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Abstract

The primary objective of the project was to develop a prototype
multi-pollution model for a typical metropolitan region. This
report includes the basic design and some of the results of initial
testing of the model. The Integrated Multi-Media Pollution Model,
or IMMP, views envirommental pollution as a set of interrelated
problems -~ the solution of which requires examination of all types
of pollution jointly and simultaneously -- and attempts to seek
an overall solution to envirommental resource management. Speci-
fically, the model embodies the trade-offs among different forms
of residuals disposed finally in the environment that are effected
by alternative land use policies, production processes, pollution
control strategies and methods. Thus, the Land Use submodel re-
lates various land use policies to the distribution of the sources
of envirommental pollution; the Residuals Management submodel re-
lates alternative levels of pollution generating activities, input
mixes, production processes of various activities, and the alter-
native treatment processes associated therewith to the magnitude,
composition and distribution of pollutants; and Disposal-Disper-
sion submodel relates pollution emissions at source to (ambient)
envirommental quality at destination. The model provides a
comprehensive framework in which to test and evaluate a wide
range of strategies for planning, managing and controlling our
envirommental resources.

This report was submitted in fulfillment of Grant Number R801411
by Georgetown University under the sponsorship of the Envirommental
Protection Agency. Work was completed as of August 1973.
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SECTION I

OVERVIEW

The Integrated Multi-Media Pollution Model

The primary objective of the project has been to develop
a prototype multi-pollution model for a typical metropolitan re-
gion. The Integrated Multi-Media Pollution Model or IMMP, embodies
the trade-offs among different forms of residuals disposed finally
in the enviromment that are effected by alternative production
processes ~- including possibilities of input substitution --
and alternative control strategies and methods. These trade-offs
are ignored in most of the currently existing environmental pollu-
tion models but are clearly of critical importance for ratiomal
environmental quality management.

It is a well-known fact that abatement of one type
of pollution results in another type of pollution. For example,
the use of a wet scrubber to trap particulates that would
otherwise be discharged into the air reduces the level of air
pollution but increases that of water pollution. The dredging
of a water body would make it cleanmer, but would at the same time
mean an increase in solid waste, which if burnt, would add to air
pollution. Dumping solid wastes in a remote area would lessen
"landscape' defacement in one area but aggravate the same in an-

other area, and also, increase the level of air pollution and



noise pollution in the process of their transportation. This
phenomenon of trade-offs among different forms of wastes is evi-
dently omnipresent and indeed no less than a logical consequence
of the "law of conservation of mass." Figures la, 1b, le list
possible trade-offs between air-, water-borne pollution and solid
wastes.

While it is clear that the kind and quantity of residual

wastes to be disposed eventually in the natural environment are

dependent on these trade-offs, and therefore, no rational abatement
program can be evaluated without including them in the analysis,
traditionally, envirommental pollution has been classified in

terms of the 'receiving medium,"

i.e., into air-, water-, solid
waste- (or land-) pollution, with noise and thermal pollution
treated as special cases, and accordingly, the formulation, plan-
ning and administration of policies and programs of environmental
quality management, at both the federal and state levels, adhere
closely to the same categorization.

The receiving~medium based organization of environmental

management (for example, into "air program office," ''water program

office," etc.) may be necessary to take full advantage of the
"administrative' and "operational" efficiency derived from group-
ing together the activities which require similar technical exper-

tise, but cannot be considered a logical basis for determining

overall optimal strategies for pollution control. To illustrate,
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Figure 1b

Interdependent Relatlonships among Residuals
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consider a case of a '"water program office' contemplating whether

to permit the burning of the sludge that emerges from the water

treatment plant. In the cost-benefit analysis of the program,

the "direct'" costs of incineration -- the costs'of the initial

investment and the operating costs -- will be included routinely,

but the additional social costs entailing from the additional

air pollution will not. At 1easF not in commensura?e terms.

In short, there exists a divergence of social costs and parochial
'

costs which nullifies the justification for partial analysis; the

decision on one type of pollution cannot be made without recog-

nizing its effects on other types of pollutionm. ?

A metropolitan area is a system of economic, political,
social, demographic and environmental variables. Political-social
institutions and forces, and the size and characteristics of the
population in the area determine the kinds and levels of economic
activities, i.e., production and consumption, and vice versa.
Production and consumption inevitably generate residuals which,
when disposed in the enviromment, result in its degradation.
Given the quantities and locations of the residuals discharged,
the particular hydrological, geophysical and meteorological
characteristics of the area determine the type, location and
degree of the envirommental degradation, and fhese in turn bring

aesthetic, health-, recreation-, and materials-related damages

to the specific segments of . the population. Efforts to abate



the pollution and its dhimages entail changes in the mix and level
of economic and noneconpmic activities.

More specifically, if the population continues to hold
to such traditional social and personal goals as economic growth
and "high standard of living'" -- especially through production
and consumption of high-polluting goods (e.g., paper, electricity,
automobiles) in contrast to low-polluting goods (e.g., services,
bicycles), further depletion and deterioration of enviromnmental
resources are unavoidable. Alternatively, arrestment in popula-
tion growth, demographic redistribution, change in land-use
pattern and stabilization of the high standard of living may
alleviate the problems of envirommental pollution, but would
have a profound effect -on the pattern and level of economic
activities, and therefore, prerequire a drastic revision in the
social and personal values and way of thinking and living.

Obviously, the manager of environmental resources
cannot.ignore the permeating impact of his pollution control
policies and programs on such economic and demographic-social
variables as the pattern of economic growth, income, empioy-
ment, health, migration, leisure-time allocation, etc., ‘and
in reverse, the effects on the enviromment of economic and
noneconomic detisions and activities of individual households,
businesses and govermments that lie outside his control but

amplify or attenuate the effectiveness of his own abatement



efforts. Indeed, in order to examine the trade-offs among various
types of pollution vis-a-vis the trade-offs among the competing
goals of the region, it may be necessary to construct what may

be called a total environmental resource management model that
include all the relevant econmomic, political, social, demographic
and environmental variables and their interactions. Building

such a comprehensive model is envisioned, but is beyond the

purview of present research effort.

A Brief Description of IMMP

The IMMP model is intended to be used either as a frame-
work for analyzing the interdependent nature of envirommental
pollution, by focusing primarily on those variables that affect
pollution levels directly, or as a submodel to other metropolitan
system models thereby allowing the user of the model to observe
the interactions between the environmental sector and other sec-
tors within the metropolitan region.

The IMMP model differs from most of the currently
existing environmental pollution models in several important
respects. The distinguishing feature of the IMMP is its explicit
recognition and representation of all of the significant elements
of the metropolitan environmental pollution and their interrela-
tionships. In contrast to other models which focus their atten-

tion on only a part of the total envirommental pollution systém,



the IMMP views the environmental pollution as an integral set

of interrelated problems -- the solution of which requires
examination of all types of pollution jointly and simultaneously
-~ and attempts to seek an overall solution, while others offer
partial solutions based on partial analyses.

The analysts and policy makers often find the existing
models -~ even when they are designed to deal with multiple
pollutants and thus are quite comprehensive in scope -- do not
render themselves readily as a practical tool for analyzing
and evaluating alternative programs and policies in the real
world. This is commonly due to the rigid structure the model
is "locked in" as in the input-output models and linear program-
ming models. Flexibility in addition to "comprehensiveness' and
"integrality' is another distinguishing feature of IMMP. Speci-
fically, the IMMP model is designed in modular form so that any
part of the model -- e.g., an activity -- can be added or deleted
freely with no structural change in the model.. With such built-
in flexibility, it can easily be adapted to different metropolitan
regions faced with their own sets of envirommental problems.

Finally, another main feature of the IMMP is a data
bank developed and maintained to provide the user of the model
with up-do-date information on alternative production processes
of major industries, alternative abatement technologies, etc.
which is necessary for the practical use to which the model

is to be put.



In short, the IMMP is a multi-media pollution model
which synthesizes the currently available information on all
important aspects of the environmental degradation problem in-
tended as a comprehensive, flexible and practical tool for (
analyzing and evaluating alternative strategies for managing
the envirommental resources of metropolitan areas.

The IMMP is not an optimization model. The arguments
for choosing a descriptive rather than optimizing framework are
twofold: In general, the structure of an optimization model
is more restrictive compared with that of a simuiation model
thus diminishing its adaptibility to various metropolitan areas
with a varying set of envirommental pollution problems. More
importantly, because of the complex interrelationships that exist
among various sectors within a metropolitan region, it is often
difficult, if not impossible, to delineate a practical and meaning-
ful single objective function for the model.

The IMMP as it stands is a steady-state model. This limitation
is to be rectified in the next phase of the project.

The Structure of IMMP

Programs to protect envirommental quality can be
classified into three broad categories: (1) programs to regulate
land-use pattern, (2) prograﬁs to regulate economic and non-
economic activities which create the residuals initially, and
programs to regulate on-site and central residuals treatment

activities which alter the forms of residuals, and (3) programs

10



to alter the residual dispersion processes. The model is struc-
tured along these categories. Specifically, the actions that
affect the configuration of the metropolitan region and locations
of pollutant generating and altering activities determine the
distribution of pollutants within the region and belong to the
first category. The actions determining the levels of pollution
generating activities, production processes and pollution treatment
processes all of which in turn determine the magnitudes and types
of pollutants produced belong to the second categories. Finally,
the actions which alter the disposal-dispersion of pollutants
belong to the third category. These components of the model are
shown in a flow~chart form in Figure 2,

Each rectangled entry represents a controllable variable
or structural relation on which the user of the model is allowed
to exercise his option, while each circled entry denotes a non-

controllable variable or relation which is determined within the

model given the specifications of the controllable wvariables and
relations and the parameters.

With the aid of the data bank, the user of the model can
test and make a wide range of decisions from those involving land-
use to those concerning the choice of an appropriate set of activ-
ities (and locations thereof), through the knowledge of the quanti-
ties of pollutants generated therefrom and their ultimate impact

on the ambient pollution levels throughout the region. Conversely,

11
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the model provides a framework for evaluating the impact of alter-
native pollutant emission standards or ambient quality standards
on various activities within the region.

In anticipation of a more detailed discussion in the
subsequent chapters, a brief overview of the basic nature and
concepts of the model is given in the following with reference
to the flow chart of Figure 2.

Configuration of the Region: For the model, a metro-

politan region is considered a rectangular space with a number of
rows and columns that divide the space into a set of square grids
as illustrated in Figure 3. Political jurisdiction is not the
main basis for defining the size of the region; the principal

criterion is the degree or intemnsity of economic, social, political,

demographic and environmental interaction that exists between
activities carried out at different locations. The hypothetical
metropolitan region of Figure 3 includes industrial, residen-
tial, commercial, agricultural and recreational areas as well as
a landfill area, municipal incinerators, a municipal waste water
treatment plant, a power plant, an airport and a river. Definition
of the size of the region is accomplished by the user by specifying
the number of rows and columns and the distance between two ad-
jacent rows (or columns).

More important than defining the size of the region,

the user can exercise a considerable degree of discretion in

13



Figure 3
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specifying the land-use pattern. If a new city is being planned
and designed from scratch, the option over the land-use available
to the user of the model is rather complete, but even with an
existing metropolitan region with more or less fixed spatial
structure, the managers may be able to relocate activities, es-
pecially in the long run, through zoning classification, taxation
and other means. Also, the direction of the flow of a river may
be altered, or a new branch of a river may be opened for the ex-
clusive use as the receptor of residual discharges. The model
can evaluate the environmental impact of these alternative con-
figurations of the region.

Identification and Location of Activities: The activities

in the model as sources of pollution consist of a set 'of exogenous
activities and a set of endogenous activities. Exogenous activities
are those whose levels of operation are determined outside the
model, i.e., by the user of the mode{. For IMMP, the agricultural,
industrial, commercial, and residential activities are included

as exogenous variables.1 For endogenous activities, the levels

of operation are determined within the model as the results of

the exogenous activities. For the purpose of IMMP, the endogenous
activities are classified into two categories: those representing
residuals-treatment activities such as municipal incinerators and
wasée water treatment plants, and those other than treatment

activities such as transportation and power plants.

~

'VlThe model is however capable of treating any activity as endo-
genous.

15



Whether for a new or existing metropolitan region, the
user of the model has the option of choosing which of these exo-
genous and endogenous activities are to be included in the model
and of deciding where to locate them. Thfough exercise of this
option, the managers can evaluate the environmental impact of
alternatiée mixes of industrie;, etc. and of alternative lané-
uses. |

Levels of Exogenous Activities and Nontreatment Endo-

genous Activities: Upon stipulating a set of activities; the

user is required to specify for each exogenous activity its level

1

of operation, e.g., output per aay in éollars or tons for a steel
mill. Once this is done, the levels of nontreatment endogénous
activities, i.e., of transportation and power plant activities
are determined automatically by applying transformation coeffi-
cients (or functions). Through varying the levels of various
activities and evaluating the resultihg variation in the levels
of pollutant emissions and of ambient quality, the uéer enhances
his understanding of the effecg of economigi(and other) policies

on the enviromment and vice versa.

Production Processes: The magnitude and type of pol-

lutants arising from an activity -- be it exogenous or endogenous
-- are functions not only of the level of operation but also of
production processes and inputs used. Thus, each of the alterna-

tive production processes can be represented by a matrix with an

16



appropriate set of residual coefficients which transforms a vector
of iﬁputs igto an output vector of pollutants.

The user of the model is allowed to evaluate the pollu-
tion effects of using alternative inputs, especially in reference
to high-sulfur vs. low-sulfur fuels, as well as the effects of
using alternative production process. The data bank contains
pollution transformation coefficients for various production pro-
cesses of each indpstry both in current use as well as in develop-
ment, and t?e possibilities of input substitution.

Since.éifferent inputs and production processes involve
éifferent costs.of investment and maintenance, the data bank in-

(i
cludes data for thgse costs, enabling the user to compare the
differentigl pollution effects of alternatives with their differ-
ential cost effects.

Gross Emissions of.Ppllutants: As shown in the flow

4

chart, the result of the decisions made by the user of the model

up to this point is the gross emissions of all pollutants in the
various subarggs of the region where the pollution-generating
activities are located. In bare skeleton, the structural rela-
tions involved are as follows. Let:

| X=a #ector Qf exogenous activities, each element

of which represents an activity in a particular

subarea.

17



Y = a vector of endogenous activities such as trans-
portation and power plants. Each element of Y
represents an endogenous activity in a particular
subarea.

Eg = a vector of gross pollutants emitted prior to any
treatment, on-site or otherwise.
Then,
Y = FI(X)
= + = Xy +
E, = F,(0) +F5(0) = F)(X) FB{FI(X)}

The decision maker can specify alternatiVeklevels of
X as well as alternative residual transformations of X and Y
into Eg, i.e., alternative relations, Fz and F3 ,» in order
to observe their effects on Eg . In reverse, the decision
maker may stipulate alternative levels of Eg -- alternative
emission standards -- and observe, through iteration, their

effects on X and Y , the activities.

On-site Treatment: Prior to being dispersed into

various environmental receptors, air, water and land, or being
transported to other facilities for further treatment, the pollu-

tants arising from the activities are often trea;ed at the source.

18



In the model, a treatment process is represented by an
array of coefficients whereby a given (untreated) residuals are
transformed into a set of treated residuals. Simple treatment
processes would be represented by such simple diagonal matrices

5 0 O

as Tl 0O 1 O . Assuming that there were only'three

0o 0o 1| Bl

pre-treatment pollutants Eg = E.g2 , the post-treatment
PEgB— .5Egl

vector of net pollutants would be E_ = T.E E ; that
n 1g g2

| Eggo
is, the treatment removes 50% of the first pollutant but leaves

the other pollutants unchanged. A more complicated treatment may

1 0.3 0]
take the form, T2 =10 0 O which removes the second
| 0 1.5 1|

pollutant entirely but, in the process, creates an additional
0.3 of the first pollutant and 1,5 of the third for every unit of
the second pollutant removed.

The data bank supplies the user of the model a list of
treatment technologies for each activity that correspond to known
alternatives. If the user dqes not specify what treatment tech-

nology is gpplied in a givén activity at a given location, the

19



model will assume that no treatment is applied in that instance.
In addition to the transformation matrix of coefficients, the data
bank contains the information on the costs of investment and main-
tenance for alternative on-site éreatments.

The quantities of net emissions after on-site treatmenf
are the final emissions at the source and ma} serve as tﬁe basis
for pollution regulation by st;ndards; the user therefore is sﬁp-
plied with thelprintout of these net emissions. ’

Disgﬁsal: The next decision to be made by the user ;s
what part of thése initially treated pollutanfs is to;be "shipped"

: |
to the municipal sewage treatment planfs and incinerators,Ef, and

to which environmental medium and at which location (subarea)'the

remainder of pollutants are to be disposed of,Ed. For each itera-

'
1

tion, the user has complete freedom in specifying these proportions.
Again the data bank supplies cost information on alternative dis-
posal decisions.

. . . !
Municipal Water Treatment and Incinerator Activities:

Municipal waste water treatment and incinerator activities are
endogenous in that the levels of these operations are determined
as the result of exogenous activities. .Thus, given the disposal
decision and Ef, the resulting quantities of pollutants designated
to be treated at the municipal facilities, the levels of these
treatment activities are determingd within thé modei. This is
accomplished by solving a matrix equation reminisceﬁt of éhe

}
solution to an input-output problem.

20



The reason that Ef (the result of the disposal decision)
cannot be directly used as the levels of these ''central" or 'col-
lective' treatment operaﬁions is because of the interdependence
that exist between the treatment activities themselves. Sludge
and suspended solids produced by the water treatment plant may
be shipped to the incinerator, and the residues from the incinera-
tor may be discharged into the sewer or a river to end up a; an
added load to the water treatment plant. Thus, ultimately the
levels of central treatment activities Et are the sum of Ef,
the pollutant loads from the disposal decision, and Ee’ the in-
creases in the ioads of the treatment activities necessitated
from the treatment activities tﬁemselves; that is, Et = Ef + Ee.

Now, since Ee can be obtained as Ee = SEt where S is
the matrix of coefficients each column of which represents the

changes in the levels of all the treatment activities induced by

a particular treatment activity, Et = Ef + SEt . Therefore,

t t f
(I - S)Et = Ef

- -1
Et = (I - 8S) Ef

In summary, the steps in determining the endogenous
treatment activities are: (1) The user specifies a particular

treatment technology for each and every treatment activity. This

21



means in effect the specification of how much of what pollutant
is discharged into air, water and land, and of how much of what
pollutant is for further treatment at other treatment activities
per unit activity of the treatment plant in question. (2) The
computer forms a particular matrix based on the decision in the
first step. Each column of this matrix pertains to a particular
treatment activity. The (row) entries of a column are the changés
in the levels of all the treatment activities induced by an addi-
tional unit of a particular treatment activity that is represented
by the column. (3) The computer forms the matrix (I - S) and then
inverts it. (4) When Ef, the pollutant loads resulting from the
disposal decision, are read in, the ultimate levels of treatment
activities Et are computed by the matrix multiplication (I - Sj- Er.

Now that the levels of central treatment activities Et
have been computed, the next step is to determine Em; the quantities
of pollutants which are discharged from the treatment plants to
the envirommental media. In order to obtain E_, another matrix
multiplication,similar to the earlier transformation for produc-
tion processes and on-site treatments, is perform?d on Et' That
is, B = REt’ where the matrix R depends on the choice of treat-
ment technologies made by the user in connection with the deter-
mination of the levels of treatment activities.

Again, the data bank stores descriptions of alternative

treatment technologies together with the associated residual

22



transformation magrices and costs so as to enable the user to
evaluate their impact.

The sum of the quantities of pollutants discharged by
the central treatment plants E and that part of pollutants emerging
from on-site treatments which is discharged directly to the environ-
mental media as the result of the disposal decision Ed’ namely, E =
Em + E; » 8ives the final quantities of emissions the environment
receives initially at various subareas (i.e., krid squares) As
a practical matter, these quantities often serve as the basis for
pollution regulations, and accordingly, their printout is supplied
to the user of the model.

Air-, Water-, and Land-Dispersion Processes: The part

of TMMP described so far is sufficiently self-contained and, there-
fore, can be used by the environmental managers to test the impacts
of changes in the kinds, levels and processes of various pollution-
generating and pollution-abating or altering activities on the
pollutants dumped in the environment, and in reverse, the impacts
of alternative emission standards on various activities. But
pollutants deposited in a water body or in the atmosphere do not
remain there; they are diffused or dispersed to other parts of the

. 1 . .. . .
region.- - The envirommental managers cannot limit their attention

1Solid wastes are assumed to remain where they are deposited
initially. The user of the model can, however, decide to trans-
port them to some other locations in the region, which could be
viewed as a dispersion process. "Leaching' through land is
totally ignored in the model. \



only to the original emissions but must be concerned also with
the ambient quality of the environment which results from such
dispersion. Thus, IMMP adds another module relating the emis-
sions E to the ambient pollution levels L.

Diffusion processes of pollutants whether via atmosphere
or via water are extremely complex, and are functions of a
larger number of variables and their interactions. The water
diffusion process depends on water temperature, flow, velocity
and other characteristics of the water body; the air diffusion
process depends on wind speed and direction, emission rate, stack
height and diameter, the stability of the atmosphere and other
characteristics.

The complex diffusion processes can be modelled in a
number of alternative forms: mathematical-analytical model, re-
duced-coefficient-matrix model, and simulation model. Although
rather simple mathematical models are adopted for both air and
water dispersion processes in the initial attempt, IMMP is flexi-
ble enough to permit later replacement by more refined mathematical
models or by other kinds of model should they prove more reliable.1
In brief, the water diffusion process used is a modified Streeter-

Phelps model; the air diffusion process draws heavily on Turner's

;All diffusion processes take place over time. Since our

model is a steady-state one, the temporal diffusion pattern is
ignored at this stage.
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model.1 An added feature to these basic diffusion models is a
provision for assigning different probabilities to the parameters.
This would allow for shifts from season to season, month to month,
or even day to day in the wind direction, air temperature, baro-
metric pressure, river flow, velocity, water temperature, etc.

In the flow chart, the diffusion processes are given in
a rectangle, denoting controllability by the user. Though certain
parameters of the processes are geophysically, hydrologically and
meteorologically fixed given a specific region, such other para-
meters as stack height and diameter in the case of air and water
temperature, direction of flow (new tributaries can be opened), etc.
are controllable by the user of the model. The model enables
evaluation of the effects of variation in these controllable
variables on the ambient quality level. Of course, even the geo-
physical and meteorological parameters can be considered controll-
able if the model is used for the purpose of planning a new metro-

politan region.

1D. Bruce Turner, Workbook of Atmospheric Dispersion Esti-
mates, EPA, 1970.

25



The Human Link: The machine-part of the flow chart ends
at the ambient quality of the environment. At that point, however,
the man-part of the system, the user, takes over, evaluates the -
degree of desirability or undesirability of the system state, and
decides to take various actions available to him; in other words,
arrows could be drawvn formally from the ambient quality to all the
action points of the model -- all the rectangled entries including
productive and treatment activities -- thus "forming loops" for
these variables. As a matter of fact, the human participant can
form direct or indirect loops between any two points in the model.
It is the versatility of the model that the user can intervene
almost at every stage of the flow chart and observe the system
reaction -- both forward and backward, and oftem returning to the
original point of intervention -- to the alternative programs he

stipulates.

Rational Environmental Management

It has been seen in the above that the IMMP model pro-
vides its user with a tool to evaluate various mixes of all three
major classes of strategies for the management of environmental
resources, i.e., the land-use strategies, the residuals generating
and altering strategies, and the residuals dispersion strategies,
and that it recognizes and incorporates the interrelationships

among various pollution and other variables of the metropolitan

26



area. Yet there is no guarantee that the use of the model will
yield more or less rational environmental management decisioms.
For while rationality presumes some preestablished objective
function, the model does not offer ome.

At the conceptual level, rationality requires comparison
of all costs and all benefits -- economic or otherwise -- of an
action. The costs and benefits of pollution abatement are many
and diverse and difficult to measure: Besides the direct costs
of investment and maintenance of abatement equipment and facilities,
the costs include the net adverse effects on production, consump-
tion, income and employment, and the effects on migration, welfare
distribution, etc. The benefits include the general, subjective
aesthetic benefits gained from the improved quality of the environ-
ment as well as the benefits in the form of reduced damages on
health, plants, animals and inanimate materials.

Of all these benefits and costs, currently the IMMP
model provides the user with only the direct costs of alternative
strategies. Although the model is flexible enough to add other
cost information and data on damages from pollution when and if
they become available, it is doubtful that the time will ever
come when the estimates of benefits and costs are inclusive and
accurate enough to warrant an effort to define a single objective
function for the purpose of envirommental quality management in

any metropolitan area. Incorporation of a partial and inaccurate
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objective function to maximize would run the danger of prejudicing
the issues being analyzed. Furthermore, as stated earlier, optimi-
ation models inevitably increase the rigidity of the model. For
IMMP it has been decided that the human participant would make

the subjective trade-offs among the multiple goals (and amenities)
of the metropolitan area in order to arrive heuristically at a

satisfactory solution to the environmental management problem.

Other Models

An extensive search of literature -- both published and
unpublished -- has been made to determine what other researchers
have done in developing models and tools of analysis for managing
the envirommental quality of metropolitan areas. Promising models
have been built by Dorfman and Jacoby,1 Isard et al,2 Russell

and Spofford,3 Forrester,4 and Ingram et al.5 Some use input-

1Robert Dorfman and Henry D. Jacoby, "A Model of Public Decisions
Illustrated by a Water Pollution Problem,'" in U.S. Congress Joint
Economic Committee, The Analysis and Evaluation of Public Expendi-
tures: The PPB System, volume 1. GPO, Washington, D.C., 1969.

L

Zyalter Isard et al, "On the Linkage of Secio-Economic and
Ecological System," The Regional Science Association Papers, 21
(1968). ’

3Clifford S. Russell and Walter O. Spofford, Jr., "A Quantita-
tive Framework for Residuals:Management Decisions,' in Environmental
Quality Analysis: Theory and Method in the Social Sciences, edited
by A.V. Kneese and B.T. Bower, Johns Hopkins Press, Baltimore, 1972.

4J'ay W. Forrester, Urban Dynamics, MIT Press, Cambridge, 1970.

5Gregory K. Ingram, John F. Kain, J. Royce Ginn, The Detroit
Prototype of the NBER Urban Simulation Model, National Bureau of
Economic Research, New York, 1972,
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output or linear programming models with a predominance of economic
variables; some attempt to devise an explicit utility function

for optimization -- mostly of economic efficiency; some include
both economic and noneconomic variables besides pollution variables
(but neglect to focus on the interrelationships among the latter);
some allow participation by human decision makers through role
playing.

When evaluated by the criteria we have imposed on our-
selves -- comprehensiveness, integrality, flexibility, simplicity,
man-machine interaction, none of the already developed models is
directly suitable for our purpose. This does not mean, however,
that we have not gained from these models; indeed, our model IMMP
and TERM could be considered as the end product of improving, re-

fining, expanding, and synthesizing the existing models.

Limitations of the Current IMMP

Despite our efforts to make the model as comprehensive
and to obtain data as accurate as possible, due to the limitation
on time and because the main objective of the current phase of the
project is to determine the feasibility of such a model as described
above, currently the IMMP is encumbered with a number of limitations
that could be lifted in the coming phases of the research.

Data Bank, Transportation, Construction and Noise: The

flexibility of the model is such that any number of pollution
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producing activities and any number of pollutants can be handled.
The only limitation to the inclusion in the model of a particular
activity or a particular pollutant is from nonavailability of
relevant information. In general, a constant effort should be
made to improve the quality and amount of information stored in
the data bank; in particular, special attention shall be paid to
noise and transportation.

While noise is receiving an increasing attention from
the public and government agencies, no data on noise from trucks,
aircrafts and construction activities have been collected during
the current project period. Upon gathering of the information on
alternative modes and processes of these activities, alternative
noise abatement technologies, and their differential costs, the
activities and the related noise can be included in the model.

Transportation (and construction) can be considered
exogenous or endogenous as the case may be. Besides, transporta-
tion -- ground and air -- is a major source not only of noise but
also of air pollution; the trade-off between noise and air pollu-
tion (and cost, of course), will have to be represented in the

model.

Exogenous and Endogenous Variables: The levels of
industrial, agricultural, household and commercial activicies
are treated in the current model as exogenous if the loops formed

by the human user are ignored. These activities, however, may be
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formally linked to pollution control strategies through such

intervening variables as income, employment, property values and
;

others. An effort will be made to convert as many exogenous

variables into endogenous variables as theoretically justifiable

by formally drawing more loops between variables.

Nonlinearity: All relations in the current model are

assumed linear. In some instances, however, the assumption may
be unrealistic. For example, the level of an activity and the
resulting levels of various pollutants discharged may not be in
fixed proportion in reality. The assumed fixed efficiency rate
of control technologies regardless of the quantity of the pollu-
tant treated may also be unrealistic. In the model, nonlinearity
need not necessarily be represented by formal mathematical func-
tions, but could be represented by a set or '"table" of transfor-
mation coefficient matrices which vafy according to the variation
in the level of activity.

Dyvnamic Model: The IMMP model as it stands is a time-

less, steady-state model and has no provision to allow for the
time lag in the system. This limitation can diminish the use-
fulness of the model materially, especially when the user of the
model is interested in the changing levels of pollutants over a
period of time. For example, both the carbonaceous and nitro-
genous BOD's contribute to DOD, but the latter with a consider-

able time lag in comparison to the former. Thus, with a steady-
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state model, it may not be possible to distinguish between the
behavior of the two pollutants within a specified time. In
general, a dynamic model is needed to evaluate the system reaction
pattern -- dampening or amplification -- over time. The necessity
and feasibility of converéion to a dynamic model must be inves-

tigated in the next phase of the project.

The Organization of the Report

The ensuing chapters discuss the IMMP model in more detail.
The discussion is organized in accordance with the flow chart, i.e.,
the classification of environmental management strategies into the
land-use control strategies, the strategies to regulgte pollutant
generation and alteration, and the strategies affecting dispersion
processes. Then, the last chapter demonstrates tﬁe feasibility of
the model by actually exercising it for a hypothetical metropolitan

region.
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SECTION II

ALTERNATIVE STRATEGIES FOR ENVIRONMENTAL
RESOURCE MANAGEMENT: LAND USE SUBMODEL

Once én airport, a power plant o% a high rise building
is siteé and constructed at a given location, it stays there more
or 1e;s permanently and restricts the area's options for spatial
development for a long time. The spatial structure in combination
with the prevailing geophysical, hydrological and meteorological
conditions largely determines the levels of air, water, solid
ﬁéste, noise anh other pollﬁtion at various subareas. Thus it
is a truism to say that the air pollution in Los Angeles today
is{a result of spatial decisions made many years ago. Land use
decisions are 6bvi§us1y‘one of the most important elements of
environmental résourée ﬁanagement.

Traditionally the spatial structure of a metropolitan
région.has to a 1arg; extent been governed by economic motives of
various decision making entities. Accessibility to the place of
employment, i.e., the distance and the travel cost, has been a
significant determinant of the household's decision on resi-
dential location. Once a cluster of homes form at a given loca-
tion, such amenities as shopping centers, schools, parks and
other municipal services follow in the vicinity, which in turn

attracts more households to move into the area. Similarly, firms

have also made their decision on the location of their plants
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primarily on the basis of accessibility to raw materials and

labor, i.e., the costs of these inputs, and accessibility to the
market for its output, i.e., the revenue. Then, the government

in its turn, concerned with the maintenance of its gax base and

to meet the needs of its constituents would build roads and

highways and provide other services. Behind the rapid growth

of the urban areas are these mutually amplifying interactions of

the economically motivated forces, and the result has been one

of the toughest problems of today -- the general decay of the inner-
city, crimes, congestion and envirommental degradation.

Though belatedly, in the last three or four years there
has been an increasing awareness on the part of the public and
the govermments at different levels of the true nature of the
urban problem, namely, an awareness that the economic goal is
but one of many that a city strives to attain. The impacts of
land-use policies are likely to permeate to all the economic,
social, political, and envirommental sectors within the metro-
politan area. The IMMP model includes only the impact on the
natural enviromment of land-use decisions.

The two rectangled entries right at the start of the
flow chart of Figure 2; i.e., the "configuration of the region"
and the 'identification and location of exogenous and =ndogenous
activities," refer to the land-use decisions by the human partici-
pants. The following alternatives for changing the land-use

pattern have been identified as technically, economically,
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politically, and legally feasible. Basically, they are attempts
to redistribute the sources of environmental pollution among sub-
areas1 in such a way as to improve the overall environmental

quality of the metropolitan region.

Configurationggf the Region

Diversion of Water Bodies: The model has the capability

of testing the effects on pollution of alternative directions of
the flow of rivers. This capability is useful not only in
planning a new city but also in evaluating the effect of ''re-
channeling" an existing river of a given metropolitan area. Al-
ternatively, the existing water bodies may be restricted to speci-
fied uses so that, for example, only the recreational use is per-
mitted in one river while the other is used for the discharge of

industrial wastes as was done in Ruhr, Germany.

Location of Activities

Zoning: Although under the Constitution, States appar-
ently have the inherent power over land-use regulations, most
States have delegated the authority to local governments. Local
governments, with their narrower vision, have on many occasions
yielded to economic pressures for development at the expense of
environmental degraaation. Recently, however, spurred by Federal
legislative efforts and on their own accord, States have begun

resuming control over local land use and have already enacted

1Or one alternative would be to "export" the pollutants to
the outside of the region.
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a number of laws under which the environmental and other broader
interests can be protected. Thus, zoning is emerging as one of
the potentially powerful means for locating and relocating various
activity zones -~ agricultural, industrial, commercial and
residential areas -- within a metropolitan region.: For the pur-
pose of designing a new metropolis or for the purpose of relocation
within an existing one, the IMMP model will enhance the planners'
awareness of the envirommental effects of alternative zoning
classifications.

Power Plant Siting: A number of states have adopted

potent power plant siting laws. For example, Maryland requires
long-range planning by power companies and provides for early .
approval of the planned plant sites and for advance purchase by
the State of plant sites for later sale to power companies. Inas-
much as power plants are one of the major sources of pollution,
their a1ternative siting is a significant consideration in the
overall management of the metropolitan environment.

Airport Siting: Aircrafts landing on arid taking ofEf
from an airport are a major source of noise (and a source of
air pollution). In addition, airports bring ground traffic
congestion and unsightly sprouting of commercial activities --
motels; restaurants, etc. Thus, the possibility of alternative
siting of airports and of controlling development in the vicinity

of airports has been iﬁvestigated in a.number ‘of metropolitan
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areas. For example, Minnesota has enacted an Airport Zoning Act
which controls development around airports. The IMMP model does
not allow evaluation of the desirability of alternative landscapes
of the airport area but allows evaluation of the noise and air
pollution effects of alternative siting of an airport.

Housing, Highway and Transit System Construction Program:

Where homes are built, where highways are opened, and where and
what kind of mass transit systém is operated all affect at least
three pollution-related variables: the levels of initial emissions
at various subareas (because the industrial and residential loca-
tion decisions by firms and households are dependent on these
factors), the levels of ambient pollution at various subareas
(when the initial emissions interact with the geophysical and
meteorological conditions of the region), and the significance

of the pollution problem to people (i.e., damages from pollution).
What the last item means is ,simply that if people can be made to
live and work away from the polluted area, a large part of the
"pollution problem' will disappear. With the use of the model,
the user can evaluate the effects on these variables of alterna-
tive housing, highway and transit system construction programs.

Municipal Services Programs: To the extent that avail-

ability at different locations of such amenities as parks, re-
creational areas, cultural centers, schools, sewage services,

etc. influences the residential location decision by households,

government agencies in charge of managing these municipal services

affect the land-use pattern within the metropolitan area.
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Tax Incentives: Differential tax treatments of dif-
ferent activities at different locations can be used to influence
the location decisions by firms and households thereby affecting
the land-use pattern. For example, the Federal Environmental
Protection Tax Act purports to influence land use through dif-
ferential taxes.

In summary, there are two classes of govermmental actions
that could be taken to affect the land-use decisions in a metro-

politan area. Figure 4 summarizes them in tabular form.

Costs of Alternative Programs

One of the benefits of land-use alteration is the reduced
damages from reduced pollution. The model provides variations in
the level and pattern of pollution in response to alternative
land uses and activity sitings, though not the damages per se.
Costs -~ both direct and secondary -- are the other side of the
information input necessary for rational land-use policy decisions.
Unlike the case with the alternative production processes and
treatment technologies, no cost data are currently available for
the case of land-use altering alternatives, and therefore, tﬁis
aspect cannot be included in the model.

The next chapter discusses alternmative production pro-
cesses and alternative residuals treatment technologies as means
of managing the level, composition and distribution of pollutants

within the metropolitan region.
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Figure 4

Alternative Controls of Land Use

By Regulations and Edicts

Zoning regulation

Area-specific emission standards

Power plant siting

Airport siting

Area-specific prohibition of specific activities

By Economic Incentives

Housing programs

Highway programs

Mass transit programs

Municipal services programs
Parks, recreational areas, sewage, schools
hospitals, cultural centers

Area- and activity-specific taxes and subsidies
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SECTION III

ALTERNATIVE STRATEGIES FOR ENVIRONMENTAL
RESOURCE MANAGEMENT -- RESIDUALS MANAGEMENT SUBMODEL

Section II discussed the land-use sub model which relates various
land-use policies, e.g., zoning laws, tax incentives to relocate pol-
luting activities, etc., to the distribution of the sources of environ-
mental pollution within the metropolitan region. The present chapter
discusses the residuals management submodel which relates alternative
levels, input mixes, and production processes of various activities and
the alternative treatment processes associated therewith to the magnitude,
composition and distribution of pollutants within the region.

As stated earlier, the main objective of our study has been to
develop a model that considers all forms of pollutants, i.e., air-
borne, water-borne, land-borne simultaneously, and represents their
interrelationships explicitly.

Of critical importance in planning, managing and controlling our
environmental resources is to be aware that reduction in one form of
residual does not eliminaée it but merely changes its form. This inter-
dependeqt nature of environmental pollution is largely ignored in most
of the existing pollution abatement programs and models.

Figure 5 illustrates the structure of the residuals manage-
ment submodel. It is simply an'expansion of the relevant

part of the overall IMMP flow chart given in Figure 2, and
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is presented in such a way as to highlight the interdependence
among various forms of pollution. Without being linked to the
diffusion processes, the residuals management submodel could
very well serve as an independent tool of the environmental
managers.

There are two alternative ways of regulating pollution
through standards: (1) through setting and enforcing emission
standards (at the sources), and (2) through setting and enforcing
ambient quality standards. Although ultimately the ambient
quality determines the level of pollution damages, and the
damages must be taken into account in one form or another in
making the envirommental decisions, if the meteorology, geophysics
and hydrology of the region are considered noncontrollable, what
is controllable are the activities which emit pollutants. It is
not surprising, therefore, that the regulatory bodies often favor
the first approach, that is, the policies and programs regulating
directly the levels of residuals emissions by households, in-
dustries and other activities and by central residuals and water
treatment plants. Many believe that the control of residuals
at the sources is the most direct and unambiguous approach;
and the residuals management submodel standing alone is suffi-
cient to accommodate the need for an analytical tool of such an

approach.

41



4

Figure 5

A rlow vlagram of the Heslduals managewmeat submodel
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According to the diagram of Figure 5, the levels of
various pollutants emitted or discharged into air, water and land
within a metropolitan area depend not only on the size and nature
of various activities -~ agricultural, industrial, commercial,
power plant, transportation, household, municipal incinerator,
municipal water treatment, but also on the kinds of raw materials
used, production processes, control processes applied to wastes,
and the extent of recycling of the waste materials. Thus, these
alternatives, individually and jointly, represent potential means
for altering the forms and levels of pollutants ultimately dis-
charged into the environment.

The following is a systematic and detailed presentation
of the ways in which these alternatives can affect the forms and

levels of wvarious pollutants deposited in the environment.

Residuals and Sources

As an initial task in managing envirommental quality
one needs to identify both the pollutants that contribute to the
environmental degradation and the sources from which these pollu-
tants emanate. The forms in which this information might be
gathered would depend largely on the purpose for which it is
to be used and the availability of data.

As the potential sources of pollutien in a metropolitan

area a set of activities listed in Figure 6 are considered in
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the IMMP model. They are 2~digit SIC industries. Our decision
to classify the sources into 2-digit SIC industries was based on
two considerations. First, the available data do not permit
the classification of sources on a more disaggregate level at
present; but further disaggregation into 3-digit or 4-digit level
can be achieved easily as such data become available in the future.
Second, while the classification on this level of aggregation may
not permit the user of the model to test the full range of alter-
native strategies, it would allow, as a minimum, the testing of
the basic workings of the model and demonstrate the usefulness
of the model.

Along with'these pollution generating activities Figure
6 gives the list of pollutants generally considered to contribute
significantly to the environmmental pollution and the accompanying
damages to the inhabitants. The lists of residuals and their
sources are by no means exhaustive but would constitute the
majority. At any rate, other items can be added readily if
needed.

Exogenous and Endogenous Activities: All of the pri-

mary sources except the electrical power plant activity are
considered exogenous in the IMMP model; and fhis exception
and all of the secondary sources are considered endcgénous.‘
Thus, the levels of industrial, household and agricultural

activities are determined outside the model, that
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Figure 6

Residuals and Sources

Primary Sources of Residuals
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Furniture and Fixtures
Paper and Allied Prod.
Printing and PUblishing
Chemical and Allied Prod.
Petroleum and Coal

Rubber and Plastic

Leather and Leather Prod.
Stone, Clay and Glass
Primary Metal
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Transportation Equipment
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Primary Residuals

Airborne:

Particulates (P)
Hydrocarbon (HC)
Sulfur Oxide (SOy)
Carbon Monoxide fCOJ
Nitrogen Oxide (NOx)

Waterborne:

Biochemical Oxygen
Demand (BOD)
Suspended Solids (SS)
Dissolved Solids (DS)
Total Phosphate (TP)
Total Nitrogen (TN)
Heat (H)
Heavy Metal (HM)

Landborne:

Solid Waste (3w)
Combustible
Noncombustible

Others:

Noise
Radioactivity




is, are to be stipulated by the user of the model, while
the levels of power plants, municipal incinerators

and waste water treatment plants are determined within the
model.

The distinction between the exogenous and endogenous
activities is at best arbitrary. Strictly speaking, no economic
activity is purely exogenous as all activities are to a greater
or lesser extent interdependent. If a region under consideration
is indeed '"closed" -- in the sense that it is economically self-
contained -- and a complete interdependency exists among the
activities, the only correct sPecification-would be to desig-
nate all of them as endogenous, that is, take into account their
interrelationships. This is more or less the case with a national
or a regional economy, and the input-output model is an excellent
vehicle for illustrating the interdependent relationships within
a closed economy.

But it is seldom that a relatively small geographic
area such as a city or a metropolis can sustain economically on
its own without sizable "importation" from and "exportation"
to tﬁe outside of the area. In other words, a metropolitan
area can be best characterized as an "open economy." This is,
of course, not to imply that a strong interdependency cannot

exist among certain activities even in a basically open economy.
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A case in point is the dependency of the transportation
activity on the industrial and household activities. On the other
hand, the question of whether the level of the electric power
plant activity is wholely endogenous is not so clear-cut. The
ambiguity stems from the fact that at least in the short run,
the amount of electricity generated in a power plant depends
more on the capacity of the plant than on the area's demand for
electricity. The IMMP model can treat the power plant activity
as wholely or partially endogenous, or exogenous according to
the degree of endogeneity or exogeneity being specified by the
user. In general, the model possesses the capability to add any
number of new endogenous activities if the need arises.

Finally, it is to be emphasized that in principle nothing
prevents construction of a full-scale input-output table for a
metro;olitan region if the case warrants it, but it can be domne
only at the cost of considerably more work. The mix of activities
and the extent of interdependency vary a great deal from one
metropolitan éegion to another and to take this variation into
account means the need to construct an entirely new input-output
table for each different region. This vitiates the flexibility
of the model, one of the distinguishing features of the IMMP.

Residuals: The list of residuals of Figure 6 in-

cludes heavy metals (toxic substances), noise and radioactivity.

Data on these residuals are yet to be collected.
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If the trade-off between coal-fired, oil-fired and nuclear power
plants is adjudged real and significant within a relatively short
span of time, data on radioactivity will also be collected in
the next phase. At any rate, new data can be added, inadequate
data supplemented, and inaccurate data corrected at any time
better information becomes available.

One .of the most harmful results of certain industrial
activities and power Rlants is thermal pollution; heat, therefore,
is included in the list under the heading of water-borne residuals.
The effect of heat discharge into the atmosphere is not certain,

and accordingly, it is not given under the air-borne category.

Residual Generation Coefficients

All productive activities produce some waste materials
along with their intended output, i.e., useful products. The
magnitudes of waste materials generated per unit level of activity
are called residual generation coefficients or simply, residual
coefficients. These coefficients are the formal link between the
levels of activities and the initial emissions of pollutants.at
the sources. The nature, the assumptions and the limitations.
of the residual coefficients are discussed in the following.

A production process can be viewed under certain cir-

cumstances as a matrix of coefficients by which a set of raw
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materials (including fuels) is transformed into a set of (desired)
outputs and a set of (undeéired) waste materials. In matrix

notation,

10 - (2]

(
where ]:P:] is the production coefficients; ]:I:, is the input
vector; [g:l is the vector of outputs and residuals. If

P is partitioned into PO and .PE » the output production matrix

and the residual bréduction matrix, respectively, that is,

P
[P] = |..9. , then,

E

(0] [
[0 - [

For a given activity, the selection of a productive

prdcess and the accompanying selection of a set.of raw materials
inputs would completely determine the levels of outputs and the

levels of residuals produced. In symbols, once

P
[P:I = Po and [I] are specified, [O] and. [E:\ s
E
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the levels of outputs and the levels of residuals, respectively,
are determined. If the vector [E], i.e., the levels of resi-

t

duals, is divided by o, , an element of the vector [0] or the
level of one of the products produced, the result gi is the

i
residual coefficients of that particular product. If it is assumed
that a single output is produced from the production process, the

output vector [0] is reduced to a scalar, [0] , and there is
only one set of residual coefficients, i.e., [%] .

The fixed relationship between activit& and residuals
holds only to the extent that the inputs of production
and production process are fixed. In general,
as these factors vary, the residual coefficients>vary. For
example, use of oil instead of coal as fuel would change the
levels of various air pollutants while replacing the sulfate
method by the sulfite method in wobd pulping would affect the
levels of water pollutants. For each industry, therefore, it
would be possible to develop a sét of residual coefficients, each
pertaining to a particular production process and a particular
mix of raw materials. .

In the present study, three alte;nafive production pro-
cesses (excluding fuels) and three alfernétive fuels are considered

feasible for each of the industrial activities given in Figure 6
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Thus, under the assumption that each industry produces only one
product, nine (3 times 3) alternative residual production matrices
are available to the user of the model for each industry. 1In
evaluating the pollution effect of a particular industry, the
usér would invoke one of these. This, however, is not without
a conceptual as well as practical difficulty when more than one
heterogeneous product o? subindustry are included in ag‘industr§.
To ﬁnderstand the nature of the difficulty, suppose that the Food
!
and Kindred Products industry consisted of meat packing and fruit
canning. Insofar as an industry-wide residual production matrix
is obtained on the basis of a particular meat packing process
(including fuels) and a particular fruit canning process (including
fuels) and the relative volumes of operations of the two sub-
industries at a given point of time, it could yield distorted
resultg’when used in analyzing the residuals produced from either
a fruit canning plant or a meat packing plant individually,1 or
at a different point of time. The industry-wide matrix presumes
the existence of the industry-wide production process or tech-
nology, and the wvalidity of the concept itself is suspect.

Idealiy,‘therefdre; given an activity, all its major

heterogeneous products are identified first, and then a particular

i
i

1The use of the industry average residual matrix is justi-
fiable if the fruit canning and the meat packing are the joint
products, that is, tWo’operations coexist in approximately the
same proportion as that of the industry.
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residual matrix are defined for each of the alternative produc-
tion processes available for each of these products. The task
would obviously entail a great deal of time and effort. Am
effort will be made along this line in the second phase of the
project, perhaps by way of disaggregating the activity classifi-
cation. But in the meantime, it mﬁst be noted that the problém
is noE as serious as it may appear: For managing a particular
metropolitan area, the user of the modei may obtain the partic-
ular residual coefficients applicable to the particular activities
in the area and substitute them in lieu of what is in the data
bank.

Another potential source of distortibn that might
arise from using the fesidual coefficients as described above
is the underlying assumption ofjlinearity, i.e., the assum;tion
of a fixed relationship between the level of activity and the
level of residuals generated. The fixed proportiomality which
may hold within a certain finite range of levels of a given
activity, however, méy not be wvalid Beyond that range.

On; way of handling tﬁe problem of nonli;earité would
be to assume "piecewise" linearit}, i.e., thexré;ying linea¥ity
for different ranges of ou?put, so that instead of one residual
coefficient matrix, there would be a set of matrices for each

production process alternative. This aspect will be pursued

further in the next phase of the study.
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The residual generation coefficients for the activities
listed in TFigure 6 are given in Tables Pl ~ P25, Appendix:
Data Bank.1 |

Observe that for each of the industrial activities,
differ;nt residuallcoefficients are given for three alternative
production processes (other than fuel inputs) and for three'
alterﬁativé fuel inputs, i.e., coal, o0il and gas. The unit of
activity measure for industries is in millions of dollars.
Dollars serve as the common denominator for the heterogeneous
unit designations of heterogeneous products subsumed under an
industry heading. For a more or less homogeneous indﬁstry such
as paper products, the use of a physical measure (i.e., tons)
may be more direct. Appr0p¥iate physical units of activity are

employed for household, power plant and transportation activities.
y 3

Residual Transformation Coefficients
e —

As in the above, a given level of a given activity can
‘ .

be translated into a set of pollutants. Prior to the discharge

into the environment, these initially produced residuals or

gross emissions may be treated by a control process to yield
v

1The residual coefficients included in the Data Bank are
developed from Environmental Implications of Technological and
Economic Change for the United States, 1967-2000: An Input-Output
Analysis, International Research and Technology, Washington, D.C.,
1971. The mix of production processes and raw materials for 1967-
1979 is used in our study as the production process 1, the mix
for 1980-89 as the production process 2, and the mix for 1990-2000
as the production process 3.

53



a net set of pollutants. Analogous to the production process,
the emission control process may be viewed as a matrix whereby
a set of gross emissions are transformed into a set of treated
residuals. The coefficients representing the transformation
process are called the residual transformation coefficients

or matrix. The;e are as many alternative matrices as there are
alternative control technologies. Some of the more common con-
trol processes are given in Tables Tla, b,c ~ T25a, b, ¢, Appen-
dix: Data Bank.1 The coefficients reflecting the initial
treatment of pollutants are referred to as primary residual
traﬂsformation coefficients while the subsequent treatment co-
efficients are referred to as secondary and tertiary residual
transformation coefficients.

Strictly speaking, the residual transformation co-
efficients are of two types: coefficients representing the
magnitudes of pollutants removed -- or what is remaining of
the pollutants -- b; a treatment process, and coefficients re-
presenting the rates at which given pollutanté are transformed
into other types of pollutants. The distinction betwe;n the

two can be seen in Table Tla, Appendix. When the high effi-

ciency wet scrubber is installed, it reduces particulates by

-

1Data on air and solid waste treatment processes was ob-
tained from Compilation of Air Pollutant Emission Factors, U.S.
Envirommental Protection Agency, 1972; data on water pollutant
treatment processes came from The Economics of Clean Water, U.S.
Environmental Protection Agency, 1972.
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90%, SOx by 90% and NOx by 60%, or 10% of particulates, 10% of
SOx and 407 of NOx would remain. At the same time, 90% of the
particulates removed is "transformed" into bottom ash. Since
it involves transformation of a pollutant from one medium (air)
to another (solid waste), sometimes it is referred to as the
intermedia residual transformation coefficient.

In compiling the above coefficients some simplifying
assumptions were made: Regardless of the type of activity the
efficiency of the treatment processes remains constant. Secondly,
in the case of air, the total weight of particulates removed
creates bottom ash in equal weight. Likewise, the total weights
of BOD, SS, DS removed create dry sludge in equal weight. The
magnitude of these coefficients is likely to vary from industry
to industry. Further, the amount of sludge produced from various
water treatment processes would vary considerably depending upon
the concentration of waste materials and the amount of waste
water treated. This variation is ignored here by relating the

water pollutants removed directly to dry sludge. -
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SECTION IV
ALTERNATIVE STRATEGIES FOR ENVIRONMENTAL RESOURCE
MANAGEMENT: DISPERSION SUBMODEL

Through the land-use submodel and the residuals manage-
ment submodel as discussed in Sections II and III, the user of the
IMMP model can, for given levels and locations of the exogenous
and endogenous activities, determine the kinds, quantities and
locations of bollutants discharged (initially) into the environ-
ment. Viewed in reverse, these two submodels are sufficient to
test, through iteration, the compatibility of given sets of emission
standards (at the sources) or given reductions in emission levels
with the alternative mixes and locations of the residual-generating
and residual-treating activities. Thus, by themselves, the land-use
and residuals management submodels would be a practical tool of the
metropolitan environmental management,

While the regulation of emissicn standards certainly is
a direct and viable approach to the environmental resource manage-
ment, it must be remembered that the approach runs the risk of
neglecting one of the most important ingredients of rational environ-
mental management, i.e., damages from pollution. For the pollution
damages depend mostly on the ambient pollution, not on the emissions

at the source. (If no one lives near the source of emission, there
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is no damage, no need for pollution abatement.) Thus, even if the
emissions standard approach is chosen to take advantage of its
direction and unambiguity, the ambient pollution and the accom-
panying damages cannot be totally ignored.

As stated earlier, no damage data are included in the
current IMMP model, but it incorporates the dispersion process sub-
models which enable translation of the emissions at the sources into
the ambient levels of pollution at the various subareas of the
metropolitan area. With the dispersion submodels, the user of the
model can evaluate the effects of alternative sets of emissions
standards on the ambient quality at various subareas.

The model considers only the diffusion of pollutants through
the atmosphere and water bodies. Once the transportation of solid
wastes is regarded as part of disposal decisions within the resi-
duals management submodel, the diffusion of pollutants through land
such as leaching can probably be ignored as insignificant, or at
least the process is too little known to be modeled at this time.

The mathematical form of the diffusion models has been
adopted for both air and water in the IMMP. This does not imply,
however, that the mathematical models are superior to other forms
such as simulation models. Should the models of other forms prove
more reliable, they can be easily substituted for the current
models. Inasmuch the general applicability and the reliability
of all existing modeis are suspect, there is room for constant

testing and improvement no matter which models are in use.
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As will be seen, some of the variables of the diffusion
processes are controllable and others are not. Indeed, it may be
said that the factors which are determined completely by the hydro-
logy, ééophysics and meteorology of the area are more predominant
than the humanly controllable factors. But it is also true that
with advance in weather-change technology, etc., more variables
will become controllable -- at least partially -- in the future.

In the case of the air diffusion process, the currently adjustable
variables include stack height, stack diameter, emission rate; in
the case of water, they include water temperature, reoxygenation

rate. A detailed discussion of the diffusion model follows.
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Air Diffusion Model

I Point Sources: The metropolitan area is covered with a grid

as in Figure 7, Each square is referred to by the subscripts

attached to its center; e.g., A _ is at the center of square 1,3.

13
Given the assumed meteorological conditions discussed in
Sec. V, the user will specify a stability class (S =1, 2, 3, 4, 5
or 6). When this is known, the effective height of release, h ,
of a point emission source is calculated as in Sec. VI and the
depth of the mixing layer, L , is calculated as in Sec. VII.

With this information, ¥X(in gm_s) , the pollutant con-

centration at (x, y) at ground level is given by

=9 170X N2 h .2 _ -693(x/u)
(1) X(X:Y’O:h) .n.o.yo.zu exp 1/2(Gy) 1/2(0.2) exp 3600T

where Q 1is the source strength (gsec-l) , u is the mean wind
speed (msec-l) , T is the half-life of the pollutant in hours,
and o_ , o, are the horizontal and vertical standard deviations
which like x , vy and 2z are in meters.* The x-axis is in the

direction of the mean wind; the y-axis, crosswind; the z-axis,

*For a discussion of the derivation of this formula see
D, Bruce Turner, Workbook of Atmospheric Dispersion Estimates,
Environmental Protection Agency, 1970, and TRW Air Quality Im-
plementation Planning Program, Vol. 1, 1970.
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vertical; and the origin, at the base of the actual emission

source. The formulas for calculating the standard deviations are
_ _ b
(2) c,=ox ; o =ax +c

where o ,B , a, b, ¢ are constants which vary with the stability
class.
Eq. (1) holds only for x = x, where x is such that
= i = b
c, 0.47 L, i.e., X is the solution of 0.47 L = ax; + ¢ for

x 2 ZxL , the formula used is

(3) X(x,y,03h) = —=—2—0 exp[-lfzﬁch)z] exp[‘ O'gggé’é/u)]
V;;.oyLU y

For x = GxL + (1 - G)ZxL , 0s08 =<1
(4) X (x,y,03h) = BIX (x;,¥,050)] + (1 - B)[x (x,;,y,030)]

where x(xL,y,O;h) is calculated from Eq. (1) and x(x O;h)

ZL’Y’
is calculated from Eq. (3).+

The actual values for these constants based on Figures 3-2
and 3-3 in Turner, op. cit. and on TRW, op. cit. are:

Constants for Stability Classes

o 8 a b c
Class 1 .450 .889 .001 1.890 9.6
2 .285 .912 048 1.110 2.0

3 177 .924 .119 .915 0

4,5,6 .111 .928 2.610  .450 -25.5

+
The rationale for using the different formulas is given
in Turner, op. cit., p. 7.
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The application of these formulas depends on which of

8 basic wind directions is involved, and is discussed below.
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II Area Sources*: Area sources arise through such things as
space heating in a residential area. To account for them, an
average effective stack height (height of release), h , must
be given. Given h , an area source is treated as though it were
a point source with an initial standard deviation in the crosswind
direction o50 " s/4.3 , where s 1is the length of the side of
the area (assumed square). This gives a virtual upwind distance
xyO as the solution of GyO =s/4.3 = oz(xyo)B
In applying the formulas (1) and (3), the distances x

-

and y are measured from the square's center, but in calculating

the appropriate cy , the distance x + xyo is used. (Note that

in calculating o, X itself is still used.)

Similarly, if o the standard deviation of the iritial

z0 ?

vertical distribution of sources is known, a virtual distance
. _ b
X0 given by solving 9,0 = a(xzo) + ¢ could be used to cal-

culate o at x +x .
z* z0

Calculation of the effects of area sources is then accom-
plished by the same procedure as for point sources, except that
in (1) and (3), x and y are actual distances from the square's

center point but Gy is calculated at x + x is

0 (and, if c,

0

known, o = is calculated at x +tx )

*
The methods adopted here for treatment of area sources are
suggested in Turner, op. cit., pp. 39-40.
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IIT When Mean Wind Is from the South: The squares affected by

a point source at A in Exhibit 4~1 are assumed to be those

64

within a 90° sector*vwith vertex at A the boundaries of which

64 °

pass through A on the one hapd and A55”,,A46 s

53 » A9 0 Agp
A37 s A28 , A19 on Fhe other. In general, a point source at Aij
in a south wind will be assumed to affect squares within a 90o
sector bounded on one side by Ai-l,j-l s Ai-2,j-2 s +.. Successively
lowering each index by unity until one of them reaches unity and on
the other, by Ai-l,j+1 R Ai-2,j+2 5 ««. successively augmenting
the column index by unity and reducing the row index by unity until
the row index hits unity or the column index hits its maximum.

For these squares, the concentration is calculated at
the center point of each and also at the four corners, and these
5 numbers are averaged to obtain a single number for the square.

The computation for a south wind for a source at A64
thus involves 33 squares including A64 itself., The x-axis is
taken along A64 s A54 , A.44 . The cases of N, E and W winds
are also treated analogously.

Similarly, when wind is from NW, Figure 7 shows the

squares within a 90° sector that would be affected by a source at

A25 .

*The 90° sector was chosen since calculations showed that -
for each stability class the concentrations outside this sector
would be very small proportions of the total, even if the grid
step size were as small as 100 meters.
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V Stability Classes: The classification of stability is based

on the scheme in D. Bruce Turner, op. cit. The user will specify
which of the six stﬁbility classes S =1, 2, 3, 4, 5 0or 6 is
to be used in the calculations.* Class 1 refers to the most un-
stable and class 6 to the most stable condition.

However, for the purpose of calculating pollutants over
longer-period averages, provision can be made to store all the
vitems of information on which the stability classification is
Based; namely: day or night, wind speed in 5 classes, strength
of incoming solar radiation in 4 classes for daytime, and degree

of cloud cover in 3 classes.

*Stability classes 1, 2, 3, 4, 5, 6 correspond to Turner's
A, B, C, D, E, F, respectively.
See TRW op. cit. for a justification for using the same
values of o ,B., a , b, c (discussed above) for classes 4,
5, and 6.

9

65



VI Effective Height*: To calculate the effective height of

release h , use the formula
h = h* + Ah(1.4 - 0.1S8)

Vd

- s 3 (T - T
where Ah = o 1.5+ 2.68X 10 "p <—T—> {]
S

h* = actual height of relegse, m

Ah = rise of plume above the stack, m

V2 = stack gas exit velocity, m sec
u = wind speed, m sec

p = atmospheric pressure, mb

TS = gtack gas temperature, c

T_ = air temperature, c

S = the index of the stability class and varies from 1 to 6

d = inside stack diameter, m .

cr

cf. Turner op. cit., Ch: 4 and TRW op. cit.
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VII Depth of Mixing Layer*: The depth of the monthly mean after-

noon mixing layer L0 is taken as input.

The mixing layer depth L is taken to be

(1.5) L0 for stability class s =1
(1.0) L0 for " s = 2,3,4

100 m for " s = 5,6

VIII Average Concentration Levels: The user may specify the

proportion of the time each configuration of parameters (e.g.,
the wind direction, wind speed in several classes) occurs and the
program will then calculate the average concentrations bver the
sets of different conditions corresponding to these different

parameter configurations.

*
‘Based on TRW, op. cit.

+ . .
If the proportions specified do not add up to one, they are
scaled up or down until they do, a message is printed, and the
program continues.
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X Limitations: The many assumptions on which this model is based

are spelled out in the works by Turner and TRW cited above, and
these should be consulted before the model is used for an actual
problem.

As Turner points out (op. cit., pp. 37-38), the above
formulas correspond to concentrations over short avéraging times;
and he includes an adjustment for longer periods which allows for'
the increased 6y due to meander of wind direction. This adjust-

ment was deliberately not applied since it reduces the concentra-

tions from a given source everywhere and the concern here is to
allow for the total effect of a given source. The use of a 90°
sector, as discussed above, is felt to go a long way towards

allowing for a meandering wind direction.
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Water Pollution Diffusion Model*

The model user must give a name to each river and
specify the points through which it flows in their ngtural
sequence as shown in Exhibit 4-2. The program then establishes
a correspondence' P1 = A11 , P2 = A21 N P3 = A32 s .. toO
obtain a sequential ordering of the points through which the river

flows. (Note that A could be P3 , but the user is encouraged

31

to take P3 = A in order that actual stream miles be better

32
approximated.+3

It is also necessary to keep track of the distance in
stream kilometers between successive points, P1 s P2 , P3 s e
from which a matrix (dij) of distances between any points Pi
and Pj can be obtained.

The basic equation to describe the effects of a BOD
load L, discharged at Pi on stream conditions at a downstream

i
point Pj , j>1i, is#

kL
e D, = — ]}'ktij - e'rtij]

*In the present model version lakes and estuaries are not
treated separately. Also, only (carbonaceous) BOD is considered.

+Similar remarks apply to the stretch from A75 to A86 .
i

For a derivation of this formula, see Fair, G.M. Geyer, J.C.,
and Okun, D.A., Water and Wastewater Engineering, (New York: Wiley,
1968), Vol. 2, Ch. 33.
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Here tij is the average (stream) travel time (in days) between
Pi and Pj , that is, tij = —%i where v 1is the average speed
of the stream (in kilometers per day). Dij is the contribution
of the load at i to the dissolved oxygen deficit at j .* Li
is measured in mg/l (milligrams per liter), and might be calculated
as Xi/Fi , where Xi is the discharge at Pi of BOD (in mg per
day) and Fi is the river flow at Pi (in liters per day).

k and r are de~ and re-oxygenation coefficients the
calculation of which is described later. For simplicity of exposi-
tion v , r , k are here assumed constant for the whole river in

question. The more general case is discussed below.

The total dissolved oxygen deficit at Pj is

(2) D.= 2 D, + Dle'rtli
I ey i

where D1 is the (exogenously) given deficit at point P1 . The

actual concentration of dissolved oxygen at Pj is given by
3 C.=CS -D,
(3) j F

+
where CS 1is the saturation value calculated as

*
It is realized that there may be more than one source of BOD
at P; and a double subscript notation Dik' might refer to the
effect at P, of the k-th source at Pi .

J
tef. Fair et al., op. cit., Ch. 23, Sec. 6.
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P - -
CS = —o= [14.652 - (4.1022 x 10°1)T + (7.9910 x 107%)1?
- (7.774 x 107°)T°]
where T = temperature of the water in degrees centigrade

P = pressure (barometric) in mm of mercury.

Calculation of k*

k = k.o, (T-Tp)

0k
where, if ko and To are not specified by the user, ko = 0.39
and T, = 20°c.
(o] (o]

If0C<T<7.5C ek=1.15

if 7.5°%c < T < 15% 6, = 1.11

if 15°%c = T < 30C 6, = 1.05

if 30°%c < T 8, = 0.97

k is in units of days-1

T is the water temperature in degrees of centigrade.

+
Calculation of r

= roe0.024(']3-‘1‘0)

If o and To are not specified by the user, TO = 20°CA, and

calculations of ro is as follows:

The user will be asked to designate the class of the

receiving water as one of the following:

*ef. ibid., Ch. 33, Sec. 7.
+'Based on Fair et al., op. cit., Ch. 33, Sec. 13.
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Class Description

1 Sluggish streams and large lakes or
impoundments

2 Large streams of low velocity

3 Large streams of moderate velocity

4 Swift streams

The value of r,. is then taken from the following table:¥*

0

Class 1 2 3 4

r 0.5 0.7 1.0 1.6

0

r is also in units of days

General Case

Because of many factors, the basic user-supplier para-
meters such as water temperature, flow, etc., may well change
from stretch to stretch of the river. The user must specify these
new values at any change points.

The way the program actually operates is to take a given
initial load from a particular source and compute its comntribution
to the dissolved oxygen deficit at each successive pbint downstream

in an iterative fashion allowing for the changes in conditions from

*This table is based on Table 33-4 of Fair et al., op. cit.,
and the r, values are obtained by multiplying by the default
value of k., (.39) the mid-points of the ranges of values given
for the r/g ratio of the corresponding classes in that table.
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stretch to stretch. The BOD load (from this particular source)
remaining at the beginning of each stretch is taken as the load
remaining at the beginning of the previous stretch multiplied by
e-kt » Where t is the time required to traverse the previous
stretch and k has the value appropriate for the previous stretch.*
Then Eq. (1) above is applied with this value of Li and the cur-
rent-stretch values for r and k .

The program goes through this computation for each load
source and then cumulates the contributions to obtain a total dis-
solved oxygen deficit at each point (including the effects of any
initial deficits in the system). Subtraction of the total deficit

from the DO saturation value at each point then yields the DO

concentration at each point.

Treatment of Tributaries

Since the model user gives each river a name, specifies
the sequence of points through which it flows, and can terminate
it by indicating that it flows into another river, the junction
of two rivers can be handled by making either river a tributary

of the other, or else forming a new river where they meet. 1In

*
For a justification of this procedure, see Fair et al.,

op. cit., Ch. 33, Sec. 7. When the flow changes between succes-
sive stretches, the load is also adjusted by multiplication by
F /F vhere F_ and F, are the flows in the previous and
cBrrént stretchBs, respectlvely, and F_< F . If F >F ,
the load is not adJusted P P c
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According to the diagram of Figure 5, the levels of
various pollutants emitted or discharged into air, water and land
within a metropolitan area depend not only on the size and nature
of various activities -~ agricultural, industrial, commercial,
power plant, transportation, household, municipal incinerator,
municipal water treatment, but also on the kinds of raw materials
used, production processes, control processes applied to wastes,
and the extent of recycling of the waste materials. Thus, these
alternatives, individually and jointly, represent potential means
for altering the forms and levels of pollutants ultimately dis-
charged into the environment.

The following is a systematic and detailed presentation
of the ways in which these alternatives can affect the forms and

levels of wvarious pollutants deposited in the environment.

Residuals and Sources

As an initial task in managing environmental quality
one needs to identify both the pollutants that contribute to the
environmental degradation and the sources from which these pollu-
tants emanate. The forms in which this information might be
gathered would depend largely on the purpose for which it is
to be used and the availability of data.

As the potential sources of pollution in a metropolitan

area a set of activities listed in Figure 6 are considered in
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the IMMP model. They are 2~d£git SIC industries. Our decision
to classify the sources into 2-digit SIC industries was based on
two considerations. First, the available data do not permit
the classification of sources on a more disaggregate level at
present; but further disaggregation into 3-digit or 4~-digit level
can be achieved easily as such data become available in the future.
Second, while the classification on this level of aggregation may
not permit the user of the model to test the full range of alter-
native strategies, it would allow, as a minimum, the testing of
the basic workings of the model and demonstrate the usefulness
of the model.

Along with these pollution generating activities Figure
6 gives the list of pollutants generally considered to contribute
significantly to the environmental pollution and the accompanying
damages to the inhabitants. The lists of residuals and their
sources are by no means exhaustive but would constitute the
majority. At any rate, other items can be added readily if
needed.

Exogenous and Endogenous Activities: All of the pri-

mary sources except the electrical power plant activity are
considered exogenous in the IMMP model; and this exception
and all of the secondary sources are considered endogenous.
Thus, the levels of industrial, household and agricultural

activities are determined outside the model, that

44



Figure 6

Residuals and Sources

t

Primary Sources of Residuals Primary Residuals

Industrial Activities: Airborne:

1. Food and Kindred g Particulates (P)
2. Tobacco | Hydrocarbon (HC)
3. Textile Mill i Sulfur Oxide (SOy)
4., Lumber and Wood | Carbon Monoxide fCO)
5. Apparel § Related Prod. i Nitrogen Oxide (NOx)
6. Furniture and Fixtures |
7. Paper and Allied Prod. '~ Waterborne:
8. Printing and PUblishing
9. Chemical and Allied Prod. . Biochemical Oxygen
10. Petroleum and Coal e Demand (BOD)
11. Rubber and Plastic | ; Suspended Solids (SS)
12, Leather and Leather Prod. ; Dissolved Solids (DS)
13. Stone, Clay and Glass i Total Phosphate (TP)
i 14. Primary Metal 5 Total Nitrogen (TN)
15. Fabricated Metal s Heat (H)
16. Machinery, Except Electrical Heavy Metal (HM)
17. Electrical Machinery
18. Transportation Equipment Landborne:
19. Instrument and Related Prod.
Solid Waste (3w)
20. Houshold Activity Combustible
Noncombustible
21. Agricultural Activity
Others:
22. Transportation Activity
Noise
23. Electric Power Plant Radioactivity

Secondary Sources of Residuals

24. Municipal Incinerator

25. Waste Water Treat. Plant
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is, are to be stipulated by the user of the model, while
the levels of power plants, municipal incinerators

and waste water treatment plants are determined within the
model.

The distinction between the exogenous and endogenous
activities is at best arbitrary. Strictly speaking, no economic
activity is purely exogenous as all activities are to a greater
or lesser extent interdependent. If a region under consideration
is indeed '"closed" -- in the sense that it is economically self-
contained -- and a complete interdependency exists among the
activities, the only correct specification would be to desig-
nate all of them as endogenous, that is, take into account their
interrelationships. This is more or less the case with a national
or a regional economy, and the input-output model is an excellent
vehicle for illustrating the interdependent relationships within
a closed economy.

But it is seldom that a relatively small geographic
area such as a city or a metropolis can sustain economically on
its own without sizable "importation' from and "exportation"
to tﬁe outside of the area. In other words, a metropolitan
area can be best characterized as an 'open economy." This is,
of course, not to imply that a strong interdependency cannot

exist among certain activities even in a basically open economy.
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A case in point is the dependency of the transportation
activity on the industrial and household activities. On the other
hand, the question of whether the level of the electric power
plant activity is wholely endogenous is not so clear-cut. The
ambiguity stems from the fact that at least in the short run,
the amount of electricity generated in a power plant depends
more on the capacity of the plant than on the area's demand for
electricity. The IMMP model can treat the power plant activity
as wholely or partially endogenous, or exogenous according to
the dégree of endogeneity or exogeneity being specified by the
user. In general, the model possesses the capability to add any
number of new endogenous activities if the need arises.

Finally, it is to be emphasized that in principle nothing
prevents construction of a full-scale input-output table for a
metropolitan region if the case warrants it, but if can be done
only af the cost of considerably more work. The mix of activities
and the extent of interdependency vary a great deal from one
metropolitan region to another and to take this variation into
acco;nt meaﬁs the need to construct an entirely new input-output
table for each different region. This vitiates the flexibility
of the model, one 6f the distinguishing features of the IMMP.

Residuals: The list of residuals of Figure 6 in-
cludes heavy metals (toxic substances), noise and radioactivity.

Data on these residuals are yet to be collected.
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If the trade-off between coal-fired, oil-fired and nuclear power
plants is adjudged real and significant within a relatively short
span of time, data on radioactivity will also be collected in
the next phase. At any rate, new data can be added, inadequate
data supplemented, and inaccurate data corrected at any time
better information becomes available. f

One jof the most harmful results of certain industrial
activities and power plants is thermal pollution; heat, therefore,
is included in the list under the heading of water-borne residuals.
The effect of heat discharge into the atmosphere is not certain,

and accordingly, it is not given under the air-borne category.

Residual Generation Coefficients

All productive activities produce some waste materials
along with their intended output, i.e., useful products. The
magnitudes of waste materials generated per unit level of activity
are called residual generation coefficients or simply, residual |
coefficients. These coefficients are the formal link between the
levels of activities and the initial emissions of pollutants at
the sources. The nature, the assumptions and the limitations:
of the residual coefficients are discussed in the following.

A production process can be viewed under certain cir-

cumstances as a matrix of coefficients by which a set of raw
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materials (including fuels) is transformed into a set of (desired)

outputs and a set of (undesired) waste materials. In matrix

notation,

0] B

where [P] is the production ‘coefficients; [I] is the input
vector; [g] is the vector of outputs and residuals. If

P is partitioned into Po and PE , the output production matrix

and the residual production matrix, respectively, that is,

[p] - lf; , then,
‘; [Po]]:l:l [0:! and
-0

" = For a given activity, the selection of a productive

pracess and the accompanying selection of a set of raw materials
inputs would completely determine the levels of outputs and the

levels of residuals produced. In symbols, once

P
[P] = PQ and [I] are .specified, 1:0:! and [E:l ’
E
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the levels of outputs and the levels of residuals, respectively,
are determined. If the vector [E], i.e., the levels of resi-

duals, is divided by o; , an element of the vector [0] or the

i

! . E .
level of one of the products produced, the result o is the
i

residual coefficients of that particular produét. If it is assumed
that a single output is produced from the production process, the

output vector [0] is reduced to a scalar, [0] , and there is
only one set of residual coefficients, i.e., [%] .

The fixed relationship between activity and residuals
holds only to the extent that the inputs of ﬁroduction
and production process are fixed. In genmeral,
as these factors‘vary, the residual coefficients vary. For
example, use of oil instead of coal as fuel would change the
levels of various air pollutants while replacing the sulfate
method by the sulfite method in wood pulﬁiné would affect the
levels of water pollutants. For each industry, therefore, it
would be possible to develop a set of residual coefficients, each
pertaining to a particular pgoduction process and a particular
mix of raw materials.

In tﬁe present study, three alternative p;oduction pro~-
cesses (excluding fuels) and three alternative fuels are considered

feasible for each of the industrial activities given in Figure 6
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Thus, under the assumption that each industry produces only one
product, nine (3 times 3) alternative residual production matrices
are available to the user of the model for each industry. In
evaluating the pollution effect of a particular industry, the

user would invoke one of these. This, however, is not without

a conceptual as well as practical difficulty when more than one
heterogeneous product or subindustry are included in agnindustry.
To understand the natu?e of the difficulty, suppose that the Food
and Kindred Products ;ndustiy consisted of meat packing and fruit
canning. Insofar as ap industry-wide residual production matrix
is obtained on the basis of a particular meat packing process
(including fuels) and a particular fruit canning process (including
fuels) and the relative volumes of operations of the two sub-
industries at a given point of time, it cogld yield distorted
results when used in_analyzing the residuals produced from either
a fruit canning plant or a meat packing plant individuaily,l or

at a different point of time. The industry-wide matrix presumes
the exiStence‘of the industry-wide production process or tech-
nology, and the validity of the concept itself is suspect.

Idealiy, therefore, given an activity, all its major

heterogeneous products are identified first, and then a particular

1The use of the industry average residual matrix is justi-
fiable if the fruit canning and the meat packing are the joint
products, that is, two operations coexist in approximately the
same proportion as that of the industry.
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residual matrix are defined for each of the alternative produc-
tion processes available for‘each of these products. The task
would obviously entail a great deal of time and effort. An
effort will be made along this line in the second phase of the
project, perhaps by way of disaggregating the activity classifi-
cation. But in the meantime, it mﬁst be noted that the problem
is not as serious as it may appear: For managing a particular
metropolitan area, the user of the model may obtain the partic-
ular residual coefficients applicable to the particular activities
in the area and substitute them in lieu of what is in the data
bank.

Another potential source of distortion that might
arise from using the residual coefficients as described above

' i

is the underlying assumption of linearity, i.e., the assumption
of a fixed relationship between the 1eVg1 of activity and the
level of residuals generated. The fixea pr0portionglity which
may hold within a certain finite range of levels of a given
activity, hoyever, may not be v?lid beyond that range. |

One way of handling the problem of nonlinearity would
be to assume "piecewise" linearity, i.e., the varying linearity
for differept ranges of output, so that instead of one residual
coefficient matrix, there would be a set of matrices for each

production process alternative. This aspect will be pursued

further in the next phase of the study.
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The residual generation coefficients for the activities
listed in Figure 6 are given in Tables Pl ~ P25, Appendix:
Data Bank.1

Observe that for each of the industrial activities,
differént residual coefficients are given for three alternative
production processes (other than fuel inputs) and for three
alternative fuel inputs, i.e., coal, oil and gas. The unit of
activity measure for industries is in millions of dollars.
Dollars serve as the ;ommon denominator for the heterogeneous
unit designations of heterogeneous products subsume& under an
industry heading. For a more or less homogeneous industry such
as paper products, the use of a physical measure (i.e., tons)
may be more direct. Appropriate pﬁysical units of activity are

employed for household, power plant and transportation activities.

Residual Trgnsformétion Coefficients

As in the above, a given level of a given activity can
be transiated into a set of pollutants. Prior to the discharge
into the enviromment, these initially produced residuals or

gross emissions may be treated by a control process to yield

1The residual coefficients included in the Data Bank are

developed from Environmental Implications of Technological and
Economic Change for the United States, 1967-2000: An Input-Output
Analysis, International Research and Technology, Washington, D.C.,
1971. The mix of production processes and raw materials for 1967-
1979 is used in our study as the production process 1, the mix

for 1980-89 as the production process 2, and the mix for 1990-2000
as the production process 3.
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a net set of pollutants. Analogous to the production process,
the emission control proceés may be viewed as a matrix whereby
a set of gross emissions are transformed into a set of treated
residuals. The coefficients representing the transformation
process are called the residual transformation coefficients

or matrix. There are as many alternative matrices as there are
alternative control technologies. Some of the more common con-
trol processes are given in Tables Tla, b,c ~ T25a, b, c, Appen-
dix: Data Bank.1 The coefficients reflecting the initial
treatment of pollutants are referred to as primary residual
transformation coefficients while the subsequent treatment co-
efficients are referred to as secondary and tertiary residual
transformation coefficients.

Strictly speaking, the residual transformation co-
efficients are of two types: coefficients representing the
magnitudes of pollutants removed -- or what is remaining of
the pollutants -- by a treatment process, aﬁd coefficienfs re-
presenting the rates at which given pollutants are transformed
into other types of pollutants. The distinction betweén the
two can be seen in Table Tla, Appendix. When the high effi-

ciency wet scrubber is installed, it reduces particulates by

1Data on air and solid waste treatment processes was ob-
tained from Compilation of Air Pollutant Emission Factors, U.S.
Envirommental Protection Agency, 1972; data on water pollutant
treatment .processes came from The Economics of Clean Water, U.S.
Envirommental Protection Agency, 1972.
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90%, SOx by 90% and NOx by 60%, or 107 of particulates, 10% of
SOx and 40% of NOx would remain. At the same time, 907% of the
particulates removed is '"transformed" into bottom ash. Since
it involves transformation of a pollutant from one medium (air)
to another (solid waste), sometimes it is referred to as the
intermedia residual transformation coefficient.

In compiling the above coefficients some simplifying
assumptions were made: Regardless of the type of activity the
efficiency of the treatment processes remains constant. Secondly,
in the case of air, the total weight of particulates removed
creates bottom ash in equal weight. Likewise, the total weights
of BOD, SS, DS removed create dry sludge in equal weight. The
magnitude of these coefficients is likely to vary from industry
to industry. Further, the amount of sludge produced from various
water treatment processes would vary considerably depending upon
the concentration of waste materials and the amount of waste

water éreated. This variation is ignored here by relating the

water pollutants removed directly to dry sludge.
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SECTION IV
ALTERNATIVE STRATEGIES FOR ENVIRONMENTAL RESOURCE
MANAGEMENT: DISPERSION SUBMODEL

Through the land-use submodel and the residuals manage-
ment submodel as discussed in Sections II and III, the user of the
IMMP model can, for given levels and locations of the exogenous
and endogenous activities, determine the kinds, quantities and
locations of pollutants discharged (initially) into the environ-
ment. Viewed in reverse, these two submodels are sufficient to
test, through iteration, the compatibility of given sets of emission
standards (at the sources) or given reductions in emission levels
with the alternative mixes and locations of the residual-generating
and residual-treating activities. Thus, by themselves, the land-use
and residuals management submodels would be a practical tool of the
metropolitan environmental management.

While the regulation of emission standards certainly is
a direct and viable approach to the environmental resource manage-
ment, it must be remembered that the approach runs the risk of
neglecting one of the most important ingredients of rational environ-
mental management, i.e., damages from pollution. For the pollution
damages depend mostly on the ambient pollution, not on the emissions

at the source. (If no one lives near the source of emission, there
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is no damage, no need for pollution abatement.) Thus, even if the
emissions standard approach is chosen to take advantage of its
direction and unambiguity, the ambient pollution and the accom-
éanying damages cannot be totally ignored.

As stated earlier, no damage data are included in the
current IMMP model, but it incorporates the dispersion process sub-
models which enable translation of the emissions at the sources into
the ambient levels of pollution at the various subareas of the
metropolitan area. With the dispersion submodels, the user of the
model can evaluate the effecés of alternative sets of emissions
standards on the ambient quality at various subareas.

The model considers only the diffusion of pollutants through
the atmosphere and water bodies. Once the transportation of solid
wastes is regarded as part of disposal decisions within the resi-
duals management submodel, the diffusion of pollutants through land
such as leaching can probably be ignored as insignificant, or at
least the process is too little known to be modeled at this time.

The mathematical form of the diffusion models has been
adopted for both air and water in the IMMP, This does not imply,
however, that the mathematical models are superior to other forms
such as simulation models. Should the models of other forms prove
more reliable, they can be easily substituted for the current
models. Inasmuch the general applicability and the reliability
of all existing models are suspect, there is room for constant

testing and improvement no matter which models are in use.

57



As will be seen, some of the variables of the diffusion
processes are controllable and others are not. Indeed, it may be
said that the factors which are determined completely by the hydro-
logy, ééophysics and meteorology of the area are more predominant
than the humanly controllable factors. But it is also true that
with advance in weather-change technology, etc., more variables
will become controllable -- at least partially -- in the future.

In the case of the air diffusion process, the currently adjustable
variables include stack height, stack diameter, emission rate; in
the case of water, they include water temperature, reoxygenation

rate. A detailed discussion of the diffusion model follows.
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Air Diffusion Model

I Point Sources: The metropolitan area is covered with a grid

as in Figure 7. Each square is referred to by the subscripts

attached to its center; e.g., A._ is at the center of square 1,3.

13
Given the assumed meteorological conditions discussed in
Sec. V, the user will specify a stability class (8 =1, 2, 3, 4, 5
or 6). When this is known, the effective height of release, h ,
of a point emission source is calculated as in Sec. VI and the
depth of the mixing layer, L , is calculated as in Sec. VII.

.With this information, ¥ (in gmf3) , the pollutant con-

centration at (%, y) at ground level is given by

. _ !! _ ¥ 2 _ -L 2 - .693SX/U.2
(1) x(x,y,O,h) ,n.o.yo.zu exp 1/2(O.y) 1/2(0.2) exp 3600T

where Q 1is the source strength (gsec-l) , u 1is the mean wind
speed (msec-l) , T is the half-life of the pollutant in hours,
and cy » o, are the horizontal and vertical standard deviationms

which like x , y and 2z are in meters.* The x-axis is in the

direction of the mean wind; the y-axis, crosswind; the z-axis,

For a discussion of the derivation of this formula see
D. Bruce Turner, Workbook of Atmospheric Dispersion Estimates,
Environmental Protection Agency, 1970, and TRW Air Quality Im-
Plementation Planning Program, Vol. 1, 1970.
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Figure 7

Air Diffusion
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For the square with center, Aij » NW corner is Bij » NE

Corner is Bij+1 » SE corner is Bi+1,j .
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vertical; and the origin, at the base of the actual emission

source. The formulas for calculating the standard deviations are
_ _ b
(2) c,=ex ; o =ax + ¢

where @ , B , a , b, ¢ are constants which vary with the stability
class.

Eq. (1) holds only for x < X where % is such that
o, = 0.47 L , i.e., X is the solution of 0.47 L = abe + ¢ for

X2 ZxL , the formula used is

@ X = [’%’J o gz

For x = exL + (1 - G)ZXL , 0<06<=<1
(4) X(X,Y,O;h) = e[X(fosy’O;h)] + (1 - e)[X(XZL:y’O;h)]

where x(xL,y,O;h) is calculated from Eq. (1) and x(x O;h)

2L’Y’
is calculated from Eq. (3).+

hrhe actual values for these constants based on Figures 3-2
and 3-3 in Turner, op. cit. and on TRW, op. cit. are:

Constants for Stability Classes

o B a b [
Class 1 .450 .889 .001 1.890 9.6
2 .285 .912 .048 1.110 2.0

3 177 .924 .119 915 0

4,5,6 .111 .928 2.610  .450 -25.5

+
The rationale for using the different formulas is given
in Turner, op. cit., p. 7.
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The application of these formulas depends on which of

8 basic wind directions is involved, and is discussed below.
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II Area Sources*: Area sources arise through such things as
spaée heating iﬁ a residential area. To account for th;m, an
average effective stack height (height of release), h , must
be given. Given h , an area source is treated as though it were

a point source with an initial standard deviation in the crosswind

direction GyO = s/4.3 , where s 1is the length of the side of

the area (assumed square). This gives a virtual upwind distance
. - _ B

xyo as the solution of cyO s/4.3 d(xyo)

In applying the formulas (1) and (3), the distances =x
and y are measured from the square's center, but in calculating

the appropriate cy , the distance x + x is used. (Note that

yO0

in calculating o, X itself is still used.)

Similarly, if o the standard deviation of the initial

z0 ?
vertical distribution of sources is known, a virtual distance
b
. . - + -

x,o &iven by solving %0 a(xzo) ¢ could be used to cal
culate o at x +x .

Z* z0

Calculation of the effects of area sources is then accom-
plished by the same procedure as for point sources, except that
in (1) and (3), x and y are actual distances from the square's
center point but cy is calculated at x + xyO (and, if czo is

&
known, c, is calculated at x +'xzo).

<1

—
The methods adopted here for treatment of area sources are
suggested in Turner, op. cit., pp. 39-40.
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III When Mean Wind Is from the South: The squares affected by

a point source at A64 in Exhibit 4-1 are assumed to be those

within a 90° sector*with vertex at A the boundaries of which

64 °
pass through A53 s AAZ R A31 on the one hand and ASS R A46 s
A37 s A28 s A19 on the other. In general, a poinﬁ source at Aij
in a south wind will be assumed to affect squares within a 90°

sector bounded on one side by Ai-l,j-l s Ai-2,j-2 XX successively

lowering each index by unity until one of them reaches unity and on
the other, by Ai-l,j+1 s Ai-2,j+2 s «s+ Successively augmegting
the column index by unity and reducing the row index by unity until
the row index hits unity or the column index hits its maximum.

For these squares, the concentration is calculated at
the center point of each and also at the four corners, and these
5 numbers are averaged to obtain a single number for the square.

The computation for a south wind for a source at A64
thus involves 33 squares including A64 itself. The x-axis is
taken along A64 . A54 , A.44 . The cases of N, E and W winds
are also treated analogously.

Similarly, when wind is from NW, Figure 7 shows the

squares within a 90° sector that would be affected by a source at

A25 .

: |

*The 90° sector was chosen since calculations showed that-
for each stability class the concentrations outside this sector
would be very small proportions of the total, even if the grid
step size were as small as 100 meters.
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V Stability Classes: The classification of stability is based

on the scheme in D. Bruce Turner, op. cit. The user will specify
which of the six sfability classes S =1, 2, 3, 4, 50r 6 is

to be used in the calculations.* Class i refers to the most un-
stable and claés 6 to the most stable condition.

However, for the purpose of calculating pollutants over
longer-period averages, provision can be made to store all the
;tems of information on which the stability classification is
gased; namely: day or night, wind speed in 5 classes, strength

of incoming solar radiation in 4 classes for daytime, and degree

of cloud cover in 3 classes.

*Stability classes 1, 2, 3, 4, 5, 6 correspond to Turner's
A, B, C, D, E, F, respectively. .:
See TRW op. cit. for a justification for using the same ‘.
valués of o , B ,.a , b , ¢ (discussed above) for classes 4,
5, and 6.
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VI Effective Height*: To calculate the effective height of

release h , use the formula

h = h* + Ah(1.4 - 0.18)

V.aa
where Ah = —>- 15+268X103< ):]
h* = actual height of release, m
Ah = rise of plume above the stack, m
V, = stack gas exit velocity, m sec”
u = wind speed, m sec
p = atmospheric ﬁressure, mb
T, = stack gas temperature, c
Ta = air temperature, c
S = the index of the stability class and varies from 1 to 6
d = inside stack diameter, m .

l:-"r

£. Turner op. cit., . & and TRW op.
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VII Depth of Mixing Layer*: The depth of the monthly mean after-

noon mixing layer L, 1is taken as input.

0

The mixing layer depth L is taken to be

(1.5) L0 for stability class s =1
(1.0) Lo for " s = 2,3,4

100 m for " s = 5,6

VIII Average Concentration Levels: The user may specify the

proportion of the time each configuration of parameters (e.g.,
the wind direction, wind speed in several classes) occurs and the
program will then calculate the average concentrations over the
sets of different conditions corresponding to these different

parameter configurations.

*
Based on TRW, op. cit.

+ .
If the proportions specified do not add up to one, they are
scaled up or down until they do, a message is printed, and the
program continues.
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X Limitations: The many assumptions on which this model is based

are spelled out in the works by Turner and TRW cited above, and
these should be consulted before the model is used for an actual
problem.

As Turner points out (op. cit., pp. 37-38), the above
formulas correspond to concentrations over short averaging times,
and he includes an adjustment for longer periods which allows for’
the increased Sy due to meander of wind direction. This adjust-
ment was deliberately not applied since it reduces the concentra-

tions from a given source everywhere and the concern here is to

allow for the total effect of a given source. The use of a 90° -
sector,:as discussed above, is felt to go a long way towards

allowing for a meandering wind direction.
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Water Pollution Diffusion Model*

The model user must give a name to each river and
specify the points through which it flows in their natural
sequence as shown in Exhibit 4-2. The program then establishes
a correspondence Pl = A11 s P2 = A21 s P3 = A32 » s+ toO
obtain a sequential ordering of the points through which the river

flows. (Note that A could be P3 , but the user is encouraged

31

to take P3 = A3 in order that actual stream miles be better

2
approximated.+)

It is also necessary to keep track of the distance in
stream kilometers between successive points, P1 , P2 y P3 s eees
from which a matrix '(dij) of distances between any points Pi
and Pj can be obtained.

The basic equation to describe the effects of a BOD
load Li discharged at Pi on stream conditions at a downstream

point Pj s, j>1i, is#

KL, )
(1) D,, = —= l}'ktij - e rtij]

*In the present model version lakes and estuaries are not
treated separately. Also, only (carbonaceous) BOD is considered.

+§imi1ar remarks apply to the stretch from A75 to A86 .

#For a derivation of this formula, see Fair, G.M. Geyer, J.C.,

and Okun, D.A., Water and Wastewater Engineering, (New York: Wiley,
1968), Vol. 2, Ch. 33.
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Figure 8

Water Diffusion
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Here tij is the average (stream) travel time (in days) between
Pi and Pj , that is, tij =‘—%i where v 1is the average speed
of the stream (in kilometers per day). Dij is the contribution
of the load at i to the dissolved oxygen deficit at j .* Li
is measured in mg/l (milligrams per liter)., and might be calculated
as Xi/Fi , where Xi is the discharge at Pi of BOD (in mg per
day) and Fi is the river flow at Pi (in liters per day).

k and r are de- and re-oxygenation coefficients the
calculation of which is described later. For simplicity of exposi~
tion v , r , k are here assumed constant for the whole river in

question. The more general case is discussed below.

The total dissolved oxygen deficit at Pj is

(2) D.= 2 D..+D.eFt1i
<3 ij 1

where D1 is the (exogenously) given deficit at point P1 . The
actual concentration of dissolved oxygen at Pj is given by

(3) C., =CS - Dj

+
where CS 1is the saturation value calculated as

%

It is realized that there may be more than one source of BOD
at P; and a double subscript notation D, ik might refer to the
effect at PJ of the k-th source at P .

cf Fair et al., op. cit., Ch. 23, Sec. 6.
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P - -
CS = === [14.652 - (4.1022 x 10" )T + (7.9910 x 107°)1?
- (7.774 % 107°)T°]
where T = temperature of the water in degrees centigrade

P = pressure (barometric) in mm of mercury.

Calculation of k*

k = k.0 (T-Tg)

0°k
where, if ko and T0 are not specified by the user, ko = 0.39
and T, = 20°C.
(o] [o]

If0C<T<7.5€C O =1.15

if 7.5%¢c = T < 15% 6, = 1.11

if 15°c < T < 30C 6, = 1.05

if 30°c < T 6, = 0.97

k is in units of da.ys-1
T is the water temperature in degrees of centigrade.

+
Calculation of r

_ rOeO.024(T-TO)

If r, and TO are not specified by the user, TO = 20°C , and
calculations of r, is as follows:
The user will be asked to designate the class of the

receiving water as one of the following:

*ef. ibid., Ch. 33, Sec. 7.
*Based on Fair et al., op. cit., Ch. 33, Sec. 13.
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Class Description

1 Sluggish streams and large lakes or
impoundments

2 Large streams of low velocity

3 Large streams of moderate velocity

4 Swift streams

The value of T, is then taken from the following table:¥*

Class 1 2 3 4

r 0.5 0.7 1.0 1.6

0

r 1is also in units of days

General Case

Because of many factors, the basic user-supplier para-
meters such as water temperature, flow, etc., may well change
from stretch to stretch of the river. The user must specify these
new values at any change points.

The way tﬁe program actually operates is to take a given
initial load from a particular source and compute its contribution

to the dissolved oxygen deficit at each successive point dowmstream

in an iterative fashion allowing for the changes in conditions from

*This table is based on Table 33-4 of Fair et al., op. cit.,
and the r, values are obtained by multiplying by the default
value of k. (.39) the mid-points of the ranges of values given
for the r/g ratio of the corresponding classes in that table.
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stretch to stretch. The BOD load (from this particular source)
remaining at the beginning of each stretch is taken as the load
remaining at the beginning of the previous stretch multiplied by
e-kt » Where t is the time required to traverse the previous
stretch and k has the value appropriate for the previous stretch.*
Then Eq. (1) above is applied with this value of Li and the cur-
rent-stretch values for r and k .

The program goes through this computation for each load
source and then cumulates the contributions to obtain a total dis-
solved oxygen deficit at each point (including the effects of any
initial deficits in the system). Subtraction of the total deficit

from the DO saturation value at each point then yields the DO

concentration at each point.

Treatment of Tributaries

Since the model user gives each river a name, specifies
the sequence of points through which it flows, and can terﬁiﬁate
it by indicating that it flows into another river, the junction
of two rivers can be handled by making either river a tributary

of the other, or else forming a new river where they meet. In

* . . .
For a justification of this procedure, see Fair et al.,

op. cit., Ch. 33, Sec. 7. When the flow changes between succes-
sive stretches, the load is also adjusted by multiplication by
F /F_ where F_ and F_ are the flows in the previous and
cBrrént stretchgs, respegtively, and F_< Fc . If F.>F ,
the load is not adjusted. P P c
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SECTION VI

INSTRUCTIONS FOR OPERATION OF IMMP

I Introduction

This program has been designed to make it as easy as
possible for the user to specify the required'information.
In all cases items such as activities, rivers, pollutants,
etc., are given names of up to 8 characters for ease in
identifying them elsewhere. The program recognizes the
end of groups of cards by the use of an END card. This
relieves the user from the task of identifying how many of
each type of card will be specified. Every card supplied
to the program by the user will be printed exactly as it
is read. This print will be preceeded and followed by
five asterisks (***%%),

This manual will follow with an outline of the input
cards. This will be followed by a discussion of each type
of group of data required for a run of the program. Detailed
format of the 14 different types of cards will be found in
the format section of this manual. The last section will

contain some technical notes on.the computer program.
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IT Outline

A. Header Card

B. Eéonomic Input and Pollutant Names Card

C. Act&vity Technology Cards
End Card

D. On-Site Pollution Treatment Activity Technology Cards
End Card

E. General Parameter List Card

F. Background Air Pollutant Levels Card

G. Air Pollutant Half Life Card

H. Air Diffusion Characteristics with Probabilities Card
End C;rd

I. River Characteristic Probability Card

J. For Each River Position
a. River Position Identification (Card

b. River Point Characteristic Cards (optional except for
first river point in each river)

End Card
K. Endogenous Activity Descriptions
a. Endogenous Activity Specification Card
b. Stack Parameter Card
c. Move Pollutants to Endogenous Activities Card (optional)

End Card
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Exogenous Activity Descriptions

a. Exogenous Activity Specification Card

b. Stack Parameter Card (optional)

Cc. Move Pollutants to Endogenous Activity Card (optional)

End Card
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III. Detailed Description of Each Card or Card Group

A. Header Card

Format of Header Card will be found in IV A. This card
requires the user to specify the number of various categories
which will be used subsequently in the program. On this
card is specified the number of each different type of
pollutant and the number of rows and columns on the grid
which will comprise the region under consiqeration. One
option which the user must specify on this card is the
number of hours in the analysis. This refers to the
number of hours per day that the activities are presumed to
run. This is important as the meteorological data is
presumed to be valid over the period of time that the
pollutants are being generated. This number affects the
air pollution diffusion model as the pollutants are presumed
to be emitted in the units of mg/sec. Thus the total
number gf KG of pollutants generated pér period must be
converted to mg/sec. In the case of water pollutants this
number adjusts the river flow (given in millions of gallons
per day) to the number of millions of gallons per period.

The print option refers to the print of the final
emitted and ambient levels of air and solid pollutants.

Option 1 gives for each air and solid pollutant a matrix
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location. The emitted levels on the grid are for each air
pollutant a matrix of the ambient levels at each point on
the grid. Option 2 gives these values by row/column
point on the grid.

By specifying a logical unit (other than 5) for réading
the Activity Descriptions, the program could read the
Activity Technology Cards and (if separated ﬁy an END card)
the On-Site Pollution Treatment Activity Techno;ogy Cards

from a tape or disk (any sequential file).

B. Economic Input and Pollutant Name Cards

Format of Economic Input and Pollutant Name Card will
be found in IV B. On this card the user will give names
of up to eight (8) characters to the economic inputs, the
actual pollutants, and to any dummy pollutants. If the
names are less than eight (8) characters they shouid be
punched left adjusted in the field. These names will be
used in the print out to refer to the pollutants and will
be used in the card '""Move Pollutants to Endogenous Variables"

to refer to the pollutants to be sent to the appropriate

Endogenous activity.

C. Activity Technology Cards

Format of Activity Technolpgy Cards will be found in

IV C. These cards give the Economic input data values and
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the residual pollutants per unit of output for an activity.
All pollutants will be measured in kilograms (KG). What

is considered unit output for an activity is optional. It
is probably a good idea to keep the levels of the residual
pollutants in &he same order of magnitude among the various
activities. The unit output levels can be adjusted to

achieve this goal.

D. On-Site Pollution Treatment Activity Technology Cards

Format of On-Site Pollution Treatment Activity Cards will
be found in IV D. An on-site'pollution treatment activity
is represented:by a square matrix of order equal to the number of
actual pollutants in the model. The jth column represents
the per unit effect of reducing the jth pollutant (the
value of tHe jth row will be less than or equal to one).
The other rows will contain the resultant increases (if any)
in the other pollutants. As indicated in IV D the economic input
values are punched first and then the matrix. The'matrix
is punched by column, i.e., all the elements of the first
column are punchedfbefpré any elements of the second column
are punched and so on.
As a matrix does not have a unit level of operation,

the economic input variable values should reflect the fact
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that they will be multiplied by the level of operation
of the associated activity to reflect the total impact of

this on-site treatment activity.

E. General Parameter List

&
Format of General Parameter List Card will be found in

IV E. This card is designed to supply those values which
willgbe used in various subroutines, pargiéularly_those

involved with diffusiog processes. Currgntly two numbers
must be supplied in this card: the length of thg side pf

a grid square and the mean afternoon mixing layer dquh.

-

F. Background Ai; Ppllutianyevels Card

Format of Backgrounﬁ Air Pollution Levels Card will be
found in IV F. This gard provides the assumed apbignt leyels
of air pollutants coming from outside o£ Ebe region measured
in grams per cubic meter. The level punched on this card
for each air pollutant is added to the final ambient levels
determined from the activities in the region (hence the final

print of ambient levels includes these values).

G. Air Pollutant Half Life Card

Format of Air Pollutant Half Life Card Wil} behfound in

IV G. This card contains the half 1if¢.o£ each air pollutant
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which is used in the air diffusion model. These half lives

are measured in hours.

H. Air Diffusion Characteristics with Probabilities Card

Format of an Air Diffusion Characteristic with
Probabilities Card will be found in IV H. These cards
describe the atmospheric conditions which will be used in
the air diffusion model. On each card with the atmospheric
conditions is a probability. This number is used to weight
the ambient levels generated by’the corresponding atmospheric
conditions. The probabilitiés on these cards must sum up to
one. One or more of these cards may be submitted. There
is no 1limit to the number of cards of this type which may be
used. If only one card is submitted, then the analfsis’
would study a region under a single atmospheric situation.
The set of these cards must be followed by an END card, i.e.,
a card with END punched in Columns 1-3 and the rest of the

card blank. ' | !

I. River Characteristic Probability Card

Format of a River Characteristic Probability Card will
be found in IV I. This card describes the number of River
Péint Characteristic Cards which may follow each River

Position Identification Card. Each River Point Characteristic
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Card will describe a set of river characteristics which
will determine the diffusion of the water pollutants. The
probabilities specified on this card are used to weight the
Tesultant ambient levels of the water pollutants generated
by the corresponding River Point Characteristic Card. The
number of probabilities on this card must be the number

as specified in Columns 8-10.

J. For Each River Position

Each river position is specified by a River Position
Identification Card. The format of a River Position
Identification Card will be found in IV J. This card gives
a name to the river, the sequence this river point appears
in the river, and the row, column position on the grid
which the river is passing through.

The first position of each river must have a set of
River Point Characteristic Cards, i.e., a set of cards must
immediately follow the first River Position Identification
Card for each river. The format of a River Point Characteristic
Card will be found in IV K. The river characteristics (such
as flow, temperature, etc.) deflned for a river point are 7
assumed to continue to subsequent river p01nts on the same
river unless a new set of River Point Characterlstlc Cards

follow a River Position Ident1f1cat10n Card for a down river

point. This subsequent specification Wlll assume to hold
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for further down river points until superseded by another
set of River Point Characteristic Cards for some subsequent
river point. It should be noted that the order of the River
Point Characteristic Cards is very important as they must

be associated with the probabilities specified on the

River Characteristic Probability Card.

The exogenous load and exogenous deficit will be
diffused through the remaining points in the river system.
They need not only be specified for the first river point
(i.e., coming from outside the region). If a small stream
or sewer outlet appear at some point on the river and an
activity does not seem appropriate (because say, the water
already has an oxygen deficit) then an exogenous load and/or
an exogenous deficit can be specified.

If more than one river flows through the region, the
program can have one river flow into another. This is
accomplished by following the last River Position Identification
Card (or the assoc;ated set of River Point Characteristic
Cards if it has ohe) with a card with a -1 (minus one) in
the field called "Position Sequence for this Point". The
name of ;he river4into which the river is to flow should be
punched in&the "River Name" field of this card. The row/column
of thi;-river into which it will flow should be punched

appropriately in the fields marked "River Point Location".

In this way pollutants flowing down one river may flow into
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another river. One should note that the order that the
rivers are specified does not make any difference to the
program. However the print out of the pollutants at the
river points will be in the order that the rivers are
specified and consequently it is a good idea to put the
rivers in a logical flow sequence when arranging the deck.
After the last river point has been described, the
next card should be an END card (i.e., END punched in

Columns 1-3 and blank for the rest of the card).

K. Endogenous Activity Descriptions

Endogenous Activities are those whose levels of
operation are determined by the level of the pollutants -
"sent to" them. Each Endogenous activity is assigned a
name on the Activity Specification Card. The format of
this card will be found in IV L. This name will be used
on the Move Pollutants to Endogenous Activities Card
(the format of this card will be found in IV N).

When the Endogenous Activity Cards are read, the level
of operation has not yet been determined. The level of
operation is not determined until all the exogenous
activities have been processed. What is generated is a
"per unit'" output .of pollutants aﬁd this\information is

stored. The actual processing of Endogenous Activities follows
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the processing of the exogenous activities. Except that

their level of operation is not specified, all the other

information that must be supplied about exsgeasus activities

must be specified also for endszensus activities. «s this

is so, the detailed description of this information will

be provided in the next subsection on Exogenous Activities.
After the last Endogenous activity has been specified,

the next card must be an END card (END in Columns 1-3,

blank elsewhere). This END card indicates the division

between the Endogenous and Exogenous activities.

L. Exogenous Activity Description

Exogenous Activities are those whose levels of operation
are specified by the user. The format of the Activity
Specification Card will be found in IV L. The activity
called will be referred to by the name given it in Activity
Technology Cards. The actual pre on-site treatment pollution
residuals are determined by multiplying the vector of
pre-unit residuals given in the Activity Technology Card by
the specified level of operation. This vector is then
multiplied by the on-site treatment technology matrix (if any)
to obtain the effective residual pollutants which is printed
out. Some or all of these pollutants may be "moved" to an
Endogenous activity by the use of the wove Pollutants to

Endogenous Activities Card. This card associates the name of
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a pollutant with the name of the Endogenous activity. If
any water pollutants remain they will be dumped into the
river specified at the location specified. The diffusion
process is seen immediately and if a P is punched in

column 69 of the Activity Specification Card, the user will
see a print out of the diffused water pollutants. If any
air pollutants remain, these will be diffused. The Activity
Specification Card contains a field to specify the stack
height for the air diffusion model. The user has the option
of specifying the effective stack height or by punching an *
in column 56, the actual stack height. If an * is punched
in column 56 then the Stack Parameters Card (format will be

found in IV M) must immediately follow the Activity

Specification Card. The parameters specified here are used
to calculate the effective stack height for the diffusion
model. Again, if a P is punched in column 69 of the Activity
Specification Card, the user will see a print out of the
ambient levels of the pollutants determined by this activity

alone.
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A

HEADER CARD

Note: No decimal points should be punched in this card.
Each number should be right adjusted in its field.
H
1
1. | Number of Economic Input Variables (>0)
S .
2. | Number of Water Pollutants
10
3. | Number of Air Pollutants
15
4. - | Number of Solid Pollutants
20
5. | Number of Dummy Pollutants
25
6. | Number of Rows in Grid
30
7. | Number of Columns in Grid
35
8. | Number of Hours in the Analysis (24 assumed
40 if left blank)
9. | Number of General Parameters
. 45
10. | Logical Unit Containing Activity Descriptions
50 (card reader assumed if this is left blank)
11. | Print Option - Leave blank for both types of

55 final print. Punch 1 for matrix print.
Punch 2 for print by position.

Maximums built into program (can be easily changed)

1. Maximum number of activities 100
2. Maximum number of On-site
transformation activities 50
3. Maximum number of rivers
parameters 20
4. Maximum number of r1ver points 200
5. Maximum number of endogenous
activities 20
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B
ECONOMIC INPUT AND POLLUTANT NAMES
List Economic Input and Pollutant Names in the same order

as data appears on Activity Technology cards. All names
should begin at left most position of field.

pmt}—
oo

I |
11 18
I I
21 28
I I
31 38
I |
5| 48
I |
51 58
I |
61 68

J'rl _S_I

Use subsequent cards in the same format as YGQUired.
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C
ACTIVITY TECHNOLOGY

A
1

|| I N | Activity Technology Name
2 9

List for unit output Economic Inputs and Pollutant Residuals
in the following order
1. Economic Inputs
2. Water Pollutants
3. Air Pollutants
4. Solid Pollutants
Each number should be punched either
a. with a decimal point
b. right adjusted in field only if it is a whole number

I |

T |

Continue with Column 11 for subsequent cards as needed.
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D
ON-SITE POLLUTION TREATMENT ACTIVITY TECHNOLOGY

T
1T

N | | On-site Pollution Treatment
9 Technology Name

N—

List 1)Economic Input Variables ‘
2)Pollution Treatment Matrix by Column
Each number should be punched either
a)with a decimal point
b)right adjusted in field only .if it is a whole number

——
[

-
N

N
el

[ 3 .
N

7 P
har'g

7 J—
N

o~
par

- J—
(=)

Ul
)

[ 7, pu—
o

o—
e

|
7%
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E

GENERAL PARAMETER LIST
|_G_|
1
Note: Each number should be punched either
a)with a decimal point
b)right adjusted in field only if it is a whole number
Grid Size' - Distance between rows and columns, in meters

Depth of the monthly mean afternoon mixing layer (Lg)

| Parameter 1

| | Parameter 2
21
| | Parameter 3
3T
| | Parameter 4
41
| | Parameter 5
51
l | Parameter 6
61
| | Parameter 7
71
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F
BACKGROUND AIR POLLUTANT LEVELS

List background air pollution levels in G per cubic meter
in the order that the air pollutants, appear in the Activity
Description Cards. v

Each number should be punched either
a)with a decimal point
b)right adjusted in field only if it is a whqle ngmber

1 T0
I |
11 20
I

21 30
I

31 40
S

471 50
| |
5T 60
| |
61 70
| |
7T 80

Use subsequent cards in the same format as required.
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G
AIR POLLUTANT HALF LIFE

| HALF LIFE |
1

Each number should be purched either
a)with a decimal point
b)right adjusted 1n field only if it is a whole number

| | * Half ‘life of 1st air pollutant

11 20

| 2nd
21 50
| 3rd
31 40
| | 4th
41 50
| | 5th
51 60
| _| 6th
61 70
| | 7th
71 80
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»

»

H
AIR DIFFUSION CHARACTERISTICS WITH PROBABILITIES

| P |

Each number in a field of length ten should be punched either
a)with a decimal point
b)right adjusted in field only if it is a whole number

| | Probability
11 20
| g Stability Class - 1 to 6
2 (1=unstable, 6=verystable)
| | | (N,S,E,W in column 30 or NE,NW,SE,SW in
0 column 29-30)
| Mean Wind Speed (meters per second)
31 40 :
| _| Atmospheric Pressure (mm of mercury)
41 50
| Air Temperature (C° or K°: consistent
51 60 " with degree used with Stark Parameter Card)

*Used to calculate effective stack height. If effective
staﬁk heights are given in all activity specifications, then
this parameter may be left blank. ,
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I
RIVER CHARACTERISTIC PROBABILITY CARD
Each number in a field of length ten should be punched either

a)with a decimal point
b)right adjusted in field only if it is a whole number

| PROB |

T 7

| | Number of River Point Characteristic Cards which

10 may follow a River Point Identification Card.

This will be the number of prébabilities which
will follow. Punch this number right adjusted
in field.

| | Probability associated with 1lst River Point

1T 20 Characteristic Card

| - .2nd

21 30

| l .3rd

31 40

| o .4th

41 50

| | ...5th

51 60

| | ...6th

61 70

l . .| ...7th

71 o 80:.-

If needed probabilities may be continued starting in column 11
of subsequent cards.
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'J
RIVER POSITION IDENTIFICATION CARD
R |

Punch fields'ih'length;three right adjusted with.no decimal.

| | | | 1 | 'River Name (punch left adjusted)
3 .

| | .| | Position Sequénce for this 'point .

1 ; :

I | | | | | | | River Point Lotation

15 19

Row . ,Co{umn
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K

RIVER POINT CHARACTERISTIC CARD

Punch all fields (except River Class) either
a)with a decimal point '
b)right adjusted in field only if it is a whole number

|_# |
T

|
0
| |
11 20
| l
21 50
| |
31 40
I I
41 S0
l I
5T 55
|__ |
56 60
|___|
T
| _ I
62 70
I |
71 80

Identifies card as River Characteristic Card
Any information, such as season
Flow (millions of liters per day)
Average speed (kilometers. per day)
(1 m/sec=86.4 km per day=2.24 miles/hr)
Water temperature (C°%)
Barometric Pressure (mm of mercury)
Ky (calculated if blank)
Iy (calculated if blank)
River class (1 to 4)- l=sluggish stream

4=swift stream

ExogenSBs Load (mg/1)

~

Exogenous Deficit (mg/1)
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L
ACTIVITY SPECIFICATION

Punch all names left adjusted.

Punch all three position fields with a number right adjusted
without a decimal point. '

On other fields follow specific instructions.

ENDOGENOUS | EXOGENOUS
|_N_| I |_x_|
T T
|
| I ] I
2 9 2 9
Specify the name which will Activity Technology Name

be used to refer to this |
endogenous activity.

11 18 | 1T 18
Activity Technology Name Level of operation of this
] activity (punch with a decimal).

[ | | | I | | | Activity Location

Row Column

| | On-site Pollution Treatment Technology Name
28 35

| | If the water pollutants are to be moved

37 44 directly into a river, specify to the left
the river name and the location to which
the pollutants will be moved.

I | | 1 I I
46 S 50
Row Column
For dispersion of air pollutants is this to
%ZJ be considered a point or area source. Leave

blank or punch zero for point source. Punch

a one for area source. i

l | Specify to the left the effective stack height

56 63 for the dispersion of air pollutants (punch
with a decimal point). If the effective stark
height is to be calculated, punch an asterisk
in column 56 and follow with the actual stack
height. The card following this must contain
the relevant parameter values.

ontinued
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ACTIVITY SPECIFICATION [continued]

| Specify the number of endogenous
65 activities which will be specified on
subsequent cards.

| Punch a P to print the effects of this
69 activity in all points.
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M
STACK PARAMETERS

| STACK PARM |
T 10

This card will immediately follow an Activity Specification
Card if an X is punched in column 56 of the Activity
Specification Card.

Each number should be punched either
a)with a decimal point
b)right adjusted in field only if it is a whole number

1. | | Escape velocity of the gas (m/sec)
11 20
2. | | Diameter of Stack (meters)
21 - 30
3. | Temperature of particles emmitted from

1 40 stack (degree used must be consistent
with temperature specified on Air
Diffusion Characteristics Card)
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N
MOVE POLLUTANTS TO ENDOGENOUS ACTIVITIES

Name of Pollutant to be Moved Name of Endogenous Activity
to which it will be moved
1. | | | |
1 8 11 18
2. I
21 28 31 38
3. | | | I
41 48 51 58
4. | | I 1
61 68 71 78

Note: If an asterisk 1s placed in the first column of the
Name of the Pollutant to be moved, then the associated
Endogenous Activity will be run based on the level
.of operation of the activity itself (rather than on
the basis of the level of some pollutant output).
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1.

Technical Notes on the Computer Program IMMP
Maximums built into the program

All maximums built into the program can be easily changed.
Their specifications will all be found in the main routine.

a. Maximum number of Activity Technology

Descriptives 100
b. Maximum number of On-Site Pollution

Treatment Activity Matrices 50
C. Maximum number of River Point

Characteristic Cards in a set 20
d. Maximum number of river points 200
e Maximum number of endogenous activities 20

Matrix Storage

All matrices are stored as required for the IBM Scientific
Subroutine Package for use as general matrices. This program
utilizes many of the matrix subroutines of the IBM Scientific
Subroutine Package. Space for these matrices is dynamically
allocated using the technique of ‘defining a single large
ve¢tor. This vector is then partitioned into the required
matrices based on the length of card one. 1In this way only
one number on a dimension card need be changed ‘to increase
the size of the problem that this program can handle (also
change the specification on NMAX in the main routine).

The program prints out how much of this large vector is
being used up in any run of this program. _

Overlay Structure

As the program is large, an overlay structure is used to cut
down the memory requirements for the program. This is clearly
optional if the computer being used has a memory large

enough to handle the program. Listed below are all the
routines used in the program IMKP with the overlay structure

specified: '

MAIN
ITEST
ZERORY
SMPY
LOC
FREAD
FNUMBR
ERROR
ADD
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SEQ

ZEROI2

MADD

MXOUT

GMPRD

MOVE

KOMP

NUMBER
OVERLAY ALPHA

SIMPOL
OVERLAY BETA

NAMEP
OVERLAY BETA

AIRCHR
OVERLAY BETA

WRCH
OVERLAY BETA

EFAC
OVERLAY BETA

MINV
OVERLAY BETA

ASREAD
OVERLAY BETA

PMOVE
OVERLAY GAMMA

WATER1

LOADP

FLOW

DEOXK

REOXR

STPH

WPADD
OVERLAY GAMMA

ESH

AIRPRB

AIRDIF

SIG

CHI1

CHIZ

DML

CALT

AVG
OVERLAY BETA

DGMPRD

OVERLAY ALPHA

PRINTP
CS

139



nnﬁﬁnnﬂﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬂﬂﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬂﬁﬂﬂﬂﬂﬁﬁﬁﬂﬁﬁ

SECTION VII

TUF IMMP MODEL PROGRAM

ARRAYS SIMPCCO5
P STORES -FOR EACH POINT THE LEVEL OF AIR AND SOLID POLLUTANTS SIMPCCOG
CCL I - INITIAL LEVEL OUTPUTTEC BY ACTIVITIES SIMPCCCY

CCL 2 - MODIFIED AND SUMMED RBY CISPERSICN PRUCESS SIMPOCOS

W STORES FOR EACH WATER POINT THE LEVEL CF WATER PCLLUTION SIMPCCO9
COL 1 - INIVIAL LEVEL OUTPUTTED BY ACTIVITEES SINMPOC1O

CCL 2 - MODIFIEC AND SUMMED BY CISPERSICN PROCESS SIMPCC1Y
SINPOOL2

RP £ACH CCL REPRESENTS A RIVER POINT ANC THE COL SEQUENCE NUMBER WSIMPCC13
BE THE RANDUM ACCESS SEQUENCE NUNBER SIMPOC14
RCw 1 - RIVER I.C. NUMBER SIMPOCLS

ROW 2 - ROW SINPCCl6

ROW 3 - COLUMN SIMPOCLY

ROW 4 ~ SEQUENCE NUMBER INDICATING RIVER PARAMETER GROUP SIMPOC1S

. SIMPCCIL9
E EACH COLUMN REPRESENTS AN ENDCGINCLS ACTIVITY. EACH ROW REPRESTSINPOO20
CIRECT EFFECT OF THAT ACTIVITY CN THE ASSOCIATEC ENOCCGINOUS ACTSIMPCC21

SINP002?2
EL ENDOGINOUS ACVIVITIES LEVEL CUE TC EXOGINOUTS ACTIVITESS SIMPOC23
SIMPOC24

FL ENCOSINCUS ACTIVITEES LEVEL DUE TC EXOGINOUS ANC ENCOGINOUS ACTSIMPCC2S
_ SINP0026
A STORES THE POLLUTANT LEVELS FCGR UNIT GUTPUT FOR ANY ACTIVITY SIMPCC27
SIMP0O28

T STORES POLLUTION TRANSFORMATICN MATRICEES BY COLUMN SIMPOC29
SIMPOO30

MTOT - STORES ECONOMIC INPUT VARIABLE LEVELS SIMPOC3L
COL 1 - DUE TQ ACTIVITY TECHNCLCGY SIMPOQ32

COL 2 - DUE TC CN SITE TREATMENT SIMPCC33

cOL 3 - TOTAL SIMPOC34
SIMPOC35

IEND STQORES THE ENDCGENOUS ACTIVITIES AND THE ASSCCIATED PCLLUTANTSIMPOO36
NUMBER GENERATEC BY EACK ACTIVITY. EACH COLUMN IS EACH ENDOGENCUSSIMPOC37

RCW 1 -~ ENDOGENOUS ACTIVITY IDENTIFICATICN NUMBER SI¥POC38

RCM 2 - PCLLUTANTY SEGUENCE NUMBER DETERMENING LEVEL QF ACTSIMPOC3I9
SINPCC4O

wWPRBA — DONF ENTRY, A PRCBARBRILITY, FOR EACH RIVEER CCNDITION ENCOUNTSIMPOC4]
SIrFPCC42

DAV - MAXIMUM LENGTH IS MAXIMUM NUMBER CF RIVER PCINTS. STORES THSIMPCC43
AVERAGE DEFICIT FOR EACH LOAD L SIMPCC44
SIMPOO04S

PP —~ SAME AS DAV EXCEPT FOR A PARTICULAR PROBABILITY SIVPCC4S
SIvp00Aa7

TBLL1 STCRES ACYIVIVTY NAMES SINPCC4S
SIMP0O049

TEBL2 STORES TRANSFGRMATION ACTIVITY NAMES SIMPGCSO
SIFPOCS]

TEL3 STCRES RIVER NAMES SIFMPOCS2
SIMPOCS3

TRLG STORES ENDOGENCUS ACTIVITY NAMES SINPCCS54
SIMPOOSS

TRLS STGRES ECONOMIC INPUT AAMES FCLLCWED BY POLLUTANT AANES SIMPOCSE
v SIMPOCHT

LCGICAL UMITS USES IN THIS PROGRAN SIMPCOSS
K5 — GCARD RLADER SINPOCS9

¥e - PRINTER SIMPCCE0
Y10 ~ SYCQUEHTTIAL FILE WHICH CCANTAINS ACTIVITEES SIMPCCS]
20 - RANDCY ACCESS FILE TO STCREE ACTVIVITIES SIMPOCHZ

21 = MMNCY ACCESS FILF TC STCRE TRANSFCRMATICN MATRICIES SIMPOC63

22 = RANDCHM ACCESS HILE YO STCRE ENCCGINCUS ACTIVITIFES SIVPOCH4

23 - RANOCY ACCLSS fllf 1C STCRE WATER PCLLUTANTS AT EACH RIVERSIMPOCGS
24 ~ RANDEE ACCFSS FILF TO STCRE AIR AND SLLID FOLLUTAANTS AT EASINPOCES
uN THE 6o, SIMPOQCET

SIrpCCoY
O, 21846 X o) SIMPOCET
cl [ AR 2K B l‘“.'-.;.'A'f_'pr"”'KT'N'Ay”lA1,kTp,,AAS”‘-R'NC!NPRING!NhllNh?'NAS?, SIPPCC’O
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A0 A A ANt OO Ao C
1
[}
1

(o] a0 (] o O (o]
\
!
I

11
12

C -

C wme

* KM NIMNIRM,NML,NRASNCA,NARP ,NH,NOP

COMMOM /MAX/ PAXAZMAXT o NRIVyNRPTS ) NNV yMXA,MXT,MXRy MXE MXN

CCMFON

CCMMON /SPACF/ X

THIS RANDUM ACCESS FILt DEFINES A MAXIMUM OF
10 ACTUAL PCLLUTANT CUTPUTS,
MACRO VARITAHLES (CR A TOTAL NCT T0 €XCEED
(LO)(4)+{ 2)(6)+{

A MAXIMUM OF

AND 4

JUNTIT/ K5,K64KI1C K30

4){46)=64

DEFINE FILE 20(100+64,L,10])

YHIS RANDCM ACCESS FILF CEFINES A MAXIMUM OF
MATRICIES wITH A MAXIMUM CF

( 10)0 10)(4)+( 4)(4)=416
DEFINE FILE 21( S0+416,L,I1)

SIvPOCT!
Sivp0QI2
SIvpCCl3
SIvPQC4

100 POSSIBLE ACTIVIISIMPOGLTS
2 CUMMY PCLLUTANT CSIMPCCI6

161}

SIMPOCTT
SIMPCCT8
SIvMPOCT9

50 PCSSIBLE TRANSFCRSIVMPCCBO

10 PCLLUTANT QUTPUTS ANC 4 MACRQO vSIvpPOCHI

sivp0OC8B2
SIvMPOCR3

THIS RANDGM ACCESS FILF DEFINES A MAXIMUM OF 20 ENDCGINGOUS ACTIVSIMPCCHA4

AND 10 ACTUAL POLLUTANT GUTPUTS, 2 CUMMY POLLUTANT QUYPUTS, AND 4SIPPOCBS
VARTABLES (12)1(4)+4(1C)(4)+( 2)(4)+( 4)(4)4( 4)(4)=128 SIMPOGB6
DEFINE FILE 22 20+128.L,12) SIimp0C87
THIS RANDCM ACCESS FILE DEFINES A MAXIMUM OGF 200 RIVER POINTS SIMPCCAS
AND 5 WATER POLLUTANTS { 5)(2)14)=40 SIMPOQ89
DEFINE FILE 23( 2C0, 40,L.13]) SIMPOCSC
THIS RANDCM ACCESS FILE DEFINES A MAXIVMUM OF 4CO GRIC POINTS AND SIMPOCIL

AND AIR PULLUTANTS ( 8)(2)(4)=64 SIMPOC9I2
DEFINE FILE 24( 4C0¢644L,13) SIMPOCI3

THIS RANDGM ACCESS FILE DEFINES A MAXINUM OF 4 PRCEBABILITY SITUATISIMPOCY4

FUR FACH 200 RIVEFR POINTS (9)(4)=36 SIMPO09S
DEFINE FILE 25( 800,364L415) SIMPOCY6
INIVIALIZE LCGICAL UNIT FOR CARD REACER AND PRINTER SINPOCIT
K5=5 SIMPOC98
Ké=¢ SI¥POC99
X30=30 SIMPOL0O
MAXA - MAXIMUM NUMBER OF ACTIVITEES. SEE R.A. FILE #20 SINPO101
MAXA=100 SI¥PO102
MAXT — MAXIMUM NUMBER CF TRANSFORMATION ACTYIVITIES. SEE R.A. FILESIMPOLl03
MAXT=50 SIMPCO104
NRIV - MAXIMIM NUMBER CF RIVERS SIvPQO10S
NRIV=10 SIMPO106
NRPTS - MAXIMUM NUMBER CF RIVER POINTS. SEE R.A. FILE #23 SIMPO107
NRPIS=2C0 SIMPC108
NNV — MAXIMUM NUMBER OF ENDCGENCUS ACTIVITIES. SEE R.A. FILE #22 SIMP0O109
NNV=20 SIvMPOL10
MXPR — MAXIMUM NUMBER CF RIVER PARAMETER SETS AT EACH RIVER POINT SIMPOLl1l1l
MXPR=20 SIMPO112
INIVIALIZE COUNTERS FCR TABLE NAMES TG ZERQ. SIMPO113
MXA=0 SIMPO114
MXT=0 SIMPOD11S
MXR=0 SINPOILG
MXE=0 SIMPO117
MXN=0 SIMPOLLE
READ ACTIVITY HEADER SIMPO119
REACIKS,11) FUNM NWyNAJNSyNDyNRyNCy NH,NGsK10,4NOP SIMPO120
FGRMAT(AL+1441215) SIMPO121
WRITE(KGe12) HD NMeNW NAJNS NDyNR,NC4NH,NG4K10,NCP SIvpPO122
FORBAT (P L#eexs ,A1yT14, 1215, e2%2¥1) SIMPO123
IFINH. FQ.0) NH=24 SIMPO124
IF{K10.EQ.0) K10=KS5 SIMPO125
NT=NW+NAENSHND SIMPOL26
NTA=NT-ND SIMPD127
NTAL=MNTA+] SiMpOl28
NYM=NT+NM SIMPO129
NMI=NM+] SIMP0O130
NTR=NTA%NTA SIMPO131
NIPNM=NTRENM SIMPO132
Nhl=Nh+] SIvPO133
Nh2=NWe¢2 SIMPO134
NAS=NA+NS SIMPOI3S
NAS2=NASE2 SIMPO136
NRA=HIR®24+] SIMPO137
NCA=NC*2+1 SINPOL3S
~NMAX= 8C0C SIMPO139
11=1 SimPO140
L SirpOl4l
1/ LLANNVENNVE2 SivPCl42
A SIMPOL43
[3=12¢NTM 141 SIMPCl44

13=(1372) 8341 SIMPO14S



[ I = T = B = I B o

T

T4=13¢NTRM
14=(14/2)%2+}
G

IS=144¢NG
I15=(15/72)%2+1
H

16=15+2%NW

P

17=16+24NAS

EA

18=1T7+NYV
18=(18/2)%2+1
EL

[9=18+NNV
[9=(1972)%2+1
FL

T10=19+NNV
[10=(110/72)%2+1
KPR B
I11=010+MXPR
111=(111/2)%2+1
W1l

112=111#NNV
112=(112/72)%2+}
W2

113=]12+NNV
[13=(113/2)%2+]
RP

I14=1134+(NRPTS%4)/2+1

114=(114/72)%2+]
DAV
I115=114+NRPTS
I15=(115/72)%2+1
IEND
I16=1154+2%NNYV
MA

117=116+NM
ILT={117/72)%2+1
MY

118=117+NM
118={11€8/72)%2+1
MTOT
119=118+NM*3
119=(119/2)%2+1
TeLl
[20=119+2%MAXA
TEL2 )
121=120+2%¥MAXT
TEL3
122=12142%NR1IV
TBL4
123=122+2%NNV
TaLs
1264=12342%NTV
Al
[25=] 24+ NR&NC
125=(125/72)%2+1
A2
126=125+NR¥N{
126=(126/72)%2+1
B
[727=1264+NRAXNCA
127=(12772)%*2+})
HL

128=127+NA
128=(128/2)%2+]1
peop
[79=12R+NRPTS
129=0129/72)%2¢1

IF{I29.GT.NMAX) GC TC 1CO
RRIIE(KA,9]1) 12 3.AMAX

SIMPO1L46
SIMPO147
SIMPO14s8
SIMPOL49
SIMPOLSO
SIMPO1SL
SIMPOLS2
SivPOLS3
SIMPO154
SIMPO1SS
SIFPOLSE
SIMPOLSY
SIMPOLSE
SIMPO1S9
SINPOLGO
SIMPO161
SIMPO162
SIMPO163
SIMPO16Y
SINMPO16S
SI¥MPO16GS
SIMPOLGT
SIMPO168
SI¥PO169
SI¥POLT0
SIMPO1T1
SIMPOLT2
SIMPO1723
SINPCL174
SIFPOLTS
SIMPOLT6
SIMPO177
SINPO1TS
SIMPO1T79
SINPO18D
SINPO181
SiKpPG1l82
SImMPO183
SIMPO184
SIMPO18S
SIvPO186
SIMpO187
sSIvpO183
SIr¥PQ189
SI1MPG190
SINPO131
SIMPO192
SIMPO193
SI¥PO194
SIMPO195
SINPO196
SIMPO197
SI¥pPO198

.SIMPO199

SIMPO200
SIMPOZOL
SIMP0202
SIMP0O203
SIMPOZ04
SIvP0205
SIMPO206
S1¥P0Z07
SIMPO2CS
S1MPD209
SINPOZI1O
SIMPO2Z1L
SIMPOZ12
SIMPOZ13
SIFPOZ14
SIMPOZ1S
SIvMPO216
SIMPOZ17

91 FULRIATU*OTEE AR2AYS IN THIS RUN ARE LSING *,164* CF THE *,16,' WCRSIMPOZ18

20S CF SPACH AyAlLAPLEL?')

SIrvp0219

CALL SIMPLLUX(E]) X(T2)eXUT3) o X(T4) o XIIS)oXUTO6)oX(TT) o XtIB)%X{19),SIMPC220



100
101

200
201

R

11

12

13

14

15

17
18

19

c -———
21

& XOTLO) o XUTLL) oXUUL2)oXUUL3) ¢ XR14)oX(I15) ¢ X(L16)oXIT1T),x(128),
® XCU1D)  XUT20) o XUT20) o XU 12209 X023 o X0124) X 1I25)4X(126)4X(127),
& xti2m)

sirpPo221
SIMp0222
SIMP0Z23

CALL PRINIPIX{ITIL) o X(I2)oXUI3)oX{TQ) o XIS} X(T6)eX{IT)oX(IB)oX([9),SIMPOZ24

& XCILO) o XUNTL} o XUTL2) o X(IU3) o X(Hl4) o XIT1S)eX(I16)XIE1T7)oX{118),
® XOTL9) o X(120) o X(T21) o X(U22)9X(123)oX(124) 43X 01250 ¢X(I26VeX (127},
* x(128))

G0 TO 200

RRITE(KG,100) 129,NMAX

FORMAT(*CY(IU HAVF ATTEMPTFD TO ALLOCATE SPACE FCR *,110,* WCRDS.
*THE MAXIMUM ALLCWABLE [S *,110)

WRITEH(KG&,201)

FCRPAT(*OEND CF SIMULATION RUN')

sToP

END

SURROUTINE SIMPOUL(E ¢AeToGoWoP eEAsEL ¢FLoWPRB WL o W2 ,RP LAV, IEND,MA,
® FTFTOT, TRULZTPL2,TRL3,TRL4,TRLS,A1,82,B4,hL,0PP)

REAL*H E{1)+DET,S(1C)oTBLL( L) ,YBL2(1),TBL3(1),TBL&()),TRLS(])
REAL®¥4 A(L) o T(L)eGUL)ow(1)oPIL)4EA(T)ZELIL)4FLIL),wPRE(1),CAVI(L),
 WEEL) o W201) oMALLY o NT (L), MTOT(L)sAL{1),A2(1)4B(1),HLIL),DPP(]1)
INTFGER®2 RP(L)IENC(])

COMMON NWoNA NSy NDoeNToNTANTAL NTRoAAS,NRyNCyNPRyNG,NW1,NW24NAS2,
® KM NTM NTQRM,NMLoNRASNCA4NARP AH,NCP

CUMMON /MAX/ MAXAMAXT NRIVyNRPTS o NKVoMXAyPXT yMXR ¢ ¥XE oNXN
CCMMON JUNIT/ KS.K64K1C,K30

DATVA ENDySTARLEXC/PENDY. V&8 040/

DATA PRLANK/' vy

RFAC AND PRINT ECONCMIC INPUT AND PCLLUTANT NAMES

1C=0

IC=IC+1

READ(KSy L4END=140)(S(I),I=1,10)

WRITE(K6,2)(S(I),1=1,10)

L=NTM-(IC-1)%8

{SET=0 :

IF(L.LE.8) GO TO 7

ISET=1

L=8

190S=-9

DC 8 I=1,L

1P0S=1P(US+10

CALL ACD(TRLSsS+IPOS+8yNTMyMXN)

CONTINUE

IF(ISET.EC.1) GO TO 6

K=0

WRITE(K6,11)

FCRFAT( *OFCONCMIC INPUT VARIARLES®'/)

CALL NAMEP(TBLS,KeNM)

WRITE(KG6,12) .

FCRMAT({ *CwWATER POLLUTANTS'/)

CALL NAMEP{TRL5 ¢KoNh)

WRITE(KG.13)

FCRMAT(*CAIR POLLUTANTS'/)

CALL NAMEP(TRLS+KyNA)

WRITE(KA,14)

FCRPAT('0OSNLID POLLUTANTS'/)

CALL NAMEDP({ TBLS,K,NS)

WRITE(KG,15)

FCRMATI'CLUMPY POLLUTANTSY/)

CALL NAMEP(TRLS,.K4NC)

WRITE(KG,17)

FCRVAT(/ /)

WRITE (KB, 17)

FCRPAT(*CAVAILABLE ACTIVITY TECHNCLCGIES'/)

WATTF (Y64 19V (TPLS(T)I=1,NTV)

FURMATILGXT{2XyA2))

WRITHIKA,1T)

RCAL ACTIVITY CESCRIPTICN

1C=0

REAT(KIC,1 oFD=6CH(SII),I=1,10)

FURMAT{10AR)

WETE(KG,2)(S{T)eI=141C)

FIRFMAT(® dsses?  |CAR 'S840 ?)

IFIKOCMP{Sel e 3sEND,L1).EC,0) GC TC 28

IF(ICH0.0) CALL ALTUTRLY,Se2¢PsMAXA,MXA)

IFIMXALLT.C) CALL ERRCR(141,MAX8+542.8)

143

SIMP0225
Sivp0226
SIMPOZ27
sSirP0228
SIvP0Z29
SI¥P0230
SIvPG231
SIMP0232
SIMPQ233
SIFPO234
SINPO23S
SIMPO236
SIMPCZ37
SIFPO238
SIMPCZ39
SINPG240
SIMPQZ41
SINFPOZ42
SIMPCZ43
SIMP0244
SIMPO245
SINPO246
SIMPQ247
SIMP0248
SIMP0249
SIMP0O250
SIvMPQ251
SINP0252
SI¥P0253
SIFPO254
SIMPO255
SINPO256
SIMP0257
SIMP0258
SINPO259
SINP0260
SIMPO261
SINP0262
SIMP0Z63
SINPO264
SIMP026S
SIvP0266
SINPOZ67
SIvMPO268
SIMP0Z69
SINPO270
SIMPOZT1
SIFP0272
SINPOZ73
SIMPO2T4
SIMP0275
SINPGC276
SIMP0277
SIMP0278
SIFPPOZTY
SIrpPC2A0
sIvP0z8 1
SINPC2R2
SI®P0ZB3
SINPCZR4
SI¥P0285
SIMP0Z86
SINPNZRT
SIMPG288
SI¥P0289
SI¥PC290
SIvP02Z91
SIFPC292
SIMP0293
SIMPC?94
SIFP0ZIS



CALL FREAD(S'AQlllev7tNTM'lC,

210 VLYIO

IFC(IC) 25,21,21 SIMP0297
25 HRITE(ZO'MXA)(A(!),[:l,Nyu) SIMPO 298
GO 10 20 SIMP0299
28 WRITE(K6&429) SINPO300Q
29 FORMAT(® OAVA!LAPLE CN~SITE POLLUTICN ABATEMENT TECHNOLOGY MATRICIESINPO20}
*5¢/7) SIMPO302
€ ——— READ PCLLUTION TREATMENT MATRICIES - BY COLUMNS SIMPO203
30 1C=0 SIMPO304
31 READ(K10, l.END-SO)lS(l).I 1,10) SIMPO30S
WRITE(K6+2)1S{T)eI=1,10) SIMPO306
IF(KOMP(S4143,ENDs1).EC.0) GO TC 48 SIMP030?
IFUIC.EQ.0) CALL ADD{(VBL2,S42,B¢MAXT MXT) SIMPO308
IF(FXT.LT.0) CALL ERROR(1,2,MAXT,5,2,8) SIMPO209
CALL FREAD(S,Ty11,5,149NTRM,IC) SINPO310
IFLIC) 35,31,3)1 SI¥PO211
35 WRITE{21°*MXTI(T(I)sI=1,NTRM) SIMPO3]2
CALL MXOUT(O,T(NM1), NTA,NTA,0,60+132,1) SIMPO313
G0 T0 30 SIMPO314
40 K10=K5 v SIMPO31S
GO TO 28 ‘ SINPO316
€ --—- READ GENERAL PARAMETER LIST SIMPO317
48 WRITE(KG,49) SIMPO318
49 FORMAT( *OGENERAL PARAMETER LIST*/) SINMPO319
50 1C=0 SINMP0320
S1 REAGIKSs14END=140)(S(1),I=1,10) SIMPO32]
WRITE(K642){S(1)51I=1,10) SINPP0O322
CALL FREAD(SsGs11,410,7,NG,yIC) SIMP0O223
IFLIC) 55,+51,51 SIvPO324
C ——-— INITIALIZE AIR AND SOLIC POLLUTANT ARRAYS AND RANDCM ACCESS AREAS SIMP0325
S5 CALL ZEROR&(P,NAS,2)} SIMP0O32s
WRITE(KGE,456) SINPO327
56 Fnkrntc'oaacxekouno AIR. POLLUTION LEVELS'/) SIMPO328
1C=0 SINPO329
57 READ(KS5,.14END= 140)(S(Il,l=t 10) SIMP0330
WRITELKG,2)(S(1)4151,10) SIMPO0O2131
CALL FREAD(S,A,11,10,7,NA,IC) SIVP0332
IFLIC) 58,457,457 SINP0333
C ——— INITILIZE ORIGINAL LEVEL OF AIR POLLUTANTS SIMP0334
58 CALL LOC{1,2, L,NAS.Z.O) SIMPO235
DO 59 I=1,NA : SIMPO23¢
K=L+I-1 SIMPO337
P(KI=ALI) SIMPO338
59 CCNTINUE SIMPG239
WRITE(K6,60) SIMPO340
60 FCRVAT( 'OHALF LIFE CF AIR POLLUTANTS (IN HOURS)'/) SIMPO 341
IC=0 SIMPO342
61 READI{KS5,1,END= 140)(5(!).! 1,10) SIvMP0243
WRITE(KG6s2)}(S([),I=1410) SIMP0344
CALL FREAD({SsHL+11¢10,7¢NA,IC) SIMPD 345
IFLIC) 65+61461 SIF¥PO346
65 WRITE(KG6,69) SIMPC341
69 FCRMAT('OAIR POLLUYION DIFFUSIGN CHARACTERISTICS WITH PROBABILITISIMPO348
tes'l) . SIMPO249
SuM=0 K SIMNPO3S0
70 READIKS 4, 1,END=140)(S(1),1I=1,101 SIMPO3SL
WRITF(K6,2)(S(I)sI=1,1C) SIMP02352
IFLRCMP(Sy193,EAD,1).€C.O) GO TG 75 SIMP0253
CALL AlRCHR(S,PRPB,lSIABoN!NDoUoPR551TAcIER) SINMPO354
IF(IERLEC.1) GO YC' 10 : SIMPO255
KRITE(K30) PRUB'lS[AB.thD.b.PRES.IA SIMPO356
SUM=SUM+PROR SIMPO357
GO TO 70 SIMPO3SS
75 ‘WRITE(KGyT6) SUM SIvP03%59
76 FURMAT('OPROPABILITIES SUM TO *,F10.3/) SIVPO360
I1+(SUF.EQ.0.0) SUF=], SINPO261
PSUN=SHUM - SIMPD362
0C a0 [=1,NR SIMPO2¢3
gGc 80 J=1,NC SIMPO364
CALL LCCiIsJ,LsNRyNC,0) SIMPO2¢S
WRITE(24°L) (P(K),K=14NAS2) SIMPC166
a0 CONTINUC sIvP0e?
C --- IsiriLgze 1OTAL ECONGMIC VARTAELE ARRAY TO ZERQ SIvPOIES
CALL ZERQRGINMTIOIGAN,3) SIvVP0O369

¢ --- RLAL IN R]VER DUSCRIPTICNS

144

SIFPO370



C -—— FIRST INIILIALIZE wATER ARRAYS TC ZERC SIMPO371
© 100 CALL ZEROR4(WoNh,2) SIMP0372
CALL ZERODI2(RP,44,NRPTS) SIMPO373

DO 105 I=1,NRPTS SIMPO274
WRITE(23' 1) (Ww(J)sI=14Nh2) SIMP0275

105 CONTINUE SIFMPO3TS
IN=0 SIMPO277
Jr=0 SIMPO378
IPR=0 SINP0279
NPR=0 SI¥P0380
LD=1 SIMPO281
IRP=0 SIvpP0382

. WRITE(KG6,119) SI¥P0283
119 FUORMAT(*ORIVER SPECIFICATIONS®/) SIFP0384
120 IC=0 SIMP0O385
121 READI(KS,1,END=140)(S(1),1=1,10) SIMPO386
WRITE(K6+2)(S([)eI=1,10) SIMP0387
IF(IC.EQ.0) NPR=NUMBER(S,8,3) SIMPO388
CALL FREAC(SsWPRBy11410,7,NPR,IC) SIMP0289
IF(IC) 123,121,121 SIMP0390

123 ASUNM=0 SIMP0391
DO 124 I=1,NPR SINPO392
ASUNM=ASUM+WPRE( ) SIMP0293

124 CONTINUE S1MP0394
RRITE(K6,76) ASUPM SIMP0O395

125 READIKS,1,END=140)(S(I)s1I=1,10) SIMPO396
WRITE(K642)(S(1)y1=1,10) SIMPO397
IF(KOMP(S,1,3,END,1).EC.0) GO TO 15C SI1MP0398
IF(KOMP(Ss141,EXCy1).EC.0) GO TC 142 SI¥P0399
IF(CIPR.NE.O).AND.{IPR.NE.NPR)) GO TC 144 SIMP0O4CO

126 IPR=0 SIMP0401
IN=IN+1 SIMP0402
CALL LOC(1,IN,Ly4,NRPTS,0) SIMPC403
CALL SEQ(TBL3,S,2,8,MXR,ID) SINMP0404
1#(ID.GT.0) GO TC 127 SIMPO405
CALL ADD(TBL3,S5,2,8,NRIV,MXR) SIMPO406
IF(FXR.LT.0) CALL ERRCR{1,3,NRIV,Sy2,8) SIMPO407
10=MXR SIMP0O40B

127 1PS=NUMBER(S,11,3) SIMP0409
IF(IPS.LT.0) GO TO 130 SIFPO410
IF(ID.EQ.LD) GO TC 128 SIMPO4L]
IRP=0 SIMPO412
IN=IN+1 SIMPO413

~ CALL LUC(14IN,L4+44NRPTS,0) SIMPO414
128 IRP=IRP+1 SIFMPO4LS
C -—— CHECK FOR CORRFCT RIVER SEQUENCE SIMPO416
IF(IPS.EQ.IRP) GO TC 132 SINPC417
'WRITE(KS6,129) " SI¥PO418
129 FORMAT(*OKARNINGs LAST CARD PRINTED HAS AN INVALIC SEQUENCE NUMBERSIMP0419
# QR IS OUT OF SEQUENCE. IT WILL BE PRCOCESSED IN THE SECUENCE READSIMP0420
#,1/) ‘ SIMPO421

GU TO 132 SIFP0422

130 Ip=-10 SIMP0423
132 RP(L)=ID SIMP0424
IRCw=NUMBER(S,15,3) SIMP0425

, ICOL=NUMBER(S,1943) SINPO426
IFCITEST{IROW, ICCL,NRyNC) .EC.1) GO TC 134 SIMPC427
WRITE(KGe133) SIMP0428

133 FFRAATECORIVER POINT 1S OUT OF REGICA. IY wILL PE PRCCESSED AS SPSIMP0429
*ESIFIER.* /) SIMPO430
134 RP(L+1)=IROW SIMPC43]
RPIL+2)=ICOL SIFMP0432
IFUIRP.EQ.1) GC TC 136 SIMPC433
IDR=IARS( [ROW-LROK) SINMPC434
IRC=IABS(ICOL-LCCL) SINPO43S
IF({IDR.FC.0).ANN.(IDC.EC.0)) GC TO 137 SINPO436
IF((IPR.GI.1).0OR.(ICC.CV.1)) GO TC 137 SIVMPC437

136 LO=10 S1¥MP0438
LRCw=[ROW ~ SIMPC43S
LeoL=fcoL SINMPO44LO

GC 10 1285 SIvPQR44]
137 WRAIIE(K6,138) SINMP0442

138 FORFATU*CWARNINGs LAST CARC PRINTEC IS NCT AGJACENT TC PRICR CARD.SINPC443
¢ RIVER DISTANCE WILL B STRAIGHT LINE DISTANCF RETWEEN PCINTS.'/)SIMPO&&S

GC 10 136
145

SIFPO44S



146

140 WRITE(K&,141) SIMPO44s

141 FORMAT('ONO MORE CARDS WERE FCUND AFTER LAST CARD PRINTED. MORE WSINMPO447

*ERE EXPECTED.'/) SIMPO44g

syop SIMPO44g

142 IF{IPR.NE.C) GO TO 143 SIMPO4S)

JP=JP+1 SIMPO4S)

CALL LOC(1,INyLs44NRPTS,0) SIMPO4S?2

RP{L+3I =P SIMPO45S3

143 IPR=IPR+1 SIMPO45

IF{IPR.GT.NPR) GO TC 148 SIMPO4SS

CALL HRCH(S,FXyVL,TM,PR,FKO,TO,ICLASS,EXL,EXD) SIMPO4Se

C ——— ADJUST FLGW FOR RUN PERICD LESS THAN GNE DAY SIMPO0457

FX=FX*(NH/24.) SIMPO4SSE

IP={JP-1)=NPR+IPR SIMPO4SY

WRITE(25¢IP) FX,VL,TMyPR,FKO,TO,ICLASS,EXL(EXD SIMPO4&D

GG T0 125 SIMPO461

144 WRITE(KE,145) IPR,NPR SIMPO46?2

145 FORMAT('CONLY *,15,' RIVER CONDITION CARCS WERE READ PROIR TO THE SIMP0443

*#LAST CARD PRINTED. THERE WERE '415,' EXPECTED.?') SIMPO464

N=NPR-[PR SIMPO46S

WRITE(KG6,146) N SIMPO46s

146 FORMAT(® THE LAST RIVER CONDITION CARD READ WILL BE DUPLICATED '. SINPO4ET

* [5,¢ TIMES?) SIMPO468

147 IPR=IPR+1 SIFMPO4EY

IP=JP+IPR~-1 SIMPO4T0

WRITE(25%IP) FL,VL,TM,PR,FKO,TO,ICLASS,EXL,EXD SIMPO4T1

IF{IPR.GE.NPR) GO TO 126 SIMPO4T2

GO TO 147 SINMPOA4T3

148 WRITE(KG6,.149) NPR SIMPO4T4

149 FORMAT(*OTHE LAST RIVER CONDITION CARD PRINTED EXCEEDS THE *,15, SIMPO475

* ¢ EXPECTED. IT WILL BE [GNORED.'/) SIMPO4T6

IPR=NPR SINPO4T?

GC TO 125 SIMPO4TS

150 NARP=IN STMPO4TY

C -—— CALCULATFE RIVER TRANSITIONS SIMPO48BO

D0 160 I=1,NARP SIMPD4B)

CALL LOCU{14!yL+44NRPTS,0) SIMPO482

€ ——— IFf RIVER PARAMETERS ARE NOT SPECIFIEC FCR A POINT, THEN PRIOR POINSIMPO483

C ~—— PARAMETERS WILL BE SPECIFIED. . SIMPO 484

IF(RPIL+3).EC.0) RP(L+3)=RP{L~-1) SINPO4BS

IF{RP{L).GE.O} GO TO 160 SIMPO486

RPIL)=~RP{L) SIMPO48T

00 155 J=1,NARP SIMPO48S

1F({I.EC.J) GO TC 155 ‘ SIMP0489

CALL LOC(1,J,My4,NRPTS,0) SIMP0490

IF((RPIL) FC.RP(M))ANC. (RP{L+1)EC.RP(NM¢1}), AND.(RP(L*Z) EQ.RP(M+SIMPO4Y]

& 2))) GU To 158 SIMP0492

155 CCONTINUE SIMPO493

1o=2p,(L) SIMPO494

WRITE(K6,156) TEL3(ID)+RPIL41),RP(L+2) . SIMPC 495

156 FCRMAT('0A RIVER WAS TO FLOW INTO RIVER : Y,A8,% AT ROW : ,IS, SIMP 0496

& U AND COLUMN : *,15,? THIS RIVER POSITION WAS NCY FOUND AND THESIMPO497

# RIVER WILL BE¢/? ASSUMED TO TERMINATE.'/) SIMP 0498

RP(L)=0 SIMPO4S9

GG 10 159 SIMPO500

1568 RPI{LY=J SIFMPCSOL

159 RP(L+1)=0 SIMPOS02

RP{L#+2)=0 SIMPOSC3

160 CONTINUE SIMP 0504

€ -—— RUN DIFFUSIGA FCR ANY £XCGENOUS LCACS ANC/OR DEFICIYS SIMPOSCS

3PP=-1 SIMPOS0E

CALL ZERUR4GIDAV,NRPIS,1) SIFPOSCT

00 175 1=1,HLARP SIMPOS08

CALL L0C(1,14L44,NRPTS,0) SIMPOSCI

JP=RP(L+3) SIMPOS10

[F{IP.+C . JPP) GC TG 175 SIMPOSLL

IRIV=RP(L) SIMPOSL12

IROW=RPIL+1) SI¥POS13

ICOL=RP{L +2) SIMPOSL4

CALL LUACPUIL,0.04IRIV,IROW,ICOLRP,Cy1,1ER) SIMPOS1S

re 172 J=140PR SIMPOSL6

IP=¢ p-1) MNP R4y SIMPOSLT

REANEIGOIP) PL, VL TMe PRy FKO,TO, ICLASS s EXL , EXD SIMPOS1E

180t xt FCaNeU) ANC(LXICFQ,0.0)) GC TC 172 SIMPOS19
CALL 7€RQR4{UPP +NRPTS, 1)

S IMP 0520



172

175

195

199
200

201

205

CALL FLOW(DPP,EXLeEXDyGI1)ydy IL,RP,1)
CALL SMPY(DPP,WPRB(J)4LPP,NRPTS,1,0)
CALL MADD(DPP,DAV,DAV,NRPTS,1,0,0)
CCNTINUE
JPP=p
CONTINUE )
CALL WPACC(CAV,RP,TBL3,H,RLANK,1)
INITIALIZE ARRAY € TC ZERG
DC 195 I=1,NNV
EL(1)=0.0
LO 195 J=1,NNV
CALL LOC(I4JdsI1JgNNVyANY,0)
E(1J)=0.0
CONTINUE
REAC IN ENCOGENCUS ACTIVITIES
WRITE (KOG, 199)
FORMAT (*OENCCGENOUS ACTIVITIES*'/)
Ic=¢
ISET=0
IERRQR=0
REAC(KS,1 yEND=240)(S(1),1=1,10)
WRITE(K6,2) (S(I)y1=1,10)
IF (KCMP(S,41,3,END,1).EC.0) GO TO 25C

CALL ASREAD{S+TBLL,TBL2,TBL3,TEL4+TBLS,IE, 1A, IROW,ICOLyXL
* [ToIRV,IRRyIRCyHoVSyDeTSoIPOINT,NEA,PRNT,IEND,IC+C,ISET,IERROR)

IF(IC) 2C5,201,201
IF(TERRGR.EQ.1) GO TQ 2€CO

-CALL EFAC(EA A, TyMA4MT,[A,1T,1.)

HRITE(KG6,203)

SIMPOS21
SIMP0S22
SIMP0523
SINP 0524
SIMPOS25
SIMPOS26
SIvP0527
SINP0S528
SIMPOS29
SIMP0530
SIMPOS31
SIMP0S532
SIMP0533
SIMPOS34
SIMPOS3S’
SIMP0536
SINPOS37
SIMP0538
SIMP0539
SIMP0540
SIMPOS41
SIMP0542
SIMP0543
SIMPCS44
SIMP0545
SIMPOS46
SIMPOS4T
SIMP0548
SIMP0549

203 FORMAT(*OEFFECTIVE (AFTER CN-SITE TREATVMENT) POLLUTANT FACTORS GENSIMPOS5S50

204
999

C ~=—

207
210

220

$ERATED BY THIS ACTIVITY®'/)

KRITE(K64204) (TEBLS(I)I=NVM1,NTN)
FORMAT(®* 1,9({3X,A3,3X))
FORMAT('0*¢9(1PEL12.6452X))
WRITE(6+999) (EA(J) ¢J=1,4NT)
IF(NEA.EQ.C)Y GO TG 220

£C 210 IF1l.NEA
CALL LOC({1,1,1J42,NNV,0)
M=TENDI(IJ)
CALL LOC{M,IE4LoNNVsANV,0)
K=IFEND(IJ+1)
POLLUTANT NAME CRROR CCNDITION
IF(K.EQ.0) GC TO 21¢
IF(K.LT.0) GO TO 207
E(L)I=E(L)+EA(K)
EAlK)=0.0

GG TO 210

E(L)=F(L)+1.
CENTINUE

"IFINEALEG.O0) GO TO 2C€0 )
WRITE(22'1E) JALIR(OWLICCLIRV,IRRyIRCyH VS Dy TS, IPCINT,PRNT,
* (EA(J,'J=19N‘)'(NA(J)IJ-:I'NM)t("T(J)'J=11NM)

WRITE(K6+221])

SIMPOSS1
SIMPOSS52
SIMPO553
SIMPO554
SIMPOS55
SIMPOESE
SIMPOBST
SIMPOSS8
SIMP0OS59
SIMPOS60
SIrFPOS61
SIMPOS562
SIMPO563
SIMPOSES
SIMPO565
SIMPOZES
SIMPOS567
SIMPOc68
SIVPO56S
SINMPOSTO
SIFPOST1
SIMP0ST2
SIVPCST3

221 FORMAT('CEFFECTIVE PCLLUTANT FACTCRS AFTER SELECTIVE POLLUTANT CISSIMPOST74

*PCSAL THRGUGH ENDGGENCULS ACTFIVITIES'/)

226

240

KRITE(KG,2C4) (TALS({T) s I=NMLNIN)
HWRITF{6,999) (EA(J)yI=1oNT)
WRITE(K69225)

FCREAT(/7/)

Ga TN 2¢Co
HRITE(KG,241)

SINPOSTS
SIFMPOST6
SIFPOSTT
SIMPOST8
SIMPOET9
SIMPOSRO
SIrPCSAL

. 241 FORNAT(*CNO MORE CARDS WERE FCUND WHEN REACING ENCCGENOUS ACTIVITYSIMPOSB2

€ +-=
250

s -

® CESCRIPTICNSY)

siep
FULRM (I-F) MATRIX

C} 26C I=1,N\V

£G 260 J=1 NNV
CALL LCCU1.d,1L4NNVeANV,0)
H(l.FC.J) GO 1O 259
E(L)=-F{L])
GG T4 26C

755 FILY=1-g(L)
260 CONTINGE

CALL PINVIFNIVIDFT 01 ,02)

C === REAEC EXUGINOLS ACTIVITIES

147

SIvPO0SA3
SIFPOS84
SIvP0OS8S
SIMPOS86
SIMPOS8T
SIMPOSE8
SIrPOS89
SIMPOS90
SIPPOS91
SIMPOS92
SIFPOS93
SIMP0594
SIMPOS9S



£ IPLLe TRL3,TPL4 s TBLS,A19A2+B9GobLoHoVSsCo TS+ IPOINT,PSUM,PRNT)

148

WRITELKE,299) SIMPOS9g
299 FORBAT(*O0EXOGENOUS ACTIVITIES*/) SINPOS9T
300 1C=cC SI¥P0S98

I1SET=0 SIMPOS99
IERROR=0 SIMP0&CO

301 READ(KS,1,END=5C0)(S{I)s1=1,1C) SI¥PC60L
WRITE(KG6+2)(S(I)y1=1,10) SINP0602
IF(KOPP(Ss1y3,ENDy1).EC.0) GO TC SCO SIFPO603
CALL ASREAD(S,TBL1+TBL2,TRL3, TBL%,TBLSyIE, Ay IRCH+ICOLs XLy SIMPOG6O4

® IToIRVoIRRy IRCyHo VS04 TS, IPUINToNEA,PRNT, TEND,IC4s1,ISET, IERRCR) SIMPOEQS
IFLIC) 305,301,301 SIMPOEOS

305 IF(IFRROR.EC.1) GO TO 3CO SINPQ607
CALL EFAC(EA.A T, NMA,MT,IA,IT,XL) SIMPOE08
WRITE(K6,303) SINMPOEN9

303 FORVMAT{*OEFFECTIVE (AFTER ON-SITE TREATMENT) POLLUTANT LEVELS GENESIMPOE10
*RATED BY THIS ACTIVITY*/) SIMPOG611
WRITE(K6+204) (TELS(J) o J=NM1 ,NTV) SIMPO&12
WRITE(64999) (EA(J) yJ=1,NT) SIMPO613

C --- STCRE ECONCMIC INPUT VARIABLES SIMPOEL4
DO 310 J=1,NM SINPO61S
MTCT(J)=MTQT(J)+MALD) SIMPO616
CALL LOC(Jy2,L,NMy3,0) SIMP0617
MIGT(L)=MTOT(L)+MT(J) SIMPOG18

310 CCNTINUE SIMPOEL9
C —— MGVF POLLUTANT TO ENDCGINOUS ACTIVITEES SIMPOE20
IFINFA.EQ.Q) GO TO 325 SIMPOE2]

DC 320 I=1,NEA SINP0622

CALL LOC(141,1Je2,NNV,C) SINP0623
K=IEND(1J) SIMPOE24
L=IENC(1J+1) “SIMP0625

C -—— PCLLUTVANT NAME ERROR CCNDITION SIMPOE26
IF(L.EQ.0) GO TC 32¢C SIMP0627
IF(L.LT.0) GO TO 315 SIMP0E28
EL{K)=EL(K)+EA(L) SIMPO629
EA{L)=0.0 : SIMPOE30

GU TO 320 SIMPO631

315 EL{K)=EL(K)+XL SIMPOE&32
320 CONTINUE 'SIMP0633
WRITE(K6,321) SINPO634

321 FORMAT(*OEFFECTIVE POLLUTANT LEVELS AFTER SELECTIVE POLLUTANT DISPSIMPO63S
*#0SAL THRCOUGH ENCOGENOUS ACTIVITIES'/) ' SIMPOE36
WRITE(K69204) {TBLS(J) ¢ J=NML NTV) SIMP0637
WRITE(KG6,999) (EA(J)4J=14NT) SINPOE28
WRITE(K64226) SIMP0639

325 CALL PMOVE(IA,IROW,ICCLyEA,IRV,IRR:s IRC,RF,K+P,WPRB,DAV,CPP, SIMP0640
2 TRLL1,TBL3,TBL4,TBLSsA14A24BsGeHLoH,VS, D.TS.IPOINT,PSUM.PRNT) SIMP0641

GC TG 3C0 SINP0O642

C -—— CALCULATE ENDUGINOUS ACTIVITY FINAL LEVEL SIMP0643

C -—— DGMPRU IS A DCUBLE PRECISICN (FCR SECCNC MATRIX) veasxnn aF cvpnu SINPOG44
S00 CALL DGMPRD(E,ELyFLyNNV,NNV,1) SIMPOE4S

WRITE(KG6,501) SIMPOE4S

501 FGRMAT(*OENDOGENOUS ACTIVITY LEVELS CUE TO EXOGENCUS ACTIVITIES ONSIMPO64T
&LY?/) SIMPOG4S
WRITE(KE,204) (TBL4(J) 4 J=14MXE) ‘SINPO649
WRITE(69S99) (EL{J) 9J=14VMXE) SIVPOESO
WRITE(K6,503) SIMPO6S1

503 FLRMAT('CFINAL ENCCGENCUS ACTIVITY LEVELS'/) SINPOES2
WO TE(KG69204) [TBLG(J) 9 J=14MXE) SIMPCES3
WRITE(61999) (FL1J),J=14PXF) SIMPCES4

DU 550 I=1,MXE SIMPOESS
XL=FL( ) SIMPOESS
IF({XL.LE.C.0) GO TO 55C SINPOEST
REAT(22°1) TA,IROWsICCLsIRV,IRRyIRCsHVS,DyTS,y IPOINT4PRNT, SIMPOES

$ (EA(J) s J=LoNT) g (MA(JI) ¢ J=1 oM )4 (NT(J)gJ=14NM) SIVMPOES
CALL SMPY(FAGXL,EA,AT,1,0) SIMPOEGO
CALL SMPY(MA AL MA,AM,1,0) SIVMPOES]
CALL SMPY(MYXLsFT,NM,1,0) SIMPOEK2

C ~-—— STCPE ECONOMIC INPUT VARIABLES FOR ENCCGENCUS ACTIVITIES SIKPOGE3
DC 520 J=1,\M SINMPOLEA
urnrtJ)—vrcr(J)+~n«J) SIMP 0665
CALL LCC(Js?,LyNVy3,C) SIMPOEGLS
MTIOT(LI=MICTIL)+MT (D) sirpoest?

52C CIUNTINUF SIrPNESLS
CALL PMOVE(18+1RUW,1CCLeEAS IRV, IRRyIRCyRPyHsPWPRA,CAV,CPP, " SINPOELYD
SIMPCE&TO



$50 CONTINUE SIMPOGTL
RETURN SIMPOET2

END SIMPCET3
SUBROUTINE PRINTP(E¢AeTyGoWoeP EAJEL FLIWPRByWLyW2,RP, DAV, TENDyMA, SINPO674

* MY MTOTyTRL1,TRL2,TBL3,TRL4,TBLSsA1,A2,B,KL+DPP) SINPO6TS
REAL®*8 E(1)DET,S{1C)»TBLLILL) s TRL2{1)}4TOL3(1),TELG(L),TBLS()) SIVPOETS
REAL*4 A(1)+T{1)eGULl)en(1)4P{1)4EA(L),ELIL)FL{1),WPRE(L1),DAV(L), SIMPOGLT?

* hW1{1)oeW2(1)4MA(L)oPTLL),MTOT(L1)yAL{1),A2(1)sB(2)4HL(1),DPP(]) SINMPOG6TS
INTEGER#2 RP(11,1END(1)" SIMPOGTY
COMMON NWyNA NS ND NT NTANTAL,NTR,NAS,NRyNCoNPRyNGyNN1,NN2)NAS2, SIMPCE8O

& NMoNTMoNTRMyNM1,NRA,NCA,NARP ¢NH, NOP SIVMPO6B1
COMFON /MAX/ MAXAJPAXT JNRIVoNRPTS sNNV,MXAGMXT yMXRy FXE g MXN SIMPCOES2
COMMON JUNIT/ KS5,K6,K1CyK30 SIMPOGR3
WRITE(K6,101) SIMPOEB4

101 FORMAT(*IFINAL REGIONAL POLLUTION LEVELS'II) SINPO68S
DC 400 K=14Nw SIMPOE&B6

200 JPp=-1 SIMPO&BT
WRITEUIKG6,201) SINPCESBS

201 FORMAT(TORIVER ROW COLUMN DISCHARGE DISSCLVED OXYGESIV¥P0689
*N SATURATICON CEFICITY/ SIMPCESO

* ' {KG/DAY) {MG/L) SINPOE9]L

* {MG/L) {MG/L)*77) SINP0E92
DO 300 I=1,NARP SINPO693”

CALL LOC(1,414Ls44NRPTS,0) SIMPOE94
IF(RP(L+1).EQ.0) GO TO 3CO SIMP0O69S
IRIV=RP(L} SIMPCETS
JP=RP(L+13) ‘ SIMP0697?
[F{JP.EQ.JPP) GO TA 250 SIMPOE9S
SUM=0.0 SINP0699

DO 240 J=1,NPR SIMPC700
IP=(JP-1)%NPR+J SIMPOT01
REACUI25'IP) FL4VL.TVM,PR SIMPO702
SUM'SUH+HPRB(J)*CS(TM.PR) SINPOTO3

240 CONTINUE SIMPCT04
250 READ(23°I)(W(J)¢J=1,NH2) SIVPOT0S
CALL LOC(Ks24MyNHy2,0) SIMPOT06
DOX=SUM-W (M) SIVPO707
CALL LOC(Ky1sMMoNRe2,0) SIFMPOCS
WRITE(KGE,251) TBL3(IRIVISRP(L+1)yRP{L+2)4W{MM) 4DOX4SUMyW{M) SINPOTO09

251 FORMAT(' ",A8,212%Xe13)44({3Xy1PELL.5)) SINPC710
300 CONTINUE SINPOTLY
400 CONTINUE SINPOT12
IF{NOP.FEQ.1) GO TO 755 SI¥POT13

700 WRITE(KG,701) SIMPCT714
701 FURMAT('GAIR AND SOLID POLLUTANTS'/) SIFPOT1S
DO 750 I=1,NR SIMPCT16

DO 750 J=1,NC _ SIVPOT17

CALL LCC(I,JsL sNRyNC,0O) SIvpPC718
READ(24°'L) (P{JJ)yJJ=1,NAS2) SIMPOT19
WRITE{K6425) 1.4 ' SI¥P01720

25 FORMATU'OROW '415.,* COLUMN *,15). SIMPOT21
WRITE(KGy26) ) N SIVMPC722

26 FURMAT( *OPOLLUTANT NAME EMITTED {KG) AMBIENT (G PER CUBISINMPC723
®C METFR)'/) ‘ SI¥PC724
Du S0 II=1,NAS SIMPOT2S
K=NFeNwsT 1 SIMPOT26
CALL LOC(I1,1+L1,NAS,2,0)} SIMPOT727
CALL LGC(I[+2+L2,NAS¢2,+0) SINPC728
WRITE(K&,30) TALS(K),P{L1),P(L2) SINPOT29

30 FORNMAT(Y ",AB8,2(5X,1PEL15.6)) SIMPCT730
S0 CONTINUE SIFPOT31
750 CCNTINUE SIMPC732
755 IFI{NOP.EQ.2) GO TO ROS SIFPO733
£C 1800 K=1,2 _ SIMPC134
IF(KeEQal) WRITE(KOEsT61) SIMPOT3S

IF (KeECe?) WRITEIKGE,T762) SIMPCT3¢
761 FCRNAT(*OEMITTED AR AND SOLID POLLLTANTS :((KG)'/) - SIMPOT737
762 FORMAT(YOAFRIENT AR PCLLUTANTS (G PER CUBIC METER)*/) SIvPCT28
06 A0N [=1,NAS SIMPO739
1IFI(K.E0.2) AND. (L T.CT.NA)) GC TG 800 SINPCT4C

DC 770 [1=1,NR SIMPOT41

CCC 7190 JJ=1,NC SI¥PCI42
CALL LOC(H-JJ'L.NI.P\’C'C) Sl"PO’lQB
REATL240L)IP L) o d=1,NAS2) SIVPCI44

CALL LOC({[.KsLLaNAS,2,C)

SINPOT4S



790

795
800
805
890

899

891

892

893

894

895

896

C ——-—
C ==

il

12

10

20

25
30

31

AL(L)=P(LL)

CUNTINUF

KK=[4+NM+NW

WRITE(K64795) TBLS(KK)
FCRMAT(*OPOLLUTANT = *,ag)

CALL HXOU'(lvhl'NRvNC-0t60013201)
CUNTINUF

WRITE(KG, 890)

FGRFAT({ *OECONCGMIC INPUT VARIABLES - FINAL REGIONAL LEVELS'/)

WRITE(KG6¢B899) (TRLS(I)y1=1,NM)
FORNMAT(26X,7(3X,A8,3X))

DO 891 I=1,NM
CALL LOC(I41,4L1,NVM,3,0)
CALL LOC(T,2,L2,NM,3,0)
CALL LOC{I,3,L3,NVMy3,0)
HTOT(L3)=MTQTJLl)JMTﬂT(LZ)
CONTINUE
WRITE(K6.892) (MTOT(I),I1=1,NM)

FCRMAT(*OCUE TO ACTIVIVIES® (8Xo7(1PEL2.642X)/ 126X, 7{1PEL12.692X)))

00 893 I=1,NM
CALL LCC(I+24L2,NM,3,0)
MTOT(I)=MTOT{L2)
CCNTINUE
WRITE(K6,894) (MTOT{I),1=1,NNM)

FORMAT('OCUE TO ON-SITE TREATMENT ', 7(1PE12.642X)/(26X,T{1PE12.6,

& 2X)))
D0 895 I=1,NM
CALL LOC(I,3,L3,NMy3,0)
MIOT(I)}=MTOT(L3)
CONTINUE
WRITE(K6,896) (MTOT(I),I=1,NM)

FORMAT{*OTOTAL"» 20Xy T{1PEL12.642X)/ (26X, 7{1PEL2.642X)))

RETURN .
END

SUBROUTINE ASREAD(S,TBL1,TBL2,TBL34TEL4,TBLS,IE41AsIRCWsICCLyXLy
% IToIRVyIRRGIRCyHVSyDs TS, IPOINT,NEA,PRNT,I1END, IC,IP, ISET, IERROR)
€ --— THIS SUBRCUTINE REACS IN ACTIVITY SPECIFICATION

I1P=0 ENDOGENOUS ACTIVITY
IP=1 EXOGENCUS ACTIVITY

REAL*8 S(1),FNUMBR,TBL1(1),TBL2(1),TBL3{1),TBL4(1),TBLS(1)},STAR
COFVMCN NWyNAJNS NDsNTosNTANTALSNTRyNAS,NRyNCoNPRyNGyNW1yNW2¢ NAS2,

& NMNTM NTRM,NM1,NRAJNCANARP 4NH,NOP

COPNMON /MAX/ MAXASMAXToNRIV,NRPTSyNNVoFXA,MXTyMXR4MXEMXN

COFVMON /JUMIT/ KS5,K6,K10,K30
INTEGER%2 TEND{1l)

OATA STAR/*% /

IF(IC.GT.0) GO TO 35

IF{IP.EC.1) GO TO 20

CALL SEGUTBL1,S»11,8,VMXA,IA)
lF([A-GT.O) GO TO 10

IP0S=11

CALL ERROR(251+MAXA,S,IP0S,8)
WRITE{KG6,12)

FORMAT(*OTHIS ACTIVITY WILL BE IGNORED')
IERRCR=1

Ga 10 30

CALL SEC({TBL4+S.2¢8,MXE,IE)
IF(IE.GT.0) GC TO 30

CALL ACG(TBL4,+S:2+82NAVMXE) ’
IF({MXE.LTLN) CALL ERROR(I,QQNNV,SQZ,B)
TE=MXE

GO 70 30

CALL SFO(TBL1,Ss2+8.MXA,1A)
IFLIALGT.0) GU TO 25

1PCS=2

GC 10 11 "

XL=FNUVMBR{S,11,8)"
IROL=NUMRER(S,2C,3)
1COL=NUFRER(S,24,3)

CALL SFCITRL2,S,28,84MXT,IT)
IL{IT.GELO) GU TG 32

CALL [RROR(Z2+29MAXT,5,2848)

WRl 1¥ {xg,31)

FORMAT L QTRANSFI®MATION ACTIVITY ATTEMPTED WILL_ RE IGNORED®)

=( f
n 150

SIMPC T4
StMpOI4T
SIMPOT4R
SIFPOILY
StvPQ SO
SIMPO IS
SIv¥PO 52
SIMPO 753
SIMPO 154
SIMPO 755
SIMPOT56
SIMPOIST?
SI¥P0O758
SIMPO 759
SIMPOYRO
SIMPO6]
SIMPOT62
SIMPO763
SIMPOTES
SIMPO 765
SIMPOYES
SIMPOQT67
SIVPO£8
SIMPOT69
SINPOI7C
SIMPOT71
SIMPOT72
SIMPOT73
SIMPOT74
SIMPOT7S
SIMPOT76
SIMPOT77
SIMPOT178
SIMPO779
SI¥PO780
SIMpOT781
sImMp0o782
SIMPOT783

-SIMPO1784

SIMPO785
SIMPO86
sIivpO87
SIrPOT788
SIMPO789
SIMPO790
SIMPOT79]
SI¥MPO792
SIMPOT793
SIMPQ 794
SIMPOT95
SIMPO796
SIMPOT97
SINP0O798
SIMPOT799
SIepPORCO
SIMPOSOL
SIMPOE02
SIMP0O803
SIMPOE04
SIMPOBOS
SIMP0OROE
SIMPOHOT
SIMPCE0S
SIMP0RQ9
SI»P0210
SIMPOA1L
siveQel2
SiMPO813
SIMPOEB14
SIMPOBLS
SIMPOELE
SIMPO8L7
SiMpoelLd
SIMPOB19
SlMPOqZD



32

34

cc -~

36

35

45

44

49
46

47

48

60

100

150

200

CALL SEQ(TBL3,Sy37484MXR,IRV) SIMp0821
IFUIRV.GE.O) GO TO 34 Sivp0822
CALL ERROR{2,3,NRIV,S,137,8) SIvMPQH23
33 FURMAT('OIF WATER PCLLUTANTS WERE TO BE MOVED INTO THIS RIVER, THESIMP0824
&Y WILL BE IGNORED.') SIMPOH2S
IRV=0 SIMPC826
IRR=NUMBER(S¢46,3) SIMP0OB27
IRC=NUMBER(S+50,3) simppsg2s
IPOINT=NUMBER(S+5441) SIMP0829
NEA=NUMBER(S:65,3) sI¥PQ830
PRINT OPTION SiMp083l
CALL MOVE(S+69+1,PRNT,1) Sivp0832
IF(KOMP(S,56:1+STAR,1).ECQ.O0) GO TO 150 SIMPO833
H=FNUVMBR(S+56,+8) SIMPQE834
D==1.0 SIMP0O83S
IF(NEA.EQ.O) GO TQ 1CO sivpPQda3ls
IC=1IC+1 SIMPOB37
RETURN SIvpPQa3s8
IF(ISET.EC.1) GO TO 20C SIMP0839
LNEA=NEA~-(IC-1)%6 SINPOB4O
ISET=C SIMPO841
IF(LNEA.LE.S) GO TO 45 SIvPQ842
ISET=1 SIMPO843
LNEA=6 SIFPQ844
1P0S=-9 SIMPOB4S
K=2%(IC~1)%*6 SIMPO8B46
D0 60 I=1,LNEA SIMP0847
K=K+2 SIMPO848
[POS=IP0OS+10 SIMP08B49
IF(KOMPISsIPOSs8,STAR,1).EC.O0) GO TC 49 SIMPO&SO
CALL SEQ(TBLS5,S+IP0S+8,MXN,ISEQ) SIMPOBS1]
TENDI{K)=TSEG-NV SIMPOBS2
IF{IEND(K).GT.C) GC TC 46 SIMP0O8S3
CALL ERRGR(24+54NTM, IPCS+8) SIvPOBSS
KRITE(KG6,44) SIMPOESS
FORMAT(*CTHIS EFFECT ON THE ENDOGENCULS ACTIVITY WILL BE IGNCRED.®*)SINPOE56
TENO{(K)=0 SIMPQ8BST
GO Y0 46 SIMPOESS
IEND(K)=-1 SIMP0O85S9
K=K-1 SIMP0860
IPOS=IP0OS+10 SIMPO8S61
CALL SEQ(TBL4+S+IP0S+8«MXE,ISEQ) SIMPQ862
IF{(ISEQ.GT.0) GO TO 48 SIMPOBE3
IF(ISEQC.LT.0) GC TO 47 SIMPQBG4
CALL ERROR(2,4,NNV,S,IPCS,8) SIMPD86S
CALL ADD(TBL4,S+IPOS+8yNNV,MXE) SivPOEsSE
IFIMXE.LT.0) CALL ERRCR(1444NNV,S,2,8) SIMPOBG7
ISEQ=VMXE SIMPOESS
IEND(K)=ISEQ SIMP0O869
K=K+l SIMPOBTC
CCNTINUE SIMPOET71
IF(ISFTLEC.O) GO TO 100 SIMPOBT2
IC=1C+1 SIMP08B73
RETURN SIMPCET4
1C=-1 SIMPORTS
RETURN SIVMPCET6
1SET=1 SIMPQRTT
H=FAUNBR(S,57,7) SIMPOBTS
GO 10 3¢ SIMPO8T79
VS=FNUMBRR{S,11,10) SIFPOESO
D=FNUMBR(S,21,10) SIMP0O881
TS=FNUMBR(S,31,1C) SIMPO&B2
ISEV=C. SiMpQRag3
IFINEALFC.C) GC TO ICO SINPOERY
RETURN - SIMP0OE8S
EAD SIMPOR8S
SUBRDUTINE PMOVE(IA(IRChy [CCLEA, IRV,IRR,IRC4RP,y¥W,PsWPRB,CAV,CPP, SINPOEBT
% TRLLsTRL3,TRLA4TBLS (A1 4A2,B9CobLsHoVS,Cs TS, IPOINT yPSUNPRAT) SIvMPOHES
REAL*E TRLI(1),TBL3{L),TBLS4(L),TRLS (1) SIvPO88B9
REAL¥SG FACL) JWPRBEL)em(1) 4P (L)AL 1)9A2(1),+8(1)4GL) HLIL)yDAV(L)},SINMPQRIQ
& CPetl) SiMPCE9l
INTRGERE2 RP(]) SIFPCEG2
COUMFON Ny "NAINS  NDGNToNTASNTAL NTRyNAS o NRyNCoNPRyNGyNW1,NW2,NAS2, SIMPOET3
& WV MY NTRM o NML NRAZNCASNARP (N NCP SIMPCEGS
COPMON fMAX/ MAXA MAXToNRIVINRPTS,NNVyMXAyMXT o MXRy MXE ,MXN SIMPOBY9S

151



251 FURPAL (*OPRINY CF DISPERSED WATER ANC AIR POLLUTANTS FOR ACTIVITY
®0, Aty * LOCATED AT RCh *,13,° ANC CCLLMN ',13/7)

300

341 WRITE(KG6,342) THLL(TA),IROW,ICOL,TBLI(IRY) ,IRR,IRC
342 FURPAT('CINVALID RIVER SPECIFICATICN FCR ACTIVITY
* AT ROW *4I3,' AND COLUMN *,I3,¢. THE RIVER
*® [3,' AND*/* COLUMN *,13," NOT FOUNC. WATER POLLUTANT CUTPUTS IGNSIMPOS09

380

400

410

420

500

506
540

550
600

C ——-
C ===

CUMMON JUNTY/ KSoK6,K10,K30
OATA PP /rpyy

IV IKOMPIPRNT 4 1414PP,1).NF.O) GO TO 3CO
WRIFE(KA,251) TOLL(1A),IROW,ICOL

PU 380 I=1,NW
IF(EALT).EC.0.0) GO TC 1380

SINPOR9g
SIMP0OE9?
SIMP0I898
S1vMP089Y9
SIMPOSQQ
SIMPOINY
SIFPOSOQ2
SIMPOSGO3

CALE WATFRLCI,EA(T)¢IRV4IRR,IRCyPRNT ,RP,hPRByDAV,CPPoWsGeTBL3, [ERISIFPOI04

IF{IERLEG.O) GO TC 380

*0REQ.*//)
GC V0 4Co
CCNTINUE

CHECK TO SEE IF ANY REMAINING AIR QR SCLID POLLUTANTS

SUM=0
0C 410 I=1,NAS
K=T+NW
SUM=SUM+EA (XK}
CUNTINUE
IF{SUrM.EQC.O0) GO TO SCO
CALL LOC{IROW,ICOL,L NRyNC,C)
REAC(Z24'L) (P{J)yJ=1¢NAS2)
DO 420 J=1,NAS
K=J+ N
PlJ)I=P(J)+EA(K)
CONTINUE
WRITE(24°'L) (P(J),yd=1,NAS2)
CALL AIR DIFFUSION FCR THIS ACTIVITY
DU 6C0 I=L14NA
K= +Nh
IF{EAIK).EC.0.0) GO YO 6C0O

CALL AIRPRBUALA2,RyGU1)EA(K)sIRONyICCLG(2)sHL(I)oHoVSsDsTS,
& JPOINT,PSUM)

IF{KONMP(PRNT,1,1,PPo1).NE.C) GO TO 540
KK= I +NM+NW
WRITE(K69506) TBLS{KK)
FORMAT(*OPOLLUTANT ¢ ¢,A8)
CALL MXOUT({I4AL NRyNCy0460,132,1)
DO 550 II=14NR
00 550 JJ=1,NC
CALL LOC(IT3JJeLeNRy,NC,0)
READ(24'L) (P(J)yJd=1,NAS2)
CALL LOC(I,424LL,NAS,2,0)
PILL)=PILL)+AL{L)
WRITE(24°'L)Y(P(J)4J=1,NAS2)
CCNTINUE
‘CUNTINUF
END
SUBROUTINE FFACIEA, A, TsNMAMT, IA,ITeXL)

SIMPOSGS
SIMP0OSQ6

t,A8,' LOCATEDSIMPOSCY
'yABy* AT ROW ¢

SINPOSOS

STMPOSL0
SIMPOSIL
SIMPOS12
SINPOS13
STMPO9I14
SIMPO9LS
SIMPO915
SIMPO917
SIMPOSLS
SIMPOS1S
SINPOS20
SIMPOG2]
SIMPOG22
SIMPQ923
SINVPO924
SIMPOS25
SIFP0926
SIMPOS217
SIvMP0O928
SIMPOS29
SINP0930
SIvPO931
SIMPOG32
SIMPO0S33
SINPO934
SIMPQ935
SIMPO936
SINPOS3?
SIMPOS38
SIMPOG39
SIMP0O940
SIMPOS4l
SIMPO942
SIMP0OG43
SIMPO944
SIMP094S
SIMPOS46
SIMPO941
SIMPO948

SUBRCUTINE TC CALCULATE EFFECTIVE ACTIVITY By COFBINING PRIMARY ACSIMPOS49

AMD TRATMENT MATRIX WITH LEVEL OF CPERATICN
COMPON NRoNAJNSsNDoRToNTANTAL NTRyNASyNRyNCoNRP o NGy N1, NN2,NAS2,

% NMNTMyNTRM,NM1yNRAJNCANARP yNH
REAL®L ALL)oT(1),EALL)4MALLILNT(])
1£{IT.EC.O) GO TO 1IC
REAL(20°TAY(PALL) s I=1oAN)+(A(T),I=14NT)
REAC(ZLYITIIMI(I), I=1oAM) o (T(E)oI=1,ANTR]
CALL GMPRDUIT.ALEA,NTALATA,1)
IF(ND.EC.0) GU TO 2¢€
BC S I=NTAL.NT
FALL)=ALT)

5 CCNTIAUE

GC 10 20

10 READ(ZO'TANINMALT) o121 sMP) o {EALT) o I=14NT)

00 15 I=1l.HM
Piti)=C

15 CLNTIKUF
20 CALL SPPY(EAXLeFAINT,1,0)

CALL SMOY{MA XL VANV, 1,0)
CALL SYPY(MT XLoMTeAV,1,0)
RETLARY 152

SIMPOSS50
SIMPCSS]
SIMP0S52
SIMPQ9S3
S1MPOG54
SIMPOSSS
SIMPO956
SIMPOSST
51MP0958
SIMPOSS59
SIVP0960
SIMPOS6]
SIMP0962
SIMPOS63
SIVPO964
SIMPOGES
SINPOYG6S
SIMPQGE?
S1vVPO9a8
SIMPCS6I
S1M4P097)

§



c

2 ialskakakaininkala

[ n]

ENRO

SUBROUTINE WATERL(IPOL¢XLCAD,IRIV,IRCH,ICCL,PRNT,RP,WPRB,

* NDAV.DPP4W,G, TBL3,IER)
—-=~— XLOAO IS BOD (KG PER CAY)
REAL#*8 TRL3(1)
REAL*4 WPRB{L)4DAV(L),CPP(1)sW{1),G(1)
INTEGER*2 RP (1)

COMMON NWyNANSyNDyNTyNTA,NTAL,NTRyNAS,NRyNCyNPRyNGsNW1,NH2,NAS2,

* NM,NTM NTRMyNMLyNRA,NCA,NARP,NK,NCP

COMMON /MAX/ MAXAyMAXToNRIVyNRPTS 4NNV yMXA,MXT43MXR,yMXE MXN

COMFON JUNIT/ KS5+K6,K10,K30

CALL LOADP{IL,XLOAD,IRIV,IROW,ICOL,RP,IPCL,0,1ER)

IF(IER.EC.1) GO TC 2CO

CALL ZEROR4(DAV,NRPTS,1)
0C 100 I[=1,NPR .

CALL ZERDOR4(DPP4NRPTS,1)}

CALL FLOW(DPP{XLOAD+0.0 +G(1l),I,IL+RP,0)

90 CALL SMPY(DPP+WPRB(I),sDPPyNRPTS,1,0)
CALL MACO(DPP,DAV,DAV,NRPTS,1,0,0}
100 CONTINUE
CALL WPADDIDAV.RP,TEL3,W,PRNT,IPCL)
200 RETURN
END
REAL FUNCTION DEOXK(FKO,TO0,T)
IF{FKO0.EQ.O0) FKO=.39
IF(T0.EQ.O0) T0=20.
IF{(T.GE«C) AND.{TalTo7.5)) THETAK=1.15

IF((TaGE.7.5) . AND2(T.LT.15.0)) THETAK=1.11
IF{(T.GE.15.0).AND.(T.LE.30.0)) THETAK=1.05

IF(T.GY.30.0) THETAK=.97
DEOXK=FKO*THETAK**{T-T0)
RETURN

END

REAL FUNCTION REOXR(RO,TO,T,ICLASS)
IF{T0.€EQ.0) T0=20.
IF{ICLASS.EQ.1l) RO=.5
IF(ICLASS.EQ.2) RO=.7
IF{ICLASS.FG.3) R0=1.0
IF{TCLASS.EG.4) RO=1.6
REOXR=RO*EXP{.,024*(T-TC))
RETURN

END

REAL FUNCTION CSI(T,P)

CS=IP/T760.)%(14.652-4.1022E-1%T+T7.9910E-3%T**2-T7T, 7TT7T4E-5%T*%3)

RETURN
END

SUBROUTINE STPH(COD¢XLNaXL,COXsFK4FR,CIST4V)

——~ STREETER-PHELPHS MODEL
——= pCO IS DISSGLVED OXYGEN DIFICIT AT NEXT POINT
—~— XLN IS EFFFCTIVE RESIDUAL LCAD AT NEXT PCINT (MG/L)
‘——— XL IS.INITIAL LCAD
--~"pOX IS.INITIAL DEFICIT
——— K IS DICXYGENATICN CCASTANT
-——— FR [S RENXYGEMATION CONSTANT
——— DIST IS DISTANC® RETWEEN POINTS
~——— V IS RIVER'VELOCITY
-—— T IS TIVME
T=DIST/V

DER={{FK¥XL) /{FR~FK) )X {EXP(-FK#T)}—EXF(-FR*T) )+CCX*EXP(-FR*T)

XLN=XL*EXP(-FK%T)

RETURN

EAD N

SURRNUTINE FLCW(NPP¢XLCAD,EXQOGCSICE,IP,IL,RP,ITYPE)
~—= [TYPE=1 —-— EXQGENNUS LLAD
=== 11YPF=0 -- POD CONTRIBLTION (KG PER CAY)

REAL%E4 DPPL])
INVRGER®2 RP (L)

- CUMMON NH'NA'NSvNDgNT'NTA,NIﬂlQNTR' NAS s NR¢yNCyNPRy NGy NW1,NW2,NAS2,

& AVMTV NTRM NP Lo N2AGNCALNARP JNPLNCP

"CURMMUN IMAX/Z MAXAGMAXT (NRIV(NRPTSyNAVIMXAMXTMXRy MXEMXN

——= StT I TO LOAL POINT
- I=1t
CALL LOC(lol,4L,4,NRPTS,C)
1SET1=0
1% XL=XLCAD 153

SIvPCS?71
SIMPO972
SIrMPOS73
SIMPOST4
SIvPOSTS5
SI¥P0OS76
SINPO971
SIVPOSTS
SIMPCST9
S1MP0S80O
SIrPOSEL
SiMpP0982
SIvpOSE3
SIMP 0984
SIrMPOSES
SIMP 0986
SIMPCSB7
SImMP QOGRS
SI¥pPCS89
SIMPCS90
SIMPOSIL
SIMP 0992
SIFP0S93
SIiMP 0994
SIFPOSSS
SIMP0O996
SIVPOSIT
SIMPOS98
SIVMPOSS9
SIMP1COO
SIMPLICOL
SiMP1C02
SIF¥P1CC3
SIMP1CC4
SIMP1COS
SIMP1CO6
SIMPLCTT
SIMP1CC8
SIKP1CO9
SIMP1010
SIMP1C11
SiMP10O12
SIFVPICL3
SIMP10O14
SIMPICL1S
SIMPLCl6
SIMPICLY
SIMP1018
SIMP1C19
SIMP1C20
SIMP1IC21
SiMP1C22
SIMP1C23
SIMP1C24
SIFPLIC25
SIMP1C26
SIVP1C27
SIvp1C28
SIvP1C29
SINMPLC30
SI¥p1C3l
SINMP1C32
SIvP1C33
SIMP1G34
SIVMP1C3S
SIFPLO3G
SIMPIC3T
SIMPiC38
SIdP1C39
SIMP1C40
SIMPLCGL
SIMP1C42
SIFP1C43
SIMP 1044
SIMP 1G4S



DCX=EXQGD

SIMP 1046
LROW=]P(L+1) SINP1C4T
LCCL=RP(L+2) SIFMP1C4SB
IRAP=-1 SIMP1C49

C —-— CALCULATE RANDOM ACCESS SEQ FUR RIVER CHARACTERISTICS SIMP1CSO
16 IRA=(RP(L4+3)-1)%NPR+[P SIvVPLICS]

C ——— IF SAME AS PREVICUS RIVER STRETCH, CC NCT REREAC SAME NUMBERS SIMP1CS52
IFCIRALEQ.IRAP) GO TC 20 SIrMP1CS3
READ(25*IRA) FL,VL,TVP,PR,FKO,T0,ICLASS SIMP1CS4
FK=DCECXK(FKOyTQ,TM) SIMP10S5
FR=REOXR(RO,TO,T¥, ICLASS) SIMP10S6
IFCISET.EC.0) GG TO 21 SINMP1CST

20 ADJ=1l. SIMP 1058
IF(FL.GT.PFL) ADJ=PFL/FL SIMP1CS9
XL=XLN%ADJ SIMP1C60
DCX=DCOD#*ACJ SIMPLCE]

C —-— STORE CONTRIBUTION TC CISSCLVED CXYGEN CEFICIT AFTER FLCW ADJUSTMESIMP1C62
19 DPP{I1)=00X ’ SIMP1C63

GO 10 22 SIMP 1064

21 ISET=1 SIMP1C6S
[F{ITYPE.EQ.1) GO TC 19 SIMP1CE6
XL=XL/FL SIVMP1ICET

C ——— FIND NEXT PODINT SIMP1C68
22 I=1+1 SIFMP1C69
CALL LOC(1,1I,Ls4,NRPTS,0) SIMP1CTO

C —-—— A POSITIVE RIVER ROW INCICATES SAME RIVER SIMPICTL
IF(RP{L+1).GT.0) GO TC 30 SIMP1072

C ——— A ZERO RIVER SEC INDICATES THAT RIVER CCES NOT EMPTY INTO ANY OTHESIMPLICT3
IF(RP{L).EC.0) RETURN - SIMP1074

C -—— PCOLLUTANTS NCW FLOW INTC A NEW RIVER SINPLICTS
I=RP(L) SIMP1CT6

CALL LOC(1,1,Ls44NRPTS,0) SINPLC77

30 NRCW=RP(L+1) SIMP1CT78
NCOL=RP(L+2) SIMPLCT9
X=(IABS(LRCW-NROW))*SICE SIMP1C80
Y=((ABS{LCOL-NCOL))£SICE SIvP1C81
DIST=SQRT (X*%2+Y%%2) SIMP1C82

€ -—— CHECK [0 AVOID OVERFLCW SIvMP1C83
IfF(UOX.LE.1.0€E-20) CCX=0.0 SIMP1CB4
IF(XL.LE.1.0¢-20) XL=C.0 SIVP1C8S
IF({DOUX.EC.0.0) .AND<(XL.EC.0.0)) RETURN SIMP1C86

CALL STPH(DODyXLNyXLsDCX4FK3FR,DIST,VL) sivP1C87
PFL=FL SIMP1088
LROW=NROW SIMP1CB9
LCOL=NCOL SIMP1C90

GO TO 16 SIMP1091

END S1MP1C92
SURROUTINE LOADP(IL,BGD,IRIV,.IROK,ICCL,RP, IPOLyITYPE,IER) SI¥P1C93
REAL*4 (1) SIMP1C94
INTEGER®? RP(2) SIMP1C95
CUMMON NWyMA G NSsMDyNToANTAsNTALSNTRINAS,NRyNC yNPRoNGoNW1sNW2¢NAS2, SIMP1CI6

& NMoNTMoNTRM,NFL NRASNCA,NARP JAFoNCP SIFP1ICIT
COMNON /MAX/ MAXAGMAXT ,NRIV.NRPTS, ANV ,MXAy¥XT ,#XRyNXE VXN SIMPICI8

IerR=0 SIMP1C99

C -—— FING LOAG POINY sIMP11C0O
CC 1C I=1,NHPTS SIMPLICL

CALL LOC(1l414L44,NRPTS,0) SIvP1102
[F{(IRIV.EC.RPIL)I)ANC. (IRCRaECRP{L41)).AND. {ICCLLEQ.RP(L+2))) SIvP11C3

s GO TG 1% SIVMPL104

10 CCATINUE SIMPL1CS
[rr=1 SIMP1106
RETULRN SIMP1107

15 I1L=1 SIMPL10B
IF(ITYPE.EC.Y) GO TC ICC SIvP11CY

C --- STOPE ACD CUNIRIRUTION (KG) SIMPL110
REAT(23'TLYIIN(I),d=14An2) SIMPILLL

CALL LGCLIPOLs 1L ,NRPTS92¢C) SIVPLL12

Wil )=w(L)}4PCD SIMP1113
KRETE(23¢IL ) (W), 0=1,A02) SIFPLIL14

10C ReTURN SIvMPL115
tne SIFPLLLG
SLPVYOLTINE wBATE(TAV,RP,TRL3shy PRNT . IPCL) SivPLLLT

1AL SE TP 3¢1) SIrPL1LS
Ry A %4 LAV(L1),nil) SIvP19

LTI RO D) 154 SIFP1120



COMPCN NWeNASNSyNDyNT NTANTAL,NTRyNASyNRyNCyNPRyNGyNW]1,NW2,NAS2, SIMP1121

% NM,NTM,NTRM,NML,NRA,NCA,NARP ANH,NOP SIMPL122
CCMMON /MAX/ MAXASMAXToNRIV,NRPTS  NNVy¥XAaMXToMXR,MXE 4 NXN SIMP1123
COUNMMON JUNTT/ K5,.K6,K10,K30 SIMP1124
DATA po/spry SIMP1125
IF(KOMP(PRNT 41,1,PP,1).NE.0) GO YO 102 SIMP1126
WRITE(KE,101) strvP1127

101 FORMAT(*ORIVER ROW COLUMN CONTRIBUTION TO DISSOLVED OXYGEN DESIMP L1128
*sFICIte/) SIMP1129
102 00 150 I=1,KARP SIMP1130
IF(DAVII).EQ.0.0) GC TC 150 SIMP1131
CALL LOCU1414Le44NRPTS,0) SIMP1132
IF(KOMPI{PRNT,1,1,PP,1).NE.O) GO TO 1CS5 sivP1133
K=RP(L) SIMP1134
WRITE(KG6,103) TEBL3{K),RP{L#+1),RP(L+2),CAV(I) SIMP1135

103 FCRMAT{' ?,A8,2{2%413),5%X,1PE15.6) SiMP1136
105 REAG(23¢I)(W(J)pJ=1,Nh2) siMpP1137
CALL LOC(IPOL,24LsNWs2,0) SIMP1138
KIL)=W{LI+DCAVID) SIMPL139
WRITE{23* [){W(J},Jd=1,NH2) SIMP1140

150 CCNTINUF SIrvPL141
RETURN SIMP1142

END SINP1143
SUBROUTINE WRCH(S,FLsVL,TM,PRFKOsTOsICLASS,EXL,EXD) SIMP 1144
REAL%8 S(1) SIVMPL145

-~—= FL IS FLOW(LITERS PER DAY} SIMPL146
FL=FNUMBR(S,11,10) SIMP 1147

——— VL IS VELOCITY (KM PER DAY) -~ CONVERT TO METERS PER DAY SIMP1148
VL=FNUMBR(S421,410) SiMP1149
VL=vL#1000. SIMP1150

——— TM IS WATER TEMPERATUE (DEGREES CENT) SIMP1151
TM=FNUMBR{S,31,10) SIMP1152

~~=~ PR IS BARAMETRIC PRESSURE (MM CF MERCURY)) SiMP1153
PR=FNUMBR{S,41,10) SIMP1154
FKO=FNUMBR(S,51,5) SIMP1155S
TO=FNUMBR(S956,5) SIMPL156

~—— JCLASS IS RIVER TYPE (1 IS SLCw MOVING RIVER ; & IS RAPIDS) SIMp1157
ICLASS=NUFNBER{Ss61y1) SIFP11S8

-—— EXL IS EXCGENQUS LOAD AT A POINT SIMP 1159
EXL=FNUMBR(S+62,9) SINP 1160

——— EXD IS EXGGENOUS CONRIBUYION TC DEFICIT SIMPllel
EXD=FNUMBRI(S+71,10) SIMP1162
RETURN SINP 1163

END SIMP1164
SUBROUTINE AIRPRE (A14A2,8,S,Qy IROW,ICCL,LO,ToHVSyDyTS,IPOINT, SIMP1165

* SUM) SIFMPL166
REAL%4 AY(1),A2(1).8(1) SIMP1167
COMMON NW,NAHSsNDyNT<NTAZNTAL,NTRy NAS,NRyNCyNPR.NGyNW1,NW2,NAS2, SINMP 1168

® NMoNTM,NTRM,NML,NRA,NCA,NARPyNtyNCP SIMP 1169
COMMON /JUNIT/ KS,K6,K10,4K30 SIM¥MP1170
CALL ZEROR4(AL,NR4NC) SIvP1171
IRDW2=IROW%2 SIMPL11T2
ICOL2=1ICCL#*2 SIMP1173

C < --= Q IS ENTERFD AS KG — 1T MUST BE CONVERTED TO MG/SEC BASED GN # HRSSIMP1174
Q={C*500.)/(9.%NH) SIMP1175S

REWIND K30 SIvPlLTS

10 CALSL ZERCR4G{FB,NRALNCA) SIMPLI1T?
READ(K3IO,F1D=50) PRCR, ISTAB,WINDsU.P,TA SIMP1178

CALL AIRDIF(B,NRAJNCAsSeCoeIRON2,ICCL2yWIND, IPCINT, ISTAR,U,P, TA, SIMP1179

£ LOaTyH VSN, T15,1ECR) SIMP 1180
IF(IER.EG.1) GG YO 10 SIMP1181
PROF=PROB/SUM SIMPL182
CALL AVG(A2,#,NRyNC,ANRA,NCA) sirpil83
CALL SMPY(A2,PRUHGA2,XR¢NC,0) SIMP1184
CALL MADD(A2,A15A14AR,ANC,0,0) Simp1i8s
GU TO 10 SirP 186

S0 RETURN sivpl187
END Sivp1188
SUBROUTINE AIRDIF(B,NRAJNCA,S,CyIRCW2oICCL2,hIND, IPOINT,ISTAR,U, SIMP1189

* Do TAL L0 ToHeVSH 0TS, ILR) SImp 1190
RLEALSG RL), 0L (H) SIvPL19]
I~TE01 24 TNEEX(32) SINP1192
CLEMUN ZUNTT/ K5eKA,K10,K30 SIMP 1193
DATA WD/ rge 2 G008 [ ¢ [ ONE* INRS,ISES IGKTY SivMP1194

CATA INDPEXZ1 30400 lo=120,091909~1919040901914¢0ple=1sloloelele=lole-1,SIMP119S
7
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& ~le=-lyle-1s1,1,17 SIMP119¢

1 HE=ESHUHs ISTAB.VS,0,U,P,TS,TA) SIFP1197
FL=DFLILO,ISTAR) SIMP119g
CALL SIG(SIGY,SIGZsSeXLoISTAB,IPOINT,FL,1) SIMP1199
IER=0 SIMP1200

€C 5 I=1,8 SINMPL2C)
IF(RIND.EQ.WDII)) GC TC 9 SIMP 1202

‘5 CONTINUE SIMP1203
IER=1 SIMP1%04
RETURN SIMP120S

9 CALL LCC(1,I,L,4,8,0) SIMP 1206
IX=INDEX(L) N SIMP1207
JX=INDEX{L+1) SIMP1z08
IY=INGEX(L+2) STMP1209
JY=INDEX{L+3) SIMP1210
DIST=S/2 SIMP121]
TE(L.GT.4) DIST=S/SQRT(2.) SIMP1Z12
1=0 SIMP1213

10 I=1+1 SIMP1Z14
IR=IRCH2+[*1X SIMP121S
IC=ICOL2+I%JX SIMP1216
IFCITEST(IR,IC,NRA,NCA)) 200,15,15 SIMPL217

15 X=DIST*I SIMP1Z18
CALL SIGUSIGY,SIGZ+SeXeISTAB, IPCINT+FL,0) SIMPL219
CALL CALTV(ICAL,X,XL,THETA) SIMP1Z20

< 1SET=0 SIMP1221
JSET=0 SIMP 1222

C ——— FUR THE WIND DIRECTIONS NE,NW,SEoANC SW, THE FOLLOWING ALGORTHM DOSIMP1223
€ ——— NGY CALCULATE VALUES FCR ALL THE B VALUES. IT CALCULATES ONLY SIMP1224
‘C ——— THCSE SUBSECQUENTLY USED IN THE SUBRCLTINE AVG. SIMP1225
=-1 SIMP1226

20 J=J+1 SIVP1227
IF{J.GT.1) GO 10 10 SiMP1228
IF(UISET.EC.1).AND.{JSET.EC.1)) GO TC 10 SIMP1229
Y=DIST#J SIMP1230

GO TO (30,40,50), [CAL SiMP1231

30 APD=CHIL{X4Y,0,SIGY,SIGZ,UHE,T) SIMP 1232
GO T0 60 SINP1233

40 APD=CHI2(XsY,0,SIGYSIGZ U.FL,T]) SIMP1234
GO YO 60 SIMP1235

SO0 APD=THETA*CHIL{XeYsQeSIGY+SIGZyUsHE»T)+{1-THETA)RCHI2(X,Y»QySIGY, SIMP1236
® SIGZ UyFL4T) SIMP1237
60 IR1=IR4J%*1Y SIMP1238
1C1=I1C+JsJY SIMP1239
IF(ITEST(IRL,L,ICL,NRA,NCA)) 90,70,70 SIMP1240

70 CALL LOCUIR1,IC1,LeNRALNCA,0O) SIMP1241
B{L)=APD SIMP1242

75 IRI=IR-J=IY SIMP1243
IC1=IC-J%JY SIMP 1244
IFCITEST(IRL,(CL,NRA,NCA)}) 100,80,8C SIMPL245

80 CALL LCCUIR1,IC1l,LsNRA4NCA,D) SIMP 1246
B(L)=APD SIMP12417

GO TQ 20 SIMP] 248

90 ISE1=1 SIMP1249
Go 10 75 SIMP1250
100 JSET=1 SIMPL251
GC YO 20 SIMP 1252
200 RETURN SIMP1253
END ’ SIMP 1254
SUPROUTINE AIRCHR(S,PRCB,ISTAB;hINCsLsPRES,TA,IER) SIMP 1255
REAL#E8 S(1),FUMRR SIMP 1256
RE-ALE4 WD(B) SippP1257
CUMMON FJUNIT/ KSK6,K1C,K30 SIvP 1258
GATA 5D/ N',% S% " E*.' WYa'NE < INW'.*SE**She/ SIMP1259
DATA BLANK/® v/ SIMP 1260
1ER=0 SIivelL261
PROP=FNUMHR (S 11,10} SIMP1262
ISTAB=NUMBER({S,25,1) SIMP1263
CALL MNVF{BLANK,1,4:WINC,1) SIMPlz64
CALL MOVE(S+29,2,wiINCH]) SIMPL1265°
U=FAyMBR(5931,10) SIMP12Z€6
PRFS=s NUMBPR{S,41,10) sIvp12¢l
TA=FNUMBR (S 910 1D) SIMP1268

LU 5 1=1,8 SIMPLZ69
[+(+INC.kqQ.wDLI)) GC TC 9 SIMP1270
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CONTINUE SIMP12T71
WRITE(KG6,6) WIND SIMPLZT2
FORMAT(0%,A2,* IS AN INVALID WIND CIRECTION.') SIMPL273
WRITE(K&K,48) SINPL1274
FCRMAT(' AIR DIFFUSION FCR THIS PROBABRILITY NOT CALCULATED.') SIMP1275
1ER=1 SIMP1276
IF(ITEST(ISTAR,ISTABy646)) 110,2C0,2CC SINP1277
CALL MOVE(S+25+14X%Xs1) SiMpP1278
WRITE(KG,111) X SINP1279
FORMAT{YOSTABILITY CLASS *,Al ,' NOT CEFINED.?!) SIMNP1280
WRITE(KG,8) SI¥P12z81
IER=1 SiMpP1282
RETURN SIvp1283
END SIMP1284
REAL FUNCTION FSH(He ISTAB,VSsDsUysP,TS,TA) Sivp1285
I+t{CeEQ.-1.) GDTO 10 SIFP1286
ESH=H+{1.4-0.1%ISTAB)*[{(VS*C)/U)*(1.542.68E~-3%ps((TS-TA)/TS)*D)}) SINMP1287
RETURN SIMP1z88
ESH=H SIMP1269
RETURN SIMP1290
END SIMP1291
SUBROUTINE SIGISIGY,SIGZ ySeXs ISTAB,IFCINT,FL, ICALL) SIMP1292
ICALL=0 CALCULATES STANCARD DEVEATICNS BASED CN X SIFP1Z93
ICALL=1 CALCULATES XLy CPRITICAL MIXING LAYER CEPTH - PLACES RESUSIMP1294
REAL*4 STAB{30) SIMP1295
ALPHA BETA A B c SIMP1296

DATA STAB/ «45Q, -889, .CCl1, 1.890, 9.6 SIMP1297
«285, <912, <048, 1.110, 2.0, SiMP1298

«177, 924, 116, <915, C.Cy SINP1299

01‘.1' 0928' 2-610' O‘QSO' "25-5' SN‘PI:‘OO

.111, <928, 2.61C, <450, -25.5, SIMP13C1

. 111, «928y 2.610, 450, -25.5/ SIMP1302
L=(ISTAB-1)%5+]) SIMP1303
IFUICALL.EQ.1) GO TG 1C SIMP1204
IF(IPOINT.EQ.1) GC TO 5 SIMP1305
SIGY=STAR(L ) *X#%xSTAB(L+1) SIMP1306
GO 10 8 SIMP1207
SIGY=STAB{L)*(X+((S/(4.3%xSTAB{L)))*&(1,/STAB{L+1)))%*STAB(L+1)) SIMP1308
SIGZ=STAR(L+2)2X#%STAB(L+3)+STAB(L+4) SIMP1309
RETURN SIMP1210
X=({«4T*FL-STAB(L44))/STAB(L+2) )%*(1./STAB(L+3)) sIvpPlall
RETURN SI¥P1312
END SINP1213
REAL FUNCTION CHIL(X+Y4sG9SIGY+sSIGZyUsHE,T) SIMP1214
X=DISTANCE IN X(KINC) CIRECTION SIVMP1315
Y=DISTANCE IN PERPENDICULAR WIND DIRECTICN SIMPLI316
Q=SUURCF STRENGTH (G PER SEC) SIMP1317
U=MEAN WIND SPEED SIiMP1318
HE=EFFECTIVE KEIGHT CF RELEASE SI¥P1319
T=HALF LIFE CF THE PCLLUTANT IN HOURS SIMP1320
CHIT=(Q/(3.14159%SIGY*SIGZ#L) )*¥EXP({-.5*(Y/SIGY)*%2 SIrP1321
~oS%X(HE/SIGZ)4%2)¢EXP ((-.€93%(X/U))/(3600%T)) SIvP1222
RETURN SI¥P11323
END SINPL1224
REAL FUNCTION CHIZ2(XyYoGCoSIGY,SIGZyUyFL,T) SIMP132S
=DISTANCE IN X(%IND) GIRECTION SINMP1326
Y=DISTANCE IN PERPENDICULAR WINC OIRECTICN SIMP1327
0=SCURCE STRENGTH (G PER SEC) SIvP1228
U=MEAN WIND SPEED SI¥P1329
FL=MIXLING LAYER DEPTH SIMP1330
T=HALF LIFE CF THF PCLLUTANT IN HGURS SIvMP1331
CHI2=(0/(SORT(2.%3.14159)#SIGY&FL*L) )% SIMPL232
EXPl=.5%(Y/SICY)®*2) ¢EXP ({-.693%(X/U))/(36CC*T)) SIdrP1333
RETURN SINP1234
END SIMP1335
REAL FUNCTION DML{LC,ISTAB) SIrMP1236
I+ (ISTAB.LT.2) GN TC 2C SI¥P1237
IF(ISTAB.GT.4) GO TC 3C ,SIVP1238
prL=LO SIvP1239
RLTURN SIVMP 1240
DFL=1.5¢L0Q SIMP1341
RETLIN SIMP L2242
prL=100 SIFP 1343
RETURN 157 SIMPL244
END SIMP] 245
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SUBROUTINE CALT{ICAL,XCISToXL¢THETA)

IF(XDIST.LE.XL) GO VO 10

XL2=2%XL

IF(XDIST.GE.XL2) GO IC 20
ICAL=3

THETA=(XDIST-XL2}/( XL-XL2)

RETURN

ICAL=1

RETURN

ICAL=2

RETURN

END

INTEGER FUNCTION ITEST(IR,IC,NRA,NCA)
ITEST=1

IFUUIR.LTL1).ORL(IRL.GT.NRA)) GO YO 1C
IF({IC.LT.1).0R.(TIC.GT.NCA)) GO TO 1IC

RETURN

ITEST=-1

RETURN

END
SUBROUTINE AVG(RsBysNRyNCoNRA,NCA)
REAL®4 R{1),B(1)
DC S50 I=1,NR
DO SO J=1,NC
CALL LOC(I,J,LsNRyNC,0)
CALL LOC(2%I-1,2%J-1,L1,NRA,NCA,0)

CALL LOC{2%1-1+42%J+1,L2.,NRA,NCA,0)

CALL LOC(2%[42*J9L3,NRA4NCA,0)
RIL)=B(L1)+B{L2)+BIL3)+B(L1+42)+B(L2+¢2)
RILI=R(L}/S.

CONTVINUE

RETURN

END

SUBROUTINE SEQ{TABLE,S,IPOS,ILNGyNsISEQ)

REAL*8 TABLE(1),S(1)+BLANK
DATA BLANK/?® A4

IF{KOMP(S,IPOS, ILNG,BLANK¢1).EQ.O0) GC TG 15

IF{N.LE.O) GD TO 12
0C 10 I=1,N
IPS={I-1)%#ILNG+1

IFIKOMP(S,IPOS, ILNG, TABLE.IPS).EC.O0} GC TO 20

CONTINUE
ISEQ=~1
RETURN
ISEC=0
RETURN
ISEQ=1
RETURN
END

SUBROUT INE AUD(TABLEsSclPUSoiLNGvMAX,N)

REAL*8 TABLE(1),5(1)

N=N+1

IFIN.GT.MAX) GO ¥C 2C
IPS=(N-1)1%]ILNG+1

CALL MOVE(S,IPCS,ILNG,TABLE,IPS)
RETURN

ENC
SLRROUTINF ZEROR4 (S, ANRyNC)
REAL®4 S(1)
DC 20 I=1,NR
0 20 Jd=1,NC
CALL LOC(1,J,1JsNRyNC4+C)
$(1J)=0.0
CONTIRUF
RETLRN
END
SUPROUTINE ZEROIZ2{S,AR,NC)
ImTEneas2 St}
CC 20 TI=1,H1
o 20 J=1,.KC
CALY LECETI,0,13,NRsNC,C)
S{1J)=C
CONTINGE 158

SIMP1134¢
SIMP1347
SIMP134g
SIMP 1349
SIMP1135Q
SINP135]
SIMP115)2
SIFP1353
SIFP 1154
SIMP13S5
SIMP1135g
SIMPL3ST
SINP125g
SIMP135S9
SIMP1260
SINP136]
SIMP 1262
SIVP1363
SIMP 1264
SINMP1365
SIMP12¢6
SINP1367
SIMP11368
SIMP1369
SIMP127¢
SIMP13T]
SIMP1272
SIMP1373
SINP1374
SIMP137S
SIMP1276
SIMP1377
SIMP1378
SINP1379
SIMP1280
SIrMP1381
SIMP1382
SIFP1383
SIMP 1284
SIMP1385
SIMP 1386
SIMP1387
SIMP1288
SINMP1389
SIMP1390
SIMP11291
SIMP1292
SINP1393
SINP1294
SINP139%
SIMP1296
SIVP11397
SIMP1298

-SIMP1399

R

SIMP14CO
SIVP1401
SINP 1402
S1vP1403
SIMP 1404
SIMP1405
SIMPL4CS
SI¥P1407
SINMP14C8
SIMP 1409
SIMP 1410
SIFP14ll
SIMP14L2
SIMPL1413
SIMP 1414
SIMP1415
SIFP1416
SINPL4LT
SIMP1418
SIvP 1419
Sirp1420
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RETVURN SIrvP 421
END SIvPL422

SUBROQUTINF NAMEP (TBLoK,N) SIFP 1423
REAL®G TRL{1) SIMP 1424
COMNMON ZUNIT/ KS,X6,K10 SIPPL42S
IF{N.EQ.O0)} GO TO 20 SINPL426

D0 10 I=1,N SIvplL42?

K=K¢l SIvpPl428

WRITE(K6,6) TBL(K) SIrFPL429

6 FCRMAT(S5X,A8) SIFP1430
10 CONTINUE SIPP143L
20 RETURN SIrP1432
END SIvP1433
SUBROUVINE ERROR(ITYPE,ITBLE.MAX,S, IFCS,ILNG) SIMP1l434

--- ITYPE SIMP1435
- 1 = ACD - EXCEECS MAXIMULM ALLOWEL SIvP143¢
- 2 = SEQ - NOT FOUND SIMP1437
-— [ITRLE SIMP 1438
- 1 = ACTIVITY SIFPL439
— 2 = TRANSFORATICN ACTIVITY SIMPL440
- 3 = RIVER SIFP1441
- 4 = ENDOGENCUS ACTIVITY SIMP1442
- 5 = POLLUTANT NAMES SIFP1443
REAL#*Y S{1)+NAME,TYPE(S) SIFP 444
COMMON JUNIT/ KS,K6,K1C SIPPL445
DATA NAME/! v/ SIMP1446
DATA TYPE/SACTIVITY ' *TRMATRIX'.*RIVER','ENDOG-AC"* +*POLLUTNTY/ SIMP1447
CALL MOVE(S,IPOS«IUNGyNAME,1)} SIMP 1448

GO TO(10.50),ITYPE SIMP 1449

10 WRITE(K6,.11) NAME,TYPE(ITBLE) MAX SIFP1450

11 FORMAT(*OWHILE READING ‘4AB8,' A ',A8,' YCU HAVE EXCEEDEC THE MAXIMSIMP14S51
*UM (*315,') SET FOR THE PRCGRAM - CHECK YOUR SET UP THEN EHAVE MAXISIMP1452

&MUM®/* INCREASED IN PROGRAM. THIS RLN IS NOW TERMINATED.®) SIMP1453
sTop SIMP 1454

SO WRITF(K6,51) NAME,TYPE{ITBLE) SINP145SS
S1 FORMAT{'0',AB,' A ',A8,%, NCI PREVICLSLY DEFINED AS REQUIRED.')  SIMP1456
RETURN ~ SIFP14ST

END SIMP1458
SUBROUT INE- MATPD (E4 NRyNCyMAXR 4MAXC) SIMP1459
REAL%*8 E(1) SIMP1460
COMMON /UNIT/ KS+K6,K1CK30 SIMPL461L

DO 10 J=1,NC SIMPL4€2

CALL LCC(1,J51J,MAXR,MAXC,40) SIMP1463
IJE=IJ+NR-1 SIMP14€4
WRITE(K641)(E(I),I=1J,1JE) SIMP1465

1 FCRMAT({*0*,10F10.3) SIMP14EE
10 CONTINUE SIMP1467
RETURN SIMP14686

END SINP1469
SURROUTINE FREAD(S,T4ISsILoNsNT,IC) SIMP147C

~-- S IS CHARACTER STRING CF LENGTH 80 SIMP1471
~—— T IS RESULTANT VECTCR CF FLOATING PCINT NUMBERS SIMP1472
~-— IS IS STARTING ©OSITION CF FIRST NUMBER SIMP1473
——— IL IS LENGTH OF EACH NUMBER ) SIMP1474
--— N IS NUMBER OF WUMBERS TO READ PER CARD SINP14TS
——— NT IS TOTAL NUMBER GF NUMRERS TC REAC INTO THE VECTOR SIMPL4T6
~== IC IS COUNTER FCR NUMRER UF CARDS READ - THIS MUST BE SET TQ ZERO SIMP1477
——— FIRST REAC. FHE PRCGRAM WILL SET IC TC -1 WHEN ALL IS READ INTQ TSIMP1478
--— VECTOR SIMP14T9
REAL*H S(1),FNUPMRR SIMP 1480
REAL#4 T(1) SIMP1481

NC S50 I=14N SIMP1482
K=N&1C+1 SIMP1483
IPCS={I-1)*IL+1S SIMP14B4
T(K)=ENUMBR(S, [POS,IL) SIMP148S
IF(K.GE.NT) GO TO 6C SIMPL4ES

50 CUNTINUE SIMP1487
IC=IC+1 SIMPl4BE
RCTURN SIMP14RY

60 I1C=-1 SIFP1490
RE.TULRN SIMP149]

1) SIMP1492
RUAL FUNCTION FNUMBR%8(S.1PLS,ILNG) SIMP1493
REALEY S{L)oFoFR SINP1494
DATA ALPHAZ Y .- ¥/ SIMP149Y

159
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1POS1=1PCS+ILNG~1 SIMPL49¢

ISET=C SIMP1497
00 20 [=1POS,1POST SIMP1498
IF(KOMP(S,1y19ALPHA,2).EQ.0) GO TO 15 SIPPL499
IF(KCMP(S,1,14ALPHA,1).EC.0) GO TO 3C SIMPLSCO
GO Vo 20 ‘ SIMPLSOL
15 ISET=1 SINPLED2
CALL MOVE(ALPHA,3,1,S,1) SINP1SO03
20 CONTINUE . SINP1504
ID=NUMRER (S, IPOS, ILNG) SINP150S
FNUMBR=TD SIMP1506
GO TO SO SIMP1S07
30 IPOS2=]+1 SIMP1S08
ILNGl=]-1POS SIMP1509
ILNG2=ILNG-TLNG1-1 SIMP1510
IF(ILNGL.LE.O) GO TO 60 SIMP1511
ID=NUNMBER (S, IPOS, ILNG]) SIMP15]2
FNUMBR=1D SIMP1513
F=FNUFMRR SIMP1514
40 1F(ILNG2.LE.O) GO TO SO SIMP1S1S
ID=NUMBER (S+ IP0S2, ILNG2) SIMP1516
FR=1D . $IvVP1517
FR=FR/10%*ILNG2 SIMP1S18
IF{ISKFT.EQ.1l) FR=—FR SIMP1519
FAUMBR=F+FR SIMP1520
SO IF(ISET.EQ.1) FNUMBR==-FNUMBR SIMP1521
RETURN SIMP1522
60 F=0.0 SIMP 1523
GO TO 40 SIMP1S24
END ' SINP 1525
SIMP1526

....-.....‘..........‘..C..l....... ...........................O...SIMPISZ’
- - N - SIMP1528

SUBROUTINE LOC . SIMP 1529

' SIMP1530

PURPOSE SIMP 1531
COMPUTE A VECTOR SUBSCRIPT FOR AN ELEMENT IN A MATRIX OF SIMP1532
SPECIFIED STORAGE MODE . SIMP1533

. SIMP1534

USAGE : SIMP 1535
CALL LOC (t.J.tR.N.M.HS) o SIMP153¢

SIMP 1537

DESCR[PTICN OF PARAMETERS SIMP1538

1 - ROW NUMBER CF. ELEMENT SIMP1539

J - COLUMN NUMBER OF ELEVMENT SIMP 1540

IR - RESULTANT VECTOR SUBSERIPT SIMP1541

N - NUMBER CF RCWS IN MATRIX . SIMP1542

M - NUMBER OF CCLUMNS IN MATRIX SIMP 1543

MS - ONE DIGIT NUMBER FOR STCRAGE MODE OF MATRIX SIMP 1544

0 - GENERAL ; SIMP1545

1 - SYMMETRIC SIMP 1546

2 - DIAGONAL o SIMP1547

. SIMP1548

REMARKS ~ o SINP1549
NONE ' SIMP1550

_ SIMP1S51

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED SINP1552
NONE 1 SIMP1553
SIMP1554

METHOD SIMP1555

" M§=0  SUBSCRIPT IS COMPUTED FCR A . MATRIX WITH N*M ELEFENTS SIMP1ES6

IN STORAGE (GFNERAL VMATRIX) SIMP 1557

MS=1  SUBSCRIPT IS CCMPUTED FCR A MATRIX WITH N#(N+1)/2 IN SIVMP1ES8E
STORAGE (LPPER TRIANGLE CF SYMMETRIC VATRIX). IF SIMP 1559

ELEMENT IS IN LOWER TRIANGULAR PCRVICN, SUBSCRIPT IS SIVMPL560
CORRESPGNDING ELEMENT IN UPPER TRIANGLE. SiMpP 1561

MS=2  SUBSCRIPT IS CCMPUTED FCR A MATRIX wWITH N ELEMENTS  SIMP1562
IN STORAGE (DIAGONAL ELEMENTS OF DIAGCNAL MATRIX). @ SIMP1563
IF ELEMENT IS NOT CN CIAGCNAL (AND THEREFORE NOT IN SIMP1S64

STORAGE)s IR IS SET TC ZERC. SIMP15ES

SIMP15EE
0--.....o.oo.o.ooo.o._ooooooo.oooo¢¢tc..o’oooootooogo.c-ooo.oq.o-o..SlMPle"
SIvVP1568

SUBROUTINF LOC(LeJeTReNsM,MS) SIMP 1569
: 160 SIMP1570

1
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10

20
22

24
30

32
36

10

Ix={ SIMPLSTL

Jx=y SIMP1572
IF(PS-1) 10,20,30 SIMPLS5T73
IRX=Ne(JIX-1)+1IX SIMP1574
GO T0 36 SINPLSTS
IFCIX=-IX) 22,24,24 SIMP1S576
IRX=1X+ (IXEIX-IX)/2 SIMP1577
GO 10 36 SIMP1S78
IRX=JX¢(IX*IX-[X)/2 SIMP1579
GO TO 36 SIMP1580
IRX=0 SIMP1S81
IFUIX=-JX) 36,32,36 SIMP1582
IRX=1X SIMP1583
IR=[RX SIFP1584
RETURN SIMP 1585
END SINPL1SB6
‘ SIMP1587

LR R N X X 1 000000-000.-00-.-.-...0......oo-oooo.o-.oooooo.coo...o-oooooSerlsaa
SIMP.1589

SUBROUTINE CGMPRD , SIMP1590
SIMP1S91

PURPOSF SIMP1592
MULTIPLY TWO GENERAL MATRICES TO FCRM A RESULTANT GENERAL  SIMP1593
MATRIX WHERE FIRST MATRIX IS CCUBLE PRECISICN SINP1594
SIMP159S

USAGE SIMP1596
CALL DGMPRD{A,B,ReNyM,L) SIMP1597
SIFP1598

DESCRIPTION NF PARAMETERS SIMP 1599

A - NAME CF FIRSY INPUYT OCUBLE PRECISION MATRIX SIMP16CO

B - NAME OF SECCOND INPUT pATRIX SIMP 1601

R - NAME OF OUTPUT MATRIX SIMP1602

N — NUMBER OF RCWS IN A SIMP1603

M ~ NUMBER OF CCLUMNS IN A AND ROWS IN B SINP1604

L - NUMBER OF CCLUMNS IN B SIMP 1605
SIMPL6CE

REMARK S SIMP1607
ALL MATRICES MUST BE STORED AS GENERAL MATRICES SIMP1608
MATRIX R CANNOT BE IN THE SAME LOCATION AS MATRIX A SIMP 1609
MATRIX R CANNCT BE IN VHE SAME LCCATION AS MATRIX B SIMPLELO
NUMBER CF COLUMNS CF MATRIX A MUST BE EQUAL TO NUMBER OF ROWSIMP1611

OF MATRIX B SINPL612
SIMP1€13

SUBROUTINES AND FUNCTION SUBPRCGRAMS REQUIRED SIMPL614
NGNE ) SIMP1E€15

’ SIMPL616

METHOD ) _ SIMP1617
THE M BY L MATRIX B IS PREMULTIPLIED BY THE N BY M MATRIX A SIMP1618

AND THE RESULT IS STCRED IN THE N BY L MATRIX R. SIMP 1619

‘ ' SIMP1620
'.......O.......O.................‘.......C.O....'.............‘...S["Plezl
SIMP1£22

SUBROUTINE DGMPRD(A,ByRoNyM,L) SIMP1£23
‘DCUBLE PRECISION A SIMP1624
DIMENSION A(L),B(1),R(1) SIMP1E2S
‘ SINPL1E26
"IR=0 SIMP1€27
“IK==M SIMP1628
‘B 10 K=1,L SIMP1€29
IK=IK+M SIFP1E30
DC 10 J=1,N SIMP1631]
IP=IR+1 ' SIFPLE32
Ji=J-N . SIMP1£33
1e=1IK ° SIMP1634
R{IR)=N SIMP1£35
DC 16 T=14M SINP1E36
JI=JI+N SIMP1€37
1e=1g+1 ' SIMP1€38
RUIR)I=ROIR)+A(ITI 4B IR) SIMP16139
CRETURY SINP1E4O
EAD SIMP1E4]
' SINP1642
..o.o..‘-...-....-..._...;....ooo..;.-.-i-o ....o.......-.--......-.S”’Plé’c3
SIMPLE4S

SURRNUTINE GMPRD 161 '  SIMP 1645
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PURPOSE

:ULTIPLY TWO GENERAL MATRICES TC FCRM A RESULTANT GENERAL
ATRIX

USAGE
CALL GMPRD(A,BesRyNyM,L)

DESCRIPTIGN OF PARAMETERS

A - NAME OF FIRST INPUT MATRIX
B - NAME OF SECCNC INPUT VATRIX
R -~ NAME OF OUTPUT MATRIX
N - NUMBER OF RCWS IN A
M — NUMBER QF CCLUMNS [N A ANC RCWS IN B
L - NUMBER OF CCLUMNS IN B
REMARKS

ALL MATRICES MUST BE STORED AS GENERAL MATRICES
MATRIX R CANNOT BE IN THE SAME LOCATION AS MATRIX A
MATRIX R .CANNCT BE IN THE SAME LCCATION AS MATRIX B

SirP1€46
SINMP1647
SIMP1648
SIMP 1649
SIMP1650
SIMP1€5]
SIFP1652
SINP1¢53
SIMP1654
SIMP1£55
SINMP1€56
SIMP1€57
SIFP1658
SIMP1¢59
SIFP1660
SIMP 1661
SINP1€62
SIMP1€63
SIMP1€64
SIMP 1665

NUMBER OF COLUMNS OF MATRIX A MUST BE EQUAL TO NUMBER OF ROWSINMPLE66

OF MATRIX B

SUBROUTINES AND FUNCTICN SUBPROGRAMS REGUIRED
NONE

METHOD

SIMP1e67
SIMPLE6S
SIMP 1669
SIMP1ET0
SIMP1é71
SIvP1672

THE M BY L MATRIX B IS PREVMULTIPLIED BY THE N BY M MATRIX A SIMP1&73

AND THE RESULT IS STORED IN THE N BY L MATRIX R.

SIMPL6T4
SIMP1E7S

.............Q.........‘.'............‘....‘.Q.......’..........‘.SIPP1676

SUBROUTINE GMPRD(AyBsRsNeM,L)
DIMENSTON A{1)4+8(1),R(1)

IR=C
IK=—
DO 10 K=1l,L
IK=1K+M
DO 10 J=1.N
IR=IR+1
JI=J-N
Ie=IK
R{IR)=0
DO 10 I=1,M
JI=JI#N
I8=1IB+1

10 RUIR)=R(IR)+A(JI)}*B(IB)
RETURN
END

SIMP1&77
SIVP1ETS
SIMP1E€79
SIvP1€80
SIMP1é&81
S1¥PL1682
SIMP1¢83
SIMP1684
SIMP 185
SIMP1E86
SIMP1¢&87
SIMP1£83E
SIMP1e89
SIMP1690
SIMP1€91
SIMP1692
SIMP1£93
SIMP1£94
SIMP1€95
SIMP1EGE

....‘.....0..‘...................O.........oooolloogo......Q...O..SIMP1697

SUBROUTINE VMINV

PURPCSE.
INVERT A MATRIX

US AGE
CALL MINV(A,N,D,yLsM) .

CESCRIPTICN (OF PARAMETERS

SIMP1698
SIMP 1699
SIMP1700
SIMP 170l
SIdP1702
SIMP1703:
SINP1704
SIMP1T05
SIMPL1706
SIMP1707

A - INPUT PATRIX, CESTROYED IN CCMPUTATION, ANC REPLACED BY SIMP1708

RESULTANT IAVERSFE,

N - CRCER OF MATRIX A

D - PESULTANT DETERMINANT

L - WORK VECTCR CF LENGTK N

M - WORK VECTCR CF LENGTH N
REFARKS

FATRIX A MUST HF A GENERAL MATRIX

syBROUTINES AND FUNCTION SUBPRCGRAMS RFCUIRED
NONE

162

 SIMP1709
S SIMPLT10
S SIMP171L
SIMPLTI2
SIMP1713
SIMP1714
SIMP1715
SIvVP1716
SIMP 1717
SIvMP1718
SIMP1719
SIrP1720
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METHOD

THE STANDARD GAUSS-JORDAN METHCD IS USED. THE DETERMINANT

IS ALSC CALCULATEC. A DETERMINANT GF ZERO INCICATES THAT

THE MATRIX IS SINGULAR,

SIMP1721
Sivplr722
SIMP1723
SIvP 1124
SIMP1T725

oc.ooooo-o.ooooooooooo.cncooo.coo..o-.‘.o.coo.oo.ooo-.4...0..-...05!""1726

SUBROUTINE MINV(AsNyDoL M)
DIMENSION A(L),L{1)oM(1)

SIvp1727
SIvP 1728
SIMP1729
SIMP1730

...-o..ooo..ooo----o--oo.oo.....oaoooo-oooooo.o.o-..o-..oo-cooooS[Npl73l

SIKP1232

IF A DOUBLE PRECISICN VERSICN OF THIS RCUTINé IS DESIRED, THE SIMP1733

C IN CGLUMN 1 SHCULD BE REMOVED FRCM THE DOUBLE PRECISICHN
STATEMENT WHICH FCLLCHS.

DCUBLE PRECISION A,C,BIGA,HCLD

THE C MUST ALSO BE REMOVED FROM CCUBLE PRECISICN STATEMENTS
APPEARING IN OTHEPR RCUTINES USED IN CONJUNCTICN WITH

ROUTINE.

THE DOUBLE PRECISICON VERSICN CF THIS SUBROUTINE MUST ALSO
CONTAIN DCUBLE PRECISICN FCRTRAN FUNCTICNS.
TC DABS.

10 MUST BE CHANGED

ABS IN STATEMENT

SIFPLT34
SIMP1735
SIMPLT36
SIMPLT37
SINPL 738
SIMP 1739
SIMP1740
SIMP 1741
SIMP1742
SIMP1743
SIvP1744
SIMP1745
SIFPL1T746

...O....'...C'...'..C.‘.Q.....'.....‘Q.Q.‘.....................SXMP1747

SEARCH FOR LARGESY E£LEMENT

0=1.0

NK=—-N

DC 80 K=1,N
NK=NK+N
L(K)=K
M(K)=K
Kk=NK+K
BIGA=A(KK)
DC 20 J=K.N
IZ=N*(J-1)
BC 20 I=K4N
1J=17+1

IF(CABS(BIGA)-DABS{A(IJ)) ) 15.+20,20

BIGA=A{1J)}
L{K)=1
M{K)=J
CCNTINUE

INTERCHANGE ROWS

J=L{K)

1FtJ-K} 35,35,25
KI=K~N

DO 30 I=1,N
Ki=Kl+N

HOLC=-A(¥ )

3 I=KI-K+J

30

35

38

40

AIKI)=A(JT)

A(JI} =HCLD
INTERCHANGE COLUMNS

[=M(K)

"TFCE-KY 45,4%,38

JP=A#(1-1)
DU 4C J=1.N
JK=NK+J
Ji=gdp+d
HCLE==A(JK)

ALK =A(ID)

A1) =joLD

PIVINGE COLUMN PY MINYS PIVCT (VALLE CF PIVOY ELEMENY IS

CONTAIAFD [N RIGA)

SIMP1748
SIMP 1749
SIMP1750
SINP1T751
SIFP1752
SINP1753
SIMP1754
SIMP1T5S
SIMP1756
SIMP1757
SIMP1758
SIMP1759
SIFP1760
SIMP1T61
SIMP1762
SIFP1T63
SIFP1764
SIMP176S
SIMP1766
SIMP1767
SIMP1768
SIMP1769
SIMPLT70
SIMP1771
SIFPL1772
SIFPLITT3
SIFP1174
SIFP1775
SIPPLT76
SIFPL777
SIFP1778
SIMP1779
SIFP1780
SIvPL781
SIMP1782
SIKP1783
S1vP1784
SIPP1765
SIPPLTBG
sivp1787
SIFP1788
sive17e9
SIFPL790
SIMP1791
SIMPLT92
SIPP1193
SIFPLT794
SIMP 1795
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45
46

48
50
Ss

60
62

65

70
75

80

100
105

108

‘110

120

125

130

150

IF{RIGA) 48,46,48 SIFP179¢
0=0.0 SIMP1797
RETURN SIMP179g
DO 55 I=1,N SIMP1799
IFLI-KX) 50,55,50 SINP1800Q
IK=NK+1 SIMP1EQ]
ALIK)I=ALIK)/(-BIGA) SIMP1802
CONTINUB SIMP1lEC3
SINP1804

REDUCE MATRIX SIMP180S

, ) SI¥P1806

DO 65 [=1,N ‘ SIMP1E07
IK=NK+1 S1KP1808
HOLD=A(IK) SIMP18CY
1J=1-N S1MP18l0
DO &5 J=1,N SIMP181]
1J=1J+N SIMP18B12
IF{I-K) 60,65,60 SIMP1813
IF(J-K) 62,65,62 SIMP1814
Kd=1J-1+K SIMP1815
A(LIJ)=HOLD*A(KJ)I+A(1J) SIMP1B1g
CONTINUE SIMPlR17
. SIFP1818

DIVIDE ROW BY PIVCT SIMP1819
SINP1820

KJ=K~-N SIMP 1821
00 75 J=1,N SIVP1822
KJ=KJ+N SIMP1823
IF(J-K) T70,75,70 SIMP1824
A({KJ)=A(KJ)/BIGA SIrP1825
CONTINUE SIMP1826
SIMP1827

PRODUCTY OF PIVOTS SIMP1828
SIMP1829

D=0*B1GA SINP1830
SIMP1831

REPLACE PIVOT BY RECIPROCAL SIMP1832

. SIMP1833

A(KK)=1.0/BIGA SIMP1834
CONTINUE SINP1835
SIVP1836

FINAL RCW AND COLUFN INTERCHANGE SIrP1e37
SI¥P1838

K=N S1MP1839
K={K=-1) SIMP 1840
IF({K) 150,150,105 SIvP1841
I=L{K) SIMP1842
IF(I-K) 120,120,108 SIMP 1843
JQ=N*(K-1) SINP1844
JR=NE(1-1) SIMP 1845
DO 110 J=1.N SIMP 1846
JK=J0+J SIMP1E4LT
HOLD=A(JK) , SivP1848
JI=Jr+J SIMP 1849
A{JIK)=—-A(J]) SIMP1850
A(JI) =HGLD SIMP16S]
J=M(K) SINP1852
IF{J-K) 1C0,100,125 SIMP 1653
Ki=K-N SIVP 1854
CC 130 I=1,N SIMP1ESS
KI=KI+N SIMP1856
HCLL=A(KI) T sIvpP1es?
JI=KI-K+y SIMP18S8
ALKI)=-ALJI) ‘ SIvP1859
ALJI) =HOLD SIMP1860
GG 10 100 SIMP18EL
Ri-TURN SIMPLU62
END SIFP1863
SINP1B64
..o..o.....oo...oo.;.oo.o.o.ooconlocooo.ooooo.o-oo.oooooooo...oonosl"pla()s
SIVNPLBGE

SUr2NUTEINE SHPY SIvpLEs?

: ) SIvPLB68

PURPESE , . ) ‘, . SIMP 1269
MULTIDLY LACH ELFMENT OF :A MATRIX BY A SCALAR TC° FORM A Si¥p1a70

164
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RESULTANT MATRIX SIvMP1ETL

SIMP1872

USAGE SIMP1873
CALL SMPY(AyCyReNyM,sMS5) SIMP1874

, : SIMPLETS
DESCRIPTION UF PARAMETERS SIMP18T6

A - NAME OF INPUT MATRIX SIMPLET?

C - SCALAR . SIvPLB78

R -~ NAME OF CUTPLT MATRIX SIMP1ET9

N - NUMBER OF RCWS IN MATRIX A ANC R SIMP 1880

M - NUMBER OF CGLUMNS IN MATRIX A AND R SIMPLES]

MS - ONE DIGIT NUMBER FCR STCRAGE MODE OF MATRIX A {AND R) SIMvP1882

0 - GENERAL SIMp1883

1 - SYMMETRIC SIMP 1884

2 - CIAGCNAL SIMP1EBS

SIMP 1886

REMARKS SIMPLEBT
NONE SIMP1888

: SIMP1E8Y

SUBROUTINES AND FUNCTION SUBPROGRAMS REGUIRED SIMP1890
LcC SIMP1E9]
SIMP1892

METHOD SI¥MP1€93
SCALAR IS MULTIPLIED BY EACH ELENENT OF MATRIX SIMP1894

SIMP 189S
...'...-....‘...Q..........OO....‘...Q....l‘................OOQOQQSlMplagb
SIMP 1897

SUBROUTINE SMPY(A,CyRoNgMsMS) SIMP1898
DIMENSION A(1),R(1) SIMP1899
SIMP1S00

“‘COMPUTE VECTCR LENGTH, IT SIMP1SC1
SIMP1902

CALL LOC(NMoIT,NyVM,MS) SIMP16C3
SIMP1904

MULTIPLY BY SCALAR SIMP1S05
SIMP1906

00 1 1=1,17 SIMP1SCT
RII)=A(1)%C SIMP1908
RETURN SIMP1S09
END SIMP1910
SIMP1S11
.‘.....'....'........0........C.........."........O.........Q...‘.Sl"plglz
SINP1G13

SUBROUTINE MXQUT ‘ SIMP1914
SINP1S1S

PURPOSE SIMP1916
PRODUCES AN OLTPUT LlSTlNG OF ANY SIZED ARRAY ON SIMP1ISL7?
LOGICAL UNIT & SIMP1918
SIMP1G19

USAGE , SIMP1920
CALL MXOUT(ICCBE,AsNs¥3¥SyLINS,IPCS,ISP) ’ SIMP1G21

. SIMP1922

CESCRIPTICN CF “PARAMETERS _ SIMP1S23
ICODE~-. INPUT COUE NUMBER TQ BE 'PRINTED ON EACH OUTPUT PAGE SIMP1924
A-NAVME CF OUTPUT MATRI® SIMP1G2S
N-NUMBER OF 20KS IN A SIMP1926
P-NUMRER CF CCLUMANS IN A SIMP1S27
MS-STORAGE MODE CF A WHERE MS= SIMP1928
O-GENERAL SIMP1G29

1-SYMMETRIC SIMP1930

2-D1AGCNAL SIMP1931

LINS-NUMBFR NF PRINT LINES ON THE PAGE (USUALLY 60) SIMP1932
I1POS-NUFBER CF PRINT POSITIONS ACRCSS THE PAGE (USUALLY 132)SIMP1G33
ISP-LINE SPACING CODE, 1 FCR SINGLE SPACEs 2 FOR COUBLE SIMPL1934

SPACE SIvP1635

SIMP1936

REVARKS SIMP1937
NONE SIvMP1938
SIMP1G39

SUBROUTINES AND FUNCTION SURPROGRAMS RECUIRED S IMP 1940
Lce SIMP 1941
SIMP1942

METHOD SIFP1G43

THIS SURRNUTINE GREATES A STANCARD QUTPUT LISTING OF ANY SIMP 1944
SIZED ARXAY WITH ANY STCRAGE MLLE. EACH PAGE IS HEADED WITH SIPP1S4S
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RESULTANT MATRIX sirPlell
SI¥P1872

USAGE SIrFP18Y3
CALL SMPY(A,CoRyNoM,MS) SIMPL1ETY
SIMP1ETS

DESCRIPTION UF PARAMETERS SIMP1BT6

A - NAME OF INPUT MATRIX SIFVPL1ETT

C - SCALAR SIMPLATS

R — NAME CF CUTPUT MATIRIX sive1e19

N - NUMBER OF RCWS IN MATRIX A ANC R SIMP 1880

M — NUMBER OF CGLUMNS IN MATRIX A AND R SIMplEBL

MS - ONE DIGIT KUMBER FOR STCRAGE MODE OF MATRIX A (AND R) SIdbp1882

0 - GENERAL SirpP1883

1 - SYMMETRIC SIMP1BRYG

2 - CIAGCNAL sivpl1ess

Sivp1E8s

REMARKS SIMPLERT
NONE SivP1888
SIFP1ESY

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED SIMP1890
Lcc SIMP1E91
SIMP1892

NETHOD SIVMP1E93
SCALAR IS MULTIPLIED BY EACH ELENVENT OF MATRIX SINP1B94
SIMP189S
‘.-.O.‘Q.‘.....‘.C.....Q....'Q..‘.......Q........0..........‘Q....SIMPIBQG
SIMP 1897

SUBROUTINE SMPY{AsCoReNsM,MS) SIMP1898
DIMENSION A{l).R(1) i SIMP1E99
i SIMP1900

COMPUTE VECTOR LENGTH, IT SIMP1SCI
SIMP1902

CALL LOC(N¢MoIT¢NyNy¥S) SIMP15C3
SIMP1904

MULTIPLY BY SCALAR SIMP1SCS

_ SIMP1906

Do 1 1=1,1IT SIFP1GCT7
R{I)=A(]I)=C SIMP1908
RETURN SIMP1609
END SIMP1910
SIMP1G11]
Q.‘O.."‘.'..'.‘Q..‘.Q.‘.‘...0..0......‘.......‘.O.Q......Q.Q.....Sluplqlz
SIvP1G13

SUBROUTINE MXOUT SIMP1914
SINP1S1S

PURPOSE SIMP1916
PRODUCES AN OUTPUT LISTING OF ANY SIZED ARRAY ON SIMP1G17
LOGICAL UNIT 6 SIMP1918
SIMP1G19

USAGE SIMP1G20
CALL MXOUT(ICCDEsAyNs* NS, LINS,I1PCS,ISP) SIMP1G21

' ‘ SIMP1922
GESCRIPTICN CF PARAFETERS SIMP1S23
1CODE- INPUT COLE NUMBER TO BE PRINTED ON EACH OUTPUT PAGE SIMP1924
A~NAFE CF OUTPUT PATRIX . SIFP1G2S
N-NUMRER OF 20hS IN A SIMP16G26
¥-NUFRER CF CCLUPMAS IN A SIMP1S27
MS-STORAGE MNGE CF A WHERE MS= . SINP1G2B
O-GENERAL SIMP1G29

1-SYPFETRIC . SIMP1930

2-D1AGCNAL . SIMP1631

LINS-NUMRER OF PRINT LIKES ON THE PAGE (USUALLY 60) S[{MP 1932
IPOS-NUFRER CF PRINT PCSITICNS ACRCSS THE PAGE (USUALLY 132)SIPP1G23
ISP-LINE SPACING CODE, 1 FCR SINGLE SPACE, 2 FOR CCUBLE SIMP1934

SPACE : N Siv¥P153s

SINP1936

REMARKS SIvMP 1937
NONE SIMP1938

‘ SIMP1G3Y
SUBRMUTINES AND FUNCTION SURPROGRAMS RECUIRFD S IMP 1940
L SINMP1G4]

. SIMP1942

FETHAOD ) SIPP1G43

THIS SUPROUTIAF CRIATES A STANCARD OUTPUT LISTIAG OF ANY SIMP1944
SIZtE ARAAY wii ALY STCRAGE VMCCE. EACH PAGE IS HFADED WiTH SIMP1IS4S
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ame O A O

[(xXnN2al

[aXaRal amoo [gNeNul

OO0

xEaNal

1 FORMAT(1HL 5Ky THFATRIX 415+6X,1345H RCWS,6X,13,8H COLUMNS,

THE CODE NUMBER,CIMENSIONS ANC STORAGE MODE CF THE ARRAY,.
EACH COLUMN AND RCW IS ALSO HEADED WITH ITS RESPECTIVE

NUMBER.

SIMP 1946
SIFP1947
SIMP1G48
SIMP 13949

..-...‘.....‘...Q..‘Q......“...‘...'....Q.‘..‘..'.IO.‘.‘.....Q.C.Slyplqso

SUBROUTINE MXOUT (ICODEsAyN M MS,LINS,IPCS,ISP)

DIVMENSION A(1),8(R)

18Xy 13HSTORAGE MCDE 4 1148X,5HPAGE ,12,/)

NASDDWN -

10
20
20

3t
32
33

35
40

45
50

5%

60
65

70

75
g0

s

FORMATI(//)

FORMAT(12X,8HCALUMN L 7(3X,13,10X))
FORMAY(1H )

FORMAT(1H +7Xs4HROW 413,7(E16.6))
FORNFATULIH o7Xe4HROW 4 13,7(1PE16.6))
FORMAT{1IHGCyTX¢4HROW ,13,7(E16.6))
FORMAT(LHCTX+4HR0OK +I3,7(1PEL6.6))

J=1
®RITE HEADING

NENOD=IPOS/16-1
LEND=(LINS/ISP)~-2

IPAGE=1

LSTRT=1
WRITE(64,1)ICODEWN,M,MS,IPAGE
WRITVE(64+1)

INT=J+NEND~-1

IPAGE=1PAGE+]
IF(JINT-M)33,33,32

JNT=M

CONTINUE
WRITE(642)(JCURLJCUR=J,JNT)
IFLISP-1) 35,35,40
HRITE(643)
LTEND=LSYRY+LEND-1

DO 80 L=LSTRTLLTEND

FORM OUTPUT ROW LINE

DC 55 K=1,NEND

KK=K

JT = J+K-1

CALL LOC(LJT4IJINTyNsM,4MS)
B8{K1=0.0

IF{IINTISC+50¢45
BIR)}=ALIJINT)

CONTINUE

CHECK IF LAST COLUMN. [IF YES GG TC 60

IF(JT-M) 55,604¢0
CCONTINUE

ENC OF LINFs NON WRITE
[FUISP=1)654+£%5,170
PAITE(GQI L, {B{InI s In=1,KK)

GG 10 75
WRITE(595)L 4 (BIJK) s dh=14KK)
[F END .CF ROWS,GO CHECK COLUMNS

THIN-L) 85,8580
CUNTIRUE

FND OF pAGEs NOW CHECK FUR FCRE cCLTPUT

LSTRY=LSTRY4LENC
cn 13 26

END OF COLLeNS, THEN RETLRN

lr(J*—ﬂ)9C|05v95 167

SIPP15S1
SIMP 1552
SIMP1653
SIMP 1954
SIFP1955
SIMP1956
SIMP1957
SIMP1958
SI#P1S59
SIMP1960
SIMP1961
SIMP1562
SIMP1963
SIMP 1964
SIMP1965
SIMP19¢€6
SIMPLS67
SIMP 1968
SIMP1S69
SIMP1970
SIMP1971
SIMP1972
SIMP1973
SIMP1974
SIMP19TS
SIMP1976
SIMP1977
SIMP1978
SIMP19T9
SIMP1980
SIMP1581
SIMP1982
SIMP1G83
SIMP1984
SIMP198S
SINP 1986
SIFP1987
SIMP 1988
SIMP1589
SIMP1990
SIMP1991
SIMP1992
SIMP1593
SIMP1994
SIMP1S9S
SIMP1596
SIMP1997
SIMP1998
SIMP1599
SIMP2COO
SIMP2COL
SINP2C02
SIMP2CO3
SIMP2CO4
SIMP2CCS
SIMP2C06

-SIMP2CCT

SIMP2€O8
SIMP2CO9
SiMp2ClO
StrpP2Cll
SIvP2CY2
SIVMP2CL13
SivP2014 -
Siv¥P2C1S
SIMP2CLG
SIvP2C17
SIMP2C18
SIvP2CY19
STMpP 2620
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90

95

10
20
30

35

40

J=Jiel SIMP262)
GO 10 10 SIFP2C22
RE TURN StMP2C2)
END SIMP2C24
SIrP2C 25
-...Q..Q'.Q‘......Q.'...........Q.Q.Il...".'......I..O...........Slpp?CZG
) SiFpP2C27

SUBRUUTINE MADD SIvp2C28
SIrP2C29

PURPOSE SIrvP2C30
ADD TWO MATRICES ELEMENT BY ELEMENT TO FORM RESULTANT SIvP2C3)
KATRIX SIKP2C32
SIPP20133

®  USAGE SIrVP2C 34
CALL MADD(A,ByRyNyMyMSA,MSB) SIFP2C3S
SIMP2C3G

DESCRIPTION OF PARAMETERS SiveP2C3?

A = NAME CF [INPUT MATRIX SIFP2CI8

B - NAME OF INPUT MATRIX SIrpP2C39

R —~ NANME CF CUTPUT MATRIX SIMP2CA40

N — NUMBER OF ROWS IN A,B,R SIVFP2C4)

M - NUFMBER QF CGLUMNS IN A,B,R SIVP2C42

MSA - ONE DIGIT NUMBER FOR STCRAGE MODE OF PATRIX A SIMP2C4]

0 - GENERAL SIMP2C4S

1 - SYFMMETRIC SIFP2C4S

2 - DIAGCNAL SIMP2C4s

MSB -, SAME -AS MSA- EXGEPT FOR MATRIX B SIvP2Car
SIMP2C48

REMARKS SI¥P2C49
NONE SIMP2CSO
SIrP2CS1

SUBROUTINES AND FUNCTICN SUBPROGRAMS REQUIRED SIMP2(CS2
Loc SIVP2053

. SIFP2CS4

METHOD SIFP20SS
STORAGE MCDE CF CUTPUT MATRIX 1S FIRST DETERMINEC. ACDITICN SIVNP2(CS6

OF CORRESPUNDING ELEMENTS IS THEN PERFORMED. SIMP2CST

THE FOLLOWING TABLE SHOWS THE STCRAGE MODE CF THE OUTPUY SIMP2(C58
MATRIX FUR ALL COMBINATIONS CF INPUT MATRICES SIMP2CS9

A B R SIMP2C60

GENERAL GENERAL GENERAL SIMpP2Cel

GENERAL SYVMMETRIC GENERAL SIMP2CE2

GENERAL DIAGCNAL. GENERAL S1VP2C63

SYMMETRIC GENERAL GENERAL SIMP2C64

SYMMETRIC SYMMETRIC SYMMETRIC SIMP2C6S

SYFMMETRIC CIAGCNAL SYMMETRIC SIMP2CES

DTAGONAL GENERAL GENERAL SIMP20617

DIAGONAL SYMMETRIC SYMMETRIC SIMP2Ce8

DIAGONAL DIAGCNAL DIAGCNAL S1VP2C69

SIMP2CT0
.................‘....................Q...........................Sl"PZC?l
SIMP2C72

SUBROUTINE MADD(A,BsRyNsM,MSA,MSB) SIMP2CT3
DIMENSION A(1),8(1),R(1) SINP2CT4
SIKP2CT5

DETERVINE STORAGE MCCE OF CUTPUT MATRIX SIMP2CT6
SIFP2LTT

IF(FSA-FSB) 7457 SInNpP2C78
CALL LOC(N¢M NM,N,MsMSA) SIMP2CI9
6C TO0 100 SIvP2C80
MTEST=MSAZMSH SIvp2CHl
KSR=0 Sive2ca2
IF(MTESY) 20,20.10 SIMpP2CH3
FSR=1 SIMP2CB4
IFIMTEST=2) 35,3%,3C SIvp2C85
MSR=2 SIvP2C8b
sIvp2C8?

LCCATE ELEMENTS ANC PERFCRM ACCITICN SIMP2CAS
Strp20ca9

DC 90 J=1,4V SIvp2C90
DU 90 I=1.N SIvp2C9l
CALL LEOCUT eJdelJR,ANGNMSR) SIMP2C92
1§ CLJR) 4C40,40 Sivp2ca3
CALL LCClTeJelJdAN,P,1SA) SImp2C94

AtL=0.0 168 - SIMP2C95



IF(IJA) 50,60,50 SIFP2C96

LM 2,1242R1113)

50 AEL=A(1JA) SIMP2CI7

60 CALL LOC(I,JsTJByNyM MSH) sivp2c98
BEL=0.0 SIMP2C99
IF(1JB) 70,80,70 SIMP21CO

70 BEL=B(1JB) siMp2101

80 RUIJR)=AEL+BEL SIvP2102

90 CONTINUE SIMP 2103
RETURN SIMP2104

c ) SIMP 2105
C ADD MATRICES FOR OTHER CASES SIvP21C6
c SIMP2107
100 DO 110 I=1,NM sivp21C8
110 R(I)=A(I)+B(]) SIMP2109
RETURN SI¥P2110

END SIMP2111
NUMBER START O SIvP2112
BC 15,12(15) SIMP2113
CC X°*7* SINP2114
0DC CL7*NUMBER? SIMP2115
STM 14,12,12(13) SIMP2116
BALR 10,0 SIMP2117
USING %,10 SIMP2118
* SIMP2119
* SIrP2120
* N=NUMBER (A, IPOS, ILNG) SiMP2121
# ILNG MAY NOT EXCEED 15 Sivep2122
* SIMP2123
* SINP2124
LM 2,4,0(1) SIMP2125
L 3,0(3) SIMP2126
L 4,0(4) SIMP2127
LR 544 SIMP2128
BCTR 5,0 SIMP2129
LR 6,3 SIMP2130
BCTR 6,50 SIMP2131
AR 246 SIMP2132
STC 4,FM+1 SIMP2133
MM MVC WORK(G),0(2) SIMP2134
LA 2,WCRK SIMP2135
LR 9.2 SIMP2136
LR 7,4 SIMP2137
LA 8,1 SIMP2138
LOOP CLI 0(9),C*~* SINP2139
BNE NXT1 SIMP2140
MVI 0(9),C*0* SIMP2141
LNR 8,8 SIMP2142
B TST SIMPZ143
NXTL CLI 0(9),C*+°* SIMP2144
BNE TST, SIMP 2145
MVI 0(9),C*0"* SIMP2146
TIST CLI 0(9),C* ¢ SIMP2147
BNE TST3 SIMP2148
MVI 0(9),C*0* SIMP 2149
TST3 A 9,=F'1" SI¥MP2150
BCT T,LO0P SIMP2151
RCTR 9,C SIvMP2152
LTR 8,8 SIMP2153
8P BYBY SIMP2154
LR 9,2 SIMP2155
AR 9,5 SIMP2156
el 0(91,x*D0* SIMP2157
B CYCY SIMP2158
BYBY Ol C{9),X*CO* SIMP2159
CYCY L 94=F'15¢ SIFP2160
SLA 9,4(0) SIMP2161
AR 9,5 SIFP2162
STC 9,PCK+1 SIMP2163
PCK PACK CBL,0(0.2) SINP2164
CVB 0,NRL+8 SIMP 2165
LIR 8,4 SIvVP2166
BP ARND SIMP21K7
LNR 0,C SIMP21e8
Annp LM 2,12,28(13) SIMP2169

SIFP2170



VL 12(13), X*FF?
ICR 15,14
el DS 20
WORK DS CL16
END NUMBLR
KCMe START O
AC 1%, 1C(15)
CC X5
DC CLSKkCMPY
STM 14,R,12(13) '
BALR 8,0
USING ¢,0
SRR PR RN A R RSN EFE RS ENR RO RC R L2 R0 A4 DR RSB CRRARANS RN

FORYRAN SUBROUTINE FOR CHARACTYER CCMPARISCN

USAGE GIVEN RY
K=KOMP(ALl,1POS]1,ILNG1,A2,IPCS2)

THE JLNG1 CHARS{BYTES) STARTING AT ADDRESS Al+(IPCS1-1)
ARE COMPARED AGAINST THE ILNGl CHARSI(BYTES) STARTING AT ACCRESS
A2:(1P0S2-1)

RESULT:
K=-1 IF LESS THAN
K=0 IF ECUAL
K=1 If GRELATER THAN

Al AND A2 MAY BE DIMENSIONED OR UNDIMENSICNED

G UGB DD N0 DNBEH NN

2 F 2223222222 2422 2222222222222 R 22 2R 2Rt 2R
SR 040 .
LM 2,64,0(1)
L 3.0(3)
L 4+0(4)
L 6,0(6)
LA 7,1
SR 3,7
SR 647
AR 2,3
AR 5,6
SR 4,7
STC 44PVCHL
HVC CLC 0(0y21,0(5)
BE FINE
BL NEG
LR 0,7
8 FINE
NFG SR 0,7
FINE LM 2,8,28(13)
MVI 12(13)sX*FF*
RCR 15414
CND KGMP
FCVE START O
RC 15.12(15)
nc xl".
GC CL7*MCVE®
STV 14,#,12(13)

BALR 2,C

USING %,¥

®

4

® FORIRAN .

€& USAGE:

& CALL MOVFIALIPOSLsLAGL,A2,1PCAZ)

-]

= MOVES THE (NGl CHARACTERS AT A1+ (IPCSI-1) IATO
* AL IPCS<2-1)

‘ - .

2 RESULTS UNPRIDICTAPLE TF FIFLDS CVERLAP

*
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SINP217)
S1KP2172
SIMP2173
SIRP 2174
SIMP217s
SIMP2176
SIMP21T7
SIMP2178
SIMP 2179
SIrP2180
SIMP 2181
SIrP2182
SINvP2183
SIrP2184
SIrvP 2185
SIFPP2146
SIMP2187
SIFP2188
SIMP 2189
SIrP2190
SIMP 2191
SIvP2192
SIMP 2193
SIMP2194
SIFP2195
SIMP2196
SIMP2197
SIMP2198
SIKP2199
SIMP 2200
SIMP2201
Sivp2202
SIMP 2203
SIFP2204
SIMp 2205
SIMP2Z06
SINMP 2207
SIMP2208
SIMP 2209
Sivp2210
SIMP2Z11
SiKrpP2212
SINP 2213
SIMP2214
SIKP2215
SIKP2216
SIMP22117

SIrP2218

SIKP2219
Sivp2220
sirp2z21
SIMP2222
SIMP2223
SINP2724

“SIMP2225
‘SIMP 2226
SIMP2227

Sivp22z28
SIrP2229
SINP2230
SIrvp22z31
SIMP2232
SIrP2233
SIpP22Z34
SIrFP2235
SIvp2236

. SIvP223T

SiMp2z18
SIMP2739
SIMP 2240
SIVP224l1
SIvP 2242
SiMp2743
SIMpP 2244



L 4,0(4)

L 6,0(6)

tA 7,1

SR 4,7

STC 4,MVC+1

AR 2,43

SR 2,7

AR 5,6
SR 5,7

MVC PVC 0(0,5),0(2)
LM 2,8,286(13)
MVI 12(13),X*FF?
PCR 15,14

END MOVE

SIMP2246
SINFP2247
SIMP2248
SIMP2249
SIMP2250
SINP2251
SIMP2252
SIMP225)
SIMP2254
SIMP2255
SIMP2256
SIMP2257
SIvp2258
SIMP2259
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SECTION VIIL

APPENDICES

Appendix : vata Bank

Table pP1

Residual Generation Coefficients

Food and Kindred Products

Unit of activity: Million dollars of output
Level of pollutants: Kilograms

Level of waste water: Million liters

Air Pollutant Emissions from Alternative Production Processes
Other than Heat and Power Generation

P HC SO Co NO
_ X X
Process 1 12,066 -- -- - -
Process 2 9,653 -- -- - -
Process 3 7,239 -- - -- —-

Air Pollutant Emissions from Alternative Production Processes =-
Heat and Power Generation'

P HC ) co NO
X X
Process 1 | 9,420 66 5,974 175 1,928
Process 2 | 7,065 50 4,481 131 1,446
Process 3 | 2,355 33 2,987 86 964

Water Pollutant Discharges from Alternative Production Processes

BOD SsS DS ,WWA
Process 1 | 25,780 39,569 7,218 22.0
Process 2 | 19,335 29,677 5,053 20.9
Process 3 | 12,890 - 19,785 3,609 16.5

Solid Waste Generation from Alternative Production Processes

Combustible Noncombustible Total
Process 1 74,239
Process 2 51,968
Process 3 44,546
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Pable Ila

Residual Transformation Coefficients: Air

i

Air Pollutant Transformation Factors for Alternative Treatment

Processes -~ Primary Residual Transformation Coefficients

d 80, o, HC CO  Solid Waste
H¥ L* H L H L H L H 1 (Bottom Ash)
Settling Chamber .30 .80 .7 (P) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 .95(P) .9 (P)
Fabric Filter .01 .05 .99 (P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0
secandary Residual Transformation Coefficients
From Solid Waste (Bottom Ash) to Other Media
P 1) NO HC Cco sSS .SW
. X X

Open Dumping

Sanitary Landfill

Discharge to
Water Bodies

*H: High Efficiency
L: Low Efficiency
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fable T1b

Residual Transformation Coefficients:

Water

Water Pollutant Transformation Factors for Alternative Treatment

Processes -- Primary Residual -Transformation Coefficients
BOD sS DS Sludge
Primary Treatment .65 .1 0 .35(BOD)+.9 (SS)+1(DS)
Screening
Sedimentation
Neutralization
& Storage

Chemical Addition

Secondary Treatment .1 .05
Activated Sludge
Trickling Filter

Tertiary Treatment .01 .01
Activated Carbon
Iron Exchange

.95 .9 (BOD)+.95(SS)+.5(DS)

.5 .99 (BOD)+.99(SS)+.5(DS)

Intermedia Residual Transformation Coefficients

From Sludge to Other Media

P* SO NO
X X

Co SW*

Incinerator
Open Dumping
Sanitary Landfill

* For further treatment of P and SW , see 3-Ta.
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Pable T1c

Residual Transformation Coefficients:

Solid Waste (Combustible)

Solid Waste Transformation Factors for Alternative Control

Technologles -- Primary Residual Transformation Coefficients

" from Solid Waste to Other Media

Incinerator P HC SOx CO NOx SW
Incinerator KG/MT KG/MT KG/MT KG/MT "KG/MT KG/MT
Multiple Chamber 15 .75 .75 17.5 1
Multiple Chamber
With Water Spray 7 .75 .75 17.5 1
Intermedia Residual Transformation Coefficients
From Particulate to Other Media
o P o) NO HC co SW
pre X
Settling Chamber | .30 .80 7P .2 (p)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Aftérburner 0
Intermedia Residual Transformation Coefflclents
From Bottom Ash to Other Media
\
P SO NO HC co SW
x X

Open Dumping
Sanitary Landfill
Discharge to
Water Bodies
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Table P2

Residual Generation Coefficients

Tobacco

Unit of activity: Million dollars of output
Level of pollutants: Kilograms

Level of waste water: Million liters

Air Pollutant Egissioﬁs frem~A1tefnat1ve Production Processes
Other than Heat and Power Gemeration. .

P HC SO co NO
X X
Process y - - - . .
Process 2 - - - - -
Process 3 - - - - -

Air Pollutant Emissions from Alternative Production Processes ==~
Hggt_and\?ower ngggation

P HC SO Co NO
. X . X
Process 1 | 4,609 30 2,494 84 673
Process 2 | 3,457 23 1,871 63 505
Process 3 | 1,152 15 1,247 42 337

Water Pollutant.Disqhgrges from Alternative Production Processes

BOD SS DS WW
Process 1 1,381 3,294 -- 7.88
Process 2 1,312 2,635 -- 6.31
Process 3 1,243 2,470 -- 6.31

Solid Waste Generation from Alternative Production Processes

Combustible  Noncombustible Total
Process 1 o --
Process 2 : --
Process 3 | ‘ ==
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lable T2a

Residual Transformation Coefficients: Air

Air Pollutant Transformation Factors for Alternative Treatment

Processes ~- Primary Residual Transformation Coefficients

P S0 NO_ HC CO  5o01id Waste
H* L* W L H . H 1L H 1, (Bottom Ash)
Settling Chamber .30 .80 .7 (P) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 .95(P) .9 (P)ﬂ
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0
Intermedia Residual Transformation Coefficients
From Solid Waste (Bottom Ash) to Other Media
P SO NO HC COo SS . SW
X X

Open Dumping

Sanitary Landfill

Discharge to
Water Bodies

*H: High Efficiency

L: Low Efficiency

177



Table T2b

Residual Transformation Coefficients: Water

Water Pollutant Transformation Factors for Alternative Treatment

Processes -- Primary Residual Transformation Coefficients
BOD SS DS Sludge
Primary Treatment .65 .1 0 .35(BOD)+.9 (SS)+1(DS)
Screening
Sedimentation
Neutralization
& Storage

Chemical Addition

Secondary Treatment .1 .05 .95 .9 (BCD) +.95(SS)+.5(DS)
Activated Sludge
Irickling Filter

Tertiary Treatment .01 .01 .5 .99 (BOD)+.99(SS)+.5(DS)
Activated Carbon
Iron Exchange

Intermedia Residual Transformation Coefficients
From Sludge to Other Media

x

* T HE . ) %
P SOx NOx v HC _CO SW

Incinerator
Open Dumping
Sanitary Landfill

% For further treatment of P and SW , see 3-Ta.
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Residual Transformation Coefficients:

Table [2c¢

Solid Waste (Combustible)

Solid Waste Transformation Factors for Alternative Control

Technologies -- Primary Residual Transformation Coefficients

" from Solid Waste to Other Media

Discharge to
Water Bodies

Sanitary Landfill

Incinerator P 5[ SO0x co NOx SW
Incinerator KG/MT KG/MT KG/MT KG/MT KG/MT KG/MT
Multiple Chamber 15 .75 .75 17.5 1
Multiple Chamber: , 1

"With Water Spray 7 .75 .75 17.5 1

Intermedia Residual Transformation Coefficients
From Particulate to Other Media
P so NO HC Cco SW
i » X X
Settling Chamber | .30 .80 7 (P) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner ‘ 0 0
Intermedia Residual Transformation Coefficients
From Bottom Ash to Other Media
| P SOx I\TO_X HC co Sw
Open Dumping
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Table 23

Residual Generation Coefficients

Textile Mill Products

Unit of activity: Million dollars of output
Level of pollutants: Kilograms
Level of waste water: Million liters

Air Pollutant Emissions from Alternative Production Processes
Other than Heat and Power Generation

P HC SO Cco NO
X X
Process 1 - - - - -—-
Process 2 -- - - - -
Process 3 - - - - -

Air Pollutant Emissions from Alternative Production Processes =--
Heat and Power Generation

B HC S0 co NO

X X

Process 1 | 13,745 101 347,482 261 2,667
Process 2 | 10,309 76 260,612 196 2,000
Process 3 | 3,436 51 173,741 131 1,334

Water Pollutant Discharges from Alternative Production Processes

BOD' SS DS WW
Process 1 | 21,400 -- 24,502 39.43
Process 2 | 21,400 -- + 22,052 37.46
Process 3 19,260 -- 20,827 '35.49

Solid Waste Generation from Alternative Production Processes

Combustible Noncombustible Total

Process 1
Process 2
Process 3 |
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Zable T3a

Residual Transformation Coefficients: Air

Air Pollutant Transformat10n Factors ﬁ Alterggtive Treatment
Processes ==~ Primarx Residual Transformation Coefficients

P SO# NOx HC co Solid Waste
H¥ L* H L H L H L H L (Bottom Ash)
Settling Chamber .30 .80 .7 (P) .2 (P)
Cyclone C .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 : .95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber 100 .20 .10 .20 .40 .60 .9 (P) .8 (P)L
Afterburner o, 0 0

Intergggié Residual Transformation Coefficients
From Solid Waste (Bottom Ash) to Other Media

P SO - NO HC co SSs SW
X X

Open Dumping

Sanitary Landfill

Discharge to
Water Bodies

*H: High Efficiency.
L: Low EfflCancy
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Table T3b

Residual Transformation Coefficients: Water

Water Pollutant Transformation Factors for Alternative Treatment
Processes -- Primary Residual Transformation Coefficients

BOD sS DS Sludge

Primary Treatment .65 .1 0 .35(BOD)+.9 (SS)+1(DS)
Screening
Sedimentation
Neutralization
& Storage
Chemical Addition

Secondary Treatment .1 .05 .95 .9 (BOD)+.95(SS)+.5(DS)
Activated Sludge
Trickling Filter

Tertiary Treatment .01 .01 .5 .99 (BOD)+.99(SS)+.5(DS)
Activated Carbon
Iron Exchange

Intermedia Residual Transformation Coefficients
From Sludge to Other Media

*
P SOx NOX HC Cco SW*

Incinerator
Open Dumping
Sanitary Landfill

* For further treatment of P and SW , see 3-Ta.
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Table T3c

Residual Transformation Coefficients: Solid Waste (Combustible)

Solid Waste Transformation Factors for Alternative Control

Technologies -- Primary Residual Transformation Coefficients

" from Solid Waste to Other Media

Incinerator p HC SOx CcO NOx SW
Incinerator KG/MT KG/MT KG/MT KG/MT KG/MT KG/MT
Multiple Chamber 15 .75 .75 17.5 1
Multiple Chamber
With Water Spray 7 .75 .75 17.5 1
Intermedia Residual Transformation Coefficients
From Particulate to Other Media
P SOx NOx HC CO SW
Settling Chamber | .30 .80 7 (P) .2 (P)
Cyclone .20 .70 8 (P) .3 (P)
Electrostatic ,

Precipitator .05 .10 .95(P) 9 (P)
Fabric Filter .01 .05 .99 (P) 95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) 8 (P)
Afterburner 0 0

Intermedia Residual Transformation Coefficients
From Bottom Ash to Other Media
P SOx NOx HC CO SW
Open Dumping

Sanitary Landfill
Discharge to
Water Bodies
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Table P4

Residual Generation Coefficients

Apparel and Related Products

Unit of activity: Million dollars of output
Level of pollutants: Kilograms
Level of waste water: Million Jiters

Air Pollutant Emissions from Alternative Production Processes
Other than Heat and Power Generation

P HC SO Cco NO
X_ X
Process 1 - - - - -
. Process 2 - - - - -
Process 3 -—- - - - -

Air Pollutant Emissions from Alternative Production Processes --
Heat and Power Generation

P HC SO Cco NO

X X

Process 1 715 6 668 1 200
Process 2 536 5 501 0.8 150
Process 3 179 3 334 0.5 100

Water Pollutant Discharges from Alternative Production Processes

BOD - 8Ss DS WW
Process 1 1,381 3,294 -- 7.88
Process 2 | 1,312 2,635 -- 6.31
Process 3 1,243 2,470 -- 6.31

Solid Waste Generation from Alternative Production Processes

Combustible Noncombustible Total

Process 1 . ==
Process 2 -
Process 3 -
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Table T4a

Residual Transformation Coefficients: Air

Air Pollutant Transformation Factors for Alternative Treatment
Processes ~~ Primary Residual Transformation Coefficients

P S0, No, HC €O Solid Waste
H* L* H L H L H L H 1. (Bottom Ash)
Settling Chamber .30 .80 .7 (P) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 .95(P) .9 (P)
Fabric Filter .01 .05 .99 (P) .95(P)
Wet Scrubber L1000 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0
-Intermedia Residual Transformation Ccefficients
From Solid Waste (Bottom Ash) to Other Media
P 10) NO HC M 4] ss . SW
X X

Open Dumping

Sanitary Landfill

Discharge to
Water Bodies

*H: High Efficiency
L: Low Efficiency
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Table T4b

Residual Transformation Coefficients: Water

Water Pollutant Transformation Factors for Alternative Treatment

Processes -- Primary Residual Transformation Coefficients

BOD SS

Primary Treatment .65 .1
Screening
Sedimentation
Neutralization
& Storage
Chemical Addition

Secondary Treatment .1 .05
Activated Sludge

Trickling Filter

Tertiary Treatment 01 .01
Activated Carbon

Iron Exchange

DS Sludge
0 .35(BOD)+.9 (SS)+1(DS)

.95 .9 (BOD)+.95(SS)+.5(DS!

.5 .99 (BOD)+.99(SS)+.5(DS;

Intermedia Residual Transformation Coefficients

From Sludge to Other Media

pP* SO NO
x X

HC co Sw*

Incinerator
Open Dumping
Sanitary Landfill

* For further treatment of P and SW , see 3-Ta.
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Table Thc

Solid Waste (Combustible)

Residual Transformation Coefficients:

Solid Waste Transformation Factors for Alternative Control

Technologies -- Primary Residual Transformation Coefficients

from Solid Waste to Other Media

Incinerator P HC SOx Cco NOx SW
Incinerator KG/MT KG/MT KG/MT KG/MT KG/MT KG/MT
Multiple Chamber 15 .75 .75 17.5 1
Multiple Chamber
With Water Spray 7 .75 .75 17.5 1
Intermedia Residual Transformation Coefficients
From Particulate to Other Media )
P SOx NOx HC co SwW
Settling Chamber | .30 .80 70 (P) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 95(P) .9 (P)
Fabric Filter .01 .05 99 (P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 9 (P) .8 (P)
Afterburner 0 0
Intermedia Residual Transformation Coefficients
From Bottom Ash to Other Media
P SOx NOX HC co Sw
Open Dumping

Sanitary Landfill
Discharge to
Water Bodies
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Table P9

Residual Generation Coefficients

Lumber and Wood'Products

Unit of activity:
Level of pollutants:
Level of waste water:

Million dollars of output
Kilograms
Million liters

Air Pollutant Emissions from Altermative Production Processes
Other than Heat and Power Generation

P HC SO Co qu
Process 1 - - - - -
Process 2 - - - - -
Process 3 - - - . -

Air Pollutant Emissions from Alternative Production Processes --
Heat and Power Generation

P HC SO co NO
— z X
Process 1 | 2,617 . 29 3,355 58 1,039
Process 2 1,963 22 2,516 44 779
Process 3 654 15 T 1,678 29 520

Water Pollutant Discharges from Alternative Production Processes

BOD ss DS W
Process 1 1,381 3,29 -- 7.88
Process 2 | 1,312 2,635 -- 6.31
Process 3 1,243 2,470 -- 6.31

Solid Waste Generation from Alternative Production Processes

Combustible Noncombustible Total
Process 1 2,518,295"
Process 2 2,014,636
Process 3 1,762,807
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Table TS5a

Residual Transformation Coefficients: Air

Air Pollutant Transformation Factors for Alternative Treatment

Processes -- Primary Residual Transformation Coefficients

H* IL* H L H L H L H

P SO NOx HC co

Solid Waste
1 (Bottom Ash)

Settling Chamber .30 .80

.7 (P) .2 (P)

Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic '
Precipitator .05 .10 .95(P) .9 (P)

Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0

Intermedia Residual Transformation Coefficients

From Solid Waste (Bottom Ash) to Other Media

P S0 NOx HC co SS .SW

Open Dumping

Sanitary Landfill

Discharge to
Water Bodies

*H: High Efficiency
L: Low Efficiency

189




Table T5b

Residual Transformation Coefficients: Water

Water Pollutant Transformation Factors for Alternative Treatment
Processes -- Primary Residual Transformation Coefficients

BOD sS DS Sludge

Primary Treatment .65 .1 0 .35(BOD)+.9 (SS)+1(DS)
Screening
Sedimentation
Neutralization

- «& Storage
Chemical Addition

Secondary Treatment .1 .05 .95 .9 (BOD)+.95(SS)+.5(DS)
Activated Sludge
Trickling Filter

Tertiary Treatment .01 .01 .5 .99 (BOD)+.99(SS)+.5(DS)
Activated Carbon
Iron Exchange

Intermedia Residual Transformation Coefficients
From Sludge to Other Media

E P _ SOx Nox HC co SW*
Incinerator
Open Dumping
Sanitary Landfill

% For further treatment of P and SW , see 3-Ta'.
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Residual Transformation Coefficients:

Table TSc

Solid Waste (Combustible)

Solid Waste Transformation Factors for Alternative Control

Technologies -- Primary Residual Transformation Coefficients

from Solid Waste to Other Media

Incinerator P HC SOx co NOx SW
Incinerator KG/MT KG/MT KG/MT KG/MT KG/MT KG/MT
Multiple Chamber 15 .75 .75 17.5 1
Multiple Chamber
With Water Spray 7 .75 .75 17.5 1
Intermedia Residual Transformation Coefficients
From Particulate to Other Media
P SOx NOx HC co SW
Settling Chamber | .30 .80 7 (P) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
. Precipitator .05 .10 L95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Aftérburner 0 0
Intermedia Residual Transformation Coefficients
From Bottom Ash to Other Media
P SOx NOx HC Cco SW
Open Dumping

Sanitary Landfill
Discharge to
Water Bodies
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Table P6

Residual Generation Coefficients
Furniture and Fixtures
Unit of activity: Million dollars of output

Level of pollutants:  Kilograms
Level of waste water: Million liters

Air Pollutant Emissions from Alternative Production Processes
' Other than Heat and Power Generation

P HC SO Cco NO
- 3 X
Process 1 -- -- -- -- --
Process 2 -- -- - -- -
Process 3 -- -- == -- --

Air Pollutant Emissions from Alternative Production Processes =-
Heat and Power Generation

-

P " HC SO co NO

X p.3

Process 1 | 5,675 38 3,319 104 976
Process 2 | 4,256 29 2,489 78 732
Process 3 | 1,419 19 1,660 52 488

Water Pollutant Discharges from Alternative Production Processes

BOD S8 DS WW
Process 1 | 1,381 3,294 - 7.88
Process 2 1,312 2,635 - 6.31
Process 3 1,243 2,470 -- 6.31

Solid Waste Generation from Alternative Production Processes

Combustible Noncombustible Total
Process 1 254,861
Process 2 y 203,889 -
Process 3 178,403
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Table Téa

Residual Transformation Coefficients: Air

Air Pollutant Transformation Factors for Alternative Treatment

Processes -~ Primary Residual Transformation Coefficients

B 1

P S0, No_ HC ' €O 501id Waste
H* L* H L H 1 H H 1. (Bottom Ash)
Settling Chamber .30 .80 .7 (P) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 L95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner . 0 0
Intermedia Residual Transformation Coefficients
From Solid Waste (Bottom Ash) to Other Media
P so NO HC co SS . SW
X . S
Open Dumping
Sanitary Landfill
Discharge to

Water Bodies

*H: High Efficiency

L: Low Efficiency
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Table Téb

Residual Transformation Coefficients: Water

Water Pollutant Transformation Factors for Alternative Treatment
Processes -- Primary Residual Transformation Coefficients

BOD ss DS Sludge

- Primary Treatment .65 .1 0 .35(BOD)+.9 (SS)+1(DS)
' Screening

Sedimentation

Neutralization

& Storage
Chemical Addition
Secondary Treatment .1 .05 .95 .9 (BOD)+.95(SS)+.5(DS)

Activated Sludge
Trickling Filter

Tertiary Treatment .01 .01 .5 .99 (BOD)+.99(S8S)+.5(DS)
Activated Carbon
Iron Exchange

Intermedia Residual Transformation Coefficients
From Sludge to Other Media

= ,
P SOx NOx HC co Sw*

Incinerator
Open Dumping
Sanitary Landfill|

* For further treatment of P and SW , see 3-Ta.'
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Table Téc

Residual Transformation Coefficients:

Solid Waste (Combustible)

/

Solid Waste Transformation Factors for Alternative Control

Technologies -- Primary Residual Transformation Coefficients

" from Solid Waste to Other Media

Incinerator P HC SOx Co NOx SW
Incineratorl KG/MT KG/MT KG/MT KG/MT KG/MT KG/MT
Multiple Chamber 15 .75 .75 17.5 1
Multiple Chamber
With Water Spray 7 .75 .75 17.5 1
Intermedia Residual Transformation Coefficients
From Particulate to Other Media
P SOx NOx HC co SW
Settling Chamber | .30 .80 7Py .2 (P)
Cyclone .20 .70 .8 () .3 (P)
Electrostatic
Precipitator .05 .10 95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterbprner 0 0
Intermedia Residual Transformation Coefficients
From Bottom Ash to Other Media ’
| P SOx NOx HC go SW
Open Dumping

Sanitary Landfill

Discharge to
Water Bodies
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lable P7

Residual Generation Coefficients

Paper and Allied Products

Unit of activity:
Level of pollutants:
Level of waste water:

Million dollars of output
Kilograms

Million 1liters

Air Pollutant Emissions from Alternative Production Processes
Other than Heat and Power Generation

P HC SO Co NO

X X
Process 1 | 29,882 -- -- 34,500 --
Process 2 | 31,376 -- - 36,224 --
Process 3 | 32,870 .- - 37,949 --

‘Air Pollutant Emissions from Alternative Production Processes --
Heat and Power Generation

P HC SO Co NO
‘ X X
Process 1 | 65,275 445 39,115 1,206 11,366
Process 2 48,956 334 29,336 905 8,525
Process 3 | 16,319 223 19,558 603 5,683

Water Pollutant Discharges from Alternative Production Processes

BOD S§ DS WW
Process 1 | 144,708 73,582 315,784 374.73
Process 2 | 166,414 73,582 299,995 412,20
Process 3 | 180,885 77,261 299,995 449.67

Solid Waste Generation from Alternative Production Processes

Combustible

Noncombustible Total

Process 1 254,861
Process 2 263,329
 Process 3 274,778
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Table T7a

Residual Transformation Coefficients: Air

Air Pollutant Transformation Factors for Alternative Treatment
Processes -- Primary Residual Transformation Coefficients

P SOx NO# : HC co Solid Waste
H* L* H L H L H L H L (Bottom Ash)
Settling Chamber .30 " .80 .7 (P) .2 (P)l
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic )

Precipitator .05 .10 .95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0

Intermedia Residual Transformation Coefficients
From Solid Waste (Bottom Ash) to Other Media
P SOx NO HC co 8s SW
Open Dumping ' -

Sanitary Landfill
Discharge to
Water Bodies

*H: High Efficiency
L: Low Efficiency
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Table T7b

Residual Transformation Coefficients: Water

Water Pollutant Transformation Factors for Alternative Treatment
Processes -- Primary Residual Transformation Coefficients

BOD SS DS Sludge

Primary Treatment .65 .1 0 .35(BOD)+.9 (SS)+1(DS)
Screening
Sedimentation
Neutralization
& Storage
Chemical Addition

Secondary Treatment .1 .05 .95 .9 (BOD)+.95(SS)+.5(DS)

Activated Sludge
Trickling Filter

Tertiary Treatment .01 .01 .5 .99 (BOD)+.99 (SS)+.5(DS)

Activated Carbon
Iron Exchange

Intermedia Residual Transformation Coefficients
From Sludge to Other Media

*
P SOx NOx HC Cco Sw#*

Incinerator
Open Dumping
Sanitary Landfill

* For further treatment of P and SW , see 3-Ta.
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Residual Transformation Coefficients:

Table T7¢

Solid Waste (Combustible)

Solid Waste Transformation Factors for Alternative Control

Technologles -- Primary Residual Transformation Coeff1c1ents

from Solid Waste to Other Media

Sanitary Landfill
Discharge to
Water Bodies

“Incinerator P AC SO0x CO NOx SW
Incinerator KG/MT KG/MT KG/MT KG/MT KG/MT KG/MT
Multiple Chamber 15 .75 .75 17.5 1
Multiple Chamber

With Water Spray 7 .75 .75 17.5 1
Intermedia Residual Transformation Coefficients
From Particulate to Other Media
P ng NQx HC co SW
Settling Chamber | .30 .80 .7 (P) .2 (P)
Cyclone .20 .70 .8 (P .3 (P)
Electrostatic
Precipitator .05 .10 .95(P .9 (P)
Fabric Filter .01 .05 .99 (P .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P .8 (P)
Afterburner 0 0
Intermedia Residual Transformation Coefficients
From Bottom Ash to Other Media
P qu qu HC Cco SW
Open Dumping
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Table P8

Residual Generation Coefficients

Printing and Publishing

Unit of activity: Million dollars of output
Level of pollutants: Kilograms
Level of waste water: Million 1liters

Air Pollutant Emissions from Alternative Productien Processes
Other than Heat and Power Generation

P HC SO Cco NO
X X
Process 1 - -- —- - -
Process 2 - - _— - -
Process 3 - - - -e -

Air Pollutant Emissions from Alternative Production Processes ==
Heat and Power Generation

P HC SO Cco NO

X ' p.<

Process 1 582 6 724 13 271
Process 2 437 5 543 10 203
Process 3 145 3 362 7 136

Water Pollutant Discharges from Alternative Production Processes

BOD SS DS WW
Process 1 1,381 3,29 - 7.88
Process 2 1,312 2,635 -- 6.31
Process 3 1,243 2,470 -- 6.31

Solid Waste Generation from Alternative Production Processes

) - Combustible Noncombustible Total
Process 1 388,181
Process 2 349,363
Process 3 329,953
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Table T8a

Residual Transformation Coefficients: Air

Air Pollutant Transformation Factors for Alternative Treatment
Processes -- Primary Residual Transformation Coefficients

P Sox NOX HC co Solid Waste
H* L* §H L H 1, H 1 H 1 (Bottom Ash)
Settling Chamber .30 .80 .7 (P) .2 (P)r
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic J
Precipitator .05 .10 .95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0
Intermedia Residual Transformation Coefficients
From Solid Waste (Bottom Ash) to Other Media
P SO NO HC Co SS SW
X X
Open Dumping

Sanitary Landfill
Discharge to
Water Bodies

*H: High Efficiency
L: Low Efficiency
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Table T8b

Residual Transformation Coefficients: Water

Water Pollutant Transformation Factors for Alternative Treatment
Processes =-- Primary Residual Transformation Coefficients

BOD SS DS Sludge

Primary Treatment .65 .1 0 .35(BOD)+.9 (SS)+1(DS)
Screening
Sedimentation
Neutralization
& Storage
Chemical Addition

Secondary Treatment .1 .05 .95 .9 (BOD)+.95(SS)+.5(DS)
Activated Sludge
Trickling Filter

Tertiary Treatment .01 .01 .5 .99(BOD)+.99(SS)+.5(DS)

Activated Carbon
Iron Exchange

Intermedia Residual Transformation Coefficients
From Sludge to Other Media

—— vt e x *
| P 50_ NO_ HC co SW*
Incinerator
Open Dumping
Sanitary Landfill

* For further treatment of P and SW , see 3-Ta.'
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Table T8c

Residual Transformation Coefficients: Solid Waste (Combustiblql

Solid Waste Transformation Factors for Alternative Control
Technologies -- Primary Residual Transformation Coefficients
" from Solid Waste to Other Media

Incinerator p HC SOx Cco NOx SW
Incinerator KG/MT KG/MT  KG/MT  KG/MT  KG/MT KG/MT
Multiple Chamber 15 .75 .75 17.5 1
Multiple Chamber

With Water Spray 7 .75 .75 17.5 1

Intermedia Residual Transformation Coefficients
From Particulate to Other Media

P SOx NOx HC Co SW
Settling Chamber | .30 .80 7Y .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic

Precipitator .05 .10 .95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber J10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0
Intermedia Residual Transformation Coefficients
' From Bottom Ash to Other Mediéa

P SOx NOx HC Co Sw

Open Dumping

Sanitary Landfill
Discharge to
Watef Bodies
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Lable P9

Residual Generation Coefficients

Chemical and Allied Products

Unit of activity: Million dollars of output
Level of pollutants: Kilograms
Level of waste water: Million liters

Air Pollutant Emissions from Alternative Production Processes
Other than Heat and Power Generation

P HC SO Co . NO
X X

e—

Process 1 | 4,717 17,237 12,882 10,886 3,629
Process 2 | 5,715 15,513  11,59% 9,798 3,266
Process 3 | 5,398 15,558 11,59 9,798 3,266

-

Air Pollutant Emissions from Alternative Production Processes --
Heat and Power Generation

’

3 HC ) o NO
X X
Process 1 | 51,615 324 26,371 937  .9,127
Process 2 | 38,710 243 19,778 701 6,835
Process 3 | 12,905 162 13,186 469 4,564

Water Pollutant Discharges from Altermative Production Processes

BOD SS DS WW
Process 1 | 121,470 23,792 647,832 101.73
Process 2 97,175 20,224 485,850 111.90
Process 3 91,101 19,034 453,400 116.98

Solid Waste Generation from Alternative Production Procggses»

~
ot

Combustible Noncombustible Total
Process 1 , 74,281
Process 2 81,712
Process 3 85,422

204



Table T9a

Residual Transformation Coefficients: Air

Air Pollutant Transformation Factors for Alternative Treatment
Processes ~- Primary Residual Transformation Coefficients

P S0, NO_ HC CO  Solid Waste
H* L* H L H L H L H 1 (Bottom Ash)
Settling Chamber .30 .80 ‘ .7 (P) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0
Intermedia Residual Transformation Coefficients
From Solid Waste (Bottom Ash) to Other Media
P ) NO HC co ss .sW
X . S
Open Dumping

Sanitary Landfill
Discharge to
Water Bodies

*H: High Efficiency
L: Low Efficiency
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Table T9b

Residual Transformation Coefficients: Water

Water Pollutant Transformation Factors for Alternative Treatment
Processes -- Primary Residual Transformation Coefficients

BOD SS DS Sludge

Primary Treatment .65 .1 0 .35(BOD)+.9 (SS)+1(DS)
Screening
Sedimentation
Neutralization
& Storage
Chemical Addition

Secondary Treatment .1 .05 .95 .9 (BOD)+.95(SS)+.5(DS)

Activated Sludge
Trickling Filter

Tertiary Treatment .01 .01 .5 .99 (BOD)+.99(SS)+.5(DS)

Activated Carbon
Iron Exchange

Intermedia Residual Transformation Coefficients
From Sludge to Other Media

P* sqx NQx ~HC co SW*

Incinerator
Open Dumping
Sanitary Landfill

* For further treatment of P and SW , see 3-Ta.
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Residual Transformation Coefficients:

Table T9c

Solid Waste (Combustible)

Solid Waste Transformation Factors for Alternative Control

Technologies -- Primary Residual Transformation Coefficilents

from Solid Waste to Other Media

Incinerator p HC SOx CcO NOx SW
Incinegator KG/MT KG/MT KG/MT KG/MT KG/MT KG/MT
Multiple Chamber 15 .75 .75 17.5 1
Multiple Chamber
With Water Spray 7 .75 .75 17.5 1
Intermedia Residual Transformation Coefficients
From Particulate to Other Media
P SOx NOX HC Cco sw
Settling Chamber | .30 .80 7)Y .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 9 (P) .8 (P)
Afterburner 0
Intermedia Residual Transformation Coefficients
From Bottom Ash to Other Media
P SOX NOx HC CO SW
Open Dumping

Sanitary Landfill
Discharge to
Water Bodies
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Table:glo

Residual Geperation Coefficients

Pg;rdleﬂm and ngl Produgts

Unit of activity: Million dollars of output
Level of pollutants: Kilograms
Level of waste water: Million liters

Air Pollutant Emissions frgg Alggrnative Production Processes
- Othet . .thag . and Pouwer .Gamer:s ‘

Process 1 | 32,583 150,195 106,722 94,874 ' 1,307
Process 2 | 34,212 165,214 117,394 104,361 1,437
Process 3 | 30,954 135,175 96,050 85,386 1,176

l

Air Pollutant Eg;sgions from Alternative Production Processes =-
- Heat and Power Geng;atlon

B #HCV‘ _ sqx Co Nox
Process 1 | 4,197 40 4,576 91 7,090
Process 2 | 3,148 30 3,432 68 5,318
Process 3 | 1,049 20 2,288 46 3,545

Water Pollutant Diécharges from Alte:nativg.Produgtion Processes

BOD §S | DS WW
Process 1 | 10,560 9,716 15,397 43.76
Process 2 | 11,088 9,716 16,937 48.13
Process 3 | 8,448 8,258 12,317 ~ 37.19

Solid Waste Generation from Alternative Production Processes

Cbmbpstiblé D Noncombusfible ‘ Total

Process 1
"Process 2
Proqesé'} 1

—— -

- -
’
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Table T10a

Residual Transformation Coefficients: Air

Air Pollutant Transformation Factors for Alternative Treatment
Processes -- Primary Residual Transformation Coefficients

P 50, NO_ HC €O solid Waste
H* L* H L H L H L H 1 (Bottom Ash)
Settling Chamber .30 .80 7 (P) .2 (P)F
Cyclone . .20 .70 .8 (P) .3 (P)
Electrostatic i
Precipitator ~ .05 .10 ' .95(P) .9 (P)I
Fabric Filter .01 .05 .99 (P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0]
Intermedia Residual Transformation Coefficients
From Solid Waste (Bottom Ash) to Other Media
P o) NO HC CO SS SW
X X

Open Dumping

Sanitary Landfill

Discharge to
Water Bodies

*H: High Efficiency
L: Low Efficiency
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Table T10b

Residual Transformation Coefficients: Water

Water Pollutant Transformation Factors for Alternative Treatment

Processes -- Primary Residual Transformation Coefficients

BOD Ss DS Sludge

Primary Treatment .65 .1 0 .35(BOD)+.9 (SS)+1(DS)

Screening
Sedimentation
Neutralization

.& Storage
Chemical Addition

Secondary Treatment .1 .05 .95 .9 (BOD)+.95(SS)+.5 (DS]

Activated Sludge
Trickling Filter

Tertiary Treatment oL .01 .5  .99(BOD)+.99(SS)+.5 (DS

Activated Carbon
Iron Exchange

>~

Intermedia Residual Transformation Coefficients
From Sludge to Other Media

P SO No_ ~ HC co
x r.>x -

Incinerator
Open Dumping
Sanitary Landfill

* For further treatment of P and SW , see 3-Ta.
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Table T10c

Residual Transformation Coefficients: Solid Waste (Combustible)

Solid Waste Transformation Factors for Alternative Control
Technologles -- Primary Residual Transformation Coefficients
from Solid Waste to Other Media

Incinerator P AC SO0x TO NOx SW
Incinerator KG/MT  KG/MT  KG/MT  KG/MT  KG/MT  KG/MT
Multiple Chamber | 15 .75 .75 17.5 1
Multiple Chamber

With Water Spray o7 . .75 .75 17.5 1

Intermedia Residual Transformation Coefficients
From Particulate to Other Media

P SOx NOx HC Co SW
Settling Chamber | .30 .80 (P .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic .

Precipitator .05 .10 95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0

Intermedia Residual Transformation Coefficients
From Bottom Ash to Other Media
P SOx NOx HC Cco SW
Open Dumping

Sanitary Landfill
Discharge to
Water Bodies
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Residual Generation Coefficients

Rubber and Plastic Products

Unit of activity: Million dollars of output
Level of pollutants: Kilograms
Level of waste water: Million liters

Air Pollutant Emissions from Alternative Production Processes
Other than Heat and Power Generation

TP HC SO (o) NO

X . S
ProceSS l - - - - -
Process 2 - - - - .
Process 3 .-, - == - . - -

Air Pollutant Emissions from Altermative Production Processes =--
Heat and Power Generation

P HC 80 co NO

X X
Process 1 18,044 120 10,264 330 2,922
Process 2 13,533 20 7,698 248 2,192
Process 3 4,511 60 5,132 165( 1,961

Water Pollutant Discﬂhrées from Alternative Production Processes

BOD ss' " DS WW
Process 1 1,637 2,046 - 6.73
Process 2 1,637 2,046 - 6.73
Process 3 1,637 2,046 - 6.73

Solid Waste Generation from Alternative Production Processes

Combustible Noncombustible Total

Process 1 202,214
Process 2 222,436;
Process 3 232,546
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Table T1is

Residual Transformation Coefficients: Air

Air Pollutant Tfanéfq;mation Factors for Alternative Treatment

Processes == Primary Residual Transformation Coefficients

P S0, No, HC €0 Solid Waste
H* L* H L H H 1 (Bottom Ash)
Settling Chamber | .30 .80 .7 (P) .2 (P)
Cyclone ' 1 .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 .95(P) .9 (P)
Fabric Filter .01 .05 : .99 (P) .95(P)
Wet Scrubber .10. .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0
Intermedia Residqai Trénsfoxgation Coefficients
From Solid Waste (Bottom Ash) to Other Media
P 0, - ;.qu; co ss S
Open Dumping

Sanitary Landfill
Discharge to
Water Bodies

*H: High Efficiency

L: Low Efficiency
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Table T11b

Residual Transformation Coefficients: Water

Water Pollutant Transformation Factors for Alternative Treatment
Processes -- Primary Residual Transformation Coefficients

BOD SS DS Sludge

Primary Treatment .65 .1 0 .35(BOD)+.9 (SS)+1(DS)
Screening
Sedimentation
Neutralization
“& Storage
Chemical Addition

Secondary Treatment .1 .05 .95 .9 (BOD)+.95(SS)+.5 (DS)
Activated Sludge
Trickling Filter

Tertiary Treatment .01 .01 .5 .99 (BOD)+.99(SS)+.5(DS)
Activated Carbon
Iron Exchange

Intermedia Residual Transformation Coefficients
From Sludge to Other Media

* %
P SOx NOx HC Cco Sw

Incinerator
Open Dumping
Sanitary Landfill

* For further treatment of P and SW , see 3-Ta.
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Table T1llc

Residual Transformation Coefficients: Solid Waste (Combustible)

So0lid Waste Transformation Factors for Alternative Control

Technologies -- Primary Residual Transformation Coefficients

from Solid Waste to Other Media

Incinerator P HC SOx Cco NOx SW
Incinerator KG/MT KG/MT KG/MT KG/MT KG/MT KG/MT
Multiple Chamber 15 .75 .75 17.5 1
Multiple Chamber

With Water Spray 7 .75 .75 17.5 1

Intermedia Residual Transformation Coefficients

From Particulate to Other Media

SOx NOx HC Co SW
Settling Chamber | .30 .80 70(P) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 95(P) .9 (P)
Fabric Filter .01 .05 .99 (P) 95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) 8 (P)
Afterburner 0- 0
Intermedia Residual Transformation Coefficients
From Bottom Ash to Other Media
P SOx NOx HC CO SW
Open Dumping

Sanitary Landfill
Discharge to
Water Bodies
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Table P12

Residual Generation Coefficients

Leather and Leather Products

Unit of activity: Million dollars of output
Level of pollutants: Kilograms.
Level of waste water: Million liters

Air Pollutant Emissions from Alternative Production Processes
Other than Heat and Power Generation

P HC SO co NO

X X
Process 1 - -- - -- -
Process 2 - . - - - -
Process 3 - - - -= -

Air Pollutant Emissions from Alternative Production Processes ==
Heat and Power Generation '

P HC S0 co NO

- X X
Process 1 | 6,817 51 4,866 130 4,928
Process 2 | 5,113 38 3,650 98 3,696
Process 3 | 1,704 26 2,433 65 2,464

Water Pollutant Discharges from Alternative Production Processes

BOD SS DS WW
Process 1 1,381 3,29 -- 7.88
Process 2 | 1,312 2,635 -- .. 6.31
Process 3 | 1,243 2,470 -- 6.31

Solid Waste Generation from Alternative Production Processes

Combustible Noncombustible Total
Process 1 -
Process 2 : -
Process 3 --
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Table T12a

Residual Transformation Coefficients: Air

Air Pollutant Transformation Factors for Alternative Treatment

Processes ~- Primary Residual Transformation Coefficients

P SOX NOx HC co Solid Waste
H* L* H L H L H L H L (Bottom Ash)
Settling Chamber .30 .80 .7 (P) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 .95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0
Intermedia Residual Transformation Coefficients
From Solid Waste (Bottom Ash) to Other Media
P SO NO HC co SS .SW
X X
Open Dumping

Sanitary Landfill
Discharge to
Water Bodies

*H: High Efficiency

L: Low Efficiency
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Table T12b

Residual Transformation Coefficients: Water

Water Pollutant Transformation Factors for Alternative Treatment
Processes -- Primary Residual Transformation Coefficients

BOD SS DS Sludge

Primary Treatment .65 .1 0 .35(BOD)+.9 (SS)+1(DS)
Screening
Sedimentation
Neutralization
& Storage
Chemical Addition

Secondary Treatment .1 .05 .95 .9 (BOD)+.95(SS)+.5(DS)
Activated Sludge
Trickling Filter

Tertiary Treatment .01 .01 .5 .99 (BOD)+.99(SS)+.5(DS)
Activated Carbon
Iron Exchange

Intermedia Residual Transformation Coefficients
From Sludge to Other Media

*
P SQx NOx HC Cco Sw*

Incinerator

Open Dumping
Sanitary Landfill

* For further treatment of P and SW , see 3-Ta.
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Table T12c¢c

Residual Transformation Coefficients:

Solid Waste (Combustible)

Solid Waste Transformation Factors for Alternative Control

Technologies -- Primary Residual Transformation Coefficients

from Solid Waste to Other Media

Incinerator p HC SOx Cco NOx SW
Incinerator KG/MT KG/MT KG/MT KG/MT KG/MT KG/MT
Multiple Chamber 15 .75 .75 17.5
Multiple Chamber
With Water Spray 7 .75 .75 17.5
Intermedia Residual Transformation Coefficients
From Particulate to Other Media
SOx NOx HC Cco SW
Settling Chamber | .30 .80 .7 (P) 2 (P)
Cyclone .20 .70 .8 (P) 3 (P)
Electrostatic
Precipitator .05 .10 .95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber 10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0
Intermedia Residual Transformation Coefficients
From Bottom Ash to Other Media
: /
P SOx NOx HC co SW
Open Dumping

Sanitary Landfil
Discharge to
Water Bodies

1
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Table P13

Residual Generation Coefficients

Stone, Clay and Glass Products

Unit of activity: Million dollars of output
Level of pollutants: Kilograms
Level of waste water: Million liters

Air Pollutant Emissions from Alternative Production Processes
Other than Heat and Power Geéneration

P HC SO Co NO

X X
Process 1 | 132,074 - -_— - -
Process 2 118 867 - - -~ -
Process 3 | 118,867 -- - - -

Air Pollutant Emissions from Alternative Production Processes --
Heat and Power Generation

P HC S0 Cco NO
X X
Process 1 22,216 421 35,102 1,195 ‘13,025
Process 2 16,662 316 26,327 896 9,769
Process 3 5,554 211 17,551 598 6,513

Water Pollutant Discharges from Alternative Production Processes

BOD SS DS WW
Process 1 1,381 3,29 -- 7.88
Process 2 1,312 2,635 -- 6.31
Process 3 1,243 2,470 -- 6.31

Solid Waste Generation from Alternative Production Processes

Combustible Noﬁcombustiﬁle Total
Process 1 ' 158,524 1
Process 2 174,376
Process -3 190,227
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Table T13a

Residual Transformation Coefficients: Air

Air Pollutant Transformation Factors for Alternmative Treatment
Processes -~ Primary Residual Transformation Coefficients

P SOx NOx HC co Solid Waste
H* L* H L H L H L H 1 (Bottom Ash)
Settling Chamber .30 .80 7 (P) .2 (P)I
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 .95(P) .9 (P)
Fabric Filter .01 .05 .99 (P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P~
Afterburner 0 0
Intermedia Residual Transformation Coefficients
From Solid Waste (Bottom Ash) to Other Media
P SO NO HC CO SS SW
X X
Open Dumping

Sanitary Landfill
Discharge to
Water Bodies

*H: High Efficiency
L: Low Efficiency
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Table T13b

Residual Transformation Coefficients: Water

Water Pollutant Transformation Factors for Alternative Treatment
Processes ~=- Primary Residual Transformation Coefficients

BOD SS DS Sludge

Primary Treatment .65 .1 0 .35(BOD)+.9 (SS)+1(DS)
Screening
Sedimentation
Neutralization
‘& Storage
Chemical Addition

Secondary Treatment .1 .05 .95 .9 (BOD)+.95(SS)+.5(DS)

Activated Sludge
Trickling Filter

Tertiary Treatment .01 .01 .5 .99 (BOD)+.99(SS)+.5(DS)

Activated Carbon
Iron Exchange

Intermedia Residual Transformation Coefficients
From Sludge to Other Media

/"
— - * *
P SOx NOx HC (0] SW
Incinerator
Open Dumping
Sanitary Landfill

* For further tre;tment of P and SW , see 3-Ta.
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Residual Transformation Coefficients:

Table T13c

Solid Waste (Combustible)

Solid Waste Transformation Factors for Alternative Control

Technologles -- Primary Residual Transformation Coefficients

from Solid Waste to Other Media

Incinerator P fic S0x o NOx SW
Incinerator KG/MT KG/MT KG/MT KG/MT KG/MT KG/MT
Multiple Chamber 15 .75 .75 17.5 1
Multiple Chamber
With Water Spray 7 .75 .75 17.5 1
Intermedia Residual Transformation Coefficients
From Particulate to Other Media
P SOx NOx HC Cco SW
Settling Chamber | .30 .80 7B .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 ,10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0
Intermedia Residual Transformation Coefficients
From Bottom Ash to Other Media
P SOx NOx HC Co- SW
Open Dumping

Sanitary Landfill
Discharge to
Water Bodies
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Table P14

Residual Generation Coeffiqients

Primary Metal Indﬁstries

Unit of activity: Million dollars of output
Level of pollutants: Kilograms
Level of waste water: Million liters

Air Pollutant Emissions from Alternative Production Processes
Other than Heat and Power Generation

P - HC 50 co NO
, - ' X X
Process 1 | 40,337 -- 72,745 11,151 --
Process 2 | 46,387 -- 83,657 12,824 -
Process 3 50,421 -- 90,932 13,939 --
Air Pollutant Emissions from Alternative Production Procgsseb -
v Heat and Power Generation-

P HC so co NO

X x

Process 1 27,063 200 18,823 515 - 7,023

Process 2 20,297 150 14,117 386 5,267

Process 3 6,766 100 9,912 258 3,512

Water Pollutant Discharges from Alternative Production Processes

BOD ss DS W
Process 1 | 6,267 61,358 81,593 157.76
Process 2 | 6,267 55,222 81,593 173.54
Process 3 | 6,267 52,154 81,593 189.32

" Solid Waste Generation from Alternative Production Processes

N

Combustible Noncombustible Total
Process 1 37,279 |
Process 2 41,007,} .
Process 3 44,734
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Table Ti4a

Residual Transformation Coefficients: Air

Air Pollutant Transformation Factors for Alternative Treatment

Processes -~ Primary Residual Transformation Coefficients
P SOx NOx HC co Solid Waste
H* L* H L H L H L H L (Bottom Ash)
Settling Chamber .30 .80 .7 (P) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 .95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0

Intermedia Residual Transformation Coefficients
From Solid Waste (Bottom Ash) to Other Media

P S0 NO HC co Ss SW
X X

Open Dumping

Sanitary Landfill

Discharge to
Water Bodies

*H: High Efficiency
L: Low Efficiency
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Table Ti14b

Residual Transformation Coefficients: Water

Water Pollutant Transformation Factors for Alternative Treatment
Processes -- Primary Residual Transformation Coefficients

BOD Ss DS Sludge

Primary Treatment .65 .1 0 .35(BOD)+.9 (S8S)+1(DS)
Screening
Sedimentation
Neutralization
& Storage
Chemical Addition
Secondary Treatment .1 .05 .95 .9 (BOD)+.95(8S)+.5(DS)
Activated Sludge
Trickling Filter

Tertiary Treatment .01 .01 .5 .99(BOD)+.99(SS)+.5(DS)

‘Activated Carbon
Iron Exchange

Intermedia Residual Transformation Coefficients
From Sludge to Other Media

JOR an *
P* SGx | NOx HC Cco SW

Incinerator
Open Dumping
Sanitary Landfill

* For further treatment of P and SW , see 3-Ta.
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Table T1ildc

Solid Waste (Combustible)

Residual Transformation Coefficients:

'

Solid Waste Transformation Factors for Alternative Control

Technologies -- Primary Residual Transformation Coefficients

from Solid Waste to Other Media

Incinerator P HC SOx (0] NOx SW
Incinerator KG/MT KG/MT KG/MT KG/MT KG/MT KG/MT
Multiple Chamber 15 .75 .75 17.5 1
Multiple Chamber
With Water Spray 7 .75 .75 17.5 1
Intermedia Residual Transformation Coefficients
From Particulate to Other Media
P SO}i qu HC co SW
Settling Chamber | .30 .80 TP .2 (P
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic '

Precipitator .05 .10 95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0

Intermedia Residual Transformation Coefficients
From Bottom Ash to Other Media
P SOx NOx HC Co SW
Open Dumping

Sanitary Landfill
Discharge to
Water Bodies
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Table P15

B!

Residual Generation Coefficients

Fabricated Metal Products

Unit of activity: Million dollars of output
Level of pollutants: Kilograms
Level of waste water: Million liters

Air Pollutant Emissions from Alternative Production Processes
Other than Heat and Power. Generation

P HC SO CO NO

.S x
Process 1 -— - - — —
Process 2 - - - _— -
Process 3 - - - - -

Alr Pollutant Emissions from Alternative Production Processes ==
Heat and Power Generation

——

P HC SO co NO

X X
Process 1 3,292 29 3,076 67 1,105
Process 2 2,469 22 2,307 50 829
Process 3 823 15 1,538 34 553

Water Pollutant Discharges from Alternative Production Processes

| BOD . ss DS W
Process 1 1,381 3,294 -- 7.88
Process 2 1,312 2,635 - 6.31-
Process -3 1,243 2,470 -- 6.31

VSolid Waste Generation from Alternative Production Processes

Combustible Noncombustible Total

Process 1
Process 2
{ Process 3
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Table T15a

Residual Transformation Coefficients: Air

Air Pollutant Transformation Factors for Alternative Treatment

Processes -- Primary Residual Transformation Coefficients

P S0, o, HC - CO  Solid Waste
H¥ 1* H L H L H L H L (Bottom Ash)
Settling Chamber .30 .80 .7 (P) .2 (P)
Cyclone .20 .70 ‘ .8 (P) .3 (P)
Electrostatic ’

Precipitator .05 .10 .95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0

Intermedia Residual Transformation Coefficients
From Solid Waste (Bottom Ash) to Other Media
P so NO HC Cco SS . SW

——tp —

Open Dumping

Sanitary Landfill

Discharge to
Water Bodies

*H: High Efficiency
L: Low Efficiency
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Table T15b

Residual Transformation Coefficients: Water

Water Pollutant Transformation Factors for Alternative Treatment
Processes -- Primary Residual Transformation Coefficients

BOD Ss DS Sludge

Primary Treatment .65 .1 0 .35(BOD)+.9 (SS)+1(DS)
‘Screening
Sedimentation
Neutralization
& Storage
Chemical Addition )
Secondary Treatment .1 .05 .95 .9 (BOD)+.95(SS)+.5(DS)
Activated Sludge
Trickling. Filter

Tertiary Treatment .01 .01 .5 .99 (BOD)+.99(SS)+.5(DS)
Activated Carbon
Iron Exchange

Intermedia Residual Transformation Coefficients
From Sludge to Other Media

% %
P SOx NOX HC CO SW

Incinerator

Open Dumping
Sanitary Landfill

%* For further treatment of P and SW , see 3-Ta..
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Residual Transformation Coefficients:

Table T15¢c

Solid Waste (Combustible)

Solid Waste Transformation Factors for Alternative Control

Technologies -- Primary Residual Transformation Coeff1c1ents

from Solid Waste to Other Media

Incinerator P HC SOx Cco NOx SW
Incinerator KG/MT KG/MT KG/MT KG/MT KG/MT KG/MT
Multiple Chamber 15 .75 .75 17.5 1
Multiple Chamber
With Water Spray 7 .75 .75 17.5 1
Intermedia Residual Transformation Coefficients
From Particulate to Other Media
P SOX R NOx HC co Sw
Settling Chamber | .30 .80 91 (P) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 95(P) .9 (P)
Fabric Filter .01 .05 99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 9 (P) .8 (P)
Afterburner
Intermedia Residual Transformation Coefficients
From Bottom Ash to Other Media
P SOx NOx HC Cco SW
Open Dumping

Sanitary Landfill
Discharge to
Water Bodies
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Table P16

Residual Generation Coefficients

Machinery, Except Electrical

Unit of activity: Million dollars of output
Level of pollutants: Kilograms
Level of waste water: Million 1liters

Air Pollutant Emissions from Alternative Production Processes
Other than Heat and Power Geéneration

P HC -1¢) Cco NO

X X
Process 1 - - - - -
Process 2 -- - - - -
Process 3 -- - - - -

Air Pollutant Emissions from Alternative Production Processes ==
Heat and Power Generation
\

P HC SO co NO

X - X
Process 1 | 5,344 40 3,713 102 1,149
Process 2 | 4 008 30 2,785 77 862
Process 3 1,336 .20 1,857 51 575

Water Pollutant Discharges from Alternative Production Processes

BOD SS DS wW
Process 1 643 536 -- 2.87
Process 2 611 429 -- 2.29
Process 3 578 402 - 2.29

Solid Waste Generation from Alternative Production Processes

Combustible Noncombustible Total
Process 1 --
Process 2 -
Process 3 e
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Table T16b

Residual Transformation Coefficients: Air

Air Pollutant Transformation Factors for Alternative Treatment
Processes -- Primarv Residual Transformation Coefficients

P S0 NO HC co

- % Solid Waste
H¥ L* H L H L H L H 1L (Bottom Ash)

Settling Chamber .30 .80 .7 (P) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic

Precipitator .05 .10 .95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0

Intermedia Residual Transformation Coefficients
From Solid Waste (Bottom Ash) to Other Media

P SO NO HC co SS . SW
X X

10pen Dumping

Sanitary Landfill

Discharge to
Water Bodies

*H: High Efficiency
L: Low Efficiency
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Table T16b

Residual Transformation Coefficients: Water

/,

Water Pollutant Transformation Factors for Alternative Treatment

Processes =- Primary Residual Transformation Coefficients

BOD SS DS

Primary Treatment .65 .1 0 .35(BOD)+.9 (SS)+1(DS)

Screening
Sedimentation
Neutralization

& Storage
.Chemical Addition

Secondary Treatment .1 .05 .95 .9 (BOD? +.95(8S)+.5(DS;

Activated Sludge
Trickling Filter

Tertiary Treatment .01 - .01 .5 .99 (BOD)+.99(SS)+.5(DS,

Activated Carbon
Iron Exchange W s

Intermedia Residual Transformation Coefficients
From Sludge to Other Media

P SO NO T HC co
X X

Incinerator
Open Dumping
Sanitary Landfill

* For further treatment of P and SW , see 3-Ta,
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Table T16c

Residual Transformation Coefficients:

Solid Waste (Combustible)

Solid Waste Transformation Factors for Alternative Control

Techno‘qgles -- Primary Residual Transformation Coefficients

" from SOlld Waste to Other Media

Incinerator P HC SOx Cco NOx SW
Incinerator KG/MT KG/MT KG/MT KG/MT KG/MT KG/MT
Multiple Chamber 15 .75 .75 17.5 1
Multiple Chamber
With Water Spray 7 .75 .75 17.5 1
Intermedia Residual Transformation Coefficients
From Particulate to Other Media
#LP SOx Nox HC co Sw
Settling Chamber | .30 .80 9P .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 .95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0
Intermedia Residual Transformation Coefficients
From Bottom Ash to Other Media
P SOx NOx HC co sw

Open Dumping
Sanitary Landfill /
Discharge to
Water Bodies
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Table P17

Residual Generation Coefficients

Electrical Machinery

Unit of activity: Million dollars of output
Level of pollutants: Kilograms
Level of waste water: Million liters

Air Pollutant Emissions from Alternative Production Processes
Other than Heat and Power Géneration

P HC SO Cco NO
X X
. Process 1 -- -- -- -- --
Process 2 -- -- -- -- --
Process 3 -- -- -- -- --
-+

Air Pollutant Emissions from Altermative Production Processes ==
Heat and Power Generation

P HC SO co NO

X X

Process 1 3,488 26 2,460 67 774
Process 2 2,616 20 1,845 50 581
Process 3 872 13 1,230, 34 387

Water Pollutant Discharges from Alternative Production Processes

BOD SS N DS WW
Process 1 941 269 - 4.52
Process 2 894 215 -- 3.62
Process 3 847 202 - 3.62

Solid Waste Generation from Alternative Production Processes

Combustible Noncombustible Total
Process 1 -
Process 2 -
Process 3 ” -
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Table T17a

Residual Transformation Coefficients: Air

Electrical rnachinery

Air Pollutant Transformation Factors for Alternative Treatment
Processes -~ Primary Residual Transformation Coefficients

P SOx NOx HC co Solid Waste
H¥ L* H L H L H L H 1 (Bottom Ash)
A
Settling Chamber .30 .80 .7 (P) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 .95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0
Intermedia Residual Transformation Coefficients
From Solid Waste (Bottom Ash) to Other Media
P 1) NO HC co SS . SW
Open Dumpihg

Sanitary Landfill
Discharge to
Water Bodies

*H: High Efficiency
L: Low Efficiency
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Table T17b

Residual Transformation Coefficients: Water

Water Pollutant Transformation Factors for Alternative Treatment
Processes -- Primary Residual Transformation Coefficients

BOD ssS DS Sludge

Primary Treatment .65 .1 0 .35(BOD)+.9 (SS)+1(DS)

Screening
Sedimentation
Neutralization

& Storage
Chemical Addition

Secondary Treatment .1 .05 .95 .9 (BOD)+.95(SS)+.5(DS)
Activated Sludge

Trickling Filter
Tertiary Treatment .01 .01 .5 .99 (BOD)+.99(SS)+.5(DS)
Activated Carbon
Iron Exchange

Intermedia Residual Transformation Coefficients
From Sludge to Other Media

¥ k ,
P 50_ NO_ HC co SW*

——n

Incinerator
Open Dumping
Sanitary Landfill

* For further treatment of P and SW , see 3-Ta.
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Table T17¢c

Residual Transformation Coefficients: Solid Waste (Combustible)

Solid Waste Transformation Factors for Alternative Control

Technologies -- Primary Residual Transformation Coefficients

from Solid Waste to Other Media

Incinerator p HC SOx Cco NOx SW
Incinerator KG/MT KG/MT KG/MT KG/MT KG/MT KG/MT
Multiple Chamber 15 .75 .75 17.5 1
Multiple Chamber
With Water Spray 7 .75 .75 17.5 1
Intermedia Residual Transformation Coefficients
From Particulate to Other Media
P SOx NOx HC co SW
Settling Chamber |{ .30 .80 FH(P) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic '

Precipitator .05 .10 95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0 ‘

Intermedia Residual Transformation Coefficients
From Bottom Ash to Other Media
P SOx NOx HC Cco SW

Open Dumping
Sanitary Landfill
Discharge to
Water Bodies
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Table P18

Residual Generation Coefficients
_Tranggogtat;onA§guigment

Unit of activity: Million dollars of output
Level of pollutants: Kilograms
Level of waste water: Million liters

P HC so co NO
X X
Process 1 - - - - -
-Process 2 - - - - -
Process 3 - - o -- - -

Air Pollutant Emissionsg frgg'Alterqative Production Processes =--
Heat and Power Generation )

P HC SO co NO

. — X . x
Process 1 | 4,908 33 2,854 90 844
Process 2 | 3,681 25 2,141 68 633
Process 3 | 1,227 = 17 - 1,427 45 422

Water Pollutant Discharges from Altermative Production Processes

~ BOD 88 m_ - bs W
Process 1 891 | -- o - 4.55
Process 2 846 - e 3.64
Process 3 802 “e ; -- 3.64

4

Solid Waste Generation from Alternative Production. Processes

Combustible ancombustibie~ Total

- e

Process 1
Process 2
Process 3 |
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Table T18Ba

Residual Transformation Coefficients: Air

Air Pollutant Transformation Factors for Alternative Treatment
Processes ~- Primary Residual Transformation Coefficients

P 50 No_ HC CO  solid Waste

H* L* § L H L H L H 1 (Bottom Ash)
Settling Chamber .30 .80 .7 (P) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)F
Electrostatic e J
Precipitator .05 .10 .95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)

Afterburner 0 0

Intermedia Residual Transformation Coefficients
From Solid Waste (Bottom Ash) to Other Media

P : qu NO HC co SS .SW

Open Dumping

Sanitary Landfill

Discharge to
Water Bodies

*H: High Efficiency
L: Low Efficiency
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Table T18b

Residual Transformation Coefficients:

Water

Water Pollutant Transformation Factors for Alternative Treatment

Processes ~-- Primary Residual Transformation Coefficients

BOD Ss

Primary Treatment .65 .1
Screening
Sedimentation
Neutralization
& Storage
Chemical Addition

Secondary Treatment .1 .05

Activated Sludge
Trickling Filter

Tertiary Treatment 01 .0L
Activated Carbon
Iron Exchange

DS

0

.95

.5

Sludge
.35(BOD)+.9 (SS)+1(DS)

.9 (BOD)+.95(SS)+.5(DS)

.99 (BOD)+.99 (SS)+.5 (DS)

Intermedia Residual Transformation Coefficients

From Sludge to Other Media

P%x SO NO
X X

HC

Incinerator
Open Dumping
Sanitary Landfill

* TFor further treatment of P and SW » Ssee 3-Ta.
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Residual Transformation Coefficients:

Table T18¢

Solid Waste (Combustible)

Solid Waste

Transformation Factors for Alternative Control

Technologies -- Primary Residual Transformation Coefficients
~from Solid Waste to Other Media
Incinerator P HC SOx Cco NOx SW
Incinerator KG/MT KG/MT KG/MT KG/MT KG/MT KG/MT
Multiple Chamber 15 .75 .75 17.5 1
Multiple Chamber
With Water Spray 7 .75 .75 17.5 1
Intermedia Residual Transformation Coefficients
From Particulate to Other Media
P SOx NOx HC Co SW
Settling Chamber | .30 .80 FHP) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0
Infefmedia Residual Transformation Coefficients
From Bottom Ash to Other Media
P SOx NOx HC CO SW
Open Dumping

Sanitary Landfill
Discharge to
Water Bodies
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Table P19

Residual Generation Coefficients

Instruments and Related Products

Unit of activity: Million dollars of output
Level of pollutants: Kilograms
Level of waste water: Million liters

Air Pollutant Emissions from Alternative Production Processes
Other than Heat and Power Generation

P HC sO COo NO
X X
Process 1 - L me - - -
Process 2 -- L =- - - _—
Process 3. - - - - _—

Air Pollutant Emissions from Alternative Production Processes =-
Heat and Power Generation

P HC SO ACO . NO

X X
- Process 1 6,596 47 4,211 123 1,194
Process 2 4,947 .35 3,158 92 896
Process 3 1,649 24 ‘2,206 - 62 597

Water Pollutant Discharges from Alternative P;oduction Processes

BOD SS DS WW
Process 1 | 1,381 3,294 -- 7.88
Process 2 | 1,312 2,635 -- 6.31
Process 3 1,243 2,470 - 6.31\f

Solid Waste Generapion fromhAlternative Prodpction Proce§ses

Combustible . Noncombustible Total

Process 1 ==
Process 2 .ot
Process 3 ==
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Residual Transformation Coefficients:

Table T19a

Alr

Air Pollutant Transformation Fac¢tors for Altérnative Treatment
Processeg ~- Primary Residual Transformation Coefficients

P 7SG£ NO HC €0 Solid Waste
H¥x L*¥ H L H L H L H L (Bottom Ash)
Settling Chamber .30 .80 .7 (P) .2 (P)r
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Pregipitator .05 .10 .95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 . .9 (P) .8 (P)
Afterburner 0 0
Intermedia Residual Transformation Coefficients
From Solid Waste (Bottom Ash) to Other Media
3 ) No'x HC co sS SW
Open Dumping

Sanitary Landfill
Discharge to
Water Bodies

*H: High Efficiency

L: Low Efficiency
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Table T19b

Residual Transformation Coefficients: Water

Water Pollutant Transformation Factors for Alternative Treatment
Processes -- Primary Residual Transformation Coefficients

BOD SsS DS Sludge

" Primary Treatment .65 .1 0 .35(BOD)+.9 (SS)+1(DS)
Screening
Sedimentation
Neutralization
& Storage
Chemical Addition

Secondary Treatment .1 .05 .95 .9 (BOD)+.95(SS)+.5(DS)

Activated Sludge
Trickling Filter

Tertiary Treatment .01 .01 .5 .99 (BOD)+.99(SS)+.5(DS)

Activated Carbon
Iron Exchange

Intermedia Residual Transformation Coefficients
From Sludge to Other Media

P S0_ qu HC ) SW*

Incinerator
Open Dumping
Sanitary Landfill

* For further treatment of P and SW , see 3-Ta.
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Table T19c

Residual Transformation Coefficients:

Solid Waste (Combustible)

Solid Waste Transformation Factors for Alternative Control

Technologles -- Primary Residual Transformation Coefficients

from Solid Waste to Other Media

Incinerator P HC SOx Co NOx SW
Incinerator KG/MT KG/MT KG/MT KG/MT KG/MT KG/MT
Multiple Chamber 15 .75 .75 17.5 1
Multiple Chamber
With Water Spray 7 .75 .75 17.5 1
Intermedia Residual Transformation Coefficients
From Particulate to Other Media
P SOx NOx HC co SW
Settling Chamber | .30 .80 7)) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 L95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0
Intermedia Residual Transformation Coefficients
From Bottom Ash to Other Media
P SOx NOx HC Co SW
Open Dumping

Sanitary Landfill
Discharge to
Water Bodies
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Table P20

Residual Generation Coefficients

Household
Level of activity: Number of housing units
Level of pollutantss Kilograms
Level of waste water: Million liters

Air Pollutant Emission Factors for Single and Multiple Housing Units

P HC ~S0x Co NOx

Single Dwelling Units
Multiple Dwelling Units

Water Pollutant Discharge Factors for
High, Middle, Low Income Housing Units

Units | BOD SS DS WW

High Income Housing
Middle Income Housing
Low Income Housing

Solid Waste Generation Factors for
High, Middle, Low Income Housing Units

Units Combustible Noncombustible Total

High Income Housing
Middle Income Housing
Low Income Housing
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Table P21

Residual Generation Coefficients

Agriculture
Unit of acti%ity: Million dollars of output
Level of pollutants:

Kilograms
Level of waste water: Million liters

Air Pollutant Emissions from Alternative Production Processes

P HC o o) NOy

Process 1
Process 2
Process 3

Water Pollutant Discharges from Alternative Production Processes

BOD SS DS WW

Process 1
Process 2
Process 3

Solid Waste Generation from Alternative Production Processes

Combustible Noncombustible Total

Process 1
Process 2
Process 3
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Table P22

Residual Generation Coefficients

Transportation

Unit of activity: Number of vehicles
Level of pollutants: Kilograms

Air Pollutant Emission Factors for Different Vehicle Types

p

S0x NOx fC o)

Passenger Car
Passenger Bus
Truck
Aircraft

—
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Table P23

Residual Generation Coefficients

Electric Power Plant

Unit of activity: BBU

Level of pollutants: Kilograms except heat
Level of waste water: Million liters
Heat:

Air Pollutant Emission Factors for Alternative Fuel Types

P SO, NO, HC
Coal:
High sulfur content
Average sulfur content
Low sulfur content
0i1l
Gas
Nuclear Power
Water Pollutant Discharge Factors
Heat SS DS WW

Fossil fuel
Nuclear power

Solid Waste Generation Factors

Combustible Noncombustible

Fossil fuel
Nuclear power
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Table P24

Residual Generation Coefficients

Municipal Incinerator

Unit of activity: Metric tomns
Level of pollutants: Kilograms

Air Pollutant Generation Factors
for Alternative Incinerator Types

P HC SO CcO NOx SW
Incinerator Type KG/MT KG/MT KG/ﬁT KG/MT KG/MT KG/MT

Multiple Chamber 15 .75 .75 17.5 1
Multiple Chamber .
With Water Spray 7 .75 .75 17.5 1
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Table T24a

Residual Transformation Coefficients

Municipal Incinerator

Air Pollutant Transformation Factors for Alternative Treatment

Processes -- Primary Residual Transformation Coefficients
P SOx NOy HC Co Solid Waste
H* L* L H L H L H L (Bottom Ash)
Settling Chamber .30 .80 .7 (P) .2 (P)
Cyclone .20 .70 .8 (P) .3 (P)
Electrostatic
Precipitator .05 .10 .95(P) .9 (P)
Fabric Filter .01 .05 .99(P) .95(P)
Wet Scrubber .10 .20 .10 .20 .40 .60 .9 (P) .8 (P)
Afterburner 0 0
Intermedia Residual Transformation Coefficients
From Solid Waste (Bottom Ash) to Other Media
P SO0 NOyx HC co SS SW

Open Dumping

Sanitary Landfill

Discharge to
Water Bodies
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Table P25

Residual Generation Coefficients

Municipal Waste Water Treatment Plant

Unit of Activity: Million liters of Waste Water
Level of pollutants: Kilograms

Water Pollutant Factors for Different Levels
ot Concentration of Waste Materials

BOD SS DS

High concentration
Average concentration 140
Low concentration
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Table T25b

Residual Transformation Coefficients

Municipal Waste Water Treatment Plant

Water Pollutant Transformation Factors for Alternative Treatment
- Processes -- Primary Residual Transformation Coefficients

BOD SS DS Sludge

Primary Treatment .65 .1 0 .35(BOD)+.9 (SS)+1(DS)
Screening o
Sedimentation
Neutralization
& Storage
Chemical Addition
Secondary Treatment .1 .05 .95 .9 (BOD)+.95(SS)+.5(DS)
Activated Sludge
Trickling Filter
Tertiary Treatment .01 .01 .5 .99(BOD)+.99(SS)+.5(DS)
Activated Carbon
Iron Exchange

Intermedia Residual Transformation Coefficients
From Sludge to Other Media

P¥ 50, NOx HC _ CO  SW*

Fluidized Bed
Incinerator .47 .01  .006 .514(Sludge)
Multiple Hearth
Atomized Suspension
and Firing
Wet Air Oxidization
Open Dumping
Sanitary Landfill

*For further treatment of P and SW, see 3-Ta.
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16. Abkstract

The primary objective of the project was to develop a prototype multi-pollution model
for a typical metropolitan region. This report includes the basic design and some of
the results of initial testing of the model. The Integrated Multi-Media Pollution Model,
or IMMP, views environmental pollution as a set of interrelated problems -- the solu-
tion of which requires examination of all types of pollution jointly and simultaneously-—-
and attempts to seek an overall solution to environmental resource management. The
model embodies the trade-offs among different forms of residuals disposed finally in

the environment that are effected by alternative land use policies, production processes,
pollution control strategies and methods. Thus, the Land Use submodel relates various
land use policies to the distribution of the sources of envirommental pollution; the Re-
siduals submodel relates alternative levels of pollution generating activities, input
mixes, production processes of various activities and the alternative treatment processes
assoclated therewith to the magnitude, composition and distribution of pollutants; and
Disposal-Dispersion submodel relates pollution emissions at source to (ambient) environ-
mental quality at destination. The model provides a comprehensive framework in which

to test and evaluate a wide range of strategies for planning, managing and controlllng
our environmental resources.

17a. Descriptors

Environmental Resource Management; Land Use Submodel; Residual Management Submodel;
Dispersion Submodel; Integrated Mhlti—MEdia Pollution Model.
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