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L. INTRODUCTION TO THE MODEL

A. Brief Description of the Model

In a sense, the RIVER BASIN MODEL is a misnomer
because if one places an emphasis on "River" it leads one
to believe that the model is primarily concerned with
water management. The emphasis should be placed on "River
Basin", and that term should be interpreted in its broadest
context as meaning a geographical area of land. Through
its two major components -- human interaction and computer
simulation -- the model represents the economic, social
and governmental activity that takes place within the
geographical boundaries defined by the river basin or more
simply by a group of continguous counties.

The model is unlike most other simulation or human
interaction models. It was not designed to accomplish any
one specific purpose. Rather it was designed to let its
users represent the major economic, social, and govern-—
mental decision-makers who cause a regional system to
function and change on a year-to-year basis. As part of
the functioning of this regional system, water is demanded
by industries and municipal water suppliers and pollution
is generated by manufacturing and commercial activities, by
people, and by farm activities.

The model is a computer-assisted decision-making
tool, in which a number of computer programs simulate major
processes that take place in the local system such as
migration, housing selection, employment, transportation,
shopping patterns, the allocation of leisure time, and water
guality determination. Users of the model provide inputs
to these programs on behalf of business activities in the
economic sector, groups of people or population units in
the social sector, and government departments in the
government sector.

Normally, the users of the model are assigned
decision-making responsibility for businesses, population
units, and government departments in a gaming format.
This means that users become members of teams that are
assigned control of:

l. Economic Assets: cash, land, manufacturing
plants, outside investments, commercial
activities, and/or residences. *

2., Social Assets: population units that are

designated as high income, middle income,
and/or low income.

1.



3. Government Assets: power of the budget, tax%ng
and assessing authority, service responsibility,
and planning and regulatory power.

The computer print-outs for a year provide a de-
tailed description of the regional area represented by the
model, and the users of the model evaluate this status as
individuals, as team members, and collectively to define
problems, establish objectives, develop strategies, imple-
ment plans, and react to feedback from the new computer
printout for the next year.

The initial starting position shows a particular
set of allocations of the locals system's resources and
their effects on the status of the local area. The users
of the model evaluate their own particular status within
the local system as well as the status of the area as a
whole. They then interact with one another in a dynamic
decision-making environment in which they collectively have
control over the local water quality decisions that will be
made, implemented, and reacted to. Some of the model play-
ers may have apparently only marginal interests in the local
water quality issues because they are pre-occupied with
running schools, building roads, earning incomes, producing
manufactured goods, building housing, and supplying local
goods and services. Others will have maybe more interest
as they attempt to be elected into public office, run the
planning department, collect taxes, recreate, and develop a
generally pleasant environment for their new residential
subdivisions. Still others might have a direct and pressing
interest in the local water guantity and quality as they
attempt to set and enforce water quality standards, supply
municipal water, use surface water in their production
process, and benefit from major water-based recreation areas.

In short, the entire local system is represented by
the model and its users, and water decisions are placed
within their realistic context of having different importance
to different individuals as a function of their occupation,
location, resources, and personal inclinations.

B. The Three Sectors

The model contains three basic decision-making sectors:
economic, social and public. (Figure 1) Every city or region
contains these three vital sectors whose interactions cause
the area to function and to either grow and prosper or stagnate
and decay. Decisions made by one group ultimately affect others



THREE DECISION~-MAKING SECTORS AND

ECONOMIC TEAMS
(Identified by single letter
codes: A, B, C, etc.)

INDUSTRIAL DECISION-MAKER

HI-Heavy Industry
FL-Furniture and Lumber
SG~-Stone Clay and Glass
MP~Primary Metals
MF-Fabricated Metals
NL-Nonelectric Machinery
EL-Electric Machinery
TE-Transportation Equipment

LI-Light Industry
FO-Food _
TA-Textiles and Apparel
PA-Paper
CR-Chemicals, Plastics and Rubber

NS-National Service

COMMERCIAL DECISION-MAKER

Goods
Services
Goods
Services

BG-Business
BS-Business
PG-Personal
PS-Personal

RESIDENTIAL DECISION-MAKER

RA-Single Family
RB-Garden Apts. and Duplex
RC-Multiple Unit and High Rise

Figure 1

CONSTITUENT TEAMS

GOVERNMENT TEAMS
(Identified by the specific
code preceding the depart-
ment name)

CH-Chairman of Jurisdiction

CO-Councilman

AS—-Assessment and Finance

SC-School

MS-Municipal Services

UT-Gas, Electric, Water and Sewer

HY-Highways

BUS-Bus Company

RAIL-Mass Transit Agency

PZ-Planning and Zoning

SOCIAIL TEAMS
(Identified by double letter
codes: AA, BB, CC, etc.)
PH-High Income
PM-Middle Income

PL-Low Income




and one group cften works against another group to

achieve its goals. For example, proposed commercial.
developments by an economic group in a predominantly
residential area can be blocked by residents of that

area just as proposed changes by the government depart-
ments can be opposed by those participants in the economic

or social sector.

1. The Economic Sector

Economic decision-makers are those businessmen who
operate industrial, commercial, residential and farm es-
tablishments. Upon receiving output at the beginning of
the round economic decision-makers review their economic
status and make decisions for the present round. The
various economic activities in the model have the following

characteristics:
Basic Industry

Heavy Industry, Light Industry and National Services
spend money for business goods and business services, utilities,
a labor force, transportation, and taxes. In order to
produce basic industry output which is then sold to the
national markets at prices determined by national business
conditions (the computer), owners of basic industries can
make a wide variety of decisions. These decisions include
purchasing land, changing salaries or maintenance levels,
boycotting business goods and business services establish-
ments, acquiring laons, building new businesses, upgrading
existing businesses, demolishing old ones, and treating
effluents that are dumped into the local water system.

The basic industry of the economy can be further sub-
divided into the following categories:

HI - Heavy Industry

FL - Furniture and lumber

SG - Stone, clay and glass

MP - Primary metals

MF - Fabricated metals

NL - Non-electrical machinery
EL - Electrical machinery

TE — Transportation equipment



LI - Light Industry

FO - Food
TL, - Textile, apparel and leather
PA - Paper

CR - Chemicals, plastics, and rubber
NS - National Services
Commercial Establishments

Business goods (BG) and business services (BS), per-
sonal goods (PG) and personal serxvices (PS) spend money
on many of the same items as basic industry in order to
maintain a level of service capacity. This service capacity
is consumed or partially consumed by local customers which
include: the industrial sector, other commercial estab-
lishments and the population units (Pl's) who live in the
city. Owners of the commercial establishments may make
most of the decisions that owners of basic industries make
in addition to setting prices for their products.

Residences

Single-family (RA), townhouse (RB), and high-rise (RC)
residence units spend money on personal goods and personal
services, utilities, and taxes, and earn income based on
rent charged and the number and type of occupants residing
in their housing units. Owners of residences may make the
same types of decisions made by owners of basic industry
in addition to setting the rent paid by their tenants.

Farms

Farm owners make very few decisions aside from how
their land will be utilized and what level of fertilizer
use they will employ.

2. The Social Sector

Decision-makers in the social sector represent the
citizens who live and work in the simulated area. People
are represented in terms of population units (Pl's). Each
population unit represents fixed numbers of people (500).
Population units are divided into three socio-economic
groups: high income (PH), middle-income (PM) and low-
income (PL). Because each class possesses its own ex-
pectations and behavioral patterns, each will have different
preferences for residence, job, and schooling, etc. Social
decision-makers can vote on behalf of the Pl's which they
represent. Voting power is dependent upon the number of
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population units controlled, the number of reglstereQ yoters
in each, and their socio-economic class. Social decision-
makers can also direct the population units under Fhelr con-
trol to boycott places of employment or shop locat}onso
Social decision-makers can also allocate leisure tlme.of
their population units to be spent in any of fqur basic
activities: extra work, adult education (public or private),
politics, and recreation. The amount of time spent on each
of these activities has an effect on the socio-economicC
status and/or the dissatisfaction index of people living
within the city.

A significant part of the model centers around how
P1l's function within the local system during the course
of each round of play which represents one year of time in
the local area. Figure 2 shows the actions of Pl's as they
are affected by the major operating programs.

3. The Public Sector

In the model, the government sector deals with the
problems of education, highways, municipal services,
planning, zoning, utilities, water supply and quality and
bus and rail transportation. The public sector is divided
into two basic components. The first component includes
elected officials: the Chairman and the Council. These
officials are elected by the social decision-makers repre-
senting the people who live in each jurisdiction. The
Chairman and Council set tax rates, approve budgets, grant
subsidies and appropriations, and make appointments.
Appointed officials named by the Chairman are heads of these
six governmental departments: Assessment (AS), Schools (SC)¢
Municipal Services (MS), Highway (HY), Planning and Zoning

(PZ), and Utilities (UT). The Bus and Rapid Rail Companies
are semi-private organizations which also may be appointed
by the Chairman. Players representing these departments
make decisions which include allocating capital and current
funds, changing salaries and maintenance levels, requesting
federal-state aid, changing district boundaries, con-
Structing or demolishing public buildings, upgrading public
buildings, changing levels of service, and transferring
cash between accounts.



Figure 2

Example of How Population Units Are Affected by the
Major Operating Programs of the Model

Major Operating

Programs

Migration

Water System

Depreciation

Empleoyment

Transportation

School Allocation

Park Allocation

Time Allocation

Commercial Allocation

Effect on Population Unit

Pl's move to the local system, find
and chance hcusing within the leccal
system, leave the lcocal system

Pcor water guality incareses dis-
satisfaction and high ccliform count
increases health costs and time lost
due to illness.

Housing thet depreciates beccmes less
attrective in the micration process.

Pl's are assigned to full and part
time jobs thet maximize net income
(salary minus trancsportation costs),
employers search for kest ecducated
workers.

Pl's travel to work by the mode and
route that minimizes total costs
(dollar plus time), Pl's travel to

shopping along the minimum cost routes.

Students of Pl's are assigned teo
public or private schcols based upon
the gquality of public schools.

Pl's are assigned tc parks within a

specified distance of where they live.

Involuntary expenditures of leisure
time are calculated as a function of
the success cf getting part time
jobs, public adult education and the
time spent on transportation.

Pl's are assigned to stores at which
the total costs are minimized (price
plus transportation to the store).



C. The Water Component

The water component is a subsector that, in a sense,
cnts across the other three sectors or is a part of each. _
For example, some of the industrial activities in the econo
mic sector use surface water in their production process =
and all other economic businesses have sgme need fgr munici-
pally supplied water. Population units in the social sector
use water as a function of their income class and the type
of housing they inhabit. In the government gector, the_ a1
Utility Department is responsible for supplying the municipa
water needs of the residents of its jurisdiction.

Each of the surface water users requires a speglfled
gquality of water and must either treat the water they intake
or purchase water from a source outside of the loca} system.
Every water user adds some pollutants to the water it
returns to the water system. If left untreated, these water
discharges may lower the quality of water of the body of
water into which they are dumped. Since water users gnd
polluters are located in a geographical space, acitivities
upstream and downstream are affected differently by the
dynamically created water guality conditions.

D. The Local System

The particular regional configuration being used is
represented on a grid map consisting of 625 squares. Each
square is of equal size and represents 6.25 square miles,
2.5 miles on a side. The grid and all of the computer maps
are keyed to a coordinate system. Each parcel can be
identified by its coordinates. Horizontal coordinates
range from 70 to 118 and vertical coordinates from 12 to 60.
Intersections are identified by the odd-numbered coordinates
and highways are identified by even-odd (east-west) or odd-
even (north-south) coordinates. 1In all cases, the
horizontal coordinate (i.e., the larger number) is identi-
fied first.

For example, on the map in Figure 3 the shaded
parcel is identified as 7014. Further, the four mile
highway indicated by Z%ZZ is identified as 7217, 7417, 7617,
7817, while the two mile highway indicated by XXX is
identified as 7318, 7320. The intersection marked by 0
is located at 7317.
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E. The Unit of Time -- A Round

In the model, a round represents a year of change in
the life of the simulated area. From the standpoint of the
participants, however, a round may be thought of as a .
decision-making cycle which starts when they rgcelve.tbelr
computer output and ends when they hand in thelr decision
input forms for processing by the computer.

During the early part of the typical round, decision-—
makers will be simultaneously reviewing their computer out-
put and attempting to organize their possible actions.
Economic decision-makers, for example, will probably attempt
to acquire parcels of land that look good for future devel-
opment purposes. They may attempt to secure loans from
local or outside sources, apply for zoning changes, request
utility expansions, and lobby for increased highway access.
At the same time, social decision-makers might be bargaining
for higher wages, requesting improvements in local schogls
and municipal services, lobby for higher water quality 1in
the local river, and trying to promote those politicians
who see things their way.

Meanwhile, the governmental decision-makers may be
receiving requests from the economic and social decision-
makers to lower taxes, improve schools, provide better
municipal services, expand highways, build additional
utilities, enlarge the park system, and improve other
services. Budget officials are faced with the task of
finding additional revenue to meet expanding public needs
and dividing appropriations among the many local depart-
ments, all of which have attempted to justify their ex-
panding budgets. Also the government office concerned
with water quality might be pressuring the polluting indus-
tries to treat their wastes or face regulatory action. All
water users might be concerned with water quality and gquan-

tity in so far as it affects their cost of using water and
doing business.
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Toward the middle of the round, It becomes clear to
many decision-makers that all of their requests will not
be granted. Thus, trade-offs and bargains must be made.
Elected officials will begin to worry about staying in
office. Departments must often plan to operate with less
funds than they had requested. Low income representatives
attempt to make their political power felt. High-income
representatives attempt to maintain their status. Business-
men begin to look for short-cuts to reduce their losses and
increase their activity and profit-making ventures. The
water quality office begins to act upon its earlier threat.

As the round approaches a conclusion, the participants
formalize the bargains they have made, continue to fill out
their decision forms, terminate the negotiations on new wage
levels, new prices and new rents, carry on their boycotts
and complete any other possible actions. All water related
decisions by the private and public decision-makers are
completed. Treatment plants are built, industries shut down,
fine levied, sampling stations constructed, etc.

When the round ends, participants campaign and carry
out new elections, hold town meetings, debrief their actions,
and develop new strategies while the computer performs
its functions and prepares new output on the status of the
simulated city.

F. The Function of the Computer

In the model, players are able to exercise a number of
decision alternatives. Only some of these will be com-
municated to the computer, the rest will be part of the con-
stant communication, bargaining and negotiating carried
out in the game-room itself.

The computer performs several major functions in the
model.

First, it stores all the relevant economic, social
and governmental statistics for the area; updates data
when changes are made; and prints out yearly reports on the
status of the local system and reports for the economic,
social, and government decision-makers.

Second, the computer simulates the actions of the out-
side system. For example, the computer simulates both a
national business cycle, the probabilities of federal-state
aid and interest rates on most loans.

11.



Third, the computer performs certain routine functions
or processes that would be time-consuming if the players
themselves were to perform them. For example, the computer
assigns workers from population units to jobs under the
assumption that workers will attempt to earn as much money
as possible. Other processes include assessing all property,
assigning buyers of goods and services to shop at particular
commercial establishments, assigning children to public or
private schools based upon the capacity and quality of the
public schools, and assigning population units to residences
based on their desirability. The computer also simulates
the migration process which moves population units into,
out of, and within the local system. It also measures
all of the types of pollution at all points along the river
system and calculates a comprehensive water quality index.

12.



II. THE GOVERNMENT SECTOR

Introduction to the Sector

The GOVERNMENT SECTOR represents the management ap-
paratus for the public sector of the area represented by
the model. Participants in this Sector are the elected and
appointed public officials. The Government Sector can make
public policy, implement plans and programs, provide public
services and raise and disperse funds. The model is suf-
ficiently flexible that the Government Sector can be oper-
ated using strong central control or somewhat autonomous
departments as determined by the participants. There is a
separate government apparatus for each of the political
jurisdictions represented by the model. Thus, intergovern-
mental cooperation and competition may evolve during the

play.

Sector Functions

Figure Gvlshows the government structure that may exist
in each of the local systems. The Bus and Rail Departments
are systemwide functions, whereas the other departments oper-
ate on a jurisdiction basis. As noted, the Chairman (or
Mayor) and Council are elected in each of the jurisdictions,
and ‘the department (staff) decision-makers are appointed
by the chairman. The optional public departments, Utilities,
Bus and Rail are usually part of the Government Sector, as
quasi public functions, but they can also be operated as
private (economic) sector activities either initially or as
a result of participant action (public sale). The codes used
to identify the government functions are shown in parentheses
after the function name in Figure GV-1.

Elected officials are accountable to the electorate
(the social sector). They are required to respond to
public hearings, propose and defend referenda on certain
issues, and stand for election. The manner in which elected
officials exercise power and conduct their administration
and public affairs, however, is at their discretion.

Appointed Department representatives are responsible
to the Chairman and Council. However, the presence or
absence of effective leadership and communication may in-
fluence this relationship and staff decisions. The Govern-
ment Sector decision-makers depend for their political life
on the votes of the social sector. Their relationship with
the business community is determined by their own view
of public office and public service.

13
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utility service service




Administrative (Non—Decision) Functions

Any number of additional administrative functions can
be created to approximate local structures or to examine
a variety of administrative mechanicsms. While these op-
tional functions do not make direct input decisions to
the computer, they may be created to have as much advisory,
regulatory or "legal" influence as the participants (or
Director) determine. An ENVIRONMENTAL QUALITY CONTROL
Commission, for instance, could be established to act as
a regulatory agency in the area of water quality and as
such could influence current economic activities and future
developnent.

Government Decisions

The Government Sector decisions cover a wide spectrum
of municipal and public service activities. The types of
possible decisions are listed in Figure GV-2, with an
indication of the individual decision-makers with primary
interest or responsibility. Complete descriptions are in
each decision-maker's manual.

In the model, as in the real world, the government can
anticipate the emergence of pressing issues related to jobs,
housing, economic development, education, public transit,
and ‘the environmental quality of their region.

This issue may, for example, occur in the form of
special zoning requests, substantial school budgets for
adult education, or adamant citizen demands for clean water,
increased recreation facilities or lower utility rates.

Government Output

It rarely happens that the government has all the in-
formation it wants, or needs, to make perfect decisions.
Many decisions, under pressures of time, will be typical
"guesstimates" - intuitive actions. It is possible, how-
ever, for each activity to develop an effective information
system using the available resources in the model.

For the local system, the general output is usually
posted each round and is available to all decision-makers
for general information and analysis. The general output
makes available to each participant, in maps, detail and
summary form, extensive current and comparative informa-
tion about conditions, trends and characteristics of the
region. The range of information in the maps and the items
of General Output cannot be overemphasized. Experience

15



GV~-2

GOVERNMENT SECTOR DECISIONS

TYPE OF DECISION PRIMARY INTEREST
(c:g AS SC MS HY PZ UT BU RA

Grant Appropriations X

Grant Subsidies X

Transfer Cash X X X X X X X X
Set Welfare Payments X

Set Tax Rates X

Float Bonds X

Assess Land, Buildings X

Buy and Sell Land X X X X X X
Establish Government Jobs X X X X

Establish Maintenance Levels

of Government Facilities X X X X X
Establish Service Districts X X X
Reguest Federal State Aid X X X
Establish Employee Salaries X X X X
Build and Demolish Schools X
Establish Adult Education Programs X

Build and Demolish Municipal
Service Plants X

Contract to Purchase Goods

and Services X X
Construct and Demolish Roads X
Construct and Demolish Terminals X
Zone Land X

Create and Demolish Public
Institutional Land Uses X
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GV-2 (Cont.)

GOVERNMENT SECTOR DECISIONS

TYPE OF DECISION PRIMARY INTEREST
gg AS SC MS HY PZ UT BU RA
Provide Parkland X
Install Utility Services X
Set Utility Serxrvice Prices X

Construct and Demolish Utility

Plants X
Locate Public Transit Routes X X
Buy and Sell Rolling Stock X X
Set Fares X X

Establish Amount of Transit
Service X X

Construct Rail Lines and
Stations X

Set Water Prices X

Construct Treatment Plants
(intake and outflow) X

Specify Intake and Outflow
Points X

Establish Water Sampling
Stations

Set Dam Priorities b X
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with the model has indicated that decisions are fac%litated
if the participants use the General Output information as
part of their decision process.

The complete government sector ogtput consists of the“
information, maps and detail made available to each govern
ment decision-making function of the government. Egch
government function has available to_i? a comprehen51v§
portrayal of its status and the conditions which pertain
to its activities.

Government Budgetary Procedures

The same general financial accounting pro;e@ure is used
for all government departments, including QtilLtleg, Bus
and Rail. Department budgets are divided into Capital and
Current accounts. Departments may transfer funds from one
account to another, but no automatic transfers will take
place. Appropriations, subsidies, and cash trgnsfers to
departments must be directed to either the capital or
current account.

The Chairman's account has only a current account, the
Planning and Zoning Department has only a capital account,
and the Assessment Department has no financial accounts.
All other departments have both accounts.

The Chairman makes appropriations, and subsidies from
his current account before he actually receives income to
his account. His is the only department which makes
expenditures before income is calculated. Once a depart-
ment has received an appropriation, the money is never
automatically transferred back to the Chairman's account.
If the Chairman spends more than he later receives in
revenue, .a current bond is automatically floated in the
Chairman's name and is paid off from the Chairman's
account. If a department spends more than its revenues
(this can only happen in a department's current account),
a current bond is floated in the department's name and is
paid off from the department's account.

The following format is contained within each account:
Previous Cash Balance
Revenues

Expenditures
New Cash Balance.
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If the output is for round T, then Previous Cash
Balance would be egual to the New Cash Balance for round
T-1.

Expenditures may not be made from capital accounts
unless there is sufficient cash to cover the expenditure.
Therefore, the cash balance in a capital account is
always greater than or equal to zero; the cash balance in
the capital account may not be negative.

If expenditures from the current account are greater
than previous balance plus revenues, then a short term
bond (current or two-year) is automatically floated to
cover the deficit. Therefore, the New Cash Balance may
never be negative in the current account. Because of
rounding, the New Cash Balance will normally be slightly
positive (rather than zero) even in the case where a short-
term bond had to be floated.

All capital expenditures are player or director
decisions which have been submitted during the previous
EDIT. Current expenditures are made according to govern-
ment policies which may have been established in any previous

EDIT. Current expenditures (except miscellaneous expendi-
tures) do not directly reflect player decisions; they are
functions of policies. For example, a player sets the

salaries and number of job openings which the School Depart-
ment offers, but other local conditions influence how many
employees the department actually hires and thus influence
the amount which the department pays in salaries.

The most common capital revenue sources for departments
are appropriations (for MS, SC, HY, and PZ), capital bonding
for 25 years (all departments), Federal-State Aid (SC, HY)
and miscellaneous sources (sale of land, and incoming cash
transfers). Special capital revenue sources are subsidies
to the Utility Department.

The most common capital expenditures are for con-
struction, land purchase, and miscellaneous (outgoing cash
transfers).

The most common current revenue sources are appropria-
tions (all but UT and CH), short term bonding, Federal-
State Aid (MS and SC), and miscellaneous income (incoming
cash transfers).

Special current revenue sources exist for the Utility

Department (income from user charges on utility and water
service and subsidies) and the Chairman (taxes).
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The most common current expenditures are for bond pay-
ments (capital bonds and current bonds together), goods and
services (MS, SC, maintenance for HY, and utility operating
costs for UT), salaries (MS and SC), and miscellaneous
(outgoing cash transfers).

Special current expenditures are for welfare payments
(MS), adult education (SC), treatment operating costs and
sampling station operating costs (UT), and subsidies (CH).
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G. GOVERNMENT MASTER TABLE
(Characteristics are for Level One Development)

RAIL TRACKS (Per Mi)

RAIL UNDER- VEHICLES
SC MS uT HY ™ STATION SURFACE GROUND RAIL BUS
CONSTRUCTION COST 27 30 30 .8M 14 il 4 NA .8/mi .4/mi
(Millions of Dollars)
DEMOLITION COST 5.4 6 6 .16M 2.8M NA NA NA
{(Millions of Dollars)
CHARACTERISTICS OF
FACILITIES
Possible Levels 3 3 3 3 3 1 1 1
of Development
Land Requirement 16 12 20 8 12 NONE 4 NONE
(% of a parcel)
~ Rate of Annual 2.0 3.3 NA 5.0 NA NA NA NA 3.5 3.5
= Depreciation (%)
SC MS uT HY RATL BUS PZ
POSSIBLE SOURCES OF
REVENUE TO DEPARTMENTS
Current Funds
Appropriations X X X
Subsidy b4 X b'e
Cash Transfer X X x X X X
Automatic Bonding X b'4 X b4 pe X
Automatic Federal X X
State Aid
Capital Funds
Appropriations X e X X
Subsidy X X X
Cash Transfer X b4 X X X X X
Bonding b e X bid X X X X
Federal-State Aid ple X
Charges to Users X X X
Labor Hired PH PM
PM PL NA NA PM PM NA



ITI. UTILITY DEPARTMENT

Introduction

This manual contains the basic information and descrip-
tion of the model required by the Utility Department.
It is assumed that the Model Overview, the Scenario, and
the Government Sector descriptions have been read prior
to the receipt of this manual.

Once the players comprising the Utility Department
have become familiar with the model in general, the parti-
cular city being represented, and the workings of the
local utility system they will be able to bring their own
imagination and initiative to bear on the operation of
the Utility Department in their specific jurisdiction.

The local Utility Department is given control of a
number of resources within the local dynamic system and
it will have the opportunity to allocate these resources
and change them in such a way as to satisfy self-established
goals and/or to respond to pressures brought on it by

elected officials and the local citizenry and business
community.
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B. Utility Department Summary

The Utility Department is respon51b1e for the prov1sxon
of the utility and water and sewer services which economic
activities require in order to operate. The department's
utility operations are separate from its water and sewer
operations but both are funded from the department's general
budget.

Each utility plant has its own district, comprised of
full parcels contiguous to the utility plant. A utility
district is also a water district, which can contain one
water intake treatment plant and one sewage treatment plant.
When utility service is installed on a parcel, water and
sewer service: 1is also installed.

Utility plants, intake treatment plants, and outflow
treatment plants are constructed in levels, each level
having a fixed capacity of service. Outflow treatment plants
are also constructed as certain types, each type having the
ability to remove different amounts of each pollutant type.
All of the plants require a fixed amount of land for each
constructed level. When a level is demolished, the land
becomes available for other Utility Department construction
or sale to another owner.

The Department sets the price which any economic
activity must pay per utility unit consumer. Each
activity does consume a different number of utility units,
but the price per unit consumed is the same for every
utility user.

The Department also sets the water price per MG con-
sumed, but the prlce set can vary by the type of economic
activity, and, in the case of residences, by class.
Utility users always obtain the utility service which they
need; the only variable is the price set by the Utility
Department. However,the Utility Department might not
always be able to provide sufficient water for all of its
users' needs. The quantity and quality of water in the
local water system affect the costs of providing water
service to the local system users.

Figure UT-1 shows how the Utility Department fits into
the local government structure. It may be a public or
private operation depending upon the wishes of the local
system decision-makers in each jurisdiction.
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Figure UT-1

THE UTILITIES DEPARTMENT AS IT FITS
WITHIN THE LOCAL GOVERNMENT STRUCTURE
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Tv. COMPUTER PRINTED OUTPUT DESCRIPTION

A. TIntroduction

The printed computer output provides a yearly
report of the status of the simulated region and of inter-
actions within the region during the previous year. There
are several types of output: maps showing characteristics
of the region which differ geographically; summaries which
present information in capsulated form; and detailed
information from which the summaries are derived.

The figure on the next page shows the titles
of the output sections in the order in which they are
printed. That sequence follows neither the logical order
of computer program operations nor the usual sequence in
which a user examines the output. The code number beside
the title of each section of output listed in this figure
1s the code number used in all examples of output included.
in this manual. The output is explained in this section
in order of most general to most detailed information.
Output is explained in the following order:

~ maps

- summary information

- general information of relevance to
all three sectors

- social sector detail

~ economic sector detail

- government sector detail

There are a few standard features of all printed
output sections. Each has a title which is a short
description of the type of information given by the section
of output. Each also contains both the round number and
the game heading (the name of the data base being used or
some other heading input by the director). Where relevant,
a jurisdiction number is also printed.

After a few rounds' experience with the model, a
model user usually needs only the printed computer output
from a round and the Master Tables and input formats con-
tained in this manual in order to play subsequent rounds.
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B. Map Output

The model output includes several maps which visually
represent characteristics of the simulated region which
differ by location. The entire simulated region is repre-
sented on a single, two-page computer map. A map key is
printed at the bottom of each page. Map symbols appear on
a map in the three types of locations which can be specified
in the model: parcels (squares), parcel edges (lines sep-
arating squares), and intersections of lines (parcel corners).
Land uses and other characteristics of parcels are repre-
sented within the squares. Divisions between parcels such
as roads or jurisdiction boundaries are represented be-
tween parcels, and activities such as terminals are repre-
sented at parcel corners.

The Map Titles and a brief description of their con-
tents are given below, in the order in which they will be
discussed. All information is located spatially.

Economic Status Map: economic owners, economic activ-
ities and operating levels, zoning, levels of utilities
installed, amounts of undeveloped land, road types, ter-
minal levels, jurisdiction boundaries.

Government Status Map: school levels, parks, municipal
service levels, utility plant levels, road types, terminal
levels, jurisdiction boundaries.

Socio-Economic Distribution Map: residence types and
levels, number of Pl's of each class, road types, terminal
levels, jurisdiction boundaries.

Demographic Map: populations, residential quality in-
dexes, business value ratios, percent occupancy, road
types, terminal levels, jurisdiction boundaries.

Personal Goods Allocation Map: PG shopping location
for each class and residence, PG location.

Personal Services Allocation Map: PS shopping loca-
tion for each class and residence, PS location.

Business Commercial Map: BG and BS shopping location
for each business, BG and BS locations.

Utility Map: utility units served, utility units
installed, utility plants, utility district boundaries,
jurisdiction boundaries.
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Surface Water Map: volumes of surface water, rates of
flow, land area in water, directions of surface water flow,

lakes.

Municipal Treatment Plant Map: municipal water intake
treatment plants and levels, municipal sewage treatment
plant types and levels, utility plant locatlops'and gode'
numbers, directions of surface water flow, utility district

boundaries, lakes.

Municipal Inflow and Outflow Point Map: Municipal
surface water intake points, municipal sewage outflow
points, utility districts served by each, surface_wate;
gualities, directions of surface water flow, utility dis-
trict boundaries, lakes.

Water Quality Map: economic activities and operating
levels, surface water gualities, directions of surface
water flow, lakes.

Economic Sector Water Usage Map: economic activities
and operating levels, amounts of recycling, business ef-
fluent treatment types and levels, utility district boundaries,
jurisdiction boundaries.

Municipal Services Map: economic activities and oper-
ating levels, municipal service units required, municipal
services and their use indexes, municipal service district
boundaries, jurisdiction boundaries.

School Map: numbers of public school students, num-
bers of private school students, schools and their use
indexes, school district boundaries, jurisdiction boundaries.

Highway Map: economic activities and operating levels,
road types, terminal levels.

' Planning and Zoning Map: zoning, park, public insti-
tutional land uses, road types, terminal levels, jurisdiction
boundaries.

Park}and Usage Map: parks, populations served by park,
park use indexes, road types, terminal levels, jurisdiction
boundaries.

. Market Value Map: market values of all non-farm land,
privately owned buildings, and privately owned land and
buildings, road types, terminal levels, jurisdiction boundaries,
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Assessed Value Map: assessed vaTues of non-farm pri-
vately owned land and buildings, road types, terminal
levels, jurisdiction boundaries.

Farm Assessed and Market Value Map: assessed and mar-
ket values of farms, amount of land in farms, road types,
terminal levels, jurisdiction boundaries, lakes.

Farm Map: farm owners, amount of land in farms, farm
types, levels of fertilization, road types, terminal levels,
jurisdiction boundaries.

Farm Runoff Map: where runoff from farms flows, di-
rection of surface water flow, lakes.

River Basin Flood Plain Map: river basins, dam
priorities, flood susceptibility of each parcel, direction
of surface water flow, lakes, jurisdiction boundaries.

Topographical Restriction Map: topographically unde-

velopable land, road types, terminal levels, jurisdiction
boundaries.

Social Decision-Maker Map: social decision-maker con-
trolling each class living on each residence parcel, road
types, terminal levels, jurisdiction boundaries.
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1. Economic Status Map

This map shows the economic sector owngrgtof i%la§§1vg§ely
owned non-farm parcels and the economic activi {é 1L oan énd
each parcel. A parcel can have only one ecorllomare iipsitiey
one economic activity. Owners of ﬁarm pgrge_ss T e ated
the Farm Map. The types of economic activitie P
in the model are listed in the Master Tables.

The economic owner of a parcel owns all of the land
and developments on the parcel which QO not belong to the
government or which are not topographically undeve}opable.
If the economic owner sells land to another economic de-
cision-maker, he must sell all of the privately-owned
land and buildings on the parcel to the new owner. An
economic decision-maker can sell any portion of undeveloped
land on a parcel to a government department.

The Planning and Zoning Department may zone parcels.
Zoning is a restriction on economic development. Once a '
parcel is assigned a particular zoning code, all new economic
development on the parcel must conform to'thg new zoning.

If a parcel is unzoned, there is no restriction on wha?
type of activity may be constructed on it. The Economic
Status Map key defines what private land uses are allowed
under each zoning code.

When a new economic development is constructed on a
parcel, it must not only conform to the parcel's zoning;
it must have sufficient utility service. ' Utilities are
installed by the Utility Department in "levels" (1 - 9.
Each level of economic activity requires a certain number
of utility units, and each level of utility service supplies
a fixed number of utility units to a parcel.

If an economic decision-maker has insufficient utility
service for a proposed development, the Utility Department
must install adequate utility service before the new devel-
opment can be constructed. *

*There are two exceptions to the utility restriction
on development: 1) RA housing can be built with "private
utilities", which do not require utilities supplied by the
Utility Department; 2) the director can override the utility
restriction on individual developments.
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Economic developments also require land. Each activity
depending on its type, requires a certain amount of land
for each constructed level of development. Regardless'of
the operating level of an activity, the land consumed 1s
that of the constructed level, which is always greater than
or equal to the operating level. The amount of privately-
owned land which is not in developments is classified on
this map as undeveloped. If a parcel shows no undeveloped
land, no further economic development can occur there un-
less the owner either acquires more land from a government
department owning a portion of the parcel or demolishes
existing economic developments. An economic decision-
maker can acquire land by purchasing a parcel from another
economic decision-maker or by bidding on land which is
owned by the Outside.

The operating level of an economic activity is shown
on the Economic Status Map. For most purposes, a busi-
ness' operating level is the only level considered by the
computer programs. However, a business pays property
taxes and maintenance for its constructed level.
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2. Government Status Map

Whereas there can be only one economic owner per parcel,
any combination of government departments can own developed.
and undeveloped land on a parcel. The government depart-
ments which can own land, and the types of developments each
can construct on a parcel are:

Department Development Type

Utility Department Utility Plant
Water Intake Treatment Plant
Sewage Outflow Treatment Plant:
Chlorination
Primary Treatment
Secondary Treatment
Tertiary Treatmeéent

School Department School Unit
Municipal Service Municipal Service Unit
Department
Planning and Zoning Parkland
Department Public Institutional Land
Highway Department Road*
Terminal¥*

A government department can sell undeveloped land
which it owns to either another government department or
to the economic decision-maker owning the privately-owned
portion of a parcel.

The government status map shows the locations of some
of the types of government activities: schools, parks,
utility plants, and municipal service units.

*A road requires land from the parcels on each side,
and a terminal requires land from the four parcels touching
the intersection at which it is located.
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3. Socio-Economic Distribution Map

This map shows the number of Pl's of each class living

on each residence parcel. The residence type and level are
also printed.

The migration process allocates people to housing.
Only two classes can live on a residence parcel simul-
taneously, due in part to the model's restriction that a
PH will not move into a residence with a gquality index
below 71 and a PL will not move into housing with a quality
index above 70. It is possible, if a residence depreciates
below the minimum that a class will accept, that high-
income, for example, will live in a residence with a quality
index below 71 if the class was living on the parcel before
the depreciation. In no case, however, can PH's reside on
the same parcel with PL's.

Each level of a residence type provides a fixed num-
ber of space units. A Pl occupies a fixed number of
space units, depending on its class. The percent occu-
pancy of each residence is shown on the Demographic Map.
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4. Demographic Map-

The demographic map shows the number of people living
on each residence parcel, the percent occupancy of each
residence and the quality of all privately owned buildings
and equipment.

~ Overcrowding (over 100% occupancy) contributes to a
residence's neighborhood index and to the health index.

The quality is expressed as the quality index for a
residence and as the value ratio for non-residential ac-
tivities. A value ratio is the ratio of the present con-
dition of a business' buildings and equipment to their
original condition, expressed as a percent.

A quality index is somewhat different. Whereas a
new business has a value ratio of 100, a new residence
can have a quality index from 40 to 100.

Each year buildings and equipment depreciate in re-
sponse to several conditions which vary by type of activity
(see the Master Tables for the causes of depreciation).

A business's depreciation is measured as a percent of
original value (100). A residence's depreciation is
measured as a percent of the original value of such a type
of residence originally built at a quality index of 100,
regardless of the original quality of the specific resi-
dence. Thus, business depreciation is a percent of original
value but residential depreciation is a percent of quality
index 100.

The owner of an activity can set a maintenance level
for the activity. The maintenance level 1is the quality
index or value ratio at which the owner will maintain
the activity, regardless of how much it depreciates in a
year. Not until the activity's value ratio or quality
index falls to its maintenance level does the owner incur
maintenance expenditures. The computer program depreciates
and maintains buildings and equipment and charges the
owner for the maintenance cost.

The Demographic Map shows quality indexes and value
ratios after depreciation and after any maintenance.
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5. Topographical Restriction Map

This map shows the percent of a parcel that may not be
purchased or developed by any local decision-makers. Land
that is topographically undevelopable includes mountains,
rock outcrops, swamps. None of the area consumed by water
bodies represented in the local system (large lakes, small
lakes, and rivers) is shown on this map. The map also

shows jurisdictional boundaries, the road network, and the
location of terminals.
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6. Social Decision Maker-Map

This map indicates which social players make decisions
for the low, middle, and high income population units on
parcels. The top letter on a given parcel represents the
social decision-maker who controls the PL's who live there,
and the middle and lower letters represent the social decision:
makers who control the PM's and PH's, respectively, who live
there. If a particular class does not live on a parcel,
no letter is printed.

Not until a parcel is developed for residential land
use and occupied by at least one income class, will a social
decision-maker for that parcel appear on the map. Note that
different decision-makers may control the different popu-
lation classes on a single parcel. Social teams acguire
control over additional Pl's on a parcel when the number of
Pl's of that class moving into the parcel exceeds the number
moving out., Social teams may find that from round to round
they gain or lose control of population units on a residential
parcel of land. This occurs as a result of the migration of
Pl's of a class to a parcel where previously there were no
Pl's of that class (a gain) or as a result of the migration
away from a parcel of all the Pl's of a class on that parcel.
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7. Utility Map

This map designates the jurisdictional boundaries
(000) and the district boundaries (xxx) for all utility
plants within each jurisdiction. Utility districts are
groups of contiguous parcels that are within the service
area of a utility plant. There may be parcels of land
that are not contained within a utility district.

The information contained on a land parcel shows
the number of utility units required by utility users,
the number of utility units installed on the parcel, and
the number of the utility district serving the parcel.

Utility plant locations are indicated on the Utility
Map with asterisks surrounding the parcels on which the
plants are located. Each utility district is identified
with a unique utility number (starting with "1" and
ending with "n", where "n" is the number of utility dis-
tricts). The bottom piece of information on each parcel
indicates the number of the utility plant serving that
parcel.

The number of utility units consumed on a parcel is
dependent upon the private land use activity. The map
key shows the number of utility units demanded by a level
one of each of the private land use activities.

The number of units installed on a parcel is a policy
decision made by the Utility Department. The Utility
Department provides one of nine levels of utility service
to a parcel. Each level of utility service has a corres-
ponding number of utility units that may be provided.
Consult the Utility Master Table for the maximum number
of utility units that may be provided for each level of
utility service.

A parcel of land that is within a utility district
may not be developed if the private development would
require more units of utility service than could be pro-
vided by the present level of utility service provided
to that parcel. Thus, the "UNITS INSTALLED" puts an
upper limit on the "UNITS SERVED" for all parcels within
utility districts.
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8. Surface Water Map

The Surface Water Map displays those characteristics
of a surface water system which do not change dynamically
during a particular run of the model. For each parcel
on which there is surface water, the map shows the volume
of water, its rate of flow, and the percent of the surface
area of the parcel which is water.

The volume of water on a parcel is measured in mil-
lions of gallons per day (MGD) passing any one point on
the parcel. The volume of water on a parcel affects both
the water quality on a parcel and the amount of water
which can be removed from the surface water on that par-
cel for municipal and industrial use.

The rate of flow of water on a parcel is measured
in the number of parcels which water flowing at that
rate would cross in one day. Water bodies undergo a
natural cleansing process. The slower a river flows, the
less distance some types of pollutants travel before they
are naturally removed from the river.

The amount of surface area occupied by water has one
effect in the model: it preempts a portion of the parcel
from use in other activities.

The map also displays the direction of the river's
flow. The arrows between parcels point in the direction
that the water flows. Water flows from parcel to parcel,
traveling within parcels. If a parcel has a volume of
water but no arrows pointing away from it, it either is
the last parcel through which a river flows or has a
self-contained surface water system which does not dyna-
mically interact with the other surface water system
parcels.

A parcel which is displayed as all dots is entirely
water, usually a very large body of water into which a
river flows, such as a large lake or ocean. The water on
such a parcel does not interact with the surface water
represented in the model; its gquality is affected by
activities in an area much greater than the simulated
area. For convenience, such a water body is termed a
lake in the model.
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9. Municipal Treatment Plant Map

A Utility Department supplies water to all economic
activities except some basic industries which obtain their
own water from the surface water. Each utility district
1s also a water district. A parcel is supplied with
municipal water and sewer service when utilities are
installed on the parcel. The department can decide where
to intake water, where to dump sewage, how much intake
water it will provide, how much sewage treatment it will
provide, and where treatment facilities will be located.

Municipal water intake and sewage treatment plants
are located in the utility districts which they serve.
An intake treatment plant processes the surface water
removed from the parcel on which its intake point is
located (not necessarily within the water district which
it serves). All water treated by an intake treatment
plant is processed to drinking water quality. The quality
of the water before it is treated varies with the amount
of pollution in the surface water where the intake point
is located. There are nine water guality ratings, 1 being
the best quality and 9 being the worst. A parcel's water
quality rating is based on the volume of water on the par+
cel and the amount of pollution entering it from adjoin-
ing parcels.

Water Quality Rating Description

1 Drinkable - best quality water

2 Drinkable - with minor treatment

3 Swimmable - direct body contact
possible

4 Boating and Fishing - indirect
body contact

5 Fair esthetic value

6 Poor esthetic value - treatable
at moderate cost

7 No esthetic value - treatable
at high cost

8 Negative esthetic value -
treatable at very high cost

9 Unusable water

Seven types of pollutants are measured for the quality
rating.

Pollutants Descript

ion

BOD Biochemical Oxygen Demand; the
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Pollutants Des'cription

natural breakdown of this
pollutant causegs a decrease

in the concentration of dissol-
ved oxygen in the water.

Chlorides Chlorides are employed as an
indicator of persistent pollu-
tants.

Nutrients Phosphate, nitrite, nitrate,

nitrogen, and phosphorous.

Coliform Bacteria Indication of the potential
health hazard of a given body
of water.

Temperature A measure of the deviation from

the normal temperature of the
surface water.

0il and Floating Solids Any oil added to the system
and all floating solids such
as refuse, garbage, cans,
boards, tires, etc.

High-Level Wastes Highly toxic, non-degradable
substances.

The quality of water at a district's intake point
affects, among other things, the cost to process the water
to drinking water quality. The water gquality of a parcel
is shown on the Water Quality Map. That gquality is not
affected by any pollution dumped on the parcel, only by
pollution dumped on upstream parcels.

An inflow treatment plant, while able to make all
but the worst (gquality 9) water drinkable, has a capacity
which is a function of its level. The amount of water
which a district needs is a function of the needs of the
activities located in the district, but the amount of
water which a district can obtain may be limited by its
inflow treatment plant capacity. Whenever a district
cannot obtain all of its needed water for any reason,
including insufficient inflow treatment plant capacity,
the activities served by the district purchase that
proportion of their water needs which cannot be met
locally from the Outside at a high cost. The cost to
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construct an inflow treatment plant increases with the
number of levels constructed. Unlike levels of other
activities in the model, municipal treatment plant costs
and capacities are not necessarily even multiples of level
one costs and capacities. The land requirements, however,
are multiples of level one. :

Municipal sewage treatment plants can be constructed
not only to different levels (capacities) but also to
different types of treatment. The types of sewage treat-
ment are, in increasing order of pollution removal:

Chlorination (CL)
Primary Treatment (PT)
Secondary Treatment (ST)
Tertiary Treatment (TT)

Tertiary treatment requires the three other types of
treatment; secondary treatment requires chlorination and
primary treatment. The level of treatment printed on the
map is the level of the type printed and cof all lesser
types. There is no provision for the case of different
levels of different types of treatment within a single
district.

Since treatment plants have fixed capacities which
vary by their levels, any district's sewage in excess
of its plant's capacity flows untreated into the surface
water on the parcel on which the district's outflow point
is located.

Note that all of a district's intake treatment must
be located on a single parcel. Likewise, all of its sew-
age treatment must be on a single parcel, although that
parcel. does not have to be the same one as that on which
its intake treatment plant is located.

'UT' appears in the middle row of a parcel if there is
a utility plant on the parcel. WNext to the 'UT' is the
code number of the utility plant. That number matches the
nu¢ber printed next to the district's intake and outflow
points on the Municipal Inflow and Outflow Point Map.
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10. Municipal Inflow and Outflow Point Map

Unlike treatment plants, municipal intake and
outflow points do not have to be located within the dis-
tricts which they serve. This map shows where each dis-
trict's intake and outflow points are located. The
code number next to the 'IN' or 'OU' on the map is the
code number of the utility plant in the district which
the point serves.

Each district has one intake point and one outflow
point. However, there can be more than one inflow and
outflow point on a parcel. The map shows only one point,
so if there is nore than one on a parcel, only the

Utility Department Report will note the existence of
all of the others.
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11. Water Quality Map

The surface water quality on a parcel is a function
of'the'pollution entering the parcel from adjoining par-
cels and of the amount of water on the parcel itself.

The water quality on a parcel is not affected by any
dumping activity on the parcel itself. Any activity which
removes water from a parcel removes it at the quality
shown on the Water Quality Map.

Quality is the only characteristic.of surface water
which can change during a run .of the model. The other
characteristics (rate of flow, volume, and surface area)
are constant.

Water Sampling Stations can be set up to measure
the exact pollution content of the water flowing out of
parcels. Sampling stations can also be established to
measure the pollution content of water generated by either
individual economic activities or municipal systems. The
operation of a sampling station is charged to the Utility
Department of the jurisdiction in which the station is
located.

The figure on the next page illustrates the processes
which affect surface water pollution. The pollution flow-
ing into a parcel from adjoining parcels is mixed in the
water on the parcel. The pollution concentration per MGD
is then measured and the water is rated in one of the nine
water quality categories. The water quality rating is
the worst rating category generated in any sinale pollutant.
The rating allows no trade-off between a pollutant which
is present in very low concentration and one which is very
highly concentrated.

Next, water is removed if there are any intaking
activities on the parcel. There are two types of intaking
activiti=2s: 1) basic industries of the types which require
surface water; and 2) municipal intake points. There can
be only one economic activity on a parcel, and if it is
a surface water user, it intakes and dumps on the parcel
on which it is located. Municipal intake water is sent
to the municipal intake treatment plant and from there to
activities served by the district.

The surface water which is not removed undergoes a
biological change process in which some of the pollutants
decay naturally. That water is mixed with any water
dumped on the parcel. There are three types of activities
which can dump on a parcel. In addition to basic industries
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and municipal outflow points, farm runoff can add to the
pollution on a parcel. Whereas basic industries and muni
cipalities can treat their effluent and thus remove

some or all of their pollution, farm pollution can be

cut back only if the farm owner decreases the amount

of fertilizer used on the farm. The total amount of
pollution is then moved on to the next parcel in the

river.

' The water quality map shows where rivers and econo-
mic activities are located in addition to water guality.
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12. Water Usage Map

Basic industries can treat their effluent in order
to remove pollutants. An industry's effluent treatment
plant is located on the same parcel as the industry and
does not consume land. Like municipal effluent treatment
plants, industrial treatment plants can be of four types:
¢hlorination (CL), primary treatment (PT), secondary
treatment (ST), and tertiary treatment (TT). Industrial
treatment plants can be constructed to any level and each
treatment plant level has the capacity to treat all of
the effluent of a level of the industry type which it is
constructed to serve. The construction cost of a level
of treatment plant varies by treatment type and type of
industry.

Industries can recycle up to half of their effluent.
Recycled water is not processed through an effluent treat-
ment plant. Its treatment is a process distinct from
industrial intake or outflow treatment -and costs a fixed
number of dollars per MG recycled. So, a level two indus-
try at a recycle level of 100% and having a level one
effluent treatment plant treats all of the water which
it dumps. If the recycle level under those conditions
were 50%, then the industry would treat only two-thirds of
the amount which it dumped and one third would be dumped
untreated.

Unlike municipal water intake treatment facilities,
industrial intake treatment is assumed to exist when the
industry is constructed and it is assumed to have the
capacity to treat all of the water required by the indus-
try. Like municipal intake treatment costs, industrial
intake treatment costs increase as water quality worsens,
and the worst water (quality 9) cannot be treated. The
industry is forced to pay a high cost for water, the cost
represented by the Outside price of water. Furthermore,
intake water quality affects the depreciation of surface
water users, a reflection of wear on treatment equipment.

NOTE: Regardless of the amount of recycling, intake water
guality has the same effect on industrial deprecia-

tion. The volume treated does not matter. The
assumption is that recycled water goes through in-
take treatment, so no wear and tear on treatment
equipment has been avoided.
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13. Farm Map

A farm can contain more than one parcel. All of the
parcels in a single farm have the same owner, farm code
number, farm type, and fertilizer level. The amount of
land in farm use may be different for the different par-
cels in a single farm. The rest of the land can be in
public use or can be topographically unusable. No other
economic activity can be located on a farm parcel, and
all of the farmland on a single fawrm parcel is of the
same farm type. When the economic owner of a farm parcel
changes, the parcel ceases to be classified as a farm.
Once an initial starting configuration of the board has
been selected, no farms can be created.

There are two types of decisions which a farm owner
can make: set the fertilizer level for a farm; and sell
part or all of the farmland on a farm.

A farm's fertilizer level is an integer from 0
to 3. Associated with each cf the four fertilizer factors
is a multiplierwhich represents the increase in normal
income which occurs at that fertilizer factor for the
farm type. There is also an associated amount of pollu-
tion in the runoff resulting from each fertilizer factor.
Volume of runoff stays the same for a farm parcel regard-
less of the amount of land on that parcel in farm activity.
When a parcel is no longer a farm, no more runoff exists.
A farm owner's income increases as he sets a higher fer-
tilizer factor level. Likewise, the amount of pollution
on a farm's runoff increases with the fertilizer level.
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Figure 10.14
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14. Farm Runoff Map

Farms do not use surface water or municipally-
supplied water. Their water requirements are assumed to
be met by rain or ground water. However, sdme of the
water which falls on farms runs into the surface water.
Farms use fertilizer, and those nutrients flow into the
surface water in farm runoff. The Farm Runoff Map shows
where farm runoff flows. The program assigns each surface
water parcel a code number, which is printed on the top
row of parcels containing surface water. Wherever there
is a farm, the middle row shows 'F' and the farm type.
Different types of farms have different basic fertilizerx
requirements and net incomes from sales. On a farm par-
cel the bottom row of the parcel shows the code number of

the surface water parcel on which the farm parcel’s run-
off flows.

A farm owner sets a level of fertilizer use for the
farm. The higher the fertilizer level, the greater the
concentration of nutrients in the runoff from the parcels
comprising the farm.
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15. River Basin Flood Plain Map

Each parcel has a flood susceptibility between 0 and
3 representing the parcel's likelihood of suffering damage
due to its location when a flood occurs in its river basin.
A parcel with zero flood susceptibility remains undamaged
when there is a flood, and a parcel with a flood suscep-
tibility of 3 suffers the flood's worst damage.

The game director controls the time of occurrence
and severity of floods. When a flood occurs, it affects
the depreciation of businesses and residences located on
parcels with non-zero flood susceptibilities. The degree
of damage done to a business or residence by a flood is
a function of the severity of the flood as input by the
director, the parcel's flocd susceptibility, the type of
economic activity, and the dam priority of the river basin
in which the parcel is located. A river basin's dam
priority (A, B, or C) represents the major purpose of the
operation of the dams in that river basin. The three sets
of priorities involve trade-offs among flood control,
pollutant concentrations, and water availability for major
recreation areas.

Each of the four factors in degree of damage has an

associated numerical value. All four are multiplied toge-
ther in the calculation of degree of damage.
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C. Summary Information

1. Demographic and Economic Statistics

The output summarizes a wide variety of information
about the simulated region. There are two basic types
or information: statistics by jurisdiction and for the
region as a whole about local conditions, and measures of
interactions between the region and the Outside System.
The former provide comparisons between jurisdictions; the
latter provide comparisons between the local and Outside
systems.

Statistics Regarding Local Conditions

Total population: the number of people (not Pl's),
by class.

Percent change over previous year: the total popu-
lation change, positive or negative, between the current
round and the previous round. This is the only local
statistic which is given only as a total and not broken
down by jurisdiction.

Average population per parcel: the number of people
divided by the number of parcels.

Developed land (in parcels): the amount of land
area (in parcel equivalents) consumed by public and
private developments.

Undeveloped land: the amount of land area (in parcel
equivalents) not consumed by developments.

Total land area: the number of parcels.
Assessed value of land in millions: the property tax

base.
Assessed value of developments in millions: the

development tax base.

Average guality of life index: a measure across
classes of the people's average quality of life index.
The higher the index, the poorer the quality of life.
The indexes may differ significantly within a jurisdiction,
but only averages are given here.

Number of registered voters: the number of people
eligible to vote, from which the number wha actually vote
are selected.
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Number in public adult education: the number of
people who wanted to participate in public adult education
programs and were able to do so because programs were
provided by their school departments.

Average educational level: by class, the average
educational level. This ranges from 0 to 100. The higher
a worker's educational level relative to those of other
workers, the greater his chances of being hired before the
others.

Number of workers receiving welfare: if a jurisdic-
tion does have a program for aid to the unemployed, this
number is the number of unemployed workers. The number is
zero 1if there are either no unemployed workers or no
welfare program.

Student/teacher ratio: ratio of number of students
attending local public schools to number of teachers
employed by public schools. This is a factor when students
are allocated to public or private schools.

School enrollment: the number of students attending
local public schools and the number attending private
schools. Students attend private schools only if the
public schools in their districts are inadequate.

Housing units: the number of levels of RA (single
family), RB (town house, multiple dwellings), and RC
(high rise) housing.

Vacancy rate: the ratio of existing housing space
to housing space occupied, expressed as a percent. A
negative rate means that housing is overcrowded.

‘Number of employed workers: the number of people
holding full-time jobs, by class of worker.

Ngmber employed by type of employer: the number of
full-time workers employed by each type of business and
government employer.

Number of gnemployed workers: by class, the number
of workers seeking full-time employment who were unable
to obtain jobs.

Unemployment rate (percent): by class, the number of
unemployed workers as a percent of the total number of
workers who sought full-time jobs.
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Earning distribution: the percent of workers
earning less than $5,000, between $5,000 and $10,000, and
over $10,000 from full-time employment.

2. Transactions With the National Economy

Income from the national economy: federal-state aid
received, by type of aid, and income from both basic
industry sales of output and bus and rail sales of equip-
ment.

Sales to the national economy: federal-state taxes
paid, by type of tax, and purchases of goods, services,
and outside-owned land. The only Outside expenditure
which can be significantly controlled locally is the
purchase of goods and services due to local insufficiency.

National economy business cycle: last round's ratio
to "typical income"per unit of output for basic industry,
interest rates on loans and bonds from the Outside
(expressed as percents), and the average rate of return on
outside investments (expressed as percents).
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D. Utility Department Output

The Utility Department is responsible for'the provision
of the utility and water and sewer services which economic
activities require in order to operate. The department's
utility operations are separate from its water and sewer
operations but both are funded from the department's general

budget.

Each utility plant has its own district, compr%sgd of
full parcels contiguous to the utility plant. A uﬁlllty
district is also a water district, which can contain one
water intake treatment plant and one sewage treatment plant.
When utility service is installed on a parcel, water and
sewer service: is also installed.

Utility plants, intake treatment plants, and outflow
treatment plants are constructed in levels, each level
having a fixed capacity of service. Outflow treatment plants
are also constructed as certain types, each type having the
ability to remove different amounts of each pollutant type.
All of the plants require a fixed amount of land for each
constructed level. When a level is demolished, the land
becomes available for other Utility Department construction
or sale to another owner.

The Utility Department output consists of a financial
summary, a report on utility plants, treatment plants,
water sampling stations, and miscellaneous other information
of concern to the Department.

Utility Department Finances

All capital and current revenues and expenditures are
summarized on thds:output. Capital expenditures are made
in direct response to player decisions; current expenditures
are made in response to policies set by players. All capi-
tal revenues and the current revenues of subsidies, bonding,
and miscellaneous income are obtained in the manner described
in the Introduction to the Government Sector. The Utility
Department has two additional sources of current income:
income from utility users and income from water users. For
the most part, the two types of users are identical. How-
ever, some types of basic industries use surface water

directly and do not require municipal water although they do
require utilities.*

* One e*ception to this rule is the case of an RA with pri-
vate utilities (well water, septic tanks, etc.). Such an
RA does not drain municipally-provided utilities or water.
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The Department sets the price which any economic.
activity must pay per utility unit consumed: _That price:
does not vary with the type of economic activity consuming
utilities. Each activity does consume a different.number
of utility units, but the price per unit consumed is the
same for every utility user.

The Department also sets the water price per MG con-
sumed, but the price set can vary by the type of economlc
activity, and, in the case of residences, by class. Utility
users always obtain the utility service which ?hey need;
the only variable is the price set by the Utility Department.
However, the Utility Department might not always be able
to provide sufficient water for all of its users' needs,
the reasons for which are explained below. A water shortage
is relevant to current revenues because water users pay the
Department for only the water which they actually obtain
from the municipal system.

Capital expenditures are separated into five types:
utility plant construction, treatment plant construction,
extension of service, land purchase, and miscellaneous.

The expenditures under utility plant construction also
include utility plant demolition costs. The cost to con-
struct or demolish each level of a utility plant are given
on the Master Table. Treatment plant construction costs
include the costs to construct and demolish levels of intake
treatment plants and the costs to construct and demolish
types and levels of effluent treatment plants. The costs
for extension of utility service include extension of water
and sewer service to those parcels receiving utilities for
the first time. Once a parcel has utilities, it never needs
more water and sewer service; if a parcel has any utility
service of whatever level it has sufficient water and sewer
service for any level of any economic activity. The land
purchase expenditure category includes income from land sale.
Both utility plants and treatment plants require land for
construction. Miscellaneous capital expenditures are the
total of all cash transfers made from the department's capi-
tal account.

There are five types of current expenditures: utility
plant operation, treatment plant operation, sampling station
operation, bond payments, and miscellaneous. The expendi-
ture for utility plant operation is the total of the operat-
ing costs of all of the utility plants in the jurisdiction.
Treatment plant operation is the total of the operating
costs of all of the intake and outflow treatment plants in
the jurisdiction. There is one fixed cost to operate each
ambient (river quality) sampling station and another fixed
cost to operate each point source (user effluent gquality)
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sampling station. The total operating cost of all sampling
stations in the jurisdiction appears as a single current
expenditure. Payments on both current and capital bonds are
made through the current account. Miscellaneous current
expenditures are the total of all cash transfers made from
the department's current account.

The new cash balances in both accounts remain in

those accounts and are available for expenditure in the
following round.

Water Department Reports

Four types of detailed information are shown on this
output: intake treatment plant status, outflow (effluent)
treatment plant status, municipal sampling station reports,
and the water prices which have been set by the department.

The intake treatment plant table has one row per intake
plant. Each intake treatment plant has a code number which
is identical to the code number of the utility district
in which it is located and which it serves. Both the plant
code number and its coordinates are given here. An intake
plant also has a level, which denotes its maximum capacity
(in MGD) to treat water.

The water which is treated at an intake treatment plant
may actually be obtained from surface water anywhere in the
simulated region, although the water intake for a single
utility district must all be from a single parcel having
surface water. The coordinates of the parcel on which a
district's intake point is located are in the fourth column.
The fifth column shows the intake water quality. Intake
water quality affects the cost which the department must
pay in order to treat the water to drinking water guality.
The worse the water, the greater the cost per MG to treat
the water.

The total water requirement (in MGD) of all of the
water users in the utility district is in the sixth column.
The seventh column contains the total amount of water (in
MGD) which the department was able to obtain from the sur-
face water at its intake point. The amount obtained is
never greater than the amount needed. There are three
possible reasons that the amount obtained could be less
than the amount needed: 1) the water quality on the parcel
on which the intake point is located is 9: 2J) the total
amount attempted removed by surface water users (municipal
intake points or surface water using basic industries) from
the parcel on which the intake point is located is greater
than the amount of water on the parcel; 3) the intake
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treatment plant has the capacity to pfocess a volume less
than the total amount needed by the district's water users.
In the first case, no water users supplied by the municipal
system receive municipal water; all purchase from the Outside
In the second and third cases each water user receives a
share of municipally-supplied water proportional to its
needs. If both the second and third cases obtain, the lesser
amount is removed from the surface water and treated.

The seventh item, total treatment cost, is the plant's
operating cost for the year, based on the total water users'
annual requirements (in MG), the proportion of their daily
needs (MGD) which the district obtained, and the gquality of
the intake water. The proportion is multiplied by the total
annual requirement and then multiplied by the cost per MG
to treat water at the intake quality. For example, suppose
that a district contained only a BGl and a TEl, had a
level 1 intake plant, guality 4 intake water, and no
shortage of water at the intake point. Suppose that the
Master Tables showed that: a BGl requires .17 MGD and 41
MG annually; a TEl requires 8 MGD and 2080 MG annually; a
level 1 intake plant can treat 3 MGD; and the cost per MG
to treat quality 4 water is $100. Then the total amount
needed (MGD) would be 8.17. The amount obtained would be
3.00, and the capacity would be 3.00. The total treatment
cost would be:

3.00/8.17 x (41 + 2080) x $100 = $77882

The treatment cost per MGD is the total treatment cost
divided by the MGD obtained.

The last item on the table, income from users, is
the total income from the district's sale of water. I% is
shown on the intake treatment plant table because water
users pay the department only for those portions of their
water needs which are provided locally. They pay the local
price per MG for the number of MG's obtained from the dis-
trict.

Whereas a water user may obtain some of its water from
Outside, all of its effluent is dumped into the municipal
sewer system (for municipal water users only). Thus a dis-
trict receives revenue only for water provided but receives
the total amount of effluent generated in the district. On
the outflow treatment plant table, each outflow plant has
a row. The first two columns contain the code number of the
utility district in which the plant is located and which it
serves, and the coordinates of the outflow plant.
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The third column is the treatments type and level.
Level denotes the maximum amount of effluent which the plant
can treat. Type denotes the amount of each pollutant removed
from the effluent which the plant treats. The four types
of plants, in increasing order of pollution removal, are:
chlorination (CL), primary treatment (PT), secondary treat-
ment (ST), and tertiary treatment (TT).

The sewage generated by a district may be dumped into
surface water anywhere in the simulated region, although
all of the outflow for a single district must be on a single
surface water parcel. The coordinates of the parce% on
which the district's outflow point is located are given ir
the fourth column. All of the district's effluent, treated
or not, is dumped on that parcel.

The fifth column contains the amount of effluent (in
MGD) generated by all of the water users in the district.
That amount is equal to the amount of water needed shown on
the intake treatment plant table. The plant capacity (in
MGD) is in the next column and is the maximum amount which
can be treated. If the amount of effluent is greater than
the plant capacity, the difference between the amount of
effluent and the amount treated is dumped untreated at
the outflow point. The amount treated has an amount of
pollution removed according to the treatment type.

The total treatment cost, the treatment plant's opera-
ting cost for the year, is based on the total water users'
annual requirements (in MG), the proportion of their effluent
which the plant treated, and the treatment cost per MG
for the treatment type and level. The proportion is multi-
plied by the total annual requirement and then by the treat-
ment cost per MG for the treatment type. For example, sup-
pose that the same district in the example above had ST2
effluent treatment, and that the Master Tables showed that
a level 2 has a capacity of 8 MGD and that the treatment
cost per MG at ST2 is $190. The total treatment cost would
be:

8.00/8.17 x (41 + 2080) x $190 = $394,605

The last column, treatment cost per MGD, is the total
treatment cost divided by the amount treated (in MGD).

The department can set up sampling stations to monitor
the concentration of each pollutant in the municipal effluent
which it dumps into the surface water. Municipal sampling
stations must be located on parcels where municipal systems
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have outflow points. The municipal sampling station report
is a table with one row per sampling station. The first two
columns contain the code number of the utility district =
which the outflow point serves and the coordinates of the
outflow point. The next seven columns show the concentra-
tion of each pollutant in the effluent being dumped (after

any treatmen?). 0il and floating solids and high level
wastes are elther present or not; they are not measured in
concentrations. Suppose that in the example given above,

the Master Table showed the effluent content of a BGl and a
TE 1 to be:

BOD Chlorides Nutrients Coliform Temper- 0il & High
(LBS/MG) (LBS/MG) (LBS/MG) (parts/MG) ature Floating Level
Deviation Solids Wastes
BG1 200 0 0 10 0 No No
TEl 500 141380 100 30 0 No No

Then the volume of pollution before treatment would be:

BOD: 200 x .13 + 500 x 8 = 4026 Lbs.
Chlorides: 0 x .13 + 180 x 8 = 1440 Lbs.
Nutrients: 0 x .13 + 100 x 8 = 800 Lbs.

Coliform: 10 x .13 + 30 x 8 = 241.3

The amount of pollution to be treated would be 8.,00/8.17
of the amount in the effluent. Thus, the amount treated
and untreated would be:

Treated Untreated

BOD 3945 81
Chlorides 1411 29
Nutrients 784 16
Coliform 236 5

Suppose that the Master Table showed that ST removed:

BOD Chlorides Nutrients Coliform Temper- Oil & High

ature Floating Level
Solids Wastes

80% 60% 50% 99% 0% 100% 0%

Then the amount of pollution remaining in the treated
effluent would be:

BOD: (100 - 80) x 3945 =.789
Chlorides: (L00 - 60) x 1411 = 564
Nutrients: (100 - 50) x 784 = 392
Coliform: (100 - 99) x 236 = 2
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The total amount of pollution dumped would be:

BOD; 789 + 81 = 870

Chlorides: 564 + 29 = 593 ,
Nutrients: 392 + 16 = 408 ,
Coliform: 2+ 5= 7

The sampling station report would show those concentra-
tions to be:

BOD: 106.49 LBS/MG (870/8.17)
Chlorides: 72.58 LBS/MG (593/8.17)
Nutrients: 49.94 LBS/MG (408/8.17)
Coliform: .86 PARTS/MG (7/8.17)

The last column in the table is the total volume of
effluent dumped at the outflow point. Actually, the volume
of effluent dumped is unimportant, since the amount of sur-
face water on a parcel is constant. What does matter'is the
total amount of pollution dumped, not its concentration...
Once in the surface water, the concentration of each pollu-
tant depends on the volume of the surface water and the
amount of each pollutant already in the surface water, not
on the amount of effluent. '

Water prices are the last section of the Water Depart-
ment Report. The two-letter code of each activity and the
price per MG are listed. The first activity, OUT, is the
Outside price per MG which water users pay for any water
which they cannot obtain locally. That price is the same
for all jurisdictions and is not controlled by the depart
ment. -

All of the other prices in the list are set by the
department. Note that the department does not set prices
for basic industries which use surface water, since those
industries obtain and treat their own water. The department
sets one price for each type of economic activity except
residences. Residence prices are set by residence type
and by class. The first letter of the two-letter code is

the class and the second is the residence type. *LB' would
be low-income living in residence type RB., Water consump-
tion by a Pl varies by class and residence type. In general,

high-income consume more water than low-income, and RA
residents consume more water than RC residents. See the
Master Tables for the exact amounts of water consumption,
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3. Sampling Station Report: Point Source Quality

The department can sample the effluent discharged by
any economic activities in the jurisdiction at a fixed cost
per sampling station. The concentration of a basic indus-
try's pollution is shown after any treatment provided by
the industry.

The report is a table consisting of one row per sampling
station. The first column shows the coordinates of the
activity whose effluent is being sampled. Next are the eco-
nomic owner and the type and operating level of the activity.
The fourth column shows the effluent treatment type and
level provided by the activity, but is relevant for basic
industries only. A level one treatment plant has the capa-
city to process all of the effluent normally generated by
one level of industry.

The volume of effluent (in MGD) is next. Basic indus-
tries which use surface water can recycle some of their
water and cut the amount of effluent generated by up to
half of the normal amount. Although the amount of effluent
can be cut, the amount of pollution generated remains the
same, Thus, the pollutlon concentration is higher in
effluent when water is recycled, but no more pollution is
present than there would be if there were no recycling.

The remainder of the table shows the concentration
of each pollutant in the activity's effluent.

4, Sampling Station Report: Ambient Quality

An ambient sampling station measures the concentration
of each pollutant in the surface water as it leaves a
parcel and moves to the next parcel. Ambient sampling
stations can be set up on any surface water parcels in the
jurisdiction at a fixed cost per parcel. The type of infor-
mation provided on the ambient sampling station report is
basically the same as on other sampling station reports,
except that the amount of water is the amount in the surface
water, and the water is rated in a quality category (1-9).

5. Utility Department Report

This report contains detail on each utility plant in
the jurisdiction and detail of importance to the department
as a whole (water and utilities) on undeveloped land and
outstanding bonds. The detail on utility plants consists
of a table on which each row is a utility plant. The first
two columns contain the utility district code number and
the coordinates of the parcel on which the utility plant is
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T T 4247 777 €C TTTTTRATYL T 0 77 0.10 T 1070.00  37.00 ° 77.00 5.00 0.0 YES NO
8826 B RA 3 0 0.35 1100.00 40,00 80.00 5.00 0.0 YES NO
9026 F RA 3 0 0.35 1100.00 40,00 80.00 5.00 0.0 YES NO
TTT Q226 T ETTTTRA 3T T T 0T 0435 7T 1100.00 77T 40,00 T 80,00 T T 8,00 0.0 YES NO .
9426 £ RA 2 0 0.21 1100.00 40,00 80.00 5.00 0.0 YES NO
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T T eppo 7 0o TTTTRC 27T T 7T 24061 7T 1179.31 T 77 45.29 TT77 90,57 7T TTTITs,00 0.0 YES ” NO T
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Figure 8.4
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9620 0.0 0.0 10.20 0.0 0.0 ND NO 260.00 1
9622 0.0 0.0 Q.22 0.0 Nn.0 NO NO 254.00 1
Q624 N.0 0.0 T.86 0.0 0.0 NO NO 280.00 1
Ah726 106.30 53,45 861.54 0.0% N.43 NO YES 290.00 1
9612 0.0 Nn.0 0.0 0.0 0.0 NO NO 1n00.00 1
QK14 0.0 0.0 6.67 0.0 0.0 NO NQO 150.00 1
9616 0.0 0.0 9.70 0.0 0.0 NO NO 2Nn.00 1
Q418 0.0 0.0 11.29 0.0 0.0 NC NGO 250,00 1
9678 131.41 50.92 799.11 0.43 0.0 YES YES 300.00 8
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5632 401.90 127.26 1125.40 0.98 7.45 YES YES 510.00 9
9432 967.50 153,13 1982.20 29.53 5.15 YES YES 52N.00 9
11830 0.0 0.0 0.0 0.0 0.0 NO NQO 70.00 1
11630 0.0 0.0 0.0 0.0 0.0 NO NO 80.00 1
11430 0,0 0.0 0.0 0.0 0.0 NO NO 9n.00 1
11230 0.0 0.0 0.0 0.0 0.0 NO NO 100.00 1
11030 0.0 0.0 0.0 0.0 0.0 NO NO 100.00 1
10830 0.0 0.0 0.0 0.0 0.0 NO NO 100.00 1
10630 0.0 0.0 0.0 0.0 0.0 NO NO 100.00 1
10430 0.0 0.0 11.25 0.0 0.0 N0 NO 120.00 1
10230 0.0 0.0 8.45 0.0 0.0 NO NO 150.00 1
10030 0.0 0.0 7.01 0.0 0.0 NO NQO 170.00 1
9830 0.0 0.0 5.60 0.0 0.0 NO NO 192.00 1
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Figure 8.5
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located. Next is the level of utility plant. Each level
has a fixed capacity in terms of the number of utility units
which it can provide.

The next two columns show the number of utility units
installed on parcels served by the plant. The number of
units installed on a parcel is the maximum number which an
activity located there can draw upon. The program rejects
any construction which would require more utility units
than are installed on the parcel. The number of units
installed and attached to a plant are always greater than
or equal to the number of units served by the plant. The
units served are those actually being consumed. Units
installed indicates actual and potential consumption.
However, a level of a plant has a maximum capacity in terms
of units served. That maximum cannot be exceeded.

There is an optimum number of units which a level of
utility plant can serve. Below and above that number the
operating cost per unit served (equal to a unit of income)
is greater than that optimal minimum cost per unit served.
Column six, total operating cost for the year, is less
informative than column seven, the operating cost per unit
served. The last column shows the total income which the
district receives for providing utility service. An eco-
nomic activity pays for only the number of utility units
which it drains, regardless of the number installed on the
parcel on which the activity is located.

The undeveloped land table shows the location and
percent of parcel owned wherever the department owns unde-
veloped land. Utility plants, intake treatment plants,
and outflow treatment plants require land., When a building
is constructed, land is subtracted from the department's
undeveloped land account.

Each outstanding bond is listed on the bond table, one
row per bond. The first item is the type of bond, capital
or current. A capital bond has a term of 25 years; a current
bond has a term of 2 years. The original principal, remain-
ing term, interest rate, and annual payment are given. The
remaining term is the number of rounds after the current
round in which the department must make the annual payment.
The annual payment is calculated by the computer to pay off
the bond in egual installments each year, and the payment is
made automatically by the computer from the department's
current account.
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E, WATER SYSTEM vurrul

Water User Effluent Content

Economic activities, municipal sewer systems, and farms
dump effluent into the surface water. All busin§s§es except
surface water users dump their effluent into municipal sys-
tems, which then can treat some or all of the efflugnt to
varying degrees. This section of the output shows 1n'd§tall
the pollution generated by each farm and economic activity.
If a basic industry has a treatment plant, the amount of
pollution printed is the pollution remaining in the effluent
after treatment. Industries can recycle some water (up to
100%), which decreases the amount of water in the effluent
but not the amount of pollution in the effluent.

The amount of each pollutant is expressed on this output
as 100 times its actual value. The pollution here is not
measured in its concentration per MGD, as it is measured at
sampling stations. The pollution is a total volume of pollu-
tant in the effluent. The amount of effluent is also expressed
as 100 times its actual value.

0il and floating solids and high level wastes are repre-
sented somewhat differently from the other pollutants. They
are either present in the effluent or not; they are not
measured in volume or concentration. A zero indicates that
the pollutant is absent and a one indicates that the pollu-
tant is present.

For a farm parcel, two rows are printed. The first
shows the location of the farm parcel and its type. The
second shows the location of the parcel on which the farm
parcel's runoff flows, the type of farm dumping on that par-
cel, and the volume of pollutants and water being dumped
there from the farm parcel.

River Quality During Surface Water Process

This output shows the amount of pollution present on a
parcel during all stages of the surface water process. A
surface water parcel is part of a river. The beginning of
a river is defined as a parcel having surface water and on
which either no other parcel's surface water dumps or two or
more parcels' surface waters dump. The last parcel in a
river is a parcel that either dumps on no parcel or dumps on
a parcel on which two or more parcels dump.

The parcels are listed in the order in which they are

processed, i.e., in sequential order of upstream to down-
stream for each river. The various stages through which
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Figure 2.2
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water is processed are grouped together for a single parcel.
Tbe‘water quality is expressed by a two-digit code, the first
digit of which represents the water quality category and the
second of which represents the first pollutant type which
placed the water quality in that category (1=BOD, 2=Chlorides,
etc.). The volumes of the first five pollutant_ types are
expressed as 100 times their actual values.

The values printed for the last two pollutant types, oil
and floating solids and high level wastes, are their "ages".
Each of these pollutants disappears from the river water after
travelling five parcels down the river. Whenever two rivers
meet or effluent is dumped into the surface water, the "age"
of that pollutant in the surface water becomes the "age" of
the youngest source of that pollutant. So, if the surface
water had high level wastes age 4 and high level wastes were
fumped on the parcel, the new age of that pollutant would be

For each parcel, the pollutant content of the water is
given for five different stages. The first, "AFTER AGING",
shows no difference in pollutant content from the previous
parcel except for the ages of o0il and floating solids and
high level wastes. Their ages are incremented by one (if
the previous age was not zero) until they are greater than
5, in which case they disappear from the river and become
age zero. The volume of water is the volume of surface
water on the parcel.

"BEFORE BIO CHANGE" is the amount of pollution in the
surface water after water has been removed by any intake on
the parcel. When water is removed from a parcel, the pollu-
tion in that water is also removed. So, if one third of
the water on a parcel were removed, one third of the pollu-
tion would also be removed. Only oil and floating solids
and high level wastes are unaffected when water is removed.
The volume of water printed on this line is the volume
remaining in the surface water after any water is removed.

After water is removed from the surface water, the
remaining pollution undergoes a biodegration process. The
third line, "AFTER BIO CHANGE", shows the amount of pollu-
tion in the river after that decay process.

Water is dumped on parcels containing municipal outflow
points, basic industry surface water users, and agricultural
runoff points. The total amount of pollution added to the
surface water on a parcel is the fourth line, "EFFLUENT
ADDED". That pollution is added together with the pollution
remaining in the river after biodegradation, and the result
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is moved to the next parcel in the river. The ;otal amount
of pollution leaving a parcel is shown on the fifth line,
"MOVED TO NEXT PARCEL".

For those parcels on which municipal intake points are
located, the program prints the utility district code number
and amount of water removed by the district on a line between
"AFTER AGING" and "BEFORE BIO CHANGE". The amount of water
printed is shown as 100 times its actual value.

Water User Costs and Consumption

All water users except farms can incur costs related to
water. The types of possible expenditures vary by the type
of water user. Prices paid by municipal water users purchas-
ing locally are set by jurisdiction and by type of user.

One cost for use of water can be incurred by any water
user: if a water user cannot obtain all of its needed water
from its normal source, it automatically purchases the remain-
der from the Outside at the Outside price per unit of water.
Actually the Outside price does not necessarily literally
represent a purchase from sources outside of the simulated
region; it merely represents a higher cost to a water user
to obtain or process its required water. Regardless of how
a business obtains its water requirement, it dumps all of its
effluent into a municipal system, or if it is a surface water
user, into the surface water on its parcel,.

A municipal water user obtains all of its needed water
from its municipal system unless: 1) the total amount of water
attempted removed by surface water users (municipal intake
points or surface water using basic industries) from the
parcel on which its municipal intake point is located is
greater than the amount of water on the parcel; 2) the water
gquality on the parcel on which its municipal intake point is
located is 9; 3) the intake treatment plant of its municipal
system has the capacity to process less than the total water
requirement of the municipal system's water users. In the
second case, no water users supplied by the municipal system
receive municipal water; all purchase from the Outside. In
the first and third cases each water user receives a share
of the municipally-supplied water proportionate to its needs.
If both the first and third cases obtain, the lesser amount
is removed from the surface water and treated. A business
pays the local price set for its business type for that pro-
portion of its annual requirement which is supplied locally
and pays the Outside price for that proportion which is not
supplied locally.
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Figure 2.3
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A surface water user obtains all of its needed'watgr from
the surface water unless: 1) the surface water quality is 9;
2) the total amount of water attempted removed from the parcel
by itself and any municipal intake points located on the par-
cel is greater than the amount of water on the parcel. In
the first case the industry buys all of its water from the
Outside at the Outside price per unit of water. In the second
case, the industry receives from the surface water an amount
proportionate to its requirement and buys the remainder from
the Outside.

On this output, the number printed under AMOUNT REQUIRED
is the water user's daily water requirement. The AMOUNT
OBTAINED is the amount of water obtained from the water user's
normal source of water. The annual consumption is a. function
of the activity's type, level, and, in the case of basic
industries, amount of recycling. The annual water cost is the
total cost which the activity pays for water in that round.

A surface water user which obtains all of its water from the
surface water has zero cost here,

Only surface water using basic industries can incur recy-
cling, intake treatment, and outflow treatment costs. A busT
iness's recycling cost is a function of its amount of recycling
and its normal water requirement. Its intake treatment cost
has an additional variation for the quality of the intake
water before it is processed., Outflow treatment costs vary
by the industry's volume of effluent and the type of treat-
ment provided. All three costs are shown on this output as
total annual costs.

Coliforfn and Pollution Index Values (Map)

The coliform concentration in the surface water on a
parcel affects the health index of that parcel and adjoining
parcels. A parcel adjoins a surface water parcel if any of
its corners touches a surface water parcel's corner. The
coliform count on a parcel which adjoins a surface water
parcel is the highest count of all of the surface water
parcels which it adjoins. When used in a parcel's health
index, the coliform count is divided by 4 and can have a
maximum value of 50.

A parcel's pollution index contributes to its environ=
mental index. It is one of two indexes in the model which can be
negative; good water quality contributes to the desirability
of surface water parcels and bordering parcels. For a parcel
containing surface water, the pollution index is:

(W-3.5) 3
where W is the surface water quality rating.
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Figure 2.4
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The pollution index of a parcel bordering a surface water
parcel on a full side is half of the average pollution indexes
of the surface water parcels which it borders.

Pollution indexes are calculated for lake parcels and
parcels bordering lake parcels. Since the concentration of
individual pollutants is never specified for lake parcels,
there are no coliform counts for them.
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V. Types of Decisions Available to the Utility
Department

A, Summary of Decisions

The decisions which the Utility Department can make
fall into two categories: those which are jurisd:iction-
wide in scope and those that pertain to individual parcels
and districts.

Jurisdiction-wide
Change Utility Prices
Change Water Prices
Transfer Cash

Individual Parcels or Districts
Buy or Sell
Install or Change Utility Service
Construct or Demolish a Utility Plant
Construct A Water Intake Treatment Plant
Construct A Sewage (Outflow) Treatment

Plant

Change A Water Intake Point
Change A Water Outflow Point
Create or Remove a Water Sampling Station

The department may make as many of each of those
decisions as it wishes. It may choose to make no
decisions, in which case price policies and facilities
operate as they did in the previous year. No new develop-
ment or cash transfer is undertaken.
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B. Input Format

Local system decision-makers (such as the Utility
Department) use a standardized input form (Figure UT-3.2)
when making decisions that must be processed by the compu-
ter.

The standard message format is:
$CODE/ = dm/a, b, ¢, 4, ....

1., $CODE stands for the type of decision code. The
UT Department has the option to make decisions that use the
following decision codes.

SOTHER (utility prices)

$CVPT (utility service)

SCASH (transfer cash)

$PU (land transfer)

$OUBLD (construct or demolish)

SWRBLD (treatment plants, intake and outflow
points, sampling stations)

SWRPRC (water prices)

2. "=dm" is the decision-maker, which for the utility
Department is UT1l, UT2, or UT3, depending upon the appro-
priate jurisdiction number. A jurisdiction number must
always follow the UT decision-maker code, even if there is
only one active jurisdiction.

3. The columns "a", "b", and so forth are filled in

with the appropriate information depending upon the parti-
cular decision.

Note that there is a slash (/) after the decision code
and after the decision-maker code. There are commas separ-
ating all other bits of information. Note also that the
decision-maker code is prefaced by an equals sign (=).
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NPUT FORRA

Note: When filling out this form, refer to
input description form in the manual.

h Please write clearly; distinguish
RWER between 1 (one) and "I" (eye), "g"
(oh) and "0" (zero); be sure to £ill

in numbers exactly as required;
omitting commas within numbers (100000)

Decision Decision- Nz> ¥ LF L& LF &F & & & OO &F

F S . I I L R R T B B T A

NN ONTN N NN NN NN
Il

NOONON N NN N NN~




UTILITY DEPARTMENT:

INPUT EXPLANATION FORM

Type of Decision-
Decision Code Maker a b c d e
Purchase or $pU uT1l, UT2, location price (in seller percent of
bid on land or UT3 $1000's) (economic parcel (0
decision- if all)
maker or
department
or OU)
Chenge $CVPT Ur1, UTZ, US location location of new level.
utility or UT3 - plant of service
service serving
Set Util- ¢omer  uTI, UTZ, P new price
prikes or UT3 - per unit
© of utility
S service
Construct, — ¢ymip  url, UTz,  site ur old level  new level
upgrade or or UT3 location - (0 if new
demolish a plant)
utility
plant
Transfer $CASH url, UT2, C receiver amount from if economic
cash or UT3 (economic (in dollars) CAPital or decision-
or social ClRrent maker receiving,
decision- account WT; if social.
mnaker or receiving, class
Jdepartment receivina (7 M, -
and juris- or L); if depart-~
diction) ment receiving,

to CAPital or CUR-~-

rent account

if social
receiv-
ing,
location
receiv-
ing



Type of Decision
Decision Code Maker b c d e f g
two-letter
Set Water SWRPRC UT1, UT2, activity price
Prices or UT3 Code (AL per
for all MG
water users)
Build or SWRBLD UT1l, UT2, T location IN old new location
Demolish or UT3 - - level level of util-
Intake ity plant
Treatment serving
Plants district
Build or SWRBLD UTl, UT2Z, T location ouT old new location two-letter
Demolish or UT3 - - level level of util-  code of
Outflow ity plant treatment
Treatment serving type
Plants district
Locate SWRBLD uTl, UT2, P location IN 0 0 location
Intake or UT3 - if. in- of util-
o and Out- take, ity plant
~ flow OUT if serving
Points outflow district
Locate SWRBLD uTrl, UT2, S location A, if 0 if new; 1 if new;
Water or UT3 (if sample ambient,l if old 0 if old
Sampling of munici- P if and being and being
Stations pal out- indus- removed removed
flow, give trial
location of effluent,
utility M if
plant in munici-
district pal out-
which out- flow
flow point point

serves)



C. Sample Decisions for the Ubtility Department

Jurisdiction-wide Decisions

A.1 Change Utility Prices - The Utility Department in
Jurisdiction 1 sets the price for a unit of utility
at $11,000.

A.2 Change Water Prices - The Utility Department in
Jurisdiction 1 set all the water prices to $4§0.per
MG. The Utility Department used selective pricing
.and set the price for TE at $400/MG, for MF at $350/
MG, and for HA at $475/MG. The price of water to all
the other municipal users remained at the previous
level.

A.3 Transfer Cash - The Utility Department in Jurisdict@on
3 transferred $250,000 from its capital account to 1its
current account.

Parcel or District Specific

B.1l Purchase Land - The Utility Department in Juris-
diction 2 purchased 10 percent of the land on parcel
9642 from Team A for -$650,000. This land may be used
to construct a utility plant and/or a water treatment
plant.

B.2 Change Utility Service - The Utility Department in
Jurisdiction 1 decides to provide level 5 utility
service to parcel 9850 from its utility plant at 10054.
Parcel 9850 must be contiguous to a parcel that is
presently receiving utility service from the plant at
10054.

B.3 Construct a Utility Plant - The Utility Department
in Jurisdiction 1 decides to construct a level 2
utility plant on the land it owns on parcel 10248.

B.4 Construct Intake and Outflow Plant ~ The Utility
Department decides to build a level 2 intake plant
at 10444 and a level 2 outflow plant with tertiary
treatment (TT) at 10850 and associate these with the
water and utility district serviced by the new
utility plant at 10248.

B.5 Locate Intake and Outflow Points - The Utility
Department in Jurisdiction 1 decides to place the
intake point for the water district served by the
utility plant at 10248, at 10644 and the outflow point
at 11050.
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Locate Sampling Stations - The Utility Department

in Jurisdiction 3 decides to operate an ambient
sampling station at 7618 and close down an ambient
sampling station at 7820, Furthermore, it decides for
measure the outflow - pollution of the water district
defined by the utility plant at 7836 and to measure
the pollution being dumped by the CR3 on parcel 8038.
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SAMPLE DECISION INPUTS FOR THE UTILITY DEPARTMENT

becision pecision- L3} &} LF & & & & & & &

Maker
Al s PTHER/ - UTL /7 P, looo, , , , , . ' .
A2 syrpre / = UTL 7 AL, 450, , , , , , , ,
42 s WRPRC ) = UT2 ) TE , 400/ MF, 350/ HA . 475, , , :
-3 s casH / = UT3 / ¢, UT3, 200000, CAP, CUR, , , , .
21 s pu_,=Urz s 9é42, 650, A _, _t0_, , , , ,
3.2 sever ) = UT4 7 _US . 9850 , 100S4, _§ , . ‘ ' . .
B3 s@uBD /- YTy s loz48, VT , O ., 2. , , , , ,
B2Y sWRBLD/ = UTL / T ., 10%4y, IN , © , 2 ,loayg, ' ' '
BY  swreLd, _ uts , 10850, oUT, o , _2 , loafg, TT, . ,
(>,

vTL / , 1644, IN ,

-
25 s WRALD / P
VT4 7 P, Jioks, obvY.,
s
S
S

-

B.5  swgraLD /

B4 swRED/ = UT3 / /1 N
Bb swRaLD ; - YT3 / . 7936, M,
Bb6 sWRALD / - VT3 / , §03g, P ,

O 10 M |jo




vi. MASIER SHEETS FOR THE UTILITY DEPARTMENT

A. PLANNING MASTER TABLE
(LEVEL ONE CHARACTERISTICS)

w Sy

— +

(4] erd

2 -
3 4 |5 3 g 3
. )} Q )
% ~ 4 5 e 2 o
Q oo oo 6) o
"y - 0 > [O 2= —~ 0 o

s % | 9% H3| &3 B “
“w oo > o — B o> = r g
S Q «H 3 -~ D o -
(o] 4] Y w PP (DM es = - H O
§ Do 0o En o A — N o
+ § 0 ] - ] 0,
o] E ~ O o N = o i
ACTIVITY § & E g v . E 26
s = 5 £ g~ o %)
n S s g O & & Z
FL 28 (3) 1l 50 300 8 8 33 1000 150
SG 40 (2) 1l 100 240 14 18 23 10000 50
MP 48 (2) 7 700 240 19 18 138 6000 200
MP 20 (5) 1 100 320 24 18 17 2000 150
NL 15 (e6) 1 100 150 21 20 13 1000 100
EL 12 (8) 2 200 140 30 18 17 1000 150
TE 12 (8) 2 200 180 25 22 15 2000 200
FO 20 (5) 3 300 230 15 19 24 3000 250
TA 6 (16) 1l 100 120 15 10 39 1000 150
PA 16 (6) 3 300 250 23 17 29 3000 200
CR 28 (3) 4 400 250 24 24 14 3000 300
NS 12 (8) 1 76 50 23 9 9 NA 50
BG 12 (8) 2 112 25 14 7 8 One per <5
CU sold

BS 10 (10) 1l 71 10 20 9 9 NA 10
PG 12 (8) 1 99 30 g8 13 23 NA 30
PS 12 (8) 1 77 10 6 11 16 NA 10
RA 2 (50) 1 4 1 NA NA MNA NA 10
RB 2 (50) 1 26 6 NA NA N2 NA 60
RC 2 (50) 2 117 25 NA NA NA NA 250
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B. MASTER SHEET FOR THE UTILITY DEPARTMENT

Level Installation Number of
of Costs Utility Units
Service (million) TInstalled
1 2 100
2 4 200
3 5 300
4 6 400
5 8 500
6 11 600
7 14 700
8 18 900
9 35 2,500

Operating Costs for a UTI as a Function of the Number
of Utility Units Served

Utility Units Per Unit Total
Served Operating Costs Operating Costs
300 $20,000 $6,000,000
600 13,333 8,000,000
900 9,630 8,666,667

1200 7,778 9,333,333
*1500 *6,667 *10,000,000
1800 7,407 13,333,333
2100 7,936 16,666,666
2200 8,080 17,777,778

*The least cost design capacity of a UTI.

102



C. UTILITY DEPARTMENT MASTER TABLE

Utility (unit) Water (MG)

Normal Price of Service $10,000 1/

Utility Utility
Plant Level Intake Outflow

. 2
Cost of Lowest Level $30 $2 $.1-4.5 $.l-4.5—/
Plant (millions)
Capacity 2400 100 3 MGD
Typical Operating $7000 to $8000 0-$600§/ $25-3002/
Cost Per Capacity
Unit
Land Requirement 6% None 1% 1%

Intake Treatment Costs per MG
Water Quality Level
1 2 3 4 5 6 7 8 9
uT 5 60 80 100 180 300 450 600 N.A.

Annual Cost to Operate an Ambient Water Quality

Sampling Station «+.$50,000
Annual Cost to Operate a Point Source Water

Quality Sampling Station.$25,000

1/ Water prices may be set by type of user

2/ Depending upon treatment type
3/ Depending upon water quality
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D. CHARACTERISTICS OF OUTFLOW TREATMENT PLANTS

Maximum Capacity
(MGD)
Land Requirement
(¥ of Parcel)

Construction Costs
(millions of dollars)
CL
PT
ST
TT

Costs
per MG)

Operating
dollars

CL
PT
ST
TT

Level of Treatment Plant

1 2 3 4 5 6 7 8

3 8 16 26 40 60 90 200

1 2 3 4 5 6 7 8
.1 .2 .4 .6 .8 1.0 1.2 1.6

.5 1.0 2 3 4 5 6 8

1.5 3.0 6 9 12 15 18 24

4.5 9.0 18 27 36 45 54 72

25 24 23 22 21 20 19 18

100 95 90 85 80 75 70 65

200 190 180 170 160 150 140 130

300 285 270 255 240 225 210 195

Intake treatment plants have the same construction costs as ST
outflow treatment plants.

Percent Pollution Removed by Treatment Types

BOD

Chlorides
Nutrients
Coliform
Temperature
0il and Floating
. Solids

High Level Wastes

cL

OWO OO

oo

PT

50
0
0

99
0

100

104

ST

80
60
50
99

0

100

100
100

lo0
100
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E. Pollution Characteristics of Economic Activities

Water Consumption

Days
Surface Per
Water Users MGD Year MGY
FL 6l 260 15,860
MP 225 260 58,500
FO 49 260 12,740
TA 17 260 4,420
PA 333 260 86,580
CR 31 260 8,060
Municipal
Water Users
Industries
SG 10 260 2,600
MF 9 260 2,340
NL 12 260 3,120
EL 5 260 1,300
TE 8 260 2,080
Commercial
NS .18 260 47
BG .13 312 41
BS .17 312 53
PG .23 312 72
PS .18 312 56
Residential
HA .08 364 29
HB .07 364 25
HC .06 364 22
MA .07 364 25

Pollution Generated

Parts
Per

Pounds Per Mg MG Temper-

BOD CL NU COLI ature OFS HLW
600 100 1000 20 9 1 0
1000 170 500 20 6 1 0
6000 400 10000 300 9 1 0
6000 130 4000 20 18 1 1
3000 380 3000 150 16 1 1
2000 500 8000 50 4 1 1
500 100 1000 10 0 0 0
500 150 700 30 0 1 0
400 150 100 20 0 0 0
800 200 200 20 0 0 0
500 180 100 30 0 0 0
100 0 0 20 0 0 0
200 0 0 10 0 0 0
150 0 0 15 0 0 0
250 0 0 20 0 0 0
100 0 0 15 0 0 0
1250 50 100 5 0 1 0
1250 50 100 5 0 1 0
1250 50 100 5 0 1 0
1100 40 80 5 0 1 0
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Pollution Characteristics of Economic Activities {Cont’d)

Water Consumption Pollution Generated
Parts
Days Per
Municipal Per Pounds Per Mg MG Temper-—
Water Users MGD Year MGY BOD CL NU COLI ature OFS HLW
Residential (Cont'd)
MB ‘ .05 364 18 1100 40 80 5 0 1 0
MC .03 364 11 1100 40 80 5 0 1 0
LA .03 364 11 1000 30 70 5 0 1 0
LB .03 364 11 1000 30 70 5 0 1 0
5 0 1 0

LC .02 364 7 1000 30 70



F. WATER MASTER TABLE

Physical Characteristics

Location - parcel number

Type - river of lake

Volume flowing to next parcel - MGD
Rate of flow - parcels per day.

Quality of Water

Water Quality

Rating Comment
1 Drinkable - best quality water
2 Drinkable with minor treatment
3 Swimable - direct body contact possible
4 Boating and Fishing - indirect body

contact

5 Fair esthetic value
6 Poor esthetic value - treatable at
moderate cost
7 No esthetic value - treatable at high
cost
8 Negative esthetic value - treatable at
very high cost
9 Nonusable water
Types of Pollution
Symbol Name Units of Measure
BOD Biochemical Oxygen Pounds per million gallons of
Demand water
CL Chlorides LBS/MG
NO3 Nutrients LBS /MG
co Coliform Bacteria Parts per Million gallons
T Temperature Degrees (©)
Deviation
OFS 0il and Floating Yes or No
Solids
HLW High Level Waster Yes or No
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Elimination of Three Pollutants Due to Time in the Water

Percent of Original
Pollutant Remaining at
the End of a Flow Through

a Parcel
Rate of Flow
--of the River ‘
(parcels per day) BOD Nutrients Coliform
1 50 33 17
2 (sluggish) 75 67 58
4 89 83 79
6 (slow) 92 89 - 86
8 96 92 90
11 (average) 96 94 93
15 97 96 95
22 (fast) 97 97 96
30 98 98 97
44 (rapiaq) 99 99 98
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H. BIODEGREDATION OF POLLUTANTS

Eleven parcels per day is the typical normal rate of flow
of water in the RIVER BASIN MODEL. The following table shows
the percent or amount of each pollutant if the water volume
does not vary and the rate of flow of the river is eleven par-
cels per day.

0&S
BOD NUTRIENTS COLIFORM TEMP HLW
Start 100% 100% 100% 10° 1
Parcels
Downstream
1l 96 94 93 10° 1l
92 88 86 7° 1l
3 88 83 80 4° 1l
4 84 78 74 1° l
5 8l 73 69 0 1l
6 78 69 64 0 0
7 75 65 60 0 0
8 72 61 56 0 0
9 69 57 52 0 0
10 66 54 48 0 0
11 63 52 45 0 0
12 60 49 42 0 0
13 58 46 39 0 0
14 56 43 36 0 .0
15 54 40 33 0 .0
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I. Definition of the Nine Comprehensive Water Quality Levels

Water Quality Levels

1 2 3 4 5 6 7 8 9
Pollutant Types
(Maximums)
BOD (LBS/MG) 10 20 30 40 60 100 150 300 2 300
Chlorides (LBS/MG) 5 10 15 20 30 40 60 80 > 80
Nutrients (LBS/MG) 25 50 100 200 400 800 1600 3200 7> 3200
Coliform : \ : »
Bacteria (parts per MG) 2 6 12 20 40 70 120 160 > 160
Temperature - 0 0 1 2 | 4 7 10 14 > 14
0il & Floating Solids 0. 0 o o o0 >0 >0 >0 > 0
High Level Wastes 0 0 0 0 0 0 0 >;0 > 0

Explanation of the Table

In order to determine the water quality level or index of given amounts of water, take the
concentrations of each of the seven pollutant categories and calculate the water quality level
based upon each pollutant separately. For example, a BOD concentration of 25 LBS/MG would yield
an index of 3, coliform bacteria of 169 parts per MG would yield an index of 9, and the presence
of oil and floating solids would allow the water quallty to be no better than 6. The worst
(highest) water quallty index that was calculated using the pollutant types separately, is
assigned to the given amount of water. If the water on parcel x had the three pollutants
described above, it would be assigned water quality index of 9. .

Looked at another way, water quality level 4 is attained when a body of water has concentra-
tions of BOD that exceed 30 but fall below 41, coliform bacteria concentratlons above 12 but

below 21, etc.



VII. Water Quality Officer

legislative Options:

1. Require a certain minimum level of treatment at all
effluent discharge points.
- Required only of industries
- Required only of municipal system
- Required of all

2, Allow an absolute maximum quantity or concentration of
pollutants.
- in quantity of a specific pollutant/MG
- i: t?tal quantity of a specific pollutant (LBS, parts,
etc.

Economic Options:

1. Charge an Effluence Tax
- Charge tax per quantity of pollutants discharged (by type)
- Charge tax per concentration of pollutants discharged
- Charge tax according to the size of operation of the
polluting activity
. according to quantity of effluent
. according to gross or net income

2. Issue Permits

- Set price for permit, with each permit allowing a spe-

cific quantity of pollutants.

- Limit number of permits and allow open market bidding.
Enforcement Options:
l. Legislative action

-~ Fines in absolute or graduated amounts

- Shut down of plant

- Imprisonment of decision-maker

2. Direct fines levied not by legal system but by Water
Department

Decision Making Options:

l. Locate and Operate Sampling Stations
2. Select Ambient Standards

3. Choose Regulative Option

4. Enforce Chosen Regulative Option
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Sequence of Computer Print-Out

Although sections of the computer output can be dis-—
tributed in any order and in any combination to players,
it is printed in a fixed order with which the director
should become familiar. The overall order of output is:

Migration

Water System

Employment

Commercial Allocation

Social Sector

Economic Sector

Social and Economic Summaries
Government Detail

Summary Statistics

Maps

QWO WD
. 3 ®

=

Within each of these major output sections there are
several subsections. An additional section of print-out
results from the processing of decisions on a data base.
That print-out, called EDIT, has no fixed sequence within
it; the order of decision input is the order in which EDIT
processes and lists player and director decisions. The
EDIT print-out is separate from the print-outs listed
above. These print-outs reflect the simulated region's
status in response to the previous year's data base and
any changes made to it through EDIT.

Each subsection of outpat has its own title, but on
every subsection the heading for the data base and the round
number are printed. A list of the titles of print-out
sections in the order in which they are printed and a des-
cription of each are given below and are summarized in
Figure 4.

Print-Out Section Description

1. Migration

Environmental For each class which can live on
Indexes each residence parcel; this shows
the value of each component of
the environmental index based on
last round's pollution index, MS
use index and school use index
and this round's residence quality,
rent, tax rates, and welfare rates.

112



€77

Migration

Figure 4

RIVER BASIN MODEL OUTPUT

(=]

1 Environmental Indexes

2 Personal Incexes

3 Dissatisfaction Cutoffs
4

S

6

..

Migration Detall
Migration Statistics
Migration Summary

Water User Effluent Content

River Quality During Surface Watexr Process
Water User Costs and Consumption

Coliform and Pollution Index Values .

Water System

NN R

. o s e
oW N

Employment 3.1 Employment Selection Information for PL Class
3.2 Employment Selection Information for PM Class
3,3 Employment Selection Information for PH Class
3.4 Part-Time Work Allocation for PH Class
3,5 Part-Time Work Allocation for PM Class
3.6 Part-Time Work Allocation for PL Class
3.7

Employment Summary

Personal Goods Allocation Summary °.
Personal Services Allocation Summary

Business Goods Allocation Summary 10,
Business Services Allocation Summary

Government Contracts

Texrminal Demand and Supply Table

Terminal Allocation Map

Dollar Value of Time
Social Decision~-Maker Output
Social Boycotts

Social Sector

WNH JaUVawbhE

PR

_Farm Output

Residence Output

Basic Industry Output
" Commercial Output
* Economic Boycott Status
New Construction Table
Land Summary

Loan Statement
Financial Summary

Economie Sector

AN VLU
COURANRDBWN -

P

mmaries
Nurber of Levels of Economic Activity Con-
trolled by Teams
Employment Centers
Economie Control Summary for Teams
Social Control Summary for Teams
Social Control Summary Totals
Economic Graphs for Teams
Social Graphs for Teams

Social and Economic S

~NoOUwVawhN - e

Government Detall

1 Assessment Report

2 Water Department Reports

3 Sampling Station Report: Polnt Source Quality
4 Sampling Station Report: Ambient Quality

5 tility Department Report

6 Utility Department Finances

7 Municipal Services Department Report

8 Municipal Services Department Finances

9 1Muaicipal Services Departiment Construction Table
10 Planning and Zoning Department Report

8,11 School Department Report

8.12 School Department Finances

8.13 School Department Construction Table

8.14 Highway Department Finances

8,15 Highway Department Construction Table

8.16 Rail Company Report

8.17 Bus Company Report

8.18 Chairman Department Flnances

8.19 Tax Summary

8,20 Financial Summary

@ oo mm e
“ e o 8 s e & e o @

Summarxy Statistics 9.1 Demographic and Ecornomic Statistics

Haps

10.1 Personal Goods Allocation Map

10.2 Personal Services Allocation Map
10.3 Business Commercial Allocation Map
10.4 Municipal Service Map

10.5 School Map

10.6 Utility Map

10,7 water Usage Map

10,8 Water Quality Map

10.9 Municipal Treatment

10.10 Municipal Intake and Outflow Point Map
10.11 Surface Water Map

10.12 Farm Runoff Map

10.13 River Basin Flood Plain Map

10.14 Farm Map

10.15 Farm Assessed and Market Value Map
10.16 Market Value Map -
10.17 Assessed Value Map

10.18 Economic Status Map

10.19 Highway Map

10.20 Planning and Zoning Map

10.21 Parkland Usage Map

10.22 Socio-Economic Distribution Map
10.23 Demographic HMap

10.24 Social Decision-Maker Map

10,25 Topographical Restriction Map
10.26 Government Status Map



Print-Out Section

Personal Indexes

Migration Detail

Migration
Statistics

Migration Summary

2., Water System

Water User
Effluent Content

River Quality During
Surface Water Process

Description

For each class living on each
residence parcel, this 'shows the
value of each component of the
personal index based on last
round's time allocation, resi-
dential crowding, MS use index,
and coliform bacteria index.

For each residence parcel and for
each class which lived on the
parcel immediately before or
after the migration program ran,
this shows the number of Pl's

in the class now residing on the
parcel and of those who moved,
why they moved and where they
came from and went to.

Number of in-migrants, out-
migrants, internal migrants,
and natural population growth
by jurisdiction and class.

The number of Pl's who moved
between or within jurisdictions
by class, by jurisdiction and by
reason for moving.

For each economic activity and
municipal water system, the
volume of effluent dumped into
the surface water and the amount
of each pollutant in the effluent
after the effluent has received
any treatment. o

For each of the five stages in
the surface water process and
for the surface water on each
parcel through which a river
flows, this shows the water
quality rating, the volume of
water, and the amount of each
pollutant present.
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Print-Out Section

Water User Costs and
Consumption

Coliform and
Pollution Index
Values

3. Employment

Employment Selection
Information for Low-
Income Class

Employment Selection
Information for
Middle Income Class

DeScription

This shows for each economic
activity the amount of water
which it required, the amount
which it obtained from its nor-
mal source and the cost which it
paid to purchase water, to treat
its intake water, to recycle
water and to treat its effluent.

Map showing, for each parcel con-
taining surface water, the coli-
form count and the water quality
rating. The pollution indexes
for such parcels and for parcels
bordering parcels containing
surface water are also shown.

Tabular output showing the place
of residence of all Pl's, their
employers, the number of Pl's
not employed and employed by
each employer, the salary of
each employer, the time units
consumed in transportation to
work, the cost of using an auto
to go to work, the costs using
a bus and/or rail to go to work,
and the route used to travel to
work whether by auto or public
transit.

Tabular output showing the place
of residence of all Pl's, their
employers, the number of Pl's
not employed and employed by
each employer, the salary of
each employer, the time units
consumed in transportation to
work, the cost of using an auto
to go to work, the costs using

a bus and/or rail to go to work,
and the routes used to travel to
work whether by auto or public
transit.
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Print-Out Section

Employment Selection
Information For High
Income Class

Part-Time Work
Allocation For High
Income Class

Part-Time Work
Allocation for
-Middle Income Class

Part-Time Work
Allocation for Low
Income Class

Employment Summary

4, Commercial Allocation

Personal Goods
Allocation Summary

Description

Tabular output showing the place
of residence of all Pl's, their
employers, the number of Pl's
not employed and employed by
each employer, the salary of
each employer, the time units
consumed in transportation to
work, the cost of using an auto
to go to work, the costs using

a bus and/or rail to go to work,
and the routes used to travel

to work whether by auto or public
transit.

Tabular list of residence loca-
tion of part-time workers, their
employers, the number of part-
time units spent working, and
the yearly salary rate.

Tabular list of residence loca-
tion of part-time workers, their
employers, the number of part-
time time units spent working
and the yearly salary rate.

Tabular list of residence loca-
tion of part-time workers, their
employers, the number of part-
time time units spent working
and the yearly salary rate.

Information by class and total
for the number of Pl's employed
at their design level or at

lower levels, the number unem-
ployed, the total number of

Pl's, the part-time units worked,
and the number of jobs full time
that were not filled by the lo-
cal labor force.

Tabular output showing the i-
dentification number assigned
to each PG establishment, its
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Print-Out Section Description

location, owner, level, ef-
fective capacity, actual
capacity used, price, and gross
sales. For each customer it
shows the store to which it is
assigned, the customer loca-
tion and type or class, the cus-
tomer's owner, the consumption
units (including those for main-
tenance and recreation), trans-
portation costs (shadow costs

in the case of residences) the
purchase cost (total cost in

the case of residences), and
total cost.
Personal Services This is identical in format to
Allocation Summary the Personal Goods Allocation

Summary but gives details re-
garding personal services.

Business Goods For businesses which require
Allocation Summary business goods, the format is
the same as for personal goods.
In addition, there is a section
called Government Contracts
which shows, for each school
and MS department, how many con-
sumption units it purchases from
each business goods establishment.

Business Services This is identical in format to

Allocation Summary the Business Goods Allocation
Summary but gives details re-
garding business services.

Terminal Allo- Tabular list of the location,

cation Summary business type (land use), and
terminal requirements of each
terminal user. Each terminal
is assigned an identification
number and its location, level,
and usage are noted.
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Print-Out Section Description

Terminal Allocation Map showing the code number of

Map the terminal to which each ter-
minal user in the local system
is assigned.

5. Social Sector*

Dollar Value of Time This table shows, by team and
by class, the dollar value of a
time unit spent in travel.

Social Decision- By jurisdiction, by social de-

Maker Output cision-maker, and by class, a
table in which each social char-
acteristic is a row and each res-
idence parcel is a column. The
characteristics are descriptive
and financial.

Social Boycotts Detail on who is boycotting, what
function they are boycotting,
and similar details about social
boycotts appear on this output.

6. Economic Sector**

Farm Output Tabular list, one row per farm,
showing the farm code number,
farm type, number of parcels
comprising the farm, number of
percents of parcels comprising
the farm, the farm's fertilizer
level, normal income, actual in-
come, land taxes, and total net
income.

*The dollar value of time prints a table for each jur-
isdiction, although at this time the value is set for a team
and class without regard to jurisdiction. The rest of the
social detail prints in order of jurisdiction number, within
that in alphabetical order, and within that in order of class
(low first, high last). Output for any classes which a team
does not control in a jurisdiction is not printed. Likewise,
a class having no boycotts receives no boycott output.

**The economic output prints by team in alphabetical order.
All of a single team's output is printed before the next team's
output begins. A team for which a section of output is ir-
relevant does not receive that section of output. For example,
a team with no residences receives no residence output. Like-
wise, a team which has no loans outstanding as either a debtor
or a creditor does not receive a loan summary. All active
teams receive financial summaries.
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Print-Out Section

Residence Output

Business OQutput

Construction
Industry Output

Construction
Industries' Contract
Table

Economic Boycott
Status

New Construction
Table

Land Summary

Description

Tabular list of descriptive and
financial information about
each residence parcel which the
decision-maker controls.

Tabular list of descriptive and
financial information about each
business which the decision-
maker controls. All basic in-
dustries are grouped together
and precede the group of per-
sonal commercial and business
commercial.

Tabular list of descriptive and

financial information about each
construction industry which the

decision-maker controls.

Description of all contracts
made by construction industries
controlled by the decision-
maker.

Detail on all boycotts in which
the decision-maker is either the
party boycotting or the party
being boycotted.

Detail on all construction contracts
in which the decision-maker is the
contractee.

Tabular list of the location of
parcels owned by a team, their
assessed value, percent that is
undeveloped and private, the

taxes on undeveloped land, the
percent publicly developed and
undeveloped, the percent un-
developable because of topo-
graphical constraints, the utility
capacity available and used.
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Print-Out Section

Loan Statement

Financial Summary

7. Social and Economic
Summaries

Number of Levels of
Economic Activity
Controlled by Teams

Employment Centers

Economic Control
Summary?*

Description

Tabular list showing borrower,
lender, interest rate, years re-
maining on the loan, the original
principal, and the annual payment.

A cash flow statement showing ex-~
penditures and income, a port-
folio of conservative and spec-
ulative stocks, a balance sheet
of assets and liabilities, and
the amount which the decision-
maker can borrow.

A table listing the number of
levels of each economic activity
controlled by each team.

Table showing the locations,
number of job openings, number
of Pl's hired, and salaries of-
fered by Federal-State Em-
ployers; table showing, for
each local government employer,
the location of its employment
center.

For each non-farm economic ac-
tivity, this table shows its
location, type and operating
level of activity, production
index (0-100) or occupancy
rate (0-120), net income, and
rate of return. '

*This table prints for each economic team in

alphabetical order.
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Print-Out Section

Social Control
Summary *

Social Control
Summary

Economic Control
Summary

Social Control
Summary

Description

For each class living on each
parcel controlled by a single
two-letter social decision-
maker, this table shows the res-
idence location, class, gross
income per worker, family

savings and total dissatisfaction
(quality of life index).

By jurisdiction and by class,
the number of P1l's controlled
by each social decision-maker.

This prints two graphs for each
economic decision-maker, in al-
phabetical order. The first is,
for up to ten rounds, the aver-
age net income from the team's
economic activities each round,
expressed as a ratio of the
first round's net income. The
second is a ten-round history
of the average rate-of-return
of the team's economic activities,
expressed as a percent.

This prints two graphs for each
social decision-maker, in al-
phabetical order. The first 1is

a ten-round history of the average
net income earned by each class
which the team has controlled.

The second is a ten-round his-
tory of the average quality-of-
life index of each class which

the team has controlled.

*This table prints for each social decision-maker

in alphabetical order.
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Print-Out Section

8. Government Detail¥*

Assessment Report

Water Department
Reports

Sampling Station
Report: Point
Source Quality

Sampling Station
Report: Ambient .
Quality

Utility Department
Report

Description

List of assessment ratios,
special assessments and other
policies set by the Assessor.

List of intake and outflow treat-
ment plant locations, levels,
types, capacities, operating
costs, volume treated, income,
intake and outflow point lo=
cations, prices charged to
municipal water users, pollu-
tant concentration in municipal
effluent (for those districts
which are sampled).

For those economic activities
whose effluent is sampled by

the local government, this

shows the volume of effluent and
the concentration of each pol-
lutant after any treatment.

For any parcel on which the
jurisdiction measures the quality
of the surface water leaving

the parcel, this output shows

the concentration of each
pollutant.

Tabular list of utility plants,
their location, level, units inm-
stalled from each plant, units
served, total operating costs
per unit, and income derived
from charges. Also listed is
the charge per utility unit to
customers, undeveloped land

and outstanding bonds.

*A department's output is printed for all jurisdictions
before the next department's output is printed.
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Print-Out Section

Utility Department
Finances

Municipal Services
Department Report

Municipal Services
Department Finances

Municipal Services
Department Con-
struction Table

Planning and Zoning
Department Report

School Department
Report

School Department
Finances

Description

Summary of all current and
capital revenues, expenditures,
and new balances.

Tabular list of MS locations,
maintenance levels, value ratios,
effective capacities, loading
(units of capacity used), num-
ber PL and PM's working, and the
MS use indexes. Also shown are
the salary levels, contracts to
purchase BG and BS, the locations
of undeveloped land, and out-
standing bonds.

Summary of all current and capital
revenues, expenditures, and new
balances.

For each MS construction or
demolition, this shows the lo-
cation of the construction firm,
the MS location, the status of
construction, the o0ld and new
level of the MS, the contracted
price, the maintenance level, and
the number of PL's and PM's
assigned to work at the MS.

Total jurisdiction population,
total amount of parkland, out-
standing bonds, and capital
revenues, expenditures, and
new balance.

Tabular data on school unit lo-
cations, levels, maintenance
levels, value ratios, students
attending, teachers, student-
teacher ratios, and use indexes.
Also data on undeveloped land,
BG and BS contracts and cost of
purchases, adult education sum-
mary, and several summary
school statistics.

Ssummary of all current and
capital revenues, expenditures,
and new balances.
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Print-Out Section

School Department
Construction Table

Highway Department
Report

Highway Department
Construction Table

Rail Company
Report

Description

For each school construction or
demolition, this shows the lo-
cation of the construction firm,
the school building location,
the status of construction, the
0ld and new level of the school,
the contracted price, the

amount of federal-state aid used,
the maintenance level for the
school, and the number of PM's
and PH's assigned to work at
the School.

A financial report showing
capital and current expenditures
and revenues, outstanding bonds,
a summary of maintenance levels
and expenditures by road type,

a summary of road conditions,

a terminal status report, a

list of undeveloped land, and a
status report on available fed-
eral-state aid.

For each road or terminal con-
struction or demolition, this
shows the construction firm,

the location of the road or ter-
minal, the status, the old and
new level, the contracted price,
and the dollar amount of fed-
eral-state aid used.

A financial report showing
capital and current revenues and
expenditures, outstanding bonds,
enmployment costs, the amount

and condition of rolling stock,
the fare structure, passengers
and total fares by route, and
the number of passengers using
each segment of each route.
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Print-Out Section

Bus Company
Report

Chairman Department
Finances

Tax Summary

Financial Summary

9. Summary Statistics

Demographic and
Economic Statistics

Description

A financial report showing
capital and current revenues and
expenditures, outstanding bonds,
employment costs, the amount

and condition of rolling stock,
the fare structure, passengers
and total fares by route, and
the number of passengers using
each segment of each route.

This shows the welfare payment
per unemployed worker and the
financial summaries for munici-
pal services, schools, highways,
planning and zoning, utilities,
and the chairman's account. '
Also included are the Chairman's
outstanding bonds.

Tabular list showing by the eight
types of local tax bases, the
dollar amount of the tax base,
the tax rate, and the revenue
generated.

Tabular list, for each depart-
ment, of current and capital
appropriations, federal-state
aid, total revenue, total ex-
penditures and final surplus or
deficit.

Tabular list by jurisdiction of
population and its character-
istics, land usage, housing,
employment, earnings, income
from the national economy, out-
flows to the national system,
and national business cycle
effects.
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Print-Out Section

10. Maps

Personal Goods
Allocation Map

Personal Services
Allocation Map

Business Commercial
Allocation Map

Municipal Service
Map

School Map

Utility Map.

Description

Map showing the locations and
code numbers of all personal
goods establishments, locations
of all PG users, and the code
number of the PG to which each
PG user is assigned.

Map showing the locations and
code numbers of all personal
services establishments, lo-
cations of all PS users, and
the code number of the PS to
which each PS user is assigned.

Map showing the locations and
code numbers of all business
goods and business services
establishments, locations of
all BG and BS users, and the
code numbers of the BG and BS
to which each BG and BS user
is assigned.

Map showing the locations of
MS's and their districts, the
locations of economic activities,
the number of MS units drained
by each economic activity and

MS use indexes,

Map showing the locations of
schools and their districts,
school use indexes, and the
number of children on each
residence parcel attending
public and private schools.

Map showing the locations of
utility plants and their dis-
tricts, the number of utility
units installed on each parcel,
and the number of utility units
drained on each parcel.
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Print-Out Section

Water Usage Map

Water Quality Map

Municipal Treatment
Plant Map

Municipal Intake
and Outflow Point
Map

Surface Water Map

Farm Funoff Map

River Basin Flood
Plain Map

Farm Map

Description

Map showing the locations of
economic activities, the per-
cent recycling at basic in-
dustries, and the type and
level of basic industries'
effluent treatment plants.

Map showing the locations of
economic activities, the surface
water quality on those parcels
having surface water, and the
pollutant which caused the

water quality rating.

Map showing locations, types
and levels of municipal intake
and outflow treatment plants.

Map showing locations of munici-
pal intake and outflow points
and the utility districts which
they serve.

Map showing, for each parcel
having surface water, the volume
of water on the parcel, its rate
of flow, and the percent of the
surface area of the parcel
consumed by water.

Map showing for each farm its
type and where its runoff flows
into the surface water.

Map showing the locations of
river basins, the dam priority
of each river basin, and the
flood susceptibility of each
parcel in the river basin.

Map showing the location of each
farm, its owner, its code num-
ber, the percent of each farm
parcel which is.in farm use,

the type of farm, and its
fertilizer level.
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Print-Out Section Description

Farm Assessed and Map showing, for each farm par-

Market Value Map cel, its assessed and market
value and the percent of the
parcel which is in farmland.

Market Value Map Map showing, for each privately-
owned non-farm parcel, the mar-
ket value of 100% of the land,
the market value of the pri-
vately-owned buildings, and the
total market value of the pri-
vately-owned land and buildings.

Assessed Value Map Map showing, for each privately-
owned non-farm parcel, the as-
sessed value of the privately-
owned land, the assessed value
of the privately-owned buildings,
and the total assessed value of
the privately-owned land and
buildings.

Economic Status Map Map showing the economic sector
owner of each privately-owned
non-farm parcel, its zoning,
the type and level of economic
activity, the level of utilities
installed, and, for every par-
cel, the percent of the parcel
which is privately-owned and
undeveloped.

Highway Map Map showing the locations and
types of roads and terminals
and the locations, types, and
levels of non-farm economic

activities.
Planning and Zoning Map showing the zoning classifi-
Map cation of those parcels which

are zoned, the percent of each
parcel which is parkland, and
the percent of each parcel
which is public, institutional
land.
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Print-Out Section

Parkland Usage Map

Socio-Economic
Distribution Map

Demographic Map

Social Decision-

Maker Map

Topographical
Restriction Map

Government Status
Map

#U.S. GOVERNMENT PRINTING OFFICE: 1972-484-484/188

Description

Map showing the percent of each
parcel which is in parkland or
public institutional use, the
population served by the park,
and the park's use index.

Map showing, for each residen-
tial parcel, the type and level
of housing and the number of
Pl's in each class living there.

Map showing the population (in
100's), percent occupancy, and
quality index (QI) for all resi-
dential parcels, and the value
ratio (VR) for all private non-
residential developments,

Map showing, for each class living
cn a residential parcel, the
social decision-maker which
controls the class on that

parcel.

Map showing the percent of each
parcel which is undevelopable
due to topographical or other
restrictions (e.g., mountains
or military bases).

Map showing the locations and
levels of schools, municipal
services, utility plants,
roads, and terminals.
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