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ENVIRONMENTAL ASSESSMENT, AND
TNDUSTRIAL IMPACT STATEMENTS

by

George W. Reid, Regents Professor
University of Oklahoma

1.0 Areas of Conflict

Production and Conversion of resources to useful
products, creates residuals, uce nature, consumes
natural resources

-verses-

Disruption of the intricate web of relationships between
living organisms

-such as-

Aswan - Power-reduces fish in Mediterranean ~ reduce fertility
of Nile - Increase snails

St. Laurence - Transport sea lamprey predatory on trout, kill
lamprey add Salmon, Salmon contains DDT.

Santa Barbara Channel - 01l blow out erupted.
Growth, energy 18%/year, population, 1%%/year, residuals
27%/year, agriculture - 3-4 fold, economics - scalc,

energetics, 8%, etc.

Inc wisdom, small is beautiful, fa:ir
Internat10na1<;ELjfe style 1S foui, foul is fair.

2.0 Industry and Government

Misplaced economic incentives - price fails to account for
environment damage.

focial Damages
Tailing to or underpricing spawns pollution

Property tax leads to rapid amortization - through quality
degradation.

Poor land use, favor industry, high density housing costs,
more in public service, produce less taxes. ooy

High premium on consumer goods 1
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Federal subsidaies, catchup,
Private enterprise verses
Collective Return
Neighborhood Effect

Public works, defense, roads, etc., but uncoordinated
decisions of individual destruction.

Private Luxury
Public Poverty

Concept of common property resources, inherently, social
rather than economic.

Common law, Res. communes.

Common property (Environment) subject to congestion, filling
up, damaged use to next consumer.

Idea of carrying Corporate search for abstracts.

Residual of conversions - impacts on
Renewal resources - are there really any other?

Profit/Loss -
Benefit/Cosa ickey mouse

Return of residuals to common pProperty environment

Ecological Low

3.0 Government Objectives

Green Book, Blue Book /&2—#77.
Economic Efficiency

Regional Efficiency

Quality of Life

Quality of the Environment

Now Economic & Environment

Not parallel - By Economic importance against envaironment.

Conceptually .

,O/ ﬂ?D s . 21 /l/: - . M
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Resources Managem=at Modified EcoSystems

Hunting, Fishing wild
Waters
Should be
Partnership Losses
Gains
Manufacturing, etc. Nﬁ,,,,_,_ﬁ_—v Feast or Famine
e
7

~ Finite Resource

Information Orchard Garden
v
Health more people New Ecobalances
Education G Higher lifestyle
Security
Employment
Growth ~ Population control J
4.0 Technology/Management, etc.

Deficit -- Impact studies -- short term
Assessments
Future -- Joint planning --

Environmental law - Solomonic
Environmental Economics - B/C C/E
Technology - Recycle, Economies, use reduction

Environmental System ~ Air, water, soil, stds., cost., ctc.

System approach - Sim, Gaming, Optimization (/AV&ﬂéﬂﬁ)

5.0 Assessment Practicum (jém/i/

Nat. Env. Policy Act

Legal Bases, Regd., etc.

6.0 Legal Basais

CAA

National Envifonmental Policy Act (NEPA)
Clear Air Act (CAA)

Federal Water Pollution Act (FWPCA)

EPA Statutes
Section 309 - 110 Clean Air
Section 112 - 307 Impacts

FWPCA Hazardous.
Section 301, 302, 304, 3063
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GUIDELINES FOR ENVIRONMENTAL INVENTORY, AND ASSESSMENT
INFORMATION NEED ACCQUNTS

The environmental impact of the proposed actions

any adverse envaironmental effects which cannot be avoided
should the proposal be implemented.

alternatives to the proposed actiong

The relationship between local short-term uses of man's
environment and the maintenance and enhancement of long-
term productavaity, and

any irreversible and irretrievable commitments of resources
which would be involved in the proposed action should it be
implemented.

SUBMODELS (impacts)

Land use compatibilaty
Water use compatibility
Heat daissipation
Chemical discharges
Sanitary wastes
Biological impact
Monitary regquirements
Radioactive discharge
Construction effects

GOALS INTERPRETATION

Unavoidable Effect and Alternates

Irreversible and irretrievable commitments.

Short-term vs. long~-term productivity

SELECTED REFERENCES ON ENVIRONMENTAL IMPACT ASSESSMENT

Barbaro, Ronald and Cross, Frank L. Jr. 1973. Praimer on
Environmental Impact Statements. Technomic Publishing Co., Inc.,
Westport, Conn, 06880.

Bureau of Reclamation, U.S5. Department of Interior. 1972.
Environmental Evaluation System for Water Resource Planning.
Battelle-Columbus Laboratories.

Bureau of Reclamation, U.S. Department of Interior. 1972.
Guidelines for Implementing Principles and Standards for
Multi-Objective Planning of Water Resources.

California Council of Civil Engineers and Land Surveyors
Committee on Planning. 1972. Environmental Impact Analysis -

An Introduction to Analytical and Presentation Methods. Central
4
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G. W. Reaid

) TABLE 1

POTENTIAL ENVIRONMENTAL IMPACTS OF A TRANSPORTATION FACILITY
(by Phase of Project Developument) .

Planning and Design Phase

1.
2.
3.
4.

Inpact on land use through apeculation in anticipation of development.
Impact of uncertainty on economic and social attributes of nearby areas.
Impact on other planning and provision of public services.

Acquisition and condemnation of property for project, with subsequent

dislocation of families and businesses, ,

Construction Phase

1.
2,
3.
4.
5.
6.
7.
8.
9.

10.

11,
12.

Displacement of people. ;

Nolse

Soil Erosion and Disturbance of natural drainage.

Interference with water table.

Water pollution

Air pollution (including dust and dirt, And burning of debris).

Destruction of or damage to wildlife habitat.

Destruction of parks, recreation areas, historic sites.

Aesthetic impact of construction activity and destruction of or inter=
ference with senic values.

Impact of ancillary activities (e. g+, disposal” of earth, acquieition
of gravel and fill).

Commitment of resources to constructioen.

Safety hazards.

f

Operation of Facility -- Direct Iﬁpacta

1.
2,
3.
4.
3.
6.
7.

Noise

Ajr pollution "
Water pollution

Soclo-Economic

Aesthetic

Effects on animal and plant ltfe (ecology).
Demand for energy resources.

Operation of Facility -~ Indirect Impacts

1.
2.
3.
4.

5.
6.

7.
8.

Contiguous land use.

Regional development patterns.

Bemand for housing and public facilities.

Impact on use of nearby environmental amenities (e.g. parks, woodlands,
recreation areas).

Impact of additional and/or improved transportation into congested areas
on those areas.

Differential usefulness for different economic and ethnic groups {(and
resulting problems and solutions). :

Impact on life styles of increased mobility and other impacts.

Impact of improved facility on trans?ortation and related technological
. . PR 6
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Overview - Environmental Concerns
Economic Concerns

A Balance? For Whom? Whare?

Equations - (Total Needed)
Energy = Pop x Life style + Waste

Energy = Used Energy + Residuals of Energy

Acct. Proc & Eff. -

Energy _ Used" Residual®

Time Time + Time

Acct. Procedure A"

Cross-Impact (Impact vs. Source)

Search for Sources

Acct. Procedure "B"

Search to Min. Reslduals

Possible Actions

A. Greater Conversion Eff.

Examples, Automobile Air Cond.
Cusdy/algal control

B, Reduced Pace

Examples, Alr plane
Ship
Lighter then Air Ship
Idea of continucus put through
C. Reduced #s

Examples, pop. control
Small is beautiful

D, Beter Distribution in Renewable Resunes
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Ecological Environmental Esthetics Human
Nuclear @
011 o 0
Coal ] -] o o
Gas
Tidal © ®
Water © @
Wind o
Geothermal

Figure #2
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Figure #3
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Ecological Example

Waste Disposal- Aqua Cvlture, Fish,

This

Sewage—» Blodegrade —»Algae —a»Minows »P?
» Food

—>»Vascular
Plants

Constrewed by by-products unnatural,
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SOCIAL AND DEMOGRAPHIC IMPACTS

Categories of impact,

Population changes--size and composition.

Labor force participation.

Displacement of population.

Quality of life of communities.

1. Community cohesion and compatibility.

2. Activity patterns (social, cultural, religious,
institutional).

3. Sociopolitical attitudes and institutions.

4, Sociocultural symbols,

Welfare of individuals.

1. Public services.

2. Mobilicy.

3, Safety.

4, Sense of well-being.

Assessment methodogies in general.

A,

c.

Intrinsic "softness",

recreational,

Dependence on demography, sociology, political science,

psychology, and geography.
|

Use of comparative case study approaches.

Assesylng population changes.

A,

B.

-r~-'- employment ). "~

Begin with economic effects (employment).

Multiply change in employment by ratio between population

geize and employed peraoné (may be done by category of

—— Y o B ~ =7 - -
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VI.

F.

Consider sources of additioconal employed perscns or destinations
of departed persons: migration estimates, by total h&mber

and with reference to D and E below,

Consider age and sa2x distributions as well as population
totals; compare all estimates with projections derived from
population growth models,

if appropriate, consider changes in composition of population
by cultural group (ethnic identification, area of origin).

Question of the scale of analysis,

Assessing labor f}ce participation.

AI

!
Consider changes in (1) the proportion of a demographic

group who are part of the labor force {(women, youths, elderly,
certain cultural groups; and {(2) the proportion of the labor
force represented by each cultural and age group.

This 1is based mainly on population change assessments (II
above), but it is aleo desirable to refer to similar cases

that have occurred in the past at other locations.

Displacement of population.

A.

Will the proposed activity require land that 1s presently
the location of residences? How many people are involved?
What are thelr age groups and cultural groups?

Where will the people go? What 1is needed to overcome

undegirable social costs from this? 4

Quality of life of communities.

A,

Identify effects on community cohesion of population displace-

ment and the creation of barriers to movement.

i4



VII.

The

A,

3

Ascess effects of inmigration or outmigratioa on community
compatibility and stability, including the introduction of
new ideas, objects, and modes of behavior,

Analyze current activity patterns--social, cultural, religious,
recreational, institutional--and consider any effects of the
proposed activity on then,

Consider effects of the activity on sociopolitical attitudes
and institutions: structures of influence; the strength,
cohesion, and points of view of interest groups; patterns of
political activity in the area.

Consider the possible destruction, change, or creation of
symbols of society and culture (see the lecture on Historical

and Aesthetic Impacts).

Welfare of individuals.

Assess changes in supplies and demands for services such as
health care, schools, water, gsanitation, and law enforcement.
Consider ilmproved or lessened mobility due to tramsportation
improvements, congestion, etec.

Assess the potential of injuries or deaths due to accidents
related to the proposed activity.

Consider the effect of the proposed activity on the sense

of well-being among the local population: attitudes toward
increased urbanization, job changes, inmigration of people

from different areas, etc,
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ENVIRONMENTAL ELEMENTS IN AN ECOLOGICAL UNIT

Ecology can be simply defined as the study of the interrelationship
between the living organisms (human included) and their environment.
In a human-oriented ecological unit, the whole complex of environmental
elements, inclusive of all physical, biological and human aspects, are
fully functional, Interacting as well as maintaining system equilibrium.
The physical environment is {nitially a given from nature and thus in most
cases performs 1n a dorminant role in an ecological unit. Physical together
with biological components constitute the natural environment in which man
lives, utilizing nature-provided resources. In the human aspects of an
ecological unit, major compartments likely to be considered include demo-
graphic, economic, social and cultural areas. Demographic elements show
the statistics of human population with respect to the size, density,
distribution and mobility, etc. Economic activity involves the process of
producing commodities by making use of resources and the consumption of
these commodities Soclal considerations concern the well-being and welfare
of man in the environment in which he interacts. And, finally, cultural
regards pertain to the psychological well-being of man

Listed below are the major environmental categories operative in an
ecological unit along with their performance measurements. Nelther one

is intended to be exhaustive.

16



I. Natural Environment

A. Physical
1. Terrestrial: tundra, talga, temperate forest, grassland,
chaparral, desert, tropical forest, savanna, etc. The
terrestrial physical environment can be described in terms
of the following. -
a. topography

b. area

c. soil type

d mineral

e temperature

f rainfall climatology

g. air quality
2. Aquatic freshwater, brackish, marine, etc. The descriptive
parameters of aquatic environment include the following.
a. area
b. depth
¢. stream pattern
d. slope of channel
e. channel capacity
f. flows
g. Sedimentation
h. water quality

B. Biological -

1. Botanical natural vegetation, crops, etc.

2. Zoological: fish, amphiblan, water fowl, game bird, mammals,
etc. They can be described in terms of the following.
a. population
b productivity
c. wildlife habitat
d food web index
e. species diversity
f. rare and endangered species

I1. Human Aspccts

A. Demographic population statistics, characteristics
The performance measurements consist of the following

Population

Age-sex-race distribution

Population density

Population growth

Migration rate

Mobility

- Iamily structure

~ G BN

B. Ceconomic agriculture, mining, forestry, fisheries, energy, water
supply, land use, recreation, etc. The potential fndicators include
the following.
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GNP

Income per capilta

Income by major source

Occupational distribution

Labor force - employment, unemployment, mnonworker-worker ratin
Major businesses and industries

Farms and farm value

Area and value of each type of land use

Social politics, institutional relationships, public safety,
communication, transportation, housing, health care, leisure, etc
They can be measured i1n terms of the following.

1.

O R~ LN

Electoral participation

Fire and police protection

Legal justice

Mileage of highways and streets

Number and type of housing units

Number of persons per doctor ratio

Birth and death rates and infant mortality
Health care facilities

Number of recreational facilities and attendance

Cultural ethics, religion, education, history, humanities,
aesthetics, ete Potential commensurable items are as follows

1.

[= BV, I R LI N

Moral values, standards
Religious affiliations

Average educational attainment
Historical background and trends
Achievements in humanities
Aesthetic values, levels

18
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III.

1v.

CARRYING CAPACITY

The concept of the "carrying capacity” of an area: relation

to level of technology, accessibility.

Proposed uses of the concept.

A. Population redistribution.

B. Tax policy--"potential productivity,” increases in the
productivity of rural areas through progressive taxationm.

C. Others,

The effect of a change in carrying capacity because a change
in technoliogy.
A. The process of shifting from one form of land use to another,

B. The example of a "NUPLEX" on an arid seacocast.

Measuring carrying capacity: is it possible?

A. Ambiguity of the concept. )

B. Political ?ensitivity of the measurcments: the xole of
disinterested parties,

C. The relatiuﬁynf the measurements,

D. The possible utility of remote sensing,

Environmental impact assessment and carrying capacity.



COMPARING ENERGY SUPPLY ALTERNATIVES:

A Case Study of Environmental Impact Assessment In The United States

II,

II1.

Iv.

Federally-supported emergy supply facilities in the United States:

legal requirements for impact statements.

Characterizing the impacts of a proposed facility.

A. Identifying "trajectories",

B. Estimating environmental residuals, economic costs,
environmental efficlencies,

C. The "Matrix of Environmental Residuals for Energy Systems"

(MERES) data system,

Comparing alternatives for achieving the same ends.
A, Data summaries by trajectory and location.
B. Methodologies for comparison,

C. The "Energy Model Data Base" (EMDB) system, including the

Energy Reference System,

Limitations and problems.
A. Converting residuals to impacts (a site-specific probleum).
B. Data shortages (especially econonic data.}

C. Inattention to social impacts and regional economic impacts.

1
Current diree¢tions.

A. Expanding the data base, especially for non-fossil enerxgy

gources. '

B, Further work on optimization modeling, Including spatial

allocation models,

C. Base-line studies and other preliminary assessments in

preparation for evaluating social and economic impacts.

63



D.

Increased attention to input requirements as well as output

impacts.

€4



Finure 2
Nattonal Energy System

RLTINING TRANSMISSION
ATEGLIRCE UTILIZING
\ CND USE
EXTRACT 10N AND TRANSPORT CONVEASION AND DLVICE 13
CONVERSION D'STRIRUTION
NUCLE AR
P> . > S L MISC. FLECTRIC
e ang ALUMINUM -
GEOQTHERMAL AND HYDROPOWER
T--_-- Fm0- o > q.....—-—u——i |HON&5TEEL
{Eiectric}
COAL
o — e . ] AIR CONDITIONING
\_\ e - ) SPACE & WATER HEAT

NATURAL GAS

{Sola)
e — - v PROCESS HEAT
R . S PETROCHEMICALS
CRUDE OIL {Liquid}
b - Prte e wm = e PO b —iv0 AUTOMOBILE

BUS TRUCK, RAIL & SHIP

AIRCRAFT

Source Brookhaven National Laboratory Encrgy/Environmental Dats Group, 1974,
The Relferonce Energy System and Arsocisted Data Basn,”

technologies and trajectories that are operational now
All types of energy resources, extraclion processcs,
refining, conversion, transporiation, and end uscs arc
mncluded The horizontal ling beginmng with the word
“¢oal"” represents the entire coal supply system shown in
Figure 1

For each process included in the system, MERES
contains coeffictents which estimate 11s environmental
impacts, its efficiency, and 1ts investment and operating
costs In a sense, the environmental smpacts, given
terms of water poliutants, aw pollutants, solid waste, and
land use requuements, are all residuals — that 1s, all are
unwanted byproducts of cnergy processes Although the
Council recogmizes that residuals are not a medsure of
the effects of pollutants, residuals may be used as
indicators of these effects Estimates are also presented
for occupstional health and the potential for large-scale
disaster at the process level
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Figure 6
Nitrous Owdes by Trajectary
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II.

ITI.

ECONOMIC IMPACTS

Categories of impact.

Al

Employment/labor force.

Income.

Economic structure of area,

Interregional competiton.

Demand for/use of resources (including land).

Costs and prices of goods and services,
Infrastructure and other technological extermalities.

Tax base.

Assessment in general.

A-

B,

C.

Project what would happen in future with no new activity.
Project economic impacts of several alternative activicties.

Compare the results and evaluate the proposed activity.

Principal assessment methodologles.

Al

"Economic base) the "multiplier", and export base models of
regional growth. .

Input-output analysis.

Location theory.

Spatial equilibrium theory.

Interaction theory.

Cost-benefit analysis.

Economic forecasting.



Figure 6
Nitrous O-ddos by Trojectory

tons’day
00 - N —
i }
L4y
L
-
150 =
)
™ -
V0
: [ '
2 o ', :
- e . Wt 3
] ] ) .
sob=1 - a . . FOr -\
5 I S o~
- ard .
an e .- 1 ' \.‘ N i : Tr i :
‘tl“ :'J ¥ s - s o "..-\.x' - L
3 - - s
W P 5-;."_! .
N I A N e ) ]
Synthane Lum Synthana Alpskan MNaturol Alaskon Natural Oltshora Imjiort=d
at Demond G Pipalinm Gus Pipeling Notural Gos LNG
Conter and Tanker
Source University of Oklanoma The Science and Public Policy Program 1375
Enetgy Altornatives A Comparative Analyshy, Figure 1¢-5 p. 1422
Fquie !
Nettows Oadtns by Lucrinn ¥iiths o Toaectory
" -
1

Arrr Now tHmaa
ol € taan 5
i T oot an Creinlor
G et [

€8



II1.

III.

ECONOMIC IMPACTS

Categories of impact.

A, Employment/labor force.

B. 1Income.

C. Economic structure of area.

D. Interregional competiton.

E. Demand for/use of resources (including land).

F. Costs and prices of goods and services,

G, Infrastructure and other technological externalities.

H. Tax base.

Assessment in general.
A. Project what would happen in future with no new activity.
B. Project economic impacts of several alternative activities.

C. Compare the results and evaluate the proposed activity.

Principal assessment methodologiesn.

A. "Economic base!' the "multiplier", and export base models of
regional growth.

B. Input-output analysis.

C. Location theory.

D. Spatial equilibrium theory.

E. Interactionm theory.

F. Cost-benefit analysis,

G. Economic forecasting.



iv.

Special problems.

A,

Shortage of data.,

Definition of the "impact area”.

Changes in the value of the currency unit.

Externalities, especially the potential effect of the

proposed activity as a iocational attraction for other activities.

Remembering the possible economic effects of physical impacts.
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THE NATIONAL ENVIRONMENTAL POLICY ACT AND ITS IMPLEMENTATION.

The past scveral years have been characterized by passage of major
Federal legislation dealing with the environment, including specific
legislation on contrel of water and air pollut10n.(1,2) Perhaps the most
significant legislation is the National Environnental Policy Act (NEPA) of
1969 (PL91-190), which became effective on January 1, 1970. The Actlhas
the first signed in the decade of the 1970's.(3) The thrust of this Act,
as well as subscquent Execuative Orders, Council on Environmentél Quality
(CEQ) guidelines, and numerous Federal agency procedures, is ﬁP insure
that balanced decision making occurs in the total public interést . (&)
Project planning and decision-making 1s to include the integrated con-
sideration of technical, economic, environmental, social and other factors.
Prior to NEPA, technical and economlic factors dominated the decison-making

process. A copy of the National Environmental Policy Act is contalned in

Appendix A.

TERMINOLOGY
New terminology has arisen in conjunction with the process of comply-
ing with the requirements of NEPA. Three of the most significant new
terms are environmental inventory, environmental assessment, and environmental
impact statement.
(a) Environwental Inventory

Environmental inventory represents a complete description of the



environment as it exists in an area where a particular proposed action {ép
being considered. The inventory is compiled from a checklist of descripters
for the physical, biological and cultural environment. The physical envi-
ronment includes such major items as geology, topography, surface and ground-
water resources, water quality, air quality, and climatology. The
biological environment includes a consideration of the flora and fauna of

the area, including species of trees, grasses, fish, herpetofauna, birds,

and hamgfls. Specific reference must be made to any rare and/or endangered

\

plant or ;qimal species. General biological features such as specles di-

~
versity and overall ecosystem stability should also be presented. Items
in the cultuéal environment section include human population trends and popu-
lation distributions, historic and archeological gites, and economic indi-
cators of human welfare.

The environmental inventory serves as the basis for evaluating the
potential impacts, both benefical and adverse, of a proposed action on the
environment. It is included in an impact statement in the section referred
to as "description of the existing environment', or "description of the
environmental setting without the project”". (5) Development of the in-
ventory represents an initial step in the environmental impact assessment
process.

(b) Environmental Assessment

The environmental assessment represents the key step in meeting the

requirements of NEPA. 1In essence, it represents an attempt to evaluate the

consequences of a proposed action on each of the descraptors utilized in

the environmental inventory.



The essential steps in an environmental impact assessment are:

1. Prediction of the anticipated change in an environmental descriptor.
2. Determination of the magnitude or scale of the particular change.

3. Application of an importance or significance factor to the change.
Many of the current assessment approaches cmbody the steps of prediction,
scaling, and significance interpretation, although the methods use many
terms to describe these particular steps.

The sclentific validity of -the technology available for the predic-
tion of impacts varies depending upon the particular environmental descrip-
tor. For example, there has becen extensive research and sound scientific
methods developed for prediction of air quality impacts (6), at least with
regard to anticipated ccncentration levels of pollutants in the ambient
alr; however, impacts on flova or fauna as a result of the calculated con~
centration levels are less quantifiable. Thus it 1s possible to utilize
sound technology for some impact predictions, whereas other predictions
must be primarily based on professional judgment.

In order to accomplish an environmental assessment, as well as to
prepare an inventory and write an impact statement, it 15 necessary that
the approach utilized be interdisciplinary, systematic and reproducible.
Requirements for a interdisciplinary approach indicate that the environ-
ment must be considered in 1ts broadest sense, thus the input of persons
trained in a number of technical fields needs to be included. (7) The

disciplines to be utilized in a specific environmental assessment must be

oriented to the unique features of the proposed action and the environmental

setting, however, at a minimum 1t 18 necessary to have input from a physical

sclentist or englnecr, 4 biologist, and a person who can address cultural
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and socio-economic impacts. Requirements for a systematic and reproduc1éle
approach indicate that a degree of organization and uniformity be utilized
in the assessment process. In this regard, several assessment methodologies
have been developed since 1970, ( 8,9) and these will be discussed in more
detall later.

{¢) Environmental Impact Statement

The environmental impact statement is a document writtem in the format
as specified by NEPA, CEQ guidelines and sﬁec1fic agency guildelines The
environmental impact statement represents a summary of the environmental
inventory and the findings of the environmental assessment. Environmental
impact statments are also referred to as "environmental statements",
"impact statements', "environmental impact reports”, or "102 statements'.
(10) The term "102 statement' refers to the section in NEPA which deline-
ates requirements for the preparation of an environmental 1mpact statement.

There are two categories of environmental impact statements, namely,
draft statements and final statements. The draft statement is the document
prepared by an agency proposing an action, it is circulated for review and
comment to other Federal agencics, state and local agencies, and public
and private interest groups. Specific requirements with regard to timing
of review are identified in the CEQ guidelines, and the 1973 CEQ guidelines
are included as Appendix B. The final statement is the draft statement
modified to include a discussion of problems and objections raised by re-
viewers The final statement must be on file with CEQ for at least a

thirty-day period prior to initiation of construction on a project.

NATIONAL ENVIRONMENTAL POLICY ACT

The Act is divided into two basic parts; Title I which is a declaration

-4



of a national environmental policy, and Title II which established the
Council on Environmental Quality. The national goals as specified in
Section 101 of the Act are as follows (4)

1. Fulfiil the responsibilities of each generation as a
trustee of the environment for succeeding generations,

2. Assure for all Americans safe, healthful, productive and
aesthetically and culturally pleasing surroundings,

3. Attain the widest range of beneficial uses of the envi-
ronment without degradation, risk to health or safety, or
other undesirable and unintended consequences,

4. Preserve important historic, cultural, and natural aspects
of our national heritage and maintain, where possible, an

environment which supports diversity and variety of 1individual
choice,

5. Acheive a balance between population and resource use which
will permit high standards of laving and a wide sharing of lifes
aminities; and

6. Enhance the quality of renewable resources and approach
the maximum attainable recycling of depletable resources.

Section 102 of NEPA has three primary parts related to the environ-
mental impact assessment process. Part A specifies that all agencles of
the Federal government shall utilize a systematilc, interdisciplinary ap-
proach which will insure the integrated use of the natural and soclal
sciences and environmental design arts in planning and in decision-making
which may have an impact on man's environment. Part B requires agencaies
to identify and develop methods and procedures which will insure that
presently unquantified environmental aminities and values may be given
appropriate consideration in decision-making along with economic and
technical considerations. This part has provided impetus for the develop-
ment of several environmental asscesment methods. Part C indicates the

nec¢selty for preparing environmental statements, and 1dentifies baslec 1tems

-5-



to be included. This particular part indicates that agencies should in-
clude in every recommendation or report on proposals for legislation and
other major Federal actions significantly affecting the quality of the
human environment, a detailed statement that covers five major areas. (4)
These areas are.

1. The environmental impact of the proposed action,

2. Any adverse environmental effects which cannot be avoided
should the proposal be implemented,

3. Alternatives to the proposed action,
4. The relationship between local short-term uses of man's

environment and the maintenance and enhancement of long-
term productivity, and

S. Any irreversible and irretrivable commitments of re-
sources which would be involved in the proposed action
should it be implemented.

The requirement for preparing an environmental impact statement was
not a part of the original proposed legislation which subsequently became
NEPA. (11) Detailed histories of the legislative background of NEPA have
been presented by Andrews and Yannacone and Cohen. (12, 13) The Section
102 requirements were added late in the legislative review process, Just
prior to final action on the part of Congress This particular require-
ment has been called the "action-forcing mechanism” of NEPA. (14) This
indicates that agencies must take the action to prepare a draft state-
ment which is then subject to review and critique by other Federal agenciles
as well as state and local governmental and praivate groups. It 1s an
understatement to say that the NEPA requirements for preparing 1lmpact state-
ments have been controversial. (15, 16). Many court cases have resulted from
this section of NEPA ( 17, 18, 19, 20 ) Perhaps one of the problems

with NEPA 1s that the Act did not contain a provision for 1nsuring compliance.



One section of NLCPA which 1s received very little attention 1s Sec~-
tion 103. It requires that all agencies review thelr present statutory
authcrity, administrative regulations, and current policies and procedures
for the purpose of determining whether there are any deficlencies or 1n-
consistencies therein which prohibit full compliance with the purposes
and provisions of NEPA. Very few written responses have been recorded

with regard to action taken with conjunction with Section 103. (11,22)

MAJOR ACTIONS SIGNIFICANTLY AFFECTING THLC QUALITY OF THE HUMAN ENVIRONMENT

Scction 102 of NEPA requires that environmental statements be prepared
for "major Federal actions significantly affecting the quality of the hu~
man environment". The Cotps of Engineers use the anacronym MASAQHE
for this phrase. Definitions were not included in NEPA for what consti-
tuted a major action or what constituted a significant affect on the
guality of the human environment Concern with these definitions is rel-
evant since the preparation of an environmental impact statement requires
both human and economic resources. (23) One of‘thc occurrences since
the passage of NLCPA has been the preparation of impact statcments on gro-=
jects that perhaps should not require much attention; namely, installation
of traffic control signals and minor roadway resurfacing work. On the
other hand, many major actions of the Federal government, such as peace-
time milirary activicies and space activities, have not had environmental
impact statements faled.

To attempt to define a "major action significantly affecting the

quality of the human environment” involves many quantitative and qualita-

tive considerations The simplest way of defining a major action 18 to

-7-



compare’ a predicted impact with an environmental quality standard for a;
given parameter. It is possible to do this for many substances found in
air and water, for example, suspended particulates in the atmosphere and
dissolved oxygen in water. However, there are many environmental para-
meters for which only subjective standards are available; for example,

scenic vistas and archeological sites. Agencies can best define MASAQHE
by project type, indicating that certain projects require impact state-
ments because they are major actions, and others do not because they are
minor actions. The Federal Highway Administration has developed gulde-
lines of this type. (24) Major actions include highway sections entirely
or generally on new location, major upgrading of an existing highway sec-
tion which requires extensive right-of-way acquisition and construction.
Highway sections which may have a significant affect on the quality of

the human environment include those:

1. That are likely to have a significantly adverse impact on
natural ecological, cultural, or scenlc resources of
national, State or local significance.

2. That are l1ikely to be highly controversial regarding
relocat ion houstng resoutces.

3. That divide or disrupt an established community or dis-
rupt orderly, planned development or 1s inconsistent
with plans or goals that have been adopted by the communi-
ty in which the project 1s located or causes increased

congestion.

4. Which involve inconsistency with any national, State or
local standard relating to the environment, has a signifi-
cantly detrimental impact oun air or water quality or on
ambient noise levels for adjoining areas; involves a
possibility of contamination of a public water supply
system, or affects groundwater, flooding, erosion or

sedimentation.

&



Negative declarations can be prepared on the following types of highway
improvement actions since they &re not l1ikely to have significant impacks:

1. Signing, marking, signalization and railroad protective
devices.

2. Acquisition of scenic easerents.

3. Modernization of an cxisting highway by resurfacing; less
than lane width widening, adding shoulders; auxillary
lanes for localized purposes.

4. Correcting substandard curves.

5. Reconstruction of existing stream crossings where stream
channels are not affected.

6. Reconstruction of existing highway/highway or highway/
rallroad separations,

7. Reconstruction of existing intersections including
channelization.

8. Reconstruction of existing roadbed, including minor
wldening, shoulders and additional right-cf-way.

9. Rural two-lane highways on new or existing location which

are found to be generally environmentally acceptable to
the public and local, State, and Federal officials.

BASIC (ONIINLS O AN IMPACI STATIMLNY

Section 102, Part C, of NEPA identified five points that needed L0 be
discussed in an environmental impact statement. The first one 1s to
describe "the environmental impact of the proposed action". In the early
years of the preparation of impact statements, attention was primarily
focused on the negative or detrimental impacts associated with a given
proposed action. To be complete, both beneficial and detrimental impacts
should be delineated. The basic thrust of NEPA 1s that 1t 18 a "full

disclosure law", 1mply%ng that both the positive and negative ramifications
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of a given proposed action be explored in complete detail. (25) In
addition to the consideration of these matters, attention must also be
directed toward the primary and secondary impacts assoclated with a pro-
posed action. (5) Pramary and secondary lmpacts are also referred to as
direct and indirect consequences. Table 1 includes a partial listing

of the direct and indirect impacts of a sewage treatment plant, with only
adverse impacts being identified. (26) 1In general, agencles have developed
methods and precedures to somewhat respond to direct impacts, both bene-
ficial and adverse. However, the major impact of a project 1s often from
secondary or even tertiary effects, and these are much more difficult to
assess due to the dearth of predictive techniques available.

The second section required by NEPA is an identification of "any
adverse environmental effects which cannot be avoided should the proposal
be implemented”. If a thorough approach has been utilized 1n describing
the environmental impact of the proposed actaonm, this section should
basically be an abstract of the negative impacts, both direct and indarect,
of the proposed action. New information is not included in this section.

The third section focuses on a discussion of "alternatives to the
proposed action”. This section has caused a great deal of difficulty, and
many court cases have resulted from inadequate treatment of this section
by the proposing agency.( 17,18,19,20) Kennedy and Hanshaw (27) reported
on an analysis of the alternatives sections of 200 randomly selected envi-
ronmental statements from several agencies. Of the 127 actions which listed
adverse environmental effects, a total of 214 alternatives were listed, all
of which were rejected. 130 were rejected for economic reasons, 47 for cm-

vironmental reasons (that 1s, the altermative would do more harm than the
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PARTIAL LISTING OF DIRECT AND INDIRECT IMPACTS OF

SCWAGE TREATMENT PLANT

ADVERSE IMPACTS/Direct

Primuary Secondary Tertiary
Effects Effects Effects
Short Term Erode soil Degrade aquatic Decrease
during habitat of fisheries
construction stream
Long Term Pariodic Decrease Change socio-
releases of surrounding economic
noxious gases property values composition of
neighborhood*
ADVERSE IMPACTS/Indarect
Short term Construction Temporary Does not
employuent housing occur
Long term Permit- Increase traffic Traffic
encourage on local streets congestion,
residential noise, SMOE
development
within service
area¥*
Note. Impacts are described for 1llustrative purposes only,

a complete matrix for a sewage plant would contain many more
impacts within each of the respective cells of the matrix. A
separate matrix could be constructed for beneficial impacts.

*Irreversible impact.
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proposed action), and 37 because of engineering problems. The basic impli-
cation of the alternatives section is that the alternatives for the proposed
action should be compared on a common basis, presumably their relative or
absolute environmental impact. (28) One alternative which must be dis-
cussed is the no action, or no project alternative. (5) This alternative
requires the proposing agency to predict vwhat the future environment will
be without the project, and it serves as the basis upon which impacts of
the proposed action can be considered. Concern regarding alternatives
originally arose in conjunction with the question of the retroactivity of
NEPA, and two well-known court cases which evolved around this point 1n-
clude the Gillham Reservoir in southwestern Arkansas, and the Cross-
Florida barge canal. (17) One consideration in the alternatives section
should be an evaluation of the alternatives through a public participation
program. (5)

The fourth item is a description of "the relationship between local
short-term uses of man's environment and the maintenance and enhancement
of long—term productivity”. Thils section is based on the principle that
each generation should serve as trustee of the environment for succeeding
generations, therefore, attention must be addressed to the question of
wnether or not options for future use of the environment are being elimi~
nated by the particular proposed action. In a pragmatic sense, many impact
statements have described the impacts associated with the construction ard
operational phases of a proposed action 1in this section, consideraing the
construction phase to be short-term and the operational phase to be long-term.

The last section is a discussion of "any irreversible and irretricvable

commitments of resources which would be involved in the proposed actien
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should 1t be implemented”. Semantic difficulties are encountered with the
terms irreversible and irretrievable. Again from a practical standpoint,
most impact statements focus attention on possible changes in land usage
as a result of a proposed action, loss of cultural features such as arche-
ologrcas or historic sites, preclusion of development of underground
mineral resources, loss of habitat for plants and animals, loss or 1mpact
on rare and endangered plants and/or animals, material required for pro-
ject construction, energy usage requirea during project utilization, and

even the human and monetary expenditures involved.

COUNCIL ON ENVIRONMENTAL QUALITY GUIDELINES

Section II of NEPA established the Council on Environmental Qualiity.
The responsibilities of CEQ in relationship to the impact statement pro-
cess includes serving as a central repository for final environmental
impact statements, preparation of general guidelines applicable to all
Federal agencles in conjunction with their compliance with NEPA, review
of draft environmental impact statements {particularly for controversial
projects), and the development of comparative analyses on the impact
statement process. Federal agencies can request consultation and guidance
from CEQ in conjunction with NEPA compliance or the preparation of agency
procedures and guidelines.

The Council on Environmental Quality published guidelines for the
preparation of environmental impact statements on April 23, 1971, and
August 1, 1973. (29, 5}

the guidelines 1g4ued In 1971 gave coordination to the impact state-

ment process, particularly with regard to review of draft environmental

-13-
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impact statements. (29) Two new sections were added to the five basic
p01nté specified to be included in an impact statement by NEPA, namely,

a section describing the proposed action, and a section oriented to a
discussion of problems and objections raised by reviewers. The first new
section preceeds the basic five points, and the latter follows. A list

of Federal agencies with responsibility for various areas of environmental

quality was included.

The CEQ guldelines of August 1, 1973 called for the addition of two
more new sections in an impact statement, plus an expansion of a previous-
ly required section. (5) The initial section called for in an 1mpact state-
ment became a description of the proposed action as well as a description
of the existing environment. One new section is on the relationship of
the proposed action to existing land use plans, policies and controls in
the affected area. Thas requires a discussion of how the proposed action
may conform or conflict with the objectives and specific terms of any
Federal, state or local land use matters, either approved or proposed.

In addition, land use plans developed in response to the requirements of
the Clean Air Act or the Federal Water Pollution Control Act Amendments

of 1972 should also be specified. (2, 1) The second new section calls for
an indicatrion of what other interest aund considerations of Federal policy
are thought to offset the adverse environmental effects of the proposed
action. This section is oriented to a discussion of other decision factors
that the agency feels tend to counterbalance any adverse environmental
affects. Agencles that prepare cost-benefit analyses of proposed actions
ghould summarlze these analyses in thl. sectdlon. Where non—cnvhrommentnd
costs and benefits are part of the basis for decision, 1t 18 amportant that

the agency specify the importance of these elements 1n the decision. (30)
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THE ROLE OF THE ENVIRONMENTAL PROTECTION AGENCY

The Cnvironmental Protection Agency (EPA) was established 1n December,
1970 as the environmental regulatory agency of the nation. (31) It 15 not
the chief administrative agency for environmental impact statements. The
EPA serves to review environmental impact statements prepared by others,
particularly with regard to water pollution, air pollutiom, solid waste
management, nolse, radiation and pesticides. Each statement reviewed is
assigned a rating based on the proposed action and the environmental impact
statement document itself. (32) The EPA system of rating other agency

actions 1s as follows
1. Project Rating (L0, ER, or LU).

L0 (Lack of Objections). EPA has no objections to the pro-
posed action as described in the draft impact statement ox
suggests only minor cnanges in the proposed action.

ER (Environmental Reservationg). EPA has reservations con-
cerning the environmental effects of certain aspects of the
proposed action EPA belileves that further study of sug-
gested alternatives or modifications 1is required and has
aaked the originating Federal agency to reassess these
aspects.

2

EU (Fovironmentally Unsatisfactory). EPA belleves that the
proposed action is unsatisfactory because of 1ts potentially
harmful effect onw the cavirtonment. lurthermore, the Apency
believes that the potential safcguards which might be uti-
lized may not adequately protect the environment from hazards
arising from this action. The Agency recommends that alter-
natives to the action be analyzed further (including the
possibility of no action at all)

2. Adequacy of Document (1, 2, or 3).

Catepory 1 (Adequate) The draft impact statement ade-
quately sets forth the environmental impact of the pro-
posed project or action as well as altermatives reasonably
avallable to Lhe project or action.

Category 2 (Insufficicent Information). KPA believes that
the draft impact statement does not contain sufficient

-15-
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information to assess fully the environmental impact of

the proposed project or action. However, from the infor- '
mation submitted, the Agency 1s able to make a preliminary
determination of the impact on the enviromment. EPA has
requested that the originator provide the information

that was not included in the draft statement.

Category 3 (Inadequate). EPA believes that the draft im-
pact statement does not adequately assess the environmental
impact of the proposed project or action, or that the state-
ment inadequately analyzes reasonably available alternatives.
The Agency has requested more information and analysis con-
cerning the potential environmental hazards and has asked
that substantial revision be made to the 1mpact statement.

No rating of the proposed action 1s made 1f the EIS is assigned a
Category 3 rating because a basis does not generally exist on wh2ch to
make a determination about the environmental impact of the proposed project.
A1l "3" and "EU" ratings on draft impact statements must be cleared at the
EPA Headquarters level in order to double check that all such ratings are
consistent with policies and practices followed by EPA on a nationwide scale.
The originating apency is notified of the assigned ratings at the time a com-
ment letter is sent. EPA also notifies the CEQ of 1ts comments on all "3
or "EU" projects so that the Council can begin to follow up the project at
an carly stage in 1ts development.

Although EPA does not have official responsibility with regard to im-
pact statements acceptance or rejectlon, the review of this agency is
eritical, and the procurement of a satisfactory evaluation of the impact
statement and the proposed actlon 1is very necessary.

The EPA has also developed guldelines and procedures for the prepara-
tion of 1mpactlstatements assoclated with their proposed actions. {33)

The FedérallWater Pollution Conttrol Act Amendments of 1972 exempted EPA

from the NEPA requirement of preparing impact statements in activicties
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leading to the se

tions, guildelines

tting of new source pollution standards, effluent limica-

for water quality standards and establishing "best

practicable" and “best available" treatment standards. ( 15, 34)

With regard to agency procedures, most Federal agencies have developed

guidelines for the environmental impact statement process. Moore (35) has

indicated that each agency's NEPA-response regulations should:

1. Identify

those agency actions requiring an environmental

rmpact statement.

2. Designate officials responsible for the stateaents.

3. Specify the general methods for obtaining information

required

4, Indicate

in preparation of the statement.

the required content of an environmental impact

statement.

5. Designate the appropriate time prior to decision to seek

comments

of other agenciles.

6. Establish patterns for consulting with and taking into
account comments of other agencles.

7. Describe

the mechanism through which statcments are to

be made available to the public.

8. Provide for timely public announcement of pl.ns and pror
grams with environmental impact.

STATUS REPORT ON ENVIRONMENTAL IMPACT STATEMENTS

Many problems have arisen with regard to the environmental impac.

statement process

. Three major categories of problems were identafied 1n

the Third Annual CEQ report (36), including procedural concerns, questions

regarding the content of environmental impact statements, and the role of

the Council on Environmental Quality. Procedural problems, at least 1n

the period from 1970 through 1972, dealt largely with the following types

of questions®
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1. .What actions require impact statements?

2. What are the impact statement requirements for actions
initiated or authorized prior to NEPA inactment?

3. Can impact statements be prepared for programs rather then
individual projects?

4. Which agency is responsible for preparing the impact
statement for a proposed action involving multiple agencies?

5. What are the requirements for the review and comment process?

6. Do existing agencies with environmental regulatory acti-
vities have to prepare environmental impact statements?

7. Does an environmental impact statement have to be avail-
able for normal agency public hearings?

The required content of environmental impact statements has largely
been clarified by the development and issuance of CEQ and agency guide-
lines. The basic contents at the current time should cover the 1items
included in the CEQ guidelines of August 1, 1973. It is the duty of the
proposing agency to consider opposing views to the particular proposed
action and to discuss alternatives to that particular action. If the
agency proceeds inspite of the possible adverse and environmental affects,
the environmental impact statement should clearly identify the other
Interests that justify this action

The role of CEQ includes serving in an advisory capacity to Federal

agencies and the President, 1ssuing guidelines for implementing Section

102 of NEPA, and identifying significant recurring substantive problems

in the 1mpact statement process.

Several comparative critiques of selected environmental 1irpact state-
ments were prepared in the initial years of the existence of NEPA. Ray (37)

reported on major areas requiring improvement after reviewing about 250
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impact statements from many agencies. The following major points

were noted:

1.

In

Agencies are not fully considering and applying the poli-
cies expressed in all applicable local, state and Federal
laws.

Both primary and secondary impacts need to be delineated.

Alternatives should be discussed in sufficient detail so as
to not foreclose choices other than the action proposed.

The cumulative effects of several time-phased segments of
a major action on future choices should be presented.

Environmental considerations should not be limited to the
framework of strict legislative mandates.

Proper attention and full consideration of all public and
private reviews, comments, statements and testimonies
have not been adequately documented in all statements.

The preparation of environmental statements has not really
been used as an effective vehicle for proper land use
planning.

1972, the Government Accounting Office (GAQ) reported on a rev.cw

of seven Federal agencies' response to NEPA requirements. (38) The apeacies

included the Corps of Engineers (Civil Functions), Forest Service, Scii

Conservation Service, Department of tlousing and Urban Development, D .u

of Reclamation, Federal Aviation Administration and Federal liighway aAduin-

istration. The GAO indicated that improvements were needed in the foiluwing

areds.

1.

2.

Environmental impact statements as integral parts of decision-
maklng processes.

Actions requiring environmental impact statements and the
ranges of impacts which should be considered.

Pablic pmtfotpation tn onvivamee ntal anccrment 1.

Methods for obtaining views ol Federal, state and local apuew teo.
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A second study by GAOQ examined the adequacy of six impact statements.

( 39 ) Three common problems assoclated with these statements were inade-
quate discussion of, and support for, the identified environmental impacts;
inadequate treatment of reviewing agencies' comments on eavironmental im-
pacts; and inadequate consideration of alternatives and their environmental
impacts. The first and last of the three problems were also noted in an
analysis of the review of 395 environmental impact statements recleved in
1972 by Region IV (Atlanta) of the Environmental Protection Agency. (40)

Ortolano and Hill (4l) reviewed 234 Corps of Engineers environmental
statements prepared through August, 1971. One suggestion was that improve-
ments could be made in the description of impacts by reducing levels of
generality, dealing with uncertainty, and identifying the recipients of
impacts. Attention was focused on educational needs with regard to basic
biological concepts. It was noted that appllicable water quality standards
should be specified for the potentilally impacted area. Finally, mention
was made of the desirability of considering the impact of alternative
preject operating policies.

Pcarson reported on a roview of 50 environmental Impact statements in
1973. (42 ) It was noted that inadequacies exists in describing the prob-~
able (or possible) impacts, especially secondary impacts. Qualitative
statements instead of quantitative presentation are often used. Alternatives
are not presented in detailed fashion. Impact statements as now prepared
represent myopic planning and fragmentation of projects. Impact statements
can be a valuable ald in decison making, but they are invariably written
after the decisions have been made. Reasons given for the inadequacies are

most statements are authored by thosejg}ﬁh no technical environmental expertise
A

-
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In a survey of 26 EPA employees responsible for preparing draft ana
final impact statements at the regional level, Hudson {43 ) reported an
average length of Federal service of 6.5 years, with 1.4 years of experi-
ence i1. impact statement work. The average grade level was GS5-11. The
average years of formal schooling per respondee was more than 17 but less
than 18 years. Fourteen of the 26 respondees had Bachelor degrees in
Civil Engineering.

The 1973 CEQ Annual Report (44) identified several more recent trends
in the environmental impact statement process. The guidelines issued by
CEQ in 1973 indicated that environmental considerations should be included
early in the planning process; economic, technical and other factors arc
to be included along with environmental factors in decision-making; program
statements are encouraged; secondary environmental impacts should receive
greater emphasis; and public participation is encouraged in the environ~
mental impact assessment process. Developments in the courts also were
noted in that early cases dealt primarily with the response of agencies to
the spirit and intent of the requirements of NEPA. These cases can be
characterized as being basically administrative in scope. More recent ilt-
igation has dealt with the technical content of statement, and the cases
are related to the substantive areas of impact assessment.

A survey of agency '"follow-up" procedures during project implemanta-
tion was conducted by Hudson during 1973. (45 ) The issue is who has the
responsibility to insure that a project is executed in accordance with
the environmental analysis and mitigation measures discussed in the environ-
mental impact statement. From a survey data base of 33 Federal agencies,

i1t was concluded that agencies do recognize that their responsibilities for

t
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protection extend beyond the mere preparation of an environmental impact
statement. However, agencies have not developed adequate policids and ‘
procedures, including explicit monitoring and evaluation, to ensure that
provisions or conditions contained in their environmental impact statements
are subsequently carried out.

There had been about 5,500 impact statements prepared through July 1, 1974.
(46) The total includes 2,100 draft statements and 3,400 final statements.
Table 2 shows the environmental statements, by project type, flled annually
to July 1, 1974. Figure 2shows the same information in graphical form.
The peak year for impact statement filing was 1971, with this representing
the first major release of impact statements following the passage of NEPA.
The current filing pattern 1s approximately 1,200 impact statements annually.

Concern is often expressed regarding the cost of impact statement pre-
paration, the time required, and the effect of the impact statement process
on agency decision-making. Although data is minimal, some recent
studies have provided information regarding cost and time for preparation.

The CEQ has estimated that the entire envirommental impact statement
process costs $65 million annually. (47) Since about 1,300 statements are
released per year, either as draft or final statements, the average cosi
per statement is $50,000. Hudson (48 } reported an average cost of $31,0C0
for 21 final statements prepared in the southeastern United States; however,
this figure does not include expenses assoclated with agency reviews of
impact stateme;ts prepared by a different agency. From August, 1971 to July,
1973, the average cost of preparation by the U.S. Navy of an environmental
impact statement was $7,300. (49 ) There was considerable variancc in pre-

paration cost, ranging from a minimum of $200 to a maximum of almost $50,000.
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TABLE 2 ENVIRONMENTAL IMPACT STATEMENTS FILED ANNUALLY, BY PROJECT TYPE, TO JULY 1, 1974

1970
ROADS 41
WATERSHED, FLOOD 50

CONTROL
ENERGY-RELATED 36
PROJECTS
AIRPORTS 15
NAVIGATION 47
PARKS, WILDLIFE 2
REFUGES
PESTICIDES, HERBICIDES 2
TIMBER MANAGEMENT 5
ALL OTHERS 117

1971

1,123

299

59

141
93

24

16

193

1972

543

127

128

119
83
84

26
26

235

1873

305

170

74

96
93

111

15
58

226

1974

150

83

53

41
66

36

12
54

152
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FIGURE 2.

Environmental Impact Statements Rled Annually, by Project Typa, to July 1, 1974
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The length of time required for preparation of an environmental impac.
statement is a function of project size and the point in the planning pro-
cess when the impact statement is prepared. Some impact statements have
been ) cepared in a matter of weeks, while others have required several
years of effort on the part of a number of individuals. Hudson (50) ve-
ported that an average of 8 man-months was required per statement prepared
by EPA regional offices. Other agencies required 18 man-months per &tate-
ment. About two-thirds of the time was spent on the draft statement, and
one-third on the final statement.

No cost-benefit analysis has ever been made for the environmental im-
pact statement process. However, there are some examples available on the
influence of NEPA. The Fourth Annual CEQ report {44) indicated that NEPA
had influenced decision-making in the Corps of Engineers since 24 projects
have been dropped due to the potential adverse impacts, 44 projects have
been temporarily or indefinitely delayed, and 197 projects have been signifi-
cantly modified. The Corps of Engineers has defined three phases in thelr
environmental impact statement work since January 1, 1970. (51 These
phases include a perlod of interpretation in 13970, a procedural phase 1inm
1971 and 1972, and an integrated planning phase since 1972. The period of
interpretation included considerable discussion on requirements, writing
of impact statemerts on back-logged projects, and development of written
procedures and requirements. During the procedural phase emphasis was
placed on adhering to the letter of the law, and voluminous impact state-
ments were prepared and many court cases evolved. The integrated plaoning
phase places emphasis on fulfilling not just the letter of the law, but

also the intent of the law. In this regard, Corps procedures are now
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evolv;pg which insure that the environmental impact statment process will

be accomplished early in the planning process for a given project.

STATE ENVIRONMENTAL POLICY ACTS

Beginning in 1970, several states adopted legislation equivalent to
NEPA at the state level. (52) The chronological order of development is
shown in Table 3. (53) As of November 1973, 16 states plus Puerto Rico
had passed state environmental policy acts or thelr equivalent. Seven
other states had attempted passage of such acts and had been unsuccessful.
At least 20 other states are considering passage of enviromnmental policity
acts. (54 ) State environmental policy acts are basically patternmed after
NEPA but are applicable to state funds for proposed actions. The require-
ments of the state acts do not replace the environmental impact statement
process as required by the National Environmental Policy Act.

The private sector is obligated to provide environmental impact state-
ments under rather broad circumstances in Califormia, Montana, and Puerto
Rico. (55 The Indiana law precludes state agencies from requiring an
environmental statecment from a licensee prior to issuance of a permlt or

license.

FUTURE TRENDS IN THE ENVIRONMENTAL IMPACT ASSESSMENT PROCESS

The environmental impact assessment process is becoming an integral
part of the planning process for Federal agencles within the United States.
The process 18 beilng accomplished at the intial stages of project planning
as opposed to an "after-the-fact™ statcment prepared in accordance with the

letter of the law of NEPA. Future trends Indicate a focus on regional



TABLE 3: CHRONOLOGICAL ORDER OF STATE ENVIRONMENTAL
POLICY ACT PASSAGE
State Date
Puerto Rico June 1970
Califormia 1970
Montana March 1971
Kew Mexico April 1971

Washington August 1971
Hawail (1) August 1971
Wisconsin 1971
North Carolina 1971

Michigan (1)

September 1371

Indiana 1972
Texas (2) March 1972
Virginia April 1972
Massachusetts July 1972

Connecticut (1)
Maryland
Minnesota

New Jersey (1)

October 1972
April 1973
May 1973

October 1973

(1) Executive Order or Directive.

(2) 1Interagency Council on Natural Resources and
Environment policy statement.
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impacts, greater public involvement, more impact statements from the

privata sector, and morc court cases dealing with the substantive issues

of environmental impact assessment. It is possible that detailed require-
ments for separate impact statements will be altered in the future in

response to degree that environmental impact assessment becomes a part of

project plannming documentation. (56)
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Environmental Impact Assessment
Methodologies
by

L. W. Canter*

The basic requirements of Parts A and B of Section 102 in the
National Environmental Policy Act are that agencies ahould use systematic
and interdisciplinary approaches, and that they should develop methods
and procedures which will insure that presently unquantified environmental
amenities and values may be given appropriate consideration in decision
making along with economic and technical comsiderations (1) Thas
discussion 1s oricnted Lo various impact assessment methodologies de-
veloped 1in response to these requirements. An impact 1is d4ny change 1n
the physical-chemical, biclogical,cultural, and/or soclo-economlc enviruen-
mental system which can be attributed to the activities of man relataive

to the alternatives for a proposed action under study (2).

1. Introduction
A. Purposes ol Environmental Assessment Methods
l. 1Insurec that all factors are considered, the environment 1s
complex system of phvsical-chemical, biological, cultural,
and soclo~economic resources.
2. Provide a means for evaluation of alternatives on the basi

5
-~
of cnviroamental aimpact

*Director, Scnool of Civil kngineering and Environmental Science, Univeisity
of Oklanoma, horman, Oklahoma.
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3 Identify where data needs exist, and use this to plan field
studies 1f necessary.

4 Minimize impact through feedback, 1 e , provide a means tor
evaluating the effectiveness of mifigation measures.

5, Provide information for public participation, should be 1n
summary form only

6. Be in compliance with NEPA.

B, Comparative Studics of Environmental Impact Assessment Methouvlogies

1. Several studies and papers have recently been accomplished on
comparisons of methodologies; these include:
(a) Dackert in 1972 (3)
(b} Drobay and Smith in 1973 (4)
(c)} Warner in 1973 (5) and

Warner and Bromley in 1974 (6)

(d) Warmer and Preston in 1973 (7)
(e) Smath 1n 1974 (8)

2, Each of the above include a delineation of selected criteria
lor methodology compatrison and grouping, in some lasbaic .,
a comparative evaluation of selected methods 1n relation o
the crateria 15 included The remainder of tais discussion
15 oriented to these faive studies

5. A& general bibliography on methods 1s available. (9).

. Dicgert in 1972 (3)
A. (lassification of Mcthods
1 Classi1lication 15 bused on division 1nto thnce aniiytical

tunctlions

[ =]



(a) 1identifaication
4 (b) prediction
(c) evaluation

2. Each function has a number of associated tasks as shown 1in
Table 1

3. Methods for identification of environmental impacts can assist
in specifying the range of impacts that may occur, including
their spatial dimensions and time frame Generally, identifica-
tion methods may answer questions concerning what the components
of the project are and what elements of the environment may be
affected by these actions.

4. Predictive methods will define the quantity or spatial dimemsion
of impact on an environmental resource (or resource system) given
various specific project actions. Predictive methods thus
facilitate making distinctions between various project altersna-
tives in terms of questions concerning "how much?'" or "where?"
an impact may occur.

5 Methods for evaluation snould assist in communicating to the
declsion maker what the deficiencies (trade-offs) are botween
possiple aiternatives or courses of action and the impacts
associated witn each alternative. Evaluation methods shoula
also provide for determining the groups {(facilitv users o
populations) that may be dairectly or indirectly affected bv
the project or action

B, ddentification Mothods

© 1 Iwo categories of wdentification methodw arc,



TABLE 1. Classification of Methodology for Eanvironmental
Impact Assessment

Identification

Predaiction

Evaluataon

Descraiption of the existing environmental system

Determination of the components of the project

Definition of the environment modified by the
project (including all components of the project)

Identification of environmental modifications
that may be signifaicant

Forecasting of the quantity and/or spataul
dimensions of change in environment iaentified

Estimacion of the probability that the impact
(environmental change) will occur - time periou

Determination of the incidence or costs and
benefits to user groups and populations affecteu
by the project

Specificarion and comparison of the traae-oifs
(costs or etfects being balanced) betwoen variois
aliLernalives




(a)
(b)

checklasts

matrices and networks

2  Checklists are the simplest impact identification methods.

(a)

(b)

(c)

Checklists that have been developed thus far have taken
three basic forms li1sts of environmental conditions and
factors (which may be the basis for an ainventory or data
collection for a project), lists of project types or
actions normally carried out by an agency or jurisdiction
that may have a significant effect on the environment
(and thus for which the agency or jurisdiction should
perform at least a preliminary assessment), and lists
of factors or questions aimed at providing definition of
the scope of the environmental interactions and inter-
relatiouships to be considered
The checklist may serve as a means of focusing the attuution
of the preparer or reviewer on those factors which d4s a
matter of agency policy should be comsidered 1in the impact

i
statement
The basic positive fcature of the checklist 1s 1ts fluxibiluty
1n including a broad array of envaronmental considerations in
a simple summary format On the other hand, this broad
definition of considerations many times 1s specific ne.ther
to the project nor project site area, and thus the tormac
does not focus the preparer or reviewer on the most 1mportant
eavironmental impacts for the project being considered ane

possible improvement for utilizing the checklist rormat wodla



be Lo develop lists of environmental conditions or
factors that arc specific tc the type of projects normally

carried out by an agency.

3 Matrices and networks

(a)

(b)

{c)

(d)

The matiix might be visualized as a two-dimensional
checklist and 1s the first step toward defining inter-
relationships systematically. These interrelationshaips,
which may not be obvious when initially assessing a
preject or the environment i1n which it is proposed,
include, cause-effect relaticnships (stream chaneli-
zation-change 1n composition of stream biota); relation-
ships between various components of the project (cut-fi1ll-
pavement surfacing or configuration), and the relationships
between various elements of the environment (vegetation -
501l1s).

An example of a two-dimensional cause-cffect matria is

the Leopold matrix developed for the U.S. Geological
Survey. (10)

Several problems are inherent 1n the use of the simple two-
dimensional matrix methods. Most amportant, synergistic
interactions within the environment may not be represcated
in the matria. The matrix does not provide a cCoave.iont
format in which to explain or assess the often reluted
secondary (or indirect) effects of n project

Network methods have been devised Lo LTy [0 OVEruume Sl

of the above problems, two examples are the Sorenwsan



stepped matrix (1l1) and the Odum energy diagrams (12).

(e) The Soreﬁsen stepped matrix solves at least a portion of
the display problem, encountered in the two-dimensional
matrix, by combining resource uses (e.g., highways), actions
generated (e g., cut fill), initial and subsequent chauges
1n envirenmental conditiens (e. g , erosion, lucredasc ol
stream suspended load), and effects (e. g., reduction in
fish habitat) into one format,.

(f) The Odum energy diagram approach proposes diagramming
flows of energy within a resocurce system and clearly defaining
the quantitative nature of the relationships within the
system (e.g., additive, integrative, multiplication, cic.).
The most interesting work done utilizing this method has
concerned defining relationships within food cnains

C. Predictive Methods
1. Prediction involves the application of science in decision-

making.

Z. Mosl guidelincs and many suggested methods for assessment do
not address this question at all, and thus we assume that pro-
fessional judgment or intuiltive reasoning will be used as
the best available method for forecasting ana prediccing
significant environmental effects The outcome of tnis
approacn in many environmental impact statements has beea
the substitution of generalities and disclaimers rfor

scientific evidence and facts that would substantiate tne



opinions of the statement preparer. (Most EIS reviews arc
characterized by this phenomenon.)
One of the real drawbacks is the lack of detailed environmental

base line data.

Few predictive mathematical models (e.g , simulation) have

beern directly applied in environmental impact assessment it
appears that both the deficiency of available data and expertisc
of impact statement preparers have contributad to this occurrence,
Quantitative unalysis of environmental effects has been limited
1n most cases to simple presentation of statistical summaries.
The most frequent use of quantitative data has been in reference
to analogous situations.

The problem of accuracy and reliability of predicted enviian-
mental response is only beginning to receive attention in 1mpact
statement preparation. Statistical analysis, confirming conti-
dence 1n the predicted value, and estimation of the probability
of 1mpact occurrence are both measures that could be attached
value of the predicted impact.

Possibly the most difficult predictive task 1n impact ansessae it
1s the forcasting of so-called cumulative or growth-i1nduc ing

cffects.

D Lvaluation Methods

1

several methods have been developed specifically for evaluat.on
of altcrnatives 1n impact assessment, they include
(1) Battelle Lnvironmental lvaluation Syscem (13)

(b) Georgia Optimum Pathway Matrax (14)



-

53

The major purpose of both of these methods 1s to produce a
single aggregate index of environmental impact for each of the
alternatives, so that they may be compared.

The generalized scaling of values associated with the above
methods assumes that the values derived by the study team

are a true representation of societal values and are not biased
either by the composition of the study group or by the mission
of the agency for which the study was prepared. It 1s hard

to believe, for example, that many socioeconomic groups

(such as low-income groups) would find the Battelle system,
which assigns over one-third of the possible poaints tq;enV1ron-
mental pollution and only 26 points (out of a total 1,000)

to housing and employment opportunities, a good representation
of their values.

An evaluation method basically involving a series of public
meetings and attendee~responses to the pros and cons of al.erna-

tives 1is being used by the Seattle Dastrict of the Corps ol

Lngineers (15).

I11. Dreoony and Smith in 1973 (4)

A,

Basic Requarements for a Methodology

1.

Comprehensive
Flexiple
Detect project-generated impacts

Objectaive

Insupc anput of required wxpertise

Utilize the stacte of the arc

bt
Do
o)



7. Ekmploy explicitly defined criteria

8., Provide for assessment of impact magnitude

9, Provide for overall assessment of total impact

10. Detect environmentally sensitive areas
B. This study Became Basis for Warner Study in 1973, Warner and Bromlov
in 1974, and Smith in 1974.
Warner in 1973 (5) and Warner and Bromley in 1974 (6)
A. Criteria for Methodelogy Evaluation

l. Three bases are used’

(a) technical ecological content (what kind of information
15 produced?)

(b) practical applicability (how 1s the information to be
generated?)

(¢) political utility (how and by whom is the information
used?)

2, r( haractertsticos of tochmoal ceelopieal content wore avriwv o
at by a review ol literature on basic tencts ot ceology sii
characteristics selected reflect the type of information aun
ecologist would require for the ecological cvaluation of o

proposed action Practical applicabirlity cnaracteristics

were developed from a review of the 'literature on Federal
expertence with NEPA and with the evaluation of water rusiud v
projects prior to NLPA Tnis research i1dentiried four ~¢  bawic
that were translatced into characterisitics {(a) to whac uwegree

are methodologles ambiguous and subject to individual 1nte. -

-10-



pretation? (b) to what degree are evaluations produced by

methodologies which are replicable? (¢) what kinds of data

are required? and (d) what resources, 1n terms of manpower,

time, and money, are required to collect the data” Political

utility characteristics were identified through the develop-
ment of a model of the decision-making process applicable to

"new start" Bureau of Reclamation water resourée projects.

This model was utilized to answer two questions pertinent to

identification of polatical utilaity characterastics (a) what

are the characteristics of information processed by thne system
now? and (b) what characteristics would new environmental
information need to possess to be utilized by the system?

Commoner (16) has suggested four basic laws of ecology that

can be used to devise criteria for impact assessment methodology

(parenthetical expressions added)

{(a) Lverything is related to cverything else. (Ghe earth 1s
a system)

{b) Lverything must go somewhere. (The earth 1s essentiudlly
a closed system, there 1s no "away' where wastes can ve
thrown)

{(c) Nature knows best. (Human tinkering witn the system should
be assumed detrimental until proven otherwise).

{(d} There 1is no such thing as a free lunch. (Every acction
has an ampact)

Three basic methods of 1mpact assessment were compared in

these studies, they are

(a) Battelle kavironmental Lvaluation System (13)

-11-



(b) Leopold Interaction Matrix (10)
(¢) Bureau of Reclamation-Water Resources Council Method (...
B. Ecological Craiteria for Impact Methodologies
¢+ Holism

(a) Does the methodology recognize the interactive charactui
of natural and man-dominated systems”?

(b} Does it require description of the impacted environment
48 an ewosystem or series of ecosystems?

Separation of cffects

~

(a) Does the methodology separate future project-induced
effects from expected non project-induced changes?

(b) Does it require explicit statement of assumptions made
in projecting the without-project future environment
from present conditions?

3. Timing and duration
Does the methodology identify the timing and duratioa o
expected impacts?

4 Scale of significance

(a) Does the methodology 1dentify the geographic extent .
location of impacts”?

(b) Does 1t interpret changes in wildlife populations 1.
terms of tne viability and distribution of the remaial. g
populavion--locally, regionally, and nationally’

Resource stocks

(W1}

Does tue methodology as.css the utilication of non-

rencwable resources 1n terms ot Cemalning SLOuKs

-12-



6.

i
3

7.

8.

9.

Indirect effects

Does the methodology identafy indirect effects such as
additional environmental stresses caused by stimulated
regional growth? The dividing line between direct and
indirect environmental impacts 1s frequently vague n
this research direct impacts are defined as direct or
first-order effects of project activities. Indarect
impacts are second or higher-order effects triggered

by direct impacts.

System functions

Does the methodology express impacts in terms of the

following functional characteérastics

(a) Cycling of nutrients and/or energy

(b) Gross and net system biological productivity

(c) System diversity--both spatial and biological

(d) System stability or resiliency

(¢) System evolution--continuing rates and direction
of change?

Quantification

{a) Does the methodology express impacts in objectively
measurable units”?

(b) Does 1t express impacts 1n commensurable units?

{c) Are the bases tor valuations and weightaings used tv
obtain the commensurability explacitly stated”

Uncertainty

Does the methodology require an assessment of the analyst's

degree of confidence 1n his 1mpact projections?
-13-
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L0 Risk

Does the methodology require identification and assessm.

of impacts with low probability but high possible losse~
1l. Monaitoring

Does the methodolegy require consideration of the adequa

of existing or proposed monitoring of critical or highls

uncertain aspects of the proposed action's effects on the

system?’

C. Application of Lecological Criteria

1. 1In using these criteria to analyze the methodologies under SL'Yy,
three cuestions were asked concerning each criterion. a. Uoua
the methodology incorporate the concept involved” b. Does it
suggest a technique for dealing with the concept? ¢  How
adequate 1s the suggested approach?

2 Conclusions from the analysis of the three methodologies are
summarized in Tables 2 through 4.

D. Practical Applicabilaty Criter:ia for Impact Methouologles

1 {hese criteria basically deal wlth how the impact 1nfoimatl.oe.
1s to be generated.

2. The specific criteria are ambiguaty, replicabilaity, data
availapility and resource requlrements {manpower, time, Mo
and technology)

3 Conclusions from the analysis of the three methoaclogies re
summarized in Table 5.

L. Politacal Utility Crateria for Impact Methodologics
1. The basic information generdated must be evaluited 1n Lerms

of 1ts apilicy to erfect a chunge 1n the Process actods O
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TABLE 2

, Summary analysis of the Battelle approach
Technique Adequacy
Concept or Use of
Recognized? Proposed? Treatment
1. Holism
a. Interaction yes yes adequate
b.- Ecosy. tem descraptions yes yes adequate
2. Separation of effecte
a. Project-non project yes yes adequate
b. Without project
assumptions yes no inadequate
3. Timng and duration yes yes adequate
4. Scale of significance
a. Geopraphic extert yes yes adequate
b. Population viability yes yes partially
adequate
S. Resource stocke no no inadequate
6. Indirect effects yes yes inadequate
7. Systems functioms
a. Cycling yes yes inadequate
b. Diversaty yes yes inadequuato
c. Productivity yes yes several
scattercd uses
d. Stability-resiliency no no inadequate
e¢. Lvolution no no inadcquatc
8. Quantifrcation
a. Meacurability yes yes adequate
b. Commensurabilitv yes yes adequive
c. Weaghting yes yes gencraily
expilcit
9. Unccrtainty no no inadequate
10. Riox no no inadeguate
l. Jdeontloring no no inadequate
~-15-



TAHLL 3

Sumaary analysis of the Leopold apjroach
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TABLE &

- Summary analysis of the WRC approach

Technique  Adequacy

Concept or Use of
Recognized? Proposed?  Treatment
1. Holism
a. Int-raction no no inadequate
b. Ecosy-tem descriptions no no inadequate
2. Separation of effects
a. P{‘O]ect-non project yes yes adequate
b. Uithout project
assumptions no no inadequate
3. Tumng and durttion yes no artificial
. period of
analysis
4, Scale of signtficance
a  Geographical e«tent yes no 1nadequate
b. Population viability yes no inadeguate
5. Pesourer stocks no ne inadequate
6. Indirect effect no no inadequate
7. System functions
a. Cycling no no inadeguate
b. Diversaity yes no inadequite
¢. Productivity no no inacequate
¢ Stabilaty-resiliency no no inaaequure
e. Evolution yes no inadequate
8. Quantification
a  Measurabilaity yes yes both quantitat ve
and qualitar.ve
b. Commensur‘ablllty no no not attem tron
c. Weighting yes yes rTCoLOMl. ) e
"pneutrol' iEno LS
8. theertawnty yos yes agequate
10. Ruex yes partially piutialy
aaequste
11, Mon.ioring no no inadeguate
-17- .
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TABLE 5

Sumnary of practical applicabilaty analysis

Characteristic WRC Leopold 2wttelle
Ambiguity high high 1o+
Replicability very low | low a1go
Data Availability high high low
lescurce Requirementa
Manpower moderate-nonspecific low-nonspecific moderate-specitic
Tive variable low moderste-high
Money variable low moderate-high
Technology variable variable specific

-18-



their behavaior.

2. The specific criteria and a summary of the evaluation of the

three methodologies in relation to them are shown in Table 6.
F. Methodologies for Impact Analysis

1 Warner in 1973 and Warner and Bromley in 1974 divided 1impact
methodologies into 5 main classes.
(a) Ad hoc procedures
(b) Overlay techniques
(c) Checklasts
(d) Matrices
{e) Networks

2. Ad hoc procedures, the crudest and oldest, involve little more
than assembling a team of specialists to identify impacts 1in
their areas of expertise with minimal guidance beyond the poiuts
of NEPA Section 102. This class of approaches represents the
approximate starting point of all Federal agencies when NEPA
became law.

3 Overlay approaches are well doveloped techniques of planniuy
and landscape architecture. They use a scries of overlaid mups
of environmental concerns or land features to discriminate be-
tween design alternatives. The overlay approach is generallv
effective 1n selecting alternatives and i1dentifying certain trpues

of 1mpacts, but 1s unable to quantify impacts or identify 1utei-
o
action effects.

4 Checklist approaches attempt to list the types of ampacts

typically associated with a particular type of project | rom

-19-
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Table ¢

Summary of Political Utilicy Characteristics Evaluation

Characteristics of Leopold Wie Battille
“"Useful" Information Approach Approach Approach

Forminpe winning coalitions
Identifics points of mutual

concern =
Facillcaces commurication i x
Id_uriffes compromise

positions x

Chanp ing, who pairticipates
Ieentifies impacted parties partially L
Commnicates to those f{mpacted
Possesses Lincliness ®

Redefinaing the salience of an issue

rincreases issuc visibilaty % partially
Clarifies key features x partially x
Economizes on analytical

resources via indicators partially partially x

Reaelining sclf-interest of
pati.cipants

Chanper perception of impacts . x
hanges ob,cctives bl
Pouuestes face valadity d

Modi{yinp che cnvelope of events
and issucs
Aedefines 1ssue images o

3y

% The WRAC approich as a “wolc may possess these characteristics thougn
tne environncutal sections do not.



4 Criteria for Impact Interpretalion

(a)

(b)

(c)

(d)

(e)

(£)

(g)

Significance

Does the method require an assessment of significance

on a local, regional and national scale?

Explicat criteria

Does the method require that the criteria and assumptions
in significance determination be stated?

Uncertainty

Does the method address uncertainty or the degree of
confidence in impact projections?

Risk

Does method focus on impacts of low probabilaity of
occurrence but high potential damage”

Alternatives comparison

Does the method provide a way of comparing alternatives?
Aggregation

Does rthe method provade a way for aggregation of information
on 1mpact measurement and anterprctaction?

Public involvement

Does the method provide a way for public input in the

interpretation of impact significance?

5. Crateria for Impact Communication

(a)

(b)

Affected partaies

Does the method link impacts to affected human groups’
Setting descraiption

Does the method require a description of the environmental
setting?

-23-
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(c)

(d)

{e)

Summary format

Does the method contained a suggested summary format?
Key issues

Does the method suggest a way of highlighting key
impacts or issues?

NEPA Compliance

Does the method focus on NEPA/CEQ requirements?

Resource Reguirements

(a)

(b)

(c)

(d)

Data requirements

Does the method use current data or are special studies
required?

Manpower requirements

Special skiils?

Time requirements

How much time is necessary to "learn" the method?

Costs

What are the costs of using the method?

Toechnologics

Are special technologies required?

Replicabilaty

{a)

(b)

Ambiguity

Is the method ambiguous?
Analyst bias

Tu wnat degree will different resulls occur depending on

)

Lthe aaalyst?
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de Flexible

Sufficient flexibilaty must be contained in the methodology,
ag projects of different size and scale result in diiferent
types of impacts.

Detect True Impact

The actual impact 1s always that change in environmental
conditions resulting from a project, as opposed to the
change that would naturally oceur — not merely to existing
conditions, Moreover, both short-term and long-term changes
must be measured.

Be Objective

The methodology must be objective, providing impersonal,
unbiased, and constant yardasticks 1mmune to outside tampering
by political and other external forces. An objective and
consistent procedure provides a firm foundation upon which
pvriodic updating, refinement, and modification can be accom-
piished, thereby incorporating the experience gained througn
practical application. To be effective as a decision-making
tocl, environmental impact assessments also must be replicablce
by different analysts and able to withstand scrutiny by various
interest groups.

Insure Input of Required Expertise

Sound, experienced, professional judgement must be assurcd bv
a methodology, especially as subjectivity remains inherwnt 1
many aspects of environmental evaluation Input of the

necessdry expertise can be achieved either through the udesign
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10.

of the methodology itself or through the rules governing
1ts use.

Utilize the State of the Art

Maximum appropriate use of the state of the art must be made,
drwing on the best available analytical techniques.

Employ Faplicatyly Defined Criteria

Evaluation criteria, especially any quantified values, employed
to assess the magnitude or importance of environmental impacts
should not be arbitrarily assigned. The methodoiogy must prov.uc
explicitly defined criteria and explicitly stated procedures
regarding the use of these criteria, with the rationale benind
such criteria documented.

Assess Actual Magnitude of Impacts

Means must be provided for an assessment based on specific levels
of impact for each envairommental concern, in the specific torne
established for describing that concern (e.g , b, pil, Cilipvsa-
ture, etc., for water quality). Assessment of magnituGe baoia
on generalities or relatives (qualitative comparisons between
alternataives) 1s inadequate.

Provide for Overall Assessment of Total Impact

A means for aggregating multiple individual 1mpacts is necossars
to provide an evaluation of overall total environmental Lmpact

finpoint Criktical Impacts

Toe methodology must provide a warning system to plngoint and

]

empnasize particularly hazardous impacts. In some cases rh

Shver 1ntensity or magnitude of impact may justafy special

28—



attention in the planning process, regardless of how narrowly

the impact might be felt.

B. Description of Study

1.

23 environmental impact assessment methodologies were

evaluated based on the above 10 criteria. A short description

of each method in the study not previously described in Appen-

dix A 1s included in Appendix B.

The 23 methodologies were divided into the following groups

{(a) Ad Hoc Commattee Appreach

1. Eckenrode (App.
2. Lamanna (App.
3. McKenny {(App-

(b) Overlays
4, McHarg (App.
5. Lacate (App

6. Baker and Greundler

7 Turner and Hausmanis

B)
B)

B)

A)

B)

(App. B)

(App. B)

(¢) Checklists - Type A(list of parameters wilhout any systemitic

procedured guldelines for using paramcter data, and witnout

any explicitly-stated criteria for determing the magnitude

of a given 1mpact).
8. Leopold (App. A)
9. Manheim (App. B)

10. Sorensen (App. A)

(d) Checklists - Type B {checklist methodolopgy ancluding,

systematic framework for the use of collected data on
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(e)

evaluation, does not offer criteria for determing impdact
magnitude or for measuring the relative importance of a
particular parameter).

11. Laittle {(App. A)

12. Adkins and Burke (App. A)

13. Washington State (App. B)

14. Hill (App. B)
15, Kiean (App. B)
i6. Oglesby, et al {App. B)
17. SE Wisconsin {(App. B)
18. Stover (App. B)

Checklists - Type C (Type B plus explicitly-stated crater:.
for determining what constitues an impact of a given
magnitude and what its relative importance 1s. Thas

final type has the advantage of not only providing a

list for aidentifying impacts, but alse a framework for
measuring the magnitude of individual impacts, and a

means for assessing overall project impact by a,pregating
individual impacts in proportion to their roiative

importance).

19 Dearinger (App. B)
20. Dec-1972 (App A)
2l. Georgia (App. A)
22, Orlob, et al (App. B)

23, Walton and Lewis (App. A)
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VII.

lable 8 sumparizes the extent to which each method meets
the ten criteria lasted before as basic requirements for an

adequate assessment procedure

Summary of Impact Methodologies

A,

Current Status (April, 1975)

1.

2.

Reported methods are shown in Table 9

33 methods are described in either Apendix A or B, 14
additional methods described in the CPL Bibliography (9)
It 1s safe to say that over 50 methods have probably been
utilized as environmental impact assessment techniques

since many are not reported as separate methods.

Some Future Needs (6)

1.

Future methodological improvements should concentrate on the
interpretation and communication of impacts.

Methodologies should provide for the assessment of impact
analysis reliability.

A systcm for allocating cnvironmental assessment resources
should be developed by CLQ.

The public should play an active rather than a passive role 1n

the evaluation of impact significance
The current environmental impact statement preparation system
should be considered an interim measure to be replaced bv a

more streamlined procedure closely tied to integrated land use

planning

=31~
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Methodology Summary Chart
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FAbLL 9 Summary of Environmental Impact Assessment Methodologies
inviionmental Dickert | Warner Warner Smith Method ? LPl
Assesement in in and in Description! Biblio-
Method 1972 1973 Preston| 1974 || (Appendix) | graphv
in
1973

Leopold X(M) X (NS) X (M) X(C-4) A X
Sorensen X{M) X(N) X(C-4)
Odum X(M)
Dee-Battelle (1972) X(NS) X(NS) X(c) X(C=C} X
Georgia X (NS) x() | x(c-c) |
Seattle X(NS)
WRC Task Force X{NS) X(C) A
Adkins X{C) X{(C-B) A |
Dee-Bettelle (1973) X(C-M) A |
Krauskopf X(0) A ; A
Little X{(C) X{C-B) A [
McHarg X(0) | x(0) A !
Moore X (M) A i
dew York A (M) A 5 X
Smith X(C) A |
Stover X(C) X{(C-B) A :t
luisa X(C) A N
Waiton . X(C) | X(C-C) A |
W5CC X(AH) A N
rakenrode X{AH) B
Lamunna X(AH) B !
McKenay X{AH) B
Lacate X(0) B .
Baker & Greundler X(0) B '
lurner and hausmanis X{0) B r
Mannelm X(C-4) B !
Washaington State X(C-B) B ;

i
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Hall

Klein

Oglesby

SE Wisconsin
Dearinger

Orlob

Fischer and Davies
Pikul

BLM
Commonwealth
Alden

CERL
BOR-Wisconsin
Research Planning
Ellis and Lewis

E I Center

hawe

b

Yeut any,

Harvard

M = macrrax
NS = not specified

0 = overlay
All = ad hox

X(C~B)
X(C-B)
X{C-B)
A(C-B)
X{C-C)
X{c-C)

[~ B =« B -~ B o < B < R -«

-

-

P e

N = necwork C-A = checklist - Type A
C = checklist C-B = checklast - Type B
C-M = checklist matrix C-C = checklist - Type C

A



Selected References

10.

"The National Environmental Policy Act of 1969", Public Law 91-190,
91st. Congress, S 1075, January 1, 1970, 5 pages

Warner, Maurice L., "Environmental Impact Analysis  An Lxamination
of Three Methodologies", Ph.D Dassertation, Department of Agricultural
Economics, University of Wisconsin, Madison, Wisconsin, 1973, p 28.

Dickert, Thomas G., 'Methods for Environmental Impact Assessment

A Comparison', in "Environmental Impact Assessment Guidelines and
Commentary', edited by Thomas G. Dickert and Katherine R. Domeny,
University Extension, University of California, Berkeley, Califormia,

1974, pp. 127-143.

Drobny, Neil L., and Smith, Martain A., "Review of Environmental Impact
Assessment Methodologies'", Internal Working Paper, Battell - Columbus,
Columbus, Ohio, 1973.

Warner, "Environmental Impact Analysis An Examination of Three
Methodologies', 248 pages

Warner, Maurice L , and Bromley, Daniel W., "Environmental Impact
Analyses A Review of Three Methodologies', Technical Report prepared
for Office of Water Resources Research, Wisconsin Water Resources Center,

Madison, Wisconsin, 1974, 69 pages

Warner, Maurice L., and Preston, Edward H , "A Review of [nvironmental

Impact Asscssment Methodologies', Report prepared by Battelle - Columbus,
Contract No 68-01-1871, U S Environmental Protection Agency, Washington,

D C , October, 1973, 26 pages

sn.ch, Martin A , "Field Test of an wnvironmental Impact Assessment
Metnodology', Report Neo. ERC~1574, knvironmental Resources Center,
Georgla Institute of Technology, Atlanta, Georgia, August, 1974,

pp  41-54

Vionl, Jr , Richard C., and Mason, Kenneth G M , "Fnvironmental iwpact
Assessment Methodologies  An Annotated Bibliography', Exchange
Bioliography 691, Council of Planuing Librarians, Monticello, Illinois,

November, 1974, 32 pages.

Leopold, Luna B , et al, "A Procedure for kvaluating Lavironmental Impact™,
Geological Survey Circular 645, U.S Geological Survey, Washington, D C ,
1971, 13 pages.

-35-

7



11,

12,

13.

14.

15.

16.

17

~

50 ensen, Jens C., 'A Framework for Identification and Control ol Ri.ouio
vapradation and Counflict in the Multiple Use of the toastal Zone™, Depad
meat of Landscape Architecture, University of Califormia, Berkeley, t.liforus |
e, 1971, 31 pages.

Udum, Howard T., Littlejohn, Charles, and Huber, Wayne C , "An fnvirou-
nental kvaluation of the Gordon River Area of Naples, Florida and the
impact of Development Plans", Department of Lnvironmental Enginecri.y,
& Lences, Unaversity of Florida, Gainesville, Florida, September, .97.

Dec, Norbert, et cal, "Environmental Evaluation System for Water Reosouice
?lanning"”, Final Report to Bureau of Reclamation of U S. Department of
interior, Battelle-Columbus, Columbus, Ohio, January 31, 1972, 188 pages

(Qdum, Eugene P , et al, "Optimum Pathway Matrix Analysis Approach to tae
Environmental Decision-Making Process', Institute of Ecology, University
of Georgia, Athens, Georgia, 1971.

Seavtle Dastract, U.S5. Army Corps of Engineers, Public Brochure, A.iternat.ves
and Their Pros and Cons, Small-Boat Harbors, Seattle Harbor, Elliot Bav,
Seattle, Washington. Second Draft, April, 1971.

Warner and Bromley, "Environmental Impact Analyses A Review of Threu
Methodologies", p. 15.

“"Guidelines for Implementing Principles and Standards for Multiobjective

Planning of Water Resources', Review Draft, Bureau of Reclamation, U 5
Department of Interior, Washiongton, D.C., December, 1972, Ch 4

I

=36~



=
.
]

APTENDIX A
SOME METHODS OF

ENVIRONMENTAL IMPACT ANALYSIS

(After Warner and Preston, "A Raview of
Environmental Impact Assessment Mathodologiea",\
Contract No. 68-01-1971, U.S. Enviroumental
Protection Agemcy, 1973.)

1, Adkins, William G. and Dock Burke Jr., Intexim Report-
Social, Economic, and Enviroamental Factors in Haighway
Decision Making, research conducted for the Texas
Highway Department in cooperation with the U.S.
Department of Transportation, Federal Highway Admin-
istration: College Station, Texas; Texas Transportation
Institute, Texas A&M University (October 1971).

‘‘he Adkins methodology 1s a checklist using a +5 to =5 rating systewm

for evaluating impacts but providing no guidelines for measuring impacts.

The approach was developed to deal specifically with the evaluation of
highway route alternatives. Because the bulk of parameters used relate
directly to highway transportation, the approach is not readily adaptable
to vtner types of projects.

The parameters used are broken down into categories of transportatien,
cavavonzeatsl, sociological, and economi? impact, Envirommental param.ters
are geneérally deficient in ecological considerations. Soclal parameters
eaphasise conmunity facilities and services.

Route alternatives are scored +5 to =5 in compatrisan to the present
pzete of the project area, not the expected future state without the project.
éince the ¢ proach uses only subjective relative estimations of icpacts, the
catuy, wanpcwer, and cost requirements are very flexible., Reliance on sub-
jectave zatings without guidelines for such ratings greatly reduces the
replicabilicy of analysis and generally limits the valid use of the approach

to a case-by-case comparison of alternmatives only,

b4
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The detailed listing of social and, to a lesser extent, economic
parapeters may be helpful for identifying and cataloging impacts ilu otner
typea ©f projects. An intercating feature of possible value to other
cralyses using relacive rating systcms is the practice of summariziag the
auxber as well as the magnitude of plus and minus ratings for each ilmpact
category/. The number of pluses and minuses way be a more reliable indicator
for alteircative comparison since it is less subject to the arbitrariness
of subjective weighting. These summarizations are additive and thus
izplicitly weizh all iumpacts equally.

2. Dec, Norbert, et al, Environmental Evaluation System
For Water Resources Planning, report to the U.S.
Bureau of Reclamation, Columbus, Ohio: Battelle
Memorial Imstitute (January 1972).

This methodology is a checklist procedure emphasizing quantica-

tive impsct assessment, It was designed for major water resource projects
but most parameters used are also appropriate for other types of projects.
Ceventy-e1ght specific eaviroamental parameters are defined within the four
categorias of ecology, environmeatal pollution, aesthetics, and human
antercst. The approach does not deal with economic or secondary iwpacts
dnd socla. impacts are only partially covered within the human intexest
category.

lopacts are measured via gpecific indicators and formulas defincd
<or each paramcter, Parameter measurements are converted to a cowmmon base
of "environwental quality units" through specifica graphs or value functions.
Iupacts cud be aggregated using a set of preasoigned weights,

The regource requirements are rather high, particularly data
scquiseneants. Thesa requirements probably restrict the use of tne approach
to Lajor project assesscents,

irte approach ecwupnasizes explicit procedures for iopsct messuveaent
wiu Lvaluacion and gshould therefore produce highly replacable results, Boch
Jaawacd .°d tewporal aspects of impacts are noted and explicitly weigated
in Jde acoessment. Public particlipation, uncertsinty, ana risk coluopue
wfe 100 ¢uule with., An iaportant ides of the approach is the haghligacaa,

el w.y 1e,5ccB via a "red flag" system,



3. Dee, Norbert, et al., Planning Methodology for Water
Quality Manapement:; Environmental Evaluation System,
Columbus, Ohio: Battelle Memorial Institute (July 1973).

This unique methodology of impact assessment defies ready classi-
ficatioca since it coataiuns elements of checklist, matrix, and petwork
approacnes. Areas of possible impacts are defined by a hierarchical system
of four categories (ecology, physical/chemical, aesthetic, social), 19
componeats and 64 parameters. An interaction matrix is presented to indicate
wiich activities asasociated with water quality treatment projects generally
iupact vhich parameters. The range of parameters used is comprehensive,
excluding only economic variables.

Impact measurement incorporatea\fwo important elements. A set
of "ranges" is specified for each parameter to express impact magnitude on
a scale from zero to one. The ranges assigued to each paraceter withia a
cozponent are then combined by means of an "environmental assessment tree"
into a summary environmental impact score for that cowponent. The signi-
ficance of impacts on each component is quantified by a set of assigned
veights. A net impact can be obtained for any alternative by multiplying
euch cozponent score by its weight factor and summing across components,

The key features of the methodology are its comprehensiveness,
its explicitness in defining procedures for impact ideatification and
ccoriag, and 1ts flexipility in allowing use of best avajilable data.

Sactions of the report explain the several uses of the methodology
.2 oo overall plaaniag effort and discuass means of public participation.

“ac dats, time, and cost requirements of the methodology when used for LLpAaCE
LGeesoucnt are woderate, though a small amount of training would be required
to famisicrise users with the techniques used.

Bacause of its explicitness, the methoaclogy possesses only minor
erbiguitics and should be highly replicable. Because the environmental
icoessment trees are developed specifically for water treatment facilities,
the methodology cannot be adapted to other types of projects without re-

coastruccing the trees though the parsmeters could be useful as a simple

caecilisc,
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One potentially significant obstacle to use of the approach i
the difriculty of esplaining the procedures to the public, Regardlesl
oi the validity of the “trees", they are unfamiliar devices developed b)
hignly specialized multivariant analysis techniques and public acceptance
of conclusions reached by their use may be low.

4, Institute of Ecology, University of Georgis, "Optimum
Pathway Matrix Analysis Approach to the Environmental
Decision Msking Process: Test case: Relative Impact
of Proposed Highway Alternatives", Athens, Georgla:
University of Georgia, Institute of Ecology (1971}
{mimeographed).

The "Georgzia'methodology incorporates a checklist of'56
cnvironmental components. Measurable indicators are specified for each
couponent. The actual values of alternative plan impacts on a cozponent
are normalized and expressed as a decimal of the largest impact (on that
one component). These normalized valucs are wulciplied by a subjectively
determined weignting factor. This factor is the sum of one times a weign:
for "initial" effects plus ten times a weight for "long-term” effects,

The wethodology is used to evaluate highway project alternatives
wnd the components listed are not suitable for other types of projects.

A waide range of impact types are analyzed including land use, social, aes-
tnctics, end econouic impacts,

The lower replicability of the analysis produced by using sub-
4eccavely acteruined welghting factors is compensated for by conducting
soveral passes at the analysis, and incorporating randomly generated errcrt
variation in both actual measurements and weights. This procedure proviges
4 basais for testing the significance of diffcrences in total iépact 6ECOre3

patwean alternatives.

\ Tne procedures for normalizing or scaling measured impacts to
Cotarn commensuraoility, and testing of cignificant differences between
clturnataves ace notable features of potential value to other lmpact
znaiy.ve snd wethodologies. These ideas may be useful whenever sevecal
Aoyt uwitecsnatives can be identified ana compared J

Tne Georgia wethodology places vather high resource deamand. on

Cud LLLT Since computerizdation is necessary to generate random errors ada

Loke tue largo number of repetitive calculations.
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5. Krauskopf, Thomas M., and Dennis C. Bunde, "Evalua-
tioa of Environmental Impact Through a Computer
Modelling Process", Environmental Impact Analysis:
Philosophy and Methods, (eds.) Robert Ditton and
Thomas Goodale, Madison, Wisconsin: University of
Wisconein Sea Grant Program (1972}, pp. 107-125.

“his methodology employs an overlay technique via computer

wmapping. Date on a large number of environmental characteristics are
collected and stored in the computer on a grid system of 1 km square cells.
Highway route alternatives can either be evaluated by the computer (by
noting the impacts on intersected cells) or new alternatives may be
generated via a program identifying the route of least impact.

The enviroumentsl characteristics used are rather comprehensive,
particularly as regards land use and physiographic characteristics. Though
the cethodology wss developed and applied to a highway setting, it is
adgptable, with relatively small changes in characteristics examined, to
othcer project types with geographically well defined and concentrated 1.a-
pocts. Becsuse the approach requires considerable amounts of data on the
project rezion, it is not practical for the analysis of programs of broad

. geographical scope. The high manpower-skill, money, and computer technology

requirezcats of the approach may also make it impractical at the present

tine for any but major projects, or in situations where a statewide, couputerized

éata bane exists (New York, Minnesota, lowa, etc).

The estimation of impact importance is done through the speciiication

of subjective weights. Because the approach is computerized, the effects
of several alternmative weighting schemes can be readily analyzed.

"he methodology is attractive on several viewpoints. It alliows

& dcooastration of which welghted characteristics are central to & particular

sleernative route: it preseants a readily understandable gcapnic representation

of impacts and alternatives, it easily handles several subjective weizhting
gyctess; tae lncremeatal costs of considering or generating additional
aitorcativos ie low; and it fite well with developing regional and scatewide

data ocak cystems,
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The mechanics of the approach-~how impacté are measured and
cozbinei——gre not readily apparent from the reference cited. Conalderabli
training beyond the information available in this reference would be
roquired to use the approach.

6. Leopold, Luna B., et al., A Procedure for Evaluating
Environmental Impact, Geological Survey Circular 645,
Washington: Government Printing Office (1971).

This is an open-cell matrix approach identifying 100 project

gctivities and 88 environmental characteristics or conditions. For each

action involved in a project, the analyst evaluates the impact on every
iopacted snvironmental characteristic in terms of impact magnitude and
sizunificance. These evaluations are subjectively deterwmined by the analyst.
Ecological and physical-chenical impacts are treated comprehensively,
gocial and indirect impacts are loss well handled, and economic and
cecoadary impacis are not addressed. .

Because the assepaments made are pubjective, resource requirenents
o{ the approach are very flexible. The approach was not daveloped 1n re-
fercace to aay specific type of project and wmay be broadly applied with
scue alterations.

GCuidelines for use of the approach are minimal and several
important ambigulties are 1ikely in the definition and separation of impacis.
Tac reliaace on subjective judgment, again without guidelines, reduces the
veplicabality of the approach.

The approach is chiefly valuable as a means of identifyingz project
icpaces and as o display format for communicating results of an anelys.ib.

7. Arthur D. Liztle, Inc., Transportation and bhnvironment
Svthesis for Action Izsact of MNational Eavironmental
Policy Act of 1969 con the Depaortment of Transportsiior,
Vol. 3, Optilons for Enviconmencal Msnagement, prepared
for Office of the Secretary, Department of Transportation
{(July 1971).

<nic 48 less a complete methodology than an overview aiscusuion

of the kinds of impaocts tnat may be expected to occur from highway projeces
waé the meosurcment techniques that cay be available to handle some orf
chacd. A quite coupreneasive list of iumpact types and the stages of p.ojece
Jevelopzent at which caca may occur dfe presented. As broad catcgofa.ws,
she fupact typea identilied ave useful for other projects as well ag xvs
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The approach suggests Lhe separatc consideration of an wmpact's

smount, effect (public response)}, and valuc., Some suggestions arc offerc!

for measuring the amount of impact within each of seven general categories.
noise, air quality, water quality, soil erosion, ecologic, economic, and
sociopolitical impacts.

Five possible approaches to the handling of impact significance
are presented. Three of these are "passive” (requiring no agency action)
such as "reliance on the emergence of controversy”. The other two involve
the use of crude subjective weighting scales. No specific suggestions are
wade for the aggregation of impacts either within or between categories.

In general, the reference cited is a useful discussion of some
of the important issues of impact analysis, particularly as they apply
to transportation projects, but does not present a complete analytical

technique,

8. Mcilarg, lan., "A Comprehensive Highway Route-
Selection Mcthod", Highway Research Record,
Number 246, 1968, pp. 1-15, or McHarg, Design
With Nature, Garden City, hew York: Natural
History Press, 1969, pp. 31-41.

The Mcliarg approach is a system employing transparencies of
environmental characteristics overlaid on a regional base map. Eleven
to sieteen eavironmental and land use characteristics are mapped. The
maps represent three levels of the characteristacs, based upon "compatibilicy
with the highway". These references do not indicate how this compatabilicy
is to be determined but available documentation is cited,

This approach 1is basically an earlier, noncomputerized version
of the ideas presented in the Krauskopf referemce. 1ts basic value 15 as
a method for screening alternative project sites or routes., Witain tais
limited use, it is applicable to a variety of project types.

Limitations of the approach include its inability to quantafy
as well as identify possible impacts and its implicit weighting of all
characteristics mapped.

Resource requirements of the McHarg approach are somewhat less
demanding, in terms of data, than those of the Krauskopf approach because
information is not directly quantified, only categorized into three levels.

High degrees of skill and training are required, however, to preparc the

map overlays.
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The approach seems most useful as a "first cut method" of
idencifying and sifting out alternative project sites, preliminary to
detailed 1npact analysis.

9, Moore, John L., et &l,, A Methodology for Evaluating
Manufacturing Environmental Impact Sratements for
Delaware's Comstal Zone, Report to the State of
Delaware, Columbus, Ohio: Battelle Memorial Institute
(June 1873).

This approach was not designed as a method for impact analysis

but its praiaciples could be adapted for such use. It employs a network
approach linking a list of manufacturinz-related activities-to potential
environmental alterations-to major environmental effects, and finally-to
human uses affected. The primary strength of the set of l1inked matrices
{5 their utility in displaying cause-condition-effect nerworks and tracing
out secondary impact chaiuns.

Such networks are useful primarily for identifying impacts aad
the issues of impact magnitude and significance are addressed only 1in
terms of high, moderate, low, oOr negligible damage. As 8 result of these
subjective evaluations the approach would have low replicability as &an
assessment technique. For such a use, guidelines would likely need to be
proposed to define the evaluation categories.

{he approach incorporates indicators especially taillered to
panufacturing facilities in 2 coastal zone though most indicators woula
also be portinent to other types of projects.

The approach would perhaps be valuable as a visual summary of
an impact analysis for communication to the public and decision makers.,

10. Central New York Regional Planning and Development
Board, Environmental Resources Management, preparved
for Deparcment of HUD {October 1972) {available
through che National Technical Information Service
PB 217-517).

This metnodology employs a matrix approach to assess 1n siwple

terms the major and minor, direct snd i1ndirect impacts of certslm water
reloted construction activities. It is designed primacily to measure only
tl.e paysical impacts of water resource projects 1n a watersnad, and 1is
bascd on an identification of the specific, swmall-scale component accivities

thut are included in any project. Restricted to prysicsl impacts on hLine
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different types of watershed sreas (e.g., watlands) and fourteen types
of activities (e.g., tree removal), the procedure indicates four possible
levels of impact-receptor interactions (major direct through minor indirect).
Low to moderate resources in terms of time, money, or personnel are required
for the methodology, due principally to its simple way of quantification
(major versus minor impact). However, the procedure is severely limited in
its ability to compare different projects or the magnitude of different
impacts. There is no spatial or temporal differentiation, hence the full
range of impacts cannot be assessed. Impact uncertainty and high damage-
low probability impacts are also not considered. Only two levels of the
magnitude of an impact are identified while the importance of the impacts
are not assessed, resulting in moderate replicability. The lack of objec-
tive evaluation criteria may produce ambiguous results. NEPA requirements
for impact assessments are not directly met by this procedure.

The value of this methodology 1s less in the actual assessment
of the quantitative impacts of a potential project than in a "capability
rating system" which determines recommended development policies based on
existing land characteristics. Thus, guidelines on desirable and undesirable
activities with respect to the nine types of watershed areas are used to
mzp a4 region in terms of the optimum land use plan. The actual wapping
procedure is not described, however, and hence that aspect of the impact
agsessment methodology cannot be evaluated here.

11. Saith, William L., "Quantifying the Eavironuwental
Impact of Transportation Systems', Van Doren-
Hazard-Stallings-Schnacke, Topeka, Kansas (undated)

(mimeographed).

The Swmith approach, as developed for highway route selection,
is a checklist system based on the concepts of probability and supply-
demand. The approach attempts to identify the alternative with least
social cost to environmental resources and maximum social benefit to
system resources. Environmental resources elements are listed as°
agriculture, wildlife conservation, interference, noise, physical fenitures,
and replacement. System resources elements are listed as. aesthetics,
coet, mode Interface, and travel desires. FPor each element, categories
z2re defined and used to classify zones of the project area., Numericual

probabilicies of supply and of demand are then assigned to each zone .Jor

cach elecent. These are multiplied to produce a 'probability of least 14

9

H

-



social ¢ t" (or maximum secial benefit). These least social cost
probab’” ties are then multiplied across the elements to produce a
total fr rthe route altcrnative under examination.

The approach is tailored and perhaps limited to project
situatic~s requiring comparison of siting alternatives. The range
of enviruumental factors examined 1s very limited, but presumably
could be expanded to cover more adequately ecological, pollution, and
social considerations.

Since procedures for determining supply and demand probahilitices
are not .Jescribed, it is difficult to anticipate the amounts of data, man-
pover and money required to use the approach. The praimary limicatious of
this merhodology are difficulties inherent in assigning probabilities,
particularly demand probabilities, and the implicitly equal welghtings
assigoned to each element analyzed when multiplying to yield an aggregate
score for an alternative. (o

12. Sorensen, Jens, A Framework for Identification and
Control of Resource Degradation and Conflict 1n
the Mulctiple Use of the Coastal Zone, Berheley:
University of California, Department of Landscape
Agriculture (1971), and Sorensen and James E. Pepper,
Procedures for Regional Clearinghouse Review of

Eavironmental Impact Statements —— FPhase Two, report
to the Association of Bay Area Governments {Apral
1973).

These two publications present a network approach usoble for
enviroanental impact analysis. The approach 1s not a full methodology but
rataer a guide to the identification of impacts. Several potential uses
of the California coastal zone are examined through networks relating
uses~to ceusal factors (project activities)-to first order condition
chunges- to second and thicd order condition chaages, and finally-to
efrects. The major strength of the approach is its ability to identiry
the patnways by wnich both primary and secondary enviconmental impacts
Lrce proaucaed.

The second refecence also 1ndicates types of data relevant to
each effccc identified, though no specific measurable indicators are
suggcstes. In this reference some gencral criteria for identifying pro_=cts
of zeglonul significance are suggested, based on project size and typas O«

inpacts generated, particulacly land use iwmpacts.
1Q



Because the preparation of the required detailed networks is
a major undertaking, the approach 1s presently limited to some commercial,
residential, and transportation uses of the California coastal zone for
which networks have been prepared. An agency wishing to use the approach
in other circumstances might develop the appropriate networks for reference

in subsequent environmental 1mpact assessments.

13. Stover, Lloyd V., Eanvironmental Impact Assessment:
A Procedure, Miami, Florida: Sanders and Thomas,

Inc, (1972).
This methodology is a checklist procedure for a general

quantitative evaluation of environmental impacts from development activities,
The type and range of these activities is not specified, but is believed
to be comprehensive. Fifty different impact parameters are suificient to
include most possible effects, and thereby allow much flexibility. Sub-
parameters indicate specifié impacts, but there is no indication of how
the individual measures are aggregated into a single parameter value. While
spatial differences in impacts are not indicated, both initial and future
impacts are included and explicitly compared. Resource requirements are
moderate to heavy, especially in terms of an interdisciplinary personnel
tean whica grows as more subparameters are included, requiring additional
expertise in specific areas. However, the actual measurements are not
based on specific crateria and are oanly partially quantitative, with seven
possible values ranging from an extremely beneficial impact to an extrumely
detrimental one. Therefore, there is potential for ambiguous and subjective
results, with only moderate replicability. Impact areas are implacitly
assumed to be of equal importance. A specific methodology is mentioned
for choosing the optimum alternative in terms of benefits and adverse
efiects. The procedure for alternatives comparison may be the most
interesting aspect of the procedure, with regsults given in terms of the
proportional significance of an impact vis-a-vis other potential alterna-
tives. There is no e«plicit mention of either public involvement in the
process, or environmental risks.

The ilmpact assessment procedure 1s presented as oanly one step
in a tot:sl evaluation scheme which includes concepts of dynamic ecologicail

ctability and other ideas. An actual description of the entire process

\-l

is not included, nowever. P
11



14. Multiagency Task Porce, "Guidelines for Lmplcmenting
Principles and Standards for Multiobjective Planning:
of Water Resources", Review Draft, Washington: U.S.
Bureau of Reclsmation (1972).

The Task Force approach is an attempt to coordindate features
of the vater Resources Council's Proposed Principles and Standards for
Plannirz Water and Related Land Resources with requirements of NEPA. It
develop~ a checklist of environmental components and categories organized
in the ssme manner as the WEC Guidelines. The categories of potential
impace¢s 2vzamined deal comprehensively with biological, physical, cultural,
and hirro.ical resources, and poellution factors but do not treat social or
econormi¢ 'mpacts, Impacts are measured in quantitative terms where possible
and alse rated subjectively on "quality" and "human influence". 1In
addition, uniqueness and irreversibility considerations are included vhere
appropriate. Several suggestions for summary tables and bar graphs are
offered as communications aids.

The approach is general enough to have wide dpplicapility to
various types of projects, though its impact categories are perhaps
better tailored to rural than urban environments. WNo specific data or
other resources are required to conduct an analysis, though an interdisci-
plinary project team is specified to assign the subjective weightings
Since quulity, human influence, uniqueness, and irreversibilities are all
subjectively rated using general considerations only, results produced
by the arproach may be nighly variable. Significant ambiguities include
a generally inadequate explanation of how human influence impacts are to
be rated and interpreted

ey ideas incorporated in the approach include explicit ideantif.-
cation of the without-project environment as distinct from present coaditions,
and use of uniqueness rating system for evaluating quality and human
influence (worst known, average, best known, etc). The methodology 15
unique awong those examined in not labeling iwpacts as environmental
beneafits or costs but only as impacts to be valued by others., The &approach

also arpues agalnst the aggregation of impacts.

12



15. Tulsa District, U.S. Army Corps of Engineers,
Matrix Analysis of Alternatives for Water Resource
Development, draft technical paper (July 31, 1972).

Despite the title, this methodology can be considered a checklist

uncer the definitions used here since, though a display matrix is used to
summarize and compare the impacts of project alternatives, impacts are

not linked to specific project actions. The approach was developed to

deal specifically with reservoir comnstruction projects but could be readily
adapted to other project types.

Potential impacts are identified within three broad objectives:
environmental quality, human life quality, and economics. For each impact
type identified, a series of factors are described, indicating possible
measurable indicators. Impact magnitude is not measured in physical units
but by a relative impact system. This system assigns the future state of
an environmwental characteristic without the project a score of zero; then
assigns the project alternative possessing the greatest impact on that
characteristic a score of +5 (for positive impact), or -5 (for negative
1mpact). All other alternatives are assigned scores between 0 and 5 by
comparison. The raw scores thus obtained are multiplied by weights
determined subjectively by the impact analysis team.

Like the Georgia approach, the Tulsa methodology tests for the
significance of differences between alternatives by introducing error
factors and conducting repeated runs. The statiscical manipulations
are different from those used in the Georgira approach, however, and con-
sidered by the Corps' writers to be more valid.

Resource requirements of the Tulsa methodology are varisble.
Since specific types or levels of data are not required, data needs are
quite flexible. The consideration of error, however, requires specific
skills and computer facilities.

The major limitations of the approach, aside frow the required
computerization, are the lack of clear guidelines on exactly how to
measure impacts and the lack of guidance on how the future no-project
state is to be defined and described in the analysis. Without careful
description of the assumptions made, replicabilicy of analyses made using

the approach may be low since only relative measures are used. Since all
13



measurwuents are relative, it may also be difficult in some cases to deal
with i -~ _s that are not clearly definable as gains or losses,.

The key ideas of wider iatarest incorporated in the Tulsa
approac :nclude reliance on relative rather than absolute impact
measurc °t, statistical tests of significance wilh error imntroduction,
and spec.) lc use of the no-project condition, as a base line for impact
evalual.a,

16. Walton, L. Ellis, Jr., and James E. Lewis, A Manual’
for Conductang Environmental Impact Studies, Virginia
Highway Research Council (January 19/1) (available
through the National Technical Information Service
PB-210 222). . -

The Walton methodology is a checklist, unique in its almost -

total reliance on social impact categories and strong public participation.
The approach was developed for the avaluation of highway alternatives and
identifies different impact analysis procedures for the conceptual,”-
corridar, and design states of highway planning. All impacts are measutrea
by eitner their dollar value or a weighted function of the number of persons
affected. (The weights used are to be determined subjectively by the study
team.) The basis for most measurements is a personal interview with a
represcatative of each facility or service impacted :

Resource requitrements for such a technique are highly sensitive
to project scale. The extensive interviewing required may wmake the approach
impractical for many medium-size or large projects because agencies pre-
paring .opact statements seldom have the necegsary wmsapower or the money
to contract for such extensive interviewing. . -

Analyses produced by the approach may have very poor replicabilicy
due .o the lack of specific data used and the eriticality of the decision
regardin; boundaries of the analysis since wmany impacts are measured in
aumbers ol people affected The.e 13 &also no means of-systcmaiically
taking into account the extent to which these people are affected.

The key ideas of broader interest put forth by the aporoacn
ace the use of only social impacts without direct consideration of otner
sLpacts (pollution, ecology, etc), the heavy dependence on public in-
voiveneit and specific suggestions on how the public may be iavolved,
eae «ne tecognition of the need for different analyses of different sceges

of project development. 14



17. Western Systems Coordinating Council, Environmental
Committee, Environmental Guidelines (1971). (Mr.
Robert Coe, Southern California Electric Company,
Enviromnmental Committee Chairman.)

The Environmental Guidelines are intended primarily as a plunning
tool for siting power generation and transmission facilities However,
they address many of the concerns of environmental impact analysis and
have been used in the preparation of Ilmpact statements. Viewed as an
izpact assessment methodology, the approach is an ad hoc procedure,
suggesting general areas and types of impacts but not listing specific
pacameters to examine,

The approach considers a range of pollution, ecological,
economic (business economics), and social impacts but does not address
secondary impacts such as induced growth, or energy use patterns, The
format of the approach 1s an outline of considerations important to the
selection of sites for each of several types of facilities —- e.g.,
theimal generating plants, transmission lines, hydroelectric and pumped
storage, and substations. An additional section offers suggestions for
a public information program.

Since the approach does not suggest specific means of measusing
or evaluating impacts no particular types of data or resources are required.
The application of this approach is limited to the sitang of electric

power facilities with little carry over to other types of projects.

147
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Appendix B

(Bibliography of Impact Methcdologies
from Smith and Not Included in Appendix A}

Ad Hoc Committee Approach

.

N

Eckenrode, R T. "Weightang Multiple Criteria.” Management Science

Vol. 12, No. 3. 1965.

This methodology is not directed toward environmental impact per e,
but ¢ the handling of multiple criteria in gencral. A team of s1n to
Lwe. l.¢ experts rate the amportance of criteria using several different
ranking and rating techniques on a subjective basis The outcomes are
compared for agreement or disagreement. This basic approach has been

cmployed in developang weighting scores for various impact methodologies

]

Lawmanna, R. A. "Value Consensus Among Urban Residents''  Journal of the

American Institute of Planners. Vol 30, No 4. 1964.

Prioraty areas of concern are identified by means of responses to 4
sample survey. Persons interviewed are presented with a list of poten-
t1al concerns and are asked to weight elements according to imporrance
on 4 3 to 1 scale, 3 belng most important This method does not insure
a sound basis for indicated prefecrences, and would only determine prob-
able areas of lesser or greater 1impacts, not extent of 1impact 1tself
McKenny, C E.B , et al. "Interstate-79%, Fvaluation of Corridors FPro-
posed for South Florida." University of Miami Center for Urban Studies
for I'lorida Department of Transportation. 1971.

An ad-hoc interdisciplinary panel of experts 1s convened Lo coisuder

the qualitative advantages and disadvanLapes ol proposcd rouce ook

Mon



~
a recommendation based on a consensus judgment. Subunits of the panel

prepare written reports of probable impacts 1in their area of expertise
These reports are then discussed in a serles of deliberative sessions
and agreement on a recommendation 1s reached.

This method has been widely employed. It 1s doubtful, however,
whether extensive expertise could be brought to bear on all projects 1n
a consistent manner, and whether sufficient time would be available for
the painstaking preparation of reports and deliberations on a casé‘by
case basis.

Lacate, D. 5. "The Role of Resource Inventories and Landscape Ecology
1n the Highway Route Selection Process." Department of Conservation,
Cornell University. 1970.

Highway route alternatlves are compared and the optimum route se-
lected based on a subjective analysis of 'resource inventories." A
resource inventory is simply the process of collecting data on a partic-
ular factor of social, economic, or environmental concern. The ainforma-
tion produced by the resource inventories 1S aggregated 1n a series of
overlay maps, thus, the method 18 actually the same as the McHarg method
Unlike McHarg, however, specific features and details are not transformed
into three color shades for evaluation at a generalized, macro-scale
level. This technique, therefore, while avoiding the possible misinter-
pretation and unintentional mneglect resulting from simplification, lacks
ease and clarity in employment.

Only four overlay maps are prepared in the case study presented
The first displays the various land uses, the second, type and intensity

of farming; the thard, soils, and the last, localized historic, cultural,



]
LR}

.nd o vironmental valuer. A large serles of overlays would easily re-
| .

1 .L 1n some features being buried 1n detail. The advantages, 1n fact,

of 115 method over a general collection and analysis of available

infurmation 1s difficult to determine.

Bakt., R.W., and Gruendler, J. D. "A Case Study of the Milwaukee-Green

Bay Interstate Corridor Location." Paper presented at Highway Research

Board Summer Meeting. 1972,

This method, developed at the Environmental Awareness Center of the
Universaty of Wisconsin's Depathent of Landscape Architecture, 1s a
computer application of McHarg's overlay method. Consldered 1s a broad
range of factors including environmental, enginecring, economic, and
social aspects. Ten increments of shading are used to descraibe the
total range of vaolues varying from dark (more suitable) to light (least
suitable) for each environmental parameter. The parameters are welgnted
according to relative importance {(the weighting method 1s not described)

This rechnique, like McHarg's, does not predict actual ampact, but
only areas of greater or lesser impact. It does delineate those locations
for which more detailed studies might be conducted.

Turncr, A K., and Hausmanis, I. "Computer-Alded Transportation Corridol
Sclection in the Guelph-Dundas Area, Ontario, Canada " Paper presented
at Highway Research Board Summer Meeting. 1972,

This 1s another application of the computer overlay method. The vari-
ous paremeters considered are welghted on a scale ranging from 1 to :0C
Manheim, M. L., et. al. "Community Values in Highway Locatlon and Design

A VProcedural Guide". Urban Systems Laboratory, MIT, for nighway Resear.h

Board September, 1971,

Bt
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Coordination between an anterdiciplinary "location study team” and
community groups s used in identifying ampacts, the interests affected
by the impacts, and appropriate spokesren for those interests. An im-
pact matrix is devised for each affected interest to describe desciptive-
ly each alternative and the corresponding impacts. The information
contained in the matrix may be qualitative, pictorial, or numeric. It

15 the responsibility of the location team to use this information 1n

assisting a "politically responsible official" to make a decision on the
proper course of action.

Although more documentation and more detail might be required, and
a more comprehensive and expert input be attained, this technique resem-
bles the method developed by Leopold in both 1its application and its
shortcomings.

Highway Research Section, Engineering Research Division, Washington
State University. "A Study of the Social, Economic and Envirommental
Impact of Highway Transportation Facilities on Urban Communities." For
Washington State Department of Highways. 1968.

Threce forms are to be completed for each alternative route for
evaluation: one based on appearance consideration, one on socirological
considerations, and one on economic considerations. Varlous parameters
describing each of these three subject areas are listed on the respective
form.

In evaluating a particular route on appearance, for example, a number
between 1 and 10 is assigned to each appearance parameter to describe
the route's "desirability" for "t parameter. The rating is to be done

subjeetively by the "administratec and his stsif.” “Sc rating numbor is

t



then multiplied by a weighting factor which has been established by ad-
ministrators and interested citizens prior to the route rating process,
the weights are to reflect the objectives the road 1s intended to serve.
This process is repeated for each parameter three times, as the life of
the project has been divided into periods of from 0-3 years, 6-25 years,
and 26~50 years--the weights and desirabaility rating may change with
time. The combined 50 year weighted ratings for each appearance factor
are aggregated to indicate the overall appearance rating. If a route
has similar conditions throughout its entire length, 1t can be rated

as one.section. If not, the overall-rating for a portion is multaplied
by the ratio of its length to that of the.entire route. (This process,
unfortunately, would make the importance of a particular portion depen-
dent upon its length. Also, no criteria are presented to determine when
similar conditions are or are not present.)

Finally, the total weighted rating values on the appearance, socio-
logical, and economic forms completed for each route are listed waith
construction cost and other monetary considerations on a "Route Compari-
son Form." This method is very subjective, and as is stated, its value
"depends on the skill and ability of the user." Quantification in this
technique appears to be primarily for the purpose of making the decision
process systematic.

Hill, M. "A Method for Evaluating Alternative Plans: The Goals-Achievement

Matrix Applied to Transportation Plaqg." Doctoral dissertation, University

of Pennsylvania. 1966. -

+

i
A matrix 1is prepared. Across one axis are specific environmental

goals (decrease in air pollution, etc.); the other axis contains various

j; -
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10.

land use categories (residential districts, open space, etc.), subdividcd

into specific area, bulldings, and so forth, which are affected. At each

specific subdivision-goal intersection, a "+," "-," or "=" 1s used to

indicate for each alternative route whether there 1s an increase in goal
attainment, a decrease in goal attainment, or no change. A comparison
between the alternatives themselves is then made at each land category-
goal intersection, using the results of the more specific intersections
as a basis for judgment. In other words, each alternative is first com-
pared against the attainment of a goal for a group of specific locations,
then compared against another alternative for the broader land use cate-
gory, with the basis of the latter comparison based on how each alterna-
tive fares in the first comparison (in terms of the number of plus's,

minus's, and equal signs). By examining the matrix horizontally, a com-
parison can be made between alternative routes in terms of one specific
location for all the goals. By examining the matrax vertically, a com-
parison can be made in terms of one goal and all the land use categories.
Many subjective decisions are required with this method, both in de-
termining goal achievement for an alternative, and in determaning the
relative importance of each land use category and each goal. Further

it is more sulted to assessing the degree to which project objectives/

goals are met than to assessing environmental consequences of meeting

these goals/objectives.

Klein, G. E, "Evaluation of New Transportation Systems.' Defining Trans-

portation Requirements — Papers and Discussions. American Saciety of

Mechanical Engineers. 1969.



1l.

Ihis technique was designed to evaluate systems in terms of cconomic
and social factors; the method could possibly be applied to environmental
factors. A utility index similar to the "yalue functions" devised by the
B.rtelle method is employed. Instead of one fuction defining the quality
state, two functions representing the upper and lower 1imits are prescnted
The evaluator is allowed to make a decision somewhere between Lhe two
extremes. Specific criteria used in establishing the functions are placed
on the horizontal axis, with the point chosen by the evaluator correspond-
ing on the verticlie axis to a 0-10 utility scale. Zero on the utility
scale represents the best situation, ten the worst, and the utility index
for each factor is translated directly into dollar figures. Thas dubious
procedure is intended to put actual dollar signs on intangible values,
with the total evaluation based on relative costs and benefits among
alternatives.

Oglesby, C. H., Biship, G., and Willeke, G. "Socio-Economic and Community
Factors in Planning Urban Freeways." Stanford University research pro-
ject for California Transportation Agency. October, 1969.

lor thosc nonmonctary aspects of a highway project 4 "profile’ of
alternatives is prepared and a list of environmental factors developed.
The route with the most beneficial (or detrimental) effect for a parti-
cular factor 1s set at 100 percent (or -100 percent) for that particular
factor The effects of the alternative routes are then expressed as a
percentage of the effects of the best (or worst) for that factor. The
results for all factors considered are shown diragramatically on a scale
from ~100 (worst) to +100 (best). Any alternative routes that are olearlh

cominated are eliminated. Paired comparisons are made for rhe remaininy

] i pred
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12.

alteinatives Subjective decisions are required, as each facetor 1s cen-
sidered separately (there i1s no categorization or grouping) and there

is no ranking of factors. The concept expressed 1s that an irreducible
level exists at which subjective trade-offs must be made and that a
systematic, organized process of data presentation 1s most appropriate.
Southeastern Wisconsin Regional Planning Commission. 'Land Use Trans-
portation Study - Forecast and Alternative Plans. 199G." Vol. 2

Plan Report No. 7. June, 1966.

Various environmental objectives are stated. These are ranked in
order of 1mportance for each situation, then weighted values are assigned
on a direct reverse listing of the numerical importance rank. Each of
the alternative projects or routes 1s then rated against the environmental
objectives—-no particular rating value system 13 specified. The two num-—
bers for rating and rankingare multiplied together for each objective,
and the resulting values for all the objectives are added for each alter-
native. These final values represent the evaluation of specific alcerna-
tives against their achlevement of the objectives and can be used for
comparison against each other.

in this mcthod, the assignment of weights 1s arbitrarvy rather thumn
objective, Subjective judgments are required in ranking and 1n the
rating of alternatives against the objectives. Some measure of the
relative value of alternative plans is achieved, but impact 1tself 1s
not determined.

Checklists - Type C

Dearinger, J. A. "Esthetic and Recrecatiomal Potential of Small Naturalistic

Streams Near Urban Areas.' Water Resources Instiriie, Luiversity of Kentucky

April, 1968.
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This technique was designed for evalua}ing esthetic and recreational
aspects of small streams. Environmental f&itors, such as water quality,
wildlife, and scenic views, were weighted on\a scale from 1 to 5 depcnd-
ing on their importance for types of potential recreational uses. hiking
trails, canoeing areas, etc. In evaluating a location, a rating number
is established for each particular environmental factor in each use cate=
gory. This number is between 1 and 10 and is determined through a set
value function {e.g., BOD and.turbidity for water qualaity). The welghing
and rating numbers are multipled for each factor and the results from all
the factors added for each type of use. This final number 1s made a
percentage of the number that would apply to the suitability of cthe lo-
cation for a use 1f all conditions were optimum (all rating numbers edual\
to 10).

Oorlob, G.T., et. al. "Wild Rivers: Methods for Evaluation.” Water Re-
sources Engineers, Inc. for the U.S. Department of the Interior. October,

]

1970.

Nonmonetary and intangible values are expressed in dollars, on the
premises that such values are at least equal to the economic dovelopment
beael1ts that are foregone in favor of preservation, and that nonmonictuly
beneiits equal between 0.25 and 2.0 times monetary benefits. Environmental
vaiues can then be subjected to the benefit-cost analysis. The assumpllOns
mace 1n this method are arbitraty, and no provision 1s made for analyzing
the nonmonetary environmental impacts of development. The evaluations re-

quired are very lengthy mathematical computations.

:‘" .
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Interaction Matrices and Networks
for Impact Assessment

by

L W Canter*

Various methodologies for environmental impact analysis have been devel-

oped since the passage of the National Environmental Policy Act. There 15 no

universal methodology due to the diversity of projects and predicted 1mpacts

encountered 1in agency-proposed actions This discussion 1s a presentation of

principles and examples of two categories of methodologies, namely, 1nteraction

matrices (or simply, matrices) and networks

I. Definitions (1)

A,

B

Matrices These methodologies incorporate a list of project activities

in addition to a checklist of potentially impacted environmental char-
acteristics. These two lists are related in a matrix which idencifies
and 1impacts Matrix methodologies may specify which actions impact
which environmental characteristics or may simply list the range of

possible actions and characteristics in an open matrix to be completed

by the analyst

Networks These methodologies work from a list of project activities

to establish cause-conditilon-effect networks. They are an attempt to

recognize that a series of 1mpacts may be triggered by a project action.

*

Director, School of Civil Fngineering and Environmental Science, University of

Oklahoma, Norman, Oklahoma

1
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1
2
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These approaches generally define a set of possible networks and allow

the user to identify impacts by selecting and tracing out the appro-

.riate project actions.

II. Leopold Interaction Matrix (2)

A.

Principle of the Method

Basic principle is the use of a matrix with 100 different specified

acriohns and 88 environmental items. An impact is identified at the

I

interaction between an action and an environmental item. See Figure 1.

List of actions and items in Table 1.

Interatctions
1. Described in terms of magnitude and importance.
2. Magnitude
a) related to extensiveness or scale
b) objective evaluation based on facts .
c) scale from 1 to 10; 10 represents greatest magnitude; 1
represents lowest.
3. TImportame o

a) related to significance
b) subjective evaluation based on the judgment of inmterdiscipli-
nary team )

c) scale form 1 to 103 10 represents most important, 1 the least

important

Evaluation of the Leopold Interaction Matrix

1.

2.

Can be expanded in either direction .
%

Can be used as:



Environmental Items

Actions Causing Impact

FIGURE 1

Lecpold Interaction Matrix

iov



TABLE 1  Actions and Items in Leopold Interaction Matrax
Actions Environmental Items
Category No. Descraption Category No. Description
AI AI
Modification a. Exotic Fauna Physical
of Regime Introduction and
b. Biological Chemical
Controls Character~
istics
c. Modification of
Habitat }: Earth a, Mineral Resources
d. Alteration of ‘ b. Construction
Material
Ground Cover e
e. ‘Alteration of c. Soils
Ground Water d. Land Form
Hydrology e. Force Fields and
f. Alteration of Background
Drainage Radiation
g. River Control f. Unique Physical
and Flow Features
Modification
h. Canalization 2. Water a. Surface
1. Irrigation b. Ocean
je wodEnur ¢. Underground
Mod It 1cat won d. OQuality
k. Burning e. ‘lecmperature
1. Surface or . Recharge
Paving g. “Snow, ice, and
m. Noise and perma frost
Vabration 3. Atmos- a. Quality (gases,
B. phere particulates)
Land Trans=- a. Urbanization
£ b. Climate (micro,
ormation
and b. Industraial Sitej mACYo)
Construction and Buildings ¢. Temperature
- Alrports 4, Processes a. Floods
. Highways and
Bridges . Erosaion
c. Deposation
¢. Roads and Trails (Sedimentation,
. . Railroads precipitation)




|
b
!

Actions/ Environmental Items
Category No. Description Category No. Description
g. Cables and Lifts d. Solution
h. Tiansmission e. Sorption (1on
Lines, Pipelines exchange, complex-
and Corradors ing)
1. Barriers in- f. Compaction and
¢luding Fencing Settlaing
J- Channel Dredg- g. Stability (Slades,
ing and Slumps)
Straightening h. Stress Strain
k. Channel Revert- (Earthquakes)
ments 1. Air Movements
1. Canals
B
m. Dams and Im- Biological
poundments Conditions
n. Piers, Drawalls, 1. Flora a. Trees
Marinas, and
Sea Terminals b. Shrubs
o. Offshore ¢. Grass
Structures d. Crops
P. Recreational e. Macroflora
Structures f. Aquatic Plants
q. Blasting and
Drilling g. Endangered Species
r. Cuct and Fill h. Barriers
8. Tunnels and 1. Corridors
Underground 2. Fauna a. Birds
Structures . Land Animals Including
c. Reptiles
Resource a. Blasting and c. Fish and Shellfish
Extraction Drilling
b. Surface Excava- - Benthic Organisms
tion e. Insects
c. Subsurface . Microfauna
Excavation and
. E
Retorting g ndangered Species
d. Well Dredging h. Barriers
and Fluid 1 Corridors
Removal
~5—



Actions Environmental Items
Category No. CLCescription Category No. Descraption
e. Dredging c.
£. Clear Cuttaing and gultural
Other Lumbering actors
1. Land Use a. Wilderness and
g. Commercial Fash- Open Spaces
ing and Hunting P P
D b. Wetlands
Procaessing a. TFarming c. Forestry
b. Ranching and d. Grazing
Grazing e. Agriculture
c. Feed Lots f. Residential
d. Dairying g. Commercial
e. Energy Generation - h. Industry
f. Mineral Processing 1. Mining and Quarrying
g. Metallurgical 2, Recrea~ a. Hunting
Industry
tion b. Fashing
h. Chemical Industry
i. Textile Industry c. Boating
j« Automobile and d. Swimming
Alrcraft e. Camping and Hiking
k. 0il Refining f. Picnicking
1. Food g. Rasorts
m. Lumbering 3. Aesthetic a. Scenic Views and
and Human Vistas
n. Pulp and Paper
Interest b Wilderness Qualities
0. Product Storage i
£ . Open Space Qualities
Land a. Erosion Conmtrol d. Landscape Design
Alteration and Terracing e. Unique Physical
b. Mine Sealing and Features
Waste Control f. Parks and Reserves
¢. Straip Mining Re- Monument
habilitation & ‘©OnUments
h  Rare and Unique Species
d. Landscaping or Ecos /Stems
e. Harbor Dredging 1. Historical or
f. ™Marsh Fill and Archaeological Sites
Drainage and Objects
! -6- 1. Presence of Misfits



Actions Environmental Items ~
Category No. Description Category No. Descraption
F. 4, Cultural a. Cultural Patterus
Resource . Reforestation Status (Life Style)
Renewal . Wildlife Stocking ~ b Health and Safety
and Management c. Employment
c. Ground Water
Recharge d. Population Density
d. Fertilization 3 ?a:;Tiiie a. Structures
Application aid 5 b. Transportation Network
e. Waste Recycling Activities (Movement, Access)
C c. Utility Networks
Changes 1n a. Railway d. Waste Disposal
Traffic b. Automobile e. Barriers '
c¢. Trucking f. Corridors
d. Shaipping D.
e. Aircraft Ecological a. Salinization of
: irera Relationships Water Resources
f. River and Canal Such As. b. Eutrophication
fraffic . Disease-Insect Vectors
g. Pleasure Boating . Food Chains
h. Trails e. Salainization of
1. Cables and Lifts Surficial Material
J. Communication f. Brush Encroachment
k. Pipeline g. Other
i oth
Waste Re-~ a. Ocean Dumping ers
placement b. Landf1ll
and
Treatment c. Emplacement of
Tailings, Spoils,
and Overburden
d. Underground
Storage "
e. Junk Disposal
f. 01l Well Flooding
g. Deep well
emplacement




!

Actions

Envirommental Items

Category

No.

Description

Category

No.

Descraiption

Il
Chemical
Treatment

J.

-~ Accidents

OLhwurs

k.

1.,

d.

Cooling Water
Discharge

Municipal Waste
Discharge In-
cluding Spray °
Irrigation

Liquid Effluent
Discharge

Stabiiization
and Oxidation
ponds

Septic Tanks,
Commercial and
Domestic’

Stack and
Exhaust Emission

Spent Lubricants

7

Fertilization

Chemical De-
icing of
Highways, etc.

Chemical
Stabilization |
of Soil

Weed Control

Insect Control '
(pesticides)

Explosions

Spills and
Leaks

Operational
Failure

s
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Variations of Leopold Interaction Matrix

A.

6.

Airport Projects

1.

a)

b)

gross screen for identification purpose

technique for visual display of impacts

Can be used for various temporal phases of the project under

consideration:

a)
b)
c)
Can
a)

b)

construction
operation

post-operation

be used for various spatial boundaries

site

region

Used to define three levels of impact

a) major (important)

b)

c) minor

Can show plus or minus impacts

intermediate

Summation of rows or columns might offer some insights, as well as

product of magnitude and importance values

Very minimal focus on soclo-economic considerations

Examples of FAA interaction matrices are shown in Tables 2 and 3

(3).

mental items have been altered

a)

It should be noted that the types of actions and the environ-

from the Leopold Interaction Matrix

used basically for identification of impacts in terms of +,:-,

or

9
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Table 3

5

A
"3

- fe

FAA Environmental Impact Identification Matrix

Actions Causing
Lnvironmental Impact

-
“%7%

Existing Factors —
. of the Environment

Category Action Category Factor
1. Land Alteration/ Quality Standards
Construction Landscaping Air Quality
Flora/Fauna Croundwater Quality
Burning Surface Water Qualiry
Filling Soil Quality
Dredging Landuse Planning
Clearing Ambient Noise
Drainage Resources
Land Surfacing Alrspace
Excavation Mineral
Read/Trails Scientifice
Alrports Historic
Transmission Cultural
Lines Scenic
Pipelines Recreation
Barriers Land
Piers, Seawalls Socio-Economics
Structures Public Health
Antenna Safety
Employment
2. Traffic Changes Public Services
Vehicles Mobility
Alrcraft Congestion
Pipeline Housing

3. Safecy/Accidents

4, Resource Uae and/or

Development

Communication
Marine

Operational
Failure
Explosions
Leaks
Radiation

Recyeling

Groundwater

Wildlife

Reforestra-
ti1on

Farming

A/C Manufac-
turing

=-11-

Ecological/
Biological

* Areas of Significance

Displace People

Disrupt Community

Tax Base
Racial Ethnic

Disease Vectors
Salinization
Eutrophication
Crops

Trees

Ground Cover
Rare Species
Animals, Land
Marine Life
Aves

International
Federal
Regional



Actlons Causing
Environmental Impact .

Existing Factors
of the Environment

Category Action

Category

Factor

,Power/Energy
-, Use
Yo Manpower
Finance . )
5. Use of Wastes and
Chemical Emissions,
Vehicle .
! Emissions,
Alrcraft
Chemical Disfr‘
v persal . "
Need Control
Insect Control
'Deicing .
Soil 'Stabili-
zation
Sewage Dispos-
al
Junk
0ils/Lubri-
‘cants
6. Activity Phase )
Needs/Priority
Planning/Design
Siting
Construction
- Operation

1 x t

7. Other

[ +
3 '

Sthte
Local

[



C.

D.

E.

b) other subjective scales may be developed and us?d 1f described
2. Another example of an alrport matrix is shown in Table &4 (4) ,
Highway Projects R
l. Table 5 contains an interaction matrix developed for highway
projects (5)
2. The matrix in Table 5 is used only for identification of impacts
Earthfill Dam (6)
1. Table 6 contains an interaction matrix for an earthfill dam
2. An indication of the potential impact of each alternative on vari-
ous environmental factors is shown. There are 1l possible impacts =---
neutral, 5 ranges of beneficial, and 5 ranges of detrimental.
Short Versions of Leopold Interaction Matrix (6)
1. Table 7 contains an environmental analysis matrix for a coal umine
2. Table 8 is for a generation plaant, county road, and railroad
3. Table 9 is for a water supply system
4. Table 10 is for a transmission line
Construction Planning Interaction Matrix (7)
1. Table 11 shows a construction phase interaction matrix developed
by the Corps of Englneers
2. Alternate m;thods of accomplishing various construction operations
are presented
Interaction Matrix with Consideration of Probability of Impact (6)
1. Table 12 was developed for a phosphate mining lease 1n California
2. Fach impact 18 assigned a magnitude and importance on a scale from
1 to 3 (1 represents least impact, 3 represents greatest impact).

In addition, cach impact is assigned a probability of occurrence

-13- )



Table 4: Airport Interaction Matrix

Environmental Actions

4

Environmental Items

Phase Action Category Item
Planning a) Field Surveys Physical Aspects a) Location
b) Rezoning b) Topography
L ¢) Siesmology ¢) Temperature
d) Advertising d) Wind
e) Land Aquisi- e) Rain
tion f) Drainage
g) Erosion
Construction a) Clearing ! h) Runoff
b) Paving 1) Groundwater
c¢) Sewage Dispos=~ ' j) Surface Water
* al ' ‘ k) Mineral Resources
d) Blasting T 1) Water Quality
e) Grading m) Noise
f) Construction n) Air Quality
Traffic o) Geology
g) Fencing p) Soil
h) Importing and
i) Dep. Materials . Eiglgziggl_égzgg&a a) Rookeries
i) Burning b) Insects ~
j) Excavation ¢) Shrubs and Trees
k) Soll Stabilization d)} Grass Cover
1) Access Roads e) Forage
m) Equipment f) Endangered Flora
n) Water Lines g) Endangered Fauna
o) Earth Fill h) Wildlife
p) Revegetation ! 1) Fish ~
q) Cleanup
P r) Buitldings Soc {o-Fconomic a) saflety llarsards
Aspects b) Transportatfion
Operations-Direct a) Alr Approach ¢) Population
b) Air Traffic d) Recreation
Clear e) Public Health
¢) Passenger Traf=- f) Housing
fic g} Economy
d) Freight Traf- h) Agriculcture
- fic 1) Industry
e) Fuel Transpor- j) Land Use
tation k) Taxes
f) Navigation 1) Real Es:tate
g) Radar ' m) Police Protec-
h) Communications tion
1) Security ' n) Fire Protection
31} Lighting o) Telephone
k) Services-Food, p) Sewers
etc. q) Water

=14~



Environmental Actions

iy

(RN Y]

Environmental Items

Phase Action

Category

vItem

1) Fuel Storage

Operations-Indirect a) Commerical Dev.

b) Industrial Dev.

¢) Regional Dev.

d) Housing

e) Public Facili-
ties

Cultural Aspects

-15-
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r) Electricity -
s) Natural Gas

a) Historic Sites
b) Archeology

¢) Paleontology
d) Aesthetics

(o]
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Table 5: Highway Intereaction Matrix

Actions Which

- — May Cause Impact Environmental Conditions
Category. Sub-Category - -~ Action Category Sub-Category- Action
A. Elements of Design and Location A. Physical and Chemical Characteristics

1. Modification of Regime 1. Earth
4., Modification of Habitat a. Mineral Resources-Precious
b. Alteration of Groundwater b. Mineral Resources~Common
Hydrology c. Solls
c. vanallzation d. Land Form
d. Irrigation
e. Surfacing and Paving 2. Water
2. Land Tranasformation and Construc- a. Surface
tion b. Ocean-Estuaries
¢, Underground
a. Highways and Bridges d. Snow-Ice
b. Roads and Trails e. Recharge-Percolation
c. Barriers Including Fencing f. Qualtiy
d. Channel Dredging and Straighte g. Temperature
ening
e. Channel Revetments ' 3. Atmosphere
f. Dams~Impoundments
g. Plers-Seawalls a. Quaiicy
h. Recreational Structures b. Climate
i, Cut and Fill ¢. Temperature
3. Tunnels and Underground
Structures 4. Processes
k. Erosion Control
1. Landscaping a. Floods
m. Harbor Dredging b. Erosion (Air or Water)
n. Marsh Fill and Draining ¢. Deposition (Air or Water)
0. Scenic Waysides d. Solution
p. Junkyard and Billboard Removal e. Compaction and Settling
f. Stability (Slides and Stumps)
3. Well Drilling g+ Alr Movements
h. Fire
4. Resource Renewal and Protection i. Evaporation
a. Reforestation B. Biclogical Conditions
b. Scenic Strip Acquistion
1. Flora
5. Changes in Traffic
b a, Trees
a. Rallway b. Shrubs
b. Automobile c. Grass

¢. Trucking d. Crops
’ -16-



Action Which
May Cause Impact

Environmental Conditions

4n

Category Sub-Category JAction Category Sub-Category Action
d River and Canal Traffic e, Microflora "
: e. Pleasure Boating f. Aquatic Plants -
f. Trails g. Endangered Species
g. Communication h. Barriers
h. Pipeline 1. Corridors
B. During Construction 2, Fauna
. 1. Modification of Regime g: E;::SAnimals
a. Exotic Flora and Fauna Intro- c. Fish and Shellfish
d. Other Aquatlc Organisms
duction Insects
b. Birological Controls ?' n P
¢. Alceration of Ground Cover » Microfauna
g. Endangered Species
d. Alteration of Drainage ) h. B iers
e. River Control and Flow Modifi- - parr
’ i. Corridors
cation .
f. Burning C. Cultural Factors
2. Land Transformation and Construc- 1. Land Use
tion
a. Wilderness
a. Blasting and Dralling b. Open Space
b. Marsh Fill and Drainage c. Wetlands
c. Clearing and Grubbaing d. Forestry
d. Dams-Impoundments e. Grazing
e. f. Agriculture
3. Resource Lxtraction g. Residential
h. Commcricil
a. Blasting and Drilling i. Industrial
, b. Surface Excavation J» Lakes and Rivers
. c. Subsurface Excavation
d. Well Drilling and Fluid Removal 2. Recreation
e. Dredging
a. Hunting
4. Changes in Traffic 1 b. Fishing
c. Boating
a Railway d. Swimming
b. Automobile e. Camping
¢ Trucking f Hiking
d. River and Canal Traffic g. Picnicking ’
¢. Plecasure Boating h. Resorts
f. Trails i. Winter Sports
g. Communication J. Rockhounding
h. Pipeline

-17-
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Actions Which
May Cause Lmpact

Environmental Conditions

Catcgory Sub-Category Action

Category Sub~Category iAction

5.

Wwaste Cmplacement Treatment

a T wmdfill

b. Lwmplacement of Tailings,
Speil and Overburden

¢. Liquid and Exhaust Discharge

d. Stack and Exhaust Emission

e Spent Lubricants

Chemical Stabilization of Soil
Accldents
a. Exnplosions

b. Spills and Leaks
¢. Operational Failure

C. Operaticn

1.

Waste Emplacement and Treatment

a, Liquid Effluent Discharge
b. Septiec Tanks
c. Stack and Exhuast Emission

Chemical Treatment

a Fertilization

b. Chemical Deicing
¢. Weed Control

d. Insect Control

Accidents
a. Explosions

b. Spills~Leaks
¢. Operational Failures

~-]18-

3. Aesthetics and Human Interest

a. Scenic Views and Vistas

b. Wilderness Qualitices

¢. Open Space Qualities

d. Landscape Design

e. Unique Physical Features

f. Parks and Reserves

g. Monuments

h. Rare or Unique Species or
Ecosystems

i. Historical or Archeclogical
Sites and Objects

j. Presence of Incompatiblie Features

4. Cultural Status

a. Cultural Patterns
b. Health

c. Population Density
d. Institutions

e. Minority Groups

f. Economic Groups

5. Manmade Facilities and Activities

a. Structures

b. Transportation

¢. Utility Networks

d. Waste Disposal

e. Barriers

f. Corridors

g. Governmental Activities



ECCLOGICAL RELATIONSHIPS
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TABLE 7: Tnteraction Matrix for Coal Mines
Proposed Actions Environmental Condition
Category Action Category Sub-Category Item
B. Land Transformation - Industrial|l A. Physical and Chemical
and Construction Sites Characteristics
- Righways 1. Earth IAl.c Soails
;:id . 2. Water IA2.a Surface Water
8 Quality
C. Resource Extraction - :izsting 3. Atmosphere IA3.a Quality
Drilling 4, Processes IA4.g Stabilicy
-~ Surface
Excavation B. Biological Conditions
E. Land Alteration - Strip Mining 1. Flora IBl.b Shrubs
Rehabilitation IBl.c Grass
H. Waste Emplacement - Liquad 2. Fauna 1IB2.a Birds
Eff luent 182.b Land Anmimals
Discharge

C. Cultural Tactors
1. Land Use ICl.d Grazing
2. Recreation IC2.a

3. Aesthetics IC3.a Scenic Views
and Human and Vaistas

Hunting

Interest 103 4, yilderness
Qualities

IC3.¢c Open Space
Qualities

4, Cultural ICh4.a Cultural Patterns

Status IC4.c Eaployment

5, Man Made 1IC5.g Interpretive
Facilities Education

and Activities
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TABLE 8. 1Interaction Matraix for Generation Plant, County Road, and Railroad
Actions Which May Environmental
Cause Impacts Conditions
Category Actilon Category Sub-Category Action
B. Land Transformation A. Physical and Chemical

and Construction

b. Industrial

Sites and
Buildings

Highways and
Braidges

Railroads

Processing
Energy
Generation

Changes in Traffic
a. Railway
b. Automobile
c. Trucking

Waste Emplacement and
Treatment

Emplacement of
Tailings, Spoil
and Overburden

Cooling Water
Discharge

Liquid
Effluent
Discharge

Septic Tanks
j. Stack Emissions

Characteristics
1. Earth IAl.a Mineral
Resources
IAl.b Construction
Materaials
2 Water 1IA2 Surface

Water Quality

JA3 a Atmos-
pheric Qualaty

IA3.b Climate

3. Atmosphere

B. Biological Conditions

1. Fleora IBl.b Schrubs
2. Fauna IB2.a Birds
IB2.b Land Animals
IB2.e Insects
IB2.f Microfauna
C. Culctural Factors
1, Land Use ICl.d Graz ng
ICl.g,f,h Resi-
dential
Commercial
and
Industrial
3. Aesthetics IC3.a Scenic Views
and Human and Vistas
Interest IC3.1 Hastorical
and
Archaeological
4. Cultural 1IC4.c Lmployment
Status  yo4.d  Populatfon
Density
5. Man-Made 1IC5.b Transportation
Facilities Network
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TABLE 9 Interaction Matrix for Water Supply System
Proposed Actions Environmental Condition
Category Action Category Sub-Category Item
A. A.
Modification - Modification of Physical ard Chemical
of Regime Habitat Characteristics
- Alteration of Ground l. Earth IAl.b Constructien
Cover Material
- Alteration of IAl.c Soils
Drainage 2. Water IA2.a Surface Water
= Noise and Vibration 4. Processes IA4.b & ¢ Erosion
B and
Land Trans- - Industrial Sites Deposition
formation and Buildings B.
and - Roads and Trails Biological Conditions
Construc~ l. Flora IB1 Flora
tion - Cables and Lifts
- Transmission lines 2. Fauna IB2.a Birds
and Corridors IB2.b and ¢ Land Animals
- Dams and Impoundments and Fish
C.
= Cuts and Fills Cultural Patterns
C. 1. Land Use ICl.d Grazing
Resource - Fluid Removal ICL.f and g Residential
Extraction
and Commercial
E.
Land = Erosion Control 2. Recreation 1IC2.b Fishing
Alteracion - Rehabilitaction
IC2.c Boating
G.
Changes in -~ Automobile IC2.F Picnicking
Traffic 3. Aestheties 1C3.a Scenic Views and
" and Human Vistas !
Waste - Emplacement of Soil Interest IC3.d* Landscape Design
Szglacement and Overburden IC3.j Presence of Misfits
Treatment 4. Cultural IC4.a Cultural Patterns
L. SEatUs  104b Health and Safety
Chemical ~ Chemical Treatment
Treatment of Water IC4.c Employment
J 5. Man-Made IC5.b Transportation
Accidents - Spills and Leaks Facilities Networks
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TABLLE 10 Interation Matrix for Transmission Lines
Actions Which Environmental
May Cause Impact Condition
Category Action Category Sub-Category Action
A A.
Modification ¢, Modification Physical Characteristics
of Regime of Habitat 1. Earth b Crosion
B.
Land Trans- e. Roads and Trails c. Deposition
formation h. Transmassion B.
and : Biological Conditions
Construction Lines and
Corridors l. Flora Flora
C 2. Fauna a. Birds
Changes in h., Trails b. Land Animals
Traffic
J C. Cultural Factors
Accidents c¢. Operatiocnal 1. Land Use ¢ Forestry
Failure d. Grazing
e. Agriculture
h. Industrial
2. Recreation a. Hunting
3. Aesthetics a. Scenic Views
and humszn and Vistas
Interest b Wilderness
Qualities
¢ Open Space
f. Parks and
Reserves
i. Historical
and
Archaeological
4, Cultural b Health and Safety
Status
\ c. Employment
5. Man-Made ¢ Utilicy Net
Facilaitles
6. Other Fire Protection
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Table 11

Actions

Construction Planning Interaction Matrix

Impacted Elements of the
Environment on the Ecosystem

Operations
Sub-Operation

Alternative Methods
of Accomplishment

Category Element

Site Access

a.

b.

C.

Rail

Road

Water

Air

Preliminary Works

a.

Asphalt Plant

Canteen

Concrete
Batch Plant

Crushing &
Screening
Plant

Field Mainte-
nance Facili-
Lty

Field Testing
Laboratory

Existing, New, Per-
manent, Temporary

Unimproved, Stabi-
lized Soill, Gravel
Bictuminous

Fords, Bridges,
Culverts, Ferries,
Ships, Docks

Landing Strips,
Helipads

Hot Mix, Cold Mix,
Continous Flow,
Batch

Mobile, Fixed

Bag, Bulk, Non-
Tilting Drum,

Pan Mixer, Con-
tinous Mixer, Split
Drum

Jaw Crusher, Granu-
lator, Gyrotary
Crusher, Impact
Breaker, Roll
Crusher, Grizzles
Revolving Screen,
Vibrating Screen

Wash Racks, 0il &
Lubrication, Repair

So1l, Concrete,
Steel, Fixed,
Mobile

Alr
a. Gases
b. Particulates
c. Odors
d. Toxics

Surface Water

a. Physical

b. Chemical
c. Biological
d. Toxic

Ground Water

a. Physical
b. Chemical
¢. Biological
d. Toxic

Noise

a. Nulsance to Workers at Site
b. Nuisance to Community

c. iHealeh Hazards to Workers
d. llealeh llazards to Community

Land

a. Soils
b. Land Form
¢. Unique Physical Features

a. Trees

b. Shrubs

¢. Grass-Natural Ground Cover
d. Crops

e. Microflora

—24—
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Actilons

Impacted Elements of the
Environment on the Ecosystem

Oporat Lone
Sub-0pcravion

Alternative Methods
of Accomplishment

Category

Elecment

e

. Fuel Storage

& Nispensing

Fuel Laundry

. Medical
. Mess Hall

Off1ces
Quarters
Stores

Storage Yards

Diesel, Gas, 0il

Fixed, Mobile

Contract, Self-

Service

On-site Preparation
Off-site Prepara-

tion

Fixed, Mobile
Fixed, Mobile
Fixed, Mobile

-25-
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Fauna

a.
b.
C.
d.
e.
£.
g
h.
1.

i

Social

a.
b.
c.
d.
e.
f.

Aquataic Plants

. Endangered Species

Birds

Land Animals Including Reptiles
Fish & Shellfaish

Insects

Microfauna

Endangered Species

Recreation

Aesthetic

Human Interests

Economic

Hous1ing
Education-School System
Health & Welfare
Community Structure
Transportation

Chain Reactions

Pt



Table 12 Summary Estumated Magnitude. Importance and Probability of
Possible Environmental Impacts from the Proposed Action

-  NEGATIVE IMPACTS
. Extraction Processing “Transvortatzon
/
’ By ey g ]
ol St Rl ol 0] B o § E
Bl 82| 3] &l %33l &) 3
+ o O - ) 0 ) - Ee)
| Ll @ 2] e @) A4 &4 3
Resources Subject to Bl &l 8 &] &) 8! & &1 o
Inpact S EI &SNS &2 Sl &
A. Rare or Unique Resources:
(1) cCalifornia Condor 2 13 12 (v {u (v {2 I3 |2
(2) Indian Artifacts U U o [u ju jg ju |u |u
B. Vater:
(1) Qualaty 2 |3 |11 ]2 |3 11 |2 j2
(2) Quaniaty 2 {3 |12 12 13 2
C. Wildlafe:
(1) Deer, rabbits, qual,
pigeon, etc. 12 13 (2 11 |3 (1 11 I3
(2) Fish 2 [2 112 2 J2 11 1 |2 ha

D. Recreation:

[
A
N
o
[\
\N

(1) Campsates
(2) Trails

oo AN\
N AN
\N AN

(3) Recreation Driving 2 2 |z
(4) Vistas and Solatuac 2 13 12 12 |3 |2 j2 13
(5) Hunting 1 13 31 1 (3
E. Vegetation
(1) Brush, trees and grass| 2 [1 |3 3 1 U
Fo Air:
(1) Quality 1 B 3 2 12 v hh @b I3
(2) Noise 1 2 3o 3 R 2 |3
{
G. Communily Scrvices 1 N 3 1 1 3 11 1 3
. - XOITIMTIWEITHP AR
A. . Protection from W:1d Firc 2 2 i3 12 12 3
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on a scale from 1 to 3 (1 represents low probability, 3 represents
high probability)
G. Interaction Matrix with Consideration of Areal Extent of Impact (6)
1. Table 13 was developed for an off-shore oll and gas lease
2, Impacts are expected to occur from either the structures (drilling
platforms) or o1l spills. The importance of the impacts (IM) are
:
assigned, as well as theilr proximity (PR) to significant resource
factors
3. Impact Factor - (IM)(PR)
H. Interaction Matrix with Consideration of Impact Reversibility (6)
1. Table 14 shows a summary of an interaction matrix which includes
reversible/irreversible/irreversible impacts, and community/
regional impacts.

2. Severity of the impact is shown in four categories.

I11. Moore Environmental Impact Matrix (8)
A, Basin of Matrix

1. Moore developed a peneral puide to the relation.bilp between
typical manufacturing activities and their potential ultimate
impact on the three regions of the Delaware coastal zone. It's
primary orientation is toward the review of impact statements.

2. The three regions of the coastal zone, based on present land use
and general goegraphic characteristics, are. °
a) Subregion One —~ Area From the Chesapeake and Delaware Canal

North te the P'ennsylvania Line

This subregion 1s alrcady heavily industrialized,
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Table 13: Analysis of Possible Adverse Environmental
Impact of South Marsh Island

Lease Area and Block Tract Data:
5&/?‘” AERRSr LFoonrd Statute ll1les from Shore <
h‘ac;w RLo 177000 Water Depth -~ Feet ‘o
croce 232 Eet, Tyvpe 0f Production O £CAT
IMPACT TACTORS +
SICNIFICANT 011 SDlll§
RESOURCE FACIORS |__ Structures (1000 b>2)
I PR F(ST] i1t PR = (0S)
Natural lesource Svsterse
‘I Refuros/ lanage~ent Areas 20§ po o 100 | o4 Go
Estuarv/Marsn/Nirserv Areas 20 | 0o 4 100 I oy SO
Leta Seawara ot
E;txm"' /M1 ~ery Areas 0 /0 o 40 i Jo
Beacnes 40 | 2 o o 80 OS5 | o |
toastal Acitivitrzs/Nultzple Ude
Ship~ing 80 | pp 0 20 do
Recreation (Cutdecor) 40 o0 o 80 J0 0
Commercial Fisning 80 { s o S0 ! 80 /0 fo
Sport Fishaing 0 |reo I o | 8o 05| Lo ]
Legend. IM=Tnportance F(ST)=Impact Tactor -~ Structuies
PR=Proximity F{0S)=lirpact Tactor - 011l Spills

NCG-Not Computed for Gas only Blocks

k]
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Table l4:

Interaction Matrix for Impact Reversibility

O AT TR TR N A LI
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b}

part{sularly around Delaware City, New Castle, and the
ge;eral Wilmington Area  Much of the natural coastal zone
has already been appropriated for manufacturing uses. The
southern half of Subregion One, however, does contaln some
tidnl marshes. The general environment of this subregion
if typical of heavy manufacturing areas with the attendant
air/water degradation, noise,and aesthetic deterioration.
Water quality in the lower reaches of the Delaware River
1s affected by discharges both from the Delaware area as
well as further up stream in the heavily industrial Phila-
delphia - New Jersey areas. Thls area also holds the
greatest overall promise for future industrial location
and expansion due to the proximity to regilonal markets,
transportation systems, and developed labor markets.
Subregion Two - Area From and Including the Chesapeake and
Delawire Canal to but not Including the City of Lewes

This area of the Coastal Zone consists of several thou-
sand acres of private, state, and Federal wildlife refuges.
There 1s some recreatlonal development, though generally
the shoreline and mud flats along the bay are not conducive
to this typs of actavity. The balance of the area is ain
woodlands and farms. The area 1s generally untouched by the
impacts of i1ndustrial and manufacturing activity other than
the indirect affects due to air and water pollution in the

upper Delaware of areas adjacent to the Coastal Zone.
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¢) Subregional Three - Area From and Including the City of Lewes
South of the Maryland State Line

This area is an important regional recreation attraction
with fine beaches and intensive development for seasonal
visitors. Some manufacturing activity takes place in the
area, but not enough to alter significantly the environment-
al characterisitics of the subregion. The most significant
environmental threat to this area is from overintensive
recreation development, a problem beyond the scope of the
vresent study. This recreation development has a potential
for significantly altering rewmaining wildlife and fishery
habitat in the area, as well as the aesthetic and human
environment.

In all of the three subregions, historical/cultural
sites and areas are important. Particularly noteworthy are
the towns of New Castel in Subregion One and Lewes in Sub-
regional Three. There are scattered pre-revolution homes
and mansions in Subrepglon Two.

The basic philosophy of the method is that a meaningful unalysis
of manufacturing environmental impacts must ultimately be based
on determination of direct and indirect impact on other human
uses. Thus the matrix developed related manufacturing related
alternations 1n the coastal envaronment to potential deteriora-
tion in opportunities for important human activities character-
lut e of the subrepions of the Goantal Zone

he primary cause of change 1s the physical/blochemical altera-

tion resulting from construction and operation of manufacturing
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activities. Secondary causes of impact can also be attributed
to the supporting services, residential and other activities

that arise due to manufacturing location.

B. Conceptual Framework

1.

Figure 2 depicts the generalized flow of manufacturing related
events that ultimately impact on human uses of the coastal
environmeng.

The nature of the relatlonship; depicted in Figure 2 , is es-
sentially as follows. Construction and operation of a manufact-
uring facility (Box #1) leads initially to an alteration 1n
physical/biochemical parameters of the environment. These include
air quality, water quality, and areal extent of fish and wildlife
habitat and frequency and intensity of noise. Manufacturing
activity also leads to direct aesthetic effects (Box #3) asso-
ciated with the appearance of 1ts various structures, smoke, and
other associated activities. Manufacturang activity also can
lead to an 1ncrease in regional population, change in demographic
characteristics and a general increase in demands for community
infrastructure (Box #4). Finally, manufacturing activity can
lead directly to effects on the social/human environment 1n terms
of altering work patterns and general life style demands of the
labor force (Box #5). Alterations in physical/biochemical para-
meters (Box #2) will lead to effects on coastal ecology (Box #7)
both directly and over time through complex ecalogical interac-

tions Alterations in physical/biochemical parameters will also

have certain effects of aesthetic attributes (Box #3). Fainally,
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Tncrease in
Reginnal Population,
Change in
Demographic
Characteristice
(increase in dcmands)a

Manufacturing
P Activity:

Construction and
Operation 1

| SRR

____J (First |Round Alterationsj}

r—
|

o

1 Alteration in
Physical/Chemical §—

Expansion of

Parameters 2 1
|

|
|
l
etc., Round 1
|

1
3
LH
i Communi ty (Second,Third,
Infrastructure,
i ‘Services, ete. Alterations)
i New Industry 6
l "
A W‘Q%
Effect on Effect om ;
' Coastal Ecology Aesthetic
Effects on (first, second, third Attrlbutes3u
Social/Human , round, etc.) )
Eavironment : : 7 i
{interaction, ‘
work patterns, ]
life styles) s ¥ s
E mpact on Other Human Uses of
i Coastal Environment (including |
i human health) &j
PIGURE 2: SCHEMATIC OF MANUFACTURING IMPACT

ON OTHER USES OF THE COASTAL
ENVIRONMENT
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the alterations of physical/biochemical parameters will have di-
réct impacts on human health and other uses of the coastal eﬁ—
vironment (Box #8). Increase in demand for community ianfrastruc-
ture, services and other related activity will result in expansion
of these public facilities (Box #6). Expansion of these facilities
will in turn create a second round, etc. series of alterations

on the physical/biochemical parameters {(Box #2) as well as on
aesthetic attributes (Box #3). Finally, effects on coastal

ecology (Box #7), effects on aesthetic attributes (Box #3), and
effect on the social human environment {Box #5) will all combine a-
long with alterations in the physical/biochemical parameters

(Box #2) to impact and affect other human uses (including human
health) of the coastal environment {Box #8).

It is this series of relationships which the environmental im—

pact matrix attempts to describe in some detail.

Matrix

lipure 3 presents the generalized relationships contained in the
Moore environmental fmpact matrix. The matrix is divided 1nte

four separate lists of distinct or reasonably distinct categeries
of manufacturing, environmental, and human use interaction char-

acteristics and two categories of impact These are*

Interaction Categories

(I) Manufacturing and Related Activities
(I1) Major Envaronmental Alterations
(I1I) Major Environmental Effects

{IV) Human Uses Affected
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Figure 3  Moor -

eraction Matrix

Category 11
Potential Environmental
Alternations

Category V

Potential Damage
Caused by Actavibes
in Subregion*
1 2 3

Category I
Manufacturing
and Related
Activities

Category VI
General Magnitude of
Potential Degradation of
Human Uses inEach Subregion*

Category ITI
Major
Environmental
Effects
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]
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®
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|
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Category 1V
Human Uses
Affected

* Each subregion has a four-level scale (negligible, low, moderate

/

» high)



Impact Categories

(V) Potential Damage Caused by Activities
(VI) General Magnitude of Potential Degradatiom on
Human Uses.

The impact categories are included in the matrix to aid in
evaluating the relative magnitude and importance of specific
activities and environmental effects.
Category V is an evaluation of the potential of manufacturing
and related activities (Category I) for causing environmental
damage in each subregion of the Coastal Zone. Each manufactur-
ing activity is rated on a four level scale (negligible, low,
moderate, high) as to its potential for environmental damage.
Category VI 1s an evaluation of the level of potential impact
on human uses (IV) resulting from major environmental effects
(II11). Impacts are evaluated for each subregion on a four
level scale (negligible, low, moderate, high).

The individual breakdown of the interaction categories is shown

in Table 15 for manufacturing and related activaties (Category I),

Table 16 for major environmental alterations (Category II),
Table 17 for major environmental effects (Category III), and
Table 18 for human uses affected (Category IV).

The general flow of relationships in the matrix starts with
Category I in which manufacturing activities are identified.
From here dots are placed in the squares corresponding to those
potential environmental alterations (Category IT) that are ex-
pected to occur for each of the activities. Also a dot is placed

in ecach box corresponding to the general level of potential for
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TABLLC 15

Items in the Manufacturing and Related Activities Category

A) Construction

B)

C)

1) Site Preparation and Building Facilitiles

2}
3)
4)
5)
6)
D)
8)

9)

(including connecting infrastructures,
transmission facilities, etc.)

Facilities and Structures

10}

11)
12)
13)
14)
15)

16)

Production Related Facilities

Production Activities and By-Products

17
18)
19)
20)
21}
22)
23)
24)
25)

26)
27)

28)

Production Residuals
(Liquid)
(Caseous)

(Solid)

(Sound)
Assod iated Manufacturing Activities

-37-

*Clearing

+Fillang

*Dredging

*Paving

-Excavation
*Erecting Facilitles

*Erecting Supporting Structures

,Transportation Equipment
and Materials
«Labor Force Commuting

.Contigous Property {(fenced
ot Unfenced)

*Plant and Stacks, Towers
*Warehouse

*Offices

*Lighting Systems

.Parking Lots and Loading
Terminals

*Open Storage Areas

*Biodegradable
*Non-biodegradable
*Particulates
*Non-visible Gases
*Biodegradable
*Non-biodegradable
*Manufacturing

‘Work Force Commuting
 Produce and Raw Materials
Shipping

Surface Water Intake and
"Discharge

Ground Wacer Tntake and
s b g

Looling Witer Dascharpe



29)

30)
31)
32)
33)

34)
35)
36)
37)
38)
39)

40)
41)
42)
43)
44)

Infrastructure (increased demand for
and expansion of the community infra-
structure and service due to increased
population and manufacturing use)

(Tourist Facilities bars, night clubs,
bowling alleys, tennis courts, theaters
(Churches, museums, libraries, etc.)

(Newspaper, radio, T.V.)
Population

~38-

*Roads

Rail

*Water Transport

-A1r Transport

.Sewers and Sewage
Treatment

*Electric Power
Utilicy Transmission
+Schools

Health Facilities Service
-Housing

*Recreation Facilities

*Cultural Services
*Safety Services
-Med1a

‘Migration

*Spatial Distribution



TABII 16. TItems ir the Potential Environmental Alterations Category

Aesthetlcs
1) Artificial Coloratien
2) Odor

3) Alteration of Visual Composition/Profile

Land

4) Loss of Open Space

5} Loss of Dunes

17 Loss of Forest and Vegetation

¢} Loss of Littorial Shallow Areas

8) Loss of Marsh

9) Increase in Erosion
10} Increase in Frequency, Intensity, and Duration of Man-Made Noise
11) Increase in Accumulation of Glass, Metals, Plastics, Cement, Asphalt

Alr
12} Increase in Hazardous/Toxic Substances
13) Increase in Nitrogen Oxide
14} Increase in Non-Methane Hydrocarbons
15} Increase 1n Carbon Monoxide
16} Increase in Sulfur Dioxide
17) Increase 1in Particulate Matter
18) Increasc in Dust

Water
19) 1Increase in Phosphates and Nicrates
20) Tncrease in Fecal Coliform
21} Change in Frequeney  or Volume of Surface Flow
Py Growndwater Balance
21 Increase in Suspended Solids and Tarbidaty
24) Change in Ambient Temperature
25) Change in Salinity
26) CGhange in pH
27) Increase in llazardous/Toxic and Radioactive Substances
28) Deecrease in DO
29) 1Increase in Gross Solids
J0) Increase in Dissolved Solids
31) Increase in 011 Accumulation

Community
32)
11y Chanpe an Per Capita ITncome Toevel
Y Change o Marita) Catepory istribution

39} Ghanpge 1n Sox Rathio

—39" 1



N

36)
37)
38
39)
40)

Change
Change
Change
Change
Change

in
in
in
in
in

Family Size
Age Distribution
Educational Level

Ecthnic or Racial Composition

Population/Acre
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TABLE 17 Items in the Major Environmental Effects Category

A. Ecolopy

1) i.oss of Stability in Aquatic Systems

2) +Killing of Aquaric Organisms (Reducing Populations)

3) «Organic Accumulation of Lethan or Sub-Lethal Substances

4) Alteration of Areal Base of Aquatic Food Chains

5) Alteration of Composition and Abundance of Aquatic Micro Flora

“and Fauna o

6) *Elimination of Species

7) Losas of Stability in Terrestrial Ecosystems

g) +Alteration of Areal Base of Terrestrial Food Chains

9) *K1lling of Tervestrial Organisms (Reducing Populations)
10) ‘Decrcase of Shelter and Forage for Terrestrial Fauna

11) *Elimination of Species

B. Aesthetic

12) *Structural Correosion and Deterioration

13) ‘Alteration of Urban Rural Composition

14) {(Man-Made Structures) *Alteration of Community Structural Couposition
15) ‘Loss of Integrity of Historical/Cultural Areas
16} ‘Loss of Unique Natural Cowposition

17) (Natural) *Creation of Odor

18) ‘Decrease in Water Clarity

19) ‘Decrease in Alr Clarity

C. Physical/Biolopical

20) *Alteration of Chemical Composition of Air

21) JAlteration of Chemcal Bacteriological Characteristics of Wacer
(Salinity, etc.)

22) ‘Increase in Radiocactavity

23) ‘Alteration of Natural Sound Patterns

D. Social/Human Environment

24) *Disruption of Established Activity Patteruns
25) ‘Loss of Community Cohesionf/Traditions Social Interaction Tatterns
26) «Introduction o1 Alien Value Systens
27) Alteration of Fraditional Visible Economic Patterns
28 *Alteration of Work Routines/Patterns
29) Alteration of Political Participation and Fxisting Power Srructure
1) Alterition of iseablishoed Land Use Patterm
i) e reose o GanposLan
41~



TABLE 18 Items 1n the Human Uses Affected Category

1)

9

-

3)
4)
5)
6)
7)

9)

10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
27)
28)

Deterioration in Biological Human Health
Unrestricted Natural/Open Areas
*Quietude
*Diversity
*Non-Offensive Surroundings
Deterioration in Real or Perceived Well Being (Psychological)
Developing Understanding of Natural Systems
Visitation to Natural/Scenlc Areas
*‘Recreational Draiving
Photography/Painting
*Hiking/Bicycling
*Sport Fishing
*Hunting
*Clamming/Crabbing
Deterioration in Extensive Recreation Uses and Visual Access
*Swimming
*Boating
*Picknicking
Photography/Paintaing
Camping
*Visitation To and Perception Of Historical/Cultural Areas
*Beach/Waterfront Park Activities
Deterioration in Intensive Recreational Uses
Water Supply
Commercial Fishing
*Farming
‘Recreational Homes
Deterioration in Other Uses (Including Commercial, Industrial,

Residential)
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inpact in each of the three subregions of the Coastal Zone
ateopry V). Working from the dot in the interaction of
categories 1 and categordes TI, the reviewer should match the

columns in Category II (Potential Environmental Alteration)

with the dots placed in Category II1 (Major Environmental Effects)

Ihe relationship then proceeds to category IV in which all boxes
indicating interaction of major environmental effects (Category
1I1) are matched with Category IV (Human Uses Affectred). 1In
Category IV the relationship of effects on human utilization in
terms of magnitude of impact in the three subregilons is
evaluated in the last section of the matrix (Category VI).
For all interactions between categories I and II, the symbols
p,t, or o appear as superscripts to the dots. These represent
)
temporary (t), operationally dependent (o) and permanent or
long lasting (p) environmental alterations associated with
cach of the manufacturing activities.
It should also he pointed out that evaluations of the magnictude
of pocentlal damge (Catepory V) and magnitude of depradation
of human uses (Category VI) in each subregion are based on
estimates of resource importance. In Subreglon One of the
Delaware Coastal Zone, the potential for environmental damage
is based to a large extent on the population concentrations
and environmental scarcities of air and water qualsity that
exist in that area. For Subregion Two the importance of main-
taining the integrity of the marshlands and the wildlaife

refuges is the primary criteria for evaluating impact. In

~43- .



]
{
!
/

|
i
1

In Subregion Three, conflict with recreational and tourists

activities 1s the major consideration in determining the

importance of impact.

Activities (I). 1In thils category, a general list of activities

assoclated with the construction and operation of manufacturing

faci1lities 1s presented. This 1s broken down into the construction

phase, the physical presence of facilities and structures, and
production activities and by-products, under the heading pro-
duction activities and by-products 1s included the activities
associated with induced growth that may occur in communities
adjacent to new manufacturing activities or in communities
affected i1n terms of employment These induced activities are
described primarily in terms of construction and operation of
new roads and other forms of public infrastructure and community
support services. In terms of Figure 2, this cateogyr encom-
passes 1, 6, and part of 4.

The purpose of Cateogry T 1s to depict both the first round
activitles associated with manufacturing and those activicies
which are indirectly related to new manufacturing location.
Combining community growth with manufacturing location is an
attempt to capture the dynamic aspect associated with location
of new manufacturing activities or expansion of existing
facilities It does not presume that the additions te
community 1nfrastructure or public facilities occur necessarily
abt Lhe same time that the manualwcture facitities locate but

rather that over time the addition of the population associated
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with manufacturing activicv will create the necessity of
enpansion of public facilities. Expansion of these facilities
are a definite concributing factor to environmental deterioration
and therefore an essential part of the activities assoclated
with manufacturing location. Inclusion of both the first round
and second round activities does not imply that the seccond round
activities have equal importance in terms of environmental impact
with firet round activities. Their inclusion is only suggestive
of the fact that manufacturing activity will eventually lead

to such changes and that these changes will have environmental
impacts.

Porential Environmental Alterations (II). The activities

associated with manufacturing location will lead to certain
changes in the environment. These changes are of a physical/
biochemical or structural nature or in some cases demographic.

The alterations in themselves are not the environmental effect,
but rather the change in environmental parameters which ultimately
produce environmental effects.

Community changes are also included in this cateogry. These
changes relate specifically to demographic variables and pop-
ulatiqn concentrations. The difficulty underlying the inclusion
of these parameters in this category of the impact matrix is
that location of new facilities creates influx or can create
influx of new people causing alterations in traditional or
gt demopraphile characterliatren Te §s realazed that the

increases and expansion of infrastructure and the chinge in
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12.

community derographic variables are simultaneous and inter- .

)
+

related occurrences. The impact matrix, however, artificially
sepdarates these two [or purposes of analysis in terms of

impact on the biological, physical and human environment of the
coastal zone. In terms of Fipgure 2, this cateogry encompasses
boxes 2, and part of 3, 4 and 7.

Major Environmental Effects (III). This category provides a

breakdown of changes and environmental systems and e¢nvironmental
conditions directly related to the potential environmental
alterations listed in Category II. Major environmental effects
in this category will include 1mpact on ecology, aesthetic
qualities, physical/birochemical aspects of the environment,

and descriptors of social/human environment. In terms of

Figure 2, this category encompasses boxes 5, and parts of 3

and 7.

Human Uses Affected (IV). Ttems in this category relate

specifically to the human utilities or satisfaction derived
from utilization of the coastal environment for residential,
recreational, and other economic activities This listaing
represents those activities which may be adversely affectred
by poorly planned manufacturing use of the Coastal Zone. In

terms of Figure 2 cthis category encompasses box 8.
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IV. Sorensen Envirommental Impact Network (9)
A. Basic Principles

1. The basic approach is an attempt to understand the Iimpact
of any proposed use on the total resources system. This is
accomplished through the use of a cause-condition-effect matrix.

2. Filgure 4 shows how a network is formed by linkages between
causes—-conditions-effects,

3. The basic principles of the Sorensen approach 18 to use
matrices arranged to identify where potential relationships
exist between:

(a) causes and conditions (Table 19)

(b) conditions and conditions (Table 20)

(c) conditions and effects., (Table 21)

4, A "stepped matrix" approach is utilized.

B, Matrix-Network Components

1. Figure 5 1llustrates the basic components in the method
(a) Uses of the coastal zone are identified.

(b) Causal factors are alterations commonly associated with
a use that directly produces a change in condition.

{¢) Initial conditions are defined here as the initial
identifiable impacts of the causal factors. They
indicate what change has been known to occur before and
could likely reoccur as the consequence of a causai
factor. The dot linkage between causal factors and
initial condition does not indicate that there 1s an
invariable connecction between the two. It indicates a
potential relationship.
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Figure &4 A Network Analysis of Dredging
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Causal Factors Affecting Environméntal Conditions

TABLE 19
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Interaction Among Environmental Conditions
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(d)

(e)

(£)

Consequent conditions describe the changes induced by the
initial condition that ultimately produce the effect or
effects. In this stage of the framework consequent con-
ditions are confined to one column, althrough several
columns could have been used to fully describe the chain

ot development between some initial conditions and ultimate
effects (e.g., physical barrier to alongshore beach and
water access —-- concentration of public use within a
limited area -- trampling of beach and shoreline
vegetation ~- mortality or stunting of shoreline vegetation
cover -- dune blowouts or migration, wind erosion).

The effects are the listing of the actual use conflicts
(i.e., impair skin diving and underwaler exploration) or
resource change that would contribute to a use conflict

(1 e., aesthetic displeasure will reduce recredtional

and residential appeal). In most cases the conditions
listed in the effects column are not stated in terms of
direct conflicts with another use or uses. Conflict

could be described in an additional listing, nd}oxning

the effects column However, this addition may not be
necessary because the effect statements as they stand

now are usually specitic enough to Indicate noth the manner
and direcction i Lhe tonsequence upan uses

Corrective actions are the physical measutes (ommonly

employed to reduce or «liminate the adverse criccts of the
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preceding column. The listing could also indicate untried
techniques or innovative technology. Many corrective
actions are causal factors to further networks of adverse
conditions and effects. Dredging 18 the normal corrective
action for sedimentated ship channels. Dredging,
however, 1s also the causal factor in filling of wetlands
with spoils.

(g) Control mechanisms are methods other than direct physical
action that might be instituted to regulate, reduce, or
eliminate the indicated adverse effects. Examples would
be permits, codes, plan review, zonlng, easements, and
legislation.

Fifty-five uses are identified in the Sorensen method, and they
are listed in Table 22.

Causal factors used in the method are listed in Table 23, and
are identified based on the assumption that they are presently
being generated by the use in question. The matrix matching
of causal factor to use is intended to mean there presently is
a more than frequent relationship between the two.

The initial conditions listing 1s organized vertically into
six groupings, representing changes in. water, climate,
geophysical conditions, biota, access conditions, and

aesthetics.
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TABLE 22: Coastal Zone Uses

Category

Uses

Residential, Commercial,
Agricultural

Recreational

Extractive

Residential Development
Commercial Services
Crop Farms

Ranching and Dairying
Forestry

Motorboating

Boat Fishing

Water Skiing

Sailing

Surf Fishing

Pler Fishing

Swimming

Scuba~-Snorkling

Wading

Sunbathing

Group Beach Games
Beachcombing - Strolling
Clamming - Bait Collecting
Picnicking - Cook Outs
Contemplation -~ Observation
Painting - Photography
Wildlife Observation
Hunting

Horseback Ridang

Beach and Dune Draving
Shopping - Boardwalking
Ocean-view Dining
Sightsecing ~ Pleasure Driving
Camping

Commercial Shramp and Finfashing
Cormercial Shellfishing

Abalone T'ishing

Kelp and Seaweed Harvesting
Shore 011 and Gas Wells

Offvhore ULl and Gas Wells

Shore Mining and Quarrying

Sand, Gravel, and Shell Mining
Desalinization

Seawater (hemicals Extraction
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Category

Uses

Industrial, Transportation

Marine Transport
Highway Transport
Arr Transport

Rail Transport
Communicatlions

Navy Operations
Military Facilities
Marine Research
Industrial Operations
Power Plants

Sewage Treatment Plants
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TABLL 23: Causal Factors in the Coastal Zone

Category

Causal Factor

Residential, Commercaal,
Apgricultural

Recreational

Septic Tanks

Sewer Systom

Solid Wastes

Groins and Beachworks
Signs and Billboards
Vehacles

Utilities

Fences

Structures

Roadways and Parking Areas
Grazing Stock
Landscaping

Vegetation Clearing and Logging
Irrigation

Water Inpoundments
Grounwater Withdrawal
Chemical Control Agents
Fertilization

Drainage Improvements
Plowing and Cultivation
Cuts and Fills

Protection of Species
Collection of Species
Landscaping

Jorltties

Sewape nd Trash Disposal
Picnic Pacilities

Signs and Billboards
Fences

Toilet Facalities
Structures

Vehicles

Paths to Shore

Vehicle Trails

Launching Ramps

Roads to Shore

Turnouts and Vista Points
Roadways and Parking Areas
Channulis

Breakwater

firoins and Beachworks
Navigation Aunds

Nocks and Piers
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Categorvy Causal Factor

Fuel NDocks

Slips and Berths
Boatyards

Boats

Extractaive Stock Introductions
Collection of Species
Prospecting
Temporary Housing
Processing Plants
Refineries and Tank Farms
Towers and Platforms
Cffshore Drilling
Excavation
Dredging
Gangue Dumping
Offshore Beneficlation
Wastewater
Seawater Intakes
Pipelines
Submerged Fencing
Cvaporation Beds
Slips and Berths
Channels
Breakwaters and Jetties
Fuel Docks
Docks and Piers
Boatyards
Boats and Barges

Industrial, Transportational Collection of Species
Practice Ranges
Defense Operations
Power Pylons and Wires
Transmission Towers and Antennae
Utilities
Fences
Runways
Axrcraft
thlcles
Railroads
Roidwiys and Parking Areas
Building Site Cuts and Fills
Roadbed Cuts
Bridges
Koadbed Falls and Causeways
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Category

Causal Factor

Water Impoundments

Solid Haste

Wastewater and Sewage
Nuclear Reaction

Fossil Fuel Combustion

Bulk Refining and Processing
Tanks [levators and Warehouses
Structures

Bulk and Fuel Loading
Navigation Aids

Slips and Berths

Channels

Breakwaters and Jetties
Docks and Piers

Shipyards

Nuclear Ships

Ships
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V.

Example of "Sorensen-Type' Matrix (10)

A.

B.

Project

1. The project was for renewal and development of a 74-acre
industrial park (Fruit/Church Industrial Park) in the south-
western portion of Fresno, California.

2. The project, financed by the Economic Development Adminastration,
involved two separate and simultaneous actions. The first action
was a loan to improve the processing facilitles of two industries
currently located within the project site. This loan permitted
inereased production and control of the emission of objectionable
odors. The second action was a grant to the City of Fresno.

It permitted the acquisition, renewal and development of the 74
acre site into i1mproved sites for use by heavy industry.

Explanation Environmental Impact Matrix

Figure 6 is a guide to the use of the impact matrix, which should

be interpreted in ten steps:

1. Fnter the Matrix at the upper left hand corner under the
heading Project Clements. In the example - 2. Future

» Improvements.

2. Read to the right. A possible causal factor which may cause

an impact 1s shown at Surfacing.

3. A dot €3 indicates that a relationship exists between

2. Future Improvements and Surfacing.
4, Read downward from the O until either a > <r
O

D , a , or U 15 encountered.

If a tﬁ%r appears, a major positive impact exists
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A K indicates a minor positlve impact exists

A O indicates a major negative 1lmpact ex1lsts
A a indicates a minor negative impacts exists
A U indicates an 1impact ex1sts, but its magnitude

or direction cannot be determined at present.
Reading downward from Surfacing, a O 1s shown.
Read to the left. A minor negative 1mpact will chamge Sub-
surface Water. The 2 next to the (| indicates that the
impact originates at 2. Future Improvements.

Read to the right

Under the column headed INITIAL CONDITION the notation reads
High Quality indicating that the altered element 1s presently
of high qualaity.

Under the column headed MECHANISM OF CHANGE will be a

notation describing the mechanism which will change that

\/

altered element

Under the column headed POSSIBLE FINAL CONDITION will be a

notation describing the condition of the altered element afrer

the impact has taken place.
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10.

Use

1.

The POTENTIAL CORRECTIVE MEASURES column is reserved for those
impacts against which some steps have been or could be taken
to minimize the impact.

of Matrrix

Figure 7 shows the completed matrix.

Glossary of terms used is as follows:

Clearing ~ the removal of trash, structures and other material
now occupying the project site. This includes the removal of
vegetation and all deletrious materials.

Utilities - refers to the trenching, installation, recovering
and all construction necessary for the installation of sewer,
water, gas, electric and telephone equipment.

Grading ~ any cut oT £111 operations necessary to prepare the
site for future development.

Surfacing - placement of any impervious material on the ground

surface.

Street Widening and New Streets - all construction necessary to

improve existing streets or place new streets within or adjacent
to the project site as planned. Includes the acquisition and
preparation of land necessary to upgrade exlsting streets.
Drainage - 1s the containment and routing of storm water runoff
to a safe place of disposal.

Buildings - includes all renovations to the existing structures
within the project site and construction activities to place

new structures within the project site.
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Liquid Waste - all liquad resulting from domestic manufacturing

or processing activities currently taking place within the W

project or future industries which is not intended for further
use or sale.

Solid Waste — any non-liquid material resulting from manufacturing
or processing which 1s not intended for reuse or sale includang

combustible trash

Atmospheric Discharges - any discharge of gaseous or partléulate

matter into the atmosphere

Commercial Products - any materials resulting from manufacturing

or processing activities which are 1ntended for use or sale.
Noise - the nolse level within and adjacent te the project site
and including all causes thereof

Presence - the non-quantifiable quality of the site which may
result in any 1mpact or change resulting from the mere fact of
being there, apart from its esthetic or physical properties.

Water Demand - the quantity of water required for human or

industrial consumption within the site
Soils - 1n the agricultural sense referring to its capability
for supporting vegetation and not including 1its mechanical or

englneering properties.

Surface Drainage - the movement of surface water by gravaty.

Subsurface Water — water occupying the saturation zone from

which wells are fed.

Air Quality & Climate - the quality of air in terms of the

currently used air pollution index, including detectable odors.
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Climate includes all recordable meteorlogical phenomena
{ncluding tewmperature, precipitation, wind spced and direction
and relative humidicy.

Yepetation - any naturally occurring or man-placed plant
marerial within the project area.

Amimal Life ~ any life form occurring within or affecting the
project area.

Avenity =~ the perceived pleasantness of any part of or the pro-
iect as a whole or its surroundings which may be affected by
tne project.

Adjacent Land Uses - all zone-conforming or nonconforming

jand uses within the project area which may be affected by the

project.

Transportation - all facilities necessary to mechanically

move goods and people

Employment Opportunities - the opportunity for increased levels

of employment or greater variety of employment.

Income Level - the average purchasing power of families within

the area affected by the project.
Tax Base - the combined assessed value of personal and real
property upon which taxes are based.

Utility Facilities - specifically the following. sewer, water,

gas, electricicy and telephone.

Health and Safety - the general level of health of persons

occupying arcas afrected by the project and the protection of

thosc persons from exposure to hazard.
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Checklists for Impact Assessment
by

L.W. Canter¥*

Checklists represent one of the basic methodologies developed for use
in environmental impact assessment. This discussion is oriented to a pre-

sentation of several examples four each of four broad categories of checklists,

I. Introduction

A. Definition: Checklist methodologies present a specific list of envi-
ronmental parameters to be investigated for possible impacts but do
not require the establishment of direct cause-effect links to project
activities. They may or may not include guidelines on how parameter
data are to be measured and interpreted. They may have developed
parameter weighting systems. (1)

B. Categories of Checklists

1. Simple checklists: a list of parameters 1s 1indicated, however,

no guidelines are provided on how parameter data are to be mea-

sured and interpreted.

2. Descriptive checklists a list of parameters i1s indicated, and

guidelines are provided on how parameter data are to be measured.

* Director, School of Civil Enpincering and Environmental Science, University
aof 0kl iheoma, Norman, Oklahoma.
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3 Scaling checklists same as descriptive checklists with inior=

]

mation provided as to subjective scaling of parameter values.

4. Scalinpg-weighting checklists' same as scaling checklists wich

information provided as to subjective welghting of parameter

with respect to each other

II. Examples of Simple Checklists

A. Corps of Engineers (2)

1. Relationship of the Proposed Action to Land Use Plans. Discuss

how the proposed project or action conforms or conflicts with
the objectives and specific terms of existing or proposed Fed-
eral, State, and local land use plans, policies and controls,
if any, for the area affected. 1If a conflict should occur,

the statement should discuss the 1ssues completely and state
the actions that the Corps has taken to reconcile its proposed
action with the plan, policy or control, and the reasons for
proceeding with the project notwithstanding the absence of {full

reconciliation.

The Probable Impact of the Proposed Action on the Environment

I

a. Impacts on the environment including warer, land and air,
would be viewed as changes or conversions of environmental
elements which result directly or indirectly from the pro-
posed action  These impacts and effects should initially
be identified and projected throughout the life of thc pro-
ject. Include land loss and land use changes which could be

expected upstream, downstream, and adjacent to the project

2=



such as urbanization changes 1in water features and character-
istics, air quality, aesthetics, etc. Discuss the impacts
on the environment of project-induced primary and secondary
economic and social effects, including cumulative effects.
Such impacts shall be detailed 1n a dispassionate man-—
ner to provide a basis for a meaningful discussion of the
trade~offs involved in the SOF. Quantitative estimates of
losses or gains (e.g., acres of marshland, miles of white-
water streams inundated, etec.) will be set forth whenever
practicable. Where this cannot be done, qualitative des-
criptions of unquantifiable environmental costs and benefits
should be provided with assunptions or criteria on which
judgments are based. Data developed from the effect assess-
ment for environmental effects {Section 122) should be used
as input for the "with project condition.™
The description of the proposed action should include a sum-
mary of the population projecgions employea as a basis for
formulation and evaluation. The sources of the population
data, whether OBERS or another origin, should be identified.
Other projections, such as future economic activity and land
use, that alsoc bear upon a thorough understanding of the \
environmental impacts of the proposed action should be in-
cluded along with their source. When preparing the environ-
mental statement, care should be taken to only 1include
information that 1s necessary to fully understand the pro-

posed action and its attendant environmental impacts. In

-3~
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order to keep the statement brief, the environmental state-
ment should contain veferences to more detailed information
in the appropriate sections of the decision document. Dis-
cuss both the beneficial and adverse impacts of the environ-
mental changes or conversions placing some relative value

on the 1mpacts described Discuss these effects not only
with the reference to the project area, but in relation to
any applicable region, basin, watershed, or ecosystem. Re-
late the impact to the river basin or regional entity 1n
which the action 1s proposed, and discuss the 1nter-relation-
ship of projects and alternatives proposed, under construction
or in operation by other agencies or organlzations. A
thoughtful assessment of the environmental elements should
aid in determining impacts. For example, the filing of a
portion of the wetlands or an estuary would involve the ob-
vious conversion of aquatic/marsh areas to terrestrial
environments, the loss of wetland habitats and associated
organisms, a gain in arca for terrestrial organisms, a chanpe
in the nutrient composition of the runoff water entering that
portion of the estuary, alteration of the hydrology of some
given area, perhaps the introduction of buildings or roads,
curtailment of certaln commercial uses, disruption of water-
based recreational pursuits, conversion of wildlife aesthetics
to less-pristine attributes, perhaps the removal of same por-
tion of popular duck hunting grounds or unique bird nesting

area, etc
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d.

ldentify remedial, protective, and mitigation measures which
would be taken as a part of the proposed action by the Corps
ur others, to eliminate, or compensate for, any adverse as=
peets of the proposed action. Such measures taken for the
minor or short-lived negative aspects cannot be satisfact-
orily dealt with will be considered in greater detail along
with their abatement and mitigation measures in subparagraph e.
For O&M maintenance dredging projects which are segments of

a total sytems, i.e., the intracoastal waterway, and for which
it has been determined that separate rather than a composite
environmental statement be prepared, the need to discuss the
inter-relationship of the segnents with the total project
including cumulative environmental impacts over the life of
project is mandatory. Points to consider in preparing the
statement should include; periodicity of dredging require-
ments, volume of material removed to date and projected in
the future, dredging methods used in past and project for
future uses, location and expected life of authorized spoil
disposal areas, projected needs and plams for establishing
new areas, experienced rate and type of revegetation and
changes in wildlife values on completed and existing disposed
areas, quality of dredge spoil throughout the project area
with particular coverage of any areas where chronic pollu-
t1on ex1sts and how such spoil has been and will be handled,
and a general description of fauna and flora within the
project area including a thorough analysis of how proposed

dredging operations will affeect these organisms
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Alternatives to the Proposed Action. Describe the various rea-
j

Y

sonable structural and non-structural alternatives to the proposed
action, their environmental impact, their ability to accomplish
the ohjectives, either 1n whole or part, of the proposed action,
specifically taking into account the alternative of no action.
The "effect analysis" as required by Section 122 for survey and
continuing authority reports and Phase I GDM's will provide
necessary information to the planner in developing the full range
of effects of project alternatives to eliminate, reduce, OT minl-
mize adverse environmental effects or to enhance environmental
qualities. For each viable alternative considered, particular
economic, social, and environmental effects of the planned action
must be assessed and weighed against other alternatives in the SOF
A thorough discussion of this balancing analysis 1in the SOF will
provide evidence that the decision making process has in fact
taken place, that 1t will allow others to evaluate and balance

the factors on their own, and that the final project recommenda-
ti1on 1s made in the best overall public interest.

In discussing the various alternatives to accomplish the ob-
jectives of the proposed action, three general categories should
be followed {1) Describe those alternatives which would accom-
plish all of the objectives of the proposed action, (2} describe
those alternatives which may only provide a partial solution to
all or part of the objectives of the project, as one example
including land acquisition or other land use controls in the

flood plain in the case of flood control projects, and

-6-
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(3) describe the no development altermative. Rules of creason-

ableness must also be followed in deciding what alternatives

ure proper subjects for discussion, These are summarized as

fmnllows

Q.

The fact that an alternative action cannot be implemented

bv the Corps does not by itself make the alternative not
reasonably available. If alternatives requiring action

by another agency or legislative action are not remote Or
speculative possibilicies, they must be discussed 1n the
statement. In discussing such alternatives, information con-
tained in studies by other agencies, responsible journals
and other agencies environmmental impact statements may be
used

Reasonably available alternative actions and responsible views
in opposition to a proposed action which are contained 1in
comments on the environmental impact statement submitted by
interested citizens or citizens' groups must be discussed.
The range of alternatives that must be evaluated 1in an en-
vironmental impact statement concernling a proposed action
which 1s an integral part of a wide-spread coordinated plan
must be broadened beyond those alternatives that would be
considered in the case of aproject of more limited scope,
such as a local protection project

In the case of a proposed action intended to respond to an
immediate need, an alternative action thar will provide on-
ly a long-term solution 1s probably not a reasonably available

alternative and does not have to be discussed.
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B. Little Method for DOT (3) )

1.

This method is basigally oriented to a discussion of the i1m~
pacts associated with a transportation project.
Table 1 spells out a range of potemtial environmental impacts
of a transportation project by.
a. category of impaot
b. 1likely significance of major impacts at the principal stages
of the project, the project stages are:
(1) planning and design
(2) construction .
(3) operation
¢. x denotes impact, could be (+) or (-)
Table 2 has classification of impacts according to those occurrang
n®
a. planning and design phase
b. construction phase
¢. operation of facility - direct impacts
d operation of facility - 1indirect impacts
Table 3 has effects according to areal considerations
Procedural options for determining the perceived significance
of the impact of a transporation project upon the environment.
a. Reliance on the emergence of controversy.
b. Evidence of governmental concern through the A-95 comment
procedure
c. A presumption that significance is implicatly related to a

project's scale or cost



TABLE 1
POTENTIAL ENVIRONMLNTAL IMPACTS OF A TRANSPORTATION PROJECT

{by categorv of impact and the significance of major ones
at various stages of the project)

Potential significancel at Stage of-

Planning

Litepory and Design Construction Operation
l. Noisv Impacts x x

a. Public Health

b, Land Use
2. Alr Qualicy lmpacts x x

Jd. Public Healtn

b. Land Use
2. Water Quality Impacts X . X

a. Ground Water

(1) Flow and water table
alteration

(2) Interaction with
surface drainage

b. Surface Water

11) Shorecline and
bottom alteration

v} Efrects of filling
and diedplng

(3) Drainage and flood
chalcteristics

c. WQaalitv isvects
(1) Etfect of effluent loadings

(2) TImplicatinn of other actions
suct ds \

-disturhance of benthic

laver
~alterition of  urreat.
~chge s an flow regime
-valiwe tutrusion in grounn
water

; W' oonotes an o u t whicn eculd he positive as well as negative,

desowding on € 1 _um-t.ances
-9-
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' TABLE 1 (Cont'd)

Planning
and Design Construction Operation
{3) Land use
(4) Public Health
So1l Erosion Impacts X X
a Economic ana Land use
b Pollution nd Siltation
teolopic Tmpacts X X
a Flora
Y Fauna {othcr than mau)
Eecenomice Luaracts X X X
a. Land Use
(1) Ia inmediate are of
project
{2) 1In local jurisdiction
served or traversed
{3) In region
b [ax Base b4 x X

(1) Tloss through dis-
I)Iﬂl crents

(2Y Carn through increascd
vilues

- liplovment

(1) A.ciss v enwaling
opportunicles

(2Y Creation of new jobs

(3) Displacement from
jobs

Jd. Dlousing and Tiblic Sctrvices
{1} Demand tor new servires

() Alreration 1n éxX1lsting
SLrviees
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TABLE I (Cont'd)

Planning
_itogory and Design Construction Operation

a. Income x X %

Damige to economically X X
valuaple natural resouices

/ Soc1o-Political lmpacts

G, Damage Lo, or use, of , x
(1) Culrtural resources
{2) Scientiric resources
(3) hastoric resources
{(4#) Recreatlon areas

b. Life style and activities X X X
(1) Increased mobility
(2) Disruption of community

. Perception of cost/benefit by
different cohesive groups X x “

(1) Racial
(") Fthnlc
(3) TIovome class
J Personal safetv b X
. Mesthetie Wnd Yisual Impacts x X
b Sy enlc resources

! Jiban desipn

\ A BTN
“ Lo Duadey
v YoLer vrilet

~11-
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' TABLE 2

POTENTIAL ENVIRONMENTAL IMPACTS OF A TRANSPORTATION FACILITY
(by Phase of Project Development) -

lanring and Design Phase

[ )

I~

lmpact on land use through speculation in anticipation of development
Impact of uncertainty on economic and social attributes of nearby areas.
impact on other planning and provision of public services.
Acquisition and condemnation of property for project, with subsequent
dislocation of families and businesses.

Constructlion Thase

1 Di placement of people
2 No1ae
3 Soi1l Frosion and Disturbance of natural drainage.
4 Irterference with water table.
5 Water pollutron
6 vir pollutlon (including dust and dirt, and burning of debris).
7 Destruction cf or damage to wildlife habitat
8, Desrruction of parks, recreation areas, historic sites.
9  Acstuetic impact of construction activity and destruction of or inter=
ference with senic values.
10 impact of ancillary activities (e g , disposal of earth, acquisition
of gravel and f{11)
11 Comm] tment of resources to construction.
12 Larety hazaids.
Operat lon of Facility -- Direct Impacts
1 Salse
2 Alt pollutlion
! Viater pollutiou
- Sac to—rconomic
-, leschetie
t {fects on animal and plant life (ecology).
B Derand for energv resources
C=vrdatior of Facllitv -- [ndirect Impacts

vorolvunus lond use

{ey  al development patterns

Jottiat for hoasiny ani publie faicilitles

fmpp v 4 e use of nearby environmental amenities {e.p. parks, woodlands,
UCEERR IS S FT PR N AR

ipu oot additlonst and/for Improvad transportation into congested areas
Ol THhOSS Are 15

Mt ferentitl asefulness tor different economic and ethnic groups (and
tesucting probleas nd solutions)

iy of o 1t st Tos ol Increased robility and oth«r impacts.

lwvyic, ot impeoved sactiity on transportation and related technological
gt topaent (and consoquent tmpaces)

-12-



TABLE 3

GEOGRAPHIC, LANDSCAPL AND URBAN FORM EFFECTS ON LAND USES
AND PATTERKS IN PROJECT OPERATIONS

i inmediate area of project.
1. Displacement by project itself.

(1) Residential

{2) Commercial

(3) 1Industtial

(4) Public FtaciliLies
(5} Recreatioaal

(6) Natural Resvurces
{7} Cultural resources.
(8) Scenic 1esources
{9) Wildli,e resources.

b. Land-use caoices affected by project.
(1) Attractea by increased access-

(1) Ancillary uses (facility or user service).
(1) Users benefiting from access {(certain industrial, commarcial,
residential and public uses).

(2) Disrupted b project

(1) TIncompatibilaty with noise, pollution, asethetic, safety
and other effects of facility.
(11) Incompatibility with access-oriented uses
(111) Tncompatibility resulting from increases access of non-
reaident users (e g ., natural or wild areas).

v Neteliborhoed (o1 area) services, facilities, and living patterns
fected by 1acil iy

(1) Disruption of service districts.
(1) Pub,ic facilities.
(11) Piivate nonprofit services.

{111) Retiwl establishments

{"Y  Fttects on neichborhood cohesiveness and stability

I o furisdiction .erved or traversed by facilicy.

. “oaet o basd=w e plhamningy, and controls

h ovvet on plannim el dove Topm ot of publac facarlrties resultan, trom
vofe s oad ndease pitteras cencrated or influcneed by 1t (including

TOLL 11 o DAse, cuesl O S l'JlC'(::S)
. Lot wa areae dut directis contiguous with project of actions by
(isrupte, 1 t.acted, or otherwise affected b/ 1t.

A
-13" -
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TABLE 3 (Cont'd)

3, In region where project 1s located.

Lffect on reglonal development planning, inducement and controls,

a
3. Revenue effects, influencing other public projects.
< Economic etfects, intluencing piivate development in the region as

a whele and differentially within it,

-14-



d. Utilization of interdisciplinary approaches at the project
definition stage of planning to employ conscnsus techniques

in predacting the probability of significant impact intui-

tively, against a graded "significance scale". (See Table 4)

C. Federal Power Commission (&)
1. TPC has provided detailed guidelines from preparing environmental
reports, although not specifying units for parameter measurement
2. Sec. 3 of Appendix B applies to pipeline facilities as follows.

3. ENVIRONMENTAL IMPACT OF THE PROPOSED ACTION
Describe all knowor expected significant environmental effects
and changes, both beneficial and adverse, which will take
place should the action be carried out. Include the impacts
caused by (a) comnstruction, (b) operation, including main-
tenance, breakdown, and malfunctlons, and {c) termination
of activities, including abandonment Include both direct
and primary indirect changes in the existing environment in
the immediate area and throughout the sphere of influence
of the proposed action 1/

3.1 CONSTRUCTION

3 1.1 Land Features and Uses -~ Assess the impact on present or
future land use, including commerical use, mineral resources,
recreational areas, public health and safety, and the aesthe-
ric value of the land and 1ts features. Describe any temp-
orary restriction on land use due to construction activitics
State the effect of construction related activities upon lo-
cal traffic patterns, including roads, highways, ship channels,
and aviation patterns.

3 1.2 Species and Lcosystems —- Assess the impact of construction
on the terrestrial and aquatic species and habitats in the
area, including clearing, excavation, and 1mpoundment Dis-
cuss the possibility of a major alteration to the ecosystem
and any potential loss of an endangerced species

1/

Changes 1n the Cnvironment Throughout the Sphere of Influence of Proposed

Action Dircct and indirect effects are those effects which can be dis-

cerned as occurtang primarily because the proposed action would occur For
exanple (1) the impact of a borrow pit would be evaluated to the extent
that 1t would be developed or expanded but the manufacture of conventional
truchs to work the pit would net, (2) the impact of construction workers
moving into the area would be evaluated but not the irpact of their l.aving
present homes However, the impact of their subsequent leaving this niace
must be considered

-15-
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TABLF 4
ENVIRONMENTAL IMPACI SIGNIFICANCE

Significant Scale

Low High

Irpact 0123456788910

Noelee

\«r Yuality Deterioration
water Quaiity Deterioration
Jeaple Displacement

Comrunity Disivption
wsthetie, Visial Impairment
Reciearional Deterioration
Feological Duterioration
Dopletion of Natural Resources
laking of Parkland, Historic Sites, etc.
Ir.eversibility

(antrovet «y

-16-



J.1.3

3.1.4

3 1.5

3.2

3.2.1

3.2.2

3.2 3

Soc1o-Econoriie Considerations ~- Discuss the effect on local

socio~cconomic development in relation to labor, housing,
local industry, and public services. Discuss the need to:
relocations of families and businesses. Describe the bene-
ticial effects, both direct and indirect, of the action on
the human environment, such as benefits resulting from tac
services and products, and other results of the action (1n-
clude tax benefits to local and state governments, growth
in local tas base from new business and housing development
and payrolls) Describe the impact on human elements, 1in-
cluding the need for increased public services {schools,
health facilities, police and fire protection, housing,
waste disposal, markets, tranportation, couwmunlcation,
energy supplies, and recreational facilaties)

Alr and Water Fnvironment -- Estimate the qualitative and

quantitative effects on air, noise, and water quality, 1a-
cluding sedimentation, and whether regulatory standards 1in
effect for the area will be complied with

Waste Disposal -- Discuss the impact of disposal of all waste
material such as spolls, vegetation, construction materials,
and hydrostatic test water.

OPERATION AND MAINTENANCE

Land Features and Uses —- QOutline restrictlions on ex1sting
and potential land use 1in the vicinity of the proposed aciion,
including mineral and water resources. State the effect of
operation related activities upon local traffic patterns in-
cluding roads, highways, ship channels, and aviation patt.ras,
and the possible need of new facilities

Species and Fcosystems —- Assess the impact of operation upon

terrestrial and aquatic species and habitats, including the
tmportince on plant and amimal species having cconomic or
acsthetic value to man that would be affected by the action,
provide pertinent information on animal migrations, foods,
and reproduction 1in relation to the impacts, and describe
any ecosystem imbalances that would be caused by the action
and the possibility of major alteration to an ecosystem Or
the loss of an endangered species. Assess any effects of
tnis action which would be cumulative to those of other
similar, existing projects or proposed aclions

Soci1o-Economic Comsiderations -—- Discuss the effect on the

local socio-cconomic development in relation to labor, hous-
ing and population growth trends, relocation, local indus.ry
and industrial ,rowth, and public scrvice Describe the
benetrd val o ficet s, both dircet wnd andircct, of tho actlion
on Lhe human coviionment such as cconomie bencflts resulting

v =17
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f
from the services and products, energy, and other rcsults
of the action (incluae tax bencfits to local and state gov-
ernments, growth in local tan base from new business und
housing developments, and payrolls) Describe impact. on
human elements, including anv need for increased publ.c
service (schools, pulice and fire protection, housing,
waste disposal, markets, transportation, communlcation and
and tvecreational facilities) Indicate the extent to which
maintenance of the arca 1s dependent upon new sources of
energy or the use ot such vital resources as water.

3.2.4 Alr and Water Environrent —- Assess the 1impact on present
air quality due to process discharge quantities, and other
discharging operational units Assess the impact on pre-
sent nolse levels due to project-related nolises. Assess
the impact on present water quality, including sedimenta-
tion, due to cooling or heating system discharges, process
effluents, sanitary and waste effluents, water use for hy- l
drostatic testing, and water use for other operational units.

3.2.5 Solid Wastes -- Describe any aimpacts from accumulation of
solid wastes and by-products that will be produced

3.2.6 Use of Resources =-- Quantify the resources necessary for
operational processes, ¢ g , water (human needs and pro-
cesses), energy requlrements, raw products, and specialized
needs. Assess the impact of obtaining and usang these
resources

3.2.7 Maintenance -- Discuss the impact of maintenance programs,
such as subsequent clearing or treatment of rights-of-way
and hydrostatic testing and shutdowns. Discuss the poten-
tial impact of major breakdowns and shutdowns of the facil-
1t1es and how service will oe maintained during shutdowns.

3.2.8 Accidents and Catastroplies -- Describe any 1mpacts result-
ing from accidents and natural catastrophes, which might
occur, and provide an analysis of the capability of the area
to absorb predicted impacts

3.3 TERMINATION AND ABONDONMLNT -- Discuss the impact on land
use and aesthetics of the termination and/or abandonment of
facilities resulting from the proposed actiom.

I1I Examples of Descriptive Checklists
A  Construction Engineering Researclt Laboratory (5)

1. Sequence of events for filing an EIS 1s shown in Figure 1

-18-



PREPARE ENVIRONMENTAL
IMPACT ASSESSMENT (El4)

SIGNIFICANT
CONTROVERSIAL? IMPACTS 7
NO YES NO >S5
I
RETAIN EIA ORAFT ENVIRONMENTAL || RETAIN EiIA DRAFT IS
DOCUMENT IMPACT STATEMENT(EIS) {) DOCUMENT

FORMAL REVIEW

FORMAL REVIEW

FINAL EIS

FINAL EIS

Summary Figure 1 Flow of environmental impact ossessments
and statements and thewr interrelationship

—
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The activities of the Army are organized 1ntod nine functional
arcas as follows

1 construction

h opcration, maintenance and repair

C training

d. mission change

e, real estate

f. procurement

g. Army industrial activities

h research, development, test and evaluation {(RDT&E)

1. administration and support

Each functional area has a number of Basic Activities associated
with i1mplementing an Army Program (BAAP). Some examples of
BAAPs 1n the construction functional area include clearing trees,
removing broken concrete, backfilling foundation, curing bitum-
inous pavement, cleaning used concrete forms, installing insula-
tion and landscaping site, a total of about 2,000 BAAPs are
identified 1n all nine functional areas.

The environment 1s divided into 11 broad areas or technical
specialities as follows

a. ecology

b. health science

c air qualaty

d surface water

e. groundwater

£ sociology

~20-



cconomlcs }

T3

h ecarth scilence

. 11ind use

' noise

N Ltransportation

* 1thin cach of the 11 areas, three types of factors, or attributes,
wuote 1dentiflied.

3 Ner-.led attrihates were the finest level of separation within

each area For example, in the area of Ecology detailed at-
tTibuates included Rare or Endangered Animal Species, Food

Webs, Warm Water Fishing and Noxious Weeds, In the area of

Sur face Water Turbidity, Biochemical Oxygen Demand, Phos-
phorous and Mercury, and 1n Sociology Residence Distribution,
Ethnic Composition, Landscape Amenities and Conflicting Land
Uses Obviously, there i1s interaction between these areas,

and the pollutants affect many types of uses of the environ-
ment, net just one at a time. About 1,000 detailed attributes
have been developed at this time for all scientafic disciplines

b Review lovel attributes are broader and more inclusive 1n

scope than detailled level attributes, but are not necessarily
samply aggregations of the lower level Some potential users
of Lhe completed system need the sort of overview which this
sm:i:ller number of more important attributes will provide. bx-
amplas of review level attributes are Rescurce Base, Patho-
gerie Organisms, and Increase 1in Undesirable Species--from the
arcas of Sociolopy, Surface Water and Ecology, respectaively
About 100 review level attributes are currently utilized.

~21- L -
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c. Controversial attributes identify those areas which tne

sclentists feel will arouse public opposition to a proposed
program Scient1fically, they wmay not represent the great-
est environmental threats, but may merely be particularly
sensitive areas. Impacts on Game Animals, 0il Spills and
Amenity Elements are three examples from Ecology, Surface
Water and Soclology, respectively. About 50 particularly
sensitive areas are identified. i

6. See Fipures 2-12 for a general delineation of environumental
attributes.

7. Consideration was then given to the impact of the approximately
2,000 BAAP's on the 1,000 detailed attributes. Each potential
impact was placed in one of four categories.

a. This potential impact must be assessed every time the
activity 1s carrled out.

b. This impact 1s usually present, but may be omitted depending
on individual circumstances.

¢. This impact arises in a small but predictable number of cases.
Consider 1t to see 1f 1t is present 1n your case.

d. (blank) There is usually no impact upon this attribute by
this activity.
The a, b, c, and "blank" markings are called the "need-to-
consider” scale. All this information 1s stored in the CERL
Environmental Impact Computer System. (EICS). (6)

8. lhe 1ICS functlons as follows A user identifies his project and/or

gives 1ts facility class code. Certain impacts are associated with
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10

each constructilon activity, and the program searches out all
those impacts caused by activities utilized in performing a

type of project At present, the computer output 15 2n a fdbr.x
format, listing impacting activities on one axis and 1mpacted
attributes along the other. The "need to consider" marking
appears at their intersection. The attributes may anclude all
levels, or, at the user's option, only the review level Con~-

troversial attributes are printed in all cases See Figure 13

Ramification remarks are also inmcluded in the print-out  These

are included to help explain some impacts. For example, a Tami-

'
'

fication remark may call attention to the fact that the reason
gradlng'a parking lot impacts‘fish populations is due to ecrosion
of the bare soil, subsequent turbidity of the water, and eventual
si1ltation of breeding sites on the lake bottom.

Mitagation procedures for impacts are also 1ncluded 1n the print-
out In the example of the erosion from the graded site mentlioned
above, construction of a check dam or temporary settling pord

could he recommended.

Atomic Cnergy Commission (7) '

1

Ch. 4 1n the basic Regulatory Guide requires a discussion of the
expected effects of site preparation and plant and transnission
facilities construction on the environment As an exanmple, the
following deals with transmission facilities construction {Sec & 2)

The effects of construction and installation of
transmission line towers and facilities on the

Pd wd on Ll peoplo, including those living

o oand the o visitin,e or traveliag throupgh the

ad jacent irca, should be discussed in this bic=
ti1on. (Refer to Section 3.9 for the basic 1n-

formation )
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2

The following toplcs may serve as guldelines for
this discussion but the applicant should incluae
additional material if it is relevant

a. Any permanent changes that will be induced
in the physical and biological processes of
plant and wildlife through the changes in
the hyarology, topography or ground cover or
through the use of growth retardants, chem-
1cals, biocides, sprays, etc during con-
struction and installation of the transmis-
sion lines

b Total length of new lines through and in
various categaries of visually sensitive
land (this 1s sensitive to presence of trans-
mission lines and towers) such as natural
shoreline, marshland, wildlife refuges,
parks, natilonal and state monuments, Scenic
areas, recreational areas, historic areas,
national forests and/or heavily timbered /
areas, shelter belts, steep slopes, wilder-
ness areas.

¢. Number and length of new access and service

roads required.
i

d. Erosion directly traceable to construction
activities

e Loss of agricultural productavity on right-
of-way

f. Mitigative measures such as plans for protec-
tron of wildlifc, [or disposal of slash and
unmerchantable timber, and for cleanup and
restoration of areca affected by clearing and
construction activities

Briefly discuss the effects of construction on any
identified rare or endangered species and what
action will be taken to mitigate any adverse effects.

Ch 5 deais with the environmental effects of plant operation

The topics include.

5 1 Fffects of operation of heat dissipation system.

5 2 Radiological impact on biota other than man.
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5.3

5.4

5.5

5.6

5.7
5.8

5.9

5.2 1 Exposure pathways

5 2.2 Radioactivity in the environment
5.2 3 Dose rate estimates

Radiological impact on man

5 31 Exposure pathwavs

5.3 2 Liquid effluents

5 3.3_ Gaseous effluents

5.3:4-~b1rect radiation

5.3 4 1 Radiation from facility

-

5.3 4 2 Transportationof radicactive materials
5.3.5 Summary of annual radiation doses

Effects of chemical and biocide discharges

Effects of sanitary and other waste discharges

Effects of operation and maintenance of the transmission

system
Other effects

Resources committed

Decommissioning and dismantling

Specific example from Sec. 5.6

The environmental effects of operation and
maintenance of the transmission system re-—
quired to tie 1n the proposed facility to
the pre-existing network should be evaiu-
ated The evaluation of effects should

make clear the applicant's plans for main-
tenance of the right-of-way and required
access roads Plans for use of herbicides
and pesticides should indicate types, vol-
ume, concentritions, and manner and freguency
ol e Reenltang offect on plant Vifo,
wildltfoe hibit e, 1wd resources, and scente
values should be evaluated

New access roads may increase the exposure
of transmission corridors to the public.
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4.

IV. Examples of Scaling Checklists

The applicant should consider the potential
effects of this increased exposure on resi=
dent wildlife.

This Section of the Report should also ref-
erence the applicant's estimate of any elec-
rrical effects of potential environmental
signiticance which were previously identi-
fied and discussed 1in Section 3.9.

Table 5 presents a detailed description of the environmental

factors and unils of parameter measurement to be used in com-

'
v

paring alternative plant systems.

A. Adkins and Burke (8) -

ll

2.

This method was developed for transportation projects. It
basically consists of a checklist and scaling of impacts of
alternatives on a relative basis from -5 to +5 (+5 1s Fhe plgh-
est score).

A listing of the environmental factors with a definition or
explanation is included 1in Table 6.

An cxample of the use of the system for the environmental por-
tion of the checklist is in Table 7, and a summary of the resulrs
from each portion 1s in Table 8.

The rating system can be put into full use only after extensivc

information has been developed through observation and analysis

Furthermore, the final ratings may well be the result of a recur-
sive procedure in the planning of a freeway location and design

[n other worde, as the evaluition of alternatives is beling made,

there is continuous discovery of ways to improve location and desipn It
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Table 5 ENVIRONMENTAL FACTORS TO BE USED IN COMPARING ALTERNATIVE PLANT SYSTEMS

Poimary [mpact

Poputation or
Resources Alfected

Deascription

Uit ol
Measure’

Method of
Computation

Nstutal surface

body

1§ Impingement

or

waler

en-

mapment by cooling
waler intake structwe

1.2 Passage thiough or re-

tention
systems

In oooling

1.3 Dischargs  arez  end

Ly o

thesmal plume

{Speady natural water bndy
alfected)

111 Fuh!

121 Phytoplankton and
2ooplankton
122 Fish
1
131 Water quahty, excess
heat

132 Weater quelily, oxygen
avalability

1.3 3 Fish (nonmizratory)

Juvenules and adults are subject to
attnuon

Plankton population (excluding fish)
rmay be changed due to mechnical, ther
mal and chenuical effects

Al Lfe stages {cggs, larvae, etc) which
reach the condenser are subject to
sitntion

The rate of dissipation of the excess
heat primanly to the atmosphere will
depend on both the method of discharge
and the state of the receiving water n
respect 1o ambient temperature and
waler currents

Dissolhved oxypen concentration of re
ceiving waters m1y be modified as a
consequence of changes in the water
termperatute, the transtocation of water
of different quality, and acration

Fish? may be affected duectly or ind
rectly® due to adverse ~ondiions 1n the
plume

Percent of har
vestable or adult
population de-
stroyed per year
for each wmpor
tant species

Percent changes
in  produclion
rates and species
diveruty

Percent of hay
vestable or adult
population de-
stroyed per year
for cach mpor
tanl speces

Acres and acre-
feet

Acte [cet

Net effect i
pounds pcr year
(as hanestable
ot adult fish by
species of inter-
eit)

Identdy all important speaics a3 defined 1n Sect 27
Estimate the annual wewht and number of each spwces
that will be destroyed (For juvemilss destreyed o1,y the
expected population that would he e sanwed nuturaly
need te conside od ) Compare with the estmated w=izhi
and number of the species papulatian .n the wa er bady

11e)d studies are required {1} to estimale the di er 11y and
produc 1on tates of readily recogrizat'e groups l2z
diatoms green algae zooplinklony and ') 1y estu-ate
the mottakty of organtsms passng Jhrough the corCerwr
and pumps Include wdirect® effec.s whih affect mortal
ny

Idenufy atl important species a3 defined in Sect 27
Estimuce the annual woaght and number of #ach species
that will be destroyed (For larvae eggs and ju e ey
destioy ¢d only the expecied popu ation that w s 10 have
survived naturafly reed be conudered ) Compare witk he
estimated weight 2nd number of the species porulatwnin
the water body

Estimate the avetage Btus per hour diwipated 1o Lhe
recening water at full power Falimate the water volume
and surfsce areas within differential temperature 18-
therms of 2° 3° and 5°F under conartipns that would
tend with 1espect (o annudl sanzsbLons 1o maximize L s
extent of the areas and volurnes

Estimate volumes of affected wate,s with coneen ratir e
below § 3 and 1 ppm under conditions that woewla te §
to mavimize the wmpact

Field measwsoments are cequired to establinh the averg,
nrumt- 1 and weight (25 hanvestable ar 2ults) of 1mpartaat
species (as drfired v Sect 2 7) Lstimale tha minrtality
wn the recemang water trom duect 2nd Indurect® efiects

Y Applicant may substltute sn slternstive unlt of meosure where convenient Such o meosure shauld be related quantltatlvely to the undl of rie~ ure shownin thb table
B+ Pk’ 59 waed In this 1oble Includes shellfish and other aquetic Inveriebrates harvesied by mon

et eflects could Include Lncreosed discase incltence, Increcsed predation, Interference wath spewning, chaprged metabolic retes hatcrlaz of fish out of pFote with food ore.r 5T !



-~
. Populauar o o U of Method of
Pr~ ¥t Resource Al _ved eichiption . Moasure! Computation
134 Fuh(rugatory) Switah'. habitats (wetand or water w_ Acresof duined Jdecrarme e - - huouw briaus of
. face} may by affectnd < < habuar ar nes. the rill dischurges 1acludiig ffets on fuod resources
' ’ INg area Document estimates of affected populsion by sp+c1s
t - - - » -

. - . - - ; T
- = . 135 Wildihfe (including A thermal barnier may imhsbit mrgtation, Pounds per year Estimate the fraction of the siock that 1s prevenced from
' - . buds aquatic and am- _both hamperirg spawming and dimunish ', (asadujtor har- ¥ reachung spaw nung grounds because of _plant operaton
R phiblous mammals and tng the survival of returnirs fish sesiable fish by 7 Prorate this duectly'lo a reduction in cu rent and
- repites) species of wnter- long term lining effu-_l suppurted by that stock Jastuy
est) ~estimate on basis of lowsl miratisn parre ns expenence

- - atother sites and applicsbie State standardy °
1 4 Cherr zo ¢™uenns 141 Water quality, chernical  Water quality may be impaired Acre fee1, %

-g{-

142 Fuh

143 Wildlife (Including
buds, aquatic and am-
plubious mammals and
tepides)

144 People

*See fo. ~otes st beclaniag of table
1}

'
3

AN

Aquatic populations may be affected by Pounds per yesr

toxlc levels of discharge chemicals or by  (by species &3
reduced dusolved oxygen concen- fish)

trations

Sui able habltats for wddbfe may be Aces.

aTecred

Rccreal;ona! waler uses (boating, fishing, Lost annual user

swimming) may be imhubited days and area
{actes} or shore
. . o line mues for
. s B ) dlution
oo i N
- Fa) ' 1 II
¢ o
. Vo, . . U

The volume of water requied 1o diluie 1bs avurage daily
" discharge of each themnal to meer app'icable water
quulity standards should be calorbited Where « bl
standards do not evist use the voleme requined 13 alut,e
each chimical to @ voncentiation equanalent 10 3 sele od
* lethal conueniration for the most tmporant speuies (as
detined v Sevt 2 7) 1n the recening waters The ratw of
1his volume to the annual muimum vatue of the daily aet
Now, where apphoshle of the recernang waters should be
expresscd as a pracentage 37d the Lirpest such pPercentags
‘teparted  Incjude the total solwds 1f this 13 3 Lhminng
factar Include in this calculanon the blowdown frum
+cooling tow ers i

Total chemical effuct on umportant spectes of aquatic
biota should be eshmated Biota exposwed within the
facibty should be considered 33 well as biota in fecening
waters' Supporting documentation should inclade refer
ence to appliable standards chewmcals discharged and
theur toxicuty to the squanic populitions affected

Estimate the area of wet land oz water surface unpawed as
a2 widhife habiat because of chemical comtamiration
including effects on food resources Document estimates
of affected pupulstion by speaies

Yolume of the net flow 10 the reauiving waters required
fo dilution to reach accepted waler quality standards
riust be deternbined on the basis of duly discharge and
converted 1o tither surface area ot mi'ts of shore Cross
sechion znd snnual munemum low charatonstws should
bt mcorparated where applicable  Annuval number of
viators to the affected area or shoreltne must be obiained
This pernuts estiimation of lost user d1ys on an annual
batis  Any posstble cutropbication effects should be
estimated and included as 2 degradanon of quility
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B

MethrJof
Cocr, wtatior

I Population or b Unit of
Prmary Impact Resourca, AHoctod scriplior Measura!
15 Radion.clides di- 151 Aquathe o.pentsms Radionuchde discharge may inoduce 8 Rad pr year

charged to water body

15 2 Poopla, external

1.5.3 People, ingestion

15Coniumptive ooe 161 Poopln

1461 Agricultess

1.£3 industry

171700 eonrtrundas (Is-

cluding die gprepun-
tian)

17} Water quallty, phylal

1 7.2 Water quality, chendat

-

€5 futiutica ol Wgmting 5 of toce,

radiztion level which adds to natural
background radutlon

Radionuclide discharge may mtroduce a
radiation level which adds to natural
background radiation for water userns

Radionuclide discharge may introduce a
radation level which sdds to natural
background radiatwn for ingested food
and waler.

Drinking water supplies drawn (rom the
water body may be dimiushed.

Water may be whthdrawn from agticul-
tural wsape and use of remalning.water
may be degraded

Water mey bz withdrawn for Industiial
ux,

Turbldity, eoolor or temperzturz of
mtural water body may be aliersd

Ygter qu=Bty may be Impaired

Rem pet yeat for
individual, man-
rem per year for
estimated popu
Jation as of the

first  scheduled
year of plant
operatian

Rem per year for
individuals
(whole body and
o0igan) man rem
per year for
population as of

first  scheduled
yecar of plant
operalion

Gallons per year

Acre feet per
yeat

Gallons p=r ycar

Acre fect ond
acres

Acref{ect, B,

Sum dote contributions frof t.d snuchdes expecied to
be released

Sum annual dose contributions from nuchdes expected to
be relcased Calculate for above-water activitics {siung
fishung boating), wrwaler actmhesy (rwimnung), and
shoreline acuvines

Estimate biclogical accumulation tn foads, and wnt.' by
rdividuals and populition Czleulste daces Yy surm o
results for expected radionucliyes,

Where wsers withdraw dnnking water tupphes from the
affected water body, lott water to v iy should tz
estimated Relevant deliveied costs of replace nent drink-
Ing water should be incduded

Whete users withdrawing rigation water are afTected the
loss should be evaluated 25 the sum of vo volumes the
volume of the water lost to egacultural u~ 5 and t~-
volume of dilution waler required to reduos com ot
tions of dissolved whd: m emaung woer to =3
sgnculturally acceptable kevel

The volume of dilvtion water requyed to ns ~f apphes? 2
water quahity standards should be calculated T2 2 ral
extent of the effect sthould be ¢ytimated

To the extent possiblz the spph-o-t should treat 0%
lems of spudy and draynzes duiis ok sdwcbon In Lo
samsmerncr«3 1 41
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. b 2 E— —— — i ——— i T A =

Pro_-y - =l Pepufzhion € Dascript on Unit ¢f Elathnd of

Ruoura s Aftecied Mzrasurc? Comu v on
——— - e e = o o= e - e et s = o
1EOntz 7,2 8 PPt . .. TR B PR A R ¢
rmof en ob e ety ot 1 propoxd pho by Dachoare
.
el llaln

19 Cominsd  or Lot

Bhere endenue tadiceer tha b combimed effect of a
atl T e ec

Lumber ¢f tmacts on a partcula opulion araciot oo
is rot adequ- ely imlated by eascres of the vraate
tmpacts the letal combined effect shonutl he described

110 hete™ecls Se. dcur os in Secton $ B
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Poputa ion or

Primary |mpact
Resourcrs Affrcred

Descripuion

2. Ground Watssr

21 Rabnngflowering of 211 People
ground water levels

212 Plants

22C h e mtcal 221 People
conlamination of
ground water
{excluding malt)

122 Pans

23Rad’vnuclide 231 Peopls
coni:minatioe of
gor 2 aater

132 Plants and animahs

|

24 0ther impactr 02
ground water

*See foatnoted et begdnning of tabla

Unit of
Mea,ure’

Me.hod of
Computation

\

Availabality or quality of drinking water
may be decieased and the funcuoning of
existing wells may be umpared

Trees and other deep-tooled vegelation
may be affected

Drinking water of nearby commurnties
may be aflected

Trees and other deep-rooted vegetation
may experience taxic effects

Radionuclides which eater ground water
may add to natural background radwation
level for water and food supplies

Radtonuclides which eater ground water
may add 1o naturs] backgiourd radiation
tevel for local plant forms and anemal
population

Callons per year

Actey

Gallons per year

Acres

Rem per year (ot
individuals
(whole body and
olgan) man rem
per year for
population as of
year of fust
scheduied  year
of plant opcia
ton

Rad per year

Volume of replacement water for local welly actually
afTected must be estinated

Estimate the area in which ground water lvel charge may
have an adverse effect on local vegetation Report this
acreage on 3 wparate schedule by L~d use Speaufy such
uses as recreational agnicultural and reudential

Compute annual loss of potable aater

Estimate area afliccted and report separately by land use
Specfy such uses as receational, agrcultu al and
resideniial

Estimate intakes by indiniduals and populaticns Sum
dose contribuions for nucldes expected 1o be relay d

Estimate uptske 1n plants and trensfer to arumats Sum
dose contubutions for auchider expecled o be released

The applicant should descnbe and quanuly amy ol ¢
envuonmental effects of the projosed plant which wmo
significant



Peouw' v o

Ce"cr punn

T Froay - el v .t L
3} oA - e -
3Mfoe ~; and Wi*g 3t 1 Ground trtamyp, v -
{Lauwel by ¢ aporativn
and L)

312 Au transpurtation

313 Warertranspora zn

314 Paanny
I
t‘o’ 32C izl duscharge to 32 1 Aw quzhty, chen, =1
! Tt en
322 Aitquahity odor
3)Rzdi1onuclides 331 People external
€ < harged 1o smbient
AL 22 E€Le tradiation
frem radroacn ¢
rac o3 inplait or
be 4 aqsported)
o !
332 geople e, llua
. 3o ' ’
Do
<

Sefe y hazards muy be created in the
nearby regions in 411 seasons

Safcty harzards may be created in the
fze by reyicns in 3l seasons

Safety hazards may be ereated tn the
nza by 1eg ons an all seasons

Damage to timber and CIOps may occur
through intioduction of adverse
conditions

Pollutant emissions may dunwush the
G--ty of the lo 2l ar™wr o

OZot in gaseous duscharge or fran
e “ects on  watet body may be
objecionable

Radionuclide discharge or  direct
raZiation may add to natural backyround
tadittion level

Redionuctids ducl arge mey add to the
r - elrzhicacinngy in veReltiam o' an
se

Vehicle hours pe.
year

Hours per year,
Mghts  delayed

pei year

Hours per year
number of slups
affected per
year

Actes by aop

% #nd pounds or
lony

Statcrent

Rem g1 year for
individuals
(whole body end
organ} mansem
per year for

- population as of
year of first
Scheduled
Qpela n

Rem poryoar for
individuals
{whole o '
emn) oo

pey year o,

LRSI
Corn=41a 4z

Compute the newder of hours PEr year that drvug
hazards will be ncressed on paved highways by fuy and
e from eoaling towmers and purds Duiumr itation
should anclude the vissh ' y encnia used fo ¢:Mung
hazardous eonditions an 1he g gy s acrually aiteied

Compute the number of hnurs per ymar the (ome-
AUpuits will be b sed 10 vnuad (V] R) and 1nairs ~.al
{(HR) 2w 1raftae by znse of i amd e TtuT vl

tosers Estunsie nainter of Migh 4 ¢ ‘ay Jd peryear

Compute the numnber of hours Pe yearshpaull rey 2 1y
reduce siwd b ause of fog from conling tewers or 7 gy
or warr water added 1o the surface of the nver, lake or
$ea

Estimate the acreage of patcnin) plart damage by cop

Ths sctend comcen ration of earh pollutant in pom for

Jxr g o, e whotare Co b e v -
p-teeite e of abe o ploiol & suon vandnd it
weight for evper ed 204! emt, tops

toae

-

A statem.ni must be made a3 1o acther odor OrRZINILNY
W pUNL s peeceptible at any [otat offa4) e

Sun dosw contnibotions from nuchides eapecied 1ot
relca ~d

\ ] 1 13 L1

Y 1 t ’ 1 ' =
N T AR PO [
[ L S A N T Rl A ' ' '
1 sy [~ vt r r e f
ex, oo v o L
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Rt & e e

Prlmury i . P .

e W mae mame— . e me —-—— s e

333 Puntaand enirete

4Otk v acs 0a o=

YTaz fon

NI 13 R S S

Dzizrniption

Radionuchide  dischar,e m~y add to
ratural bacxground rodioact]s ty of local
plwnt zrd prurs of Wfe

Unit of

LSRF RV FY
Pt e of
Year of fir..
schedoled
oprrion

Rad pr year

heow of
COInpu.n!rJl

Bt ——————

Esturite d=posit of ra_io-u-lry on ard upaley g
il animadds Sum dov- contnibatmn for radicn, @ 9
L CRU Tl P T |

The applicant should ¢ 1arite and qur~tify &4y oo
enormental eTecls of the propo.ed plaal wh |, aa

uerufi ot
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[ 2 A
P -~y Ilmp ot
v ims | 1]

Art——

4 Land

_—— b w e dm e o -—

4 1 Site s 2cilon 411 Land amount

4 2 Crnst uctron Bchmti=g
{incivding site
pem= Kn)

421 People farut )

422 Peon f =g B~ pf
histors -al sites)

423 Peop'e (2o~ ity of
archeo’c s »lae )

424 Vidife

425 L_ai(eioslon)

43T ~ropmstinn LI B VR (T |

6321 (2

Ousci 102

Land will be precimy ed for evpllrulion
el nuclear power plant plant facilities,
ind exclunion zone

Thcte wul be 1 lows of deurable qualitiaa
tn L'z enszonment dus to the powss 214

rmovement of men  materal and
mach nes
Hsorwal oes nay be affected by

consquction

Conrtracion activity may impirge epon
81 evof prchizologicelvalue

T may beaffrited

Site preparation and plaat ecnr reodon
sl trvol o ¢ end O optat 793y uth
A7 OTIPEN, T LD 107 L0 LT

Nt may tnduce glress

The ozt o} R | L]
gdjecert To ot ' zi1ez3 ana
neighborhig t ter ' gmemim and
tes ealionzal ey rPuy bt orendrrz)

U ot

bheaiy '

e m o e

Acivi

Total population

aflectzu, yoa &
Voilory y- 7
Quatlified
aptniin
Quelificed
o] uon

Coey el

&5 1

Number of
ren” ty, 5 -9l
populater s
ho walt.t

QL..‘lfl L
CLi

1 f

S12t. P 6 oy o T fo | i-
we, and 2 . . Lol misce acoo Lt 1
ponds By separate schzouls state the type and clau of
land p eempiad (05 sceuc sloi-liae wet Lind {urcn
lznd eic)

The disruption of coar waty bfe for altesnau c 5 1 &
dey e of communty wwelation from suoar o '
should te estirnat~d Fstimate the nu—berof e’
schools hospitals ele wutl noarer of visal ard 49
tmpacts  Fiumate the duranon of ampacty ad 19 a!
pepulation affected '

e Rastonez! Ltes tlor e ozht be depu 24 by
gancigton favkitiz brams o0 conary other o3
plant envions Express nel ampact to terns of o-n
aumber of v tors

Summ_nze  evalindiiss of v <t on wrcheslzni:l
resour s 1y 1 of remarung oty a2l value of the nite
Peferenced documertatwn thould wm-h.de Matenzcly
15 1 tespr®? o 7 € e f ' 1
av. bt

Sunmorize qualificd opinion nluwing vy ~sef e 1ot
lowsl ar? State waldhfe aperoy wier o tk oy
into account both tenelicwl and 2dve se affed ©

ER N

Estimate sol dop'soed by construction actouy a d
eroson B ooom ord detneren al effects 50013 be

g atd s ooty

Us. '~ Tro,wed HUOD Gty Codl o~ for
NovAro ft Mo 2o =zalo v “ o« 1 ottt
catvyonr . of e ly Unaco, ! P
Uraeeeyta' e 2 3 0wty & ot " fore b
e wp ety oo mter of 1 fepces thot et
ol BN - t vt of 'n LI
Sonrore i .o - r
| Mo I L T A ! ¢ .
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433

434

44 %0 Crbh. Ffron 44
ool e !

4412

443

£8 71, -+ 1t lon route 451
¢
1
452
453

- -

8T s femtnpn 1l bopinning of table

Popule 1 Gr
Rea ¢ » - 2

Descniplion

wiidufe

Land flood conuol

Peopis

Plants erd arumais

Property resources

Land amount

Land v - and -2 '

Pooptz (eostbs =)

[ R
fac.'1ty

'y otjsctionabic by the: plent

Widlfe may be affected

Health znd safety near the water body
rray be alfected by fMood control

f1t usion of sats into groundwater mays
sfTect waier supply

D-poution of entiaited salts may be
deanimental in some nearby tegions

Structures and movable propsrty may
wuffer degradation from  corroshe
effects

Land wil be pre-mpted for construction
of transrmussion kine sy’ ers

Tires may prysth owhivisuat v e
(that 15 sensItng 10 Presence of 1 ans -
sion bnesand towess)orens thest i
g on thee present and potcatial wee
and val.. of nei hborng property

Lives mzy pe 1t vituslly undersuable
featvres

Qualaificd
opistan

Reference to
Flood Control
Distnct  approv
al

Poundt per
squate [oot per
yeat

Actes,

Do'lzrs por year

Mues, acics

Miles,
dullus

acres,

Number of suh
fenaiures

N ithad of
Corrpy o' 21

Summarize qualified opimon including viewsol ¢ grizant
local and Siste wildhfe agencies when available tal-g
into account buth benelicnl and advense effects

Referenie must b ride 1o regulatuny of cognirant
I lood Control Ageacy by uswe of o== of \te fol'zaing
tetms  Has NO IMPLICATIONS for flood cor o
COMPLILS w1th flood control regutauon

Fstimale the amount of sal's dicharged as d 1t ard
particula es  Report mawmnum  duposiasn Suppo v,
documentation should indude patisrns of depas var and
ptjection of possible effect on water supphies

Salt tolerance of tncal affected area vegetatian must te
de ermined That area if any recening sal € p 00
excess of tolerance (afte aliswance for difu i =) = Ls bt
ewnrmated Reput separately anappro,~ 3 ¢ tahuliton of
acteage by land ute Spectfy Such u.cs as recrta o al
agrat sl ond wetial Wrete v Tt bl 30
affee cdwett v fopa 10N

If salt spray 1-pLtpes upon 2 focal com-uaty 1len
properiy damap  m2y be estimiated By agp'ving ol .
local value of buldings machimery  and sehids 2
diffuien i tn average deprecial on rates be ween thu and
a comparasble sca~outt comrunty

State totel lengsh and arca of new nghts-of vy bt T
current mar' ot value of land wvobved

Total lesfth of nev tranemescar -0 o' ane of
nghioly uy thinugh vanous categornics o by !

trne Land Fitiorne rumimeen d0ss 10 ¢asre pre,
values of adjaer] a cas

[stirae total number of visually w~ds 0 fe wm
weh 23 numbar of maor road cross sy oy 1 g oof
intersecuon or inlerctanges nuihes of tige v ;
crast ~s nunt-r of ctest net o or othe Loh it
c -

R i
peipzrdl wlario bl dys sia wale o

e virws™ 0f ffly L. o



Primany trmp ot

AATFroramse 0 T
woryruction

47 Tiar russion
ord alien

400!

L9Comh " or
crive eliesin

410 L T Gl

ltes

line

Lit

Population or
Rezource

Affected

461 Land adjac-

nght-of way

462 Land eroxion

463 Wddufe

464 lNora

471 Land Uz

472 widlle

ra

u Unit of
Cescription
P Meatur-'
Ce . _ [T TI DR [ Ay
tgh " 4y 7oy have emvuonmental
umpat
Soil erosion may gesult from  Tonsgperycar

€onst Loti,m zetaities

Wildhfe bkt 2l and aceess to habitat
miay bea'fe- 2! portant

affected ,
Flora .y b a"tected

Land o, e~

used T gdd
gach ¢, 'z 2
hiimg ~d et r

1*2 by nght-of way may be %, dolluns
Lnal ben_ fic 4 parpora
METE aTENs AUIserIeY,

b
2 trauls

fod iz w Sl % hihitat may result n

charz:s fon

Num*er of m
1.

Quinad op

A thod of
Crena,
e "‘L‘nbr o REFEFEENE N N *

foral =rr 2t o roulte.

Esmate area with increased eronior potentul trac 'y
to corstruction aclivilies

'
{dennfy
duisturt .l

important (Sect 2 7) sprowt that may be

Es tmate prreca of rzht-of may fui shich no inudtinke
us. 20 ity cre planae ! Annultwahe of muluple use
actstr b oecateftapisuients 7

- 1
Su vt wa N Ty

lacal and St c Wil bfe 3z -

vitwlo Y msviewtof oo 0t

hno !

T a1 hel D B T <
e .1
sy nifican

IR TP PV

Whete evid nee i~dicates tha the con bir~d effects of =
nunat=r of L pasts ena poritu or pop lauonc 14 oun
art nst ad=qoately irdicated by measues of the wna sz
impac + the 1ot combhpod el shodld t
Both benelicwal and adsers~ nter + ong hou'sd
dioarAd

wit
|

Sec div~e vion in Sectwon 5 8



Tabvie 6O li1st of

1 Adkins—But ne

Faetor

fnvironmenceal

liwctors
Mctuod

;anlrttlon ot Txplanaricn

s TRANSPORTATION

&, Locel Area
Sexvica

1. Paasenzar carce
(a) Circulatiom
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s suspoected thait very otien waen 4 badly raced item appeirs,
1ts disadvantaaes can be cured or ameliorated at a favorable
cost. The scearch for such 1tems mav characterize the decisios
process until the time of contracting (and perhaps beyound)
Thus the rating system has a similar purpose to that of the
cheock list except that 1t 1s intensified chrough more details«

evaluation.

The summaries for the parts of the form and the overall compari-

son develop a ratio of plus rat.ngs This measure 1s consid.oied

to be at least as important 1a summing and briefing the results

as 1s the gverage racing The absence of uniformly acceptea

criteria or standards for evaluation gives cthe algebraic sign

of the rating great i1mportance Similarly, the daifficulty of
quantification and aggregation of the factors makes the deter-
mination of mignitudes for the wmerical ritings hipghly woexact.
The tatangy vy however, do ablow ror the boogg rap ol more kiow-
ledge to bear than would positive and negative designatlons oriy.
Ihe rating Form allows for independent evaluations of two alte -
natives using the existing (ine uding alreauy assured change.
and additions) street and road system as the base condifion [ov
each rating. Also only one scties of ratlnés may be used, 1n
which case the alternatives arc, rated agaiast each other, again
with o base condition of existi.g roaas and streets.

Combining the recursive plannin.: mentioned above with his p..orv

knowledge, protessional judpmenc, ana familiarity with decis.ou

processes, the hiphwav engineer-planner ordinarily will have
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evalved a superior alternative dy tae Time that Jicdr WEor
ratines are decided In suwch a casa, the two woilrures {the
ratio of plus ratings and the average ratirg) stould e highlvy
compatible Vevertheless, the trade-offs will oe 1dent.aed oy

negative numbers and their seriousness suggestea I tue

of plus ratinps are low tappruaching 50}, reparcless ol the

average ratings magnitudes, h: 1s aware . hat. (1) tln al.erra-

cives are sumilar (at iedast Oon a Rross bas1is), {(2) the <. iwe-aris
are difficult and diverse among alternacives, and {3) tue quanti-
fiable costs and benefits may bear more heavily on the choice

Also, 1f a ratio of plus ratings 15 greater than .50 and che

average ratiny 1s negpative, 1t 1s wnown Lhat herc 18 a conf. ooy

in results Again, a difficule trade-o!1{ situation 15 indicaccd
The rating system, tnerefore, iike 1ts companian check list, 1S
meant to be a flexibie tool of evaluation Tt 18 rot me-nt &3

a standard or diicctive but as a guide to systemat.c ana.ysis

B. Soil Conservartion Sarvice {9)

Ihe $SCS methoad consists basicaciy ol an asscasaent O LNe « Wi-
ronmental 1mpacts of proposcd ictions on the physical envi oo aeat
figure 14 shows Lnhe ANVITOonm. 3.4l dlagram, with the sasic Gavl=
sions including tand quantity ana quality, water quantity anu
quality, and air qualaty

fach 1tem 1n the cavitenment  diagram 1s spuLliies dw L0 Bk
units of moasuiclent After each ttem 1s describec 1n teris Oy
tive prooacnl condit ron, Eutare ot 1t o on W the condit Lan

resulting from cach alternitiva, Vallous rosuince UsLs dle ¢ dhingo

LN
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enamples of resource uses include 1rrigation water, croplana
produccion, fish habitat, recreatiun, ete. Tach resource use

.5 then evaluated by 4 specialist and an [nterdisc.planircy e,
anra assigned scaleua ratings of 1 to 5 on the following basis

1 unsuited

u

2

1]

poor

3 = fair or neutral

B~
n

good

3 excellent

4. Example of use of system
a The Saconv Creek Watershed 1s located 1n soutneastern Penn-
sylvania. The watershed needs include flood control, water
for water supply and water quality, and water—based recrea-
tion A map of the watershed 1s in Figure 15
b Three alternative plans

Alternative 1

(1) l.and treatment

(2) Site 2 {(multiple purpose fload prevention - ish and
Wildlife).

(3) Channel improvement (60 ft. wide, 7,000 ft long) throu:
Kutztown '(Normal Avenue to sewage treatment plant).

Alternative 2

{1} Land treacment

() Site ? (multiple purpese as in alternative 1)

(3 wite 3 (ool purpo o 3 lood jnevent puny

(4) Channel amprovement (60 fu. wide, 6,000 ft loung) throus.

Kutztown (Main Street to sewagse treatmeat plini)
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Aiternarive 3

(1) Tand creatment

(2)  Site 3 (Langle puig . ond prevent sua)

(3 loaaael ampravems ae v 0 fo. wide, 5,500 o 1%ay}),

]
Lnlr("l) h. Al SLO T {-Il 1 Seliwel (O HeWaju vred e gl ] 1

c Cable Y saows Lhe «os0oury use dealysls 1o cab ot a1

tndustl 1al water, ane Td o 0 18 for rocreacics

d. Tablie 11 shows the stiima“¢ anaiysis

. '

V-, Cxaipues of Scaling-weighting Checuiaes

L a 1

A. S.tteclle's Covironmental Lv~luae o bYSten {(10)
R V J \
Oriented to water Tesources .. ~C.ulilni pProjecis

-
'

-

?  System Characteristics (Sec .guie 40
, ;

-t
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Table 9

RESOURCE USE
for

¥unicipal and Induntrial kater

Deascription of area Sacony Creek Watershed and Borouch of Topton

Berks County, Pennsylvania

“uture
Alzer- Alter- A.ter-
Wichout native nacive native
Factors Unit Present action 1 2 3
hucziown
Supply
Yewded mgd 0 53 0 9% 099 0.5% 0 99
avallable agd 418 4,16 4 18 4 18 4 18
Storage ]
Necdud a3 175 1 80 1 80 1 ¢2c 180
Avallable og 175 1.75 1.75 175 175
Quality adequite treatment
Water reuse mgd 0 N
{utzrown--5poc rating 5 & & 4 4
Lyons and Bowers
Supply
Meecdud ngd (42 075 .075 L0775 075
Avalinble mgd ubl 06} 063 ,063 .063
Storipe
Needed ag 5] 24 .24 24 24
Availabae Qg G5 0s G5 0s G5
Qualicy advuile treatnent
Wiker reuwre apd o
Tyona il 0w ra-=Spec rating b) 2 2 2 2
Topton
Supply
Nea ¢l ngd L Y5 0 28 0 28 0 28 a 28
Aviviab.e mgd v 5 015 015 015 G 15
Stou--ge
N oudnd og 29 45 45 45 b5
Aviilable mg 29 29 29 .29 29
Ouality ad ,uate treatment
hater rou @ tnyd ¢
nplon-=Spec rit ng bl 1 1 - 1
S dat ot mry Tl it 5 2 2 2 2
' [ KRR TR R A T
sl rotilng 5 2 2 2 2
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Description of area!

lable 10

¥

RESOURCE USE

for

Reereation

Sacony Crcek Watershad, Region II, Great Valley Area,

Serks, Lehigh and Northamption Covrties

Future
‘ Alter~ Alter- Alrer-
- - Without ~“native” native” native
Factors Unit Presert  aciionm 1 2 3
Population in local area, , , .
of influence {LAIL) no. 616,000 632,000 632,000 632,000 632,000
Recreation 1and‘ o ' B l ’ I
Quantity in LAI acres ‘30,443 41,000 41,000 41,000 41,000
Quant:ity per 1,000 pop. acres 49,4 64,9 64,9 64.9 64:9
Quantity in watershed acres 40 60 95 95 &0
Quility .
Aduquatre acres 30 4G 90 , 90 5%
Mot advquate acres 10 20 ' 5 5 5
Proximity rating "4 5 5 5 5
Acceas ' o Tating 4 5 5 5 5
Hunting 1ind ' acres * 11.835 11,800 11,800 11,800 11,400
Recrertion {acilities - -
and develooment rating 4 4 4 4 4
Recreation water . l
Quantity .o LAT’ e acres 3,580 6,300 6,345 6,349 6,300
Quanticy sor 1,000 popl acrcs © 5.8 10.0 10.0 10.0 16 G
Quincity .n waturshed ‘ acres 40 45 90 G4 45
Quallty 1 witershed, rating 4 4 4 A “
Fishin, «iler, strecam miles 13.4 ., 13.4 12.8 12.8 1. °
Flshiny witer ponds \ acres \ 40 45 90 94 L.



P TY B T
Lor

Rrc.eition (Con )

Descuaprlon of area: Sacony Creck W-terstea, Rerlon I7, Gract Vellevw Arca,

Berks, Lehiph and Mor.himpion Counties

Future
Alrter-  Alter-  Auiter-
Without native native native
riCLOTS Unit ?resent action 1 2 3
Local aica of 1nfluence
recrteal.on visits per
yr.l
Canping supply/
demand 350/1,047 438/1,075
Plconicking supply/
demand 7,770/1,971 7,770/2,022
Boating supply/
demand 93/1,293 177/1,327 179/1,327 179/1,237 177/.,.27
Switming supoly/
demand 2,000/6,770 2,500/6,952 .
Fishing supply/
demand 268/1,355 472/1,3%90 476/1,390 476/1,390 472/1,390
Hunginy supHrly/
demand 1,064/7492 1,044/560
Tots & vppy /o 11,575/ 12/ .04/
Ul mand 12,934 13,271
Total oppurtunity supply/ '
demand 361/2,648  649/2,717 655/2,717 655/2,717 64%/2,717
Ozportunit  Index
supply div ued by demana  pet 13 6 23.9 24,1 24.1 23.9
Specialist rummary rating 3 4 4 4 4
Interaiseyr tinary team
SUMmITY rating 2 3 k] 3 K]

1/in thou iads,

]



Duns ription of arvea

Table 11

4

SUALKRY RATING

»

.

Saconv Creek Witershed, dueius County, Prniuyliv. dc

Tulure - -
' alier~ aAl.oer= Alocre=-
'ichouc native naiive nautive
Resource Uae Freignt action s 2 3
Cropland production = Spueclalist 2 - 3 T - 4
ival 3 3 4 . .
Flah ha%li.at - Sperialiat 3 3 4 4 3
R Toeaw | 3 3 4 4 3
Irrigitinn water = Specialint 3 3 4 4 4
Teaws 3 3 4 4 4
Low' flow - Speolalise 2 2 5 5 2
Tean 2 4 4 4 2
Mineral extraccion - Spucialist 3 3 3 3 3
. Team 3 3 3, 3 3
Huanicip « and inoustrial
witer «uppiy ~ Sae laliste 5 2 2 2 2
“ L 5 F4 2 2 2
Pasturcland production =~ S.ecfalist 2 3 4 4 4
Tread 2 k] 4 4 4
Recreation = fpe .alist 3 % 4 4 4
Toon 2 3 3 3 3
Yaldlid - Spuvaalise 2 2 2 2 2
o 3 3 3 3 3
ol nd product inn - ' RN / 4 4 4 4
li i ) [A I ' 4
Foonota oationi - poelaibisr 3 3 4 4 4
loesn F 2 1 4 4 I
Econoric replonal - Spurinlise 3 a 4 4 4
Tean 3 3 4 4 3
Quility of landscape ~ Spietalist 3 3 3 3 3
Tusn 3 3 3 3 3
Sad 11l = Spcviallar [ 4 [ u A
Tu ik 3 3 4 &4 &
Unt we  wultural,
aud i otarical - Spucialist 4 4 4 4 4
Ten 4 4 [ 4 b
hoan by e = 1 ownauited, * peor, ¥ 0l or utial, & pood, nd 5 excelient

-07
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LA N )

c. multiply EQ x PIU to obtainm environmental impact unit (El)

EIU = EQ x PIV

a. values from 0 to 1
b. 0 = extremely bad quality
c. 1 = very good quality

d. range of values

ta

e. provides common bases

f. value function based data and/or judgment

g. see Figufeh 17-20 for examples i

i b !

PIV

'‘a, 1,000 PIU divided among categories, components, parameters

b. "ranked pairwise comparisons®

c. example of ranked pairwise comparison: Distribution of .CO

PIU among 3} water pollution parameters: Turbidity (2), 2.0.

i
(1), Chlorides (3)

Assign to DO value of

Turbidity = % of D.O.

Chlorides = 1/5 of
Turbidicy

B
[ ]

[ ]
-0

po =1.0 -
1.6 (100) = 63

Turbidity = %;% (100)

, B

31

[}
(-]

C?lnrides = %_% (100)

d. see Fipurce 16 for results

Steps in Using ‘Fnvironmental Evaluation System -

-65-
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Lvaluation of Battelle Environmental Evaluation Systen

1

a. Define boundaries.of the project, 1n terms of area and tire

b. Obtain parameter data witihout the project, and develop or

r

predict the data with the project. - -y

-

¢. Determine EIU, without and with the project.

d. Determinc "red flags" '

e. Report information.in.summary, can see trade-offs.

> - -

Highly organized. Helps to .nsure a systematic (all-inclusive)
approach, and identify critical changes.
Does not }ncludc enough , empausis;on socio-economic-factors:

Necds- butlt-in [lexibility for adding new paramerers and adapt-

ing PLU to projecta. . ' " -

Needs more development  of ,parameter function graphs.
Need more details on evaluation during construction and opera-

tional phases, and also for various spatial boundaries.

v

Speciﬁxc gsystem would have to be modified in order to apply 1t

Fomeen - o

to non water~resocurces projects. .
J .

!
Very good in showing trade-offs within a component, within a
]

f
ety

category, or between categories., For example.

CATEGORY ALT. A B C
(no_action)
(240) Feoloyy, | , 215 200 220 - -
(402) iopv. Pollution 340" 7 350 3.0
(153) Fsthetacs 110 120 135

{205) Human Interest 180 175 .75

There 1s no passing or failing "score"; tnese must be subjected

] [ f P

to professionil interpretation.

oot it P ] ! vy

L
vs of Batteirle Approach

—67-



D

1  Proposed Aubrey Lake in North iexas (11)

2  Rapid transit system in Atlanta (12)

Odum's Optimum Pathway Matrix (13)

1. Background of study

a.

b.

e.

Time for decision

8 alternatives for completion of a section of I-75 north of

Atlanta. See map.

route F recommended by Ga Highway Dept. w/o detailed con-
sideration of environment

use availanle data, recommendation for additional study 1s
not legitimate.

done in 3 weeks

2. Considered McHarg method

a.

b.

C.

Bross screening
not specific enough for final selection of this case

graphical presentation of environmental characteristics

3 [dent1ified 56 factors (component values) and grouped them into

Group E I conomic and Hiphway Inpineering

L Fanvironmental and Land Use Considerations
R Recreation Considerations (due to importance of Allatoona
Lake 1n Atlanta area)

S Social and Human Considerations

Some factors i1dentified with more than one group. See App. 1

4 Assembic data on eich of the 56 factors

S  Uniti1se data for cach factor with the largest value for a factor =

-68-
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._OL—

Conporent

o ¢ G-1
i
L
Land Rcmove lor f O W (Acres) |
1 - Pare 3 J, L 1407 1411
2z Cod 4 5L 1619 1619
3 | ard.ood 7 a5l 215 226
4 Agci.ultural 3 0t 313 282
b] idle b) + 8§ L 227 237
6 Water 7 -4 L 17 27
7 S.-amy ‘ [ L L 0 0
8 “irad Land 8 G 1 69 69
9 Lrbar [ G L-5 212 199
10 Water Suppl.cs Affected 2 0 L-S 1l 1
11 Lnique Arcis 2 2 L-5 0 o]
12 Sttreva~s Crosscd 2 2 L 29 217
13 S Il «~ridgements 2 2 L 6 4
Major Brid,cs -
14 Across Pai- Bo-ds Number 5 5 L-R 0 0
15 of Lake Lengeh (ft ) 5 5 L-7 0 0
16 Across other than humber 3 3 L-R 2 3
17 Mair Bods Length (ft.) 3 3 .-R 1600 2100
1& Compasize o1l La < anm 4 3 I-C 293 293
19 Max  Sedimwnt Posti 6 3 L-t 315 313
20 Min Sediment Expectis 8 3 L-E 44 IAA
21 Area to be Paved 9 2 2 L-E 75 666
Area Affect:-d by Noise (miles™)
22 St 4 S-L 103 103
23 Great 6 ? S-L a3 33
24 Total Sistem Cost 5x10 ) 0 E 108 101
25 | Anwuar Coses (51109) 20! E 8 7 8 3
26 | lotal txc: ation/oystem (vds x10%) I-L 253 250
27 | Annual head User Costs ($x106) | L-S 908 919
28 Berefit/Cost Ratio E - 171 - 96
29 Interstte dighway Mileage S-L 271 27.1
30 Taxible tand Reroved (Acres) 8 SiE 3955 3995
n Publiec Lard Removed (Acres) 8 S-L 242 197
32 Total Farily Displacements ) 0 S-L 177 99
Nearby Residences Affected (hNoise)
3 Daytime Activaty (Some) 2 S 3072 30195
34 Disturbance (Great) 3 5 789 797
35 Nightime Sleep (Some) - 4 s 1431 1072
a6 Disturbance (Great) -10 S 174 215
37 Churches Affected (Some) -2 5 10 8
38 By Moise (Creat) -5 S 2 2
39 Schools Affected (Soc=) -3 S 2 1

1442
1404
268
275
185
33

68
156

36

0

0

2
2300
300
292
50
640

90
50
95

7

25
91
-3
27
3736

[ 206

97

13432

1901
870
513

7
3
o

- R e L

1352
1092
44
325

36

1400

500
3720
350

48
553

63
84
106

w O wn o,

Fil
1203
15
257

61
52
o
0
22
]
1
23
0

1

3100

0
0

328
270

37

519

64
95
89

7

20
94

4
27

2557
151
101

1956
993
63/
193

3
0

N O o
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?

a define scaling factor

-

S5x =
max. of Xl, XZ, -_——, X8

b. example

_ 1
(Factor 9) 59 = 312

Unitized values.

L 212
Route G = 212 1
- 175
T = 512 = 0.825
68
F 5132 0.321
etc.

c linear scaling
d. dimensionless numbers for comparison
Group declsion on relative weights of initial and long-term effects
a range of -20 to +50
(-50)

b long-term effects considered to be 10 times greater than in tial

(10 - 20 yr period)
c example

Composite weighting value for Factor 1 = wl

~-103

L

W2

Unitize weighting values by dividing each weight by the total sum

(-3) (1) + (-10) (10)

+94

(-6) (1) + (+10) (10)

af all weights

Ni = unitized weighting value

-72-



8.

10.

RELALIVI

IMPACT

i1

12.

My
£, >%u1

Calculate an envirommental index for each route

I environmental index
Route

56
Looute 77, Ni Sx, Xi ¥ (e) N1 Sx; Xi

Xi = component value

Sx scaling factor

i
Ni = unitized weighting value
e = error term to allow for misjudgment on relative we.oynts

by + 50% stochastically selected.

Calculate IRoute 20 times for each route through computer program.

a. mean

b. standard deviatiom
See App. 2

Results

0| I

[~

el

LS

=30

e-lo
poT

~-40

- £
11

Computer analysis allow consideration of many sub-groups
a E, L, R, S or combination

b equil weipht ta initial el tong=term ef fuets

€. vl

Route T was rcecommended

-7%-
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Appendix

)

&~

Results of 20 stochastic runs for each of 8 alternates,

Mean impace

1ndex, standard deviation and 95% confidence interval are shown for

each route,

PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS

PASS &

O~ b

MEAN .

ROUTE G

STANDARD DEVIATION

RESULTANT VALUE

-20.815
- 6,738
- 1.986
~15 550
- 7 423
- 8.737
-12,596
- 5.35%9
-12,800
- 8,908
- 4,012
8.064
12,650
- 8.472
- 4,082
- 8.584
- 3 563
3.817
-13.681
-11.033

. = 8-944

4.736

957 CONFIDENCE INTERVAL FROM -11,160 to -~o 727

—7 4=



E.

Other Examples
1. Stover (l4&4)

2 Bureau of Reclamation (15,

-75-
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PREDICTION AND ASSESSMENT OF IMPACTS

i . _ON THE WATER ENVIRONMENT .

.

1

—t .
Far'S - - - - -

1. Introduction - ) '
A.  Examples:of projects causing water quality impacts

-~ 17 . Construction of reservoirs, power plants, industrial patks

- - 1 1

- +and pipelines.

]

2. Operation of sewage treatment plants, reservoirs, industrial

- -

- --nparkg and power plants.

B. Basic steps in prediction and assessment of water quality impacts.

1. Identify the types of water pollutants emitted from the alter-
natives for a given project need during both construction and
operational phases. This may involve a literature review or
analysis of other EIS's on same types of alternatives. It is
desirable to assemble "unit waste generation" figures, and use
these to eventually determine the total point and non-point
source waste loads.

2. Determine the existing water quantities and quality levels for
the surface water courses in the area. Examine the frequency
distributions, median and mean data for both water quality and

quantity. If possible, consider historical trends of water

*
Director, School of Civil Engineering and Environmental Science, University
of Oklahoma, Norman, Oklahoma.
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quality information. Note 7-day, 10-year low flow.

Note any unique pollution problems which have occurred in the
surface watercourses of the areq.—~Fordexamp1e, fish kills,
alpgae growth or thermal discharges causing stratified flow.
Describe the groundwater quantity and quality in the area,
noting particularly the depth to the groundwater table and the
direction of flow. Identify major uses of groundwater in the
ares,_and any histor%cal trequ,in terms gfmgrqugduater

depletion. - - .-, . SN

Assemble summary. of key meteorological parameters in the area,
noting particularlythe'monthly,recogdglof precipitation, evap-
oration and temperature.
Procure applicable water quality standards. ‘ .
(92 effluent stgndards and required treatment technologies
(Q} water quality or in-stream standards A \

-
(¢) determine the “controlling" standard _ .. . _,,
(d) time schedule required for meeting the standards
Summarize the waste load ailocation study_for, the area._, Iden-
tify the known_point sources of pollution, noting partiFuquly
any unique discharges or constituents. Also identify the
quantity and types of water uses in the area.
Deterpine the mesoscale impact by calculating_she estim.e_ltgdr
daily quantities of water poilutants from the project (alterna-

tives) during both the construction and,operational phases.

Determine the percentage increase in the waste loads to the

-

gstream. - -



10.

11.

Discuss the construction phase impacts in terms of the following:

(a) time period of construction and the resultant time period
of decreased water quality. Note the stream discharges
during the construction phase, and also the quality varia-
tions.

(b) the anticipated distance downstream of decreased water
quality; since sediment is the major concern, could perhaps
apply "dilution" model or "sedimentation” wodel to predict
stress levels of suspended solids.

(¢) discuss the implications of any decreased water quality
in terms of area water users. Show the raw water quality
requirements for various area water users.

(d) refer to any specific construction specifications directed
toward pollutant minimization.

Determine the microscale impacts by calculating specific down-

stream concentrations of conservative pollutants, or dissolved

oxygen concentrations resulting from non-conservative (organic)
pollutants, or downstream termperatures resulting from thermal
discharges. Consider these microscale impacts for both the
construction and operational phases. Compare the calculated
levels with applicable water quality standards. Check also

to see 1f applicable effluent standards are met.

If water quality or effluent standards are exceeded, consider

mitigation or control measures. One possibility is pollutant

minimizarion through wastewater treatment and/or volume reduction.



12. Discuss the operational impacts in terms of the following

(a) frequency distribution of decreased quality or quantity.

{b) die-away pattern eof pathogenic organisms.

(c) effects of sedimentation on stream bottom ecosystem.

(d) fate of nutrients by incorporation into biomass.

(e) reconcentration of metals, pesticides or radionuclides
into the food web.

(£) chemizil precipitation or oxidation/reduction of inor-
ganic chemicals.

(g) the anticipated distance downstream of decreased water
quality, and the implications in terms of area water users.

(h) effects of any water quality changes on stream ecosystem.

(1) unique quality changes which occur as a result of water

impoundment.

I1. Basic¢ Information on Water Pellutian
A. Definition of Water Pollution

1. Resources cut of place,

2. Ecosystcem overload.

3. Basic structure of definition involves quantity or concentra-
tion of material in water for a sufficient time or duration to
cause certain effects. The effects can be health-related
(contamination), impose limitations on water use (pollution,
or be aesthetically displeasing (nuisance).

B. Water Quality Characterization

' lﬂ‘
df‘

-



1.

———

Need --- Waste¢waters and receiving waters are normally charact-
erized in terms of their physical, chemical, and biological
quality or character. It is not sufficient to evaluate waste-
water or receiving water in terms of only one of these classi-
fications. The final or total evaluation depends on the
rational, integrated evaluation of the characteristics 1in

terms of the previously mentioned classifications.

Physical parameters

(a) color --- type of color (true or apparent), and density of
color.
(b) odor —--- type of odor, and threshold odor number

(c) temperature

(d) solids --- total solids, light transamittance (turbidity),
settleable solids, suspended and dissolved solids, organic
(volatile) and inorganic (fixed) solids, and specific
conductance (conductivity).

{e) oll and grease

Organic parameters

(a) blochemical oxygen demand (BOD) --- 5-day and ultimate. S&eFigl.{l)

(b) chemical oxygen demand (COD)

(c) BOD/COD relationship

(d) total organic carbon (TOC)

(e) total oxygen demand (TOD)

(f) comparative analysis of organlc parameters

Inorganic parameters

(a) salinity
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(b)
{c)
(d)
(e}
(f)
(g)
{h)
1)

e T

hardness

iron and manganese

pH, acidity, and alkalinity

chlorides

sulfates and sulfides

heavy metals (Hg, Pb, Cr, Cu, Zn, others)

nitrogen (organic, ammonia, nitrite, nitrate)

phosphorus

5. Bacteriological parameters

(a)
(b)
(c)
(d)

coliforms
fecal coliforms
specific pathogens

viruses

6. Bioassay tests for toxicity

III. Sources of Water pollution

The sources of pollutants in aqueous sytems are manifold, and the re-

sultant deterioration of water quality may or may not be attributable to

single pollutants or single sources. This discussion will be directed to-

ward an examination of the major sources of water pollution; including

municipalities, industries, agriculture, soil erosion, oil and other

hazardous substances, mine drainage and watercraft wastes.

A. Municpal Wastes {2)

1. Municipal discharges and industries discharges are the two

major water pollutant sources in the United States.

2. Magnitude of municipal discharges: .

-7-



B. .

(a)} 32% of the U.S. population have no sanitary sewers

(b) of the_ 68% with sewers; 40% have adequate sewage treat-
ment, 46% have inadequate sewage treatment, and l4% have
no treatment at all.

(¢) therefore, less than ‘one-third of the nation's population
is served with adequate sewers and sewage treatment.

(d) average sewage flow is 100 gallons per person per day.

On a2 nationwide average, about 45% of the wastes processed in

municipal plants are from industries.

Waste loads from municipalities are expected to quadruple in

the next 50 years.

Over 1,000 communities outgrow their treatment facilities each

year.

Storm sewers or combined sewers contain variety of wastes

washed from streets.

Industrial Wastes (2)

1.

There are more than 300,000 water-using factories in the United

States. - e e

The growth rate of industrial wastewater discharges is greater

than that from municipal discharges. » .
Industrial wastes can be categorized according to several bases,
for example, those industries having high BOD wastes, high

guspended solids, etc.

The quality characteristics of industrial wastewaters vary con-

siderably.



5.

I

Population equivalent = A X g 278'34

where A = industrial waste flow (mgd)

B = industrial waste BOD (mg/1)

C. Agricultural Wastes (2)

1.

3.

bl [y
The two primary categories are irrigation return waters and

runoff from feedlots.
Irrigation return waters

(a) comprise between 30 and 40% of total U.S. water usage of

' .- .Y

about 400 bgd.
(b) salinity increases several-fold; also hardness, total
dissolved solids, and turbidity.

(c) may exhibit increases in nitrogen and phosphorus

(d) may contain pesticides
Runoff from feedlots

.

(a) Animal wastes are estimated to be the equivalent of the
wastes of 2 billion people. These figures should not be
interpreted as an estimate of the potential pollution from

feedlots, however, since most of these wastes never reach

I
- T~ "

water. However, they are a measure of the total amount
of animal wastes, part of which causes water pollution and
solid waste problens.

(b) On the basis of the 5-day BOD, a feedlot with 10,000 cat-
tle is equivalent to a city of about 45,000 people.

{(c} contalns nutrients
(d) contains solids and organics
(e) contains microorganisms that are pathogenic to animals and

to man

~-8- N v
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D.

F.

Seil Erosion (2-)

1.

6.

Greatest volume of wastes entering the surface waters of the
U.S. comes from sediment resulting from soil erosion.

Volume of solids from soil erosion is some 700 rimes greater
than the total sewage discharge loadings.

Sediment from soll erosion is greatest in streams in the south-
west and far west; for example, in the states of Nevada, Arizona,
New Mexico, Texas, Oklahoma, Kansas, etc.

Adds turbidity and discoloration to receiving streams.

and Other Hazardous Substances {(z)

Accidental and intentional dumping of oll and other hazardous
substances into watercourses i1s of fairly recent interest.

Two recent events:

(a) 1967 -- grounding of "Torrey Canyon"

(b) 1969 -- Santa Barbara offshore oil leak

Two-thirds of the oil spills exceeding 100 barrels come from
vessels; the rest comes from pipelines, oil terminals and bulk
storage facilities.

In 1968 there were 714 reported oil spills (over 100 barrels)

in U.S. waters; in 1969 there were 1,007.

Many other hazardous materials could be spilled; examples include

cyanide, clorine, etc.

Damage to aqueous environment can be devastating and extensive.

Mine Drainage {2)

1,

Important in mining areas of the U.S., particularly in Appalachia

and the Ohio Basin States. (estimated 75Z in these areas)

-9-



IV.

G.

1.

2.

Acid mine drainage has deteriorated water quality levels below
desirable limits nlong 10,500 miles of streams in Appalachia.
Acid formation occurs when water and air react with the sulfur-
bearing mirderals in the mines or refuse piles to form sulfuric
acid and iron compounds.

Mine drainage also contains copper, lead, zinc and other metals
toxic to aquatic life

Another area of concern is the sediment yields from strip maining
operations. About 150,000 acres per year is disturbed by sur-
face mining operations, sediment yields from strip mine areas

may be as large as 30,000 tons/sq. mile/yr.

Watercraft Wastes ()

Over 8 million watercraft navigate U.S5. waters, and they dis-
charge sanitary waste, oil, litter, and ballast and bilge waters.

Most of the discharges are in shoreline and harbor areas.

Effects of Pollutants on Receiving Waters

A,

1.

2.

3.

1.

2.

1.

Soluble Organics

Depletion of oxygen --- sag equations
Blomagnification --— pesticides in oysters

Trace quantities -—-- taste and odors (phenols)

Suspended Solids

Decrease clarity --- perhaps hinder photosynthesisa

Sludge deposits --- change in bottom ecosystem

Color, Turbidity, Oils and Floting Materilals

Decrease clarity

~-10-



D,

E.

2. Aesthetically displeasing

Nitrogen and Phosphorus

1. Nutrients

2. Algal growth and resultant decay may cause problems.
Chlorides --- salty taste.

Acids, Alkalies and Toxic Substances
1. Cause imbalance in ecosystem.
2. Fish kills

lteat

1. Stratified flow

2. Cause imbalance in ecosystem.

3 Cause change in waste assimilative capacity

V. Identification of Water Pollurants (Step 1)

A.

Definition of Pollutants (J)

1. It's illegal under the 1972 Federal Water Pollution Control Act
to discharge pollutants into the Nation's waters except under
an NPDES permit.

2. Pollutants covered by this permit requirement are. Solid waste,
incinerator residue, sewage, garbage, sewage sludge, munitions,
chemical wastes, biological materials, radioactive materials,
heat, wrecked or discarded equipment, rock, sand, collar dire,
and industrial, municipal, and agricultural wastes discharged
into water.

3. Excluded from the NPDES permit program are: Discharges of

sewage from vessels; pollutants from vessels or other floating

-11-



craft in coastal or ocean waters, discharges from properly
functioning marine engines, water, gas, or other material in-
jJected into o1l or gas wells, or disposed of in wells during
0il or gas production if the State determines that ground or
surface water resources will not be degraded; aquaculture
projects, separate storm sewer discharges; and dredged or fill
material.

Discharges excluded from the NPDES permit system are covered

by other pollution control requirements.

Categories of Sources

Point sources

Non-point sources

The total waste load to a stream is the sum of the point and

non-point sources of pollutants. The complete relationships

are shown in Figure 2.@4)

Some Examples of Waste Generation Figures

Sediment from non-point sources. See Tables 1 and 2, and Figure 3 (3:)
Nutrients and BOD from non-point sources. See Table 3.(L)

Nutrients from non-point and point sources. See Table 4. (7)

Nutrients from agricultural sources. See Table 5.(8)

BOD from non-point and point sources. See Table 6.(ﬂ)

Quality of untreated domestic sewage point sources. 5See Table T.GLU

Bacterial loadings from non-point and point sources. See Table 8-(“]

~-]l2=~
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Sediment
Source

TABLE 8,

EROSION RATES REPORTED FOR
VARIOUS SEDIMENT SQURCES

Erosion Rate
ton/ag my /year

Geopraphie Location

Comment

Natural

Agricultural

Urban

Highway
Construction

15-20
32-192

200
320
13-83
25-100
115
12,800
13,9000

1,030
10, 000-70, 000

200-500
320-3, 840
50 50,000
1,000-100, 000
1,000
500
146
280
830
2,300
38,000

50, 000- 150, 000

Polomac River Raain

Pennsylvania and

Virginla

Mussigaippl River
Basin

Northern Miasissippi

Northwest New Jersey

Migscuri Valley
Northern Miasisaippi
Northern Missigaippi

~

Eastern U § Pledmont

Kengington, Maryland

Wanshington, D C, Ares
Philadelphla Area

Washington, D C, Area
Wateraheds

Fairfax Co,, VA

Georgla

-l4-

Natlve Cover
Native Cover
Natural Drainage
Basin
Throughout
Geologic llistory
Forested Watershed
Forest and Under
Developed Land
So1ls Eroding al the
Rate They Form

Loess Region
Cultivated Land
Pasture Land
Continuous Row Cray
Without Conscrva
tion Practices
Farmiand
Egtablished ag
Tolerable Eroaion

Undergoing Extensive
Construction

Small Urban Con-
struction Area

750 Square Mile Ares
Average

A8 Urbanization
Increases

Construction on
179 Acres
Cut Slopes



Table 2: REPRESENTATIVE RATES OF EROSION FROM VARIQUS LAND USFS

Metric Tons/ Tonsg/ Relative to

sg km/ycar sq mi/year Forest = 1
Forest 8.5 24 1
Grassland 85 240 10
Abandoned Surface Mines 850 ) 2,400 100
Cropland 1,700 4,800 200
Harvested Forest 4,250 12,000 Q 500
Active Surface Mines 17,000 48,000 2,000
construction 17,000 4R 00NN 2,000

RELATIVE EROSION FROM VARIQUS LAND USES- NATIONWIDE
Coumercial Forests 1
Abandoned Surface Mines <1
Active Surfice Mines 2
Construction 6
Harvested Forests 11
Grassland 11
Cropland 168

-15-
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TABLE 4

SUMMARY OF REPORTED NUTRITIONAL LOADINGS

Source

Nitrogen
Pounds/Acre/Year

Phosphorous

Pounds/Acre/Year

Farmland runoff

Good management

Poor management

4 1b/A/yr applied
Irrigation return flow

Urban runoff

Rainfall at 30"/yr

Forest runoff

leaf litcer

Domestic waste

Saptic tanks

Waterfowl

£ o O
L~~~
=
[=]

[9%)

1
A
~r

5-24.0(Total-N)

8.2 (Total-N)
2.95~15.97(organic-N)

4.8-32 (NO3-N)
0.14-9.5 (inorganic-N)
10 ()

1.30-2.956 (Total-N)
0.5 (Total-N)
6.5x10"7 (NO3-N)

Ib/capl/yr
6.9-10.7 (Tocal-ii)

8 (NO3-W,
ground water
seepage)

1b/duck/yr
1.2 (inorganic-N)

0.35 (Total-P)
0.10 (PO4-P)

0.25 (P0O4~P)
0.06-0.2 (Total-P)
0.95-3.88(Total-P)

0.87 (Total-P)
3.32~20.20 (P04-P)

0.18-0.54 (PO4-P)

77 (Total-P)
.06 (Total-P)

ib/cap/yr

1.3-3.8 (Total-P)

1b/duck/yr

0.3 (Total-P)
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TABLE 5

AGRICULTURAL POLLUTIONAL LOADS

TOTAL N TOTAL P
(Lbs/Acre/Year) (Lbs/Acre/Year)
Surface 2.45 - 28 3 0.68 - 3.99
Subsurface 38 -~ 166 2.5 - 8.9

Source: Sylvester, Robert 0., Algae and Metropolitan Wastes, Transac-
tions of the 1960 Seminar, U S Robert A. Taft Sanitary Engi-
neering Center, Cincinnati, Ohio, 1961. (Bartsch, Alfred F.,

Ed.) (3)

Witzel, Stanley A., Nitrogen Cycle in Surface and Subsurface

Waters, Water Resources Center, The University of Wisconsin,
December 1968. (23)

[

-19-
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TABLE 6

SUMMARY OF REPORTED BOD LOADS

Source

Load

Urban runoff, 34" rafnfall/yr

Rural cultivated land runoff
Silo drainage

Stock floor washings
Rainfall

Domestic waste

30.5 lb/Acre/yaar

0 5-23 mg/1
4400 wg/l
2000 mg/l
9-16 mg/l COD

73 1b/cap/year

Industrial waste I1b/unit produced g/l
Explosives 320/100,000 1b TNT 1070
Synthetic fibers 77/1000 1b product 713
Paper and pulp 53/ton product 266
Poultry 26.1/1000 chickens 476
Sugar beet 13/ton produce 580
Meat packing 12/1000 1b live wt 1384
Tanning 4.55/100 1b hides 806
Brewery 2.6/barrel 964
Textile 2.45/100 1b each process 440
Milk 1.16/1000 1b intake 857
Cannery 0.365/case 1188

-20-



TABLE 7: CYPICAL COMPCSIIIGY OF X057 IC-SEVAGE

(AL1 values in mg/iiter)

Coastituenti

Sol 1ds, total
Volitile
Fixca

Suspapded, total
Valetile
Fixed

Dicsonived, toizl
Volatile
Fined

EOD (b-day, 20 degrees C)

Oycen consuced

Dipsolved Siyson

Nitroger, totel
Crpanic
Trac <~nmonia
Nizrites (N0p)
Iiirates (NO3)

Chlorides

Alkalinity

Fats

—

Strong, Vediun
1000 502
o0 350
300 150
500 300
1,00 250
100 50
SQ0 200
300 100
200 100.
300 200
150 75
0] ¢]
65 cQ
35 20
50 30
0.10 0.05
0.40 0.20
175 100
200 100
4o 20

-21-

Weak

200
120
E0
1G0
70
30
100
59
50
100

30

o5
10
15

0.10
15

50



TABLE 8

SUMMARY OF BACTERIAL LOADS

Source Coliforn/100 ml Coliform/cap-day
Raw sewage 1,000,000 3.7x10°
Treated sewage
Primary treatment 500,000 1.8x109
Activated sludge 60,000 2.3x108
Biological plus
chlorination 15,000 T s.7x107
Urban runoff 1,275,000 5.5x10/A-day
34" rainfall/yr
Irrigation returns - insignificant
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VI.

Existing Surface Water Quality and Quantity

A.

Water Quancticy

1.

Sourcos of information ~-- U.S. Geological Survey, Oklahoma

Water Resources Board.

Example data for Mountain Fork River near Eagletown, Oklahoma.
See Table 9 and Figure 4. ('%)

10% of time flow > 3,500 cfs
50% of time flow > 350 cfs
90% of time fiow > 10 cfs

Water Quality

1.

2-

Sources of information ---~ STORET (EPA), OWRB, USGS.

See Table 10 for data on Rock River near Oregon, Illinois.

(Some reported paraneters eliminated)

To interpret the water quality data, need to compare to stan-

dards. The following rating system was used 1n one atudy:

(a) number zero was given as score when the quality para-
meters met applicable standards.

(b) when standards not met, negative values assigned.

Table 11 used as a basis for the negative values. The rational

for Table 11 is as follows.

(a) Not meeting a bacteriological qualaty standard was thrce
times as important as not meeting a physical quality stan-
dard, and not meeting a chemical quality was twice as im-
portant; therefore, the negative numerical assignments for
the bacteriological classification were three times greater
than those for the physical classification, and the chemical

classification assignments were two times greater.
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3399

STREAM GAGING STATIONS

YO TaIN FORN RIVER MEAP E-GIETOWY, OFLAAOVA.

Drai=ate area - 787 sq mi

AVerale

1scharge - 39 years,

Cxtme~2s = Maximum discharge,

Water
Year

1951
1952
1953
lasg
1958
1956
1957
19358
1959
19€0
1261
19¢2
1563
1964
1965
i5¢6
1967

Qct

17,220
21,850
v}

101
171,600
28,560
4
10,449
21,€57
87,530
5,970
27,170
111,600
22
20,800
12,140
1,050

Nov

9,610
128,700
69,420
1,070
27,720
2,370
16,150
117,200
157,100
29,820
11,050
113,200
43,530
0
76,390
6,300
1,090

315,800 acre-feer per year

161,000 cfs, May 20, 1960

Dec.

5,260
94,120
78,300
20,9C0
57,510

5,210
43,880
59,0€0
26,860

210,900
240,500
152,400
30,060
921
38,010
12,560
6,920

Jan

36,050
102,700
81,460
149,000
£1,690
17,079
124,000
97,800
31,150
14€,800
€3,140
172,500
40,750
976
17,320
32,419
11,270

Compiled from U, §

TABLE 9
SURFACE WATER RECORDS REGION V AND VI

Minirum, 10 flow at tines

Fonthly a~d Yeirly Discharge, in Acre-TFeet

Feb

235,5N0
71,340
99,250
92,350
117,000
212,300
114,700
33,710
64,150
93,320
94,330
103,000
10,640
19,660
208,300
157,200
13,110

Mar

78,E00
122,200
209,090
12,100
153,000
50,7€0
177,100
217,900
1311,10¢C
83,960
162,500
10€,400
135,900
157,100
77,860
32,190
58,540

Geologicsl Survey Surface Water Records

Apr

67,900
435,600
319,500

72,800
10,400

29,450
487,700
152,300

80,493

42,210

31,492
106,200

$6,870
177,000

48,240
120,400
157,200

May

42,890
47,960
256,300
146,600
66,830
68,000
302,400
223,800
42,700
311,€00
161,300
25,110
25,540
29,430
165,500
130,300
194,500

June

131,400
6,850
4 €00
4,650
11,920
3,230
133,509
55,320
17,610
42,670
17,810
14,350
2,240
2,840
110,700
2,570
78,480

July

151,400
808
151,060
313
5,170
540
$,3%0
14,179
54,40
93,000
54,420
1,370
4,190
127
e,980
456
48,060

hug

5,210
137
8 110

5,€90
192
2,660
14,350
9,910
38,040
24,290
2,90
2,750
312,210
841
36,630
1,640

Sept
10,4580
1

1099
6,920
16,3790
257
14,520
16,100
10,270
5,050
15,9¢0
11,260
1,129
£9,630
24,510
8,9L0
14,410

The Year

172,200
1,032,000
1,721 °ng

51,3209

€3« 179

4Ye,700
1,€47 ¢ng
1,222,090

£€47,700
1,122,060

279,100

£5€,250

4C5 122

270,700

857,100

$52,1C00

56€,200
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STORE L IDENTIFICATION NO.

STREA M.

STATION LOCATION

MAP NO..

FPARAME TER

Phys.cal
Turb.dity

Tot. Diss. Solids
Temgperature
Susp. Solids

Chemical

nH

Hardness
D:ss Oxygen
BODS
Hydrocarbons
Ammonia
NO, & NO,
Phosphates

Bacteriological:

Fecal Coliform

k.

Rock River

Route 64 Town Bridge

Units

JTU
mg/1

mg/l

Su

mg/l
mg/1
mg/l
mg/l
mg/l
mg/l
mg/1

MPN/100ml

*Erroneous STORET data.

47096

17096 on Figure 2 4.3,1.4.2

TABLE .0

near Orcgon,

Ne. of Begin

Samples Date _
71 62/06/C4
61 62/06/C4
T2 62/06/C4
69 62/06/C4
i3 62/06/C4
67 62/06/C4
26 62/06/C4
43 62/06/04
47 62/06/C4
33 64/05/21
14 62/06/C4

Ilhinois

End

Date

72/05/22
12/06/27
12/06/27

72/06/27
71/12/01
72/06/27
67/07/06

72/06/27

72/06/27
71712701

72/06/27

Mean
xean

65
347
56

226

Max

230
(570)
82

376
10
(18)

(70}
(35)

(1900)

Min  STANDARD
0
* 500
32 30
* 6.5-9,.0
144
(0) 5.0
2 30
0.0 1.5
0.9 10
0.9 0.15
0 400



TABLE 11

NUMERICAL ASSIGNMENTS FOR

STREAM QUALITY RATING SYSTEM_

Numerical Assignments for

No. of Samples Value Parameter Classifications
Physical Chemuical Bacteriolopical

Less than 10 Maximum -1 -2 -3

Minimum -1 -2 -3

Mean -3 -6 -9
10 or more Maximum -2 -4 -6

Minimum -2 -4 -6

Mean -6 «12 -18

=27~ 2
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(b) When the mean value of a parameter does not meet the appli-
cable standard, it is three times as important as the maxi-
mum or minimum value not meeting the standard; therefore,
the negative numerical assignments for the mean values were
three times greater than those for the maximum or minimum
values.

(¢) Stations from which ten or more samples have been analyzed
are twice as important as those stations from which fewer
than ten samples have been analyzed, therefore, the negative
numerical assignments for stations with ten or more samples

were twice as great as the comparable assignments for stations
with less than ten samples.

5. Following the determination of a numerical score for each sta-
tion based on a composite summation of negative numerical assign-

ments applied when standards were not met, each station was assigned
a rating on the following basis-
N = no quality data available
A = meets all existing standards; good water quality; score = 0
B = meets most of existing standards, moderately good water
quality; score = -1 to -10
C = does not meet few existing standards; fair water quality;
score = =11 to =30
D = does not meet several existing standards; poor water
quality, score = -31 and greater

6. Application of the stream water quality rating system to the data

in Table 10 is as follows:

-28-



TDS
DO

Ammonia

1\102 and \:03

PO&

Fecal

Total

Table 12

= -4 Ly
= =4
a -4
[ —
= -4 and —XQ\
= =
= -36 (D category)
represents a summary of the application of this system

to seversl Illinois streams.

VII. Unique Pollution

A. Purpose

Problems (Step 3)

1. The primary objective 1is to note any unique pollution problems

which have occurred in the surface watercourses of the area.

2. For example, figh kills, algae growth or thermal discharges

causing stratified flow.

B. Sources of Information

1. Oklahoma Water Resources Board

2. State Health Departument

3. Newspapers

4. Conservation groups

VI111. Groundwater Quantity and Quality (Step 4)

A. Purpose

1. Describe

the groundwater flow and quality in the area, noting

particularly the depth to the groundwater table and the direction

of flow.

“
a v
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TABLE 12
ILLINOIS STREAM QUALITY RATING

i
No. of Reported
Parameters Values
Stream Map No. 1-4 5-8 9-13 <10 =>10 Score Rating
Apple River 48482 X X -16 C
Plum R. 48480 X X -20 C
Vermil.on R, 48037 X X -40 D
Reck River 47094 X X -30 C
Rock River 47096 X ) X -36 D
Rock River 47097 X X «13 C
Rock River 48001 X X -4 B
Roc< River 4435 X X b A
Rock Raver 48180 X X -20 C
Rock River 48039 X X -64 D
Rock River 48181 X X -20 C
Rocx River 47095 X X -32 D
Rock River 47090 X X -32 D
Rocxk River 47091 X X -30 C
Rarlk Daivaw 1792 X X -44 D
Elkhorn River 48514 X X -11 C
Xaakakee River 46094 X X -54 D
nonkakee Raiver 48562 X X -4 B
mankikee River 48094 X X -62 D
hantakee Raiver 48089 - X X =70 D
Narcanee River 18424 X x (4] A
Kankakee River 46093 X X -24 C
froquois River 46095 X X -36 D
iroquois River 48426 X X 0 A
[.oquors River 48425 X X -12 C
‘*lazon River 48393 X X -10 B
“azon River 483194 X X -35 D
[llirots River 5685 X X 0 A
llino1s River 5435 X X g A
ilinors River 48365 X X -29 C
tHinols River 48307 X X -25 C
ttlinots River 160067 X X -42 D
[llino1s Raver 5599 X X -30 C

r

-30-
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3.

Also identify major users of groundwater in the area.

Note any historical trends in groundwater depletion.

B. Sources of Information

1'

2.

3.

Oklahoma Water Resources Board
U.S. Geological Survey
Oklahoma Geological Survey

State Health Department

IX. Summarize Meteorological Information (Step 5)

A. Assemble Monthly Records of Precipitation, Evaporation, Temperature.

B. National Oceanographic and Atmospheric Adninistration, Environmental

Data Service, Asheville, N.C.

X. Water Quality Standards (Step 6)

A. PL 92-500 Federal Water Pollution Control Act Amendments of 1972 'i3)

l.

Some basic goals and policies:

(a) The discharge of pollutants into navigable water be elim-
anated by 1985.

(b) Wherever attainable, an interim goal of water quality
which provides for the protection and propagation of fish,
shellfish, and wildlife and provides for recreation in and
out of the water be acheived by July 1, 1983.

(¢) The discharge of toxic pollutants in toxic amounts be

eliminated. (prohibited)

B. Strategies for Point Source Control

1.

NPDES permit system

-3]l=-
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Every point source subject to an effluent standard and a water
quality standard. Most stringent one is used.

Effluent standards

(a) by 1977
POTW secondary treatment
others BPT

(b) by 1983

POTW —— BPWIT

others BAT
(c) new sources NSPS
(d} within 3 yrs. pretreatment

C. Definition of Terms ('4 )

1-

The best practicable technology and best available technology,
which industries are required to use by 1977 and 1983 respect-
ively, take into account such factors as age of equipment,
facilities involved, process employed and process changes, en-
gineering aspects of control techniques, and environmental
impact apart from water quality, including energy requirements.
In assessing best practicable technology for a particular
category of industry, a balance is struck between total cost
and effluent reduction benefits.

Best available technology 1is the highest degree of technology
proved to be designable for plant-scale operation so that costs
for this treatment may be much higher than for treatment by
best practicable technology.

Best available demonstrated technology, which will be the basis

for establishing effluent limits for new industries, is described

-32-
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E.

as those plant processes and control technologies that have
demonstrated at a pilot plant level that technologically and
economically they justify making investments in new production
facilicies.

Secondary treatment is a method of purifying waste water using
biological processes. Up to 90 percent of the organic matter
in sewage is removed by waking use of the bacteria in it. The
prancipal methods are by filter, in which the waste passes
through a thick bed of stones, and by the activated sludge
process wherein organic matter, pumped into an aeration tank,
is broken down by the addition of air and bacteria-laden sludge.

The solids are removed to a sedimentation tank and the effluent

is chlorinated.

Pretreatment Standards

1.

Federal Register, Vol 38, No. 215, Thursday, Nov. 8, 1973,
pp. 30982-30984. (15}

Deals basically with industrial plant waste clean-up prior to
discharge into POTW.

Examples of focus

(a) pH

(b) toxic metals

(c) flow variations

Secondary Treatment Standards

1.

2.

Federal Register, Vol. 38, No. 159, Friday, August 17, 1973,

pp 22298-22299. (iL}

2

Describes treatment efficlency level and effluent quality from POTW.

=-33=
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3. Focus on:
(a) BOD
{(b) suspended solids
(¢) coliforms

Water Quality Standards

1. Oklahoma will be used as an example. "Oklahoma's Water Quality

Standards - 1973", Pub 52, OWRB, Sept., 1973. (:7)

2. Antidegradation Statement

It is recognized that certain of the waters under consider-
ation possess an existing quality, which is better than
the minimum standards established. The quality of those
waters will be maintained, unless and until it has been
affirmatively demonstrated to the State through public
hearings that other uses or different standards are jJusti-
fiable as a result of necessary economic or social develop-
ment. This will require that any industrial, publie, or
private project or development which would constitute a
new source of pollution or an increased source of pollu-
tion to high quality waters will be required, as part of
the initial project design, to provide the highest and
the best degree of waste treatment.
3. Benefical use designations
The designated present and potential beneficial uses of
the waters of the State are A, Cl’ D, Fl, FZ’ Gl' Gz, and
I, and the general water quality standards apply unlessa

otherwise noted in Appendix A. Published data for some
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CODE

streams are limited. However, appropriate beneficial uses
to be protected are specified even though low flow condi-
tions may for the most part prevent such uses as primary
body contact recreation. Beneficial uses of Oklahoma sur-
face waters designated herein specify quality objectives

of lakes and streams. The designation does not limit bene-
ficial use nor prohibit bemeficial uses other than those

listed nor does it indicate by the order listed any pre-

 ference of uses. It is recognized that beneficial uses

may be protected where corresponding activities are other-
wise prohibited by law or by private ownership. This
would include primary body contact in some public water
supplies as well as recreational use of some privately
owned waters. All reservoirs are protected for praimary
and secondary body contact vecreation.

BENEFICIAL USE
Public and private water supplies

Emergency public and private water supplies

Fish and wildlife propagation

Fish and wildlife propagation to the extent allowed by
specifically stated water quality parameters
Agriculture (includes livestock watering and irrigation)
Hydroelectric power

Industrial and municipal cooling water

Receiving, transporting and/or assimilation of adequately

-

treated waste
Recreation, primary body contact (includes recreational uses where the

-35-
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human body mav come in direct contact with the water to
point of complete body submergence)

G, Recreation, secondary body contact (includes recreational

r

uses, such as fishing, wading, boating, where ingestion of
water is not probable)

H Navigation

I  Aesthetics

J  Small-mouth bass fishery excluding lake waters

K Trout fishery (put-and-take)

CODE LIMITATION

(a) All streams and reservoirs designated (a) are protected by
prohibition of any future discharge of pollutants.

(b) All streams designated (b) are return flow streams for
which special water quality standards have been established.

(c) Streams or stream systems in which advanced waste treatment
of all waste discharges is required are designated (c).

4. General Standards
The instream numerical criteria limits shall be maintained
at all cimes with the exception of when the flow is equal
to or less than the seven-day, two-year low flow value or
times when th@ flow rate is not significant or discernable
by the naked eye. The numerical criteria limits apply at
all cimes to lakes and reservoirs unless otherwise exempted.
Minerals:

For chlorides, sulfates and total dissolved solids the arith-
metic mean of the concentrations of the samples taken for a

year at any point shall not exceed one standard deviation
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greater than the arithmetic mean of the historical data
generated at that point. Not more than one in twenty
samples randomly collected shall exceed two standard devi-
ations greater than the arithmetic mean of the historical
data generated at that point Mineralization from other
parameters such as calcium, boron, magnesium and sodium
from other than natural sources shall be maintained so as
to not restrict the beneficial uses. TFor those stations
for whaich historical data exists, mineral limits have been
established and are listed in Appendix B. The values are
in milligrams per liter (mg/l). The stations are organized
in accordance to basin number with each station's number
corresponding to those on Map 2. Mineral standards will
be established for other stations as data becomes available.
The term "yearly mean standard"” listed on the table is de-
fined as that value which the yearly arithmetic mean shall
not exceed. The term "sample standard” is used on the
table and is defined as that value which not more than one
in twenty samples shall exceed. Mineral limits for inter-
mediate locations between listed sample points shall be
determined by allowing reasonable gradients between the
nurerical limits listed for those stations.

Bacteria:
in areas designated as G1 (recreation, primary body contact)
or A (public and private water supply), bacteria of the

fecal coliform group shall not exceed a monthly geometric

-37-
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mean of 200/100 ml, as determined by multiple-tube formefita-
tion or membrane filter procedures and based on a minimum
of not less than five samples for any 30-day period, nor
shall more than ten percent (10%) of the total samples
during any 30-day period exceed 400/100 ml.

In areas designated 62 (secondary body contact) bacteria
of the fecal coliform group shall not exceed a monthly
geometric mean of 1000/100 ml, as determined by multiple~
tube fermentation or membrane fillter procedures, nor
shall more than ten percent (10%) of the total samples
during any 30-day period exceed 2000/100 ml.

0il and Grease:

Essentially free of floating or emulsified oil and grecase.
Solids:
Free of floating debris, bottom deposits, scum, foam and

other materials of a persistent nature from other than
natural sources.
Turbidicy:

Turbidity of other than natural origin shall be restricted
to the following in-stream numerical values:

Warm Water Streams 50 Jackson Units

Warm Water Lakes 25 Jackson Units

Cold Water Streams (those

designated as small-mouth

bass fisheries or trout

fisheries 10 Jackson Units
In waters where the natural occurring backgrounds exceeds
these values, turbidity from other than natural sources

shall be restricted to maintain the naturally occurring

background.
-38-
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Color
Color producing substances of a persistent nature from
other than natural sources gpall be limited to concentra-
tions which will not be detrimental to bemeficial uses
Temperature-

During any month of the year, heat shall not be added to
any stream in excess of the amount that will raise the
temperature of the water more than 5°F. In lakes, the
temperature of the epilimnfon shall not be raised more than
3°F above that which existed before the addition of heat
of, artificial origin. The normal daily and seasonal tem-
perature variations that were present before the addition
of heat due to other than natural causes‘shall be main-
tained. The maximum temperature due to man-made causes
shall not enxceed 68°F in trout streams, 84°F 1n small-
mouth bass streams, or 90°F in all other streams and
lakes except for the following:

Arkansas River from Kaw Reservoir Dam to the headwaters

of Keystone Reservoir 940F,

Arkansas River from Keystone Reservoir Dam to Coody

Creek near Muskogee, Oklahoma 939F,

Salt Fork Arkansas River 93°F,

Red River excluding Lake Texoma 93°F.

North Fark Red River 91°F.
No artificial heat shall be added such that the receiving
water temperature exceeds the maximums specified above.
Privately owned lakes and reservoirs used in the process of

cooling water for industrjal purposes are exempt from these

restrictions provided the water released from any such lake

-39~
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oT reservolr shall be subject to the temperature require-
ments Maximum temperature determination shall be made
by averaging representative temperature measurements of
the cross sectional area of streams and ravers.

Taste and Odor Producing Substances
Taste and odor producing substances from other than natur-
al origin shall be limited to concentrations that will not
interfere with the production of potable water by modern
treatment methods or impart off-color or unpalatable flavor
to flesh of fish, or result in offensive odors in the vi-
cinity of the water, or otherwise interfere with beneficial
uses.

Dissolved Oxygen
The dissolved oxygen concentration shall not be less than
5 mg/l for all warm waters, and 6 mg/l for those waters
designated as small-mouth bass or trout fisheries. Under
extreme conditions, the diurnal variations may cause the
dissolved oxygen concentration to be as much as 1 mg/1
below the above values for short periods (not to exceed 8
hours) during any 24-hour period provided that the watér
quality is favorable in all other respects.

Nutrients
The total phosphorous concentration and Nitrogen/Phosphorous
ratio shall be limited to prevent eutrophication problems.
If sufficient nutrient date become available specific numeri-
cal limits will be included in the water quality standards
reV}sion scheduled for October 18, 1975.

-40-
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Substances®

foxic substances shall not be present in such gquantities
as to cause the waters to be toxic to human, animal, plant
or aquatic life, nor detrimé;tal to any beneficial use
including continued ingestion by livesteock or continued
use for irrigation. For aquatic life, usinpg bioassay
techniques, the toxiec limit shall not exceed one-tenth of
the 96-hour median tolerance limit for the most sensitive
species common to the stream. In the absence of informa-
tion on the most seasitive species the concentration shall

not exceed one-tenth of the 96~hour median tolerance

limit to Pimephales promeias (Fathead Minnow) and/or Lepomis

macrochirus (Bluegill).

Toxic substances shall not be present in quantities which
allow long term toxic effects in the food chain or accumu-
lation of toxic substances in fish or wildlife.

The folliowing materials may have synergistic effects:*
ammonia, cadmium, hexavalent chromium, trivalent chromium,
copper, cyanide, lead, mercury, nickel, selenium, silver,
and zinc These substances shall not be present in suffi=-
cient concentration to allow the cumulative relationship
value to exceed the numerical value of one.

The cumulative relationship value (CRV) is defined as.
Ca Cb Cn
CRV=L_ +r+ . a +E'_
a b n

where: Ca’ Cb, ...Cn are the measured concentrations in the

streams and La' Lb‘ ...Ln are respective maximum permissable

concentrations if each constituent were present alone.

-41- \
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Species Diversity Index*

A diversity value (d) for benthic (bottom dwelling) macro-~ , |,
invertebrate organisms shall be maintained at a minimum
|

of three (3) unless natural conditions or phenomena cause
the value to be less.

Enumeration and classification techniques of sampled ben-
thic organisms shall be utilized to acquire information
which will be subjected to mathematical interpretation
from which 1s derived an index of species diversity (d).
Biological information incorporated into the diversity
index includes: number of species samples (s), total
number of individuals (n), and number of individuals per
species (nl); with diversity specifically expressed

mathematically as:

s
d = —E (n /n) log, (n,/n)
1

This expression is dimensionless and includes numbers of
individuals representing each species. The species di-
versity index shall not be determined on a count of less

than 100 individuals per sample.

¢ !

pH:
The pH shall be between 6.5 and 8.5. pH values below 6.5
and above 8.5 must not be’"due to waste discharge. '
Other Substances:
The control of other substances not heretofore mentioned

will be guided by the U.S. Public Health Service Drinking

-42-
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Water Standards of 1962, or latest revision thereof, and
accumulated scientific data on limits above which injury
to use occurs. Pollutional substances will be maintained

below maximum permissible concentrations for public water

supplies, recreation requirements, agricultural needs and

other beneficial uses.

Special Standards

Return Flow Streams.

{(a) Dissolved Oxygen: The dissolved oxygen content of a re-
turn flow stream shall not be less than 2 mg/l. The
di1ssolved oxygen concentration just above the point where
the flow of the stream combines with the flow of a stream
of higher designated use shall not be less than 3 mg/l.

(b) Species Diversity Index: The species diversity index
shall not apply to return flow streams.

Mixing Zones and Zones of Passage

{a) Mixing Zones: Except as indicated below, mixing zones
shall be no larger than one-fourth (1/4) the cross sec-
tional area of the stream or not wore than one-fourth (1/4)
the volume of flow, whichever 1s most restrictive. The
remaining portion of the stream's cross section or flow
shall constitute a zone of passage for free swimming and
drifting organisms. Where more than one effluent enters
a stream and the mixing zones would overlap, the combined
mixing shall not exceed the one-fourth (1/4) value des-
cribed above. The mixing zone shall begin at the point of

discharge and extend downstream to the point of complete mixing.
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Special mixing zones shall be designated where return
flows exceed one-fourth (1/4) of the combined stream and
return flows.

Mixing zones in lakes shall be designated on a case by
case basais.

(b) Exceptions to beneficials uses Mixing zones may be as-
signed all of the beneficial uses for which the natural
waters of that stream would be satisfactory with the ex-
ception of the following
(1) Public and private water supply, A
(2) Emergency public and private water supply, B
(3) Fish and wildlife propagation, Cl
(4) Recreation (primary and secondary body contact), Gl’ G2

(c) Dissolved Oxygen- The dissolved oxygen shall not be less
than 2 mg/l within the mixing zone.

6. Example of water quality standards in Oklahoma. See Figure 5
and Table 13 and 14.

Nationwide Comparison (’h)

l. Effluent-limited segments vs. water-quality limited segments.

2. 1973 inventory of river segments in the states: 3,100 polluted

segments

Effluent-limited = 1,515

W.Q. - limited = 1,588

3,103

3. W.Q. limited means that the effluent standards are not stringent

enough, thus more stringent controls required on point sources.

byl
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Middle Arkensas Basin
Lower Arkansas River Basin
Upper Red River Basin
Lower Red River Basin
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B 45 TABIE 13
asin

Stream Benefic1al Uses Other Limitationsg
ﬁ. 5ers1mmon Creek ACyDF, Fa Gy Gp I
5 Persimmon Creek ACiDFy Fa G, G, I
Indian Creek ACiDF, F, G, G, T
Wolf Creek below Ft Supply Dam C2 DFy, F2 G, I b
Wolf Creek above Ft Supply Dam
including Ft. Supply Reservoir ACL, DF, F, G, G, I
Sixteen Mile Creek ACyDF, F. G, G, T
Buzzard Creek ACi DF, Fa G, G, I
L Wolf Creek ACy,DF, Fa G, G, I
Twenty-Five Mile Creek ACiDF, F,G,G, I
Hillow Creek ACiDF, F, G, G, I
Rock Creek AC, DF, F; G, G. I
Otter Creek ACiDF, Fy G, G, T
Clear Creek AC.DF, F 6, G, 1

Little River

Salt Creek Ca DF, F, G, I b
Lake Thunderbird and Watershed AC,DG, G- I a
Unnamed tributary {(return flow, City C: DFy Fo 6, T b
of Kenowa} including Lake Konowa
Sandy Creek C2 DF, Foa G- I b
Spring Creek ACi DF, F, G, G, T
Pond Creek CaDF, Fo 0,1 b

Buckhead Creoek
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Chlarvide Sulfate Tectal Disse” ~a o, -
Map Latitude and Simple ariy Mean Sample Yearly liean  Sarple v e
Sa-ole Point Hame Number  longitude Standard  tendird Standard Standard Standard Sroomerd
West Sait Creek near 35 09 00.0
Chickasha, Oklahoma 3283 037 57 00 0 243 168 701 506 1764 1324
West Bitter Creek near 3503000
Tebler, Oklahoma 3283.1 09751000 32 23 370 257 334 610
Spring Creek near 3506 500
Blanchard, Oklahoma 3284 097 44 30 0 19 3 14 6 29 23 468 356
Spring Creek Tribu-
tary near Middleberg, 3505000
Oklangma 3283.2 097 50 00 0Q 17 5 12 8 18.3 14 4 N 322
foss Reservoir near 3243 3532180
Foss, Oklahoma 099 10 40 0 52 48 1177 1112 1935 1849
) BASIN 4
Kiamichi Piver near 34 38180 .
Big Cedar, Oklannma- 3357 094 36 45 0 4.6 34 6.5 49 33 28
BASIN 5
Canadian River near 3534000
Bridgeport, Oklahona 2285 098 22 45 0 351 232 490 389 1497 1162
Canadian River near 3504550
ifoble, Oklahoma 2291 097 22 %2 0 291 206 3N 287 1227 06
Lake Thunderbtrd near 3513150
Nerman, Oklahoma 2299 097 13650 3 29 18.6 14 9 285 263
L1ttle River near 2310 3153020
Sasarva, Oklahona 096 3301 0 1382 993 60 15 2802 2046
Canton Lale near 05070 . - aen
Canton, 0t lanoia 2385 £S48 32 G5 O 16 293 233 2.5 4051 2613



4,

All segmentsepresumably should meet the w.q standards by 1977,
i '
1 T
however, estimate is that only 1,190 segments can do th1s;$and.

total of only 2,306 by 1983.

R. Federal Dlscharges(?ﬁ)

1.

The Federal Water Pollution Control Act requires all U S. Govern-
ment agencies to comply with Federal, State, interstate and

local water pollution control laws and regulations, just as any
non-governmental source of pollution must. As part of that
compliance, Federal installations dicharging pollutants into
water bodies are covered by the NPDES permit system Permits
for discharges from Federal installations are issued only by
EPA, however. Thus, even if a U.S. military base, power plant,
hospital, munitions plant, etc is located in a State that has
an EPA-approved permit program, EPA, not the State, 1s the per-
mit authoricy for that Federal installation

The law empowers the President to exempt any Federal effluent
source from compliance if it's "in the paramount interest" of
the Nation to do so. (However, no exemption may be granted
from the new source performance standards and effluent stan~
dards for toxic pollutants that EPA will i1ssue 1n 1974, nor
from compliance with pretreatment requirements for wastes going
directly into a publicly-owned treatment plant.)

The President may not grant an exemption because of the lack

of funds to bring a Federal facility into compliance unless he

has specifically asked Congress for the funds, and Congress

has failed to appropriate the money.
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4. The law also requires the President to report annually to Con-

gress all exemptions granted, with the reason for each exemption.

X1. Waste Load Allocation Study (Step 7)
A. Purposes

1. Summarize the waste load allocation study for the arca.(LLJ

2. ldentify the known point sources of pollution, noting particu-
larly any unique discharges or constituents.
(a) State Health Department
(b} Oklahoma Water Resources Board
(c) Department of Pollution Control

3. Also identify the quantity and types of water uses in the arca
(a) hydraulic balance ~-- important in water-deficient areas
(b) quality requirements per industrial use, see Table 15.621)
(¢} SHD, OWRB, DPC

B. Most States Are Developing or Have Recently Completed These Studies

XII. Mesoscale Impact Calculation (Step 8)
A. Purpose --- to examine impact of alternatives in_terms of their
relative contribution to a* stream's waste load.

B. Assessment of Impact —-- View in terms of percentage increase in

pollutant loads. .

XIII., Construction Phase Impacts (Step 9)
A. Primary Focus on Sediments,

B. Summary of Sediment Pred1§£10n Methods in Table 16. (:ig‘>
[

(-49_



_OS_

TABLE 15

Summary of Specific Quality Characteristics of Surface Waters That Have Been Used as Sources for
Industrial Water Supples

(Unless otherwlise indicated units arg mg/l and values are maximums Nn ¢ ne water will have all tha maximum values shown )

Boller inaheup water Coollng walcr Proccss water
Unhity Fresh Brachlsh i Pulp and Prim Food snd
tadustrial 700 to —  Teatls Lumber Piper Chemica! Petroleum  metals hindred Lenther
Otol 500 5000 Once Makcup Once makeup  Indus ry  indu-try nriustry  industery  Indust Industry  products,  Industry,
Characterlstic psig psig through recyclo through recycla SIC~2 SI1C-24 S1C=26 SIC-23 SIC—:? S1C=-13 SIC-20 SIC=-31
Sihca (S04 oo . 150 150 50 150 25 25 . ... 50 ____. 50 ... For the abo.r 2
Aluminum (A1) ______. 3 3 3 S caleraries the
Iron (Fe)} . _o..___. 80 80 14 BO 10 10 03 __... 26 ] 15 ... quaaty of raw
Moacanese (Mn) __._ 10 10 25 10 002 002 1) .. ... 2 .. .. surface sipply
Coppe- (Cuy e ooon .. .. —— mrmmn mmmen eeeen 05 ... .. Semen mein memen should he that
Caciurr (Ca) ... ... " 500 500 1,200 1,200 mmmem e cmen 200 220 . prescrbed by
oo W) e ol 0 D D D i e e 1006 85 ... the NTA Sub
St e retessum . T I D ommoommnomm o M 230 ___._ conn ilir e on
(Ha K) Water Quatity
Amadara (NH) ... ... _____ "800 TE€00  TUBLY  TYRR STttt mmmmm mmmen e Requirernents
Bicarnonate (HCO,) .. 600 &00 600 600 180 80 ... _._.0 T 600 480  ____. for PuLlic
Sufate (SO __._____ 1,400 1400 680 680 2,700 2,700 ... ... . 850 370 ... Water Suppligs
Chlorde (C1} ____.___ 19,000 19600 600 500 22000 22000 .- TTTC 200" 500 1600 500
Flugnde (Fy ________. ___._ ——y——— TIp TTTIA TTTTT mmmme meeee deiie e el 12 __ ...
Nuro®e (NO) . Lo . oo _o .- 30 L —emmn ciema 8 ...
Prosprule (PO .. ___.. 50 4 4 5 S eeee eeen o LT T
D s.ohed solius ____. 35000 35000 1 000 1000 35000 35000 150 ____. 1,080 2 500 3500 1500
Sua.pended sohids __._ 15000 15 000 5000 15000 250 250 1,009 [ T 10 QOO 5000 3000
Hard ess (CaCO,) ... 5000 5 000 850 850 7 000 7 000 126 _____ 475 1000 900 1,000
A'tatinity (CaCO,) __.. 500 500 500 500 150 150 . . el 500 ... 200
A~icity (CaCO) ... 1000 1,000 0 200 o o ... ... . e el 75
PH wals . ... --- . 50-89 35.91 s50.84 50-84 6080 5.9 46-94 5590 6090 3-9
Co'or umits ... 1,200 1260 __... 1,200 _.... ————e mmcee men 360 530 25 .__..
Crf ncs
Methylene blue ac 2¢ 10 13 13 ... 13 s bl
tive substances
Carbon tetrachlonde 100 100 ) 100 ©) 100  ____. mmmm mmeen e ————— 30
extract ‘
Chemicl oxygen de 100 500 _.__. 100 ____. 200 . L. el e mmmee
mand {Q,)
Hydroen sulfide . .. .. 4 4 e e il it e
:S
Temperature, F ___.__ 120 120 100 120 100 120 ... ... 05 eee . 100

L ¥iater cantalning In ewcess of 1 000 mg/! dissolved solids
"Mayle 1000700 mechanmen! pulolng operations

Yo Larks partles 23 mm diarncter

sl murifor preusures up to 700 psig standard- 1) or APHA S andurd me i for he eARrNAY 01 ¢! watnr and wasts
S No tiuating g | water (i)

¢ Applins to bleachad chericat pulp and paper only

NOTE —— \pnlcaMon af the 1hgva 4 3! ey sheu'd bo based on Part 23 ASTH beov of T~



TABLE 1+ }{

SUMMARY OF SEDIMENT FREDICTION METHODS

Processn

Prediction Method Erosion Transport Deposition

1. Empirical

Elliaon‘z—l/ b ¢ - -
67/

Musgrave— X - -
Universal Soil loss Equationllg/ X - -
Einstein Bedload Func:ionélj - X -
Colby Modified Etnsteinil/ 1/ - X -
Toffaleti Total Load Method - X X
Lacey's Silt Theorygll - X
Pemberton Modified Einateinzzj - X -
Reservoir Surveys: - -

ARS

5Cs

Corpas of Engineers
Bureau of Reclamation
U.S5. Geological Survey

2. Statistical

FlaxmanA&/ - - X
Sediment Rating-Flow Duration: - - x

V.S. Geological Survey

Bureau of Reclamation

Corps of Engineers
Woolhiser's Deterministic

Watershed Hodelllg/ X X X
:’_ .?
3. Simulation
38/
ARS Upland Erosion Model— 50/ - X - -
ARS USDAHL-73 Watershed Model— X
ARS "ACTMO" Chemical Transport
Mode 124/ - X -
: 11/ .
Negev's Watershed Model— X X X
Stanford IV Modelld/ X X X
Hydrocomp Slmulationlg, X X X
51/
Ruff Hydrologic Transport Model=— - X -
Royal Institute (Sweden)
Hydrologic Hodeléi X X X
Snyder's Parametric Hydrologic
Mode] 88/ . X X

2o .
ts



XIV. Microscale Imﬂact Calculation (Step 10)

A. Conservative Pollutants --- use mass balance calculations.
B. Non-Conservative Pollutants -~- see dissolved oxygen sag curve

materials.

C. Temperature -—— see temperature prediction materials.

XV. Pollution Control Measures (Step 10)
A. Purpose 18 to Minimize Impact

B. Many Reference Materials are Available. (2 3 )(;w)(;s)

XVI. Dascuss Operational Impacts (Step 11)

A. See Bacterial Die-Away Precition Materials.
B. Example of Chemical Changes in Aqueous Systems (21;)
1. Cr in Water
+2
trivalent Cr (III) cation Cr (OH)

hexavalent Cr (VI) anion Cr 04-2

2. Cr (III) is more chemically reactive than Cr (VI)
3. Source in streams is nuclear power plants ——— release Cr (VI)
4., Fate in stream depends on oxidation state
Cr(II1I) 1s sorbed and ;;ttles
Cr(V1) stays in solution
5. Oxidation state in stream can change:
(a) Cr (VI) can be chemically reduced to Cr (III) under anaero-

bic conditions.

(b) Cr (VI) stays as Cr (VI) under aerobic conditions
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(c) Cr (III) can be oxidized to Cr (VI) under acrobic conditiaons.
(d) Cr (VI) which is sorbed is later released as Cr (I11)

{e) Cr (ILI) scays as Cr (I1I) under anaerobic conditions

-5%3-
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Assessment of the Impact of Organic
Discharges on the Dissolved Oxygen
Resources of a Receiving Stream

by

L.W. Canter*

One of the most common problems of stream poliution is that
resulting from oxygen deficlency caused by organic waste discharges.
Dissolved oxygen in a stream is deficlent when the actual concentra-
tion is less than the saturation concentration. Nemerow and Velz have
recently published excellent books which describe the myriad considera-
tions involved in stream pollution analysis (1,2). This discussion

represents only a cursory presentation of dissolved oxygen relationships

in streams.

I. Diassolved Oxygen

A. Dissolved oxygen is one of the primary chemical parameters used
to describe water quality. Dissolved oxygen is basic to the
maintenance and promotion of aquatic flora‘and fauna. .
B. Water quality standards have been established for dissolved

oxygen, some examples from Oklahoma standards are (3):

1. General standards

*
Director, School of Civil Engineering and Environmental Science,
University of Oklahoma, Norman, Oklahoma.
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The instream numericail criteria limits shit. oo
maintained at all time- g1th the exception ot when
the flow 16 equal to or les- than the seven-day,
two-year low flow valu. o1 times when the 10w file
1s not significant or « =cirmable by the naked ey
The numerical criteria Jumis apply at all times t.
lakes and reservolrs unctess otherwisce exempted
Dissolved Oxygen. [he dissolved oxygen concentra-
tion shall not be less .han 5 mg/l for all warm
waters, and 6 mg/1l fo1 those waters designated a,
small-mouth bass or trout fisneriles. Under extreiw
conditions, the daurns. ‘iriations may causc tlic
dissolved oxygen concer ration to be as much as 1
mg/l below the above vdlues for snort perinds (not
to exceed 8 hours) duting any 24-hour period pro-
vided that the water quality 1s favorable 1n all

other respects.

: special Standards - Return low Stroams

Dissolved Oxygen® The uwissolved oxypun contenl o«
a return flow strcam snall not be less thar 2 me/i
The dissolved oxygen corcentration just above the
point where the flow ot the stream combines with tm
flow of a stream of hipuner designated usc shall not

be less than 3 mg/l.

3. Special Standards - Mixing /ones and 7oncs Ob Pats i
L J

a.

Mixing Zones Except u> 1ndicated below, mixung



zones shall be no larger tran one-fourth (%) the crases
sectional area of the strcam or no more than one-fourth
(%) the volume of flow, wh chever 1s most restrictive
The remaining portion of the stream's cross section or
flow shall constitute a zo1. of pissape for tree swim—
ming and drifting organism- Wheie mote than one efflu-
ent enters a stream and rhe mixing zones would overlap,
the combined mixing zones shall not exceed the one~fourth
(%) value described above The mixing zone shall begin
at the point of discharge and extend downstream to the
point of complete mixing,

Special mixing zones shall be designated where return
flows exceed one-fourth (%) of the combined stream and
return flows.

Mixing zones in lakes shall be designated on a case by
case basis

Dissolved Oxygen The dissolved oxygen shall not be

less than 2 mg/l within the mixing zone

Saturation Dissolved Oxygen

If water 1s saturated with dissoived oxygen, iL mcans
that the water contains 10L% of the dissolved oxvgen it
could contain under specified conditions of temperature,

pressure and salt content.

o



2. influence of temperature on the saturation concentruiinn o

dissolved oxygen

Saturation
D.0O.

Temperature

3. 1Influence of pressure on the sa.uration concentration o

oxygen

Saturation
D.O.

Pressure

4. nfluence of salt content on thc¢ saturation concentracion

of oxygen, mainly on conern in sea water.

saturation
D.0.

Salt concentrd. .on

5. he actual concentration of di¢ olved oxygen 1n pol 1ea

«ater 1s generally less than ti saturation concenitdtilon

yeficit = D = saturation ¢ rual
concentlation ¢ ncentration
(Cs)



Example Temperature of L)OC, normal atmospheric pressu
and non-sea water, 1f Ehe measured D.0. 15 2 C
mg/1l, what 15 th. defaicit?

Cs = 8 18 mg/1

D =818 - 2.0 = 6 18 mg/l

II. Oxygen Relationships in Streams

A.

B

Basic Forces

1.

1

2.

There is a demand for oxygen exerted by bacterial decomp -
sition of organics, shown in simplified equation which
follows

Organics + 0, bacceria C0, + 1,0

There 1s a supply of oxygen from natural reaeration.
Other forces are oxygen dumand from bottom deposits and
oxygen supply from photosynthesis.

The basic forces of orpan:. oxypen demand aua naturai 1.

tion yield what 1s called an oxygen Sag curve

D.0. ////”#ﬁﬂ

Conc.

Time or distance

Streeter-Phelps Equation

Originally developed 1n 1' .15

Assumptions for oxygen sag curve



a. BOD decrease dye onlv - bacterial oxidation
b. Mo benthal 02 demand
C No photosynthetie efic.
a. Reorvpenation by reaer « fon
3. Basic Jdifferential equatiou

db _ oxygen _ oxygen
dt demand supply

= KlL - KZD

where

Kl = rate of oxygen use by ‘icteria

L biochemical oxygen deti.nd

K rate of reaeration

2

+. Solution of the basic differential equation yreius Lt

following:

K.La -K.t =K1 -K,t
D= (10 Rt ) +Da 10 °
2%

D=D0, deficic at time ¢
F o501, LONC - ElCI.I.I-Il COin

K, = cocf. of deoxygenation
h, = coef. of reaeration

La = 1nitial BOD (ultimate) (ain stream)

Da = 1nitial deficit (in sticam)

,e Kl = coef, of deoxygenation
determined wn BOD Lo w2000
-2
Ay =K (1 047) 12
(1) (20)

T = temp. (°C)

-



10.

K2 = ¢(surface exposure, depth, turbulence, velocity)

— Tables or Calculations -

K, =K, (1 016) 720 ,
(T) (20)
La gy = 1agygy (0 02T + 0.6)

Influence of temperature on the oxygen sag curve (see Fip |

Critical Conditions

Location and value of low point on curve.

Distance

a Critical time
. 1 log KlLa—uzDa+K1Da EZ
c Kz-Kl 10 KlLa Kl

b. Critacal deficait

D¢ = Kl La 10 1
2

K -K,tc

Maximum Permissable BOD Load

Rearrange Streeter-Phelps a, follows

. ) [ K, 00 4187
og La = log Dc +| 1 + :;tiz- (l " De jlnp N
La = ultimate BOD mg/1)
Dc = allowable def: .t = saturation
PO cone - regoired DO conc  1n standard

Da = init1al deflicat



DISSOLVED OXYGEN mg /I

N WD N DO O

FIGURE 1 (26)

RELATION BETWEEN TEMPERATURE AND OXYGEN PROFILE

(After La Berge)

| WASTE OUTLET

| 1

1e)

20 30
Mites from OQutle? Discharging Organic Waste



Kl = BOD reaction rate

K2 = reaeratlon rate

C. Thomas modification of Streeter-Phelps equation
1. It 1s known that stream deoxygenation (Kd) values differ
from K..

1

2. Deoxygenation is stream by oxidation.

|

KpLt

D = oxygen deficat
Kd = coef of deoxygenataion, not equal to Kl in BOD
botties in lab, includes only deoxygenation by
oxidation in stream
Lt = oxidizable organic matter remaining at any time €
—Klt
= La 10

La = initial oxidizable organic matter at t=o (1n stream)

K. = rate of oxidation from laboratory

L = time
3. Combining above the rate of deoxygenation may be expressed
as follows:

Klt

R
This equation expresses the rate of deoxygenation in terms
of the coefficient of deoxygenation (KD) and the laboratory
rate of oxidation (Kl).
4, The practical considerations to be answered not 1s whether
the rate of oxidation determined 1n the laboratery (Kl) 1S
identical to the rate of organic (BOD) removal determined

in the actual receiving water

-9-
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Kr e rate of BOD removal in the stream itself

Kr = K, + K

3

1

If the answer 1is nepative then the above equation should be

expressed as:

dD

-K_t

T KD La 10

5. Environmental factors that affect the rate of oxidation

Probable Relation-

Condition ship between K
4
and K
1
a} Turxbulence Kr>K1(BOD removal
in stream>BOD
removal in
bottle)
b) Biological Growth K_»K
r 1
on Stream bed
¢) Immediate 02 Kr>K1
demand
d) Nutrient defi- K_<K
T 1
clency in stream
e) Toxic conditions Kr<K1

6. Environmental factors affecting the rate of organic material

removal in the receiving stream but not necessarily the rate

of oxidation

Condition

Probable Relationship
between Kr and Kl

Sedimentation and
Flocculation tak-
ing

Scour adding

Volatilization
taking away

away

Kr>Kl

K_<K
T
Kr>K

1
1

i
\ -10-
f
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Overall relationship between Kr' Kd and Kl

a, If che reactions in the stream were identical to the

reactions in the laboratory then

b. If BOD removal in the stream was by oxidation only but
the rate was increased by turbulence or slime growths
on the stream bottom then it may be assumed that
Kr EY Kl but KD = Kr

c. If BOD removal in the stream was accomplished by a com-
bination of oxidat:ion and sedimentation, scour, volatila-
zation then it may be assumed that

Kr X Kl but KD = Kl

Thomas equ i1ntegrates to
KDLa -Krt —Kzt —Kzt
D= 10 -10 + Dall
K,~K
2 r
Determine Kr
L
1 A
K == log —
T t LB

Kr 1s rate of BOD removal, not necessarily just oxidation.

time of flow between stations A and B

n

t

——y A B
et e e
LA LB
LA = BOD loading at sta. A (lb/day)
= [1] [1] " [1] "
Ly B ( )

-11-
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R
log r
1LBOD
day
time
10. K2

a, determine by equation

b. use O'Connor equ.

il. KD

a. difficult to determine
b. may get help from above considerations
¢c. may have to assume a KD value and coafirm by survey.
1bBOD K
T T— r
day \ ED
time

12. Cratical deficit

dD
ac - St = KD
D
ae ° ©
KD KD _Krtc
D= X L= T La 10
2 2

13. Critical time

K
¢ = 1 log 2 Da(Kz—Kr)
C K.-K K l] - ——/———
2 r r KDLa

D. Churchill-Buckingham equation

1. By using multiple linear correlation on TVA streams, Churchill

and Buckingham found good correlation between



BOD
DO
temp.
stream flow
2. He found for TVA streams that D.0. sag is function of only
three variables.
a. BOD
b. temp.
c. stream flow
3. Used least-squares method of analysis.
4., Advantages
a, fewer samples needed

b. do not need K Kr’ etc.

20
5. Disadvantages
a. applicability to other streams?
b. omits many factors

6. Equation

Y=a+ blxl + b2 Xz + b3 X3

Y = D.0. drop (mg/1)

a= 4,136

bl = -0.122

X, = BOD at sag (mg/1)

b2 = -0 532

X, = temp at sag °c)

b3 =0 709 XB = flow at sag (1000 cfs)

E. Photosynthesis

-13-



7.

=K.t ~-K_t
+-K-D-[—B] 1-10 2 +Da 10 2

Equation including photosynthesis and bottom deposits.

-K t -K.t
b oD ta--2| [10 T -10 2
K. - K
2 r
K.t -K.t
+K5 ?B-——B 1-10 2 +Da10 °
2 T KD
-15-
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F.

1.

Concept
a. day
! f
CO2 + HZO + algae + nutrients —»
new algae + 02 - heat

during day algae is source of O2
b. night

algae + 0, e | co, + B,0

during night using 02
S-P, Thomas, C-B omit photosynthesis as an 02 source. Some
suggest to include a term for this.
0'Connor, etc. have advocated term added

Equation

dD
Gt = fok K0 -

P - net 02 production by photosynthesis (mg/l/day)

Bottom deposits

1.

Bottom deposits can exert a demand on the oxygen resources

of a stream.

This is like adding an additional BOD load.

Concept
dL
dt —KrL + B

B = addition of BOD load to the overlying water from the
bottom. (mg/l/day)

Sort of like scour, except this occurs all the rime

This was modification added by Camp.

Equation 1ncluding bottom deposits

14~



PREDICTION OF BACTLRIAL
SELF-PURFICATION IN
STREAMS

by
L.W. Canter*

In order to assess the potential environmental impact of a proposed
action, it may be necessary to predict bacterial self-purification in
streams. This discussion 1is oriented to the principles of bacterial self-
purification in streams as well as the mathematical techniques available

for describing these phenomena.

I. Introduction
A, Bacterial Self-Purification
1. Definition --- the decrease of bacteria of all types, and
especilally those of fecal origin, as a function of flow dis-
tance or flow time in a river.
2. Bacteria may starve to death, be devoured by predators, or -
be otherwise inactivated.
B. Classic Work --- early work by Strecter and his co-workers in
Cincinnati on the Ohio River. (1920's)

C. Pathogenic Microorganisms

*Director, School of Civil Fngincering and Environmental Science, Univer-
sity of Oklahoma, Normun, Oklahoma.



Selected References on Impact of Organics

1. Nemeron, Nelson L., Scientific Stream Pollution Analysis, McGraw-
Hill Book Company, New York, 1974, 358 pages.

2. Velz, Clarence J., Applied Stream Sanitation, Wiley-Interscience,
John Wiley and Sons, Inc., New York, 1970, 619 pages.

3. '"Oklahoma's Water Quality Standards-1973" Publication No. 52,
Oklahoma Water Regources Board, Oklahoma City, Oklahoma, 1973, pp.
3-9.



Table 1: Expected Seasonal Pattern of Monthly Average
Coliform Contribution Based on an Annual Average
of 200 Billion per Capita per Day

Monthly Average

Monthly Average Coliform Contribution

(Percentage of

Month Annual Average) per Capita per Day (X109)
January 45 920
February 46 92
March 53 106
April 65 130
May 92 184
June 135 270
July 172 344
August 182 364
September 165 330
October 110 220
November 80 160
December 3 110

Annual average 100 200
-3-

i
[



1. Special public health concern with the disposal and ultimate
fate of microbilal wastes contained in municipal sewage, especi-
ally those of intestinal origin that cause waterborne discases.
These are principally pathogenic bacteria and viruses, and the
cysts and ova of parasitic worms.

2. Examples of pathogenic bacteria and their associated diseases.

(a) Salwonella typhi --- typhoid fever
(b) Shigella and Salmonella organisms --- dysentery and diarrhea
respectively

(¢) Vibrio comma =--- cholera
(d) Mycobacterium tuberculosis --- tuberculosis
3. Example of amocbas ~-- Entamoeba histolytica is known to have
caused epldemics of amoebic dysentery.
4. Viruses have been known to cause infectious hepatitis.
D. Indicator Organisms and Enumeration
1. Coliforms (non-pathogenic bacteria) and fecal coliforms are
used as indicator organisms.
2. Values rcported as "most probable number" (MPN).
E. Per Capita Contribution and Secasonal Variation
1. Coliform generation rate
200 x 109/capita/day
2. Typical seasonal variations are shown in Table 1. Whether
these variations are traceable to actual multiplication of
intestinal bacteria within the sewers or to a greater per
caplita discharge of these organisms in the summer months can-
not be stated. i

F. General Principies of Sceif-Pumiification

-2- '



Table 2: Killing Times for the First 90% (T

of Enteric Bacteria in River Water

90)

Organism Mcdium Temp., °C Tgg» hours
60
E. colil Ohio River Symmer 47
Winter 51
Missouri River Winter 115
Tenneégee River Summer 53
Sacramento
River Summer 32
Cumberiand
River ‘ Summer 10
Glatt River Summer/ 2,18
winter
S. typhi Thames River 0 172
5 108
10 77

a Small shallow streams.
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1.

3.

Some general conclusions of Streeter's work are as follows:

(a) The maximum density of coliforms occurs at some distance
downstream of a source of pollution

(b) based upon the maximum numbers of organisms, the per-
centage of surviving cells downstream follows a curve
with a slightly decreasing slope when a log linear plot
is applied

(c) the variance of single observations rapidly increases
with a diminishing of the absolute numbers of organisms

Representative killing times for the first 90% of enteric

bacteria in river water are shown in Table 2.

Killing rates of bacteria in natural streams depend largely

on the hydraulic and biological characteristics of the stream.

In shallow rivers, where a large ratio of wetted surface to

water flow exists, and a considerable amount of fixed biomass

is normally present, rate constants for the initial part of

the death rate curves {(c.g., until Tgo) of coliforms might

be found which are 20 or more times higher than reported from

the Ohio River (sec examples in Table 2).

Increasing temperature enhances bacterial disappearance

considerably.

The influence of the organic pollution leoad on the persistence

of coliforms or other fecal bacteria in a river 1is controver-

sial. The multiplication of pathopenic organisms in matural

waters 1s certainly nepligible (sediments very rich in fecal

matter may he an exception) Dissolved organic pollutants

4~
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probably indirectly increase the death rate by favoring the
growth of secondary consumers (bacteria feeders).
Systematic studies on the removal of viruses in rivers are

practically nonexistent.

II. Prediction of bacterial Self-Purification

A. Chick's Law

1.

Bacteria die at a constant rate; that i1s, a given percentage
of the residual population diés during each successive time
unit.

Basic relationship

dB
de KB

This integrates to:
B
10310 B -Kt
o
where B = residual after any time t (day)
Bo = fnitial number of bacteria

K = reaction rate or death rate (day-l)
B/Bo o proportion of organisms that survive

1 —B/Bo = proportion of organisms that die

B. Factors That Modify Chick's Law in a Stream

1.

Temperature --- increase in temperature increases the death
rate. See Figure 1.

Acidicy and alkalinity --- both acidity and alkalinity increawe
the bacterial death rete, but under strecam conditions the speci-
fic contribution of pll {s not definable execept when there is

pronounced deviation from neutrality.

-6



3.

. -kt . k't
B 30(10 )+Bo(10 )

This calculation is predicated on the assumption that the
residual number of bacteria at any time consists of two frace
tions, one resulting from the application of a death rate
constant k to an initial population Bo and another from
similar application of the rate k' to theinitial population

B'.

o

Phelps described some representative values for the Ohio River
for the two-stage equation as shown in Table 3.
A review of Figure 1 and Table 3 indicates that the survival
curve deviates substantially from the straight-line Chick form.
The coliform group (in summer) is composed of the large frac-
tion of 99.51 percent with a half-life of 0.64 day, and a small
fraction of 0.49 percent of more resistant organisms with a
half-1ife of over 5 days. For practical purposes this means
that 99.51 percent of the coliform bacteria dieoff can be repre-—
sented by the simple Chick straight-line form. Less than 0.5
percent are involved in the apparent deviation refelected 1in

the upward turn of the survival curve.

D. Observed Death Rates

1-
2.

Some typical death rate K values are shown in Table 4.

The K values for large rivers are 0.5 + 0.15 day-l, for

moderate size tivers the values are 0.8 + 0.2 day-l.
Some death rates are shown in Tigure 2. Tt will be notod

from Flgure 2 that for summer conditions only a small per-

centage of coliforms survives after 2 days' time of passage.

-9-

™o
22
(o)



3.

4,
3.

6.

Nutrients === not much is known about the affect of nutrients
on bacterial self-purification.

Sedimentation and adsorption ~-- both increase the death rate.
Presence of competitive life —=-- the natural biological life
of polluted streams 1s much too rugged for the survival of
organisms whose normal habitat is the shelter of the iIntesti-
nal tract of man and other varm-blooded animals. In some
instances coliform bacteria appear to multiply to some extent
immediately after discharge into the stream.

These modifying factors can cause two basic changes to Chick's
Law:

(a) deviation in form

(b) variations in observed death rates

C. Deviation in the Form of Chick's Law

1.

Two principal deviations in form of the survival curve are
commonly reported: an initial lag phase preceding onset of
the logarithmic decline, and an afterphase of apparent de-—
creasing death rate. In some instances during the lag phase
an apparent multiplication in bacterial numbers is observed.
This phenomenon is dealt with by considering the initial
bacterial load as the peak and shifting the orgin of the

time scale in determining the death rate to the position of
the peak. The afterphase of apparent decline in dcath rate
is shown when the semilog plot bends upward at the end of the

deplction curve,

2. Macthematical formulation of a two-stage equation.

-8-



Table 4: Coliform Death Rates k Observed in Rivers

Chick's Law: 1log (B/BO) = -kt

Reaction Rate k(day-l)

Warm Cool Authority for
River Weather Weather Survey Data Remarks
Ohio 0.50 0.45 Frost, Streeter Generalized results
et. al. of analysis of ex-
tensive data
Upper Illinois 0.90 0.32 Hoskins et. al. 1l-day decline
0.67 0129 2-day decline
Scioto 0.96 0.46 Kehr et, al.
Hudson 0.80 Hall, Riddaick, Freshwater reach
Phelps below Albany
Upper Miami 0.80 Velz, Gannon, Mean through reach
Kinney above Dayton
Tennessee 0.46 Kittrell 1- and 2-day declines,
below Knoxville
Tennessee 0.60 Kittrell 1-day decline
0.57 2-day decline
{below Knoxville)
Sacramento 0.77 Kittrell l1-day decline
0.65 2-day decline
(below Sacremento)
Missouri 0.30 Kittrell 1-day decline
0.26 2-day decline
(below Kansas City)
-11-



Table 3: Two-Stage Equation for Bacterial
Self~-Purification on the Ohio River

Parameter Warm Weather Cool Weather
Bo (percent) 99.51 97
k (day) 0.467 0.506
Half-life (day) 0.64 0.59
B! (percent) ' 0.49 3.0
k' (day) 0.0581 0.026
Half-life (days) 5.16 11.5

-10-



Selected References for Bacterial Self-Purification

1. Phelps, Earle B., Stream Sanitation, John Wiley and Sons, Inc.,
New York, 1944, pp. 201-221.

2. Velz, Clarence J., Applied Stream Sanitation, Wiley-Interscience,
John Wiley and Sons, Inc , New York, 1970, ppP. 234-253,

3. Wuhrmann, Karl, "Stream Purification", in Water Pollution Micro-
biology, edited by Ralph Mitchell, Wiley-Interscience, John Wiley
and Sons, Inc., New York, 1972, pp. 133-137.



For a large stream (k = 0.5) only 10 percent survive after

2 days; for a moderate-size stream (k = 0.8) less than 3
percent survive after 2 days. However, although these sur-
vival percentages are small, it must be remembered that,
applied to the summer peak coliform bacteria loading, these
declines may result in large absolute number of survivors,
which, converted to concentrations in the diluting streamflow,

may infringe the required criteria of water quality.

-12-



PREDICTION OF THE IMPACTS
OF THERMAL DISCHARGES
ON RECEIVING STREAMS

by
L.W. Canter¥*

Mathematical models of varying degrees of complexity have been
developed to determine the fate and persistence of heat 1in quiescent
wvaters, flowing streams, estuaries, and the ocean The ability to pre-
dict water temperatures accurately is necessary in order to determine
the thermal impact of:

1. Proposed waste heat discharges.

2. Changes in the hydraulic characteristics of a water

body or stream~-for example, due to the construction
of a dam with its resulting flow regulation.

3. Releases of water from stratified reservoirs with

multilevel outlets.

4. Unusual meteorological conditions.

The following discussion presents a basic approach which can be
used to solve temperature prediction problems. The material for thas

discussion 1s from two basic references (1,2).

I. Basic Principles

A. Heat Transport

"Director, School of Civil Engineering and Environmental Science,
University of Oklahoma, Norman, Oklahoma.

——



1. There are two heat transport mechanisms which occur in
water--advection and dispersion or turbulent mixing.
Advection is the transport of heat by the motion of a
mass of water and is accomplished through ordinary
streamflow, utilization of a discharge stream’'s kinetic
energy, or water movement due to density gradients.

2. Turbulent mixing or dispersion causes heat interchange
through eddy diffusion or molecular diffusion. Eddy
diffusion occurs under turbulent flow, which depends
on fluid velocity and channel characteristics. Mixing
results from the action of small fluid masses known as
eddies, which are random both in size and orientation.
Molecular diffusion 1s that resulting from random motion

of molecules. Its influence is much less than that from

turbulent mixing.
B. Heat Exchange

1. Heat exchange which takes place between the water sur-
face and the atmosphere is made up of seven mechanisms.

2. The mechanisms which are independent of water tempera-
ture are:
Qs = Incoming short-wave solar radiation (400 to 2800
BTU/ftzlday).
Qa = Incoming long-wave atmospheric radiation (2400 to

31200 BTU/ft2/day).

er, Qar = Portions of both short-wave and long-wave
radiation which are reflected or scattered by the water

surface {40 to 200 and 70 to 120 BTU/ftzlday, respectaively)

-2-



3.

4,

The mechanisms of heat transfer which are dependent on the
surface water temperature include the following

Qbr = long-wave back radiation from the water to the atmos-
phere (2400 to 3600 BTU/fczlday). It is proportional te

the fourth power of the absolute water surface temperature
(A1), i.e., Q = (at )"

Qc = Heat exchange due to conduction-convection (-300 to
+400 BTU/ftzlday), which is proportional to the wind speed
(W) and the difference between water temperature (TS) and
alr temperature (Ta)' i.e., Qc = W(Ts-Ta). A positive QC
indicates an energy loss.

Q, = Heat loss due to evaporation (2000 to 8000 BTU/ftzlday).
which is proportional to the product of wind speed (W) and
the difference between the water vapor pressure 1in saturat=d
air at the water temperature (es) and the water vapor pres—
sure in the overlying air (ea), i.e., Qe « W(eS - ea). If
e, > e.s condensation takes place and the water body gains
energy.

The algebraic sum of these surface heat c¢xchange parameters
is equal to the net rate of surface heat exchange. Equilibrium

temperature is reached when this sum is zero.

II. Temperature Prediction

A. Macro Models

1.

Macro models are those which describe or predict temperature

regimes in a complete river or river system, lake or reservolr,

-3-
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estuary, or coastal area. Such models combine heat transfer
mechanismg and water movement nn a continual basis with
respect to time.

2. A macro model maintains an energy budget for the water body
under consideration, 1.e.. it maintains a heat balance of
both the internal heat exchange and the heat transfer at the
water surface. This heat budget may be expressed as follows:

(Rate of Heat In)-(Rate of Heat Out)+(Rate of Heat Storage)+

(Rate of Heat Exchange at Water Surface)=0

3. The rate at which heat flows into and out of the water body is
determined fr;m the flow rates and temperatures of inflowing
and outflowing water. These rates require evaluation of the
heat transfer mechanisms in water to define the motion of
heat entrained water masses. The rate of heat storaee is de-
termined from the temperature and volume nf the water body in

consecutive time periods. The rate of heat exchange at the

water surface 1s the algebraic sum of all the water-atmosphere

heat exchange rates.

B. Example Problem

A power plant releases 6.41x109 BTU/hr. 1If the flow 1in rhe receiv-
ing stream i3 3500 cfs, determine the temperature changes in the
stream downstream from the power plant.

Solutaion

A. Compute the temperature rise in the stream. assuming complete mixing.

Gilven a design flow in the stream of 3500 cfs which 1in terms of lb/hr s
Q = 3500 cfs) (62.4 1b/££3)(3600 sec/hr)

Q = 7.86 x 108 1b/hr

Since 1 BTU will raise the tempe;ature of 1 1b. of water loF,
- _ (6,61 x 109 BTU/hr)
BT =AT 1n tiver = (¢ % 108 ib/hr) (1 BTU/1b OF

0T, =8 29F



Equation for computing downstream temperatures

Downstream temperatures are computed by assuming exponential

temperature decay. This concept 1s presented mathematically

as:
dH _
at - -K(T - E)
where g% = net rate of water surface heat exchange (BTU ft'2 day'])
K = energy exchange coefficient (BTU ft ] OF'])
T = water surface temperature (°F)
. E =eguilibrium temperature (°F)

For a well-mixed stream, this equation can be written as.

aT .
pprU -K(Tx - E)
where p = water density {62.4 1b ft'3)

Cp = specific heat of water (1 BTU 1b~ -1 O 1)
y = mean' stream depth (ft}
U = mean stream velocity (ft day-])
ol _ ] 0 -1
T ongitudinal temperature gradient ("F ft ')
x = downstream distance (ft)

Define T0 = temperature at x = 0; then

-Kx___
p pr
T, = (T, - Ele +E
. ~Kx
By defiming o = o yU ; then

T, " (T0 - E)e + €

i

|

1
i

s
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Meteorologic Data

The following data are used in determining K and E.

For K For L

U Water Vapor )

Wind ) Net Radiation {h.) Afr (r) Kelutive Pressure of  (e)

Time Period Speed __dnput R Iewg al Humfdity Amb (¢t Alr___:_

[6hr Tntcrvals] Amph] 8 1L £ he-Ty oL {3} o 1} .
Midnight - & am 0 120 65 40 6]
6 am - Noon 120 290 75 30 67
Koon ~ 6 pm 120 30 83 20 62
& pa - Hidnight 60 130 1 35 66
DAILY AVERAGE 85 215 74 -- 65

Determination of K

The energy exchange coefficient 1s computed using
the following equation

K= [15.7 + {0 26 + B){bW)]

where W = wind speed (mph)
b = experimental evaporation coefficient (a value of
15 15 typical.

B = proportionality coefficient {See following table)

Range of € S

155 o

50 to 60 0 405

60 to 70 0.55%)

70 Lo 80 0.744

80 to 90 0 990



Thus, for an averaqge darly value of K, using W = 8.5 mph:
K= {15.7 r [0.26 1 8] [{15) (8.5)])

Using appropriate values of B tor two ranges of E.

E(%) , x(ow ft72 aay™ %)
60 to 70 120
70 to 80 144

Determination of £

The equilibrium temperature 1s reached when the rate of change
?Lésnergy at the waler surface equals zero Edinger and Geyer
(2 ) present a method for computing E, The method
1nvolves assuming a likely 10°F temperature range for E and by
using the appropriate value for K and the given meteorological
data, computing a value for [. If the computed value of E falls
within the assuned range, the process 1s complete. However, 1t
the computed value of £ falls outside the assumed range,
another range must be assumed and the process repeated until E
falls within the proper 1amits Thus, E 15 computed by a trmal

and error method.

For the stated meteorological conditions and computed values
of K, we can determine a daily average E by the following seven

steps

Step 1 Assumed ranye of £ = 70 to 80°F

i 27 :



Step 2 Compute F(K) for use in step 6°

Fx) - Kz 157

As computed for an E range of 70 to 80°F, K = 144 BTU ft'z day'1 °F“]
144 - 15 7

. F(K) = - "‘-'-'17;—4—""' = 0.89]
Step 3. Compute E] for use 1n step 6. n
H, - 1801
_ R
o A e

From the meteorologic data table, HR = 215 BTU ft'2 hr".l
or 1n terms of days, Hy = 5160 BTU ft 2 day']

. . 5160 - 1801 _
. E] - '_—""'TTE‘ - 23-3
Step 4. Compute E2 for use 1n step 6
{0.26) (T.)
B2 = 026 %) o

From the meteorologic data table, Ta = 74°F, and from

the table of E range vs B, 8 = 0.744

_(026) (74) _ _
- B2 = (o726 v 0. 7may T 19 2

Step 5 Compute E3 for use 1in step 6
e - C(B)
E. = ,9._____ "
3 {0726 + R)
From the metcorologic data table, ea = 6.5 mm Hg C(B)

15 related to ranges of E as follows

Range of E _Q(ﬁl_y
" Tor) {mn Hg

50 to 60 -11 722
60 to 70 -20 15
70 to &0 -33 30
80 to 90 -53.33



Thus for an £ range of 70 to 80°F, C(r) = -33.3

_ 6.5 - {~33.3)

B3 Qoo Ty T 396

Step 6. Compute M for use 1n step 7:
M

E] + (K) (E2 + EJ)

M

i)

23.3 + (0.891) (19.2 + 39 6) =757

Step 7. Compute £ using the following relationship.
2
£+ 0.051E

M X

Inserting M and K and setting up a quadratic equation gives

2 [0 051 =
E [-TEE_J tE-75.7=0

.. 0.000354E2 + £ - 75.7 = ¢

Solving this equation using the quadratic formula gives:

=12 {1 - (4) (0 000354) (-75 7);1/2

E = 2 (6.000354)

+ (11019)1/2 1+ (1 05723)
0.000708 0.000708

]
——
+

m
I

Rejecting the negative value gives

£ = g-g%§§g§-= 73.8°F (This value 1s acceptable because 1t
: ——— falls within the assumed range of
70 Lo 80°F.)
- compute Average Strean Velocity o
Q@ = 3500 cfs

Given an average cross section 800 feet wide and 5 feet deep

3. -
= 3500 Tt~ sec ' .
U= leooTreY (5 ey = 0-875 ft/sec = 75,600 ft/dy

275



. _ =(144) (5780)x'
For x' wn miles. a = {(62.2)(1)(5Y(75,600)

a = -0 0322x’

H Solve for T for x' =10, 20, .50 mles

Assume unheated river temperature = 74°F

Ty = 78% 4 aT, = 74%F + 8 2°F = 82 2°F
-0 0322x'
y (T0 - Ee

for x' = 10 miles

-
1}

+ £

(82 2 - 73 8)e~ (0 0322}(10) , 45 &

T . =
X

Tx' = (8 4)e'0 322 + 73.8

T = (84) (0.725) + 73 8 = 79 9%F

For ' = 20 mles

Use same value of a and replace T0 by Tx. for x' = 10 miles

T = (799 -738) (0725) + /3.8 - 78 2°F

For x’ =30, 40, 50 wiles

Following the same procedure

30 miles, T, = (78 2 - 73 8) (0 725) + 73 8 = 77.0°F
40 wiles. T, = 76.1%
50 mles, T, = 75 59

=10~

- - arwe . e —



[ These values represent the exponential temperature decay

which 1s graphically shown on the following plot:

@
3]

0]
Q
—

-3
U
l—i

Daily Average Strecm Temperature (°F)

70 1 I — L !
Pignt 10 20 30 40 50
Distence Downstream from Plant
(miles)

Z This graph presents an 1dealized picture of the downstream
temperatures., since the computations were based on average daily
conditions, and thus no diurnal eftect is evident. It also assumes
that the weather data on which K and E are based are ndicatsve
of conditions along the 50-m1le stretch of the river In addition,
na trybutary inflows or heated discharges are accounted for in the

50 mles.
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"Industrial Waste Guide on Thermal Pollution , Federal Water Poliu-
tion Control Administration, U. §. Department of Interior, September,

1968, 112 pages.

Edinger, J. E., and Geyer, J. C., "Heat Exchange in the Environment™,
Publication No. 65-902, Edison Electric Institute, New York New York,

June, 1965.
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CHEMICAL/BIOLOGICAL/INVIRONMENTAL ASPECTS
OF SOLID WASTLS MANAGEMENT

by

L.W. Canter*

Concern for solid wastes management has reached national proportions
| |
only recently. As a result, considerable attention 1s currently opeing

addressed to this' problem at local, State and Federél levels. This discussion
I

is focused on the chemical, biclogical and environmental considerations in

solid wastes dis»osal following collection zul transpert. To be included here-

in is a summary of Federal legislatin, solid ﬁasteq‘quantities and composition,

and relevant aspects of solid wastes disposal by sanitary landfills and incin-

f

eration. '

I. Recent History of Federal Solid Wastes ACt}Vltiéé
L
A. Pre - 1965 | "

Prior 'to 1965 Federal activities housed in various functions within
the Public Health Service.

B. 1965 - 70 |

1. 1In,1965 the Solid Waste Disposal Act (PL 89-272) was passed (Oct.

Y

a), Bureau of Solid Waste Managgment formed

"b) ,"National attention focused on the problem

| b

2. Need for passage of the Act was|recognized to include the follow
<

a)' increasing population :

g
- ' |
b) incréaszng per capita generation of solid wastes

¢) ' urbanization
i

* Director, School of Civil Engineering and Lavironmental Science, Univers.ty o
Oklahoma, Morman, Okl?homa.

20} .

ing.,

-
s

Lo

22



d). urbap renewal

i \ 1
|
{
|

e){ problems csused by poor disposal
. . 1 '
f); economic loss resulting from failure to salvage and reuse
, materials
C. 1970 (+)

1.

In 1970 the Resource Recovery Act (PL=91-512) was passed (Oct. 26).
al Emphasis shifted to recycling and recovery of solid wastes

b) BSWM shifted to Environmental Protection Agency in December,
- 1970.

Lot of emphasis on:

1
a) Recovery methods
b) Regibnal planning

¢) Rescarch and development

r
i

II. Solid Wastes Quantities and Composition *

A. Quantities ! : !

1.

2.

3.

1969 estimate of quantities shown in Table 1. Total annual
production estimated to be 4.34 billion toms.
. | .

Production rate on total basis is 119 lb/person/day.

Production rate on household, commercial and institutional
basis is'5.32 1b/person/day.

a) | Measured in 1968 survey "

[
b)'! Increasing at rate of 4%/year

¢) 1959: 3.9 1b/person/day |
| 1920: 2.75 1lb/person/day

Geperal disposal practices for the 5.32 1b/person/day.

a)f 8% to approximately 300 municipal incinerators. Only about
t 30% have adequate ailr pollution cdntrol devices.
i "

b) '+ 90Z plus goes to some 12,000 to 14,000 land disposal sites.
n v

1) 6% of these sites can be cousidered as sanitary landfills
(daily cover, no open burnings, no water pollution)

| ! “a
! A o o fu

: (2) !

'y ! i



B.

c.

III. Sanmitary Landfills

A.

2} 947 no more than open dumps.
¢) 2% to hog feeding and composting.
d) Small percent dumped at sea (leo6 tona/yr.).
Nomenclature
See Table 2,
Compositaion
1. Unit weights are shown in Table 3.
2, Categories of refuse accordinglto physical composition.
--paper, wood, plastics, glass, rags, etc.
3. Categories of refuse according to chemical characteristics®
~-moisture (%), % volatiles, ', ash, BTU/lb., and C/N ratio.
4, Categories of refuse according to chemical elements.
--C, H, 0, N, §, inerts
5. Data on physical composition shown in Table 4.

6. Data on chemical composition shown in Table 5.
|

Definition

Sanitary landfill is a method of disposing of refuse on land without
creating nuisances or hazards to public health or safety, by utilizing
the principles or engineering to confine the refuse to the smallest
practical area, to reduce it to the smallest practical volume, and
to cover it with a layer of earth at the conclusion of each day's
operation or at such more frequent intervals as may be necessary.
Land Requirements
1. Data required

a)' Refuse production (population and unit production)

b) Compaction ratio

¢) Density of refuse

d) Anticipated settling within fill

<)

[V ¥

(3)



2. Calculations

a) Volume requirements

Ve R l1-7
) ( 100\“:"

where:

V = volume required for refuse disposed, yd3 per capita
per year.

R = amount of refuse handled at sanitary landfill (1b/cap-yr.)

D = average density of refuse
(1b/yd3)

P o refuse volume reduction from compaction (%)

CV = volume of cover material required (yd3/cap-yr)

1 part cover to & parts refuse

b) Area requirements

A= 22 (V) (W)
(d) 43,560
where:

A = land needed (acres)
d = compacted depth of refuse (ft)

N = population

3. Rules-of-thumb
a) 2 yd3/person/yr
b) 1.25 ac-£t/1000 persons/yr

¢) 2 acres/10,000 persons/yr (6 ft. 1ift)

C. Methods of Sanitary Landfilling

1. Area method

a) Deposit refuse at bottom of slope for best compaction and
control of blowing litter. ‘

|
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b) Spread and compact refuse against slope of previous 1ifg,
progressing horizontally along slope.

¢) Cover with carth cxcavated from adjacent arca or with cover
from offsite borrow area.

d) Cover final lift to minimum depth of 2 feet.

2. Trench method

a) Lay out trenches perpendicular to access Toad, beginning
fill at road.

b) Leave divider of about two feet of undistarbed earth
between trenches.

¢) Dump the refuse, preferably at the bottom of the trench, and
spread and compact in layers.

d) Proportion width of trench to size of operation
e) Obtaining cover material

1) Progressive trench excavation, obtaining cover material
just ahead of operataion.

2) Excavation of an adjacent trench

3) Excavation of one or more conplete trenches and stock-
piling of cover material.

D. Bacterial Decomposition of Solid Wastes

1. Bacteria perform the same function i1n landfills as they do 1in
biological sewage treatment processes such as activated sludge
units and trickling filters; 1.e., they degrade organic material.

2. A typical representation of the aerobic bacterial composition of
organic material in indicated in kquation 1.

6 (CH0) ~ + 50, —— (CH)0)  + 5C0,
+ 5 H20 + energy Eq. 1

3. As denoted 1n Equation 1 organic material, represented as carbo-
hydrates [}(CH 0) t], is converted into bacterial cells (CH,0) ,
27°x Y
carbon dioxide, and water. The released energy 1s used 1n fhe
synthesis of the new cells. Dissolved oxygen 1s used as the elee-
tron acceptor and, as a result, 1s consumed in the process. Al-
though not shown in Equation 1, soluble inorganic materials such

AT
o
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E.

as nitrates, phosphates and sulfates are released to solution
from the organic material.

4. When the dissolved oxygen is depleted, anaerobic bacterial de-
gradation will occur. Under anoeroblc conditions, conversion of
organic material to bacterial cells occurs by a two-step process:
organic acid production and methane production. Organic acad
production i1s represented by Equation 3, and methane production
by Equation 4,

5 (CH20)x —_— (CHZO)x + 2CH3C00H + energy
Eq. 3.

2 1/2 CH,COOH —p (CHZO):K + 2 CH, + 2002 + energy

3 4

Eq. &.

5. Organic acids can be oxidized to carbon dioxide and water in the
presence of dissclved oxygen.

Environmental Fate of Materials in Landfills
1. Metals (approximately 7% of total)

a) Remain in landfill as inert or relatively inert compounds
unless fill eroded by surface runoff: Uncombined metals;

Al.O Al(0H3); FeO; FeOz; Fe(OH)z; Fe(OHOB); Cr02; Cr203;

2733
Cr(OH)Z; Cu20; Cu0; Cu(OH)z; Sn0; Zno; Zn(OH)z; V202;

Be0O, Ni0; Ni,0 Ni(OH)Z; Cdo; Cdz), Cd(OH)z; PbO; Pb203;

273
Pb.0,; Pb.0; Se; Seoz; Hg; HgO; T102; Mg0; Mg(OH)Z; Ca(OH)Z;

374 72

CaC03.

b) May leach to groudwater. Ca and Mg sulfates; Fe, Ca, and Mg
bicarbonates; COZ; also oxides of Sn, Zn, Cu in acid water.

Be;

c¢) Escape to atmosphere: essentially none.

2. Cloth - natural and synthetic fibers {approximately 4% of total)
a} Remain in landfill as inert oxr relatively inert materials:
1) Materials fabricated of synthetic fabrics

2) Oxidized and reduced minerals in "natural’ fibers.

1

¥
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3.

8.

b) Remain in landfill by incorporation in to microbial

protcplasm. NH4 +, reduced sulfur compounds, C, P, K.

c) May leach out to groundwater: CO,; aldehydes, ketones; organic
acids; sulfates; phosphates; NH4+; NOZ-; N03-.

d) Escape to atmosphere: CO_; CHQ, volatile short-caain fatty
acids; NZ' NHB’ hZS, merc%ptans.

Plastics (approximately 1.9% of total) =—- essentially inert
in landfill.

Leather (approxiamtely 1% of total).

a) May leach out to groundwater; C02; aldehydes, ketones, organic

acids; sulfates; phosphates, NH4+; N02—; NOB—.

b} fRemain 1in landfill by incorporation i1nto microgial protoplasm=-
NH, +, reduced sulfur compounds; C, P, K.
4 !
¢) May escape into atmosphere: CO,, (Hd; volatile short—-cuain
fatty acids; Nz; Nh3; HZS’ mercaptans.
Rubber - natural and synthetic (approximately 1.1% of total)
vl
a) Synthetic rubber 1s essentially inert.

b) Natural rubber breaks down extremely slow.

Glass (approximately 8% of total) =-- inert in landfill.

Wood (approximately 2% of total)

a) May leach to groundwater: CO,; aldehydes, ketones, organic
acids, phenol; NH2+, NOZ—; N03-. |

b) Remain 1n landfill through incorporation into microbial proto-
plasm. NH4+; C; P; K.

c¢) May escape into atmosphere: CO

CHA; volatile short-chain
fatty acids, Nz; NH3.

2;
|
Garbage (approximately 15.5%Z of total)

a) Possible leachates to groundwater See WOOD (above), plus
sulfates, phosphates, and carbonaces.

b) See Item b, WOOD (above).

¢} May escape ainto atmosphere: CO,; CH,, volatile short-chain

4
facty acids; HZ

S; mercaptans; Nz, NH3.

257
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9, Paper (approximately 51.5% of total)

a) May leach to groundwater: COz; aldehydes; organic acids;
phenol; NH4+; Noz; N03-.

b) Remain in landfill through incorporation into microbial proto-~
plasm, NH4+; c, P, S,

c) May escape into atmosphere: €0,; CH,; volatile short-chain
2 4
fatty acids, HZS’ mexcaptans, Nz; NH3.

10. Unclassified fraction (approximately 5% of total)
a) Relatively 1inert

b) Ashes in f1ll may leach soluble minerals to groundwater
reducing its chemical quality.

¥. Costs of Landfills

1. The cost of a sanitary landfi1:1 consists of the initial investment
for land, equipment, and construction features, and the operating
costs.

2. Generally, the major portion of the initaal 1nvestment 1S for
the purchase of the land and equipment. Often a sizeable part
of the initial investment for land and equipment can be recovered
through the development or use'of the land and the salvage
value of the equipment.

3, Wages ordinarily make up about 40-50% of the total operating
cost. Equipmeat operatlons, maintenance and amortization equals
30-40%, cover material, administration, overhead, and miscella-
neous amount to about 20%. ‘

4., The operating cost of a small operation handling less than 50,000
tons per year varies from $1.25 to approximately $5.00 per tom.

The unit cost of a large landfill handling more than 50,000 tons
per year will generally fall between $0.75 to $2.00 per ton.

IV. Incineration
A, Definitien
Controlled burning of refuse in such a manner that the combustible
portion 1s consumed to a high degree of completion with a minimum

of smoxe and odor.

B. Status

Have approximately 300 central (municipal) incinerators in the U.S.
Can be feasible for population of greater than 50,000.

(8)



€. Incinerator Components

1.
2.
3.
4.

Truck scales

Tipping floor

Storage pit

charging mathod

a) method to move solid waste from storage area to hopper.
b) charging hopper

¢) charging chute

Furnace

a) Components: hearth, grates, ash hopper, and gate

b) Types of furnaces:

i1} Single-chamber, cylindrical, batch~ifeed type

2) Saingle or multiple cell, rectangular, batcn-feed type

3) Continuous-feed type

¢) Burning rates

1) Temperatures: 1300-2000 F (average of 1700-1800F)

2} Grate loading based on a heat release from the burning
material at the rate of 300,000 _BTU per hour per square
foot. (50-100 1b. refuse/hr/fc?)

d) Types of grates

1) travelling

2) rocking ‘

3) reciprocating

4) circular

e) Overfire and underfire air
f) refractory-lined and water-walled furnaces

g) Dbreechings and air pollution control devices

h) stack

) : BN
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E.

Incinerator Calculations

1. <Calculation of air requirement and gas composition at zero
excess air.

c

H o,
0 O2 H20
N N2
S SO2
inerts (02)

2. Calculation of effect of excess air on gas composition.

J. Temperatures calculations usineg enthalnics.

Residue from Combustion
1. Residue 15 all solid materials remaining after burning. It
includes ashes, elinkers, tin cans, glass, rocks, and unburned
organic substances.
a) 20-25% by weight of original solid wastes,
b) 10-20% by volume
¢} may contain water soluble materaals.
2. See Table 6 for typlical chemical analysis of residue
3. Residue handling and disposal.
4. Residue quench water
a) 1000-2000 gal/ton of solid waste (without water recirculation)
b) 500-1000 gal/ton {with water recirculation)
¢) quality characteristics
high pH (10-12)
TDS (3000-7000 mg/1)

hardness (600-1200 mg/1)

co

g
-
z
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sulfatea (200-400 mg/l) |

BOD (7)

F. Ailr Pollution Control

1. Particulates

a)
b)

10-60 1b. fly ash/ton of solid waste
size distribution

10% by weight <2y

30% by weight £10y

50%Z by weight £ 30u

2. Summary of uses of particulate collectors in municipal incinerators

Type Status Eff. Installation
(% by wt.) Cost _
Settling, Chamber used up to 1960 10-34
Cyclones & multi~-
ple cyclones used in 20% of an- 60-65 up to $0.12 - 0.25/acfm

cinerators bullt as high as
since 1957 70-80

Wet Scrubbers used in 20% of an- 94 to 96 $0.25 - 1.25/acfm
cinerators built (water require-
since 1957 ment is 5-15 gal|

ESP
{(operated at
about 500° F)

Fabriec Filters

per 1000 acfm
some being used 96 - 99+ $0.85-1.45/acfm

since about 1968

just coming 99+ $0.75 = 1.50/acfm
into use

3. Gases

a)

b)

control through proper incineration operations

scrubbers

G. Environmental Fate of Materials iun Incineration

25
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1.

3.

Metals (approximately 7% of total)

a)

b)

c)

d)

e)
£)

Appear in metallic form in residue to reclamation or land-
f111; Fe, Al, Pb, Zn, Cu.

Appear as relatively inert compounds in ash to landfill
FeO, FeZOB; A1203; 5103, Cr02, Cr03; CUWO; Cu0, Zn0; Sn0;
V202, V203; V204, Ni0Ol N120, Niaoa, Cdo, Cd20; Fb0O; PbO
Pb30, Pb,0,; Pb,0; Se0, HgO; T102; T1203; Mg0, CaO.

2733 f92Y
May appear as particulate matter in stack discharges
(see b above)

2}

May appear as vaporized metal in atack discharges: Al;
Be; Zn; Hg, Se, Pb; Cd.

Appear as gases 1n stack discharges: COZ; Co, 502; 503.

Appear in stack discharge as by-products of incineration
process. N-oxides.

Cloth - natural and synthetic fibers (approximately 4% of total)

a)
b)

c)

d)

SO

Appear as gases in discharge: C€O; CO 502; S

2} 293% 505

May appear In stack discharge as products of synthesis and in-
complete combustion: aldehydes; ketones; low molecular
weight hydrocarbons, HCl chlorinated hydrocarbons; poly-
neuclear hydrocarbons.

Appear in stack discharge as by-products of incineration
process: N-oxides.

May appear as particulate matter in stack discharge.

Plastice (approximately 1.9% of total)

a)

b)
c)
d)
e)

May appear in stack discharge as products of synthesis and
incomplete combustionj HCl; halides, aldehydes, low molecular
weight hydrocarbons, low molecular weight polunuclears and
aromatic hydrocarbons.

Appear as gases in stack discharge: CO, C02; SO2 5203; 803
May appear as vaporized plactic in stack discharge

May appear as particulate matter in stack discharge.

Appear in stack discharge as by-products of incineration pro-
cess: N-oxides.

¢

(12) '

[



4. Leather (approximitely 1% of total)

a)
b)

Stack discharge: See Items a, Plastics Above.

Appear 1n stack discharges as by-products of incineration:
N-oxides.

5. Rubber - natural and synthetic (approximately 1.1% of total)

a)
- b)

Stack discharge same as for Plastics (items a, b and c)

Appear in stack discharges as by-products of incineration
process: N-oxides,

&
."" (approximately 8% of total)

--appears as inert material in ash to landfill.

7. Wood (approximately 2% of total)

e)

b)

c)

d)

e)

Appear in stack discharge ae comhistion products:
co, COZ'

Appear in stack discharge as by-products of incineration:
N-oxides.

May appear in stack discharge as products of synthesis or

of incomplete combustion: low molecular weight hydrocarbons;
low molecular weight aromatic and aliphatic hydrecarbons;
polynuclear hydrocarbons; phenols.

May appear as particulate matter in stack discharge.

Appear in ash for disposal to landfill: KZO; KOH; phosphates.

8. Garbage {(approximately 15.5% of total)

-=Stack discharges same as for Wood {(Items a, b, ¢ and d)
plus aldehydes, ketones and acrolein.

9. Paper (approximately 51.5% of total)

a)
b)

c)

Appear in stack discharge as combustion products: CO, C02.

Appear in stack discharge as by-products of incineration:
N-oxides,

May appear in stack discharge as products of incomplete com=
bustion or synthesis: low moleccular weight hydrocarbons;
low molecular weight aromatic and polynuclear hydrocarbons,
phenols.

[ ]
(]
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d) May aﬁpear as particulate matter in stack discharge.

10, Unclassified fraction (approximately 5% of total)

a) Appears as inert material in ash to landfill.

Incinerator Costs
1. Construction costs
a) Includes the following:
—refuse handling and storage facilities; furnaces and
chambers for burning the refuse, chimneys, facilities
for handling residues and gaseous products; building;
and grounds.
b) Construction costs have been increasing
1) 1950 == $2000/ton
2) 1960 -- $4500/ton
3) 1966 -- $6150/ton (average of 170 municipal incinerators)
2. Operational costs

a) Vary from $3 to $7/ton .

b) 1968 National Survey provided operational costs for 78
municipal incinerators.

~~ average cost $5/ton
73% of the plants had costs less than $5/ton

4 of the 78 plants had costs greater than $10/ton

(14)

W

~
b



V.

SELECTED REFERENCES

1.

2.

10,

"The National Solid Wastes Survey, An Interim Report",
U.SIP'H.SI' 1968.

"Cleaning our Environment, The Chemical Basis for Action",
American Chemical Society, 1969, Section3.

"Environmental Quality", The First Annual Report of the
Council on Environmental Quality, August, 1970 (U.S.G.P.0.)
Chapter VI.

Municipal Refuse Disposal, Public Administration Service,
1313 East 60th Street, Chicago, Illinoas, 3rd Edition, 1970.

Hickman, H.L., "Characteristics of Municipal Solid Wastes",
Scrap Age, Feb., 1969,

"Sanitary Landfill Facts", P.H.S. Publication No. SW-4ts,
1970.

Corey, R.C., Principles and Practices of Incineration, Wiley-
Interscience, New York, 1969.

DeMarco, J., et al., "Incinerator Guidelines - 1969", P.H.S.
Publication No, 2012, 1969.

"Comprehensive Studies of Solid Waste Managément", P.H.S.
Publication SW-3rg, Second Annual Report, 1970, pp. 89-93,

"Solid Waste Management -~ Abstracts and Excerpts from the
Literature", Vol. 1 and 2, P,H.S. Publication SW-2rg, 1970.

(15)

QW

.o



L

TABLE 1: 1969 SOLID WASTE PRODUCT ION

Catepory Annual Production (tons)
Household, commercial and 6
institutional 250x107 %
Industriel wastes 110x106
Agricultural wastes*¥ 2280x10°
Mineral wastes l"(OOxlO6
TOTAL -~ 43box10°

*190x106 tons collected and disposed of by public and private collectors.

¥*Includes crop residues and animal wastes.

L]



Pamy 2

RLLUSEL MAILRIATLS 1Y hiIND, COMPOLITION, AND SQUNCES

Kiund Compostiion ] Sources

Garbage Wastes drom picpirition,
coohmyt, mud saving of food,
mulie wastes, wites from | =
Inndling, storage, and sale of
produce

Rubbish Combustible  paper, eartons,
boaes, barrels, wood, enedd- |ITouscholds, restau-
sior, uce brinches, yard |rants, 1nstitutions,
trunmings, wood  turaiure, | stores, markets
bedding, dunnage

)
Noacoambustible  mictals, un
cans, setal furmiture, auce,
ghes, crochery, nuncrals

Ashes Residue from fres used tor
cooling and heanng and
from on-site inci~eraton |

Streee Sweepings, dirt, Icaves, cateh |

Refuse basin dirr, contents of :ster
receptacles

Refuse; Duad Cats, dogs, iorscs, cows Streers, sidewalhs, al-

Animals leys, vacanc lots

Abandoned Unwanted cars and truchs

Velicles lefe on public property

Industrial I ood processing wastes, boil-

Wastes er house cinders, lumber | . wer olants
scraps, mectal scraps, shav- L actorics, power p
ings

Demohition Lumber, pipes, brick, mason- Demolition sites 1o be

. \Wastes ry, aad other comstruction used tor ncw buld-
maternls trom razed build- |ings, rencwal projects,|
ngs and other structures CAPIEssWAVY

Construction | derap  Jumber,  pupe, other | LW consiruction, re-

\Wastcs construction mAtcrids modelag

Speaial Hasardous solids and hiquids | Houscnolds  hoteis,

Wastes cyplosives, pathological hospitals, mstitutions,
wastes, radioacuve maternials | stores, industry

Sewage Solids trom coarse serecning 5

Treatment and from gnt chambers, -‘I\V‘LC "“”ﬂmm

Residue scptic tank sludge plants, sepuc tanks J




TABLE 3: UNIT WEIGHTS ON REFUSE COMPONENTS

Category

Garbage

Ashes'

Household refuse
Rubbish and ashes
Noncombustible rubbish

All refuse together

1b/yds
800 - 1500 Avg. 950
1150 - 1400 Avg. 1250
300 - 600 Avg. 400
400 - 1000 Avg. T00
Loo - 600 Avg. 500
300 - 700 Avg. 350

3u3



TABLE b: PHYSICAL COMPOSITION

Component

Metal products
Glass products
Paper products
Food wastes
Yard wastes
Wood

Plastic products

Rubber, leather, cloth & synthetics
Dirt, ash, rocks, & other inerts

TABLE 5: CHEMICAL COMPOSITION

Element

Moisture
c
H
O
N

S
Ash & metal

{wet basis)

11
11
ol
26
80
70
20
20
50

% by wt. (net basis)

HO
T O
oRBMoooo



TABLE 6.

TYPICAL CHEMICAL ANALYSES OF RESIDUE

Test
Moisture
Non-Combustible
Volatile Material
Water Soluble
Ether Soluble
Nitrogen
Iron
Silica
Calorific Value
Protein
Phosphorus
Carbon

Hydrogen

Range %
10-40

50-1060

0-50

5-20
30-70
0-5000
0-1
0-0.5

0-20

Desirable Limit %

less than 20
100
0
minimum
0

0




II.

II11.,

Iv.

HISTORICAL AND AESTHETIC IMPACTS

Categories of impact,

A, Historical factors.
1. Archeological artifacts,.
2., Structures with intrinsic historical value.
3. Landscapes with historical value.

4. Ways of 1ife with historical value.

B. Aesthetic factors.
1. A '"sense of place",

2. Beauty, cultural preference, and psychological well-being.

A case study. a proposed hydroelectric power facility in the
Bovec valley, Slovenia, Yugoslavia.

A. Conflicting economic needs and historica/aesthetiec values.
B, The role of citizen participation.

C. Differing scales of concern: 1local, regional, natiomnal.

Assessment methodologies,

A. Archeological sampling and monitoraing of construction activities.

B. Local and regional historical studies.

C. Surveys of i1tems and places of historical/aesthetic value,
including a classification of items and a listing of priorities for
preservation,

D, Attitude surveys

Approaches to resolving conflicts,
A. Defining priorities for preservation.
B, Defining systems of compensation,

C. Defining frameworks for reaching accomodation. 34 ‘
A



INTERNATIONAL IMPLICATIONS

I, The diffusion of environmental consequences.

A. Exawmples.

1. Water pollution--the Rhine, the Adriatic, pesticides

and fish in the sea, etc.
' 2, Air pollution--radioactive wastes, long-term climatic
change.
B. The Stockholm Conference: an attempt to arrive at international

understandings.

IT. The diffusion of technologies having environmental 1impact.
A, The haistorical spread of industry and mining.,.
B. The diffusion of control technologies.
C. The possibilities for envircnmental transformation--the

example of desalination.

ITI, International aims and national interests.
A. Environmental conservation--~a luxury? (the case of DDT)

B, Exporting environmental problems.

IV, Possibilities for international cooperation,.

A, Satellite sensing of environmental resources and changes.
B. Sharing water resources,
C. Controlling oil spills.

D. Technological transfer.

b}
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PREDICTION AND ASSESSMENT OF
IMPACTS ON THE NOISE ENVIRONMENT
by

L. W. Canter*

I. Introduction
A. Lzamples of projects causing noise impacts

1. Construction of power plants, highways, airports and

pipelines.

2. Operation of airports, highways and compressor stations.

B. Basilc steps In prediction and assessment of noise impacts

1. Identify the noise levels for the alternatives for
a project need during both construction and operational
phases. This may involve a literature review, analysis
of other EIS's on similar types of alternatives, or field
measurcments at existing 1nst£llat10ns of similar types.

2. Dectermine the existing noise levels for the project
area. May 1avolve field measurements or determination
of land uses in the area. Note any unique noise sources
in the area, or any unique places where noise levels
must be minimized.

3. Procure applicable noise standards and crateria.

*Director, School of Civil Engineering and Environmental Science,
University of Oklahoma, horman, Oklahoma.
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Predict the anticipated noise levels (microscale impact)
in the area of the project for each alternative during
both the construction and operational phases. Compare
the predicted levels with the applicable standards or

criteraia.

1t standards or criteria are exceceded, consider noise

control methods.

II. Basic Information on Noise

A,

Defainition

1-

Noise 1s unwanted sound. It 1s sound in the wrong place
at the wrong time. L

Any sound which 1s undesirable because 1t interferes
with speech and hearing, or is intense enough to damage
hearing, or 1s otherwise annoying. (1)

Noise is discordant sound resulting from non-periodic
vibrations in air. (2)

The definition of noise as unwanted sound implies that
it has an adverse effect on human beings and their
environment, including land, structures, and domestlic
animals. Noise alsoc affects natural wildlafe and
ecological systems.

Nature of Sound (3) :

Sound 1s a mechanical energy from a vibrating surface,
transmitted by a cyclic series of compressions and rare-
factions of the molecules of the material through which

it passes.



Sound 1s iransmitted through gases, liquids and solids.

A vibrataing source producing sound has some total power,

and the sound results in a sound pressure which alternately

rises to a maximum pressure of compression and drops Lo a

m.nlmum pressure of rarefaction.,

Values of sound power or sound pressure do not provide a

practical unit for sound or noise measurement for two reasons.

(a) There is a tremendous range of sound power and sound
pressures produced, Expressed in microbars, one-millionth
of 1 atmosphere of pressure, the range 1s from 0.0002
microbar (ubar), the wminimum sound pressure of a hcalthy
young human ear can detect, to 10,000 ubars for peak noises
within 100 ft. from large jet and rocket propulsion devices.

(b) Our ears do not respond linearly to increases in sound
pressure. The nonlinear response 1s essentially logarithmic
The human ear can discern without pain sounds ranging from
a threshold to sounds 1012 times as intense. (2)

The number of compressions and rarefactions of the air molecule

densaity in a unit of time associated with a sound wave is

described as its frequency. The unit of time 18 usually oac

second, and the term "Hertz" (after an early investigator of

the physics of sound) 1s uscd to designate the number of cycles

per second. Again, the human car and that of most animals has a

wide range of response. Humans can identify sounds witii rrequencic.

from about 16 Hz to 20,000 Hz. (2)

b
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C.

Sound and Noise lleasurement (3)

1.

The measurement needs are met by a term, sound pressure
level (SPL), expressed as a logarathmic ratio to a
reference lecvel and stated i1n a dimensionless unit of
power, the decibel (dB). The reference level 1s O 0002

wbar, the threshold of human hearing.

SPL = 20 log,, (3)
Po

where SPL = sound pressure level expressed in dB

P = sound pressure (ubar)

Po = reference pressure (0.0002 ubar)
Some example calculations

At P = 0.0002,

0.0002
dB = 20 log 0.0002 © 20 log 1 = 20 (0) = 0
At P = 0.2

dB = 20 log G-ais= = 20 log 1,000 = 20 (3) = 60

At P = 20
d3 = 20 log —22- = 20 log 100,000 = 20 (5) = 100
°8 0.0002 0g 190,

At P = 20,000

dd = 20 log %ngg% = 20 log 100,000,000 = 20 (8) = 160

Taple 1 contains a summary of various sound pressures and

the corresponding decibel levels, with examples of recognized
sources of noise being cited. )

As the SPL-decibel scale is logarithmic, decibel values are

not additive. For example, and SPL of 74 dB from one source

superimposed on one of 75 dB does not result in 149 dB.



Table 1: THE DECIBEL SCALE OF SPL, WIlh SQUND
PRESSURES IN MICRORARS, AND RECOGNIZED
SOURCES OF NOISE IN QUR DAILY LXPERLENCES

Sound Pressure

}.nbar dB ) Example
0.0002 . 0 Threshold of Hearing
0.00063 . 10
0.002 20 Studio for sound pactures
0.0063 30 Studio for speech broadecasting
0.02 40 _ Very Quiet room
0.063 50 Residence
0.2 60 Conventional speech
0.63 70 Street traffic at 100 f¢, -
1.0 74 Passing automobile at 20 fect
2.0 80 Light trucks at 20 ft.
6.3 90 Subway at 20 ft.
20 100 Looms in textile mall
63 110 Loud motorcyele at 20 ft.
200 120 Peak level from roch and roll band
2,000 140 Jet plane on the ground at 20 ft.
-5= '
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D.

An SPL of 77.6 dB results. To determine the total cficct,

3

1t is necessary to convert decibel readings to intensity
ratios, then reconvert the new sum back to a decibel value

To aid in this process, Table 2 1s provided for determining

the cumulative decibel values of two or more known observations
on i1ndividual sources. The value in the difference column

in Table 2 is always added to the highest of the two decibel

values being handled.

In most noise considerations, the A - weighted sound level

15 used. This level 1s explained as follows. The ear does
not respond equally to sounds of all frequencies, but 1s

less efficient at low and high frequencies than it 1s at
medium or speech range frequencies. Thus, to obtain a

single number representing the sound level of a noise
containing a wide range of frequencies in a manner repre-
sentative of the ear's response, it is necessary to reduce,
or weight, the effects of the low and high frequencies with
respect to the medium frequencies. The resultant sound level
1s sa1d to be A-weighted, and the units are dB. A popular
method of indacating the units, dBA, 1s frequently used. The
A-weighted sound level 1s also called the noise level. Sound

level meters have an A-weighting network for measuring A-

weighted sound level.

Some General Facts on Noise Abatement

l.

The '"Noise Control Act of 1972" is the basic Federal legislation

for noise emissions from a broad range of sources. (4)

pa g



Table 2:

DETERMINING THE CUMULATIVE
DECIBEL SPL WHEN THE DIFFERENCES
BE "WEEN TWO OR MORE LEVEL3 ARE
KNOWN

Difference

between levels, dB

No. of dB to be
added to higher level

0 3.0
1 2.6
2 2.1
3 1.8
4 1.5
5 1.2
6 1.0
7 0.8
8 0.6
10 0.4
12 0.3
14 0.2
16 01




2

The basic poeeds for the Noise Control Act of 1972 were

cited in the Act as follows:

(1)

(2)

(3)

that inadequately controlled noise presents

a growing danger to the health and welfare of
the Nation's population, particularly an

urban areas,

that the major sources of noise include trans-
portation vehicles and equipment, machinery,
appliances, and other products in commerce, and
that, while primary responsibility for control
of noise rests with State and local governments,
Federal action 1s essentzal to deal with major
noise sources in commerce control of which re—

quire national uniformity of treatment.

The policy of the U.S. is to promote an environment for all

Americans free from noise that jeopardizes their health or

welfare.

Predictions indicate that the noise in our environment 1is

increasing by as much as 1 dB per year, or 10 dB per decade.

(1) Some reasons for these increases include.

(a)
(b)

(c)
(d)

growth in number of miles of urban freeway.
increase in commercial air traffic, and shift in
alecrafi from propel ler-type Lo Jet=-type,

1ncrease in construction activity.

increase in noisy devices such as power lawnmowers

and motorcycles.



5. An estimated 16 million persons are presently exposed to

aircraft noise levels with effects ranging from moderate

to very severe. (5)

6. Hearing losses in the overall population are estimated in
Table 3. (1)
III. Anticipated Noise Levels (Step 1)
A. Construction Equipment and Operatioms (1)
1. Construction site categories can be considered to be comprised of
four major types:
{(a) Domestic housing - includlné residences for one to
several families.
(b) Nonresidential buildings - ancludang offices, public
buildings, hotels, hospitals, schools.
(¢) Industrial - including zndustrial buildings, religious
and recreational centers, stores, service and repair
facilities.
(d) Public works - including roads, streets, water mains,
sewers.
Noise from construction of such major civil works as dams and
bridges affects relatively few people (other than those cmployed
at or near such construction sites).
2. Noise from a comstruction site varies as to the particular
operation in progress, there are five consecutive phases.

(a) Cround clearing - including demolition and removal of

prior etructures, trees, rocks.

t
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TABLE 3° Hearing Loss (Moderate to Profound) 1in U.S.
Ave Ranse Population Totals Loss of Noise-Associated
g & (in thousands) Hearing Totals Hearing Loss
{thousands) {thousands)
0-5 17,000 850 ?
5-10 20,000 1,000~ 1,400 *200
10-18 32,500 650- 975 **150
18-65 113,000 2,260 2,000 (Approx)
Over 65 20,000 4,000 400-600
TOTALS 202,500 8,700-11,135 2,750-2,950

* Most common cause 1s explosions from toy caps (20% sensory-neural hearing

loss).

%% Firearms and toy caps (based on approximately 20% sensory-neural hearing

loss).




(b) Excavation.

{c) Placing foundations - including reconditioning old
roadbeds, compacting trench floors.

(d) Erection - including framing, placing of walls, floors,
windows, pipe installation,

(e) Finishing - including £illing, paving, cleanup.

3. Table 4 shows typical energy equivalent noise levels at
construction gites. Energy equivalent noise level (Leq)
refers to the equivalent steady noise level which in a
stated period of time would contain the same noise energy
as the time-varying noise during the same time period (6)
The maximum levels range from 77 to 89 dBA for all categories
and have an average value of approximately 85 dBA. The
minimum values for all categories have a wider range, extend-
ing from 65 to 88 dBA, and have an average value of 78 dBA.
The table also shows that the initial ground clearing and
excavation phases generally are the nolsiest, that the inter-
mediate foundation placement and erection phases are somewhat
quieter, and that the final finishing phase tends te produce
considerable noise annoyance.

4. Noise levels observed 50 ft. from construction equipment are
shown in Table 5, These levels range from 72 to 96 dBA for
carthmoving equipment, from 75 to 88 dBA for materials handlang,
equipment, and from 70 to 87 dBA for stationary equipmeat.

B. Examples of Noise Levels from Project Operition

1. Examples to be considered include highway vehicles, aircraft,

-11-
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TABLE 4 Typical Ranges of Energy Equivalent Noise Levels, Le in doa,
at Construcction Sites 4
Industraal !
Office Build- Parking Garage, PUbl e Wor. me
ing, Hotel, Religious
Domestic Rouds & Hipn-
Housin Hospital, Amusement and WAVS. Sewers
g Scheol, Public Recreations, Y8, oewWers,
and Treaches
Works Store, Service
Station
I IT I II I II I 11
Ground 83 83 84 B4 84 83 B4 84
Clearing
Exaavation 88 75 89 79 89 71 88 78
Foundations 8l 81 78 78 77 77 88 88
Erection 8l 65 87 75 84 72 79 78
Finishing 88 72 a9 75 89 74 84 B4

I - All pertinent equipment present at site.

Il - Minimum required equipment present at site.

(
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TABLE 5.

Construction Equipment Noise Ranges

NG 56 LEVEL (0BAFAT S FT

et e et T

€ 0 %0 100 "o
COMPACTERS (AOLLERS) - | ] |
i
- FAONT LOADERS ——
- L i
i !
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o
e I3 ]
= TRACTORS —————————
= i n
z ot SCRAPERS. GRADERS —.%_ |
x
2 PAVERS - [
- |
z - !
.:_E TRUCKS I A ——— 1
el
= Rt
= CONCRETE MIXERS —_— J
2 L |
cl< CONCREYE PUMPS - [
= u
=1z CRANES (MOVASLE) —— | ,
: = ! —l
- CRANES (DERRICK} i
52 !
[ PUIPS !
2=
gl
3 GENERATOAS et
z
L 4
:T' COMPRESSORS ——————
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=
-
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z3 -+
s IPACT PILE GRIVERS (PEAKS) | T
= VIBRATOR
:‘ L
z t
2 SAWS J
A
Nats Baed on Lututed Avseabis Oata Sermples
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5.

io.

11'

rail systems, recreation vehicles, internal combustion
engines, industrial machinery, building equipment, and

home appliances.

The noise levels produced by highway vehicles can be attributeud
to the following three major noise generating systems (7)

(a) rolling stock, tires and gearing

(b) propulsion system: engine and related accessories

{¢) aerodynamic and body

The noi;e levels produced by highway vehicles are generally
dependent upon vehigle speed, as illustrated for a number of
different vehicle types in Figure 1.

General Characteristics of highway vehicles are shown 1n
Figure 2. (7)

General characteristics of commercial aircrafc are shown im
Figure 3, V/STOL aircraft in Figure 4, and general aviation
aireraft in Figure 5. '

General characteristics of rail systems are shown in Fagure 6.

GCeneral characteristics of recreation vehicles are shown in

Fagure 7.

General characteristics of devices powered by internal
combustion engines are shown in Figure 8.

Typical ranges of noise levels from industrial machinery,
equipment and processes are shown in Table 6.

Typical ranges of building equipment noise levels are 1in

Table 7.

Typical noise levels of howe appliances are in Table 8.

—14-
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Figure 1: Single Vehicle Noise Output as a Function of Vehicle Spewd
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TABLE 6.

Range of Industrial Machinery, Equipment, and Process Noise Luovuls*

Noise Lovels —dRA

- -
BO H3 90 95 1og 165 L0 NS 17D
- i -1
1 IPneumatic Power lools {(rinders, l l
vhippers cte )
2  Molding Machins {I 5, blow P
molding, etc )
3 Air Bluwn-Down Devicos {palat-
ing, cleonlng, c.¢ )
4« DBlowers (forced, wnduced, fan,
cle )
-
5 Awr Compressors (reclprocatiag,
ecntriiugal)
6 Mecial Forming {punch, sheag-
Ing, ctc )
7 Cuombustion {urnzcea, flare
ytacks) {measured 25 {1 [rom source)
¥ T T T T
8 Turbo-generalora (stcam) <= (mcasurcd 10 {t. from sourcr)
9 Pumps (water, hydraulie, ete.)
10 Industrlal Trucka (LP gas} -
1t Trussformers -

*Moasured at oporator positlons, excopd for 7 and 8,

————
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TABLL 7 Range of Building Equipment Noise Levels to Which People A1

Lxposed
A-WEIGHTED NOMSL LEVEL
3 43 50 G 30 80 oC 100 110 1p
T
LAMP RALLASTS I — ] i Y
AND VAPOR Q-0
W - INTERVENIMG WALL
D~ DUCT TRLATNENT
DIFFUSERS Cretd, £ ~ ENCLOSUIL O™ EQUIP
R~ 'NTERVENING ROOF
STRUCTURE
MIXING BOXES O=of—F + D—-0 § - BUFFER ZONE FLOGR
GETWLEN SOURCE AdD
OCCUPANT S FLOOR
FAN COIL } V — VIDRATION ISOLATION
OF EQUIPMENT
TRANSFORMERS $ WiV o
PUMPS o ey
BOILERS — u-v——-l—o
STEAM VALVES E lf
ChILLERS Y WV o
ELEVATORS o W o
AIR COMPRESSORS Om———— - W+ V | ]
COOLING TOWERS ? S+R+V O
FANS o WDV 5
OIESEL EMERGENCY
GENERATOR o wWev

Q NOISE LEVE. AT JFT FROM SOURCE
O NOISE LEVEL AT OCCUPANT'S POSITION
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TABLE 8:

Noise Levels of dome Appliances and Building Equipment
Adjusted for Location of Exposure {IN dBA)

Lavel o Lave! of Fxjw,ura*® of
Nelse Sourco Ope¢ rawr Poeopli in (Xher
baposure* Roumy

Group I Quict Major kquipwnont

ind Appllancos
Refiigerilor 40 az
Friczer 11 33
Lleziric Hoator 44 31
Humidiflcr 56 43
Fluor Fan 0l It}
Dohumidifler 52 16
Window Fn 54 47
Clothes Dryer 55 48
A+ Gondlitioaor 55 44
Group 1 Qulel Equipmeat aod

small Appllances
Hair Clipper 60 40
Clothes Wishor 60 2
Stove locd Exhaust Fan 51 o3
Elcctiric Toothbrueh 62 42
Water Clowet 62 54
Dishwashor / G4 36
Electrie Can Cpcoer o4 56
Food Mixer 65 57
Ilair Dryor GG 51
Faucot GG 51
Vacuum Cleanor 67 60
Electric Knife 6d w0
Group O1 Noley Small Appliances
Elcctric Knifo Sharpenor 70 62
wewing Maching 70 G2
Oral Lavaje T2 62
Fux] Dlende e T3 [
Y ledtric Shavur % nd
Fledn Lawn Muwer 10 (L]
Food Dinpunal (Gerlsder) 16 hin
Group IV Nulny Eloctric Tools
Elcctric Edger and Trimmer 81 61
livdge Clippers B4 G4
lcows Shog Tools 85 5

*Teorwaed "primary oxposure'
**Tarmod "oocondary axposuro™
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IV. LExisting Noise Levels (Step 2)

A. Some Typical Outdoor Values

B.

l. The outdoor daytime residual noise level in a wilderncss,
such as the Grand Canyon rim, 1s of the order of 16 dB(A), on
the farm it 1s of the order of 30 to 35 dB(A), and in the
city 1t 1s of the order of 60 to 75 dB(A}. (8)

2. Noise levels for the urban population are shown in Table 9. (6)

Ldn = day-night noise level

3. Outdoor day-night sound levels are shown 1n Figure 9 for
various locations. (6) Figure 10 shows the national population
as a function of exterior day-might sound levels. (6)

Some Typical Indoor Values --- see Table 10. (6)

V. Effects of Noise (Basis for Step 3)

Al

General Comments (3)

Information on effects of noise 1s best for hearing loss due to
noise at work. Other effects of occupational noise, except speech
intelligibilaty anterferences, are less certain. These are changes
in psychological and physiological states, including annoyance and
sleep Interruptions. The last two are principal complaints agaiust
community and aircraft noise. Property damage by actual vibrational
or boom destruction and by deprecilation because noise paths and
patterns impange on the property is known, and 1s to some degree
measurable and predictable, Effects on animals seem to have been
studied very little. These effects are of. concern for wildlife

around ailrperts and along highways, and for fish and wildlite in
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TALLE 9

Estimated Percentage of Urban Population (134 Million) Residing

— e

In Areas With Various Day-Night Noise Levels [ogether Wich
Customary Qualitative Description Of The Area
Averaye Cunsa,
Typical F"“'" tted lr\:u liL‘cL) n.tllnl.\ulm
' scr ntion Range Avirage Percentape Donsity, Nunina
Lg, in dB Lgp 1n 4B ot Urban of People Pur
Population Squar. Miie
— i
Quict Suburban 48-52 50 12 630 |
Residential
Normal Suburban 53-57 58 2] 2,000
Resnlential
Urban Residenual 58-62 60 28 6,300
Noisy Urban 63-67 65 19 20,000
Residential
Very Noisy Urban 68-72 70 7 63,000
Residential
-27-
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DAY -NIGHT
QUALITATIVE  SOUND I EVEL
NDLSCRIPTIONS DLLIBELS 0u1000R LATATIONS
—G—
- LOS ANGELES = 3rd T LOUGR APARTHMENT NI ¥ T TO
FRLLWAY
LOS ANGEIES = 3/4 MILE FAOM TOUCH DUWN AT
MAJOR ALRPORT
CITY NOISE 30— LOS ANGELES — DOWNTOWN WITH SOMC CON
{DOWNTOWN MAJOR - STRUCTION ACTIVITY
METROPOLIS] \ HARLFM — 2nd FLOOR APARTMENT
VERY NOISY _%_
B BOSTON - ROW HOUSING ON MAJOR AVERUE
NDISY URBAN

WATTS ~ 8 MILES FROM TOuULIH DOWN AT
MAJOR AIRPORT

PORT — 3 5 ML FROM TAKLOFF
——60—& NEW I5MILESFRO OFF AT

SMALL AIRPONT
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Figure 9: Outdoor Day-Night Sound Level in dB (re 20 micropascals) at Vanous Locations?
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TABLE 10. Equivalent Soung Levels in Decibels Normally Occurring Inside

Various Placesg

SPACL. L f+)

Small Store (1-3 Jerks) G0
L arge Store ymore than 5 clerks) 65
Smiall Otsee (1-2 deshy) 58
Mudium Ofitce { 3-10 deshs) X
Large Oidice (moie than 10 disks) G/
Miscu llancous Buuiness 63
Resisences

I vpical movement of puople- no 'V or radio 40-45

Speech at 10 feet, normal voie 55

TV histunng at 10 feet, no other achivity 55-60

Steeco music 50-70

(+) Those mudstiro nts were tuken over dutations Iy pioal o thic opr rulion
of thuse faulitizs
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the pathways of sonic boom. 1In the first instances habitats

may be lost, but the creatures have a chance to migrate and to

reestablish beyond the reach of the noise. If there are bad

immediate effects on those in the sonic boum paths, there 1-

no escape time

B. Principles of Hearing (2) .

1. Figure 11 shows the functional diagram of the numan ear.

2. Sound 1s generated by a source producing vibrations {sound
waves) that may travel through any media and which, in air,
actuate the hearing mechanisms of humans and animals. These
vibrations set in motion the ear drum and small bones or
ossicles of the middle ear as shown in the schematic drawing
in Figure 11. The motion of the ossicles, 1n turn, produces
vibrations 1n the fluid in the inner ear's sensory organ,
the cochlea. The vibrations are then transduced into nerve
impulses by sensory hair cells and transmitted to the brain,
where they are perceived as sound or, depending upon caircum-
stances, as noise.

C. Hearing Changes and Losses

i. There are two types of hearing changes caused by noise exposure
Temporary threshold shift (TTS) is the lessened ability to hear
weak auditory signals, from which there 1s recovery in a matter
of hours and at most 1n 2 to 4 weeks Noise-induced permancnt

threshold shift (NIPTS) 1s a loss from which there is no re-

covery. The relations between the two are not clear.
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For both conditions higher SPLs for long Lime periods

increase severity. By its nature TTS has been easiecr (O

study Some things are known about TTS 1s that 1L increases

linearly with the average noise level, from about 80 dB up

co 130 dB It as proportional to the {raction of time thiat

the nolse 15 present; therefore steadv nolsc 1s the majer

of fender.

From extended observations several things can be said about

NIPTS, a form of deafness. .

(a) Exposures of 8 h/day for several years, Lo §Pl.s above
105 dBA are sure to produce NIPTS 1n a normal unprotected
ear. The A in dBA refers to the A scale of measurement,
with this scale approximating the frequency response of
the human ear

(b) The first and most severe NIPTS 1s at frequencies 1n the
neighborhood of 4,000 Hertz (Hz). Hertz 1s the unit
describing frequencies in cyqles per second. The car
transmits sound to the brain best at frequencies between
1,000 and 4,000 Hz

{(c) If there 1s gO1NE to be partial recovery of the loss, i
1s, 1f part of the loss 15 TTS, almost all such recover)
will ocecur in 2 weeks. There will be some added recover:
ain a wmonth Single event 1injury, 4s 4 gun shot near the
car, may Show recovery up to 2 months

(d) Noise~induced permancnt threshold shift 15 not propressive

after the person 15 moved from the noise Neither 1s a

?
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D.

noise-damaged ear more susceplible to further injury .
than a normal ear
(e) Regular exposure to moderate noise does not mike Lhe
€ar more resistant to occasional exposutes to hagh-
intensity nolse. The ear does not toughen,
(f) Susceptible individuals cannot be 1dentitied before
they suffer hearing losses. Monitoring audiometry
detects early NIPTS before i1t becomes severe.
(g) After onset, further NIPTS cannot be avoided except
by reducing the noise exposure. There is no way to
restore loss from NIPTS.
(h) In the occupational setting, NIPTS will appear in almost
all men exposed 8 h/day to broadband noise above 105 dBA
It will appear in about 50 percent of those exposed similarl:
to a level of 95 dBA. It will not appear in anyonc at a
level below 80 dBa.
Interference with Speech Communication
l. Interference with speech communication by noise impedes our
activities and understanding of one another at work, in the
home, and in the general social scene.
2, With the increase of the speed and power of machines in
manufacture, construction, office work, on the highways, and
in the home, the interference noise has become all pervasive,

3. See Figure 12 for visual portrayal of speech interfercnce.
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E. Annoyance
1. To venture into the annoyance effects of noise is to
encounter the subjective response of people to noise
head-on
2. Figure 13 shows typical community responses to noise
levels (1).
F. Other Effects
l. Disruption of sleep and rest,
2. Reduction 1in work performance.
VI. Noise Standards and Criteria (Step 3)
A. Terminology
l. A statistical analysis of the noise level gives the percentage
or total time that the value of the noise level is found be-
tween any two set lamaits. Such data can be presented directly
in the form of histograms, or be used to obtain a cumulative
distribution in terms of the "level exceeded for a stated peir-
centage of time". For the sample statistical distribution of
Table 11, the noise level exceeds 60 dB(A) for 1 percent of the
hour, 55 dB(A) for 10 percent of the hour, 50 dB(A) for 50 per-
cent of the hour, and 45 dB(A) for 90 percent of the hour The ot
noilse levels are abbreviated symbolically as Ll' LlO' L50 and
L90’ respectively. (8)
2. Definitions (1)

Community Noise LCquivalent Level - Community Noise Lquivalent

Level (CNEL) 1s a scale which takes account of all the A-weightcad

acoustic energy received at a point, from all noise events causing
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Figure 13.
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TABLE 11. Example of Statistical Distribution of Outdoor Noise analyzud
in Intervals of 5 dB Wadths

Cumulotive

Interval in Percent of Percent of

dB(A) Total Time Total Time
61 through 65 ! 1
56 through 60 y 10
51 through 55 40 50
46 through 50 40 90
41 through 45 10 100
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aoise levels above some prescribed value Weighting

factors are included which place greater importance upon
noise events occurrang during the evening hours (7 00 p.m.
tc 10 00 p.w.) and even greater importance upon nolse
events at night (10.00 p.m. to 6 00 a m )

Coumposite Noise Rating - Composite noise rating (CNR) 1s

a scale which takes account of the totality of all aircraft
oncrations at an alrport an .quan:ztifying the total aireraft
noise environment. It was the earliest method for evaluatiug
compatible land use around airports and 1s still 1n wide use
by the Department of Defense in predicting noise environments
around malitary airfields. Basically, to calculate a CNR value
one begins with a measure of the maximum noise magnitude from
each aircraft flyby and adds weighting factors which sum the
cumulative effect of all flights. The scale used to describe
individual noise events is perceived noise level (in PNdB),
the term accounting for number of flights 15 10 logloN (where
N 35 the number of flight operations), and each night operation
codnts as much as 10 daytime operations Very approximately,
the noise exposure level at a point expressed in the CNR scale
will be numerically 35-37 dB higher than 1f exapressed in the

CNEL scale.

Etfective Perceived hoise Level (LPKNL) - A phys.cal measure

designed to estimate the effective "noisiness" of a single
noilse event, usually an aircraft fly-over, it is derived from

instantaneous Perceived Noise Level (PNL) values by applying

-39' 3 o)



corrections for pure tones and for the duration of tLhe noise.

hMoise kxposure Forecast - Noise exposure forecast (NEF) 1s a

scale (analogous to CNEL and CNR) which has been used by the
federal govermment 1in land use planning guides for use in
connectlon with airports.

In the NEF scale, the basic measure of magnitude for individual
noise events is the effective perceived noise level (EPNL), in
units of EPNdB. This magnitude measure includes ithe effect of
duration per event. The terms accounting for number of flights
and for weighting by time period are the same as in the CNR
scale. Very approximately, the noise exposure level at a point
expressed 1n the NEF scale will be numerically about 33 dB
lower than 1f expressed in the CNEL scale.

Noise and Number Index (NNI) - A measure based on Perceived

'

Noise Level, and with weighting factors added to account for

the oumber o; noise events, and used {1n some European countries)
for rating the noise enviromnment near airports

Noise Pollution Level (LNPor NPL) - A measure of the total

community noise, postulated to be applicable to both traffaic
noise and ailrcraft noise. It 15 computed from the "energy
average"” of the noise level and the:standard deviation of the
time-varying ncise level.

NOYS - A unit used in the calculation of perceived noisc level.

Perceived Noise Level (PNL) - A quantity expressed in decibels

that provides a subjective assessment of the perceived "noisiness'
of aircraft noise. The units of Perceived Noise Level are

Perceived Noise Decibels, PNdB
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B.

3.

Specech-Interference Level (SIL) ~ A calculated quantity providi.,

a guide to the interfering effect of a noise on reception of
speech communication. The speech-interence level is the arith
metic average of the octave~band svund-pressure levels of the
interfering noise 1n the wost 1mpottint put of the specdh
frequency range. The levels in the three octave-frequency
bands centered at 500, 1000, and 2000 hz are commonly averaged
to determine the gpeech—interence level Numerically, the
magnitudes of aircraft sounds in the Speech-Interference Level
scale are approxima ly 18 to 22 dB less than the same sounds
in the Perceived Nolse Level Scale in PNdB, depending on the
spectrum of the sound.

See Table 12 for a general comparison of CNR, NEF, and CNEL.

Criteria for Protection of Public Health and Welfare (&)

1. The phrase "health and welfare'" 15 defined as complete physical,
mental and social well-being and not merely the absence of
discase and i1nfirmity

2. See lable 13 for criteria

Design Objectives --- see Table 14,

Example Standards for Federal Hiphway Administration (9)

1.

2.

Table 15 portrays the design noise/land use relationships.
1he exterior noise levels apply to outdoer aress which have
regular hwman use and Lo whioteh g lowered nolae Tevel would e

of benefit. These design noisec level values are to be appliaed
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TABLE 12 | Factors Considered in Each of Three Methods l'sed for Describing

the Intrusion of Aircraft Noise into the Community

Composite
F holse Noise Dxposure Corcmunity Noise
sctor Rating Forecast Equirz'ent Leves H
(CNR) {NEF) (~ NCL) ]
Basic measure of slngle event Maximum Tooe-corrected A-wqizhted nolse !
noise magnitude perceived perceived level
aolae noise level
level
Measure of duration of Noae Energy Ene-gy wnlezra on

Individual slngle eveot

iptogration

Time periods during day

Daytlme (7 AM-10 PA)
Nighttime {10 PM-7 AM)

Davtime (7 AMN-7T D)
Evening (7 PM-10 P\
Mightiime (10 P -7 A'D)

Approximate weighting
added to noise of siagle
event which occurs In

Daviline

04B

Nighttime 12dB

Daytime 0d3
E ening 5dB
Nghdtime 10dB

indicated period

humber (N} of (dentical 10 log N 10 log N
events in tume period

Summation of costributions Logarithmlc Lozarithnic

=
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TABLE 13,

Yearly Average* Equivalent Sound Levels Identified as Requis.to
to Protect the Public Health and Welfare waith an Adequate Mdargin
of Safety
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TABLE 14  Design Objectives for Indoor A-Weightod Sound Levels an .

! HRooms with Various Uses

Type or us ol space

Approvimate A wochted

wound leved (dBA)

Concert halls, opera houses, recitul halls

Large auditoniums, lurpe drama theaters, churches
{{ur excelient hstening conditions)

Broadeast, television and recording studios

Smail auditorums, sinall theaters, simall churches, music
rehears 1l rooms, large mecting and cunference rooms
{for good hstvning)

Bedrooms, sleeping quutcis hospitals residences, apartments,
hotely, motels (tor sleepang, resting relaning)

Prvate or scaupny ite offices, small conference rooms, cliss-

rooms, libranies, ete (for good Listening conditions)

Living rooms and sinushr spaces m dwdllings (lor conversing
or hsteming to radio and telovision)

Large offices, reception areas, ret ut shops and stoics, cate-
terias, rostaurants, ¢t (moderdatddy good histening)

Lobbics laboratory work spaccs drafting and engineening rooms,
generil sceretanal arcas (for far hsteming conditions)

Light im nntenance shops ottice and compufer equipment rooms,
kit hens, laundries (moderately far histening conditions)

Shaps, garipes, power-plant control rooms, cte (for just-
weeptable speech md telephone communicahion)

21 to 30

Not above 30

Not above 34

Not above 42

34t04]

38 to 47

38 to 47

42 to 52

47 1o 56

52t0 01

56 to 6O

*As iccommended by an acoustical enganeenng firm on the bawis of

expeiience with acceptabihity fints exlubited by the users of the rooms

Y-
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Land Use
Category

A

TABLE 15

Design Noise
Level - “LO

—

80dBA
{Exterior)

70 dBA
{Exterior)

75 dBA
(Exterior)

55 dBA
{Interior)

Design Noise Level/Land Use Relationships

Description of Land Use Category

Tracts of lands in which serenity and quiet are of extraordimary
slgnificance and serve an impoctant public need, and where the
preservation of those qualities 13 essential of the area1s to
continue to serve 1ts intended purpose Such areas could include
pmphitheaters, particular parks or portions of parks, or open
gpaces which are dedicated or recogmized by appropriate local
offictals for activities requiring special qualities of serequty and
quiet

Residences, motels, hotels public mesting rooms schools
churches, libraries, hoapitals pilcnic areas recreation areas,
playgrounds, active sports areas and parks

Developed lands, properties or activities aot includad 1n
categories A and B above,

For requirements on undeveloped lands see paragrapts 3a(3) and
(6), this PPAL,

Residences, motels, hotels, public merti 2. ns 37799 5,
churches, hbraries, hospitals and auditoriu s



at those points within the sphere of human activity (at
approximate car level hecight) where outdoor activities actually
occur. The values do not apply to an entire tract upon which
the activaity 1s based, but only to that portion in which the
activity occurs. The noise level valucs need not be applied

to areas having limited human use or where lowered noise levels
would produce little benefit. Such areas would include but not
be limited to junkyards, industrial areas, railroad yards,
parking lots, and storage yards.

The interior design noise level in Category E applies to

indoor activities for those situations where no exterior

noise sensitive land use or activity is identified. The
interior design noise level in Category E may also be con-
sidered as a basis for noise abatement measures in special
situations when, 1n the judgment of FHWA, such consideration

is in the best public 1interest. In the absence of noise
insulating values for specific structures, interior noise

level predictions may be estimated from the predicted outdoor

noise level by using the following noise reduction factors

Noise Corresponding Highest
Reduction Exterior hoisc
Due to Level Which %ould
Building Window Exterior of Achieve an Interior Desi.np
Type Conditaion the structure hoise Level of 55 dBA
All Open 10 dB 65 dBA
Light Ordinary Sash
Frame Closed 20 75
With Storm 25 30
Windows
Masonry Single Glazed 25 80
Masonry Double Glazed 35 90 e
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VII.

Noise reduction factors higher than those shown above may he
used when field measurements of the structure in question i1naicatc
that a higher value 1sijustif1cd. In determining whether to
use open or clesed windows, the choice should be governcd by
the normal condition of the windows. 71lhat 1s, anv building
having year round air treatment should be treated us the col-eu
window case. Buildings not having air conditioning in warm and
hot climates and which have open windows a substantial amouni ot
time should be treated as the open window case.

E. Example Standards fecr HUD (10) =--- see Table 16.

Prediction of Noise Levles

A, General Model (10)

1. Sound travels through the air in waves, with characteristics
of frequency (cycles per second or Hertz) and wave length.
2. If a sound were created at a point, a system of spherical

waves would propagate from that point outward through the
air at a speed of 1100 feet per second, with the first wave
making an ever-increasing sphere with time. As the wave
spreads, the height of the wave or the intensity of the
sound at any given point must diminish as the fixed amount or
energy is spread over an increasing surface area of the sphere

This phenomenon is known as geometric attenuation of the sound.

3. For point-source propagation
sound 1eve11- sound 1eve12= 20 log fg
r
1
where the sound level at station one minus the sound level

at station two is equal to twenty times the log of the ratio
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TABLE 16: Residential Noise Level Guidelines

(Note: Measurements and projections of noise exposures
are made at appropriate heights above site

boundaries)

GCLNERAL EXTERNAL EXPOSURES - dB{A)

AIRPORT ENVIRONS -~ NEF ZONEL

UNACCEPTABLE

Exceeds 80 dB(A) 60 minutes per 24
hours

Exceeds 75 dB(A) B hours per 24
hours

(Exceptions are strongly discouraged and require a 102(2)C
environmental statement and the Sechtary's approval)

greater than 40

DISCRETIONARY-NORMALLY UNACCEPTABLE

Exceeds 65 dB(A) 8 hours per 24
hours

Loud repetitive sounds on site

statement)

(Approvals require noise attenuation measures, the Regional
Administrator's concurrence and a 102(2)C environmental

l

ﬂetween 30 and 40

PISCRETIONARY~-NORMALLY ACCEPTABLE

Does not exceed 65 dB(A) more
than 8 hours per 24 hours

less than 30

ACCEPTABLE

Does not exceed 45 dB(A) more
than 30 minutes per 24 hours

less than 30




ol the radii. This means that for every doubling of distincc,
the sound level will decrease by 6 decibels, In other words,
if station one were at a distance of 50 feet from the poiat
source and, 1f station two were a distance of 100 fcet from the
point source, the sound level measured at point two would be
6 dB less than the sound level measured at point one. This is
called the inverse-square law. This kind of relationship
holds true for single vehicles and aircraft when sound is
propagating in free air, either from the airplane to the ground
in a complete spherical sense, or in the case of an automobile
on the ground when the propagation field is only half a spherc.
See Figure 14.
Line-source propagation --- When a number of vehicles are lined
up and constitue a continuous stream of noise sources, the
situation is no longer characterized by a spherical or hemis-
pherical spreading of the sound, but rather the reinforcement
by the line of point-sources makes the propagation field
like a cylinder or half a cylinder. In this case the equation
is as folliows:
For Line-Source Propagation.

sound levell- sound level 5 = 10 log ;f
Thus, the decrease in sound for each doubling of distance from
a line source is only 3 decibels. When we consider noise levels
from busy highways, we will cssentially consider the noise

source of Lhoe highway as an antinite line souice amd o 4 dbib poy
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Figure 14. Sound Propagation Comparison
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doubllﬁg of distance propagation rate will be utilizea. However,
when we consider a situation such as the propagation of noise
from a multi-car transit train, the 3 dB per doubling of
distance propagation rate will be applicable to approximately

a distance of 3/10 of the length of the train or a finite line
source. Beyond that distance, a 6 dB per doubling of distance

attenuation rate should be applied.

B. Al:icrafc Noise Exposure Contour Model (1l1)

1

This model is based on the physical characteristics of the
runways and flights using the facility

The program provides the user with three output options. The
first is the Contour OCutput, which provides a list of coordinates
that give the location of a specified Noise Exposure Level. Also
given is the area enclosed by these points., The second output,
the Grid Output, provides the Neoise Exposure Level for each

set of coordinates specified by the user. Finally, the
Diagnostic Output provides a subtotal, the Effective Perceived
Noise Level, which includes the present flight comdidered plus
all previous flights, This output also gives a complete
descraiption of the present flight being considered, includ.ng
such other information as aircraft type, percent thrust, and
elevation,

The ocutline of the model, including input requirements, output

options, and flexibility, is shown in Table 17.

———— e
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TABLE 17. Aircraft Noise Exposure Contour Model Outline

A. . Input Requitaments o1 Model
L. Nuwber of runways, and tor cach twpay:
(4) Runway coordinates = Cortesiuon coordinates of Lnway
ciul points,
(b) Distance from the end of runwiy to the start of
takcofl roll;
(¢) Distance from the end of runway to the toudhdown
point, wul
(d)  Number of flights on cach runway (a ilight 15 a paven
aricraft type on a given flight path), awd for each [light.
(1) Type of flight - tuhcoff o1 landing,
(2) [lype of aircraft,
(3) Nunber of operations, and
(4) Number of segments composing each operation,
and for cach segment.,
a) Segment length,
b) TrIligat path climb angle,
c) [Ihrust level of aircraft, and
d) Radius of curvea segaent.

B. Output Options of Model
1. Contour Output
(a) Required inputs:
{1} Noise exposure (NL) 1evcl;
(2) Tolerance of NL Level, and
(3) Estimatc of X and Y coord nates of location of
first point with gaven NE level.
(b) Output:
(1) X and Y coordinates of locations of specified
NE level, and
(2) Arca enclosed by points on line comnecting the
prescribed NE level.
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3.

Grid output
(a) Required snputs.
(1) X\ and Y coordinates of the starting point on grid,
(2} Increnents for X and Y, and
(3) Nunber of points on X and Y axis.
(b) Outputl'
(1} N levels for each set of coocdinates specified.
Uiagnostic putput
(a) Required inputs:
Sames as one requarcd for grid output.
(b) Qutput:
(1) Flignt number,
(2) Axrcraft type,
(3) Slant range to obscrver,
(4) Elevation angle to observer,
(5) Percent thrust,
(6) EPNL (Lffcctave Perceived Noise Level of airciuft
at slant range i),
(7} Corrections for
a) Shiclding;
b) Excess ground attenuation, and
c) MNunber of operations.
(8) Net LINL, and
(9) Subtotal IPNL - includes preseot fhight plus all
preceding ones.

€. Tiexibiloty of sodel

1,

2.

Has been converted for usc on the 1M $00/195.  (ihe oviginn
prugae was wirtten for the CuC 6400.)
Progias has been designed to penciate NL o levell, but it can

casi1ly be mnhiticd to produce

(ll) il
Y| FPNL « 10 log NS - KN
ehou™ s umber ol obsgrvalions)
(b) AL ~\
Wy - N«N’bd + 16.07 HWY )
' 1y nagtt

-53-

~ o~

st

T



R S,

Propiam pre.ontly hus.

(4) 24 moise curves  IINE vs Stant Heght - one cueve (o taleot |
and one fer Tanding Lov cawn of 12 anccnabt types,

(b) 0 thiust correction curves - TPNL vo Perceat dhiusnt, and

(€} 2 excess ground attcnuation ciaves - IPANL ve Bistiaace.

Fually, new 1elationships developed for both now and enisting

aircraft may be casily incorperated 1nto the progiam as data

statements.
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Highway Noise Predictaon Models

1.

The Federal Highway Administration PPM 90-2 (9) stated that two
highway noise prediction methods were acceptable:
(a) The method in the National Cooperative Highwav Research

Program Report 117 (12).

(b) The method in the Department of Transportation, Transportation

Systems Center Report DOT-TSC-FHWA-72-1. (13)
A wmodel developed at Argonne National Laboratory was published
in 1973 (11). Basically, the model requires characteristics of

the highway segments as input. The characteristics include a

description of the traffic using the highway (the speeds and velumes

of both automobiles and trucks), the physical dimensions of the
facility (the elevation, depression, grades and surface types),

and the aspects of the environment bordering the facility

that have an effect on the noise levels (the landscaping, structures,
‘a

and barraiers). Fundamentallﬁ, the model calculates a noise level
at a particular point along the highway and a perpendicular
distance away from the highway. Once this noise level is
calculated, the model moves outward an incremental distance

away from the facility and calculates'another noise level., This
process is repeated until the model reaches a maximum pre-
scribed distance away from the highway. At this point, the model
moves farther down the highway and calculates another group of
noise levels. This is repeated until the medel has covered the
entire length of the highway. The model prints ocut a conteur

map of noise levels at given distances from the facility over
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the entire length of the facility.

(a)

(b)

]

Figure 15 shows a schematic diagram for the u5¢ of the
podel. The fiftieth percentile noise level 1s that

‘noi1se level that will be exceeded 50% of the time.

Two options for estimating highway noise are available

to the user of this model. The first allows the user to
predict noise levels at various desired heights above
ground level. This may be of special impurtance in an area
that 1s composed of multi-story apartments and commerical
sturctures. The second option allows the user to calculate
the predicted noise levels in the fiftieth or tenth per-
centile noise levels. The tenth percentile noise level is
that level that will be exceeded 10% of the time. The
fiftieth percentile level is useful as 1t provides what may
be termed the median noise level. On the other hand, the
tenth percentile noise level will also be required as

many noise standards are beginning to incorporate this

level.

VIII. Noise Control Principles (Basis for Step 5) .

A,

Reduction of Vibrating Sources (3) x

Noise 1s produced by an aerodynamic disturbance such as air moving
in a duct, discharging from a pneumatic tool,and being pushed about
along the surfaces of speeding cars and trucks, beat about by
propellors, or squeezed and thermally expanded through jet engines
Or noise 1s generated by the vibration of structures purposefully

set in motion, as 1n internal-combustion engine or the shuttle of a
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loom. Noise 15 also produced by a surface that 1s vibrating as 1t is
connected to the movang parts of machinery, such as a fan housing or
a wounting of a punch press or a packaging machine Control at the
source then depends on altering the aerodynamic characteristics of
the vibrating air by dimensional changes, by smoothing 1ts flow to
reduce turbulence, and by absorbent materials along 1ts path
Enclosure of the Source (3)

The escape of nolse can be prevented by complete enclosure of the noise-
maker. With provision for heat dissipation, motors and production
machines can be put on vibration mounts and housed in sound-absorbent
materials. Escape can be somewhat reduced by partial enclosure.
Abosorbent baffles at air inlets and ocutlets can reduce the escape

of fan noise. Mufflers control the escape of exhaust air and gas
noise partly by altering the aerodynamics and partly by absorbing
existing vibrations.

Attenuation by Absorption(3)

The behavior of noise which has already been generated and which has
escaped into a room can be modified. Acoustic characteristics which
influence the behavior of emitted noise i1n a room are the absorption
coefficients of surfaces exposed to the noise; the reverberation time
which depends on the noise source and the room, and the transmission
losses through the walls, floor, and ceiling. Acoustically,
reverberation time of a room is the period required for any

sound to decrease by 60 dB after the source 1s cut oft and absorption

takes place. This technique of control depends on reducing the noise

.
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level by amprovaing the absorption characteristics of the room.
Modification and wall and ceiling qualities 1s the primciple procedure,
and floors as well where change does not interfer with floor service-
ability Application of thie approach is a demanding task for a skilled

experienced acoustic control expert.

IX. Noise Control Practices (Step 5)

A.

B.

Industraal Noise (3)
The wcthods of noise control in the United States are well formulated
for controlling industrial noise. The principles embrace plant
planning, substitution of quieter equipment, processes, and materials,
reduction at the source and reduction by transmission by air.
Subsonilc Aircrafr Noise Abatement (10)
The following lists some of the current noise abatement techniques,
procedures, and other alternatives to counter subsonic aircraft noise
sources
1. Aircraft Design or Medification

New quiet engine designs with high bypass ratios and low velocity

nets.

Jwoustically treated nacelles and ducts

Exhaust silencers for reciprocating and turboshaft engines

Noise suppression for on-board auxiliary power units

Rotor and propeller aerodynamics for reduced noise

Moise suppression for mechanical components such as helicopter

gear boxes

Vehicle aerodynamics to allow for steeper ascent and descent,

aud/or reduction in time required for ascent/descent
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Ailrcraft Qperations .

] -

Restrict operations by type of aircraft, number of operations or

time of day

Power cutback on takeoff or steep climb-out depending on situation

Steep or multi-segment approach depending on situation
Preferential runway assignments

Aircraft Mainenance

Restrict engine "runups" during ground maintenance operations
Maintenance of additonal hardware for noise suppression {(1.e.,
treated nacelles or auxiliary-power-unit silencers

Alrcraft Route Location

Avoid noise sensitive areas in new route assignments

Modify existing routes to avoid noise sensitive areas

Utilize noise-insensitive areas for ascent and descent paths
Landscape Architecture

Shield aarport surroundings from noise resulting from aircraft
ground operations and surface vehicle operations

Acoustic Insulation |

Insulation of dwellings against aircraft noise

Insulation of commercial structures against aircraft noise

Land Use

Contrel by zoning authorities for compatible land use

Highway Noise Abatement (10) .

1.

Three options for nolse reduction are:

{(a) Man-constructed barriers to obstruct or d1§sipate sound

emissions |
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2.

‘%) Elevated or depressed highway through grading

(c) Absorption effects of landscapting (trees, bushes, shrubs,
ete.)

Constructing Barriers.

A rigid (fairly massive) barrier can be an effective means to

reduce noise from highways depending upon the relative heights of

the barrier, the noise source, and the affected area, as well

as tne horizontal distance between the source and the barrier

and between the barrier and the noise-affected area.

Elevated or Depressed Highways.

Often a highway in an urban area can be built above or below

the surrounding property. Such differences in grade provide

some shielding of traffic noise and can reduce the noise levels

at adjacent properties.

Effects of Plantang.

Planting adjacent to a highway produces little physical reduction

in noise level unless it is very dense and of significant depth.

Some other noise control measures for highways.

{a Limitations on allowable grades.

(b) Road surface repairs

(c) Route locations planned to insure maximum separation
between rodaway and existing noise sensitive areas and
to make maximum use of shielding provided by natural barriers

(d} Provide for compatible use of land adjacent to highways
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