP
TASC
TONSx
WATER
XIRR
XSOL
XXF
YYA
YYG
YTL

SUBROUTINE PRSIPA(TANS)
COMMON/BLOCK2/ COST(7)+COSTA(T)
COMMON/ DATA1 / DATR(8.:5)
COMMON/BLOCK1/ AA(1nne201+1A0100+5)+8R(100)
COMMON/BLOCk4 7 IPTINN(10)
DIMENSION STM(5,0),STRM(5,9),STRMM(9),5TMM(qQ)

n00p25 1216 0090
n0%674 1214F onoo
000751 1219F 0090
nolp26 1224F 0000
noli11o 1230F 0000
003210 13306 0091
no03265 13666 0091
000144 163G 0no1
nof671 3456 0091
000760 3776 0090
nol226 4506 0001
no2417 52L 0001
R nof245 ACID 0N95 R
R n00172 DAYS 0noo R
R no0241 Dx 0noo R
R n0f206 GALLON 0non R
R 000276 HWAT 0no0 1
1 no®poo IPTION 0nou 1
1 nof224 J 0000 1
I nof204 NOREAC 00No0 71
I nof302 NZ 0no0 1
R n0f263 PRDCTB 0no0 R
R n0f%300 SAQT 0000 R
R nof270 SCB 0non m
R n00250 STEAMI 0n00 R
R 002254 STEAM9 0000 R
R N00132 STRMM 0n00 R
R n0N3n3 TASRB 0000 R
R n0f213 TONSG 0noo p
R 000174 WATAD 0n00 R
R 000237 XIR onoo r
R n0%220 XOIL onno e
R n00331 XxD 0noo r
R n0D0336 XxxJ 0000
R n00315 YYE 0noo e
R 000322 YYK 0000 R
1=
2%
b ™
Ua
S5*
bx
T DIMENSION STOP(5)
B REAL  MATR;
9 C
10« C WNORMALIZATION
11s C
12+ DO 1 I=1.7
13+ CoST(I) = 0,
1h% 4 COSTA(1)= 0.
154 DO 2 I=1,20
164 AA(QD,T1)=0.
17% 2 AAL9LYIV=0.

+SBOT(5)

0000
00no
00no0
0000
0000
00n1
o0n1
a0no
0001
0ono
0o0n1
0001
0on3
0000
0ono
onno
6005
nonn
onno
0000
0000
noon
oono
oonn
o0non
aono
a0no
oonn
onno
aonn
00no
nonn
oooo
onno
0ono
oono

D DD DVDDDVDDVDDDDDDVDD Drarit4i =000

non632
non716
non773
no1052
no1134
np3232
no3307
non340
oon734
non425
001336
np2206
nono00
non273
non310
non272
nn3z720
nopn231
non176
oan210
non266
non267
non255
non177
non252
noniy3
non232
nnn30S
non226
non202
non217
nnn326
non333
non3i2
non31?7
non324

1211F
1216F
1221F
1226F
1232F
13446
14026
3NnnF
3616
4243F
5076
7346
cOST
DAZOIL
FISH
HOTH20

TRR
LOOPS
NUM

N3

SAB
SBOTT
STFAM
STFAM3
STMM
TANK
TASD
VES
wATOTL
XLIGD
XXA
XXG
YYB
YYH
YYM

0000
nonon
nonn
nonn
nonn
0001

0ono1

noon
non1

non1

0001

0005
0003
noon
nonn
noon
nonn
noon
noon
nooo
noon
onon
nonn
nonn
nnnon
noon
nonn
noon
nonon
nnon
nonn
nnon
noon
noon
0000

TOVDVDID

VDD VDVDVVDVDDVDIDVDUTD ~D ~

nnoA4Y
nno727
nnino4
nnilné4
nnli4e
nn3243
nn3320
nn0352
000735
001145
nn2273
nnonoo
nnono7
nno201
nnoz11
nno171
nnialse
nno235
nno166
nno223
nno265
nno2u4
nno275
nno256
nno253
nno154%
nno2s57
nno277
nno227
nno260
nno3o7
nno327
nnn334
nno313
nn0320

1212F
1217F
1222F
1227F
1233F
13526
14106
3006F
3646
4336
S51L
AA
COSTA
DENS
G
HOUR
INJPS
v
MATRL
NUMZ
OIL
SACID
SBGGT
STEAMR
STEAM4
STOP
TANKA
TONA
VESS
WIDTH
XLOOPS
XxB
XXH
Yyc
YY1l

nnnon

noon
00no

nonn
00n1

0on1

0001

onni

0onn1

onn1

non1

nono
onnu
nono
nonn
nonn
nonn
nonon
nonn
annn
nonn
onnn
nonn
onnn
onoo
onnon
noon
nnon
nnnn
nnnn
nonn
nnon
nnnn
onnn
onon

VDV VDDV DDDVDVDVDDVei DDV

000656
nnn7u0
0nin15
001076
0noo32
nn32sk4
003331

00n6nS

0onn7s5
002574

0n14n0 °

0no240
nonono
nnn216
nnn2ué6
nnn212
non234
0onn3z7
n0nn214
nnn2u2
nnn262
0nn233
non274
nnn2n0
non3né
nonosS
nnon3nl
nnn2ns
onn261
nnn236
onn215
non33o0
00n335
00n314
onn321
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Table I.--Continued.

nn12a 18x DO 19 I =30,3%
nn131 19x 16 BB(I)= BB(Iyx D.01
nni133 20% SUMHP= 0.

nni3y 21x HOUR= 24,

nan13s 22x DAYS= 30.

anil3a 23% AA(72,17)=18.
ani37 24 DAYSR = 3»

anilyn 25% WATAD ‘=02

nniul 26% SOLLIG= 2.5

antul 27 % G STEAMW IS THE STFAM rEAUIREND FOR THE WET DFBONING OPTION
aniu2 28x% LOOPS=0

nnig3 29 STEAM=0,

nnlbue 30x% STEAMW = 0.

anius 31x% DENS = 0.9

LLRRTS 32x WATOIL=2,

aniy7 33% FACT10=1.

nn1sn 34w NOREAC= IPTION(S)

anis1 35x% IF (NOREAC.EQ.N) NORFAC = 4

anist 36% (¢

ani151 37 % C UNLOADING AND STORAGE nF FISH

nnisi 38% G

0n1s3 39% TONSA = TONSx 20n0,/8.33

nanisu 40 GALLON= TONSA / (HoURx AN.)
an155 41 GALS = GAILON % 1.3

nnisea 42% IA(6591) = n.

nnis7 43% IA(6502) = 1.n

nn16n [FYTe AA(65917)= GALS * 3n.

anlnt 45% NUM =(TONS/5n0.) + 1

nnle62 46% DO 143 I=1,NUM

nn165 47% SUMHP=  SUMHP +(2,*AA(65,17)%.0015)
anle6aA 48« 143 CALL PMPREC

nn1l7n 494 IA(6502) = n.

nni7i 50 IF(TONSA.LT,3n000,) G = 30000./(24+%6Ns) % 15,
anl73 51% IF(TONSA.GE,30000.) G = 450000./(24.%60.) % 15.
an17s 52x IF(TONS.LE«1504.) Aa(70018) = 36,
nni177 53x IF(TONS.GT+150.) AA(70+,18) = 48,
nn2ni Shx AA(T70D,17)= 10N

nn2n2 55x% CALL BELT

nna2n3 56% CALL SCALE

nn20y 57x HP=(TONS % n.n012u vy + 13.6
an2ns 58x% SUMHP = HP + SUMWP

nn2nea 59% AA(40,17) = DAYS = TONS

an2n7 60x% IA(40:1) = n.

nn210 61x% IA(40,2) = »

nn211 62% CALL STORAG

nn212 63« IA(40+2) = n

nn213 64% AA(8B5,17) = D.5% TONS % DAYSR
an21u 65x% IACRGy1 - = =0

nan21s 66% CALL REFRIG

nn216 67 % SUMHP=  SUMHP +(4,72%xAA(R5¢17))
nn217 68x TAl7x1) = 1

nn22n 69x% AA(7¢17) = 27.4% TONS

nn221 T0x CALL SILO

nn222 T1lx TONSG = TONS/24,

an223 T2% AA(71,18) = TONSG

an224 7 3% AA(71,17) = 2Dn.

an225 Thx CALL BUCKET
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Table I.--Continued.

nn226
nn227
nn227
nn227
nn227
nn230
an231
nn232
on23u
nn236
nn2u1
nn2u2
an2u3
an24y
nN24s5
aAN244
nn2u7
nn25n
nn2s52
an2s54
an25A
an26n
nn261
nn263
nn26s
nN266
an27n
nn271
nnz272
nn273
nanz274
nn27s5
nn27s
nn275
an27s5
nn276
nan277
nn30n
nn3nl
nn3n2
nn3n3
an3ng
nn3ins
nn3ina
nn3n7
an31n
nn3il
nn3i12
on3iu
an3e
nn32n
nn3z22
nnizs
nn327
nAn3in
nan3an
LGERTY

75x%
T6x%
T7x
7B
79
80x
81x
82x
83x
Bl x
85x%
B6x
87x
88
B89«
90%
91«
92%
93
94 x
95«
96%
97 %
98%
99«
100
101
102«
103«
1o4x
105«
106«
107
108
109«
110%
111x%
112«
113«
114
115«
116
117»
118«
119«
120«
121«
1224
123«
1244
125%
126«
127«
128«
129«
130%
1314

HP= TONS * n.n010#4
SUMHP = HP 4+ SUMHP

c
C FISH COOKERS AND SCREW PRESS

+AA(91v1R)

55
AA(91,16) = WATADx TONS
AA(91,10) = TONS + AA(91,16)
IF(TONS.GT«u50) NA= (TONS/250.)+ 1.
IF(TONS.LE«.u5n) NA= (TON</100.)+ 1.
DO 3 I=1.NA
BB(2)=2.1
XNA=NA
TAL21,5) = &
AA(21,17)= TOMS/XNA
CALL DRYERR
TAUL798) = %
BB(2)=2.6
IF(TONS.GT«u450.) AA(17:17)= 21,
IF(TONS.GT«u50.) AA(17+1R)= 16,
IF(TONS.LE.u5n.) AA(17+1R)= 12,
IF(TONS.LE«u5ns) AA(17s17)= 15,
CALL SGREWR
IF(TONS.GT.u5n) AA(S1,17)= 10,
IF(TONS.LE.u50) AA(S51,17)= U4,
CALL SCREEN

3 CONTINUE

DRYSLD=(BB(22)+0.R5«BB(31))*TONS
XLIQD= (BB(31)%0.15+ BB(3n)+ FPB(33))* TONS
X0IL= BB(3n) * TnNe/XLIaD
XSO0L= BB(31) * 0,15« TONS/XLIGD
AA(90,16)= DRYSI D = soLL1a
AA(9Ny18)=AA(Q1s1n)=AA(9Nn,16)

G

C SOLIDS STREAM = AA(90,1A)

o4
TONSX=TONS
TONS=AA(90r16)*FACTIN
TONSG = AA(90,1A) / HOUR
AA(T7:17) = &N.0% AA(9Us1A) /Z(F2.4xDENS) * 2n0Nn.
TALT:1) = 1}
CALL SILO

AA(66217) = AA(90,1A) %2000/ (HOUR*B,33%604)
CALL PMPCNT
HP= AA(66+17) 725.
SUMHP = HP+ SUMHP
CALL PMPCNT
SUMHP= HP + SUMHp
IF (TONSG «GT.6) AA(S50,17)= 6.
IF (TONSG «GT.6) NUMZ = (TONSG/6.) + 1.
IF (TONSG «1 E.6) BA(S0.17)= 3.
IF (TONSG «1 E.6) NUMZ = (TONSG/3.) + 1.
Do 720 J= 1,NUMZ
7206 CALL GRINDR
HP= 40,.% TONSG/3.
SUMHP= HP + SUIMHP

c
€ EXTRACTION VESSEI & MATFoTAL RALANCF

* 25.

11
10

11
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Table I.-- Continued.

an33n 1324 (¢ 1-0IL 2-PROTEIN 3-AcA 4=WATFR 5-IPA NOREAC=NUMBFR OF REACTORS
an33n 133 (€

nn331 1344 NQUIP= NOREAC + 1

nn332 135% STM(1s1) = (SOLLIR=1.)*DRYSI.D*XOTL

nn333 136 STM(3+1)=DRYSLD*BR(%2)/(RR(32) + (0,85%BB(31)))
an33u 137« STM(2+1)=(DRYSLD=STM(3+1)) + ((SOLLIQ=1,)*DRYSLD*XSOI )
nn33s5 138« STM(4,1) =(SOLLTIQ=1,)*DRYSLD*(1,~- XSOL=XOTL)
an3ia 139% STM(5¢1) = nan

an337 1404 STRM(1,NQUIP)=0.

nn3un 141 STRM(2,NQUIP)=0.

nn3u1 1424 STRM(3,NQUIP)=0.

an3y2 143 STRM(4yNQUIP) = WATNTL*2.B04*AA(90r16)/22.264
nn3u3 144% STRM(5,NQUIP) = STRM(4+NaUIP)*19.46/2.804

on3uy 1454 DO 121 1I=1,NOREAcC

nn3u7 146 DO 121 J=1,5

nn3s52 147« STM(JsI+1)= STM(J, T)*DATR(I,J)

nn3s3 148 IF(I.EQ.1.AND.J.FR.5) STM(5+2)= STM(4,1)*DATB(1+5)
an3ss 1494 121 CONTINUE

nn360 150% DO 122 I=NORFACs1s=1

nn363 151% DO 122 J=1,5

nn366 1524« 122 STRM(JrI)= STRM(J,I41)= GTM(J,I+1)+STM (.4, 1)
nn371 1534 DO 123 I=1,NQUIP

0374 154« STMM(I)=0.

nn375 155x% STRMM(I)=0.

nn376 156 DO 123 J=1+5

nn4nil 157% STMM(I)=STMM(I)4+ STM(J.T)

nnun2 158 STRMM(I)= STRMM(I) + STRM(J,1)

on4n3 159 123 CONTINUE

an4n3 160x (e
nnLn3 161« C REACTOR VESSELS
an4n3 162« c

nnunA 163x VES= TONS* 30,

nnun7 164x AA(49,17) = VES

nnu10 165« VESS = TONsx 16,

nanu11 l66x IR= 1

nn412 167% IF(VES«GT.1nnn0.) IR= (VFS/Z10000.) + 1.
andiy 168 IF(VES.GT.1n0n0.) VFS = 10000,

na416 169x IRR=1

nng17 1704 IF(VESS.GT«10000. ) IRR=(VESS/10000+) + 1.
nnu21 171 TANK = 800.% TONS / 50

any22 172x% AA(49,18)=3,2

nnus>3 173« AA(41,18)=3,2

nnu2y 174 AA(40,17)= TANK

anu2s5 1754 CALL. STORAG

nnu2aA 176x SAG= STRMM(2) * 2n0n./(20L.*B.33%60s) *(24¢/HOUR)
nnu27 177« IP=1

anu3n 1784 IF(SAG.GT.125n.) TP=(SAG/1250.) + 1,
an4z2 179x DO 93 IU=1.TP

nnu3s 180 XIP=IP

nn43a 181 AA(66+17) =(SAG/XTPY * 2u,

nnu3y 182x CALL PMPCNT

nnu4n 183% 93 CONTINUE

anLy2 184x% IF (VESS.GT.1n000.) VES< = 1n000.
nnuu2 185% C MISCELLA TANK

nnuuy 186x XIP=1IR

nnuLs 187« IP=(TONS*60,/ (50 x1ul.%xXTP)) + 2.

nnLua 188x% AA(51,17) = IP
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an4y7
nNUS2
ANUS3
AnuSyu
nNUs5sS
anusSa
anus7
nn46l
nnu6?
nnu63
anu6y
nnu6s
aAnLhHA
nNu6a7
nanu7n
nny71
nnu73
anu75
nNu76
anu77
ansno
nns5n1
nansn2
nn503
ansns
nn5n05
ansns
nns5N5
nn50A
ans11
nn512
ans13
nns1u
ans15
nns20
nn521
nns522
nn523
nnS524
nn525
nans27
nn531
nns532
nn533
anS3u
nn53s
nn53A
nnsun
ans41
nnsy2
nansSu3
nnSuu
nnsSus
nnsS4h
nns5u7

an550
nnssx

189«
190%
191«
192«
193x
1944
195%
196x
197«
198
199
200
201%
202x
203%
204
205
206
207x%
208
209%
210x%
211
212x
213
214x%
215%
216x%
217
218x
219%
220%
221«
222
223x%
22U x%
225«
226%
227«
228
229«
230s
231x%
232«
233%
234x
235«
236%
237%
238%
239«
2u40x%
241
242%
243%
244
245%

41

DO 41 I =1

TR

LOOPS= LOOPS + 3

AA(49,17) = VFS

CALL REACTR
CALL SCREEN
AA(T73,17) =

CALL AGITOR

N.005« VUFS
IF(AA(T73017).LTe2.) AA(TR,:,17)=2.
TAL7305) = 2.

SUMHP = SUMHP + 2.5

XIR=IR

SUMHP= SUMHp+ AA(73,17)

AA(66117)= TONS* 20n0«/ (HOUR®A,33xXIR)

CALL PMPCNT

ABC= AA(66117)/22.

IF(ABC.LE.2
IF(ABC.GT,2

.t}
o)

HP= 2.
HP= aBC

SUMHP= HP + SIIMHP
IAG17k5) = &
DX= SORT(TONS/50,) %= B. /SQRT(XIP)

AA(17417) = 6
AA(17+,18) = D¥x
CALL SCREWR
CONTINUE

NUTH=NOREAC = 1

C
C OTHER REACTION VFSSELS

(¢

42

DO 42 J = 1,1IRR

XIP=IRR

IP=(TONS*60,/(50.«XTP*14u,)) + 2.
AA(S1.17)=1p
LOOPS= LOOPS +

DO 42 1 =1
XIRR=IRR

'3

(3aN1TH)

SUMHP=SUMHP + 2.5
AA(B617)= TONS*2n0N.7/ (264, *B.A3*XIRR) *(22./60.)
CALL PMPCNT
ABC= AA(66017)V/ 22,
IF(ABC.GT.2,) HP=ABr
IF(ABC.LE.2,) HP=2.
SUMHP= SUMHp 4+ HP
AA(49,17)= VESS

CALL REACTR
CALL SCREEN

AA(T73,17)= n.n0S*VESS
IF(AA(T30e17).LT.2,) AA(T3,17)= 2.

IA(73:5) =

2

SUMHP = SUMHP + AA(73.17)

CALL AGITOR

DXx= SOGRT(TONS/S0 )« B. 7 SOGRY(XIP)

AA(17.18)=
AA(17017)=
IAC17,5)=
CALL SCREWR

- CONTINUE

TONS=TONSX

nx
e
5

(22./60.)
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nn553 246x% (&

anss3 247 % C MIXING TANK SECTION

nns553 248% (S

ans554 249 SACID= STRMM(1)%.n01%70.

nns555 250 IA(40,1)= 1

nn55A 251 % IA(40,2)= 1

nn557 252% AA(40,17) = SACID

nn560 253 % CALL STORAG

nna560 254 % C ACID STORAGE TANyk

nans61 255x% IA(49:,2) = n

nn562 256% LOOPS=LOOPS+ 2

nn563 257 % ACID = STRMM(1) *,0n1

nnsS64 258x% IA(66:1) = 2

nnsS65 259% AA(66+17)= 3N.*%ACTDx 200n./ (R.33%60.%xHOURX1,8)
nnS6A 260x% CALL PMPCNT

ansS66A 261x% C PUMP FROM ACID STORAGE To MIX TANK
nn567 262x% GAL=STRMM(1)x 200n./(8.33 )
nan570 263» SUMHP= SUMHP 4+ (.n015%AA(66,17))
nn571 264 % AA(L4D,17) = GAL * .n1

nn572 265x% AA(66017) = GAL %x20,/(HOIIR*60.)
nn573 266% IA(66+1) = n

nns74 267 % IA(40s1) = 2

nns575 268x SUMHP= SUMHP 4+ (AA(RA+17)%.0015)
nn576 269x CALL PMPCNT

nns576 270 C PUMP FROM PRESS TO ACID MIX TANK
nn577 271x% CALL STORAG

ans577 272x% (& ACID MIX TANK

an600n 273x% CALL PMPCNT

an600 274 C PUMP FROM ACID MrXx TANK T0 MISCELLA TANK

an600 275x (©

an600 276x% (o
c

an60n 27 7%

MISCELLA TANK BEFNRE PREHEATFR ( 1 HOUR HoLpuP)

nan6N1 278% SAA= 1.001% STRMM(1)

an6eN2 279% AA(4O»17)= SAA%20N0. /(HOIIR*8,33)
nn6N3 280% TASILOWTY ) b= 1

nne6nNu 281x% CALLL STORAG

nne6nNs 282x AA(66917) = 30. * AA(L4O17)

nn606A 283% IA(6601) = n

nn6N7 284 x CALL PMPCNT

nn610 285x% SUMHP = SUMHP + («.nn15%aA(66,17))
ane11 286x% PRINT 3000

nn613 287 x 3006 FORMAT(/50H STORAGE TANK BEFORE PREHEATFR
aneG13 288x G

nn613 289x% C STEAM REQUIREMENTS

an613 290% (&)

nn614 291 % STEAM1 = AA(90+16)*FACTIN%35,/50.
nn615 292x STEAM2 = AA(90+16)*FACT1n*20./50.
an6G16 293x STEAM3 = AA(90,16)*FACT1n*20./50.
nn617 294 % STEAMY = AA(9n,16)*FACTIN%*20./50.
nne62n 295% STEAM = STEAM1+STFAM2+STFAM3+STEAMY
nne2N 296x% C PREHEATER FOR DISTILLATTON ColUMN

nn621 297 % STEAM9= STRMM(1)%1.001 % 2000./HOUR % .1
ane22 298x STEAM= STFAM + gTFAM9

nne23 299 AA(67+17) = STEAMG % 1

ane624 300 CALL HEATEX

nnG2UL 301x (4!

nnGp24 302% C DISTILLATION COj UMN - MATERIA| BA| ANCE
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an624 303% c

0n625 30U % STOP(1) = STRM(Ss1) * .99887

nn626 305 STOP(2) = STOP(1) * .14u5

nnep27 306x% SBOT(1) = STRM(5,1) %= .0n113

nnN63n 307% SBOT(2) = STRM(4,9)= STOP(2)

nn6e3l 308% SBOT(3) = STRM(1s1) + STRM(1:2) + STRM(1,+3) +(.0n1*STRMM(1))
nn632 309x SBOTT = SROT(1) + SBOT(2) + SBOT(3)
nN632 310% c

anG32 311« C DISTILLATION COLUMN

nne632 3124 (¢2 REBOILER

nn632 313 (¢

nN633 314 STEAMR=AA(9ns16) » FACT1n*107n9./50.
nn634 315 AA(67¢17) = 1% STEAMR

nn63s 316« CALL HEATEX

an63A 317 STEAM= STEAM 4+ STFAMR

nn637 318x% TANKA= FACT10* Aalanes16)1%x 10N0./50.

an637 319« C TANK ASSOCIATEN WITH DYSTILI ATION COLUMN

IA(40,1) = 1
AA(40,17) = TANKA
CALL STORAG

nne64n 320%
nne4t 321%
an6u2 322x%

nne643 323« WIDTH= 4.% SART(AA(QUs1R)Y*FACTIN/T7S54)

I= WIDTH/2 .
WIDTH= 2=*]

nn6uL 324 %
nAN6ULS 325%

an6LA 326x% IF(WIDTH.LT.4.001y WIDTH = 4,

an6s5n 327% AA(43,18) =24,

ANGSN 328« C AA(43,18) = THF TRAY SpACING IN TNCHES
nn6s51 3294 AA(43,20)= WINTH

nnes52 330% AA(43,17)= sU4,

an652 331 C AA(43,17) = THF COLUMMN HEIGHT IN FEET
ank53 332x AA(L3,1) = L4

nneAS54L 333 CALL COLUMN

nn6LS 334x TA(42,4)=2

NNA5A 335 IA(42,2)=1

nn6es7 336 IA(42,3)=)1

nn66N 337« AA(42,18)=WTDTH

nne66R1 338« AA(42,19)=5u.

nn662 339« CALL VESSE)

nn663 340 LOOPS = LOOPS4+S

0an66U 341« WASTE = (.0Nn113+STRM(Ss1)) + (0001« (PRNCTA+PRDCTE))

nn6RS 3424
nn66A 343« IA(40,1) = n

nn667 344w CALL STORAG

nna7n 3454 LOOPS = LOOPS + 1

aneaTN 3464 C IPA STORAGE TANK (MAKEIIP TPA)

AA(4Ns17) = WASTE« 2n0N.7 B.33 = DAYSR

LLEY A 347 C CONDENSER FOR DYSTILLATYON Coni UMN
nn671 3484 WATER = 669,~ FACTin® AA(Q0,16)/ 50,

nnea7?2 3494
nne73 350«
674 351
an67s 352«
nn676 353«
nn677 354* SUMHP = HP + SUMWP
677 355« C CENTRIFUGE SECTION

CALL HEATEX
CALL. PMPCNT

AA(6T7+17) = WATER« A.33 = 60. *» .01
AAL66117) = 1n5. « (AA(9n,1A)+FACTLID/75.) * 20.

HP= 2.% (AA(9nv1A* FACTIN/TS,)

nn7TNn 356« MATRL = SBOTT + AA(9U,1R)
an7n1 357« OIL = STeM(1.1y + (AA(90,18)#x01IL)
nAn702 358« AALLNL1T7) = MATRLe 2000. /(HOLIR*A,33)

an7n3 359« TA(4N 1) =
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an7ny
an7ns
an7nA
an7ny
an71in
an71n
nn711
an712
on713
an714
an71s
an720
an721
nn722
an724
nn725
an726
nn726
an727
an73n
an731
nan732
an733
nn736
an737
an7u4n
an7u2
nn742
nn743
an7uy
ANT745
nnN74A
nn747
an75n0
nn751
an752
an753
nn753
nn753
nan753
nnN754
nN785
aAn78A
an757
an7el
nn73
an764
nn765
an76A
AN767
an770
an771
an772
on773
an774
an77s
nn776

360x%
361x
362x
363
364 %
365
366%
367
368x%
369x
370x%
371
372x
373
374 x
375x%
376
377
378x
379x
380%
381
382x
383%
384 x
385x
386x%
387«
388x%
389x%
390
391x%
392«
393«
394U x
395
396
397
398x
399
400%
401
H02x
403
404x
405«
406x
407x
408x
409
410%
411x%
412
413
414
415
Rlex

c
€
c

CALL. STORAG

AA(66917) = 3nex AA(LO17)
IACGE1Y = 00 ©

CALL PMPCNT

SUMHP= SUMHP + 0,0n15*AA(66+17)

NUMBER OF CENTRTIFUGES

47

HP = MATRLxN.01% 2nn0./ (HOUR*8,33)
NS = (HPZ220,) + 1.
HP = 20%x N3

SUMHP = SUMHP + WP
D0 47 I =1,N3
AA(SL417) = 20.
CALL CNTFGE
CONTINUE

LOOPS = LOOPS + N3
SABz OIL * 1.1

SCB= MATRL - oIL

SECOND CENTRIFUGE

46

OIL

HP= SAB *0.n25% 2n0n./(HOUR%24,)
N2= (HP/20+) + 1.

HP= N2* 20

SUMHP= SUMHP + WP

DO 46 I=1.Np

AA(52:17) =2n.

CALL SHARP

CONTINUE

HOTH20 = 0.1 % OI

STORAGE

DAZOIL=15.

AA(49,17) =NA70TLxOTL*20NnN«/B8.33
IA(40,1) =

CALL STORAG
AA(66017)=AA (409 17) %x30./(60,.*xHOURXDAZOT| )
IA(66,1)=0.

CALL PMPCNT

CALL PMPCNT

SUMHP=SUMHP + (2.xAA(66917)%.001)

DISSOLVED SOLIDS STREAM

3206

51

SBQT = SCB

SBAQAT= (STRM(2,1)+(xLIGD%XSOL)Y) * 2,

HWAT= SBQT - SBQAT

IF(HWAT.GE«n.) GO Tn 51

PRINT 3006

FORMAT(/50H FTISH <01 LUJABLFS ARF MORE THAN 50 PERCENT PROTEIN
AA(Q0,4) = SBQT

GO TO 52

CONTINUE

AA(90,4) = SBOQT
TONA=SBQRAT/HOUR%2n0N.
AA(33,17) = TONA/ 20.

CALL EVPHOR

CALL EVPHOR

CALL EVPHOR

SAQT = STRM(2+1)/n.3
IF(SAQT.GE«SBAT) <AaT = <RQT
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n10nn 417 AA(33,17) = SAQT = 2000« /(HOI'R* 25,)
n10n1 418% STEAM = STEAM + (HWAT * 2000./HOUR)
non2 419« CALLL. EVPHOR

n10n3 420% IA(66r1)=0,

nony 421 % AA(66217)=3n.%SRAAT *¥20N0«/(10e%60« *HOIIR)
n1005 422% CALL PMPCNT

n10nA 423 HP=.001%AA (AR, 17)

n1on7 424 % SUMHP=SUMHP + HP

ni1on7 425% C

n1007 426 (] ACID MIX TANK

nion7 427 % C

n1010 428 AA(40,17)=SROAT *2n00./010.%1,)%,01
n1011 429« IA(4001)=2

01012 430% CALL STORAG

no13 431 % IA(40,1)=0

n1013 432 (6

n013 B33 C STORAGE OF FISH SOI UAB; FS(15 DAYS)

n013 4304 €

n014 435« IAl66r1)=0

n1015 436% AA(6OP17)=3n.xAA(L0.17)/(A0.%HOUR)
n101A 437 CALL PMPCNT

no17 438 HP=.N01%AA(AR,17)

n102n 439« SUMHP=SUMHP + WP

n1021 440% IA(40,1)=2

n1022 441 « AA(40,17)=5RANT *2nN0./710. =15.
n023 4424 CALL STORAG

n1024 443 IA(40,1)=0.

n1025 4444 52 CONTINUE

n1025 445 [

n1025 446 C ACID TANK AND FIsH SnLIIABLES STORAGE

n 025 447 C

n1025 448« C

n1025 4494 C DRYING AND CONDYTIONING OPFRATION(SOLIDS FROM EXTRACTION VESSFLS)
N1 025 4504 (o

N 026 451« TASA= STMMINOREAC+1)y/2.

no27 4524 NZ= NOREAC + 1

n103n 453% TASB= STM(1,N7) + STM(2,N7) + STM(3,N7) +(0.n5*«STM(4,N2))
N 03n 454 % 1 + (STM(S5,N7)%1.F-0u * 1.0 )

n1031 455% TASC= STM(4,N7) * .a5

n032 4564 TASD= STM(5.,NZ) * ,099%

n1033 457« STEAM6 = (TASC + (1.n =» TASD)) = 2000, 7/ HOUR
n103u 4584 STEAM= STEAM + STEAMG

nN1034 459 C DRYER = CONDITIONFR

nN1035 460« AA(21,17) = 3.8B# 16.% TAGA/ 2u,

n103A 461 % IA(21+5) = 6.

nn37 4624 BB(2) = n.9

noun 463 CAL|. DRYERR

LRI | 464 BR(2) = 1.0

1042 465« IAL21,8) =7

n1043 466 % CALL DRYERR

04y 467+ BB(2) = 1«n

n1045 468« TA121+8) = 7

n0uA 469« CALL DRYERR

noL7 470 IA(21,5) = A

n0sn 4714 BB{2) = 1.0

10581 4724 CALL DRYERR

01052 473 LOOPS = LOOPS + u

so

SO
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f1053
M 084
11055
21056
11056
2057
M 061
M 062
NM063
M 064
N 065
N1 06A
" 067
a1070
1071
11072
nN073
N1 074
nn7s
a1075
a1075
1075
01075
N N75
M076
N 076
NM077
a100
1101
102
21103
Ming
N 105
fM1np
01107
110
n111
111
1112
n1113
nM11s
11115
SR I
N7
nM117
n1123
124
n1125
"M126
U B2/
1130
01134
N1 135
M113A
21136
1136
n136

474
475x%
476x
477
478x
479
480%
481
4824
483
484«
485%
486 %
487«
488x
489«
490N %
491 x%
492x
493
494«
495«
496«
497x
498x
4994
500
501x%
502x%
503,
S04
505%
506x%
S507x%
508%
509%
510%
511
512«
513«
514
515%
S516%
517+
518x%
519+
520%
521x%
522«
523«
S24x%
525x%
526
527
528x%
529%
530

AA(17,18) = 6,
AACLT7e17) = 20,
IA(17:5) =l

CALL SCREWR
C CONVEYER FOR MI) L
IF(IPTION(2).FQ.3) GO To 44
AA(18,17) = (TASB/B.)
CALL HAMMER
HP = TASB * 2n00.% 75./(HOUR%X700,)
SUMHP =  SUMHAP + WP
PRDCTA= STM(2,NOREAC+1) + STM(3,NORFAC+1)
PRDCTA=PRDCTA/N.95
PRDCTB= 0.
AA(75917) = PRDCTA * 200n./(25. * HOUR % 60.)
CALL BAGGMA

CALL SCALE
AA(75917) = &A(759217) * HOUR * A0
GO TO 49
44  CONTINUE
(&
C AT THE TIME THIS cODE WaS COMPILEN THERE IS NO SATISFACTORY METHOD
C OF SEPARATING ASH AND DrY PROTEIN- SPACE IS PROVIDED WHEN THIS
C TECHNOLOGY BECOMES AVAT) ABLE
(0]
49 CONTINUE
c BOILER

AA(27+18) =15n.
AA(27+17)=STFAM
CALL BOILER
IA(40,1)=2
AA(40917)=STEAM*1n0n.*HOIIR/ (8.33%x140000.) *15,
CALL STORAG
TA(66r1)=0
AA(66217)=3n. xAA (LG, 17)/(A0,.%15,%HOUR)
CALL PMPCNT
HP=,001%AA(AA17)
SUMHP=SUMHP
C CONTROL LOOPS
XLOOPS = LOOPS

COST(1) = Xi OOPS*AA(10001)
COST(5) = COST(5)

COSTA(1) = COSTA(31) + COsT(1)
COSTA(S) = COSTA(s5) + CO&T(5)

PRINT 1021, COST(1),COST(R)
C FORK LIFT
1021 FORMAT(/25H CONTRoL INSTRUMENTATION * 35X F1n.3,30XeF10.3)

COST(1) = AA(1N0,20)

COST(5) = CnST(1)

COSTA(1) = COSTA(1)+ COST(1)
COSTA(5) = COSTA(s)+ COST(5)
PRINT 1022¢ COST(1),COST(5)
AA(B»17) = TOMNS

CALL CONDEN
1022 FORMAT(/ 254 PAYLOANFR
c
C BOILER WATER TREATMENT
c

P 10X 25X F10e3930XsF10.3)
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8137 531« COST(5)=1.

ny140 532« COST(1)=COST(5)
141 533x PRINT 4242s COST(1),C0S51(5)
ny145 534 % 4242 FORMAT(,/25H BOIILFe wATFR TREATMENT

Flna3,30xyF10.3)
COSTA(1)=COSTA(1) + cOST(1)
COSTA(5)=COSTA(S) + COST(R)

n114s 535« 1
a1 1uA 536

1147 537

0147 5384 (6
81147 539x (& SEA WATER PUMPS
0147 S540% (¢
n1150 5414
n1151 542«
n1152 S43x IA(ABIT1)=1 .

a1153 S4ua IA(ABe4)=2.

154 S45% CALI. PMPCNT

11185 S4h IA(6Re 1) =0

N1 156 547 TIA(66r4)=D

n1157 5484 HP= 001*AA(ARA»1T)
160 5494 SUMHP=SUMIIP + HP
A1160 550« c

n1160 551% C CARBOM ADSORBER

n1160 552x% | &

AA(DQN, 10)=WATFR*ANe + 4. %STEAM
AA(RBP17) = AA(00.10)*1.2/60.

n1161 553# cosTt(1)=2.
1162 5544 coSTi{5)=CoST(1)
N1163 555% PRINT 4243, COST(11,CO0ST(5)

167 556% COSTA(1)=COSTA(1) + COST(1)
n1170 557 COSTA(5)=COSTA(S) + COST(R)
a1 171 558 4243 FORMATI(/25H CARRBOM ADSORKER
a1171 5594 1 1Fin.3,3aX.F10.3)
1171 S560* (5
n1171 561» o
1171 562x €
172 563

VENT CONDENSER

AA(BDLe L7)=2n.

01173 5644 IA(R7»1)=1
1174 565« IAN6724)= u
n1175 566 CALLL. HEATEY
n176 567+ IA(RT 1) =0
n177 568% IA(RT ) =0
n200 5694 CAL|. SCALE

n2ni S70 CALL SCALE

n2n? 571x PRINT 1041+ (CNSTA(J)»J=1.6)
n1210 5724 1241 FORMAT(//25H TOTaAL COSTq
ni211 573« AA(9Ns2) = SIIMHP2«7457 « 24.
n1212 S574x» AA(100+10)= COSTA(5)

213 575x AA(9N,1) = STEAM&1ONnN.#*2u,7140000,
n213 576+ £ MATERIAL BA| ANCE

nM214 577» AA(9D,3) = PRNCTH

n1215 578« AA(90,7) = PRDCTA

n216 579« AA(9N,5)=01)

n217 580 AA(9Ny 1B)=WASTE

n22n 581 AA(Qn,19)=AcID

n221 5824 CALL MATER(TONS)

n1222 5834 FISH = TONS#2000./2u.

n1223% 5844 PRINT 1n03 , FISH

1nX »15H ¢+ 10H

10X ¢ 15H »10H

e 35X6F10.3)

n1226 5854 1003 FORMAT(/7X27H FISH TO FXTRACTION VESSFLSFA.Ne7H LB/HR )

01227 586«
n1230 587«

YYA=STEAM]
PRINT 1201svYa
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Table I.--Continued.

FORMAT (/8Xr 35H
YYB=STEAM2
PRINT 1202¢YYR
FORMAT (/8X» 35H
YYC= STEAM3
PRINT 1203rvYC
FORMAT (/8% » 35H
YYD= STEAMY4
PRINT 1204sYYD
FORMAT (/8X» 35H
YYE = STEAMa
PRINT 1205»YYF
FORMAT ( 78X » 35H
YYG= STEAMR
PRINT 12061YYG
FORMAT (/8X 1 35H
YYH = STEAMa
PRINT 1207¢YYH
FORMAT (/78X » 35K
YYI= STEAMW
PRINT 1208sYYT
FORMAT (/8X» 35H
YYJ=(STEAM*w. )
PRINT 1209rYYJ
YYK= WATER
PRINT 1210rYYK
FORMAT (/8Xr» 35H

)

FORMAT (/8% 351
)

YYl.= STEAM
PRINT 1211svYYL
FORMAT ( /8X» 35H

STFAM(STIRRED VESSFL 1 )

STFAM(STIRRED VFSSEL 2 )

STFAM(STIRRED VFSSEL 3 )

STFAM(STIRRED VESSEL 4 )

STFAM(PREHEATER=DISTILI ATION)

STFAM(REBOTLER)

STFAM(ROTARY DPYER

FPc )

STFAM(ROTARY DRYEP BONF MEAL

CONLTNG WATER DISTILLATION COND.

COnLTNG WATER CcONDENSER

TOTAI STEaM

YYM = (STEAMx4,) + WATER

PRINT 1212¢YYM
FORMAT (/78X ¢ 35H
PRINT 1213
FORMAT (//U4Cx.

TOTAI WATFR

nN1233 588x 12481
1234 589«

11235 590

a1240 591« 1292
n12u1 592«

n1242 593

n1245 594« 1223
n12uhk 595x

n1247 596x%

n1252 597« 1254
11283 598

n1254 599«

n1257 600% 1285
1260 601

n1261 602%

n1264 603x 12486
1265 604 %

nN1266 605x%

n1271 606 1287
n272 607x%

n1273 608x

MM 27A 609% 1248
N 277 610

n13n0 611

n13n3 612«

N304 613%

a13n7 614x% 1210
01307 615x% €
n1310 616x% 1209
11310 617%

01311 618x

nN1312 619

nM315 620 % 1211
M 316 621

n1317 622

01322 623% 1212
N1 323 624 %

n1325 625% 1213
n1325 626x%

n 326 627%

n1334 628

n1342 629x%

n1350 630%

n1356 631

n1364 6324«

N 372 633

aunn 63U

NM40A 635

LERTS I 636

nu22 637 % 1214
ny23 638x 205
nu24 6394 1216
n1u25 640« 1217
NU426 6414 1218
nu27 6424 1219
A 430 643« 1227
N431 6444 1221

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

12149 (STRM(190K) rK=195)
12159 (STRM(29K) 1K=1+5)
121679 (STRM(29k) rK=1,5)
12179 (STRM(uek) rK=1,5)
1218+ (STRM(&sK) 1 K=1,5)
12199 (STM (1K) 1K=1,5)
12200 (STM (39Kk) 1K=1,5)
12210 (STM (29Kk)PK=1+5)
12229 (STM (LK) rK=1+5)
12239 (STM (8rk) 1K=145)

FORMAT(/10X20nH
FORMAT (/10X2nH
FORMAT (/10X20Y4
FORMAT (/10X20H
FORMAT(/10X20H
FORMAT (/10X20H
FORMAT ( /10X20H
FORMAT (/10X20H

RAFFTNATE OIL
RAFFTNATE ASH

RAFFTNATE PROTEIN
RAFFTNATE WATFR
RAFFTNATE ALCOHOL
EXTRACT O1L
EXTRACT ASH
EXTRACT PROTEIN

»10Xy4(F1n,3,
110X, 4(Fln,.3,
v10¥,4(F1n,3,
v 10X 4 (F1n.3,
v10%,4(F1n.3,
v110X,4(F1n,3,
»10¥%,4(F1pn,.3,
v10%,4(Fln.3,

'FB8,.007H

'FB.N»7H

'F8.0,7H

'FB.0s7H

'F8.0,7H

1FB.0s7H

'FB.0y7H

'F8.0,7H

+F8.0s9H

»F8,0»9H

'F8.0s7H

'F8.0,7H

8X)rF10.3)
B8X)»F10.3)
BX)rF10.3)
AX)»F10.3)
EX)rF10.3)
BX)rF1De3)
ARX)21F10.3)
BX)rF10.3)

LB/HR

LB/HR

LB/HR

LBR/HR

LB/HR

LR/HR

LB/HR

LR/HR

)

GAL/MIN

GAL /MIN

LB/HR

LR/HR

)

)

9H STRFAM 1,7X+»9H STREAM 2,7Xs9H STREAM 3,7X+»9H STR
CEAM 4,»7X»S9H STREAM 5,/)

)
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Table I.--Continued.

N1432
N1433
LERTEYT
n1435
nluun
LERTYS |
a1442
f1443
N1446
nuy7
1452
N1453
n1us5y
N14R7
au60
LERTECS §
n1464
N1465
N1U46AA
n1471
nu72
nu73
n1474
n475
n1500
n15n03
n150u
n15n%5
n15n6
n511
N1512
n1513
"M 514
nN1515
11516
(6 T

645x%
6464
647
648x%
649
650%
651 %
652
653
654 %
6554
656
657%
658%
659 %
660 %
661
662 %
663%
66U %
665%
666%
667
668x
669
670
671x%
672
673%
674
675%
676%
677%
678x%
679
680%

1222
1223

1224

1225

1226

A2

1228

1236

1231

1232

1233

FORMAT (/10X2nH EXTRACT WATFR 210%,4(F1ln,3,
FORMAT (/10X2nH EXTRACT ALCOHOL ¢10Xsu4(F1n.3,
XXA= STMM(5)y% 200N« /24,

PRINT 1224 XXA

FORMAT (/8X»25H FLoW FROM FXTRACTION VESSEL 4
xXB= STRMM(1)x 20n0,/24.

FORMAT (/8% 35H FLOW FROM FXTRACTION VFSSEL 1
PRINT 1225 XxB

XXC=MATRL*2nN0G«/HOUR

PRINT 1226 xXC

FORMAT (/8% 251 AQIIENIIS STREAM(CENTRIFIIGE)
XXD=(STOP(1)4+STOP(2))*20n0 /204

PRINT 1227 yXD

FORMAT (/8X»35H TOPS FROM NISTTLLATION coLUMN
XXE= SBOTT*20nN./24.,

PRINT 1228 xXFE

FORMAT ( /8X»35H BOTTNMS FROM DISTILLATION CO) 1IMN
XXG= AA(Q0¢r5)*20NN. /24,

PRINT 1230»¥XG

FORMAT (/8x» 354 FIcH oIL PRONDUCT
XXH=AA(QQ»3)%200N. /24,

FORMAT (/8% » 354 FIGH PROTFIN CONCENTRATE
XXI=AA(90,T)y%2000, /24,

PRINT 1232+ XXxH

PRINT 1231¢ XXI

FORMAT (/8% » 35H BONE MEAL CONCFNTRATE
AA(95,1)=SBnaT
XXJ = AA(95,1)y* 2n0n./24,

PRIMT 1233» XXJ

FORMAT (/8% »25H FTaH SOLUARLES
IXX=(14,0%x(TONS/5Ne 1 %%.31) + 0.5
AA(90,B)=IXy*A

AA(9NI )= (YYJ+YYK)*0U .

AX)rF10.3)
BX)rF10.3)

'FB.0+7H

1F8.ns7H

1FB.ns7H

'FB8.0s7H

'FB.0,7H

'FB.0s7H

'FB,.007H

1F8,.0,7H

'FB.Ne7H

LR/HR

LR/HR

LB/HR

LB/HR

LR/HR

LAR/HR

LR/HR

LR/HR

LR/HR

AA(Q0,13) = AA(Q0,13) + (AA(90,3)+AA(QD»7)+AA(GN,2N) +AALON,4))

RETURN
END

END nF COMPILATION: NO DTAGNOSTYICS.
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Table I.--Continued.

RFOR,S BIOLNG*BIOLOG

FOR S9A=07/12"11:24 (0,)

SUBROUTINE BIOLOG

STORAGE 11SED: CODE(1) n02350; NATA(N)y NNU733; BLANK COMMON(2) nnonnn
COMMON BLOCKS:

nno3
nno4

RLOCK1 265050
RLOCK2 860016

ENTRY POINT D02204

EXTERNAL REFERENCES (BLOCK», NAME)

nnons
nnos
nnoz
noin
nni

nniz
nnis
nniy
nnis
nnie
nniz
nn2n
nnzi

nnzz
nnzx
nn2u
nnz2s
nonze
nnz27
nnan
nn3i

nn3z
nnax
nnay
nnas
NNk
nnaz
nngn

STORAGE

nno1
nnon
nnon
nnon
nnon
nnon
nnnn
nno1

pMPREC
RELT
STORAG
REFRIG
PMPCNT
SsILo
BUCKET
GRINDR
REACTR
AGITOR
SCREEN
SCREWR
DRYERR
HAMMER
RAGGMA
SCALE
SHARP
FVPFLM
EVPSPR
HOILER
CONDEN
MATER
NRUCS
n102g
NPRTg
nI1O1g
NEXP&S
NERRAS

ASSIGNMENT

000367
nof263
no%375
nofuul
no%50S
nnh225
nnt2u3
00%n20

lnovL

100uF
1609F
1013F
1618F
1022F
1041F
1226

(BLOCK

0000
nnao
0noi1
0nav
0000
ongo
onoit
onaon

TYPE .

nnonul 10n0F
ANN274 1005F
NnnsSA4 1U1L
NONUs2 1014F
0nNnS16 1019¢
nonNsun 102 3f
onnnas 106G
onn1ino 20n0F

RE)1 ATTVE 1 0OCATTON,

nono
aoonn
anno
GoNo
nont
o0no
aono
aon1

NAME )

nonnso
non342
non40e
non30S
non627
nonss1
nonn27
nonl34

10nl1F
10NKF
101nF
1N15F
1021
1024F
111F
2016

noon
nnon
noon
nono
nnonn
non1
noonn
nonn

nnon6S 1002F
nno353 1007F
nno417 1011F
nnou63 1016F
nnos527 1020F
nno7i2 103L

nno327 1111F
nno113 3000F

nono
nnnn
onnn
onnn
nnno
onnn
nnni
nnnon

onn2s2
0nn364
nnn4xo
non474
nnn2n7
nnn3i6
0onno13
nnniz1

1003F
1008F
1012F
1017F
1n21F
1N33F
1146

42u2F
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Table I.--Continued.

nDOOD
nno1
nnou
nnono
noon
nnon
nnon

aninl
nnins3
aninug
na1ns
fn11n
anl11
nn113
anllA
nnl17
anl21
an124
nnlze
nnil3s
anl13A
anil4n
LLRRTS|
anius
AN1L47
nn1&n
ani1su
anisy
nni1ss
nani6d
LB ECS |
nni62
anlhu
anléu
nni16s5
ani67
anLa7
na1A7
nnle67
nalR7
ani67
an1i7n
an171
nn172
nn173
nn17u
ant7s
nn176
nn177
an20n
an2n3
aa2ns
nan2nea

N07153 4249F onoai 0N11lan 4706 n0no nono3l sonnF nnni nnlz34
nol7s7 7226 00a3 p 0NNONAG AA 00N0 R Nonol2 ADDT nonN3 rR NO4704
R n07n00 COST 0no4 r 00OONAT COSTA a0N0 R NOND23 FISH nnno r NNONODG
R 009003 GALS 0Noo0 R 0NNONT HP 0000 I nono00 1 00n3 1 NN3720
I 00f%ni14 IMNST 0noo 1 00NN25 TXX no0n0 1 Nonn22 nopn 1 0nON10
R 008n26 PxX - pnad r 0NNN1E SLDS 0000 R 0nnn04 SUMHP n0on r NNONO1L
R 007015 vOLD 0000 e ONON13 VOLT 9000 R 00N017 WATER nann r NNON20
1% SUBROUTINE RIOLOG(ToNS)
2% COMMON/BLOCK 1 /AA(10n,20) . TA(1nD»5)¢BB(100)
3 COMMON /BLOCK2/ COST(7)»COSTA(T)
Y DO 1 I=1.7
5% COST(I) =Q.n
6% il COSTA(TI)=0.n
T DO 2 I=1,20
Bx AA(QO,I) =0.N
Qx 2 AA(91,1I) =0.0
10% DO 10 I=30033
114 19 BB(T) = BB(T)«0.01
12% READ 111 »BB(4n)»BR(u1)sBR(42)BB(43)»RB(44)
13% 111 FORMAT(5FE12.5%)
14% PRINT 5009
15% 5000 FORMAT(/8X36H ANTINXTDANT PRICF AND EFFECTIVENESS )
16 PRINT 1001,BR(44) mnBru3d)
17% PRINT 10900
18« 1086 FORMAT(/8%X31H ENZYMF PRICF AND EFFECTTVENESS )
19« PRINT 1001+:RB(41),Br(40)
20N 1001 FORMAT(/8x%8H PRICF =,F5.2+12H DOLLARS/LRs*FA.3,32H LR REGUIRFN PF
21x% CR 10n LB OF FISH )
22% IF(BL(42) +6T. N.n) PRINT 1002:BE(42)
23« 1062 FORMAT(/8XFR.2+511 PFRCENT OF DISOLVEN pROTEIN PACKAGED AS BCF PA
24 % CSTE. ) .
25x% PRINT 2000
26% 2000 FORMAT(1H1//55H DFTATLFD FOUIPMENT COSTS (AL COSTS TN 1000.0n DOL
27+ CLARS) )
28% PRINT 3000
29« 30486 FORMAT (//1gH FAUTPMENT TYFFe10X104 CAPACITY,»12XG9H MATERTIAL*
30« CHOH BASE MATFRTALS LABOR INDIRECT MODULE RANGF +/7h
314 COX60H COST cOSTS COSTS COSTS coST + OR = )
32 (o
33 C UNLOADING AND STORAGE nF FISH
34 x C
35% TONSA=TONS*20N0./R« 33
36 GALILON= TONSA/ (24, *AN.)
37« GALS =GALLON%1.3
38« SUMHP= 0,
39% IAlLE5¢1) = n
40% TA(6592) = 1.0
41« AA(65:17)= GAI S¥3n.
42« NUM = TONS/sN0 + 1
434 DO 143 I=1,nUM
Gy 143 CALL PMPREC
454 IA(6512) = nen
464 SUMHP=  SUMHP +(AA(AS 171 %4001 %1.5)

5106
BB

IA
LOOPS
TONSA
WATEVP

nnont
0onn
onno
nonn
nonn
oonn
0onnon

0on1730
onnn24
nonnn2
onn720
nnnonsS
nonnn1l
onno21

7076
cooL
GALLON
INJPE
NUM
TONSG
XLOOPS
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an2nz
nAn21n
nn212
nn21u
an2164
an220
nn221
nn222
an223
nn22u
nan22s5
nn226
ang27
an23n
nna231
nn232
an233
an23u
an23s5
11236
an240
an2u1
an245
an246
nna4y7
nn247
ana2u7
an250
nn251
nAn2s52
an2s53
an25u
nn2s5
nn255
nn25A
nn257
nn2e60
an261
nn262
an262
nn262
nn262
nN263
aN2h4
nn2e65
NN26A
nn267
an27n
nn271
an272
an273
nn274
nn275
nnN276
nN276
274
nN276

47%
48
494
50%
S51x
52x%
53x
S4x
55%
56
57%
58x%
59x%
60x
61
62x
63x
64 x
65x%
66x%
67 x
68x
69x%
70%
T1x
T2x%
T73%
T4x
75%
T6%
T7 %
78x%
T79%
80x
81x
82«
B3
84
85
86x
87 x
88x%
89
90 %
91 %
92x%
93x
94 %
95x%
96x%
97 %
98x%
99
100
101«
102«
103«

4249

1

SUMHP= SUMHP +(AA(AS»17)%¢001%1,5)
IF(TONSA.LT.30000.) G=(3nN0N./(2L,.*60,))%15,
IF(TONSA.GE.3nN0N.) G=(450000.7(24.%60,))*15,
IF(TONS.LE.150.) AA(7091R)= 36,
IF(TONS.GT«150s) AA(7041R)= 48,
AA(70s17)=1nN,

CALLL BELT

HP = TONS*C.NG124 +13.6

SUMHP = HP 4+ SUMHp
AA(40+17)=3n.0*TONS

IA(40,1)=04n

IA(40,2)=2

CALL STORAG

TA(40,2)=0

AA(85917)=0,5xTONG*3,0

IA(B85¢1) =3n

CALL REFRIG

SUMHP = SUMHP + 4 _ 72%AA(AS217)
COST(1)=1.19

IF(TONS«GE.3nn)y COST(1)=1.88
COST (5)=CcOST (1)
PRINT 4249, cOST(1y, COST(5)
COSTA(1)=COSTA(1)+c05T(1)
COSTA(S5)=COSTA(5)+C0ST(5)

FORMAT (/25H BRINE MAKE=UP+SALT STOR.» 10X »15H

'F10.3,30X,F10.3)

C PUMP FOR BRINE MAKE=UP (RRONZF)

IA(66,1)=1

AA(66017)=TONS3.%20nN«/ (D4 %60 %62 4) %, 69%7 .75

CALL PMPCNT
IA(66r1)=0
HP=«N01*AA(6A+17)
SUMHP=SUMHP+HP

C PUMP FOR WATER INTO BRTNF MAKF=Up

c

AA(66r17)=AA(RGr17)%,917
IA(6691)=0

CALL PMPCNT

HP=. 001%AA(6A417)
SUMHP=SUMHP+HP

C FISH STORAGE FOR 3 DAYs

c

TA{(7s 1)=1
AA(T917)=3.%TONS*2n0N.*1.A9/62. U
CALL SILO
LOOPS=0.0
LOOPS=LO0OPS+3.
CALL STLO0
TONSG=TONS/24 ,
AA(71,18)= TONSG
AA(71+17)= 20,
CALL BUCKET
HP = TONS*0.nn0106
SUMHP = HP + SUMHp

(6
C FISH GRINDING ANP DIGESTTON

c

» 10H
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nNn277
an3ni1
2n303
nn3ans
an3nNA
NS 31.0)
an311
anii1l
an312
ﬂn3‘3
nn3iy
nn315
fn315
nn3le
an317
an32n
an321
an322
nn323
an324
an325
nn326
nn327
na3an
nn331
an332
nn333
N33y
nn33s
an33aA
nn337
anadun
an3y2
an3uy
An34A
nn3sn
nn3ni
nNn3K2
nN3"3
nn3sy
an3ss
N3R8A
Nn357
01360
nn3nl
nN3n2
nn363
an3ny
nn3rs
NN3HA
an3a7
nn371
nn373
an375
an377
anunl
anung

104
105+
l06x
107x%
108
109%
110%
111«
112
113%
1144
115«
116
117
118«
119«
1204
121
1224
1234
124%
1254
126%
127
1284
1294
1304
1314
132
133«
1344
1354
13ﬁ*
LR %
138«
1394
140%
1414
142%
1434
1444
145
146«
1474«
148%
149
150«
151«
152%
1534
154«
155«
1564
157«
158«
1594
160%

1290

IF(TONSG «LT. 3) AA(SU17)=3
IF(TONSG .GT. 6) AA(S0»17)=6
IF(AA(50,17) .GT. G.N) CaLL GRINDR
TONSG = TONSG=AA(RO,17)

IF(TONSG .6GT. 0.2y 0 TO 100

HP = 40*TONSG/3
SUMHP=HP+SUMHP

C PUMP AFTER GRINDFR

AA(RAI1T)=30.%TONS+2nN0/ (24 . %A, *8433)
IA(6691)=0

CALL PMPCNT

SUMHP=SUMHP+.0N1%AA(RA17)

C PUMP BEFORE DIGESTER

192

CALL PMPCNT
SUMHP= . 001%AA (A6 17) + SUMHP

AAL4NI17) = 2%TONS*20N00./(B,3%3%24)

IAC4091) = 1

CALL STORAG

IA(40,1) =0
AA(9Ns15)=TOMS%. NNARY
AA(9N13)=(BR(30)+RB(31)+RBR(32))*TONS*.n01
AA(ON»17)=TONS%0.0L3>
AA(9ONy14)=TONS%N, (1192

AA(GN, 12)=TONS* (BR(uN)/Z1n0e0)
ADDT=0.0
ADDT=AA(99s12) +AA(aQ,13)+4A (90N, 15)+AA(00,17)+AA (9N 14)
AA(91,1)=ADDT+2.%TNg
VOLT=AA(9191) %2000/ (R«33%xU.8)

AA(51:2) =2.0

AA(S1,17) = 2.0

AA(L49,17)=VOLT/3

IF(AA(49,17)y .LT. 1nn0N) AA(73,17) = AA(49,17)%0,.005

IF(AA(49,17) LT. 1nn00) GO T 101

IF( AA(49,17) GT. 10000) AA(73,17) = 5n.

IF(AA(49,17y .GT. 1nnun) AAt49,17)=10d0n0
AA(66,17)=30,%AA (40 17)*4 A/ (6N *2U,)
IA(6601)=0
CALL REACTR
CALL AGITOR

CALI. SCREEN

CALL REACTR

CALL AGITOR

CALL SCREEN

CALL REACTR

CALL AGITOR

CALL SCREEN

INST = 3

HP = 3%AA(72¢17)

SUMHP = HP 4+ SUMHp

VOLD =VOLT =AA(49,17)+3

IF(vOLD «LT. s00) Gn TO 103

IF(VOLD LLT. 1000n) AA(4aQ,17)=VOLD

IF(AA(499 17y LT. 1n0UD) AALT3,17) = AA(49917)%0.005

IF(VOLD .GT, 1000Aa) AA(49,17)=10000

IF( AA(49,17) .GT, 100N0Y AA(73+17) = 5n.

CALL REACTR

CALI. AGITOR
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nnun3
an4ny
nnuns
andneA
an4n7
an410
nnu11
nn411
nnu11
ANl
nne12
nn413
nnu13
ankiy
nnL15
nane15
nnile
anbi1A
aNu17
nnL20
anu21
anyg22
anu23
any23
nnu23
nny23
nnu2y
nn424
any24
nnu42s5
nny2s
nnu26
nnu27
anu3n
ong31
nnuy32
nn433
and 3y
nnyxs
nN4 36
anu3a
ANL3A
nN43A
anu37
anuun
nnuul
nnuyp
ONL4L3
nn4guy
anuus
nn44p
anuu7
anuy7
an4dsn
nnus1
nnys2
0NLs3

161x
l62x
163x
léeux
165x%
166
167x
168«
169«
170%
171%
172«
173«
1745
175%
176x
177x
178x
179%
180
181x
182«
183
184 %
185x
186«
187x
188x
189«
190x
191«
1924
193x
194x%
195x%
196
197x
198
199«
200%
201
202x
203%
204x
205x%
206x
207x
208
209x%
210x%
211x
212%
213
214
215x%
216%
217 %

CALL SCREEN

INST = INST + 1

VOLD = VOLD =aA(4as17)
HP = AA(73¢17)

SUMHP = HP + SUMHp

GO TO 1n2

CONTINUE

(62
C BONE FEED STREAM

(e

(&
C
(e

B(2)=1.

gLéS;(%(QO./667.)*RB(31))+((11n./?50.)tBR(32))+((10./§00.)*BR(30))
C)*TONS+((125,/299.3)xADDT%(110./250.))

WATER=TONS* (1.+BB(33))+(174+3/299,3)%ANDT

AA(91910)=(((1B0N./A67.)%BR(31))+((112:/500+)%BB(3N))+((50./250n.)*B
CB(32)))*TONS+((125,/299,3)*ADDT* (506 /250.))+((1N58+/7216.5) *WATER)

AA(91+,2)=(32n./160,) xSLDS

PUMP FOR SLUDGE FROM CFNTRIFUGE

IA(6601)=0
AA(66+17)=AA(919101V%3Ne*2n00,7/ (24 .%x8,.33%x604)
CALL PMPCNT

HP=.N01*AA(6A+17)

SUMHP=HP+SUMHP

SCREW CONVEYOR

AA(17,18)=6

C FISH OIL STREAM

c

(¢3

(¢

AA(91+,3)=AA(01,1)=AA(91,2)

PUMPS BEFORE AND AFTER HoLD TANK OF FIRST CENTRIFUIGE

IA(66:1)=0
AA(17,17)=20
IA(17,5)=1
CALL SCREWR
IA(21,5)=3
AA(21,17)=AA(Gls2)%2,5
CALL DRYERR
AA(9ns3)=(SLNS+AA(G1,10)=((1058./7216+5)%xWATER)) /.9
AA(91+12)=AA(91,2)+AA(91,10)=AA(9N.3)

C BAGGING MACHINE FOR BONE MEAL

c

AA(T75017)=AA(90+3)x2n00./ (24 ,%60.%25,)
IA(75+2)=0

IA(75¢1)=0

AA(18+17)=AA(90,3) /24.

CALL HAMMER

CALL BAGGMA
AA(75+5)=AA(75,17)
AA(72,17) = 18,

CALL SCALE

AA(66917)=AA(9113) %3N *20N0e/(Ro33%2L %60, )
CALL PMPCNT

CALL PMPCNT

SUMHP=2.%,001*AA (669 17)+SI1IMHP
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anusy
NNU55
naLsA
nnus7
nNUAEN
nau6l

nnu62
nnuA2
ANUAR3
nn4sy
nauRrs
nNu6A
nNu67
nnu72
anyg73
any75
ANUT7A
anu76
any77
ansnn

ansn1

ans02
ansn3
ansSnu
ans5ns
nan5neA
nnsnN7
nn512
ans13
ans13
an513
ansS13
ans515
nn516
nn517
ans17
nan517
an517
an520
nn521
an522
ans23
anS2u
nan525
nnS2a
ans27
nn530
nn530
nn53n
nn530
nn530
nan531
nn532
ans33
an53y
nn535
nn536

218x%
219x
22N%
221«
222%
223%
22u4x%
225%
226
227+
228%
229
230%
231%
232x%
233«
234 %
235x%
236x%
237 %
238x%
239%
240%
241
242
24 3%
4L %
245
246x%
247«
2484
249
250 %
251%
252x%
253
25U %
255x%
256%
257
258x%
259
260%
261
262x%
263
264%
265
266
267 %
268x
269%
270%
271x%
272%
273x%
274

AA(72,17)=18,
CALL SCALE
AA(40,17) = AA(91,3)%200n.7(8.33*%24,)
TA(4O1) = 1
CALI. STORAG
IA(40,1) =0
AA(91+6)=(((uL7./6A7.)%BB(31))+((3./500,)*BB(30))+((9n./250.)%RB(3
C2)))xTONS+((125./209,3)*ANNT*(90./250¢))+((5998./7216.5)*WATER)
AA(91+4)=AA(Q1,3)=AA(91,6)=AA(01,10)
HP= 0.01*%AA(91+3)%2nN0.0/(8.323%24,0)
SUMHP =HP+SI1IMHP
NUM = HP/20. +1
DO 20 I=1,NiM
AA(52,17)=20.
29 CALL SHARP
HP = D0.025*%AA(91,u)%2000,0/(8.33%24,0)
SUMHP=SUMHP+HP
C PUMPS BEFORE AND AFTER HnoLD TanNK FOR SECOND CENTRIFUGE
IA(6601)=0
AA(66917)=AA(91 s 4) 22nN0 %30, /(P . 33%24 %60, )
CALL PMPCNT
CALL PMPCNT
SUMHP=2.%.001*%AA (KA 17) +SIIMHP
AA(4N,17) = AA(91.,4)%200n.7(8.33%24,)
CALL STORAG
NUM= HP/20+ +1
DO 39 I=1,NiM
AA(52+,17) =2n,0
32 CALL SHARP

C

C HOLD TANK FOR FISH OIL

(!
AA(90+5)=TONS*RB(3n) x.75
AA(4Nr17)=AA(90+5)22nN0./(R«33%24,)
CAILLL STORAG

(o

C FISH OIL STORAGE (15 DAYS)

C

AA(40»17)=15,%AA(9ns5) *20nN./B.33

TIA(40,1) =0.0

CALL STORAG
AA(66917)=AA(AN,5)%3N.0%2000.0/(8.33%24260)
SUMHP= SUMHp+ (AA(A6.,17)%n.001)

SUMHP= SUMHp+(AA(R6.17)%n.001)
IA(66+1)=0

CALL PMPCNT

CALL PMPCNT

c
C DISSOLVED SOLIDS STREAM
(5
C PUMPS BEFORE AND AFTER HoLD TaNK
IA(6601)=0
AA(66r17)=AA(9116) 22000/ (Re33%24 . %60+ ) %30,
CALL PMPCNT
CALL PMPCNT
SUMHP=SUMHP+2 ., . 001*AA(66,17)
AA(LO»17) = AA(91,.61%200N.7 (B, 33%24,)
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ans37
ansun
nn541
nnsSu?
nnS43
nn54u
nnsus
nnS4A
nnsu7
nnSsnN
ans51
nn551
nnsS51
nns51
nns52
nn553
nns54
nnsSss
an555
ans56
nns57
nnseN
nnsh1
ANSA2
anbhA2
nnh6A3
nnShHu
nnS6hA
nnSA7
ans7n
nns71
nans72
ans73
nns7s
nns76
nns77
nnaNN
nnint
nneNt
nAnAN2
nn6GNS
nnANL
nNLENS
anGNA
nn6GNT
AnKBIN
nnh1
AnGy 2
nnh1l
WL I
nnKBLS
AnKIA
LLTS e
nn621
Ank22
nnK22
LLUN 3

275x%
276x%
277
278x
279%
280%
281x%
282x%
283%
284
2B85%
2B6%
287«
288x
289«
290%
291
292x
293«
294 %
295«
296 %
297«
2982
299«
300
301«
302«
303«
304
305«
306
307«
308«
309«
310%
311
312»
313
314
315«
316
317«
318«
319
320«
321
322«
323«
326
325«
326«
327«
32Re
329,
330e
331e

IA(40.1) = 1
CALL STORAG
TA(40,1) =0

WATEVP=(5998,/7216.5)*WATFR=(AA(91+6)=(5998,/7216.5) *wATER)

AA(91,13)=WATEVP
AA(31,17)=AA(91+13)%2000,.0/(24%25)

CALL EVPFLM
AA(91+97)=2.%(AA(91,6)=(5998,/7216,5)xWATER)
AA(99,6)=AA191,7)xBR(42)xD.01

AA(72+17) = 18.

CALLL SCALE

Cc

C HOLD TANK

[
AACHNP17)=AA(91 9 7)%2nN0/ (Re33%2U . ) %1
IA(4ns1)=1
CALL STORAG
IA(4Ds1)=0

C PUMP AFTER WIPED FILM FVAPORATOR
IA(6641)=0

AA(E6P17)=AA(9197) %2000 %304/ (R 33224« %604 )
CALL PMPCNT
HP=.NN1*AA(6A17)
SUMHP=HP+SUMHP
C PUMP BEFORE CANNTNG MACHTYNE
AA(6AY17)=AA(901A) #2nN0 %30/ (B.33%24 e %604 )
IF(BB(42).6T.n.0) cAi L PMPCNT
HP=.001*%AA(6A,17)
SUMHP=HP+SUMHP
AA(75:17)=AA(90+6V%20UN N/ (B.33%24.0%60,0%5.0)
IA(75:,1)=1.0
IA(75,2)=2.0
IF(BU(42) +«GT. N.n) CALL BAGGMA
IA(75+1) =0.n
AA(TSs4)=AA(75,17)
AA(TSs4)=AALT75,4) %40, *2U,
IA(7502)=0.0
AA(91,9)=AA(Q1+7)=2A(90,6)
C PUMP BEFORE SPRAY NRYEp
AALBE1T)ZAAI91+9) 42000 %304 /(R 33260 %204, )
CALL PMPCNT
HP=.NN1*AA(6A17)
SUMHPZHP + SUMKHP
AA(ODN+7)=AALQ]1,9) /(2. %.95)
AA(91,14)=AA(91,91=AA(90,7 )
AA(30,17)=AA(91+14) «2000.0/24.0
CALL EVPSPR
AA(T72417) = 1R,
CALL SCALE
IA(7S:1)=0.
IA(7S+2)=0,
AALT7S5:17)=AA(aNT7 ) e2000.07/(24260Ne25)
IF(RB(42) 1T, 10n) CALL RAGGMA
AA(TSs1T)=AA(T5,1714AA(75.5)
AA(TSe 1 7)IZAA (TS 17 vea0 . %20,
C
C SUMMATION OF STEAM,WATER AND FLECTRICITY
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nn622 332 (c

623 333 AA(91+,15)=(AA(91,11)+AA(Q1212)+AA(91¢13)+AA(91,14))%1.05
nn624 334 % AA(27»17)=AA(91,18)x2000.0/24

nne24 335% (6]

an624 336% C BOILER WATER TREATMENT

nne624 337% C

nn625 338 COST(5)=1.00n

nN62F 339% COST(1)=COST(5)

nn627 340% PRINT 4242,C0ST(1),CnST(5)

nN633 341 % COSTA(1)=COSTA(1)4r,0ST(1)

0n63L 342% COSTA(5)=COSTA(5)+cO0ST(5)

nn635 343% 4242 FORMAT(/25H BOILER WATER TREATMENT ¢ 10X ¢15H +10H
0on635 344% 1 'F10.3:30X.F1043)

an635 345% (3
aNn63s 346% C SEA WATER PUMPS

an635 347 % G

an636 348x AA(90010)=33.1x(AA(91,13)+AA(91,14))%x1,2
an637 349 AA(669117)=AA(Q0»10)%2000.0/(8.33*2Ux60%n.066k)
anGun 350 IA(66:1)=1

nneul 351% IA(66r4)=2

nne642 352x CALL PMPCNT

nn6Lu3 353x% IA(6691)=0

nneALL 354x% IA(66¢4)=0

an6us 355% CALL BOILER

nn64s5 356% (¢]
an6u5 357 C FUEL OIL STORAGE (15 DAYS)
nan6L5 358x% C

an6uA 359% IA(40Ne1)=2

an6L47 360x% AA(40r17)=AA(27017)/R.33%0UvxsN112%15.

an650 361% CALL STORAG

nne51 362% IA(66+1)=0 X

na652 363% AA(66r17)=30,%0A(4Nr17)/(15.%6N%244)

ane6s3 36U CALL PMPCNT

nn654 365 HP=.N01*%AA(BAs17)

on655 366% SUMHP=SUMHP+HP

nNn656 367 SUMHP = SUMHP+(AA(6A+17)%.001%1.5)

nn657 368x% AA(90+9) =4 . *¥TONS+ (174 .3/299.3) *ADDT+. 1%AA(91,4)4.1%AA(91,15)
aneAN 369x% XLOOPS=LOOPS+1n.+3_ *TNST

nn6hR1 370% COST(1)=XLOOPS *Aa(1n0,1)

nn662 371 COST(5)=COST(1)

nn663 372x COSTA(.1) = COSTA(1) + COST(1)

nne6L 373% COSTA(5)=COSTA(5) + CnST(5)

nnN6A~5 374 PRINT 1021 cOST(1y:,c0ST(5)

nanR71 375x% 1021 FORMAT(/ 25H CONTRnL INSTRUMENTATION » 10X »15H »10H
nn671 376x% 1 'F1IN.3+30X,F10.3)

an672 377 AA(B8+17) = TONS

ane73 378x CALL CONDEN

nn674 379 COST(1)=AA(1n0+2)

nn675% 380 COST(5)=COST(1)

nne676 381% COSTA(1)=COST(1) + CoSTA(1)

an677 382 COSTA(5)=COSTA(S) + COST(s)

an7non 383x PRINT 1022y COST(4),COST(5R)

an7nu 384 x 1022 FORMAT(/ 25H PAYLOADFR ANN FORK LIFT ¢ 10X r¢15H »10H
nn7ny 385% 1 'F10.3030X.F10e3)

an7ns 386% PRINT 1041+ (COSTA(J)»J=1.6)

nn713 387% 1041 FORMAT(//25H TOTA| cOSTS »35X6F10.3)

nan7iu 388x COSTA(7)=0.n2%COSTA(1)
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an71s 389x% AA(100+,19)=COSTA(5R)

an715 390 G

nn715 391 C MATERIAL BALANCE INFORMATION PRINTOUT. ALL STREMS HERF CONVERTED TO
an715s 392« C LB/HR

nn716 393% AA(90s2)= SIMHPx%x ,7u57 * 24,

nn717 394 x AA(90:10)=AA(9Ns10)/8.33%2000. /24,

nn720 395x CALL MATER(TONS)

nn721 396% DO 40 I=1,2n

nn724 397 % AA(90,I)=AA(90+I)%2n00/20

nn725 398x% 40 AA(91,I)=AA(91,T)x2nn0/2u

nan727 399 FISH=TONS*x2nnp/24

nn73n 400 PRINT 1003,FISH

an733 401 1003 FORMAT(/8X26H FISH FFED TO GRINDERS +F8eN,7H LB/HR )
an73y 4o2x PRINT 1004sAA(90Ds12)

an737 403: 1004 FORMAT(/8x2AH ENZYMF TO DIGESTERS +1FB8e2s7H LB/HR )
an740 404 PRINT 1005¢AA(90,15)

nn7u3 405% 1005 FORMAT(/8X26H.CAOH TO DIGESTERS +F8eNs7H LB/HR )
nan744u 406x PRINT 1015,AA(0N,13)

an747 407% 1015 FORMAT (/8%x26H ANTINXTDANT TO DTGESTERS +FB8e¢2,7H LLB/HR )
an75n0 408x PRINT 1033,AA(90,17)

nn753 409x 1033 FORMAT(/8%X26H SN NAOW TO NDIGESTERS 1FBe2+7H LB/HR )
an754 410% PRINT 1111+AA(90s11)

an757 411% 1111 FORMAT(/8X41H CONCFNTRATEND SULFURIC ACID TO DIGESTERS ,F8.2»7H LB/
nn757 412x CHR )

nn760 413% PRINT 1006+AA(91,2)

nn763 414 1006 FORMAT(/8x26H FEEn TO ROTARY DRYER yFBs0s7H LB/HR )
nn764 415% PRINT 1007¢AA(91+12)

nn767 416% 1087 FORMAT(/8%2AH ROTARY DRYFR STFAM WFBany7H LB/HR )
nn770 417% PRINT 1008+AA(90,3)

an773 418% 1008 FORMAT(/8X26H BONF FFED +FB8eny7H LB/HR )
An774 419% PRINT 1009¢AA(91,3)

nn777 420% 1009 FORMAT(/8X26H DIGFSTFR LTQUOR WF84ny7H LB/HR )
n1000 421 PRINT 1010¢AA(90,5)

non3 4224 1010 FORMAT(/8%X2AH FISH nIL +FBens7H LB/HR )
n1ong 423x% PRINT 1011+AA(9144)

non7 42Uy 1011 FORMAT(/8%26H FEEn TO FIIM EVAPORATOR ,F8.n,7H LB/HR )
n1010 425x% PRINT 1012¢/AA(914+13)

nN1013 426 1012 FORMAT(/8X26H FILM FVAPORATOR STEAM +F84ny7H LB/HR )
n014 427 COOL =AA(91,13)%4

11015 428x% PRINT 1013,cO0L

n102n 429y 1013 FORMAT(/8Xx26H FILM FVAPORATOR COOLING ,F8.0s7H.GAL/HR )
n10n21 430 PRINT 1014¢AA(91+7)

n1024 4314 1914 FORMAT(/8X2rH BFC PASTE yF840y7H LB/HR )
n1025 4324 AA(90,13) = N.0D00s*(AA(91,7) +AA(90,3))

n1026 4334 PRINT 1016+AA(90,4k)

n1031 434 % 1016 FORMAT(/8X2rH PACAGFD AS RFr pACTE +F8.0,7H LB/HR )
n1032 435x% PRINT 1017+AA(91,9)

n1035 436 1017 FORMAT(/8X26H FEEn TO SPRAY EVAPORATOR ,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>