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ENVIRONMENTAL ASSESSMENT, AND
INDUSTRIAL IMPACT STATEMENTS

by

George W. Reid, Regents Professor
University of Oklahonia

1.0 Áreas of Conflict

Production and Conversión of resources to useful
products, creates residuals, ur;í» nature, consumes
natural resources

-verses-

Disrüption of the intricate web of relationships between
living organisms

-such as-

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

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

Santa Barbara Channel - Oil blow óut erupted.

-so-

Growth, energy 18%/year, population, l*s%/year, residuals
27%/year, agriculture - 3-4 fold, economics - scalc,
energetics, B%, etc.

lnternational<££«e gtyle ^¿"fSSi r°?S¿Í ÍS fllr?""1' f",r

2.0 Industry and Government

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

Social Damages

Tailing to or underpricing spawns pollution

Property tax leads to rapid amortization - through gunlity
degradation.

Poor land use, favor industry, high density housmq costs,
more in public service, produce less taxes. ..* v

lligh prcmium on consumer goods



Conceptually

Year IT

\ G. W. Reíd
\

Federal subsidies, catchup,
Prívate erterprise verses
Collective Return

Neighborhood Effect

Prívate Luxury

Public Poverty

r:theerthafnCe=n,Lr:Perty *•"»«'•"' inherently, socxal
Common law, Res. communes.

Common property (Environment) subject to conocí™ * ti-uP, damaged use to next consumer. c°n?estion, fillmg

Idea of carryíng corporate search for abstracts.
Residual of conversions - impacts on
Renewal resources - are there really any other?

Profit/Loss""l -, .
Benefit/CostJ micJceY ™>use

Return of residuals to common property environment
Ecological Low

3.0 Government Objectives

Green Book, Blue Book &u¿Z~U79,
Economic Efficiency
Regional Efficiency
Quality of Life
Quality of the Environment

Now Economic & Environment

Not parallel - By Economic importance against envxronment.

¿éJ^-0^=^—^-^-Mréf~^ Á^Cf&.^Z^
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Resources Management

Hunting, Fishing

Manufacturing, etc.

Information

Gains

Should be

Partnership

Modified Ecofíystem^

Wild

Waters

Losses

Feast or Famine

i

Health

Education

Security
Employment
Growth

more people
Higher lifestyle

Finite Resource

i
Orchard Carden

New Ecobalances

*Y Population control

4.0 Technology/Management, etc.

Déficit — 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., etc

System approach -Sim, Gaming, Optimization /^ó¿¿^)
5.0 Assessment Practicum

Nat. Env. Policy Act

Legal Bases, Regd., etc.

6.0 Legal Basis

National Environmental Folicy Act fNEPA)
Clonr Air Act (CAÁ)
l-Vdrral Water Pollution Act (FWPCA)

EPA Statutes

Section 309 - 110 Clean Air
CAÁ Section 112 - 307 Impacts

FWPCA Hazardous.
Section 301, 302, 304, 306

(fia?)

d

**



GUIDELINES FOR ENVIRONMENTAL INVENTORY, AND ASSESSMENT
INFORMATION NEED ACCOUNTS

A. The environmental impact of the proposed actiom

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

C. alternatives to the proposed action;

D. The relationship between local short-term uses of man!s
environment and the maintenance and enhancement of long-
term productivity, and

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

SUBMODELS (impacts)

Land use compatibility
Water use compatibility
Heat dissipation
Chemical discharges
Sanitary wastes
Biological impact
Monitary requirements
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

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

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

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

4. California Council of Civil Engineers and Land Surveyors
Committee on Planning. 1972. Environmental Impact Analysis -
An Introduction to Analytical and Presentation Methods. Central
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G. W. Reíd

. TABLE 1

POTENTIAL ENVIRONMENTAL IMPACTS OF A TRANSPORTATION FACILITY

(by Phaae of Project Development)

Planning and Design Phase

1. Impact on land use through apeculatlon ln anticipatlon of development.
2. Impact of uncertalnty on economic and social attrlbutes of nearby áreas
3. Impact on other planning and provisión of public services.
4. Acqulsltlon and condemnatlon of jproperty for proje'ct, with subsequent

dislocatión of famllles and buslnesseo. '

ConBtruction Phase

1. Displacement of people.
2. Noise

3. Solí Erosión and Disturbance of natural dralnage.
A. Interference with water table.

5. Water pollution
6. Air pollution (including dust and dirt, ¿nd burning of debrie).
7. Destruction of or damage to wildlife habitat.
8. Destrucción, of parks, recreation áreas, historie sites.
9. Aesthetic impact of construction actlvity and destructlon of or Ínter*

fcrcncc with senic valúes.

10. Impact of ancillary actlvities (e.g., dlsposal" of earth, acquisitlan
of gravel and fill).

11. Commitment of resources to construction.

12. Safety hazards.

Operation of Faclllty ~ Dlrect Impacto

1. Noisc

2. Air pollution ^
3. Water pollution
4. Socio-Economic

5. Aesthetic

6. Effects on animal and plant lífe (ecology)
7. Deroand for energy resources.

Operatlon of Faclllty — Indirect Impact3

1.

2.

3.

4.

5.

6.

7.

6.

Contiguous land use.

Regional development patterns.
Demand for housing and public facllltles.
Impact on use of nearby environmental amenities (e.g. parks, woodlands,
recreation áreas).

Impact of additlonal and/or Improved transportatlon into congested áreas
on those áreas.

Dlfferential usefulness for different economic and ethnic groups (and
resulting problema and Solutions). ,

Impact on life styles of increased mobillty and other impaets.
Impact of improved faclllty on transportatlon and related technologlcal

* • ' 6
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1. Overview - Environmental Concerna

Economic Concerns

A Balance? For Whom? Whare?

2. Equations - (Total Keeded)

Energy « Pop x Life style + Waste

Energy =» Used Energy + Residuala of Energy

3. Acct. Proc & Eff. -

Energy = Used" Residual"
Time = Time Time

4. Acct. Procedure "A"

Cross-Impact (Impact vs. Source)

Search for Sources

$. Acct. Procedure "B"

Search to Min. Residuals

6. Possiblc Actions

A. Greater Conversión Eff.

Examples, Automobile Air Cond.
Cusdy/algal control

B. Reduced Pace

Examples, Air plañe
Ship

Ligliter then Air Ship

Idea of continucus put through

C. Reduced //s

Examples, pop. control
Small is beautiful

D. Boler Distrlbution m Rcnewnblc Resudes

8



Energy Productlvitv.

Q's Live style

Figure til
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Ecological Environmental Esthetics Human

Nuclear ©

Oil O O

Coal O o O ©

Gas

Tidal 9 ©

Water O ®

Wind
O

Geotherma1

Figure 02
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BASTE

Figure Í3
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Ecologlcal Example

Waste Disposal- Aqua Culture, Flsh,

This

Sewage—-*- Biodegrade —>Algae —^-Minows —>-Fish

•Vascular ***• Food
Planta

Constreved by by-products unnatural.



SOCIAL AND DEM0GRAPH1C IHPACTS

I. Categorles of Impact.

A. Population changes—size and compositlon.

B. Labor forcé participatlon.

C. Displacement of population.

D. Quality of Ufe of communities.

1. Community cohesión and compatibillty .

2. Activlty patterna (social, cultural, religious, recreatlonal,

institutional) .

3. Soclopolitical attltudes and institutlona .

4. Sociocultural symbols.

E. Welfare of individuáis.

1. Public servlcea.

2. Mobility.

3. Safety.

4. Sense of well-being.

II. Asaessment methodogies in general.

A. Intrinaic "softness".

B. Dependence on demography, sociology, polltlcal science,

psychology, and geography.
i

C. Use of comparatlve case study approachea.

ILl. Ahbchs1ng population changes.

A. Begin vith economic effects (employment).

B. Multiply change in employment by ratio between population

size and employed persona (may be done by category of

__ -- -r-- -employment) . - - ^^



IV.

c.

D.

E.

F.

Consider sources of additional employed persona or destlnatlons

f r

of departed persons: migration estimates, by total number

and with reference to D and E below*

Consider age and sax distributions as well as population

totais; compare all es tima tes with projections derived from

population growth models.

If appropriate, consider changes in compositlon of population

by cultural group (ethnic Identification, área of origin).

Question of the ecale of analysis.

Assessing labor f.rce part icipation .

A. Consider changes in (1) the proportion of a demographic

group who are part of the labor forcé (women, youths, elderly,

certain cultural groups; and (2) the proportion of the labor

forcé represented by each cultural and age group.

B. This is 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.

V. Displacement of population.

A. Will the proposed activlty require land that is presently

the location of residences? How many people are involved9

What are thelr age groups and cultural groups?

B. Where will the people go? What is needed to overeóme

undesirable social costs from this? ^

VI. Quality of Ufe of coramunit les .

A. Identify effects on communlty cohesión of population displace

ment and the creation of barriera to movement.

14



B. Asseas effects of inmlgration or outmlgratlon on communlty

compatibility and stability, including the introduction of

new ideas, objects, and modes of behavior.

C. Analyze current activlty patterns-social, cuitural. religious,

recreatlonal, institutional—and conaider any effecta of the

proposed activlty on them,

D. Consider effects of the activlty on sociopolitleal attitudes

and instltutions: structures o£ inflnence; the etren6th,

cohesión, and points of view of intereet groups; patterna of

polltlcal activlty in the área.

E. Consider the poaaible destruction, change, or creation of

symbols of society and culture (see the lectura on Historical

and Aesthetic Impacts).

VH, The Welfare of individuáis.

A. Assesa changes in supplies and demands for services such as

health care, schools, water, sanitation, and law enforcement.

B. Consider Improved or leasened mobility due to transportatlon

improvements, congestión, etc.

C. Asseas the potential of injuries or deaths due to accidenta

related to the proposed activlty.

D. Consider the effect of the proposed activlty on the sense

of well-being among the local population: attitudes toward

increased urbanization. Job changas, inmlgration of people

from different áreas, etc.

*15



ENVIRONMENTAL ELEMENTS IN AN ECOLOGICAL UNIT

Ecology can be slmply defined as the study of the interrelationshlp

between the llvlng organisms (human Included) and thelr environment.

In a human-orlented ecologlcal unit, the whole complex of environmental

elements, inclusive of all phyaical, biological and human aspects, are

fully functional, interacting as well as maintaining system equilibrium.

The physical environment is initially a given from nature and thus in most

cases performs in a dorminant role ln an ecologlcal unit. Physical together

with biological components constitute the natural environment in which man

•Uves, utilizing nature-provided resources. In the human aspects of an

ecologlcal unit, major compartraents likely to be considered include demo

graphlc, economic, social and cultural áreas. Demographlc elements show

the statistics of human population with respect to the size, density,

distribución and mobility, etc. Economic activlty involves the process of

produclng commodltles by maklng use of resources and the consumption of

these commodltles Social consideratlons concern the well-being and wclfare

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

ecologlcal unit along with their performance measurements. Neither one

is intended to be exhaustive.

18



I. Natural Environment

A. Physical
1. Terrestrlal: tundra, taiga, températe foreat, grassiand,

chaparral, desert, tropical forest, aavanna, etc. The
terrestrlal physical environment can be described in terms
of the following.
a. topography
b. área

c. soil type
d mineral

e temperature

f rainfall -—

g- air quality

•cllmatology

2. Aquacíe freshwater, bracklsh, marine, etp. The deacriptlve
parameters of aquatic environment Inelude the following.
a. área

b. depth

c. 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, amphlblan, water fowl, game blrd, mammals,

etc. Thoy can be described in terms of the following.
a. population

b productivity

c. wildlife habitat

d food web Índex

e. species diversity
f. rare and endangered apéeles

II. Human Aspects

A. Demographlc population statistips, characteristlcs
The performance measurements conslst of the following
1 Population
2 Age-sex-race distribution
3 Population denslty
4. Population growth
5. Migration rate
6 Mobility
7. Iimily structurc

B. Economic agriculture, mlning, forestry, fisheries, energy, water
supply, land use, recreation, etc. The potentlal indicators Include
the following.

17



1. GNP

2. Income per capita

3. Income by major source

4. Occupational distribution
5. Labor forcé - employment, unemployment, nonworker-worker ratio
6. Major businesses and industries
7. Farms and farm valué

8. Área and valué of each type of land use

C. Social politics, mstitutional relatlonships, public safety,
communication, transportatlon, houslng, health care, leisuro, etc
They can be measured in terms of the following.
1. Electoral participation
2. Fire and pólice protection

3. Legal justice
4. Mileage of highways and streets
5. Number and type of houslng units
6. Number of persons per doctor ratio
7 Birth and death rates and infant mortality
8. Health care facilities

9. Number of recreatlonal facilities and attendance

D. Cultural ethics, religión, education, history, humanities,
aesthetics, etc Potentlal commensurable Ítems are as follows
1. Moral valúes, standards
2. Religious affiliations
3. Average educational attainment
4. Hlstorical background and trends
5. Achievements in humanities

6. Aesthetic valúes, levéis

18



CARRYING CAPACITY

I. The conccpt of the "carrying capacity" of an áreas relación

to level of technology, accessibility.

II. Proposed uses of the concept.

A. Population redistribution.

B. Tax policy—"potential productivity," increases in the

productivity of rural áreas through progressive taxation.

C. Others.

III. The effect of a change in carrying capacity because a change

in technology.

A. The procesa of shifting from one forra of land use to another

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

IV. Measuring carrying capacity: is it possible?

A. Ambiguity of the concept.

B. Political sensitivity of the measurcments: the role of

disinterested partles.

C. The relati&Üyaf the measurements.

D. The possible utility of remote sensing.

. Environmental impact assessment and carrying capacity

C2



COMPARING ENERGY SUPPLY ALTERNATIVES:

A Case Study of Environmental Impact Assessment In The United States

I. Federally-supported energy supply facilities in the United States:

legal requirements for impact statements.

II. Characterizing the impacta of a proposed facility.

A. Identifying "trajectorlea".

B. Estimating environmental residuals, econonic costs,

environmental efficieneles,

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

(MERES) data system.

III. Comparing alternatives for achieving the same ends.

A. Data summarles by trajectory and location .

B. Methodologies for comparison.

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

Energy Reference System.

IV. Limitations and problems.

A. Converting residuals to impacts (a site-specific problem) .

B. Data shortages (especially economic data.)

C. Inattention to social impacts and regional economic impacts.
i

V. Current direfttions.

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

sources. .

B. Fur ther ,work on optimization model ing, including spatial

allocation models.

C. Base-line studies and other preliminary assessments in

preparation for evalúating social and economic impacts.
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D. Increased attentlon to input requirements as well as output

impacts•
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RCSOURCE

EXTflrtCIION

NUCLEAR

Bb riMNG

AND

CONVCRSION

National Energy System

TRANSPORT CONVbflSION
TRANSMISIÓN

ANO

O'STRIBUTION

UTtLlZiNC

DCVlCE

Sourco Biookhavtn NoUonat Laboratory Enc^y/Envlronmantat Data Group, 1974,
The Rcftntnce Cnrrgy Syítam andAisoctandData Bata.

tcchnologics and trajectones that are operational now
All types of energy resources, extraction processcs,
refining, conversión, transportatlon, and end uses are
included The horizontal Ime begmning with the word
"coal" represents the entirecoal supply system shown in
Figure 1

For each process included in the system, MERES
contains cocfficients which estímate its environmental
impacts, its efficiency, and its investment and operating
costs In a sense, the environmental tmpncts, given in
terms of water pollutants, air poltutants, sohd waste, and
land use requnrmfnts, are all residuals - that is, all aro
unwanted byproducts of energy processns Although the
Council recognizes that residuals are not a measurc of
the effects of pollutants, residuals may be used as
indicators of these effects Estimatcs are also presented
for occupolional health and the potential for large-scale
disaster at the process level

CNDUSE

ÍX MI¡>C, FLECTRIC

^ ALUMINUM -

IRONfii STCEL

AIRCONOITIONING

SPACE EtWATER HEAT

PROCESS HEAT

PETROCHEMICALS

AUTOMOBILE

BUS TRUCK, RAIL & SHIP

AIRCRAFT
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ECONOMIC IMPACTS

I. Categories of impact.

A. Employment/labor forcé.

B. Income.

C. Economic structure of área.

D. Interregional competiton.

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

F. Costs and prices of goods and services.

G. Infrastructure and other technologlcal externalities .

H. Tax base.

II. 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 resulte and evalúate the proposed activity.

III. Principal assessment methodologies.

A. "Economic base," the "multipller", and export base modele of

regional growth.

B. Input-output analysis.

C . Location theory.

D. Spatial equilibrium theory.

E. ínteraction theory.

F. Cost-benefit analysis.

G. Economic forecasting.
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ECONOMIC IMPACTS

I. Categories of impact.

A . Employment/labor forcé.

B. Income.

C. Economic structure of área.

D. Interregional competiton.

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

F. Costs and prices of goods and services.

G. Infrastructure and other technologlcal externalities .

H. Tax base.

II. 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 resulta and evalúate the proposed activity.

III. Principal assessment methodologies.

A. "Economic base," the "muítiplier", and export base models of

regional growth.

B. Input-output analysis.

C. Location theory.

D. Spatial equilibrium theory.

E. ínteraction theory .

F. Cost-benefit analysis.

G. Economic forecasting.
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IV. Special problema.

A. Shortage of data.

B. Definition of the "impact área".

C. Changes in the valué of the currency unit.

D. Externalities, especlally the potential effect of the

proposed activity as a locational attraction for other activities

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

The past several years have been characterized by passago of major

Federal legislation dealing with the environment, including specific

legislación on control of water and air pollution.(1.2) Pcrhnps the most
significant legislación is the National Environmental Policy Act (NEPA)_of
1969 (PL91-190), which became effective on January 1, 1970. The Act was

the first signed in the decade of the 1970'9.(3) The thrust of this Act,

as well as subsequent Executive Orders, Council on Environmental Quality

(CEQ) guidelines, and numerous Federal ageney procedures, is tp insure

that balanced decisión making oceurs in the total public interese .(4)
project planning and decision-making is to include the integrated con

sideración of technical, economic, environmental, social and other factors.

Prior to NEPA, technical and economic factors dominated the decison-making

process. Acopy of the National Environmental Policy Act is contained 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) Environirental Inventory

Environmental inventory represents a complete description of the
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environment as it exists in an área where a particular proposed action ís. •

being considered. The inventory is compiled from a checklist of descnptors

for the physical, biological and cultural environment. The physical envi

ronment includes euch major Ítems 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 área, including species of trees, grasses, fish, herpetofauna, birds,

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

plant or animal species. General biological features such as species di-

versity and overall ecosystem stability should also be presented. ítems

in the cultural environment section include human population trends and popu

lation distributions, historie and archeological sites, 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. In essence, it represents an attetnpt to evalúate the

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

the environmental inventory.

-2-



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 embody the steps of prediction,

scaling, and significance interpretation, although the methods use many

terms to describe these particular steps.

The scientific validity of-the technology available for the predic

tion of impacts vanes dependmg upon the particular environmental descrip

tor, For example» there has been extensive research and sound scientific

methods developed for prediction of air quality impacts (6), at least with

regard to anticipated ccncentration levéis of pollutants in the ambient

air; however, impacts on flora or fauna as a result of the calculated con-

centration levéis are less quantifiable. Thus it is possible to utilize

eound technology for sorae 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 is necessary that

the approach utilized be interdisciplinary, systematic and reproducible.

Requirements for a interdisciplinary approach indícate that the environ

ment must be considered in its 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 assessmcnL must be

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

faetting, however, at a mínimum it is necessary to have input from a physical

sclenciüt or enginccr, a biologist, and a person who can address cultural

-3-
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and socio-economic impacts. Requirements for a systematic and reproducidle

approach indícate 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.

(c) Environmental Impact Statnment

The environmental impact statement is a document written in the format

as specified by NEPA, CEQ guidelines and specific agency guidelines 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 impact 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 agencies, BLaLe 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 probleras 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. Fulfíll 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 culLurally pleasing surroundmgs,

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 historie, cultural, and natural aspects
of our national heritage and maintain, where possible, an
environment which supports diversity and variety of individual
cholee,

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

6. Enhance the quality of renewable resources and approach
the máximum attainable reeyeling of depletable resources.

Section 102 of NEPA has three prímary parts related to the environ

mental impact assessment process. Part A specifies that all agencies of

the Federal government shall utilize a systematic, interdisciplinary ap

proach which will insure the integrated use of the natural and social

sciences and environmental design arts in planning and in decision-ma'<ing

which may have an impact on man's environment. Part B requires agencies

to identify and develop methods and procedures which will insure that

presently unquantified environmental aminities and valúes may be given

appropriate consideration in decision-making along with economic and

technical considerations. This part has provided Ímpetus for the develop

ment of several environmental assessment methods. Part C indicates the

neceseity for preparing environmental statements, and identifies basic ítems

-5-
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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 áreas. (4)

These áreas 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

5. 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 Cohén. (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 mechanisra" 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 agencies

as well as state and local governmental and prívate groups. It is an

understatement to say that the NEPA requirements for preparing impact state

ments have been controversial. (15, 16). Many court cases have resulted from

this section o£ NCPA ( 17, 18, 19, 20 ) Perhaps one of the problems

with NEPA is that the Act did not contain a provisión for insuring compliance. *
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One section of NEPA which is received very little attentlon is Sec

tion 103. It requires that all agencies review thelr present statutory

authcnty, administrative regulations, and current policies and procedures

for the purpose of deternining whether there are any deficiencies or in-

conaisLuncies therein which prohibit full compiiance with the purposcs

and provisions of NEPA. Very few written responses have been recordcd

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

MAJOR ACTIONS SIGNIFICANTLY AFFECTING THC QUALITY OF THE HUMAN ENVIRONMENT

Section 102 of NEPA requires that environmental statements be prepared

for "major Federal actions significantly affecting the quality of the hu

man environment". The Coips of Engineers use the anacronym MASAQHE

for this phrase. Definitions were not included in NEPA for what consti-

Luted a major action or what constituted a significant affect on the

quality of the human environment Concern with these definitions is rel

evant since the preparation of an environmental impact statement requires

both hnm-in and economic resources. (23) One of the oceurrences since

Lhe passagc of NCPA has been Lhe preparation of impact statements on ,jro-

jeets that perhaps should not require much attentlon; namely, installation

of traffic control signáis and rainor roadway resurfacing work. On th-

other hand, many major actions of the Federal government, such as peace-

time milirary activities and space activities, have not had environmental

impact statements filed.

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 is to

-7-
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compare1a predicted impact with an environmental quality standard for a^

given parameter. It is possible to do thiB 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 guide

lines of this type. (24) Major actions include highway sections entirely

or generally on new locatíon, 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 ecologlcal, cultural, or scenic resources of
national, State or local significance.

2. That are likely to be highjy rontroversial regnrding
rcloc.tL loii hous mu ri"iüui tes.

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

4. Which invoive inconsistency with any national, State or
local standard relating to the environment, has a signifi-
cantly detrimental impact on air or water quality or on
ambient noise levéis for adjoining áreas; involves a
possibility of contamination of a public water supply
system, or affeets groundwater, flooding, erosión or
sedimcntaLion.
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Negative declarations can be prepared on the following types of highway

improvement actions eince they ere not likely to have significant impacts:

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

2. Acquisition of scenic easeirents.

3. Modernization of an existing highway by resurfacing; leas
than lañe width widenir.g, adding shoulders; auxillary
lañes for localized purposes.

4. Correcting substandard curves.

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

6. Reconstruction of existing highway/highway or highway/
railroad separations.

7. Reconstruction of existing intersections including
channelization.

8. Reconstruction of existing roadbed, including minor
widening, shoulders and additional right-of-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.

ÜASTC (ON'll'NIS 01 AN IMTAC] MATl-Ml.N'l

Section 102, Part C, of NEPA identified five points that needed lo be

discussed in an environmental impact statement. The first one is to

describe "the environmental impact of the proposed action". In the early

years of the preparation of impact statements, attentlon was primarilv

focused on the negative or detrimental impacts associated with a giver.

proposed action. To be complete, both beneficial and detrimental impacts

should be delineated. The basic thrust of NEPA is that it is a "full

disclosure law", impiying that both the posltive and negative ramifications

-9-
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of a given proposed action be explored in complete detall. (25) *n

addition to the consideration of these matters, attentlon must also be

directed toward the pnmary and secondary impacts associated with a pro

posed action. (5) Pnmary and secondary impacts are also referred to as

direct and indírect consequences. Table 1 includes a partial listing

of the direct and indírect impacts of a sewage treatment plant, with only

adverse impacts being identified. (26) In general, agencies have developed

methods and precedures to somewhat respond to direct impacts, both bene-

ficial and adverse. However, the major impact of a project is 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 in describing

the environmental impact of the proposed action, this section should

basically be an abstract of the negative impacts, both direct and indírect,

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 Usted

adverse environmental effects, a total of 214 alternatives were listed, all

of which were rejected. 130 were rejected for economic reasons, 47 for en

vironmental reasons (that is, the alternative would do more harm than the

-10-



TABLE I. PARTIAL LISTING OF DIRECT AND INDÍRECT IMPACTS OF
SEWAGE TREATMENT PLANT

ADVERSE IMPACTS/Direct

Short Term

Long Term

Primary

Effects

Erode soil

during
construcción

Periodic

releases of

noxious gases

ADVERSE IMPACTS/Indírect

Short term

Long term

ConsLruction

employment

Permit-

encourage

residential

development
within service

área*

Secondary

Effects

Degrade aquatic
habitat of

stream

Decrease

surrounding
property valúes

Temporary

housing

Increase traffic

on local streets

Tertiary

Effects

Decrease

fisheries

Change socio-
economic

compositlon of
neighborhood*

Does not

oceur

Traffic

congestión,
noise, smog

Note. Impacts are described for illustratlve purposes only,
a complete matrix for a sewage plant would contain many more
impacts within each of the respective cells of the matrix. A
sepárate matrix could be constructed for beneficial impacts.

^Irreversible impact.
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proposed action), and 37 because of engineering problems. The basic impli

ca tion of the alternatives section is that the alternatives for the proposed

action should be compared on a common basis, presumably their relativa 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 what 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 aróse in conjunction with the question of the retroactivity of

NEPA, and two well-known court cases which evolved around this point in

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 participaron

program. (5)

The fourth Ítem is a description of "the relationship between local

short-term uses of man's environment and the raaintenance and enhancement

of long-term productivity". This section is based on the principie that

each generation should serve as trustee of the environment for succeeding

generations, therefore, attentlon must be addressed to the question of

wnether or not options for future use of the environment are being elimi

na ted 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 in this section, considering the

construction phase to be short-term and the operational phase to be long-term.

The last sccLion is a discussion of "any irreversible and irretruvahle

commitments of resources which would be involved in the proposed action
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should it be implemented". Semantic difficulties are encountered with the

terms irreversible and irretrievable. Again from a practical standpoint,

most impact statements focus attentlon on possible changes in land usage

as a result of a proposed action, loss of cultural features such as arche-

ologicaí or historie sites, preclusion of development of underground

mineral resources, loss of habitat for plants and animáis, loss or impact

on rare and endangered plants and/or animáis, material required for pro

ject construction, energy usage requirea during project utilization, and

even the human and raonetary expenditures involved.

COUNCIL ON ENVIRONMENTAL QUALITY GUIDELINES

Section II of NEPA established the Council on Environmental Quality.

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 agencies in conjunction with their compliance with NEPA, review

of draft environmental impact statements (particularly for controversial

projeets), 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)

lhe guidelines is-mcd in 1971 gnvc coordination to Lhe 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

points 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 áreas of environmental

quality was included.

The CEQ guidelines of August 1, 1973 called for the addition of two

more new sections in an impact statement, plus an expansión of a previous-

ly required section. (5) The initial section called for in an impact 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 área. This 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 Amendraents

of 1972 should also be specified. (2, 1) The second new section calis for

an indication of what other interest and 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 decisión factors

that the agency feels tend to counterbalance any adverse environmental

affects. Agencies that prepare cost-benefit analyses of proposed actions

should uuminarize Lhene nnulyaeu ln LliJ , uecLlou. Wlicrr mm-cnv 11 onim nL 11

costs and benefits are part of the basis for decisión, it is important that

the agency specify the importance of these elements in the decisión. (30)
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THE ROLE OF THE ENVIRONMENTAL PROTECTION AGENCY

The Environmental Protection Agency (EPA) was established in December,

1970 as the environmental regulatory agency of the nation. (31) It is not

the chief admínistrative agency for environmental impact statements. The

EPA serves to review environmental impact statements prepared by others,

particularly with regard to water pollution, air pollution, solid waste

management, noise, radiatíon and peeticides. 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 is as follows

1. Project Rating (LO, ER, or EU).

LO (Lack of Objections). EPA has no objections to the pro
posed action as described in the draft impact statement or
suggests only rainor cnanges in the proposed action.

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

•Ti

aspects.

EU (FnvironmcntaJly Unsatisfactory). EPA believes that the
pioposcd action is unsatisfactory bccnusc of its potenti.il 1y
hnmiful effect on Lhe cnviionnuniL. 1urthermorc, Lhe Aj'.ímu y
believes that the potent1.nl safeguards which mighL be uu-
lized may not adequately protect the environment from hazarüs
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).

Category 1 (Adequate) The draft impact statement ade
quately sets forth the environmental impact of the pro
posed project or action as well as alternatives reasonably
available to Lhe project or action.

Category 2 (Insufficicnt Information). EPA believes that
the draft impact statement does not contain sufficient
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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 is able to make a preliminary
determination of the impact on the environment. 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 revisión be made to the impact statement.

No rating of the proposed action is made íf the EIS is assigned a

Category 3 rating because a basis does not generally exist on which to

make a determination about the environmental impact of the proposed project.

All "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 onginating agency is notified of the assigned ratmgs at the time a com-

ment letter is sent. EPA also notifies the CEQ of íts comments on all "3"

or "EU" projects so that the Council can begin to follow up the project at

un carly st.ige in iLs dcvcJopmcnt.

Although EPA does not have official responsibility with regard to im

pact statements acceptance or rejection, the review of this agency is

critical, and the procurement of a satisfactory evaluation of the impact

statement and the proposed action is very necessary.

The EPA has also developed guidelines and procedures for the prepara

tion of impact statements associated with their proposed actions. (33)

The Federal Water Pollution Control Act Amendments of 1972 exempted EPA

from the NEPA requirement of preparing impact statements in activities
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leading to the setting of new source pollution standards, effluent limica-

tiona, guidelines for water quality standards and establishing "beet

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
impact statement.

2. Desígnate officials reaponsible for the state.nents.

3. Specify the general methods for obtaining Information
required in preparation of the statement.

4. Indícate the required content of an environmental impact
statement.

5. Desígnate the appropriate time prior to decisión to seek
comments of other agencies.

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

7. Describe the mochanism Lhroup.h which statements are to
be made avaiJablc Lo the public.

8. Providc for nmoly public announcement of plans and pro-
groms with environmental impact.

STATUS REPORT ON ENVIRONMENTAL IMPACT STATEMENTS

Many problems have arisen with regard to the environmental impac,

statement process. Three major categor'ies of problems were identifiod in
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 in

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 múltiple agencies?

5. What are the requirements for the review and corament 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 pubJic 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 ítems

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 servmg in an advisory capacity to Federal

agencies and the President, Issuing guidelines for implementing Section

102 of NEPA, and identifying significant recurring substantive problems

in the impact statement process.

Several comparative critiques of selected environmental n pact state

ments were prepared in the initial years of the existence of NEPA. Ray (37)

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

were noted:

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

2. Both primary and secondary impacts need to be delineated.

3. Alternatives should be discussed in sufficient detall so aa
to not foreclose cholees other than the action proposed.

4. The cumulative effects of several time-phased segmente of
a major action on future cholees should be presented.

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

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

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

In 1972, the Government Accounting Office (GAO) reported on a rev^w

of seven Federal agencies1 response to NEPA requirements. (38) The aúneles

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

Conservación Service, Department of Houslng and Urban Development, li.t.i'.u

of Reclamat-Lon, Federal Aviation Administraron and Federal Highway A.í..ilii-

istration. The GAO Indicated that improveraents were needed in the following

áreas

1. Environmental impact statements as integral parts of decision-
making processes.

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

\ l'nlil I. pin I I» l|< 11 I•ni In 1 11 vi 1.11111» ni ni tw t ir mnnl 1.

4. Methods for obcainLng views ol Federal, otate and local «i^uih i*-*
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A second study by GAO examined the adequacy of six impact statements.

( 39 ) Three common problems associated with these statements were inade

quate discussion of, and support for, the identified environmental impacts;

inadequate treatment of reviewing agencies1 comments on environmental 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 environmencal impact statements recieved in

1972 by Región IV (Atlanta) of the Environmental Protection Agency. (40)

Ortolano and Hill (Al) 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 levéis of

generality, dealing with uncertalnty, and identifying the recipients of

impacts. Attentlon was focused on educational needs with regard to basic

biological concepts. It was noted that appllcable water quality standards

should be specified for the potentially impacted área. Finally, mention

was made of the desirability of considering the impact of alternative

project operating policies.

Pcarson reported on a review of 50 environmencal impacL BLatemcnLs in

1973. (42 ) It was noted that inadequacies exists in describing the prob

able (or possible) impacts, especlally 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 aid 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 those-Wh no technical environmental expertise
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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 ) rcported an

averagc length of Federal service of 6.5 years, with 1.4 years of experi-

ence tu impact statement work. The average grade level was GS-11. The

average years of formal ochooling per respondee was more than 17 but lesa

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 6hould be included

early in the planning process; economic, technical and other factors are

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 procesa. 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 bo

characterized as being basically administrative in scopc. More recent iit-

igation has dealt with the technical content of statement, and the casos

are related to the substantive áreas of impact assessment.

A survey of agency "follow-up" procedures during project ImplemenLa-

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 mitigatlon measures discussed in the environ

mental impact statement. From a survey data base of 33 Federal agencies,

it was concluded that agencies do recognize that their responsibilitiec for
r
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protection extend beyond the mere preparation of an environmental impact

statement. However, agencies have not developed adequate policiés and

procedures, including explicit monitoring and evaluation, to ensure that

provisions or conditions contained in thelr 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, filed 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 reléase of impact statements following the passage of NEPA.

The current filing pattern is approximately 1,200 impact statements annually.

Concern is often expreased 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 environmental 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 cosl

per statement Is $50,000. Hudson (48 )reported an average cost of $31,000

for 21 final statements prepared in the southeastem United States; however,

this figure does not include expenses associated with agency reviews of

impact statements prepared by adifferent 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 aminimum of $200 to amáximum of almost $50,000.
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TABLE 2 ENVIRONMENTAL IMPACT STATEMENTS FILED ANNUALLY, BY PPOJECT 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

1

193

1972

543

127

128

119

83

84

26

26

235

1973

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 irapací

statement is a function of project size and the point in the planning pro-

cees vhen the impact statement is prepared. Some impact statements have

been trepared in a matter of weeks, while others have required several

years of effort on the part of a number of individuáis. Hudson (50) rc-

ported that an average of 8 man-months waa required per statement prepared

by EPA regional offices. Other agencies required 18 man-months per state

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 defmed three phases in their

environmental impact statement work since January 1, 1970. (51) These

phases include a period of intcrpretation in 1970, a procedural phase m

1971 and 1972, and an integrated planning phase since 1972. The period of

interpretation included considerable discussion on requirements, writing

of impact statemertts on back-logged projects, and development of written

procedures and requirements. During the procedural phase emphasis vas

placed on adhering to the letter of the law, and volummous impact state-

ments were prepared and many court cases evolved. The integrated planning

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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evolving which insure that the environmental impact statment process will

be accompllshed 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 o£ 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 environmental policity

acts. (54 ) State environmental policy acts are basically pattemed 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 prívate sector is obligated to provide environmental impact state

ments under rather broad circumstances in California, Montana, and Puerto

Rico. (55) The Indiana law precludes state agencies from requiring an

environmental statement from a licensee prior to issuance of a permit 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 agencies within the United States.

The process is being accompllshed at the intial stages of project planning

as opposcd to an "after-the-fact" staccmcnt prepared in accordonce with the

letter of the law of NEPA. Future trends indícate a focus on regional
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TABLE 3: CHRONOLOGICAL ORDER OF STATE ENVIRONMENTAL
POLICY ACT PASSAGE

State

Puerto Rico

California

Montana

New México

Washington

Hawaii (1)

Wlsconsin

North Carolina

Michigan (1)

Indiana

Texaa (2)

Virginia

Massachusetts

Connecticut (1)

Maryland

Minnesota

New Jersey (1)

Date

June 1970

1970

March 1971

April 1571

August 1971

August 1971

1971

1971

September 1971

1972

March 1972

April 1972

July 1972

October 1972

April 1973

May 1973

October 1973

(1) Executive Order or Directive.

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

prívate sector, and more court cases daaling with the substantive iseues

of environmental impact assessment. It is possible that detailed require

ments for sepárate impact statementa will be altered in the future in

reaponse to degree that environmental impact aaseasment becomes a part of

project planning 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 m the

National Environmental Policy Act are Chat agencies ahould use systematic

and interdisciplinary approaches, and that they should develop methods

and procedures which will insure that presently unquantified environmental

amenities and valúes may be given appropriate consideration in decisión

raaking along with economic and technical considerations (1) This

di&cusbion is oriented Lo various impact assessment methodologies de

veloped in response to these requirements. An impact is any change in

the physical-chemical, biological,cultural, and/or socio-economic environ

mencal system which can be atcributed to the activities of man relativo

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

I. Introduc tion

A. Purposes or Environmental Assessment Methods

1. Insure that all factors are considered, the environment is>

complex system of phvsical-chemical, biological, cultural,

and socio-economic resources.

2. Próvido a means for evaluación of alternacives on the basis

of environmental impact

*Direccor, Scnool of Civil hngineering and Environmencal Science, Univttsity
of Okl«noma, Norman, Oklahoma.
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J Identify where data needs exist, and use chis to plan field

studies íf necessary.

4 Minimize impact through feedback, i e , provide a means tor

evaluating the effectiveness of mitigatlon measures.

5. Provide información for public participación, should be m

summary form only

6. Be in compliance with NEPA.

B. Comparative Studios of Environmental Impact Assessment Methouologics

1. Several studies and papers have recently been accompllshed on

comparisons of methodologies; these include:

(a) Dickert in 1972 (3)

(b) Drobny and Smich in 1973 (4)

(c) Warner in 1973 (5) and

Warner and Bromley in 1974 (6)

(d) Warner and Preston in 1973 (7)

(e) Smith in 1974 (8)

2. Each of the above include a delineation of selccted criLcn.i

lor im.'Lhodology cumplí Ison and grouping, in sonu* msL.uin .,

a comparative evaluation of selected methods in relation to

the entena is included The remainder of tnis discussion

is oriented to these five studies

3. A general bibliography on methods is available. (9).

II. Di._K.erc in 1972 (3)

A. (. lassif ication of Methods

i Clas-,if ujUmi is based on división meo Llu _t anuyLU.il

tunccions



(a) Identification

•i
(b) prediction

(c) evaluación

2. Each funcCion has a number of associaCed tasks as shown in

Table 1

3. Mechods for identification of environmencal impaces can assisC

in specifying the range of impacts chaC may oceur, including

their spatial dimensions and time frame Generally, Identifica

tion methods may answer questions concerning what the componenes

of Che project are and whaC elemenes of the environment may De

affected by these actions.

4. Predictive methods will define the quancity or spatial dimensión

of impact on an environmental resource (or resource system) given

various specific project actions. Predictive mechods thus

facilítate making distinctions between various project alterna

tives in terms of questions concerning "how much?" or "where7"

an impact may oceur.

5 Methods for evaluation snould assist in communicating to the

decisión niaKer what che defit-iencics (trade-offs) are bctwc«.>n

possiüle aiCernatives or courses of action and che impaces

associated witn each alternaLive. Evaluation metnods shoulu

also provide tor determinmg the groups (facilicv users oí

populacions) that may be directly or indirectly affected bv

the project or action

ii. IdenL íf ii_aL ion Methods

1 Iwo categorías or identificación methods are.

-3-
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TABLL 1. Classificacion of Methodology for Environmencal
Impact Assessment

Identification Description of the existing environmental system

Determination of the components of the project

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

Prediction Identification of environmental modifications
that may be significant

Forecasting of the quantity and/or spatial
dimensions of change in environment laentified

Estimación of the probability that the impact
(environmental change) will oceur - time periou

Evaluation Determination of the incidence or costs and
benefits Co user groups and populaCions affecteu
by the project

Specificacion and coraparison of the traae-offs
(coses or effects bemg balanccd) between varwa.*
alLernaLives
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(a) checklists

(b) matrices and networks

Checklists are the simplest impact identification methods.

(a) Checklists that have been developed thus far have taken

three basic forms liscs of environmencal conditions and

factors (which may be the basis for an invencory 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 ínter-

relationships to be considered

(b) The checklist may serve as a means of focusing the attentlon

of the preparer or reviewer on those factors which as a

matter of agency policy should be considered in the impact

statement

(c) The basic posltive fcature of the checklist is íLs tUxibiluy

in including a broad array of environmental consideraLions in

a simple summary format On the other hand, this broad

definition of considerations many Cimes is specific ne.ther

to the project ñor project site área, and thus che ronuat

does not focus the preparer or reviewer on che most im,)ortaiu

environmental impaces for the project being considerad Ono

possible improvement for utilizing che checklist torm.it wí'jIu

Í2R



be Lo develop lists of environmental conditions or

fuctors that are specific to the type of projects normally

carried out by an agency.

Matrices and networks

(a) The matnx might be visual i/od as a two-dimension.il

checklist and is che first step toward defining incot-

relatlonships systematically. These interreladonships,

which may not be obvious when initially assessing a

project or che environment in which it is proposed,

include, cause-effect relatlonships (stream chaneli-

zation-change in compositlon of stream biota) ; relatlon

ships between various components of the project (cut-fill-

pavemenc surfacing or configuration), and the relatlonships

between various elements of the environment (vegetation -

soils).

(b) An example of a two-dimensional cause-cffect matriA is

the Leopold macrix developed for the U.S. Geological

Survey. (10)

(c) Several problems aru inhorent in che use of che simple tvo-

dimensional macrix methods. Most important, syaergistn'

inccraccions wichin the environment may not be represLnCeu

in Che matrix. The matrix does not proviae a convL.4ii.nc

format in which Co explain or assess the often reluL«.d

secondary (or indírect) effects of a piojecc

(d) NeCuork nethods have been devised lo try to ovcr»_i»mu sonu

of the above problems, two examples are the Sorenscn
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stepped matrix (11) and Che Odum energy diagrams (12).

(e) The Sorensen stepped matrix solves at least a portion of

the display problem, cncountered in che two-dimensional

matrix, by combining resource uses (e.g., highways) , accions

generated (e g., cut fill), initial and subsequent changes

in environmental conditions (e. g , erosión, mercase 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 resource system and clearly aefining

the quantitative nature of the relatlonships within the

system (e.g., additive, mtegrative, multiplication, itc).

The most interesting work done utilizing chis method has

concerned defining relatlonships within food cnains

C. Predictive Methods

1. Prediction involves the application of science in decision-

making.

¿. MosL guidelines and many suf.gosLed methods for nssessmont i'o

not address this question at all, and thus we assume chac pro-

fessional judgment or intuicive reasoning will De used as

the best available meChod for forecasting ana prediccmg

significant f-nvironmental effects The outeome of tms

approacn in many environmental impact statements has Deea

the substitución of generalities and disclairoers for

scicntific evidence nnd facts th.it would substanLiate Luc

-7-
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opinions of the statement preparer. (Most EIS reviews are

characterized by this phenomenon.)

3 One of the real drawbacks is the lack of detailed environmental

base line data.

u Few predictive mathematical models (e.g , simulación) have

been direccly applied in environmencal impact assessment U

appears that both the deficieney of available data and expercise

of impact statement preparera have contributed to this oceurrence.

Quantitative analysis of environmental effects has been limiced

in most cases to simple presentation of statistical summaries.

The most frequent use of quantitative data has been in reference

to analogous situations.

5. The problem of aecuracy and reliability of predicted envuon-

mental response is only begmning to receive attention m impact

statement preparation. Statistical analysis, confirming cor.i i-

deiice in the predicted valué, and estimation of Lhe probabilitv

of impace oceurrence are both measures that could be attothcd

valué of the prcdicted impace.

6. Possibly the most difficult prediccive cask m impact absessue it

is the forcasting of so-called cumulaCive or growch-induc ing

effects.

D Lvaluation Methods

1 Several methods have been developed specifically for evaiuat.on

of alternatives in impact assessment, they include

(a) Battelle Environmental lvaluation Svscer.i (13)

^b) Georgia OpCimum PaLhway Matrix (14)
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2. The major purpose of both of these methods is Co produce a

single aggregate índex of environmental impace for each of the

alternatives, so that they may be compared.

3. The generalized scaling of valúes associaced with the above

methods assuraes that the valúes derived by the study team

are a true representation of societal valúes and are not biased

eicher by the compositlon of the study group or by the mission

of the agency for which the study was prepared. It is hard

to believe, for example, that many socioeconoraic groups

(such as low-income groups) would find the Battelle system,

which assigns over one-third of the possible points to environ-
i

mental pollution and only 26 poinCs (ouC of a total 1,000)

to housmg and employment opportunities, a good representación

of their valúes.

4. An evaluation method basically involving a series of public

meetings and attendee-responses to the pros and cons of alterna

tivos is being used by the Seattle District of Che Corps oL

Lngineors (15).

III. Droony and Smith in 1973 (4)

A. Basic Requirements for a Methodology

1. Comprehensive

2. tlexiüle

3 DetecC project-generated impaces

4. ObjecCive

!>. 1nstii i i npuL ot required cx¡>or L i su

6. Utilizu the stacc of Lhe are

-9-
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7. Lmploy explicicly defined cnceria

8. Provide for assessment of impact raagnitude

9. Provide for overall assessment of total impact

10. Detect environmentally sensitive áreas

B. This scudy Became Basis for Warner Study in 1973, Warner and Broml.-w

in 1974, and Smith in 1974.

IV. Warner in 1973 (5) and Warner and Bromley in 1974 (6)

A. Criteria for Methodology Evaluation

1. Three bases are used*

(a) technical ecologlcal content (what kind of información

is produced?)

(b) practical applicability (how is the information to be

generated7)

(c) political utility (how and by whom is the Information

used9)

2. Ch.ir.ii Lerist u s of U^Jijn^i l_t_L M oj^j^J_j^i_L_i;]U w< re .unvt.i

ac by a review oí liceracuro on basic tcn<-ts ol oeology «in.

characteristics selected reflect the cype of información ai.

ecologist would require for the ecologlcal evaluation of ..

proposed acción Practical applicability cnaracteristíes

were developed from a review of the 'literature on Federal

experience with NEPA and wich Che evaluation of water res* u'* *.*

projects prior to NCPA Tnis research identiiied four *.e .bsu*.

Chac were translatcd into characterisitiCí> (a) to wha*. *¿<0i¿-'.

are methodologies anibiguous and subject co individual incc,-

-10-



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

methodologies which are replicable9 (c) what kinds of data

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

time, and money, are required to collect the data*7 Political

utiliCy characteristics were identified through the develop

ment of a model of the decision-making process appllcable Lo

"new start" Bureau of Reclamation water resource projects.

This model was utilized to answer two questions pertinent to

Identification of political utility characteristics (a) what

are the characteristics of Information processed by ene system

now9 and (b) what characteristics would new environmental

Information need to possess co be utilized by the system9

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

can be used to devise entena for impact assessment methodology

(parenthetical expressions added)

(a) Lvcrything is related to cvcrything else. (lhe carLh is

a system)

(b) tveryching muse go somewhere. (The earCh is essentially

a closed system, there is no "away" where wastes can ue

thrown)

(c) Nature knows best. (Human tinkenng witn the system should

be assumed detrimental until proven otherwise).

(d) There is no such thing as a free lunch. (Every acción

has an impact)

4 Three basic mechods of impace assessment were compareu in

Chese scudies, they are

(a) BaCtolle Environmental LvaluaCion Syscem (13)

-11-
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(b) Leopold Interaction Matrix (10)

(c) Bureau of Reclamation-Water Resources Council Method (., •

B. Ecologlcal Cnteria for Impact Methodologies

'. Holism

(a) Does the meChodology recognize che Interactive characU i

of natural and man-dominated systems7

(b) Does it require description of the impacted environment

ds an eeosystem or series of ecosystems?

2 Separation of effects

(a) Does the methodology sepárate future project-induced

effects from expected non project-induced changes?

(b) Does it require explicit statement of assuraptions made

in projecting the without-project future environment

from present conditions9

3. Timing and duraLion

Does Che methodology identify Che Ciming and duración i»

expected impacts?

4 Scale of significance

(a) Does che meChodology identify the geographic extent i.v.

locatíon of impacts9

(b) Does it interpret changes in wildlife populations i »

Cerms of ene viabiliCy and distribución of che rcmai.ii.A

populación—locally, regionally, and naCionally7

5 Resource scocks

Does Ctic muthodolo^V as .css the uLili/ation o( non-

renewable resources in terms ot remaining stocks'

-12-



6. Indírect effects

i»

Does the methodology idencify indírect effects such as

additional environmental stresses caused by stimulated

regional growth9 The dividing line between direct and

indírect environmental impacts is frequencly vague Tu

this research direct impacts are defined as direct or

first-order effects of project activities. Indírect

impacts are 6econd or higher-order effects triggered

by direct impacts.

7. System functions

Does the methodology express impacts in terms of the

following functional characteristics

(a) Cycling of nutrients and/or energy

(b) Gross and net system biological productivity

(c) System diversity—both spatial and biological

(d) Syscem scability or resiliency

(e) System evolution—continuing rates and direction

of change9

8. Quantification

(a) Does the methodology express impacts in objectively

measurable uniCs9

(b) Does it express impacts in commensurable units9

(c) Are the bases tor valuations and weightings used to

obtain the commensurability explicitly stated9

9. Uncertalnty

Does che meChodology require an assessment of cht; analyst's

degree of confidence in his impact projections9

-13-
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L0 Risk

Does the methodology require identification and assessmn

of impacts with low probability but high possible losscs

11. Monitoring

Does the methodology require consideration of the adaqu*-

of existing or proposed monitoring of critical or highl\

uncertain aspects of the proposed action's effects on the

system9

C. Application of Ecologlcal Criteria

1. In usmg these entena to analyze the methodologies under siu'\

three ouescions were asked concerning each cncerion. a. Dols

Che methodology incorpórate the concept involved9 b. Does it

suggest a technique for dealing with the concept9 c How

adequate is the suggested approach7

2 Conclusions from the analysis of the three methodologies are

summanzed m Tables 2 through 4.

ü. Practical Applicability Critena for Impact Methouologies

1 Ihcse encuna basically deal wich how the impact infoim.iL 4.. .

is to be generated.

2. The specific entena are ambiguity, replicability, data

availability and resource requirements (manpower, time, xo..» \

and technology)

3 Conclusions from the analysis of the three methoüologies ar».

summanzed in Table 5.

L. Polltlcal L-tility Cnteria for Impact Ketho<lolo¿ies

1. The basic información generated muse be evnlmted in Lcms

of its aoilicy to erfecc a change in che process aiio.-b ol

-14-



TABLE 2

Summary analysis of the Battelle approach

Concept

Recotfnized?

Technique
or Use

Proposed?

Adequacy
of

Treatment

1. Eolism
a. Internction

b.~ Ecosy. tem descriptions
yes

yes

yes

yes

adequate

adequate

2. Separaron of effecte
a. Project-non project
b. Without project

assumptions

yes

yes

yes

no

adequate

inadequate

3. Timzng and duratton yes yes adequate

*♦. Scate of significance
a. Geographic extert
b. Population viability

yes

yes

yes

yes

adequate

part ially
adequate

5. Resource stockc no no inadequate

6. Indírect effecte yes yes inadequate

7. Syetcma functions
a. Cyclin^

b. Diversity
c. Productivity

yes

yes

yes

yes

yes

yes

inadequate
inadequate

several

seattered u sos

d. Stability-resiliency
o. Evolution

no

no

no

no

inadequate

inadequate

8. Quantification
a. Mea^urability
b. Commensurabilitv

c. Weighting

yes

yes

yes

yes

yes

yes

adequato

adequacy

gencraliy
explicit

9. Uncertalnty no no inadoquate

10. RlCK no no inadequate

.X. í'on'-ioring no no inadequate
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NUL 3

Suirinory analysis of the l>oPold approacn

1. Ilolism
a. *rit< raction

b. Ecosysten descriptions

2. Separation of effects
a. Project-non project
b. Without project

assumptions

3. Tirmrg and duration

u. Scale of significance
a. Geographic extent
b. Population viability

5. Beaource otocke

6. Indírect effectB

7. System furctiono
a. Cycling
b. Diversity

c. Pronuctivity
d Ccability-rcsiliency
e ¿.volution

8. Quan li,f-Lcat%on
a. . f.asurability
D. Coirmensurability

c. «eighting

9. UréC<íriaif*ty

10. /fv^A

11. tior>*,tonng

Tcchr.iquc

Conr^pt tir u'*
Ret'iPniaed? Propoico9

-16-
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yes

no

no

yes

yes

yes

yes

yes

yes

no

no

no

no

yes

yes

no

partial

partial

no

yes

ves

no

no

partial

partial
partial

no

no

yes

no

no

no

yes

yes

no

partial

portÍ3l

no

Adi?° u '

r>f

7.' r '. ii * '

irr^<'"r " ''

varubii u» fl
analv t

ínadc^ti-.'ie

madc^U'-*™

inadequate

in^tie iii*»:e

vat uj*« w*th
ana iy¿~

varianlc v.*Ln
ar,aly-t

inadequ^-c

ird. c.t

j.n i"' . -r*t*-'
111^'^''"

SL.v/n:vví

pot*-: :*a*ly
mis a -ü*r.T

not ap -a-colé

inad-*q-¿co

ir.oG v-.ite

inac1 .«ate
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TABLE 4

Summary analysis of the WRC approach

Technique Adequacy

Concept or Use of

Recognized? Proposed? Treatment

1. Holism

a. Ir.t -raction no no Inadequate

b. Ecosy-tem descriptions no no inadequate

2. Separation of effects
a. Project-non project yes yes adequate

b. Without project
assumptions no no inadequate

3. Timtng and duration yes no artificial

period of
analysis

4. Scale of significance
a Ceographical extent yes no inadequa*e

b. Population viability yes no inadequriLP

5. Besourcp stocks no no inadequate

6.. Indírect effect no no ínadequaio

7. System functions
a. Cycling no no inadequate

b. Diversity yes no ír.ñdequite

c. Productivity no no inadequate

d Stability-resiliency no no inatioquatt*

e. Cvolution yes no inadequate

9.

10.

Quantification
a Measurability

b. Commencurability
c. Weighting

Ut.cprtainty

Fick

il. fion^tovinq

yes

no

yes

yes

yc3

no

-17-
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no

yes

yes

partially

no

both quantitnt ve
and quali tat-¿ v^

not atte-vtc*

rceOí^ni. i ^

"neutral" iir-»>U'
aaequate

pn tinily
aaequrte

ínadcquit^
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TABLE 5

Summary of practical applicability analysis

Characteristic WRC Leopold Battelle

Ambigulty high high Ioj

pNeplicability very low low ¡ügft

Data Avai3?bility high high lou

íescurce Requirements

Manpower moderate-nonspecific low-nonspecific moderato-specific

Ture variable low m©der».te-hi£h

Money variable low moderatü-high

Technology variable variable specific
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their behavior.

2. The specific entena and a summary of the evaluación of Che

three methodologies in relation to them are shown in Table 6.

F. Mechodologies for Impact Analysis

1 Warner in 1973 and Warner and Bromley in 1974 divided impace

methodologies into 5 main classes.

(a) Ad hoc procedures

(b) Overlay techniques

(c) Checklists

(d) Matrices

(e) Networks

2. Ad hoc procedures, the crudest and oldest, invoive little more

than assembling a team of specialists to identify impacts in

their áreas of expertise with minimal guidance beyond the points

of NEPA Section 102. This class of approaches represents che

approximate starting point of all Federal agencies when NEPA

became law.

J Overlay approaches are well divcLoped Luc hinques of pl.nmnu1

and landscape architecture. They use a series of overlaid nupt»

of environmental concerns or land features to discrimínate be-

Cween design alcernatives. The overlay approach is generallv

effective in selecting alcernatives and identifying certain c>pes

of impacts, buc is unable Co quantify impaces or identify ii.td-
o

acción effects.

4 Checklist approaches atcempt Lo list the types of impacLs

typically associaced wich a particular type of project 1rom
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Table g

Sunniary of rolítlcal Utllícy Characteristics Evaluation

Charactcri-.tics of Lcopold WRC BúCtt lie
"Uccful" Information Approach Approach Ajiproicli

forranp ulnnlnf, coalltions
Identlíics polnto of mutual

concern jc

Fácil Lentes coficnur icatlon x K
I<! .utí f les coraproralse

poolClona x

Chanpínj», who paiticipaccs
Iccntlflcs lmpacccd pardeo partially *
Conuiíunlcatcs to choce ímpacted
Poeocsscc i.íi.icllncss 2G

Rede fining che calicnce of an Issue
•lacreases issue \.Í6Íbility x partially
Clarifica kcy fcacures ¡c partially x
EconomÍ7cs on analytical

rccourccs via indicatora partially partially X

Rcaefining self-interest of
parCcipants __

Chinde percepción of Impacts t x
Cliftiígts objcctivrs *
Poí.£.osrci face validity *

Modifyínj; che cnvelopc of evento
ano íssucs

»?rd< fines issue images * i»

w The WiíC approich as a 'íolc may possese chese characteristics tí.ou¿n
tac cnvirorunctital sections do not.
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4 Critena for Impace InCerpretaL ion

(a) Significance

Does che method require an assessment of significance

on a local, regional and national scale?

(b) Explicit criteria

Does Che method require thaC the entena and assumptions

in significance determination be stated?

(c) Uncertalnty

Does the method address uncertalnty or the degree of

confidence in impact projeceions7

(d) Risk

Does method focus on impaces of low probabiliCy of

oceurrence but high potential damage9

(e) AlternaCives companson

Does Che mechod provide a way of comparing alternatives9

(f) Aggregation

Does che meChod provide a way for aggregacion of información

on impace measurement and interpretación?

(g) Public involvemenC

Does the method provide a way for puolic Input in che

interprecacion of impact significance9

5. Criteria for Impact Communication

(a) Affected parties

Does che mechod link impaces to affected human ¿roups;

(b) SetCing descripción

Does the mcchod require a description of the environn.enca 1

settmg?

-23-

f *



fe) Summary format

Does the method contained a suggested summary tormat?

(d) Key issues

Does the method suggest a way of highlighting key

impacts or issues?

íe) NEPA Compliance

Does the method focus on NEPA/CEQ requirements9

6 Resource Requirements

(a) Daca requirements

Does the method use current data or are special studies

required9

(b) Manpower requirements

Special skills7

(c) Time requirements

How much time is necessary to "learn" the method9

(d) Costs

What are the costs of using che method?

(í ) Tcí lino Logies

Are special cechnologies required9

7. Keplicability

(a) AmDiguity

Is the method ambiguous9

(b) Analyst bias

Tu wnat degree will different resulLs oceur depending on
i

Lhe a.ui lysL '
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2 lie Flexible

Sufficient flexibility must be contained in che meChodology,

as projects of different size and scale result in different

types of impacts.

3. Detect True Impact

The actual impact is 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.

4 Be Objective

The methodology must be objective, providing impersonal,

unbiased, and constant yardsticks ímmune to outside tampenng

by political and other external forces. An objective and

consistent procedure provides a firm foundation upon which

pcriodic updatmg, refinement, and raodification can be accom

pllshed, thereby incorporating che experience gained througn

practical applicaCion. To be effeccive as a decision-making

looI, environmental impact assessmenCs also must be replicable

by different analyses and able to withstand scrucmy by various

interese groups.

5. Insure Input of Required Expertise

Sound, expenenced, professional judgement must be assurcd bv

a methodolo¿y, especlally as subjectivity rcmains inherenL 11

many aspecCs of environmencal evaluación Inpuc of Che

necessary expercise can be achieved eicher through the aesign
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of the meChodology itself or through the rules governing

íts use.

í Utilize the State of the Art

Máximum appropnate use of the state of the arC must be made,

drwing on the best available analytical techniques.

7- Employ Fxplicityly Defined Criteria

Evaluation criteria, especlally any quantified valúes, employed

to assess the magnitude or importance of environmental impacts

should not be arbitrarily assigned. The methodology muse provee

explicitly defined criteria and explicitly stated procedures

regarding the use of these entena, with the rationale benmd

such entena documented.

8. Assess Actual Magnitude of Impacts

Means must be provided for an assessment based on specific levcls

of impact for each environmental concern, in Lhe specific cern.*

esLablished for describmg that concern (e.g , bOt), pil, CcmÉic*.t-

ture, etc., for water quality). Assessment of magnituae bu^cc.

on generalities or relatives (qualicacive comparisons between

alternaCives) is Inadequate.

9- Provide for Overall Assessment of Total Impact

A means for aggregating múltiple individual impacts is neco*.s.ir\

to provide an evaluation of overall Cotal environmental mipacl

10. Pinpoinc Critical Impaces

Tne methodology must provide a warning system to pingóme and

empnasize parcicularly hazardous impacts. In some cases che

sr.t-er íntensity or magnitude of impace may justify special

-28-



atcention in the planning process, regardless of how narrowly

che impact might be felt.

B. Description of Study

1. 23 environmental impact assessment methodologies were

evaluated based on the above 10 criteria. A short descripción

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

dix A is included in Appendix B.

2. The 23 methodologies were divided into the following groups

(a) Ad Hoc Committee Approach

1. Eckenrode (App. B)

2. Lamanna (App. B)

3. McKenny (App. B)

(b) Overlays

4. hcHarg (App. A)

5. Lacate (App B)

6. Baker and Greundler (App. B)

7 Turner and Hausmanis (App. B)

(c) Checklists - Type A(list of paramecers without any system icic

procedured guidelines for using paramecer daca, and wiLnouL

any explicitly-stated entena for determing the magnici.de

of a given impact).

8. Leopold (App. A)

9. Manheim (App. B)

10. Sorensen (App. A)

(d) Checklists - Type fl (checklist methodology including., .

systematic framework for the use of collected data .n
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evaluación, does not offer criteria for determing impace

magnitude or for measuring the relative importance of a

particular parameter),

11. Little (App. A)

12. Adkins and Burke (App. A)

13. Washington State (App. B)

14. Hill (App. B)

15. Klein (App. B)

16. Oglesby, et al (App. B)

17. SE Wisconsin (App. B)

18. Stover (App. B)

(e) Checklists - Type C (Type B plus explicitly-stated criten i

for determining what constitues an impact of a given

magnitude and what its relative importance is. This

final type has the advantage of not only providing a

list for identifying impacts, but also a fraraework for

measuring che magniCude of individual impaces, and a

means for assessing overall project impace by a,,L,reg.icing

individual impaces in proporción to their relativo

importance).

19 Deannger (App. B)

20. Dec-1972 (App A)

21. Georgia (App. A)

22. Orlob, et al (App. B)

23. Walton and Lewis (App. A)
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3. Table 8 summanzes Che extenc to which each mechod meeCs

Che Cen criteria listed before as basic requirements for an

adequate assessment procedure

VII. Summary of Impact Methodologies

A. Current Status (April, 1975)

1. Reported methods are shown in Table 9

2. 33 methods are described in either Apendix A or B, 14

additional methods described in the CPL Bibliography (9)

3 It is safe to say that over 50 methods have probably been

utilized as environmental impact assessment techniques

since many are not reported as sepárate methods.

B. Some Future Needs (6)

1. Fucure methodological improvements should concéntrate on the

interpretation and communication of impacts.

2. Methodologies should provide for the assessment of impact

analysis reliability.

3. A system for allocating environmental assessment resources

should be developed by CLQ.

4 The public should play an active rather chan a passive role m

Che evaluation of impace significance

5 The current environmental impact statement preparation system

should be considered an interim measure to be replaced bv a

more streamlined procedure closely tied to integraced land u^e

planning

-31-
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TABLE 8

Methodology SuuLxaxy Chart

Methodology
Nuabor

De

1

igroe

2

to Whic

3

¡h Indi.catcd

5

ñoquir<
6

jment

7

ls ruli

8

illeü*

9 10

4

4 S S S N N N N i* N Is

2 s S s b N N N A N N

3 L L L S S N N L h S

L L N L L L L N N s

5 S S N N S N S h N s

6 L L N L L L L N .N s

7 L L N L L L L N N s

6 S S S N N S N S N ,\

9 N L S N N S S S S 5

10 S L L S N N N N N

11 S S N N N N N N N ^

12 s S S N N S N S L *\

13 s s N N S S S L s

Ifc s L N N N s S N S A

15 s S S L S L L h s .\

16 s s N N N S S N N

17 s s N N N s N N N i\

13 L s i* S S 5 S S L ti

19 s s S L S L L L S a

20 L s L L L L L L L i,

21 L s
T
±1 S S L S L L ¿\

22 S s N L s L L N N N

23 N N S L s N N S X .<

*Xi Littlo or no fulfillmont,
S» ñcquiro-iont fulfillod to somo oxtont.
Li Ruqulroaunt fulfillod to a la.r(ío oxtont.
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fAuLL 9 Summary of Environmental Impact Assessment Methodologies

Lnviionmental

Assessment

Method

Dickert

in

1972

Warner

in

1973

Warner

and

PresCon

in

1973

Smith

in

1974

Method

Descripción

(Appendix)

! CPI

Biblio-

grapliv

Leopold

. •

X(M) X(NS) X(M) X(C-A) A X

Sorensen X(M) X(N) X(C-A) A

Odum X(M)

Dee-Bactelle (1972) X(NS) X(NS) X(C) X(C-C) A X

Georgia X(NS) X(C) X(C-C) A X

Seattle X(NS)

WRC Task Forcé X(NS) X(C) A

Adkms X(C) X(C-B) A

Dee-Bettelle (1973) X(C-M) A i

Krauskopf X(0) A X

Little X(C) X(C-B) A

McHarg X(0) X(0) A
t

Moore X(M) A

New York X(M) A i X

Smith X(C) A ¡
Stovcr X(C) X(C-B) A 1 \

1ui ¡>a X(C) A i
1

\

Waiton

\
X(C) X(C-C) A i

WSCC X(AH) A \

r..\kenrode X(AH) B

Lam^nna X(AH) B <

McKenny X(AH) B

Lacate X(0) B

BaKer & Greundler X(0) B

iurner and hausmanis
J

X(0) B

Xanneim j
1

X(C-A) B
i

Washington SCaCe X(C-B) B
1
i
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Hill

Klein

Oglesb}

SL Wisconsin

Deannger

Orlob

Fischcr and Davies

Pikul

BLM

Commonvealth

Alden

CERL

BOR-Wisconsin

Researcn Planning

Ellis and Lewis

E I Center

Kaue

i iboi .

lu ut int,

Harvard

M = ma c rix

NS » noc specified
N = necwork

C = checklist *

C-.M = checklist matrix

X(C-B)

X(C-B)

X(C-B)

X(C-B)

X(C-C)

X(C-C)

0 ° overlay

AH = ad hox

C-A = checklist - Type A

C-B » checklist - Type B

C-C = checklist - Type C
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V

ArrFNDix a

SOME METHODS OF

ENVIRONMENTAL IMPACT ANALYSIS

(After Warner and Preston, "A Review of
Environmental Impact Aasessaent Methodologies",
Contract No. 68-01-1971, U.S. Environmental
Protection Agency, 1973.)

1. Adkins, William G. and Dock Burke Jr., Interlm Report-
Social, Economic, and Environmental Factors in Highway
Decisión 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).

The Adkins methodology is a checklist using a +5 to -5 rating system

for evaluatiag impacts but providing no guidelines for measuring impacts.

The approach vas developed to deal specifically with the evaluation of

highway route alternatives. Because the bulk of parameters used relate

directly to highway tranoportation, the approach is not readily adaptable

to otner types of projects.

The parametera used are broken down into categórica of transportatlon,

cnvAi-oniLental, aociological, and economic impact. Environmental param^ters

are generally deficient in ecologlcal consideratione. Social parameters

emphasiie communlty facilities and servíees.

Üoute alternatives are scored +5 to -5 in comparison to the present

otate of taa project área, not the expected future state without the project.

Since: che approach uses only subjectlve relative estimations of icpacts, the

cata, manpo-ícr, and cost requirements are very flexible. Reliance on sub

jectlve ratings without guidelines for such ratings greatly reduces the

replicability of analysis and generally lioits the valid use of the approach

co a cace-by-case comparison of alternatives only.



The detailed listing of social and, to a lcsser extent, economic

parsic«ítars may be helpful for ldentifying and cataloging impacts in otner

types of projects. An intercating ¿enture of possible valué to other

cxalyafií' using relative rating aystcms is the practice of summarlzing the

auaber as well as the magnitude of plus and minus ratings for each impact

catc£or/. The number of pluses and minuses may be a more reliable indicator

for alternative comparison alnce it is less subject to the arbitrarinece

of ouojective veighting. Theee summarlzationa are additive and thus

InpXicitly veigh all lupacta equally.

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

This methodology is a checklist procedure emphaaizing quantita-

Cive impact assessment. It vos designed for major water resource projects

but most parameters used are also approprlate for other types of projects.

Scveaty-eight specific environmental parameters are defined within the four

categorías of ecology, environmental pollution, aesthetics, and human

^ntercat. The approach does not deal with economic or secondary impacts

and social impacts are only partially covered within the human interese

catesory.

Xmpacts are measured via specific indlcators and formulas defincd

*or each aarameter. Parameter measuremento are converted to a common buce

of "environmental quality units" through specifico grapho or valué functions

lupacta Can be aggregated using a set of preaaoigned weights.

The resource requirements are rather high, particularly data

¿cquireso-ta. These requirements probably restrict the use of tne approach

to uajor project oseesseents.

*ce approach cuphasizes expllcit procedures ¿or isp&cc rneüsarojüpt

*-*iu eviiu-tion and should thercfore produce highly replicable resuits. Boch

jpa^*ci ^d temporal aspects of impaces are noted and explicitly wei^nced

Ir* cl.^ a-^cí*3mcnc. Public participación, uncertalnty, ana risk cou^^pi-

<l+lC üo¿ Cv.ult with. An iüportant idea or the approach is the hi¿hli¿n.-irt0

ci Acy icsj¿cjs via a "red fias" system.



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

This unique methodology of impact assessment defies ready classi-

ficatioa since it coatains elements of checklist, matrix, and network

approacaes. Áreas of possible impacts are defined by a hierarchical system

of four categories (ecology, phyaical/cheaical, aesthetic, social), 19

ccaponeats and 64 parameters. An interactlon matrix is preocnted to indícate

which activities associated with vater quality treatment projects generally

iupact which parameters. The ranga of parameters used is comprehensivo,

excludiag only economic variables.

Impact measurement incorporates evo important elements. A set

of "ranges" is specified for each parameter to express impact magnitude on
a scale from zero to one. The ranges assigned to each parameter within a

component are then combined by means of on "environmental assessment cree"

into a sumaary environmental impact acore for that component. The signi

ficance of impacts on each component is quontified by a set of assigned

ueights. A net impact can be obtolned for sny alternative by multiplying

e¿.ch ecc^onent score by lts velght factor and summing across components,

The key 'features of the methodology are its comprehensiveness,

lts explicitness in defining procedures for impact Identification and

¿coriag, and lts flexibility in alloving use of best available data.

Sections of the report expíala the several uses of the methodology

-a aa owrall planning effort and discuas means of public participation.

Vac data, time, and cost requirements of the methodology when used for ^upact

¿ustes&ucat are modérate, though a aaall auount of training would be required

to fEEÍ*uirl¿e users with the techniquea used.

¡Secause of its explicitness, the methooology possesses only minor

c^biguities and should be highly replicable. Because the environmental

acoessmer.c trees are developed specifically for water treatment facilicies,

the methodology cannot be adapted to ocher types of projects without re-

coastruccinj, che crees though tho parameters could be uoeful as a simple
cuecLilac



One potentially signiflcant obstada to use of the approach ±c

the difíriculty of explaining the procedures to che public. Regardless

oí the validity of the "trees", they are unfamiliar devices developed d>

hlgnly cpecialized multivariant analysis techniques and public acceptance

of conclusions reached by thelr use may be low.

4. Institute of Ecology, University of Georgia, "Optimum
Pathway Matrix Analysis Approach to the Environmental
Decisión Maklng Process: Test case: Relative Impact
of Proposed Highway Alternatives", Athens, Georgia:
University of Georgia, Institute of Ecology (1971)
fmimeographed).

The "Georgia"methodology incorporates a checklist of 56

environmental componente. Mensurable indlcators are specified for each

component. The actual valúes of alternative plan Impacts on a componenc

are normallzed and expresoed as a decimal of the largest impact (on that

one component). These normallzed valúes are multiplied by a subjectively

determined weignting factor. This factor is the sum of one times a weigne

¿or "initial" effects plus ten times a weight for "long-term" effects.

The methodology is used to evalúate highway project alternacives

«*nd the components Usted are not suitable for other types of projects.

A vide range of impact types are analyzed including land use, social, aes-

tüctics, and economic impacts.

The lowcr replicability of the analysis produced by using sub-

jeccivojy oütcnained weighting factors is compensated for by coniucting

5,evtíral passes at the analysis, and lacorporating randomly generated errer

variación ia both actual measuremeats aad weights. This procedure proviaes
r

u basis for testing the significance of differences in total impact bcorej

oetvean alternatives.

xíie procedures for normalizing or scallng measured impacts to

coccia cocuaensuraDility, and testing of cignificont differences between

alternatives are notable featurca of potential valué to other impace

inaiy^Ob and methodologies. These ideas may be useful whenever scvc:ul

.¿•Oji-^t. ultornativcs can be identified ana compared

Tne Georgia methodology placas rather high resource demanda on

c*e u^^r since cosputerization is necessary to genérate r&ndom errors ana

i~.¿.o t..w iirga number of repctltive calculations.



\
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(
5. Krauskopf, Thomas M., and Dermis C. Bunde, "Evalua

tion of Environmental Impact Through a Computer
Modclling Process", Environmental Impact Analysis:
Pbilosophy and Methods, (eds.) Robert Ditton and
Thomas Goodale, Madison, Wisconsin: University of
WisconBin Sea Grant Program (1972), pp. 107-125.

Vals meChodology employs an overlay technique via computer

mapping. Data on a large number of environmental characteristics are

collectcd 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 impace.

The environmental characteristics used are rather comprehensive,

particularly as regarde land use and physiographic characteristics. Though

the oethodology vas developed and applied to a highway setting, it is

adaptable, with relatively small changes in characteristics examined, to

ocher project types with geographically well defined and concentrated im

paces. Because the approach requires considerable amounts of data on the

project región, it is not practical for the analysis of programs of broad
'geographical scope. The high monpower-skill, money, and computer technology

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

time for any but major projects, or in situations vhere a staCewide, computerized

data base exists (New York, Minnesota, lowa, etc).

The estimación of impace importance is done through the specification

of subjectlve veights. Because the approach is computerized, the effects

of several alternative weighting schemes can be readily analyzed.

The methodology is ateractive on several viewpoints. It aliows

a dcaoaatration of which veighted characteristics are central to a parcicular

tlternative route; it presenta a readily understandable grapnic representation

oí impacts and alternatives, it easily haadles several subjeccive weigheing

cyctcis; cae incrcoental costs of considering or generating additional

alternativos is low; and it fita well with developing regional and statewide

daca ocnk cystems.
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The mechanlcs of Che approach--how trapaces are measured and
codbtaei-ar. not readily apparent from the refexer.ee clted. Considera
training beyond the Information availablc in this reference would be
required to upe the approach.

6. Leopold, Luna B., et al.. APrnredure for Evaluacir^
Environmental Impact, Geological Survey Circular 645,
Washington: Government Printing Office (1971;.

This is an open-ccll matrix approach identlfying 100 project
activities and 88 environmental characteristics or conditions. For each
action involved in aproject. the analyst evaluates the impact on every
impacced environmental characteristic in teros of impact magnitude and
El3nificar.ee. These evaluations are subjectively determined by the analyst.
Scological and phyoical-chemical impacta are treated comprehensively,
social and indirect impacts are loss well handled, and economic and
oecoadory impacts are not addrcssed.

Because the assesaments made are aubjective. resource requ-.rer.ents
o£ the approach are very flexible. The approach was not developed xn re
ference to any specific type of project and may be broadly applied with
bcae alterations.

Guidelines for use of the approach are minimal and several
ÍD?ortant amblguities are likely in the definition and separación of l^acLs.
Tac relime on subjectlve judgmcnt. again without guidelines, reduces the
rtplicubillty of the approach.

The approach is chiefly valuable as ameans of identifying projocc
topaeta and as adlsplay format for communicating resuits of an .nalyus.

1 Arthur D. Little, Inc., Transportation and hnyironmer.l
IL.w. f«r Action te.et «f National Livironaent..!.
p'Alicv Act of 1969 on the Depnrtaenii of Transportstior,
Vnl ' 3 Oi>tiona for Envifoncental Management, preparen
tac Office oí the Secretary, Department of Trasportación
(July 1971) .

Tnic is leas a complete methodology than an overview oiscuSÍ,ion
of the kinds of impacts Mac nay be expected to oceur from highway proj ees
^d the ^osurcment techniques that may be available to handle some oí
eiua. Aquite couprenensive list of impact types and the stages oí J-o.ec.
Jeveio^eat at which eacn may oceur are presented. As broad c«tegor-«.
che iupact typea identified are useful for other projects as well as ioí
o-ghuayo
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The approach suggests Lhe sepárate consideración of an impace1 s

amounc, effect (public response), and valúe. Some suggesCions are offercl

for measuring the amount of impact within each of seven general categorlcs.

noise, air quality, water quality, soil erosión, ecologic, economic, and

Gociopolitical impacts.

Five possible approaches to the handling of impact significance

are presented. Three of these are "passive" (requirlng no agency action)

such as "reliance on the cmergence of controversy". The other two invoive

the use of crude subjectlve weighting scales. No specific suggestions are

made for the aggregation of impacts either within or between categorlcs.

In general, the reference cited is a useful discussion of some

of the important issues of impact analysis, particularly as they apply

to transportación projects, but does not present a complete analytical

technique.

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

The McHarg approach is a system employing transparencies of

environmental characceristics overlaid on a regional base map. Eleven

to si^teen environmental and land use characteristics are mapped. The

maps represent three levéis of the characteristics, based upon "compacibilicy

with the highway". These references do not indícate how Chis compatibility

is to be deterrained but available documentation is cited.

This approach is basically an earlier, noncomputerized versión

of the ideas presented in the Krauskopf reference. les basic valué is as

a method for screening alternative project sites or routes. Witnin tnis

lioited use, it is appllcable to a variety of project types.

Limitations of the approach include its inability to quantify

as well as identify possible impaces and its implicit weightins of all

characteristics mapped.

Resource requirements of the McHarg approach are soaewhac less

demaading, In terms of data, than those of the Krauskopf approach because

Information is not directly quantified, only categorized into three levéis.

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

map overlays.

7 143



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

9. Moore, John L. , et al., j^^^^^Y for Evaluating
M*nufacturing Environmental Impact Statements for
Do.laware's Coastal Zone, Report to the State of
Delaware, Columbus, ühio: Battelle Memorial Institute
(June 1973).

This approach was not designed as amethod for impact analysis
but its pr.nriples could be adapted for such use. It employs anetwork
approach Hnking alist of manufacturiag-related accivities-to potencial
environmental alterations-to major environmental effects, and finally-to
human uses affected. The primary strength of the set of linked matrices
is their utility in displaying cause-coadition-effect necworks and tracing
out secondary impact chains.

Such networks are useful primarily for Identifying impacts a¿d
the issues of impact magnitude and significance are addressed only in
cerms of high, modérate, low, or negligible damage. As aresult of these
subjectlve evaluations the approach would have low replicability as an
assessment tecKnique. For such ause, guidelines would likely need to be
proposed to define the evaluation categories.

The approach incorporales indicators especlally tailored to
«iwfncrurjng facilities in acoastal ¿one though most indicators woulc
also be r-ertinent to other types of projects.

The approach would perhaps be valuablc as avisual summary or
an impact analysis for communication to the public and decisión makers.

10. Central New York Regional Planning and Development
Board Environmental Resources Management, prepared
for Department of HMD (October 1972) (available
through the Natioaal Technical Information Service
PB 217-517).

This metnodology employs a macrix approach to assess in siuple
terms the major and minor, direct and indirect impacta of certain vater
related conscruction activities. It is designad primarily to mea^re only
t..c physical impaces of water resource projects in awatersned, and is
based oa an Identification of the specific, small-scale component accivicies
that are included in any project. Restricted to pnysical impacts on nina

8



different types of watershed áreas (e.g., vedando) and fourteen types

of activities (e.g., tree removal), the procedure indicates four possible

levéis of impact-receptor interactions (major direct through minor indirect).

Low to modérate 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 limiCed in

its ability to compare different projeccs or the magnitude of different

impaces. There is no spatial or temporal differentiation, henee the full

range of impacts cannot be assessed. Impact uncertalnty and high damage-

low probability impacts are also not considered. Only two levéis of the

magnitude of an impact are identified while the importance of the impacts

are not assessed, resulting in modérate replicability. The lack of objec

tive evaluación criceria may produce ambiguous resulcs. NEPA requirements

for impact assessments are not directly mee by this procedure.

The valué of this meChodology is less In Che actual assessment

of the quanticacive impaces of a pocenCial projecC thaa 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 áreas are used to

map a región m terms of the optimum land use plan. The actual mapping

procedure Is not described, however, and henee that aspect of the impact

assessment methodology cannot be evaluaced here.

11. Smith, William L., "Quantifying the Environmental
Impact of Transportation Systems", Van Doren-
Hazard-Stallings-Schnacke, Topeka, Kansas (undated)
(mimeographed).

The Smith approach, as developed for highway route selection,

is a checklist system based on Che concepts of probability and supply-

demand. The approach attempts to identify Che alternative with least

social cost Co environmental resources and máximum social benefit to

system resources. Environmental resources elements are listed as*

a¿riculturc, wildlife conservation, interference, noise, physical fémures,

and repiacement. System resources elements are listed as. aesthetics,

cobt, mode interface, and travcl desires. Por each element, categories

are defined and used to classify zones of the project arca. Numericai

probabilicies of supply and of iemand are then assigned to each zone cor

each element. These are multiplied to produce a "probability of least •£ ¿° '
9



social i t" (or máximum social benefit). These least social cost

probaV -ies are then multiplied across the elements to produce a

total fo the route alternative under examination.

The approach is tailored and perhaps limited to project

situations requiring comparison of siting alternatives. The range

of environmental factors exaroined is very limited, but presumably

could be expanded to cover more adequately ecologlcal, pollution, and

social ennsiderations.

Since procedures for determining supply and demand probahilicics

are not aescribed, it is difficult to anticípate the amounts of data, man-

power and money required to use the approach. The pnmary limitatious of

this methodology are difficulties inherent in assigning probabilities,

particularly demand probabilities, aad the Implicitly equal weightings

assigned to each element analyzed vhen multiplying to yield an aggregace

score for an alternative. Ctf

12. Sorensen, Jens, A Framework for Identification and
Control of Resource Degradation and Conflict in
the Múltiple Use of the Coastal Zonc, Berkeley*
University of California, Department of Landscape
Agriculture (1971), and Sorensen and James E. Pepper,
Procedures for Regional Clearinghouse Review of
Environmental Impact Statements — Phabe Two, report
to the Association of Bay Arca Governmcnts (April
1973).

These two publications present a network approach uscble for

environmental impace analysis. The approach is not a full methodology bac

ratncr a ¿uide to the identification of impacts. Several potential uses

of the California coastal zone are examined through networkt, relacing

u¿cs-to causal factors (project activities)-to first order condición

changes-co second and third order condition changes, and finally-ro

efteets. The major strength of the approach is its ability to identiry

the patnways by wnich both pnmary and secondary environmental impacts

are proüuceo.

The second refe«:ence also indicates types of daca relevane co

each effece identified, though no specific aessurabie indicators are

ousgcstcG. In this reference some general criteria for identifying prosees

o£ regional significance are suggested, based on project size and types o.

iup¿icts generated, particularly land use impacts.

10



Because the preparation of the required detailed netvorks is

a major undertaking, che approach is presently llmited Co some commerclal,

resídential, and transportatlon uses of the California coastal zone for

which networks have been prepared. An agency vishing co use Che approach

In other circuiostanees might develop the appropriate networks for reference

in subsequent environmental impact assessments.

13. Stover, Lloyd V., Environmental Impact Assessment:
A Procedure, Hiami, Florida: Sanders and Thomas,
Inc. (1972).

This methodology is a checkÜ6t procedure for a general

quantitaCive evaluación of environmental impacts from development activities

The type and range of Chese activities is noc specified, but is believed

to be comprehensive. Flfty different impace parameters are sufflcienC to

include most possible effeces, and thereby allow much flexibillty. Sub-

parameters indícate specific impaces, but there Is no indicatión of how

the individual measures are aggregaced inCo a single parameter valué. While

spatial differences in impacts are not indicated, both Inicial and future

impaces are included and expllcltly compared. Resource requirements are

modérate co heavy, especlally in terms of an interdisciplinary personnel

team vhicn grovs as more subparameters are included, requiring additional

expertise in specific áreas. However, che actual measurements are not

bct,cd on specific entena and are only partially quantitative, with seven

possible valúes ranging from an extremely beneficial impace to an excruacly

detrimental one. Therefore, there is potencial for ambiguous and subjeccive

resuits, wich only modérate replicabilicy. Impace áreas are implicitly

assumcd co be of equal importance. A specific meChodology is mentioned

for cnoosing the optimum alternative in terms of benefits and adverse

effects. The procedure for alternatives comparison may be Che most

lnterestmg aspect of the procedure, with resuits given in terms of che

proporcional significance of an impace vis-a-vis other poCenCial alterna

tives. There is no cxplicic mention of either public involvemene in the

process, or environmental risks.

The impace assessment procedure is presented as only one step

in a cotrl evaluación scheme which includes concepts of dynamic ecológica!

Gtabillcy and other ideas. An actual descripción of che encire process

is noc included, novever.

11



14. Multiagency Task Forcé, "Guidelines for Implementing
Principies and Standards for Multiobjectlve Planning^
of Water Resources", Review Draft, Washington: U.S.
Bureau of Reclamation (1972).

The Task Forcé approach is an attempt to coordínate features

of the *ater Resources Councll's Proposed Principies and Standards for

Plannin? Water and Related Land Resources with requirements of NEPA. Ic

develop^ a checklist of environmental components and categories organized

In the -jame manner as the WEC Guidelines. The categories of potential

impace- ?-:amined deal comprehensively with biological, physical, cultural,

and hifcical resources, and pollution factors but do not treat social or

economi' 'mpaets. Impacts are measured in quantitative terms where possible

and also rated subjectively on "quality" and "human influence". In

addition, uniqueness and irreversibility considerations are included where

appropriate. Several suggestions for summary tables and bar graphs are

offered as Communications aids.

The approach is general enough to have wide dpplicaDility to

various types of projects, though its impace caCegories are perhaps

better Cailored to rural than urban environments. No specific data or

othet resources are required to conduct an analysis, though an interdisci

plinary project team is specified to assign the subjectlve weightings

Since quality, human influence, uniqueness, and irreversibilicies are all

uubjectlvcly rated using general considerations only, rcnults produced

by the a;proach may be nighly variable. Significant ambiguitics Include

a generally inadequate explanación of how human influence impacts are to

be rated and interpreted

Key ideas incorporated in the approach include explicit Identifi

cation of the without-project environment as distlnct from present conditlons,

and use of uniqueness racing system for evaluating quality and human

influence (worst known, average, best known, etc). The m<_thodo]oKy i-í

unique ai»ong those examined in not labeling impaces as environmencal

benefits or coses but only as impacts to be valued by others. The approach

also argües against 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).

Det,pite the title, this methodology can be considered a checklist

under the definitions used here since, though a display maerix is used to

summarize and compare che impaces of projece alternaeives, impaces are

not linked to specific projece actions. The approach vas developed to

deal specifically with reservolr construction projects but could be readily
adapted to other project Cypes.

Potential impacts are identified within three broad objectives:

environmental quality, human life quality, and economics. For each impace

type identified, a series of factors are described, indicaCing possible

measurable indicaCors. Impace magnicude is noC measured in physical units

but by a relative impace syseem. This system assigns the future staCe of

an environmencal characeeristic vithout the project a acore of zero; then

assigns the project alternative possessing the greatest impact on thac

characteristic a score of +5 (for posltive impact), or -5 (for negative

impace), All ocher aleernacives are assigned acores betveen 0 and 5 by
comparison. The raw scores Chus obtained are multiplied by weights

deterrained subjectively by the impact analysis Ceam.

Like ehe Georgia approach, che Tulsa meChodology tests for Che

significance of differences between alternatives by introducing error

í.ictort, and conducting repcated runs. The statistical manipulatioas

are different from those used in the Georgia approach, however, and con

sidered by the Corps' writers to be more valid.

Resource requiremenes of che Tulsa meChodology are variable.

Since specific Cypes or levéis of data are noe required, daca needs are

quice flexible. The consideración of error, however, requires specific
skills and compucer facilicies.

The major limications of ehe approach, aside from che required
computerization, are the lack of clear guidelines on exactly how to

Ecasure impaces 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, replicability of analyses made using

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

13
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mcasuru^ents are relative, it may also be difficult in some cases co deal

with i -"'-s that are not clearly definable as gains or losses.

The key ideas of wider lnterest Incorporated in the Tulsa

approac ¿nclude reliance on relative rather than absolute impace

cíeasure ^t, statlstical tests of significance wilh error intróduction,

and sper^jic use of the no-project condition, as a base line for impace

evalúaCuju.

16. Walton, L. Ellis, Jr., and James E. Lewis, A Manual
for Condueting Environmental Impact Studies, Virginia
Highway Research Council (January 19/1) (available
through the Nacional Technical Information Service
PB-210 22?). ~ -

rhe Walton methodology is a checklist, unique in its alraost

total reiionce on social impact categories and strong public participation.

The approach was developed for the evaluation of highway alternatives and

Identifies different impact analysis procedures for the conceptual,~-

corridor, and deslgn states of highway planning. All impacts are measurea

by eitner their dollar valué or a veighted 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

representative of each facility or service impacted

Resource requirements for such a technique are highly sensitive

to projece scale. The extcnsive interviewing required may make the approach

impractical for many mcdlum-sizc or large projects because agencies pre

paring ¿.mpact statements seldom have the necessary manpower or the money

to contract for such extenslve Interviewing. , J

Analyies produced by the approach may have very poor rcplicabilicy

due ,_o che lack of specific data used and the criticality of the decisión

regarding boundaríes of the analysis since many impacts are measured in

numbers of people affected Theie Is also no means of*systemaLically

taking Into account the extenr to which these people are affected.

The key ideas of broader lnterest put forth by the approacn

ore the use of only social impacts without direct consideration of otner

Ai-pacts (pollution, ecology, etc), the heavy dependence on public m-

voiveaeic and specific suggestions on how the public may be involved,

£_*ic ^ne recognition of the need for different analyses of different sc^¿eü

oí project development. X4



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

The Environmental Guidelines are intended primarily as a planning

tool for sitlng power generation and transmisslon facilities However,

they address many of the concerns of environmental impact analysis and

have been used in the preparation of impact statements. Viewed as an

impact assessment methodology, the approach is an ad hoc procedure,

suggesting general áreas and types of impacts but not listing specific

parameters to examine.

The approach considers a range of pollution, ecologlcal,

economic (business economics), and social impacts but does not address

secondary impacts such as induced grovth, or energy use patterns. The

formac of the approach is an ouCllne of considerations importanc to the

selection of sites for each of several types of facilities — e.g.,

thermal generatlng plants, cransmission Unes, hydroeleceric and pumped

storage, and substaCions. An addicional sección offers suggestions for

a public Information program.

Since the approach does not suggest specific means of measuring

or evaluatlng impacts no particular types of data or resources are required

The application of this approach is limited to the siting of electric

power facilities vith lítele carry over co other types of projects.
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Appendix B

(Bibliography of Impace Methodologies
from Smith and Not Included in Appendix A)

Ad Hoc Committee Approach

1. Eckenrode, R T. "Weighting Mulciple Criteria." ManigemenC Scienco

Vol. 12, No. 3. 1965.

This meChodology is not directed coward environmencal impace per ***»

bur o the handling of múltiple criteria in general. A team uf bix co

LWt L.e experts rate the importance of entena using several different

rnnkmg and rating techniques on a subjectlve basis The outeome*. are

compared for agreement or disagreement. This basic approach has been

employed in developing weighting scores for various impact methodologies

2 Lamanna, R. A. "Valué Consensus Among Urban Residents" Journal of thg

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

Priority áreas of concern are identified by means of responseb co a

saraple survey. Persons interviewed are presented with a list of poLen-

tial concerns and are asked Co weighc elemencs accordang to imporrance

on a 3 co 1 scale, 3 being most important This method doe-3 noc insure

a ;ound basis for indicated preferences, and would only determine prob

able áreas of lesser or greater impacts, not extent of impact jtself

3. McKenny, C E.B , et al. "Interstatc-75, Evaluation of Comdoib Pro-

posnd for South Florida." University of Miami Center for Urban Studics

for Tlorida DeparcmenC of Transportación. 1971.

An ad-hoc incerdiscipl inary panel of experts is convened lo co isi.lir

che qu.ilit.iLlvc advaiiLaKí'U and dLh.idvanL.ini"* of propon,,.! rom i.. mil< iu»



a recommendation based on a consensus judgment. Subunics of Che panel

prepare wnccen reports of probable impacts in their área of expertise

These reports are then discussed in a senes of deliberative sessions

and agreement on a recommendation is reached.

This method has been widely employed. It is doubtful, however,

whether extensive expertise could be brought to bear on all projects in

a consistent manner, and whether sufficient time would be available for

the painstaking preparation of reports and deliberations on a case by

case basis.

Lacate, D. S. "The Role of Resource Inventones and Landscape Ecology

in the Highway Route Selection Process." Department of Conservation,

Cornell University. 1970.

Highway route alternatives are compared and Che optimum route se-

lected based on a subjectlve analysis of "resource inventones." A

resource inventory is simply the process of collecting data on a parcic-

ular factor of social, economic, or environmencal concern. The informa

ción produced by the resource inventones is aggregated in a series of

overlay maps, thus, the method is accually che same as the McHarg method

Unlike McHarg, however, specific features and details are not transformad

into chree color shades for evaluation at a generalized, macro-scale

level. This technique, cherefore, while avoiding the possible misinter-

pretation and unintentional neglect resulting from simplification, lacks

ease and clarity in employment.

Only four overlay maps are prepared in the case scudy presented

The first displays the various land uses, Che second, cype and intensicv

of farming; the third, soils, and the last, localized historie, cultural,



, nd >•* wironmcntal valúen. A large series of overlays would easily re-
t

si*l m some feacures being buried in detall. The advantages, in face,

oí 'iis method over a general collection and analysis of available

mrcmiation is difficult to determine.

5. BakL., R.W., and Gruendler, J. D. "A Case Study of the Milwaukee-Creen

Boy Interstate Corridor Locatíon." Paper presented at Highway Research

Board Summcr Meeting. 1972.

This method, developed at the Environmental Awareness Center of the

University of Wisconsin's Department of Landscape Architecture, is a

computer application of McHarg's overlay method. Considered is a broad

ran¿e of factors including environmental, engineering, economic, and

social aspecLS. Ten Increments of shading are used to describe the

total range of valúes varying from dark (more suitable) to light (least

suitable) for each environmental parameter. The parameters are weignced

according to relacive importance (the weighting method is not described)

This cechnique, like McHarg's, does not predict actual impact, but

only áreas of greater or lesser impact. It does delinéate those locations

for which more detailed studies might be conducted.

6 Turnur, A K. , and Hausmanis, I. "Computer-Aided Transportación Corridoi

Selección in the Cuelph-üundas Arca, Ontario, Canadá " Paper presrnted

at Highway Fesearch Board Summer Meeting. 1972.

This i& another application of the computer overlay method. The vari

ous parameters considered are weighted on a scale ranging from 1 to iO

7 Manheim, M. L. , et. al. "Community Valúes in Highway Locatíon and Debign

A Procedural Cuide". Urban Systems Laboratory, MIT, for mghwny RcoarJi

Board Scptembcr, 1971.

\

15



Coordinación between an interdiciplinary "locación study team" and

communicy groups is used in idencifying impacts, the interests affected

by che impacts, and appropnate spokesnen for those interests. An im

pace matrix is devised for each affected inceresc to describe desciptive-

ly each alternative and the corresponding impaces. The información

concained in the matrix may be qualicative, pictorial, or numeric. Ic

is the responsibility of the locatíon team to use this information in

assisting a "politically responsible official" to make a decisión 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 resera-

bles the method developed by Leopold in both its application and its

shortcomings.

8. Highway Research Section, Engineering Research División, Washington

State University. "A Study of the Social, Economic and Environmental

Impact of Highway Transportation Facilities on Urban Communities." For

Washington State Department of Highways. 1968.

Three fonos are to be completed for each alternative route for

evaluation: one based on appearance consideration, one on sociological

considerations, and one on economic considerations. Various paramecers

descnbing each of these three subjecc áreas are listed on the respeccive

form.

In evaluatlng a particular route on appearance, for example, a number

between 1 and 10 is assigned to each appearance parameter to describe

Che rouce's "desirabili.ty" for r'i *t paramecer. The racing is Co be done

subjecLivcly by Che "administróte,- and his staff." "^c rating numbt r ls



then multiplied by a weighting factor which has been established bv ad-

ministrators and interested citizens prior to the route rating process,

the weights are to reflect the objectives the road is 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 0-5 years, 6-25 years,

and 26-50 years—the weights and desirability rating may change with

time. The combined 50 year weighted ratings for each appearance factor

are aggregated to indícate the overall appearance rating. If a route

has similar conditions throughout its entire lengeh, le can be rated

as one.sección. If not, the overall rating for a portion is multiplied

by che raeio of les lengeh to that of the.entire route. (This process,

unfortunately, would make the importance of a particular portion depen-

dent upon les lengeh. Also, no crieerla are presenced co deeermine when

similar condiciona are or are not present.)

Finally, the total weighted rating valúes on ehe appearance, socio-

logical, and economic forma completed for each route are listed with

construction cost and other monetary considerations on a "Route Compari

son Form." This method is very subjectlve, and as is stated, its valué

"depends on ehe skill and ability of the user." Quaneification in this

technique appears to be primarily for ehe purpose of making the decisión

process systematic.

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

Matrix Applied to Transportación Plans." Doctoral dissertaeion, University

of Pennsylvania. 1966.
i

A macrix is prepared. Across one axis are specific environmental

goals (decrease in air pollution, etc.); the ocher axis concains various

¿



land use categorles (residential districts, open space, etc.), subdivxdcd

into specific área, buildings, and so forch, which are affected. At each

specific subdivision-goal intersection, a "+," "-," or "»" is used to

indícate for each alternative route whether there is 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 resuits of the more specific intersections

as a basis for judgment. In other vords, each alternative is first com

pared against the attainment of a goal for a group of specific locations,

then compared against anoeher 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 Che 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 matrix vertically, a com

parison can be made in terms of one goal and all ehe land use categories.

Many subjeccive decisions are required wich Chis method, both in de-

tennining goal achievement for an alternative, and in determining the

relative importance of each land use category and each goal. Further

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

goals are met ehan to assessing environmental consequenceB of meecing

these goals/objectives.

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

portation Requirements - Papers and Discussions. American Society of

Mcchanlcal Engineers. 1969.

\p



Ihi» technique was designod to evalúate systems in terms of economic

and social factors; the method could possiblv be applied to environmental

factors. A utility Índex similar to the "valué functions" dcvised by Lhe

Bartelle method is employed. Instead of one fuction defining the quality

stare, two functions representing the upper and lower limits are presented

The evaluator is allowed to make a decisión somewherc 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 verticle axis to a0-10 utility scale. Zero on the utility

scale represents the best situation, ten the worst, and the utllícy índex

for each factor is translaced directly into dollar figures. This dubious

procedure is intended to put actual dollar signs on intangible valúes,

with the total evaluation based on relative costs and benefits among

alternatives.

11. Oglesby, C. H., Biship, C., and Villeke, G. "Socio-Economic and Communlty

Factors in Planning Urban Freeways." Stanford University research pro

ject for California Transportation Agency. October, 1969.

lor tiloso nonmonetary aspects of a hip,hway project n "profilo" 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 is 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. Th,

resuits for all factors considered are shown diagramatically on a scale

from -100 (worst) to +100 (best). Any alternative routes that are .learlx

aominated are eliminated. Paired compansons are made for the rerc.inin,

is:



alternatives Subjectlve decisions are required, as each factor is con

sidered separately (there is no categonzation or grouping) and there

is no ranking of factors. The concept expressed is that an irreducible

level exists ac which subjectlve erade-offs must be made and that a

systematic, organízed process of daca presencation is most appropnate.

12. Southeastem Wisconsin Regional Planning Commission. "Land Use Trans

portation Study - Forecast and Alternative Plans. 1990." Vol. 2

Plan Report No. 7. June, 1966.

Various environmental objectives are scaced. These are ranked in

order ofimporcance for each sicuation, then weighted valúes are assigned

on a direct reverse listing of the numencal importance rank. Each of

the alternative projects or rouces is then rated againsc the environmental

objectives~no particular rating valué system is specified. The two num-

bers for rating and ranking are multiplied together for each objective,

and the resulting valúes for all the objectives are added for each alter

native. These final valúes represent the evaluation of specific alterna

tives against their achievement of the objectives and can be used for

comparison against each other.

In Chis meLhod, Che assLgnment of woighLs is arbitrary rather chin

objective. Subjectlve judgments are required in ranking and m the

rating of alternatives against the objectives. Some measure of the

relative valué of alternative plans is achieved, but impact ítself is

not determined.

Checkliscs - Type C

12. Dearinger, J. A. "Eschetic and Recreatlonal Pocencial of Small Naturaliscic

Streams Near Urban Áreas." Water Resources Insticcte, Imiversity of Kentuckv

April, 1968.



This technique was deuigned for evaluatlng esthetic and recreatlonal

aspects of small streams. Environmental faVtors, such as water quality,

wildlife. and scenic views, were weighted on ascale from 1to 5'depend-
ing on their importance for types of potential recreatlonal uses, hiking

trails. canoeing áreas, etc. In evaluatlng a locatíon, arating number

is established for each particular environmental factor in each use cate-

gory. This number is between 1and 10 and is determined through aset

valué function (e.g., BOD and,turbidity for water quality). The weighing

and rating numbers are multipled for each factor and the resuits from all
the factors added for each type of use. This final number is made a

percentage of the number that would apply to the suitability of the lo
catíon for ause if all conditions were optimum (all rating numbers equalv

to 10).

13. Orlob, G.T., et. al. "Wild Rivers: Methods for Evaluation." Water Re-
. sources Engineers, Inc. for the U.S. Department of the Interior'. October,

1970.

Nonmonctary and intangible valúes are expressed in dollars, on the

premias that such valué, are at least equal to the economic development
bcMcf.cs that are foregone ir favor ot preservación, .,nu that nonmon.L.ry

benefits equal between 0.25 and 2.0 times monetary benefits/ Environmental
valúes can then be sub3ected to the benefit-cost analysis. The assumptions

mace in this method are arbitrary, and no provisión is made for analyzinü

che nonmonetary environmental impacts of development. The evaluations re

quired are very lengthy mathematical computations.

,'/
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Interacción Macrices and Necworks

for Impact Assessment

by

L W Canter*

Various methodologies for environmental impact analysis have been devel

oped since the passage of the National Environmencal Policy AcC. There is no

universal methodology due to che diversity of projects and predicted impaces

encountered in ageney-proposed actions This discussion is a presentation of

principies and examples of two categories of methodologies, namely, interacción

matrices (or simply, matrices) and necworks

I. Definitions (1)

A. Matrices These methodologies incorpórate a list of project activities

m addition to a checklist of pocencially impacced environmencal char-

acceristics. These cwo liscs are relaced in a matrix which idencifies

and impacts Matrix methodologies may specify which actions impact

which environmental characteristics or may simply list the range of

possible actions and characteriscics in an open macrix to be compleced

by che analysc

B Necworks These mechodologies work from a lisc of projece activities

to escablish cause-condiCion-effecC necworks. They are an aCCempt to

recognize that a series of impacts may be triggered by a projece acción,

JL

Dircccor, School of Civil Fngineering and Environmencal Science, Universicy of
Oklahoma, Norman, Oklahoma
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These approaches generally define a set of possible networks and allow

the user to idcncify impacts by selecting and cracing ouc the appro-

t,riate project actions.
•t

II. Leopold Interactlon Matrix (2)

A. Principie of the Method

Basic principie is Che use of amacrix wich 100 different specified

actions and 88 environmental Ítems. An impact is identified at the

interactlon between an action and an environmental Ítem. See Figure 1

List of actions'and Ítems in Table 1.

!
B. Interatctions

1. Described in terms of magnitude and importance.

2. Magnitude

¿lo '
a) related to extensiveness or scale

b) objective evaluation based on faces

c) scale from 1 eo 10; 10 represencs greacest magnitude; 1

represents lowest.

3. Impon.un i»

a) related to significance

b) subjectlve evaluation based on the judgment of interdiscipli

nary team

c) scale form 1to 10; 10 represents mose importanc, 1 the least

important

C. Evaluation of the Leopold Interacción Matrix

1, Can be expanded in either direction<

2. Can be used as:

-2-
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FIGURE 1 Leopold Inceraccion MaCrix
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TABLE 1 Actions and ítems in Leopold InCeraccion Macrix

i'atcgorv

A.

Modificación

of Regime

Actions

No. Description

a. Exotic Fauna

Introduction

b. Biological
Controls

c. Modifícation of

Habitat

d. Alteration of

Ground Cover

e. Alteration of

Ground Water

Hydrology

f. Alteration of

Drainage

g. River Control
and Flow

Modificación

h. Canalización

i. Irrigación

j. We.iCher

Mod it ical loii

k. Burning

1. Surface or

Paving

m. Noise and

Vibration

B.

Land Trans a. Urbanization

formación

and

Construcción

b. Industrial Sites

and Buildings

c. Airports

d. Highways and
Bridges

e. Roads and Trails

, f. Railroads

Environmental ítems

CaCegory

A.

Physical
and

Chemical

Character

istics

1. Earth

No. Description

a. Mineral Resources

b. Construction

Material

c. Soils

d. Land Form

e. Forcé Fields and

Background
Radiation

f. Unique Physical
Features

2. Vater a. Surface

b. Ocean

c. Underground

d. Qu.iliLy

e. lempcrature

f. Recharge

g- ^Snow, ice, and
perma frost

3. Atmos a. Quality (gases,
phere particulaees)

4. Processes

-4-

b. Climate (micro,
macro)

c. Temperature

a. Floods

b. Erosión

c. Deposition
(Sedimentation,
precipication)



Actions/ Environmental ítems

Category No. Description

•••

Cat egory No. Description

g. Cables and Lifts d. Solución

h. TLansmission

Lines, Pipelmes
and Corridors

e. Sorption (ion
exchange, complex-

mg)

i. Barriers in

cluding Fencing
f. Compaction and

Settling

J-

k.

1.

Channel Dredg-
ing and
Straightening

Channel Revert-

ments

Cañáis
B

g*

h.

i.

Stability (Slides,
Slumps)

Stress Strain

(Earthquakes)

Air Movements

m. Dams and Im-

poundments
Biological
Conditions

n. Piers, Drawalls,
Marinas, and

Sea Termináis

1. Flora a.

b.

Trees

Shrubs

o. Offshore

Structures

c.

d.

Grass

Crops

P* Recreatlonal

Structures

Blasting and
DnJ Lmg

e.

f.

g-

Microflora

Aquatic Plants

Endangered Species

r. Cut and Fill
h. Barriers

s. Tunnels and
i. Corndors

C.

Resource

Extracción

a.

Underground
Structures

Blasting and
Drilling

2. Fauna a.

b.

c.

Birds

Land Animáis Incluí

Reptiles

Fish and Shellfish

b. Surface Excava-

tion

d.

e.

Benthic Organisms

Insects

c. Subsurface

Excavation and

Retorting

f.

g-

Microfauna

Endangered Species

d. Well Dredgmg
and Fluid

Removal

h.

i

Barriers

Corridors

-5-



Category

D.

Processing

E.

Land

Alteration

Actions

No. Description

a.

b,

c.

d.

e.

f,

g

h.

i,

j.

k,

1.

m.

n.

o.

Dredging

Cleai Cutting and
Other Lumbenng

Commercial Fish-

ing and Hunting

Farming

Ranching and
Grazing

Feed Lots

Dairying

Energy Generation

Mineral Processing

Metallurgical
Industry

Chemical Industry

Textile Induscry

Aucomobile and

AIrcraft

Oil Refinmg

Food

Lumbenng

Pulp and Paper

Produce Storage

Erosión Control

and Terracing

Mine Sealing and
Waste Control

Strip Mining Re-
habiliCaCion

Landscaping

Harbor Dredging

Marsh Fill and

Drainage

Environmental ítems

Category No. Description

c.

Cultural

Factors

1. Land Use a. Wilderness and

Upen Spaces

b. Wetlands

c. Forescry

d. Grazing

e. Agriculture

f. Residencial

g- Commercial

- h. Industry

i. Mining and Quarryíng

2. Recrea a. Hunting

tion
b. Fishing

c. Boating

d. Swimming

e. Camping and Hiking

f. Picnicking

g- Resores

3. Aesthctic a. Scenic Views and

and Human Viscas

InCeresC
b Wilderness QualiCies

c. Open Space QualiCies

d. Landscape Design

e. Unique Physical
FeaCures

f. Parks and Reserves

g Monumencs

h Rare and Unique Spec

-6-
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Hiscorical or

Archaeological Sites
and ObjecCs

Presence of MisfiCs



Category

F.

Resource

Renewal

Changes in
Traffic

H

Waste Re-

placement

and

Treatmenc

Actions

No. Descripción

a. Reforestation

b. Wildlife Stocking
and Management

c. Ground Water

Recharge

d. Fertilization

Application

e. Waste Recycling

a. Railway

b. Automobile

c. Trucking

d. Shipping

e. Aircrafc

f. River and Canal

Traffic

g. Pleasure Boating

h. Trails

i. Cables and Lifts

j. Communication

k. Pipeline

a. Ocean Dumping

b. Landfill

c. Emplacement of
Tailings, Spoils,
and Overburden

d. Underground
Storage

e. Junk Disposal

f. Oil Well Flooding

g. Deep well
emplacement

Environmental ítems

Category No. Description

4. Cultural

Status

c,

d,

5. Man-Made a.

Facilities ,

and

Activities

c.

d.

e.

f.

D.

Ecologlcal a.
Relatlonships

Such As. .

c.

d.

e.

f.

g-

Others

Cultural Patterns

(Life Style)

Health and Safety

Employment

Population Density

Structures

Transportation Network
(Movement, Access)

Utility Networks

Waste Disposal

Barriers

Corridors

Salinízation of

Water Resources

Eutrophication

Disease-Insect Vectors

Food Chains

Salinízation of

Surficial Material

Brush Encroachment

Other
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Cale¿ory

Actions

No. Description

h. Cooling Water
Discharge

i. Municipal WasCe
Discharge In-
cluding Spray '
Irrigación

-

j. Liquid Effluent
Discharge

k. StabilizaCion

and Oxidación

ponds

l.; Septic Tanks, •
Commercial and

Domestic'

m. Stack and

Exhaust Emission

n. Spent Lubricante

I.

Chemical

Treatment

a.

b.

Fértilization

Chemical De-

lcing of
Highways, etc.

c. Chemical

1Stabili/ation j
of Soil

d. Weed Control

e. 1 Insect Control '

(pesticides)

- Accidente a. Explosiona

b. Spills and
Leaks

c. Operational
F.ulure

ÜLherh

Environmental ítems

Category No. Description

/
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a) gross screen for Identification purpose

b) technique for visual display of impacts

3. Can be used for various temporal phases of the project under

consideration:

a) construction

b) operation

c) post-operation

A. Can be used for various spatial boundaries

a) site

b) región

5. Used to define three levéis of impact

a) major (important)

b) intermedíate

c) minor

6. Can show plus or minus impacts

7. Summatlon of rows or columns might offer some insights, as well as

product of magnitude and importance valúes

8. Very minimal focus on socio-economic considerations

III. Variations of Leopold Interactlon Macrix

A. Airport Projects

1, Examples of FAA InCeraccion macrices are shown in Tables 2 and 3

(3). It should be noced that the types of actions and the environ

mental items have been altered from the Leopold Interactlon Matrix

a) used basically for Identification of impacts in terms of +,?-,

or *>

-9-
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Table 3: FAA Environmental Impace Idencification Macrix

Actions Causing

Lnvironmental Impace

Category

1. Land Alteration/
Construction

2. Traffic Changes

3. Safcty/Accidents

4. Resource Use and/or

Development

Action

Landscaping
Flora/Fauna
Burning

Filling
Dredging
Clearing
Drainage
Land Surfacing
Excavation

Road/Trails

Airports
Transmission

Lines

Pipelines
Barriers

Plers, Seawalls

Structures

Antenna

Vehicles

Aircraft

Pipeline
Communication

Marine

Operacional
Failure

Explosiona

Leaks

Radiación

RcLycling

Groundwater

Wildlife

Reforebtra-

t ion

Farming

A/C Manufac-

turing

Existing Factors -

of Che Environmeric

Category

Quality Standards

Resources

Socio-Economlcs

Ecologlcal/
Biological

Áreas of Significance

Factor

Air Quality
Croundwater Quality
Surface Water Quality
Soil Quality
Landuse Planning

Ambient Noise

Airspace
Mineral

Scientific

Historie

Cultural

Scenic

Recreation

Land

Public Health

Safety
Employment
Public Services

Mobility
Congestión
Houslng
Displace People

Disrupc Communlty
Tax Base

Racial Ethnic

Disease Vectors

Salinízation

Eutrophication
Crops
Trees

Ground Cover

Rare Species
Animáis, Land

Marine Life

Aves

International

Federal

Regional

-11-
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Actions Causinf
Environmental Impact

Category

5. Use of Wastes and

Chemical

6. Activlty Phase

7. Other

Action

Power/Energy
Use

Manpower
Finance

Emisslons,

Vehicle

Emissions,

Aircraft

Chemical Dis- '
> persal .
Need Control ,
Insect Control

Deicing
SoilStabili-

zation

Sewage Dispos

al

Junk

Oils/Lubri-

'cants

Needs/Priority
Planning/Design
Slting
Construction

Operation

Category

-12-

Existing Factors
of the Environment

Factor

State

Local
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b) other subjeccive scales may be developed and used if described

2. Another example of an airport matrix is shown in Table 4 (4)

B. Highway Projects

1. Table 5 contains an Interactlon matrix developed for highway

projects (5)

2. The matrix in Table 5 is used only for Identification of impaces

C. Earthfill Dam (6)

1. Table 6 contains an interactlon matrix for an earthfill dam

2. An indication of the potential impact of each alternative on vari

ous environmental factors is shown. There are 11 possible impacts

neutral, 5 ranges of beneficial,'and 5 ranges of detrimental.

D. Short Versions of Leopold Interactlon Matrix (6)

1. Table 7 contains an environmental analysis matrix for a coal mine

2. Table 8 is for a generation plant, county road, and railroad

3. Table 9 is for a water supply system

4. Table 10 is for a transmission line

E. Construction Planning Interactlon MaCrix (7)

1. Table 11 shows a construction phase interactlon matrix developed

by the Corps of Engineers

2. Altérnate methods of accomplishing various construction operations

are presented

F. Interaction Matrix with Consideration of Probability of Impact (6)

1. Table 12 was developed for a phosphate miníng léase in California

2. Each impact is assigned a magnitude and importance on a scale from

1 to 3 (1 represents léase impact, 3 represents greatesc impace).

In addicion, each impace is assigned a probability of oceurrence

-13-
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Table 4: Alrport Interactlon Matrix

Environmental Actions Environmental ítems

Phase

Planning

Construction

Operations-Direct

Action

a) Field Surveys
b) Rczonlng
c) Siesmology
d) Advertising
e) Land Aqulsi-

tion

a) Clearlng'
b) Paving
c) Sewage Dispos-
* al

d) Blasting
e) Grading
f) Construction

Traffic

g) Fencing
h) Importing and
i) Dep. Materials •
i) Burning
j) Excavation
k) SoilStabilization

1) Access Roads
m) Equipment
n) Water Lines

o) Earth Fill
p) Revegctation
q) Cleanup
r) lluLWUnj's

a) Air Approach
b) Air Traffic

Clear

c) Passenger Traf
fic

d) Freight Traf
fic

e) Fuel Transpor
tation

f) Navigation
g) Radar
h) Communications
i) Security
j) Lighting
k) Services-Food,

etc.

Category

Physical Aspects

Biological Aspects

Sor io-Economlc

Aspects

r14-

ítem

Locatíon

Topography
Temperature

Wind

Rain

Drainage

Erosión

-Runoff

Groundwacer

Surface Water

Mineral Resources

Water Quality

Noise

Air Quality
Geology

Solí

Rookeries

Insects

Shrubs and 'Trees

Grass Cover

Forage

Endangered Flora
Endangered Fauna
Wildlife

Fish

S.ifety ll.i/.irds
Transportation
Populación
Recreation

Public Health

Housmg

Economy

Agriculture
Industry

Land Use

Taxes

Real Escace

Pólice 'Protec

tion

Fire Protection

Telcphone
Sewers

Water



Environmental Actions

Phase

Operations-Indirect

Action

1) Fuel Storage

a) Commerical Dev.

b) Industrial Dev.

c) Regional Dev.
d) Housing
e) Public Facili

ties

Environmental ítems

Category

Cultural Aspects

sltem

r) Electricity -
s) Natural Gas

a) Historie Sites
b) Archeology
c) Paleontology
d) Aesthetics
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Table 5: Highway IntereacClon Matrix

Actions Which

May Cause Impact Environmental Conditions

Category Sub-Category Action Category Sub-Category Action

A. Elements of Design and Locatíon

1. Modífication of Regime

a. Modification of Habitat

b. Alteration of Groundwater

Hydrology
c. Canalization

d. Irrigation
e. Surfacing and Paving

2. Land Transformatlon and Construc

tion

a. Highways and Bridges
b. Roads and Trails

c. Barriers Including Fenclng
d. Channel Dredging and Straight

ening
e. Channel Revétmenta

f. Dams-Impoundments
g. Piers-Seawalls
h. Recreatlonal Structures

i. Cuc and Fill

j. Tunnels and Underground
Structures

k. Erosión Control

1. Landscaping
m. Harbor Dredging
n. Marsh Fill and Draining
o. Scenic Waysides
p. Junkyard and Billboard Renoval

3. Well Drilling

4. Resource Renewal and Protection

a. Reforestatlon

b. Scenic Strip Acquistion

5. Changes in Traffic

a. Railway
b. Automobile

c. Trucking

A. Physical and Chemical Characteriscics

1. Earth

a. Mineral Resources-Precious

b. Mineral Resources-Common

c. Soils

d. Land Form

2. Water

a. Surface

b. Ocean-Estuaries

c. Underground
d. Snow-Ice

e. Recharge-Percolation
f. Qualtiy
g. Temperature

3. Atmosphere

a. Quality
b. Climate

c. Temperature

4. Processes

a. Floods

b. Erosión (Air or Water)
c. Deposition (Air or Water)
d. Solutlon

e. Compactlon and Settling
f. Stability (Slídes and Stumps)
g. Air Movements
h. Fire

i. Evaporation

B. Biological Conditions

1. Flora

a. Trees

b. Shrubs

c. Crass

d. Crops
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Action Which

May Cause Impact Environmental Conditions

Category Sub-Category ^Action Category Sub-Category Action

d River and Canal Traffic e. Microflora

I e. Pleasure Boating f. Aquatic Plants
f. Trails g. Endangered Species
g. Communication h. Barriers

h. Pipeline i. Corridors

B. During Construction 2. Fauna

l 1. Modifícation of Regime

a. Exotic Flora and Fauna Intro-

duction

b. Biological Controls
c. Alceracion of Ground Cover

d. Alteration of Drainage ,
e. River Control and Flow Modifí

cation ,

f. Burning

2. Land Transformation and Construc

tion

a. Blasting and Drilling
b. Marsh Fill and Drainage
c. Clearing and Grubbing
d. Dams-Impoundmencs
e.

3. Resource Extracción

a. lU.isLing and Drilling
b. Surface Excavation

c. Subsurface Excavation

d. Well Drilling and Fluid Removal

e. Dredging

4. Changes in Traffic

a Railway

b. Automobile

c Trucking

d. River and Canal Traffic

c. Pleasure Boating
f. Trdils

g. Communication

h. Pipeline

b. Land Animáis

c. Fish and Shellfish

d. Other Aquatic Organisms
e. Insects

f. Microfauna

g. Endangered Species
h. Barriers

i. Corridors

C. Cultural Factors

1. Land Use

a. Wilderness

b. Open Space
c. Wetlands

d. Forestry
e. Grazing

f. Agriculture
g. Residential

h. Comiw r 1c il

i. industrial

j. Lakes and Rivera

2. Recreación

-17-

a. Huncing

b. Fishing
c. Boating

d. Swimming

e. Camping

f Hiking

g. Picnicking
h. Resores

i. Winccr Sports

J- Rockhounding

í



Category

Actions Which

May Cause Impact

Sub-Category Action

5. daste Hmplacement Treatment

a I mdfiH

b. Ltnplacement of Tailings,
Spoil and Overburden

c. Liquld and Exhaust Discharge
d. Stack and Exhaust Emission

e Spent Lubricants

6. Chemical Stabilization of Soil

7. Accidents

a. Explosions
b. Spills and Leaks
c. Operational Failure

C. Operation

1. Waste Emplacement and Treatment

a. Liquid Effluent Discharge
b. Septic Tanks
c. Scack and Exhuast Emission

2. Chemical Treatment

a Fertilization

b. Chemical Deicing

c. Wecd Control

d. Insecc Control

3. Accidents

a. Explosions
b. Spills-Leaks
c. Operational Failures

Environmencal Conditions

Category Sub-Category Action

-18-

3. Aesthetics and Human lnterest

a. Scenic Views and Vistas

b. Wnderness Quolities

c. Open Space Qualities
d. Landscape Desígn
e. Unique Physical Features
f. Parks and Reserves

g. Monuments
h. Rare or Unique Species or

Ecosystems

i. Historical or Archeological
Sites and Objects

j. Presence of Incompatible Features

4. Cultural Status

a. Cultural Patterns

b. Health

c. Populación Density
d. Institutions

e. Minority Groups
f. Economic Groups

5. Manmade Facilities and Activities

a. Structures

b. Transportation

c. Utility Networks
d. Waste Disposal
e. Barriers

f. Corridors

g. Governmental Activities
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TABLE 7: Tnteraction Matrix for Coal Mines

Proposed Actions

Category Action

B. Land Transformation - Industrial
and Construction Sites

- Highways
and

Bridges

C. Resource Extraction - Blasting
and

Drilling

- Surface

Excavation

E. Land Alteration - Stríp Mining
Rehabilitación

H. Waste Emplacement - Liquid
Effluent

Discharge

Environmental Condition

Category Sub-Category ítem

A. Physical and Chemical
Characteristics

1. Earth IAl.c

2. Water IA2.a

IBl.c

2. Fauna IB2.a

IB2.b

C. Cultural Factors

1. Land Use ICl.d Grazing

2. Recreation IC2.a Hunting

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

lnterest 1Q3h Wildcrness
Qualitíes

IC3.C Open Space

Qualities

IC4.a Cultural Patterns

IC4.C Employment
4. Cultural

Status

Soils

Surface Water

Quality

3. Atmosphere IA3.a Quality

4. Processes IA4.g Stability

B. Biological Conditions

1. Flora IBl.b Shrubs

Grass

Birds

Land Animáis

5. Man Made IC5.g Interpretive
Facilities Education

and Activities
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TABLE 8. Interactlon Matrix for Generation Plant, County Road, and Railroad

Category

Actions Which May

Cause Impacts

Action

B. Land Transformation

and Construction

D. Processing

b. Industrial

Sites and

Buildings

d. Highways and
Bridges

f. Railroads

e. Energy
Generation

Environmental

Conditions

Category Sub-Category Action

Physical and Chemical
Characteristics

1. Earth IAl.a Mineral

Resources

IAl.b

2 Water IA2

Construction

Materials

Surface

Water Quality

3. Atmosphere IA3 a Atmos-
pheric Quality

IA3 .b Climate

Biological Conditions

1. Flora IBl.b Schrubs

2. Fauna IB2.a Birds

IB2.b Land Animáis

IB2.e Insects

IB2.f Microfauna

G. Changes in Traffic

a. Railway

b. Automobile

c. Trucking

H. Waste Emplacement and
Treatment

c. Emplacement of
Tailings, Spoil

and Overburdcn

h. Cooling WaCer
Discharge

j. Liquid
Effluent

Discharge

e. Septic Tanks

j. Stack Emissions

C, Culcural Factors

-21-

1. Land Use ICl.d Graz ng
ICl.g.f,h Resi-

dential

Commercial

and

Industrial

3. Aesthetics

and Human

lnterest

IC3.a Scenic Views

and Vistas

IC3.i Historical

and

Arehaeológica1

4. CulCural IC4.C LmploymenC

SCaLuS IC4.d Populación
Densiey

5. Man-Made IC5.b Transporcation
Facilities Network

1r> /

\]



f
TABLE 9 Interactlon Matrix for Water Supply System

Proposed Actions

Category Action

A.

Modification

of Regime
Modificación of

Habitat

Alteration of Ground

Cover

Alteración of

Drainage

Noise and Vibration

B.

Land Trans

formation

and

Construc

tion

C.

Resource

Excraction

E.

Land

Alteration

G.

Changes in
Traffic

H.

Waste

Emplacement

and

Treatment

1.

Chemical

TreaCment

J.

Accidents

- Industrial Sites

and Buildings

- Roads and Trails

- Cables and Lifts

- Transmission Unes

and Corridors

- Dams and Impoundments

- Cuts and Filis

- Fluid Removal

- Erosión Control

- Rehabilitation

- Automobile

Emplacement of Soil
and Overburden

- Chemical Treatment

of Water

- Spills and Leaks

Environmental Condition

Category Sub-Category ítem

A.

Physical and Chemical

Characteristics

1. Earth IAl.b Construction

Material

IAl.c Soils

2. Water IA2.a Surface Water

4. Processes IA4 b & c Erosión

and

Deposition

B.

Biological Conditions

1. Flora IB1 Flora

2. Fauna IB2.a Birds

IB2.b and c

C.

Cultural Patterns

1. Land Use ICl.d

Land Animáis

and Fish

Grazing

ICl.f and g Residencial
and Commercial

2. Recreation IC2.b Fishing

IC2.c Boating

IC2.F Picnickmg

IC3.a Scenic Views and

Vistas

IC3.d' Landscape Design

IC3.j Presence of MisfiCs

IC4.a Cultural Patcerns

IC4.b Healch and SafeCy

IC4.C Employment

3. Aesthetics

and Human

lnterest

4. Cultural

Status

5. Man-Made

Facilities

IC5.b Transportation
Networks
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TABLL 10 Inceration Matrix for Transmission Lines

Actions Which

May Cause Impact

Category

A

Modification

of Regime

B.

Land Trans

formation

and

Construction

Changes in

Traffic

J.

Accidents

Action

c. Modificación

of HabiCat

e. Roads and Trails

h. Transmission

Lines and

Corridors

h. Trails

c. Operational
Failure

Environmental

Condición

CaCegory Sub-CaCegory Acción

A.

Physical Characteristics

1. Earth

B.

Biological Conditions

1. Flora

2. Fauna

C. Cultural Factors

1. Land Use

4. Cultural

Status

5. Man-Made

Facilities

6. Other

b Erosión

c. Deposition

Flora

a. Birds

b. Land Animáis

c Forestry

d. Grazing

e. Agriculture

h. Industrial

2. Recreation a. HunCing

3. Aesthetics

and human

Incerest

a. Scenic Views

and VisCas

b Wilderness

Qualities

c Open Space

f. Parks and

Reserves

i. Historical

and

Archaeological

b Healch and Safety

c. Employment

c Utility Nol

Fire Protección
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Tablo 11 Construction Planning Interacción Macrix

Accions

Impacced Elements of the

Environment on che Ecosyscem

Operations

Sub-Operation
Alternative Methods Category
of Accomplishmenc

ElemenC

Site Access

a. Rail

b. Road

c. Water

d. Air

Preliminary Works

Existing, New, Per-
manent, Temporary

Unimproved, Stabi-

lized Soil, Cravel

Bituminous

Fords, Bridges,
Culvercs, Ferries,
Ships, Docks

Landing Strips,
Helipads

a. Asphait Plant Hoc Mix, Cold Mix,
ConCinous Flow,

Bacch

b. CanCeen

c. Concrece

Bacch Plant

d. Crushing £•
Screening

Plant

Mobile, Fixed

Bag, Bulk, Non-

Tiltmg Drum,

Pan Mixer, Con-

tinous Mixer, Split
Drum

Jaw Crusher, Cranu-

lator, Gyrotary
Crusher, Impact

Breaker, Roll

Crusher, Grizzles

Revolving Screen,
Víbrating Screen

e. Field Mainte- Wash Racks, Oil &
nance Facili- Lubrication, Repair

ty

f. Field Testing Soil, Concrete,
Laboratory Steel, Fixed,

Mobile

Air

a. Gases

b. Particulates

c. Odors

d. Toxics

Surface Water

a. Physical

b. Chemical

c. Biological

d. Toxic

Ground Water

a. Physical

b. Chemical

c. Biological
d. Toxic

Noise

a. Nuisance to Workers at Site

b. Nuisance to Comraunity
c. Health Hazards to Workers

d. Health lla/arcls to CommunUy

Land

a. Soils

b. Land Form

c. Unique Physical Feacures

Flora

a. Trees

b. Shrubs

c. Crass-Nacural Ground Cover
d. Crops

e. Microflora
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f
Actions

Impacted Elements of the
Environment on che Ecosystem

Oper.it Lon*~

Sub-Optr.uíon

g. Fuel Storage
& nispensing

h. Fuel Laundry

i. Medical

j. Mess Hall

k. Offices

1. Quarters

m. Stores

n. Storage Yards

Alternative Methods Category
of Accomplíshment

Element

Diesel, Gas, Oil

Fixed, Mobile

Contract, Self
service

On-site Preparation
Off-site Prepara
tion

Fixed, Mobile

Fixed, Mobile

Fixed, Mobile

f. Aquatic Plants
g. Endangered Species

Fauna

a* Birds

b. Land Animáis Including Reptiles
c. Fish & Shellfish

d. Insects

e. Microfauna

f. Endangered Species
g. Recreation
h. Aesthetic

i. Human Interests

j. Economic

Social

a. Housing

b. Lducation-School System
c. Health & Welfare

d. Communlty Structure
e. Transportation
f. Chain Reactions
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Table 12 Summary Estimat
Possible Environment

ed MagniCude. Imporcance and Probabilicy of
al Impacts from che Proposed Action

/

Resources Subject to
Impact

A. Rare or Unique Resources:

(1) California Cóndor
(2) Indian Artifacts

B. Water:

(1) Quality
(2) Quantity

C. Wildlife:

(1) Deer, rabbits, quail,
pigcon, etc.

(2) Fish

D. Recreation:

(1) Campsites
(2) Trails
(3) Recreation Drivmg
(**) Victas and Solituac
(5) Hunting

E. Vegctation

Cl) Brush, trees and grass

F. Air:

(1) Quality
(2) Noise

G. Corrjnunity ScrviccG

A. , Protection from V/ild Fi re

NEGATIVE IMPACTS
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on a scale from 1 to 3 (1 represents low probability, 3 represents

high probability)

G. Interactlon Matrix with Consideration of Areal Extent of Impact (6)

1. Table 13 was developed for an off-shore oil and gas léase

2. Impacts are expected to oceur from either the structures (drilling

platforms) or oil spllls. The importance of the impacts (IM) are

assigned, as well as their proximlty (PR) to significant resource

factors

3. Impact Factor - (IM)(PR)

H. Interactlon Matrix with Consideration of Impact Reversibility (6)

1. Table 14 shows a sunnaary of an interaction matrix which includes

reversible/irreversible/irreversible impacts, and communlty/

regional impacts.

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

III. Moore Environmental Impact hatrix (8)

A. UlISÍs of M.itrix

1. Moore developed a paneral r.uide co Che relaLlon.hip betwren

typical manufacturing activities and their potential ultímate

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
a

and general goegraphic characteristics, are.

a) Subregion One - Área From the Chesapeake and Delaware Canal

North to the Pennsylvania Llnc

This subregion is alrcady heavily industrialized,
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Table 13: Analysis of Possible Adverse Environmental
Impace of South Marsh Island

Léase Área and Elock
Tract Data:

Statute Miles froa Shore s-f
Water Dept'i - Feet /o

SICNIFICANT

RESOURCE FAC10RS

e:?e. ü-pr

IMPACT ="ACTORS *

St

IX

ructur

PR

es

Oil SdiII
(1000a b3

s

f(st; líl PR F(OS)
Natural Resource S,*stcrs*

20 0 o 0 100 0 £ ¿oRcfufes/ ian.iRe-ent Áreas

Estunrv/Mnrsn/N'irscrv A*-eae 20 c o 0 ICO OS ^ó
oiota Sentara ot

Estu.T" /\i i '0"\ Áreas o J o 0 40 / 0 4ó
Ccacncs 40 Ó ó o 80 0S 40

Coastal /\cLu Lti2s/\ultiple U« e

0o 0 20 0 o o
Shii.-*] ng r so

Recreation (Oucdcor) 40 O O o 80 O o ú

Commercial Fisning 80 / o fo 80 / o é>o
SpoiC Pishing 0 / c 0 80 ó s* 4a

Lcgcnd. lM=«InporLance F(ST)=Impact Tactor
PR-Proximity F(0S) =Iirpjct Tactor
NCG-Not Computcd for Gas only Blocks
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Table 14: Interactlon Matrix for Impact Reversibility
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particularly around Delaware City, New Castle, and the

general Wilmington Área Much of the natural coastal zone

has already been appropriated for manufacturing uses. The

southern half of Subregion One, however, does contain some

tidal marshes. The general environment of chis subregion

if typlcul of heavy manufacturing áreas with Che actendanc

air/wacer degradación, noise,and aeschecic decerioration.

Water qualicy in the lower reaches of the Delaware River

is affected by discharges both from the Delaware área as

well as further up stream in the heavily induscrial Phila-

delphia - New Jersey áreas. This área also holds ehe

greatest overall promise for future industrial locatíon

and expansión due to the proximity to regional markets,

transportatlon systems, and developed labor markets.

b) Subregion Two - Área From and Including the Chesapeake and

DeLawire Canal to but noc Including Che CiCy of Lewes

This área of che Coascal Zone consists of several thou-

sand acres of privace, scate, and Federal wildlife refuges.

There is some recreacional development, though generally

the shoreline and mud fíats along the bay are not conducive

to this typs of activity. The balance of the área is in

woodlands and farms. The área is generally untouched by the

impaces of induscrial and manufaccuring activity other than

the indirecc affects due to air and water pollution in the

upper Delaware of áreas adjacent to the Coastal Zone.
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c) Subregional Three - Área From and Including the City of Lewes

South of the Maryland State Line

This área is an important regional recreation attraction

with fine beaches and intensive development for seasonal

visitors. Some manufacturing activity takes place in the

área, but not enough to alter significantly the environment

al characterisitics of the subregion. The most significant

environmental threat to this área is from overintensive

recreation development, a problem beyond the scope of the

present study. This recreation development has a potential

for significantly altering remaining wildlife and fishery

habitat in the área, as well as the aesthetic and human

environment.

In all of the three subregions, historical/cultural

sites and áreas 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 Subregion Two.

3. The basic philosophy of. the method is that a mcaningful analysis

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 in the coastal environment to potential deteriora-

tion in opportunities for important human activities character-

i',1 if nf the 'tiilirn^ltiní. of the Cnnil.il Zone

4. 'lhe primary cause of change is the physical/blochemical .iliur.i-

cion resulting from construction and operation of manufaccuring
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activities. Secondary causes of impact can also be attributed

co the supporting services, residential and other activities

chat arise due to manufacturing 1ocation.

B. Conceptual Framework

1. Figure 2 depicts the generalized flow of manufacturing related

events that ultimately impact on human uses of the coastal

environment.

2. The nature of the relatlonships depicted in Figure Z , is es-

sentially as follows. Construction and operation of a manufact

uring facility (Box //l) leads mitially to an alteration in

physical/biochemical parameters of the environment. These include

air quality, water quality, and areal extent of fish and wildlife

habitac and frequency and íntensity of noise. Manufacturing

activity also leads to direct aesthetic effects (Box //3) asso

ciated wich the appearance of its various structures, smoke, and

other associated activities. Manufacturing activity also can

lead to an increase in regional populación, change in demographlc

characteriscics and a general increase in demands for commumcy

infrastructure (Box //4). Finally, manufaccuring activity can

lead directly to effects on the social/human environment in terms

of altermg work patterns and general life style demands of the

labor forcé (Box //5). Alterations in physical/biochemical para

meters (Box //2) will lead to effects on coastal ecology (Box í/7)

both directly and over time through complex ecologlcal interac

tions AleeraCions in physical/biochemical paramecers will also

have cercain effecCs of aeschetic attributes (Box //3). Finally,
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the alterations of physical/biochemical parameters will have di

rect impacts on human health and other uses of the coastal en

vironment (Box #8). Increase in demand for communlty infrastruc-

ture, services and other related activity will result in expansión

of these public facilities (Box //6). Expansión of these facilities

will in turn créate a second round, etc. series of alterations

on the physical/biochemical parameters (Box #2) as well as on

aesthetic attrlbutes (Box 03). Finally, effects on coastal

ecology (Box #7), effects on aeschetic attrlbutes (Box //3), and

effect on the social human environment (Box //5) will all combine a-

long with alteracions in Che physical/biochemical parameters

(Box #2) to impace and affect other human uses (including human

health) of Che coastal environment (Box Ü8).

3. It is this series of relatlonships which the environmental im

pact matrix attempts to describe in some detall.

C. The Matrix

1. 1ipure 3 presents Lhe generalized relatlonships conCoined m Che

Mooic environmcnLnl impace matrix. lhe matrix Is dividcd lulo

four sepárate lists of distinct or reasonably distlnct categories

of manufaccuring, environmental, and human use interaction char

acteristics and two categories of impact These are*

Interactlon Categories

(I) Manufacturing and Related Activities
(II) Major Environmental Alterations

(III) Major Environmental Effects
(IV) Human Uses Affected
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Impact Categorles

(V) Potential Damage Caused by Activities
(VI) General Magnitude of Potential Degradation on

Human Uses.

2. The impact categories are included in the matrix to aid in

evaluatlng the relative magnitude and importance of specific

activities and environmental effects.

3. Category V ls 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,

modérate, high) as to its potential for environmental damage.

4. Category VI is an evaluation of the level of potential Impact

on human uses (IV) resulting from major environmental effects

(III). Impacts are evaluated for each subregion on a four

level scale (negligible, low, modérate, high).

5. The individual breakdown of the interaction categories is shown

in Table 15 for manufacturing and related activities (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).

6. The general flow of relatlonships 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 II) that are ex

pected to ocrur for each of the activities. Alno a dot is placed

in each box corresponding to the general level of potential for
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TABLE 15* ítems in the Manufacturing and Related Activities Category

A) Construction

1) Site Preparation and Building Facilities
(including connecting infrastructures,
cransmission facilities, etc.)

2)

3)
4)

5)

6)
7)

8;

9)

B) Facilities and Structures

10) Production Related Facilities

11)
12)
13)
14)

15)

16)

C) Production Activities and By-Products

17) Production Residuals

18) (Liquid)
19) (Caseous)
20)
21) (Solid)
22)

23) (Sound)
24) Assoíiated Manufaccuring Activities
25)

26)

27)

28)

-37-

Clearing

Filling

Dredging

Paving
Excavation

Erecting Facilities
Erecting Supporcing Scruccures
Transportation EquipmenC
and Materials

Labor Forcé Commuting

.Contigous Property (fenced
or Unfenced)
•Plant and Stacks, Towers

Warehouse

Offices

Lighting Systems
Parking Lots and Loading
Termináis

Open Storage Áreas

Biodcgradable
Non-biodegradable
Particulates

•Non-visible Gases

Biodcgradable
1Non-biodegradable

Manufacturing
Work Forcé Commuting
Produce and Raw Materials

Shippmg
Surface Water Intake and

Discharge
Ground Wicer TnCake and

Disi h ii K*

Guoliny, WiLer Discharj-o
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29) Infrastructure (increased demand for
and expansión of the communlty infra
structure and servíce due to increased

population and manufacturing use)
30)

31)
32)

33)

34)

35)

36)

37)

38)

39)

40)

41)
42)

43)

44)

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

(Newspaper, radio, T.V.)
Population
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Roads

Rail

•Water Transport

•Air Transport

.Sewers and Sewage
Treatment

•Electric Power

Utility Transmission

•Schools

Health Facilities Service

•Houslng

•Recreation Facilities

•Cultural Services

•Safety Services
•Media

•Migration

Spatial Distrlbution



TABII 16. ítems in che Potential Environmental Alterations Category

Aesthetics

L) Artificial Coloration

2) Odor
3) Alteration of Visual Composition/Profile

Land

4) Loss of Open Space
5) Loss of Dunes
/) Loss of Forest and Vegetation
/) Loss of Liccoriol Shallow Áreas
8) Loss of Marsh

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

Air

12) Increase in Hazardous/Toxic Substances
13) Increase in Nitrogen Oxide
14) Increase in Non-Methane Hydrocarbons
15) Increase in Carbón Monoxide
16) Increase in Sulfur Dioxide
17) Increase in Partirulace Matter

18) Increase m Dust

Water

19) Increase in Phosphates and Nitrates
20) Tncrease in Fecal Coliform
21) Chanj'.e In Frequcnry or Vnliimi- of Surface Flow
'>) í.i iuindwaU'r li.i lauto

2 1) Increase in Suspended Solids and lurbidity
24) Change in Amhient Temperature
25) Change in Sal inlty
26) Change in pH
27) Increase m llazardous/Toxic and Radioactive Substances
28) Decrease in DO
29) Increase in Gross Solids
JO) Increase in Dissolved Solids
31) Increase in Oil Accumulation

Commun ity
32)
11) ( hanj'.e in Per Capitn Income level
14) Ch.in>'i in Mirit .1 Cilrcory Distribución
j*>) Change m Si x K.ic iu
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36) Change in Family Size
37) Change in Age Discribution
38) Change in Educacional Level
39) Change in Echnic or Racial Compositlon
40) Change in Populacion/Acre
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TABLE 17 ítems in the Major Environmental Effects Category

A. Ecology

1) Loss of Stabllity in Aquatic Systems
2) -Killing of AquaCic Organisms (Reducing Populations)
3) -Organic Accumulacion of Lechan or Sub-LeChal Substances
4) -Alteración of Areal Base of Aquatic Food Chains
5) Alteración of Composición and Abundance of Aquatic Micro Flora

and Fauna

6) -Eliminación of Species
7) Loss of Stabllity in Terrestrlal Lcosystems
8) -Alteration of Areal Base of Terrestrial Food Chains
9) -Killing of Terrestrial Organisms (Reducing Populations)

10) 'Decrease of Shelter and Forage for Terrestrial Fauna
11) -Eliminatlon of Species

B. Aesthetic

12) 'Structural Corrosión and Deterioration
13) 'Alteration of Urban Rural Compositlon
14) (Man-Made Structures) -Alteración of Communlty StrucCural Composición
15) -Loss of Integrity of Historical/Cultural Áreas
16) "Loss of Unique Natural Compositlon
17) (Natural) -Creation of Odor
IS) -Decrease In Water Clarity

19) 'Decrease in Air Clarity

C. Physical/Biological

20) -Alteración of Chemical Composición of Air
21) AUcration ol (lioinu.il llai teriological Characteristics of Wa^er

(Sallnicy, ecc.)
22) 'Increase in RadioacCivicy
23) 'Alteration of Nacural Sound Patterns

D. Social/Human Environment

24) -Disruptlon of Established Accivity Patterns
25) 'Loss of Communlty Cohcsion/Traditions Social Interaction Patterns
26) •Introducción ol Alien Valué Systems
27) Alceracion of Tradicional Visible Economic Patterns

28) "Alceration of Work Routines/Pattems
29) Alrcntion of Political Participación and Fxisting Power Srructurc
10) Al tcr u uíii of fstabl isltcd l,.nid Use PatLerns

11) Iut r*' ts< in Gouj't '•<- Miri
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TABLE 18 ítems in the Human Uses Affected Category

1) Deterioración in Biological Human Health
2) Unrestricted Natural/Open Áreas
3) 'Quietude
4) -Diversicy
5) -Non-Offensive Surroundings
6) DeCerioraCion in Real or Perceived Well Being (Psychological)
7) Developing UndersCanding of NaCural Systems
8¿) Visitation to Natural/Scenic Áreas
9) 'Recreatlonal Driving
10) PhoCography/Pamting
11) 'Hiking/Bicycling
12) 'Sporc Fishing
13) -Huncing
14) 'Clamming/Crabbing
15) Deterioración in Excensive Recreación Uses and Visual Access

16) 'Swiinming
17) "Boating
18) 'Picknicking
19) Photography/Painting
20) Camping
21) 'Visitation To and Perception Of Historical/Cultural Áreas
22) *Beach/Waterfront Park Activities
23) DeCerioraCion in Incensive Recreacional Uses

24) Water Supply
25) Commercial Fishing
26) 'Farming
27) •Recreacional Homes
28) DeCenoration in Other Uses (Including Commercial, Industrial,

Residential)
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inpacc in each of Che three subregions of the Coastal 7one

aceogry V). WorkIng from the dot in the interaction of

categories 1 and categories II, the reviewer should match che

columns in Category II (Potential Environmencal Alteration)

wich the dots placed in Category III (Major Environmencal Effeccs)

The relationship then proceeds co cacegory IV in which all boxes

tndicacing interaction of major environmental effects (Category

III) are roatched with Category IV (Human Uses Affected). In

Category IV the relationship of effects on human utilization in

terms of magnitude of impact in the three subregions is

evaluated in the last section of the matrix (Category VI).

7. For all interactions between categoriies I and II, the symbols

p,t, or o appear as superscripts to the dots. These represent

temporary (t), operacionally dependent (o) and permanenc or

long lastmg (p) environmental alterations associated with

each of the manufaccuring activities.

8. IL should also be pointed out that evaluacions of the magnicude

of potencial (lamine (Cu t-f.ory V) and magnitude o£ degradación

of human uses (Cacegory VI) in each subregion are based on

esCimaees of resource importance. In Subregion One of the

Delaware Coastal Zone, Che pocencial for environmencal damage

is based Co a large extenc on the populación concentrations

and environmencal scarcities of air and water quality that

exist in that aren. For Subregion Two che importance of main-

Laining the integrity of che marshlands and che wildlife

refuges is the primary criteria for evaluatlng impace. In
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In Subregion Three, conflict with recreatlonal and tourists

activities is the major consideration in detennimng the

importance of Impact.

9. Activities (I). In this category, a general list of activities

associated with the construction and operación of manufaccuring

facilities is presenced. This is broken down inco the construction

phase, che physical presence of facilicies and structures, and

producción acCivicies and by-produccs, under che heading pro

duction activities and by-products is included the activities

associated with induced growth that may oceur in coramunities

adjacent co new manufacturing activities or in communities

affected in 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 communlty

support services. In terms of Figure 2, this cateogyr encom-

passes 1, 6, and part of 4.

The purpose of Caceogry I is co depict both the first round

activitl.es associated with manufacturing and those activities

which are indirecciy related co new manufaccuring locación.

Combining communiCy growth wiLh manufacturing location is an

attempt to capture the dynaraic aspect associated with location

of new manufacturing activities or expansión of existing

facilities It does not presume that the additions to

communlty infrascructure or public facilities oceur necessarily

,tL Lhe s mu t lint* ihu t1k inanuf ututo fnc i1 it Ees loe n Le bul

rather thac over Cime che addition of che populación associated
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with manufacturing activicv will créate che necessity of

expansión of public facilicies. Expansión of these facilities

are a definite contributing factor to environmental deterioration

and therefore an essential part of the activities associated

wich manufacturing location. Inclusión of both the first round

and second round activities does not imply that the second round

activities have equal importance in terms of environmental impact

wich first round activities. Their inclusión is only suggestive

of the fact that manufacturing activity will eventually lead

co such changes and that these changes will have environmental

impacts.

10. Potential Environmencal Alterations (II). The activities

associated with manufacturing location will lead to certain

changes in che environment. These changes are of a physical/

biocheraical or structural nature or in some cases demographlc.

The alterations in themselves are not the environmental effect,

but rather the change in environmencal parameters which ultimately

produce environmental effects.

Communlty changos are also included in this cateogry. These

changes relate specifically to demographlc variables and pop

ulación concencracions. The difficulty underlying the inclusión

of these parameters in Chis category of the impact macrix is

Chat locación of new facilities creaces influx or can creare

Influx of new people causing alterations in traditional or

¡i i,t d( iiMU'r i|>li I< ilia i.k litI'.i m m Ti í*. real i/ed ih il lIio

increases and expansión of infrastructure and the chingo In
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communlty derrographic variables are simultaneous and ínter-

relaccd occurrences. The impace matrix, however, artificially

\_ separaces these Cwo for purposes of analysis in terms of

impace on Che biological, physical and human environmenc of the

coastal zone. In terms of figure 2, this cateogry encompasses

boxes 2, and part of 3, 4 and 7.

11. Major Environmental Effeccs (III). This category provides a

breakdown of changes and environmental systems and environmental

conditions directly related to the potential environmental

alterations listed in Category II. Major environmental effects

in chis cacegory will include impact on ecology, aesthetic

qualities, physical/biochemical 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.

12. Human Uses Affected (IV). ítems in this cacegory relate

specifically co the human Utilities or satisfacción derived

from uCilizaCion of the coastal environment for residencial,

recreatlonal, and other economic accivities This listing

represents chose accivicies which may be adversely affected

by poorly planned manufacturing use of the Coastal Zone. In

terms of Figure 2 chis category encompasses box 8.
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IV. Sorensen Environmental Impact Network (9)

A. Hasic Principies

1. The basic approach is an attempt to undcrstand the impace

of any proposed use on che total resources system. This is

accompllshed chrough che use of a cause-condicion-effect matrix.

2. Figure 4 shows hcw a network is formed by linkages between

causes-condltions-effects.

3. The basic principies of the Sorensen approach is to use

matrices arranged to identify where potential relatlonships

exist between:

(a) causes and conditions (Table 19)

(b) conditions and condiciona (Table 20)

(c) conditions and effects. (Table 21)

4. A "stepped matrix" approach is utilized.

B, Matrix-Network Components

1. Figure 5 illustrates the basic components in the method

(a) Uses of the coastal zone are identified.

(b) Causal fnc tors are al cerneIons commonly associated wi Lh

a use that directly produces a change in condition.

(c) Initial conditions are defined here as the initial

identifiable impacts of the causal factors. They

indícate what change has been known to oceur before and

could likely reoecur as the consequence of a causal

factor. The dot linkage between causal factors and

initial condition does noc indícate that there is an

invariable connection between che cwo. Ic indicaces a

potencial relationship.
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TABLE 19: Causal Factors Affecting Environmental Conditions
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TABLE 20: Interacción Among Environmencal Conditions
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TABLE 21: Environmental Conditions Affecting Human Activities
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(d) 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-

dicions are confined co one column, alchrough several

columns could have been used to fully describe the chain

ot development between some initial conditions and ultímate

effects (e.g., physical barrier to alongshorc beach and

water access — concentration of public use within a

limited área — trampling of beach and shoreline

vcgetation — mortalicy or stunting of shoreline vegecacion

cover — dune blowoucs or migration, wind erosión).

(e) The effects are Che listing of the actual use conflicts

(i.e., impaír skm diving and underwater exploration) or

resource change that would contribute Co a use conflict

(i e., aesthetic displeasure will reduce recreatlonal

and rcsidential appeal). In most cases che condicione

listed in the effects column are not stated in terms of

direcL conflicts with another use or uses. Conflict

could be described in an addicional listing, ndjoming

the effeccs column However, chis addition may not be

necessary becaut>e che effect statements as they stand

now are usuall/ specitic enoufji to indicace both the manner

and dirección or lhe ionsoquonce upon uses

(f) Correctiva actions are the physical moasuic-. «.ommonly

employed to redm c or elimínate the advers¡ «_rfacts of the
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preceding column. The listing could also indícate untried

techniques or innovative technology. Many corrective

accions are causal factors to further networks of adverse

conditions and effects. Dredging is the normal corrective

acción for sedimentated ship channels. Dredging,

however, is also che causal factor in filling of wetlands

with spoils.

(g) Control mechanisms are methods other than direct physical

acción thac might be insticuted co regúlate, reduce, or

elimínate che indicated adverse effects. Examples would

be permits, codes, plan review, zoning, easements, and

legislation.

2. Fifty-five uses are identified in the Sorensen method, and they

are listed m Table 22.

3. Causal facCors 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.

4. The initial conditions listing is organízed 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

Residencial, Commercial, Residencial Developmenc
AgriculCural Commercial Services

Crop r.nrms
Ranching and Dairying
Forescry

Recreatlonal Motorboating
Boac Fishing
Water Sknng

Sailing

Surf Fishing

Pier Fishing
Swimming

Scuba-Snorkling

Wading
Sunbaching

Group Beach Games
Beachcombing - Scrolling
Clamming - Baic CollecCing
Picnicking - Cook Outs
Contemplation - Observation
Paintmg - Photography
Wildlife Observation

Hunting

Horseback Riding

Beach and Dune Driving

Shopping - Boardwalking
Ocean-viow Dining

Sightseeing - Pleasure Driving
Camping

Extractive Commercial Shrimp and Finfishmg
Conmercial Shellfishing

Abalone Fishing
Kelp and Seaweed Harvesting
Shore Oil and Gas Wells

Offshore Oil and Gas Wells

Shore Mining and Quarryíng

Sand, C.ravel, and Shell Mining

Dcsalini? ition

Seawatcr themicais Extraction
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Category Uses

Industrial, Transportation Marine Transport
Highway Transport

Air Transport

Rail Transport

Communications

Navy Operations

Military Fácilicíes
Marine Research

Induscrial Operatlons
Power Plants

Sewage Treatment Plants
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TABLE 23: Causal Faccors in the Coascal Zone

Cacegory

Resident íal, Commercial,

AgriculCural

Recreacional

Causal FacCor

Soptn Tanks
Sewer System

Solid Wasces

Groins and Beachworks

Signs and Billboards
Vehicles

Ucilities

Fences

Structures

Roadways and Parkmg Áreas
Grazing Stock
Landscaping

Vegetación Clearing and Logging
Irrigation

Water Inpoundments
Grounwater Withdrawal

Chemical Control Agents

Fertilización

Drainage Improvements

Plowing and Cultivación
Cues and Filis

Proceccion of Species
Collection of Species
Lands<aping

IIl I1 It li'S

Sew ij-i uní 'Irash Disposal
Picnic Fácilttics

Signs and Billboards
Fences

Toilec Facilicies

Scructures

Vehicles

Paths Co Shore

Vehicle Trails

Launchmg Ramps

Roads co Shore

lurnuitts and Visca PoinCs

Roadwiys and Parking Áreas
Channeis

HroaKwater

flroms and Beachworks

Nnvigation Aids
Docks and Piers
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C.itegorv Causal Factor

Fuo 1 Docks

Slips and Berths
Boatyards

Boats

Extractive Stock Incroduccions
Colleccion of Species

Prospecting

Temporary Housmg
Processing Plants
Refineries and Tank Farms

Towers and Platforms

Offshore Drilling

Excavation

Dredging

Gangue Dumping

Offshore Beneficiation

Wastewater

Seawater InCakes

Pipelines

Submerged Fencing
Evaporation Beds
Slips and Berchs
Channels

Breakwacers and Jetties

Fuel Docks

Docks and Piers

Boatyards

Boats and Barges

Industrial, Transportational Collection of Species
Practice Ranges

Defense Operatlons

Power Pylons and Wires
Transmission Towers and Antennae

Utilities

Fences

Runways

Aircraft

Vehicles
>

Railroads

ko ulw lys and Parking Arcas
Building Site Cuts and 1-ills
Roadbed Cuts

Bridges

Roadbed Filis and Causeways
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Category Causal Factor

Water Impoundments

Solid Wasce

Wastcwater and Sewage

Nuclear Reacción

FossaI Fuel Combustión
Bulk Refinmg and Processing
Tanks Elevacors 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. Project

1. The project was for renewal and development of a 74-acre

industrial park (Fruit/Church Industrial Park) in the south-

western porción of Fresno, California.

2. The project, financed by the Economic Development Adminiscration,

involved two sepárate and simultaneous actions. The first action

was a loan Co improve che processing facilities of two industries

currently located within che projece site. This loan permitted

increased production and control of the emission of objectionable

odors. The second acción was a grant to the City of Fresno.

It permitted the acquisition, renewal and development of the 74

acre site into improved sites for use by heavy industry.

B. Explanation Environmental Impact Matrix

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

be interpreted in ten steps:

1. Enter che MaCrix ac the upper left hand córner under Che

heading Project Elements. In the example - 2. Future

f, Improvements.

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

an impact is shown at Surfacing.

3. a dot © indicates that a relationship exists becween

2. FuCure Improvements and Surfacing.

4. Read downward from the O until either a -gN- , •&? ,

[ 1 , a , or U is cncountered.

If a ¿ytr appears, a major positive impact exists
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A í&" indicates a minor posicive impact exists

A • indicates a major negative impact exists

A o indicates a minor negative impacts exists

A U indicates an impact exiscs, buc íes magnitude

or direction cannot be decermined at present.

Reading downward from Surfacing, a O is shown.

5. Read to the left. A minor negative impact will change Sub-

surface Water. The 2 nexc to the a indicates that the

impact originates at 2. Future Improvements.

6. Read to the right

7. Under the column headed INITIAL CONDITIOM the notation reads

High Quality indicating that the altered element is presently

of high quality.

8. Under the column headed MECHANISM OF CHANGE will be a

notation descnbing the mechanism which will change that

altered element

9. Under Che column headed POSSIBLE FINAL CONDITION will be a

nocation descnbing Che condición of the alcered elemenc after

the impact has caken place.
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10. The POTENTIAL CORRECTIVE MEASURES column is reserved for those

impaces against which some steps have been or could be taken

co minimize che impact.

C. Use of Matrix

1. Figure 7 shows the completed matrix .

2. 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 or fill operatlons necessary to prepare the

site for future development.

Surfacing - placement of any impervious material on the ground

surface.

Street Wideninp, 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 existing streets.

Drainage - is 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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Liguid Waste - all liquid resulting from domestic manufaccuring

or processing activities currently taking place within the

project or future industries which ie not intended for further

use or sale.

Solid Waste - any non-liquid material resulting from manufacturing

or processing which is noc intended for reuse or sale Including

combustible trash

Atmospheric Discharges - any discharge of gaseous or particulate

matter into the atmosphere

Commercial Products - any matenals resulting from manufacturing

or processing activities which are intended for use or sale.

Noise - the noise level within and adjacent to the project site

and including all causes thereof

Presence - the non-quantifíable quality of the site which may

result in any impact or change resulting from the mere fact of

being there, apart from its esthetic or physical propercies.

Water Demand - the quantity of water required for human or

industrial consumption within the sice

Soils - in che agricultural sense referring co les capability

for supporting vegetación and not including its mechanical or

engineering properties.

Surface Drainage - the movement of surface water by gravity.

Subsurface Water - water occupyíng the saturation zone from

which wells are fed.

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

currently used air pollution índex, including detectable odors.
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Climate includes all recordable meteorlogical phenomena

including temperature, precipitation, wind speed and direction

and relative humidity.

Vcr.etntion - any naturally occurring or man-placed plant

material within the project área.

Animal Life - any life form occurring within or affecting the

project área.

A_,ienity - the perceived pleasantness of any part of or the pro

ject as a whole or its surroundings which may be affected by

tne project.

Adiacent Land Uses - all zone-conforming or nonconforming

land uses within the project área which may be affected by the

project.

Transportation - all facilities necessary to mechanically

move goods and people

Employment Opportunities - the opportunlty for increased levéis

of employment or greater variety of employment.

income Level - the average purchasing power of families within

che área affected by the project.

Tax Base - the combined assessed valué of personal and real

propercy upon which taxes are based.

Ucility Facilities - specifically the following. sewer, water,

gas, electricicy and telephone.

Health and Safcty - the general level of health of persons

occupyíng arcas afrecced by Che project and the procection of

tliosc persons from exposure to hazard.
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Checkliscs 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 example- four each of four broad categories of checkliscs

I. Introduction

A. Definition: Checklist methodologies present a specific list of envi

ronmental parameters to be investigated for possible impacts buc do

not require the establishment of direct cause-effect links to project

activities. They may or may not include guidelines on how paramecer

daca are to be measured and interpreted. They may have developed

parameter weighting systems. (1)

B. Categories of Checklists

1. Simple checkliscs: a lisc of paramecers is indicated, however,

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

sured and interpreted.

2. Dcscriptive checkliscs a list of parameters is indicated, and

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

* Dlreccor, School of Civil Engineering and Environmental Science, University
of Oklilioma, Norman, Oklahoma.
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3 Scaling checkliscs same as descripcive checkliscs with ínior-

macion provided as to subjeccive scaling of paramecer valúes.

4. Scaling-weighting checkliscs1 same as scaling checklists wich

información provided as co subjeccive weighcing of paramecer

with respecc eo each ocher

II. Examples of Simple Checklists

A. Corps of Engineers (2)

1. Relationship of che Proposed Action Co Land Use Plans. Discuss

how the proposed project or action conforms or conflicts with

the objeccives and specific terms of existing or proposed Fed

eral, State, and local land use plans, policies and controls,

if any, for the área affected. If a conflict should oceur,

the statement should discuss the issues 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 che absence of ful!

reconciliación.

2 The Probable Impact of the Proposed Action on Che Environment

a. Impaces on che environmenc including wacer, land and air,

would be viewed as changes or conversions of environmencal

elemencs which result directly or indirectly from the pro

posed acción These impaces and effeccs should ínitially

be Identified and prometed chroughouC che life of che pro

jece. Include land loss and land use changes which could be

expected upstream, downscream, and adjacent co che project
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such as urbanization changes m water features and character

istics, air quality, aesthetics. etc. Discuss the impacts

on the environment of project-induced pnmary and secondary

economic and social effects, including cumulative effeccs.

Such impaces shall be detailed in a dispassionace man

ner to provide abasis for a meaningful discussion of the

trade-offs involved in the SOF. QuanCitative estimates of

losscs or gains (e.g., acres of marshland, miles of white-

water screams inundated, etc.) will be set forth whenever

practicable. Where this cannot be done, qualitative des-

criptions of unquantiflable environmental costs and benefits

should be provided with assumptions 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 "wich project condition."

b. The description of the proposed action should include a sum

mary of the populación projections employeci as a basis for

formulación and evaluación. The sources of the population

data, whecher OBERS or another origín, should be identified.

Other projeccions, such as fucure economic activity and land

use. that also bear upon a thorough understanding of the

environmencal impaces of the proposed action should be in

cluded along with their source. When preparing the environ

mental statement, care should be taken to only include

Information that is necessary to fully understand the pro

posed action and its attendant environmental impacts. In
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order co keep the stateraenc brief, che environmencal state-

ment should contain references to more detailed información

in che appropriate sections of the decisión document. Dis-

cuss both the beneficial and adverse impacts of the environ

mental changes or conversions placing some relative valué

on the impacts described Discuss these effects not only

with the reference to the project área, but in relation to

any appllcable región, basin, watershed, or ecosystem. Re

late the impact to the river basin or regional entity in

which the action is proposed, and discuss the ínter-relation-

ship of projects and alternatives proposed, under construction

or in operation by other agencies or organizations. 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 invoive the ob-

vious conversión of aquatic/marsh áreas to terrestrial

environments, the loss of wetland habitats and associated

organisms, a g.ini in are.i for terrestrial orf.inisms, a chanj»e

in the nutrient compositlon of the runoff water entering that

portion of the estuary, alteration of the hydrology of some

given área, perhaps the introduction of buildings or roads,

curcailmenc of certain commercial uses, disruption of wacer-

based recreatlonal pursuics, conversión of wildlife aeschecics

co less-priscine attrlbutes, perhaps che removal of same por

tion of popular duck hunting grounds or unique bird nesting

área, etc
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c. Identify remedlal, procective, and raitigation measures which

would be taken as a part of the proposed action by the Corps

or others, to elimínate, or compénsate for, any adverse as-

pi-ccs of Lhe proposed acción. Such measures Cakcn for the

nmior or short-lived negacive aspeces cannoc be sacisfact-

orily deale with will be considered in greater detail along

with their abacemenc and mitigatlon measures in subparagraph e.

d. 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 sepárate rather than a composite

environmental statement be prepared, the need to discuss the

inter-relationship of the segments with the total project

including cumulative environmental impacts over the life of

project is mandatory. Points to consider in preparing the

scacement should include; periodicicy of dredging require-

menes, volume of material removed to date and projected in

the future, dredging mechods used in past and project for

future uses, location and expected life of authorizcd spoil

disposal áreas, projected needs and plans for establishing

new áreas, experienced rate and type of revegetation and

changes in wildlife valúes on completed and existing disposed

áreas, quality of dredge spoil throughout the project área

wtch particular coverage of any áreas where chronic pollu

tion exists and how such spoil has been and will be handled,

and a general description of fauna and flora within the

project área includingathorough analysis of how proposed

dredging operations will affect these organisms

-5- 10
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3. Alternatives to the Proposed Action. Describe the various rea-

sonable structural and non-structural alcernacives co Che proposed

acción, their environmencal impace, their ability to accomplish

the ohiectives, either in whole or pare, of Che proposed action,

specifically caking inCo account the alcernative of no action.

The "effect analysis" as required by Section 122 for survey and

concinuing auchoricy repores and Phase I CDM's will provide

necessary información co the planner in developing the full range

of effects of project alternatives to elimínate, reduce, or mini-

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 Chis balancing analysis in the SOF will

provide evidence that the decisión making process has in fact

taken place, that it will allow others co evalúate and balance

the factors on their own, and that the final project recommenda

tion is made in the bese overall public lnterest.

In discussing the various alCernaCives Co 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 alternacives which may only provide a parcial solución 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 m the case of flood control projects, and
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(3) describe the no development alternative. Rules of reason-

ableness muse also be followed in deciding what alternatives

urc proper subjects for discussion. These are summarized as

fnllows

o. The fact that an alternacive acción cannoc be implemented

bv the Corpb does not by ítself make the alternative not

reasonably available. If alternatives rcquirmg action

by another agency or legislative action are noc remote or

speculacive possibilicies, they must be discussed in the

statement. In discussing such alternatives, information con

tained in scudies by ocher agencies, responsible journals

and other agencies environmental impact statements may be

used

b. Reasonably avaUable alternative actions and responsible views

in opposition to a proposed action which are contained in

comments on the environmental impact statement submitted by

interested citizens or citizens' groups muse be discussed.

c. The range of alcernacives ChaC muse be evaluaced in an en

vironmental impace scatement concerning a proposed action

which is an integral part of a wide-spread coordmated plan

must be broadened beyond those alcernacives that would be

considered in the case of aproject of more limited scope,

such as a local protección projece

d In the case of a proposed action intended to respond to an

iinmediato necd, an alternative action that will provide on

ly a long-term solución is probably noC a reasonably available

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

1. This method ie baeically oriented to a discussion of the im

pacts associated with a transportatlon project.

2. Table 1 spells out a range of potencial environmental impacts

of a transportatlon project by.

a. category of impaot

b. likely significance of major impacts at the principal stages

of the project, the project stages are:

(1) planning and design

(2) construction •

(3) operación

c. x denotes impace, could be (+) or (-)

3 Table 2 has classificaeion of impaces according co those occurring

in'

a. planning and design phase

b. construction phase

c. operación of facilicy - direcc impacts

d operación of facilicy - indírect impacts

4 Table 3 has effects according to areal considerations

5. Procedural options for determining the perceived significance

of the impace of a cransporacion projece upon che environmenc.

a. Reliance on Che emergence of controversy.

b. Evidence of governmental concern through the A-95 comment

procedure

c. A presumpcion chac significance is implicicly relaced Co a

project's scale or cost
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TABLE 1

POTENTIAL ENVIRONMENTAL IMPACTS OF A TRANSPORTATION PROJECT
Xby caeegorv ot impact and the significance of major ones

at various stages of the project)

Cacegory

1. Noise Impacts

a. Public Health

b. Land Use

2. Air Qualitv Impaces

a. Public Healtn

b. Land Use

2. Water Quality Impacts

a. Ground Waeer

(1) Flo\* and water table
alteración

(2) Interacción with
surface drainage

b. Surface Water

vi) Shoreline and
bottom alteration

^) Efteccs of filling
and Jied>;ln>i

(3) DraiiMgo and flood
chu itceri^cics

Potential significance at Stage of

Planning
and Design Construction Operation

c. 0.ualicv isnecct»

(1) Etfect of effluent loadings

(2) Implication of oCher actions
5ucii as

-disturhance of benthíc

1a\<jr •>

-aktíruinn of urrc.it>

-di ni,'* . in flow redime

-salí iu intrusión in ¿rouau

water

\" '-.-notos an i,tk t wlucn reu^d lie positive as well as negative,
doü-i'iiduig on c i _im-canees l.
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1ABLE 1 (Conc'd)

iitcsory

(3) Land use

(4) Public Health

Soil Erosión Impacts

a Economic ana Land use
b Pollution -ind Siltation

^ b^oloyic tmpni. Cs

a Flora

b Kiuna (otlur chan man)

o hcenonuc Ii.^acts>

a. Land Use

(1) la medíale are of
pi oíec t

(2) In local jurisdiction
strved or craversed

(3) In región

b Tax Base

(1) loss through dis-
plni erri nts

(2) Ca i n Llii ough inc reasi d
v llllf-

i- 1 i iplovment

( l) A* cls.s <-o cx.at ing
opporcuni cíes

(2*1 Creación o\ neu jobs

(3) DispUicement from
jobs

d. ilousinr and I'tihlif Sirvii.cs

(1) Demand tor m.w serviles

(>) AlccraLion m exibting
Si_rv ices

Planning
and Design Conscruceion Operation
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TABLE I (Cont'd)

Planning
and Design Construction Operation

itheory

e. Income x x

Damige to eLonomically x
\aluaolc mturaJ resouices

*ío»_io-Politunl Impacts

.1, Damage Lo, or use, of, x

U) Cultural resourceb

(2) Scientiric resources

(31 hiscoric resources

(4) Recreation áreas

b. Life st>le and activities x x

(1) Increased mobilitv

(2) Üisrupeion of communicy

l Percepción of cost/benefit by
differcnc cohesive groups x k

(1) Racinl

C1) Fthnk

(3) In». orne cl.iss

,1 Personal safetv x

AcbChetic »n<' \ isuj! Impacts x

i. st eme resources

i i'ib.in de*-1 j'n

o \, r Ojua i itv

• * .c; Oeilit

-li
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TABLE 2

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

lunring and Design Phase

l.npact on land use through speculation in anticipación of development
l Impace of uncertaintv on economic and social atcribuCes of nearby áreas
\ Impace on ocher planning and provisión of public services.
!. Acquisltlon and condemnation of property for project, with subsequenc

dislocación of families and businesses.

Conscruc clon Phase

1 Di placemenc of people
2 Noim1

J Soil Frobion ind Disturbance of natural drainage.
4 Irterference with wacer Cable.

5 Water pollucon
6 ilr pollution (including dusC and diré, and burning of debris).
7 Destruction cf or damage to wildlife habitat
8. Desrruceion of parks, recreación áreas, hiscoric sices.
9 AcbC.ietic impace of construction activity and destruction of or Ínter-

ference with senic valúes.
10 Impact of anclllary activities (e g ,disposal of earth, acquisltlon

of gravel and fill)
11 Commltmcnt of resources to construcción.
12 baicty hazaíds.

Oper.it ion of Facility — Direct Impaces

1 Noise

J Au pul lut ion
J \ itei pollution

-t Soc LO-r.conomit

\esi.viecic

t t feces on ani-nal and plant life (ecology)
7 Deirand for energv resources

^a.i:ioi oí Facllitv — Indírect Impacts

» > •. i ruous lund use

>Kcy íal devLlopment patterns
> .Jein.1.. i fot ho isin^ an i public f ic Hieles
i Imp .i t on iist uf ne.irln fnvlronmfnr.il amenities (e.g. parks, woodlands,

< I 1 I < 1 l I Olí lll I í

, iipi. i ot iddlilonil iini/or improvíd cranapor Lut Ion inCo congeaced -»reas
mi riiose an is

r ,M í revenetil isefulness tor differenc economic and echnic groups (and
ii',uiliní pi ^blc !is md solutions)
ii, \f in lli ' st U . ol Increased robilicy and otht r impacts.

s Immu ot Imj n>\iJ ..uLlitv on tran^porcacion and r-*laced technologlcal
.i \ t i opineuL (aiu¡ i un sequen t imp ícCs)
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TABLE 3

GEOGRAPHIC, LANDSCAPL AND URBAN FORM EFFECTS ON LAND USES
AND PATTERNS IN PROJECT OPERATIONS

l\\ Inraediace área of project.

i. Displacement b\ projece itself.

(1) Rebidential

(.2) fommeicial

(3) Industtiíii
(.4) PudIu la^iliLies

(5) Recreatioaa I

(b) Natural Rebourccb

(7) Cultural resources.

(8) Scenic mbources

(9) Wiidti.t? resources.

b. Land-ubtí caoices affected by projece.

(1) Actractec by increased access*

(i) \ncillary uses (facilicy or user service).
(ii) Users benefiting from access (cercain induscrial, commercial,

resuientidl and public uses).

(2) Disruptcd b- projece

(i) Incompicibility wich noise, polluCion, asethetic, safety
and other effeccs of facilicy.

(íí) Incompatibility with access-orienCed uses
(hl) rncomp.ictbilitv resulcing from mercases access of non-

r^sldeiu users (e g , naCural or wild áreas).

\eichborhnod (oí arca) services, facilicies, and living pacterns
it fecteri bv i3li 1'tv

U) Dibrupcion oí bervlce districcs.

(i) Pubuc facilities.
(n) ?i ivate nonprofic services.

(ni) Redil establibhments

i M F»teets on i.eichborhood cohesiveness and stabllity

1] <i [urisdir tion -erved or craversed by facilicy.

1,'id mi 1 onl-i i •* pl ininm; ind ( one rol s
11 l , , i c l mi i> I iiin i iij ind di vi lopim ii l of publ i ( f at »I i Lies rt su I t i i\,t I rom

>inji • ^ wM i in«l- iii pitieías .'.¿neraced or LnfluL-nccd by it (including
¡i\ l m i i \ baso, t.--)t Oí Si rvK-es)
. c: i>a ,\rc .^ u>t directa contipuous with project of actions by

mis. d.-v uiJ .ísrupte. . i t.-i^tud, or othervise affecced b/ ic.

12



TABLE 3 (Cont'd)

3. In región where project is located.

a Effecc on regional developmenC planning, inducement and controls.
b. Revenue effects, influencing other public projects.

Economic erfects, intluenclng piivate development in the región as
a whole and differentially within ic.

-14-



d. Ucilizacion of ineerdisciplinary approaches ac che project

definición scage of planning to employ conscnsus techniques

in prcdicting tho probability of significanC impace incui-

tively, againsc a graded "significance scale". (See Table 4)

C Federal Power Commission (4)

1. TPC has provided decailed guidelines from preparing environmencal

repores, although noc specifying unies for paramecer measuremenc

2. Sec. 3 of Appendix B applies to pipeline facilicies as follows.

3. ENVIRONMENTAL IMPACT OF THE PROPOSED ACTION
Describe all knowor expecCed significant environmental effeccs
and changes, both beneficial and adverse, which will take
place should the action be carried out. Include the impacts
caused by (a) conscruceion, (b) operation, including main
tenance, breakdown, and malfunctions, and (c) termmation
of activities, including abandonment Include both direct
and pnmary indírect changes in the existing environment in
the ímmediaCe área and Chroughout the sphere of influence
of the proposed action If

3.1 CONSTRUCTION

3 1.1 Land Features and Uses — Assess the impace on presenc or

fucure land use, including commerical use, mineral resources,
recreacional arcas, public healCh and safety, and the aesthe-
cic valué of the land and íes features. Describe any terap-

orary restricción on land use due to construcción accivicics
Scace che effect of conscruceion relaCed accivicies upon lo

cal traffic patcerns, including roads, highways, ship channels,
and aviation patcerns.

3 1.2 Species and Ecosystems — Assess che impace of construction
on the terrestrial and aquatic species and habitats in the
área, including clearing, excavation, and irapoundment Dis-
cuss the possibility of a major alteración to Che ecosysCem
and any potencial loss of an endangered species

1/ Chances in che Environment Throu^houC Che Sphere of Influence of Proposed
Acción Direct and indírect effects are those effects which can be dis-
cerned as occurring primarily because the proposed action would oceur For
exanple (1) the impact of a borrow pit would be evaluaced co Che extent
that it would be developed or expanded but the manufacture of conventional
trucks to work the pit would noc, (2) the impact of conscruction workers
moviiiK into the aroj would be* cvaluated but not the íirpact of their Kaving
present hornos However, the impact of their subsequent leaving chis oíace
must be considered

-15-



TABLF 4

ENVIRONMENTAL IHPACT SIGNIFICANCE

Significant Scale

Low High

lrpact 0123456789 10

Noise

\.r 0,ualit\ Deter íoration
water Quality DeCenoration
."Vopíe Displacement
(. jinivuni ty Di si rption
veschetic, VibiaL Impairment

tí olí eac i o nal Dptei i ora t ion

i-cologicnl Du terioration
Dipletlon of Natural Resources
laking of ParKland, Historie Sites, etc.
Ir.eversibllity
( oniroveísy
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3,1.3 Socio-Econonic Consíderacions — Discuss Che effecC on local
socio-economic developmenC in relación co labor, housing,
local industry, and public services. Discuss che need tor
relocacions of families and businesses. Describe che bene-
íicial effeccs, boCh direct and indírect, of Che action on
che human environroenc, such as benefits resulting from cae
services and produces, and ocher resuits of Che acción (in
clude cax benefics co local and scace governmenCs, growch
in local ca\ base from new business and housing developmenC
and payrolls) Describe che impace on human elemencs, in
cluding che need for increased public services (schools,
health facilicies, pólice and fire protection, housing,
waste disposal, markets, tranporcation, cornniunication,
energy supplies, and recreatlonal facilities)

3-1-4 Air and Water FnvironmenC — Estimace che qualitative and
quantieaCive effects on air, noise, and water quality, in
cluding sedimentación, and whecher regulatory standards m
effect for the área will be compiled with

3 1.5 Waste Disposal — Discuss the impact of disposal of all wosce
material such as spoils, vegecacion, conscruceion macerials,
and hydrostatic test water.

3.2 OPERATION AND MAINTENANCE

3.2.1 Land Features and Uses — Outlme restnctions on existing

and potencial land use in che vicinity of the proposed acción,
including mineral and water resources. State che effect it
operation related actiVLtics upon local traffic patterns in
cluding rmds, hLghways, ship channels, and aviation paturas,
and tlie possible need of new facilities \

3.2.2 Species and rcosystems — Assess the impact of operation apon
terrestrial and aquatic species and habitats, including the
Lmpi.rtiiK u on planL and animal species havinf, economic or
acsthcCic valué Co man that would be affected by Che acción,
próvido pcrtinent Information on animal migracions, foods,
and reproduedon in relation to the impacts, and describe
any ecosystem imbalances chac would be caused by the action
and the possibility of major alteración co an ecosysCem or
the loss of an endangered species. Assess any effects of
tius action which would be cumulative Co those of other
similar, existing projects or proposed actions

3.2 3 Socio-Economic Considerations — Discuss the effect on che
local socio-cconomic developmenC in relation Co labor, hous
ing and populación growth crends, relocacion, local industry
and indtistriil ,rowth, and public serviré Describe che
IiiiHi i i11 ifluii, hntli dirui ind ind írt i l , of Lhe -u ilo.i
on lIk human enviionmont such as ccunoiiiU benéfica reHiiltínj

-17-
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from the services and produces, energy, and other resuits
of the action (incluac tax benLfiCs Co local and stace gov-

ernmenes, groweh in local cax base from new business ^nd
housing developments, and payrolls) Describe impact-> on
human elements, including anv need for increased public
service (schools, pólice and fire procection, housing,
waste disposal, markets, transportación, communication and
and recreacional facilities) Indicace che extenc co which
maintenance of the arca is dependent upon new sources of
energy or che use ot such vital resources as water.

3.2.4 Air and Water Environn-ent — Assess the impact on present

air qualicy due to process discharge quancicies, and other
discharging operational units Assess the impact on pre
sent noise levéis due to project-related noises. Assess
the impact on present water quality, including sedimenta
ción, due Co cooling or heating syseem discharges, process
effluents, sanitary and waste effluents, water use for hy- |
drostatic cescing, and water use for other operational units.

3.2.5 Solid Wastes — Describe any impacts from accumulation of
solid wastes and by-products chac will be produced

3.2.6 Use of Resources — Quantify che resources necessary for
operational processes, e g , wacer (human needs and pro-
cesses), energy requiremencs, raw produces, and specialized
needs. Assess the impact of obtaining and using chese
resources

3.2.7 Ma incenance — Discuss the impact of maintenance programs,
such as subsequent clearing or CreatmenC of nghes-of-way
and hydroscacic teseing and shuedowns. Discuss Che poten
dal impact of major breakdowns and shutdowns of Che facil-
ícies and how serviee will oe maincained during shuedowns.

3.2.8 AccidenCs and Cacascrophes — Describe any impaces resulc-

íng from accidenes and natural cacascrophes, which might
oceur, and provide an analysis of che capability of Che área
Co absorb prediceed impacts

3.3 TERMINATION AND ABONDONMENT — Discuss Che impace on land

use and aeschecics of the terminación and/or abandonment of

facilicies resulcing from the proposed action.

III Examples of Descriptive Checkliscs

A Conscruceion Engineering Research Laboracory (5)

1. Sequence of evenes for filing an EIS is shown in Figure 1
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PREPARE ENVIRONMENTAL

IMPACT ASSESSMENT (EIA)

CQNTRQVERSIAL?

NO

RETAIN EIA

DOCUMENT

YES

ORAFT ENVIRONMENTAL

IMPACT STATEMENT(EIS)

FORMAL REVIEW

FINAL EIS

RETAIN EIA

DOCUMENT

Summary Figure 1 Flow of environmental tmpact assessments
and statements and tneír interrelationship
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2. The activities of the Army are organízed into nine functional

ai cas as follows

i construction

b operación, mainCenance and repaír

c craining

d. mission change

e. real escace

f. procurement

g. Army industrial aceiviCies

h research, developmenC, cese and evaluation (RDT&E)

i. administration and supporc

3. Each funccional área has a number of Basic Activities associaced

wich implemencing an Army Program (BAAP). Some examples of

BAAPs in che conscruction funccional área include clearing trees,

removing broken concrete, backfillmg foundation, curing bitum-

inous pavement, cleaning used concrece forms, installing insula-

tion and landscaping siCe, a cocal of aboue 2,000 BAAPs are

identified in all nine funccional áreas.

4 The environmenc is divided inco 11 broad áreas or Cechnical

specialicies as follows

a. ecology

b. healch science

c air qualicy

d surface waCer

e. groundwaeer

f sociology
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g cconomics

h earth science

lnnd use

noise

k transporcacion

<ithin each ot the 11 áreas, three types of faccors, or atcnbutes,

rfore identified.

* ngfi ..led attnbjtcs were che fínese level of separación within

each área For example, in the área of Ecology detailed at

trlbutes included Rare or Endangered Animal Species, Food

Webs, Varm Water Fishing and Noxious Weeds, In the nrea of

Sin face Water Turbidity, Biochemical Oxygen Demand, Phos-

phorous and Mercury, and in Sociology Residence Distribución,

Ethmc Composición, Landscape Amenities and Conflicting Land

Uses Obviously, there is interaction between these áreas,

and the pollutants affect many Cypes of uses of Che environ

ment, not just one at a time. About 1,000 detailed attribuLes

i.a-e been developed at Chis Cime for all scientific disciplines

b Review level attrlbutes are broader and more inclusive in

scope Chan detailed level attnbutes, but are noc necessariiy

simply aggregations of the lower level Some pocential users

of Lhe completed syseem need che sorc of overview which chis

smiller number of more imporcane aCCnbuCes will provide. Ex

amples of review level attribuCes are Resource Base, Patho-

geme Organisms, and Increase in Undesirablc Species—from tlie

arcas ofSociology, Surface Waccr and Ecolog>, respeccivcly

About 100 review level attrjbutcs are currently utilized.

-21-
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c. Controversial aceribuces identify those áreas which ene

scieneiscs feel will arouse public opposicion Co a proposed

program ScienCifically, chey may noc represent the great-

est environmental threats, buc may merely be parcicularly

sensicive áreas. Impaces on Game Animáis, Oil Spills and
-ti

Araenicy Elemencs are three examples from Ecology, Surface

Water and Sociology, respectively. About 50 particularly

sensitive áreas are idencified.

6. See Figures 2-12 for a general delineation of environmental

atcnbuces.

7. Consideración was chen given co che impace of Che approximacely

2,000 BAAP's on che 1,000 deeailed attnbutes. Each potential

impact was placed in one of four caeegories.

a. This pocential impact must be assessed every time the

activity is carried out.

b. This impact is usually present, but may be omitted depending

on individual circumstances.

c. This impact arises in a small but predictable number of cases.

Consider it to see if it is present in your case.

d. (blank) There is usually no impact upon this attribute by

this activlty.

The a, b, c, and "blank" markings are called the "need-to-

consider" scale. All this Information is stored in the CERL

Environmental Tmpact Computer System. (EICS). (6)

8. lhe IICS functions as foUowR A user identifica his projece and/or

gives íes facilicy class code. Certain impacts are associated with
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each construcción activity, and the program searches ouc all

chose impacts caused by activities utilized in performing a

cype of project At present, the computer outpuc is m a natri.x

formac, liscing impacting activities on one axis and impacted

actributes along che ocher. The "need co consider" marking

appears at their intersection. The aLtributes may include all

levéis, or, ac Che user's option, only the review level Con-

croversial ottnbutes are printed in all cases See Figure 13

9 Ramificación remarks are also included in che prinC-ouC These

are included to help explain some impacts. For example, a r^m-
' ' 'l

-—--i fication remark may cali attention to the fact that the reason

¡. grading'a parking lot impaces fish populacions is due to erosLon

*' of the bare soil, subsequent curbidiey of the water, and evencual
i i '

i

! siltation of breedmg sites on the lake bottom,
t

1' 10 Mitigation procedures for impacts are also included in the print-

¡ ' out In the example of the erosión from the graded site mentionea
i

,ii above, conscruceion of a check dam or cemporary seccling pot.d
i

1 could be recommended.

i

B. \comic Energy Commission (7)

1 Ch. 4 m the basic Regulacory Guide requires a discussion of the
t

expected effeccs of sice preparación and plañe and cransnission

i , t > facilities conscruceion on the environmenc As an example, che

following deals wich cransmission facilities construction (See U 2)

The effeccs of construction and installation of
cransmission line towers and faciliCies on che
! inri mil on Lln |K'(i|ili, inLludinj' those living
ni ind Lln».t visiLin,- or Lr.ivelmí-, through the
«idj.JtenC irea, bhouLd be discussed in Chis Sec
ción. (Refer co Sección 3.9 for che basic ín-

¡Jl^fc formadon )
-29-
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The following Copies may serve as guidelines for
chis discussion buc che applicant should incluae
additional material if ic is relevanC

a. Any permanont changes that will be induced
m che physical and biological processes of
plant and wildlife through che changes in
che hvarology. copography or ground cover or
througn che use of growch recardanes, chera-
ícals, biocides, sprays, ecc during con
strucción and inscallacion of che transmis

sion lmes

b Total lengeh of new lines through and in
various categories of visually sensitive
land (this is sensitive to presence of trans
mission lines and towers) such as natural
shoreline, marshland, wildlife refuges,
parks, nacional and scace monumenes, scenic
áreas, recreacional áreas, hiscoric áreas,
nacional forests and/or heavily timbered
áreas, shelter beles, steep slopes, wilder-
ness áreas.

c. Number and length of new access and service
roads required.

i

d. Erosión direcCly traceable co conscruceion

activities

e Loss of agricultural producCivity on right-
of-way

f. Mitigativo measures such as plans for procec-
1tion of wildlife, for disposal of slnsh ind
unn.crclnnt.iblu tunber, and for cleanup and
resroration of arca affected by clearing and
construction activities

Briefly discuss che effeccs of conscruceion on any
identified rare or endangered species and whac
acción will be caken to mitígate any adverse effects.

2 Ch 5 deals with the environmencal effeccs of planc operation

The copies include.

5 1 Fffects of operación of heat dissipaeion syseem.

5 2 Radiológica! impace on bioca ocher chan man.
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5.2 1 Exposure pachways

5 2.2 Radioaccivicv in che environment

5.2 3 Dose rate estimates

5.3 Radiological impact on man

5 3 1 Exposure pathwavs

5.3 2 Liquid effluents

5 3.3— Gaseous effluents

5. 3.-4-~Direct radiación

5.3 4 1 Radiación from facilicy

5,3 4 2 Transportation of radioaccive raacerials

5.3.5 Summary of annual radiación doses

5.¿i Effeccs of chemical and biocide discharges

5.5 Effeccs of sanicary and ocher waste discharges

5.6 Effeccs of operación and raaincenance of Che transmission

system

5.7 Other effects

5.8 Resources committed

5.9 Decommissioning and dismantling

3. Specific example from See. 5.6

The environmental effects of operación and
maincenance of che transmission system re

quired to Cíe in the proposed facility co
che pre-exiscing necwork should be evalu-
aced The evaluación of effeccs should

make clear ehe applicane's plans for main
tenance of che righe-of-way and required
access roads Plans for use of herbicides

and pescicides should indicace Cypes, vol-
tnne, rom entr ic ions, Tin' manner and frequency
o I usi líi •ii Ii inj' iIf<ii nn p1 mi 1ifi ,

wilíllifi. Ii ih il 11, luid nsouru1), and sluolc

valúes shouLd be evaluaced

New access roads may increase Che exposure
of cransmission corridors Co Che public.
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The applicant should consider the potencial
effeccs of chis increased exposure on resi-

denc wildlife.

This Sección of the Report should also ref
erence che applicanc's escimace of any elec-
crical effeccs of poceneial environmencal
significance which were previously ídenci-
fied and discussed in Sección 3.9.

¡a. Table 5 presencs a decailed descripción of ehe environmencal

faccors and units of parameter measuremenc to be used in com-

paring alternative planc syscems.

IV, Examples of Scaling Checkliscs , , i

A. Adkins and Burke (8)

1. This meehod was developed for transportatlon projects. Ic

basically consiscs of a checklist and scaling of impacts of

alternatives on a relative basis from -5 to +5 (+5 is the high-

esc score).

2. A listing of the environmental factors with a definition or

cxplanation is included in Table 6.

3. An example of the use of the system for the environmental por

tion of the checklist is in Table 7, and a summary of the rcsulcs

from each portion is in Table 8.

4. The rating system can be put into full use only after extensive

Information has been developed through observation and analysis

Furthermore, the final ratings may well be the result of a recur-

sive procedure in ehe píanning of a freeway locación and design

rn oLher words. as Lhe ev.ilmCmn of alcernacives is being made,

Chere is concinuous discovery of ways Co improve locación and dcsipn. Ic
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ChecklisC - detailed

Table 5 ENVIRONMENTAL FACTORS TO BE USED IN COMPARING ALTERNATIVE PLANT SYSTEMS

PrimarY Impact

Natural

body
luifacr water

1 t Impingemenl or en
trapment by cooltrt£
water miste structure

13. Passage ihrough oí ie-
tcntion tn cooluuj
lystemí

U Duchargfl are*
Ihermal plumo

and

Population or

Resourcet Affected

(Speofy natural water bndy
afTecied)

1 1 1 Fuh'

1 2 1 Phytoplankton
i copianteton

1 2 2 Flth

and

1 3 1 Watei quality. exceu
heat

13 2 Water qua'lly, oxygeo
ovailabllity

1.3 3 Fish (nonn.i¿ralory)

Description
Unit ot

Meatuie'

Juveniles and adults are tubject to Percent of har
ittnlion venable or adull

population de-
iüo>ed peí year
foi each tmpor
lant species

Planlcton population (excluding fish)
may be changad due to mechnical, ther
mal and chemical effects

All Lfe stages (cggs, larrae. etc) which
reach the condenser are subject to
attntion

The rale of disopalion of the e\cc*s
heat primanls. to the otniosphere will
depend on both the method of discharge
and the state of (he rccetstng water in
íespcct lo amblen! temperature and
water currcnls

Dissulscd o\>t.cn conccnlralion of re
ceiving ualcis im> be modified as a
convcqucncc of chances in the ujiei
tcnpcraiurc, tlic tianslocation of water
ofdiíferent quality, and acration

Fish* may be affccied directly oí indi
recily1 Jue to adverse <*ondiJom n the
plume

Percent changes
in production
rates and species
discrsity

Pncent of hai

vestable or adult
populjtion de
slio) ed per year
for each impor
tanl species

Acres and acre-

re*!

Acre fcet

Net effect ui
pounds pet ycu
(at har\estabk
or adult fish by
species of ínter
es!)

Method ot

Corriputation

Identifl all important species ai defined in ScU -7
Estímate the annual wetght and number ofeach spcca*s
that will be destrosed (Tor jusenile* des'rcjr-d <"•-!> the
expected popublion that would hj e sjntved ruturdliy
need be comide ct¡ ) Compare wiih the cstiiuied ss-^hi
and numbei of lhe species populaiion ji the <*a er body

I i(M sludies are rcquued (1) lo esimaie lhe di er n> and
produc ion rates of readily rccognizal-'e p.>-*ps íe ¿
dulOTis grecn al^ae loopbnlcioi/ and i1) ti estírate
lhe moruht) of organtsm* passing through ih* ^0'derv.r
and pumps Include indirecl' effecs whuh alTeci mcHaJ
ily

Idcnlií) atl important species as defined tn 5ect 2 7
Estimjte lhe annual ssught and number oí *ath speajes
that w-ill be deuioved (Tor larvae ecgi and ju eT e»
desuojcd only lhe expected popu ahon that » >jld ha ve
surviied naturails recd be considered ) Compare * ut- t"ie
eslinutcd sscighl and number of the species porubiion in
the water body

Estímate the average Btu s peí hour diuipated to the
recéis ing water at full power f slirtate the water volun,e
and surface arcas ssnhin differential temperature iv>
lh«.rms of 2° 3" and 58F undei conmtions that *ould
tend svuh íespccl lo annual saruhonj to maximu.e ll:
extenl of lhe áreas and vulurnes

Estinatc volumes of affrclcd v.atc,s siith conten ralK-'
beloss 5 3 and 1 ppm under conditions that s.olIu Ir J
to ntaxtrnue lhe impact

Fitld mcjíutrncnis are required to eitaMish t^e asti^gt,
numl-1 and weighi (as hancstable or adults) of ]r-port¿nl
species (ai d-fired in Sed 2 7) Estímate thci n-"iality
in lhe rccíiving sj,ater Irom duecl 2nd Indírect* eflecis

' Apr'-cant mar lubstltute an ellernalive unit ofmeosuie v,here conwmeni Such omensure ihould be rtloted qt,antltalWcly tu the urdí ofm* ure shown In Ihls table
•• fuh* bí inídlnthltlnblc Includes ihcilfiíh andother aquatic ln«rtebrBlei harvesied by man ,r. ,„,. .. uilh {oad ni. r ,-«.
•h^ el clfeela could Include Incrcwcd dlscwe inclúenca. Increcsed pred-llon.Inteiference svith spísvulnfi, charged metabolic r.ti» IíMcH >: of Cuh out or pfJi wiin tooo -
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p» -
PopulatiOr o

Resource Af'-.-e-i

1 3 4 Fish (niyatorv)

1 3 S Wildlife (ircludiig
btids aquatic and am-
pltibious mammals and
reptiles)

Oetc'iption
Un, | or

rVcaiura'

Suitab'. habitáis ísveibrid oí water sui_ Acn.s~ofdi.fned
face)m»> bi. ariettid " ^ habitat or nest

ing arca

Mein >d ot

Computa! ton

üct-rn-nc * -líii j _ _ hai i nv b-caua. of
'he n.l lis^j-^es nducii-,¿ fíetts on fooJ resources
Document estímales of affected popubnon by sp**.i,a

Athermal barrier may mhibit mryation, Pounds per yeaj Estímale lhe tractun of the stock that i; presented from
.both hamperirg spawmngand dimuiish \ (as adult oí har- »• teaching spa"vXnjng grounds because of pbnl cperatioi
ing the susualofretunirs fish senable fish by ~ Prorate this duectly lo a icducnon m cu re ni an-

species of Lfiter-

«0

nd
long term fiming effo*t supportcd by that stock Jostuy

^estímate on basis of lotal miaran »n pjtie nj expenence
at other siits and appluable Siatc standards '

The voluint of watei reqLired to cilule ih» mi^t daily
dtsi-harge of eath ihcmi^al to rierr app'uablc water
quality standards should be caJcLÜicJ tthere 'jitjbU.
standards do not esist use lhe volume rcquind t j ailut-
each chimieal to e loruentijliun rqutsjlcnl to a selet ed

* leihal coni.entralion for lhe musí importan! spcuetfu
delincd in S<t.i 2 7) in the receivmg waiers The raito of
thií volume tu the annual mínimum valué of the daily net
fiovv, where aJpptiLjhlc of lhe rfieiting walers shuuld be
expresad as a rxictntage aid lhe tarasí suCh pcrter,ta¿-

' reponed Inttude lhe total solids if this is a limiung
factor In».lude in this calcubtion the bluwJown frum

«cooling towers

Total chemical efi\ci on important ipenes of aquatic
biota should be cilinuted Biota exposed within the
faetuly should be considered as well as bioia in ic^tivín^
waterV Supporting documentation should mcljde refer
ence to apphoble standards cheimols discharged and
theu toxtciiy lo lhe aquaiic popuUtionsaffetted

Estímate Míe área of wet land or water sulfate unpaued as
a wDdlife habitat because of chemiL-al contanuriaiiun
including effects on food resources Documenl estimatei
of affcklcd pupubtion by ipeí íes

Volume of the net flow to the tecxiving waters tequired
fo dilution to reath aecepted water quality sunJards
must be determined un lhe basis of djily diwhajge and
convertt-d to euher surface arca or mi'es of shore Crou
section and annual muiiniuin'flow charaikmtii.s should
be intoiporaied where appluable Annual numb-v of
visitors to the alTectcd arca oí íhorelme musí be ubu'ned
This ptrnuts eslimaiion of iust user diys on an anni'ij
bjsii Any possible eutrophicaii^n effects should be
e&tmiated and included as a degradation of qujJity

1 4 Cherr zí. e^uen'i I 4 1 Water quality. chemical Water quality may be impaired Acre feet, %

142 Fish

1 4 3 Wildlife (Inctuding
biids, aquatic and am-
phibious mammals and
teptdes)

] 4 4 People

•Sí-e fo. -otea st be^Tnlng of tablo

Aquatic populations may be affected by
loxlc levéis of discharge chemicals or by
reduced dusolvcd oxygen concen
tra! ions

Pounds peí yetr
fby species u
fish)

Sui able habitáis for wddhfe may be Aaes.
aTected

Reciealjonal water uses (boating, fiíhlng, Lost annual useí
iwimming) ma> be inhibited dayí and área

(acres) oí shoic
' * t i Itne miles for

f • ddutlon

u

„ í(
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Pfimjry Impoct

1.5 Radion-clitlet di>
chirjed to water body

PofvjlfltlDn or
Rssourca. Affocted

IS 1 Aquaüc o.^-ustii

1J2 Poople, externa!

1J.3 People, Inaeatlon

Descnpuor

Radionuchdc discharge may introduce a
radiation level which adds to natural

background radial Ion

Radionuclide discharge may introduce a
radiation level which addt to natural

background radiation for water user*

Radionud.dc discharge may introduce a
radotion level which addt to natural
backgjound ladiatun for Ingcited food
and water.

Unit of

Meaiure'

Rad p"i year

Rem per year for
individual, man-
rem per year for
estimated popu
lation as of the

first schcduled
year of plant
operation

Rem per year for
i n d i v i d u a 11

(whole body and
oigan) man rem
peí year for
uopubtton as of
finí tcheduled
year of plant
operation

IjSConturaptlTO ouc 161 Peopto Drinking water nipplíes drawn from the Gallons per year
water body may be dtmtruthed.

1 7 lian! coT^nirJo-. (.3-
clucünj tilo prtfiíro-
tk-n)

1/2 Asrlcullero

1X3 Indusiry

Water

tural usage ..»
may be degraded

igrtcul-
:er

may be wlihdrswn from agrtct
isage and use of remalnln^wal

Acre fett
year

per

Water muy bs wilMiawn for Industria) Gallons p-r >cai
use.

17 1 Water quality, p'ijileal Tuibldtty, color or Icmpcrcture of Acre Tcct tind
natural water body may be altered acres

1 TJX Water quality, chc-n.IcJ Waterqustity may bs Impairtd Acrt-feet, %.

eS~t» IwOiuiig» ut bvpiiiij joftotít*.

Meth-J of

COT, jWiO'

Sum dose contribi-uonj from t.J -inudides eíp.-ct(J le*
be relcased

Sum annual dose contributions from nucUdei expecied (o
be releawd Calcubtc for above-svater jambes (si im¿
fishing boating), in-waier actmties (tmmniinj), and
ihoretine aclmtiei

Estímale biological accumulation tn foods, and ini»'
individuáis and popublion Calcúlate do*ei l y suri
resuits for expected ladjonuclsdet.

by

Where usen wiihdraw dnntung vate- lup^Iie» from tht
affected water body, lost water to i, ;n should 1-:
estimated Reinan! dchveird co:ti of repbce nent druik-
tng water should be tnduded

Where uséis wiihdriwing ungaiion water are afTcacd th;
loss should be evaluated 2S tbc sum of l-vo volumci líü

volume of the water lost to ng^iculluril u,- . ind t~>-
volume of dilution watei requucd to icduoe coik^Hu
Üom of dissolved tolitJi m remurunf v,.lci to 'i
agricultura lly acccptable level

The volume of dilution vater required lo iv't ippK-' 'J
water quality standards should be calcuLtcí 1 ií ; 'M
exlenl of lhe effect should be cstimalrd

To the extent possibli the sppli'„r"l ilioutd trnt r'.V
lems of iptdi and úiair¿i*t du.irc co.-.jw-cbou üi ti»
tamo mime r.i 1 4 I
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1.9 Cuniuritú or L-nCi
ai.li t t'íccti

1 10 firt e"icli

Por--'a*ion c

Ri-jJurc* s rft»c\tá
fjtescnpt on

Unit c¡f
Mldiurc1

«aih«d ol

Com mi i nn

l^ fILani

V»>ere evidt-KC indica.ei th;1 lS= combned eíTeci o' a
i unbsi c' n-acli on a nar^cuU ^pub'ion or lesoí ce
b re! sdequ- ely in-íí-aicd b, r"<-ait.rcj of the "¡ztii"
impact» t¿ loul conbined effeU sho>ill be describe*

Se* discui-03 in StcLcnS R
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Pnmary Impact Popula ion or

Resourcci Afftced

3. Ground Vita

21 Raising/lowCTinjj of 2 11 People
ground water lercls

22C h c m l c i I
conlamination of
(round water
(cxcluding ia.lt)

2 1 2 Planta

2 2 1 People

22 2 Planta

2 3 B « c ' . n u c 11 d e 231 Peopl;
con i iminatiop of

gxoi J i-utcí

l -

2 4 Other impartí
pound nata

2 3 2 Planta and anímala

*S« fooinottl ot betfinlng of tablo

Description

Avaibbibty or quality of dtinVing water
may be dccreased and the funettanmg of
existing wells may be tmpaired

Trees and other deep-rooled vegebtion
may be affected

Drinking water of neaiby commumties
may be affected

Trees and other deep-rooted vegetatron
may expenence toxie effects

Radionuchdes which cnter ground water
may add to natural background radial ion
level forwater andfood luppliei

Radionuclides xvhich enter ground water
may add lo natural backgiound radution
level for local plant forma and animal
population

Unit of

Mea,ure'

Gallons per year

Acto

rVe.hod ol

Computaron

Volume of icpbcement water fot local welh actuaDy
affected must be estunaied

Estímate the atea tn which ground ¿aler level charge nay
have an adverse effect on local sjccciation Report this
acreage on a sepárate schedule by la-d use Speufy n.ch
uses as rccrc*tional agricultura! and reudentia.

Gallons per year Compute annual loss of potable aater

Acres

Rem per year for
individuáis

(whole body and
orpn) man rem
per year for
population as of
year of first
ichedulcd year
of plam opera
lion

Rad per year

Estímate área aficcted and repon scp-arately by bnd use
Specify such uses as reueatiorul, agnrultu al arvd
lesidcnlial

Estímate inlalces by mdividiub and popuLaiicij Sum
dose contribuían) for nuclides expected to be rcl-Ji d

Estímale uptakc in pUnls and tr¿nsfer to animáis Sum
dost. conttibuEmni for nuilidei cxpcilrd to be teleated

The applicant should describe and qujntify any oil i
environmantal effects of the proposed plant which ruó
•lenifican i
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fv,',aiuru'

'^y"^- 3MC— "-'P-.' - ^¿^-^-^-"c Whiclchourspe. Corete ,hc numbe, of houn per year tha, dns,,
ytjr h"aJdl Wllí "C inirtased on psvcd highways by f- ,nd

ice from coolmg to~ers and p.-Jj DoLumr llallün
should mcli.de the vmb< > en cria useJ (0, <¡, m.ng
hajirdoLi conJinons on ihe l,,^ J>( aUujUy -nCtieu

3 I 2 At/ transpórtanos

3 I 4 Pbnti

£•« r.r«- -- se. "¿ca ^:!;r^—^- ;/,; - d
Pe,ytaf <"R> » '"«- b^,se of .,, ^ Kc .^ ^.^

3l3^a.ertran,po,u z, S^ fuzarrJ, m * „ <•>-» t^, „,„,„ üf ¡Vn , , } j píf)fj[

ffí'ÍÍS ,eduM s-^h ^-offogfr^co.UngtJwersorr.nds
year j^

conditions

so 3 2 O :r-i;a[ discharge to 3 3 1 Au mnhiv ri.-n —i o h"-" ' AaquJ.iy.eh.n.-a! PoMurant em.ss.ons may d.miruj!, lhe %and pounds or IV ic, ,,| co-cen ríllrtn n, . „
q-J.iy of Hielo Jlariburi.ir lom «t-M co cen ral.on oí ej'h po"utanl in ppm fot

rr-1L' ' ' ^ J ' J' r.'f <' <" _ t,C f> r- t j.
p.r.en'^ o^ tK JlPI„j| c¡ .Í.3Í. i-iidüd I .n
sveighl íor espn ed annjj erra, ion

3 2 2 A» quality odor Oíot tn gaseoj, diirhar-c- or fr^ c. .
• 'reí, L w3,ct body r^y be " *«•«•n-«i ">«! te made „ .o ^«l,c, odo. oi*™,^
objecuonable "" PUnI u Pc^pub'e ai any rom ofíii e

"BiJ^ 33,Peo""'tra>' zp%yxxL¿jz -,.^; ^
fnrn r.d.oací, e «di.i.on leve! (wholc body Cnd
rjl -s'- (m p'ji i oí oigan) man rem
be i ' ¿nipotled) ' peí year for '

1 l" - population as of
year oí rus!

Jcheduled
opua km ' h 1 i i * ii

í3IiMP'Mr' "°n ^onuci^dnclarpmayaddtothe Ren^nurfo, U,V-r / '. , ,,'./, '
r - rlnl^ciisiu tnvcí.rt.t.n '̂.n ,ndiv, «J upi. ¿ ,, ,d . , ', ,\ ' ,;';.' -^ ,' l"

1 conditions
ui

l-O

(sshole i*. ' t i , jj f• J fj,,t rtJ
O ,-m) r - r ex( cli _
pet y c*i Tl-j
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Prlnví-y J, , p~- '- • c "
O - - ' Díicnptiot Unn o' f, tl „ uf

—- - .„,— —^^^ ^ a jr? Compuicii j i

P".-' -n ._ cf
year of fu„

• cheduled
OpT^tion

3J3 PUnUtndtrJir-a- RidionucliJe disch.rfc- rn^y ,dd to R¿d r-
natural bac^oundradiiuctMyof local ***' Eitir,.te d-.^s.t of ra.i^u'MM ori ,-d Upi2Vc n ,,a j
ptanlci.d Dnin ti Lfc arunuls. Sum düv cctitnKjiioii for r^icu ' '

3.4 Olfca in- ac i oa C= '^ "' ^ ' - 'e,ía ~
The applicunt shoolJ ¿ K~ríU and quctify nj r «•
errvuonn-niil eTecu o,' !•« pIop0tCÍ püal ^
•i¿ruíi it

*S«hn r ,Btl ^-^^f ^
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R(.v>. c , '

4 I l Land arnoant

Divti i i3 t
U i.

IVesu

Land wdl be p*eem,' ej fui i.\ rMiu.lion Acivi
of nuclear power plant plant facilities,
ind exclusión zone

4 2 Omt ustión BChviii*. 4.2 1 People (*r i«tji (-)
(incli-ding fite
prcpai ion)

Tncie wnl be i losi of desirable qualitleí Total populi!ton
m l1 ; tnsuonmeni du; to lhe noise snd affccl:u, y... ¿.
novement of men material and
mach nes

4 3 í _-' o^rv'^n

4 2 2 Ptoi - f -cí**.it 'i- o' Fss'cal i. es njy be affected by Vulto.11 )
huíoíi -a! titet) cotí judión

4 2 3 Peop'e (;c_-<sib 'i-y o' Cc"i(jtlicn activity may impir^e upon Q u a 1 I f 1e d
anhío't 2. ""•! *ne ) *' f' of aic*ucologic?l saljc opinión

421 tt ild life

A2 5 L-.il Ceiosl^n)

4 31 iv ,, oí, . )

4 3? 1 rj ( _• - ' „)

V-'Ji-ftrr3/b:3rf'acd

Si'e prcpara'i^i. »nd r/tait c<.v rL^ilciii
oü ipyoI l c enJ P! op-.i^i ^n-i s ith

Se « may indur- stress

Th: Ic:;' 1
a¿j eccpi i^ u t _'
ne¡£,*iL'orlr^ t lor '
rtc tatioi:! n i j riry

J .-" ir-- -
tiei: a (tu

i-"1!'- :nd

tr icndTcl

Qutliricd
or iion

C ic y <¡> ss 1

Number o f

re u* ti, i - ol
p.l p !• 13 t I >I í

G l . 1 I f i
c;;i

i

C'

Sl-tw rj'i-- cí --í i • fo | -' j_
zo te, and i ,* , Íj.. 1 ei i ich t. coüh. _ i *
pondi By sepárate schiuule ilae the type and cLu oí
laid p ceniptcd (e¿ ne>uc si j,-Lie wet Lind fu'cl
UiJ etc )

The disruptMn of coñi ui.iiy ufe (or allci.rL.ii c 7 i ^
det ee of corununi'y ikOÍa'ion írum luí ^ ¡
slfcjuld te cslimafd Fstimatc lhe nu—bei of ir- *- < ,
tchools lospiLili etc witr~ n areí of vis-J and ._i,o
tmpjcii F/s'imatc the duration of impacti a-*J lo a!
pcpuUtiun affected '

r iíiTilt h-storici! -itci ti _i r ¿ht be di.pL. ed by
g;nctj'ui fjtiLlir l i.iru n"^ . on iry otr-ci líj i i
plant envitons E*preu net imr act tn lem i cf .-" ¿1
number of vis tors

Sumir_ri¿c evjliuri ii tf i - *"t on arche-jl^-ical
resour es m nr of remuiing ,a)Ii uial valué of iit ms
Ptffrenced dormir tal Mn should include lia ten en u
fie i iii^iu!1' ni / £ f T '3 1 if
as. Vj'i.

Su mr »ti: qualifi^d opinión Lnduuin¿ v ,io' c„ i fA
loo! ar 1 Sute u-ildli/c ifccru.i vi í- . - '_*> t V -ij
mío aecouní bTih beneficial md cdtt se affe^ s.

L'tmatc soil (Jih1'lnxd by construction act.uty a d
erosión R'i utm ;rj dtinTCi ni íffcLls i idj'J U*

Us_ ti' riu,-.sed HUJ C-iltiai C" J l - for
Ni-1 Aire, ft lJoi : tu 'nalti 'r. •. . i » m iv

cdt<.t,oii , of Ci _ly U->ac- , ' h r¡ v
Uratiejia' li aJ r >n ..íl'j Ai. c^l- 'lor'" ''i^
ic vt '."1^ ti f r ti'-t of r '-nt.ci th t ' I

'' ' o - t - - r/V ' i.

"! 11 > ' --

I -I í-' I

III _ O



Fr
Popule n i Or

R" o c , f-

4 3 3 Wildlife

4 34 Land flood con jol

4 4SiIj ¿.^h- * f.-jn 44 1 Peo/í
eooL~ 'o r

4.5 Tr."
%-

4 4 2 Planti trd ar-T-Ii

4 4 3 Piopírty resources

]r Ion route AS 1 Land imount

AS 1 Luid l - and

453 i\-?'!(. trr: =.)

•;™ t"-*-f « ti bfl^nnln; of labia

Dcicipl'cn

i-i''c. 'y otjsclionable by thí pUnt
fac.'ity

Wildlife may be affected

Health and sifety near the watet body
may be affected by flood control

Int usion of s¿its into groundwatei ma/
ifTect w.iír s-pply

D*potition of entrined salís msy bí
drirmental in some nearby tegioni

Structures and mov.ble prop;rty miy
luffer de pradal ion from corrosi«e
elTects

Land sstll be prcj-npttd for conslruaion
of transmission linc sys'erii

1 res may piss th m.vh sisua'I *• m >c
(that is tensimc lo prts-nce oí" 1 an> -
non unes and to^e-s) _ic-s tlit-si ^i"
ing on theu present and potcnliil -'•
and sal— of nci^htoimg ptoperty

Lnes miy pe 11 vÍ!UElly undersuable
fcili"ei

Un

Qu al if i ed
opnion

Reference to
Flood Control
District approv

al

Pounds peí
square foot per
year

Acres,

Do'lzri p-r year

Mdes, ac.t-s

Milcí, acres,

dnlhi»

Number of iu.Íi
fcaturii

rVtlhjü o)

Corrpu a' O

Summarize quaJiñed opiniónincluding views of c =mnl
local and State wililliíc agencies when avaiüblr taYi-g
into account both beneficnl and adverse e'fecti

Referente muil b ridf lo iigulatuns of cigm/nt
1 lood Control Agency by us* of <>-• or >vc fol^-nis
teims Has NO IMPL1CAT10NS for (\oo¿ con „l
COMPLIES wilh flood con irni reguU.ion

FstimaU lh» amount of sal's di¿ha/?ed as d i't ard
partícula es R'-porl máximum diposi.ion Sup>io np
docurnTilatirm shnulJ intlude p-li-rns ofdipos i >r and
piijection of possible effect on soler s-pr'!1"'

Salí tolna-.ee of lncal jrrei.icd ate* srgelatnn rrusl t*
de eimmed Thal área if ans re.cisms sal ¿ ¿ >i un n
encess of tolerante (afir al¡->wincc for dilu i- -) - n be
esiitna'rd Rep >n «paiatrly n arP10.' 3 c tj^-'jI»-*"of
aeréate by bnd use Specify su^h u_^¡ a* rcr-j j al
aErK.,l u il ínl \-tul W1 nt v iJ re r_ 2 II
afí... ni .-.i i fs ¡^ P- lun!

If salt sprsy npr^es upon a local "con- >n ty ti ct
property damif msy be esii-ia'r-1 by a.ip'sn, lo i -
local valué oí buildings ma-hi-ery and st.v,i ! s a
diffuín i! in aseiage deprecut on rates be s-een ihis and
a comparable scj-iOusr tomr^unity

Stste lulal lcn¡,th and aica of m* rifehts-of s a> Lü -
curren! nui' rt valué of land involved

Total leiflh of mv lurum- 11 l- t - ' ju' cí
iiiJil-of si jy lln-'iií.h various categoría oí si ^ '
me bnd rsiii n.c nimn.n loss m Cu-if ("<", o
v^ues nf adjat.erl a eat

Istirae letal number of usually u-J' V fr w-i
si,ch ai numUr of major road non ic* ui s .i ; of
ínteiseciun or inlcrcl.inj,*cs nui iber of i Uji s ni /
ero si -s ñu ni- r uf ciest nt" <. oí oihe i. '. ,-. <l
c __ ^—s^.pi" i(n"V|fwi**n*t(a.i ui^ u

pen>:rdl ubi to KjJ'lV W* 3I,J w-u* *;



(.

Primar, |n,c ci BPoPu,a"™c' Gescr.ption U'"1 °' Mlhod °'

4 ft 7r_r s iiss i r v bt ii 4 6 I Land adjac- 'J Co - i _i rn a < •. to \' <_i t , , ' - ', r/
cors'ruction nght-ofwjy iL¿,,.-^'^.y "¿> have ritviromr.eMal for a!-n ili t roule.

imp->i.t

J i

462 Land eroMon Soil erojion may result from Tonsperyear Ei'imate área with increased eronor potential trac V;
eo-iit l-h ,i ac"íi'ies to coristrucuon activities

> (

| 463 Wildlife V-ild'v'c hjt si and access to habitat Nun.Vr of un Wen'ify inportant (Sect 27) ipccwi that may be
niajbea'ff¡' porianl tpv.h.1 diiiuit.d

afTccted , j

464 Tlora Flora n.> K- í'-tcte.l • '

47Ti*r ni!.ton line 471 Land L':e Laiá c. f i-' by nghl-or way may be %, dol-ait El irMtc piren of r-hl-of i ay f..i ahtch no mulinle
ope atirn usrd r íc*J „ial b<rn.1c .1 purvosiS us. ¿c rui.i -is p'anit J An-nJ v¿1l. of múltiple use

ijch ,•• i. i' ; di picnic are->i nui series, ~ act Mi 1< en t of i nc, ..wu tnts
hung .-ij t,H rz irails _ " . '

4 7 2 Wildlife Mod.'uJ w Jl'e hihitat may result ui QL,iur;d o? ' Su' mi. . j ' ri ' ^ >i i 'vi.1—virus ofcc.T

4 ? O hei' I i p

' ' charm loi local and St- e wiLbfí j- *- h n . _ '
í-

v -•> '• l 1."-' " r i r ••1 I*"- c

C 1 . T 1 U..J,, u' • i í- r a i v

Henifican

4 1 < opiti -n ' or Li' i Where evij nce rdicatti i*-a the con br-d cffecis of a
c'ivr tficcis nur itii of l parís on i p. rn-L .r pop buoi c r* ourt

iré n->: a^-^'i-itfly irdicjted by rrnsu—s of the <*p; •••c
inp ic * tht loul combtj id efkvt s\cjVJ fc-. ,.n' j

Both benerkial ar-J a-íscri" iniet ' ..ni Cou'tl le n-

dKi-t**

4 10 N . tff cí.. ( ' See dlí"L !ion in Section 5 8



T ili i. f. I ist of i 11 vi ri'iimoriL.i 1 1 íctors

in Atikinb-lUit m. Mi t nod

Factor

v TUAttSPORTATlON

A* Local Aroa

Sors/ica

1. Pusan^ar caro

(a) Circulación

iDoflrltion or rir.plaaati.ri

íiovencnt of people, soo^n
líuid ac-vlcco

¡.-f 'teco u^oo corridor

Clrcuicy of tr¿vcl c ^
fil^a; froa- 'con^riion frea íru—rc/
wav I

(b) CiicuLctioa ¿íf.íi 1:/ o,' ^e::. .,
t_cro-o íreo- Jimcs; <1 forth acre z
wcy

(c) KovacnnCo ln
arj out of

ama

2. TtucJco

(a) Circulación

vay

(b) Circulación
cerosa f roa-

va?

(C) MOVSBOCCO lQ
C_ld OUC Oí*

arna

.írecj /

To ot .; c ¿>

Sea .. xa)

ifio a. (b>

¡360 1 (c)

rto oí >_>',.y.
Hgv _i_i o».' loca* uioa
Siar\c. I

3 Public traeuait uua or otiie. cí/ocCo upon

(») Servica with- ,
ln local aroa >

(b) Servlca ln *nd
ouc of ar«a

4 Pedeocrlon

aovoienta

<*) UorVc

(b) Shopplna

(c) School

(d) Church

(c) Socí-J. or
racrajcioaal

(f) Othor

* »rcv- , i.acy,

•-_ur. , ote



o
3. railroad

aarvlca

6. Alrport

7. Vaco iva/

tt. 0.1-or

]oZf ce

¡IoC'ii .'* ice or
'lLiyiro' nc

'Inc_r.'c.*-aeo or

.. ;-o* - jc

D. I.itrc iclCo Aroa *AV 2i>* (1)
Servíc* '

l. Vio /rccw^7
ayecea

(a) PuotJtsar
carj

(b) TmcÁJ

(c) Public
traaait

bichar .outo ce pn.. oZ
L/ec.

2. Via otaor etreo» .íf-ct ií cao ií«v.Jsy in
¿>.iUc

(a) Pcjccacar
cara

(b) TrucJto

(c) Public
trcnalt

3. ¡LaUro cid

earvlca

A* Alrport accaav

5. Untan*cy
eífecto

6. Other

Icntu - i" C OJ

lrlmo. J-.i-.mc..

h-Tsn.s, rt or
lint». t< u •.(*

Tí Fnviropniontnl NI 1^ -inri P?M 20-R

A. CocauntCy (Local
Aros)

1, Holoe po*lutlon

(a) Adjacenc co
Erocwoy

(b) General área

2. Air Pollv.tlc/1

(a) Adjncant to
f racv;/

(b) General *raa

1el =t-o-i ;o prcatrt

Levéis .'PM 20-0 \r 7)

,'Vi .^-d t- -;



3 Ir a i ni. c-1

U) AdJ-cent to
¿zecJty

(b) Concrcl área

4 'ta^r Supply

<a) Uüter pollution Í?PM 20-¿

(b) Water Qucntlcy

3, Uaatc diajoaal

6. 7¡ora effacta

7. 7auna effacca

~ Z, ?arko

9. PlayoTOunds

10. Arc>s3loslcal
oitoo

11. Ulotorical

altea

12. Opon opaca

13. Vlaual aopecta

(*) .v^acer.t to
¿ro .-y

(b) Canaraj. arta

14. SafoCy

(n; VrtC/ic

(b) Pcdaatrian

(c) Other

13. Otiiar

fcifrct on aiüacoa o?
-í.OOJÍ , LtC

'^ray-o; o;

terio». Et ..porary

ÍInterí«.-enco tn. ti rcov^^ nt
»r leve* oí ^lound vu.e:

'py 20-J Acceso to,
Lnterf creTico, ate.

PA ora Í'?,J 20-8 nd

liripi*ccabio lob-aj,

(.i'A u - IV. 20-8
.BreexlUí-, or QcjLlrrt, t_t.c

fPFrl 20-3 Zi^rovf-
L^ort o- dci-vo to

?7A 20-3 Icprovo-
3-CQt O. dO— £0 tO

XZ9* cr¿ pr^ 20-8

Uj^j o£ or accoaa to,
Vtc
i ,

PPM 20-6 Lodo of

or acce-a to, ote.

rPh 20-^ Coennunlty
lev oí trr«ssa/

r

IPPM 20-6
in hax£i^:

Any chansg

I i 4 20- i o rj,
oih*r i ^tiourcoa
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S. Trecvay K-íCorUt
Exporicaca

a :o-a

1. Vlcí» of frccvay AppatraafB and ¿«iurisy

2. View of advocar* lA-_tUtle, or c;cc.fil *;£hU
araa v ¡ "

J. Fanoraolc vtma '-.oCao

4* Arca haiarda

III. SOClOLCCtCAL

A. CocmmUy (Ucal
Área)

1. Nelshborhooa
aovaranea

2. Cultural
pateara»

J. Crlw

(a) (Uto

<b) Polica
protection

4. Flra hoiard

' '*' •,

(a) Hatords

(b) Pire protec
tion

5. Bonlth

(a) Ucclth
factor* -*..

(b) Medical
•ervlccs

6. Rellctoua
servíce o

(a) Lodo of
placea

(b) Acceaa to

7. Educacional

(a) El«ueniary

Cb) Júnior U.S.

|'.cardo .:o frccvay ui>0»
.«.id vahlt.Ua

Social relatienchlpo
^"i 20-0

l??tt 20-J

clolatic.» oí :clsfcbor«
"icoi bouTujrivJ

atabiHiy. Ufe nsyle

jua.-'ult, rolioty,
jr.jc-.ln3, c:e.

Chanca la o?porcu£lty
Cor

vvallcJUity end apoca

(Type .i.í. «íenülty of load
jwseo ?:a 20r¿ .. . .
í^
Je-ícIIíbjb, tr Jh^otC.

A^ailr^lc ec.uij'ssaot find
íziM
r-

.'*! 20-íifc
J5 nlc.t ou, i. iwarou-i- - -- —

i,<OlM » VC 1

Tis-c -o raací \ealth .
(aclllíioa or obtfiltt
-tarvlcaa

¡?PM 20-J
UO £CC "-

OpjKurtusity

xcova* of churciui*

laolotío.i of sisiabo.ro

oau ot or effect on

j\ci.<t3ri to

.'I'M 20-

h :c-.

(c) Hlfth School J-'PK 20-»

(d) Trata a-ií
Collego



£ Rfc-" tíon *

i ...ilcies

9 bo;< al carvlcci

utllitieit

i L NcigSborhood
ltvabilicy

(o) Conotruction
period

(b) Long ruó

B. Hctropolltan
Are o

1 Pólice

prolel tion

2 Flre protección

3 HtdUal

ut.rvli.eB

4 Educarlonal

eervlceo

3 Parka

6. Recreation

7 Hlacorlcal

sites

3 National

definte

(a) Evacuación

(b) Milicnry
raovcuents

(c) Haitirdu to

critica!

Industry

IV ¿.CONCHIC IKPACT

A Cummunlty (Local
Área)

1 Enploycenc

(a) Const ructIon

parlod

(b) Long rün

i j.-- s .

ÍVxOU^. C

-'K. ; i tncuo of
urro<- Jingo

D'oru^'loa

|C¿aan.tlneau, rcpalra,
ate
i

llojo ai jnd effects on
i cce to

i'^.i 20-3

l

'P?.H 20-11

VPK 20-S

¡^PK 20-j,

f?PH 2u-ó

PPM 2u-i

PPM 2G-8

IPPH 2v,-6

An a i í-ik in uyotea

\a d i.rk in aya ten

*PPM 20-3

'cr-^"*^ in place or
<fiCC¡ Jl.

Chance la place or
acece 6
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2. Sho?«i--,
f ICilíCiCG

I ' *

(a) Cc^L.-uctlon
period

(b) -on;; run

3. V* .'inl.i.1

4. Oüu r Vo?¿rty

5. Property Ta»
bi~i~

(a; Ccr t'uction
pailoa

Cu) Lon„ run

í 6. 0 i iú> tu

r>.i-is.¿nca

(a) Cvaera

(1) bjS houning

(2) non-DSS
hourtln¿

(b) Rentera

(!) OSS houeina.

(2) non-DSS
l-.ouolnfl

(c) Z\ia<- of
rt pluceawnc

7. Olnplncid

1 ) buiíiii^uoea

(a) SqjU
1 biislnesaea

i

(1) Nusber

(2) Sunber of
Joba

()) E..n. of
:tilocatlun

(b) Otrur
builnrimea

(i) Nunln»r

(2) Nuc&tr oí
Job«

i i

(3) Ejut. o'
~e lw*.at ion

r,1

-cenri

pUcc or

-cid l0£C OÍ Cl~ltC3;o

20-S

i

•?H 20-3

i
?Píí

i

2G-*

¡Loca ot" tamble v^íuoí

i
iPot«.ntl i .or ch j-.^o

S?M 20-ü'

1 - -

[DSi - cUcent, bufe and
¡ocnlc&ry
i

1
1

i

i

i

1

í
f - -
i

1
¡PPM 20-ñ " - -

?r*M 20-3

PPM 2C-U

.'l-M 20-u

?PM 2L-¿

-41)-



3 3crcjíninfj
bui lnen'ico

(a) i,cu\ll busL-

ncoar-s

Effcc. o on ;obo PPM 20-

and UKivency

(1) Cono.njalon fPi'M 2u-o
period i

(2j Long run

(b) Orher

buaincsses

(.) Con.-tr-ce Ion
period

(2) Long run

9. Nev búa i neo a

10. riultip^e une
of ¡u7J

0. Katropolltan
Arca

1. Cjp»o/-enc,
aceito to

* 2. S*io-i-i¿n£,
accaüa to

3 Co--n-i-íal
activlty

4. i'-o/uriy vauífii
and Lax base

l'i ^ 2u ,

iPPM .G-o

•M ..--

PPK 20-C

Poteu:^„4. for ?¡Vi 20-0

Outo.-c of iocaí i***m

'M 20-

>PM 20-„

r

ppk :o j

ÍPPH 20 u
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Table 7 Txanplo o Adkins- mrVtí
Metliod in Environmental Catufor>-

Dtflnttlcn or £.plonacion

D-jVJih
'r —ir tíve

_

Factor , ^ 1 2 J Ce- -enea

11 £.\UB0HHZKTAl. NEPA and PPM 20-8 - - \\\ "

A Co-ccunlcy (Local '
«roo) ."" " -' i.XXIX

1 Noise polluCion V.c^ation co prcíont

luvcla PPM 20-3 * "' T^AiA
(t; Adjacent to

frccvay ¿ i(
^ '

- -t -'

1 ,

-Rcllcf of uírct tr-fílc

hi..pn oíís«?t

I -, — ^_

(b) Oenerol área +.< 's 1

AtA

I=r>ro co du%. :o .^.l^ «j.

ctrrLt trüt.le

2. Air Pollution PPM 20-6 "**
. . l. 1 j > '" r x

(a) Adjacont to
frcovay , 1 1.-1*1

r

Relioí oí ol.ccc ^r<-f c

(b) Ganeral área
S » '

'

+r^2- "" Relie? o£ acrece traite

3. Zrc a tr a ¿o Effrrcto on cnoncea oí --— -

'loodlns. otc
-y •

(a) Adjaconc to
froeway i t

'
•i

- _

0 ¡ ¡(te 1 wIaI hel? b,li3 ..1/

(b) C-ímc-ral arca
K ¡ <

o"
-

4 Water bupply Xx X -

7 .

(.) Water pollution. mi 20-8 Pcmar.o ; or

^irloua tcspor/*i7y - —
.0 0_ .litt.c, iz .. .y, cr.*.,..

(b) JaCor Quancity *nt*.rfi. etco vit/i i_ a anc

3: le c. cí ¿round va cv
c

•

i- Littxo, i.' any, cír*.ci

3. UaoCo diapoaal PPM 20-8 Accí-üc to.

Ínter f«renco , etc -"•

^~¡

ó. Plora effectfl •ÍSÍA end PPM 20-8 ' nd

¿te

! !--0| o í-
1 ! '

"Litt.t, if u'y, e;»,ící

7. Pauna effacca -.i. A arui PPM 20-Ü - - —

jlr"*fllny, or ne»clnn, r'r
o| o~¡~ |
! 1 !

" 4.1ttls., If 5"iy , C.Kt[

-s*1-

t3) -
Un



Peetor

6. Partea

9. Play^roundo

10 Arcíuologlcal
altea

11 Hlatorlcal
oitoo

12. Opon space

13. Vloual aapacta

(a) Adjacent to
froevay

(b) Conaral aroa

14 Safety

(a) Traffic

(b) Pedeatrlaa

(c) Othor

15 Ocher

fi, Prraway KotorlaC
Experlonco

1. Vio*, of fraovay

2. View of adjaeoat
área

3. PanorooUc viewa

A. Are* hoxardo

Al cemnclvci

Definición or EKplanatlon

¡PFH 20-Q Icprove-
bent or dcjiagc to

.?ri 20-8 Inprovo-
rraant or da=¿2G to

+5 +2

+5

>A end PPM 20-8\ ^

[Losa of or aeccaa to,
tote

0 0

JPPM 20-3 Losa of
¡or ceceas to, ote

PPM 20-8 Cornualty
vicv of froewoy

PPM 20-8 Any chaceo
ln haiurdo

PPM 20-8 e g,
othor resourcaa

PiTi 20-8

Appearo.ce and eacurity

+3

+2

!+3

!+5

V

+3

Aeothetico or apecial aightu °

Viataa +1

+i

+1

+1

+ 1

+1

+3

(iajarda Co frecvay usara ¡ ,
ana \ehlclea i

-1

Co --rntn

¡•provee acti-i.£ to

Rte 1 ícprovE" ¿ceceo to

Nona affected

laprwvoa aeccaa to

Op^cs eren by rcooving
ütructurco, cc-c undcslrable

Thru procer treacaant
creac will bo icprovcd

^Ce 1 would rolp
Rte. 2 roe 11-21/ to help

Reo i eiví-t, iorc rellef
co atrec-s u renoveo rr

Rte. 1 cor'' pe mono involved

Uto 1 clcaicr and nlc«r
vlev

Rta 2 could £iva
special vieva oo curves

R Ce ** cood.

Rta 1 dcvncc?.-» oree

Rte. 1 would dlapUce
hozarás Rte 2 would
creóse onl-orlnrs cp

i l iiiuaErtt'I groi.: ele.

PAET II. Suoaary Rating

No of plua ratingo

No of minué ratings

Al cornac 1 ve

1 2 3

15 12

1 2

Latió of plua ratinga 94 8f

Alternative

12 3

/Umbrale a^Ji of ratingo U¡* \'.

Average of ratingo 2,75 1.00
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TnhÍL 8* Adkjn ;-Btirke Mothnd
Ovl i al 1 Cüinp ir i on of llar, ings

?ort
11 oí

; riu- luí

S/ICÍ1.3Í I R^.i 1

* roTTi Ai£ h-JÍc¡ . T ~

iíitlri'u

IA Tr^nop , Local Área

Alt 1

AlC 2

Alt 3

-7- L (

lo Tranap., Metropolitan
Aroa

Alt. 1

Alt. 2

Al;, 3

II CnvircmnantAl

Alt 1

Au. 2

Alt 3

IIlA. Socio, Coomunity
Alt 1

AlC. 2

*lt. 3

III3 Socio , Metrópolis-r
Araa

Alt 1

AlC 2

£it_j

IV. Econoalc Itapact

Ut 1

Alt 2

Alt. 3

JLi

-LL

1«;

-U.

All RiCln^a

aac 1

Alt. 2

Alt, 3

1 A o

14

11

-L£_ 20

JA.

2J 86

-ü 71
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jlL &7 - 11
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Lb buspoi ted i\\ \L very oiiou v. ,t_n .1 badly rated ítem app^irs,

its disadvnntages can be cured or amel10rated at a favorable

cost. The search for such ítems mav characterize the deoisioi

process until Lhe time of contracting (and perhaps beyond)

Thus the ranng system has a similar purpose to that of the

chock list except tiíat it is mtcnsified through more detall» 1

evaluación.

5. Tne summaries for the parts of the form and the overall compari

son develop a ratio of plus rat+ngs This measure is considiied

to be at least as important in summing and briefmg the resuits

as is the average rating The dbsence of uniformly accepteo

criteria or standards for evaluation gives the algébrale sign

of the rating great importance Sirailarly, the difficulty of

quantificatlon and aggregation of the factors makes the deter

mination of mignitudes for tlu uimcrical r itings highly íncx.ut.

1lu I .!( 11)}' . , llOWi Vi I , ilt) l M i>W 1Ol 1tu I>. 1II) 1ti}1 111 11101 1 kn.iw-

ledge to bear than would posltive and negative designations orly.

6, 'lhe rating form allows for índepcndenc cvnlintions of two alte -

natlves using the existing (mi uding alreuuy assured chango^

and additions) street and road system as the Dase condición i'or

1

each rating. Also only one senes of ratmgs nay be used, in

which case the alternatives are, rated against each other, again

witn a base condition of existí ig roacis and streets.

7. Combining the recur^ive plnnn.n,; mentioned above with his p. .or

knowledgo, pt 01 L-s.sion.il judpmvi.i., ann fanuliarity with decís.Oí.

processes, che hi^hwav engineer-planner ordmarily will have
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evolved a superior alternative Dy tae time that fuá. w-cor

ratings are decidrd In sm h a rase, the cwd iroi« uros (the

ratio of plus i.itings and the average ratir-p) should V highlv

compatible Neverthcless, the trade-offs will oe luent.^ed .iy

negative numbers and their scr.ousncss suggestea If l..o rajaos

of plus ratmgs are low (approaching 50), rcgarclcss o.' che

average ratings magnitudes, he is aware Jiat. (1) c!» auerra-

cives are similar (at ieast o., a gross basis), (2) the cU.e-nifs

are difficult and diverse among alcernacives, and (3) ti.e quanti-

fiable costs and benefits may bear more heavily on the choice

Also. if a ratio of plus ratmgs is greater than -50 and the

average ratin;' is negative, u ls known that .herc is a wnLitt

in resuits Again, a difficult trade-oi f situación is indic^ed

8 The rating syseem, cnerefore, like its comp(1mon check Use, is

meant to be a flexible tool oí evaluation Te is roe ne'nt as

a standard or dntctive but as a guide co systematic ana.ysis

B. Soil Conservación Service (9)

1 l'hc SCS method eonsisCb basicauy of an assess.iiont o.' liu. <wi-

ronmencal impartb of proposed ictions on the physical e.ivru, ment

2 figure 14 shows tne environnu uil uiagram, with Lhe nasic t.wi-

sions including land quantity ana quality, wucer quantitv an,

quality, and air quality

3. hach ítem in tlu envn onment i di.igram is speLif.ec Jb co en.

units of intnstniiniMiC After eaeh ítem is duscribeü in terns o,

t¡tl ,,,, nal ..Mi.lii ..-n, i " <«>i"!> i",', in" i1k 'uml" "M

resulting from ea. h alteinilive, v.uious reswuisC us.b are e .i.-uiviü
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Figure 14
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examples oí* resource uses include irrigation water, croplanú

producción, fish hibitat, recreatum, etc. raen resource use

*.s then evaluated by a specialist and an Lneerdist .pl »n iry te i ,

anu assigned scaleu ratings of 1 to 5 on the follouing bisis

1 = unsuited

2 = poor

3 = fair or neutral

¿i = good

5 = excellent

4. Example of use of system

a The Saconv Croek Watershed is located in soutneastern Pen-.-

sylvania. The watershed needs include flood concrol, water

for water suppL> and water quality, and water-baseü recrea

tion A map of the watershed is in Figure 15

b Three alternative plans

Alternativo 1

i

(1) 1,'nnd creacmenc

(2) Sice 2 (múltiple purpose flood prevcntion - i'ish and

Wildlife).

(3) Channel improvement (60 ft. wide, 7,000 ft long) throag .

Kutztovm '(Normal Avenue to sewage treatment planc).

Alternative 2

(1) Land treatment

(2) Site > (inuHtplt purpose as in alternative 1)

(1) siit* í (.lufl' i>ur|ui • !.«•»». ¡mi vini uní)

(4) Channel improvement (60 ft. wide, 6,000 ft long) throu.; .

Kutztown (Main Screet to sewag»' treatment plant)
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Al tornarive 3

(1) land .rtatnioiu

(2) *sao ~ (..ir.íle pin,- • oiul prevcnt >ua)

(3) ^hiinicl .iiiprovei.i, ,u v 0 Te. wíds. , 5,500 l io.i^),
i

l.irotikh mi./L«",i í ;. . \lU.C io i.swi¡i .rs.a,....it 1 •

r . íble 9 s iows tlie . esour.. u-.l aeal\sis lo; >ni l pa ' >(. 1

-Ltidustwal water, aiu Ta .,. 10 is for r^crcauc •

d. Table U shows the su.imaw analysis - -

V. L~.Xoi.pi.is of Scaling-tfeighting Choctit-s

A. SiLtelle's Environmental ""v-Iun. . system (10)

Oriented to water resources . * -o ^pr. ene projects

2 Syseem Characteristics (See .,;uLe jó)
•

a Hierarc.unl — accounes ...- evels of información

general — Fi.viromie _'i" Categories (4)

íncernicaiace — env . ...i.icntal coiiponer.es (17)

'Sperii .e — inviron... iraI pnrarierers (78)

b Mirsuies iniprar m conmi». i arate un.Lb
i

c. AlcTs. system (nd fiags major a. d minor)

sensitive áreas

data need

3 Conmicnsurate Umis

! Nr. dtd due to viruiy ot mus ol expresión 'or A° env .i m

r..ental par inu ters

b Stops

(1) trai.siorm p.tr .me. er i_s, imates taco i nvt 'orr, r ^c 1 qu .

(2) nssifn imporra.ice u\ ¿it3 co par-inu-ters (i"1L)
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Table 9

RKSOimCE USE

for

Deaeriptlon

r>prJc8

of ar^o

Countv,

WatcrBhc d nnd Eoroin¡h of To;itOT

Ponnsylvinia

cuture

Alter Alter- Atter-

Wlchout na c i ve nacive natlvu

Unit Present action 1 2 3

ku.zcown

Supply
Nei-dcd

rtval lab le

mgd
mgd

0 53

4 18

0 99

6.16

0 99

4 18

0.59

4 13

0 91

4 18

Scoragc

Neri'i-d

AvalInblc

1 75

1 75

i

1 30

1.75

1 80

1.75

1 CC

1 75

1 80

1 75

Quality adequitc treatment

Uater rcus<> ORd 0 •

(utECotm—Spoc rating 5 4 A 4 4

Lyonj and Bowcrb
Supply

Meedeá

Avallnble

Storifie
Needed

Avií labn*

Quilley
Witir nurL

Tyona mJ osvt rj—spic

Topton

'"U*rX\ , Bg0 ..'i 0 28 0 28 0 28 0 28
í" J. „ «L ., ,5 0 15 0 15 0 15 0 15
Av nial)te

St0"=C. -,„ 39 .45 45 45 .45
29 .29 29

1 - 1

2 2 2

Avitldble

On il i r.y
Unt cr rcu o

*»'it.Ol'l--Sp«.C

• i luir i n irv

| ' ,l' ill ll s lili.

i i. id v i I

figd
mgd

«.42

U63

075

0Ó3

.075

063

,07i

.063

075

.063

i

C5

C5

10" i,..1LO

2¿

05

crcitncnt

.24

05

.24

OS

24

05

n«d ij

rating S 2 2 2 2

mgd
Olgd

b ^ 5

o x5

0 28

0 15

Blfi 29

29

.45

29

a.t tUAtc treatment

tnf d 0

ru n? 5 i

r .r lii^. 5 2

-os -



l.u.le 10

RESOURCE USE

for

Hecreation

Descripción o£ área: Sacony Crcek Watershed, Refilón II, Creat Valley Área,

3crk3, Lehlgh and Northa-nptlon Covrtlcs

Faccors

Population in local área,
of influence (LAI)

Recreation land

Quantity in LAI

Quancitv' per 1,000 pop.

Quantity in watershed

Qu iW ty

Atii quitf

Noc adecúate

Proxlmity

Access ' ll

Hunting 1ind >

Recreitinn f.icliitics

and dcvclc-mcnt

Recreación water

Quantity ai LAI

QtinntKv «er 1,000 pop1.

Quine Uy .n wattrshod '

Qutil i t > (i. witershed ,

Fuliiu, - iler, stream

Hbhlnp u uor ponds ,

FuSure

Altfr- Alter- Aleer-

Without—nacive" nacive~ naeive

Unit Presert action 1 2 3

no. 616,000 632,000 632,000 632,000 632,000

acres '30,443 41,000 41,000 41,000 4L,C00

acres 49.4 l 64.9 64.9 64.9 64,9

ocres 40 60 95 95 60

acres 30 40 , 90 90 5*>

acres iü 20 - 5 5 lj

ratinfí '4 5 5 5 5

racing 4 ' 5 5 5 5

acres. ' 11.835 11,800 11,800 11,800 11,800

rating 4 4 4 4 4

acres

acres

' acres

nt infi

miles

acres

3,580 6,300 6,345 6,349 6,300

' 5.8' ' 10.0 10.0 10.0 10 C

40 45 90 94 4'j

4 4 4 4 "

13.4 i 13.4 12.8 12.8 1. '

40 45 90 94 4,
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i ^ .vJií Uia"

cor

R^c..c itlon (Cm )

DcjCl opción of área: Saconv Crcok W~tcrs.-o.ci, Ker.ion II, Crea: Valley Aro;.,

Berks, Lehi^h and Non!, impcon Counties

Future

Alcer- Alcer- A-itcr-

Without native nacive nncive

r iccors Unit Present acción 1 2 3

Local aioa of influence

recreación vlsits per

yr.J./

Cat.ping supply/
demand 350/1,047 438/1,075

Picnicking supply/
demand 7,770/1,971 7,770/2,022

Boacu.g supply/
demand 93/1,293 177/1,327 179/1,327 179/1,237 177/*,127

Swinciing supply/
demand 2,000/6,77o 2,500/6,952

Fishing supply/
demand 268/1,355 472/1,390 476/1,390 476/1,390 472/1,390

Huiiciiip íiup il v/
domui.l 1,044/492 1,044/560

Tocí s .pp.>/ II ,5-»S/ 12/ .Cu/
u. ruina 12,934 13,271

Toral opporLuniCy supply/
demand 361/2,648 649/2,717 655/2,717 655/2,717 64^/2,717

Opporcuní i índex
supply dtv oLd by demana prc

Spccialísí • ummary rating

lntcrtil se i !Lnar\ teim

summ.tr y ratin,;

1 / ín thovt mds.

13 6 23.9 24.1 24.1 23.9

3 4 4 4 4



Table 11

SUVíM'tRY RATtt.G

t i

üi-ti, rlptlon of aroa Saconv Creck 'Jircrqhcd. ¿u *s Counfy. Prm.sylv - >lf

Resource Ujc

Cropland producción

Fleh hnMLOt

IrrlgTtlon water

Low flow

Klneral extraction

• Spjclallst

- Spcrifllíat
Tí 11.

- Speclallnt
Tea u

- SrM.-.UUst

Tciq

- SpLriúllflt
Team

r*unlc Ip i ind Inoustrial
viter -uippiy - Si<". i.) Hat

Pastureland production - Socialice

RecrciiIon

Vildlli"

•II un! [.r.iJm t Ion

1-l .iiiorj ii ii i l ion 11

Ecoiioír ir rep tonal

- rpo lallat
Tt-OD

- p.|iL^iallot

- ' .< .1 I >l

- ,> el ilUt
U .D

- Spirlillo:
Ti .in

Qutllty of linilscipo - Spu-lailat
Tl >o

So. Iil

Un i ii. . ni tura!,
aml I ( lorli.il

- Spíilal lnt
Tl I El

- Sfur llllst
Ti'in

'tthouc

?re icnt action

ru(ure

/slctr- AKer- A U te
na tlve nazive rvttivtj

2 3 ._

4 •* 4

4 , 4 .. 4

4 4 3

4 4 3l

4 4 4

4 4 4

5 5 2

4 4 2

3 3 3

3, 3 3

2 2 2.

2 2 2

4 4 4

4 4 4

4 4 4

3 3 3

2 2 i

3 3 3

4 U /,

i, 4 4

4 4 4

4 4 4

4 4 4

4 4 3

3 3 3

3 3 3

L 4 4

4 4 4

i 4 4

4 4 4

l,,, i,l( ,1, — 1 unuiir.il, * |n»ir, 1 í itr .>r miit i il, 4 pooJ. ind S tiifi. Ilcnt

-íSV



[,7,7] 210 [IEnvionrr.e i * Po'luu:
i.J

Sptciís a í Popu 3lions

Tcr/t <l 1

(14, ^rc-»«i ^ i v>:í r

O11) I^OT

I1«j Natural i ~í> 3*

(14) Prit 5*"C'«

(14| Up'^v ^anw b r¿t

Aquatic
(14) Comnnrc al fitíiefi*!
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Aquatic
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L
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^
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í 1 'if,!
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(18) Ffe.¿l c&i '

C22) l(Or^>J-liC C--^0<1
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(25) lo .1 d , e¿ » »*t

(14) Tou uut <• =t

(50) TurLrJll/
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(14) Land ují
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Figura 16
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Land
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£ *

c. multiply EQ x PIU co obcain environmental impact unit (EL,.)

EIU - EQ x PIU

i. LQ

a. valúes from 0 to 1

b. 0 • extremely bad quality

c. Io very good quality

d. range of valúes

e. provides common bases
. M í

f. valué function based data and/or judgment

' . . i '. '
g. see Figures 17-20 for examples

4. PIU

'a. 1,000 PIU divided among categories, components, parameters

b. "ranked palrvise comparisons"

c. example of ranked pairwise comparison: Distribución of ,00

PIU among 3water pollution parameters: Turbidity (2), 0.0
f

(1), Chlorides (3)

Assign to DO valué of 1.5
Turbidity • H of D.O. - 0.5
Chlorides * 1/5 of

Turbidity - Oji.
1.6

DO -±0 (100) . 63
l.o

Turbidity - fiji (100) . 31
l.o

Chlorides - O {l00) . 6
1 1.6

d. see Figuro 16 for resuits

S Steps in Uhinr Fnvironmentnl Evaluation System,
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a. Define bound.irius iof the project, in terms of área and tire

b. Obtain parameter data witnout the project, and develop or

predice the data with the project. - __^_

c. Determine EIUSwithout and with the project.

d. Determine "red flags" (/

e. Report informatiomin .summary, can see trade-offs.

B. Evaluation of Battelle Environmental Evaluation System

1 Highly organízed., Helps to ¿usure a systematic (all-inclusive)

approach, and identify,critical changes.

2 Does not include enough,empiwsis;on socio-economic-faccors;

\. Needs built-in flexibility for adding new parameters and adapt-

mg PIU Lo projeetb., , > <. ••' ~ <

4. Needs more development fof, parameter function graphs.

5. Need more details on evaluation during construction and opera

tional phases, and also(for various spatial boundaríes.

6. Specific system would have to be modified in order to apply it

to non water-resources projects.

7. Very good in showing trade-offs within a component, within a

category, or between categories, For example.

CATEGORY r ALT. A B C
(no action)

(240) FcoJo.,y, , . 215 200 220
(402) inv. Pollution 340' / 350 3i0
(153) Fsthetics 110 120 135
(205) Human lnterest 130 v 175 ¿75

H There is no passing or failing "score"; cnese must be subjetced

to profession ti intorprctntion.

- , ,. 1 ii . i '•
(. I es of HatteiU Appro ich

-67-



1 Proposed Aubrey Lake in North lexas (11)

2 Rapid transit system in Atlanta (12)

D Odum's Optimum Pathway Matrix (13)

1. Background of study

a. Time for decisión

b. 8 alternatives for completion of a section of 1-75 north of

Atlanta. See raap.

c. route F recommended by Ga Highway Dept. w/o detailed con

sideration of environment

d. use availaole data, recommendation for additional study is

not legitímate.

e. done in 3 weeks

2, Considered McHarg method

a. gross screening

b. not specific enough for final selección of this case

c. graphical presentation of environmental characteristics

3 identified 56 factors (component valúes) and grouped them into

Group E Iconomic and Highway .ngineering

L environmental and Land Use Considerations

R Recreation Considerations (due to importance of Allacoona

Lake in Atlanta área)

S Social and Human Considerations

Some factors identified with more than one group. See App. 1

4 Assemble data on e ich of Che 56 factors

5 Unitize data for each factor with che lirgcst valué for a factor = 1
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I

o
I

1

2

3

4

5

6

7

8

9

10

11

1?

13

14

15

16

17

lfc

19

20

21

22

23

24

25

26

27

28

29

30

31

32

31

34

35

36

37

38

39

Cl1iporcnt

Land Re-aove lor r' 0 W (Acres)
P.ri

J

I tiru.ood

A^n cultural
Idle

Water

S-a-n? ^
v,i red Land

L rbar

Water Suppl.cs Affected
lñique Are 15
Stri.a~s Crosscd

S 11 í !>r ídge-nents

Major Bridges
Across tai" Bois

of Lake

Across other than

Maír- Bod\

ro-ipos ici oil Li *• in
Max Scdi-i^rt Pos'. *

Mtn Sidi-ient Expectf.-
Aren to be [>a\cd

Área Affected by Noise
be ^

Croat ¿
Total S\stei\ Co^C 'SxlO )
Anima' Coies (<\106)

Nunber

Length (fe )
Number

Length (fe.)

(miles*)

[otjl he atis>n/s>stim Ods xlO )
Annual Koad lser Costs (Sxl0&)
Bcrcfit/Cost Ratio

IntcrstTti tUghua> Mllca^o
TJxible land Rcnoved (Acres)
Public Lard Removed (Acres)
Total Fa-ri K Displacenonts .
Nearb> Residentes Affected (Noise)
Da>tine Activity (Some)

Disturbince (Creat)
Nightitiie Slccp (Some)

Disturbance (Grent)
Churches Affected (Some)

By Noise (Creat)
Schools Affected (Sor-e)

.n : ai

- 3

- 4

- 7

- 3

+ 5

- 7

- 4

+ 8

- 6

- 2

- 2

- 2

- 2

- 5

- 5

- 3

- 3

- 4

- 6

- 8

- 2

- 7

- 7

-20

0

- 2

-10

-10

- 2

- 8

- 8

-20

- 2

- 5

- 4

:io
- 2

- 5

- 3

-10 ,
-10 '

-10 I
-10

+ 8

- 4

- 4

+1C

+10

0

- 2

_ 2

- 2

- 4

- 7

0

-20

0

10

•10

2

• 8

2

5
. L

10

2

• 5

• 3
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L

L

L

L

L

L

L

L

l

L-S

L-S

L-S

L

L

L-R

L-1

L-R

L-R

r -c

L-E

L-E

L-E

S-L

S-L

E

E

I -L

L-S

E

S-E

SiE

S-E

S-L

S

b

S

S

S

S

S

1407

1619

215

313

227

17

0

69

212

1

0

29

6

0

0

2

1600

293

3lT
44

75

103

33

108

8 7

25 3

90 8

- 17 1

27 1

3955

242

177

3072

789

1431

174

10

2

2

C-l

1411

1619

226

282

237

27

0

69

199

1

0

27

4

0

0

3

2100

293

313

44

666

1438

1406

277

305

175

23

0

68

175

1
/

J

28

4

0

0

2

1700

300

295

40

649

103 90

33 50

101 103

8 3 8 5

25 0

91 9

- 9 6

27.1

3995

197

99

3015

797

1072

215

8

2

1

25 5

90 0

- 9 8

27 1

3737

200

t/7

322'

¿0oo

11^

470

< 6

2

0

-1

1442

1400

2tí8

2/3

18 5

33

0

68

156

1

0

36

2

0

0

2

2300

300

292

40

640

90

50

95

7 8

25 3

91 1

• 3 2

27 1

37 36

, 204
97

1

13432

1901

8''o

I",
3

0

U52

1092

244

325

147

22

0

0

68

0

0

36

2

1

1400

l

500

370

3 50

43

553

63

84

106

8 6

20

38

0

24

30J9

401

14 6

1555

'136S

9^S

I 2.. i

6

4

0

-1

13 5*0

IO'j'1

355

294

157

32

0

0

40

0

0

24

0

1

1400

2

1000

320

39 7

43

644

63

84

98

8 0

20 l

89 1

.9

7'-* 5

30b4

338

66

lí'7

10-fi

5 llJ

, 306

j 7
4

0

Pil

12-..}

15*

257

61

52

0

0

22

0

l

23

0

1

3100

0

0
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270

37

519

64

95

89

7 2

20

94

- 4

27

2557

151

101

1956

993

6j/

193

5

3

0

8 2',

14/ 5
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51

19

2

0

30

0

1

24

0

0

0

2
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66
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53
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¡V>
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c. >

No.

40

41

42

43

44

45

46

47

48

49

50

51

. 52

53

54

55

56

( c-pon ni

Li\«.<= " <.d - t.
^ <rr .rr . (193lj
LoT.¿_Ier-. * (1993)

Number ni* rchari.cs

Sl*o Ji-) Crctli Itipüct
Pote'ti al for DevelopmenC
Suit.ibllits- for Dcveloptrent
Viitsr C »1»t'
\is 3l-Jis.urbancc

Hurítirb ard Game
\a: r í1 C1 jrdctcr Loss
SJfl\ ItlíS'

Ic-paií on i lanned Reservolr Use Pact
Dr.vitb for Pleasure

Cotrpos.ts *ioisc Effect
<-a-p nt,

Picnic .

RccrcJ io al Land Loas

Present*

Potential

ern

-t_lati Ji.

W'ei. lit*: -

inicial

-10

+ 50

0

+ 2

0

0

5

2

4

4

6

1

2

- 3

- 2

Long

'Te r n

-10

o

+50

+ 6

+25

+25

2

2

l

4

6

2

1

- 3

- 2

i u <•

C . - j ¡i l --

^ficntior.

S-t

S-L .

S-E

S-E."

R-S

R

R

R-S *

R-S-E

R-S-L

R-S

If.

377

- 16

10'
+ 8

- 1

- 2

0

- I

+ 6

+ 2

+ 3

,44

- 40
•>

3

' 1

X.

C-l

*"0,

"16

377^

- 16

10

+ 9

V

l

-s

4 <* ¡
389 -

14

- s

10

+, 8 -
- i;
- 2

- -o :
- i

+ ,6

+ 2

+- 3
-v

44

40

- 4

- 2

48

87

- I

- I
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T-l

4">

389

14

10

y -9

-- 2

- 3

- I

- 2

+ 7

- 48

87

- 2

- 2

385

13

b"
- 7

- 2

- 5

- 6

- 4

+ 6

+

+

89

26

- 6

-' 4

*^_

F-l

' 62
385

L3

8

• 6

- 3

- 6

- 7

- S

f 7

+

+

301

10

4

-*"9
-- 2

- 5

- 6

. - 3

+ 4

-^2

' + 8

89

26^
51

17

- 7

- 5

. 4

- 5

5

10

6

5

2

2

4

2'

/ 2

- 3'
+ 7

23

9

- 3

- 3
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a define scaling factor

Sx =
max. of X-, X«, * X«

b. example

(Factor 9) Sg = yj-j

Unitized valúes.

212Route G = yrr = 1

T=^f=0.825

68 0.321
212

etc.

c linear scaling

d. dimensionless numbers for comparison

6. Group decisión 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 valué for Factor 1 = W

W = (-3) (1) + (-10) (10) = -103

W = (-6) (1) + (+10) (10) = +94

7. Unitize weighting valúes by dividing each weight by the total s

of all weights

Ni = unitized weighting valué

-72-
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Wi

i,56wí

8. Calcúlate an environmental índex for each route

I = environmental índex
Route

I « E56, Ni Sx. Xi + (e) Ni Sx, Xi
Route ' i - l

9.

10.

Kl LAI lVi

IMPACT

Xi = component valué

Sx. ° scaling factor

Ni - unitized weighting valué

e - error term to allow for misjudgment on relative wc.fints

by + 50% stochastlcally selected.

Calcúlate T 20 times for each route through computer program,laicuiacc iRoute

a. mean

b. standard dev'iation

See App. 2

Resuits

0

10

¿o

•30

•40

lili

11 Computer analysis allow consideration of many sub-groups

a E, L, R, S or combínation

1, i.q.nl wi'fí'hi tn iiiM.-tl mil loní;-t<'rm offccts

í . i-ii .

12. Route T was rccommended '
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Appendix ¿, Reaults of 20 stochaatic runs for each of 8 altematos, Mean impace

índex, standard deviation and 957, confidence interval are shown for

each route.

ROUTE G

PASS 1

PASS 2

PASS 3

PASS 4

PASS 5

PASS 6

PASS 7

PASS 8

PASS 9

PASS 10

PASS 11

PASS 12

PASS 13

PASS 14

PASS 15

PASS 16

PASS 17

PASS 18

PASS 19

PASS 20

MEAN

RESULTANT VALUÉ

-20.815

- 6.738

- 1.986

-15 550

- 7 423

- 8.737

-12.596

- 5.359

-12.800

- 8.908

- 4.012

- 8.064

-12.650

- 8.472

- 4.082
- 8.584

- 3 563

- 3.817

-13.681

-11.035

- 8.944

STANDARD DEVIATION 4.736

957. CONFIDENCE INTERVAL FROM -11.160 to -6 727
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E. Other Examples

1. Stover (14)

2 Bureau of Reclamation (15>
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W V

PREDICTION AND "ASSESSMENT OF IMPACTS

ON THE WATER ENVIRONMENT

I. Introduction -

A. " Examplesiof projects causing water quality impacts

--IV- Construction of reservoirs, power plants, industrial parks

and pipelines.

2. Operation of sewage treatment plants, reservoirs, industrial

parks 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 invoive 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 levéis for

the surface water courses in the área. 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.

3. Note any unique pollution problems which have occurred in the

surface watercourses of the área.-For example, fish kills,

algae growth or thermal discharges causing stratified flow.

4. Describe the groundwater quantity and quality in the área,

noting particularly the depth to the groundwater table and the

direction of flow. Identify major uses of groundwater in the

ares,_and any historical trends,in terms of groundwater

depletion. „ , - f ^ ,

5. Assemble summary^of key meteorological parameters in the área,

noting particularly the monthly,records of precipitation^ evap

oratIon and temperature.

6. Procure appllcable water quality standards. (

(a) effluent standards and required treatment technologies

(b) water quality or in-stream standards
s - ' ( -

(c) determine the "controlling",standard to .( - , r- ^»,'

(d) time schedule required for meeting the standards

7. Summarize the waste load allocation study ,for,the area._,.Iden-

tify the known^point sources of pollution, noting particularly

any unique discharges or constituents. Also identify the

quantity and types of water uses in the área.

8. Determine the mesoacale impact by calculating the estimated

daily quantities of water pollutants from the project (alterna

tives) during both the construction and,operational phases.

Determine the percentage increase in the waste loads to the

stream.



9. 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 varla-

tions.

(b) the anticipated distance downstream of decreased water

quality; since sediment is the major concern, could perhaps

apply "dilution" model or "sedimentation" model to predict

stress levéis of suspended solida.

(c) discuss the lmplications of any decreased water quality

in terms of área water users. Show the raw water quality

requirements for various área water users.

(d) refer to any specific construction specifications directed

toward pollutant minimization.

10. 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 tennperatures resulting from thermal

discharges. Consider these microscale impacts for both the

construction and operational phases. Compare the calculated

levéis with appllcable water quality standards. Check also

to see if appllcable effluent standards are met.

11. If water quality or effluent standards are exceeded, consider

mitigatlon or control measures. One posslbillty is pollutant

minimization through wastewater treatment and/or volume reduction.

-3-
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12. Discuss the operational impacts in terms of the following

(a) frequency distrlbutlon of decreased quality or quantity.

(b) die-away pattern of pathogenic organisms.

(c) effects of scdlmentation on stream bottom ecosystem.

(d) fate of nutriente by incorporation into blomass.

(e) reconcentration of metáis, pesticides or radionuclides

into the food web.

(f) chemical precipitation or oxldatlon/reductlon of inor-

ganic chemicals.

(g) the anticipated distance downstream of decreased water

quality, and the implicatlons in terms of área water users

(h) effects of any vater quality changes on stream ecosystem.

(i) unique quality changes which oceur as a result of water

impoundment.

II. Basic Information on Water Pollution

A. Definition of Water Pollution

1. Resources out of place.

2. Ecouystcm ovcrload.

3. Basic structure of definition involves quantity or concentra-

tion of material in vater for a sufficient time or duration to

cause certain effects. The effects can be health-related

(contamination), inpose limitations on water use (pollution,

or be aesthetically dlspleasing (nuisance).

B. Water Quality Characterization

y
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1. Neod Wastcwaters and recetving waters are normally charact-

erízed in terms of their physical. chemical, and biological

quality or character. It is not sufficient to evalúate 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 in

terms of the previously mentioned classifications.

2. 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 transmittance (turbidity),

settleable solids, suspended and dissolved solids, organic

(volatile) and inorganic (fixed) solids, and specific

conductance (conductivity).

(e) olí and grease

3. Organic parameters

(a) biochemical oxygen demand (BOD) 5-day and ultímate. See Fig 1.(0

(b) chemical oxygen demand (COD)

(c) BOD/COD relationship

(d) total organic carbón (TOC)

(e) total oxygen demand (TOD)

(f) comparative analysis of organic parameters

4. Inorganic parameters

(a) salinity

-5-
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(b) hardness

(c) iron and manganese

(d) pH, acidlty, and alkalinity

(e) chlorides

(f) sulfates and sulfides

(g) heavy metáis (Hg, Pb, Cr, Cu, Zn, others)

(h) nitrogen (organic, ammonia, nitrite, nitrate)

(i) phosphorus

5. Bacteriológica! parameters

(a) coliforms

(b) fecal coliforms

(c) specific pathogens

(d) 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 erosión, 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-



(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 Gewage treatment, and 14% have

no treatment at all.

(c) 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.

3. On a nationwide average, about 45% of the wastes processed in

municipal plants are from industries.

4. Waste loads from munlcipalities are expected to quadruple in

the next 50 years.

5. Over 1,000 communities outgrow their treatment facilities each

year.

6. Storm sewers or combined sewers contain variety of wastes

washed from streets.

B. . Industrial Wastes (2)

1. There are more than 300,000 water-using factories in the United

States. - -- i

°. The growth rate of industrial wastewater discharges is greater

than that from municipal discharges.

3. Industrial wastes can be categorized according to several bases,

for example, those industries having high BOD wastes, high

suspended solids, etc.

4. The quality characteristics of industrial wastewaters vary con-

siderably.
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A x B x 8.34
/">, 5. Population equivalent = q^j

where A •= industrial waste flow (mgd)

B = industrial waste BOD (mg/1)

C. Agricultural Wastes (Z )

1. The two primary categories are irrigation return waters and

runoff from feedlots.

2. Irrigation return waters

(a) comprise between 30 and 40% of total U.S. water usage of
.' - > - i2

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
- i

3. 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

water. However, they are a measure of the total amount

of animal wastes, part of which causes water pollution and

solid waste problems.

(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) contains nutrients

(d) contains solids and orgánica

(e) contains microorganisms that are pathogenic to animáis and

to man
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D. Soil Erosión í^)

1. GreatcBt volume of wastes entering the surface watera of the

U.S. comes from sediment resulting from soil erosión.

2. Volume of solids from soil erosión is some 700 times greater

than the total sewage discharge loadings.

3. Sediment from solí erosión is greatest in streams in the south-

west and far west; for example, in the states of Nevada, Arizona,

New México, Texas, Oklahoma, Kansaa, etc.

4. Adds turbidity and discoloration to receiving streams.

E. Oil and Other Hazardous Substances (z)

1. Accidental and intentional dumping of oil and other hazardous

substances into vatercourses is of fairly recent lnterest.

2. Two recent events:

(a) 1967 — grounding of "Torrey Canyon"

(b) 1969 — Santa Barbara offshore oil leak

3. Two-thirds of the oil spills exceeding 100 barréis come from

vessels; the rest comes from pipelines, oil termináis and bulk

storage facilities.

4. In 1968 there were 714 reported oil spills (over 100 barréis)

in U.S. waters; in 1969 there were 1,007.

5. Many other hazardous materials could be spilled; examples include

cyanide, clorine, etc.

6. Damage to aqueous environment can be devastating and extensive.

F. Mine Drainage (z)

1. Important in mining áreas of the U.S., particularly in Appalachia

and the Ohio Basin States, (estimated 752 in these áreas)
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2. Acid mine drainage has deteriorated water quality levéis below

desirablo limita nlonfj 10,500 miles of aeréame in Appalachia.

3. Acid formation oceurs when water and air react with the sulfur-

bearíng minerals in the mines or refuse piles to form sulfuric

acid and iron compounds.

4. Mine drainage also contains copper, lead, zinc and other metáis

toxic to aquatic life

5. Another área of concern is the sediment yields from strip mining

operations. About 150,000 acres per year is disturbed by sur-

face mining operations, sediment yields from strip mine áreas

may be as large as 30,000 tons/sq. mile/yr.

G. Watercraft Wastes (CJ

1. Over 8 million watercraft navigate U.S. waters, and they dis

charge sanitary waste, oil,litter, and ballast and bilge waters.

2. Most of the discharges are in shoreline and harbor áreas.

IV. Effects of Pollutants on Receiving Waters

A. Soluble Organics

1. Depletion of oxygen sag equations

2. Biomagnification pesticides in oysters

3. Trace quantities taste and odors (phenols)

B. Suspended Solids

1. Decrease clarity perhaps hinder photosynthesis

2. Sludge deposits change in bottom ecosystem

C. Color, Turbidity, Oils and Floting Materials

1. Decrease clarity

-10-



2. Aesthetically displeasing

D. Mtrogen and Phosphorus

i, Nutrients

2. Algal growth and resultant decay may cause problems.

E. Chlorides salty taste.

F. Acids, Alkalies and Toxic Substances

1. Cause imbalance in ecosystem.

2. Fish kills

G. Heat . ,

1. Stratified flow

2. Cause imbalance in ecosystem.

3 Cause change in waste assimilative capacity

V. Identification of Water Pollutants (Step 1)

A. Definition of Pollutants (ó)

1. It's illegal under the 1972 Federal Water Pollution Control Act

to discharge pollutants into the Natlon'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 dirt,

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-
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craft in coastal or ocean waters, discharges from properly

functioning marine engines, water, gas, or other material in-

jected into oil or gas wells, or disposed of in wells during

oil or gas production if the State determines that ground or

surface water resources will not be degraded; aquaculture

projects, sepárate storm sewer discharges; and dredged or fill

material.

4. Discharges excluded from the NPDES permit system are covered

by other pollution control requirements.

B. Categories of Sources

1. Point sources

2. Non-point sources

3. The total waste load to a stream is the sum of the point and

non-point sources of pollutants. The complete relatlonships

are shown in Figure 2./4J

C. Some Examples of Waste Generation Figures

1. Sediment from non-point sources. See Tables 1 and 2, and Figure 3 (s'J

2. Nutrients and BOD from non-point sources. See Table 3.(4)

3. Nutrients from non-point and point sources. See Table 4. (i)

4. Nutrients from agricultural sources. See Table 5.(5)

5. BOD from non-point and point sources. See Table 6. (*Q

6. Quality of untreated domestic sewage point sources. See Table l.hcj

7. Bacterial loadings from non-point and point sources. See Table 8.\J\J

-12-
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TABLE «v

EROSIÓN RATES REPORTED FOR

VARJOUS SEDIMENT SOURCES

Sediment Erosión Rate

Source ton/so mi /year Cieocraphic Location

atura! 15-20 Potomac River Basta

32-192

Pennsylvania and
200 Virginia

MiBsiaaippl River
320 Basin

13-63 Northern Miasiaaippi
25-100 Northwest New Jersey

11S

Missouri Valley
Northern Mieoisaippi
Northern Mifisisaippl

\

Eaetero U S Ptedmont

Kensington. Maryland

Washington, D C. Área

PhiUdelphlaArea
Washington, D C. Área

Water a he da

Palrfu Co., VA

Agricultural 12,800

13,000

1,030
10,000-70,000

200-500

320-3,840

Urban 50 50.000

2.000-100,000

1,000

500

146

280

690

2.300

Highway
Construction

36,000

SO, 000-150,000 Georgia
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Native Cover

Native Cover

Natural Dralna pe
Basin

Throughout
Geologic lUetory

Forestcd Waterahr-d

Forest and Under

Developed Land
Soils Eroding ai ihr

Rate They 1-orm

Locas Reglón
Cultivated Land

Pasture Land

Continuous Row Cri*

Wilhout ConBcrva

tlon Practices

Farmland

Estabbshed as

Tolerable Erosión
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Construction

Small Urban Con-

Blruction Área

750 Square Mil* Ara«

Average

Aa Urbanlzatlon

Increases

Construction on

179 Aerea

Cut Slopea



Table 2: REPRESENTATIVE RATES OF EROSIÓN FROM VARIOUS LAND USFS

Forest

Grassiand

Abandoncd Surface Mines

Cropland

Harvested Forest

Active Surface Mines

Construction

Me trie Tons/

flq Ictn/ycar

8.5

Tong/

aq mt/year

24

Relativo to

Forest =• 1

1

85 240 10

850 2,400 100

1,700 4,800 200

4,250 12,000 O. 500

17,000 48,000 2,000

17,000 ¿a nno 2,CC0

RELATIVE EROSIÓN FROM VARIOUS LAND USES* NATIONWIDE

V>

Cotamercial Foresta

Abandoned Surface Mines

Active Surfice Mines

Construction

Harvested Foresta

Grassiand

Cropland
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Figura i

Relationihip of Drainags Área Sediment Yuld
andConstruction Activily Suburban Marybnd

-16-

Camvuciion

O ~Ni*»*l WNwvhMH



T~v-c*.2>

Annual Non-Point Pollútiona) ImpectJ by Land Uia

LAND USE

"• ,1,
CUALITV PABAMETtRS

iwm nvi
OI*Nls5
IDICHLII

aoo liisj
ACMEf
YIAR

N LUSJ
ACHfi
«CAR

F JllSÍ
Acnti
VI AM

fu. inv
ACHÍ/
VI AH

EROSIÓN TEunrATURE
CHANft

NA1UMAL

Kll.í'í-,

1. HA LANIIbl

lOw SkáALL 89 000 1 LOW yám.
Arinriu lunt
ll A11 MSI lO*

14

1«

W
3tfl

hit.m

PUflNTlAL. SMALL

fiiOLors MltjM vaiiyinu wiim animal ivrr
nimití « uanaliIUini piiacTiCES

Mir.M
POI INTIAL SMALL

SlNCll TAUILV
MI SIOINllAI M»(>IIIM

b9 6 1 0

¡P
WB.

VAflH Z lr*ITl*
nirnrr m covcn
HIMOVtO ANU
SU"*ACI3 HIAIÍD

li* u ib'l
uulti i amilv
Ml&IOf NflAl MI DIUM 14 JS C ii

COMMOIClAl Hl> II <J í« 13 3«

INOUSIRlAt vcnv
734 31 se 1 )

niSOiiHCC
Extraction

VARlCS *•»" MMMODOlOCV ANOMANACEUCNT
PIIACTlCtS

bec«catión VARÍES WlTM INTCNSlT»0fUSÍ-E»TR|M(I.V

URSAN a ROAO
CONSTRUCTION

MO30-
130 000
TOMVACRE

-17-

23



TABLE *t

SUMMARY OF REPORTED NUTRITIONAL LOADINCS

Source

Farmland runoff

Good management
Poor manageraent
4 lb/A/yr applied

Irrigation return flow

Urban runoff

Rainfall at 30"/yr

Forest runoff

leaf litter

Domestic waste

Septic tanks

Waterfowl

Nitrogen

Pounds/Acre/Year

1.0 (NO3-N)
5.3 (NO3-N)
0.7-3.0(Total-N)

2.45-24.0<Total-N)

Phosphorous
Pounds/Acrc/Year

0.35 (Total-P)
0.10 (PO4-P)
0.25 (PO4-P)
0.06-0.2 (Total-P)
0.95-3.88(Total-P)

8.2 (Total-N) 0.87 (Total-P)
2.95-15.97(organic_-N) 3.32-20.20 (PO4-P)

4.8-32 (NO3-N) 0.18-0.54 (PO4-P)
0.14-9.5 (inorganic-N)
10 (N) —

1.30-2.96 (Total-N)
0.5 (Total-N)

6.5xl0"7 (NO3-N)

Ib/cap/yr
6.9-10.7 (Total-::)

8 (NO3-N,
ground water
seepage)

lb/duck/yr
1.2 (inorganic-N)

-18-

0.32-0.77 (Total-P)
0.03-0.06 (Total-P)

lb/cap/yr
1.1-J.8 (Total-P)

lb/duck/yr
0.3 (Total-P)



Surface

TABLE 5

AGRICULTURAL POLLbTIONAL LOADS

TOTAL N TOTAL P

(Lbs/Acre/Year) (Lbs/Acre/Year)

2.45 - 28 3 ' 0.68 - 3.99

Subsurface 38 - 166 2.5 - 8.9

Source: Sylvester, Robert 0., Aleae and Metropolitan Wastes, Transac-
tions of the 1960 Seminar, U S Robert A. Taft Sanitary Engí-
neering Center, Cincinnati, Ohio, 1961. (Bartsch, Alfred F.,
Ed.) (3)

Witzel, Stanley A., Nitroeen Cycle in Surface and Subsurface
Waters, Water Resources Center, The University of Wisconsin,
December 1968. (23)
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TABLE 6

SUMMARY OF REPORTED BOD LOADS

Source Load

Urban runoff, 34'1 rainfall/yr 30.5 lb/Acre/year

Rural cultivated land runoff 0 5-23 mg/1
Silo drainage 4400 mg/1
Stock floor washinga 2000 mg/1
Rainfall 9-16 mg/1 C0D

Domestic waste 73 lb/cap/year

Industrial waste Ib/unit produced mñ/l
Explosives 320/100,000 Ib TNT 1070
Synthetic fibers 77/1000 Ib 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 Ib live wt 1384
Tanning 4.55/100 Ib hides 806
Brewery 2.6/barrel 964
Textile 2.45/100 Ib each process 440
Milk 1.16/1000 Ib intake 857
Cannery 0.365/case 1188
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TABÚ: 7; l'YFICAT, C0!lP03rriCN Of rÁ?:--.¿?IC-SEUAGE
(All valúes m m^/litcr)

Co.istitueit

Sol ids, total
Volr-tile

Fi*ca

Susporüodí total
Vj3atile

Fi^cd

D¿csojved, total
Volatile

Fixed

BOD (5-day, 20 coerces C)

Oscyo11 conswsed

-vo*

Nitroeen, total
Creanic
Tvec t'-nonia

Ki^ntes (KCa)
Intrates (KO3)

Chlorides

Alkalinity

Fats

Stronf. Kcdiun Mea1*

1000

700
300

500

350
150

200

120

eo

500
1,00

100

300
250

50

100

70

30

500
300

200

200

100

100.

]00

50
50

300 200 100

150 75 30

0 0 0

OO

35
50

0.10

O.llO

50
20

30
0.05
0.20

?s

10

15
0

0.10

175 100 15

200 ICO 50

ko 20 0
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Source

Raw sewage

Treated sewage

Primary treatment

Activated sludge

Biological plus

chlorination

Urban runoff

34" rainfall/yr

Irrigation returns

TABLE 8

SUMMARY OF BACTERIAL LOADS

Coliforn/100 mi

1,000,000

500,000

60,000

15,000

1,275,000

-22-
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^ VI. Existing Surface Water Quality and Quantity

A. Water Quantity

1. Sources of Information U.S. Geological Survey, Oklahoma

Water Resources Board.

2. Example data for Mountain Fork River near Eagletown, Oklahoma.

See Table 9 and Figure 4. («O

10% of time flow _> 3,500 cfs

50% of time flow > 350 cfs

90% of time flow >, 10 cfs

B. Water Quality

1. Sources of Information STORET (EPA), 0WRB, USGS.

2. See Table 10 for data on Rock River near Oregon, Illinois.

(Some reported parameters eliminated)

3. To interpret the water quality data, need to compare to stan

dards. The following rating system was used in one study:

(a) number zero was given as score when the quality para

meters met appllcable standards.

(b) when standards not met, negative valúes assigned.

4. Table 11 used as a basis for the negative valúes. The rational

for Table 11 is as follows.

(a) Not meeting a bacterlological quality standard was three

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 bacterlological classification were three times greater

than those for the physical classification, and the chemical

classification assignments were two times greater.

-23-
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TABLE 9

SURFACE WA TER RECORDS REGIÓN V AND VI
STREAM GAG'NG STATIONS

1122 "0¿'T«IH FQRX RIVER NCA? CkGI F-nu'!, OKLAriO".A.
Vrai^nc ¿rea - 737 sq ....
Averie discharge - 39 years, 915,800 acre-fect per year
-xt"e"tfS " M^xijiium discharge, 101,000 cfs, Kay 20, 1960

mi

Water

ro

Year Oct Nov Dec.

1951 17,220 9,610 5,260
1952 21.8S0 128,700 94,120
1953 0 69,£20 79,300
1°S« 101 1,070 20,960
195S 171,600 27.720 S7.510
1956 26,560 2,370 5,210
1957 4 8 16,150 43.680
195B 20,440 117,200 59,060
1959 21,650 157,100 26,860
i9eo 87,5JO 29,620 210,900
1961 5,970 11,050 240,500
1962 27,170 133,200 152,400
1563 111,600 43,530 30,060
1964 22 0 921
19o5 20,400 76,390 38,010
15o6 12,140 6,300 12,560
1967 1,050 1.090 6,920

Jan

36,050
102,700

83,460
149,000
61,690
17,070

124 ,000
97, eco
31,150

146,800
63,lflO

172,500
40,7b0

976

77.320
32,410
11,270

Mnir-aTi, no flow at tmes

fonthly a"J Yeirly Discharge. ln Acre-Teet

Feb

235,500
71,340
99,250
97,350

117,000
212.300
114,700

33,710
64,150
93,320
94,930

103,000
10,640
19,660

208,300
157,200

13,110

Mar

78,600
122,200
209,090
19,100

153.000
50,760

177,100
21*.900
131.40C

83.960
16Í.600
106,400
13S.9C0
157,100

77,860
32,190
58,540

Apr

67,900
435,É00

319,500
72.800

IOj.400

29.4S0
467,700

152,300
80,490
42,210
91,490

106,200
56,670

177,000

48,240
120,400
157,200

Hay

42,890
47,960

256.300
14 6, £,00

66,830
68,000

302,400
223,800
42,700

311,600
161,900

25,110
25.540

29,430
165,500
130,300
194,500

June

131,400
6, aso

4 600

4,650
11,920
3,240

133.500

S5.J20
17,610
42,670
17,810
14.390

2,2<0
2,840

110,700
2.570

78,460

Compiled from U. S Ceologic*! Survey Surface Uater Records

July

151,400
808

151,000
313

5,170
540

5,3 50
14, ICO
S4,4i0

93,000
54,4 20
1,370
4,190

127

8,980
45G

48,060

5,930
137

8 310

1

5.690
192

2,660
14,350

9.910
38,040
24,290

2,9-0
2,750

32.210
041

36,630
1,640

Sepe

10.460
1

1 090
6,980

16,Sa0
257

34,520
16.100

10,220

5,050
1B.9É0
11.360
1.1 0

49,M0
24,510

8.9C0
14,410

The Year

7?2

1,032

1. -' r 1

SU
EO^

1,447

l.CCs,
f¿7,

i,ie:,
Q'9,
cSt,

4C5

470.
657,

5S2,
586,

,?co
.oca

^o
.500

100

,"00
coa

,coo

,700

, ;oo
,100
,2Z0

110

.700

,100

,100

200

r*\
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TABLE_ 10

^TOREi IDENHEICATION NO. 47096

STREAM. Rock River

STATION LOCATION Route 64 Town Br.dgc near Oregon, lUinoi.
MAPNO.. 47096 on Flgure 2 4.3<1>4.2

PARAMETER Units

Phys.cal
Turbidity
Tot. Diss. Solids

JTU

mg/1
Tempe rature °F
Susp. Solids mg/1

Chemical

Hardness

D:ss Oxygen
BOD5
Hydrocarbons

SU

mg/1
mg/1
mg/1
mg/1

Ammonia

N02 í. N03
Phosphates

mg/1
mg/1
mg/1

Bacterlological:

Fecal Cohform mpn/:

-Erroneous STORET data.

No. of

Samples

71

61

72

69
33

67

26

43

47

33

14

Begin
Date

62/06/C4
62/06/C4

62/06/C4

End

Date

72/05/22
72/06/27

72/06/27

Mean

65

347

56

Ma:

230

(570)

82

62/06/C4
62/06/C4
62/06/C4
62/06/C4

72/06/27

71/12/01

72/06/27
67/07/06

*

289

i *

6

376

*

10

62/06/04
62/06/C4
64/05/21

72/06/27
72/06/27
71/12/01

1. 1

2.4

(11)

(18)
(70)
(35)

62/06/C4 72/06/27 226 (1900)

Min STANDARD

0

*

32

144

(0)
2

0.0

o.o

0.J

500

90

6.5-9.0

5.0

30

1.5

10

0.15

400



TABLE U

NUMERICAL ASSIGNMENTS FOR
STREAM QUALITY RATING SYSTEM

Numencal Assignments for
No. ofSamples Valué Parameter Clasaifications

Máximum

Physi cal Chemical Bacteriológica!

Leas than 10 -1 -2 -3

Mínimum -1 -2 -3

Mean -3 -6 -9

10 or more Máximum -2 -4 -6

Minimurn -2 -4 -6

Mean -6 -12 -18

-27-
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(b) When the mean valué of a parameter does not meec the appll

cable standard, it is three times as important as the máxi

mum or minimum valué not meeting the standard; therefore,

the negative numerical assignments for the mean valúes were

three times greater than those for the máximum or mínimum

valúes.

(c) 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.

S. Following the determination of a numerical score for each sta-

tion based on a composite summatlon of negative numerlcal 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 = -2

DO o -4 t->

Ammonia = -4

N09and \T03 = -4

PO = -4 and -16

Fecal = -6

Tocal = -36 (D category)

Table 12 represents a summary of the applicatlon of this system

to several Illinois streams.

VII. Unique PolluCion Problems (Step 3)

A. Purpose

1. The primary objective is to note any unique pollution problems

which have occurred in the surface watercourses of the área.

2. For example, fish kills, algae growth or thermal discharges

causing stratlfled flow.

B. Sources of Information

1. Oklahoma Water Resources Board

2. State Health Department

3. Newspapers

4. Conservación groups

VIII. Groundwater Quantity and Quality (Step 4)

A. Purpose

1. Describe Che groundwater flow and quality ln the área, noting

particularly the depth to the groundwater table and che direction

of flow.

-29- * e> r,
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Jr

St ream

Appl e River

Plum R.

Vermilion R,

Rock River

Rock River

Rock River

Rock River

Rock River

Rock River

Rock River

Rock River

Rock River

Rock River

Roe* River
¡?/>^U

Elkhorn River

Kankakee River

Kankakee River

Kankikoe River

Kankakee River

Kar <akee River

Kankakee River

íroquois River
íroquois River

I* oquois River

x Uzon River

\Iazon River

IlUrois» River

Illinois River

illmoib River

illiiiois Rivor

illmots Uivor

IlUnois River

/2-

TABLE 12

ILLINOÍS STREAM QUALITY RATING

Map No,

48482

48480

¿8037

47094

47096

47097

48001

4435

48180

48039

48181

47095

47090

47091
a in ni
* • v /i-

48514 '

No. of Reported
Parameters

1-4 5-8 9-13

X

X

X

X

X

X

X

X

X

X

X

X

X

Valúes

:io s-io

X

X

X

X

X

X

X

X

X

X

X

X

X

A

Score Rating

-16 C

-20 C

-40 D

-30 C

-36 D

-13 C

-4 B

0 A

-20 C

-64 D

-20 C

-32 D

-32 D

-30 c

-44 D

-11

46094 X X -54 D
48562 X X -4 B
48094 X X -62 D

48089 •

X X -70 D
4 8424 X X 0 A
46093 X X -24 C

46095 X X -36 D
48426 X X 0 A
48425 X X -12 C

48393 X X -10 B
48394 X X -35 D

5685 X X 0 A
5435 X X 0 A
48365 X X -29 C
48307 X X -25 C
160067 X X -42 D
5599 X X -30 C

-30-



2. Also identify major users of groundwater in the área.

3. Note any historical trends in groundwater deplecion.

B. Sources of Information

1. Oklahoma Water Resources Board

2. U.S. Geological Survey

3. Oklahoma Geological Survey

4. State Health Department

IX. Summarize Meteorological Information (Step 5)

A. Assemble Monthly Records of Preclpitatlon, Evaporatlon, Temperature.

B. National Oceanographic and Atmospheric Administration, Environmental

Data Service, Asheville, N.C.

X. Water Quality Standards (Step 6)

A. PL 92-500 Federal Water Pollution Control Act Amendments of 1972 /})

1. Some basic goals and policies:

(a) The discharge of pollutants into navigable wacer be elim-

ínated by 1985.

(b) Wherever attainable, an interim goal of water quality

which provides for the protection and propagación of fish,

shellfish, and wildlife and provides for recreation in and

out of the water be acheived by July 1, 1983.

(c) The discharge of toxic pollutants in toxic atnounts be

eliminated. (prohibíted)

B. Strategies for Point Source Control

1. NPDES permit system
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2. Every point source subject to an effluent standard and a water

quality standard. Most stringent one is used.

3. Effluent standards

(a) by 1977

POTW secondary treatment

others BPT

(b) by 1983

POTW BPWTT

others BAT

(c) new sources NSPS

(d) within 3 yrs. pretreatment

C. Definition of Terms (14 )

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.

2. In assessing best practicable technology for a particular

category of industry, a balance is struck between total cost

and effluent reduction benefits.

3. Best available technology is the highest degree of technology

proved to be designable for plant-scale operation so that costs

for chis treatment may be much higher than for treatment by

best practicable technology.

4. Best available demonstrated technology, which will be the basis

for establishing effluent limits for new industries, is described
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as those plant processes and control cechnologies chat have

demonstrated at a pilot plant level that technologically and

economically they justify maklng invesements in new production

facilicies.

5. 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 maklng use of the bacteria in it. The

principal methods are by filter, in which the waste passes

Chrough a thick bed of stones, and by the acCivated 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 sedimentación tank and the effluent

is chlorinaced.

D. Pretreatment Standards

1. Federal Register, Vol 38, No. 215, Thursday, Nov. 8, 1973,

pp. 30982-30984. (/i"J

2. Deals basically wich induscrial plant wasce clean-up prior to

discharge into POTW.

3. Examples of focus

(a) PH

(b) toxic metáis

(c) flow variations

E. Secondary Treatment Standards

1. Federal Register, Vol. 38, No. 159, Friday, August 17, 1973,

pp 22298-22299. (»(,;

2. Describes treatment efficiency level and effluent quality from POTW.
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3. Focus on:

(a) BOD

(b) suspended solids

(c) coliforms

F. Water Quality Standards

1. Oklahoma will be used as an example. "Oklahoma's Water Quality

Standards -1973", Pub 52, OWRB, Sept., 1973. (¡f)
2. Antidegradation Statement

It is recognized that certain of the waters under consider

ation possess an existing quality, which is better than

the mínimum standards established. The quality of Chose

waters will be maintained, uniese and until it has been

affirmatively demonstrated to the State through public

hearings that other uses or different standards are justi-

fiable as a resulC of necessary economic or social develop

ment. This will require that any industrial, public, or

prívate 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 deslgnations

The designated present and potential beneficial uses of

the waters of the State are A, C-, D, F-, F2, G^, G^t and

I, and the general water quality standards apply unless

otherwise noted in Appendix A. Published data for some
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streams are limlted. However, appropriate beneficial uses

to be protected are specified even chough 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 ñor prohibit beneficial uses other than those

listed ñor does it indícate 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 prívate ownership. This

would include primary body contact in some public water

supplies as well as recreatlonal use of some privately

owned waters. All reservoirs are protected for primary

and secondary body contact recreation.

CODE BENEFICIAL USE

A Public and private water supplies

B Emergency public and private water supplies

C1 Fish and wildlife propagation

C2 Fish and wildlife propagation to the extent allowed by

specifically stated water quality parameters

D Agriculture (includes livestock watering and irrigation)

E Hydroelectric power

F. Industrial and municipal cooling water

F. Receiving, transportlng and/or assimilation of adequately

treated wasce

G Recreation, primary body contact (includes recreatlonal uses where tfv
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human body mav come in direct contact with che water to

point of complete body submcrgcnce)

G, Recreación, secondary body contact (includes recreatlonal

uses, such as fishing, wading, boating, where ingestión 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

prohibltion 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 times wich che exception of when the flow is equal

to or less chan Che seven-day, Cwo-year low flow valué or

times when Che flow race is not significant or discernable

by the naked eye. The numerical criteria limits apply at

all times co lakes and reservoirs unless othervlse exempted.

Hiñerais:

For chlorides, sulfates and total dissolved solids the arith-

metlc mean of the concentrations of the samples taken for a

year at any point shall noc exceed one standard deviation
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greacer than the arithmeCic mean of Che hisCorical data

generated at that point. Not more than one in twency

samples randomly collected shall exceed two standard devi-

acions 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. For those scations

for which historical data exists, mineral limits have been

established and are listed in Appendix B. The valúes are

in milligrams per liter (mg/1). The stations are organízed

in accordance to basin number with each stadon's number

corresponding Co those on Map 2. Mineral standards will

be established for other scaclons as daca becomes available.

The term "yearly mean standard" listed on the table is de

fined as that valué which Che yearly arichmeCic mean shall

not exceed. The cerm "sampie standard" is used on the

table and is defined as that valué which not more than one

ln twenty samples shall exceed. Mineral limits for inter

media te locations between listed sampie points shall be

deCermined by allowing reasonable gradients between the

numerical limits listed for those stations.

Bacteria:

In áreas designated as G. (recreation, primary body contact)

or A (public and private water supply), bacteria of the

fecal coliforra group shall not exceed a monthly geometric
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mean of 200/100 mi, as determined by multiple-tube fermenta-

tion or membrane fllter procedures and based on a mínimum

of not leas than five samples for any 30-day period, ñor

shall more than ten percent (102) of the total samples

during any 30-day period exceed 400/100 mi.

In áreas designated G„ (secondary body contact) bacteria

of the fecal coliform group shall not exceed a monthly

geometric mean of 1000/100 mi, as determined by multiple-

tube fermentación or membrane fllter procedures, ñor

shall more than ten percent (10%) of the total samples

during any 30-day period exceed 2000/100 mi.

Oil and Crease:

Essentially free of floacing or emulslfied oil and grcase.

Solids:

Free of floacing debris, boCtom deposita, scum, foam and

other materials of a persistent nature from other chan

naCural sources.

Turbidicy:

Turbidity of ocher than natural origin shall be restncted

Co che following in-stream numerical valúes:

Warm Water Streams 50 Jackson Units

Warm Water Lakes 25 Jackson Units

Cold Water Streams (chose
designated as small-mouth

bass fisheries or trout

flsheries 10 Jackson Units

In waters where the natural occurring backgrounds exceeda

Chese valúes, turbidity from other than natural sources

shall be restrlcted to maintain the naturally occurring

background.
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Color

Color produclng substances of a persistent nature from

other than natural sources shall be limited to concentra

tions which will not be detrimental to beneficial uses

Temperacure*

During any raonCh 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, che

temperature of the epilimnion 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 co other than natural causes shall be main-

taíned. The máximum temperature due to man-made causes

shall not exceed 68 F in trout streams, 84°F in small-

mouth bass streams, or 90 F in all other screams and

lakes except for the following:

Arkansas River from Kaw Reservolr Dam to the headwaters
of Keystone Reservolr 94°F.

Arkansas River from Keystone Reservolr Dam co Coody
Creek near Muskogee, Oklahoma 93°F.
Salt Fork Arkansas River 93°F.

Red River excluding Lake Texoma 93°F.
North Fork Red River 9l°F.

No artificial heat shall be added such that the receiving

water temperacure exceeds che máximums specified above.

Prlvately owned lakes and reservoirs used in che process of

cooling waCer for industrial purposes are exempt from chese

rescrictions provided the wacer released from any such lake
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or reservolr shall be subject to the temperature require

ments Máximum temperature determinación shall be made

by averaging representative temperature measurements of

the cross sectional área of streams and rivers.

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 imparc off-color or unpalaCable flavor

to flesh of fish, or resulC in offensive odors in che vi-

cinity of the water, or otherwise interfere with beneficial

uses.

Dissolved Oxygen

The dissolved oxygen concentration shall not be less than

5 mg/1 for all warm waters, and 6 mg/1 for those waters

designated as small-mouth bass or trout fishenes. Under

extreme conditions, the diurnal variations may cause the

dissolved oxygen concentration to be as much as 1 mg/1

below the above valúes for short periods (not to exceed 8

hours) during any 24-hour period provided that the water

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

revisión scheduled for October 18, 1975.
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Toxic Substances*

loxic substances shall not be present in such quantities

as to cause che waters to be toxic to human, animal, planc
«

or aquaCic Ufe, ñor detrimental to any beneficial use

including continued ingestión by livescock or continued

use for irrigación. For aquatic life, using bioassay

techniques, che toxic limic shall noc exceed one-tenth of

the 96-hour median tolerance limit for che most sensitive

species common to the stream. In the absence of informa

ción on the mose sensitive species Che concentration shall

not exceed one-tenth of the 96-hour median tolerance

limit to Pimephales promelas (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 following materials may have synergistic effects*

ammonia, cadmiura, hexavalent chromium, trivalent chromium,

copper, cyanide, lead, raercury, nickel, selenium,.silver,

and zinc These substances shall not be present in suffi

cient concentration to allow the cumulative relationship

valué to exceed the numerical valué of one.

The cumulative relationship valué (CRV) is defined as.
C C. C

CRV=_a +f+...+f
a b n

where: C , C, , ...C are the measured concentrations in the
a* b* n.

streams and L , L, , ...L are respective máximum permissable
3 D I!

concentrations if each constituent were present alone.
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Species Diversity Index-

A diversity valué (d) for benthic (bottom dwellmg) macro- ,

invertebrate organisms shall be maintained at a mínimum
i

*

of three (3) unless natural conditions or phenomena cause

the valué to be less.

Enumeration and classification techniques of sampled ben

thic organisms shall be utilized to acquire infonnation

which will be subjected to mathematical interpretation

from which is derived an índex of species diversity (d).

Biological information incorporated into the diversity

índex includes: number of species samples (s), total

number of individuáis (n), and number of individuáis per

species (ni); with diversity specifically expressed

mathematically as:

s

-\ (n^n) log2 (ní/n)
1

This expression is dimenslonless and includes numbers of

individuáis representing each species. The species di-
O

versity índex shall not be determined on a count of less

Chan 100 individuáis per sample.

PH:

The pH shall be between 6.5 and 8.5. pH valúes below 6.5

and above 8.5 muse 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
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Water Standards of 1962, or latest revisión thereof, and

accumulated scientific data on limits above which injury

to use occurs. Pollutional substances will be maintained

below máximum pennissible concentrations for public water

supplies, recreation requirements, agricultural needs and

other beneficial uses.

5. 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/1. The

dissolved 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/1.

(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

cional área of the stream or not more than one-fourth (1/4)

the volume of flow, whichever is 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 combfned

mixing shall not exceed the one-fourth (1/4) valué 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 recurn

i-t flows exceed one-fourth (1/4) of che combined stream and

return flows.

Mixing zones In lakes shall^be designated on a case by

case basis.

(b) Exceptions to beneficiáis 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 prívate water supply, A

(2) Emergency public and prívate water supply, B

(3) Fish and wildlife propagation, C-

(4) Recreation (primary and secondary body contact), G , G»

(c) Dissolved Oxygen* The dissolved oxygen shall not be less

than 2 mg/1 within the mixing zone.

6. Example of water quality standards in Oklahoma. See Figure 5

and Table 13 and 14.

G. Nationwide Comparison (' bij

1. 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.
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Basin n

Stream

N. Persimmon Creek

S Persimmon Creek

Indian Creek

Molf Creek below Ft Supply Dam

Wolf Creek above Ft Supply Dam
including Ft. Supply Reservoir

Sixteen Hile Creek

Buzzard Creek

L Wolf Creek

Twenty-Five Mije Creek

Willow Creek

Rock Creek

Otter Creek

Clear Creek

Little River

Salt Creek

Lake Thunderbird and Watershed

Unnamed tributary (return flow, City
of Konowa) including Lake Konowa

Sandy Creek

Spnng Creek

Pond Creek

Buckhead Creek

TABl E 13

Beneficial Usos

A Cx D Fl Fz Gx G2 I

AC.DF, F2 Cl q2 j

ACiDFj F2 gx G2 I

Ca D Fx F3 C3 I

A C! D F4 F2 G, G2 I

A Cs D FL F? d G2 I

A C, D Pj F2 Gl G2 I

A C, D Pt Fa Gx G2 I

A C, D Fi F2 Gx G2 I

A Cx D Fx F2 Gx G2 I

ACiDF, F2 Gx G2 I

A Cx D Fx F2 Gx Ga J

A Cx D Fx F2 Gx G= I

A Cx D Fx F2 Gi G2 I

Ca D Fx F2 G2 I

AC, DG, G: I

Cs D Fx F2 G2 I

Cj D Fx F2 G- I

A Cx D Fx F2 Gx G2 I

Ca D Fi F2 Gr I

c.- o r, i r..-¡
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Sanóle Point 'Jane

Map Latitude and
Nunber Longí Ude

West Salt Creek near 35 09 00.0
Chickasha, Oklahona 3283 097 57 00 0

West Bitter Creek near

Tabler, Oklahoma
35 03 00 0

3283.1 097 51 00 0

Spring Creek near 35 06 50 0
Blanchard, Oklahoma 3284 097 44 30 0

Spring Creek Tribu
tary near Kiddleberg,
Oklano^a

35 05 00 0

3283.2 097 50 00 0

Foss Reservoir near 3243 35 32 18 0
Foss, Oklahona 099 10 40 0

Kiamichi River near

Big Cedar, Oklaumia-

Canadian River near
Bndgeport, Oklahona

Canadian River near

Noble, Oklahcna

Lake Thunderbird near

Norman, Oklahoma

Little Rner near

SasaVua, Oklahona

Cíinton Late near

Cantón, Oi lan? ^á

3357

34 38 18 0
094 36 45 0

2285

35 34 00 0
098 22 45 0

2291

35 04 55 0

097 2? 52 0

2299
35 13 15 0

097 13 C5 0

2310 3^ 59 02 0
09G 33 01 0

23S:
3? 05 01 0

C93 3C CO 0

Chin»ide

S}T,Dle -arly Mean
Standard tended

243 168

32 23

19 3 14 6

17 5 12 8

52 48

BASEN 4

4.6 3 4

BA3IN 5

351 232

291 206

31 29

1382 990

146 293

Sulfate Tctal Disso*
Sarnplc Yearly Mean Sarple •

Standard Standard Standard

701

370

29

18.3

1177

6.5

490

391

18.6

60

293

506

257

23

14 4

1112

4 9

389

287

14 9

45

215

1764

334

468

391

1915

33

1497

1227

285

2B02

4051

1324

630

356

322

18m9

28

1162

906

263

20CG
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4. All segments1presumably should meet the w.q standards by 1977,

however, estímate is that only 1,190 segments can do this;f and.

total of only 2,306 by 1983.

H. Federal Discharges ^."7 )

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 StaCe that has

an EPA-approved permit program, EPA, noc the State, is the per

mit authority for that Federal installation

2. 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 pollutan.ts that EPA will issue in 1974, ñor

from compliance with pretreatment requirements for wastes going

directly into a publicly-owned treatment plant.)

3. 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 co appropriate the money.
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4. The law also requires che Presidenc co report annually to Con

gress all exeraptions granted, wich che reason for each exemption

XI. Waste Load Allocation Study (Step 7)

A. Purposes

1. Summarize the waste load allocation study for the area.^u.

2. Identify the known point sources of pollution, noting particu

larly any unique discharges or conscituents.

(a) State Health Department

(b) Oklahoma Water Resources Board

(c) Department of Pollution Control

3. Also identify the quantity and types of water uses m the arca

~- (a) hydraulic balance important in water-deficient áreas

(b) quality requirements per induscrial use, see Table 15. (z Ij
(c) SHD, OWRB, DPC

B. Mose States Are Developing or Have Recently Completed These Scudies

XII. Mesoscale Impact Calculation (Step 8)

A. Purpose — to examine impact of alternatives m 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 Prediction Methods in Table 16. (/.¿ )

-49-

c * •>
Zs,



en

O
I

TABLE 15

SUmma. o, Specc Qua„y Cha^e^ ofg*^ That Have Bccn Used „Sources far

Chara cterlitlc

Bollar inakeup water

IrnJuMrlal
0 to 1 500

pi'C

Utility
700 to
5000

Cooling water

Fresh

Once
through

Makcup
rccyclo

Brachlih >

Once
through

maKeup
rrcycle

Tmt.Ia
Irnjui ry
SIC-2Í

Lumber
Intlu-try
SIC-24

Pulp jind

in 't u i t r y
SIC-26

Process witer

Chrmrcil Petroleum
industry Indi^try
SIC-23 SlC-29

Prim

mclil»

SIC-33

Sihca (SpO.)
Alummum (AI)
Iron (Fe)
Moiranese (Mn) _."
Coppe- (Cu)
CaiciLrr (Ca)
Ma¿'n«*,ii.m (Me)
Sodiurr jnd potassium

(Na K)
Am orna (NH,) ._
B.cir'ioiM'c (HCO,)
Su fate (SO)
Ch'onde (Cf) 191000
FkionJe (F)
Nitra'e (NO,)""""
Piospr-jte (PO.) ___II __.!.
Ds-.okrd solius 35 000
Su^ppnJ'.d solids 15 000
Hjrri ess (CaCO,) 5 000
A'l-alirnty (CaCOj) 500
A-.dit/ (CjCO ) 1 000
pH uiits
rc'or units 1,200
Orf in es

Mothyícne blue ac
dve substances

Carbón tctrachlonde
tMtract

C'icimcii oxycen de
mand (O,)

Hydnvui sulfide
(H,S)

Tempuatu-e, F _ 120

150 150 50 ísn
3 3 3 3

80 80 14 80
10 10 25 10

.-..
---,

25

1 0

0 02

25

10
0 02

03

1 3
05

50

"2 6 5

2

200
100

50

"l5

600
1.400

2

100

100

600
1 400

19 000

50
35 000
15 000
5 000
500

1,000

1T0Ó

10

100

500

120

500

600

680
600

""ÍÓ
4

1 000

5 000
850
500

0
5 0-8 9

13

O

100

500 1,200 1,200

600 180
680 2,700
500 22 000

30
4 5

1 000 35 000
15 000 250

850 7 000
500 150
200 0

3 5-9 1 5 0-8 4
1.200

1 3

100

100

120

O

4

100

180
2,700

22.000

5
35 000

250

7 000
150

0

5 0-8 4

13

100

200

4

120

200

150 1,080
1.000 (•)
120 "475

6 0-8 0 5-9 46-94
360

95

600
850
500

2 500
10 000

1 000
500

5 5-9 0
500

220
85

230

480
570

1 600

1 2
8

3 500
5 000

900

6 0-9 0
25

500

1 500
3 000
1,000

200
75

3-9

30

100

Food and
rVmdfed

P'otíi'Ctí,
SIC-20

Lmt'irr
Intfuitry,
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TABLE » IL

SUMMARY OF SEDIMENT PREDICTION METHODS

Proceso

Prediction Method Erosión Transport Depoolclon

1. Emplrical

Elliaonr^ X
Muagxave— X

Universal Soil Loss Equatiottr^' X

EinsCein Bedload Function^1' - X
Colby Modified Einsteinü/ 41,
Toffaleti ToCal Load Method—

X

X X

Lacey's Silt Theory^' X X
Penbercon Modified Elnsteitr^ - X -
Reservoir Surveys: X

ARS

SCS

Corpa of Engineers

Bureau of Reclamation

U.S. Geological Survey

2. Statistlcal

Flaxaan— - - X

SedimenC Rating-Flow Duración: - • X

U.S. Geological Survey

Bureau of Reclamación

Corps of Engineers

Woolhlaer's DetermlnioClc

Watershed Hodelüi/ lX X X
r-

)• Simulatlon

ARS Upland Erosión Model—' X
ARS USDAHL-73 Watershed Modal— * X X
ARS "ACTMO" Chemical Transport

Modela x

Negev'a Watershed Model— XXX
SCanford IV Modell3-' XXX

12/
Hydrocomp Simulación—' XXX

Huff Hydrologlc TransporC Model— - X
Royal Institute (Sveden)

Hydrologlc Model- X X

Snyder'a PararoeCric Hydrologlc
Model M/ -XX
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XIV. Microscale Impact Calculation (Step 10)

A. Conservative PolluCants use mass balance calculations.

B. Non-Conservacive PolluCants see dissolved oxygen sag curve

materials.

C. Temperature see cemperacure predicción materials.

XV. Pollution Control Measures (Step 10)

A. Purpose is to Minimize Impact

B. Many Reference Materials are Available. (25 jC^-^V^-^l

XVI. Discuss Operational Impacts (Step 11)

A. See Bacterial Die-Away Precition Materials.

B. Example of Chemical Changes in Aqueous Systems (xC )

1. Cr in Water

+2
trivalent Cr (III) catión Cr(OH)

_2
hexavalent Cr (VI) anión Cr 0,

2. Cr (III) is more chemically reactive than Cr (VI)

3. Source in streams is nuclear power plants reléase Cr (VI)

4. Fate in stream depends on oxidation state

Cr(III) is sorbed and settles

Cr(VI) stays in solución

5. Oxidation state in scream can change:

(a) Cr (VI) can be chemically reduced co Cr (III) under anaero*

bic condiCions.

(b) Cr (VI) stays as Cr (VI) under aerobic condicions

-52-



(c) Cr (III) can be oxidized Co Cr (VI) under ocrobic condicions

(d) Cr (VI) which is sorbed is lacer released as Cr (III)

(e) Cr (III) scays as Cr (III) under anaerobic conditions

: 2iM
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Assessment of the Impact of Organic
Discharges on the Dissolved Oxygen

Resources of a Receiving Stream

by

L.W. Canter*

/.•"'J'.-'l.

One of the most common problems of stream pollution is that

resulting from oxygen deficiency caused by organic waste discharges.

Dissolved oxygen in a stream is deficient 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 relatlonships

in streams.

I. Dissolved Oxygen

A. Dissolved oxygen is one of the primary chemical parameters used

to describe water quality. Dissolved oxygen is basic to the

maintenance and promotlon 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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n. The instroam mimerlc al tritona limits sh t» . m.

mainCained at all tInu* - with lhe excepción ot when

Che flow is equal to or less than the sivon-da\,

two-year low flow valu.. ni times when the iiu> riLe

is not significant or l ^o ni (ble by the n.iked o>^

The numerical entena limits apply at nll Limes t .

lakes and reservoirs unloss otherwise exempted

b. Dissolved Oxygen. The dissolved oxygen concentra

tion shall not be lesb .han 5 mg/1 for all warm

waters, and 6 mg/1 foi those waters designated a,

small-mouth bass or trout fisneries. Undei extreiu

conditions, the diurn?- viriations may cause clu

dissolved oxygen concer ración co be as much as 1

mg/1 below Che above vaUíes for snort periods (not

co exceed 8 hours) duiíng any 24-hour period pro

vided that the water qualicy is favorable in all

oCher respecCs.

1 bpccial Standards - Return low St rt mis

Dissolved Oxygen* The .,issolved oxygen content Oí

a return flow stream sn.ill not be less that 2 ir.yfl

The dissolved oxygen corcentration just above the

point where the flow ol the stream combines with tm

flow of a stream of higner designated uso shall nol

be less than 3 mg/1.

3. Special Standards - Mixing /ones and 7one-. ol Pass i}:-

a. Mixing Zones Except u» indicated belou, nuinn

-2-



zones shall be no largor ti.nn one-fourth ('¿) Lhe cross

sectional área of the stream or no more than one-fourth

('í) the volume of flow, wh ohever is most restrictivo

The remaining portion of the strcim's rross section or

flow shall constitute a zoi «. of pissjpe for iree swiin-

ming and drifting organismo Whcie moic than one efflu

ent encers a scream and the mi\ing zones would ovcrlap.

Che combined mixing zones shall not exceed the one-fourth

(*s) valué 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 (k) of the combined stream and

recurn flows.

Mixing zones in lakes shall be designated on a case by

case basis

b. Dissolved Oxygen The dissolved oxygen shall not be

less than 2 mg/1 within the mixing zone

C. Saturation Dissolved Oxygen

1. If water is saturated with dissoived oxygen, il means

that the water contains 10CZ of the dissolved oxvgen it

could contain under specified conditions of temperature,

pressure and salt content.

-3-
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2. Influence of temperature on the saturaUon concenLr^t i-m •>

dissolved oxygen

Saturation

D.O.

Temperature

3. Influence of pressure on che saturación concentration <•

oxygen

Saturación

D.O.

Pressure

4. Influence of sale concent on the saturation concentración

of oxygen, mainly on conern in sea water.

5.

maturación

D.O.

Sale concentra^ ion

he actual concentration of di< olvcd oxygen in pol u.eu

-aicr is generally less than ti saturation concencration

)eficit = D = buturation _ «' rúal
concomí aLion c ncentration

(Cb)

-4-



Example Temperature of ^ C, normal atmospheric pressu

and non-sea water, if the measured D.O. is 2 C

mg/1, what is ti-, déficit7

Cs " 8 18 mg/1

D = 8 18 - 2.0 = 6 18 mg/1

II. Oxygen Relatlonships in Streams

A. Basic Forces

1. There is a demand for oxygen exerted by bacterial decomp

sition of organics, shown m simplified equation which

follows

bacteria __ . . „Organics + 02 C02 + h20

2. There is a supply of oxygen from natural reaeration.

3. Other forces are oxygen demand from bottom deposits and

oxygen supply from photos>nthesis.

4. The basic forces of organn oxygtn demand .mu n.iLurai ..

tion yield what is called an oxygen sag curve

D.O.

Conc.

Time or distance

Streeter-Phelps Equation

1 Originally developed in l1 25

2. Assumptions for oxygen sa¿ curve

5} - -,
Ué *> u



a. BOD decrease dye onlv l > ¡«acteiial oxnlaiioi,

b. No henthal 0„ demand

c No photosynthetic offe^

a. Reo> vgenation by rcarr uion

3. Bisic difíerential equation

di) oxygen oxygen

dt demand supply

= K L - K2D

where

K. = rate of oxygen use by 1' icterla

L - biochemical oxygen den..nd

K- - race of reaeraCion

*.. Solución of the basic difforentlal equacion ytej.ib l..i

following:

K La / -K C -K,r \ -K L
D -r^-r- ^10 L - 10 "• / i- Da 10

K2*K1

D » D O. drficic at time t

= sai . L.onc - actual con.

K1 = cocf. of deoxygenation

k„ = coef. of reaeraCion

La = initial BOD (ultímate) (m stream)

Da = initial déficit (in sttt.im)

,. K. * coef. of deoxygenation

ceLorminod in BOi) te1 it 20 C.

K. = K. (1 047) T~2Í'
(T) X(20)

T - temp. ( C)
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10.

K„ = f¡>(surtace exposure, depth, turbulence, velocity)

- Tables or Calculatioiid -

T-20
K = K

Z(T) ¿(20)
(1 016)

La(T) =Ia(20) W02T+0.6)

Influence of temperature on the oxygen sag curve (see Fig i

Critical Conditions

Location and valué of low poi_nt on curve.

D.O.

Distance

a Critical time

cc= iq=íq" logio

b. Cricical déficit

K -K1tc
De = -rr- La 10

K2

K.La-.^Da+KjDa K2

K La K1

Máximum Permissable 110D Loa».!

Rearrange Streeter-Phclps a, follows

K,

log La - log De + L d _ üa
A.-K. V De

Da\
0 418

lot-

-7-
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La = ultímate BOD mg/l)

De - allowable defi .t - saturation

DO conc - rec;, i_rod DO conc in simulan'

Da = initial definí



FIGURE I C26)

RELATION BETWEEN TEMPERATURA AND OXYGEN PROFILE
(After La Borge)

O 10 20 30

Miles from Outlet Discharging Organic Waste

-8-
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K. = BOD reaction race

K- - reaeraCion rate

t,

C. Thomas modificación of Streeter-Phelps equation

1. Ic is known chac scream deoxygenaCion (Kd) valúes differ

from K .

2. Deoxygenation is stream by oxidation.

^ - «nLCdt D

D = oxygen déficit

Kd ° coef of deoxygenation, not equal to K in BOD

bóteles in lab, includes only deoxygenation by

oxidation in scream

Le = oxidizable organic maCCer remaining ac any time c
-K C

= La 10

La = inicial oxidizable organic macter at t=o (in scream)

K = rate of oxidation from laboratory

t » time

3. Combining above the rate of deoxygenation may be exprcssed

as follows:

-K,c

dt 1) a

This equation expresses the rate of deoxygenation in terms

of the coefficient of deoxygenation (Kp) and the laboratory

rate of oxidation (K.).

4. The practical considerations to be answered not is whether

the rate of oxidation determined in the laboratory (K^) is

identical to the rate of organic (BOD) removal determined

in the actual receiving water

2CC1
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5.

K « rate of BOD removal in the scream itself

Kr * K3 + Kl

If the answer is negative then the above equation should be

expressed as:

£ -«D-10 r
Environmental faccors chac affect the race of oxidación

Condición

Probable Relation

ship between K
and K

a) Turbulence K >K1(BOD removal
in stream>BOD

b) Biological Growth
on Stream bed

removal in

bottle)

VKi

c) Immediate 0»

demand
VKi

d) Nutrient defi

ciency in stream
VKi

e) Toxic conditions Kr<Kl

6. Environmental factors affecting the rate of organic material

removal in the receiving stream but noc necessariiy Che race

of oxidation

Condición

SedimenCaCion and

Flocculacion cak-

ing away

Scour adding

Volatilización

caking away

Probable RelaCionship
between K and K,

K >K,
r 1

Kr>Kl

-10-



7. Overall relationship between K , K, and Kn
K r' d 1

a. If the reactions in the stream were identical to the

reactions in the laboratory then

Kl • Kr " «D

b. If BOD removal in the stream was by oxidation only but

the rate was increased by turbulence or sume growths

on the stream bottom then it may be assumed that

Kr \ Kx but Kp = Kr

c. If BOD removal in the stream was accompllshed by a com-

binaCion of oxidación and sedimencatlon, scour, volatili-

zacion Chen ic may be assumed that

Kr H K but K„ = K

8. Thomas equ integrates to

K_La f -K t -K-t 1

2 r

9. Determine K
r

K is rate of BOD removal, noc necessariiy just oxidación.

-K t

+ DalO

t = time of flow between stations A and B

LA LB

LA = BOD loading at sta. A (lb/day)

LB - li ( " )

-11-
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log

Ib BOD

day

í>

time

10. K,

11.

a. determine by equation

b. use O'Connor equ.

h

a. difficulc to determine

b. may get help from above considerations

c. may have to assume a K_ valué and confirm by survey

IbBOD

day

time

12. Critical déficit

d_D
diIF-S1"

-K2D

f =O
dt

D=£ L-£ La lo"Vc
K2 K2

13. Critical time

1

Cc -K2-Kr log
^2 / Da(K -K )\
Kr I1" ^La ).

D. Churchill-Buckingham equation

1. By using mulCiple linear correlación on TVA screams, Churchill

and Buckingham found good correlación between

-12-



BOD

DO

temp.

scream flow

2. He found for TVA screams Chat D.O. 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 , K , etc.

5. Disadvantages

a. applicability to other streams7

b. omits many factors

6. Equation

Y = a + biX1 + b2 X2 + b3 X3

Y = D.O. drop (mg/1)

a = 4.136

b = -0.122

X = BOD at sag (mg/1)

b2 = -0 532

X„ = temp at sag ( C)

b = 0 709 X3 = flow at sag (1000 cfs)

E. Photosynthesis

-13-
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h
K2-Kr La -

% B

K, K
l r

-K t | -K t
1-10 + Da 10

-K t -K t

10 r -10

7. Equation including photosynthesis and bottom deposits

D
\

H-\
La -

h

Kr"S

-K t -K t

10 r -10

-K2t
1 - 10

-K2t
+ Da 10

-15-
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1. Concepc ' "^

a. day

CO. + H20 + algae + nucriencs •

new algae + 02 - heaC

during day algae is source of 0

b. nighc

algae + 02 > C02 + H20

during nighc using 02

2. S-P, Thomas, C-B omic photosynthesis as an 02 source. Some

suggest co include a term for chis.

3. O'Connor, ecc. have advocaced cerm added

4. Equation

§ "V "K2D "P
p _ net 0 producción by phocosynchesis (mg/l/day)

F. Bottom deposits

1. Bottom deposits can exert a demand on the oxygen resources

of a stream.

2. This is like adding an additional BOD load.

3. Concept

^ = -K L+ B
dt r

B = addition of BOD load to Che overlying water from che

bottom. (mg/l/day)

4. Sort of like scour, except this occurs all the time

5. This was modificación added by Camp.

6. Equation including bottom deposits

--—>
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PREDICTION OF BACTERIAL

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 is oriented to the principies 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

especlally 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

*Dlrector, School of Civil Fngincering and Environmental Science, Univcr
sity of Oklahoma, Norman, Oklahoma.
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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 Sanication, Wiley-Interscience,
John Wiley and Sons, Inc., New York, 1970, 619 pages.

3. "Oklahoma's Water Quality Standards-1973" Publication No. 52,
Oklahoma Water Resources Board, Oklahoma Cicy, Oklahoma, 1973, pp.
3-9.
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Table 1: ExpecCed Seasonal Pattern of Monthly Average
Colifonn Concribucion Based on an Annual Average

of 200 Billion per Capita per Day

Month

Monchly Average
(PercenCage of
Annual Average)

Monchly Average
Coliform Concribucion

per Capica per Day (XlO9)

January 45 90

February 46 92

March 53 106
April

65 130

May
92 184

June
135 270

July
172 344

August 182 364

Sepcember 165 330
October 110 220

November 80 160

December _55 110

Annual average 100 200

-3-
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1. Special public health concern with the disposal and ultimacc

fate of microbial wastes contained in municipal sewage, especl

ally chose of intestinal origin that cause waterborne discases.

These are principally pathogenlc bacteria and viruses, and the

cysts and ova of parasltic worms.

2. Examples of pathogenlc bacteria and their associated diseases.

(a) Salmonella typhi typhoid fever

(b) Shigella and Salmonella organisms dysencery and diarrhea,

respectlvely

(c) Vibrio comma cholera

(d) Mycobaccerium tuberculosis cuberculosis

3. Example of amoebao Entamoeba histolytica ie known to have

caused epidémica 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. Valúes reported as "most probable number" (MPN).

E. Per Capita Contribution and Scasonal Variation
>

1. Coliforra generación rate

q

200 x 10 /capita/day

2. Typical seasonal variations are shown in Table 1. Whether

these variations are traccable to actual multiplication of

intestinal bacteria within the sewers or to a greater per

capita discharge of these organisms in the summer months can-

not be stated. ./

F. Cunera] Principies of Sclf-Puiification
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Organism

E. coli

S. typhi

Table 2: Killing Times for the Firsc 90% (T )
of Enteric Bacteria in River Water

Médium

Ohio River

Missouri River

Tennessee River

Sacramento

River

Cumberland

River

Glatt River

Thames River

remp., °C T9Q, hours

60

Summer 47

Winter 51

Winter 115

Summer 53

Summer

Summer

Summer/
winter

0

5

10

32

10

2.1'

172

108

77

Small 6hallow streams.
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1. Some general concluslons of ScreeCer's work are as follows:

(a) The máximum density of coliforms occurs ac some discance

downstream of a source of polluCion

(b) based upon the máximum numbers of organisms, the per-

cencage of surviving cells downscream 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

2. Representative killing times for the first 90% of enteric

bacteria in river water are shown in Table 2.

3. Killing ratea 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 amounc of fixed biomass

is normally presenC, race consCanes for che inicial pare of

che deach race curves (e.g., uncil T9Q) of coliforms might

be found which are 20 or more times higher than reported from

the Ohio River (see examples in Table 2).

4. Increasing temperature enhanecs bacterial disappcarance

considcrably.

5. The influence of the organic pollution load on the persistence

of coliforms or other fecal bacteria in a river is controver-

sial. The multiplicación of pathopenic organisms in natural

waters is certainly negligible (sediments very rich in feral

maccer may be an excepción) Dissolvcd organic pollutants

j
j
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probably indirectly increase the death rate by favoring che

growth of secondary consumera (bacteria feeders).

6. Systematic studies on the renoval of viruses in rivera are

practically nonexistent.

II. Prediction of bacterial Self-Purification

A. Chick's Law

1. Bacteria die at a constant rate; that is, a given percencage

of the residual population dies during each successive time

unit.

2. Basic relationship

£-»
This lntegrates to:

Blog10 £ « -Kt
o

where B « residual after any time t (day)

B «= initial number of bacteria
o

K « reaction rate or death race (day~ )

B/B « proporción of organisms chac survive

1 -B/B = proportion of organisms that die

B. Factors That Modify Chick's Law ln a Stream

1. Temperature increase in temperature increases the death

race. See Figure 1.

2. Acidicy and alkalinicy boch acidicy and alkalimcy increase

the barterial death rute, but under strenm conditions che sjuh I-

flc contríbution of pll is not definible cxrept when there is

pronounced dcviatlon from neutrnlity.

i -6-



B* B (10~kt) + B'(10~k,t)
o o

This calculation is predicated on the assumption chac Che

residual number of bacteria ac any time consises of cwo frac-

tions, one resulting from che application of a deach race

conscanc k Co an initial population B and another from
o

similar application of che race k* to the initial population

B\
o

3. Phelps described some representative valúes for che Ohio River

for the two-stage equation as shown in Table 3.

4. A review of Figure 1 and Table 3 indicates that the survival

curve deviates substantially from the straight-line Chick form.

The coliforra group (in summer) is composed of the large frac-

tion of 99.51 percent wich a half-life of 0.64 day, and a small

fracción of 0.49 percenc of more resistant organisms with a

half-life of over 5 days. For practical purposes this means

that 99.51 percent of the coliform bacteria dieoff can be repre-

senced by Che simple Chick straight-line form. Less than 0.5

percent are involved in Che apparcnC deviación refelected m

the upward turn of the survival curve.

D. Observed Death Races

1. Some Cypical deach race K valúes are shown in Table 4.

2. The K valúes for large rivers are 0.5 + 0.15 day , for

modérate size rivers the valúes are 0.8 + 0.2 day .

3. Some death rates are shown tn Iigure 2. It will be nolid

from Figure 2 that for summer conditions only a small pei-

centage of colLforms survivos after 2 da>s' time of pnssago.

-9-



3. Nutrients —- not much is known about the affect of nutrients

on bacterial self-purification.

4. Sedimentation and adsorption both increase the death rate.

5. Presence of competitivo life the natural biological life

of polluted streams is much too rugged for the survival of

organisms whose normal habitat is the ehelter of the intesti

nal tract of man and other varm-blooded animáis. In some

instances collform bacteria appear to multiply to some extent

imraediately after discharge into the stream.

6. These modifylng factors can cause two basic changes to Chick*s

Law:

(a) devlatlon in form

(b) variations in observed death rates

C. Devlatlon ln the Form of Chick*s Law

1. Two principal dcviatlons in fono 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 multiplicación ln bacterial numbers is observed.

This phenomenon is dealt with by considering the initial

bacterial load as the peak and shifting the orgln of the

time scale in determinlng Che death race Co che posición of

the peak. The afterphase of apparent decline in death rate

is shown when the semilog plot bends upward at the end of the

deplction curve.

2. Mathematical formulation of a two-stage equation.

-8-



Table 4: Collform Death Races k Observed in Rivers

Chlck's Law: log (B/B ) = -kt

Reacción Rate k(day-1)

River

Warm

Weather

Cool

Weather

AuthoriCy for
Survey Daca Remarks

Ohio 0.50 0.45 Frost, Streecer
ec. al.

Generalized resuits

of analysis of ex
tensive data

Upper Illinois 0.90

0.67

0.32

0129

Hoskins ec. al. 1-day decline
2-day decline

Scioto 0.96 0.46 Kehr ec. al.

Hudson 0.80 Hall, Riddick,
Phelps

Freshwater reach

below Albany

Upper Miami 0.80 Velz, Gannon,
Kinney

Mean Chrough reach
above Daycon

Tennessee 0.46 Kiccrell 1- and 2-day decline
below Knoxvllle

Tcnnessee 0.60

0.57

Kiccrell 1-day decline
2-day decline
(below Knoxvlllc)

Sacramento 0.77

0.65

Kiccrell 1-day decline

2-day decline
(below Sacremento)

Missouri 0.30

0.26

Kittrell 1-day decline
2-day decline
(below Kansas City)

-11-
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Table 3: Two-Stage Equation for Bacterial

Self-Purification on Che Ohio River

Parameter Warm Weather Cool Weather

B (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 SanitaCion, Wiley-Interscience,
John Wiley and Sons, Inc , New York, 1970, pp. 234-253.

3. Wuhrmann, Karl, "Stream Purificación", in Water Pollution Micro^
biology, edited by Ralph Mitchell, Wiley-Interscience, John Wiley
and Sons, Inc., New York, 1972, pp. 133-137.
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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 collform bacteria loading, these

declines may result ln large absolute number of survivors,

which, converted to concentrations in the dilutlng streamflow,

may infringe the required criteria of water quality.

-12-



PREDICTION OF THE IMPACTS

OF THERMAL DISCHARGES

ON RECEIVING STREAMS

by

L.W. Cáncer*

Mathematical models of varyíng degrees of complexity have been

developed to determine the fate and persistence of heat in quiescent

waters, flowing screams, estuaries, and Che ocean The abilicy co pre

dict water cemperatures accurately is necessary in order to deeermine

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 presentí a basic approach which can be

used to solve temperature predicción problems. The macerial for Chis

discussion is from two basic references (1,2).

I. Basic Principies

A. Heac Transporc

♦Director, School of Civil Engineering and Environmencal Science,
University of Oklahoma, Norman, Oklahoma.
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1. There are Cwo heac cransporc mechanlsms which oceur in

water—advection and dispersión or curbulenc mixing.

Advection is the transporc of heat by the motion of a >

mass of water and is accomplished Chrough ordinary

screamflow, uCilizaCion of a discharge stream1s kinecic

energy, or wacer movemenc due co densicy gradiencs.

2. Turbulenc mixing or dispersión causes heaC incerchange

Chrough eddy diffusion or molecular diffusion. Eddy

diffusion oceurs under Curbulent flow, which depends

on fluid velocity and channel characceriscics. Mixing

resulcs from Che acción of small fluid masses known as

eddies, which are random boch in size and oriencacion.

Molecular diffusion is chat resulting from random moción

of molecules. les influence is much less Chan ChaC from

Curbulenc mixing.

B. Heac Exchange

1. Heac exchange which cakes place between the water sur-

face and the acmosphere is made up of seven mechanisms.

2. The mechanisms which are independenC of wacer tempera-

Cure are:

Q = Incoming shorc-wave solar radiación (400 to 2800
s

BTU/ft2/day).

Q = Incoming long-wave atmospheric radiation (2400 to
3

3200 BTU/ft2/day).

0.0 = Portions of both short-wave and long-wave
xsr' Mar

radiation which are reflected or scattered by the water

surface (40 to 200 and 70 to 120 BTU/ft /day, respectively)

-2-



3. The mechanlsms of heat transfer which are dependent on the

surface water temperature include the following

Q, - long-wave back radiation from the water to the atmos

phere (2400 to 3600 BTU/fc2/day). Ic is proporcional te

the fourch power of Che absoluce water surface temperature

(AT,), i.e., Qbr- (ATs)4.
Q « Heat exchange due to conduction-convection (-300 co

+400 BTU/fC2/day), which is proporcional co Che wind speed

(W) and che difference beCween waCer Cemperacure (Tg) and

air cemperature (Tfl), i.e., Qc «W(Tfl-Ta). A positive Qc

indicaces an energy loss.

Q « Heat loss due to evaporatlon (2000 co 8000 BTU/fC /day),

which is proporcional Co Che produce of wind speed (W) and

Che difference beCween Che water vapor pressure in saturatsd

air aC Che wacer eemperaCure (e ) and Che wacer vapor pres-
s

sure in Che overlying air (e ), i.e., Qe tt W(eg - efl). If

e > e , condensación Cakes place and Che wacer body gains
a s?

energy.

4. lhe algébrale sum of Chcse surface heac exchange parameters

is equal Co che nec race of surface heac exchange. Equilibrium

Cemperacure is reached when Chis 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 reservoir,

-3-



estuary, or coascal área. Such models combine heat transfer

mechanisms and water movempnC nn a confinual basis wich

resDect to time.

2. A macro model maincains an energy budgeC for che wacer body

under consideración, i.e.. ic maintains a heat balance of

both the internal heat exchange and the heat transfer ac the

water surface. This heat budget may be expressed as follows:

(Rate of Heat In)-(Rate of Heac Ouc)+(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 from the flow rates and temperatures of inflowing

and outflowing water. These rates require evaluation of the

heat transfer mechanlsms in water to define the motion of

heat entrained water masses. The rate of heat storaee is de

termined from the temperature and volume of t>*e water body in

consecutive time periods. The rate of heat exchange at the

wacer surface is the algébrale sum of all the water-atmosphere

heat exchange rates.

B. Example Problcm

9
A power plant releases 6.41x10 BTU/hr. If the flow m rhe receiv

ing scream is 3500 cfs, deeermine che temperature changes in the

stream downstream from the power plant.

Solution

A. Compute the temperature rise in the stream. assuming comolete mixing.

Given a design flow in the stream of 3500 cfs which in terms of lb/hr is

Q - 3500 cfs) (62.4 lb/ft3)(3600 sec/hr)

Q « 7.86 x 108 lb/hr

Since 1 BTU will raise the temperature of 1 Ib. of water 1 F,
AT AT . (6 41 x 109 BTU/hr)
AT =AT in river = -
r ül iH tiveL (7.86 x 108 lb/hr)(1 BTU/lb ©f

ATr=8 2°F

_4_



g Equation for computing downstream temperatures

1 Downstream temperatures are coniputed by assunnng exponential
i
\ temperature decay. This concept is presented mathematically

as:

{ ñ - -K(T -E)
dt

J

where ^r = net rate of water surface heat exchange (BTU ft" day" )

K- energy exchange coefficient (BTU ft" day" °F )

T = water surface temperature (°F)

m E= equilibrium temperature (°F)

For a well-rmxed stream, this equation can be wntten as.

<VU £ "-K<Tx -E>
where p = water density {62.4 Ib ft" )

C =specific heat of water (1 BTU Ib"1 V1)

y = mean1 strediii depth (ft)

U a mean stream velocity (ft day" )

v- = longitudinal temperature gradient (°F ft" )

x = downstream distance (ft)

Define T = temperature at x = o; then

í-Kx_ "

Tx - (T0 -E)e ' ♦ E

-KxBy defining o = ->—^n ; then

Tx -(T0 -Ele" +E

-5-



C Meteorologic Data

The following data are used in detemnning K and E.

For K

Wind (u, Net (tadlilion
TlrcPprlpd Spepj) w , w.ft

Mldnlyht - 6 »m
6 m • Noon
Noon - 6 pm
6 pa - Hldnfghl

DAILT AVERAGE

4 0

12 0
lí 0

6 0

a 5

1?0
Í90

3?0
130

215

ÍHJ Air

for t

líü.V_L *_ Humldtty Amblí ñ|~A~f r "*'
-H5r£_._i0f ~~' -" —

65

75

85

70

74

Hrldtlvo

40

30

20
as

Woler V^por
Prcisuic ol (e

H-ü ii¡0J

6 3
6 7

6 2

6 6

6 5

P Determination of K

The energy exchange coefficient is computed usmg

the following equation

K = [15.7 + (0 26 + S)(bW)]

where W = wind speed (mph)

b '- experimental evaporatlon coefficient (a valué of

15 IS typlcal.

6 = proportionality coefficient [See following table]

Rango of í

50 to 60
60 to 70

70 to 80

80 to 90

-6-
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Thus, for an average daily valué of K, using W - 8.5 mph:

K = (15.7 • [0.26 h 0] [(15) (8.5)])

Using appropnate valúes of 0 tor two ranges of E.

E (°F) , K(0TU ft"2 aay"1 0F_1)

60 to 70 120

70 to 80 144

Determination of E

The equilibrium temperature is reached when the rate of change

ot energy at the water surface equals zero Edinger and Geyer
(*•->
(2 ) present a method for computing E. The method

involves assuming a likely 10 F temperatuie range for E and by

using the appropnate valué for K and the given meteorological

data, computing a valué for í. If the computed valué of E falls

within the assumed range, the process is complete. However, it

the computed valué of E falls outside the assumed rdnge,

another range must be assumed and the process repeated until E

falls within the proper limits Thus, E is computed by a trial

and error method.

For the stated meteorological conditions and computed valúes

of K, we can determine a daily average E by the following seven

steps

Step 1 Assumed rango of E = 70 to 80 F

-7-
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Step 2 Compute l"(K) for use in step 6*

F(K) = ~-~^1

As computed for an Erange of 70 to 80°F, K= 144 BTU ft"2 day"1 V1
144 - 15 7.". F(K) =

144
= 0.891

Step 3. Compute E, for use in step 6.

Hn - 1801

El K

From the meteorologic data table, HR = 215 BTU ft"2 hr"1

or in terms of days, HR =5160 BTU ft"2 day"1

. F _ 5160 - 1801 „ ,

Step 4. Compute E„ for use in step 6

(0.26) (TJ

2 {0.26 +TT °

From the meteorologic data table, T = 74°F, and from
a

the table of E range vs 3, B = 0.744

. E„ = (°-_2-6Lí74) = 19 2
L2 t0 26 + 0.744T y ¿

Step 5 Compute E- for use in step 6

ea " Cí6)
C3 "(0"26~<7

From the metcorologic data leíble, e
a

is related to ranges of E as follows

Ranqe of E
—?or) "

50 to 60

60 to 70

70 to R0

80 to 90

(indi Hg)

-11 22
-20 15

-33 30

-53.33

-8-
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Thus for on E range of 70 to 80°F, C(B) = -33.3

Step 6. Compute H for use in step 7:

M•E, +T(K) (E2 +E3)

M = 23.3 + (0.891) (19.2 + 39 6) = 75 7

Step 7. Compute Eusing the following relationship.
m=e+P^051e!

Inserting Mand Kand settlng up aquadratic equation gives

.'. 0.000354E2 +E- 75.7 =0

Solving this equation using the quadratic formula gives:

E=^-ULLj^d) J0.000354) (-75 7)]1/2
2 (Ó.000354)

E="I *(1 10719)1/2 .rUJi05223)
0.000708 " 0.000708

Rejecting the negative valué gives
c _ 0_052?3_ _ 7. Ooc ,T1

0.000708 " /.¿¿íLi (',11S Víll^c is acceptable because u
falls within the assumed ranqe of
70 to 80°F.)

f7 Compute J^crage Stream Velocí ty 0
Q = 3500 cfs

Given an average cross section 800 feet wide and 5 feet deep
,, _ 3500 ft3 see"1

" (800~ftT (5'TtT = °-ñ75 ft/sec = 7-5-»6.°0 li/í1.^.

-9-
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Cq Evaluation of_n_

-Kx

" pCpyü

Forx. inm^es.^^l^^

a = -0 0322x*

ri Solve for T^, for x' =10, 20, .50 miles

Assume unheated river temperature = 74°F

.'. TQ =74°F +¿TR =74°F +8 2°F =82 2°F

T. = (T - Eje"0 °322*' + E
A O

For x' = 10 miles

T , = (82 2 - 73 8)e'(0 0322><10> + 73.8

Tx, = (8 4)e"° 322 + 73.8

T¥, = (8 4) (0.725) + 73 8 = 79 9°Fx

For y' = 20 miles

Use sane valué of a and replacp T by T , for x' = 10 miles

Tx, = (79 9 - 73 8) (0 725) + /3.8 - 73 2°r

L°s a!_=. 30_».A0LA°_jinJAs

Following the same procedure

30 miles, T , = (78 2 - 73 8) (0 725) + 73 8 = 77.0°F

40 miles! T , = 76.1°F
A

50 unios, T , = 75 5°í

-10-



/ These valúes rcprcsent the exponential temperature decay

which is graphically shown on the following plot:

Plant 10 20

Distonce Downstream from Plont
(miles)

40 50

2 This graph presents an idealized 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 indicative

of conditions along the 50-mile stretch of the river In addition,

no tributary inflows or heated discharges are accountcd fo» in the

50 miles.

-H- 27:3
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CHEMICAL/BIOLOGICAL/ENVIRONMENTAL ASPECTS
OF SOLID WASTLS MAiNAGEMENT

by

L.W. Canter* "

Concern for solid wastes management has reached national proportions

only recently. As a result, considerable attention is currently oemg

dddressed to this1 probl'em at local, State and Federal levéis. Tnis discussion
11

is focused on the chemical, biological and environmental considerations in
i

solid wastes dis-josal following collection cr.d transrrrt. To be included here-

in is a summary of Federal legislati^n, solid vastes'quantities and compositlon.

and relevant aspects of solid wastes disposal by sanitary landfills and incin-

eration.

I. Recent History of Federal Solid Wastes Activities

A. Pre - 1965 ! >'

Prior 'to 1965 Federal activities housed in various functions wichin
the Public Health Service.

B. 1965 - 70 .

1. In.,1965 the Solid Waste Disposal Act (PL 89-272) was passed (Oct. 20)

a), Bureau of Solid Waste Management formed

-b) i""National attention focused on the problem

> r

2. Need for passage of the Act was!,recognized to include the following.

a)1 increasmg population i 1

b) ' increasmg per capita generation of solid wastes

c)' urbanization

* Director, School of Civil Engineering and Environmental Science, University of
Oklahoma, Norman, Oklahoma.



d) urban renewal

e)¡ problems csused by poor disposal ,
i >

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).

a) Emphasis shifced Co recycling and recovery of solid wastes

b) BSWM shifted to Environmental Protection Agency in December,
1970.

2. Lot of emphasis on:
i

i

a) Recovery methods

b) Regional plannng

c) Research and development

II. Solid Wastes* Quantities and Compositlon

A. Quantities ! ; '

1. 1969 estímate of quantities shown in Table 1. Total annual
production estimated to be 4.34 billion tons.

i
i 11

2. Production rate on total basis is 119 lb/person/day.

3. Production rate on household, commercial and institutional
basis is'5.32 lb/person/day.

a) .Measured in 1968 survey

b)'¡ Increasing at rate of 4%/year

c) 1959: 3,9 lb/person/day
1920: 2.75 lb/person/day

1 i
1 i i

4. General disposal practices for the 5.32 lb/person/day.
i !

a)¡ 8% to approximately 300 municipal^incinerators. Only about
1 30% have adequate air pollution control devices.

n

b) •90% plus goes to some 12,000 to 14,000 land disposal sites.
n

1) 6% of these sites can be considered as sanitary landfills
(daily cover, no open bumings, no wacer polluCion)

, i
i

' ' (2) i " 2-JÍ"



2) 94% no more Chan open dumps.

c) 2% to hog feeding and composting.

d) Small percent dumpod at sea (5x10 tons/yr.).

B. Nomenclature

See Table 2.

C. Compositlon •

1. Unit weights are shown in Table 3.

2. Categories of refuse according to physical compositlon.

—paper, wood, plastics, glass, rags, etc.

3. Categories of refuse according to chemical characteristics*

---moisture (%), % volaCiles, '. ash, BTU/lb., and C/N ratxu.

4. CaC<=gories of refuse according to chemical elemencs.

--C, H, 0, N, S, inerts

5. Data on physical compositlon shown in Table 4.

6. Data on chemical compositlon shown in Table 5.

III. Sanitary Landfills

A. Definition

Sanitary landfill is a method of disposing of refuse on land without
creating nuisances or hazards to public health or safety, by utilizing
che principies or engineering co confine the refuse to the smallcsc
practical área, to reduce it co Che smallest praccical volume, and
to cover iC wich a layer of earCh aC Che conclusión of each day's
operation or at such more frequent intervals as may be necessary.

B. Land Requirements

1. Data required

a)1 Refuse production (population and unit production)

b) Compaction ratio

c) Density of refuse

d) Anticipated settling within fill

(J v »'
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2. Calculations

a) Volume requirements

V

D \ 100 j
+ Cv

where:

V •» volume required for refuse disposed, yd3 per capita
per year.

R » amount of refuse handled at sanitary landfill (lb/cap-yr.)

D • average density of refuse
(lb/yd3)

P • refuse volume reduction from compaction (%)
I

CV « volume of cover material required (yd3/cap-yr)

• 1 part cover to 4 parts refuse

b) Área requirements

. 27 (V) (N)
A - (d) 43,560

where: {

A •» land needed (acres)

d «• compacted depth of refuse (ft)
i

N « population

3. Rules-of-thumb

a) 2 yd3/person/yr

b) 1.25 ac-ft/1000 persons/yr

c) 2 acres/10,000 persons/yr (6 ft. lift)

C. Methods of Sanitary Landfilling

1. Área method

a) Deposit refuse at bottom of s'lope for best compaction and
control of blowing litter.

(4)
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b) Spread and compact refuse against slope of previous lift,
progressing horizontally along slope.

c) Cover with oarth cxcavntcd from adjacent arca or with cover
from offsite borrow área.

d) Cover final life Co mínimum depch of 2 feec.

2. Trench method

a) Lay out Crenches perpendicular to access road, begmning
fill at road.

b) Leave divider of about two feet of undistarbed earth
between trenches.

c) 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, obtaming cover material
just ahead of operation.

2) Excavation of an adjacent trench

3) Excavation of one or more complete trenches and stock-
piling of cover material.

D. Bacterial Decomposicion of Solid Wastes

1. Bacteria perform che same function in landfills as they do in
biological sewage treatn.ent processes such as activated sludge
unics and crickling filcers; i.e., they degrade organic material.

2. A typical representation of Che aerobic baccerial composición of
organic macerial in indicated in Lquation 1.

6(CH20)x + 502 *> (CH20)x + 5C02
+ 5 H-0 + energy Eq. 1

3. As denotcd in Equacion 1 organic material, reprcsentcd as carbo-
hydrates (jíCl^O)^} ,is converced into bacterial cells (CH 0) ,
carbón dioxidc, and vater. The released energy is used in chcX
synthesis of che new cells. Dissolved oxygen is used as the elec
trón acceptor and, as a result, is consumed in the process. Al
though not shown in Equation 1, soluble inorganic materials such

(5)



as nitrates, phosphates and sulfates are released to solution
from the organic material.

4. When the dissolved oxygen is deplcted, anaerobic bacterial de
gradation will oceur. Under anaerobic conditions, conversión of
organic material to bacterial cells oceurs by a two-step process
organic acid production and methane production. Organic acid
production is represented by Equation 3, and methane production
by Equation 4.

5 (CH20)x *• <CH20)x + 2CR2ia3m + enerSy

Eq. 3.

2 1/2 CH COOH • (CH20)x + 2 ^a + 2C02 + ener*v

Eq. 4.

5. Organic acids can be oxidized to carbón dioxide and water in Che
presenct of dissolved oxygen.

E. Environmental Fate of Materials in Landfilis

1. Metals (approximately 7% of total)

a) Remain in landfill as inert or relatively inert compounds
unless fill eroded by surface runoff: Uncombined metáis;
A1203; A1(0H3); FeO; Fe02; Fe(OH)2* Fe(OH03) ; Cr02* Cr^;
Cr(OH)2; Cu20; CuO; Cu(OH)2* SnO; ZnO; Zn(OH)2* V202; Be;
BeO, NiO; Ni^, Ni(0H)2; CdO; Cd2), Cd(OH)2; PbO; Pb203;

Pb3°4; Pb20; Se; Se02; Hg; Hg0; Tl°2; Mg°: Mg(0H)2; Ca(0H)2;
CaC03.

b) May leach to groudwater. Ca and Mg sulfates; Fe, Ca, and Mg
bicarbonates; CO_; also oxides of Sn, Zn, Cu in acid water.

c) Escape to atmosphere: essentlally none.

2. Cloth - natural and syntheCic fibers (approximately 4% of total)

a) Rcmain in landfill as inert or relatively inert materials:

1) Materials fabricated of synthetic fabrics

2) Oxidized and reduced minerals in "natural" fibers.

23'
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b) Remain in landfill by incorporation in to microbial
protoplasra. NH, +, reduced sulfur compounds, C, P, K.

c) May leach out to groundwater: C0-; aldehydes, ketones; organic
acids; sulfates; phosphates; NH,+; N0_-; NO,.**.

d) Escape to atmosphere: CO ; CH,, volatile short-caain fatty
acids; N„, NH», h-S, mercaptans.

3. Plastics (approximately 1.9% of total) — essentially inert
in landfill.

4. Leather (approxiamtely 1% of total).

a) May leach out to groundwater; C0„; aldehydes, ketones, organic
acids; sulfates; phosphates, NH.+; NO -; NO -.

b) ¿Remain in landfill by incorporation into microgiul protoplasm-
NH,*t-, reduced sulfur compounds; C, P, K.

cj May escape into atmosphere: CO», CH * volatile shorc-cuain
fatty acids; N.; Nh»; H»S, mercaptans.

5. Rubber - natural and synthetic (approxiraacely 1.1% of Cotal)
>i

a) Synthetic rubber is essentially inert.

b) Natural rubber breaks down extremely slow.

6. Glass (approximately 8% of total) — inert in landfill.

7. Wood (approximately 2% of total)

a) May leach to groundwater: CO-; aldehydes, ketones, organic
acids, phenol; NH2+, NO»-; NO^-.

b) Remain in landfill through incorporation into microbial proto
plasra. NH.+; C; P; K.

c) May escape into atmosphere: CO-; CH,; volatile short-chain
fatty acids, N ; NH .

11

8. Garbage (approximately 15.5% of total)

a) Possible leachates to groundwater See WOOD (above), plus
sulfates, phosphates, and carbonates.

b) See ítem b, WOOD (above).

May escape into atmospher
facty acids; ÍLS; mercapcans; N", NlC.

c) May escape into atmosphere: CO»; CH,, volatile short-chain

(7)



9. Paper (approximately 51.5% of total)

a) May leach to groundwater: CO»; aldehydes; organic acids;
phenol; NH^+j NO.; NO.-.

b) Remain in landfill through incorporation into microbial proto-
plasm, NH4+; C, P, S.

c) May escape into atmosphere: CO»; CH^; volatile short-chain
fatty acids, H»S, mercaptans, N2; NH-.

10. Unclassified fraction (approximately 5% of total)

a) Relatively inert

b) Ashes in fill may leach soluble minerals to groundwater
reducing its chemical quality.

F. Costs of Landfills

1 The cost of asanitary landful consists of the initial investment
for End, equipment, and construction features, and the operating
coses.

2. Generally, the major portion of the initial investment is 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
valué of the equipment.

3 Wages ordinarily make up about 40-50% of the total operating
' cost. Equipment operations, maintenance and amortization equals

30-40%, cover material, administration, overhead, and miscella-
neous amount to abouC 20%.

4. The operating cost of asmall operation handling less than 50 000
tons per year vanes from $1.25 to approximately $5.00 per ton.
Íhe un" cost of alarge landfill handling more than 50,000 tona
per year will generally fall between $0.75 to $2.00 per ton.

IV. Incineración

A. Definición

Controlled burmng of refuse in such amanner that ^e combustible
portion is consumed to ahigh degree of completion with amimmum
of smoice and odor.

B. Status

Have approximately 300 central (municipal) incmerators in the U.S.
Can be feasible for population of greater than 50,000.

(8)



C. Incineracor Components

1. Truck scales

2. Tipping floor

3. Storage pit

4. Charging method

a) method to move solid waste from storage área to hopper.

b) charging hopper

c) charging chute

5. Furnace

a) Components: hearth, grates, ash hopper, and gate

b) Types of furnaces:

1) Single-chamber, cylindrical, batch-feed type

2) Single or múltiple cell, reccangular, baccn-feed cype

3) ConCinuous-feed type

c) Buming rates

1) Temperatures: 1300-2000 F (average of 1700-1800F)

2) Grate loading based on a heat reléase from the burning
material at rhe race of 300,000 BTU per hour per square
foot. (50-100 Ib. refuse/hr/fc2)

d) Types of graces

1) Cravelling

2) rocking

3) reciprocacing

4) circular

e) Overfire and underfire air

f) refractory-lmcd and water-wallcd furnaces

g) breechings and air pollution control devices

h) stack

(9)



D. Incinerator Calculacions

1. Calculación of air requirement and gas compositlon at zero
excess air.

C

H co2

o o2 H20

N N2
S so2

inerts (o2)

2. Calculación of effect of excess air on gas compositlon.

3. Temperatures calculations usme enthaV>ics.

E. Residue from Combustión

1. Residue is all solid materials remaining after burning. It
includes ashes, clinkers, tin cans, glass, rocks, and unburned
organic substances.

a) 20-25% by weight of original solid wastes.

b) 10-20% by volume

c) may contain water soluble materials.

2. See Table 6 for typical 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)

c) quality characteristics

high pH (10-12)

TDS (3000-7000 mg/1)

hardness (600-1200 rag/1)

3" A



sulfates (200-400 mg/1) *"~'

BOD (?)

F. Air Pollution Control

1. Particulates

a) 10-60 Ib. fly ash/ton of solid waste

b) size distribution

10% by weight ¿2u

30% by weight¿10u

50% by weight¿30u

2. Summary of uses of particulate collectors in municipal incinerators

Type Status Eff.

(% by wt.)
Installation

Cost

Settling, Chamber used up to 1960 10-34

Cyclones & múlti
ple cyclones used in 20% of in

cinerators built

since 1957

60-65 up to
as high as
70-80

$0.12 - 0.25/acfm

Wet Scrubbers used in 20% of in

cinerators built

since 1957

94 to 96

(water require-
ment is 5-15 gal
per 1000 acfm

$0.25 - 1.25/acfm

ESP

(operated at
about 500° F)

some being used
since about 1968

96 - 99+ $0.85-1.45/acfm

Fabric Filters just coming
into use

99+ $0.75 a 1.50/acfm

3. Gases

a) control through proper incineración operations

b) scrubbers

G. Environmental Fate of Materials iu Incineration

(11)
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1. Metals (approximately 7% of total)

a) Appear in metallic form in residue to reclamation or land
fill; Fe, Al, Pb, Zn, Cu.

b) Appear as relatively inert compounds m ash to landfill
FeO, Fe203; AIJD * SiO , CrO», CrO ; Cu O; CuO, ZnO; SnO;

V2°2* V2°3: V2°4' Nl01 Nl2°' Ni3°4' Cd0* Cd2°: Pb0; Pb°2;
Pb30, Pb-O»; Pb20; SeO, HgO; TiO»; Ti203; MgO, CaO.

c) May appear as particulate maCCer in sCack discharges
(see b above)

d) May appear as vaporized mecal in atack discharges: Al;
Be; Zn; Hg, Se, Pb; Cd.

e) Appear as gases in stack discharges: CO • CO, SO ; SO».

f) Appear in stack discharge as by-products of incineration
process. N-oxides.

2. Cloth - natural and s/nthetic fibers (approximately 4¡5 of total)

a) Appear as gases in discharge: CO; CO ; SO ; S»0 ; SO».

b) May appear in stack discharge as products of synthesis and in-
complete combustión: aldehydes; ketones; low molecular
weight hydrocarbons, HC1 chlorinated hydrocarbons; poly-
neuclear hydrocarbons.

c) Appear in stack discharge as by-products of incineration
process: N-oxides.

d) May appear as particulate matter in stack discharge.

3. Plastice (approximately 1.9% of total)

a) May appear in stack discharge as products of synthesis and
incomplete combustión; HC1; halides, aldehydes, low molecular
veight hydrocarbons, low molecular weight polunuclears and
aromatic hydrocarbons.

b) Appear as gases in stack discharge: CO, CO»; SO» S.O»; SO»

c) May appear as vaporized ploctic in stack discharge

d) May appear as parciculate matter in stack discharge.

e) Appear in scack discharge as by-products of incineration pro
cess: N-oxides.

9 ;\ •>
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4. Leather (approximitely 1% of total)

a) Stack discharge: See ítems a, Plastics Above.

b) Appear in stack discharges as by-products of incineration:
N-oxides.

1

5. Rubber - natural and synthetic (approximately 1.1% of total)

a) Stack discharge same as for Plastics (Ítems a, b and c)

b) Appear in stack discharges as by-products of incineration
process: N-oxides.

C./-/L.» / (approximately 8% of total)

—appears as inert material in ash to landfill.

7. Wood (approximately 2% of total)

e) Appear in stack dischargp «« conh istion products:
co, co2.

b) Appear in stack discharge as by-products of incineration:
N-oxides.

c) May appear in stack discharge as products of synthesis or
of incomplete combustión: low molecular weighc hydrocarbons;
low molecular weight aromatic and aliphatic hydrocarbons;
polynuclear hydrocarbons; phenols.

d) May appear as particulate matter in stack discharge.

e) Appear in ash for disposal to landfill: K»0; KOH; phosphates.

8. Garbage (approximately 15.5% of total)

—Stack discharges same as for Wood (ítems a, b, c and d)
plus aldehydes, ketones and acrolein.

9. Paper (approximately 51.5% of total)

a) Appear in stack discharge as combuscion products: CO, CO».

b) Appear in stack discharge as by-products of incineration:
N-oxides.

c) May appear in stack discharge as products of incomplete com
bustión or synchesis: low molecular weighc hydrocatbonb;
low molecular weight aromatic and polynuclear hydrocarbons,
phenols.
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d) May appear as particulate matter in stack discharge.

10. Unclassified fraction (approximately 5% of total)

a) Appears as inert material in ash to landfill.

H. 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 lncreasing

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)
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TABLE 1: 19¿9 SOLID WASTE PRODUCTION

Catecory

Household, commercial and
institutíonal

Industrial vastes

Agricultural vastes**

Mineral vastes

TOTAL —

Annual Production (tons)

250xl0u*

llOxlO6

2280xl06

1700xlO6

1^3^0xl06

*190xl0 tons collected and disposed of by public and private collector:

**Includes crop residues and animal vastes.

rt -v '•



Reíusc

í'amii 2

miUSl, MA1I1UAI.5 «V MM>, COMl'OilTlOV, AND SOUHCl S

Kuid

Garbage

Rubbish

Aslics

Scrccc

Refuse

Dtid
Animáis

Abindoncd
Vcluclcs

Industrial
Wastes

Demolición
Wastes

Construction
Wastes

Special
Wastes

Sewage
Trcatmcnc

Residuo

Co7/l]>OSIltOil

Witics i rom pupir ítion,
uioLm^, nml suvmg uf ÍoíhI,
nniliLC \vistc*i, wistLi from
hindliiifc, stongt., aiul sale of
ptiuUice

Combustible ¡>i|>cr, cmoiis,
l>o\is, birrcls, wood, c\<.tl-
Mor, tice br incites, yard
trimnmigs, wood iurmcurc,
btddmg, dunmgc

Noncombmtiblc met íls, tul
cu», mccnl furmeure, aire,
gliss, crotKcry, mincnls

Residue from fires used ior
cooKing and hcacmg and
from on-sitc inci-cracion

Swccpmgs, dirt. Icavcs, citch
bisin dirt, contcnts of :.:ccr
rcccptaclcs

Cats, dogi, norscs, cows

bnwnntcd car* ind trucks
Icfc on pvibltc propertv

I ood processing wistcs, boil-
cr house cmdcrs, lumbcr
scraps, metal scraps, shav-
ings

Lumbcr, pipes, bnck, mason-
ry, and other construcción
untcrnl"! I rom ra/cd build-
in_s and other struaures

benp lumbcr, pipe, other
construcción nntcmls

Ha/irdous solida and liquids
c\plobivcs, pathological
wastes, radioactiva materials

bolids i rom coarsc sercemng
and from gnt chambers,
septic tank sludge

Sources

Ilouscholds, restau
rante, iiücitutions,

stores, markets

St reces, sidcwalks, al-
Icys, vacanc loes

faetones, power planes!

Demolición sites to be
used ior new builu-
tngs, renewal projects,
c\prcsswivs

New construction, rc-

modcling t

líousuiolds botéis,,

hospital*., instieutions,
btorcb, industry

*slw igc treatment
planes, scpcic tanks



TABLE 3: UNIT WEIGHTS ON REFUSE COMPONENTS

Category lb/yd^

Garbage 800 - 1500 Avg. 950

Ashes 1150 - lUOO Avg. 1250

Household refuse 300 - éOO Avg. 400

Rubbish and ashes 1*00 - 1000 Avg. 700

Noncombustible rubbish 1+00 - 600 Avg. 500

All refuse together 300 - 700 Avg. 350

0 'j



TABLE k: PHYSICAL COMPOSICIÓN

Component $ by wt. (wet basis)

Metal products 8-11
Glass products 8-11
Paper products kO - 5^
Food '«•astee 10 - 26
Yard vastes 3 - 80
Wood 3-70
Plástic products 1-20

Rubber, leather, cloth & synthetics 1-20
Dirt, ash, rocks, & other inerte 1-50

TABLE 5: CHEMICAL COMPOSmOK

Element # by wt. (vet basis)

Moisture 15.0 - 50.0
c 15.0 - 30.0
H 2.0 - 5-0
0 12.0 - 24.0

N 0.2 - 1.0

S "0.02-0.1
Ash & metal 10.0 - 25.0

O
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TABLE 6. TYPICAL CHEMICAL ANALYSES OF RESIDUE

Test

Moisture

Non-Combustible

Volatile Material

Water Soluble

Ether Soluble

Nitrogen

Iron

Silica

Calorific Valué

Protein

Phosphorus

Carbón

Hydrogen

Range %

10-40

50-100

0-50

1-8

0-5

0-2

5-20

30-70

0-5000

0-1

0-0.5

0-20

0-5

Desirable Limit %

less than 20

100

0

mínimum

0

0
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HISTORICAL \ND AESTHETIC IMPACTS

I. Categories of impact.

A. HisCorical faccors.

1. Archeological arcifacCs.

2. Structures wich intrinsic historical valué.

3. Landscapes wich historical valué.

4. Ways of life with historical valué.

B. Aesthetic faccors.

1. A "sense of place".

2. Beauty, cultural preference, and psychological well-being.

II. A case study. a proposed hydroelectric power facility in the

Bovec valley, Slovenia, Yugoslavia.

A. Confliccing economic needs and historica/aesthetic valúes.

B. The role of citizen participation .

C. Differing scales of concern: local, regional, national.

III. Assessment methodologies.

A. Archeological sampling and monitormg of construction activities.

B. Local and regional historical sCudies.

C. Surveys of ítems and places of historical/aesthetic valué,

including a classification of Ítems and a listing of prioncies £»

preservación.

D. Attitude surveys

IV. Approaches to resolving conflicts.

A. Defining priorities for preservación.

B. Defining systems of compensation.

C. Defining frameworks for reacfcing accomodation. oj



INTERNATIONAL IMPLICATIONS

I. The diffusion of environmental consequences.

A. Examples.

1. Water polluCion — Che Rhine, the Adnatic, pescicides

and fish in Che sea, etc.

' 2. Air polluCion—radioaccive vastes, long-term climaCic

change.

B. The Scockholm Conference: an attempt to arrive ac International

understandings.

II. The diffusion of technologies having environmental impace.

A. The historical spread of industry and mining.

B. The diffusion of control technologies.

C. The posslbilicies for environmencal transformation—the

example of desalination.

III. 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 vater resources.

C. Controlling oil spills.

D. Technologlcal transfer.



PREDICTION AND ASSESSMENT OF

IMPACTS ON THE NOISE ENVIRONMENT

by

L. W. Cáncer*

I. Introducción

A. Lxamples of projects causing noise impaces

1. Conscruceion of power planes, highways, airports and

pipelines.

2* Operation of airports, highways and compressor stacions.

B. Basic steps in predicción and assessmenc of noise impaces

1. Identify the noise levéis for the alcernacives for

a projece need during both conscruceion and operational

phases. This may invoive a liceraCure review, analysis

of ocher EIS's on similar cypes of alternatives, or field

measurcments at existing installations of similar types.

2. Determine the existing noise levéis for che projece

área. May invoive field measuremenes or determination

of land uses in Che área. Note any unique noise sources

in the área, or any unique places where noise levéis

must be minimized.

3. Procure appllcable noise standards and entena,

♦Director, School of Civil Engineering and Environmencal Science,
UnlversiCy of Oklahoma, Norman, Oklahoma.
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4. Predice the anCicipaced noise levéis (microscale impace)

in che área of che projece for each alcernacive during

boch Che conscruction and operational phases. Compare

Che predicced levéis wich Che appllcable sCandards or

criCeria.

5. It standards or entena are exceeded, consider noise

control methods.

II. Basic Información on Noise

A. Definición

1. Noise is unwanced sound. IC is sound in Che wrong place

aC the wrong Cime. >

2. Any sound which is undesirable because iC incerfcres

wich speech and hearing, or is incensé enough co damage

hearing, or is oCherwise annoying. (1)

3. Noise is discordanC sound resulting from non-periodic

vibraCions in air. (2)

4. The definición of noise as unwanCed sound implies Chat

it has an adverse effect on human beings and cheir

environmenC, including land, sCrucCures, and domestic

animáis. Noise also affecCs naCural wildlafe and

ecologlcal systems.

B. The Nacure of Sound (3)

1. Sound is a mechanical energy from a vibrating surface,

CransmiCCed by a cyclic series of compressions and rare-

factions of the molecules of the material chrough which

ic passes.
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2. Sound is transmiCCed Chrough gases, liquids and solids.

3. A vibracing source producing sound has some total power,

and the sound resuits in a sound pressure which alternacely

rises Co a máximum pressure of compression and drops co a

mínimum pressure of rarefacción.

4. Valúes of sound power or sound pressure do noC proviae 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 is from 0.0002

microbar (ubar), the mínimum sound pressure of a hcalchy

young human ear can dececC, co 10,000 ubars for peak noises

within 100 ft. from large jet and rocket propulsión devices.

(b) Our ears do not respond linearly to increases in sound

pressure. The nonlinear response is essentially logarithmiL.

The human ear can discern without pain sounds ranging from

12
a threshold to sounds 10 times as intense.(2)

5. The number of compressions and rarefactions of the air molecule

density in a unit of time associated wich a sound wave is

described as its frequency. The unit of time is usu.i lly o>ic

second, and Che cena "Hertz" (afcer an early investigador of

Che physics of sound) is used Co desígnate che number of cyclcs

per second. Again, Che human ear and chaC of mose animáis has a

wide range of response. Humans can identify sounds wich rrequencu

from abouC 16 Hz to 20,000 Hz. (2)
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C. Sound and Noise IleasuremenC (3)

1. The measuremenC needs are mee by a term, sound pressure

level (SPL), expressed as a loganchmic raCio Co a

reference level and sCaCed in a dimenslonless unit of

power, the decibel (dB). The reference level is 0 0002

ubar, the chreshold of human hearing.

SPL « 20 log1() /P\

where SPL = sound pressure level expressed in dB

P = sound pressure (libar)

Po •= reference pressure (0.0002 ubar)

2. Some example calculaCions

At P« 0.0002,

dB ° 2° l0g o!0002 " 20 l0g ! = 20 (O = 0
At P - 0.2

1 r\a

0.0002
dB = 20 log Tf--—7 ° 20 log 1,000 = 20 (3) - 60

At P « 20

1 no
0.0002

20
dB = 20 log = 20 log 100,000 - 20 (5) « 100

At P = 20,000

dB =20 log q°¿°°° =20 log 100,000,000 =20 (8) =160

3. Taole 1 contains a summary of various sound pressures and

the corresponding decibel levéis, with examples of recognized

sources of noise being ciced.

4. As the SPL-dccibel scale is logarichmic, decibel valúes are

noc addiCive. For example, and SPL of 74 dB from one source

superimposed on one of 75 dB does noC resulC in 149 dB.
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Table 1: THE DECIBEL SCALE OF SPL, Win. SOUND
PRESSURES IN MICROBARS, AND RECOGNIZED
SOURCES OF NOISE IN OUR DAILY LXPfcRIENCES

Sound Pressure

libar dB

0.0002 0

0.00063 . 10

0.002 20

0.0063 30

0.02 ^0

0.063 50

0.2 60

0.63 70

1.0 74

2.0 80

6.3 90

20 100

63 110

200 120

2,000 140

Example

Threshold of Hearing

Studlo for sound picturcs

Studlo for speech broadeasting

Very Quiec room

Residence

Convencional speech

Street traffic at 100 ft.

Passing automobile at 20 fect

Light trucks at 20 ft.

Subway at 20 ft.

Looms in tcxtile mili

Loud motoreyele at 20 fe.

Peak level from rock and roll band

Jet plañe on the ground at 20 fe.
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An SPL of 77.6 dB resuits. To determine thu total effect,

it is necessary to convert decibel readings co intensity

ratios, then reconvert the new sum back to a decibel valué

To aid in this process, Table 2 is provided for dctorm.in.ing

ehe cumulaCive decibel valúes of Cwo or more known observations

on individual sources. The valué in che difference column

in Table 2 is alvays added co Che highest of Che two decibel

valúes being handled.

5. In most noise considerations, Che A - weighced sound level

is used. This level is explamed as follows. The ear does

noc respond equally Co sounds of all frequencies, buc is

less efficient at low and high frequencies than it is at

médium or speech range frequencies. Thus, to obtam a

single number representing the sound level of a noise

containing a wide range of frequencies in a manner repre

sentativa of the ear's response, it is necessary to reduce,

or weight, the effects of the low and high frequencies wich

respect to the médium frequencies. The resultant sound level

is said to be A-weighted, and the units are dB. A popular

method of indicating the units, dBA, is frequently used. The

A-weighted sound level is also called the noise level. Sound

level meters have an A-weighting network for measuring A-

weighted sound level.

D. Some General Facts on Noise Abatement

1. The "Noise Control Act of 1972" is the basic Federal legislación

for noise emissions from a broad range of sources. (4)
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Table 2: DETERMINING THE CUMULATIVE
DECIBEL SPL WHEN THE DIFFERENCES
BETWEEN TWO OR MORE LEVELá ARE
KNOWN

Difference

between levéis. dB

No. of

added

dB to be

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
O.A

12 •

0.3

14
0.2

16
0 l

/
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2 The basic needs for the Noise Concrol Act of 1972 were

cited in the Act as follows:

(1) that inadequately controlled noise presenta

a growing danger to the health and welfare of

che Nacion's populación, parcicularly in

urban áreas,

(2) ChaC the major sources of noise include trans

portatlon vehicles and equipment, machinery,

appliances, and other products in commerce, and

(3) thaC, while primary responsibilicy for conCrol

of noise resCs wich Seace and local goverrunencs,

Federal action is essential Co deal wich major

noise sources in commerce concrol of which re

quire nacional uniformiCy of treatment.

3. The policy of the U.S. is to promote an environment for all

Americana free from noise that jeopardizes their health or

welfare.

4. Predictions indícate thac Che noise in our environment is

increasmg by as much as 1 dB per year, or 10 dB per decade.

(1) Some reasons for these increases include.

(a) growCh in number of miles of urban frecway.

(b) increase in commercial air traffic, and shife in

nirtr.ifL from propi-J ler-Lype Lo Jet-typc.

(c) increase in construcción acCivity.

(d) increase in noi&y devices such as power lawnmowers

and moCorcycles.
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5. An escimaced 16 million persons are presencly exposed co

aircraft noise levéis wich effects ranging from modérate

to very severe. (5)

6. Hearing losses in the overall population are estimated in

Table 3. (1)

III. Anticipated Noise Levéis (Step 1)

A. Construction Equipmenc and Operations (1)

1. Conscruceion siCe categories can be considered to be compri6ed of

four major types:

(a) Domestic housing - including residences for one to

several families.

(b) Nonresidential buildings - including offices, public

buildings, hotels, hospitals, schools.

(c) Industrial - including industrial buildings, religious

and recreatlonal centers, stores, service and repair

facilities.

(d) Public works - including roads, streets, water raams,

sewers.

Noise from construcción of such major civil works as dams and

bridges affects relatively few people (other than those t:mployed

at or near such construction sices).

2. Noise from a conscruceion sice vanes as co che particular

operation in progress, there are five consecutive phases.

(a) Ground clearing - including deraolition and removal of

prior structures, trees, rocks.

-9-
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TABLE 3* Hearing Loss (Modérate to Profound) in U.S.

Age Range
Populación Tocáis
(in chousands)

Loss of

Hearing ToCals
(chousands)

Noise-Associated

Hearing Loss
(Chousands)

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 is explosions from coy caps (20% sensory-neural hearing
loss).

** Firearms and coy caps (based on approximately 20% sensory-neural hearing
loss).
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(b) Excavation.

(c) Placing foundations - including reconditioning oíd

roadbeds, compacting trench floors.

(d) Erection - including framing, placing of walls, floors,

Windows, pipe installation.

(e) Finishing - including filling, paving, cleanup.

3. Table 4 shows cypicai energy equivalent noise levéis ac

conscruceion siCes. Energy equivalent noise level (Lcq)

refers to che equivalent steady noise level which in a

stated period of time would contain Che same noise energy

as che cime-varying noise during Che same cime period (6)

The máximum levéis range from 77 co 89 dBA for all categories

and have an average valué of approximately 85 dBA. The

mínimum valúes for all categories have a wider range, exeend-

ing from 65 to 88 dBA, and have an average valué of 78 dBA.

The table also shows Chac che inicial ground clearing and

excavation phases generally are Che noisiesC, that the inter

medíate foundation placement and erection phases are somewhat

quieter, and that the final finishing phase tends to produce

considerable noise annoyance.

4. Noise levéis observed 50 ft. from construcción equipmenC are

shown in Table 5. These levéis range from 72 Co 96 dBA for

earthmoving equipmcnt, from 75 to 88 dBA for materials handling

equipment, and from 70 to 87 dBA for st.itionary equipmenc.

B. Examples of Noise Levéis from Projece Opcrition

1. Examples co be considered include highway vehieles, aircrafe,

-11-



TABLE 4 Typical tanges of Energy EquivalenC Noise Levéis, L in doA,
at Construcción Sites

Industria]

Domestic

Housing

Office Build

ing, Hotel,
Hospital,

School, Public
Works

Parking Garage,

Religious
Amusement and

Recreacions,

Score, Service

Publ ic hOi r.s

Ro.ids & ¡lií-ii-

ways, Sewers,

and Trenches

Station

I II I II I II I II

Ground 83 83 84 84 84 83 84 84

Clearing

Exaavation 88 75 89 79 89 71 88 78

Foundations 81 81 78 78 77 77 88 88
1

Erection 81 65 87 75 84 72 79 78 '

Finishing 88 72 89 75 89 74 84 84

I - All pertinent equipment present at site.

II - Minimum required equipment present at site,
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TABLE 5. Construction Equipment NoiGe Ranges

1
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rail systems, recreation vehicles, internal combustión

engines, industrial machinery, building equipment, and

home appliances.

2. The noise levéis produced by highway vehicles can be attributeu

to the following three major noise generatlng systems (7)

(a) rolling stock, Cires and gearing

(b) propulsión syseem: engine and related accessories

(c) aerodynamic and body

3. The noise levéis produced by highway vehicles are generally

dependent upon veníale speed, as illustrated for a number of

different vehicle types in Figure 1.

4. General Characteristics of highway vehicles are shown in

Figure 2. (7)

5. General characteristics of commercial aircrafe are shown in

Figure 3, V/STOL aircraft in Figure 4, and general aviation

aircraft in Figure 5.

6. General characteriscics of rail syscems are shown in Figure 6.

7. General characteristics of recreation vehicles are shown in

Figure 7.

8. General characteristics of devices powered by internal

combustión engines are shown in Figure 8.

9. Typical ranges of noise levéis from industrial machinery,

equipment and processes are shown in Table 6.

10. Typical ranges of building equipment noise levéis are in

Table 7.

11. Typical noise levéis of home appliances are in Table 8.
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TABLE 6. Range of Industrial Machinery, Equipment, and Process Noise Levéis*

Pncu malte Power loóla (¿rindo ra,
khíppirs ele )

Moltllnt, Machinas (t &., blow

Air Wuwn-Down Dovtcoo (fwlnl-
inj;, cloaMng, ce )

Blowers (forced, induccd, (an,
ele )

Air Compreasora (roelproeal t.ig,
ccnlrlíugal)

Mcul ¿orming {punch, fihear-
ln£, etc )

Combustión (fumacea, fiare
uiacks)

Turbo-generalora (steam)

Pumpa (water, hydraultc, etc.)

Indualrlal Truc ka (LP gaa)

Transformero

Notno lovcls -dllA

HO H5 !)0 05 10U 105 UO US P0
— 1

(meibured 25 fl from source)
| 1 1 I 1

(measured 10 ft. from suurc*)

«Bfeuarod at oporator pooltlotu, axoopt for T aod 8.
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TABLL 7 Range of Building Equipment Noise Levéis to Wluch Peop]e Ai i
Lxposed

30 40
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TABLE S: Noise Lovcls of Home Appliances and Building Equipment
Adjusted for Location of Exposure (IN dBA)

Lt vc\ ol l*J\» 1 of 1- xfM) lure*' of

NcIhc Suurco Opt ra»or PCiplí ln (Xhur
bxpoturi.* IttlDUIJ

Group I C^jici Major Lqulpiooal
ind ApplUncoa

Ilcfil(,xnior 40 3¿

F"n czer 41 J3

hlcctrlc licitar 44 37

Humldlílcr ¿0 43

Floor l-an 51 14

fXhumldUkr 52 15

Window I- in 54 47

CloLhcs Drycr 55 48

Ai" Condlllonor 55 4»

Group n Qulct Lqulpmcat aod
bmall ApplUncca

llair Clipper 60 40

Clolhcs Wishcr CO 52

Siovc llood Lxhaust Fon 61 53

Ekclric Toothbrufti 62 42

Water Clobot 62 S4

Dlshwjahor / G4 56

Electric Cao Cpcoor 04 56

Food MUer G5 57

llair Dryor CC 51

Faucct 66 51

Vacuum Clcanor 67 CO

Electric Knlfe 6d bO

Group DI Nolsy Small Appll&ncea

Electric Knifo Sharpener 70 62

ucwlni{ Machino 70 62

Oral Liva|,6 1¿ &¿

fruo<J Uk>ndt.r 73 65

) If. irle Shavur 75 '<-

t U « li ti IJiwii Mowor 70 '»5

ío-*1 DI-.j^mI (l,rludor) 76 liti

Group IV Nulay Lloe Irle Toóla

Eltcirlc Edgcr aod Trlmmer 81 61

HiHÍge Cllppcro 84 61

Mes» íiiop Toóla 86 75

•Tcrtaod "primary cxposurB1*
• Tornad "oocoadary asposuro"
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IV. Lxisting Noise Levéis (Step 2)

A. Some Typical Outdoor Valúes

1. The outdoor daytiine residual noise level in a wilderncss,

such as the Grand Canyon rim, is of the order of 16 dB(A), on

the farm it is of the order of 30 to 35 dB(A), and in the

city it is of the order of 60 to 75 dB(A). (8)

2. Noise levéis for the urban population are shown in Table 9. (6)

L « day-night noise level

3. Outdoor day-night sound levéis are shown in Figure 9 for

various locations. (6) Figure 10 shows the national population

as a function of exterior day-night sound levéis. (6)

B. Some Typical Indoor Valúes see Table 10. (6)

V. Effects of Noise (Basis for Step 3)

A. General Comments (3)

Information on effects of noise is best for hearing loss due to

noise at work. Other effects of occupational noise, except speech

intelligibility interferences, are less certain. These are changes

in psychological and physiological states, including annoyance and

sleep interruptioas. The last two are principal complaints against

communlty and aircraft noise. Property damage by actual vibratxonal

or boom destruction and by depreciation because noise paths and

patterns impinge on the property is known, and is to some degree

measurable and predictable. Effects on animáis seem to have been

studied very little. These effects are of. concern for wildlife

around airports and along highways, and for fish and wildlitc in
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TAiiLE 9 Estimated Perccntage of Urban Population (134 Million) Residing
In Áreas With Various Day-Night Noise Levéis Together Wich
Customary Qualitative Description Of The Área

Ti cf ption
Typical
Range Average

Ldn ni dB

nstnn ited

lVr\viil igc
ol Urban

Population

AvcrnjT C\mu.
1 r id Pont.l i.iun
PuiMly, Nuiíiiui

ot P«,opk' IVr
Scuian. Miíc

Q'uct iuhurban
Residuitial

Normal Suburban
Rcsiil^níial

Urban Residenüal

Noisy Urban
Rcsidcntial

Very Noisy Urban
Renden tial

48-52

53-57

58-62

63-67

68-72

50

55

60

65

70

12

21

28

19

7

630

2,000

6,300

20,000

63,000
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TABLE 10. Equivalent Sound Levéis in Decibels Normally Occurring Inside
Various Places

SPACL

Small Moie f 1-5 -Jrrks)
l arpeStore (moro than 5 clerks)
Small Oliuo (1-2 ili'iks)
Mcdium OfiiLC (VIO desks)
Large Oíha (moic than 10 tksks)
Misallaiuous LiuMiiess

Rcsidenccs
1vpical movenunt of pioph.- no TV oí radio
Speech al 10 fect. norm..l voue
TVliiUniiipal 10 fect, no othor admty
Stcreo nuibiL

(+)11k\l nua-,urur< ntswere l.iken ovailuialioiis ljpu.il uf llk o|v ralion
ofllKSk. facililla
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the pathways of sonic boom. In the first instancus habit.ics

may be lost, but the creatures have a chance to nugratc and to

reestablish beyond the reach of che noise. If there are bad

ímmediate effects on those in the sonic boum p.iths, thero j^

no escape time

B. Principies of Hearing (2)

1. Figure 11 shows the functional diagram of the miman ear.

2. Sound is generated by a source producing vibrations (sound

waves) that may travel through any media ond which, m air,

actúate the hearing mechanisms of humans and animáis. These

vibrations set in motion the ear drum and small bones or

ossicles of the middle ear as shown m the schematic drawing

in Figure 11. The motion of the ossicles, in turn, produces

vibrations in 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 circum-

stances, as noise.

C. Hearing Changes and Losses

1. There are two types of hearing changes caused by noise exposure

Temporary threshold shift (TTS) is the lessened ability to hoar

weak auditory signáis, from which there is recovery m a matter

of hours and at most in 2 to 4 weeks Noise-induced permanent

threshold shift (NIPTS) is a loss from which there is no re

covery. The relations between the two are not clear.
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2. For both conditions highcr SPLs for long time periods

mercase seventy. By its natura TTS has been easier to

study Some chinga are known about TTS is that ic merejos

linearly with the average noise level, from about SO dU up

to 130 dB It is proporcional to the fraction of time thu

the noise is present; therefore steadv noise is the major

offender.

3. From extended observations several things can be said about

NIPTS, a form of deafness.

(a) Exposures of 8h/day for several years, to SPLs above

105 dBA are sure to produce NIPTS in a normal unprotected

ear. The A in dBA refers to the A scale of mcasurement,

with this scale approximating the frequency response of

the human car

(b) The first and most severe NIPTS is at frequenc.es in the
neighborhood of 4,000 Hertz (Hz). Hertz is the unit

descnbing frequencies in eyeles per second. The ear

transmits sound to the brain best at frequencies between

1,000 and A,000 Hz

(c) If there is going to be partial recovery of the le*, h.u
is, if part of the loss is TTS, almost all such recoverj

will oceur in 2 weeks. There will be some added recoven

in amonth Single event injury, as a gun shot near the

ear, may show recovery up to 2 raonths

"(d) Noise-induccd permanent threshold shife ib not progresa

after the person is moved from the noise Neithor is n

-33- o •T
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noise-damaged ear more susceptible to further m-jurv

than a normal ear

(e) Regular exposure to modeíaLe muso doos not miko lin

ear more resistant to occasional exposiues to hi^,li-

íntensity noise. Thü ear does not toughon.

(f) Susceptible individuáis cannot be identitied before

they suffer hearing losses. Monitormg audiometry

detects early NIPTS before it 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 setcing, 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 similarJ\

to a level of 95 dBA. It will not appear in anyonc at a

level below 80 dBA.

D. Interference with Speech Communication

1. Interference with speech communication by noise impedeb 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 m

manufacture, construction, office work, on the highways, and

in the home, the interference noise has become all pervabive.

3. See Figure 12 for visual portrayal of speech interference.

-34-



120 t'I T 1 I | I I i I ] n—r

110 -
jCOWMLNlC>'rlONf

IM°OSSiSlE •

I

100

so

eo

£ 70

60

50

40

:- 'V' -^-^

*&/% OlFr>CULT tf'Ms'%

N^ - ' * /' * ' ' ' f *

% SPEECH COMVUNICATION ''-^

' * »' •' ' » JL_L _i_ _L_L ' ' '

•V,

5 10 15 20 25

TALKER 70 LISTENER DISTANCE IN FEET

30

Figure 1*3,. Speech Interference Levéis

-35-
3L



{

E. Annoyance

1. To venture into the annoyance effects of noise is to

encounter the subjectlve response of people to noise

head-on

2. Figure 13 shows typical community responses to noise

levéis (1).

F. Other Effects

1. Disruption of sleep and rest.

2. Reduction in work performance.

VI. Noise Standards and Criteria (Step 3)

A. Terminology

1. A statistical analysis of the noise level gives the percentagc

or total time that the valué of the noise level is found be

tween any two set limits. Such data can be presented directly

in the form of histograms, or be used to obtain a cumulative

distribución in terms of the "level exceeded for a stated pei-

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 IWol

noise levéis are abbreviated symbolically as L , L _, Lsn and

L9Q, respectively. (8)

2. Dcfinitions (1)

Coramunity Noise Equivalent Lcvcl - tommunity Noise Lquivalent

Level (CNEL) is a scale which takes account of all the A-wcightcd

acoustic energy received at a point, from all noise events causing
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TABLE 11. Lxample of Statistical Distribution of Outdoor Noise Aiinl\ z^l
in Intervals of 5 dB Widths

Cumulative

Jntervol in Percent of Percent of

dB(A) Total Time Total Tiitq

61 through 65 1 1

56 through 60 9 10

51 through 55 40 50

46 through 50 40 90

41 ihrough 45 10 100
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noise levéis above some prescribed valué Weighting

factors are included which place greater importance upon

noise events occurring during the evening hours (7 00 p.m.

to 10 00 p.m.) and even greater importance upon noise

events at night (10.00 p.m. to 6 00 a ra )

Coinposite Noise Rating - Composite noise rating (CNR) is

a scale which takes account of the totality of all aircraft

onurations at an alrport in xqunmtifying the total aircrnft

noise environment, It vas the earlicst method for evaluatlng

compatible land use around airports and is still in wide use

by the Department of Defense in predicting noise environments

around military airfields. Basically, to calcúlate a CNR valué

one begins with a measure of the máximum 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 (m PNdB),

the term accounting for number of flights is 10 log _N (where

N is the number of flight operations), and each night operation

cojnts 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 if exprcssed m the

CNEL scale.

Elfective Perceived Noise Level (LTNL) - A physical measure

designed to estímate the effective "noisiness" of a single

noise event, usually an aircraft fly-over, it is derivad from

instantaneous Perceived Noise Level (PNL) valúes by applying

-39-
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corrections for puré tones and for the duration of Lhe noise.

Noise Exposure Forecast - Noise exposure forecast (NEF) is a

ecala (analogous to CNEL and CNR) which hab been used by the

federal government in land use planning guides for use in

connection 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 Lh« 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 in the NEF scale will be numerically about 33 dB

lower than if 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 number or noise events, and used (in some European countries)

for rating the noise environment near airports

Noise Pollution Level (L or NPL) - A measure of the total

community noise, postulated to be appllcable to both traffic

noise and aircraft noise. It is computed from the "energy

average" of the noise level and the'Standard deviation of the

time-varyíng noise level.

NO^S - A unit used in the calculation of perceived noise level.

Perceived Noise Level (PVL) - A quantity expressed in decibels

that provides a subjectlve assessment of the perceived "noisinebb"

of aircraft noise. The units of Perceived Noise Level are

Perceived Noise Decibels, PNdB
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Speech-ínterference Level (SIL) - A calculnted quantity providi..,

u guide to the interfering effect of a noise on recepción ot

speech communication. The speech-intuí ciicl l*-vel is the ariLli

tr.etic average of the octave-band sound-pros^urc level1? of tlio

interfering noise in the most ímpoitint p a i oí tlie speot.h

frequency range. The levéis m the throe octove-frequeni-y

bands centered at 500, 1000, and 2000 hz ate commonly averaged

io determine the speech-intcrence level Numerically, che

magnitudes of aircraft sounds in the Speech-ínterference Level

scale are approxima ly 18 to 22 dB less than the same sounds

in the Perceived Noise Level Scale in PNdB, depending on the

spectrum of the sound.

3. See Table 12 for a general comparison of CNR, NEF, and CNEL.

B. Criteria for Protection of Public Health and Welfare (6)

1. The phrase "health and welfare" is defined as complete pnysical,

mental and social well-being and not merely the absence of

discase and infirmity

2. See lable 13 for criteria

C. Design Objectives see Table 14.

D. Example Standards for Federal Highway Administración (9)

1. Table 15 portrays the design noise/land use relatlonships.

2. lhe exlcrior noise levéis apply to outdoor arcas which h ivo

recular human Ubü and ln whu'li ,i lowrred nuist 1lv»1 would lu

of benefit. These design noise level valúes are to be applied
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TABLt 12 , Factors Considered in Each of Three Methods l'sed for Describín^
the Intrusión of Aircraft Noise into the Community

Factor

Compoelte
Noise

R-ning
ÍC1H)

Noise Exposure
Forfiisl

(NEF)

Coicmunlt) Noffle
EqviUa'ent Lc\ei

(. NCL)

Basic measure of a Ingle eveol
noise magnitude

Máximum

perceived
uolse

level

Tooe - c o rrected

perceived
noise level

A-im^Med noise
level

Measure of duration of
IndludiaJ single event

None Enor¿y
irtcgralion

Ene-g\ inie^ra ot

Time período during day Dayllme (7 AM-10 PM)
Nlghtllme (10 PM-7 AM)

Da vt i roe (7 AM-7 P .1)
Evening/7 PM-10 PM)
MRTUime (10 PM-7 AT)

Approxlmate weighting
added to noise of single
event which oceura lo

Indicated period

Davtlme 0 dB

Nlghttime 12 dB
Djylime 0 d3
E eninj 5 dB
Nif.Ktimc 10 dS

Number (S) of Idéntica*
e venta la time period

10 log N 10 lofc N

Summatloa of cootrlbuUons Logarilhmlc Lojantfi-oic
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TABLE 13. Yearly Average* Equivalent Sound Levéis Idüntified as Raquis.cl
to Protect the Public Health and Welfare with an Adequate Margín

of Safety
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TABLE 14 Design Objectives for Xndoor A-Weightod Sound Levéis in
1 Rooms with Various Uses

Type or usl ol space

Conccrt h.ills, opera houses, recital Iialls

Large .iiuiílonunis, large drama theaters, churches
(for e\ecllent hstening conditions)

Brondcast, televisión aiul recordingsludios

Small aiidilonums, small theaters, small cluirches, nmsic
rehears il rooms, large mectinL* and cunferenee rooms
(for good lisiening)

Bcdrooms, slecpmg (unncis hospitals residcnces, apirtmcnts,
hotels, motéis (tor sleep.ng, r^sdiif relaxing)

Prívate or scmipm i'e olfis.es, small conference rooms, chss-
rooms, librarles, ck (for good lis'emng eoiulihons)

Living rooms and símil ir spaces m dwdhngs Worconvcrsing
or hsicmng to radio and tekwsion)

Large offices, rcccptio.i áreas, reí ul shops and stoics, cale-
tenas, restaurants, Ue (moderatcly good iistening)

Lobbics laboratory work spaecs draftmg and engineering rooms,
gcnenl sccret.uial arcas (for fair lislening conditions)

Lighl m imteiiancc shops olfiec and computer equipment rooms,
kitehens, laundnes (modcrately fair lislemng conditions)

Shops, gar ifcs, power-plant control rooms, etc (for just-
iccepnbic speech md telephone comnuimcation)

Appioximale A \uii',hteil
sound lcvcl (dBA)

21 to30

Not abo\c 30

Not above 34

Not above 42

34 to4/

38 to47

38 to47

42 to52

47 to 56

52to6l

56 lo 6ó

•As íccommcnded by m\ acouslieal cn^.necring finn on the basis of
expeliente with aeeeptability tumi** exhibited by the users of the rooms
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Land Use
Category

B

C

D

L

TABLE 15 Design Noise Level/Land Use Relationship:

Design Noise
Level - L10

SOdBA
(Exterior)

70 dBA

(Exterior)

75 dBA

(Exterior)

SS dBA

(Interior)

Description of Land Use Category

Tracts of lands in which serenlty and quiet iré of extraordina ry
significance and serve an important public need, and where the
prcservation of those qualitles is essential if the área is to
continué to serve its intended purpose Such áreas could tnclude
ümphítheaters, particular parks or portions of parks, or open
apacce which are dedlcated or recognüed by appropriatf local
officlals for activitiea requinng special quallties of m r^iity and
qulet

Resldences, motéis, hotels public me^tin^ rooms schools
churches, librarles, hospuals picnic áreas recreation aréis,
playgrounds, active sports áreas and parks

Developed lands, properties or activities not included n
categories A and B above,

For requirements on undeveloped lan^s see paragnprs i ai i) ind
(6). this PPM.

Resldences, motéis, hotels, public ne^*i j, t >•
churches, librarles, hospitils and auditonu is

nS S"'T



at those points within the sphere of human activity (at

approximate ear level height) where outdoor activities actually

oceur. The valúes do not apply to an entire tract upon which

the activity is based, but only to that portion in which the

activity oceurs. The noise levol valúes need not be. applied

to áreas having limited human use or where lowercd noise levéis

would produce little benefit. Such áreas would include but not

be limited to junkyards, industrial áreas, railroad yards,

parking lots, and storage yards.

3. 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, in the judgment of FHWA, such consideration

is in the best public lnterest. ln the absence of noise

insulating valúes for specific structures, interior noise

level predictions may be estimated from the predicted outdoor

noise level by using the following noise reduction factors

Corresponding Highest
Exterior Noise

Level Which Would

Achievc an Interior Desi^r

Noise Level of 55 dlí\

Noise

Reduction

Due to

Building Window Exterior of

Type Condition the structure

All Open 10 dB

Light Ordinary Sash
Frame Closed 20

With Storm 25

Windows

Masonry Single Glazed 25

Masonry Double Glazed 35
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Noise reduction factors higher than those shown abovu may he

used when field measurements of the structure in question muicatc

that a higher valué is justificd. In determining whether to

use open or closed Windows, the choice should be governed by

the normal condition of the Windows, Ihat Is, anv building

having year round air treatment should be treated as the coKcu

windov case. Buildings not having air conditioning in warm and

hot climates and which have open Windows a substantial arcoune ot

time should be treated as the open window case.

E. Example Standards fer HUD (10) see Table 16.

VII. Prediction of Noise Levles

A. General Model (10)

1. Sound travels through the air in waves, with characteristics

of frequency (eyeles per second or Hertz) and wave length.

2. If a sound veré created at a point, a system of spherical

waves would propágate 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 área of the sphere

This phenomenon is known as geometric attenuation of the sound.

3. For point-source propagation

sound level.- sound level « 20 log _2

ri
where the sound level at station one minus the sound level

at station two is equal to twenty times the log of the rntu>

-47-

1 (-
o •



TABLE 16: Residential Noise Level Guidelines

(Note: Measurements and projections of noise exposures
are made at appropnate heights above site
boundaries)

GENERAL EXTERNAL EXPOSURES - dB(A)

JNACCEPTABLE

Exceeds 80 dB(A) 60 minutes per 24
hours

Exceeds 75 dB(A) 8 hours per 24
hours

AIRPORT ENVIRONS - NEF ¿ONL

greater than 40

(Exceptions are strongly discouraged and require a 102(2)C
environmental statement and the Secretary's approval)

3ISCRETI0NARY-N0RMALLY UNACCEPTABLE

Exceeds 65 dB(A) 8 hours per 24
hours

Loud repetitive sounds on site

(Approvals require noise attenuation measures, the Regional
Administrator's concurrence and a 102(2)C environmental
statement)

3ISCRETI0NARY-N0RMALLY ACCEPTABLE

Does not exceed 65 dB(A) more
than 8 hours per 24 hours

ACCEPTABLE

Does not exceed 45 dB(A) more
than 30 minutes per 24 hours

-48-
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ol the radii. This means that for every doubling of disL-inec,

the sound level will decrease by 6 decibels. In other vorüb,

if station one were at a distance of 50 feet from the point

source and, if station two were a distance of 100 feet 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 ts

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 automobilo

on the ground when the propagation field is only half a sphere.

See Figure 14.

4. 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 follows:

For Lme-Source Propagation.

r2
sound level.- sound level „ • 10 log —

1 2 ° r.

Thus, the decrease in sound for each doubling of distance from

a line source is only 3 decibels. When we consider noise levéis

from busy highways, wc will csicntl.illy consider the noise

uourcc of Lhu highway nu an íiilínile lino, comeo ,nul .i J dlt ¡w i
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doubling 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 appllcable to approximatclv

a distance of 3/10 of the length of the train or a finito line

source. Beyond that distance, a 6 dB per doubling of distance

attenuation rate should be applied.

B. Aiicraft Noise Exposure Contour Model (11)

1 This model is based on the physical characteristics of the

runways and flights using the facilltv

2. The program provides the user with three output options. The

first is the Contour Output, which provides a list of coordinatos

that give the location of a specified Noise Exposure Level. Also

given is the área enclosed by these points. The second output,

the Grid Output, provides the Noise Exposure Level for each

set of coordinates specified by the user. Finally, the

Diagnostic Output provides a subtotal, the Effective Perceived

Noise Level, vhich includes the present flight condidered plus

all prevlous flights. This output also gives a complete

description of the present flight being considered, including

such other Information as aircraft type, percent thrust, and

elevation.

3. The outline of the model, including input requirements, output

options, and flexibility, is shown in Table 17.
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TABLE 17. Aircraft Noise Exposure Contour Model Outline

A. ( Input llequiuments 01 Modul

1. Number of riMiWiiy;,, and toi each lunway C„y
(u) Ruirway cuordmnlos - CüVLcsian coordínalos of imiway

ciul pomts,

(b) Distance from the cnu1 of runwjy to the start of
takcoff roll;

(c) Distance from Llie end of ru/iway lo the touchdown
point, and

(d) Number of ili¿jhts on each runway (a ili^lit is a given
aiicraft type on a given flight path), ai.d for each aiyht.
(1) Type of flight - takcoff oí landing,
(2) iy»u of airciaft,

(3J Nuinbcr of operations, and

(4) Number of segments composing each operation»
and for each segment.

a) Se£jncnt lcngth,

b) riignt path climb angle,

c) fhrust level of aircraft, and

d) Kadius of curvea segment.

B. Output Options of Model

1. Contour Output

(a) Required inputs:

(1) Noise exposure (NL) level;

(2) Tolerance of NL Level, and

(3) Estímate of X ana Y coordinares of location of

first point with given NE level.

(bj Output:

(1) X and Y coordmatcs of locations of specified
NE level, and

(2) Arca cncloscd by points on line cojinccting the
presenbed NE lcvcl.
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2 Crid output

(a) Required jnputs.

(1) X and i coordínales of the st3rtinf; point on nnd,

(2) Incrcncnts for X and Y, and

(3) Nicnbci of points on X and Y axis.

(b) Output ,

(1) NL' levéis for each set of coordínate* specified.

3. Diagnostic output

(a) Required mputs:

Sames as one required for grid output.

(b) Output:

(1) Hignt number,

(2) Aircraft type,

(3) Slant range to observer,

(4) Llcvation angle to observer,

(5) Percent thrust;

(6) LTNL (Lffcctivc Perceived Noise Level of airciaft

at slant range H),

(7) Corrections for

a) Shiclding;

b) Excess ground attenuation, and

c) Nuinbcr of operations.

(8) Net LPNL, and

(9) Sublot.il LPNL - includes prcsciit J11i;lit ¡>ln*> all

prcccding ones.

C. ficxibil ity of /'oJel

1. íi.is been ronverted foi use on the 11«M 300/105. {iíte oii|;inu

prwijMiii was uiitten for Lhe CiC 0400.)

2. I'iogijj.i lias bota Uesigncd to gcnoiatc NL lew*l. , but it cají

ca.sil> be imKliUcd to produce

(aj I i\il .

\l ll'.Nl. * 10 loi| NHPS - SM
i\ii'*i = number ol obv-oi"v''1 ion*)

00 MI ^
uiy i:.)J l

i



^ Piogijjii ¡iré -cntly hab.

fa) 21 noise miivos 1P,\'| vs Slant Ik-iflit - one cuav im mWü

and one fci landing ioi caen cf 1.' auti ifi T>pe*-,

(b) C tltruM conouion curves - 1PNL vs IVin.it Ihnist, .uul

(c) 2 excess giound attenuation cinves - MWI, u. Dista.ice.

4. Fmally, new lelationships developed foi both now and existing

aircraft may be casily ineorporated into the progiam as data

statements.
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C. Highway Noise Prediction 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 m the Department of Transportation, Transportation

Systems Center Report DOT-TSC-FHWA-72-1. (13)

2 A model 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 volumes

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 levéis (the landscaping, structures,
'»

and barriers). Fundamentally, 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 máximum prc-

scribed distance away from the highway. At this point, the model

moves farther down the highway and calculates another group of

noise levéis. This is repeated until the model has covered tho

entire length of the highway. The model prints out a contour

map of noise levéis at given distances from the facility over
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the entire length of the facility.

(a) Figure 15 shows a schematic diagram for the USC of the

model. The fiftieth percentile noise level is that

'noise level that will be exceeded 50% of the time.

(b) Two options for estimating highway noise are available

to the user of this model. The first allows the user to

predict noise levéis at various desired heights above

ground level. This may be of special importance in an arca

that is composed of multi-story apartments and commerical

sturctures. The second option allows the user to calcúlate

the predicted noise levéis in the fiftieth or tenth per

centile noise levéis. The tenth percentile noise level is

that level that will be exceeded 10% of the time. The

fiftieth percentile level is useful as it 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 incorpórate this

level.

VIII. Noise Control Principies (Basis for Step 5)

A. Reduction of Vibrating Sources (3)

Noise is 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 expended through jet engines

Or noise is generated by the vibration of structures purposetully

set in motion, as in internal-combustion engine or the shuttle of a
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loom. Noise is also produced by a surface that is vibrating as it ¡s

connected to the moving parts of machinery, such as a fan housing or

a mounting 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 its flow to

reduce turbulence, and by absorbent materials along its path

B. Enclosure of the Source (3)

The escape of noise can be prevented by complete enclosure of the noise-

maker. With provisión 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 outlets 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.

C. 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 enutted noise in 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 is cut ofr and abborption

takes place. This technique of control depends on reducing the noise
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level by improving the absorption characteristics of the room.

Modification and wall and ceiling qualities is the principie procedure,

and floors as well where change does not interfer with floor service-

ability Application of this approach is a demanding task for a skillcd,

experienced acoustic control expert.

IX. Noise Control Practices (Step 5)

A. Industrial Noise (3)

The methods of noise control in the United States are well formulated

foi controlling industrial noise. The principies embrace plant

planning, substitution of quieter equipment, processes, and materials,

reduction at the source and reduction by transmission by air.

B. Subsonic Aircraft 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 Modification

New quiet engine designs with high bypass ratios and low velocity

nets.

.Woustically 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

Noise 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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2. Aircraft Operations

Restrict operations by type of aircraft, number of operations or

tune of day

Power cutback on takeoff or steep climb-out depending on situation

Steep or multi-segment approach depending on situation

Preferential runway assignments

3. Aircraft Mainenance

Restrict engine "runups" during ground maintenance operations

Maintenance of additonal hardware for noise suppression (i.e.,

treated nacelles or auxiliary-power-unit silencers

4. Aircraft Route Location

Avoid noise sensitive áreas in new route assignments

Modify existing routes to avoid noise sensitive áreas

Utilize noise-insensitive áreas for ascent and descent paths

5. Landscape Architecture

Shield airport surroundlngs from noise resulting from aircraft

ground operations and surface vehicle operations

6. Acoustic ínsulation ,

ínsulation of dwellings against aircraft noise

Insulation of commercial structures against aircraft noise

7. Land Use

Control by zoning authorities for compatible land use

C. Highway Noise Abatement (10)

1. Three options for noise reduction are:

(a) Man-constructed barriers to obstruct or dis'sipate sound

emissions i
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fy>) Elevated or depressed highway through grading

(c) Absorption effects of landscapting (trees, bushes, shrubs,

etc.)

2. Constructmg Barriers.

A rigid (fairly massive) barner can be an effective means to

reduce noise from highways depending upon the relative heights of

the barner, the noise source, and the affected área, as well

as ene horizontal distance between the source and the barner

ana between the barrier and the noise-affected área.

3. Elevated or Depressed Highways.

Often a highway in an urban área can be built above or below

the surrounding property. Such differences in grade provide

some shlelding of traffic noise and can reduce the noise levéis

at adjacent properties.

4. Effects of Planting.

Planting adjacent to a highway produces little physical reduction

in noise level unless it is very dense and of sigmficant depth.

5. Some other noise control measures for highways.

(& Limitations on allovable grades.

(b) Road surface repaire

(c) Route locations planned to insure máximum separation

between roaaway and existing noise sensitive áreas and

to make máximum use of shielding provided by natural barrierb

(d) Provide for compatible use of land adjacent to highways
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