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PREFACE

This study is concerned with the modeling and simulation of three
different waste treatment options for a tannery. The simulation
package used is the Process Analysis System (PAS) which has been
developed by the School of Chemical Engineering at Oklahoma State
University, Stillwater, Oklahoma, The primary objective of this study

is to design the various processing units as well as compute all annual

out a comparative analysis of the three waste treatment options under
consideration.
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CHAPTER I
INTRODUCTION

The universal appreciation of natural products is an established
fact. Leather is an extraordinary example of a product that has
enjoyed universal appeal through out the ages, It is no doubt a
timeless fashion, and is destined to continue as such. The smartest
outerwear for men and women, the upholstery for the best cars snd
professional baseball gloves, are made of 1eathef. Leather products
depicts prestige, durability, éye-appeal and healthful properties,
‘Leather has been held in high esteem from earliest civilizations
right up to present times,

Unfortunateiy, the leather industries in the United States are in
dire sﬁraits and are on the brink of financial ruin, To overcomm"thé
present predicament, the hide and leather industries in the U,S.,
meeds to make major economizing organizational changes to tide over
the present state of affairs. The United States happens to be the
largest producer of cattle hides in fhe world, The current state of
affairs can be attributed to many reasons, Among them are the current
U.S, policy on export of hides and imports of finished leather
products, decline in the number of hides produced in the country in
recent years, and strict pollutlon control standards imposed by the
Environmental Protection Agency (1). During the year 1977 alone, U,S,

exporters received $ 583 million for cattle hides but the American



consumer forked out } 2,39 billion for finished leather products from
foreign countries, 'This means a trade deficit of $ 1,8 billion (2).

The Tanners Council of America, Inc,, is concerned about the
predicament of the hide and leather industries and is drawing the
atteﬁtion of Senators and Congress on U.S. Export Policy, United
States hides and skin exports have been steadily increasing each year,
As ‘such, imports of shoes and other leather products have also been =
increasing each year, Such policy on the part of the U,5, Government
has resulted iﬁ a net deficit in foreign trade of hides and skins,
These figures and graphs are depicted in Appendix A.

The tanning industry in the U.S, is thus faced with increased
production costs caused in part by stricter pollption control
regulations and increased competition from foreign tanneries for hides,
Over the years as the amount of hides produced ih the U.S,, has been
declining, the demand for leather goods have been steadily increasing,
The reduced supply of hides and the increased competition from foreign
tanneries has resulted in domestic tanneries paying more for thei; ' |
hides,

Since hides are a by-product of live stock production, the supply
of hides does not respond to the price of hides, In other words, the
supply of hides are inelastic to prices of hides, As such, the
tanning industry does not influence the supply of hides, However, the
price of hides are influenced by the export policy of the U,S,
Government as nearly 60 percent of hide production are exported
annually (1).

For hundreds of years the tanning industries have been located in

the north eastern region of the country. Hides are to a very large



extent produced in the midwest region of the _coﬁntry. Hide, which
happens to be the leading by-product from cattle, is the number one
animal renewable agricultural resource produced in Oklahoma, During
| the year 1976, hide sales in Oklahoma generated an income of over

$ 15 million, The location of Western Oklahoma within the center of
the high plains cattle feeding area (Oklahon#, Texas, New Mexico,
Colorado and Kansas) provides access to 12,275,000 hides or
approximately 25 percent of the annmal U.S, supply. Slaughter
facilities 'sca,ttered throughout the high plains area total 995 plants,
and 52 of these plants each slaughters 6ver 50,000 head annually, It
is also found that the hides from Oklahoma and the high plains feedlot
area command a premium price because of their po(tentia.l leather |
quality (3). 3 |

It is therefore argued that the general economy of Oklahoma would
benefit by the location and development of a ta.nning industry in - A
- Oklahoma, A feasibility study which is being conducted at Oklahom’ |
State University by the Research Team is comsidering five potential
‘sites within the state fo.f locatlion and development of such an
| industry. This is shown by Figure 1 in Appendix B, ‘Presently, ‘hides
are salted for pickup and delivery to one of the several centralized
- collection points such as Oklahoma city, Enid and Muskogee, where they
are s0ld and exported to other states,

:The hides f’iom the slaughter héuaes in these regions are salted
to prevent deterioration and then transported to the tanneries;" This
causes a special problem for tanneries in the eastern region as the
waste streams contain a large pro;portién of salts and E,P,A, insists

that any effluent discharged from tanneries should be free of salts,



Salt removal is an expensive process and tanneries are in a dilemma,
Also, transporting hides from the high plainé region (Oklahoma,
Colorado, New Mexico, Texag and Kansas) to tanneries is North-eastern
part of the country is expensive, It has therefore been recognized
by a team of Research Scientists headed by Dr, R, L. Henrickson at
Oklahoma State University, that it would be wise to establish a tannery
"in the high plains area close to source of fresh hides and thus
minimize costs, In particular, the climatic conditions of Dklahoma
would be very conducive to the operation of any kind of tannery
enabling disposing of effluent waste by lagoon evaporation and residual
burial (4). |

The Eastern Reglonal Research Center, Agricultural Research
Center, U.S.D.A,, located at Phiiadelphia, Pennsylvania, has been for
long cognizant of the state of affairs concerning the hide and leather
industries in the United States, As such, they have been conducting
studies and surveys in order to seek better operation methods of
tanneries in the U,S. The Eastern Regional Research Center was also
aware of the interest shown by the team of scientists at Oklahoma
State University for establishing a tannery in Oklahoma, The Researéh
Center then nominated Oklahoma State University to study and develop a
systems model capable of assimilating known information about the
industry and providing information with which to analyze problems
faced by the industry. Thus the systems model should focus upon:

1, Modeling the hide processiné plant and waste treatment
processes,

2. Determination of the optimal location and scale of hide

processing facilitles,



3. Developing transportation models to aid in efficient collec=
tion and distribution of hideé and hides products,

L, Analyzing the factors affecting hide supply and product
demand. | |

To carry out such a large scale and ambitious study, 3oint and
concerted effort on the part of the various departments at Oklahoma
State Univeréity is essential, Thus, the research team consists of
Aexperts from various departments such as Industrial Engineering,
Agricultural Engineering, Agricultural Economics, Chemlical Engineering,
Environmental Engineering and Meat Sciences, This is one such case -
where so many departments were jointly involved with a single project
at Oklahoma. State University which by itself conveys the nature and
magnitude of the research effoit. |

This report will however confine with the portrayl of the waste
treatment sub-system model wherein three different effluent handling
schemes have been currently proposed by the research effort at O.S4.U.
The mathemtical modeis developed would be capable of predicting the
capital and operation costs for each umit process as well as aizing
each, The computer model would be capable of simulating each wnit
operation as well as couple all unit processes and present individual
schemes, It 1s desired that all processes be modern and are designéd
with the futuwre requirements in mind for years ahead, |

System simulation is rapidly becoming popular and 1s a powerful
tool for examining various alternatives for a problem at considerably
less cost, The electronic odnputer has proved to the very useful for
simulating various systems, Thus, the significant incn:edse in systems
simulation has almost paralleled the growth of electronic computers,
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Some of the systems tha£ have been successfully simuilated are business/
economic systems, social systems, environmental systems or even other
computer systems. One of the many reasons for simulating systems on &
digital computer is the rapidity with which results could be obtained.
Another reason is the provision it gives to consider the problem to

any level of detail, It is therefore the ambition of the research team
on the 'Hide Project' at 0.5.U., to build a comprehensive model for a
modern tanmery that would be ideally located and operate efficiently
and at optimal costs,

Statement of the Problem

It is an established fa.ct‘tha.t the U.S, tanping industry is o
curréntly in an economic bind, The industry is faced with increasing'\
production costs, partly due to stricter pollution regulations and
partly due to increased competlition from foreign tanneries for hides,
In addition, U.S, hide supply has been declining while the demand for‘
finisheci leather has been increasing., Cheaper synthetic products are
competing keenly with leather products and energy prices are
i.-ncn:éasing rapidly in recent years, It 1s therefore very important for
tanners to make the right decision with regard to various tanning
processes options involved including the various waste treatment
options available, |

Since pollution control happens to be one of the major cost
factors for the efficient operation oi‘ a tanmnery, the computer
similation technique is adopted to study the various waste treatment
options under consideration and to aid in making the optimal choice,

The problem of this report is therefore to:



a) model 3 different schemes for waste water disposal for a
modern tannery

b) simulate the individual schemes with the help of the
electronic computer

c) analyze and compare the results obtained on cost basis to aid

the decision maker,
Significance of the Study

The mathematical and computer model presented in this study can
be useful to any tanner who wishes to analyze waste water disposal
schemes for existing or new tannerles, The model is flexible and the
various ﬁarameters can be varied according to users choice, The model
will provide a quick appralsal of the different schemes under

consideration,
Limitations of the Study

The model in its present state 1s limited to handling waste water
disposal schemes for tanneries, The model could be modified and used
for handling other industrial and municipal wastes as well as simulate

production lines,
Definition of Terms

Biochemical Oxygen demanding material (BOD):

This is the most widely used measurement of effluent purification
or efficlency of waste water treatment processes and is the amount of
biochemical oxygen demanding material which has been reﬁoved by the

process, The units used are mg/l. Waste waters contain organic food



(i.e., proteins, carbo hydrates etc,) and microorganisms feeding on
them require oxygen and thus deplete the dissolved oxygen in the
stredms, If wastes aie led into rivers and streams, depletion of :
dissolved oxygen is very serious and harmful to fish andkother water
1ife.. The more the organic food in the stream, the more will be the
oxygen demanded by the microorganisms feeding on them, Thus the
amOunt'of oxygen demanded 1s an indirect measure of the degree of

pollution the waste water stream contains,
Organization of the Study

In Chapter I is included the Introduction, Statement of Problen,
Significance of the study, Limitations of the study and Definition
of terms, Chapter II is the Review of Literature section for design
calculation of various unit ?roceéses and cost evaluation. Methods and
procedures used are described in Chapter 1III while analyéis of results
from computer output is included in Chapter IV, Chapter V is the

summary, conclusions and recommendations section of the study,



CHAPTER II

REVIEW OF LITERATURE

Until very recently, the designing of waste treatment plants have °~

been primarily a rule.of-the-thumb method, As Environmental Protection
Agehcy (EPA) standards have become more stringent, the need for more
~accurate and efficient design is‘inevitahaa (5).

Kincannon and Gandy (1974) discuss the result of Carbon content
in effluents, Micro-organisms require oxygen toiconvertbthis carbon to
carbon dioxide and water, During this process.there results formation
of more micro-organisms or cells'and these seperate out as.biological
sludge, ‘The more the substrate (organic food) is consumed the more
will be the sludge formation, It is therefore necessary that we try
to hélp the micréorganisms to consume as much of the substrate by o
supplying it sufficient oxygen so that the ongoing effluent meets
>E P A standards, ‘

A‘feasibility study conducted by Roit Corporation (1975) for the
office of Community Affairs and Planning, State of Oklahoma indicateé
that approximately 60 percent of the tanneries discharge their
effiuent into municipal systems and pay for the‘services. In recent
years, there is however a trend toward atleast some pretreatment 5y‘a11
tanneries following increased effluent restrictions iﬁposed by munici- |
pal systems, The survey results by Roit also indicaﬁe_that‘only 15"

percent of the tanneries in the country have viable secondary waste
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treatment facilities at the plant site, 'Thus waste treatment practices
in tanneries vary widely, ranging from no treatment to activated sludge
systems, For those plants discharging directly into rivers or streams,
waste treatment facilities ére said to be severely lacking in the
industry. The survey concludes that nd exemplary waste treatment
plants handling only tannery wastes presently exist,

~“Kincannon and Gaudy (1975) show a typical scheme that ought'to*be‘
employed for secondary treatment of wastes if stiict E P A standards

exists, Such a scheme would be as indicated in Figure 1,

V'S
Aeration Basin Clarifier
CXF, XR! Se FW! XR

Figure 1, Simple Waste Treatment Scheme

‘The diagram merely indicates material balance as effluent flows
from one unit process to another. The influent rate to the aeration
basin is represented as F amd the B O D content or substrate is

indicated as Si‘ In the aeration basin it is required that the mass
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be throughly mixed and sufficient quantity of oxygen is supplied for
the conversion of the substrate into biological solids, Note that the
diagram shown is the case of a continuous process and the aeration
basin and clarifier need to be appropriately designed for the desired
level of substrate consumption. In the aeration basin, Si is reducéd
“to Se and ¥ is the amount of biologicél solids (cells) formed, In the
clarifier then much of the solids are separated and (F - FW) is the -
flow rate and Se is the substrate level (desired level by user or
BP A) and ¥_ is the amount of solids still in the stream, Part of the
sludge recovered from the clarifier is then pumpéd back to fhe aeration
basin, The purpose of this is to achieve quicker conversion of
substrate into carbon dioxide and water, \

The biological cells are nothiﬁg but microorganisms or cell
population, As more cells are introduced into the aeration basin, ihey
demand more food, Hence the cells are always in a starved eondition
and thus quiékly consume the substrate entering the aefation basin,
This process is cheap as sludge formed are reused to separate out more
solids,

Sost curves for estimating capital cost for each unit procesé has
been established by Weston Consultant Designers (6), while conducting a
survey for the Environmental Protection Agency during 1977. Cost
curves for predicting labor costs and power costs for each unit
operation are also avalilable in the research series publiShed by the
Environmental Protection Agency (?). Dr. Kincannon at Oklahoma State
University déveloped cost equations that best fit the above mentioned

cost curves,



CHAPTER III
METHODS AND PROCEDURES
Introduction

' conirersion of hide into 1ea.ther involves many ma.ohines and
facilities, Also, hide processors a.re'conﬁ:onted with nmany alterna-
tives to decrease costs per unit of marketed commodity. A critical set
of alternatives is the waste treatment possiblllities, It is therefore
necessary to completely analyze various alternative operations in order |
to avoid costly mista,kes. Negligence in completely considering wa.éte
treatment may result in forced shut down of the prdcessing operation, ‘
At the same time, management will be faced with making c:fitical
decisions in selecting the right size of treatment plant which v}ould be
compatible with capital and labor resources,

A computer program to enable the rapid computation of waste
treatment alternatives will be developed, The waste treatment modél .
will be designed for maximum flexiblility using minimum inputs, This
will enable the user to change waste treatment steps or conditions
easily. The program will also calculate the size of each unit opera.-
tion and predict expenses for each process or facllity. The progran
will also be such that all other programs can be combined and thus
provide a total system model. The usér will be responsible for

selecting basic process elements and inputs,

12
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ALTERNATIVE SYSTEMS:

The three waste treatment schemes that will be modeled in this
repoit are:

1. Screening plus Evaporation Pond

2, Screéning plus Aeration Basin plus Evaporation Pond

3. Complete Activated Sludge Treatment

System 1

A schematic diagram depicting scheme I is shown in Figure 2,

" 5 )

Screen .th Pump Evaporation Pond

Figure 2, Waste Treatment System 1

In this scheme the waste water stream from the tannery plant is
first filtered by passing through a screen, Here, most of the
suspended solids including hair is filtered and the effluent is then
pumped into an open evaporation pond, No treatment or reduciion in

BOD content is attempted in this scheme, The waste is left open for

~ natural evaporation to take place,

The design amd cost equatlons for the screen and the evaporatlon

pond elements as compiled by Dr, Kincannon'ag' Qkiahnla gtate

University is as follows:



SCREEN ¢

Capital Cost in § = 0.0158(F')O'93 .
Operation and Maintenance Cost = $/Yr = (1700+18, 5T)(F* )% 0%

LVAPORATION POND:

3,08 X ;0'6

E=-R

F'T

Pond Area in acres =

Capital Cost in $ = 3.4 (E-R) 0.713
OPERATION AND MAINTENANCE COSTS:
FOR WARM CLIMATES:

manhours/¥r = 1.73 x 1072 &) O 624

Material and ¢ upply Cost in $/Yr = 0,45 ( ) 0.509

FOR_COOL CLIMATES: !

i

manhours/Yr = 9,89 X 103( )063

Material and Supply Costs/Yr = 0,234 ( ) 0.511
where

w* = Flow rate, gals/ﬁay

SO' = Influent BOD, mg/l

X'O = Suspended solids, mg/l

B = Annual Evaporation, ft.

R = Annual Rainfall, ft.

T = Working days per year

USER INSTRUCTIONS:

1., Must establish working days per‘year.

L3N

2, HMust determine evaporation and rainfall rates for 1ocation of

plant.
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Systenm iI
Scheme II is very simllar to Scheme I except that an aeration .
basin is provided before the waste is led into the evaporation pord,
Ajr or oxygen is supplied to the waste stream in the aeration basin
so that mpst of the sulphides are converted to sulphurvdioxide. This
would eliminate any odor emanating from the evaperation poﬁd. A

| schematic diagram of system is shown in Figure 3,

Y Qe
FOSO

Pump

Screen

Aeration Basin
Evaporation Pond

Figure 3. Waste Treatment System IT

The design and cost equations for the screen and pond elements
remains unchanged, The design and cost equations pertalnlng to the
aoratlon basin are shown below :

-5 P't
Ares of basin in acres = 7.4 X 107 (= 2)

IR A
Japital Jost in § = 2.4 Q-5~§)0'619 +0.698(F'ta)0°654

Operation Labor, manhours/yr = 6.235 (E-R) 0.372
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Maintenance Labor, manhours/yr = 0.619 (%E%) 0.415

‘Power Costs/yr in $ = 0,012 (F.ta)'0.825
Material and Supply Costs/yr = 0,012 (F'ta) 0,531

USER INSTRUCTIONS:

wi. Must set depth of aeration basin =« typical value = 10'."‘”
2, Must set detention time of aeration basin = typical value =
72 hours, ) | |
where
| D = Depth of Aeration basin, ft.
ta = Detention time in aeration basin, hours

t

System III

Suoh a system would have to be adopted wherein the quality of the
effluent eiiting”a,tanhery has to conform to strict pollution conirol
standards, Unlike the other two systems described earlier, this |
system is more complicated and involves a number of wnit processes as
indicated in the diagram, Such a system would be considered as a
secondary treatment system and as mentioned earller, there are
hardly any such treatment facility among the tanneries iﬁ this
country, Such treatment facilities are relatively new for tammery
waste treatment and many tanneries in the country may be forced to
adopt such treatment schemes in the near future, owing to more ‘
stringent EPA laws, A séhematic diagram of Syaten 111 is depicted

by Figure 4,
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Primary
Clarifier

x0 Pump Pump
Screen (:) <:>
Equalization Basin
XR. af
X, V, §;>
e
Secoﬁdary (:> v (:)
Clarifier
Aeration Basin
Pump
|
X X2
v Fw] Y Fw2

Figure 4. Waste Treatment System III

The effluent leaving such a system can be made to conform to

B P A standards and as such can be led into municipal sewers or a

river or stream if one is close by, The equilization basin serves the

purpose of feeding the system with a constant load, The characteris-

tics of the waste water from tanneries is likely to vary from day to

day or even shift to shif't, The provision of an eduilizatiOn basin
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ensures a uniform load on the system so that the system will not be
over loaded or under loaded at any time, Thus, efficient operation of
the plant is ensured,

Bffluent from the equilization basin is first 1ed into a primary
clarifier. The purpose of a primary clarifier is to slow down the
‘velocity of flow and cause settlement. This results in the removal‘of
some of the soluble organic solids from the stream, - The bottoms or
settled material is led from the bottom and taken over for sludge
treatment processes, The effluent leaving the primary clarifier is
then led into am Aeration Basin,
| The purpose of the aeration basin is to supply air or oxygen to
the microorganisms present in the waste stream, iThis facilitates the
microorganisms to feed on the Substrate or carbon compounds present in
the waste stream, This process résﬁlts in the emission of carbon
dioxide and flocculation of the microorganisms, Also, more cells
scparated in the final clarifier are fed back into the aeration basin
thus increasing the cell or microorganism population, As the |
populaﬁion increases, the demand for more food also increaées ahd the
conversion of carbon comﬁounds into carbon dioxide is also increased,
The substrate or soluble BOD still remaining in the wasﬁe stream can
‘be controlled in the aeration basin to conform to the desired level or
standards set by I P A,

The secondary clarifier serves the main purpose of separating
biological salts precipitated in the aeration basin, This results in
a clear effluent leaving the system, Par£ of the precipitated micro-
organisms are pumped back to the aeration basin or reactor for the

purposes of hreeding the population, The rest of the biological



solids are drawn for further SIudge treatment processes,
The design and cost equations for the various elements or unit
processes in the activated sludge system are given below: |
Equilization Basin: |

zpital Coot of basin in § = 2,75(F_t )0 619+o 8(F,t )O 65

Operating Labhor, manhours/yr = 4}2,F90'372

Maintenance Labor, manhours/yr = 0.4 Feo‘415

Power Costs/yr, $ = 0,385 F, 0.825
 Material and Supply Cost/yf- $=1.12 Feo'531

where

. Waste water flow rate, gal/aay

e
=
i

Maximum shutdown time per week, hours

o
1]

Primary Clarifier:

o
n

; L >
so.(o.56r + 0,00132 10r1)

<
i

1 - (0,711 - 0,00474 Forl) L

wl = (0.711 - 0,00474 F_.) X F_ 834
le = 2.4 le
v ™
Capital Cost, § = 1200 ( ) 0.87
orl

Operation Labor, manhours = 4,0 ( —) 0.613

orl
 Maintenance labor, manhours = 2, 2 (F ) 0.613
orl '

oy 0.735

Material and Supply, $/yr = 3,5 ( F ) ’

orl



Si = BOD concentration‘after primary clatifier, mg/l

Xi. = Suspended solids in flow from primary clarifier, mg/l
%, = Solids in underflow of primary clarifier, 1lbs/day

F, = Sludge flow rate from primary clarifiér, gal/day

SO = BOD after equilization basin

xo’ = Suspended solids in flow from equilizatioﬁ basin,>mg/1
P = Overflow rate for primary clarifier

ARATION BASIN:

Un = Uma.x -—Eg-- ‘- K
' K +8 d |
s e : _ v
- (1+
Y, [Si, (1 a)se] . ,
1+ Kd/Un r
X =
1+a

Vg = Yy F[Si—(1+a)se]+ aX F _ (I* o)F

as
» KdX Kd

6 (8,8, )F

F_ = 4,16x10
a 0

+ z(sfi-sfe)F51.4zvasxun

- -7 (8.~s_)F - -
Hp 3,42%§1o i e + 2(sf:.L Sfe)F 1.4zvasxun

FOR MACHANICAL AERATTON:

Capital Cost, $ = 12.7 (Vas)o‘743+5.8 S 'Se)F + 2(sf1'sfe)F
R 0. N



1.42vasxunv 0,67
N

Labor manhours/yr = 190 (Hp)o'543 + 67 (Hp)0.630

Power Costs, $/yr = 6,93 x 10~3 (F) 0.803 -
Material and Supply Cost, $/yr = 1.32 (F) 0-477
FOR DIFFUSED AERATION:

. 0.743 S,=8_)F
Capital Cost, $ 1257 (Vas) k+ 126.8 (k%' e

+

2(sfi—sfe)F -\1.4-2vas XU,

Labor manhours/yr = 39.5 (F,) %93 + 11,6 (r,) 0+67

Power Costs/yr = 5,96 x 10'3 (F) 0.797

Material and Supply Costs, $/yr = 1.32 (F) 0.477

where

(en}
L]

Net specific growth rate/day

(o]
]

Maximum growth rate/day

S, = BOD concentration after primary clarifier, mg/l

S, = Effluent BOD, ng/1

o = Recirculation rate

K, = Biological constant, mg/1
AK& = Decay coefficient/day
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>
i

Mixed liquor blological solids

<3
i

Volume of activated sludge basin, gallons

oy
"

True sludge yield

o]
i

= Alr flow rate, cubic feet per minute

=
]

Oxygen transfer rate, 1bs OZ/H -~ hour

Sulfide concentration of waste water, mg/l

9]
(]

167}
]

Sulfide concentration after oxidation, mg/1

Secondary Clarifier:

-6
Xy = (8,34 x 10 ) Voo X Uy

Capital Cost, § = 1200 { K } 0.587

Fora
Operation Labor, manhours/yr = 4,0 {-F-F-"—} 0.613
or2

Maintenance Labor, manhours/yr =2,2 {F F } 0,613

Material and Supply Costs, $/yr = 3.5 {F

where:
sz = Solids in underflow of final clarifier, 1bs/day
Fopo = Overflow rate for final clarifier, gal/day/ft°
F = Waste water flow rate, gal/day

- USER INSTRUCTIONS:

1, Must set maximum continuous shut down time per week, If



plant shuts down at 5,00 p m Friday and starts up again Monday at 8,00
am, then t_ = 63 hours,
2, BSelect overflow rate for primary clarifier, typical value

_ 2
= 600 gal/day/ft”. (Fypp)

3. Select overflow rate for final clarifier, typical value
= 2 '
= 700 gal/day/ft®, (F__,)

L, Select values for biological constants - typical values are:

Upax = 3,0/day

kK, =150 ng/1

Ky = 0,05/day

Y, =0.5 | |

5. Select values for recirculation rate, an acceptable value is
0.2 (a)
6. Select underflow solids concentration, an acceptable value

is 8000 mg/1 (XR)

7. Select oxygen transfer value (N). Typical value of N = 2 1bs

of Oz/Hp - hr,

The sludge from the underflow of the Primaryvand Secondary
clarifiers are taken for sludge treatment, There are many schemes
available for treating this sludge material, The sludge could be
filtered or centrifuged and the cake can be incinerated or used to

“land £ill, The scheme simulated in this report is shown schematically

in Figure 5.



24

xwl le
Anaerobic
sz sz Digestor

Sludge Lagoon

Figure 5, Sludge Treatment Scheme

The sludge collected in the primary and secondary clarifiers are
then led into an anaerobic digestor., Here part of the siudge is
reduced to methane and carbon dioxide and the remaining sludge is then
led into open sludge lagoons. This is just one aspect of handling the
sludge material among many alternatives already enumerated,

The design and cost equations for an anaerobic digestor is given

below:
Xd = 0.65 (le + X*z)
Py =2X,
v, = fwa? Fup) ta

7.

When V, is less than or equal to 100,000 Cu ft:
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(Fq* sz)ta} ‘0'328
?n

Capital Cost, $ = 10,116 {

Fn * sz)?a} 0.2
7.

: (
Operation Labor, manhours/yr = 185 {

' (F,+F)t, ) 0.16
Maintenance Labor, manhours/yr = 167 { L = w2 d |
| (F.+F )t.) 0,693
Material and Supply Cost, $/yr = 1,84 { L > W2 d}

When Vd is greater than or equal to 100,000 Cu ft:

(Fy *+ Fo)t) 0.84
Capital Cost, $ = 27.7 { Wl > w2’ ’d

(P4 +F o)) 0.775
Operation Labor, manhours/yr = 0,00032 {“EL_TEM

| ?.
Maintenance Labor, manhours/yr = 0,00054 {‘(FWJ‘,; sz)td} 0792
(F.+F )t 0.693
Material and Supply, $/yr = 1.84 { %—2}
where |
by = Detention time in anaerobic digestor, days
X, = Solids from anaerovic digestor, lbs/day
F P Sludge flow rate from anaerobic digestor, gal/day
N g4 = Volume of anaerobic digestor, gallons

FOR SLUDGE LAGOON :

Capital Cost, $ = 512 (X ,) 0.603

Operation Labor, manhours/yr = 12 (X.q) 0.26
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Maintenance Labor, manhours/yr 18 (X wd)0‘26
Material Supply Costs, $/yr 10 (X,3)0.78
USER INSTRUCTIONS:

Select detention time of anaerobic digestor, typical value 30
days.

Up to this point the three different schemes were individually
discussed and the design and cost equations that apply to each of the
schemes were presented, Next, the software package that was used to

model and simulate the three different schemes will be discussed,

A Computer Simulation

|

The software package that was used to model the three waste
schemes as well as processes for a modern tannery is the Process
Analysis System, also known as P A S, This computer package is
modular and very similar to the other simulation language such as
Gasp IV. This package has been designed by the School of Chemical
Engineering, Oklahoma State University, Stillwater, Oklahoma.,

The P A S package is basically designed for petro=-chemical
processes wherein the.user specifies the inputs depending upon the
problem and the program computes all the necessery design calcula—_
tions and the physical state of each stream after it leaves a unit
process., In addition, the package has the capability of accepting
additional subroutines depending on the nature of the problem, This
capabiiity of the P A S system has been exploited for modeling a
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complete systems model for a modern tammery by the research team on
the 'Hide Project'!, at Oklahoma State University.

The P A S package has this convenient feature of keeping track of
the various streams as they flow from one process element to another,
Bach process unit is a subroutine and physical changes to the streams
are accounted for in each subroutine. However, it is important thaﬁ_
each stream.and unit process bhear a unique number when data is input.
Process subroutine can estiﬁate the size of selected process equip—-
ment and also calculate all process stream rates and compositions,
including recycle streams,

All outputs are in standard format, regardless of the type of
process, The output includes process flow desc;iption and all input
process data, The feeds and ﬁroducts for‘all process elements and
selected calculated process elemant data will be printed, Error
comments will aid the user in correcting the input data or revising
poorly specified process conditions (8),

The P A S package 1s loaded on disc and can be called by using
the proper control cards. The P A S simulation model is very identi-
cal to the Gasp IV simulation model, It consists of a set of process
programs or state variable equations, or both, that describes the
system's behavior, Lists and matrices store information and an execu~
tive routine directs the flow of information and control within the
model, Support routines are called by the main program at appropriate
times,

A skeleton flowchart for hide processing subroutines is shown in

Figure 6,



START

INITIALIZE STREAM
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LOCATTONS
100 1 ? 800
INTRY
5
200
“GHEGK AND » STZE
PRINT INPUT IRCAL O CALGULATTONS
900
| 1000 NOVE TO PRINT
RETURN F1 ARRAY ANSWER
1000
RETURN
CALCULATE
DEMAND
ZERO MOVE DEMAND
PRODUCT -STREAMS TO X ARRAY

s |

700

P ’ﬁ ’

PRODUCT STREAM

l

Figure 6,

A
7 & -

MOVE PRODUCTS
TO X ARRAY

RETURN

Skeleton Flowchart For Waste Treatment Subroutines
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When the maiﬁ program is called or linked, various P A S varlables
are initialized, The first entry to the element or hide subroutine-
occurs when the variable INTRY = 1, During this stage the input data
to the element are checked and printed. If any descrepancy is
detected, appropriate error messages will also be printed, If serious
verrors are detected such as improper sequencing of streams and
elements the program will be aborted, On the other hand, if no errors
are detected, the input data will be printed and control returned to
the main program. Before returning control to the main program,
technical caloulafions are usually not performed at this stage.

The second entry and subsequent entries in the case of recycle
systems to the element occurs when the variable INTRY = 2, At this
stage actual technical calculations are performed., The results of the
calculations are retained as stream compositions and unit operation
size data. Immediately after entering the second phase of calculation,
the element name and number should be printed and the recycle
recalculation should be set to zero indicating that the element has
been recalculated, The stream data are stored in the main array or
'X* array which is two dimensional., Streams are associated with the
correct element based on the element number and the stream numbers
provided in the input data, The feed streams are then moved from the
permanent stream storage array, 'X' to the working storage array F 1,
This transfer is achieved by calling SUBROUTINE MOVER. This ensures
that the values stored in the permanent storage array are not lost or
erased,

1t should be mentioned here that each element or unit process can

have upto a maximum of four feeds entering it. The next step then is
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to test or determine if the element feeds are %ero, or which, if any,
feeds are Zero, If all feeds are mero, zero products should be
transferred to the permanent array, 'X', For that stream that passes
through the element, we check to see if it requires any demand,
Demand here is meant in the context as to whether the stream requires
the addition of any chemicals or other material, The 'X' array
stores characteristics of each stream such as quantity of water in the
stream, amount of salts or grease etc, The calculated demand is then
moved to the 'X' array and stored in the proper position in the array‘
for that stream, The next step is to calculate product streams and
then store them in the 'X' array, Next, the control is once again |
returned to the element subroutine when the variable INTRY = 3, At
this stage size calculations if any may be done depending on the
element requirements, Any calculation not affecting stream composi=
tions should be done during this step of the program, The necessary
aﬁswers are next printed and control is returmed back to the main
program,

A general procedure for writing additional subroutines is
included ip Appendix B, Any suhroﬁtine or element that is added must
.recognize the variable names used in the various labelled commons and
be consistent with standard Fortran programming conventions, A unique
four character name must be used to define the new subroutine, An
example will best illustrate the use of subroutine names, Take the
case of the evaporation pond where the waste water is led into it and
exposed to natural evaporation, The name assigned to the routine that
calculates the size and cost is given the name EVAP (JXX), JXX is the

element number that is provided with the input data by the user,
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The common cards that have to be used with each sulroutine for the

waste treatment schemes is given below:

COMMON/SAVE/SAVE1(26,90)
$GOM310N/GNTRI/NGP ,NT ,NP ,NFVL ,NHM,NUNT,INTRY ,ITEST,TL1,TL2,ICDS

(25 _

COMMON /CNTR2/1IFED(100,4),IDPRO(100),IPD(1.00,4),IRCAL(100)

commm/cmmymwgzao),I'rchT(5o),STNAME(201,3),Emm(35,6)

COMMON /CNTRY/ICHKR (100 ) [ERRMAX , TR1MAX , TR2MAX

COMMON /INOUT/NI ,NO,ANAME (20) ,MAXSR ,NPRNT,LPMAX ,NELM, IEND ,NPAGE

COMMON /PRDAT/PDATA (100,30) o

COMMON /PRICEA/PRICE (30), FACTOR(30)

COMMON /UTTLA/UTIL(100,30)

COMMON /STRMS /X (30,201),F1(30,12)

COMMON /cosTA/cosT(100,30),IEQUIP,IUTILL,IUTIL2, IUTIL3, IUTILA,
$ILAB1,ILAB2,ILAB3,ILAB4Y,ILAB5, IMAINT, ICHEML , ICHEM2 , ICHEM3, ICH
$EM4, IUTILS5,CSTIDZ ,CSTID3,CSTID4 , BSTID, BSTID2,BSTID3, BSTIDY

COMMON /EQPLST/FORKD (10) ,SCALD(10,2) ,STORDE 5),TAPED(10,2)

COMMON /EQPLSB/SORTD(15,2) ,BALPD(10),SPLTD(12,2)

The stream data for the hide project has for the present about 25

different characteristics. This could be expanied upto 30 characteris-
tics if need arises, The following is an explanation of the stream

data which is assigned for the hide project as shown in Table I,

Row numbers 20, 21 and 22 contaln the data required for the
design of waste treatment schehes. The waste loads dumped after each
unit process 1s based on the E P A's study on various tanneries in
the country. The wnits that B P A currently adopts for BOD and
suspended solids are mg/l, while the flow is measured in gals/dsy.
However, in order to maintain uniformity with units, the BOD, total
flow and solids content are expressed in 1ba/day. A1l calculations in
the subtwroutines conform to E P A procedures and units, The output
can be genérated in any units by the user by including or deleting

the conversion factors in each subroutine as the case may be,



TABLE I

ASSIGNMENT OF STREAM CHARACTERISTICS .

No, Property Suggested Data Units
1 * Hide 1000,0 HIDES/DAY
2 % Hide Area 40,0 SQ.FT. /HIDE
3 % Weight (Dry) 25,0 LB/HIDE
4 ¥ Hair 0.5 LB/HIDE
5 % Dirt 1.0 LB/HIDE
6 * Water 28.0 LB/HIDE
7 % Salt 7.0 LB/HIDE
8 * Grease/Fat 0.5 LB/HIDE
9 * Flesh 0.5 LB/HIDE

10 % Manure 0.25 LB/HIDE
11 Chromium - LB/HIDE
12 HpS0y - LB/HIDE
13 Lime - LB/HIDE
14 Detergent - LB/HIDE
15 Sulfite - LB/HIDE
16 HCL - LB/HIDE
17 NAQH - LB/HIDE
18  Soluble N2 - LB/HIDE
19 Unassigned - -
20  BOD - LB/DAY
21 Suspended Solids - LB/DAY
22  Total Fiow - LB/DAY
23 Unassigned - -
24 Unassigned - -
25 Unassigned - -

* Items Present In Hide Before Processing

32
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The above data will be stored in the 'X' array for each stream,
Changes or manipulation to the data is done in the individual routines
by moving the data to the working or 'F1' array, When the data have
been worked upon, they are then put back in the 'X' array,” The type of
manipulation that is usually done on waste treatment schemes are
splitting oné stream into two stream and making sure that a complete
material balance is achieved after this type of manipulation.‘ A simple
example is the case of the screen routine, The fundamental purpose of
providing a screen is to filter out as much of the suspended solids as
possible, In such a case there will be essentially one stream entering
‘and two streams leaving the element, One of the streams leaving will
be the through stream or main stréam which has given up most of the
suspended solids, dirt and halr, The other stregm is that which
contains the dirt and other solids trapped including a certain amount
of water, So depending on the mesh size one can‘estimate the
percentage of solids removed and the sum of the individual data in the
two product streams should equal the corresponding data in the coming

stream,
User's Input Program

A Pictorial repfésehtation of thé,simplest hypothetical hide
processing system is shown in Figure 7, Only a few processing
elements are represented here for illustrative purposes, The same
principle and procedure is involved if all the various processing
units are included, This system illustrates how hides flow through

a tannery and how waste streams are generated and handled in a plant,
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Figure 7. A Hypothetical Hide Processing System
Including Waste Treatment

The flow of hides through the plant is shown passing from a fork
1ift | (FORK) through a soaking unit (SOAK), The two components are
examples of's

1. A 'through' process and

2, A process producing a by=-product stream

The by=-product stream from the soak unit is shown passing through
a screen (GRID) process into an evaporation pond (EVAP), Note, the
first process creates a by-product which constitutes the trapped solids

in the waste stream, The second process behaves like a *through'



process even 1f nothing leaves the evaporation pond.

‘The user's program to implement the example process system is

shown in Figure 8.

TUILE DEMONSTRATION UIMPLE SYS'THM: JOHM, SCAE, GRIL, EVAP
FROIMIINPT 1 2 :

AMTRORK 2 2 1
PRCIMIBOAY. 3 3 mn ]

PRCLMIGHID &4 5 ¢ »

PRCLMIEVAP 5 6 .8

PRCLMIT RN 4 8

FINAME #FORK

FLNAME JSOAKNH

E1NAME NCHERNS

EINAME HUAVAPORS MTON POND

EINAME DTN

FIN1GH

LTDHATY C1000,0 M,0 25,0 0,5 1,0 28,0 7.0 0.0 0.0 0.25
STDAT? 2 0,0 00 0,0 00 0.0 0.0 €0 1,25 7.5 1,0
SIDATS 2 1.0 1.0 1.0 1,0 1.0

FINTIHSTOP

Figure 8, User Input for Simple ?rocess System

The user organized the data in the program beginning with the
title line., The user can write any descriptive label after the key-
word 'TITLE!,

The lines beginning with PRCIMT (For Process Flement) defines the
type of each element and the streams entering or exiting the element,
FEach number is numbered by the user according to the numbered block on
the process flow chart.

The first PRCLMT line is the input (INPT) element. The function
of the input element is to create the input flow to the process system.
In this example the input stream is numbered 2. The second PRCLMT

vling is for the fork 1lift elément with stream 2 (the input) entering
and stream 3 leaving., The third PRCIMT line is for the soak element

with stream 3 entering and Lwo streams exiting., Stream ly represents
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the hides moving on to the nex£ hide process step, Stream 5 is the
by-product stream, |

The fourth PRCIMT is for the waste screening process (GRID). ﬁéte
the by-product stream 5 from the soak element enters the grid and the
output streams are 6 and 7, The fifth PRCLMT line is for the |
evaporation pond with stream 6 entering and stream 8 leaving,

The last element is the print element (PRNT), Note the print
element hés been arbitrally assigned an element numﬁer 9%, Any of the
elements could be assigned any unused number from 1 to 99, The print .
element has as input all streams not gbing to another process element.

If there are specific data for each element that the user wishes
to use he could achieve this by using PRDAT line immediately |
following the PRCLMT line for that element, This enables the user to
make multiple'runs by changing the data for each run, Each data |
should appear in the appropriate position on the PRDAT1 line, If the
number of data is more and cannot be accomodated on one liné, then
PRDATZ and if necessary PRDAT3 lines may be used, If data remains
constant with multiple rune then the data could be initialized in the |
element subroutine itself, If data is initialized in the subroutine
and if data is provided with PRDAT lines, then the values on the
PRDAT line will be used by default,

The user can use his own description of the elements in the
EINAME lines, The names will reappear on the printout and assist with
identification of specific elements.

The composition of stream 2, exiting from the INPT elément is
defined by the data in the STDATL, STDAT2, and STDAT3 lines. These

numbers represent the amount of specific components in the stream, An
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arbitrary stream description has been used here, The user can adjust
this input data set to describe his average incoming hide characteris-
tics, Table I, which has been already described, displays the
assignments 6f the components and the units associated with the stream,
Up to now, the geneial procedure of how a waste treatment routine
functions was described as well as the procedure to be followed by the

user while setting up a simulation run,
The Simulation Run

The three alternative systems are now each loaded with the same
amounts of wastes and simulated, The hypothetical plant considered is
a 1000 hides/day processing unit, The raw hidesiare transported to the
plant from slaughter houses before the hides beg;n to deteriorate and
lose their tanning properties. In order to prevent deterioration and
tanning properties, raw hides are salt cured at the slaughter houses,
The raw hides arriving at the processing plant are transported to the
various processing stages by means of fork lifts, The hides are
weighed on scales Tirst as all processing material added are based on
the weight basis of the hides, BEach unit process and the subroutine
names describing each of these processes is shown in Table 1T,

During the various stages of hide processing, various material
including water will be added to the hide stream, At the end of each
unit process, there may be one or two streams leaving the process, The
stream that contains hides wouid move on to the next prbdessing stage.'
The second stream which will usualiy be a waste stream is led to the

waste treatment plant or facility, The bod concentration or load at
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TABLE IX

SYMBOL AND FUNCTION OF HIDE PROCESSING
AND WASTE TREATMENT SUBROUTINE

Symbol Meaning ‘ Symbol Meaning

FORK Fork Lift BOIL Boiler

SCAL Scale GROM Chrome Recovery
STOR Storage SIDE . Cut Hide to Sides
DEMN Demanure v MSUR Measure

SOAX Soak SORT Sort

UNHR Unhair SPLIT Splitting

BATE Bate SHAV Shaving

PICK Pickling TRIM Trimming

TANN Tanning BALP . Baling Press
WRNG Wringing ~ RTAN  Retamning

COLR Coloring FATL Fat Liquoring
WASH Washing DRY Drying

GRID Screen EVAP Evaporation Pond
AIR1 Aeration Basin 1 AIR2 Aeration Basin 2
EQUI Equilization Basin  CLAR Primary Clarifier
FCIR Final Clarifier DIGT Digestor

SLAG Sludge Lagoon ADDR Stream Adder

each stage will vary and depend on the nature of the unit process, A
complete diagram showing the various sequence of hide processing is
included in Appendix C,

In the simulation run in this report, only a few of the processing
elements are linked together and waste loads generated by these
.pro¢esses are passed on to each of the three alternate waste treatﬁent

systems, Block diagrams indicating the three schemes are shown in
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Figures 9a, 9b and 9c,
SYOTEM I:

Figure 9a is the firét waste treatment option wherein the waste
stream is first led to a filter to remove most of the suspended solids
in the stream, The ongoing stream is then led into the evaporafion
pond., The various procesé_elements and streams are numbered as shown
in figure 9a,

SYSTEM II:

Figure 9b depicts the second waste treatment option linked to the
hide processing elements, The input program has the stream and element
numbers as shown in the figure.

SYSTEM III:

Figure 9c couples the same hide processing;schemes with the third
waste treatment option. The input program uses the same numbering
scheme as shown in the figure., All the hide processing subroutines
could have been easily linked together and simulated but for
illuétrative purposes only some of the processes are shown in this
report, Subroutine ADDR adds all waste streams,

‘The waste load dumped by each hide process is established byja
stﬁdy conducted by the Research and Development Division of U.,S, o
Environmental Protection Agency at the Industrial Environmental
Research Laboratory, Cincinnati, Ohio (10), A complete table showing
typical BOD loads after each stage or process which contribute to
waste treatment loads is shown in Appendix D, It should be noted that
all hide processes do not contribute towards waste.treatment loads, |
Only those processes that contribute to BOD loads are shown in the

table,
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Figure 9, Waste Treatment Systems I, II, III
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A complete listing of all the subroutines used in the simulation

runs is included in Appendix E. User'!s program for each simulation
option and computer output is included in Appendix F.

‘The computer hardware used for simulating the waste treatment
processes is the IBM System 370, Model 158 with a memory of L ﬁillioﬁ
bytes at Oklahoma State University. All programs are stored on disk
and the Visual Display Terminals (CRT) is being used to store, edit

and run programs,

Model Validation

.Sinée the system model being developed af Oklahoma State University
is the first of its kind, there is little sco?e to completly validate
the model. However, the Roit Report serves as a useful guideline in
most cases. As far as the design aspect of Waéte Treatment Unit
Processes are concerned, the results from the computer output were
submitted to Dr. Kincannon for his approval. Where necessary,

Dr. Kincannon modified the desipgn and cost equations and new simulation
runs were made until Dr, Kincannon was completly satisfied with the

results.



CHAPTER IV
ANALYSIS OF THE DATA

Introduction

One of the reasons for bullding and using simulation programs is
due to the fact that a simulator 1s an artificial laboratory., Once a
system is modeled and programmed, experiments can be performed using
the model., From the experiments or simul#tion runs, one can draw
inferences about the system, Simﬁlation is also a very powerful tool
with regard to proposed systems as we need not build the actual systéu.
Operating systems can be experimented by simulation without disturbing
normal operation, Simulation is also very handy when stress limits of
certain systems have to be determined, This means that we do not have
to destroy actual systems in order to determine their stress limits
©). |
| In Chapter III, the general procedure for setting up simulation
;uhé using the PAS computer package for the waste treatment options for
a tannery were elaborated. In chapter IV, it is attempted to show the
similation capability with regard to the three waste treatment opfidhs
under consideration, Results from the computer output of the three
waste treatment systems will be compared and diScussed. The resultés
of the simulation runs are included in Appendix G, The results f:om |
the computer output will be first discussed in this chapter, At the

end of the chapter, the three waste treatment systems would be
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compared, | ‘

Since System III is a complicated system when compared to Systems
I and II, this system will be discussed more elaborately, It will be
attempted to take the reader through the various simulation steps in
great detail SO‘that the computer results can be easily followed and

understood.,
Computer Results of System III:

The first step during a simulation run is to check that all
streams and units are uniquely numbered and that proper stream numbers
feed or exit a given unit. 1If no errors exists in the input program
the vaiious process units and streams are identified and printed as
shown at the beginning of the printout, Following this echo check,
stream components specified in the simulation run far tanning processes
are printed out, Components 1 through 22 are specified while |
components 23, 24 and 25 are not specified,

- A summary table follows wherein all mechanical equipments costs.
and other necessary details pertaining to each equipment are printed
out. Following this summary table, typical stream component values on
a per hide basis is printed, The total quantity of each component is
obtained by multiplying this value with the number of hides being |
processed per day. For example, a typical hide has an area of about
40 sq.ft., and its dry weight is about 25 1bs, The above details as
well as other typical values are printed as shown, A value of 1.0 is
put in slots 23, 24 and 25, Sincé components 23, 24 and 25 are not

currently used the values appearing in these rows of no consequence
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as they do not enter the calculations, However, when the product of
the total number of hides processed and value in slots 23, 24 and 25
are calculated we get a value equal to the total number of hides
processed; Since waste streams do not contain hides, these values
convey the idea to a reader as to the capacity of the plant being
simulated, The first waste treatment routine will get these valués
and convey the capacity of the plant.

The first process element involves the movement of hides to thef 
proceésing area from storage by méans of fork-lifts, Essentlally, no
changes occur to the characteristics of the hide stream and this can
be seen from the printout of the fork-1lift prooess; ‘Following this is
a summary of cost for the operation of fork-lifte in the plant, For a
1000 hides processing plant it can be seen thatidne fork=-1ift would be
sufficient and the annual costs incurred for maintaining the fork-1ift
would be about $3268,16, Other requirements for operating the fork-
1ift such as average depreclation, average tax, average repair costs,
insurance, interest, life of equipment and buildings, etc.; are
summérised in the table,

The next process simulated is the soaking process, wherein, the
salt cured hides transported by fork-l1lifts are soaked in water in
soaking vats or drums, Stream ﬁumber 3 is the hides stream entering
thé soaking units while stream number 171 is the demand stream, The
demand stream is given the number 171 so as to make it as unique as
p&ssible and not duplicate other streams, As can be seen from the
priﬁtout, for soaking and washing 1000 hides/day it requires about
406, 979.9% gallons of water and about 12 1bs of detergent and about

9 1bs of sulfite salts, This process relieves the hide stream of some



of the salts and other waste products., The hide stream leaving the
process is numbered 4 and its characteristics is as shown in the |
printouf. Stream number 5 is a waste stream and its characteristiocs
are as shown in the printout, The total flow resulting fronv the
soaking and washing process is 418, 230,87 1b§/da.y. This is the result
of summing up all the values appearing in rows 3 tﬁrough 19, The BOD.
loading resulting from this process is 902 1lbs while the suspended
solids present in the waste stream amount to 1504 1lbs, These values
are printed in rows 20 and 21 for stream number 5, Thus, stream B
numbers 3 and 171 combine and then split to form stream numbers 4 and
5. Stream would normally flow to the next processing stage., But since ‘
this is only for demonstration, no further hide !processi.ng is involved
and this stream is merely prin;r.ed out, However, the waste stream
proceeds further for treatment through the waste treatment plant, A
summary table next summarizes the various data pertaining to the

| soaking process including the number of vats or drums required for |
processing 1000 hides per day.

The waste stream, which is identified as number 5 énters the first
waste treatment process, This is a filteration process wherein the
s0lid matter present in the stream are removed as far as possible
depending on the mesh design, At this point, the waste siream has
been split in two, one constituting the solids tra.pped by the meshes
while the other is the matter that permeates through the screens, The
' ongoing lstream numbered as 6 in the input program, appears as such
while stream number 7 is the solid waste stream also identified in the
input program, '

From this stage onwards, the values appearing in rows 20, 21 and
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22 are of prime importance as these are essential parameter values for
calculation.purposes. The rest of the values merely depict stream
characteristics, Owing to the filteration proceass, the BOD load has |
been reduéed from 902 1bs to 766,70 1be in the ongoing stream number

6, The remaining 135.30 1bs of BOD is given up in the solid waste
stream asrshown in the printout, Likewise, the entering suspended
solids am@unt to 1504 1bs which reduces to 225,6 1bs in the ongoing
stream and 1278.4 1bs in the solid»waste stream, As mentioned earlier,
ihe valué 1000 appearing in rows 23, 24 and 25 is of no consequence but
merely conveys the capacity of ﬁhe plant being simulated,

Gpst data with regard to the screening process is printed below
the stream characteristics, The initial cost of installing the filters
is about $ 371.44 for handling‘the incoming stream characteristics’as
given by stream mmber 5 and splitting it into two streams as given by
stream numbers 6 and 7, The operation and naintenancevcosts of the
sc?eens results in an annual expense of $ 15,325.70. This involves
repairing as well as cleaning the screens periodiéally.

The ongoing stream nuﬁher 6 next passes on to the equilization‘
basin, As elaborated earlier, this stage is merely to feed a constant
Bob’concentration or load to the other processing stageé. As such, no
physical change 1s experienced by the exiting stream., Therefore, the
characﬁeristics of stream number 8 is identical to stream number 6, |
However, sizing of the basin and other‘relevant annual costs are
computed and‘summarized as shown, To successfully handle the incoﬁiﬁg
- quantity of flow, the basin must be 19,550.45 cu ft, in capacity withv
»é'base area of 1955.,05 sq ft. Labor, power and material costs aré

also summarized, Labor costs would involve pumping effluent to and



from the equalization basin,

The next processing stage is the primeary clarifier stage During
this process part of the suspended solids and BOD conténts are
seperated out, The incoming stream number 8 hreaks up into stream
numbers 9 and 10. The BOD content of the ongoing stream is reduced
from 766;70 1lbe to 492,90 1lbs while the underflow stream number 10 |
carries with it the remaining 273,80 1bs. Similarly, 96,30 1bs of
suspehded solids are settled and seperated from the ongoing streaﬁ.

The primary clarifier would incur an initial cost of $ 15,627.06}ﬁ
and this has been computed and prihted.  Operation and maintenance
costs have also been computed as shown. The labor costs involved are
low since the process does not reqﬁire any skilled labor nor constant
attention. It is merely & séftling tank and involves no mechanical
devices either,

The neit process involved is the activated sludge ﬁrocess or the
aer#tion'process. Here oxygen demanded is supplied to the micro-
organisms by mechanical means or by bubbling in compressed air,
Mechanical aeration involves churning the liquid and throwing it up in .
the atmosphere, The microorganisms feed on the substrate and seperate
out as sludge, Thus, after thls gtage the BOD load is further reduced,
Oxidation of sulphites also occur during this process, The BOD cohtént
is reduced from 492,90 1bs to 191,88 1bs, On the other hand the
incoming solids were only 129,30 1lbs while with the sludge formation

the solids have increased to 635,18 1be, Also, CO, and S0, gas is
liberated dufing this procéss.

In the case of diffused aeration the capital cost involved is

about $}37q923.10 while the labor costs involved is $ 614445, Power
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and material costs are also summarized as shown, Similar cost data are
also computed for mechanical aeration system as shown,

The néxt processing stage is the final clarifier stage which
performs identical to the primary clarifier stage, Stream number 12 is
the under flow from the clarifier and it contains 128,53 1bs of sludge
material, Some BOD content is also withdrawn along with the underflow
as shown, The final effluent leaving the waste treatment plaht is
represented by stream humber 13, 1Its characteristics are as shown,

- The BOD level is reduced to about 163,1 1bs and the total flow is about
472,392,19 1bs/day, Costs involved for operating this process on an
annual basis is summarized as shown,

The next routine merely sumé up the underf}ow streams from the
primary and secondary clarifiefs. This is shown by adding up stream
numbers 10 and 12 and the resuiting stream is siream number 14, This
stream is now passed on to the first stage of sludge treatment, |

In the Anaerobic Digestor, the organic material or sludge is
converted to methane gas., This results in the reduction of the total
sludge mass, The total sludge mass entering the digestor is 224,83 lbe
while only about 146,14 1bs leave after the process, Water content‘is ‘
also reduced from a total of 3408.5 lhs to 2437.57 1bs., Annual-coéts
for operating the digestor are summarized as shown,

Following the digestor stage, the residual organic material is fed
into a sludge lagoon, If such a procedure is viable at a particular
plént the residual material are Just fed into lagoons and exposed to
atmosphere, Cost tables are summarized as shown by the computer
results,

The final step of the simulation process is to print all the



streams including any demand stream, These can be seen after the
sludge lagoon process in the computer output. A complete summary table
of costs follows the stream summary tables, Now the simulation run of

System IITI is complete.
Computer Results of Systems I and II

Simulation results of Systém I and System II follows the
simulation results of System III in Appendix G, The results are
presented in fhe same ﬁanner as already elaborated for System III, As
before all the stream and unit numbers are first verified and printed.
If no discrepencies exist, then the simulation proceeds to the next
step. | ‘ ‘

Since capacity of the plant simulated is 1000 hides/day, all
éommon plant and waste treatment processes convey identical résults for
the three systems, The results of the Fork, Soak and Grid routines are
identical for System I and II as well as System 111,

In case of System I, the simulation process following the screening
process is the evaporation process, The effluent after it is
seperated from most of the suspended solids 1is directly led into an ‘
evaporation pond, This pond as»already described is open to
atmosphere and subjected to natural evaporation, For the quantity of
effluent generated in this simulation run, the area of the pond would
be 8,79 acres as generated by the computer results, The flow entering
the pond amounts to 47,546,71 gals/day. Cost tables are also
- summarized as shown, The program for this process is capable of
taking into consideration the geographical location of the plant, Cost

data can be simulated for warm or cool climatés, as the case may be,
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depending on fhe location of the tannery., Cost figures for cool
climate has been arbitrarly simulated in this example. At this stage,
the simulation process 1s completed and once again summary tables are
presented at the end of the simulation run,

In case of System II however, the process is very similar to
System I except that an intermediate process is introduced between the‘
screening and the evaporation process, Thls is the aeration process to
reduce any bad odor that may emanate from the evaporation pond, Oxygen
is supplied to the effluent in the aeration basih, similar to the
activated sludge process, The oxygen reduces the sulfites present to
,302‘ Also, the BOD will be partly reduced during this process but
degree of reduction is of no concern as the nex§ process.is merely an
evaporation process, Irom theiresults generated for the aeration
pfocess, we note that basin area required would be 2005,30 sq.ft, and
the capital cost would be $20,180.28, Other cost data are printed as

shown,
Comparison of System I, II and III

System I is a very simple system when compared to Systems II and
ITI. It comprises of only two stages, namely, screening and
evaporation, The total capital oosf lnvolved is $145,329,87.

System II has an additional aeration stage when compared to System
I. However, it is also a simple system when compared with System III
»‘which is more complex in nature, When compared to System I, the
additional cost involved is only that due to the aeration basin. The
capital cost in this case including land costs will be $165,911,13,

System III, which is a more complex system has many more stages
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involved when compared to Systems I and II, Naturally, the initial
- cost 1s much higher in this case as well as the annual operation and
maintenance costs, The capital coét involved for handling the waste
load generated in this example for System III would be $239,705.92,

Power costs would not apply for System I since gravitational flow
can be adoﬁﬁed. However, an annual cost for System II amounts to
$3084, 52 for pumping the effluent into the basin and supplying oxygen
for sulfite reduction, The total power costs in the case of System III
amounts to $4115,12, Annual labor costs involved is the least for
System I while System IIT has more stages involved and incurs the

highest labor costs,



CHAPTER V
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Introduction

The Hides and Leather Industry in the U.S, is faced with intense
economic pressures., This is mainly attributed to stiff competition
from foreign imports of leather products and stricter pollution control
measures adopted in this country in recent times, Foreign tanneries
buy raw hides from the U,S. and are able to produce leather and other
finished products at a much cheaper rate when compared to American
tanners. This is true as labor is comparatively cheaper overseas and
strict pollution control measures do not exist, This situation is
responsible for the closure of many tanneries in this country in the
past and these numbers are likely to increase in the near future if
drastic measures are not resorted to now, The U,S, Government is
aware of the predicament of the tanning industry in this country but
has done little to change the current export policy of raw hides or
import policy of leather and other finished leather goods,

Tanners all over the country are concerned about the present
situation and it appears that the only recourse left is to try and
economize as much as possible, particularly with proposed plants, In
this light, the Eastern Regional Research Center, USDA, Philadelphia,
Pennsylvania, has authorized Oklahoma State University, Stillwater,

Oklahoma, to cerry out a comprehensive study concerning the industry,
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The study will be ﬁore oriented in trying to establish a tannery in
Oklahoma close to the green hide belt shown in Appendix H.

Thus, the computer model being developed at Oklahoma State
Univérsity is aimed at including as many option as possible with
regard to plant processing techniques, waste disposal methods, market
penetration, plant location and marketing logistics, etc, This would
permit multiple computer simulation runs by varying the different
parameters and management policies, This would enable complete
analysis of the industry as well as carry out interesting sensitivity
analysis of the industry., It will then be>possible to make a final
decision with regard to location and plant operations in case of
propésed plants, The model would also be helpful in case 6f‘existing
plants as the model can be simulate& based on aﬂy existing facility.
This would enable management to make necessary policy changes where
necessary, without experimenting with the actual system, The systemé
model develdbed at Oklahoma State University is appropriately given
the name 'Hides”.

Besides costs there are other factors that would influence the

'lécation of a tannery, Somé of these factors are availability of

land, a&ailability and source of funds, state government influence,
vésted interest of people»involved such as local r&nchers and businesséi
man, senators representing the State of Oklahoma, ete, Besides local
senators, the Economic Development Association and the State Chamber of

Commerce are keen in establishing a tammery in Oklahoma (11),
Summaxry of Findings

The three waste treatment options simulated in this report is oﬁly

a subsystem of the total system model called 'Hides', which is being
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developed at Oklahoma State University. The thee systems considered
in the study were:

1., System I, Screening plus Evapdration

2, Sysiém 11, Screening plus Aeration plus Evaporation

3. Syatem III, Complete Activated Sludge Treatment.

System I is a very simple process and the capital cost inwolvéd in
adopting such a system is about $ 145,330.00. Power costs are zero in
this case as gravitatiqnal flow can be resorted to, System II which
has an additional aeration stage to reduce sulfite content and odor
“involves an initial ihvestment of about $ 165,900,00, Power costs are
involved for this system and would amount to about $ 3085.00 annuallj.’
System III would have a total capital cost of about $ 239,705.00, The
annual power costs for this system is expected io be around $ 4115,00,
The total annual labor cost involved is highest for System III and

least for System I és can be expected,
Concluslions

From the results of the computer output System I seems to be the
natural choice in terms of all the coste such as dapital, povwer and
labor, But System I will not be the optimum choice if the plant is
located in an area where annual rainfall exceeds annual evaporation,
Also, the evaporation pond may not be viable if the plant ié situated
in the heart of a city and land area is very restricted and odors
c#nnot bé tolergted. However, such a system would be very favorable
in places where the annual evaporation far exceeds the annual rainfall
~and the climate is hot and dry. With regard to Oklahoma, the pan=
handle region would be ideal for such a method of waste disposal, This



system could also be adopted if the plant is situated near a
residential area if it is possible to construct the pond far away froﬁ
residential areas, In this case, additional power costs would be
involved for pumping the effluent to a distant pond,
| System 11 compares very similar to System I in many respects,
kUnlike System I, System II can be opted if sufficient land is available
in the heart of residential areas, The aeration or oxidation process
will considerably reduce any bad odors and thus not give any room for
legal or institutional problems, However, Systems I and II cannot be
resorted to under all conditions since basically a dry and hot climate
is very esséntial. These two optiohs with regard to Oklahoma can bé
adopted for plants located inlthb panhandle region,

'Syptem I1I is a.very complete system and can be resorted to in any
part of the country., The treated effluent can be led into muhicipal
sewers or nearby rivers without any legal problems, The design
parameters of such a system are controlled by EPA and hence confronia-
tion with EPA with regard to poliuﬁion can be avoided, The cost to
build and operate such a scheme is rather high when compared to the
other systems, But all future problems can be resolved, It should be
remembered that EPA is going to make stricter pollution control laws in
the future. With options I and II, there is a possibility that EPA
could force them at a later date to be one of secondary treatment type.
If this is the case, then conversion from one system to another might
prove rather expensive. The proposed model ‘Hides’ will pinpoint the
location of proposed plant and the processes to be adopted based on
§osts. With these results management may be called upon to make a

final decision based on multiple criteria that may exist,
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Recommendations

A8 seen in this study, system simulation is.a very useful and
powerful tool to help management make decisions, The proposed system
model ‘Hides' should be made as comprehensive as possible and also
include as many plant processes and waste treatment options as
possible, Other waste treatment options such as trickling filter and
aerated lagoons should also be included in the model, Routling and |
trén3portation of raw hides could prove rather exﬁensive aé raw hides
are a perishable commodity, It is therefore important t§ incorporate
a suitable routing algorithm in the model,

The results generated by the model will be one based on minimum
costs alone, Sometimes due to legal, institutional or political
reasbns, the solution based on a single objective such as cost aléne
may not be totally acceptable, In such cases a multiple objective
analysis is recommended and techniques such as goal programming or
electre should prove to be an useful tool, It might therefore prove
very useful to include such analysis in the ‘'Hides' model in order to
obtain an agreeable solution under any given set of criteria or
objectives, |

The model in its present state is purely theoretical in nature,
It isvessential to calibrate the model with reépect to existing plants,
The model then would provide the user with more meaningful and

realistic solutions,



Future Research Needs

The Waste Treatment Process is only a subsystem of the total system
model being developed by the Research Team at bklahOma State Univérsity.
So far, the designing aspect of.waste treatment options as well as com=
puter modeling and simulaﬁion were elaborated and results were analyzed,
- It will be now attempted to project the other subsystems and identify

areas where need for future research exists,

Total Systems Approach

The total systems concept is an approach that views a firm or
industry as a single unit, This unit or system will be composed of
many interrelated and interdependent subsystems that need to function
effectively and efficiently in order to fulfil management objectives
gt all times, The concept of total system will be effeétive if there
is quick and accurate flow of information from one.subsystem to another,
The advent of computers and the creation of a data base makes the total
gystem concept function effectively., Policy changes or constraints on
a particular subsystem will have an effect oh the functioning of the
system as a whole, The total systems approach will be able to quickly
identify such effects, An overall system model specifically addressed
to the 'Hides Project' will appear as shown in Fijgure 12, appearing in

Appendix I,

Comparison of Alternative Systems

Traditionally, many problems in industrial engineering and other
discliplines have considered a single objective within their respective‘

frameworks for analysis, e.,g. maximizing use of production capacity,
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minimizing operating cbsts. profit maximization, etc, - In the last ten
years, however, there has been an increased awareness for the need to
identify and consider simultaneously several objectives in the analysis
and solution of problems, in particular those derived from the study of
large scale systems, To handle such problems, there are several
techniques available to aid the decision maker., Goal programing is one
 such technique that has been successfully used in the past. Another
technique that appears to be very promising is the Electre method
developed by Roy (3).

In case of establishing a tannery in the State of Oklahoma, there
may be a number of sites that may be under consideration, Also, the
tanning and waste treatment processes may depend upon the sites under
consideration, To evaluate and choose an optional site, it would not
be appropriate to base the choice on any single criteria alone, There
may be a set of criteria that may have to be analyzed simultaneously in |
order to make a wise choice, Table 6 shows a hypothetical problem
chosen by Goicoechea et al (3), to demonstrate the use of the Electre
method for decision making, It would therefore the appropriate to in=-

clude such multi-objective analysis models in the 'Hide' model,

Hides Collection Model

Hides are perishable items and as such need to processed as quickly
as possible to ensure that tanning properties are not lost, Common salt
is a traditional method of preserving hides temporarily, But salt
curing creates problems for effluent treatment and disposal, As such,
it would be favorable to locate hide plants close to the source of

fresh hides,



TABLE VI

EVALUATION OF ALTERNATIVE SYSTEMS

SYSTEM I1I
© SYSTEM 1 SYSTEM 11 Sulfide SYSTEM IV SYSTEM V
Evaporation Ponds, Evaporation Ponds, Reclamation, Chrome Access To River
Criteria used Close To Source Aeration Basins, Close To Source Recyclin%, For Waste Water
~ in evaluation Of Hides Vicinity of OSU Of Hides Vicinity of QU Discharge
1. Hide Availability 4000 1500 3000 1000 1000
(per Day )
Energy Requirements 150 72 180 250 200
(1000 BTU/Hide)
3. NWater irements S0C,000 500,00 900,000 400,000 200,000
(Gallons/Day) '
4. Waste Water Disposal Good Very Good Fair Excellent Good
Mode
5. Plant and Equipment $10.9 $4.11 $8.2 $2.7 $1.8
Cost (Millions) .
6. Operating Costs $12.4 $4.6 —.$9.3 $3.1 $3.1
(Millions/Year) _
7. Relative Regional Excellent Fair Very Good Fair Good
¢ Improvement ) . :
8. mponmitieé, for Re- Few >Very Many . Some Many Some.
search Program Develop- | :
ment
9. Retum on Investment 1.00(Base) 1.15 1.20 - 0.64 0.84

09
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To be economically feasible a tannery must process at least 1000
hides/day. To meet such a demand, a tannery must invariable buy hides
from more than one slaughter house, The tannery must therefore aim at
picking.up all the available hides from all the slaughter houses such
that its daily demands are met and delivery time and costs are minimized,
With a number of slaughter houses existing in the High Plains Region,
the establishment of a tannery in the State of Oklahoma would present
a very complicated but interesting routing problem,

There are many algorithms available for handling problems in
routing, One such approach is known as the Travelling Salesman problem
as discussed by Taha (12), This is an extension of Integer programming
and a special algorithm based on the idea of the "branch = and -« bound"

technique can be efficiently used, i

Prospects for Financing

A project of this nature involves a lot of effort, time and funds
to be successful, Funds for this project have been provided by Eastern
Regional Research Center, Agricultural Research Center, USDA, Philadel-
phia, Pennsylvania for the years 1978 to 1979 and funds have been fur-
ther approved for the years 1979 to 1980, It is likely that funds from
businessmen, tanners and ranchers may be forthcoming in the future,

Presently, there is a strong possibility of establishing a tannery
at Red Rock, Oklahoma, The Irving Tanning Company, Hartland, Maine,
has agreed to expand their faclility to Oklahoma, Capital for starting
this plant at Red Rock may be made available by Economic Development
Association (EDA) and Bank of Tulsa, The Otoe - Missouri tribe of

Oklahoma will provide land for building the proposed plant and also



62

provide utilities, Two other Indian tribes are also willing to pro-
- vide land for a tannery in their own interest, A complete analysis of

the various plant sites is warranted before a final choice can be made,
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Tanners’' Council
» America, Inc.

JEROME WEINSTEIN 6/»«‘. R. GLASS 411 FIFTH AVENUE + NEW YORK. N.Y. 10016
CHAIRMAN OF THE SOARD .PRESIDENT . )

ROBERT G. AMYOUNY . HERBERT F. MILLER (218) 686.7080 CABLES: TANNERCIL, NEWYORK
TREASURER SECRETARY

April 23, 1973

Prof. R. L. Henrickson

Dept. of Animal Science & Industry
Oklahoma State University

Meat Science Building

Stillwater, Oklahoma

Dear Professor Henrickson :
I am acknowledging your letter of April 18.

We certainly agree with yo ur premises and your thought as to the
potential for leather tanning in the Southwest. The remarkable
expansion both in feedlots and packing in your area should be a .
logical geographic determinant for the location of tanning plants.
That possibility has been very much in our minds since the pro-
gressive shift of cattle supply and packing plants to the Southwest.

The specific information you ask on technology and economic mat-
ters can be readily furnished to you. It would be desirable to do
so at much greater length than brief answer to your broad ques-
tions. You can surmise that there are various qualifying elements
involved due to the type or character of the leather to be made, the
nature of the process selected, marketing considerations and so on.
However, as a starting point it is possible to state that:

(a) Economic Unit - A tannery processing at least 1, 000 hides
a day would currently be the minimal economic unit in terms of
required capital investment for plant and equipment.

(b) Water Requirements - A tannery processing 1,000 hides a
day would require between 100, 000 and 250, 000 gallons of water
daily. .
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) (c) Waste Disposal - Dependent on the nature of the process,
type of leather and effluent treatment installations. Virtually all
water input must be discharged. Present technology enables such
discharge to meet the requirements of municipal sewage plants or

~direct discharge standards of the Environmental Protection Agency.
Solid wastes can also be handled very feasibly by incineration or
by disposition for land fill. Specific unit waste parameters involve
nature of end product and process employed.

(d) Employment - The number of people required would be a
direct function of the type of leather to be made or the final stage
of processing contemplated. ‘For example, a tannery carrying -
cattlehides through the semi-tanned level (blue or crust leather)
would need 75 to 100 people per thousand hide unit., If finished
leather ins produced, persohnel requirements would rise to 150-
175.

Finally, you ask the names and addresses of potential com-
panies. I am glad to enclose our current Directory of U. S. Tanners
because in theory virtually all our members would be interested. .
But, I also feel it necessary to apprise you of the significant current
deterrent to leather industry expansion.

It is the national foreign trade policy of the United States which per-
mits the unhindered import of such finished goods as shoes and leather
and also allows the unrestricted export of cattlehides from the United
States. This position by the U. S. has resulted in gross inequity to
the U. S. tanning industry. Equally important it has completely
blocked tanning expansion at home and has frozen the confidence of
tanners who would be thronging the Southwest under more favorable
circumstances.

Contrary to the opinion apparently held by some representatives
of the agricultural community our interests are not divided. On the '
contrary they are identical. We can and should make common cause
for our common welfare. If the leather and shoe industries could get
a fair shake in foreign trade, if we would curb the unfair practice of
other nations, we would then process more hides at home to the bene~
fit of agriculture, industry and labor. Do you know that to this day
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Prof. R. L. Henrickson -3~ April 23, 1973

‘countries such as Japan will not permit the import of U. S. leather
although we tolerate their purchase of our raw material and their
dumping of finished products on our shores. Join us in the battle
for economic equity so that new indusatry can flourish in your com-
munity.

I take the liberty of enclosing:a recent letter and chart addressed
to the Congress. This spells out the incredible economic facts.
If agricultural interests would support the plea of the tanning
industry for reasonable limits on cattlehide exports, there would
be a tremendous revival of investment confidence in the leather
business of the U. 5. Communities in Oklahoma would feel the
impact immediately through the establishment of tanning facilities
at various points contiguous to cattlehide supply.

I need not say' that we shall be very pleased to give you any addi-
tional information or to work with you in any wa.y possible.

Smcerely _gours

.
\
irg/mr Irving R. ; lass

President
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Tanners’ Council
- o America, Inc.

JEROME WEINSTEIN IRVING R. GLASS 411 FIFTH AVENUE - NEW YORK. N.Y. 10016
CHAIRMAN OF THE BOARD PRESIDENT . , : . B

ROBERT G. Auvounv . HERRERT F. MILLER . (212) 688.7830 CABLES: TANNERCIL, NEWYORK :
RLASURER sEcRetany s

February 27, 1973

Dear Senator:

We are all shocked by the dimensions of the money and foreign
trade problems which the events of the last two weeks have disclosed.
Many of us doubt more than ever that the stop-gap remedy of devalua-
tion, for the second time in a little more than a year, really gets at
the root cause of our trade imbalance. Those of us who have been
urging realistic stepa for several years believe the time has come
for positive, forthright action. We do not think that band aids can
cure a cancer,

" The chart on the next page is a shocking illustration, in just
one product area, of what the U, S. has permitted to happen. The
tremendous rise in hide exports has given low wage countries the
raw material with which to make shoes and other leather products
to ship back to the U, S. Result - A net cost, a deficit of $1 billion
in 1972. That is only part of the price paid for the folly of letting
hides move out and shoes move in without let or hindrance, And the
other part includes factories closed, jobs lost and staggering relief
rolls, Welfare recipients don't pay taxes.

We believe the time has come to act decisively, to stop the
trade inequities that are destroying our manufacturing economy. We
must apply reasonable measures of control to the flow of vital raw
material out of the country and to the flood of Imported goods made’
by cheap foreign labor. An import surcharge across the board will
certainly help as a temporary measure, Long range, we must do
what virtually every other country in the world has done - Control.
the trade bridge between ourselves and the rest of the world,

Sincerely yo urs

irg/mr : . Irvmg R. Gl ass-7 /{ 56“—;

President



TABLE III

EXPORTS OF CATTLE HIDES FROM THE UNITED STATES*

Year Jan., Feb, Mar, - Apr, May June July Aug. Sept. Oct, Nov, Dec, Total

1971 1,207 1,251 1,611 1,239 1,304 1,235 69% 1,166 1,338 1,565 1,696 1,656 15,962
1972 1,272 1,153 1,686 1,210 1,437 1,317 2,152 1,324 1,290 1,893 1,733 1,524 17,589
1973 1,461 1,837 1,802 1,340 1,411 1,266 1,155 1,100 1,229 1,463 1,412 1,391 16,867
1974 1,423 1,500 1,462 1,567 1,55 1,123 1,615 1,529 1,423 1,619 1,708 1,905 18,428
1975 1,663 1,810 1,989 2,045 1,83 1,719 1,551 1,48 1,714 1,678 1,965 1,753 21,269
1976 2,172 1,658 2,407 2,386 2,075 2,030 2,002 2,073 2,016 2,040 2,042 2,282 25,270
1977 2,276 1,998 2,289 2,167 2,016 2,023 2,189 1,937 2,157 1,631 1,572 2,235 24,49

#Tn thousands of hides

Source: Commodity Year Book, 1978
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TABLE IV

UNITED STATES PRODUCTION OF SHOES AND SLIPPERS*

- - B T S S

Feb,

30.9

33.2

4.6

Year Jan, Mar, Apr., Hay Jine July Aug, Sep. Oct, Nov, Dec, Total
1967 52.2 49.5 53.5 46,1 48.5 48,8 U406 57.8 50.3 53.6 513 ULp.7 600.0
1968 6.3 55.4 57.8 558 56,0 49.6 47.9 57,1 50.9 59.0 49,2 47,3 6424
1969 53.0 48,4 52.7 48,7 UW47.9 472 42,7 49,3 Wyl 52,5 42,8 W48 577.0
1970 47,6 47,5 50,2 48.6 46,3 47,9 42,9 473 47,7 9.0 40,9 M4 562,3
197 W48 W9 503 46,8 M1 U467 3.6 46,3 457 U451 407 42,9 535.8
1972 44,5 44,3 48,7 44,1 45,2 U462 36,1 W62 442 W64 1,1 38,5 526,5
1973 k42,9 H.9 46.8 4,9 K7 k.7 321 43,9 39.2 452 38,5 342 450.0
174 40,8 4.1 42,9 39.0 3.2 39.9 329 373 38 36,9 33.2 30.2 453.0
1975t 33.9 32,3 321 33.9 337 35.8 W1 B3 3.7 h2lk W6 350 413.1
19761 39.0 38.0 L4 M6 4.7 391 3.0 366 36.9 W8 315 29.2 k2.5
197" 3.3 3.6 3.3 32.8. 24,9 32,9 3.7 33.2 3.9

38“'-3

*In millions of pairs

Source: Commodity Year Book, 1978
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ADDING A NEW PROCESS ELEMENT
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Adding a New Process Element

Up to 16 new process elements can be added to PAS without substantial
progrem modification. If more than 16 elements are to be added, any of
the existing elements which are infrequently used can be replaced using
the techniques outlined below. Any element that is added must recognize
the variable names used in the various labelled COMMONS and be consistent
with standard FORTRAN programming conventions. Any of the service sub-
routines described in Appendix ___ can be used in the new element; their
usage is encouraged to reduce core storage requirements and expedite pro-
gramming efforts. :

The following discussion outlines in broad perspective the steps to be
followed in programming a new elemsnt.. Specific computational detalls
have been omitted since the technical detail of the new elements will
vary too widely to warrant description. .

I. Select a unique four character name that will be ussd in
the PRCLMT card to define the new subroutine. This name
will appear in columns 7 through 10 of the ?RCLMT card.

II. Change one of the names currently appearing in NAME array
(initialized in BLOCK DATA) to the name selected in I.

III. Chenge the name of the called subroutine (CALL (7xx))
from the name originally in INAME to the new name. Check
to be certain that the number following the revised. name
in INAME (the transfer location indicated in the computed
GO TO in DESIGN) and indicated transfer point agree.

IV. Remove the dummv subroutine currently in the program and
replace it with the new subroutine which bears the name
selected in Step I.

V. Deielop the new element program following the steps outlined
below.

Since the programming details of new elements will veary with the tech-
nical requirements of the calculations, specific programming comments -
are excluded. The following discussion outlines the PAS requirements
for the gtructure of the new element. In general, there are three
categories of entry to the element (designated by the variable INTRY):

1. The first entry to the element during the element input data
and checking step (INTRY=l). Technical calculations are not
usually performed during this step.

2. The second entry (and subsequent entries in the case of re-
cycle syatems)'in which the actual technical calculations
are performed (INTRY=2), The results of the calculations are
retained as stream compositions and perhaps unit operation
size data. :



3. ‘The last entry to the element which causes the streams assoc-
iated with the element and any calculated process data to be
printed (INTRY=3). Technical calculations may or may not be
done during this step depending on the element requirements.
Any calculation not affecting stream compoaitionl (sizing
calculations, area determination, étc.) should be done during
this step of the program. Following this procedure will gen-
erally speed the solution and will in no way detract from the
overall quality of the solution.

Caretul checking of the element input data during Step 1 is essential
to successful use of any new elemernt. Some of the items that could be
checked are: '

tl) are the temperatures and/or pressures specified in the input
data for the element within the acceptable ranges of the
thermodynamics correlstions being used?

(2) are the unit operation specifications reasonable?

" (3) ‘are the number of feeds to the element and the numbér of pro-
ducts from the element in an acceptable range?

[n some cases, any variable that is found to be unreasorable can be
adjusted to an acceptable value by programming; other situations in
the program should be stopped after checking all input data for all
elements in the simulation. These decisions must be left to the
programmer/engineer responsible for devuloping the new element.

During the second phase of the cnlculation, the celculations procedure
should include the following steps:

(l) Check to determine if any of the feeds to the element are
Zero. If all feeds to the element are zero, all product
rates should be assigned zero values in the pressure of
the product streams should not be set to zero.

{2) - Reset the calculation status indicator (IRCAL (JXX)) to zero
to indicate that the clement has been recalculated.

(3) Perform the desired technical calculations on the stream.

(4) ‘'Pransfer the calculated streams to the permanent stream storage
array and determine if the change in the stream composition is
large enough to require recomputation of the elements which -
receive these products as feed.

Final output from the element should occur in the third phase of the
calculational procedure. During this phase of the element, additional
sizing and/or costing calculations can be carried out, if desired.
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Coding for the new process element should follow the general structure
listed below:

SUBROUTINE NAME (JXX)

The subroutine NAME must be a unique name containing four
{or less) characters. It is the name selected to describe
the unit operation and entered in the INAME array and call
statement in DESIGN.

The variasble JXX corresponds to element number assigned by
the user in preparing the input data. It defines the location
of the (stream numbers) feeds to the element in the IFED
(JXX,I) array; the location of the products (stream num-
bers) from the element in the IPD (JXX,I) and the location

of the process element input data in the PDATA (JXX,I)

array. The feed and product stream number -arrays should -

be referenced immedistely after entry to the subroutine are:

" Use for
INDF1 = IFED (JXX,1) }1 feed : ‘}
INDF2 = IFED (JXX,2) 2 faeds o
INDF3 = . IFED (JXX,3) : .} 3 feeds L feeds
INDF4 = IFED (JXX,4)

Use for

INDPL = IPD (JXX,1) } i product 1 N
INDP2 = IPD (JXX,2) 2 products J
INDP3 = IPD (JXX,3) 3 products M4 products
INDPL = IPD (JXX,h4)

Note that the data in the IFED and IPD arrays will be taken fr
from the PRCLMT card columna listed below:

Array element Card colummns
IFED (JXX,1) v 16-18

2 22-24

3 28-30
: -k . 34-36
IPD (JXX,1) . Lo-b2

2 L6148

3 52-54

L 58-60

The various lebelled COMMONS should be inserted immediately
following the SUBROUTINE card. Typically, the required
COMMONS are THERML, INQUT, CNTR1, CNTR2, CNTR3, CNTRA4,
PRDAT, and STRMS. Other COMMONS may be used as required.



The next statement should usually be:  (If there are calculations
or tests which are common to the input data checking phase, tech-
nical calculation phase and the output phase, they should be done
here to avoid duplieation.)

GO TO (100, 200, 300), INTRY

This statement controls transfer to the invididual phases of the
program for input data checking (INTRY = 1 and transfer control
to statement number 100), technical calculations (INTRY = 2 and
transfer control to statement number 200) or the output phase
(INTRY = 3 and transfer control to statement number 300).

100 CONTINUE

This is the input data checking phase of the program. For
diagnostic purposes, the following statements should be included.

WRITE (8O,1) JXX

1 FORMAT (5H NAME, 14) ‘ ‘
Following this statement the type of material/heat balance
checking to be performed by DESGN to insure recycle closure
is specified. :

ICHKR (JXX) = 0,1,2,3
ICHKR.(JXX) value : funection

0 perform no materiel or heat balance
checks on the element

1 perform both heat and material balances
2 perform only material balance checks
3 perform only heat balance checks

The number of feeds to and products from the element must be
checked for being in an acceptable range. For example, if
the element expects to receive only one feed and it receives
two feeds, the pipeline closure/duplicity.checks can be satis-
fied but the problem statement is still an unacceptable
problem definition.

| CALL FDCHK (I1, I2, I3, Ik, JXX, JJ3)

I1 - minimum acceptable number of feeds

I2 - maximum acceptable number of feeds
1sIl<é4y  lgl2<e; 1112 '

I3 - minimum acceptable number of products

I4 ~ meximum acceptable number of products
l<I3<4; 114543  13<14
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JXX - element number

JJJ -~ error indicator - JJJ returned as 1 if number of
feeds/products if within ‘acceptable range
JJJ returned as 2 if number of feeds/products is
not within acceptable range

Check for JJJ equal to 2

IF (JJJ.EQ.2) WRITE (NO,2)

2 FORMAT (14H ERROR IN NAME, I4, ISH FEEDS/PRODUCTS)
Perform the necessary tests on the input data to the'element.“
These data will be located in the PDATA array as PDATA (JXX,l1)

through PDATA (JXX,30). The contents of each element of the
vector PDATA (JXX,I) and the relationship to the PRDAT cards is:

PDATA(JXX, I Card Column
I=l PRDAT1 13-18
I=2 PRDAT1 19-2k
I=11 PRDATL 73-T8
=12 PRDAT2 13-18 |
I=13 v PRDAT2 19-2k
I=22 PRDAT2 73-T8 |
I=23 PRDAT3 13-18
I=24 PRDAT3 19-2k
I=30 PRDAT3 55-60

The tests should insure that none of the input data are beyond
acceptable limits such as the thermodynamics correlation upper
pressure limit or upper and lower temperature limits. If some
of the input data exceeds these limits you can eigher assume a -
value for the user or set ITEST = 1 which will abort the run

at the end of the input data checking step. Comments to assist
the user in debugging his input deck could be made whenever an
error is found. )

All element input data should be printed after the checkd have
been performed and the adjustments, if any, made. There is no
other way to document the basis for the run. Note - The units
of the input date in the PDATA array should not be changed dur-
ing the checking step. Two reasons: Z15 changing the units
makes it more difficult for the user to check his input and

(2) if multiple cases are being run, the wrong value will be
used during the second and subsequent runs since the input

data are checked (converted) and printed during the first
iteration through each case.

These steps essentially complete the first calculation phase
of the element. .The program can now be sent to a RETURN step.
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- GO TO koo

The next part of the discussion deals with the technical
calculation phage of ‘the program (INTRY=2)

200 CONTINUE

Immediately after entering the second phase of cealculation,
the element name and number should be printed and the recycle
recalculation indicator should be set to zero (indicating
that the element has been recalculated).’

WRITE (NO,1) JXX
IRCAL (JXX)=0

The feeds should then be moved. from the permanent stream
storage array, X, to the working storage array, F1. This
transfer can be accomplished by using SUBROUTINE MOVER.

CALL MOVER (INDF1, 1)
CALL MOVER (INDFL4, 4) |

The total amount of Each feed should be calculated using
SUBROUTINE SUMMR.

CALL SUMMR (1, F1, SUMFDL)
CALL SUMMR (4, F1, SUMFDL)

Tests should then be performed to determine 1f the element
feeds are zero, or which, if any, feeds are zero. If all
feeds are zero, zero products should be tranaferred to the
permanent array, X. An example of this step is: (Based on
1 feed to the element and 1 product from the element).

IF (SUMFDL. NE.0.0) GO T0 201
CALL MOVER (201,5)

V FL(NP,5) = PXX
0 TO K00 ~ CALL MOVER (5, INDP1)

If there are two or more feeds to the element and one of the
feeds is equal to zero, calculations may proceed in a normal
fashion (for example, in the ADIR element) or the calculations
may have to be bypassed (for example, in the HEX element sim~
ulating a counter-current hest exchanger or in the ABSR element)
In the latter two examples (HEX and ABSR) the non-zerc feed
should be passed on through the element without change (unless
there is a pressure drop in the element). The product corres-



ponding to the other feed should be set to zero. The mechanism
for determine these conditions is a function of the technical
calcéulations and the orgeniza&tion of the program including the
order of feeds and products and the assumptions that can be made
about the feeds/products.

201 CONTINUE

) ff the feed slate to the element is such that calculations can
continue, control is transferred to statement 201. At this
point, the following data are available: :

FL(1;1) *°* F1(1,4) component 1 flow rate to element
F1(2,1) *°° F1(2,4)

F1(N,1) *°° F1(N,4) component N
FL(NT,1) "' FL(NT,k) Temperature of each gtregm in base
i . temperature units, ("R, K)
F1(NP,1)"** F1(NP,4) Pressure of each stream in base pressure
units (psia, atm, etc.)
FL{NEM,1) " F1(NHM,4)Enthalpy of each stream in base energy
: units (BTU, KCAL,)
FL(NFVL) ** F1(NFVL,4)Fraction vapor.
FL(NUNT,1)" F1(NUNT,4)Destination of the stream.

The process element data in PDATA (JXX,I) are also available
for use.

At this point, the technical calculations are ready to be
performed. The only .limitations on the technical calculations
that can be performed are core capacity and machine time. " If
‘there are or will be computational problems during this .segment
of the calculations, the appropriate diagnostics should be
printed to alert the user about possibly invalid results.

In general, the final product streams should be placed in the
working storage array, F1, to expedite their return to the
permanent storage array and the checking procedure to determine
if the rates have changed sufficiently to warrant recalculation
“of any element (SUBROUTINE MOVES performs both functions).
Additional arrays may be dimensioned and used if necessary.

The arrays XL, XLB, XV may be used to transfer mol fraction
data to the various service or thermodynamic property pre-
diction subroutines. The following service subroutines and
thermodynamics properties prediction routines are available

for use:

Service " Thermodynamic Property
Subroutines Prediction Subroutines

a., SUMMR a. KVALU

h. WTMOL b. CSHL

¢. MOVER c.. CSHV
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&. MOVES ‘ d. ENTROP

e. EQUIL.
f. HBAL
g. RHOL
h. RHOV

i

S

After completing all calculations, the products must‘be moved
from the working array, F1, to the permanent storage array, X.
This operation is performed by SUEROUTINE MOVES:

If triael and error calculations are used in the technical cal-
culation which involve either the equil brium (EQUIL), enthalpy
(CSHV, CHSL) or heat balance (HBAL) subroutines, the tolerance
levels of closure in these subroutines must be considered. The
subroutine EQUIL has & tolerance of 0.00005 on the flash/bubble
point/dew point calculation, and HBAL has a tolerance of 0.0001
on the enthalpy matching procedure. - To ask for a closure of
say 0.00005.in & large heat balancing loop involving several
calculations through HBAL/EQUIL would probably iead to no
convergenceiin the major loop simply because the level of errors
in the computed values are cumulative. The resulting total
loop error will be too large to ever achieéve closure to the
degignated level of error.

CALL MOVES (5, INDP1)
CALL MOVES (8, INDEW)

If calculated date specific to this calculation need to be
retained for subsequent use, (either primt-out or calculations)
it may be stored in any unused locations in PDATA (JXX,I). On
initial entry to the program these date spaces will contain
zZeroes. Saving this information can expedite the printout

~ or subsequent calculations.

After the product streams have been transferred to the X array

and the necessary information saved in PDATA (JXX,I) the

program can be sent to a return step.

G0 TO 400
The output phase of the calculation is entered when, the re-
cycle calculations are complete or the meximum number of iter-
ations has been exceeded. This status is indicated by INTRY =
3 which transfers control to statement 300.

300 CONTINUE

At this point, the following steps should be taken:
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CALL TITLE

This operation causes the program to skip to a new page,
print a new page number and the: problem identification.

WRITE (NO,b) (ELNAME (JXX,1), I=1, 6)
FORMA‘i‘ (1 __H DESCRIPTIVE TITLE FOR SUBROUTINE *##, &Al
WRITE (NO,5) ‘ '
FORMAT (__X, 5H FEEDS, __X, 8H PRODUCTS//)
» These two WRITE Statementé provide ;dd{tional information

for ease in intgrpretins the output.
* i

_CALL SPOUT (INDF1, INDF2, INDPl, INDP2, INDP3)

Subroutine SPOUT will print the component rates and associated
information for the feeds to:and products from the elements.
If the total number of feeds and products from the element
exceeds five, SPOUT will have to be called twice, once for the
feeds, the other for the products. Any missing feeds/product
indices should be set to zero.

If there are additional calculations to be done and/or infor-
maetion to be printed, they maynvbe done at this point. After

"these operations are accomplished the third phase is complete

CONTINUE
RETURN

END



APPENDIX G

BLOCK DIAGRAM OF HIDE PROCESSES
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Figure 10, Block Diagram of Hide Processes
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ESTIMATED EFFLUENT STREAM LOAD
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fra ) wooam
ZFFLUZNT ST

RIAM LOAD FRCH A 10CC

TABLE V

AATMT D
CATTLS

HIDE/DAY TANN

ERY

Total
suspended Total Oil snd
Processing Flow BOD solids solids grease Sulfide Chroalum
Steps (103 ¢/day) (kp/day) (kp/day) (kg/day) (kgfday) _ (kg/day) (kg/day) pH
Soaking 189 . 409 682 5,864 .- .- .- 6.0-8.0
Ushatriag 189 1,364 - 1,773 4,090 273 205 .- 11.0-12.5
Liming 379 273 409 1,364 136 273 .- 11.0-12.5
Bating 227 22,7 191 545 545 -- -~ 7.0-10.0
Chrome tanning 57 10.9 136 4,050 223 .- 136 3.5-4.0
Retan, coloring and
fatliquoring 379 54,5 81.8 545 45,5 .- 27.3 4.0-5.0

Finishing 189 81.8 136 218 273 -- -- 5.0-8.0

Source: Thorstensen, T. C., "Practical Leather Technology"”, R. E. Krieger Publishing Company, Huntington,
Rew York, 1976, p. 263.
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HEVRL

2.3.0 (JUNE T8} . NS7360 FORTRAN H EXTENDED DAYFE 79.177/12.28.20

REQUFSTID OPTIONS: GNSTMI

EPTIONS IN FEFECT: NAMEIMAIN) NUOPTIMIZE LINFCOUNT(60) STZEtMAX) AUTODBL (NOME)

15N
15N
1M
151
154
1M
1N

13/
1SN
15N
1SM

158
1SN
SN
150
1SN
s

1&N
1%

ISH
1SN
IsM
1SN
150
1SN
tsn
1SN

1<H
ISN
ISM
158
ISN
1SN
1SN
ISN
1SN
1SN
15N
1SN
1SN
1SN

ISN
15N
15N

0no2z
0003
0004
0005
0006
ooor
ocon
Q004
0010
0011
o012
0013

0014
0o1%
00t6
0oLy
ovla
LU R

0020
002}
0022
0023
0024
0025
0026
o021

nozn

0030

0031
0032
0033
€034
0036
0031
on3e
0039
0040
0041
0042
0042
0044
G04s

0047
Co48
0049

SNURCE FBCHOIC NULIST NODECK ORJFCT NIMAP NOFARMAT GOSTMT NOXREF MOALC NOANSF TERM 1AM

CeeeFVAP (IN AND OUT-NO SIDE STREAM) 00000070
' SUBRDUT INE EVAP (1 JXX) 00000080
DIMENSLON EVAPLI20) 00000020
COMMUN/ SAVE L/SAVEL26,90) 00000100
COMMON/ZCNTR L/NCPy NT NP o NFYL o FHM  NUNT , INTRY, TTEST,TLL,TL2,1DCSE251000001 L0
COMMON/CNTR2/1FENLL00,4 0, INPROCL00), IPDIL00, 40, IRCALEL00) 00000120
COMMON/CNTRIZENAMET2, 30041 TCCNTI50) , STNAME( 201,30, ELNAMF115,6) - 000001 30
COMMON/CNTR4S/Z1CHER UL 00D ¢ ERPMAX » TR1MAX o IR2ZMAX 000001 40
COMMINZ INDUT/NT NO,ANAME 1200 ;MAXSR,NPRNT o LPMAX , MEL M, 1FND NPAGE 000001 50
COMMON/PRDAT/POATAL 100, 30) 00000160
COMMON/PRICEA/PRICE(L50) ,FACTOR(150,6) 00000170
COMMON/ STRNS/X130,2011,F1130,12) 00000180
COMMUNZCOSTB/LOST(10,1500, LEQUIP, TUTILL, 1UTILZ,1UT 00000190
LIL3, LUTILG, TLABYL  TLAB2, ELAD3 T LANA,TLABS, IMAINT, IC 00000200
2HEML o ECHENZ o ICHFM3, ICHEMS, JUTILS,CSTID2,CSTINI,CST 00000210
31D6 BSTIDL,BSTID2,85TIDI,BSTIDS, 00000220

4 NUMBRULIV«150),NMIMBR2(E0,1500,CAPITLLLO,1500 . 00000230
COMMUN/EQPLST/FORKD(3,15) ¢ SCALDL10+2),STORDISI(TAPED(10,2) 400002 40
COMMUNZEQPL SB/ SORTD(15,21,BALPD(10),SPLYDLL2,21,FVAPDI1S) 00000250
COMMON/CNTRLO/ TCXNST(25) ’ 00000260
DATA EVAPL/360.0012.0,6.0,1000:0:8.2%5,1%5%0.0/ 00000270

I FORMATUSH EVAP, 14} . 00000290

2 FORMATELAH EAROR [N EVAP, 14,15+ FEFDS/PRODUCTS) - 00000290

r INITIAL LZE STYRPEAM LOCATIONS & (OVHER) 00000300
INDFL= I FEDCIXK 1) 00000310
JPRU=IPDLIXX,L) 00000320

GO 10 L 100,200,R800), INTRY 000003 30

100 CONTINUE ’ . 00000340
WRITEINO, 1) JXX . 00000350
TCHKRE JRX D=0 00000360
CALL FUCHK (Lolobol o dXX,048) 00000310

00 110 I=),20 00000380
IFIPUATA(IXX, 1) .FO.O.0PDATALIXX, 1I=FVAPRLTD 00000390

110 CONVINUE . ' 000004 00
G *%%& BRING IN SURRQUTINE PARAMETERS, TF ANY *éee : © 00000410
TLsPOATATIXX A} ) . 00000420
E-PUATACIXX.2) . 000004 30
RaPOATA(IXX 4 3) 00000440
TRFOJIILEU.2 IHRTTF (NN, 2 ) IXX . 00000650

GO 11 1o 00000460

200 CONTINUE : ' 00000470
TRCALL SXXD =) 000004 80
WREITE ENUGR ) IXX ) 00000490
CALL. MOVEREINUFL, 1)} 000005 00
CALL TFLIF, 1) ) 00000510
FUL22.10~F 00000520

F »F / B.34 000008321

CALL SUMMRILFL,1,SUML) 00000530
1FESUNL «EQ.U.0)GN TD 300 00000540

C *%%4 PENFORM CHANGES ON STREAM CIARACTERISTICS, 1F ANY ¢awe 00000550
300 CONVENVE 00000560
CALL MOVERL 20D ,2) - 00000570

CALL MDVESEZ2.1PRD) 90000S 80



89

SLEVEL 2,300 CJUNE. T80 EVAP © US/360 FORTRAN W EXTENDED DATE 79.177/12.28.29
1SN 0050 GO 1) 1oon ’ 00000570
15N 0051 000 CONTINUE 000006 00

€ e84 AREA OF POND o4¢¢ ' 00000610
1SN 00%2 " AREATUFOTL#3,08E-06)7LE-R) 00000620
1SN 00y : NUMBR L INX .51 = ARFA 000006 30
£ #0as LAND CUST OF PIND ¢ée¢s 00000640
1SN 0054 CI=AREA®PRICELS) : 00000650
. *¢¥4s ASSUMED 10 X INTEREST FOR LAND 00000660
1SN 0CS5S SAVEL 24,3XX) = C1 * 0.10 00000670
C *4es CAPITAL CIST OF POND o#¢¢ 00000680
1SM 0056 C2=3,4¢(LFEPOATALIXX R} /7LE-RI)*40, 7123} 00000690
1SN 0057 IFLICXNSFL23).€Q.1) GO TO 400 00000700
(. #¢ed MANHUOURS & MATERIAL 6 SUPPLY COSTS -- WARM CLIMATE ¢¢ss aoo090t10
15N 0059 FMIRSLE L 73¢1 . 0E-02*IF ¢PDATA( IXX, 11/ LE-RD)*¢0,624) 00000720
1S 0060 CIsFHIRSESPRICELLYS) 00000730
ten ocel ChAmQ SO LLF*POATAL XN LI/ (F-R) }1940.509) 00000740
¢ eses ASSUMED 8 % FOR LABOR INSURANCE 00000750
1SN 002 SAVEL P JXX} = €3 ¢ 0,09 00000760
1SN 0063 SAVEL B IXX) ~ CA ' ! 00000170
L T ) NUMBR{ JXX, 150 » FMHPRS] 00000780
1SN 0065 FMHRS 2 ~ 0.0 _ 00000790
1SN 0066 CS = 0.0 ' ) , : 00000800
1SN 0067 : . C6 = 0.0 00000810
1SN ou6s G0 10 500 : 00000620
C $ee% MANHIURS € MATERIAL £ SUPPLY COSTS -~ COODL CLIMATE sé¢¢e 000008 30
TSN 0069 400 FMHURS279,89¢1. 0C-03¢(IFePDATAL JXK,1I/IE-R}I**0.63) 00000840 .
1SN o070 CS=FMHRS2*PRICE(15) 00000850
1SN 0071 COxU.23 ¢ (FEPDATALIXX L }/LE=R) ) *¢0,511) ) 00000360
C se4e ASSUMED 5 & FIR LABNR INSURANCE - 00000870
1S 0012 - SAVE(T.JXX} = CS ¢ 0,08 . . 00000880
1SN Q013 SAVE(B.IXX) = C6 00000890
1SN 0014 NJMBR [ JXX,15) ~» FMIRS2 00000900
1SN 00175 FMHRSY ~ 0.0 00000910
1SN 0C76 c3 » 0.0 00000920
tse pory C4 = 0,0 00000930
15N 00710 %00 CALL SPOUTXESXX) ’ 00000940
ISN 0079 WRRITECNOBIAREA,FoCL C2,FMIRST, FMIRS2,C3,C3,C4:C6 : 00000950
1sh oona B OFORHATCLIHD 09X e ¢ TTEM , 12X, *NUMBER' L 1OX, *UNITS 7/ 00000960
1 9K 'POND G IUX,F9.2410X,"ACPES® / 00000970
2 IXeOWATER FLOW® g4X0F9,249X, *GAL/DAY® / 00000980
39X OLAND COST!¢5X,F9.2,9X, 'OOLLARS? / 90000930
& IXCUAPT, COST*oAXsF9,20 7X, "DOLLARS// 00001000
5 20N TFIR WARM CLIMATES®,4X,*FOR CONL CLIMATES® / 00001010
6 206X "NUMBER® ¢ 13Xy "NUMBER*,9X o *UNITS® // . 00001020
T 9Xe*LABIR ,8X,FLO.2,11XsF10.2,6X, *MANHOURS® / 00001030
B 9Xe'LABOR COST' 3R, FLO0201EX)FL10.2¢7Xs *ODOLLARS® / 00001040
T X P NATERIALS' o4XF10.2,11X,F1I0.2, 7Ky *DOLLARS® ) 00001050
1SN 008 1000 CONTINUE . ) 00001060
1SN 0082 ARTURY ’ ovooeto010
1SN 000 ) £ND . 00001080

SORVEONS TN FEORCTONAME IMATND NUOPCIMTZE LINFCOUNTIAD) STZSEMAX) AUTODDL (NONE)
*OPTIONS IN FRICOTOSOURCE EBCDES NUL IST NHODECK ODJFET NIMAP NOFORMAT GNSTMT NOXREF NOALC NOANSF TERM TpM Ft
ASTATISTIC S SOURCFE SIATEMENTS = B2, PANGRAM SIIF = 2654, SUNPPOGRAM MAME =  FVAP

SSTATISTICS* NIY HTAGNOSEICS GENERATFD



HEVIN

2.3.0 LIUNC 700 0S/360 FORTRAN H EXTENDED DATE T79.177/12.21.08

RECHUFSTED OPTIONS: GOSTMS

CPTIONS IN EFFECTT NAME(MAIND NJOUPTIMIZE LINECOUNT{60) SE2ECMAX} AUTODBLINOME)

1SN
15N
1SN
1SN
1SN

1SN
ISN
TSN
1SN

1SN
L]
1SN
1SN
1SN
1SH
15N
ISN
tSN
1su
15N
15N
1SN
1SN
1SN
15N
151
15N
tSH
1SN
1SN

1SN

15N
15N
1SN

15H
1SN
15N
18
1SN

1SH
1SMN
1sn

0002
0003
0004
0003
0006
goo?r
ccos
0009
0olo
0011

oot2
0013
0014
0o01s
oote
oot
ools
oul9e
0020
0021
0072
0023
Q024
0025
0026
0027
cy28
0029
0030
0031
w032

0033

0034
005
0014

Gnit
nnin
601y9
On4n
04t

0042
004y
HOAS

SNURCE EBLOIC NOLISY NODECK OBJECY NIMAP NOFORMAT GOSTMY NOXREF NOALL NDANSF TERM 1n4

Ce*4250AK CIN AND OUT-NN SIDE STREAM) . 00000070
SUBROUT INE SUAK LJuxXx? . 00000080
COMMUN/ SAVE 1/SAVEL26,90) 00000090
COMMUNZCNTRLZNCP o NT (NP NFYL ¢ NHMoNUNT o INTRY; ITEST, TLL,TL 2, 1DCS(251000001 00
COMMON/ZENIR2/TFEDUL0OO,4 ), 10PROCI00),IPDEL0O, 4} 1RCALIL00) 00000110
COMMINZUNTR3ZENAME (2930041 TCCHT (500 o STNAME(201,3 1, ELNAME(35,6) 00000120
COHHONILNIR&IICDMRIIOO!.ElRHAX.IPInAx.IIZHAx 00000130
COMMON/ ENOUT/NT NG, ANAME (200 , MAXSR,NPRNT , LPMAX ,NELF, TEND,NPAGE 00000140
COMMON/PRIAT/POATALL00, 300 00000150
COMMON/ STRMNS/X 130,201 1:FLE30,120 00000160
COMMON/CDSTO/COSTIIO0, 1300, 1EQIUP, JUTTLE TUTTIL2,TUTILI, JUTELA, 00000170
L ILABL JLAB2, FLABI JLABATLABS IMAINT ICHEML 2 1CHEM2, ICHEMD, 000001 80

2 TCHEM&CSTIDL,CSTID2,CSTIN3,CSTINA,BSTID1BSTID2,BST103, goooui1 9o
3 uSll)Q.NUHBIIlﬂOvISODvNUHBRZllOvISO'OCAF|1Ll10¢ISOD 00000200
COMMON/PRLIEST/ XNAMELL50,61,XUNITI150,2) . 00000210
COMMON/PRICEA/PRICFLILS0)FACTORLL 30,60 00000220
CDNMU!IEUPLStIFORKDlJoli)qSCllD(lU.zl.STORDI5!.'APED!I0.ZI 00000230
COMMONZEUPL SC/ WRNGD (150 DEMND( 15), SOAKD(30) 00000240
COMMON/ZEIPLSB/SORTDULES 2] yNALPLIEON,SPLTDIL2,2), SHAVDLLS) 00000250
COMMONZDEMAND/ 1DMSHL 3O} 00000260
4 FORMAT (6K. THHACHINE 18X ¢FB84.2,SXSHEACH ,4F10.2) 00000270
1L FORMAT (6A: LOMBUTLDING ®o3X,FL10.2,4X¢SHSQ.FT,IX,4F10.2) 00000280
12 FORMATEOX SHWATER y4X, F1 4.2,6X,3ML05,21X,2F10,2) 00000290
13 FORMAT E6Xe® LAND CNSTY,AN,FL10,2,4X,°SQ,FT *,2F10.2,10X,F10.2) 00000300
! FORMATC(OXe L SHPLUMBRING COST 20X ,4F10.20 00000310
16 FORMATCO6K: BHOPERATOR, 7X,F8, ZoGXQSHNEN.ZIXvZFIO.ZI 000003 20
20 FORMATL6X, 9HWIRF COST ,264X,4F10.2) 00000330
21 FORMAN COXs JUHMANAGEMENT ¢ SX T 8. 206X o SHMEN, LIXsF10.2+10X:F10.2} 00000340
22 FORMATIOX e THFOREMAN, BX o F B 26X o JHMEN, LIX,F10.2,10X,F10.2) 000003%0
23 FORMATLON R HSEMI-SKEILLED 13X FB, 26X, JHNEN, 21 Xe 2F10.2) 00000360
26 FORMATLOX s THSULFIDE2X F14,2,6X,3HLBS,21X,2F10.2) 00000370
25 FORMATC6X, 9HUE TERGENT (F 14.2,6X, 3HLBS, 21X, 2F10.2} 00000380
24 FORMAT§6Xo THLABDRER ,OXoFBe 246X, IHHEN, 21X, 2F 10, 2) 000030390
27 FORMAT (OXs THHE ATING 92X o F18 .26 Xe3HKWH, 21Xy 2F10,2} 00000400
29 FORMATOTH ADEP=$,FB.2,2X,6HATAX=8,F8.2,2X, 6HAREP 2$,F8.2,2X, - 00000410
1 SUSUR =S, FB. 242Ky SHTER=S,FB8, 242Xy SHYEAR=, [2) 00000420
31 FORMATE//+5X*NOTE t RUTLNING COST 1S ASSOCTATED WITH FOLLOWING VAO0O0O430
IRTABLES®y 7/) 000004 40
22 FORMAT (12Xs *MANUFACTURING SFA(E = F10.1,* SO.FT, COST = $°,F10.1100000450
33 FOWMAT (12K, POFFICE SPACE *9,F10.1," SQ.FY, COSY = $°,F10.1100000860
Y4 FORMAT (12X, *OFFICF FURNITURE AND EQUIPMENTS COSTS = %0, 00000470
I FLo.h ) ' 000004 80
15 FORMATA 77+ 01X SDAXING MACHINE DEPRECIATION ROUTENE') 00000490
36 FORMATL/Z/, L X' BUILDING DEPRECTATION ROUTINE® ) 00000500
101 FORMATEAML /77710, *SCAKING COMPUTATION OUTPUTS, 13,2 #++SDAKY, 7/} 90000510
9 FORMATE LYY TOTAL ANNUAL COSTS,46X,FI4.2) - 00000% 20
1O FORMATUAN (AHEITEM, 1 IX  GHNUMAER , AX, SHUNETS, IXOMHORIGINAL, SX, 0V000s 20
] SHEIXED, 2X RHVARLTARLE, AX,6HANNUAL ./, 44X ,51C0OSTS, 00000540
z 5% SHCOS Y S, SX . SHCOSTS, SX,8HCNSTS § 000005 %0
L FORMAT(SH SOAK . 16) 00000560
2 FORMATE 14H ERRDR IN SCAN,14,1%1 FEEDS/PRODUCTS) 00000570
Y PORMATCEN, PURLGINAL £rST® 2Xef 0.2, 3X, *SALVAGE VALUE®, 2K, 00000580

ORI 2 X SRR RO+ 102 7 X PCAPACITY? , TX,F 0.7 13X, 000V0590



sV

1M
SN
1SN
TSN
158
15N
19N
1S
ten
15N
154
1SN
151
1N
1SN
1SN
1SN
1SN
1N
(1]
1SN
(A1
1SN
184
15N
1SN
15M

TSN

1SN
15H
158
1SN
1SM
1SN
1K
1SN
AR,
1SH
15N
1SN
1SN
1SN
1SN
1sn

1SN

2.3.0 (JUNE TQ) SOAK

0045
0046
0048
0049
aast
00%2
CU54
QU3%
0056
0ost
aoan
cen
0060
6oet
0062
00é3
00e4
00¢5
0066
ocae?
0069
acT0
0012
G6oT4
0015
6CT&
cer!

onra

ccr9
ceao
0082
cony
oo0es
aons
ccar
coon
0989
0070
009t
0092
0093
005
0€ss
0094

o097

087360 FORTRAN H EXTENDED
CSOAK TRME*+6XoFL10.243Xe'T TOTAL TIME® (SX,F7e.2 /

8 DETERGENT®* 46X, FTo2y 7 1X,'% SULFIDE' y6X,F10.243X,

LOXeFTa203Xe "LABORER® (LIXFTa2,3X, SHIFTS*y11XsFT.2 /
I1Xe*% DIRT REMAINING® y2XoFT7.2,3X,*% WATER REMAINING®,
FB.243%0° % SALT REMAINING® F8.2 //)
INIVIALLIZE STREAM LNCATIONS € (OTHER)
TFO=IFEDLJX Kol )
IFLINTRY.GT.1) GO 10 39

OB PVSoWN

1 =1
" LFLIDNSHLE }.FQ.0) GO TO I8
[ BN N |
IFCL.LEJ0) GO YD AT
G0 10 39
wo TOMSMUT) ~ 1

TFEDC XX, 2) = LT0 ¢ ¢
17 CONIINUE
TFDU = JFEDELIXX,2)
IPRO=TPDEIXX,L Y
TPRUB=TPULIAX, 2}
60 10 1100.200,800) . INYRY
100 CONTINUVE
WRATE(NOLE D JXX
1CHKR L S XXD® 2
CALL FOUMK (10200020 0XX0009)
D0 110 I=1,23
TFCPUATALIRX, 1) .FQ.0,0)PDATACSIXX, 1)=SOAKD(])
LI0 CONTINUE
TFIPDATARIXX, L ) .EQ.O.OVWRITE(ND,3) (PDATALIXXeS) o J=3y23)
TFEJIILEU2 IWRTTEIND, 2D IXX
GO 10 1u00
200 CONTINUE
IRCALLIXX) =0
WRLVEINUW L) JxX
MUOVE STREAMS TO WORKING ARRAY Fi
‘CALL MUVER(IFD, 1)
CALCULATIONS OF STREAM. AND PROCESS INTERACTION.
Le CHECK FOR 7FRO MATN STRFAM TF NO GO YO 300
CALL SUMMRIFI 1oSUML
IFUSUML .EQ. U016 T 300
TECFLLL LB LT 0.00G0 TO 300
SHIVE=0.0
DO 40 I=3,10
A0 SHIDE«F 101, 1 )eSHIDE
NHIVE I POATALIXX, 60 /511D D00, S
NBATLHe(FLEL. ) D/NHIDE) 00,25
RATCHNBAICH.
WATERSBATCHOPOATALIXX 6 V9PDATALIXX 200 ¢PDATATSXX 1 LD
DETERBATCHOPOATALIXX .6 ) *POATALIXN o200 SPDATALIXX 1 4)
SULF*HBATCHY POATALYXXOF*PDATALINX 200 *POATAL XX, 15)
NMACH=BATCH/ L{ POATAL SXX  200%480.00/PNATALIXX,TH) 0.5
XMACH=NMAL M
T oo LUDATCH/ZXMACIH) *PDATALIXX T)1760,0
WIER=WATER#255 .00
CONVERT POUNUS 0OF WATER 1O GALLIINS
WIERG = WI"R / A338.0

AXe*SPACE s LOXyF10,293X,"RPM® 12X, FLOL 293X FLOAT 12X,
Fle2 4 LX'TEMP, OF FLOAT® FLl1.2,3Xs*PH 13X FLO.2,3X,

CMANAGEMENT® ¢BXpFTo2¢3Xo 'FOREMAN® 410X yFT o2 /7 1 X, 'OPERATOR®,

00000600
00000610
00000620
00000630
000006 40
000006 50
00000660
000006 70
00000680
00000690
00000710
00000720
00000730
00000740
€0090730
00000760
00000710
00000780
00000790
00000800
000000 10
000008 20
000009 30
000008 40
000008 50
00000860
00000870
000008 80
00000890
000009 60
00000910
000009 20
000009 30
000009 40
00000950
00000960
00000970
00000980
00000990
00061000
00001010
00001020
00001030
00001050
00001060
00001070
00001080
00001090

‘00001100

00001310
00001120
00001 1.30
00001140
00001150
00001160
00001170
000011 A0
00001190
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PV 2.3.0 {JUNE T8 SAL T 0S/360 FORTRAN H EXTENDED

1SN 0098 DYER=DETIE* 255,00
1SN 0C979 SUF *SULF®255.00
1SN 0100 BTU=INATER/ LPDATALIXX20)#0.0) 1#IPDATALIXX,12)-50.0)
ISN 0l01 By = BIU * 255.0
1SN 0102 AY = 8T 7 3413.0
1Sk 0103 F16e8) = MATER
1SH 0104 FLEL5,4) = SULF
1SN 0105 FLE14.4) = DETER
1SN 0106 NUMBRU JXX,22) = BT )
15N 01C7 NUMBRE JXX,21) = WTERG
1SN o1C8 NUMOR( JXX,35) = DTER
1SH 0109 NJMBRE IXX¢36) ~ SUF
1SN o1t0 NUMDREJXX y104) = XMACH
. . CALCULATE OUTPUT STREANS
1508 ot} 0N 610 L=«1,30
TSN 0112 Flude3d=Flat it}
1SN 0113 610 CONTINUE
15N 0114 CALL MOVER{201,3)
ISN 0115 FII5e3)oF 105, 0¢01.0-PDATALINX,280)
1SN ol1s TFEPOATALINXR 22} .LF.1.0)
: $FIL6.3)FRloed 11 1.0-PDATALIXX 220}
158 olls FLOTIIFLEZ2,0 0%11,0-PDATALIXX ¢230)
TSN ott9 FILS5e20=FLU5,1 IYPDATALINAX, 21)
ISN 0120 Flioe2)=Fllo,st JOPDATALIXX, 22}
ISN 0121 FILT020=FLE 2,0 I4PDATALIXX,23) -
1SN 0122 F1028,3)%1,0 .
1SN 0123 Fll4,2)=FLEs, 10
1SN 0124 Fil4,3)m0.0
158 0129 00 615 128,25
ISN 0126 FIlGi.3)=FLi T,.1)
1SN 0127 Frit.2)=0.0
1SN 0128 615 CONTINUE
150 0129 DO 82 1=4.30
1SN 0130 IR I IR RER LI AR Iy §)
ISN 013t 82 CONTINUE
IS8 0132 FLU6,30%FLL6,3) ¢HWATER
ISN 0133 F1 14, 3)=2ETER
1SN 0134 FLE13,.30nSYULF
1SN 0135 FLU2063) = 0.902*T1(1,1)
1SN 0136 FLE2L,3) ~ 1.504%FLELL, 1)
1SN ot3r TFEPDATALIXX,220.67.1.00
SFLIG,IN=WATER-(LFLL6,2)-F1L6,1 1)*FLILLIY)
1SM 0139 60 10 Tou
1SN Cl40 300 CONTINUE
1SN 0tAl CALLL MOVERL201,2)
15N 6142 100 CONTINUE
1SN 0143 : CALL TFLOLFLOW,2)
1SN 0144 FRI2242) » FLOW
ISN O1aS% CALL MOVES(2,1PRD}
sh o146 1FCIPRDBLLE.00 GO YD LOVO
I1SH 0148 CALL TFLINFLOW, 3)
1SN 0149 Fi622,0 = fuow
1SN 0150 CALL MOVES(3,1PRON)
1SN 015t CALL TFLUCFLUN 4)
1SN 01%2 : FI022.4) = FLOW
158 0193 CALL MOVESt4,1FDR)
1SN 0154 G0 1V Luvy
1SH 0155 ADG CNTINGE
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00001200
00001210
00001220
00001 2 30
00001240
00001250
. 00001260
00001270
00001280
00001250
00001300
00001310
00001320
00001330
00001340
00001350
00001360
000012370 -
00001 380
00001390
00001400
00001410
00001420
00001430
00001440
000014 50
00001460
00001470,
00001480
00001 490
00001500
* 00001510
00001520
00001530
00001540
00001550
00001560
00001570
00001580
00001590
00001 600
00001610
00001 620
. 00001630
00001640
00001650
00001660
00001670
00001670
00001690
00001700
00001710
00001720
V00017 30
00001740
00001 750
00001 760
00001770



MEA'IA
1SN

| N

1SN
15N
158
15N
ISN
15H8

Ism
1SN
15N
[RL]
1SN
1sM

ISH
18M
1SN
154
158
1sn
15H
158

158
1SN
I'SN
15N
1SN
1SN
st
15N
1SN
1SN
15M

N
1SN
1SN

15N
SN
158
1SN
1SN
15N

1SN,

15
1SN

19N

1N

2.3.0 (JhNE T8) SDAX 057360 FORTRAN H EXTENDED
056 TWRITA=PDATALIXX. 1) 00001780
COUMPUTE LEPRECIATION, REPAINS, INTEREST, INSURANCE, TAX 0000} 770
a157 CALL DEPIPUATALIXX,3), PDATMJX!AI.PDAYIIJIX-SM Te 00001800
OH’EP.M\EI‘.A'AX-SUQ.TEP-Jl 00001810
CﬂPPUVE CAPTITAL 00001820
otse CAPTAL=POATALIXX, 3} *XMACH 00001830
0159 FXCOST = ATAX ¢ SUR ¢ TER 00001840
0160 VRLOST = ADEP ¢ AREP 00001850
[ 3] FXCOST = FXCOST @ xMACH 00001860
0162 VRCOST = VRCHST ¢ XMACH 00001870
otey ALCAPY = FXCOSY & VACOST 00001880
#se ASSUMED B0 X OF DEPRECIAVION FOR VARTABLE AND 20 T FDR FIXED 00001890
0lé€A- SAVELL,JaX ) = 0.80 ¢ ADEP 00001900
01¢s SAVELLL.IRX) = 0,20 ¢ ADEP 00001910
aj66 SAVELA.IXX) = AREP 00001920
ore6? SAVE(L9.JxX) = ATAX 00001930
o160 SAVE(1T7.Jx%) = SUR 00001940
o6 SAVE(Z2LsdxX) ~ TER 00001950
. LUMPUTE SPACE 00001960
0170 SPACEvPOATALIRX 9 £XMACH : 00001970
0171 SPACST=SPALE*PRICE(L) | | 00001980
aLy2 OFFSP = 0.027*SPACE 00001990
0113 FURNL = 0,2068¢0FFSP 00002000
0114 UFFLST = OFFSPOPRICEL2) 1 00002010
olrs FURCST = FURNI*PRICEC D) 00002020
alie BUICST = SPACSY ¢ OFFCST ¢ FURCSY 00002030
ciny TSPACE = SPACE ¢ QOFFSP 00002040
409 ASSUMED 10 2 OF SPACE COST FOR THE SAVAGE SPACE VALUE 00002050
o178 SVSPACL = V.10 * RUICST 00002060
ot CALL DEPIBUICST ySVSPAC23:008.0ADEPL,AREPLATAX],SURL,TERL,JL) 00002070
0180 FUCOST = ATAXL ¢ SURL ¢ TER]L 00002080
o181 YOCUST = ADEP]1 + AREP] 00002090
o182 ALSPAC = FOCNST & VOCOSY 00002100
o183 SAVEL{3.JRX) = ADEP] # 0.00 00002110
0104 SAVELLD.uxX) = ADEPL * 0,20 00002120
0185 SAVE(He JXX) = AREP1 00002130
0186 SAVELLG X X) = ATAXY 00002140
ey SAVE(L?,4xX) « SUR) 000021 %0
aLae SAVE(ZI XKD ~ TERL 00002160
ate9 NJMBREIXX 1) = SPACF 000021 10
0190 NUMDREJIXX 420 = OFFSP 00002180
[R] NUMBREJIXX 3} = FURNI ' 00002190
L #¢& COMPUIE LAND COST 00002200
4ed ASSUMED 1UX INTFREST AND 3T TAX FOR LAND - 00002210
ot92 TLAND = 1.5 ¢ TSPACE 00002220
a193 TLLSE = TLAND PRICFI"IQS!&0.0 00002230
0174 TLINT = TLCST ¢ 0.10 00002240
a19s TLIAX + TLCST = 0,03 00002250
0196 FXLAND = TLINT # TLYAX 00002260
0197 SAVE(24+0XX) = TLENT 00002270
0158 NUMBREJXX o 4) = TLAND 00002200
o CUMPUTE CHFMICELS 00002270
0199 DETCSIwOTEASPRICECDS) 00002300
0200 SUFLSTeSUR*PRICFLIG) 00002310
LUMPUTE ELECTRICTTY C0OST 00002320 .
0201 ATULST~OT*PRILEL2D PPIATALIXX, 20} 00002320
COMPUTE LARNR 00002340

0202 HRUAPDATALIAX, 161 *XMACH
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00002350



SLEVEL 2.1.0 (3UNE T78) SUAK NS/360 FORTRAN H EXTENDFD
ISN 02013 WKT=POATALI AXs 1 THEXMACH
158 0204 WKH=PDATAL XX, LB)*XMACH
1SM 0205 WKFE=POATALI XX, 19) ¥ XMACH
1SN 0206 STANT = PDATACINX,20)*2040.,0
158 0201 TRU = STANTOWKD .
158 0208 IKE » STANTOWKT
1SN 0209 TRH = STANTSWKH
15N 0210 TKF = STANT®WKF
ISN 0211 NUMBR(IXX,]1) = TKO
S1SM 0212 NUMBREIXX 820 = TKY
154 0213 NUKBR{IXX 13 = TN
ISN 0214 HIMBRUINX , 33) v TKF
15N 0215 WKLSTO = TRD*PRICFLLL)
1SN 021¢ WKCSIT = TKTOPRICEC12)
1SN 0211 WKLSTH = TKH®PRICF(13)
teN o2t WKCSTF = TRF$PRICF(1S)
: C 9044 ASSUMED 5 € IF MANAGFMENT FOR MANAGEMENT INSURANCE
€ #44& ASSUMED 5 & UF LAAOR COSTS FOR LABOR INSURANCE
1sH 0219 SAVE(20+ JXX ) =t WKCSTD ¢ WKCSTT)*0,0%
1SN 0220 SAVE (T, JXX) =(WKCSTH ¢WKCSTF)*0.0%
[ CCMPUTE UTILEITIES
1SN 0221 WIRCST = XMALHEPRICELTE). |
1SN 0222 NUMBR{JXX, T6) = XMACH i
158 0223 ACHIRE- WIS ST#EACTORET6, 1)
1SN 0224 AWV = 0.GUPACMIRE
1S 0223 AWF » UJ20%ACHINE
IS8 0226 WREP = 0,01 * WIRCST
1SN 0227 WIAX = 0,02 ¢ WIRCST
1SN 0228 WINS = 0,001 * WIRCST .
1SN 0229 WINT = (.05 & WIRCST
1SN 0230 AWVV » AWV ¢ WRio
1SN 023) AWFF = AWF # WTAX ¢ WINS * WINT
1SN 0232 ACWIRE = AWVV ¢ AWFF '
L8 COMPUIE PLUMBING
1SN 0233 PLUST*PRECE (13 ) ¢XMACH
1SN 0234 ACPLNPLISI®FACTOR(?5,1)
1SN 023% SPLV = 0.80 ¢ ACPLM
1SN 0236 APLF = (.20 ¢ ACPLM
1SN 0237 PLREP = 0.01 * PLCST
1SN 0230 PLTAK = 0.02 # PLCST
ISN 0239 PLINS = 0.01 * PLCST
1SN 0240 PLINI » 0,05 ¢ PLCSY
1SN 0241 APLWY » APLV ¢ PLREP
1SN 0242 APLFF = APLF ¢ PLTAX ¢PLINS ¢ PLINT
1SN 0243 ACPLY = APVY ¢ APLFF .
TSN 0244 NUMBRE JAX, TS) ¢ XMACH
1S 0248 SAVE(Z,0XR) = APLY ¢AWYV
1N 0248 SAVE(L2 0 JXX) = APLF ¢ AWF
1SN 0261 SAVE(S.JXX) = PLREP » WREP
1SN D248 SAVE(IS,JaX) v PLIAX & WTAX
1SN 0249 SAVECLNJIXX) = PLINS ¢ WINS
1S 0250 SAVEL2ZdXX) = PLINT & WINT
: € CUMPUTE HOT WATER (OSTS
r L GAL = 8,338 tA., 1 LB = $0.0001
158 02%1 ACHAT=WIEAPRICEL2]1D) / 8338.0
f CoMPUTE TOTAL COSTS
1SN TOILAC=ACARKC ¢ ACCAPT 0ACWIREVAC PLMCACWATACSPAC

02¢2

SOMKCSTUOERTICST eWRCSTTINKCSTHONKCSTREDETCSTeSURCST ¢ FXLAND

DATE T19.177/712.31.00

00002360
00002370
00002380
00002390
00002400
00002410
00002420
000024 30
00002440
000024 50
00002460
000024 10
00002480
00002490
00002500
00002510
00002520
00002530
00002540
00002550
00002560
00002570
00002560
00002590
00002600
00002610
00002620
00002630
00002640
000026 50
00002650
00002670
00002680
00002690
00002700
00002710
00002720
00002730
00002740
00002750
00002760
00002710
00002780
00002790
00002800
000028 10
00002820
000028 30
000026 40
00002850
00002860
00002870
00002880
. 00002890
00002900
00002910
00002920
1400029 30



95

MFVEL 2.3.0 TN T8) SUAR 057360 FORTRAN H EXTENDED OATE T9.117/12.31.08

1SN 0253 IFEINRITALGEL216GD TD 1000 00002940

[ PRINT ANSWERS 00002950
18 0235 . CALL SPOUTXEJXX) 00002960
15N 0296 WRITE(NUSLULD IXX . 00002970
1SN 0251 WRITEINU. U} 00002980
1SN 02348 TFELAPTALLGT D LOMURITEIND 4 XMACH, CAPTAL ¢ FXCOST, VRCOST (JACCAPY 00002990
1N 0260 ITIEWCCSTULGT LU OIMRITEFIND, 21 IWKO.WKCSTUWRCSTO - : 00003000
ISN 0262 EFLwkCSITL.GT.ULOMMRITEIND, 22)WKT UKCST T, WKCSTY . 00003010
1SN 02¢4% TFEWKCS F4.GT UL OINRITECND, 16 PHKHo NKCSTH WKESTH 00003020
1SN 0266 TRUWRCSTF.GT 0. 0P WRTTEIND 24 INKF o WKCSTF MKCSTF . 00003030
ISN 02¢8 TFIUSTCST.GT.0.0)NRITEINDO.25)OTER,DETCST,DETCST 00003040
1SN 0270 TFESUFCSTGT0OIMRITE (NO,26)SUF. SUFCST, SUFCST B 00003050
1SN 0212 1FLBTUCST G0 OMNRITEIND, 27 )BT BTUCST,BTUCSY : 00003060
158 0274 TREACPLM.GT o0. OIWRITE(ND TIPLLSToAPLYY ) APLFE,ACPLM 09003070
1SN 0276 TFEALHIREGT.OOINRTTEIND, 20 INIRCS T, AUFE, AWVY; ACHIRE 00003080
IS8 0216 LFLACSPAC.GT.0.00WRITECND, 11 0TSPACE,BUTCST,FOCOST,VALOST,ACSPAC 00003090
1SN 0280 TFEILCST.GT 0,00 WRITE(ND, 13)TLAND, TLCST o F XLAND, FXLAND 00003100
ISN 0282 IFCACWHATLGT .U OINRITEIND, LZIWT SR, ACHAT L ACHAY - 00003110
1SN 0204 WRITEUNO,9) TOTLAC ' 060003120
ISN 02e5 WRITE(NO. 3L} . 000031 30
ISN 0206 WRITEINO.32) SPACE,SPACSY 00003140
1SN o287 WRITEI(NO, 33} OFFSP,NFFCST 00003150
ISN 0288 WRITE (NUs34} FURCST : 00003160
1IN 0289 WRATE(NU, 35} : 00003170
IS8 0290 WRITEIND, 29 JADEP ATAXLAREDP (SUR,TER,J - 00003180
1SN 0291 WRITEING. 36} 00003190
1SN 0292 WRITEINO, 290 ADEPTATAXL AREPL,SURL,TERE,JI o 00003200
1SN 0293 .~ 1000 CONTINUE 00003210
1SN 0294 RETURN 00003220
ISN 0295 END 00003230°

SOPTITNS IN FIEECTONAME (MAEND NOUPTIMIZE LINECOUNTI60) STZEEMAX) AUTODBL (INONF)

*OPTINNS IN FFFECTSSNURCE EBCDIC NOL ISTY N(lmF.CK ORJECT NOMAP NOFNRMAT GDSTMT NOXREF NOALC NOANSFE TERM 1AM FLAGHI
ASTATISTICSS SOURCE SIAVEMENTS = 294, PROGRAM S12E = 8746, SUBPROGPAM NAME = SOAK '
SSTATISTICS® N DIAGNOSTICS GENERATED

ossse END OF COMPILATION eseots 44K AYTFS OF CORF NOT UgED



CALEVH

2.3.0 (JUNE T8)

057360 FORTRAN H EXTENDEN

AEOUESTED OPTIONS: GOSTMI

FPYINNS TN FIFECT:

ISM
1SN
1SN
1SN
1SH
1SN
1SN
1SN
1SN
ISN
ISh
1SN
1SN

1SN
(/]

1SN
SN
15N
" ISN
1SN
ISN
1SN
ISN
1SN
1SN
15N
1SN
18N
1M
1SN
15N

1SN
1SN
1SN
1N

0002 -

€003
0004
00053
0006
0007
ooon
0009
0010
ool
0012
0013
(U2

onls
onte

ooy
oole
0019
0020
0021
0022
0023
0024
0025
0027
ou2e
0030
003
0032
0033
anaa

0035
0036
003?
an3n

NAME LHAIND NIOPTIMIZE LINECNOUNT{6O) SIZEIMAX) AUTODBLINGNE)

DATE 79.177/12.26.17

SOUPCE ERLOIL NOLIST NODTCK OBJ?CT NIMAP NOFNPMAT GOSTMT NOXPEE NOALC NOANSF TECRM 10M

[

3
Covese
Cosose
Cooene
Coenas
Ceesee
Cenoee
creere
Covens
coseve
Coeene
Cossen
Croees
Codeee

1

2
Cosese

100

110

200

[ oeee

¢ *ese THIS SURRUUIINE CALCULATES PfFFORHkNCE AND PHYSICAL DFSIGN .

PARAMETERS FUR AN AFRATION DNASIN sese
SUBROUTINE ALR2UJXX)
DINENSIUN ALR2DL20)
COMMON/ SAVE/SAVEL(26,90)

00000070
00000080
00000090
000001 00
00000110

COMMOIN/CNTRL/NCPNT NPy NFVL o NIEM NUNT o INTRY G ITEST o TLL,TL2, IDCS125) 00000120

COMMON/CNFR2/LFED(100,4 ), [OPROTL00T,IPDE100,40,1RCALL100)
COMNON/CNTR3/7ENAME12,30),TTCCNT 500 ,STNAMEL 201, Sl-ELNlNEl!S'G'

COMNON/CNTR4/LCHKR(L100) sERRMAX o TR1MAX y TRZMAX

COMMON/Z INJJT/NT o NOy ANAME €200 s MAXSR ¢ NPRNT L PMAX ,NEL My TFND ¢ NPAGE

COMMIN/ZPROAT/POATAL100,30)
COMMON/PRICEA/PRICE (300 4FACYOR(30)
COMMUN/ STRMS/X (30,201 0,F1(30,12)
COMMIH/ THERME/ CSXX U140, 1000 4 VAS » UN, FOX

DATA AIR20/9000,.0.3. 0-!00.0.!00 0,3, 0-150.0:0.0&.0.5.0-2pl-S'

0.300:250120.,0,700,0/
Fo INFLUENT FLOW RATE, GAL/DAY
SIsINFLUENT 80D
UHAX=NAXIMUM GROWTH RATEI“AV‘. =3,0/DAY
XsMINED LIOQUIR BIOLNGICAL SOLIDS MG/L
UNSNET SPECIFIC GROWYH RATE PER DAY
FRS*BIDLIGICAL CONSTANT, MG/L
FKD=DECAY COEFFICIENT PER DIV
YI«1RUE SLUOGE . YIELD
VAS=VOLUYE OF AERATYION BASIN
ALPHA=RECIRCULATION RATE
XR-REC IRCULATION SOLIDS CONCENTRATIDN
SE~EFFLUENT 80D - SOLUBLE
FA=AIR FLIWw RATE CU. FT,/MIN
TORMATUSH ATKR2,14)
FORMATE R4H ERROR IN ALR2,14,1%H FEFDS/PRODULTS)
TRIVEALEZE STREAM LOCATIONS ésese
INOFL=L FEDIJXX, 1)
TPRU=IPOLIXX L}
60 TOLL0U, 2006 BD0) , INTRY
CONTINUE
WRITEING. 1) IXX
FCHKR( J XD =0
CALL FDCHCE Lo v Do Lo dXX0JID)
00 110 J=i.,20 :
TFEPDATALIXN S ) EQ.0.0VPDATALIXX, JI=ATR2DLJI)D
CONTINUE
TFLIIIEU.2IHRTTF NG, 2) IXX
Gu TU luvovo
CONTINUE
SRCALEIXN) =0
WRITEINO. L) JxX
CALL MOVER(INDF1,1}
* MUVE STRIEAMS Y0 WORKING ARRAY Fl #ésese
CALL TFLULF. )
Fll2ce1 )=F
F =F 7 6,34
CALL SUMMILF ] .1, ,SUMFDLY

00000130
00000140
00000150
00000160
00000170
000001 80
00000190
00000200
00000210
00000220
00000230
000002 40
00000250
00000260
00000270
00000280
00000290
00000300
- 00000310
00000320
00000330
00000340
00000350
00000360
000003 70
00000380
00000390
00000400
00000410
000004 20
00000430
Q0000450
00000450
00000460
00000470
00000480
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000560
00000580
00000581
00000590



sLEVFL

TSN
15N
1SN
1°N

15N
158
15H

15N
15N
15N
15n
158
15n
1SN
15N
1SH
198
15N
150
1%

15N
TSN
M
15N
ton
ISh
1SH
1M
1N
15N
Isn
1SN
ISN
1Sy
s
15N
15N
SN
(8L
TSN
1sn
15N
15N

1SN
I SN

15N
1SN
ASH
1SN
1SN
s
15N
(34,

2.3.0 LIUNE o) AlR2

0039
0041
0042
0043

0044
0045
N044

00s7
0048
0049
0050
6051

002

u0s)
0054
0055
0056
0057
00%9
0059
0060
0061
noe2
6063
0064
a0és
0065
0061
0008
0069
cero
ecrt
0012
0073
0014
oors
0076
ccrr
vore
ac19
0080
oon |
oan?

oce )
oons

6ces
¢086
aca?r
gaes
aon9

K 0090

co9l
0092

0S7360

FORTRAN H EXTENDED

1F({SUMFULL.EQ.0.0) 60 TD 300

D0 210 I=1,28
Flil,2)2F1L1,1)
210 CONVINUE

[ ®e¢ CONVERT F1{20,1) AND F1(21,1) 1O Hbll

SI =~ (FL120,11%453514.74) / (F%3.76)
XD = (FLE21,00%453514.74) / (F*3,700
FLU13¢2)%0.0
(. 44090 AERATIUN OASIN DFSIGN PROCEDURE #édse

ES = B.0
EX = 10.0

SE1 = L1460, 0%FS*1000.0)/7F }*#1000.0)/8,34

SE2 = LE((60,0¢FEX*1000.00/F)¢2000.0078. 34"0 L)

Sk w SEL1 - SE2
FLE20,20 = (SEYF®D,781/7453514.74

UNL = SE /7 (SE + ODATALIXX,60)

UN = POATALIXX,SESUNL -~ PDATALSXX, T}

FOXL = S1 - (1,0 + POAVALIXX,9PI*SE

FOX2 = POATALIXX,9) ¢ PDATALIXX,E)

FOX3 = 1 ¢ PDATALIXXWT) 7 UN
FOX4 = (PDATAEIXX R)ISFOXL / FOX3) ¢ FOX2 & !

FOX » FOX4 7 (1.0 % PDATALIXX,9)?
VAS2 = FOX2*F

VAS3 = POATALIXXs D v FOX
VASSG = 11.0 ¢ PDATALIXX,9))*F / PDI'A!JKX;?'
VASS » (POATALIXX.BI*FEFOXL ¢ VAS2) / VAS3
VAS = VASS - VASS

FAL = (SUL ~ SEI*F /7 0,68
TAZ = 2.00(PDATALIXX,L0) ~ PDATATSEXX,LRDD) * F
FA3 = 1,424VAS¢FOX®UN
FA = 4.16°1,0F-06%(FAL ¢ FA2 ~ FA3)
MPL = 3,475 % t,0F-07 / 2.0

HP = {PL ¢ (FAL ¢ FA2 - FAYD)

CLl = VAS®%0,74)
Cle = (FAL ¢ FA2 -FA3) /7 2.0
L5 & CLA®*0,67
CL = 12.7 ¢ C11 ¢+ O.170 ¥ C15

FHUHRSE = 19D, 0¥HPH¢0, 541 ¢ 6T.0FHPEEN.A)
L2 » FMHRST * PDATALIXX,12)

C3 = 0.29*F
Ch w Ja32¢F

¢¢0,803
¥04TT

C51 = FAL ¢ FA2 - FA}

(52 = 181 *¢0.67

C5 = 12.7¢C1E ¢ 0,3%C52

FMHRS2 = 37,3 ¢ TA #%0,53 ¢ 11,6 * FA #¥0.607

€ 940u8 LABOR CISTS sotan

CO=FHHRS2¢*POAT A (XX 12)

[, #4069 PIUHER CUSTS detre
CT20.254F %40, 7 N7

#0000 MATERIAL AHU SUPPLY CUSTS seves
CB=1.32¢F400. 477
WRITEIND(YI) #1022,00,FCL4,C15
WRITE(NOWYL) SE1,SE2,SFUNL

WRITECNG,9L) UN,FOXL.FOX2,FNIX3

WRITEING.PL) FOXAFDX,VAS.FAL
HREVE(NO,9L) FA2,FA3FA,HP
9t FORMATESX. Y CHLCK? (4F12,.0}

1024420 =

troaxersy. 18y 7

W51514. 00

CDATE 19.177/12.264 17

00000600
0000Us10
00000620
00000630
bo0ouo6 31
000006 32
00000633
00000634
0U00U660
000006 70
00000680
00000690
00000700
. 00000710
00000720
. 00000730
00000740
00000750
00000760
00000770
00Quo780
000007950
00000800
40000810
000008 20
00000830
00000840
00000850
00000860
00000AT0
00000880
00000890
00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
00000980
000V0990
00001000
o0pv10l0
00001020
00001030
000031040 "
ovuotaso
00001060
0ovoL10TY
00001080
0001090
00001100
00001110
00001120
000011 M
owoeoltLa0
000011414



*LEVEL 2.3.0 LIUNE T8) LYLY4 NS/7360 FORTRAN H EXTENDED DATC 79.177/12.26.117

1SN 0093 FRE22420 = 1.2%F1(2241) 00001142
1SN 0094 FLUB,2) = FLL22,20 ~ FHE22,1) ¢+ THl6,2) 00001143
1SN 0095 G0 YO Tuo 000V11 %0
1SN 60%6 100 CONTINUE 00001160
1en 0097 CALL MOVER(20L,2) : 00001170
1SN 0GCSh 700 CONTINVE 00001180
1SN G099 CALL MUVESL2.1PRIY) 00001190
1SN 0100 G0 10 foov ’ ) . 00001200
1SN 0101 800 CANTINUE Cod osovl2to
( sevee PRINT RESULTIS secer 00001220

1SN 0102 CALL SPOUTXEJXX) ) 00001230
1SN 0103 WRITEING,3ICL.FNIRSL,C2,C3,C4,C5,FMIRS2,C6,CT7:CB 00001240
1SN 0104 3 FORMATUL4D, 9X, *eveee (OST FOR MECHANICAL AERATION #aesdeyy 00001250
$9X *CAPETAL COST' 12XoF 12424 2K, 'DOLLARS?/ 00001260

9% "MANHOURS® ¢ 16X oF124242X¢ 'MANHNURS?/ 00001270

$9X, 'LABUR ZOST "o 14X F12.242X, *DOLLARS®/ " 00001280

$9X. "POMER COSY* 14X ,F1242+2Xs*NOLLARS?/ 00001290

$TXe *MATERIALS® 15X, F12,2.2X, "DOLLARS®// ’ 00001300

$IX, *hesee CUSTS FOR DIFFUSED AERATION #esanryy . 00001310

$9X "CAPITAL COST*,12KoFR24292X, "ODLLARS?/ 00001320

$INe *MANHOURS Y , 16X oF1242+2X, * MANHOURS*/ : 00001330

39X, 'LABOR COST',14X,F12.2,2X,"DOLLARS?/ 00001340

$9X, *PONER CUST® 114X FL2.242X*DOLLARS Y/ . ‘ 00001350

KN, 'MATERIALS® S 15K, F12.2,2X, "DCLLARS ) 00001360

I5H 0105 1000 CONTINUE 00001370
154 0106 RETIRN 00001380
15N 0107 FN) . 00001390

' «OPT1ONS TN FRFECTANAME (MAIN) NUJPTEMIZE LINFCOUNT (600 SIZE(MAX) AUTODAL ININE)

MIPTTONS IN FFFTCTHSOURCE EDLDIC NOLIST NIDECK ORJFCT NOMAP NIFORMAT GNSTMY NOXREF NOALC NDANSF TERM 10M :
CeSTATISTICSH SOURCFE STATEMENIS = 106, PROGRAM SIZE = . 3694, SURPROGRAM NAME = AIR2
SSTATISTICS® NO DIAGNOSTICS GENERATYED

4420 0d FHD OF COMPLLATION ¢eesse ) . T2K BYTES OF ,CORE NOT USED



APPENDIX F

LISTING OF USERS PROGRAM

99
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J15VYR NVYOSS FJHYNLS
WX21E ANMCIS) INYNLE
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a0 L
s VA 22

P )
IV Y LT * RN

LI
C1
Ev
-l
4y
S
< 30
1% . a3
MON <AaTIiCH 22
: 12 13
3 23 22
it 1lug 35
I 2 nlog 33
37 wilsr 2%
2 5 HALlR 33
S 5 ClhT £ ig
% o AT 3
7 7 ALt 2210
3 & 3AGASE/FAT FEEFY
G 3 FLES 155100
1YY MANURE 322399
1111 CHRONMIUY [e¥Eed
LLii CRCy vacace
1313 LIRS Yeceae
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SThAME LHIDE FLUW 1¢33939
Frnave HIOE FLOwW 1927021
171S0AK DEMAND arest
1518LLE STUCK - Ac09929
5SOAK WASTE 1558828
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APPINDIX G %

OUTPUT OF SYSTIM I, SYSTEM II, AND SYSTEM IIX
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LEATHER

DEUCNSTRATICN SIMPLrz SYSTEY: FORK, $24<, 3

9AGF 1
TITLE
PACCESS ELSMENT L IS &
: AND
FROCESS ELEMENT 2 IS A
AND
PACCESS SLEMENT 3 IS A
AND
PRCCESS ELEMENT & IS A
AND
FRCCSSS SLEVENTY 5 1S 4
: AND

Q

bl

LEATHER
PACE 2

TITLF DEMOCNSTRATICN SIMPLE SYSTEM;: FORK,

INFY 1
FCRK 2
CRIGINAL
CABACITY
+ICES/LAB

p{sT 1 3
CRIGINAL
CaracIty
SPACE
TEMF, OF
T SULFIDE
CPERATOR
2 CIRT RE

CRID 4
EvVAP S
FRAT G4

CLESS SLEMENT 5S4 1S A

AND

cesT 138CC.0uv

375.80
CPER $39.00
CCSY 18002.00

5009 .0,

1500.00

FLOAT 212.00
9.0u

0453

MATNING 0.02

INPT UNIT. IT wAS,

1 PRGULC TS, 1l
FURK UNIT. [T wAS
1 PRAOUCTS, 3,
308K UNIT. 17 #4aS
& PROGUCTS. 151
OGRID UNIT. IT nasS
2 PRGOULTS, &,
EVAP UNIT. 1T WAS
1 PRO0ULTS, 3.
PRNT UNIT, 1T HAS
Q 2R00UCTS, 2 1Y

SALVALE VALUE
mJR<I NG HOUR/DAY
AAUES/PALLET

SALVAULE VALUE
SUAK TIME

RPM

(]
MANAGEMENT
LASURER

T wATEx REMAINING

STAK,

A
WD U Ll
()
-

QWA 2N+ =00
-
-

GRID, EVAP

500.00
16.0%
3.33

500.00
263.00
3%.00
11.00
0.25
0.25
0.75

S LIFE

SPACE ALLOTYED

LIFE

T TOTAL TImM:
FLOAT |

L DETERGENT
FOREMAN

_SHIFTS
'€ SALT REMAINING

16.00
350.00

20.00
0.89
6.78
0.00
0. 59

1.00 -

0.75

40T



" peeteee
PAGE €

TITLE DEMCNSTRATION S

FEEC STRER2WS TL UNET

STREAM KumeEe
COmPONERT

‘MIDE

r1DE fPEL
WEIGNT (DRY)
rALR

iRy

WATER

ALY
GREASE/FAT
FLESH

10 PANURE

11 CHrEpiuN

12 H2S04

13 LIME

14 CETERGENY

15 SULFITE

16 rFYDPOCHL ACID
17 MR

18 SCLUSLE N

U-0 B0 N ORI R N

19 CTHER CrEVICALS

20 POD

21 L1Q. SLS SOLIDS

22 TOYAL FLOW

23 CCMBCNENT 23
26 COMECNENT 24
25 COMFCAEAT 25

1P ¢ SYSTcd: £2%K, SO&K, GRID, EVvAP

wlut Five

LUvU..0J
2304
25.00

050
Laud
28eud
Tebu
Q.0
0.2
Qeld
U0
0.0
Y
0.0
0.0
vl
[ 2YY)
0.
1.22
0.3
ieva
1.92
1eCo
led9
1.0u

LELTRER
PAGE 6 .
TITUE DEMCNSTRATICH SIMP_E SYSTed: FORK. STAK, GEID, EVAP

FORKLIFTome 2 ®esEDRK

FEFDSHs20e3 368 PR,uUlTSvensve

STREAW AywaEsR i 2

HIUE Fila HIDE FLOW

CCMPUNENT

1 HIDE ) 1000409 1€23.6¢
2 HIDE ACEA 40 .30 45.C2
3 wEIGHT (DRY} 25403 25.¢0C
& HRLE S 0.55 6.50
5 LIRT Lewd ’ 1.090
6 WATEQ . 26.0u 23.00
7 SALT 7.00 7.0
B GREASE/FAY . Ued 2.0
9 FLESK P38 9.0
10 MANURE 0.25 9.25
11 CHRCwIum ved 2.0
12 H25C4 0.0 0.0
13 LIME 0.2 9.0
16 CETERCEANT ) Vel 0.0
15 SUWFITE 0.0 0.0
16 RYDRCCHL ACIO 0.C 2.0
17 NAOH .0 0.0
18 SOLUBLE N Gei 0.0
1S CTHER CHEMEICALS leca 1.25
20 80D C.90 0.90
21 L1Q. SLS soLins 1.03 © 1.00
22 T0TAL FLOW 150 63.00
23 COMFCNENT 23 1 o0 1.C0
26 CCMBCNENT 24 1.05 1.00
25 CCMECNENT 25 | Qs 1.00
TOTAL 1iuB.90 1175.90

¢oT



FREL[&Y (CVUPUTATION NUTPUY Z2e®eifdak

175 NITEEEN UNITS  DPIGINEL FIXED  VADIARLE ANNUAL

: CosT £53TS . COSTS CUSTS

FCOKLIFY 1eu EACH  1380C.07  1€17.73  1650.43  32¢8.16
FORRLIFY. OPECATOR )y MAN 10500.20 - 10500.02
LAETPERS . 2 NEN 29400.00 20400,00.
BUILLING » 35%.4 SwefT €£59,47 T2¢.06  1299.99  2025.03
LAND CAOSY 53v.2 SWlFT 18.57 2,41 2.41

PALLETS ) 300.3 EACH, 19€0.90 277.53 520.85 798.38
TOTAL ANNUBL COSTS . 369%3.97

KOTE @ BUILDING COST IS ASSILIATED WITH FCLLOWING VARIABLES

HAHUEACTU‘!NG SPACE = 350.0 SG.FT, COSY = & 6320.0

OFFICE SPACE = 9.4 SQ.FT, CCST = 8 283.5

OFFICT FUANITURE AND EQUIPMENTS COSTS =3 76.0

FORKLIFY CEPRECIATICN POUTINE
ADEP=s Y320.00, ATAX=S 1G3.57. AREM=S 320,43, SyUR=S$ 44,16, TER=$ 1380.0C, YEAP= 10

EUILCING DEPRECTATICN ROUTINE
ADEP=S. 45€.31, ATAX=S - JB.To6s AKEP=$S B42.,69y SUR=S 21.31, TEFss 665.55, YEARx 1}

901



LELTHER
PAGE 1
TITLE CEvCNE @210 STWR E 5YS5Tem: r2Fx, $78Kk,. GPID, EvVeP

SOLxmess 2 »seiTikER

;EE:.S‘....‘.‘..,‘.'.‘........pgcgd:VS.-‘:-'.'...-‘IQ“.-‘
STREAM NiweES 171 151 : 5

3 s
CHILE FLun SCAK wWASTE

CNPECONFNT
1 HIDE 1340 .uu 2.0 1000.00 2.0
2 RIDE ARE: @dely 3.0 43,00 2.0
3 WEIGHT (05Y) 25.00 0.0 25,02 5.0
4 Fal® 0.5 5.9 n.5° 0.0
5 DI&T 1.90 0.9 0.02 989,60
6 WATER 28.00 4066$79.94 21.00 413979.94
7 SALY 7.00 0.0 5.25 175C.C0
8 GRFASE/FA™ 0. 0.0 2.0 9.0
9 FLESKH VIN) 0.0 .2 2.0
10 MANURE .25 2.0 3.0 250.00

11 CHRCMIyY ey 0.0 0.0 C.C
12 =204 0.0 9.0 9.5 0.0

13 LIME Uau 0.0 0.2 2.0
14 CETERGENT .0 12.00 2.0 12.00
15 SULFITE - Vel 9.00 2.9 9.00

16 HYDRTCHL ACIC 0.0 0.0 - 9.0 0.0

17 KAOH 0.0 0.0 0.2 2.0

18 SCLUBLE N 040 - 0.0 2.0 0.0
19 CTHER CrFMICALS i.25 0.0 2.0 1250.00

20 80D 3.94 n.0 2.0 902.C0

21 LIO. SUS sMmLInS 1.03 2.0 0.0 1504.00

22 TOTAL FiCw 63.0u - 457300.87 51.77 418230.87

23 CCMBCNENT 223 1.0v 2.0 2.2 1003.C2

24 CCMFONENT 24 L.0v 0.0 0.0 10%0.00

25 COMPONENT 25 1.00 0.0 9.0 1000.00

ToTAL ' 1170.90 814001.75 1143.56 841867.69

40t



28w ING COVYRUTATION JUTEUT sesrs5lan

ITE~ HUMbe unlTS

SEIGINEL
(41343
AL HINF 0. G0 BaLH  108070.09
uANACEMENT ieb5u MEN
FCREMAY X 3evu MEN -
"CPERATCE 3.00 MEN
LABORER 1e50 4EN
CETERGENT 2065..00 Las
SULFIDE 2295.04 LBs
REATING 615746.37 Kot
PLUMBING COST <. 24D00.00
wIRE CNST 22250.%9
BUILDING » §243.04 SUeFT 1T1243.62
LAND COST 13863.4% SweF T © 4TT.43
WATER 123776672, iss

TITAL ANNUSL COSTS

21€0.00
2229.90
18689.52
¢2.07

‘VARTABLE

COosTsS
22529.89

32130.07°
15300.09
1009.82
52768.50
17240.99
2400.090
2006.10
33402,80

4978.64

NOTF 2 BUILOING CCST IS ASSILIiATED WITH FOLLOWING VARVABLES

“ANUFRCTURING SPACE = 9CN0.D SQ.FT. CCSY = § 162000.0

DFFICFE SPACE = 243.0 SQ.FY
OFFICE FURKNITURE AND EWUIPMENTS COSTS

$32KING MACHINE DEPRECIATION KIUTINE
ADEP=$ 1278.84 ATAX=$S 1c9.09 AREP=S 247¢.14

BUILECING DEPPECIATICN ROJUTINE
ADEP=$11723,66 ATaXx=$S ¥57.16 AREP=$21669.13

« £OSY =
=

7290.0
1953.7

SUR=S  ST.e) TER=s

SUR=$ . 547,98

ANNUAL
€esTs
34450, 02
24480.90
36720.00

32130.90

15300.00
1¢C5. 80
5278.50

17240.90
2400. 900
©235.10

52072, 32

1 62.07

4978, €4

2333%7,2%5

1800.00

YEAR=13

TER=$1T7124.36 YEAR=11

80T



LEATHER
SACE 8

TITLE DEMINSTRATICS STMPLE Sv3Tc4i 78K, 532K, SGR!D,.

Eyas

FEECSO"!.;'-lP‘JbJCTS."........I‘llll‘l'

EYRFAM A VETE 2
SJuhan mASTE
CTPPONENT
1 FIDE 8D
2 ~i0E 2ofs dols
3 WEIGKY (DPv) v.0
4 HALR ’ [T39¢]
S GIRY 560 «v0
5 WATER 413519 .94
T SALT 1720.00
8 CREMSE/FAY Ol
9 FLESK 9.0
19 ®ANURE 250 euiu
11 CmkEM iU Geu
12 H2SCe Qe
13 L1wF e
14 DFTERCENT i2e.uu
15 SULFITE E Y eui
16 rYDRCCHL 201D 0.C
17 MR el
18 SOLUBLE N el
19 CTHER CrREwICALS 125000
70 80D §32.00
€1 LI0. SLS SOLIDS L5we 0w
22 TOYAL FLOW 4148230.87
23 COMBCONENT 23 1000.4)
6 COMERONENT 24 LEGG o0l
2% CCHMPCNENT 2§ 106u0.0UL
TOTAL B84i807.89
CAPITAL CCST = & 3Tl.44
Ctv CCSTS = ¢ 153

é5.7¢

-]
SCREEN LI

OoVO
[« Xn N

0.0

490.0C
393280.87

140C.C0

2.0
3.0
225.00
2.0
0.0
3.0

10.80

8.10

0.0

2.0

9.0
1125.00
T66.70
225.60
396539,.56

0.0

0.0

0.0

794071.37

3.0

8.0

2.C
125.90
135.30
1278.40
21691.09
1000.00
1000.00
1002.00

47795.87

- ur
- pin

233

&
C
L

Ny -4

®
9
E

B

EVRFORATILN FONDanse, S sssbyarPLRATION PCOND

<Te

car

NE NP NS NN

24

gaw ajwsED

PONENT

HIDE

HIDE R3ER
wWEIGHT (DPY)
FRIR

CIRY

wATER

SAL T
GREASE/FLT
FLESH
MANURE

CHRCME UM

H2S0¢

LIvE

CETERGENT -
SULFITF
HYCRCCHL ACID
NACH

SCLUBLE N

CTHER CFHEVICALS
80D

LIC. SLS SOLIDS
TOTAL FLOW
CCMPCNENT 23
CCMFCAENT 2&

Z5 COMPONFNT 25

10V

At

1TeN

FIND

wATER FLOW
LAND COST
CaPT, COST

LAROR
LAEDR COST
VATERLALS

o

SCREEN Llw.

Q.0
Gew
Qeu
Cel
*GT.ul
37520C.E7
levdeud
Yed

v oG
225 euu
0.0
Gl
Ued
13 .64
Geku
0.0
Cad
Coew
licdevn
16672
225462
376539.50
0.2
Qev
G.0

T34071 .37

NUMBER

8.79
4T5:6.71
87806.62

136171.8]

FOR wamM CLEMATES

NUM B ER
6.0
3.0
9.0

FEIDSsvesssoxss U TCrasnse

1

oc)oi:ot:a‘oucuu:abx)o~:0<;o«aa‘30¢pu
EEEREEEEEEEEEEE
00000V 00OLONDO0O0O0NOO0OVOVOOO

2.0

UNITS

ACRES
GAL/DA
DOLLAR
potLLar

FOR CO

MCASTEATICON SIMP g STSTecvi rO5K, SOAK, 5810, Bver

Y

S

S

Ot CLIMATES

NUMBER UNITS
115.35 MANHOURS
576.75 DOLLARS
457.48

DoLLARS

601



LEATHER
FAGE 10

TITLE DEYCNSTRATICN SIMS_ g §v5Temi FORK, SOER, GRID, EvAP

FRUCOSS STREAMS LZAVING Tk UnNT

SYRE2M NyMBELR
COPPONENT

RICE

FIDE 2OF2
WEIGHT (DRY}
HAIR

DIFY

WATER

SALY
GRFASF/FAY
FLESH

MANURE
CHRCPIUM

. H2S04

LIME
CETERGENT
SWFITE
FYDROCHL ACID
NACH :
SOLUBLE &
OTHER CrEMICALS
800 )
LI0., SLE SOLIDS
TOTAL FLOW
CCGMPINENT 23
CCMPONENT 24
COMPONENT 25

gt
HPOORNIWMEWN -

Pt st ot b b a8 s
OB~ NES WA

LY
-

NN
wawN

i34

16340
«0.00
25 euv

0.30
@ edZ
el .ul
Deed

51.77
Je0
J.0
0.0

0.0

OOVNOOOOO
(=X

GOV~ OoOOWVGO

.
o

1278.4C
21691.09
10C2.C0
1000.00
1000.0C

)

EEEEEEEREERERER]

COVO00VOVODNVOO0QULVOODAOVOO0DOQL

DOO0O0O0OVVLUDWOLIOOIVUOWAODIODO
.

01T



LEATHER
FAGE 11
TITLE DEMCASTRATION STIMp £ SYSTE4; FORK, SO&K,

STREAM NUWEES
COMPONENT

NN NN N
NS WN e

N) bt 60 otk Pt pd vl e Bt 0
QUOUENCWVMPIEWNFPOO®R IOV E WA - .

FIDE

HIDF &RE4
WEIGHT (CEY)
FAIR

DIRT

WATE®

SALT
GREASE/FAT
FLESH

MANURE
CHRCMIUM
F2504

LIME
DETYERGENT
SULFITE
FYDROCHL ACID
NADH
SOLUBLE N
CTHER CHEMICALS
80D

L1Q, SUS SOLIDS
TCTAL FLOW
CCMPONENT 232
COMFCONENT 24
COMFCNENT 25

CPEAT AND MATERIAL EALANCEZ SnEETS

Leéd
V90
1.0l
l.92
i.02
100
1.9

HIDE FLOW

1200.0C
40.00
25.00
9.50
1.00
28.00

iNoOOnDoOOCQOoOOND
n

w

HHOeO00NOJIOO000O
0
[~]

(-}
[+]

63.00

-~
.

o
Q

1.00
1.00

GP1D. EvVaP

SC4x WASTE

0.9
580.90
412979.94
1752.00
2.9

[¥3
\n
D

— .
OCO0OwWNOLOUD

QVOOOLLOO
D0

2.0

1250.00
902.00
1504.00
418230.87
1€02.90
1203.20
1000.00

SCREEN LIC.

0.9
0.0
9.0
C.0
490.00
36328C.87
1400.00
0.0
0.0
225.00
G.0
G.0
0.0
10.80
8.10
0.0
G.0
.0
1125.C0 .
T766.70
225.60
396539.56
2.0
2.0
0.0

SCREEN SOLID

.0
-0
0.0
0.0
450.00
20699.00
350.00

oD

0000~ ODODOWOO
o0 (=]

CO0OWVWNODOOQOO

125.00
135.30
1278.42
21691.09
1000.00
100C.00
1000.00

T



LEATHER
SAGE 12
TITLE DECASTRATICN S1WP i SYSTed: FORX, S98«, GRID, EvAP

FEBT ANC MBTERIAL SRLANLE SmEETS

SYREAM NUMESED . i1 171

CCMPONENT

1 RIGE 100U .30 0.0

2 HIDE &REA 4000 0.C

3 WEIGHT (DoY) 25400 0.2

& -HBER 0.50 0.0

S CIRT 002 . 0.C

6 wATER 2l 00 T %06979.54%
T SALTY 525 0.0

8 GREASE/FAT G 2.0

9 FLESH - C.0 0.0

10 FANURE 0. 0.0

11 CHRCMILM 049 0.0

12 L2504 0ed 2.0

13 LIKE : 0ed 0.0

14 CETERCENT .0 12.00
15 SWLFITE 0.2 9.00
16 HWYDRCCHL ACID 0.0 0.0

17 NACH ° 0.C 0.0

18 SOLUBLE N (787 2.0

19 CTHER CHEMICALS 9.0 . 0.0

20 BOD . , 0.0 0.0

él LI0. SLS SOLIDS 0.0 ) 0.0

22 TOTAL FLOW 51.77 407000.87
23 COMPONENT 23 . ‘ 0.0 0.0

24 CCMPCNENT 24 0.0 0.0

¢5 COMPCONENT 25 T WD 0.0

21T
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2.

REQUISED FIUIPMENTS

PALLETY

PLUMBING

NIRING :
FORKLYFET {ELECTRIC)

. TANKING DRUM wMUuL Tl SP

- SCREENING MalHINE

~EQUIPVENY CDSTS

PROCESS
TYPE OF ECUIDOMENT

PALLET

PLUMR ING

WIRING

FORKLIFY (ELECTYRICY

TANNING DRUM MULTI §P
CSCREEAING MBCHINE

TOTAL CAPITAL CCSTS

»

30043
Ged
el
lod
Gov
0.3

18699.0
29333.3
2E¢30.D
13590.0

lwdddval
Ued

109%8S.w

w

WVOONOO

[a)

[SX+RoXs XV NS ]
.
00O00C 0

Vo000

"

0.0
0.0
2.0
0.0
c.0

o.e ’

6.0

TOTAL

TOTAL

18%9.0
'26000.0
22290.0
1389%0.0
108000.0
300.0

.17028%.0

41T
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k. CVERPEMD (28578

< a B z o o« 3 TCTAL

R X

VERTABLE

sAVER 4970be

.0 1.0 a0 n.0 0.6 4978.4
ELECTRICITY iTiwven 0.0 3.9 0.0 5.¢ .0 17240.9
LEPRECIATICON
FSUTFMENTS 236741 0.0 0.0 0.0 2.0 0.0 2087.1
SCCESSORY EQUIPWENTS 92500 0.6 8.9 0.0 3.0 .0 42€5.0
BUILDING 3152.2 0.9 0.9 0.0 8.0 8.0 - 9752.0
REPAIR
FOUTPMENTS i736.0 2.0 2.0 0.0 0.0 0.0 2796.6
SCCESEONY £QUIPWENTS eal.s 2.0 0.0 0.¢ .0 - 0.0 ©81.9
SUILDING 2651006 0.0 2.9 0.0 3.0 0.0 22511.8
INSURANCE : ,
LABORS 392740 795.1 2.0 5.0 2.0 0.0 472241
FLCTOPY SUPPLIES Ged 457.5 0.0 0.0 g.r 0.0 457,85

- EIxEC

CEPRECTATION .
ESUTPMENTS 52146 0.0 0.0 0.0 0.0 .0 521.8
BCCESSORY FQUIPMENTS 1351.3 0.0 0.0 0.0 0.0 0.0 1051.3
SUILDING - 2¢38.0 0.0 3.0 0.0 0.0 9.0 2438.0
Tax . :
EQUIPMENTS - 322.7 c.0 0.0 9.0 0.C 0.0 322.7
ACCESSORY EQUIPMENTS $53.6 0.C 2.0 3.¢ 0.6 0.0 963.9
BUILDING , 1036.0 0.0 0.0 5.0 0.0 0.0

1036.0

91t



¢, CVFRFEAD COSTS 1CTI%T Mwukd

PEQLESS & g o g 14 F TTTAL
TYPE OF DVEEMEAD
INSUBANCE
EQUIFMENTS 12l.0 0.9 c.0 0.0 0.0 0.0 101.8
ACCESSORY EQLIPMENTS “8le¥ 0.C S.0 0.C 0.0 . 9.0 421.,9
BUILDING 569.3 0.C 0.0 0.0 0.0 0.0 569.3
PANAGEMEYTS 3u00.0 0.0 9.9 0.0 c.0 C.0 3060.0
INTERESY . :
EOUTEVENTS 318042 0.0 3.0 5.0 Cod 0.0 3160.0
‘ACCESSORY EQUIPWENTS 249¥%.5 0.6 2.0 0.0 0.0 0.0. - 2409.5
RUTLOING 1179045 0.0 8.0 2.0 0.0 0.0 17760.3
LAND al.7 915.5 2.0 0.0 0.0 0.0 9€e3.5
TOTAL .
VARTBBLE COSTS 6793047 1252.¢ 2.0 . 0.0 9.0 0.0 69233,.3
FIXED CCSTS 3397440 91%5.8 8.0 _€.0 0.0 0.0 - 34889,8
TCTAL CVERHEAD CCSTS 10i954.7 2168.4 2.0 0.0 0.0 . 0.0 106123.1

AR
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S. CAPITAL Suvmaly

PROCESS. i
TYPE CF LCSY

BUILDING &ND LBND 17933040
WASTE THEATMENTY LAND Vel
EQUIEMENT ~ 10995940
TOTAL CePITAL CCSTS 5483250

10. OPERATING SUYMRRY (ANNUAL CUSTS)

PROCESS A Ce
TvPE CF COST

PERMANENT LARDE 81esb .3

HOURLY LAEDF 4 1356u.0
YotAL'Liegn 139740.0
FIXEC CVEFKEAD 33974.0
vARTABLE CVERHZAC 6798u.7
| TOTAL CVERHESD 10i954.7

TCTAL CrEmICAL 62380

TOTAL CFERATING COSTS 2415027

» .
CPERATING COSY / HIDE = $

COST / SQUARE FODT OF LEATHEK = §

(5]
.
[} w

™
w [ad
15 2
S0
. .

o 0

§39%.8

Ce?
1593%.0

1599¢.2
915.8
1252.6

2168.4

0.0

18068.4

le0433

0.9261°

c.0
2.0
c.0

c.0

8.0
. Q.0

c.0
c.0

8.¢

c.0

G.C

.0

0.c
0.0

000
o.c
0.0

c.0

0.0

0.0

0.0
0.0
0.0

c.0

0.0

YOTAL

178336.0

8000.0"
170289.0

356625.9

TCTAL

612C€0.0

944490,0

155640.0
34889.8
69233.3

104123.1

6288.0

266051.1

61T
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1.000
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L8
LB
L8
L8
LB
LB
L8
LB
LB
L8

H2S04

34 LIME
39 CALCIUM HYDROXIDE

40 NACL
41 SCOTUM BICARBONATE
42 DFLIMING CHEMICALS

31 SaLTY

22 CHROMIUM

232

35 CETERGENT

36 SULFIDE

37 HYDROCHLORIC ACID
38 N2OH

CHEMICALS
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LFLTHER
DACF 2 : '
TITLE DEMCASTRATION S1®P ¢ SY3TEwW; FORX, SOMK, GRID, AlRl, FVAP

COMPONENTE SOPEQIRIED FNS st I SImMLLATION

CCMPCANENT CIMEONENT
AUMEER LT Y44
1 1 wWIdE
2 2 KIDE fAEL
2 3 WEIGHMTY iLlY)
& o mATR
[ 5 CIT
s 6 wdYER
? 7 SaLv
& 8 GREASE/FAT
s 9 FLESH
j¥¢] 17 MANURE
H 11 CHRC*Iym
12 12 =2%594
13 13 LImE
is 14 DETEPGENT
s 15 SULFITE
16 16 HYDEOCHL Al
17 LT NACH
: 18 SCLUBRLE N
19 19 CTYWER CEvICALS
) 2) eeD
21 21 L1Q. SuS SOLIDS
22 22 TNTAL FLOw
22 23 CCHPONENT 25
24 26 CCMPONENT 24
25 25

COMPONENT 25

SPECIFIED UNITS

INPUT TEMPERATURES ARE IN DEG F
QUTPUT TEMPERATURES AKE IN D86 F
INPUT PPESSURES ARE IN PSIA
OUTPLY PRESSURES ARE IN PSia
TI4E BASIS 1S MR

OUTPLT ENERGY LNITS ARE USa
INPUT ENERGY UNITS ARE uSA.

RELETIVE RECYCLE TOLERSNCE 0.03210
SPECTIFIFD MAXIMUM ITERATLIOUNS 22
AUMEER OF RECYCLE STREAMS ]
NUBRER OF SEPARATE LOCPS Q

w2t



LESTHER
PACS *

TITLE DEINSTRATION Stwb = SySTEw; FOIRK, SOk, ORUD, AISY, FVaP

INETY 1
foRrx 2 .
CRIGINAL CCOST 138¢0.04 SALVAGE VALUE 523.0% LIFE
CaPACITY 3V18.00 wOnalNe HOUR/DAY 16,00 SPACE ALLOYTED
PICES/LABCEER S5C0C. N nILIS/PALLEY 3,33
soeK 3 : ’
CRIGINAL COST 18CCC.0u SALVAGE VALYE 598,02 LIFE
CAPACITY " 5000.0u Sdan TinE 242.09% g TATAL TIME
. SPACE 15C0.00 [, . - 33.03 FLOATY
TEFE, OF FLOAT 212.02 P 11.2) € DETERGENT
2 SULFIDE .2 MANAGEMENY .25 FOREMAN
LeERATOR €.53 LABORER 2.2% SHIFTS
2 DIRT REMAINING 0.02 L WATER REMAINING 0.75% € SALY REMAINING
(4.8 ¢4 L}
[34.3 SR
EVAF &
FRAT 94 _

00

10.00
350.0%

20.00
2.80
6.78
0.00
2.52
1.00
0.75

gt



LesTusR ' LEATHER
Ly i1 2 PACE €

TIVE DEWCRSTRATION SIWMOLE SeSTew: FORK, $DAK, GRID, AIR1l, EVAP VITLE DEWMCASTRATICN STMPLEe 3¥5Tcd: FIPK, SOMK, GRID, AIRY, EvaP
$FEC STeER®S YO UNET . FNeKLIFTen e 2 seorOrx
FESDSsesvvaass (7580000
STefaAm auweFe ) : i
COUOPNENT : : CYLEAw NYVIES i 3
: ) rluk FLDw HIDF FLO®
WILE FLlln ;
' CCHMPONENT
1 wid¢ ’ 1030 .04
2 *I0¢ aerga *Vouv 1 #IDE 1u30 9w 1€09.00
3 WEIGRY ¢DeV) 2% 2y 2 HIDE APFA 40490 ©%.%0
4 TALR ve56 3 WFIGHT {DRY) 25430 25.00
$ DIav 1ewu & HAIR 0.50 2.%50
6 wATER 20.64 S DinTY 1.90 1.00
T s ? 7.6 6 WAIER 26.0u 28,00
8 CREASE/EAY [ %] T SaLY : T.03 7.€0
* FLESH 0.0 8 GREASE/FAT 0.2 0.0
10 Fanuat 0.2> "9 FLESH 0.0 0.0
11 CnROriys 0.0 10 BANURE Q.¢5 0.25%
12 m2506 G.2 11 CHREW]IUm 0.0 0.0
13 LimE 0.0 12 #2804 0.0 3.0
16 CEYERCENT ) D2 13 LIME Gev 2.0
15 SWEtIveE " 0.0 16 DETERGENT OWl 0.0
16 wVOROCHWL ACID Lol 15 SWLFITE : 0.0 2.0
17 ASON 0.0 16 HYDROCHL ACID 0.0 0.0
18 SOLUBLE N 0.0 17 NAOH Qouv - 9.0
1% CTHER CrEriCALS 425 18 SOLUSLE N o0 2.0
30 200 0.9) 19 CTHER CHEVICALS . Le2d . 125
@l 110. SAS SHMLIDS 1.02 29 80D 0.92 0.90
22 YOTAL FLOW : 1edv el L10. SLS SOLIDS | 1Y) 1.00
23 COMPENENT 23 letd . 42 TOTAL FLOMW Y 63.00
26 COMBONENRT 24 ’ 190 23 CCMPUNENT 23 . 1.0 1.00
¢S COMPONENY 29 1.00 24 COMPONEAT 24 | T 1Y) . 1.00
. ' 25 COMPECNEAT 28 - 1.00 ' 1.C0
TOTAL 1Ll 90 1170.90

921



FORKLIF™ CCMSUTATICN CUTRPUT  2eeeflikK . -

17¢w NUMSE K UNITS ORIGINAL FINED VARIABLE ~ ANNUAL

) (4234 (G134 1 (4334 cosvts

FORRLIFY 1.0 EACH 13802.90 1617.73 - 1650.43 32568, 16
FORRLIFY OPERATOR I LIV 175N9.00 . 1056C.00
LABCRERS 2 L1 204€0.00 20400,00
BUILOING = 35%.% SeeFY 665947 726.0¢ 1299.%0 ° 2025.03
LAND CnST 53542 SueFY 18.57 2041 2.41
PALLETS : 300.3 EACH, 1900.90 277,53 520.8% T98.3¢

TOTAML ANNUSL CDSTS 36993.97
NOTE : BUILDING COSY IS ASSULIATED wITH FOLLOWING VARTABLES

MANUFACTURING SPACE = 350.0 SG.FT, COSY = & 6300.0

OFFICE SPACE . G.4& SQ.FT, COST = 8 283,95
OFFICE FURNITURE AND EQUIPMENTS COSTS -8 . T6.0

FORKLIFY DEPRECTATICN ROUTINE
ADEP=$ 133C.00, ATAX=S 193,57, AkcPes 320.43, SUR=s 44,16, TERs$ 1380.00, YEAR= 10

- BUILDING CEPRECIATICN ROuTINE
ADEP=S$ 456.21, ATAXsS$ 3b.T0e AREP=S 842,69, SURs$ 21.31. TER=$ £65.95, YEAR= 1}

e i e i A W

: 42'[
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SCAXING CCoPUTATION DUTPUT
1TEM - NUMBER
MACHIAE 6l
MANAGEMENTY 1.5
FOREMAN EXH
NPERATOR 3.00
LABORER 1.50
DETERGENT 3063.00
SULFIDE 2295.0)
HEAT ING €15746.37
PLUMBING COST »
WIRE COST _
BUILDING = 9243.04
LAND COST 13864 .49
WATER 193775872,

TOTAL ANAUAL COSTS

3se033An

unirTs

EALH
MNEN
MEN
MEN
MEN

L8S

. ORIGINAL © FIXED

LBS

KM

Sul.FY
SJ.FT
Les

cosTs €0STS
136000.33 11920.13
2448000

3¢720.90

24200.09 - 2160.90
22290.99  2229.00
171243.62 18669.52
477,43 62.07

_VARTABLE

NOTF : BUILDING COST [S ASSJOCIATED WITH FOLLOWING VARIABLES

MANUFACTURING SPACE =

OFFICE SPACE
OFFICE FURNITUKE AND EQUIPMENTS COSTS =3

SOAKING MACHINE DEPREFCIATION ROuTINE

ADEP=$ 12T78.84 ATAX=$

EUILDING CEPRECIATICN ROUTINE
ADEP=$11723,66 ATAX=$ 997.18 AREP=$21669.13 SUR=$

125.09 4REP=3 24T6.14 SUR=S$

9000.0 SQ.FT, COST = §

243.9% SQ.FY, COSY =-§

547,98

ANNUAL
cosTs €osTs
22529.89 34450.C2
24480,00
36720.90
32130.00  22130.00
15300.00 15300.00
1009.80  10£9.80
$278.50  5278.50
17240.90  17240.90
2400.00 2400.00
2006.10  4235.10
33602.80 52072.32
62.07
4£978.64 4S78.64
. 230357.25
162000.0
7290.0
1953.7
$7.60 TYEr=s$ 1800.00
TER=$17124.36

YEAR=13

YEAR=11

62t
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LEATHER
PAGY 9

TITLE PEMENSYRATION SIMPLE SYSTEM: FORK. SOAK, GRID, AIR1, EVAP

SERATICN PASENeSS

S essatuaTIUN BASIN

FEEDSCevvesos e P KUDUCTS e eRR N

CTREAR AUMEES

COPPONENT

OB NP RP W=

HIDF

HINE pofa

W IGHY tDRYY
AR .
(4134

HAVFP

SaLY
GREASF/ZENY
FLESH

PaANURE
CHarpiun.

' 12504

LN

CFYFRCENY
SULFITE
HYDROCHL ACED
NAOH

SOLUBLE W

CTHER CHEMICALS
20D

L10. SLS SOLIDS
TOTAL FLOW
COMPCNENT 23
COMPCNFAT 26
COMEONENT. 25

TOT M

[ 14 ]
_anfa
" captTaL COSY
LaAD COST
08 L A8O® COST
mN 1 AROR COST
POOFY COSY
weTERIAL COSY

o
SCREEN LIv.

u.0
Db
0.0
o-“
%a.00 -

IViZu0.u?
1400.00
U0
Vel
229 L0
u.0
Q.0
0.0
L0 .80
6.10
0.0

[ ]
Vad
11¢5.00
Tob 70
2¢5.64
356539.50
u.0
a2
0.0

754071.37

NUMBE R
2005430

20l 6ve20
“U1.00
Be56 .61
151944
ETT L IY3

6.0l

8
EFFLUENT

003
L X-R-X-J

490.00

393280.87

1400.00

[

~
-2~K-X-N-X-X- RUY-¥- ]

.o

(-]

DEEREEXE

.

-
-2 X X-X-N-R-X.-F-J

g.o
1125.00
107.34
225.60
396531.50

Ooo

o.o

0.9

193395,.87

UNITS
SO FY

" DOLLARS
DOLLARS
DOLLARS

© - DOLLARS

DOLLARS
DOLLAPS

o

131



132

Suv 1100 L9716
Sa¥1Icd wL°9ls
SuNOMNYW  © SE°STT

“SLINN 43OWNN
S31vwl1d 1007 ¥03

Sa¥IN0a
Suy 1300
AVG/ W

0090005, M0V esevesnensTids

S3wdv
S1INN

0o°0

ANINT343

5

GNCa NCTIV 4VATeee §

S3LYWITI WYYM 503

ose
nen
o°C

YIgNN

10°6919¢1

cyconle
SL°EHG LY
61°9

LERL L]
19°S6EES6L

0o°n
—Qn
| ]
NS 1€696¢€
09 <22
*€° 101
({31441
-
c°o
(]
[ 4
egery
con
q°n
2”0
-00°§22
00
c*e
ce*nnet
19°082¢5¢
creney
A4 N
cen
e°q
(AL}

ININTIIAZ
.

SIVIN3LVw
1503 wdav)

308v1

1509 *idv3
1SGI avvl
MG14 wiLen

aNdd
wiil

Wwio

$2Z iNINDdAWG) §
%2 AIN3INJIINID ¥
€2 ANINIIWOD €

4073 VAL 2

$CII0S §3S 01V 1

aos o

SIVIIN34) #3HID &

N 3WNS §
HOSN L

‘AIIV THICUCAN 9

35145 ¢
aN3Ja3di33 &
) Wl €
»J524 2
wNidJand §

T 3giNva O
4833
AFi/733V390
1vs

zdlen

#¥10

alvH

LA3l) i%DI3n
v3av 301~
E L1 L]

“NRARSNOrDS

iNINJew3

$2EnIN Afiel

eselN2le NJIiv4Ca¥A

4¥A3 *TRIV *Cio2 *NY0S *wil4 IWILTAS IwiS NCI1LTRLSV3IM30 3

4

4

J



LEBTRER
PACF 12
TITLE DEUCNSTRATION SIMPLE SYSTEw; FOIK, $34K, SRID. AIN), EvaP

EBCCESS STREAMS LEAVIAG TnE UMY

STREAS AU®RER 151 h 4 L
CCYPONENT
SCREEN SOLID  EFFLUENT

HIDE L 1606439 2.0 2.0

1

2 +IDE a2ga 40edd 8.0 2.0
3 WEIGKT ICRY) 25 04 2.2 5.0
& FAIR . 0.50 0.0 8.0
s cIPY 002 492,92 9.2
6 wWATFR . 21400 20659.00 . 9.0
T ST $.23 39,00 2.0
8 GREASE/FLY 0.0 0.0 0.0
9 FLESE Ja0 0.0 3.0
10 PaNUPE 0.0 25.00 2.9
11 ChHRQelyv 242 0.9 3.0
12 M2S04 0.0 0.0 0.0
13 LIMNE 0.0 2.0 2.9
16 CETERCENT G 1.20 0.0
15 SULFITE . ) 0.0 - 0480 0.0
16 =YDROCHL ACID 0.0 0.0 ] 0.0
17 NAOH G0 0.0 9.0
16 ‘SOLUBLE N ) 0.0 2.0 0.0
19 CTHER CHEMICALS V.0 125.00 0.0
20 #OC 0.2 - 138,30 0.0
21 L10.:SLS SOLIDS | 0. i 1278.490 2.2
22 TOTAL FLOW ’ 51.77 21691.09 0.0
&3 CCMPCONENT 23 [+ 1%7] 109%.00 0.0
24 CCMPONENT 24 0. 1909.00 5.0

25 CCMFCONENT 25 : 0.3 1¢0%.¢0 0.0

€T
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le BUILECIAC ANG LAND CDSTS

PESCESS
17€m

CAPITAL CCST OF

YANURACTURING SPACE
. OFFICE SPACE

TOTAL SPACE COSTS

CFFICE FURNITURE

TCTAL BUILDING COSTS

LAKRD
WASTE WANAGE®MSNT LAND

TCTAL CCSY OF
LAND ANC SUILDING

168330.u
1535.0

175639.0

wlUed

17784040

4SL.l
3.2

178336.0

201300

2013090.0

S.n

3.0

0.0
9.0

o.o
.0
2.0

0.0
2.0

c.0
c.o

8.0
0.c
0.0

0.0
0.0

TCvAL

168300.0
7530.0

175830.0
2010.0
177840.0

496.0

2013000.C

2191336.0

9T



137

0°682061 0°Q 0°0 0°0 J°0C 0°0Ce02 FeOR569T S1S03 wilavd IViOL
v*000Ce 50 9°0 a0 0°C 0°300u2 ceo WoLvHIY
0°00¢ o°0 9’0 [ ] G0 VA v]+] 1 ce SNIHDYW ONIN3IFEIS
0°000801 " ¢*o 0°0 0°0 €*0 0°0 negereny dS 114w wNnG ININNYL
0°0U8EL [« 2} 90 [ ] Q%0 2°0 [ Ads 11141 21449337131 L 31 %u04
e°G6222 9*0 0°0 . 0°0 0°C 0°0 ne0a222 INTaln
0° 00042 0°0 Q0“0 2°0 0°0C 0°0 [Ad 11424 IN[Sanle
g° 6681 0°0 0°0 Q*Q G*9 [*2d] €6l i3Vve
ANINAINO3 3G Jedd

wiol 4 3 a ] 8 v : $33130ee

SL507 LNImsln03 i

<2 Z Q0 20 vy G0 [ ] cee B LAV U
(2 1 G0 9°0 0°Q 60 0°¢ c°c INIRIYN ONINIZEDS
0°9 0°0 0°0 0o ["3d2] G°C c*s 4% A whieT SNINNYY
o1 c*Q [V ) 0°0 93 g°o et . €3184353738 1417834
(34 ] 0°Q 0°0 20 ¢ v (A4 : LLIT L)
0°9 0°a D] GG ] 0°0 ceo ) INjEanlg
0°Q0¢ 0°0 00 ") c*2 [ shav] cenre +371va
: aNIRI §F23 30 344

a0l 3 3 c . 3 E] ” - 53ist1e

SiNGmalnl3 23417036 °2



4o

SECUIREL t2308S

PRANCESE
TYPE TF L ASCDS

PESPEINENT
SUPERY]SNE (DFOT)
FOREMAN

VERIBSLE (4JURLY)
PACHINF DPERATOR
LABORED

LesoR €CSTS

PROCESS
TYPE OF {aace

PEFVANENT
SUPERYISOR (DEPT)
FOREMAN

VARIARLE (HILRLY)
PACHINE DFERATQR
LABORER

TOTAL
PERMANEAT LABRDR COSTS
HOURLY LAEOR COSTS

TOTAL L&BCR CISTS

3J0u.C
61232

0idded
Ti®dsd

244900420
36723.0

«Z2343.0
35723.9

6123040
78560.0

135742.0

o'o
0.0

8452.5

17415.C

0.0
25867.5

25867.5

0.0

~

QO OO
V0o oo

. TOTAL

3060.0
6120.9

9170.0
19623.0

TGTAL

24400.0
36720.0

$1292.5
53115.0

61200.0
104407.5

165607.5

8ET



OVER®EAT COSTS

PEnCESS
TYPE 0F NyFUrEAD

veR1aa®

werenr
ELECTRICITY

CEPRECISTICN
FCUTEMENTS
ACCESSORY EQUIPMENTS
BUILDING

PEPSIC

FQUIEMENTS

ACCESSOPY EQUIPMENTS
PUTLOING :
INSURANCE

La800S

FACTCRY SUPPLIES
FIXEC

CEPRECIATION
ECUIFMENTS
ACCESSORY EQUIPMENT
BUILBING -

Tax

FOUTPMERTS

ACCESSORY EQUIPMENTS
BUTLDING

2

“vla.e
1iTi%0.%

cdslel
%2.5.0
9752.0

«T30.0
481.9
2¢211.0

3%¢7.9

ved

521.8
1051.3
2436.2

322.7
¥63.8
lu3ds.0

"

oNo
000

[« X=X
[-X-X-0

0.0

0.0
0.0

000
D
Q00

0o
.« o8
2D0Q

0.0

0.C -

0.0

Q.OO
D00

Q
D)
o0

Q00
Q00

[+ X=X ]
P -

TOTAL

4978.4
22325.4

2087.1
4205.0
9752.0

279¢..&
481.9
22511.8

5220.9

493.9

521.8
10S51.3
2438.0

322.7
963.8
103¢6.0

6¢£1



¢. CVERFPEAT COSTS (CONTINUE)

PROCESS . A ) C 0 € F ToTAL

TYPE OF SVvERFFAT

INSUPANCE

EQUIFMENTS 1di.o 0.0 3.0 2.0 0.2 0.0 101.8
. ACCESSORY EQUIPMENTS «8l.9 0.0 0.0 0.0 0.0 c.0 421.9
. BUILDING 50%.3 0.9 0.2 AL ¢.0 - 0.C 569.3

PANRGEMENTS 306l 0 0.0 0.0 0.0 0.0 0.0 3060.0

INTERFSY

EQUIPMENTS 3i60.9 0.0 0.0 0 0.0 0.0 3180.0

ACCESSORY ECUIPMENTS 2%D09%.5 0.0 0.0 0.0 9.0 Cc.0 2409.5

BUILDING i717%0.3 0.9 0.0 0.0 0.0 0.0 17790.3

LAND 7.7 955.9 g.0 0.0 0.0 0.0 1003.6

TCOYAL ‘ ’ _

VAP JARLE COSTS 67%50.7 4872.3 0.0 0.0 0.0 0.0 12853.92

FIXED CCSTS 339742 955.9 0.0 0.0 0.0 0.0 364925.9
vTOTAL CVERHEAD CCSTS 101954.7 5828.2 0.C 0.0 0.0 c.C 127782.9

ot



?
‘e

REQUIREL CPEMICALS

PECLESS

TYPE NOF CkE“!ClLA

CETERCENT

‘SWR FIDE

CHEMICAL COSTS

. PROCESS )
TYPE OF CremMICAaL

.CETERCENT

SUWFIDE

TOTAL CreMICAL CCSTS -

3d3%.v
cé¥5.U

1309.5
5278.5

6288.0

mw

D0

(=X ~]
D)
0o

[~3-]
" .
[-X-}

0.0

TCTAL
3059.0
229%.0

voTAL
1909.5

5278.5

6288.0

™t



“G. CAPITAL SumwaRY

patcess A
TYPE 3F CngT

wn

BUTLSING KD LanD 17333040 0.0
WASTE TELATHENT LAND C.u 2013000.0
ESUTEMERTY 16993 e 27380, %
TETAL CAPITEL CCSTS 348325.0 203337C.0

19. OPERATING SUMMARY [ANNUAL COSTS)

PRECESS : & -]
1YPE OF CCSY

PERFANENT LABOR 61220.0 c.C

HOURLY LABOE 785400 25867.5

YOTAL L2BCR" 139740.0  25867.5
FIXEE CVERMEAD. 33374.u 955.5
VARTABLE CVERHEAD 67530.7 «872.3
TOTAL CVERHERD 101954.7  5528.2
TOTAL CHEMICAL 6288.0 o

TOTAL OPERATING COSTS 241982.7 31695.7

»
CPERATING COSY / HIDE =8 1.7968

COST / SQUARE FCOT OF LEATHER = §  0.0274

€.0

c.0

c.0
c.o
8.0

0.0
0.0

n'o

0.0
0.0
0.0

"

"

n.0
0.0

.0

0.0
c.0

C.0
c.0
¢.0

1oTaL

17833&6.0

2913000.0

160282,

238162%.0

TOTAL
61220.0
106437.5

165607.5
'34929.9
72853.0

107782.9
6288.0

279678.4

hT



QUTLLING 28D LaND

CFEICE SPACE
CCFEICE SUENITURE
LANE

QOB W

-

L&BOR
11 SUPERVISTE (DEPT)
12 FIREwmaAN
13 MACKHINE OPERLTCA

14 SEM] SKILLES LASORER

15 LEACRE®
16 PACKINE CPERATTR

17 SEM] SKILLED L&nURER

18 LABORER
1
29

OVERFEAD (UTILITIES)
21 w21FR

22 ELECTRICITY
23 GASOLINE
24 NATURAL GAS
25 STEAM

26

27

28

.25

ae

CHEMICALS
31 SALT i
32 CHRCMIUM
33 HZ504
34 LIWE
35 CETERGENT
36 SULFIDE
37 HYDROCHLORIC ACiD
38 NAOW

39 CALCIUM HYDROXIOE

48 N2CL
41 SCDIUM BICARBCNATE

42 DELIMING CHEMICALS

vanufRe (T gRING SPale

WASTE wivaGEmENT (AND

VALUES FOR WIDE PRCIIESSING

UN, TS

SeefFT
SeoF”
UNITY
ACRE
ACRE

42U’
A2UR
Haye
<0ue
ndUE
HOUk
“ YR
HOUR

1920 GAL
KnH
GAL
MCF

1920 87U

L8
&3
Le
L8
L8
L8
Le
L8
LB
LB
- LB
L8

PRIJEJUNIT

13,000

C.000

32.2%
150C.200
1coc.n2c

g. 000
6,000
5.250
5.1060
5.00C
4.250
4,107
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LELTHER
PaCF. 1.
TITLE  WASTE TRFATWENT SrSTEM R AN SOAK,GRIDLEQUL,FILY A122,ADDP ,ERSL, BAS2,BUPN

FROCESS ELEMENT 1 1€ & INPT UniT. 1Y RAS O FEEDS, 0 S 0 D
AND | PROJUCTS,.. 2 0, Qs O,
PROCESS ELEMENT 2 IS & PURK UnlT, 17 HAS | FEEDS, 2e O, Cy . Co»
AND | PRODULTS 3, 0, L 23 Sy
PRCCESS ELEMENT 3 1S A JuAk uniT. 1T KAS 1 FEEDS, 3. o) 0O =N
. . AND 2 PRODUCTS., G Se a9, 0,
PRCCESS FLEMENT & 1S & GhID UNIT. IT ®HaS . } FEEDS, Se C, C» [+ 2
A%NC 2 PRUDULTS., [ Ts D, Co :
PRCCESS ELEMENT 5 1S & kUl UNIT. 1T HAS | FEEDS, -1 Ly Ce Co
: AND 1 PROUULTS, 8, 0, D» 2,
PROCESS ELEMENT 6 IS A FILT uniT. IT WaS Y FEEDS, 8y 0, Cy Cs
AND 2 PRODULTS. 9, 10, 2, 0
PROCESS ELEMENT 7 1S A AfRe UNIT. 1Y HAS 1 FEEDS, 9 Oy 0 Cs
AND 1 PROUULTS, 1. 0O 0. O
PRCCESS ELEMENT 8 IS A sadl uwlT. IT WHAS '} FEEDS, 11, O C C.
AND 2 PROJULTS, 12, 13, O Dy
PRCCESS ELEMENT 9 1S A ADGDR UNIT. 1T HAS 2 FEEDS, 10, 12, O C,
. AND 1 PRODULCTS, 14, O, - O 0,
PRCCESS ELEMENT 10 IS A BAS2 UNiT. IT HAS 1| FEEDS, 14, O O Cs
' AND 1 PROLUCTS. 15, 0, 0 O,
PRCCESS FLEMENT 11 IS A buRN UNIT. IY HAS 1 FEEDS, 15, 0, [ C.
AND 1 PKODUCTS, 16, 0. 0, [ 2
PRCCESS ELEMENT 94 1S A PRNT UNIT. IT HAS & FEEDS, 4y Ty 13, 16,
AND O PRODUCTS. O 0, D, O

.

9ht



LF&TNEF'
paG6e 2 L ’ . )
TETLE  waSYZ TREATMENT SYSTEMGFSINGSCAK,GRIDEQUILCILT,A1R2,2DDRBAS], RAS2,BURN

COWFONENTS SPECIFIED FOR (S i'v SIMJULATION

COMPENENT COMECNENT
AyuRER NawE

+1DE

HIDZ AREA
WEIGHT (uRY)

418

DIRY

WATER

SaLT

GREBSE/FAT
FLESH

MANURE

CHROVIUM

w2504

13 LIME

. DETERGENT -

15 SULFITE

16 HYDROCHL 4ACiD

NAOK

18 SCLUBLE N

19 OTHER (meMICALS
27 ®GD

21 L10. SJS SOLIDS

22 TOTAL FLOW

CCMPONENT 23
CCMPCNENT 24

CCMPONENT 25

-
DOV O NPT AP WA -
[

DO WS W N e

IR el
WA e
o -
N s

-
L
-
*»

P e e gt
DWW
-
~

NN
N D

NN
wdw
NN N
Vi W

SPECIFIED LNITS

INPUT TEMPERATURES ARE IN DEG F
OUTPLT TEMPERATURES ARE IN DEG F
INPUT PRESSURES ARE IN PSIA
OUTPUT PRESSURES ARE IN PSIA
TIME EASIS IS HR

QUTPUT ENERGY UNITS ARE US4
INPUT ENERGY UNITS ARE USA

RELATIVE RECYCLE TOLERANCE 0.00010
SPECIF1ED MAXIMUM ITERATIONS 20
NUFEER OF RECYCLE STREAMS "]
NUMBER OF SEPARATE LOOPS 4]

T



LELTHER
PAGE 3

TITLE WASTE TREATMENT SYSTEMiFUAn S DBK,GRID,EQUI,FILY,ATR2,ADDR ,BASL,3A82,BURN

INPY 1
FORK 2
CRIGINAL C2ST
CAPACITY
FIGES/LABOREFR

SOAKx 3
CRIGINAL CC8Y
CAPACITY

SPACE

YEVP. OF FLOAT

¥ SULFIDE
CPERATOR

T CIRY REMAINING

GRID 4
EQU! S
CLAR 6
2IR2 7
FINAL CLARIFIER
LR 9
CIEY 1¢C
SLAG 1l
ERNT 94

12800.9%
375.00
5¢0.00

1502C.00
5C0C.0u
15CC.00
212.05
0.%0
0.50
0.0z

8

ShivAhoe VALUE
wUrA I NG HOUR/ DAY
HIDES/PALLET

SALVALE VALUE
SOAK TIME

RFMH

P

MANAGEMENT
LABORER

T wATER REMAINING

593.07
16.99
3.33

520.03
240.0C
30.00
11.00
0.25
0.25
0.75

LIFE
SPACE ALLOTTED

LIFE

T TOVAL TImeg
FLOAT

T DETERGENT
FOREMAN

SHIFTS

% SALY REMAINING

10.00
350.00

20.00
G, 83
&.78
0.00
0.59
1.00
0.75

81



L f ATHER
PACE 6

"TITLE  wiSTF TREATMENT stTEﬂ:FJ§K|SQAKJGRXDQEGU!0;’Lto‘1‘2'AD°R.B‘51(BA52'SU“N

FEEC STREAFS 7O UNIT

SYRF AV NUMBES
COPPONFATY

HIDE

HIDE ARE:2
WEIGHT (DoY)
HAIR

DIRY

RATER

SALTY
GPEASE/FAT
FLESH

10 MANURE

11 CHRC¥IUV

12 H2804

13 LIME

14 DEVERCENT

15 SWLFITF

16 +YDRCCHL ACID
17 NADH

18 SOLUBLE N

19 CTHER CHEMICALS
20 8CD

- 21 LIQ. SLS SOLIDS
22 TOTAL FLOK

23 COMPCNEANT 23
24 CCMPCNENT 24
25 CCMFCNEAT 25

O WO D WA

100V .00
“0.65
25.00

0.56
1.02
26.00
7.00
0.6
0.0
0.25
0.0
G.0
0.0
0.0
0.0
0.0
[IR7]
6.0
1.25
0 .50

6.0
1.02
1.02
1.00
1.00

64T



LEATHER
faCE 7 .
TITLE  WASYE TEEATWENT SYSTEMIFIARSS JAKGRID  EJUTFILT,&IR2,ADDR,BASL, BAS2,BURN

FIRKLIEYeSS 7 seeffov

FESCSossssnsoxi g i T Seseens

SYREAM NUMEER 2 3
COMPCNENT
1 HIDE 1030422 16€0.00
2 KIDE AREA 40.00 40,00
3 WEIGHT (DRY) . 25.33 25.0¢
& RAIR 0.50 0.50
S DIRY . 1.00 1.00
6 WATER ’ 28.L0 28.90
7 SALT 7.50 7.00
8 GREASE/FAY 0.0 0.0
.9 FLESK Oeu 0.0
19 MANURE 0.25 0.25
11 CHROMIUW 0.0 0.0
12 K2504 : 0.2 0.0
13 LIME 0.0 0.0
14 DETERGEMNT 0.0 0.0
15 SWFITE 0.0 0.0
16 HYDRCCHL ALID G.0 0.0
17 NAOH . 0.2 0.0
18 SCLUBLE N [ 0.00 —
19 CTHER CHEMICALS 1.25 1.25
20 BOD V.50 . 0.90
21 L10, SLS SOLIDS 0.0 0.0
Z2 TOTAL FLOW . 1e30 63.00
23 COMPCNENT 23 1.02 1.00
24 CCMFCNENT 24 1.00 1.00
25 COMPCNEAT 25 1.00 1.00.
TOTAL 1107.90 . 1169.90

08T



FOPKLIFY COMPUTEYICON GUTRPUT  Z8®®FORK

ITEM hUMBER usvlTs CRIGINAL FIXED VARIABLE ANNUAL

CcosY © COSTS CosYs COsTS

FORKLIFT 1.0 EACH 13800.00 1617.73 1650.43 3268.16
FORKLIFY QPEFATOR 1 MAN 10500.00 193500.00
LABORFKS 2 MEN 20400.00 20400.00
BUTLCING » 359.4 Su.FT 655447 726.04 1299.09 2025.03
LAND CDST 53%.2 SOL.FT 18.57 2. 41 ) 2.41
PALLETS 300.3 - EACH, 1900.90 277.53 520.85 798.38
TOTAL ANNULL COSTS 36993.97

NOTE ¢ RUTLDING CCST 1S ASSSCIATED WITH FOLLOWING VARIABLES

MANUFACTURING SPACE = 350.C SQ.FT, CCSY = § 6300.9
OFFICE SPACE = S.4 SQ.FT, COST = § 283.5

NFFICS FURNITURE AND EQUIPMENTS (CSTYS = s 16.0

FORKLIFT DEPRECIATICN RCUTING
ADEP=$ 1230.00, ATAX=$ 1v¥5.57, AREP=$ 320.43, SUR=$ 44.16, TER=$ 1380.00, YEAR= 10

EUTLDING DEPPECIATICN ROUTINE
ADEP=S$ 456.31. ATAX=S 38.78s AREP=$S B842.69, SUR=S 21.31, TER=$ €65.95, YEAR= 11

191



152

69°L981%8 HGERTT SL°100%18 N6°6S11 IvioL
00° 0001 0°C 0°0 ce* 1 §2 LN3INDAWOD &2
00°0001 g0 G0 LIRS 42 LIN3NDAWID %2
00°0001 0°0 0°0 - nee1 €2 IN3NJIWID €2
LB °0E2ZBIY LL1s 18°00020% recg9 : X01d vioL 22
00°%0st 0°0 0°0 [ 3] SQIIgs 515 *011 12
00°206 0°0 0°0 ce*g aoe 02
Go*sszt 0°0 0%0 czet STWWIIA3IHD ¥3IHLD 61
0°0 G°0 0°0 c0 - N 3180705 81
0'0 00 0°0 Q*n HOWN LI
0°C 0°0 0°¢ e 6 313V IHIOH0AH 91
00°s 0°C 00°6 L] 3Lt3ms st
00°21 0°0 00°21 g0 AN3DW¥3130 9T
o 0°G ¢ t-n INIT €1
0°0 0°0 00 9°0 y0S2H 21
0°0 0°0 00 c°0 ANIWJudI Tt
00°0sz 00 0°C cz*0 JENNYA Ol
0°C 0°C [ []] HS3134 6
0°0 (] /] 0°C nee 1v3/3Sv3¥9 8
00°CsSLY se°s 00 ro L LS L
¥5°6L6€1% 00°12 56°6L690% re-g2 33ive 9
00°086 26°C 0°0 ce Y 1410 ¢
[} 05°G 0°0 (L34} yivH &
00 00752 0-¢ nregz (AdG) iM9I3% €
0°C 0*0Y 0°0 LA : ¥3uv 3QIH 2
0°d 00°G001 0°0 gerceet g 1
~NINOdA DD
S » et € ¥3dnIN WY3I¥LS

ssssssnssssasnsrnanss LONCLUGsasssessssase oo ssress$03ld

¥3I¥V0OSene ¢ s»e?103

NNE*ZSVG *1SYa* 200V NIV LI IN0I*GIND  HVOS Y XC 42 WIISAS LNZALVINL 3iSVA 3711
' 8 ddvge
LELIS ER



SCAKING CCHPUTATION OUTPUT
17Fm NUMBER
MACHKINE - 6.00
MANACEMENT 1.52
FOREMAN 3.00.

- OPERATOFR 3.00
LABCRER 1.50
DETERGENT 3060.04
SULF IDE 2295.0)
HEATING £15740.37
PLUMBING COST .
WIRE €OST
BUILDING * 9243.00
LAND COST 13864 .45
WA YER 19377987z,

TOTAL ANNUAL COSTS

3ses50AK

JNITS

EALH
MIN
MEN
MIN
MEN
La8s
LBS
Kk

SweFT
S0.FT
L3S

CRIGINAL
cesvs
108200.00

24000.00
22290.00
171243.62
477,43

FIxeD

- COSTS
11920,13
24480.00
3¢723.90

21€2.20
2229.90
1836€9.52
€2.07

VAR]TABLE
COsTS
22529.89

32130.00
15300.00
1005.80
5278.50
17240.90
2400.00
2006.10
33402.80

4978.64

NOTE : BUILDING COST IS ASSTIIATED WITH FOLLOWING VARIABLES

MANUFACTURING SPa
OFFICE SPACE

CE = 9090.0 SQ.FT,
243.0 SQ.FT,

OFFICE FURNITURE AND EOQUI PHENTS COSTS

SOAKING MACHINE DEPRECIATION

ADEP=$ 1278.84 ATAXsS$ ]2y,

BUILDING CEPRECIATICN ROUTINE :
18 AREP=$2166%9.13

ADEP=$11733.66 ATAX=$s 397.

ROUT INE

09 AREP=S$ 26476.14

SUR=$

SUR=$

COST = s
COST =
= §

547.98

162000.0
7290.0
1953.7

ANNUAL
CcOosTS
34450.02
246480.00
36720.00
32130.00
15300.00
1005.80
5278.50
17240.90
2400.00
4235.10
52072.32
62.07
4578. 6%
230357.25

TER=$17124.36

57.62 TER=s 1800.00 YEAR=13

YEAR=11

€et



LEATHER
PACE &

CTITLE  WASTE TREATMENT SYSTEMiFURReSDAK,GOID,ECUT,FILT,ATR2,ADDR(EAS], EASZ,BURN
SCREFNm2» 4 BasSCRFEYS

FEETSenassn s P RO T s ssnesstnersssrsssnn

STREAM NUMBEF 5 & 7
COMPONENT
1 HIDE 0.0 0.0 0.0
2 HIDE AREA 0.0 0.0 0.0
3 WEIGKT (DRY) 6. 0.0 0.0
4 HAIR 0.0 _ 0.0 0.0
s DIRT . 9680400 490.00 499.00
6 WATER 413979.9¢ 393280.87 20699.00
7 SALT 1750.00 1400.00 350.00
8 GREASE/FAT 6.0 0.0 0.0
.9 FLESF Oou ) 0.0 7.0
10 MANURE 25G.00 225.00 25.00
11 CHRCMIU 0.7 8.¢ 0.0
12 H2S04 0.0 0.0 0.0
13 LIME 0.0 0.0 0.0
14 CETERCEAT 12.02 15.80 1.20
15 SULFITE 9.00 8.10 0.90
16 HYDROCHL ACID . 0.0 0.0 0.0
17 NADH 0.2 0.0 2.0
18 SOLUBLE N . 0.0 0.0 0.0
19 DTHER CHESICALS 1250.90 - 1125.00 125.n0
20 80D 902.30 766.70 135.30
21 L10. SLS SOLIDS 1504.00 225.60 1278.40
22 TOTAL FLOw 416230 .87 © 39¢539.56 - 21691.09
23 CCMFCNENT 23 1000.00 0.0 1¢99.00
24 COMPONENT 24 1600.00 0.0 1000.00
25 COMPCNENT 25 1020.00 2.0 1000.00

T0TAL 841867.67% 794C71.37 47795.87

CAPITAL COSYT = s 371.44

. _CEM COSTS. = 8§ 15325.70

16T



LEATHER
PAGF 10

TITLE WASTE YREATMENT SVSYEH;FQRK.SGAK{GclD.EOUI.FILT.A!RZ,ADD“.EigluBASZ:BU°N

CENTRIFUGE*es

5 =emcLUILIZATION BASIN

FEECSossssesenvn D T Sonasns

STOFAM NUMREE

COMFONENT

VNP WA

19
11
12
13
14
15
16
17
18
19
20
1
22
23
24
25

HIDE

HIDE AREA
WEIGHT (DRY)
HAIR

DIRY

WATER

SALY
GREASE/FATY
FLESH

VANURE
CHROMIUW
H2504

LIME
DETERGENT
SULFITE
HYDRCCHL ACID
NACH

SOLUBLE N
OTHER CHEMICALS
BOD

t10. SLS SOLIDS
TOTAL FLOW
COMFINEAT 23
COMPCNENT 24
COMEONENT 25

TOTAL

ARER

VELUNME
CAPT COST

CP LER COST,
MA LB® COST
PCRER COSTS
MATERIAL CCST

[~

[<R Vi~
oL Q

[s ]
450.00
393¢80.87
1420.00
0.0
0.0
225.00
D.O
G.0
0.0
10.80
8.12
0.0
0.0
Vel
1125.00
766.74
225.60
396539.56

0.0
[P
Gl

194071 .37

1955.05
19550.%5
41833.73

1903.67

286.08

2780.26
341.u1

8

QOO0

3]
L
0
C.
490,00
393280.87
1400.00
¢.0

N
N
QO mQOOMNO

-
VDOWIDVIOWVO
[~ %) [=}

R

9.0
1125.00
766.70
225.60
396539.56

6.0

0.0

0.0

T94071.37

SO F¥.
Cu FT.
DOLLARS
.DOLLARS
JOLLARS
OOLLARS
OOLLARS

SST.



LEATHEP
PRCE L1
TITLE . WASTE TREATMENY SYSTeMi;Fuxn,STAK,GRID,EQUILFILT,AIR2,ADDR,RASL, 8AS2,BURN

VACLUM FILTER=*» € *esippfmhay [LAXIFIER

FEEDS*s 2808280 PR ULTSH SR EIRXF SR AR IR SREER

STREAM NUMFES & ) 10
COMFPONENT

1 +IDE .0 9.0 3.0
2 HIDE ARFA 0.0 0.0 2.0
3 WEIGHT (DRY} 0.9 0.0 1.0
4 HAIR 0.3 0.0 2.9
5 DIRY 490.03 490.08 1.2
6 WATER 395280467 393188.12 192,75
7 SaLT 140U.02 1490.00 0.0
8 GREASE/FAT 0.0 - 0.0 2.2
9 FLFSH 0.C 0.0 9.9
10 MANURE 225.00 225.00 2.0
11 CHRCMIUM 0.0 2.0 0.0
12 H2S04 0.0 9.0 2.0
13 LIME 0.0 7.0 0.9
14 DEVERCENT 10.85 10.80 0.0
15 SWFITE 8:13 8.10 2.0
16 HYDROCHL ACID 0.0 0.0 0.9
17 NAOH ) 0.0 . 0.0 2.0
18 SOLUBLE N 0.0 0.0 9.0
19 OTHER CHEMICALS 1125.00 1125.90 n.0
ZD 80D 766 .70 © 492.90 273.80
21 LI0. SUS SOLIDS 225.60 129.30 96430
22 TOTAL FLOW 396539.50 396346481 192.75
23 CCMPCNENT 23 . 0.0 0.0 0.0
24 COMFCNENT 24 0.3 0.0 n.0
25 COMPCNENT 25 - 042 0.0 0.0
TOTAL 794071 .37 793315.75 755,60

CAPITAL COST = § 15627.00
OPR, LABOR COST = § 481 +45

MAT. LABOR COST

$  2b4.82

MATERIAL COST = s 87.06

9T



LEATHER
PAGE 12
TITLE WwASTE TREAYMENT SYSTeM;FIRKSOAK,GRID,EQUI,FILY,AIR2,ADDR,BAS], BAS2,BURN

BACTERI A PERATICN==w 7 =*xsAERAT 10N BASIN

FEEDSesssses e tUDUCTS 203

STREAM AUMBEP. s 11
CONPONERT
1 HIDE 0.0 6.0
2 PIDE ARERA G.2 2.0
31 WEIGHT (DRY} G.0 0.0
4 HAIR © 0.8 9.0
5 CIRY ©90.0) 495.00
6 WATER 39309b6.12 472357.37
T SALT 1400 .00 14€0.00
B GREASE/FAT 0.0 0.0
9 FLESH 0.0 2.0
10 MANURE 225.30 225.00
11 CHROMIUN 0.0 0.0
12 H2S04 0.0 0.0
13 LIME 0. 0.0
14 CETERCENT 10.80 10.8C
15 SULFITE 815 - 0.0
16 FYDROCKL ACID 0.0 9.0
17 NAOH 0.2 0.¢
18 SOLUBLE N 0.0 - 9.0
19 CTHER CHEMICALS 1125.0L 1125.00
Z0 80D . 492.90 191.88
Z1 L10. SLS SOLIDS 129.32 635.18
22 TOTAL FiOw 3963¢6.81 475616.06
23 COMPCNENT 23 - 0.0 0.0
24 COMPCNENT 24 0.9 9.0
25 COMPONENT 25 0.0 _ — 0.0

TOTAL 793315.75 952051.06

sz (ST FOR MECHANITAL AERATION k&%

CAPITAL COST’ 17593.68 ODOLLARS

MANHOURS 671,55 MANHDURS
LAEOR COST 5540.32 DOLLARS
PCWER COST . 1651.79 DOLLARS
MATERIALS 224.63 DOLLARS

*xkkk COSTS FOR UIFFUSED AERATION %¥xx»

CAPIYTAL COSY " 37923.10 DOLLARS
MANHCURS T44.78 MANHOURS
LABO® COST 6144.45 DOLLARS
PChER COST ; 1334.86 DOLLARS

MATERIALS - 224.63 DOLLARS

ST



L EATHER
PAGF 13

TITLE WASTE TYREATMENT SYSTEMiFOxK,SOAK,GRID,EQUILFILT.AIRZ,ADDR,BAS1,BAS2,BURN

SOLID SETTLING BaSihmsx

& »esfINAL CLARIFIER

FEEQS‘K'!!'I‘U?RQSUCTS‘ttt‘ttt'ltn;'t‘l'tt

STREEM RUMEER

COFPONENT

HIDE

HIDF AREA
WEIGHT (0°Y)
HAIR

DIRTY

®ATER

SaLY
GREASE/FAT
FLESH

10 MAMURE

11 CHRCMIUM

12 #2SC4

13 LIME

14 CETERCEART

15 SULFITE

16 *YDRCCHL ACID
17 NADH

18 SOLUBLE N

19 CTHER CHEMICALS
20 80D

z1 LIQ. SLS SOLIDS
22 TOTAL FLOW

23 COMECNEAT 23
24 COMPONENT 24
25 CCMFONFAY 25

G WP W N

T0TAL

CAPITAL COST
OPR LABOR HCURS
0OPPF LABCR CCST
MAT LABOR HDURS
MAT LABOR COST

MATERIALS

11

49G .02
472357.37
140C.06
0.u
G0
225.00
(TR}
0.0
0.0
10.89
0.0
j+ IR Y]
0.0
8.0
1125.00
191.88
635.18
475616.006
0.0
U.0 -
0.0

952051 .06

12

321

O0OOUVOVWOOOAIAOVMOVOOO
EEEEEEEEEEEREE R

00000000V~ OQ

28.78
128.53
3215.15
0.0

— 0.0
0.0

6588.81

15882.87 DOLLARS

59. 30
489,72
32.65
269.35

6485

MANHOURS
DOLLARS
MANHOURS
DOLLARS

DOLL ARS

13

WOow
Q00

0.0
%90.00
469141.56
1400.00
0.0
0.0
225.00
0.0
0.0
2.0
13.80
8.0
2.0
2.0
2.0
1125.00
163.10
506.66
472392.19
0.0
3.2
0.0

945454.06

84T




LEATHER
PAGF 14

TITLE  WASTE TREATWMENT SYSTEMIFIIXs50AK,GRID,EQUIFILTVAIR2,ADDR,BAS]L,BAS2,BURN

STREAM ACCFR»xs

G =*sF GOR ORAIN

FEEDSEssrbrrxnesmn s ks sPRODUC T S*esne

STREAM NUWPEK

COMPONENT

W@~ NN

10
11
12
13
14
15
1&
17
18
19
9
z1
22
3
24
25

HIDE

HIDE ARE2
WEIGHT (DRY)
HAIR

DIRTY

hATFR

SALY
GREASE/FAT
FLFSH

MANURE
CHRCMI UM
H2504

LINE
DETERGENT
SULFITE
HYODROCHL ACID
NADH

SOLUBLE N
CTHER CHEMICALS
80D

LI0. SLS SOLIDS
TOTAL FLOw
CCMEUNEAT 23
COMPUNENT 24
COMPCNEANT 25

T0T7AL

10

V0
0.0
Y]
0.G
0.0
13275
[V ]
Gav
0.o
0.y
0.0
[}
0.0
0.0
{78 Y)
0.0
0.0
G.0
0.y
273.6u
96.32

192.75

0.0
0.0
0.0

755.60

12

w
N
-

COO0OOOVOVLOVOOCNOVORO

EEEEEEEEEEEEEEEEERE

5

'

ONO0VDOOOODOONOOOOQ

28.78

128.53

3215.75
0.0
0.0
0.0

6588.81

14

340

CLRQCOOAPILIILOODLBOVDIO LV
EEEEEEREEEEREEEEEEEER
VOO0V OAOOVMOOIQQO

302.58

224.83

34n8.50
3.0
.0
3.0

- T34%4,41

64T



LEATPER
PACE 1€

TITLE  wASTE TRCATMENT SYSTEHIFIRR,5N4K,GRID,EQUIFILT,21R2,ADDR,BASY, BASZ,BURN

EACYERTA E2S

INvxx 10 *xx ] GESTun

FEEDS*ssrenwespPy 3 yCTSesnnns

STREALM RUWEEF

COMPONENT

HIDE
HIDE &R€a

HATIR

CIRT
WATEFR
SALT
GRFASE/FA
FLFSH
PANURE
CHROMIy¥
H2504
LIME
CFYFRGENT
SULFITE
HYDRCCO KL
ANADH
SOLUBLE N

QOO ~NONEWN

- bt s
N o~

-
w

N3 b s bt bt e
DOV ~NOND

80D
L1G. SLS

#EIGHT (DFY}

A

ACID

CTHER CHEMICALS

SOLIDS

NN
BN b

SRS NN
W w

TOTAL FLOW

CCMPCONENT 23
COMECNENT 24
COMFCNENT 25

JOTAL

VOLUME OF DIGESTOK

CAPITAL COSY

PR

OPR

MNT

MATY

LABOR
LABDR COST
LABOR

LABOR COST

MATERIALS

I~

0.0
el
0.0
0.0
c.0
3408.50
0.0
.0
0.0
D.0
0.G
0.2
(P3N}
0.0
0.0
0.0
uv.0
9.0
0.0
302.58
224 .83
3408.535
0.0
0.0
G.0

7344 .41

114657.62
813.01
6707.32
545.83
4233.07

310.85

15

N
Ryl
w

VDOOVOVOVWRIVVIIANODODO
-

[~X~N-N~J-ReR-N-R- TN N JV RN~ No B X

EREEEEREEEEEEEREEEEEE

2.0
302.58
146,14

2437.57

0.0

0.0

0.0

5323.86

l639.14 CuU FY,

DOLLARS
MANHDURS
DOLLARS
MANHOURS
DOLLARS

DOLLARS

091




LEATHFR
PAGE L&

TITLF  wWASTC *QfATNENT SYSTEMIFIUXK3DAKGRIDEQUIFILT,AIR2,ADDR,BAS), BAS2Z,BURN

PURIAL CR BUENIGs =% 11 s»=Siuoa:

LaGOON

FEEDSessnesnwsaPROHUCT ntxrxs

STRFAM NUMEFR

CCRPONENT

HIDE

HIDE ARES
SFIGHT (DRY}
HATR

CIRT

WATER

SALY
GREASE/FAY
FLFSH

PANURE
CHRC P U~
H2S04

LIME
CETERGENTY
SWFITE
HYDROCKL ACID
NAQCH

SCLUBLE N
CTHER CFHEMICALS
80D

L1Q. SLS SOLIDS
TOTAL FLOW
COMPCNENT 23
COMPONENT 24
CCMPCNENT 25

A bt et Bt bt bt et bt o Bt et
QOOVONPVNIUNFOOENO NS WM

[NV
W~

NN
v s

TOTAL

CAPITAL COST
¥MAT MANHOURS
MAT LABOR COST
OPR MANHOURS
OPR LABOR COST

MATERIALS

15

0.0
FRY)
0.0
0.0
0.0
2437.57
0.0
0.3
0.0
0.0
0.0
0.0
0.2
0.0
Q.2
Ged
0.0
v.0
0.0
332.58
l46.1+
2437.57
0.0
0.0
0.0 -

5323.86

13410.16
73.58
537.03
“9.05
“4ub.68

063.)3

16

243

QOOVOOLUVLVLOYVDONOOLOO
EEEEEEEEREEREE R
QOO00VOO0O00ODOQAQUVOOORO

.

302.58

146.14

2437.57
0.0
c.0
0.0

5323.86

DOLLARS
MANHOURS
DOLLARS
MANHOURS
DOLLARS

DOLLARS

91



LFATHER
PAGE 17

TITLE

FRCCESS STREAWS LEAVING THE UNLET

STREAM NUVWETR
CCHPUNFNT

V@~V W

HIDE

HIDE ARE2
WEIGHT (DRY}
HEIR

DIRT

WATER

SALT
CREASE/FAT
FLESH+

MANURE
CHRCMIYW
H2504

LIME
DETERGENT
SULFITE
HYDROCHL ACID
NBOH

SOLUSBLE N
CTHER CHEMICALS
BCD

L10. SLS SOLIDS
TOTAL FLOW -
CCMPONENT 23
COMPCNERT 24
COMFONENT 285

DCCOCOOoOO0
EEEEEER
COLULOLOUOOC OCQO

[-X-N-XoR- RN WV
[~ N~ o

COONOAODO

- — 0.0

125.00
135.30
1278.40
21691.05
1000.0C
1C0n.00
109%.00

13

DO
D00

8.0
450,00
465141.56
1400.00
2.0
8.0
225.00
0.0
0.0
0.0
19.80
0.0
2.0
0.0
9.0
1125.00
163.10
506.66
472392.19
0.0
3.0
2.0

BASTE TREATMENT SYSTEMFORKSDAK,GRID,EQUI.FILT,AIR2,ADDR,BA51,BAS2,BURN

16

243

O0N00A0000ONOONOOODO
IEEEEEEEEREEEEREEEERK
QOO0 0O0OOARVOVOIDOOO0

302.58

146,14

2437.57
0.0
C.0
0.0

29T



LEATHER
PACE 18

TITLE  wWASTE TREATMERT SYSTEMIFORK,SOAK,GRID,EQUILFILT,AIR2,ADDR,BAS1,8452,BURN

FEAY ANC MRTERIAL BALANTE SHEETS

STREA® NUWBER
CCMPONENT

HIDE .

KIDE AREA
WEIGHT (DRY)
HAIR

GIRT

WATER

SALT
GPEASE/FAT
FLESH

MANURE

CHRCM Jyw
H2504

LIvE
DETERCENT
SULFITE
HYDRCCHL 8CID
NACH

SOLUBLE N
CTHER CHEMICALS
80D

L10. SLS SOLIDS
TCTAL FLOW
CCMFCNENT 23
CCMFCNENT 24
COMPCNEAT 25

AD bt bk o (ot 0 ot et ot et bt
QOB NOEOVNEVUN=OO®PUN S WN -

N
-

NN NN
w o WN

2 3
1u0L .50 1000.00
40 .00 40.CN
25.00 25.00
Ua5u 2.50
1.7 . 1.09
28.Cu 28.00
7.0u : 7.00
0.0 0.0
0.0 0.0
0.25 .25
0.0 0.0
0.0 0.0
C.0 0.0
0.0 3.0
0.0 0.0
0.0 6.0
0.0 0.0
0.0 9.0
l.és 1.25
G.90 - 0.90
0.0 0.0
1.20 63.00
1.00 1.0¢C
1.00 1.9
1.v0 1.00

100
4
2

2

wn
QOO0 DVLUYWIOOVLVWOO

DEEREEREEEEREEEEREREE

0.00
.20
5.00
0.50
0.02
1.00
5.25
2.0

0.0

9
v

QOINOOOOOO0ODOODOD

~

w

[~ K N~Nel

Qooo

980.00
413979.94
1750.00
0.C
C.0
250.00
Cc.0
c.C
G.0
12.00
3.0C
0.0
0.0
0.0
1250.00
902.C0
1504.00
418230.87
1000.0C
1000.00
1000.00

Q000
o000

490.00
393280.87
15400.02
0.0
0.0
225.00
0.0
0.0
0.0
10.80
8.19 .
0.0 )
0.0 :
0.0 i
1125.00 ¢
T6€.70
225.60
396539.56
0.0
0.0
0.0

€91



LEATHFR
PACE 19

TITLE  wESYE TREATHENT SYSTEMIFORKS JAK,GRID, SQUI,FILY,AIR2,ADDR,BAS], BAS2,BURN

FELTY AND MATERTAL

STRFAR KUMAER
COMPONENT

"HIDE

HIDE AREA
WEIGHT (DRY)
HETIR

DIRY

‘WATESR

SALT
GREASE/FAT
FLESH

VANURE
CHROMTYY
H2SC4

LINF
OETERGENT
SULFITE
HYDRCCHL ACID
NAOH

SCLURLE N
CTHER CHCEMICALS
BCO

L10. SUS SOLIDS
TOTAL FLOW
COMFCNENT 23
COMPONENT 24
COMPONENT 25

-
DOV ®~NT NS WA

BNOAY NI N A DS e Jet bt bt s st o gt bl
MPHWNHMOLODNOWME W

BALANCE SHEETS

0.0
U.0
0.0
0.0
49U .0l
23699 0V
350 .uv
0.0
ued
25 <00
0.0
[T 7)
0.0
1.2
V.92
0.0
Ga.0
0.0
125404
135.3u
1278 .40
21691 .09
1003 .00
1000.00
1000.00

[-X-X
cco

0.0
 490.00
393280.67
1490.00

n.0

0.0
“225.00

0.0

9.0

0.0
10.80
8.10

0.0

0.0

0.0
1125.00
. T766.70
225.60
396539.56

0.0

0.0
0.0

QOO
o0ov

0.0
490.00
393088.12
1400.00
2.0
0.0
225.00
0.0
0.0
0.0
10.80
8,10
2.0
n.0
2.0
1125.00
492.99
129.30
39£346.81
0.0
2.9
0.0

10

CODVCTQAIOAVOOONIDO00
IR EEEREEEEEEEEEREREEREEE

QOO00VO0O0OVAOOVDOODNOOOQO

. 273.80
96.30
192.75
c.0
2.0
0.0

11

490,00
472357.37
140C.00

475616.06
0.0
0.0
0.0

791



LEATHER
PAGE 20

TETLF

WASTE TREATMENTY Sy

STEMIFORKeSOAKGRID,EQUI, FILY,AIRZ,ADDR,BASE, BASZ,BURN

FEAY AND WATERI&L PALENCE SHEETS

SYREAM NUMBER
COMFONENT

VP NOWV L WN -

+1DE

HIDE AREA
WEIGHT (DRY])
HAIR

CIRT

WAYER

saLy
GREASE/FAT
FLESH

MANURE
CHROMIUY
r2504

LIME
DETERGENT
SULFITE
HYDROCHL ACID
NAQH

SOLUBLE N
CTHER CHEMICALS
800D

LIQ. SLS SOLIDS
FOTAL FLOW
CCMFONENT 23
COMFONENT 24
CCMPONENT 25

12

>

Cocowooooo
* ¢ % 4 & 8 v ¢ @
VOVNLOOOD

oc
* 0
[+

o

.
(=]

0.0
0.0
U.D
0.0
28.78
128.53
3215.75
T 0.0
0.0
0.0

13

— 490.00
469141.56
1420.00

_ 1125.00

163.19
506.66
472392.19

0.0

0.0

2.0

14

£
44

.

DOOOOOﬁO?OOOmOO\)QO
CODOVOLOIAOVOVNVLOIOO

[~
.
Q

302.58

224.83

3408.50
0.0
0.0
0.0

15

N
»
w
e}

QOOOQAVO0OVONOODOO
IR

OC00O0Q0O00LAOIOOVOOIOO

[~
.

302.58

146.14

2437.57
0.0
0.0
0.0

16

~NOOoO0COoOo
DR

N
»
W
-4

)

[~ X R-N-N-¥-Y-N.N- NN
.

COTNOOD20OVDOVNOOCO

(]
.

0.0
302.58
146.14

2437.57

0.0

0.0
0.0

G9T




LEATHER
PACE 21 .
TITLE  wASTE TRFATVMENT SYSTEMFORK.SOAK,GRIO,EQUILFILT,AIR2,ADDR,BAS),BAS2,BURN

FEAYT AND MATFRIAL BALANCE SHEETS

STREAM NUMEER 171
CCWFONENT

1 +IDE 0.0

2 +IDE RREA 0.0

3 WEIGHKT (DRY) 0.0

4 RATR 0.0

5 CIRT 0.0

6 WATER 446379.54

T SALY 0.0

8 GREASE/FAT 0.0

9 FLESKH : 0.0
10 MANURE - p 0.0

11 CHRCMIU® 0.0

12 ©2804 . 0.0
13 LIME Vel - -
14 DETERGENT 12.u0
15 SULFITE $.00
16 HYDROCHL ACID 0.0

17 NADH 0.0

18 SCLUBLE N 0.0

19 CTHER CHEMICALS 0.0

25 ecD 0.0

Z1 LIOD. StS SOLIDS 0.0

22 TOTAL FLOW 407020.87
Z3 CCMFCNEATY 23 B IS R
24 COMPUNENY 24 0.0

25

COMEUNENT 25 C.0

99T



APPENDIX H

GREEN HIDE BELT
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APPENDIX I

OVERALL SYSTEM MODEL
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Destination 1
A

Demand
Slaughterhnuse 1

Process
Plant/Location 1 ) ) Destination 2

E] E] E% Demand

Grain

/// Market

Plant/Location 3 Destination 3

/

'C::f,/ Feedlot
Economics — o

j | [ 1-th Process
]

Plant/Location

— 7]

Number of
ileads

Slavghterhouse N

L Plant/Location Destination P
Vad L]
§ Demand
.
] Time

~ I\ - AN V- VAN -~
Supply Market Collection Model Plant(s) Model Demand
(- J Market

hd

Transhipment Model

Flgure 12, - Overgll System Model
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