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PREFACE

This report identifies a number of environmental problem areas of
present and possible future concern to the Department of Defense, and
notes that in spite of recent progress, much remains to be done in deal-
ing with environmental quality problems. The design of research programs
to attack these problems will demand great care, as will the management
of resulting data so as to realize their full potential. To this end,
possible approaches to advanced research projects are suggested to pro-
vide partial source material in support of ARPA’s research program plan-
ning. Topics regarding environmental impact analysis, resources manage-
..ent, air quality, water quality, materials handling and disposal, data
management, and special problems are included. For each topic, informa-
tion is organized according to statement of the problem, state of the
art, present activities and organization, implications for the DoD, and

recommendations for further studies.

A partial listing of recommended research problem areas, and a gross

ordering of priorities for candidate projects, include the following:

(1) Determination of unit environmental impact data by class
of activity and media to permit assessment of impacts and
evaluation of standards, criteria, and programs intended
to achieve environmental quality.

o Examples: environmental impact analysis, environmental
aspects of resource development, development of environ-
mental indices, and air pollution studies on an extended
scale.

(2) Compilation and evaluation of environmental data to deter-
mine environmental effects and analyze intermedia inter-
actions.

Examples: environmental effects framework and environ-
mental monitoring, and total environmental interaction
assessment.

iid



(3)

(4)

Alternative technology to control pollution at its source
and conserve resources.

¢ Examples: atmospheric contamination, aerial surveil-
lance spill prevention system, combat training elec-
tronic simulation, and hazardous waste disposal.

Remedial technclogy to alleviate problems stemming from
previous practices.

o Examples: o0il spill cleanup techniques, noise, and
pesticides,

iv
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I INTRODUCTION

In responte to Executive Order 11507, which established the President's
policy with respect to the protection and enhancement of the quality of the
environment, the Department of Defense (DoD) is increasingly directing ac-
tivity and resources to environmental quality management. These actions
range from reorganizations and reassignments at higher echelons within DoD
and the services to cleanup activities at individual bases and units
throughout the country and overseas. To ensure coordination of the ser-
vices in executing environmental quality policy, the Secretary of Defense
has assigned broad responsibilities to the Assistant Secretary of Defense
for Health and Environment* and in turn to the Deputy Assistant Secretary
for Environmental Quality. The Office of the Deputy Assistant Secretary
promotes coordination among the services concerning environmental actions
and then coordinates with the Council on Environmental Quality, the Envi-

ronmental Protection Agency, and other governmental ag:ncies,

At the present time, attention is directed to pressing needs concerned
with organizational problems; the development and implementation of envi-
ronmental quality policy; environmental protection and enhancemen. programs,
including international programs; evaluation of the environiental impact of
DoD actions; and selected major problems related to oil and hazardous mate-
rials, noise pollution, deep water dumping, and disposition of herbicides
and pesticides.t Although the majority of these activities are currently

carried out in response to immediate needs, it is recognized that a

*
_ See Appendix B-AR-2.
See Appendix B-AR-28.
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comprehensive long view is needed tc avoid a continuing reaction to crisis
Situations that detract from the basic national Security mission of the

Department of Defense.

To promote the development of a long range environmental quality re-
search program, the DoD, acting through the Defense Director of Research
and Engineering, the Defense Advanced Research Projects Agency (ARPA),
and the several services, has been reviewing ongoing DoD environmental
activity,* including a number of armed services environmental impact
statements, with a view to identifying areas that may be characterized

by weaknesses in current theory and technology.

To assist in this work, Stanford Research Institute in April 1972
began a series of discussions with representatives of the Defense Advanced
Research Projects Agency that resulted in this effort to provide technical
Support to ARPA's environmental program planning activities. The objec-
tives of the effort were to identify principal environmental considera-
tions of importance to the DoD and to develop a recommended research plan
to be conducted by ARPA. In the time available for the study, the Insti-
tute could not, and did not, attempt to perform a comprehensive review of
the entire environmental field of interest *o ARPA and the DoD. Rather,
within the general framework discussed below, the staff, in cooperation
with the sponsor, selected areas of interest that emanated from reviews
of existing DoD environmental impact statements and broader consideration
of environmental quality problems that might result from Dol activities,

The result of the effort is to provide partial source material to assist

*
An important, current activity related to ongoing and planned environ-

mental research is being conducted by the Office of the Director of
Defense Research and Engineering, Environmental and Life Sciences.
Selected representatives from each of the services and other DoD com-
ponents are preparing an area coordinating paper that, among other
goals, will develop necessary R&D programs to meet needs and estab-
lish DoD resource requirements and priorities.
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ARPA in developing its research program plans, together with recommenda-

tions for prospective research projects addressed to present or potential

environmental gquality problems.

In accomplishing this assigr-unt, SRI assembled an interdisciplinary
team of professional staff members krowledgeable in resources management ;
air quality; water quality; materials handling and disposal; data manage-
ment systems; and specialized topics including noise problems, environ-
mental impact assessment, and radiation. Working :7om selected problems
of interest that were developed insofar as possible from an analysis of
DoD activities, each member prepared a paper from the standpoint of iis
own experience and expertise, For each topic considered, information
was organized as follows: statement of the problem, state of the art,
present. activities and organizations, implications for DoD, and recom-
mendations for further studies. Cited references are listed either as

footnotes or at the end of the specific section,

The time available for the study did not permit analysis of each
topic in equal manner, and as a result, the depth and breadth of cover-
age varies among the several study arvas that follow. In some cases, it
was possible only to indicate the outline of problems and to sketch pro-
spective approaches, while inother cases more complete and detailed treat-
ment of problems were considered and more definite approaches to their
solution were prepared. It is clear that far greater time than was avail-
able for this study is required to develop logical research programs to
deal with several of the complex problems identified. Nevertheless, in-
clusion of even brief, outline descriptions of such problem areas in this
report is believed justifiable in that it serves to piace such matters
on the agenda for future attention. 1In short, the fact that some topics
are discussed at length and others only briefly does not necessarily in-
dicate their relative importance or the amount of effort expended in their

preparation.
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The study team has endeavored to identify, in gross terms, recommenda-

tions for research priorities consistent with the tentative structures.

In presenting these recommendations, the team makes no determination as

to
we
an

of

the data.

which organizations (public or private) should perform work. Instead,

have attempted to recogrize research areas of importance to the DoD as

aid in its ongoing planning process, regardless of the ultimate sources

Stanford Research Institute welcomed the opportunity to undertake a

task of such importance for the Defense Advanced Research Projects Agency.

It 48 hoped that the information included in this report will facilitate

ARPA's planning task and lead the way to progress in addressing environ-

mental quality considerations of importance to the DoD.

SRI staff members who contributed directly to this report include:

George G. Barnes
David N. Berg
Thomas A. Blue
Arlie G. Capps

C. Bruce Clark
Lawrence L. Cobb
Ronald T. H. Collis
Edward Dickson

Fred E. Littman
Thomas Logothetti
Francis L. Ludwig
James L. Mackin
Crester W. Marynowski
Edward K. Proctor
Robert M. Rodden
Richard A. Schmidt
Lynn D. Spraggs
Thomas Wagner
Frank E. Walker
Leo W, Weisbecker
Ronald K. White

Environmental Impact Assessment

Environmencal Data Management
Pesticide Problems

Regional Air Pollution
Electromagnetic Radiation

Weapon Testing Impacts

Regional Air Pollution
Electronic Simulation, Video Communi-
cation, and Noise

Air and Water Quality

Noise Pollution

Meteorology and Air Quality
Environmental Impact Analysis

Materials Handling and Disposal

Air Quality

Program Management

Resources Management
Environmental Data Bases

Water Quality

Resources Economics
Environmental Effects Framework

Atmospheric Physics
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I SUMMARY AND RECOMMENDAT IONS

A, Overview

One of the most important societal problems requiring increasing
attention in coming years is the relationship of man to his environment,
Environmental degradation is a natural nrocess on earth. However, man's
actions can alter the rates of natural pProcesses, impose incompatible
conditions on local areas, and undertake activities that may result in
long-standing impact on environmental quality leading to impairment of

amenities or permanent loss of needed future resources.

There is a rapidly growing concern about the condition of the physi-
cal environment, about pollution from many sources, and about the appro-
priate management and conservation of natural resources. This concern
was highlighted by bassage of significant new legislation at all levels
of government in recent years, However, public concern and resolve to
do something regarding the problem is only part of the ultimate solution,
A great deal of technical work is required to define the scope and inten-
sity of environmenzal impacts to arrive at realistic assessments of their
effects and determine relative costs and benefits related to their treat-
ment. These details are crucial to the success of any program to promote
environmental quality and achieve effective resource management; yet each
must be viewed in perspective so as to avoid dealing in symptoms that

result in short term "solutions" to long term problems,

If the nation is to maintain its status of economic activity, the
environmental crisis must be dealt with, and the means of carrying out
public and private activities in manners compatible with environmental

considerations must be established., A key problem is that the views of
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diverse groups toward environmental matters will differ, Each will have
its own opinion on what constitutes a quality environment., These opin-
ions typically include value judgments that reflect the interests of

the groups, and this tends to frustrate attempts to achieve objectivity.
To arrive at any analytical assessment of environmental influences,
unbiased and objective data are required in sufficient depth and breadth
to permit decision-makers to select practical, environmentally sound

courses of action from an array of potential choices,

The present environmental situation is well illustrated by the di-
verse and widespread activities of the Department of Defense. These
activities are such that great care in analysis of environmental impacts
is required to avoid couvenient and attractively simple approaches that
may fail to achieve their intended purposes and may even lead to worse
conditions. To guide such analyses, it might be useful to use a working
definition of a quality environment as one in which the adverse effects
of any given DoD activity on other essential or desirable activities are

minimized to the point of nonsignificance.

The contribution of advanced research in addressing environmental
problems positively can be of great importance to the DoD and the nation.
Such work can clarify the present scale and intensity of environmental
effects and lead to recognition of prospective approaches to ameliorate
adverse effects, 1In this regard, it will be important to address the
sources of pollutants and their causes so that research can be directed
toward improved processes or procedures that yield fewer unwanted by~
products or pollutants. A number of environmental problem areas are
discussed in this report, and recommendations for further work are
presented in support of the environmental program planning activity of
the Defense Advanced Research Projects Agency (ARPA). Although the

short time available for this Study did not permit treatment of each
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problem area in comparable depth, tentative conclusions regarding pos-
sible further work were reached, Finally, research priorities are sug-
gested in gros: terms to aid in ARPA's preparation of a comprehensive

environmental and resource management program plan,

B. Environmental Impact Analysis

Although a principal aim of scientific research is to solve problems,
the choice and statement of a research problem is often more difficult
than finding an appropriate solution and in many cases can even indicate
the solution itself, In the area of environmental quality research, a
very significant portion of the problems arises in response to conflicts
and controversy, In response, many government agencies have attempted
to focus on actual or pctential conflict situations to structure their
programs. However, this approach usually deals in short term situations,
and the underlying causes of long term problems remain untrcated. To
correct this condition, a procedure to facilitate the perception and
prediction of potential problems is needed, particularly for activities
that are not governed by a set of specified regulations or standards.

To address this basic problem, this study has initiated a systematic
attempt to develop a logical framework for isolating problems that can
be identified as a consequence of DoD activities and from them derive
appropriate responses in the form of needed actions, including recom-

mendations for required research,

The methodology is described by a series of sequential steps com-
prising the following key elements:
®* Acquisition, synthesis, and analysis of collected
information

¢ Breakdown of information into categories and subcategories
of DoD activity =



* Environmental impact analysis based on activities and
associated impacts

¢ Examination of effects of impacts in terms of environ-
mental cause-effect relationships

¢ Identification of problem areas associated with the
state of current knowledge concerning environmental
effects

¢ Identification of recommended research directed to
problems of interest to ARPA,

The first steps consisted primarily of data gathering activities,
and during the present study included the collection and review of 42
selected DoD Environmental Impact Statements, Although these statements
constitute a potentially useful source of information for structuring
DoD activities, they were found to be too restricted at the present time
in number, scope, and conten! to ke used in preparing a comprechensive
activity analysis, Nevertheless, their future application to this pur-
pose could be useful. Moreover, the environmental impact assessment
process necessarily must reflect planned activities, and as a consequence
a continuing and systematic review of the statements on a DoD-wide basis
could provide improved environmental feedback information to the plan-
ning process, as required by the National Environmental Policy Act

(P.L. 91-190).

The next steps in the analysis required evaluation of the assembled
information in terms of types of actions or activities, At this point,
which is critical for the logical development of outputs that recognize
appfopriate targets for research, cause and effect relationships need

to be derived to translate activities into environmental impacts.

At the present time, no rigorous methods exist for quantitative
evaluation of environmental effects from impacts, nor is it likely that
quantitative methods can be developed to describe all the complicated

phenomena that are entailed. What can be and is being done, however,
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is to establish orderly and systematic methods that can provide a high
degree of assurance that the majority of impacts can be recognized,
even if each environmental effect cannot be predicted with certainty.
Although it was not possible to examine in detail all the various tech-
niques that are currently available for translating activities into
environmental impacts and effects, a moderate effort was expended to
development of methods to illustrate how identification of atmospheric
impacts might be done, The method uses a cause-effect matrix to reveal
whether a methodology exists for quantitatively relating the cause to
the effect. The method focuses on cause-effect relationships that theory
or observation suggest are important, but whose exact relationships are
poorly defined. The main goal is to identify needs for additional re-
search, but a subsidiary output is the recognition of potential impacts
that then may be subject to critical review, Using this approach, a
number of research areas were identified that relate to DoD activities
and whose impacts at present are not well understood. They include:

¢ Releases of pollutants to the middle or upper troposphere

and to the stratosphere or above--concentrations and
composition

* Releases of pollutants to the middle or upper troposphere--
effects relating to cloud formation and precipitation

- Nature of emissions, primarily jet engines

- Relationships between freezing nuclei or cloud
condensation nuclei and emissions

* High altitude releases of heat and water vapor (middle
and upper troposphere, stratosphere)--relationship to
cloudiness

®* Alteration of surface radiative and thermal properties--
relationship to precipitation and fog formation

* Worldwide climatic changes (global circulation, percipita-
tion patterns, temperature distribution, cloudiness)--
relationship to releases of pollutants and heat or water
vapor associated with particular DoD operations,
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The above approach has common elements with others that were briefly
reviewed or cited during the study. The methodology suggests that a
combination of elements most appropriate to DoD activities may prove
useful if developed further, Viewed during the present study as a means
of identifying research requirements, it was evident that the techniques
would also have ready applications by the DoD to environmental impact
assessment work concerning activities and operations relative to environ-

mental quality and resource counservation.

C. Resources Management

Resources were defined as energy and mineral raw materials that
occur in the ~arth., These resources are commonly described as nonrenew-
able, indicating that nature does not replenish them within either the
lifetime of man or the span of iwuuman experience. The fact that such
resources are finite means that development can lead, ultimately, to
eXhaustion, Inefficiencies in resource development and use to achieve
relatively short term benefits are of particular concern in this regard,
since they contribute to potential long term economic probklems and re-
sult in environmental impacts whose significance is only partially under-
stood. The problem facing the nation is that the use of resources needs
to be reassessed in terms of a new set of economic and environmental

values that depart from traditional institutional and economic patterns,

Practices related to nearly every commodity or material produced
and used in modern commerce influence the quality of the environment
in some way. Accordingly, all facets of major industries should be
examined to determine the nature and extent of these influences at each
industrial stage; studies should include current and future quantities,
production and manufacturing methods and alternatives, uses, and dis-
posal methods, To illustrate the type of analysis rcquired, this study

summarized the historical and projected supply-demand characteristics
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of a few nonfuel resource-based industries, Factors of production,
import, export, Supply, consumption, Price, reserves, and reserve lire
index were detailed where the data could bhe applicable to assessment

of environmental influences. In each case, key factors representing
problems in environmental control were briefly described, Although the
data presented for the industries Studied are not necessarily rigorous

or complete, they illustrate the type of industry information that should
be analyzed in detail and indicate the magnitude of effort required to
determine the major portion of Possible future environmental effects

for materials important to the DoD,

unfortunately, is quite difficult, past developments were frequently
implemented to emphasize efficient and eTonomic resource recovery, with
little consideration being given to attendant environmental effects
associated with disposal of resulting wastes, The Previous practices
for waste disposal by essentially uncontrolled release into the environ-
ment did not require data on their magnitude or character, and precise
information on wastes from production of common materials is often lack-
ing or at best incomplete. This information is essential if resource
development practices are to bhe systematically evaluated to achieve les-
seéned environmental impact, However, many of the data relating units

of waste to units of production remain to be compiled and applied to
place in perspective in terms of environmental impacts the balances

of materials used in the several processes by which resources are

developed,

resource development was described according to (1) materials handled
(an indicator of solid wastes), (2) emissions (an indicator of air

quality), and (3) discharges (an indicator of water quality), These
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data were used, tc the extent possible in this initial study, in con-
siderations of the environmental aspects of materials important to the
DoD. Data in euach category were compiled and discussed, Two examples

of the application of these data in an overall environmental assessment
of materials were described, one in which the apparent impact of two
materials (ccpper versus aluminum) is compared and the other in which

the impact of a material used in a common application (steel in a typical
car} is analyzed. In each case, the analysis is preliminary and intended
only to demonstrate the concept that quantitative analysis of environ-
mental aspects of resource development is feasitle, In the future, this
approach should be applied to the several materials vhose supply-demand

relationships were discussed in another section o. the report.

As a final coasideration, the environmental aspects of energy devel-

opment and use by the DoD were discussed.

D. Air Quality

Air pollution probleus cut across the whole range of DoD operations,
from housing installations to manufacturing, transportation, and weaponr:z
systems. Increasingly stringent emission controls will have an effect
on virtually all operations. The pollutants produced by a community--

a city or an army installation--are primarily the result of energy genera-
tion for heat and power. The pollutants from these operations are re-
lated to the characteristics of fuels used at these facilities, Alter-
native methods of space heating using central power plants need to be
reevaluated in the light of the better controls applicable to power
plants, as well as of the need to conserve fuels in short supply. Dis-
tribution of energy in the form of hot air, steam, hot water, or elec-

tricity should also be considered.
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several important pollutants, such as carbon monoxide, hydrocarbons,
oxides of nitrogen, and lead, Here again the DoD shares in the Produc-

tion of these poliutants in proportion to their use. Since first genera-

methods under controlled conditions, such asg the effect of low lead and
lead free gasoline and the importance of tune-ups and relatively minor
engine modifications, An alternative approach is the development of

different engines, Here a wide range of possibilities exists, from

quality degradation, These include obtaining data on;

¢* Each process emitting Pollutants
¢* Pollutants emitted from each Process
* Existing air pollution control €quipment and systems

* Proposed control systems,

Much of the above information, and potentially considerably more,

could be acquired by coordination and cooperation, if not by active

studies in the civilian sector. In barticular, attention is focused

on the St. Louis region where the EpPA and other agencies are Planning

an extensive Regional Air Pollution Study (RAPS) that will include g
detailed analysis of the sources of pollution, meteorological and chemi-

cal processes, and air quality, The study is €xpected to take four to
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five years for completion of the data acquisition phase, consisting of
special field studies using atmospheric tracers, aircraft, mobile labora-
tories, and remote sensing instrumentation, as well as appropriate
continuous/conventional measurement programs. These studies will afford
opportunities for local DoD activities within the region to contribute
and participate and could result in direct and indirect gains if the
mechanisms were established at the regional énd national levels., DoD
could thus contribute actively to solutions of a community problem of
which its local operations are an integral part--establishment of viable

air quality standards and complicance with those standards.

The contribution of airplanes to air pollution is not well known,
and studies are now going on to determine the emissions for jet engines
under a variety of conditions, including ground level operations, where
idling, taxiing, and testing are conducive to high local emissions.
Combustion products within the troposphere appear to be well~dispersed
and are usually rapidly removed through meteorological interactions.
Stratospheric flights present a new dimension of air pollution because
of the absence of mixing effects, resulting in long residence times,
The emission of oxides of nitrogen at high altitudes is of particular
concern because of its possible effect on the ozone layer. Studies of
possible effects of flights at these altitudes are of considerable im-

portance to prospective new aircraft configuration,

There appears to be a somewhat more localized, but nevertheless
real, impact on the environment from the testing and firing of large
rockets, There are about 35 U.S. space launchings per year and many
more test firings of ICBMs, ground-to-ground missiles, and small satel-
lites, A good many of these use solid propellant motors, which can

produce high local concentrations of hydrochloric acid near ground level,
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Similarly, the effects of the many species generated in rocket exhaust
on the upper atmosphere are insufficiently known and need to be delin-

eated more clearly,

Until recently all knowledge of the upper atmosphere (about 100 km)
has been obtained by ground-based indirect methods. For example, the
ionized layers of the upper atmosphere have been probed by sending radio
signals skyward and examining the reflections. Only since 1945 has the
exploration of the upper atmosphere been possible. Sounding rockets
enabled direct measurements of atmospheric conditions, which led to the
detection of X-rays and auroral particles, the first photographs of the
solar ultraviolet spectrum, and the gathering of data on pressure, tem-
perature, density, and composition of the atmospheie, Since these alti-
tudes are too low for stable satellite orbits, the sounding rockets

have remained the most important research tool.

There is a need to discover the origin of the unexpected chemical
species in the upper atmosphere and to analyze the possible consequences
of their presence if not occurring naturally, More broadly, an inventory
of the species or other changes that have been or are bcing introduced
needs to be made, and a model should be contrived to describe the reac-
tions induced. Then the final disposition of the reaction products and
resulting effects on the population, climate, and social, economic,

and military systems could be assessed.

The possible adverse effects of extensive aircraft traffic in the
stratosphere has recently become the subject of much concern and con-
siderable study., Nitric oxide (NO) emissions may be by far the most
serious jet engune emission into the stratosphere, with some calculations
indicating that an increase of NO concentration of 30 ppb would reduce
the stratospheric ozone concentration by a factor of 2, with consequent

profound physiological effects on man and other life forms on earth.
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It appears that existing instruments are inadequate to fulfill the
needs for determining stratospheric ambient conditions and the effects
of jet engine emissions. Sensitivity, accuracy, data rate, and coverage
volume should all be improved, A measurement program is needed to pro-
vide accurate data on the normal distribution and natural variability
of the stratospheric constituents of interest and on the effects of in-
jecting known quantities of jet engine exhaust products into strato-
spheric regions. This cannot be accomplished without developing improved

instrumentation,

Although some improvements in the existing types of instruments
can probably be obtained, a technical breakthrough capable of providing
really significant improvements is desirsble, Recent developments in
tunable dye lasers and optical parametric oscillators (OPOs) appear
likely to provide the foundation for such a breakthrough. The tunable
dye lasers provide signal sources for remote measurements at visible
and near-ultraviolet wavelengths, and OPOs provide a similar capability
in the infrared, 1In combination with state-of-the-art optical receivers
and data-collection systems, these signal sources offer an optical radar,
or lidar, capability for remote, range-resolved measurements of all the

stratospheric species of interest,

E, Water Quality

Vater use and water pollution considerations are pervasive and
apply to almost every aspect of DoD activity, These activities can be

categorized for surface waters generally as related to

e Construction, land use, and related fixed facilities
¢ Hazardous or potentially hazardous military operations
e Weapons and equipment use

¢ Research ana development programs.
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These areas were discussed, and several topics for potential advanced

rescarch were suggested for each category.

It was pointed out that, in addition to topics requiring advanced
research and new technology, attention is required to the nontechnical
aspects of water use by the DoD so as to achieve resource conservation
as well as to safeguard environmental quality. The potential for DoD
leadership in accomplishing more efficient use of water was discussed,

and suggestions for further work were offered.

In recognizing the effects of DoD activities on surface waters, it
is also important to consider the potential effect of additional activi-
ties on ground water guality, from which source most of our water sup-
plics are derived. Many water pollution problems of the DoD are not
amenable to conventional treatment because of operational, geographical,
or physical constraints, Further, the disposal of especi&lly hazardous
liquid or gaseov- materials require special attention to guard against
adverse environmental effects. Tle need for advanced research in dis-
posal of liquid wastes by deep well injection and the application of
reverse osmosis to waste disposal problems were described to illustrate

the future needs in this area,

Another illustration of an important problem area for the DoD is
in prevention, recognition, and treatment of oil spills, Past spills
from onshore facilities and vessel operations have affected significant
areas of the nation's waterways and result in waste of fuels that are
in short supply. An important research opportunity would appear to
exist in development of rapid means to recognize conditions associated
with the imminent release of o0il so as to enable the spill to be pre-
vented by positive action, An approach to aerial surveillance is de-
scribed toward this end. 1In the event that the spills cannot be pre-

vented, then it is apparent that the spills must be cleaned up. Cleanup
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of spills from coastal and inland waters entails (1) curtailment of the
spilled oil, (2) collection and/or treatment of the oil leading to re-
covery or dispersal, and (3) restoration of beaches and coastal areas
affected by spilled oil washed onshore. The research problem is to
provide optimum and efficient means to remove and recover spilled oii
witix minimum additional disruption to the natural environment so as to

facilitate rehabilitation and restoration of affected areas.

F. Materials Handling and Disposal

Significant strides have been made recently in achieving general
awareness of the need for rational management of wastes from all sources.
Every waste management situation calls for the integrated application
of several tactical steps within a unifying strategic concept, It is
preferable to avoid waste production whenever practicable; however, it

is often neither technically possible nor economically feasible to do so.

Addressing the problem of solid waste management in a positive
manner requires identification of elements that result in wastes and
assessment of the impacts such wastes represent to man and his environ-
ment. Knowledge of waste producing processes is required in sufficient
detail so as to concentrate attention on those of exceptional volume,

deleterious effect, or geographical extent,

It is no longer possible to make waste management decision solely
on the basis of apparent cost, Instead, it is necessary to take into
account factors related to natural resources recovery and conservation,
as well as considerations of intermedia environmental effects., The
steps of waste pretreatment, recycling and reuse, treatment, and ulti-
mate disposal require examination and analysis so as to tailor the tech-
niques to the wastes involved and realize their optimum dispostion. An

adequate waste classification and information methodology is needed to

2-I-16



identify high priority items for research. Disposal of wastes associated
with metal surface treatm.nt operations, lubricants, and explosive manu-

facture are especially important from the standpoint of the DoD.

Certain wastes are hazardous to the public health because of their
chemical, physical, or biological nature, and these require special
attention in handling and disposal. Hazardous wastes comprise mainly
toxic, flammable, explosive, pathogenic, and radioactive materials, The
techniques that may be applied to their management are controlled by
the types of waste and the hazard they represent. 1In addition to proper
treatment, principal research needs are in the manner and location of

disposal for hazardous materials.

The problems associated with pesticides handling and disposal were
separately discussed, Pesticides are important because of their poten-
tially adverse effects on flora and fauna that, if carried to excess,
could disturb the ecological balance in sizable areas, The toxicity of

pesticides is such that great care is also required in their disposal,

G. Data Management

The success to be achieved in coordination of DoD activities re-
garding environmental quality is vitally dependent on ready access to
environment-related data in keeping abreast of the state of the art and .
to ensure that DoD components are meeting their requirements with neither
excessive overlap nor insufficient cooperation. However, at the present
time, there are no coordinated DoD efforts for collection of environ-
mental data or organization of a data base. The most promising solution

to this problem appears to be through the use of a data management system

that provides for ready access to well-organized environmental information,

Data defining the environmental impact of DoD activities must be

identified and assessed in determining if data collection operations
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will contribute effectively toward meeting DoD directives and regulations,
This in itself is no simple matter, One approach for data identification
is to structure an Environmental Effects Framework that can be used to
link DoD actions with their environmental effects. The framework is
developed by tracing the paths of materials through the processes by
which they interact with the environment and are ultimately disposed,

The main segments of the framework include (1) production-consumption,
(2) waste discharge, (3) environmental quality, (4) biological effects,
and (5) socioeconomic effects, The framework can serve as the means to
formulate approaches to control of environmental effects to achieve
desired quality levels, Ideally, the framework can help to achieve a
preventive approach to solution of individual problems through avail-
ability of sufficient knowledge of cause and effect relationships to
perrit selection of appropriate control techniques so that unwanted re-

sults cannot occur.

In many cases, the basic data to complete the framework will be
lacking or incomplete, and environmental moni toring programs will be
required. Information regarding (1) measurable parameters of activities,
(2) environmental aspects of activities, (3) characteristics of the
environment, and (4) standards of environmental quality. Also, demo-
graphic and economic information need to be included in the moni toring
program so as to complete the description of the environmental effects

on adjacent activities,

Finally, the monitoring program, organized to complete the frame-
work and be compatible with it, needs to be tied to a well-designed
data management system to accept, store, edit, and disseminate the data
collected. The large volume of data anticipated will doubtless require
reliance on computer technology. A preliminary description of the
design considerations for such a data management system is given, and

the possibility of using the existing ARPA network for interchange of
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environmental data between several data Processing centers is discussed

as one approach to the problem,

H. Special Problems

Influenced to a great degree by tradition and Customs, environmental
brograms continue to be structured around familiar and important media,
particularly air, water, and solid wastes, To these the Environmental
Protection Agency, for example, adds noise, pesticides, and radiation,
While convenient for Mmany reasons, particularly one of communication,
the media approach is not well suited to categorizing a wide variety of
potentially interesting environmental research problems, This is often
accommodated in many programs by adding a comprehensive category that
is intended to include problems not readily described in terms of the
more widely recognized media, At best a compromise, this procedure
nevertheless is convenient and proved useful during the present study
for discussing a number of research areas concerned with indices of en-
vironmental quality, total environmental interaction assessment, video
communication cystems, electronic simulation, radio frequency radiation,
noise, and information requirements for environmental impact assessment

of weapon development and effects tests,

To comply with existing requirements, it is hecessary for federal
agencies to evaluate and measure total impact on the environment and
to assess progress toward established quality goals., Such information
and requirements are expected to become more important in the future,
To meet these national requirements, DoD will need to initiate develop-
ment of an understanding of appropriate indices and indicators of en-
vironmental quality and the data needed for esteblishment and measurement
of the indices, Therefore, this problem area implies consideration of

not only the standards that must be met and the criteria and objectives
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needed to formulate the Standards but also the monitoring techniques

that will be required to provide the necessary data,

Closely associated with the above is the reccommendations that pod
undertake a Study that utilizes one Or more military base or major ac-
tivity to assess simultaneously all significant résource input flows to
the activity, the useful output products of the activity, and the by~
Product flows and waste effluent from the activity, A total environ-
mental interaction assessment can be made in this manner by the collection
and organization of resource, ac'ivity, and effluent monitoring data,
Using a comprehensive activity-environmental model concept as a guide,
the correlations between user activities and environmental effects can
be examined, In addition to the above data collection and Processing
studies, evaluation of models of the sensitivity of military operations
to changes in logistic supply and environmental control measures would
be useful. The degree to which the models usefully depict observable
pPhenomena and their suitvability for inclusion in a comprehensive, empiri-
cal, activity-environment interaction model should be evaluated, As a
result of the evaluations, Promising models or combinations may be used
to study the interaction with the environment of one or several bases

or activities,

It is interesting to note that certain advanced electronic tech-
niques, which were considered in the past Primarily from the point of
view of operational efficiency, show promise also in terms of resource
conservation and lessened environmental impacts., These include the
development of two-way video communication systems and combat training
electronic simulation., The first of these takes cogni zance of the re-
lationship between video telephone tecnnology (and its complements) and
transportation. For such technology, environmental benefits could accrue

from reduced need to physically travel, as well as offer new opportunities
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for land use planning, Additional, and similar, henefits would be ex-
pected by increasing substitution of sophisticated electronic simulation
techniques for training exercises in the field, Building on simulation
techniques currently used for the training of pilots, astronauts, and
air traffic controllers, it should be possible to develop an electronic
simulat}on of a training exercise that is no less realistic than present
exercisés that are also simulations of actual combat, Increased use

of electronic simulation techniques might result in significant initial
capital costs; but in environmental, material and fuel consumption terms,
the cost would appear to be less over the long term. The impacts on air
and water quality and noise levels would also be lessened. Ancilla-y
benefits would include the decreased dependence on favorable meteorologi-
cal conditions and less constraint on geographical location, and the
ability to couple the simulation with distant computers would enable
refresher training without Journey to a special training center, The
attendant increase in overall efficiency of DoD in its training activi-

ties would surely have favorable implications for resource conservation,

Finally, although the DoD has devoted a considerable effort to the
reduction and alleviation of problems associated with radio frequency
radiation and noise, additional effort is needed, particularly to more
subtle and imperfectly known environmental cause and ‘¢ffect relationships,
In the case of radio frequency radiation, it is recommended that present
information be expanded to include all existing and planned future trans-
mitters of energy with a view to isolating for further study the trans-
mitter/receiver pairs in which adverse coupling is suspected, In the
isolated cases, the susceptibility of the receivers to interference or
damage would be further analyzed. Research opportunities concerned with
noise reduction are noted with respect to development of fundamental
equipment design parameters related to noise, determination of trade-

offs necessary to meet noise abatement requirements, reassignment or
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retirement of obsolescent aircraft with high noise levels, and evaluation
of health related noise €xposure standards of the three services to deter-
mine if existing interservice and civilian differences are warranted or

reflect uncertainty in the current state of knowledge of noise effects.

Weapons testing has never been popular. In earlier days, opposition
was based on danger to lives and property, Today, the potential environ-
mental impact of weapons tests is an issue of public conern, 1In the case
of nuclear weapons testing, it is clear that continued underground testing
(as in the recent Cannikin event) or a resumption of atmospheric testing
will increasingly be Circumscribed by environmental factors., As a re-
sult, it is necessury to assess the potential environmental impacts of
testing programs in advance so that positive programs can be undertaken

to minimize adverse effects as an integral part of the “ecting program,

I. Conclusions and Recommendations

The information summarized above leads to the general conclusion
that, in spite of recent progress, much remains to be done in dealing
with environmental problems. While further efforts will be needed to
address aspects of pollution abatement, control, and treatment, they
will be largely remedial; real progress in maintenance and improvement
of environmental quality will be achieved only when it becomes possible

to eliminate the sources of pollution,

It is apparent that research into a number of environmental problems
is required in pursuit of the goal of pollution prevention, This work
will need to include both basic and applied research addressed to the
several operations and activities that contribute by-product wastes
and thereby result in adverse environmental effects, Design of research
programs to attack these problems will demand great care, as will the

management of resulting data so as to realize their full potential.
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Also, it will be important to bear in mind the interrelations of environ-
mental media to guard against "solving" one environmental quality problem
by transferring it to a different component of the same environment where
resulting effects could be equally serious and undesirable, Conclusions
regarding recommended research Problem areas are summarized in Table

Two-1 according to major headings of the report,

The conclusions expressed in this table indicate the complexity of
attempting to identify research targets in regard to environmental topics.,
Establishing relative priority rankings of the targets is even more dif-
ficult, because DoD activities may result in impacts or influences on
several environmental media, and existing information is frequently in-
sufficient to determine these effects with precision, JHard choices need
to be made: should certain activities that are known or thought to
produce pollution be continued while data are sought to define the en-
vironmental impact of this pollution, or should action be taken to elim-
inate apparent pollution even if its actual environmental impact remains
to be established? At present, approaches to selecting environmental
quality studies for any given topic are often intricate combinations
of each extreme in which technical and institutional matters can become
confused, with the result that research projects (even if successful)

may fail to achieve their intended purpose,

It is clear, however, that advanced research is needed to deal with
pressing environmental problems throughout the natior and that a portion
of the research budget must be allocated to such projects. To this end,
as conditions permit and for the longer term, it may be worthwhile to
use a gross ordering of priorities for candidate projects as follows:

(1) Detcrmination of unit environmental impact data by

class of activity and media to permit assessment of

impacts and evaluation of standards, criteria, and
Programs intended to acihicve environmental quality.
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(2)

(3

(4)

e Examples: environmental impact analysis (Chapter
Three, Sections I and II), environmental aspects
of resource development (Chapter Four, Section II),
development of cnvironmental indices (Chapter Nine,
Section I), and air pollution studies on an extended
scale (Chapter Five, Section III).

Compilation and evaluation of environmental data to

determine environmental effects and analyze intermedia
interactions

e Examples: environmental effccts framework and en-
vironmental wonitoring (Chapter Eight, Sections II
and III), and total environmental interaction assess-
ment (Chapter Nine, Section II).

Alternative technology to control pollution at its source
and conserve resources

e Examples: atmospheric contamination (Chapter Five,
Section II), aerial survcillance spill prevention
system (Chapter Six, Section III), combat training
electronic simulation (Chapter Nine, Section 1v),
and hazardous waste disposal (Chapter Seven, Sec-
tion III),

Remedial technology to alleviate problems stemming
from previous practices

e Example: oil spill cleanup techniques (Chapter Six,
Section IV), noise (Chapter Nine, Section VI), and
pesticides (Chapter Seven, Sectici V).
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Table I-1

SUMMARY OF RESEARCH TOPICS RECOMMENDED FOR CONSIDERATION
by ARPA in ENVIRONMENTAL PROGRAM PLANNING

Environmental Impact Analysis

Development of logical methodologies and guidelines for analysis of
environmental impacts resulting from DoD activities,

Establishment of methodologics for quantitative evaluation of environ-
mental effcets,

ldentification of areas for research to mitigate adversc environmental
effeets assoeiated with construetion aetivities, hazardous operations,
and major dcfense systems.

Spccific topics for further air quality research were indicated as an
cxample of an output of the methodology.

Resources Management

Detailed cxamination of the stages of resource development to identify
and specify thc unit environmental influenee of common commodities used
by the DoD according to materials balances for various processes,

Application of unit environmental data for common materials to assess
the impact reprcsented by typical materials, equipment, and facilities
used by thc DoD, »

Utilization of resource/cnvironmental data to facilitate recognition of
mcans to eonserve and reuse critical resources (including technology
assessment of new approaches),

ﬁir Quality

Coordination, cooperation, and participation in current and planned re-
glonal air quality studics underway in the eivilian sector with particular
attcntion to thc EPA Regional Air Pollution Study (RAPS) in the St. Louis
rcgion,

Investigation of potential worldwide climatic changes (global circulation,
precipitation patierns, tcmperature distribution, cloudiness) with respect
to releascs of pollutants and heat or water vapor.

Research on the origin and nature of unexpected chemical speeies in thc
upper atmospherc, and analysis of ithe possiblc consequences of thcir
prescnec if not naturally occurring

- Inventory of spccies or other changes that have been or are being
introduccd

- Dcvelopment of a model to dcscribe atmosphcric rcactions

- Final disposition of the products and resulting cffects on man and
thc biospherc,

Development of an optical rasi., or lidar, for rcmotc measurcment of thc

post-launch distribution of hydr~gcn chloride generated by rocket launches,

Devclopment of tunable dye lasers and optical parametric oscillators for
mcasurement of thc normal distribution and natural variability of strato-
spheric species and the potential cffects of jet engine emissions,
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Table I-1 (coneluded)

Water Quality

* Inventories of DoD's water using aetivities, quantities, and types of
wastes produced; current system charactcristics; and rclationships to
adjaeent civil water treatment and supply systems,

* Assessment of water quality cffects from ongoing operations and equip-
ment usc,

e Btudy of effeets of DoD operations on ground water quality and on means
of applying improvcd methods to waste treatment and disposal protlems,

¢ Rcsearch into tcchniques to achieve an early warning of the potential
for oil spills so as to prevent ihcm; in thc event of spills, improved
methods for cleanup and rehabilitation of affectcd areas,

Materials Handling and Disposal

* Study of waste-producing proeesscs to identify amounts, volumes, effects,
e Waste control at munitions installations,

¢ Dcvclopment of a waste classification and information methodology for
the DoD.

s Asscssment of altcrnatives to thc disposal of hazardous wastes,

¢ Development of improved technology for on site handling, rccycling, or
disposal of potentially hazardous wastc materials,

Data Management

* Assessment of environmcntal data requircments in terms of a framcwork
that relates diverse environmental effects to thecir sources (and permits
cvaluation of thcir interactions),

¢ Establishment of an environmcntal monitoring progran to provide essential
data regarding environmcental factors,

¢ Design of a «data management system to faeilitate use of thc data for opcra-
tional and rescarch purposes.

Special Studics

¢ Development of appropriatc indices of environmental quality including
considcration of not only the standards that must be met and the critcria
and objeetives needed to formulate the standards but also the monitoring
tcchniques required to provide the necessary data.

¢ Development of a total cnvironmental interaction assessment procedure
bascd on data collection and analysis at one or more military bases or
major activitics,

¢ Evaluation of advanccd electronie techniques for resource conservation
and reduccd environmental cffects, including combat training electronic
simulation and two-way video communication systcms.

* Investigation of environmental causc/effcct relationships rclating to
radio frequcncy radiation and noise.

* Development of needed requircments and information for environmental
impact assessment of wcapon developmcent and cffects tests,
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CHAPTER THREE--ENVIRONMENTAL IMPACT ANALYSIS
I--DEVELOPMENT OF AN ENVIRONMENTAL IMPACT ANALYSIS METHODOLOGY
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I DEVELOPMENT OF AN
ENVIRONMENTAL IMPACT ANALYSIS METHODOLOGY

A, The Problenm, Study Plan, and Procedures

As required by Executive Order 11507,* the National Environmental
Policy Act (NEPA), and other directives, the Department of Defense and
other federal agencies have been ¢irecting considerable effort and re-
sources to environmental activity. The general experience within DoD
concerning these activities isg that, although the efforts and actions
have shown a steady improvement with time, much still needs to be done
to comply with a multitude of regulations, standards, statutory require-
ments, and other issues related to environmental quality. To this end,
there is a continuing need for pregram review, planning, and development
of methodologies that will provide for systematic and uniform responses

to needed actions.

1. Studz Plan

In cooperation with ARPA, the Office of the Deputy Assistant
Secretary of Defense for Environmental Quality, and the Office of the
Director of Defense Research and Engineering, the study was organized
into several related tasks. Thev were to:

* Conduct a review of existing DoD Environmental Impact

Statements furnished by ARPA tu determine the weak-
nesses of current theory and technology.

* ]
Executive Order 11507, 'Prevention, Control, and Abatement of Air and

Water Pollution at Federal Facilities' (5 February 1970),
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e Attend selected conferences and symposia on pollution
detection, control, and abatement.

* Within the limits of time and funding imposed by the
contract, conduct a review of the environmental effects
program of DoD components, and other federal agencies.

e Using the information derived from the above ithree tasks
and information obtainable from other sources, identify
principal environmental considerations of importance to
the DoD.

* Develop a recommended research plan for an advanced re-
search program to be conducted by ARPA,

2. Procedures

At the outset of the first phase of work, consultations were
held with ARPA, the Scientific Officer from ONR, and representatives of
the Office of the Deputy Assistant Secretary of Defense for Environmental
Quality. The primary purpose was to review DoD experience with respect
to the preparation of Environmental Impact Statements (EISs) and recom-
mendations as to the manner in which an analysis of these past statements,
together with a review of ongoing DoD environmental activities, could be
used to identify areas in current theory and technology that represent

problems, and thus lead to recommendations for additional research.

Meetings were also held with personnel from the Environmental
Offices of the Air Force and the Navy, who provided the study team with
copies of a number of EISs. Also, requests were made tn the appropriate
office of the Army for a listing of Army EISs to be obtained from the Na-
tional Technical Information Service. Overall, 56 statements were iden-
tified as candidates for analysis; 42 were received for analysis. The
number of EISs received and those not received are summarized in Table I-1

and detailed by service and title in Appendix A.



Table I-1

SUMMARY OF ENVIRONMENTAL IMPACT STATEMENTS
RECEIVED AND NOT RECEIVED

Number Number Not

corvice Received Received Total

U.S. Navy 13 3 l6
U.S. Air Force 13 6 19
U.S. Army 15 5 20
Defense Supply Agency 1 = 1
Total 42 14 56

B. Analysis of Environmental Impact Statements

and Additional Information

Analysis of the 42 impact statements revealed a wide variety of
planned actions at a number of locations. When viewed collectively, these
diverse statements revealed an interesting and potentially useful pattern,
which was organized into several major groupings of activity. Each in-
cluded types of actions that are similar, as shown in Table I-2. One po-
tential consequence of these similar actions is that they may be amenable
to incorporation into single comprehensive statements that cover generic
actions should this prove on further examination to be consistent with the
requirements of the NEPA. 1In this approach, which was recommended by the
Council on Environmental Quality* and favored by several representatives
from each of the services, broad statements characteristic of proposed
similar actions are prepared and then detailed for each specific situation

and location by the particular service and unit proposing the action.

Appendix B, AR-57.
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Table I-2

SUMMARY OF ENVIRONMENTAL IMPACT STATEMENTS BY TYPE OF ACTION

Number of
Action Statements
Construction, land use, and related activitics
Routine facilities construction
Related to personnel use (5) 5
Engineering facilities (4) 4
Subtotal 9
Training facilities
Construction and consolidation (4) 4
Lease to State National Guard (1) 1
Subtotal 5
River channel dredging 1
Electronic systems buffer zone 1
Procurement policies 1
Total construction, land use, and related activities 17
Hazardous or potentially hazardous operations
Disposal of hazardous materials
Anticrop agents (3) 3
Antipersonnel agents (5) ]
Subtotal 8
Use of target facilities and training
Land targets (2) 2
Ship hulls (1) 1
Combat exercises (1) _l
Subtotal 4
Experimental programs
Cratering experiments (2) 2
Radioactive sensors (1) 1
Subtotal 3
Explosive buffer zones _2
Total hazardous or potentially hazardous operations 18
Development of major defense systems
Stationary systems
Electronic installations (2) 2
Missile deployment sites (2) 2
Subtotal 4
Mobile systems
Strategic bomber (1) 1
Fighter aircraft (2) 2
‘Subtotal 3
Total development of major defense systems 7
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A further usefulness in this type of breakdown is that while all
three major categories include problems of DoD-wide interest, the prob-
lems identified in the second and third categories (Hazardous Operations
and Development of Major Defense Systems, respectively) are more likely
to yield research needs that are of interest to, and consistent with, the
ARPA mission. This is discussed in subsequent paragraphs, following a
brief description of the major action categories.

¢ Construction, Land Use, and Related Activities--Seventeen

actions were identified in this category. They consist pri-
marily of construction and relatively routine training oper-
ations. For the most part, the activities are planned to be
conducted in close coordination with appropriate local au-

thorities so as to meet established federal and local envi-
ronmental quality criteria and standards.

* Hazardous or Potentially Hazardous Operations--Although not
entirely unique to the DoD, these activities reflect the
special requirements of the armed services. The 18 that
were analyzed are characterized by needs for significant
controls, are usually highly localized and specific, and
have high potential for severe environmental impacts if
not carefully managed.

* Development of Major Defense Systems--Seven actions were
identified in this category. In general, these actions are
technologically complex, can have wide-ranging but subtle ef-
fects, and in certain situations are subject to both techni-
cal and public controversy.

1. Construction, Land Use, and Related Activities

From a research point of view, it would appear that the majority,
if not all, of the actions listed in this first grouping require informa-
tion that is closely related to civilian analogues. These include a broad
spectrum of information on wastewater management, air quality control,
solid waste management, noise control, and land use planning, including
protection and enhancement of aesthetic characteristics. Accofdingly, it
is current DoD policy to work closely with federal, state, and local agen-

cies in meeting established standards. These activities are extensive and
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require the expenditure of substantial sums of money, totaling for FY69
through FY73 some 900 projects to control air pollution at 400 installa-
ticas and about 1100 projects at 570 installations to control water pol-
lution.* Total cost for the period FY68 to FY73 is estimated to be

approximately $470 million.

These relatively routine activities are conducted according to
established environmental quality regulations and standards and to Execu-
tive Order 11507. In particular, the Executive Order is significant since
it places a time limit; actions to ensure that air and water quality ef-
fects meet existing standards must be complete or under way by 31 Uccember
1972. This has led to a diversity of individual and understandably non-
uniform actions. Stated in a different way, the urgency of responding to
immediate problems at individual, scattered locations to comply witﬁ the
deadline has posed a constraint on the development of DoD-wide or even

service-wide comprehensive environmental quality management planning pro-

grams.

The services have recognized this constraint and are working
with the Deputy Assistant Secretary for Environmental Quality and DDRE,
Environmental and Life Sciences, to coordinate activities so as to reach
established environmental objectives. Problems will inevitably be encoun-
tered in changing established practices and procedures as required by the
order. Nevertheless, the DoD, by virtue of its mission and organization,
js in a favorable position to plan and implement such activities. It
would be difficult or impossible for agencies in the civilian sector to
plan, prepare, and execute au integrated and nationwide environmental
quality program. The DoD has an opportunity to provide leadership in the

design of a program that includes research requirements that have strong

Appendix B, AR-5.
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parallels with related civilian research at the federal, state, and local

levels so as to aid in making progress in these areas as well.

2, Hazardous or Potentially Hazardous Operations

The Armed Services have discontinued the production of biological
and toxic materials and the development and acquisition of biological or
toxic weapons or weapon systems that might lead to an offensive capability.
Futurc biological programs will be limited to defensive research such as
immunization and safety measures. These actions have necessitated the
disposal of large quantities of anticrop and antipersonnel biological
agents under controlled conditions to minimize environmental impact. On
the basis of the impact statements reviewed, it appears that the disposal
methods have been carefully planned in consultation with appropriate au-
thorities. Thus, presuming no new extensive production and stockpiling
of biological agents, environmental problems associated with this particu-
lar type of activity should be obviated in the future. However, problems
of a similar nature will continue and will be concerned with chemical
agents and with the use of pesticides, selected herbicides, toxic materi-
als, hazardous materials, propellants, and munitions. Each of the ser-
vices is addressing these problems, and economies appear to be available

using a more coordinated DoD-wide research and development program.

It is clear that training activities that require live munition
and realistic targets for surface-to-surface and air to surface training
have potential for disturbing local features of the environment, Assuming
the necessity for the continuation of such training in the interest of
national security, it is apparent that to minimize adverse impacts care-
ful planning is required in making a judicious choice of target locations,
in scheduling and frequency of exercises, and in restoration of disturbed
areas to permit subsequent use. This will represent a change from past

practices that will take time to implement. Although not generally
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favored in the past over live exercises, improved electronic combat simu-
lation techniques that provide a nondestructive alternative merit further
technical study in the light of potential lessened environmental impact
(see Chapter Nine). Such methods, some of which have been dcveloped for
the space program, are not likely to replace live practice entirely but

could provide a valuable supplement to existing training methods.

3. Development of Major Defense Systems

It is convenient to consider development of defense systems in
terms of stationary and mobile systems as related to their environmental
impacts and related problems. For stationary systems, the impacts extend
over a limited geographical range, but in certain cases the use of pro-
spective sophisticated technological systems can lead to highly intense
controversy over subtle and imperfectly known environmental cause and
effect relationships. This situation is well characterized by the Proj-
ect Sanguine EIS.* This prospective project represents considerable pre-
vious research but remains controversial, primarily over (1) uncertain
biological effects of ELF (extra low frequency) radiation and (2) effects
of the installation itself on surrounding ecosystems. It seems evident
that questions concerning needs for additional research in such areas
probably should be placed in the context of advanced DoD planning to de-
cide whether such technologies should be used at all to accomplish mis-
sion objectives or whether ELF communications might be used on a wider

scale, ur instead limited to a relatively few remote locations.

Mobile defense systems such as the strategic bomber, tactical

aircraft, and naval vessels interact with the environment on a much larger

geographic scale; by virtue of this they can take advantage of the

Appendix B, AR-4l.
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assimilative capacity of the environment for certain impacts. 1In fact,
it is interesting to note that the more important impacts from DoD air-
craft are considered to be noise and emissions at testing and operational
bases where for practical purposes they may be treated as stationary
sources. In recognition of this, current research efforts are directed
to emissions reduction and control and noise research, including sound

abatement programs for ground operation.

4, Review of Pertinent Activity and Environmental Programs

In addition to the Environmental Impact Statements, other in-
puts to this phase of study were derived from review of literature about
DoD and other agency environmental programs and from meetings and confer-
ences. These information sources are summarized in Appendix B, which
lists the 42 EISs received to date and more than 50 additional data sources
that range from rather general articles to detailed documents that cover
areas of potential significance. Thus the listing provides a useful sup-
plement to the review of EISs, representing e beginning of an informa-
tion data base of potential utility for DoD environmental quality planning.
With respect to comprehensive listings of DoD environmental research activ-
ity, the Smithsonian Science Information Exchange recently compiled an en-
vironmental research catalog for the Environmental Protection Agency.*
Although not intended as a complete collection, the ca.alog does provide
a useful overview of ongoing environmental research, with a total of 5,488
project descriptions that are categorized under air quality, water quality,
solid waste management, pesticides, radiation, and noise. Research tasks
listed for the DoD are summarized in Table I-3 under the research cate-
gories used by the catalog. A more detailed listing is given in Appen-

dix C, which provides descriptive breakdown of these categories.

Appendix B, AR-91.
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Table I-3

SUMMARY OF DOD ENVIRONMENTAL RESEARCH TASKS BY RESEARCH AREA

Number of
Research Area Tasks
Air quality
Emission sources 9
Effects on humans 10
Effects on animals, plants 6
Economic aspects -
Legal, administrative, social -
Control methods 17
Measurement s 28
Basic research 22
Subtotal 92
Water quality
Emission sources 25
Pollution identification 22
Water treatment 6
Water management, pollution disposal 43
Waste treatment 47
Pollution effects 12
Subtotal 155
Solid waste management
Agricultural sources 1
Industrial sources -
Municipal sources -
Collection, transportation, disposal 2
Subtotal 3
Pesticides
Air or water environments 1
Soil environment 1
Adverse effects - plants 8
Adverse e¢ffects - man and animals 6
Adverse effects - general 3
Analysis, monitoring, instrumentation 4
Subtotal 23
Radiation
Sources 7
Effects 67
Measurement s 21
Subtotal 95
Noise
Air transportation 28
Surface transportation 1
Urban and industrial sources -
Aquatic environment 3
Effects, measurements, equipment 21
Subtotal 53
Total 4121

Source: Appendix B, AR-91.
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Although the limitations of such listings are numerous, they do
give a rather broad measure of DoD activity and concerns with respect to
environmental quality research. A major use of the listings and abstracts,
as noted by the Environmental Protection Agency, would be to avoid dupli-

cation and facilitate communication of ideas, opinions, and data.

C. Methodology for Analysis of Assembled Information

Although the principal aim of research is to solve problems, the
choice and statement of a research problem is often more difficult than
finding an appropriate solution and in many cases can even define the
solution itself. In the area of environmental quality research, a very
significant fraction of the problems arises in response to conflicts and
controversy. Following this reasoning, many government agencies have at-
tempted to focus on actual or potential conflict situations to structure
the'r activity. However, this approach usually deals in short term situ-
ations, and the underlying causes of long term problems remain untreated.
To correct this condition, a procedure to facilitate the perception and
prediction of potential problems is needed, particularly for act.ivities
that are not governed by a set of specified regulations or standards. To
address this basic problem, this study has initiated a systematic attempt
to develop a logical framework for isolating problems.that can be identi-
fied as a consequence of DNoD activities and from these problems to derive
appropriate responses in the form of needed actions, including recommenda-

tions for required research.

The methodology is illustrated in Figure I-1 and is described by a
series of sequential steps that are noted along the top of the figure
and that comprise the following key elements:

¢ Acquisition, synthesis, and analysis of collected informa-

tion

¢ Breakdown of information into categories and subcategories
of DoD activity
3-1-13
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* Environmental impact analysis based on activities and asso-
ciated impacts

e uLxamination of effects of impacts in terms of environmental
cause-effect relationships

¢ Identification of problem areas associated with state of cur-
rent knowledge concerning environmental effects

¢ Identification of recommended research directed to problems
of interest to ARPA.

D. Acquisition, Synthesis, and Analysis of Collected Information

The data gathering activities described by the first three items of
the study plan led to the establishment of a useful, though limited, data
base. Although the collected environmental impact documents constitute a
potentially useful source of information for structuring DoD activities,
their present number, scope, and quality appear to be too restricted for
preparing a comprehensive activity analysis. Nevertheless, their future
application to this purpose shows considerable promise. Moreover, the
environmental impact assessment process necessarily must reflect planned
activities, and as consequence a continuing and systematic review of the
statements on a DoD-wide basis could provide improved environmentz. feed-
back information to the planning process, as required by the National

Environmental Policy Act.

E. Breakdown of Information into Categories
and Subcategories of DoD Activity

The next steps in the analysis require evaluation of the assembled
inforaation in terms of types of actions or activities. 1In the case il-
lustrated in Figure I-1, the activities are those derived from the envi-
ronmental impact statements as summarized by the major categories of Ta-
ble I-2. Again, as an example, the category for defense systems is fur-

ther subdivided into stationary and mobile systems. At this point, it
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is readily evident that the number of identified activities would be ex-
pected to grow rapidly. On the other hand, the procedure does provide

the possibility for combining similar actions. For example, the 42 EISs
examined during the study are shown in Table I-2 to be represented by 19
separate actions. As noted earlier, this could be useful for preparing

comprehensive statements covering generic actions.

An intieresting, and similar, approach to identification of impacts,
currently under study by the Army, attempts to translate budget line items
into direct impacts on the environment.* For example, the purchase of a
truck or tank requires the production of steel, rubber, light metals,
electricity, and so forth. A consequence of the latter can be certain
types of air, water, and land pollution. The result of such an anslysis
encompasses a level of detail that is very comprehensive but thought by
the Army to be necessary under NEPA. An illustration of this approach
is provided by the draft EIS prepared by the Defense Supply Agency,f

which examines certain environmental consequences of coal procurement.

F. Environmental Impact Analysis Based on Activities, Associated
Impacts, and Environmental Effects

The next steps in the methodology require a translation of the im-
portant DoD activities, or actions, into environmental impacts, thereby
aiding recognition of appropriate targets for research. Figure I-1 il-
lustrates how this could lead in aircraft development, for example, to
major environmental impacts that are relatcd to noise, engine emissions,
and socioeconomic impacts of development and deployment. In turn, the
effects of engine emissions, for example, lead to a number of potential

problems of possible DoD-wide interest. The formation of nitric oxides

*
Appendix B, AR-89.

Appendix B, AR-85.
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is shown simply to illustrate a problem that could lead to research on

engine combustion and thus be fed back to system design or modification.

At the present time, no methods exist for quantitative evaluation of
environmental effects, nor is it likely that quantitative methods can be
developed to describe all the complicated phenomena that are present.

What can and is being done, however, is the establishment of orderly and
systematic methods that can provide a high degree of assurance that the
majority of impacts are recognized, even if the environmental effects can-
not be predicted with certainty. For example, Figure I-1 recognizes the
formation and release of nitric oxides to the upper atmosphere from high
flying aircraft, but the effects are not known at present. From the point
of view of needed research, however, it might be sufficient to note that

a problem may exist, and thus a potential research requirement is identi-

fied.

Because of the limited time available for the present study, it was
not possible to examine in detail the various techniques currently avail-
able for translating activities into environmental impacts and effects.
To illustrate how this might be done, a moderate effort was expended to
the development of methods for identification of atmospheric impacts.

The method modifies a cause-effect matrix to reveal wnether a methodology
exists for quantitatively relating the cause to the effect. The method
focuses on cause-effect relationships that theory or observation suggest
are impurtant but whose exact relationships are poorly defined. In this
approach the primary goal is to identify needs for additional research,
but a subsidiary output is the isolation in advance of impacts that mnay
be subject to rritical review. A more detailed description is presentcd

in the example described in Section II of this chapter.

For possible future applications, two additional methods were briefly

reviewed.
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The first method establishes an environmental effects framework*
which provides a basis for structuring an environmental predictive capa-
bility. The framework is developed by iracking materials through the
process by which they are ultimately disposed in the environment and in-
teract with other parts of the environment. The major segments of the
framework are (1) production-consumption, (2) waste discharge, (3) en-
vironmental quality, (4) biological effects, and (5) socioeconomic im-
pacts. Together with associated interactions that range from input and
output factors to impacts on receiving mediums and biological systems,
these segments provide for identification of the interrelationship be-
tween operations and activities to clarify the resultant environmental
effects, as well as for assessment of their possible social consequences,
The methodology can also reveal how intervention by actions designed to
promote environmental quality can exert influence on operations or activ-
ities through the cause-effect relationships to approach a desired envi-
ronmental quality goal. Furthermore, the methodology can specify the
range of data required to characterize the environmental effects--envi-

ronmental quality management interactions.

Closely related in certain respects is the second method or approachf
which develops a model of user-resource interactions. The model repre-
sents users that are geographically distributed through an environment
and, at a point in time, characterizes both users and natural resources
by their relative status: rproduction level and economic conditions for
resource users and quantity and quality for natural resources. The model
is stepped through time, with each condition and amount being determined

at the end of successive intervals. The model may be used simply as a

*
See Chapter Eight, Section II,

Appendix B, AR-23,
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framework for organizing data from both environmental and economic moni-
toring systems to help correlate resource user activity with environmental
impact consequences. The model also may be implemented by a program in
which routines are inserted that attempt to represent the industrial eco-
nomic, physical, and biological processes present. Empirical inputs are
central to either application. The output allows the examination in a
single model of both environmental and economic consequences of existing

or proposed environmental impact control measures.

Each of the above approaches and the atmospheric impact methodology
discussed in Section II contain common elcments, and, tentatively at
least, it would appear that a combination of these elements that are
most appropriate to DoD activities will prove to be most useful if de-
veloped further, It is readily evident that the techniques, viewed dur-
ing the present study as a means for identifying research requirements,
would also have ready applications by the DoD to environmental impact

assessment work.
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CHAPTER THREE--ENVIRONMENTAL IMPACT ANALYSIS
I1--ANALYTICAL APPROACHES TO IDENTIFYING DOD ENVIRONMENTAL RESEARCH

REQUIREMENTS--AN EXAMPLE RELATING TO ATMOSPHERIC IMPACTS

3-T1-1



II ANALYTICAL APPROACHES TO IDENTIFYING DoD ENVIRONMENTAL
RESEARCH REQUIREMENTS--AN EXAMPLE RELATING TO ATMOSPHERIC IMPACTS

A, Introduction

The analytical process begins with two lists, one of "actions' and
one of "impacts." While the lists are being compiled, it is well to re-
member that every combination of action and impact will have to be con-
sidered, and thus the problem emerges as the product of the lengths of
the two lists, not simply as the total number of actions and impacts

considered.

It is evident that the categories of action and impact must be rela-
tively broad if the problem is to be kept manageable. Not only will it
reduce the number of combinations to be considered, but it will also aid in
recognizing completed research that is applicable to the problem. Research
that clearly connects a broad class of actions to a bhroad class of impacts
will often be recognized when its relation to specific actions and impacts
might go unnoticed. For example, the pertinence of research relating the
thermal and radiative properties of the earth's surface to the local wind
field might go unrecognized if considered only in the narrow context of

airfield runway construction,

On the other hand, it is important to use classes of actions and
impacts that are sufficiently narrow to actually classify actions so that
every conceivable case does not fall into all, or nearly all, the cate-
gories. Yet, the classes must not be so specific that each contains only
one or two cases, If the catepories are selected carefully, then the
rest of the problem will be greatly simplified. Furthermore, careful
selection of categories will not only aid in the isolation of areas

Preceding page blank
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requiring research, it will also help define the required research and
will be of enormous assistance in the design of a literature search for
material that could be used in the preparation of an Environmental Impact
Statement. The categories would also provide an organizational framework

for a library assembled for EIS preparation purposes.

B. Atmospheric Actions

Because this section is confined to atmospheric effects, the list
of actions that is presented includes only items that might have potential
impacts on the atmosphere. Since the list has been compiled without spe-
cific reference to DoD activities, it should also be applicable to civilian

activities,

Specific examples of actions in the various categories also will be
presented, drawn from DoD activities and referring to Table I-2 which
summarized 42 DoD impact statements. Table II-1 is a partial list of the

classes of action that are likely to produce important atmospheric impacts.

In some cases, a particular type of DoD activity may have several
aspects that fall into different sections of the Table II-1 list. Further-
more, there may be intermediate steps between the specific activity and
the listed categories. For instance, in considering releases of pollutants
associated with an activity, there will usually be some requirement: for

information on the nature of those releases.

1. Releases of Pollutants
a. Ground Level

Examples of ground level releases of pollutants could be
drawn from each major category in Table II-1, but the most important cases

appear to be related to facilities construction and mobile defense systems.
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Table II-1

ACTION CATEGORIES RELATED
TO ATMOSPHERIC IMPACTS

Releases of pollutants
At ground level
From elevated sources within the houndary
layer (including stacks)
In the middle or upper troposphere
In the stratosphere or above

Releases of heat and/or water vapor
At ground level
From elevated sources within the boundary
layer (including stacks)
In the middle or upper troposphere
In the stratosphere or above

Alteration of surface properties
Radiative
Thermal
Roughness

In facilities construction, the protlems may closely parallel those facing
urban planners, including all the emissions from automobiles, space heat-
ing, and other activities associated with groups of people, Large facili-
ties will also have effects beyond their own boundaries. Traffic and
housing patterns in the surrounding areas will be changed, and these
changes in turn will affect the nature, quantity, and spatial distribu-

tion of pollutants released near ground level,

To progress from the description of a proposed fucility
to a description of the ground level emissions that will result, the
facility's effect on the housing, business, and traffic patterns first
must be ascertained for the surrounding area, Urban planners and others

have studied this aspect of the prchlem rather extensively, so methods
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are available for making these forecasts. The next step, which requires
that the changed housing, business, and traffic patterns be related to
emissions, has also been studied quite extensively, but certain areas will
require more information. For instance, models of automotive emissions
are not very good for most pollutants, the major exceptions being carbon

monoxide and hydrocarbons.

The development and deployment of mobile weapon systems
will generally include indirectly the same factors as discussed above for
facilities construction. They will also directly contribute pollutant
releases to the atmosphere, Airborne (and missile) systems will have such
releases during takeoff and landing. Other systems may be analogous to
motor vehicles. Although current emission characteristics have been
studied for the engines used to propel mobile weapon systems, new studies
may be needed to describe the emissions from different propulsion systems

or from modifications of existing types.

Other types of DoD activity may also result in important
ground level releases of pollutants such as those associated with testing,
deployment, and disposal of chemical or biological warfare materials.
Target practice and explosive weapons testing will also result in pollu-
tant releases at ground level, but only those associated with nuclear
explosives appear to be serious contributors of pollutants. Cessation
of atmospheric nuclear testing and extensive past rescarch tend to reduce
the requirements for studying the nature of pollutant relcases from nuclear

weapons, but they do not negate the need altogether,

b. Elevated Sources within the Boundary
Layer (Including Stacks)

Defense activities that might produce pollutant releases
from elevated stacks again include the construction of facilities. Small

facilities might have smokestacks (e.g., incinerators for classified
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waste). In larger projects, central heating Systems or power plants might
be required. Unless exotic materials such as herbicides or chemical agents
are to be burned, existing technology appears to be adequate to describe

the materials likely to be emitted.

Defense systems, both stationary and mobile, may create
emissions from stacks, particularly when they require extensive support
in the form of electrical power. If existing power plants are expanded
Oor new ones built, then the DoD activity requiring these changes .ould be
likely to result in an action in this category, Furthermore, aircraft
takeoffs and landings produce pollutant emissions within the boundary

layer.

c, Middle and Upper Troposphere

Pollutant emissions in the middle or upper troposphere
will usually be associated with aircraft or missiles and hence, by the
categories shown in Table IT-t,will be associated with mobile defense
systems. The problems of understanding the nature of emissions at higher
levels are much the same as those for ground level emissions. However,
it may be more difficult to simulate engine operation accurately in the
laboratory for the reduced atmospheric pressure and high speed conditions

that characterize aircraft operations at altitude.

Another instance of pollutants being released in the tro-
posphere concerns cloud seeding activities of geophysical weapon systems.
It might be expected that the characteristics of the released materials
in this case will be controlled and known; however, their effects on the

environment will need to be ascertained and evaluated,
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d. Stratosphere and Above

Many of the sources of pollutants in the stratosphere and
above will be the same as for tropospheric releases. There might also
be entries related to attempts at ionospheric modification. although, while
such activities may have considerable environmental impact, they are be-

yond the score of the present discussion,

2, Releases of Heat and Water Vapor

Many processes and activities that release pollutants to the
atmosphere also release heat and water vapor, This is because heat and
water vapor are two of the three principal products of most combustion
processes, carbon dioxide being the third. Combustion processes are also
major sources of pollutants, hence the close correlation of pollutant
sources with heat and water vapor sources, Emphasis in the following
discussion will be on activities that release heat or water vapor without

also being major pollutant sources.

a. Ground Level

In addition to the heat and water vapor releases associated
with pollutant sources at ground level, heat exchange systems such as used
with large electric power plants also belong in this category. Some of
these installations use nearby bodies of water for heat exchange, result-
ing in water vapor transfer from the surface, while others may be more

in the category of stack emitted heat and water vapor,.

Weather modification is another possible DoD activity that
releases heat or water vapor at ground level, Fog modification projects
often release large amounts of heat, Another fog dispersal technique

uses water droplet seeding from low level aircraft.
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Since any action that changes the vegetative cover will
alter evapotranspiration, most construction activities will have aspects
that can be considered under this heading, 1In general, construction ac-
tivities will more often entail removal rather than creation of water vapor
Sources. Similarly, ground support of mobile weapon systems may require
the replacement of areas of evapotranspiration with impervious runways,
Filling marshy areas for housing is another example that also removes a
water vapor source, as would the use of previously wooded areas as target

facilities,

b, Elevated Sources Within the Boundary
Layer (Including Stacks)

With the exception of large cooling towers associated with
power plants, no eXamples of elevated emissions of heat or water vapor

were found that do not also emit pollutants,

c. Middle and Upper Troposphere

There do not appear to be any important sources that are

not associated with pollutants,

d. Stratosphere and Above

This category includes virtually the same activities as
were important for pollutant releases, However, it is important to the
categorization scheme to separate the heat and water vapor released from
pollutants. The reason for the separation should become clearer when
impacts of the atmosphere are considered, While some impacts arising
from heat and water vapor emissions are closely related to pollutant emis-

sions, it is desirable to consider the others separately,
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3. Alteration of Surface Properties

In shifting the emphasis in this discussion to the sur face un-
cderlying the atmosphere, it is clear that there are problems that are
parallel to (hose of the atmosphere. Thus, by altering the nature of the
surface, atmospheric repercussions are likely to occur, and DoD activities
that alter the earth's surface characteristics are an important factor in

the analysis,

a,. Radiative

Construction is the major category of DoD activities that
results in changes of surface radiative properties. Replacing a natural
surface with building and pavement will change its radiative properties.
Even the installation of ''natural surfaces" may change the radiative
properties--e.g., installation of a golf course in a desert will radically

change the emittance and reflectance in the area.

The ground-based facilities associated with certain mobile
weapon systems will have aspects that fall in this category of actions.
In particular, large runway complexes may have radiative surfaces that
are vastly different from the original ground cover that they replace.
At the other end of the weapons systems are also changes of the radiative
nature of the surface. Bomb blasts, napalm, or defoliation are examples,
representing hazardous operations under the heading of "target facilities"

or perhaps "hazardous experimental progrvams.'

It may be necessary to quantify the changes in radiative
properties that result from DoD activities. Studies of the reflective-
absorptive-emissive characteristics of various kinds of surface will be
of varying degrees of application and usefulness. Some aie too fine in

scale, dealing only with very flat uniform surfaces such as seldom exist
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outside the laboratory, Others deal with larger scale agglomerations of
surfaces that may be more typical of mesoscale phenomena such as housing

developments and desert acreage,

b. Thermal

DoD activities that alter surface radiative properties
will probably also change surface thermal properties. This is certainly
true of most construction and land use projects, as well as many support
facilities for mobile Wweapon systems. Weapon system targets will suffer
changes in thermal properties, particularly if vegetative or structural

cover is destroyed.

The thermal properties of various soils are not well docu-
mented, and thermal properties assoéiated with more complex situations
such as forests and urban areas are even less thorouginly described. How-
ever, as the discussion of action-effect relationchips will show, precise
quantitative descriptions of the thermal properties are not always neces-
sary to estimate effects wita sufficient accwi acy for assessment purposes.
For example, some empirical relationships are available that do not re-

quire detailed inputs,

c. Roughness

The most important changes in surface roughness will prob-
ably arise from construction activities where buildings may be added to
a reasonably smooth natural surface, Another important change of rough-
ness takes place when wooded or bushy areas are cleared and leveled for

aircraft runways,

Surface roughness can probably be described with sufficient
accuracy to permit initial assessment so that extensive further research

is not necessary, However, specialized applications may require additional
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work. In general, the surface roughness is of interest because of its
effects on atmospheric turbulence and the transfer of pollutants, heat,
water vapor, and momentum. Experimental and theoretical studies have
provided information on the relationships between roughness and other

parameters that is at least as accurate as other aspects of the problem,

Very often, alterations in the surface will cause differ-
ences in the way the surface reacts to the atmospheric elements, even
though the surface changes may not lead to meteorological changes. For
instance, the same amounts of rainiall on surfaces with and without
vegetative cover will have quite different results. Although these are
not considered as atmospheric phenomena per se, they are related and

should be borne in mind.

C. Atmospheric Impacts

The atmospheric impacts considered fall into two general categories.
One category is made up of impacts that result in changes in weather ele-
ments. This category also includes impacts that alter the constituency
of the atmosphere, particularly in ways that are harmful or undesirable.
These impacts are more localized in space and time than those in the
second category, climatic impacts, which produce changes in weather over
long periods of time and large areas, perhaps worldwide. If certain ac-
tions produce local, short term weather changes and if those actions are
carried out over a wide area or a long period of time, then the results

are likely to move to the category of climatic change.

Climatic change can also arise from causes that have little or no
local consequences that could be separated from global changes. Changes
in the global heat budget would be expected, for example, to change
the earth's climate, but the process is fundamentally different from
climatic changes that result from a multiplication of local, short term

effects.
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It should be remembered that individual weather or climatic elements
are interrelated. If fog or clouds are produced, they may affect air
temperature. Conversely, a rise in low level air temperatures can induce
convection, cause cloud formation and perhaps lead to precipitation. Al-
though such secondary effects can occur, they have been largely ignored
during these first tentative steps at organizing and analyzing the action-

impact problem.

Most of the categories of impact listed in Table II-2 are self ex-
planatory; the discussion that follows clarifies the relationships between

actions and impacts.

Table II-2

ATMOSPHERIC IMPACTS

Changes in local weather and climatic elements

Atmospheric composition, particularly undesirable
harmful pollutant concentrations

Temperature

Wind

Precipitation

Fog

Visibility

Worldwide climatic change

Temperature distributions
Global circulation
Precipitation patterns
Other
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D. Matrix of Action-Impact Relationships

Thesc actions and impacts provide the foundation for a matrix of
relationships among the various classes of each list shown in Figure I[I-1.
Each squarec represents an action-impact pair. For this analysis, three

catcgories of action-impact pairs will be used. They are:

» Cases where the specified action has little or no relation-
ship to the specified impact, thereby requiring no research
to define this nonexistent relationship.

¢+ Action-impact pairs that have a recogni....e and perhaps
important relationship that has cither been defined by past
resecarch or is currently being intensively investigated.
This category does not represent research program areas in
which new DoD participation is thought to be of primary im-
portance.

¢ Action-impact pairs where the relationships may be impor-

tant, but the rescarch required to define their nature has
not been undertaken previously and is not now currently
under way.* DoD research efforts could most profitably

be directed within this category. A hierarchy could be
established on the basis of the significance of the action
category in DoD activities and on the possible severity of
the impacts.

Since assignment of the categories is a subjective process, the re-
sults presented here are subject to revision and refinement., The very
nature of the categories makes them tentative at best. As research pro-
grams are undertaken, action-impact reclationships first categorized as
rcquiring study will move to the category of those that are understood
and defined. Morcover, it is likely that some cases currently consid-

ered as unimpertant will in the future be considered differently and

will have to be moved into the category of those requiring research.

* A fourth class in this initial stage of study includes cases for which
the study team has not becen able to determine the state of research in
the area represented by a matrix square.,
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ATMOSPHERIC COMPOSITION
PARTICULARLY UNDESIRABLE AND

HARMFUL POLLUTANT CONCENTRATIONS

TEMPERATURE

WIND

PRECIPITATION

FOG
VISIBILITY
CLOUDINESS

GLOBAL CIRCULATION
PRECIPITATION PATTERN

TEMPERATURE DISTRIBUTION
CLOUDINESS
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FONVHDI JILVYWITD 30IMATHOM

4V D1NIHISONLY
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In any event, the matrix in Figure 11-1 provides a starting point
for defining the atmospheric research needs of DoD. The next step is to
assign categories to each matrix square. Figure 11-2 shows the prelimi-
nary classifications that have been assigned., The black squares repre-
sent aieas where the study team believes that actions and impacts are
not sufficiently related to be important. The hatched areas are those
wherc current or past research has been undertaken and DoD efforts are
likely to be duplicative. Finally, the open squares show areas that

should be considered for DoD research programs.

Although discussion of a matrix of the sort shown in Figure 11-1
is loosely based on row-by-row analysis, there will be deviations from

this pattern when convenient, or when it seems to clarify the discussion.

Primarily, the first row represents the occurrence of concentrations
of pollutants that may be harmful (to humans, livestock, and other ani-
mals or materials) or unpleasant, such as odors. In considering these
effects, primary concern has been associated with ground level concen-
trations where the direct effects of pollutants are likely to be felt
most heavily. Moreover, increasingly large amounts of air travel make
the concentrations at higher altitudes potentially harmful. This factor
underlies the need for research expressed by the blank squares in the
upper left corner of the matrix. These squares represent the relation-
ships between harmful pollutant concentrations and releases of these
pollutants in the upper atmosphere. The first research efforts should
be directed at establishing the importance of these relationships., The
relatively small amounts of materials released and the required separa-
tion distances between aircraft (the principal sourczes in this region)
may mean that people and equipment are not exposed to harmful concen-

trations.
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The remaining squares of the first row indicate that DoD research
is not required relative to the represented relationships. Many agencies,
including the AEC and the EPA, have been and are studying air pollution
problems extensively, particularly as related to the behavior of stack
plumes and urban emissions. The weakest area is the understanding and
modeling of photochemical smog formation processes. However, extensive
research programs--theoretical and experimental--are currently unde} way
in this area, and the results of this work should be adaptable to DoD

situatrions,

Since heat and water vapor in reasonable concentrations are not gen-
erally considered to be harmful, they are not likely to require research
attention with regard to their contribution to the occurrence of pollu-
tant concentrations although they affect composition. Some relationships
might be considered, sucli as high humidities that are damaging to some
materials and some chemical reactions involving pollutants that are hu-
midity dependent, but for this discussion they are taken %o be of neg-~

ligible importance.

Also, the effects of surface alteration on pollutant concenirations
are of relatively minimal importance, particularly changes in the radia-
tive nature of the surface. Changes in the surface roughness or heat
capacity characteristics, under some circum<tances, will affect the trans-
port and diffusion of pollutants and hence may have some importance.
Studies of urban diffusion have probably supplied sufficient information
to treat these effects in as much detail as would be required for most

purposes, and these data also will be available to the DoD.

The next six rows of the matrix represent changes of weather or
climatic elements on a local scale. Releases of pollutants in the strato-
sphere are not considered to result in important imnacts in this cate-

gory, because local scale weather is almost entirely a tropospheric
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phenomenon . Furthermore, interchanges of pollutants between the strato-
sphere and troposphere generally proceed slowly, so that effects that

might occur are more likely to be of a long term, global nature.

Pollutant releases in the troposphere may have effects relatirg to
cloud formation and precipitation. These effects would depend on the
ability of the pollutants to initiate or inhibit condensation or freezing.
Research in thesc areas would first be directed to determining the nature
of emissions at these levels, principally jet engine exhaust products.
1f significant amounts of freezing nuclei or cloud condensation nuclei
were present, then important effects might result and the next step would
be to study the relationship< among these materials and ambient meteoro-
logical conditions especially as they related to cloudiness and precipi-
tation. A similar course would be followed for substances that might
inhibit condensation or freezing. To some extent, Air Force studies
directed toward methods of suppressing aircraft condensation trails may

have fulfilled these research requirements.

It is highly unlikely that pollutant releases in the middle and up-
per troposphere would have a direct effect on temperatures and winds.
As noted before, the concern is primarily with low level conditions that
directly affect the biosphere; the shading shown in Figure 11-2 reflects
this concern, If temperature and wind conditions at altitude on the
local scale are of concern, then some research would probably be desir-

able.

There will be indirect, low-level effects on temperature and perhaps
on wind, arising from changes in cloudiness or precipitation, but the
changes in the latter two ¢'ements would have to be defined before steps

toward understanding low level temperature and wind could be taken.

visibility has been considerc a low level phenomenon and noci likely

to be greatly affected by material injected into the middle and upper
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troposphere. However, this meteorological parameter may be important to
pilots, and there may be some need for studies to determine the effects

of high altitude pollutant releases on high altitude visibility.

The relationships between pollutant emissions and atmospheric tem-
peratures, occurrences of fog, and visibilities can be inferred, to some
extent, from studies of urban and rural climatic differences. The rela-
tionships and physical mechanisms are not thoroughly understood, but con-
sidering the relatively minor magnitude of the effects, the need for
further research by DoD does not seem to be urgent, If research were
undertaken, fog and visibility would be of higher priority than tempera-

ture.

Some statistical evidence exisis of pollutant effects on precipita-
tion, a controversial and poorly understood subject. No research by DoD
is recommended in this area at this time because the effects are detect-
able only by rather sophisticated statistical analysis, which indicates
that the effects are probably rather small. However, it should be recog-
nized that the difficulties of recognizing th2 effects are in large part
attributable to the natural variability of precipitation, so that even

nonnegligible changes are difficult to detect.

Factors concerning the relationships between pollutants and local
weather elements also apply to relationships between pollutants and heat
or water vapor releases. The similarities in the patterns of blac!,

hatched, and open blocks in the two sections of the matrix are anpaient.

It is quite unlikely that sufficient heat is released from most
stacks to appreciably affect air temperatures over a very large area,
There may be noticeable effects in the immediate vicinity of some of
the new, large heat exchangers, but the effects do not seem sufficiently
compelling to warrant intensive investigation by DoD at this time. The

extensive energy consumption in urban areas may contribute (along with
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the city's thermal mass) to the urban heat island effect, Since a rather
large body of literature exists that describe urban heat islands, there
appears to be no pressing need for DoD i1esearch along these lines, al-
though it is important to know the contribution from DoD facilities to

the ad jacent environment.

Even the largest cooling towers appear to be unlikely initia“ors of
Precipitation, although this conclusion is admittedly based more on sup-
position than fact, If DoD activities included very large cooling towers,
then some investigation would be warranted. With regard to ground level
sources of heat and water vapor and their effects on precipitation, nu-
merous reports of convective activity initiated by large fires are avail-
able, However, it seems unlikely that DoD activities would release heat
and water in sufficient quantity and frequency to warrant extensive re-

search; should this not be true then further work would be justified.

Fog can be significantly affected by heat and water releases from
cooling towers. The formation of fog from cooling tower water vapor re-
leases is of considerable concern in many areas and might well be a high
priority research area should DoD build many of these facilities. Changes
in fogginess may also result from changes in natural sources of water
vapor, such as the filling of swampy areas. Subjective weighing of the
effects entailed and the probable frequency of DoD activities that require
actions of this sort indicate that currently existing research results
and current programs, although fev, are probably adequate to satisfy DoD

needs in this area.

The effects of high altitude water vapor releases on cloudiness may
be very important and deserve attention, although it may be that DoD reo-

search on contrails will suffice to define the relationships adequately.

Many of the relationships between surface characteristics and local

meteorological factors have been studied, at least indirectly, during
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investigations of urban meteorology and climate. Some models have been
developed to explain the urban heat islaud, urban air circulations, and
the urban mixing layer in terms of the city's roughness and heat capacity.
Numerous observational programs have also been reported. Agreement be-
tween theory and observation is by no means perfect, but the body of re-
search available should be adequate for estimating environmental impacts
related to urbanization. Extending the available theory to apply to
surface changes other than urbanization would probably not be too diffi-

cult.

Alterations in surface characteristics should have no appreciable
effects on visibility accept for those that are connected with fog for-
mation. Since much fog forms through radiative cooling, the radiative
and thermal propertics of the surface might be expected to exert impor-
tant influences on the frequency and intensity of radiation fogs. The
nature of these influences should be explored. Surface roughness will
also affect fogs by induced mechanical turbulence and the mixing of foggy
air with warmer air from above the surface, but this appears to be an

important factor only in special situations.

It has been suggested that convection, cloud formation, and precipi-
tation might be induced by certain arrangements of absorptive and reflec-
tive surfaces, This implies that important changes in cloudiness and
precipitation migh* result from changes in the radiative properties of

the surface. The topic requires further investigation.

The remaining set of atmospheric impacts are those of worldwide
climatic impact. The hatched and clear areas in the section of the
matrix representing the effects of pollutant emissions on global climate
reflect the belief that these effects may be very important. The squares
relating tropospheric and stratospheric emissions (pollutant, heat and

water vapor) to global climate are hatched for une reason only. It is
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understood that the Department of Transportation (DOT) is undertaking

an extensive research program to explore these areas, and therefore it
might be a duplication for DoD to enter this area. On the other hand,
the questions are so large and so important that more extensive research
support may well be warranted to obtain information needed to guide op-

erational programs,

Past research concerning the global effects of pollution--primarily
from sources in the lower atmosphere-~has raised more interesting ques-
tions than it has solved. There is little question that extensive re-
search is needed to relate pollution effects and global climatic change
appropriately. To the extent the DoD is an important polluter, its par-

ticipation in such research is quite warranted and desirable.

All the black squares in the lower right corner of the matrix are
predic~ated on the assumption that it is not currently possible to modify
areas of the earth's surface that are sufficiently large so that they
will introduce appreciable climatic changes of worldwide scope. This
assumption itself deserves some attention. If it is found to be false,
then many more important research areas will be added to the list.
Similarly, advances in technolc may make it necessary to reexamine
this assumption periodically., It is quite likely that future technical
advances may invalidate this assumption and make it possible to change
the earth's surface extensively enough to change climates over a large

area.

E. Technolggical and Other Factors

Although the emphasis in these discussions has beea on relationships
between actions and impacts, it is clear that the problem does not stop
at that point. When adverse impacts are forecast, alternative actions

or corrective measures must be considered. In the case of alternative
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#
actions, a reevaluation of impacts wili be required. For corrective

measures, some estimate of their required magnitude must be given., Spe-
cifications must be written for the equipment or other corrective methods

that are being considered.

Determining the requirements for corrcctive measures will essen-
tially be the reverse of the problems that havc been considered to this
point. Viewed in terms of the matrix in Figure II-1, the problem will
be entered on the impact side to establish limits on the action side.
First, limits of acceptability will be established for a specific impact.
For example, federal standards might serve to define harmful concentra-
tion levels of pollutants. The next step is to determine the magnitude
of the actions that will result in impacts within the specified limits.
The blank squares in Figure I1-2 show areas where this second step is
probably not possible, but the hatched squares represent cases where

the necessary specifications for remedial measures can be established.

Once the remedial specifications are established, then another phase
of research begins. The existing research data base may be inadequate to
develop the technology necessary to meet the specifications that are es-
tablished. I1f that is so, then another area of required DoD research is
to be pursued. If the required information does exist, then the problem
is one of engineering and development. Although this may not be a re-
search problem, it may be as important for DoD to pursue as are the

research areas that were discussed.

F. Recommendations for Further Studies

Clearly, additional effort is recuired to complete the development
of methodologies for identifying research requirements, Also, further
research in atmospheric impacts of DoD activities is also needed, par-

ticularly in the areas described below.
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Releases of pollutants to the middle or upper troposphere
and to the stratosphere or above--concentrations and com-
position.

Releases of pollutants to the middle or upper troposphere--
effects relating to cloud formation and precipitation,.

= Nature of emissions, primarily jet engines

- Relationships between freezing nuclei or cloud conden-
sation nuclei and emissions.

High altitude releases of heat and water vapor (middle and
urper troposphere, stratosphere)--relationship to cloudiness.

Alteration of surface radiative and thermal properties--
relationship to precipitation and fog formation.

Worldwide climatic changes (global circulation, precipita-
tion patterns, temperature distribution, cloudiness)--rela-
tionship to releases of pollutants and heat or water vapor
associated with particular DoD operations.

Relationships of cloudiness and precipitation to changes in
the radiative properties of surfaces.
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I RESOURCE MANAGEMENT PROBLEMS: AN OVERVIEW

A, Statement of the Problem

Resources are defined as materials other than air, water, and food
that can be used to satisfy a spectrum of social needs. Therefore, the
resources considered here are limited to energy and mineral raw materials
that occur in the earth, These resources are commonly described as non-
renewable, indicating that nature does not replenish them within either
the lifetime of man or the span of human experience. The fact that such
resources are finite means that development can lead ultimately to exhaus-
tion. Overconsumption or waste in resource use can preempt the heritage
of future generations and impair their ability to determine for them-
selves the role of materials in shaping their response to changing social
values. Inefficiencies in resource development and use to achieve rela-
tively short term benefits are of particular concern, since they contrib-
ute to potential long term economic problems and result in environmental

impacts whose significance is only partially understood.

B. State of the Art

Knowledge of merely the characteristics of such resources is insuf-
ficient in meeting the nceds of modern society. Resources must be lo-
cated, developed, produced, and processcd into useful form for their true
value to be realized. Each stage of the sequence by which resource use
is accomplished represents the potential for perturbation of environmental
quality; this potential is too often realized in resource development,
and numerous examples of adverse environmental impacts are associated

with such activities.
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Environmental effects of resource develoupment are related to the
state of technology used in such activities. In many cases, basic tech-
nology was developed to mect demands for economical resource production
without regard for cnvironmental ecffects from operations. Although some
processes may be modified in an attempt to compensate for their environ-
mental impact, it is apparent that new work is required to achieve greater
control over these effects. Also, it is not clear that technology deiel-
oped to satisfy cconomic demands will be such as to contribute to effecc-
tive resource management and conservation. For example, a number of pro-
cesses arc based on rather high-grade ores and are less efficient in
trcatment of the lower grade deposits that are increacingly being devel-
oped. This process inefficiency consumes energy, recovers only partial
amounts of the resources, and leads to adverse environmental effects.
Processes for resource extraction are not alone in this regard, and min-
ing, transportation, and manufacturing operations are in nced of similar

attention to achieve optimum resource use while maintaining environmental

quality.

Briefly, the problem facing the nation is that the use of resources
needs to be rcasscssed in terms of a new set of cconomic and environmental
values that are a departure from traditional institutional and economic
patterns. In devising research programs to address this problem, it will
be necessary to take a comprehensive approach that establishes a strategic
framework allowing maximum benefit from interrclated research. Such re-
search clearly requires the coordinated participation of a number of or-
ganizations and agencies, and the role of DoD could. be to provide a focus

for the work to enhance progress in dealing with this national problem.

C. Present Activities and Organizations

A number of organizations are actively investigating the problems

associated with resource management and conservation. The National
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Commission on Materials Policy is examining the long range issues in the
development of policies to meet the materials requirements of the next
25 years and veyond. The Department of the Interior is responsible for
reporiing annually "... on the state of the domestic mining, minerals,
and mineral reclamation industries, including a statement of the trend

in utilization and depletion of these resources..."*

Additionally, numerous domestic governwent agencies have responsibil-
ities regarding resources, materials, and energy. At the federal level,
at least 19 departments and agencies sponsor applied research on materials,
15 are engaged in long range materials policy planning, and 20 have mate-
rials informatior management functions.t This situation is further com~
plicated by the often significant role of regional, state, and local agen-
cies in the energy and resource field; for example, the importance of the
Texas Railroad Commission in regulating petroleum production is of national
significance. The diversity of agency jurisdications that pertain to en-
ergy or resource development is such that knowledge of their organizational
procedures and practices are essential to guide related programs in the
energy and resource area. Furthermore, attention to the activities of
Executive Branch agencies needs to be balanced by knowledge of the duties
and jurisdictions of cognizant parts of the Legislative Branch so as to
complete the description of the institutional aspects of en<rgy resource

development.

The activities of government agencies are extended and complemented

by the work of private organizations and institutions in the resource

The Mining and Minerals Policy Act of 1970 (PL 91-631).

See "'Toward a National Materials Policy," a report prepared for the
Committee on Public Works, United States Senate, April 1969. Reor-
ganization since publication of this report has led to changes in
names and locations of some agencies.
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field. Industrial firms and their trade associations, as well as univer-
sities and other research groups, are important factors in the overall

resource posture of the nation.

D. Implications for oD

The Dod is a priority consumer of materials. As such, it requires
advance information regarding the potential character and availability
of material resources so as to develop plans to discharge its mission.
In a broader sense, however, Dod's materials requirements are such that
they influence a significant segment of the industrial economy and
thereby have national impact. In short, DoD resource ucilization is in-
timately interrelated with other sectors of the nation, implying the need
for a coordinated and cooperative effort in meeting resource neceds while

achieving progress in environmental protection.

E. Recommendations for Further Studies

Among the tasks that could be logical subjects for further study are

(1) Monitor current programs relative to definition and ucvel-
opment of the available supply of such natural resources
currently regarded as vital to the mission of the DoD to
determine the character and degree of environmental im-
pacts to be anticip~ted.

(2) Appraise the environmental effects of present technology
for recovery, production, or utilization of resources to
determine potentials for enhancing resource conservation.

(3) Assess the present and potential environmental impact of
developments of low-grade resources (for which substitutes
are unavailable or impractical) at locations and scales
not in being at present.

(1) Determine the effect of recycling of materials on defer-
ring the need to develop new sources of virgin materials
(both for DoD and for supporting industrial activities).
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(5) Determin. the influence of DoD equipment or materials
specifications on resource availability and environ-
mental impacts from development.

(6) Analyze the environmental impact of the developmert of
naval petroleum and oil shale reserves (when and as nec-
essary) to mect the services' need for fuecls in periods
of shortages.

(7) Analyze the means to reclaim and rchabilitate lands dis-

turbed from resource development on lands for which DoD
is responsible.

Initial comments on several of these arecas are presented in the fol-
lowing sections. Section !I gives data on the supply-demand relationships
for key material resources, while Section III examines environmental as-
pects of resource development.
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11 ECONOMIC ASPECTS OF RESOURCE DEVELOPMENT

A, Introduction

Nearlv every commodity or material produced or used 1nfluences the
environment in some way. Because of this, the protection and mairtenance
of a desirable environment mandates serious consideration of materials
that have potential major influence on our environment, with respect to
both curvent and future quantities, production and manufacturing methods

and alternatives, use, and disposal.

All facets of all major industries should be examined in this con-
text. While the steps of various industries may be classified in several

ways, they follow a general pattern of:

e Mining/extraction

s Processing/smelting/refining
¢ Manufacture/production

¢ Use,/maintenance

¢ Disposal.

Many steps in some industries potentially can and do influence the
environment to a marked degree (e.g., petroleum industry). In other in-
dustries, only a few steps result in environmental influence (e.g., cement
or glass). A further complication is that one or more steps in some indus-
tries are done outside the United States or materials are imported, with
the result that the foreign portion of environmental influence may not be

readily appa:ent.

As a result, to determine areas in which care should be taken to main-

tain a desired environment quality, it will be necessary to examine in
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detail projected trends of all major industries, This examination should
reflect projected quantities of materials and processes that could poten-

tially influence the environment in the future.

To illustrate the type of examination that would be required, the
historical and projected supply-dehand characteristics of a few nonfuel,
resource-based industries are summarized in this section. Factorsz of
production, import, export, supply, consumption, price, reserves, and
reserve life index are detailed where the data were applicable to envi-
ronmental influence, In each instance a summary chart showing supply-
demand relationships is given, together with a brief description of fac-
tors in a few of the steps that are potential problem arvas in environ-

mental control.

The data shown for these industries are not necessarily rigorous or
complete., Instead, they illustrate the type of industry information that
should be examined in detail. Although these few industries reflect only
a small portion of the many industrial, commercial, and residential influ-
ences on the environment, they will serve to indicate the significance of
each commodity to environment, as well as the magnitude of effort that
will be recuired to determine the major portion of potential future en-
vironmental effects. The historical characteristics and projections for
these illustrations reflect data primarily from the Bureau of Mines.*

In the absence of BOM data, estimates were made from other sources. DMore
accurate projections will be available only after intensive intestigation,

and in many instan:cs they will differ from the illustrations shown.

For planning purposes, projections are indicated to the year 2000,
with estimates of inte:mediate years of 1980 and 1990. In most instances,

projections for the intermediate years reflect constant compound annual

* Minerals Ycarbook, Mineral Facts and Problems, Commodity Data Summaries.
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growth rates from 1970 to 2000. However, in some instances, growth rates
are expected to change, reflecting modifications in technology, material
substitution, alternative p.ocess methods, or market changes. For each
commodity, it will be necessary to understand and project all factors

that exert major influence on supply and demand.

These projections reflect many assumptions, one of which is that
imports of materials will continue and even increase. Any change in
import/export conditions will necessarily result in changes in projec-

tions.

The following commodities that have potentially significant influ-

ence on the environment were selected for illustration:

¢ Aluminum

* Copper

¢ Iron and steel mill products
* Lead

* Nickel

¢ Titanium,

B. Aluminum

The aluminum production industry has many problems associated with
the control of environmental influences. Solution to the combination of
problems will requirz extensive study of the various processes used and

the respective projected demands for each phase of the industry.

The reduction of aluminum metal from its oxide requires large quan-
tities of electrical power for the process pot-lines, As a result, this
energy-intensive industry is accompanied by environmental pollution prob-
lems inherent in the generation of large quantities of electrical power
(e.g., fossil fuel power plant emissions). Pollution problems in the

process of aluminum reduction are created by fluorine-containing dust
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and gases, as well as by waste disposal (e.g., rei muds from Bayer plants
treating bauxite).l These latter problems could become more critical with
time. Restoration of miicd out open pit areas to usefulness (required in
Jamaica) is becoming increasingly important. Subsidance where bauxite was

extracted underground may become serious in the future.

The overall supply-demand picture for aluminum in 1968 is summarized
in Figure II-1. Sources for world production of 11.130 million short tons
are indicated, together with U.S. production, imports, exports, and dispo-

sition of U.S. production by use.?

Historical statistics and projections for the aluminum industry dif-
fer somewhat depending on the source of information. In general, the pro-
jections that have been made indicate that aluminum will continue to be a
growth industry, with a near doubling of demand between 1970 and 1980 and
a further near doubling by 1990, Demand in 2000 is projected to be be-
tween a high of 44.4 million short tons and a low of 2Z.4 million, with
a probable demand of 29.7 million short tons (see Table II-1). With a
constant annual growth rate of 6.7 percent, the projected demands for
1980 and 1990 become 8.2 million and 15.8 million short tons, respectively

(see Figure I1-2),

Also included in Table II-1 are aluminum prices, a factor that could
influence projected demand with respect to substitution by alternatives;
and reserve life index, a factor that could influence primarv aluminum

production rates.

In contrast to the projected growth in aluminum piojection, U.S. mine
production is projected to decline to 503,000 short tons of aluminum con-

tent in 2000 (see Table II-1). At a constant decline rate, the projected

Toward A National Materials Policy, The National Commission on Materials
Policy, April 1972,

®Mineral Facts and Problems, Bureau of Mines Bulletin 650, 1970 Edition.
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mine production would be 560,000 short tons (aluminum content) in 1980

and 530,000 short tons in 1990 (see Figure I1I1-2).

These projections reflect trends in both aluminum production tech-

nology and in partial convcrsion of ores overseas,

Recent developments in aluminum technology apparently indicate in-
creased use of aluminum in automobiies and in the building and construc-
tionlindustries. In addition, the price differential between aluminum
and éopper for electrical applications favors the use of aluminum as an
electrical conductor. An example of the latter is the selection of alu-
minum transmission cabies, which permits lighter cable weight and greater

spacing of support towers. The net result is a cost saving for the same

electrical current carrying capacity.

Huring 1970 imports constituted about 89 percent of the U.S. supply
of bauxite and alumina. This ore as in previous years came primarily
from the Caribbean area and northeastern South America. However, there
has been a continuing trend toward converting bauxite to alumina in coun-
tries of origin and export alumina to aluminum producing countries. U,S.
imports of alumina, largely from Australia, Jamaica, and Surinam, increased

34 percent in 1970, reaching 1.4 million short tons of contained aluminum,

Under conditions of increasing prices, as well as of improved tech-
nology, domestic mining can be continued at about 500,000 short tuns per
year through the year 2000. This is an equivalent supply of about 15 mil-
lion short tons of aluminum during that interval. This is primarily from
reserves of bauxite in Arkansas. Reserves in Alabama and Georgia of about
0.33 million short tons containing aluminum are being mined for specialty

uses,.

Potential additional domestic resources of bauxite are: (1) large
low-grade bauxite clay deposits and deeply buried and thin bauxite depos-

its in Arkansas, Alabama, and Georgia; (2) ferruginous bauxite deposits

4-11-10



in Oregon and Washington; and (3) deposits of low-grade ferruginous baux-
ite in soils and weathered basalts in Kauai and Maui, Hawaii. Comrcrcial
recovery of aluminum from these potential bauxite resources hinges on de-
velopment of improved mining and processing technology, and increase in

aluminum price, or a combination of roth factors.

C. Copper

The copper industry also faces many problems with respeci to environ-=
mental influences. Possibly one of the more pressing problems is the
emission of sulfur compounds to the air during smelting. To solve this,
new technology and large capital investments will be required to either

modify existing practices or adopt new chemical-process techniques.

Additional environmental problems are encountered in secondary copper
processing., With limited exceptions, much of the copper used can be re-
used, making a reserve that is ultimately recoverable. At present, copper
scrap supplies about one-fifth of the domestic dcmand for refined copper.
However, only about six-tenths of old scrap, theoretically available for
recycle, is actually recovered. Thus the processing systems for recovery

and recycle of secondary copper could bear investigation.

Further, the extraction phase of the copper industry is opposed by
potentially critical conflicts in land and resource use. Reconciliation
is needed in the areas of surface restoration, waste disposal, environ-
mental pollution, and resourcs utilization. As an example of the latter,
about one ton of water is required per ton of ore processed in a concen-
trator. Because large quantities of ore are processed, corresponding
quantities of water are needed, and in areas of 1imited water supply com-

petition (for domestic needs) results.

4-1I-11



The overall picture of the copper industry 1is illustrated in Figure
I1I-3. This indicates for 1968 a world production of 5.892 million short
tons of whieh 1.205 million was produced by the United States. llowever,

the U.S. demand-approximated 2.811 million tons, resulting in significant

quantities of imports.

Historical characteristics and projec‘ions to 2000 for seclected por-
tions of the copper industry are sumnarized in Table TI-2. The projected
increase in consumption of refined copper to 6.360 million short tons in
2000 from 2.04 million short tous in 1970 (an increasc of about three times)
indicates that copper will continue to be a growth industry. However, at-
tention to environmental influence should be directed primarily toward the
refining of copper (U.5. mine production is projected to grow only one and

one-hali times in the same interval).

with a total probable domestic demand of 6.36 million short tons in
2000, a counstant rate of increase would result in a demand of 2.90 million
and 4.30 million short tons in 1980 and 1990, respectively. This is illus~
trated in Figure II-1, together with projected primary copper demand and

the minimal increase in U.S. mine production.
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D. Iron and Steel

The overall supply-demand relationships for the iron and steel indus-
try is shown in Figure II-5 for 1968, the latest readily available infor-
mation, which summarizes sources of ore, imports, process inputs, and

product disposition.

Environmental problems are associated with each step of the iron and
steel industry, with some of the problems being massive or seemingly un-
surmountable economically. The annual production of almost 60 million
tons of iron in ore requires the mining or removal of about 380 million
tons of material, creating problems in land use, waste disposal, restora-

tion of the landscape, and transportation of ore to the point of use.

Air, water, and waste disposal problems are present in the entire
process of iron and steelmaking from r.e 1o finished steel products.
Air pollution problems arr associated with blast furnace, coke plant and
steel melting operations, and captive power plants., Water problems arise
from the discharge of large volumes of cooling water and from the disposal
of waste products, such as spent liquors and used oil. Solid waste prob-
lems include disposal of mine overburden, concentrate tailings, sludges,
slags, and dust from air pollution control devices, Scrap processing plants
have air and noise pollution as well as aesthetic problems. Even discarded

products (cars, tin cans, appliances) pose environmental problems.,

Tk~ total demand for iron (contained iron) is made up of iron in ore,
net imports ol steel mill products, and purchased scrap, ex:luding scrap
recirculated in (he plant, In 1970, 117 million tons of iron were con-
sumed to produce about 91 million tons of steel mill products and 17 mil-
lion tons of iron and steel castings. Nearly comparable amounts of iron
were consumed in conjunction with the production of 87 million tons of
steel mill products and related quantities of iron and steel castings
produced in 197). Imports of finished steel and steel containing products

supplemented the volume of domestic primary and secondary iron consumed.

4-11-16



8961 '‘NOHI HOd SdIHSNOILVI3H ONVW3IQ-AT4dNS

doidg (S)
vout By (d)
310 Ut VOI| AOV

(34) uost JO SUOY $IOYS UOT|[HN Situf
UOI0D141$S0|7) [OHISFPUL PIOPUDIS IS

paiowns 39
AN
L LY
-.-._.H_._._n. _ y I gl
e A
, £{'m
;I._._..._..:..__.i__ ¥ 8 ol N
+ il o | iy HN s dasEmpug
o ki gty sy = —
mar Bl wii
1 EELS
P T |
B TR o i
[ TR 2
L AW
(5 i e TN G
ey
e L+
FiL _ 8t
L R B LR T T riv I
(R bk | - o
sl e g bl el T

W R _
IR M p—

n__i ‘__..I_.I.-Tlu.

[N
el TCE Al Sl e

Vot i itB gl R

S-11 34N9OId
68l
°-—°s—ﬂ=<
Tt
oisdojoy
62
si0y yiioN
il
wrpu
o'pE
S
pom it
_:..._n.n iy
[ T S
g ijy
l_ﬂ i L e |
T s " ..._.I_._
[T | e et v
"
it b
_—ni gy | “ o |
— n .I.|_ | I-ﬂ-l.-
a s J_ .ﬂ. iy
1
ks _ i 4 Vil
&0 i -.l-u “_ wren
ru —araT
..HHF...& Mo
|
I vk ¥er
e ] I3

l-..'.llr

o i W D

i

iyl M0ms 0 Te0s

4-11-17



Domestic ore supplies about 65 percent of the primary demand for iron,
with the balance largely supplied by Canada and Venezuela. About 80 per-
cent of domestic ircn ore comes from the Lake Superior distriet, largely
from lower grade taconites concentrated to a high quality pellet and used

almost entirely for the production of pig iron or hot metal.

Purchased scrap for steel production supplies about 30 percent of
the iron demand. Purchased scrap quantity has been more than was needed,
and several million tons were exported in 1970. The iron recovered from
the scrap generated in iron and steel production and in consuming plants
is of high order, because 1t is clean and easily segregated from other
metals. Obsolete scrap, available from waste and discard, presents the
most difficult problems of iron recovery and recycling. However, in a
few instances, obsolete scrap from structures and heavy equipment may be

recovered easily and sometimes can be reused rather than recycled,

In view of this, the supply-demand relationships of individual parts
of the iron an. steel industry should be detailed separately. Data for
one fucet, steel-mill products, is detailed as an example in Table 11-3,
including shipments, imports, exports, and supply projected to 1990, Also
included are historical prices as an indication of a factor that could in-
fluence substitution by alternative materials and ore reserve life as an
indication of remaining recoverable ore at today's finished product prices.
Resulting trends show projected steel mill product shipments at 108 million
short tons in 1980 and 137 million short tons in 1990 (see Figure II-6),
Projected supply-demand relationships for other parts of the iron and

steel industry should be available after detailed research effort.
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E. Lead

In the lead industry environmental control problems are fouud in air,
water, and land use similar to problems in other metal and mining indus-
tries, However, because of previous application of measures to reduce
health hazards to employees, concern over environment pollution control

may not be as intense as in other metal aud mining industries,

The overall summary of the lead industry is illustrated in Figure
11-7 for 1968. This indicates that the United States is a major contri-
butor to the world supply--.390 million of the total 3.310 million short
tons in that year. However, with the U.S. demand at 1.449 million tons,

imports are significant,

Data for historical characteristics and projections for the domestic
lead industry differ somewhat depending on the source. Data from the
Bureau of Mines are summarized in Table II-4. This source projects the
U.S. demand in 2000 to be in the range of 2.52 million to 4.14 million
short tons annually with a possible 3.64 million tons, reflecting consid-
eration of many economic factors and trends. These data are illustrated
in Figure II-8. Details of projected end use in 2000 are shown in Table

11-50

Compreiensive projections of demand could be available only after

extensive investigation.
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Table II-5

FORECAST OF DEMAND FOR LEAD BY END USE
(Thousands of Short Tons)

Forecast | United States |Rest of World

1968 |Base 2000 | Low _High | Low High
Storage batteries 500 1,750 1,500 | 2,000
Gasoline additive 262 900 1,300
Consiruction/paints 250 400 300 600
Ammunition 81 130 80 150
Packaiing 60 80 50 8Q
Communication equipment 87 80 20 60
Printing 32 50 20 50
Others 177 250 150 300

Total 1,449 3,640 2,120 4,540 | 4,260 5,310
Ad justed range 2,520 41,140

Median 3,330 4,785

Source: Mineral Facts and Problems, Bureau of Mines Bulletin 650, 1970
Edition,

F. Nickel

The supply-demand relationships of nickel in 1968 are summarized in
Figure II1-9, showing sources of supply and disposition of U.S. production,
Primary uscs for nickel are in chemical products and in alloys with other
metals to improve resistance to corrosion and mechsnical and high temper-

ature characteristics,

The United States has relied on foreign imports for most of its nickel
materials, and indications are that within a relatively few years (possibly
15) essentially all except secondary nickel supply will be imported. As
a result, environmental influences from primary nickel production are not
expec! d to assume major proportions. The only serious pollution problem

is the emission of sulfur dioxjde during the smelting of nickel sulfide
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ores. Open pit mining of laterites so far has been in tropical areas
where vegetation growth can be rapid, with the scars of mining healing

quickly, or in areas remote from population,

In many of its uses, nickel is recyclable and recovered by secondary
processing (particularly from stainless steels and various nonferrous
nickel alloys) where these materials are returncd for remelting into the
same or similar products. In other nickel uses such as electroplated
products, many alloy steels, and cast iron products the low nickel con-

tent makcs recovery per se technically difficult and uneconomical,

Major problems are associated with the separation of high nickel
content alloy scrap from other materials, and sophisticated techniques
have been developed to separate, clean, and classify these specialty

metals,

Table I1I-6 summarizes supply-demand characteristics for 1960-71 and
indicates the projected consumption for 2000 and interniediate projections
to 1980 and 1990. Characteristics shown are primary and secondary produc-
tion, import, export, supply, and consumption, Additional factors that
could influence projections have been included--price, reserves, and re-
serve life index for the United States and remainder of the free world.,

It is significant that U.S. mine production is projected to remain at
about the current level (about 15,000 to 17,000 short tons of nickel
annually) until the reserves recoverable at current prices are exhausted,
but the demand for nickel could increase to two and cne-half or three

times the 1970-71 levels,

The distribution of nickel products by end use for 1968 and the U.S.
forecast base for 2000 are detailed in Table II-7. Also shown are the
low and high forecasts as projected by the Bureau of Mines. It is sig-
nificant that although the current major portions of nickel use are in

chemical products and in fabricated metals, the largest projected major
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growth is in aircraft. This reflects projected increased use of light
weight, high strength, or special characteristic materials required for

maximum stress and high temperature conditions in aircraft operation.

Based on this U.S. forecast base for 2000 and a constant annual
growth rate, the projected demand for nickel approximates 201,000 short
tons in 1980 and 332,000 short tons in 1990, This is shown in Figure

I1-10,

Two factors warrant detailed examination of projected nickel use
with respect to environmental effects, the rapid growth of nickel in
aircraft and the difficulties encountered in separation of nickel in

secondary processing.

The future use of aircraft could differ somewhat from current pro-
Jections. Factors that could slow the rapid development include noise
and emission pollution characteristics which could cause economic prob-
lems. Conversely, advances in technology credited to aircraft use may
prove applicable in other industries and could enhance nickel use (e.g.,
use of special high temperature characteristics in ground transportation

or corrosion resistant alloys in manufacturing equipment).
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G. Titanium

Environmental influences from the titanium industry stem primarily
from the mining and concentrating operations and entail disposal of solid
and liquid wastes. While the U.S. titanium industry imports the predomi-
nant portion of rutile it consumes, sufficient domestic ilmenite is mined
to warrant consideration of disposal of slimes and mud resulting from

dredging operations,

The overall picture of the titanium industry is illustrated in Fig-
ure T1-11 for 1968. This indicates that world production of contained
titanium in ilmenite approximates 1.254 million short tons of which the
United States produces .305 million. The production of rutile is essen=
tially all foreign, with the United States importing about 103,000 tons
(titanium content), The spectrum of product demand of about 458,000 tons

is predominantly for paints and other nonmetal uses.

Projected demand distribution in year 2000 is summarized in Table
11-8, showing low and high limiting estimates and th~ projected amount
based on various related indicators. This projection indicates that about
92 percent of titanium production will be for nonmetal uses--paints, paper,
floor coverings, plastics, and other uses where high opacity characteris=
tics are required. With a constant growth (approximating 4,4 percent
annually), the total proujected titanium demand in thousands of short tons

becomes as shown below in tons,

1968 458
1980 765
1990 1,170
2000 1,797

This is illustrated in Figure II-12,
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Table II-8

U.S. TITANIUM DEMAND FORECAST
(Thousands of Short Tons)

2000
1968
Low | High | Median | Probable*
Nonmetal (primary)
Paints, etc. 243 500 | 1,000 980
Paper 75 100 300 260
Floor cover, plastics 56 200 600 200
Other 67 160 260 210
Subtotal 441 960 | 2,160 | 1,560 1,650
Metal
Primary 12,75 62 234
Secondary 4,25 44 156
Subtotal 17.00 106 390 248
Aerospace 15.00 100 340 140
Chemical and other 2.00 5 50 7
Subtotal 17.00 105 390 147
Total
Primary 453.75| 1,022 | 2,394
Secondary 4,25 44 156
Total 458.00 | 1,066 | 2,550 | 1,808 1,797

*

Source:

U.S. forecast base 2000,

1970 Edition.
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Because separate parts of titanium processing may exert different
environmental influences, historical statistics for each part are summuar-
ized in Table II-9, In some instances, data are not available to protect
individual company’s information when only a limited number are involved.
For most of the processing information, detailed projections from proven
dependable sources are not currently available. 1In one part, sponge metal
consumption, the Bureau of Mines indicates a range from 51,400 to 184,000
short tons in the year 2000, With a constant growth rate, projections for

the intermediate years would be (in thousands of tons of titanium):

Low High

1980 19.4 28.8
1990 31.4 72.6
2000 51.4 184.0

This is illustrated in Figure II-13, together with recorded Japanese pro-

duction.*

World reserves of titanium ave summarized in Table II-10., Because
recovery of titanium from secondary metal sources is small (1 percent of
total demand in 1968), the United States may continue importing rutile
from areas of greatest reserves--Australia, and possibly Sierra Leone

(if production problems are solved).

*
Japan and the United States are the only two major titanium pruducers

in the Free World, the United Kingdom being a distinct third.
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Table II-10

TITANIUM: ESTIMATED RESERVES
OF ILMENITE AND RUTILE
(Thousands of Short Tons)

Titanium Titanium
Ilmenit til
~ Equivalent Ru ° Equivalent
United States 100,000 25,000 500 250
Other Free World
Australia 20,000 5,000 4,000 2,000
Canada 100,000 25,000 500 250
Ceylon 5,000 1,250 300 150
India 60,000 15,000 100 50
Norway 120,000 30,000
Sierra Leone 3,000 1,500
United Arab Repablic 40,000 10,000
Other 25,000 6,250
Subtotal 370,000 92,500 7,900 3,950
USSR 100,000 25,000 300 150

Source: Mineral Facts and Problems, Bureau of Mines Bulletin 650,
1970 Edition,
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CHAPTER FOUR--RESOURCES MANAGEMENT
IH1--ENVIRONMENTAL ASPECTS OF RESOURCE DEVELOPMENT
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II1 ENVIRONMENTAL ASPECTS OF RESOURCE DEVELOPMENT

A. Statement of the Problem

...Man assigns utility to various elements of his
environment and thus confers upon them the role of
resources. Resources then are neither wholly of
the physical world nor wholly of the world of man

but are the result of the interaction between the

two .}

Development of resources to satisfy social needs implies an inti-
mate interaction between man and his environment. Furthermore, the prac-
tice of development requires man to carry out operations that are dif-
ferent in character, scale, and rate from the natural processes that
controlled the genesis of the resources. These operations inherently
represent perturbations to the environment, and it is becoming increas-
ingly important to determine the extent and degree of environmental im-
pacts so that their adverse effects may be mitigated by positive action.
This analysis addresses the environmental problems associated with pro-

duction of mineral resources from which materials important to the DoD

may be derived.

The task of defining environmental aspects of resource development
is quite difficult, Past activities were frequently developed to em-
phasize efficient and economical resource recovery, with little consid-
eration given to attendant environmental effects. In fact, the environ-
ment adjacent to resource developments usually is considered as a sink
for disposal of wastes associated with product recovery. Wastes include
solid wastes, emissions into the air, and discharges into waters; fre-
quently, the volume of wastes is many times that of the desired resource

product. Also, since wastes usually represent some physical or chemical

Preceding page blank 4-111-3



change to original material, their potential for contributing to adverse

environmental impacts is considerably enhanced.

Previous practices for disposal of wastes by uncontrolled release
into the environment did not necessarily require data on their magnitude
or character because they were external to market calculations, and pre-
cise information on waste volumes associated with production of common
materials is often lacking or at best incomplete. However, this infor-
mation is essential if resource development practices are to be sys-
tematically evaluated to achieve lessened environmental impact. In
particular, the amounts of waste of all types (and the media that re-
ceive them) need to be identified and categorized for each sequence of
production for the common materials used by the DoD. Also, the extent
and nature of environmental effects of these wastes need to be described
and assessed. Finally, the amounts of other resources (principally water
used in association with material processing) required for resource de-

velopment need to be compiled.

This essential information is necessary to place in per-pective
the balances of materials used in terms of their resulting environmental
impacts. Without this information, no real progress can be made in un-
derstanding the interrelated stages of resource development so as to
permit the coordinated planning for preserving environmental quality
while maintaining supplies of needed resources. The problem, in short,
is that many of the unit data required for such an analysis remain to

be developed and applied.

B. State of the Art

The state of the art in assessment of the environmental aspects of
resource development is described according to: (1) materials handled
(an indicator of solid wastes), (2) emissions (an indicator of air qual-

ity), and (3) discharges (an indicator of water quality). Energy

4-111-4



associated with materials production and applications is analyzed in a
companion report.2 To the extent possible with the limitations of pres-
ent data, each major material of concern to the DoD will be examined on
a unit basis., However, the short time available for analysis did not
permit an exhaustive survey, and the present data are not sufficieutly
complete at this stage to permit examination of interactions between

environmental media in this report.

1. Materials Handled

Few minerals occur in a form that permits their use directly;
most require some degree of processing to separate the desired commodity
or ore from associated waste matcrial. Nevertheless, both ore and waste
must be handled as a first step in processing. The amount of materials
handled will vary according to commodity, type of depocsit, and grade of
ore. Figure III-1, compiled from data published by the Bureau of Mines,®
illustrates the relationship of crude ore to waste handled at U.S. mines
in 1969 for common commodities. The figure shows that the amount of
crude ore and waste for iron, copper, and phosphate rock are greatest,
while asbestos, bauxite, and other materials are less. Clearly, the
characteristics of individual materials and phenomena related to their
occurrence (especially grade) control the ore-waste relationships for
each commodity. However, the data suggest a general trend in which
amounts of ore and waste appear to be directly proportional; the more

crude ore handled, the more waste (and conversely). This is in part

related to ore extraction and processing.

Many ores require further treatment and processing to extract
the sought commodity. Figure III-2, also derived from data published
by the Bureau of Mines (Reference 3, p. 77), shows the ratio of units
of materials handled relative to units of marketable products. Products

in this case refer to commodities extracted from the ore. The figure

4-I11I-5
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shows that copper has the highest ratio, nearby 600 to 1; in other words,
roughly 600 tons of material (ore plus waste) must be handled to produce

a ton of copper. The reason is that progress in extractive metallurgy

has made possible treatment of very low grade copper ores on a very large
scale, Still, significant volumes of wastes are a result of this opera-
tion. Other common commodities have lower ratios; iron ore is about

4 to 1, a reflection of its nigher grade which makes usable more of the
large amounts handled. Sand-gravel has the lowest ratio, 1 to 1, because
all the material handled is used. If materials' properties for particular
applications are roughly comparable and if it is desired to minimize solid
wastes in materials production, then it would seem worthwhile to consider
materials occurring toward the right of Figure III-2, Clearly, this ap-
proach is incomplete in that minimizing sclid wastes may lead to increased
impacts on air or water quality; these aspects are described in the fol-
lowing paragraphs as preparation for a discussion of an approach to inte-

grated environmental impact analysis.

The waste problem in resource development is clearly of con-
siderable importance in view of the large amounts of materials used in
any given year. The cumulative effects of these wastes can be quite
significant in areas of resource development, representing substantial
environmental impacts. The Department of the Interior found that more
than 3 million acres had been disturbed by surface mining as of 1 January
1965 (Table III-1).* The amount has doubtless increased since that time.
For example, SRI found that as of October 1971, roughly 250,000 acres
had been disturbed by surface coal mining in West Virginia alone.® The
scope of the disturbance and waste production problem associated with
resource development is great. Also, erosion of mined lands and waste
areas leads to water quality, flood control, and navigation problems of

concern to the DoD in connection with its civil responsibilitiss,
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Table III-1

LAND DISTURBED BY STRIP AND SURFACE MINING
IN THE UNITED STATES AS OF 1 JANUARY 1965

(Acres)

Commodity Land Disturbed
Clay 108,513
Coal 1,301,430
Stone 241,430
Sand and gravel 823,300
Gold 203,167
Phosphate rock 183,110
Iron ore 164,255
All other 162,620

Total 3,187,825

Source: U,S. Department of the In-
terior, '"'Surface Mining
and the Environment," 1967,

2. Air Qualitz

Processing of ores can release emissions to the air that in-
fluence its quality level. These emissions have been compiled by the
Environmental Protection Agency,e and are expressed on a unit basis,

e.g., pounds of particulates per ton of product associated with a given
process. Figures I1I-3, 4, and 5 present these data for particulates,
sulfur oxide emissions, and nitrogen oxide emissions. As in Figure III-2,
the data are presented in descending order with the highest values at

the left. Other things being equal, materials or processes that lead to
lesser emissions would seem to be preferred over those that lead to
greater amounts (again, it is necessary to consider related environmen-

tal effects in other media).
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The importance of air quality factors may be demonstrated by

two examples.

e A 1000 megawatt coal-fired generating unit consumes
about 400 tons of coal per hour, If this fuel has
3 percent sulfur, this represents the production,
each hour, of 12 tons of sulfur, or 24 tous of 502,
or 36 tons of H2504.7 On a national basis, roughly
9 million tons of sulfur is released by power plants
each year.

« Copper smelters produce about 3600 tons of acid per
day;® on an annual basis, this amounts to more than
one milliun tons.
The presentation of air quality impacts in unit terms enables
assessment of the relationships to process characteristics and quanti-

ties and permits evaluation of ths environmental aspects of materials

production on airsheds in the vicinity of developments of plants,

3. Water Quality

Resource development also contributes to effects on water
quality; the degree of effect varies with industry and process. Water
is used in resource development for cooling and as an additional process
constituent, However, data on water quality effects are in less usable
form than those for materials or emissions. The principal source of
data encountered in this brief examination is a survey conducted by the
Conference Board.® Although the survey did not provide complete cover-
age, the total wastewater volume and characteristics of survey partici-
pants were presented, together with the number of plants, permitting
calculation of the wastewater discharge at ''typical" plants. Although
somewhat artificial because of the form of available data, this approach
does provide some guidance to evaluation of the water quality factors
associated with resource development. A set of figtres was prepared
from these data to represent the following daily discharges at a typical

plant:
4-111-13



Figure i1I-6 Untreated wastewater discharge
Figure III-7 Treated wastewater discharge
Figure III-8 Biological oxygen demand (BOD)
Figure I1I1-9 Chemical oxygen demand (COD)

Figure I1I-10 Suspended solids

As in earlicr figures, the data are presented in descending order from
left to right, Because each process or industry will have different
amounts of discharges in each category, the order of presentation will
vary for each figure. Other things being equal, it would appear that
the processes or industries occurring to the right would have lesser
environmental impact and might for that reason be favored over others

with greater discharges.

Figures I1I1-6 and 7 present data in gallons of wastewater
discharged, which sets them apart from the other charts in this section
that give data in units of weight. This reflects the original data; to
convert to pounds, multiply data in gallons by 8.35; to convert to tons,

multiply by 4.175 X 1073,

The limitation in these data on water quality is that they do
not include information on the capacity of individual plants, and there-
fore it is not possible to directly relate a unit of discharge to a unit
of production for the industries surveyed., It would be possible to es-
timate unit discharge/production relationships by making assumptions
rcgarding the capacity of typical plants. However, since tihere is no
guarantee that the assumed capacity is representéd by the plants in-
cluded in the survey, the uncertainty .in éhis approach appears to be
large. Information that may.be of assistance in this task was recently
summarized,!° although great care is needed to avoid misleading results.
The relationship of water discharge data to unit production of key com-
modities needs to be determined for major processes if environmental

assessments are to be performed.
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The capacities of typical plants can be estimated from avail-
able data, observing the above cautions. The steel industry is used to
illustrate the estimating process. It has been noted that "all the iron
produced in an integrated steel mill originates at the blast furnaces....''?
According to the U.,S. Bureau of Mines,a 95 million tons of pig iron were
produced in 1969, and there were 228 blast furnaces in the United States
during that year. On the average, annual production would be about
417,000 tons per furnace. Assuming that each furnace operates for 330
days per year, roughly 1300 tons is produced daily by each furnace.* If
a typical steel plant has 5 furnaces (Reference 11, Figure 5), then such
a plant produces about 6500 tons of pig iron per day. Conference Board
data® indicate that a typical blast furnace/steel plant discharges roughly
12 million gallons per day. Therefore, in terms of unit production, the
daily discharge from a typical steel plant would seem to be about 1850
gallons per ton. However, evidence suggests that this figure is too low.
The Conference Board found that the steel industry was ''least cooperative"
with its survey, and that the responses received from steel companies
represented only a small fraction of the total, with many of the largest
not responding.f Accordingly, the actual total wastewater dincharge
for a typical steel plant used in the above calculation is probably
greater than the apparent result. 'In general, where water is plenti-
ful and pumping costs are low, the industry tends to use water freely,"!Z®

"It has been estimated that as little as 2 percent of the circulated

(water) supply (in steel plants) is actually consumed; the remainder is

* Taken from other metal industries listed in "The Economic Impa.t of
Pollution Control.''*® This calculation is in excellent agre:.:ant
with Mineral Facts and P -oblems - 1965 Edition, which states . hat
"the average blast furnace in the U.S, ... will produce about 1200
tons of pig iron per day." p. 462.

+ Telephone interview with L. Lund, September 28, 1972,
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returned to the natural drainage basin in which it originated (or re-

used)." (Reference 13, p. 262.) "In older mills of the East and Middle
West, most ... water is used on a once-through basis; in the West where
water is less plentiful, a high percentage of the water is collected and

reused.'*?

Water required for taking raw iron ore to steel products is
generally in the range of 20,000 to 40,000 gallons per ton.'* If most
of this is used on a once-through basis in older mills, then the daily
discharge of a typical steel plant could be about an order of magni tude
greater than that indicated by data obtained in the Conference Board
survey. The actual figure will vary with process and location, indi-
cating the need for further research to determine these factors with
greater precision. Similar work is needed for other common commodities
such as aluminum and copper to provide for assessment of the overall

environmental impact associated with their development.

C. Synthesis of Environmental Aspects of Resource Development

As the forcgoing data illustrate, attention has been most frequently
focused on the impact from resource developments on jndividual media con-
stituting the environment. For example, considerable amounts of data
exist on certain aspects of air and water quality. However, little at-
tention has been given until recently to an integrated analysis of the
overall environmental impact of any given process or industry. Part of
the reason for this has been a lack of process-related data that express
environmental impacts on a unit basis to serve as a common reference base
to guide the analysis. The previous discussion suggests that this condi-
tion may be alleviated through systematic research. Clearly, this form
of analysis 1s essential if progress is to be made in recognizing oppor-
tunities for process improvement to minimize adverse environmental ef-
fects while controlling costs to manageable levels. Two recent illus-

trations of this form of analysis cover a gypsum plant13 and the U.S.
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cadmium industry.14 Each study identifies the sources and amounts of
emissions from various stages of the production sequence, facilitating
the design and implementation of abatement and control programs from a
technical standpoint. The same approach should be extended to examina-
tion of the environmental aspects of other key materials of importance
to the DoD. With a complete data base, the overall environmental impact
of these materials can be assessed, facilitating the establishment of
advanced research programs to deal with critical problem areas. Addi-
tionally, the technical data for each stage of the production sequences
need to be balanced by compilation of the major institutional factors
that pertain to production so ag to place operations in perspective and
recognize possible constraints to implementation of technical advances.
This will represent a major research undertaking. The scope of study
will be broad because of the variety of processes for materials produc-
tion, the range of environmental impacts related to process type and
volume, and the diversity of charzcteristics of the ambient environment

itself.,

Two initial attempts to illustrate the approach to overall environ-
ment assessment are described below, one in which the apparent impact of
two materials is compared, and the other in which the impact of a material
used in a common application is analyzed. In each case, the analysis is
preliminary, intended only to demonstrate the concept that quantitative

analysis of environmental impacts of resource development is feasible.

1. Comparison of Environmental Factors for Copper and Aluminum

Copper and aluminum are important commodities in that signifi-
cant quantities are produced and consumed annually in the United States.
Increasingly in recent years, aluminum has been substituted for copper,
especially in electrical applications, to take advantage of the weight

saving and the lower unit cost. However, it is instructive to include
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environmental aspects in the analysis leading to a choice between these
two metals to provide for a more complete accounting of costs associated
with their use. Figure III-11 summarizes data for copper and aluminum
from the preceding sections., The figure shows that copper requires the
handling of 20 times more material than aluminum, the amount of particu-
lates released is virtually identical for eacii, and the amount of 802
emitted in copper processing is about 15 times the fluorides released

in aluminum processing (although the greater toxicity of fluorides off-
sets this). The water quality effects are difficult to quantify because
of lack of data on individual plant capacity as discussed earlier.
Qualitatively, the data suggest that aluminum processing has a greater
impact on water quality than does copper, but more work is required to
verify or refute this preliminary conclusion. The figure shows, finally,
th 1t aluminum requires roughly twice as much processing energy as copper,
and that the price of aluminum is roughly half that for copper (probably

because of the availability of cheap power).

In summary, the data presented in Figure III-11 (adnittedly
preliminary and incomplete) suggest that in environmental terms the sub-
stitution of aluminum for copper results in energy-intensive operations
that appear to have greater water quality effects (aluminum) replacing
operations in which large quantities of solid wastes are handled and in
which air quality effects are significant (copper). To complete the
analysis and provide a quantitative basis for evaluation of the total
costs associated with development of these resources, it will be neces-
sary to assign dollar values for controlling these unit environmental
impacts. The present state of data on environmental economics appears
to be approaching the point where this is possible, so long as a unify-
ing concept such as treating all impacts on a common basis is used to
standardize the procedure. This work is necessary to avoaid reliance

on arbitrary "indices' of environmental quality that are unrelated to
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the causes of problems and thereby offer little in the way of guidance
for remedial or preventive action in resource development any in choices

regarding materials applications for DoD purposes.

2. Analysis of Environmental Aspects of Steel in a Typical
Automobile

The above analysis used unit data to obtain an overview of
the problems in development of two resources withouf particular regard
to ultimate use. The data may also be used to arrive at a preliminary
evaluation of the environmental aspects of specific uses. The materials
constituting a typical U.S. automobile were estimated!® to be as fol-

lows (in pounds):

Iron and steel 2,775
Copper S50
Lead . 25
Zinc 50
Rubber and plastic 250
Glass 100
Aluminum 100
Miscellaneous 150

Total 3,500

The data show that iron and steel constitute nearly 80 percent
of a typical automobile. Therefore, examination of the environmental ef-
fects of iron and steel development should provide an initial assessment
of the environmental impact of constructing an automobile. When combined
with the existing data that describe the environmental effects of auto-
riobile operation, these data may offer a more complete definition of the
total impact and aid in identifying practical solutions for adverse ef-
fects. As well as being a tangible product with which most people are
familiar, the automobile accounts for significant resource use, repre-
senting about one-fifth of total annual U.S. steel consumption.15 Also,

it was noted that:
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. 1971 U.S, production of 8.6 million automobiles
plus 2.1 million new commercial vehicles generated
mineral demands substantially gfgater than 10.7 mil-
lion times the above quantities. [emphasis added '

The reason for this ig that other resources required for pro-
duction of these materials have not been taken into account; for example,
the coal and limestone associated with iron and steel production are not
represented. A thorough materials balance analysis is required to ac-
count for these essential resources as well. However, an indication of
the type of analysis is provided by examining steel in a typical car.
Table 11I-2 presents data on materials, air quality, and water quality
impacts associated with stcel production for a car. The table suggests
that roughly ten times as much material :s handled as the steel that is
in the car.* The water and air quality impacts also appear to be sub-
stantial; again, this is incomplete in that higher-order factors are not
included in this first attempt. In spite of these limitations, this
brief analysis does indicate that the environmental aspects of resource
developmentarequantifiable according to classes of common items of
equipment, and it seems possible to extend the analysis to include com-

mon classes of facilities.

The basic approach to jdentification of the details of en-
vironmental aspects of resource use in typical applications is important
to achievement of environmental quality controls, but has its greatest
potential in facilitating recognition of means to conserve and reuse
critical resources. Available information about the supply of natural
resources strongly indicates impending shortages in essential materials

before the end of the century.16 Similar warnings about shortfalls in

* Actually, the factor is greater than this because of the associated
materials required to process jron ore and produce steel.
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Table II1-2

PRELIMINARY ENVIRONMENTAL IMPACT COMPILATION:
STEEL IN TYPICAL U.S, AUTOMOBILE

Materials impact (pounds)

*
Steel 2,775
Waste (@ equivalence to steel) 2,775

Total ore 5,550
Materials handledf (@ 4.5 X ore) 24,975

Water impact (gallons)
Steel (2775 1b = 1.37 tons)
Total wate ¥ (@ 30,000 gal/ton) 41,100
Not reused (@ 58% of total) 24,838
Air impact (pounds)

Steel (@ 1,37 tons)
Particulates® (@ 500 1b/ton) 685

* Reference 16,
Reference 3.

Reference 11.

o W —$

Reference 6.
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energy supply were made ten years ago but were largely ignored. Although
the material resource problem is not yet as serious as the short term
energy situation appears to be, action is needed now to permit positive
Programs to expand the available options for material supplies to meet
expected demands in, say, 1985. Knowledge of the materials balances for
basic processes will be essential if the nation is to fulfill its material
needs without undue dependence on imports that could influence its se-

curity posture.l”

3. Factors for Analysis of Total Environmental Impact

Pollution abatement and control regulations are being imple-
mented by all levels of government in an effort to alleviate the adverse
effects of pollution on society and the environment. These regulations
stem from major federal actions aimed at improving environmental quality
as indicated by tolerable standards for conditions in media such as air,
water, and land. Environmental quality regulations represent an attempt
on the part of government to internalize costs associated with the pro-
duction of goods or services by industry but that are ordinarily outside
their market calculations and are thereby borne at present by society at

large,

It must be kept in mind, however, that just as the environment
may be affected by development in a complex manner that is difficult to
predict in advance, so too can the consequences of certain pollution con-
trol regulations lead to unforeseen, complex, and far-reaching economic
impacts. In short, the economic aspects of pollution control require as
careful analysis as does the assessment of effects on the physical en-

vironment to avoid creation of equally undesirable conditions.

Analyses of economic impacts of environmental pollution control
may be potentially misleading unless they take into account both the pri-

mary factors relative to major industries and the higher-order effects
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relative to the transactions carried on by these industries with other
gsectors of the economy. The difficulty of conducting thorough analysis
of this type is great, and many previous studies have either been too
broad to be relevant to particular cases or too specific to permit
derivation of generalizations that can be applied to other cases.
Clearly, sufficient detail is required to achieve representation of
basic transactions and recognition of principal factors affected by
costs for pollution control. This is an ambitious goal that will re-

quire a major research undertaking.

It is also essential to recognize that the environmental as-
pects of pollution control and the economic impacts stemming from these
controls exist in an institutional framework that can shape the nature
of regulations and thereby determine costs associated with their imple=-
mentation. In short, there are also complex patterns of institutional
transactions among government agencies (at all levels) and industry that
exert important influences on the result in terms of environmental qual-
ity and costs related to its pursuit, This factor is often overlooked
as attention focuses on achievement of control of particular forms of
pollution or related costs; yet, institutional factors can be of over=
riding importance because they shape the scope and direction of the
other factors (and if changed by legislative or executive action, can

lead to entirely different sets of environmental and economic conditions).

Consideration of the impact of governmental procedures and
regulations on energy and resource development industries thus must in-
clude environmental, economic, and institutional factors or otherwise be
incomplete. The problem of analysis appears to be significant for any
one state because of the complex interactions of these factors. The
problem is compounded on a national scale when it is recognized that
the several states (and regional associations of states) use their own

distinctive approaches to government and to regulation of industry and
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often represent distinctly different environmental conditions that may

be at variance with adoption of common requirements.

Notwithstanding the complexity of the problem, it does appear
to be amenable to a comprehensive and interdisciplinary analysis that
addresses the interrelationships among pertinent factors. The analysis
will require involvement of experts in each of the three principal topics,
especially those who can recognize the contribution they can make to com-
pleting the understanding of colleagues in related fields (and conversely)
that is required to achieve progress in addressing this complex set of

problems.
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IV ENVIRONMENTAL ASPECTS OF ENERGY DEVELOPMENT AND USE
BY THE DEPARTMENT OF DEFENSE™*

A, Statement ¢f the Problem

All U.S, institutions that produce, distribute, or use significant
quantities of energy are coming under close public scrutiny. The cffect
of this public pressure is to achieve some measure of control over the
heretofore rapid growth in energy use so as to begin to ameliorate asso-
ciated environmental effects. Air pollution probably is the most con-
spicuous impact of energy in most people's environment. An additional
factor relates to the land use patterns associated with energy. Objec-
tions have been raised not merely to the space occupied by generating
stations, fuel refineries, and coal mines but also to the transmission

lines that accompany them.

Another class of concerns relates to the public safety aspects of
energy production and transport--most notably, nuclear hazards, although
pipelines and fuel transportation by rail and tanker are also important
in this regard. Also of concern are the effects of ecological changes
from energy production and use--principally heating of local waters, air
pollutant effects on local flora and fauna, and thc potential of climato-
logical change resulting from intense local use of energy. Another grow-
ing source of environmental pressurc derives from the belief that economic
growth is itself responsible for environmental degradation, and thus some
limits to energy supply would be an effective means to halt these advance

cffects.

%*
This section is reproduced from SRI's earlier draft report, "Support

of Energy Program Planning,"” submitted to ARPA 1 September 1972.
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The impending fuel supply shortage will exacerbate the environmental
concern. It will force utilities and large fuel consumers to use coal
instead of gas and oil. Emissions of sulfur dioxide and particulates
will probably increase, resulting in further deterioration of air quality
in affected urban areas. There will be a drive to avoid the emissions
from dirty fuel by using stack gas scrubbing equipment and by installing
coal gasification plants; but it seems probable that some actual further
deterioration of urban air quality will be experienced, stimulating the
development of institutional reforms that will provide more effective in-

centives for improvement of environmental quality.

The additional coal supply can most cheaply be obtained from strip
mines. These mines already are a focus of public concern because of the
disruptions to the landscape and impairment of amenities through offsite
effects that accompany mining. Unless progress is made in rehabilitation
of surface mined lands to permit some further use, it is apparent that
public pressure will severely restrict coal supply from this technique.
As more nuclear plants are built, the risk associated with them will be-
come more immediate or, at least, more readily appreciated. All these
effects of the fuel shortage will be highly visible environmentally,

with resulting public concerns being focused on them.

The air pollution and land use impacts from energy development on
individuals are immediate, direct, and personal. The impacts themselves
are obvious motives for citizens to join in exerting environmentalist
pressure; no ulterior motives need be ascribed, although some may exist.
On the other hand, the hazard aspects and the local ecology effects asso-
ciated with energy sources cause concerns that are remote and more dif-
ficult to demonstrate. While they are legitimate matters of concern,
that concern must finally be about whether established authority will
deal competently with them before they rise in scale and impact to the

level of many present air pollution and land-use problems.
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These concerns are not limited to individuals who oppose the "estab-
lishment;" and it cannot always be assumed that environmental pressures
are exerted only by chronic social critics. The highly motivated and
articulate but smaller groups will lead the less organized, impacted public
in specific opposition or reform projects., Therefore, the DoD can expect
continued, searching scrutiny and environmentalist intervention on all
its activities that have environmental impact--including its use of fuel
and electric power. The degree to which such intervention can affect these
activities will be a measure of the effectiveness of programs to mitigate

environmental impacts of energy development and use by the DoD.

B. State of the Art

The DoD is exposed to these energy-related pressures as target in

three major roles that illustrate the state of the art:

* As a fuel user and thereby, polluter
* As a priority consumer of energy in short supply

* As a holder of fuel reserves.
In a fourth role, the DoD can be an environmental problem-solver.

A relatively conspicuous fuel consumer-polluter is DoD aircraft
operations. In the vicinity of urban bases where they operate at low
altitudes, the noise and visible exhausts from aircraft will) affect the
air quality conditions more or less as their contribution to the surround-
ing air is more or less obviously polluted. Attention will be attracted
to the nitrogen oxide (NOx) emissions of these aircraft--:specially in
urbanized air basins where photochemical smog is a principal ingredient
of the urban haze. In general--and until at least 1980, by which time
significant numbers of NO,-controlled automobiles are proiccted to have
entered the population--the aircraft contribution to the total pollution

load will be small; and the DoD portion of this will be still smaller.
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Automobiles are, and will continue to be, the source of most of this pol-
lutant; electric power Plants and industrial combustion rank close behind.
But the fact that DoD operations are controllable by order will expose
them to increasing pressure for actions to control pollution from these
sources. There are obvious approaches that DoD may use to respond to
these situations. From the standpoint of technology, it is clear that
DoD support of technological developments leading to improved smokeless

engines and low NOX combustors is also indicated.

It will be important to establish the basic facts concerning the
question of NOx emission in the stratosphere. This concern--that deple-
tion of ozone through the very rapid reaction, NO + 03 "N02 + 02, would
strip away part of the atmosphere's ultraviolet absorption--was a factor
in the SST debate., Until it is resolved, it will remain as a member of
that class of phenomena--such as nuclear power plant disasters, and cer-
tain chemical pesticide uses--around which scenarios can be constructed
that, through a converging chain of events, lead to ecological catastrophe.
The DoD, as with other government agencies, will be obliged to investigate
the elements of such scenarios no matter how improbable they may appear
to be. Analyses of alternative actions are required as part of the
Environmental Impact Statements--prepared in compliance with the National
Environmental Policy Act. Such analyses can be valuable in determining
whether significant use can be made of exotic fuels--pentaborane, for
example--or in advance of the development of aircraft that will operate
significantly higher than the altitudes at which much experience has been

gained.

DoD land installations are being required to adhere rigorously to
the emission standards for air and water pollution that govern the sur-
rounding community. Particularly in reference to energy matters, the
emissions of heating plants, local power generating plants, fuel storage,

and transfer equipment will be points of scrutiny. Defense installations
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should be prepared to make early installations of pollution control equip-
ment as it becomes comnercially available. It is to be expected that
boiler stack gases and, possibly, stationary diesel exhausts, will be
required to be scrubbed of particulates, 802 and NOX. Equipment for the
former is widely available, since 802 removal is approaching commercial
utility, while NOx removal is still in the laboratory. These requirements

could significantly increase operating costs of the plants affected.

Similar pressures will be applied to vessels in port. Here the pres-
sures already felt to prevent oil emissions to the water will intensify
as the oil-spill problem is intensified by growth of oil imports. Already
much improvement has been noted in the previously used practices of fuel
transfer and tank cleaning., Information on other activities of pollution

control is presented below,

C, Present Activities Relative to the Status of ’
Environmental Information

The environmental aspects of encrgy development constitute a com-
Plex set of secondary or higher order effects that are caused by (or
related to) primary activities for stages of the process by which energy
is produccd and used. In short, they are what economists term "technical
externalitics," those that have been outside the market calculation of

the energy scene until recent years.

The diversity of these environmental effects and their causes greatly
complicates the formulation of remedial mear <es on the development of
technology that will contribute less environmental impact at the outset.

A number of considerations that bear on this problem are discussed in

the sections that follow.
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1. Intermedia Impacts of Pollution Control Strategies

a. Introduction

The characteristice of the physical environment are such
that each component is intimately interrelated with every other component.
As a result, present and potential environmental problems in a number of
categories facing the nation are interrelated through their effects on
the adjacent environment. A prospective solution to any one environmen tal
problem must take cognizance of impacts on other activities and other as-
pects of the environment to avoid contributing to different but equally
unacceptable problems. A central factor is that all developments (and
modifications to them) represent perturbations to the environment, acting

at a pace, on a scale, and in a manner different from those that nature

would impose.

Recognition of the interrelationships and cross influences
among environmentally important activities is vital to the planning neces-
sary to prevent adverse environmental consequences. In short, it will not
do to "'solve’ a problen in air pollution if the solution leads to impaired
water quality or accentuates solid waste disposal problems. Rather than
considering separate environmental categories such as air, water, solid
waste, or the like, real progress toward improvement oi e vironmental

quality requires viewing the environment in its entirety.

b. Discussion of the Problem

In response to public concern, the federal government has
moved to deal with problems of air pollution, water pollution, managemen t
of solid wastes, and other aspects related to environmental quality.

Recent activity in dealing with environmental problems has emphasized
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individual categories of the environment, and organizational emphasis

*
has been given to this approach.

No technical reason is apparent for dividing the physical
cnvironment into such categories. In fact, from a scientific standpoint,
they represent a return to the description of the physical world in terms
of four "elements --air, water, earth, and fire. Only the latter clement
is lacking from the present fragmented approach to environmental problems

exemplified by current program patterns.

Perhaps the major drawback in the present approach is that
it does not reflect the technical knowledge accumulated in the centurics
since the original scientists contemplated the physical world. Actually,
it appears to result from a rapid institutional response to deal construc-
tively with expressed public desire to improve environmental quality;
this is entirely logical, and represents an encouraging factor at a time

when many criticise government for being unwieldy or unresponsive.

The present arrangement of organizations to deal with en-
vironmental quality appear to be related to the legislation that estab-
lished the programs for dealing with pollution in a particular medium,
although the legislation may not specify organizational aspects. The
creation of the EPA allows for internal reorganization to deal most ef-
fectively with cnvironmental problems. The organizational units that
execute legislative intent provide the public an opportunity to sce that
the legislative will is being carried out, and they also facilitate ac-
counting of funds that are appropriated so as to perform the required

programs.

*  For example, the Environmental Protection Agency (EPA) has an Air
Pollution Control Office and a Water Quality Office to deal with
pollution problems in these media.
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However, while the present approach provides for simple

accounting, it is less efficient in achieving accountability for progress

in maintaining or improving environmental quality in any given category
because of the interrelationships of environmental media, Although it

is important to keep close account of public funds used for environmental
purposes, it is even more important that the funds be used in such a
faskion to achieve their public purpose. Uncoordinated programs that may
be able to achieve individual environmental objectives could have their
"success" obviated through the consequences of other programs. In short,
environmental discharges cannot be dealt with in a Piecemeal fashion; the
environment by definition comprises an array ot interlocking factors, and
governmental programs for environmental quality must reflect this basic

principle.

2. Water Pollution Control

a. Introduction
=htrocuction

Federal expenditures for water pollution control have in-
creased substantially in recent years as the government has moved to meet
the growing concerns of the public for positive actions to safeguard the
quality of the nation's water resources. However, in spite of the recent
attempts to control water pollution and rising budgets for such programs,
many waterways remain significantly polluted. With a long agenda for im-
portant social needs and limited funds to address these nceds, the public
is understandably questioning whether it is receiving benefits commensurate

with costs in the water pollution control field.

In the environmental area, it is often possible to measure
costs and benefits through an inferential process that relies heavily on
data that are of uncertain reliability. Although it is possible to deter-
mine costs of pProjects or facilities and to calculate benefits in savings

of effort, a complete balance sheet of environmental costs and benefits
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cannot be constructed because of the important role of intangible values
placed on environmental aspects by individuals or societal groups. Fur-
thermore, it must be recognized that pollution control projects that
suggest net benefits in terms of envirommental quality may prove to result
in net costs to socicty when considered with economic or other social
aspects. In short, it can be and has been shown that all water pollution

control projects do not necessarily result in increcased benefits to socicty.

b. Discussion of the Problem

Water pollution from any source is a perturbation to the
natural environment. In many arecas of the nation, polluted waters have
persisted for extended periods of time, while in other arcas the present
degree of pollution is a relatively recent development. Water pollution
is particularly important, since water is the medium for transmitting
pollutants to other clements of the environment or to other arcas that

are not now affected.

While all pollution is a perturbation to the environment,
since it involves materials, quantities, and processes that differ from
those of nature, it is not often recognized that remedial measures to
cuiinteract pollution are further perturbations to the enviromment, so
that not every action achieves its intended result. For example, coal
mining has led to acid mine drainage in much of the Appalachian region
and adversc cffects on ccological and solid factors in that area. How-
ever, attempts to neutralize acid waters by addition of limestonec have
resulted in precipitation of iron hydroxide ("yollow boy") that poses
cven more difficult problems for pollution control and rechabilitation.
The lesscn to be learned from this experience and similar activities is
that the remedy can be as costly as the malady unless its ramifications
are thoroughly understood. Progress in dealing with water pollution con-

trol requires clarity in definition of the nature of pollution and the
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means for its control, comprehension of the benefits as well as the costs
from such control, and identification of the parts of society that will
enjoy such benefits and that will bear the costs: the two groups are not

likely to be entirely identical.

Furthermore, it is necessary to consider several environ-
ments, each of which is interrelated:
®* The physical environment, which governs the relations
of factors and processes.

* The socioeconomic environment, which comprises the
actions of man relative to water pollution,

¢ The institutional environment, which is the system
devcloped by man to rcgulate his activities.

3. Interrelationships of Land Use Planning and Countrol
to Water Quality Management Planning

a. Introduction

The importance of land use considerations to problems of
advance planning in water quality management is a relatively new concept.
Unfortunately, the few previous attempts to relate water quality data to
land use planning resulted in specialists from both disciplines "'talking
past but not communicating with" one another. Each group has needs for
basic, applied, and internretative data. A review and evaluation is needed
to focus on the work of pertinent water management agencies and major land
use planning groups. The aim of such work is not merely to produce a
scholarly review and critique of water quality data but also to define
the scope and character of information about water resources that land
use planning cgencies require, according to their needs. It will be es-
pecially important to identify the planner’s views on the manner and for-
mat in which water quality data are compiled, presented, and disseminated.
These data will be essential in preparing an outline of teatures desired

in water quality reports for use in land use planning programs. Also, the
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degree of change of Iormat suggested will be necessary to estimate likely

costs of any changes, as well as the time to accomplish improvements.

b. Discussion of the Problem

The recent levels of public concern over environmental
quality have led to significant legislation and funding for national pro-
grams dealing with pollution control. An especially important program
administered by the EPA provides construction grants and loans to quali-
fied local agencies to support installation of improved water pollution
control and abatement activities as a part of comprehensive area plans.
The program is projected to commit about $2.2 billion in fiscal 1973 and

*
even larger sums in subsequent years.

The Federal Water Pollution Control Act of 1970 provides
for federal grants in aid of municipal facilities for waste treatment
and pollution control. To qualify for these grants, applicants must show
that their proposed facility is consistent with a comprehensive river
basin, regional, or metropolitan plan for water quality management,
These plans must be approved by the EPA according to established guide-
lines before funding can be authorized for individual facilities. The
exacting conditions under which these funds can be allocated have led
to some difficulty in keeping grants abreast of the planning work and
have presented significant difficulties to many applicants. It is said
that in at least one region, few applications have been approved recently

because federal authorities were not satisfied on the points in question.

* This program is described in the Guidelines for Water Quality Man-

agement Planning,' prepared by the U,S. Envirommental Protection Agency
in January 1971 in responsec to 18 CFR 601.32-33 dated 2 July 1970.
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In this regard, it is important to bear in mind that water
does not pollute itself. Pollution is introduced to waters as a conse-
quence of activities and patterns of use of lands occurring adjacent to
waterways. Thercfore, meaningful progress in improvement (or even main-
tenance) of water quality can be accomplished only if the influence of
land use is included in the planning process for water quality management.
Although necessary, the consideration of interrelationships of land use
practices, together with water quality management, represents a break with
tradition and could be construed as a threat to important interests. De-
fining, describing, and explaining the salient elements of the overall
planning process will be required to achieve a better understanding of the
bencfits and problems resulting from this integrated approach on the part
of those responsible for day-to-day activities in the land use and water
quality area. These clements will be incomplete unless related and in-
terdependent technical, operational, and institutional factors that gov-
ern or affect planning can be displayed and clarified to assist respon-
sible officials at all levels in the conduct of action programs for

achieving national environmental quality goals.

These considerations suggest that it will be increasingly
important to deal with the environmental aspects of cnergy development
to satisfy the mission responsibilities of the DoD. This topic is con-

sidercd in greater detail in the section that follows.

D. Implications for DoD

As a priority consumer of scarce encrgy supply, DoD will attract
additional scrutiny. Domestic operations planning must take account of
the possibility that electric utility service reliability may be locally
reduced as demands rise faster than equipment is emplaced to serve them.
Several metropolitan utilities have contingency plans for load-shedd ing

during peak demand periods that may have to be implemented. Military
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installations will be pressed to conserve power use and to avoid on-peak
loading of utility systems. If the severity of the energy shortage
reaches the stage at which it is necessary to ration civilian consumption
of electric power, or gasoline, or both, the immediate impact of priority
encergy use will be extended to a wider population; and the opportunity to
cxploit such impact from the standpoint of dissent will be materially

enhanced .

The environmental impact of the cnergy consumption of DoD material
suppliers will also come under review. Some of these supplies, such as
the aluminum industry, use very large amounts of clectric power directly.
Other materials of which the DoD is a major consumer--—c.g., reactive metals--
depend ultimately on clectric power for their reduction via an clectrowave
reducer such as magnesium or calcium. A total environmental analysis of
defense procurement, inventorying the air and water cmissions and the
land uses that result from this production, would be useful to isolate
other such arcas in which DoD procurement has large, indirect impact.

Then a review of procurcment spccifications--for necessary purity require-
ments that inhibit scrap recycle, for nonsubstitutable use of high-energy-
cost materials, for opportunities to usc other substitutions that would
reduce the emissions of pollutants or the energy consumption of overall
use of material--would assist in planning actions responsive to national

neceds for mitigation of adverse environmental impacts on the public.

There will be continuing need to take environmental factors into ac-
count as the Alaskan oil and oil shale reserves are developed. Holdings
of some of these reserves such as Naval Petroleum Reserves and Naval 0il
shale Reserves will require the DoD to practice canvironmental managcment
in their development and, in doing so, to comply with the intent of En-
vironmental Impact Statements prepared for the ﬁctions. The decision to

develop reserves from which production has not already begun will be a

"major federal action’ within the mcaning of the National Environmental
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Policy Act. The releasc of restrictions on the national fuel supply and,
therefore, on economic growth will be held by some as an adverse rather

than a beneficial environmental impact.

Sites will be needed for both nuclear and fossil-fuel power plants
that allow separation from population centers for absorbing environmeatal
hazard and impact. Land holdings of the DoD--some of which are almost
the only remaining open spaces in the midst of urban development--will
be sought for thesec purposes; in the process, DoD will need to justify

its use of these lands vis-&-vis other potential public uses.

E. Recommendations for Further Studies

The DoD can be an effective contributor in the role of environmental
problem solution. A broad intersection of military and civilian interest
in technology is related to energy production, conversion, and trans-
mission. For example, carly military interest in spark-ignition engines
has already contributed to the stratified-charge engine technology that
probably is the basis of eventual solution to automotive air-pollution.
The intersection is much broader. Defense-sponsored basic research in
combustion is closely related to the root of one serious pollution
problem--NOx. Defense materials technology will be useful in a number
of ways in the new fuel conversion plants that may be built to convert
the large western deposits of lignite and oil shale to clean, concen-
trated fuels. Fuel-use and high-energy-density battery nceds of DoD
and of the civilian sector are very similar., Some scenarios of future
urban development s.e the expulsion of combustion-powered vehicles from
big, densely populated urka. cores and their replacement with ~ombina-
tions of mass transport sy stems and utility vehicles powercd by yet-to-
be developed electrochemical systems. Defense interest in package-power

systems may aid in breaking through the technology structure that gives
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immense economy-of-scale advantage to very large plants and that, in con-
sequence, leads to environmentally objectionable transmission linecs and

intense local concentrations of pollutant emissions.

The above are examples; a systematic inventory of possibilities

would have extensive scope.

An outline for such an inventory would be based on the principal

energy-related, environmental problems:

e SO0g--This pollutant, emitted from combustion of both fuel
oil and coal primarily, is a major air pollution problem.
Solutions entail chemical stripping from stack gases, re-
moval from fue's, and conversion of cil and coal to methane
and lighter hydrocarbons with removal of sulfur in process.
High temperature, high pressure process technology, heat
transfer technology, control, and measurement have high
transfer potentials.

e NOx~--This is formed in combustion processes using air. DoD
combustion research, engine development, and gas analysis
methods are potential contributions.

e Particulate-Smoke--This is associated especially with energy
conversion plants using low Btu coal, and locally could be a

serious adverse environmental factor.

e Heat--Adverse environmental effects result from emission of
waste heat to waterways or to air via evaporative cooling
towers. Processes to use low-grade waste heat would be of
use in environmental protection as well as in resource con-

servation,

e Fuel handling and distribution--Essentially the need is for
care and foolproof, no-spill equipment design and develop-

ment, as well as improved technology to clean up spills that
do occur and rehabilitate affected areas.

e Underwater operations--Underwater oil well completions, per-
haps drilling, would offer advaitages to development of off-~

shore oil reserves, increased protection from storm and col-
lision damages, and possibly aid in extending the search for
fuel reserves to deeper waters.
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* Excavation technology--Efficient underground mining methods
would alleviate some environmental damagc at lignite and shale
developments. Tunneling technology would encourage develop-
ment of efficient, environmentally desirable energy transmission
systems and utility systems to make efficient distribution of
central heat and refrigeration for both conservation and mini-
mization of pollution.

Both as target and as problem-solver, the DoD's Corps of Engineers
is highly visible environmentally., 1In its traditional role as a builder
of flood control and navigation facilities on the nation's waterways, the
Corps has attracted considerable environmental opprobrium., Results that
once were considered to be unquestioned benefits are now considered un-
desirablc adverse environmental impacts. Moreover, the opportunities
for major benefit with minimal environmental perturbation are becoming

harder to develop.

The Corps has been largely a rural construction operation. How-
ever, the opportunities for environmental improvement by construction
are now mainly urban. A great variety of urban needs, ranging from ad-
vanced sewage systems to transit, can use the engineering skills
represented by the Corps. Major institutional obstacles to filling
these needs at present underscore the need for new modes of federal-
local interaction; cooperation between private and public institutions--
for new forms of utility development, for example; and project decision
and planning. Rather than wait for these institutional forms to develop,
it seems desirable for DoD to take the lead in institutional obstacle
analysis, synthesis of practical solutions, and advocacy of them to
better use its skills in meeting the urgent domestic environmental and

social needs of the nation.
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I AIR QUALITY PROBLEMS--AN OVERVIEW

A, Introduction

The Air Quality Act, as amended (1970),* stipulates the maintenance
of "clean air" as a national goal. The President's Executive Order 11507
establishes the Department of Defense policy toward the protection and
enhancemeut of the quality of the environment. At this time, environ-
mental policy is being developed and implemented by the DoD. As in the
parallel case of establishing environmental safeguards in the civilian
community, many aspects of air pollution can be controlled by the appli-
cation of existing technologies. As these are being applied, other
problems. are emerging that require additional study before their solu-
tions can be implemented. Thus the identification of present and future

problem areas is the first step in dealing with the situation,

The Air Quality Act directs the Secretary of Health, Education, and
Welfare to develop ... 'such criteria ... as in his judgment may be req-
uisite for the protection cof public health and welfare...."' As these
criteria are developed, the states are expected to control emissions in
such a manner as to maintain the requisite air quality. Implicit in
this is the assumption that the relationship between emissions and am-
bient air quality can be ascertained, taking into consideration the
manner in which the pollutants are emitted, dispersed, or concen‘rated
in the atmosphere and how they interact under the influence of oxygen,

sunlight, and the like. This requires the acquisition of emission data

*PL 91-190.
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and the establishment and verification of mathematical models relating
emissions with ambient air concentrations. Analytical techniques for
delection and measurcment of gaseous pollutants are generally well de-
veloped, Ilethods for dealing with particulate pollutants are far less
adequate. The establishment of inventories and the verification of

models are tasks currently under intensive investigation by tihe Environ-
mental Protection Agency. To date, air quality criteria have been es-
tablished for only six compounds or classes of compounds: carbon monoxide,
hydrocarbons, nitrogen oxides, photochemical oxidants, particulates, and

sulfur dioxide.

On the federal level, recponsibility for air quality is vested in
the EPA, which conducts numerous surveys, sponsors research, and estab-
lishes and enforces limits. Similar programs are carried out on the
state level by various state boards and sometimes on a county or regional
level. The requirement of preparing an environmental impact statement
to which all major federal and most state projects are subject provides

a means of influencing their direction.

Air pollution problems cut across the entire range of DoD operations
from housing installations to manufacturing, transportation, and weapons
systems, Increasingly stringent emission controls will have an effect

on virtually all operations.

B. Housing

The ai. ra<c surrounding the carth is a dynamic, changing system,
which is in apparent equilibrium only over short periods of time, geo-
logically speaking. Both geological and biological processes affect it,
changing its composition from the oxygen-deficient primeval atmosphere
to the present composition of 78 percent nitrogen, 21 percent oxygen,
and 1 percent minor constituents. In turn, the composition of the at-

mosphere affects every living being, and any further changes will affect

5-1-4



the biosphere, Only during the last century have human activities
reached a level that is capable of producing measurable chaéges of the
atmosphere; but in this short period of time, the carbon dioxide concen-
tration, for example, has risen 14 percent as a direct result of the

conversion of fossil fuel to energy.1

The characteristics of the waste products of a biological system
are determined largely by its source of energy, and this also holds true
for human activities, The pollutants produced by a community--a city,

a hamlet, or an army installation--are primarily the result of energy
generation for heat and power. Thus, the use of high-sulfur coal or
fuel oil constitutes the primary source of sulfur dioxide, one of the
pollutanis for which the EPA has established air quality criteria.
Thus, housing facilities of the armed forces share with the civilian
community the problem of dealing with this pollutant at the source,

Only a few approaches appear possible:

(1) For space heating, the use of low sulfur coal, possibly as
the result of a national policy aimed at encouragement of
use of sizable western coal resources.

(2) For power generation, the removal of sulfur from either the
fuel or the stack gases., Sulfur removal from petroleum
products can be achieved readily by established refinery
methods; the removal of sulfur from coal presents a far
more difficult problem, since only the part of the sulfur
present as inorganic sulfur--chiefly pyrites--can be read-
ily removed. Roughly 50 percent of the sulfur is present
as organic components intimately associated with coal.
Thus, unless coal gasification is practical, removal of
509 from stack gases appears to be the most practical
method of control of sulfur oxides emitted from coal burn-
ing installations.2 The technology for 802 absorption is
at present in the pilot plant stage.

1G. s. Callendar, Tellus, Vol. 10, p. 243 (1958).

235, C. Dons, "Sulfur Removal," Chem. Eng. (June 1972).
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(3) The use of tall stacks for generating plants constitutes
a means of controlling ambient concentrations, although
it does not reduce emissions. The overall effect of tall
stacks on regional (rather than local) air masses and
ground concentrations outside the local area is not well
known.
Alternative methods of space heating using central power plants
should be reevaluated in the light of the better controls applicable to
power plants. Distribution of energy in the form of hot air, steam, hot

water, or electricity should also be considered as part of a ''total energy

concept."

The disposal of solid wastes constitutes another aspect of housing
problems that interfaces with air and water pollution. Currently, land
fill is the favored method of disposal, where land is available. Open
burning dumps, which contributed greatly to air pollution, have been
generally prohibited. However, land for sanitary fills is not always
available, and incineration in a well designed facility offers the ad-
vantage of a 1 to 1C reduction in volume of the wastes. EPA is investi-
gating the possibilities of recovery of fuel gas (by pyrolysis of the

waste materials) or simply energy (heat) from incinerators.

C. Transportation

Ground transportation in the form of cars and trucks are the primary
source of several important pollutants, such as carbon monoxide, hydro-
carbons, oxides of nitrogen, and lead. Here again the DoD shares in the

production of these pollutants.

A great deal has been written lately about the role of the internal
combustion engine as a contributor to air pollution. First generation
control technology is available for all these emissions. The DoD is in
a particularly favorable position to evaluate some of the proposed meth-

ods under controlled conditions, such as the effect of low lead and lead
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free gasoline, the importance of tune-ups and engine modificationrs as,
for example, engine timing. Since the automobile is estimated to con-
tribute as much as 80 percent of the carbon monoxide, most of the man-
made hydrocarbons and lead, and an important share of the oxides of nitro-
gen, the reduction of ecmissions from automobiles constitutes an important
aspect of local environmental air quality control. On the other hand,
the long range effect of the various control strategies on the efficiency
of fuel consumption by automobile engines is not well known. Controlled
tests at DoD installations could provide some answers important for con-

servation of fucls that are in short supply.

An alternative approach is the development of different engines.
Here a wide range of possibilities exists, from modifications of exist-
ing piston-type engines such as stratified charge engines to other in-
ternal combustion engines like gasoline turbines and Wankel engines.
Beyond these arcas lie the possibility of developing electrically driven
vehicles, hybrid power plants using external combustion engines in con-
junction with DC generators, accumulators and motors, and fuel cells as
primary sources of electrical energy. All these promise to provide sub-
stantially lower levels of pollutant emissions than are now possible,

lowever, their development appears to be several years in the future.

The contribution of airplanes to air pollution is not well known,
although it is considered to be minor.2 However, it is heavily localized,
at least at ground level. Studies are now going on to determine the
emissions from jet engines under a variety of conditions. The emission
of particulate material (soot) from such engines has been largely elimi-

nated by redesign of the combustion chamber, but just as in the case of

3R. V, Ayres and R. P, McKenna, Alternatives to the Internal Combustion
Engine, Johns Hopkins University Press (1972).
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II ATMOSPHERIC CONTAMINATION

The testing, development, and operation of weapons systems frequently
result in the release of compounds to the atmosphere that, in sufficient
quantity or persistence, could result in atmospheric contamination. These
effects may be localized in association with specific testing programs
or could be widesprcad stemming from global operations of aircraft or

other vehicles.

As examples of the types of influences on the atmosphere that are
included in this category, this section contains discussion of three
separate activities that could influence the condition and quality of
certain aspects of the atmospheric environment. These topics are in-
tended as examples of areas of concern to illustrate the nature of ac-

tivities deserving future attention and advanced reszarch.

A, Distribution of Hydrogen Chloride Produced by Solid-Fuel Rockets

1. Statement of the Problem

Hydrogen chloride is a major component ir the exhausts from
solid-fuel rockets using perchlorate oxidizers. It combines with water
to form hydrochloric acid, which can be deleterious to crops and property
as well as to the health of people if it precipitates over agricultural
or urban areas, A capability to monitor the distribution of HCl as it
diffuses and drifts away from the flight path is important for assessing

the effects of rocket launches on surrounding arcas.

Preceding page blank
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2. State of the Art

The distribution of IlICl can be monitored by airborne sampling
techniques. This process is both slow and expensive, and sampling sys-

tems present problems due to HCl absorption on -urfaces.

A computer model has been developed that generates concentra-
tion contours as a function of time after launch for the existing meteo-
rological condition and the rate of injection of HC1l along the flight
path. This model is useful for prelaunch predictions of hazards and for
postlaunch estimates of the actual distribution. However, the model is
not an adequate substitute for actual three-dimensional monitoring of
the distribution of HCl. It also seems doubtful that this model, even
in combination with post-launch airborne sampling, would provide accept=-

able evidence for formal inquiries into damage complaints,

3. Present Activities and Organization

Both the Air Force and NASA are concerned about the HC1l problem
for launches f1m Cape Kennedy and Vandenburg. To the best of our knowl-
edge, there are no instrument develepmert programs to overcome the diffi-

culties.

4, Implications for DoD

Accusations of damage attributable to fallout of hydrochloric
acld generated by rocket launches could create a problem for the Depart=-
ment of Defense, At present, there is no high-confidence metiod for as-
sessing the validity of such accusations nor of proving to a board of
inquiry what conditions actually existed in the geographical area of

concern,
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5. Recommendations for Further Studies

Hydrogen chloride has absorption bands in the infrared region
between 0.8u and 4.8u. Optical parametric oscillators for this spectral
region have recently been developed. It is likely that enough energy
could be generated to make feasible an optical radar, or lidar, for re-
mote measurement of the post-launch distribution of HC1l over an extended
area. It is recommended that a development program for such an instru-

ment be undertaken.

Another problem that requires further study is the rate at
which HC1 combines with water in the atmosphere, both in the liquid and
gaseous phases, Methods for measuring or inferring the fraction of HC1

that combines with water and other aerosols should aiso be investigated.

B. Upper Atmosphere: Possible Effects of<gighfﬁltitudc Contamination
from Rockets

1, Ltatcment of the Problem

Numerous government agencies are conducting research programs,
performing operational tests, or conducting routine operations that di-
rectly or indirectly modify the composition of the upper atmosphere.
This modification may be incidental to a given mission, such as the op-
eration of rockets through this stratum resulting in the deposition of
large quantities of combustion products and unburned fuel. In otaer
cases, the changes wrought are designed to gain information either on
the natural environment or the specific perturbation induced. Examples
range from chemical releases and electromagnetically induced ionospheric
heating to high altitude nuclear bursts. While some of these activities
are either sporadic or temporarily held in abeyance, others are continu-
ing operations expected to persist. From studies of other planetary at-

mospheres as well as our own, there is reason to suspect that the balance
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of constituents in the atmosphere, and the incredibly complex interac-
tions with the various radiatioms from the sun in particular and space
generally, may have a direct and very precarious effect on conditions

at the earth's surface.

The effects of man-made perturbaticns on the upper atmosphere
need to be assessed, and indeed the natural environment itself must be
studied and understood to arrive at a compreiensive asseszsment of changes
expected. There is a concomitant need¢ to assess the repercussions that
would occur if certain activities were to be curtailed or appropriately
modified to lessen the effect on the upper atmosphere and to develop an

acceptable scheme for evaluation of the trade-offs indicated.

2. State of the Art .

Until recently, all knowledge of the upper atmosphere (above
100 km) has been obtained by ground-based indirect methods. For example,
the ionized layers of the upper atmosphere have been probed by send:ing
radio signals skyward and examining the reflections. But since 35 km
constitutes the upper limit of bulloon travel, no direct, in situ mea-
surements were possible. Only since 1945, when the first WAC Corporal
was fired at White Sands Proving Ground, has the exploration of the up-
per atmosphere been possible. Sounding rockets made possible direct
measurements of atmospheric conditions, which led to the detection of
x-rays and auroral particles; to the first photographs of the solar ul-
traviolet spectrum; and to the gathering of data on pressure, temperature,
density, an? composition of the atmosphere. Since thesc altitudes are
too low for stable satellite orbits, the sounding rockets have renained

the most important research tool.
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free gasoline, the importance oi tune-ups and engine modifications as,
for example, engine timing., Since the automobile is estimated to con-
tribute as much as 80 percent of the carbon monoxide, most of the man-
made hydrocarbonf and lead, and an important share of the oxides of nitro-
gen, the reductién of emissions from automobiles constitutes an important
aspect of local environmental air quality control. On the other hand,
the long range effect of the vaiious control strategies on the efficiency
of fuel consumption by automobile engines is not well known. Controlled
tests at DoD installations could provide some answers important fe: con-

servation of fuecls that are in short supply.

An alternative approach is the development of different engines.
Here a wide range of possibilities exists, from modifications of exist-
ing piston-type engines such as stratiiied charge engines to other in-
ternal combustion engines like gasoline turbines and Wankel engines.
Beyond these areas lie the possibility of developing electrically driven
vehicles, hybrid power plants using external combustion engines in con-
Junction with DC generators, accumulators and motors, and fuel cells as
primary sources of electrical energy. All these promise to provide sub-
'stantially lower levels of pollutant emissions than are now possible.

However, their development appears to be several years in the future.

The contribution of airplanes to air pollution is not well known,
although it is considered to be minor.® However, it is heavily localized,
at least at ground level. Studies are now going on to determine the
emissions from jet engines under a variety of conditions. The emissinn
of particulate material (soot) from such engines has been largely elimi-

nated by redesign of the combustion chamber, but just as in the case of

3R, V. Ayres and R. P, McKenna, Alternatives to the Internal Combustion
Engine, Johns Hopkins University Press (1972).
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the autonobil:, certain trade-offs are inherent in thesc modifications:
the climination of incompletely burned fuel by better combustion chamber
design probably increased the emission of oxides of nitrogen, potentially

a more harmful, if less visible, pollutant.

Not all emissions from airplanes take place at ground level, although
idling and taxiing is conducive to high local emissions. Combustion
products within the troposphere are well dispersed and usually rapidly
removed through meteorological interactions. Stratospheric flights pre-
sent a new dimension of air pollution because of the absence of mixing
effects, resulting in long residence times. The cuission of oxides of
nitrogen is of particular concern because of its possible effect on the
ozone layer. Studies of possible effects of flights at these altitudes

are of considerable. interest .*

D. Manufacturing

The DoD controls a variety of manufacturing activities under the
direction of the Material Commands. Considerable effort and funds are
allocated to air, water, and noise pollution. For example, Natick La-
boratories has an extensive program on biodegradation of waste material;

the Mobility Equipment Command is concerned with engine emissions, fresh

water procurement, and waste water treatment; the Munitions Command is

addressing itself to the reduction of oxide of nitrogen ¢missions and

disposal of uiiusable explosives; the Coating and Chemical Laboratory

is developing improved cleaners and specifications for fuels, such as

gasoline, as does the Fuels and Lubricants Research Laboratory,

“H. Johnston; "Reduction of Stratospheric Ozone," Science, Vol. 173,
p. 517 (1971).

5-1-8



All these activities have facets that bear directly on air and water
pollution. Because of the enormous variety of materials handled, only a
detailed examination of each product area can provide the necessary in-
formation to control that environmental impact. For example, SRI de-
veloped the list of data shown in Table I-1 as a basis for evaluation
of possible air pollution at munitions plants. Similarly detailed in-
vestigations are required in other areas of possible environmentgl im-

pact, as noted in Chapter Four.

E. Weapons Systems

Although the preservation of air quality is not a prim~ry considera-
tion in the design of weapon systems, their testing and deployment some-
times require certain environmental considerations. The best known ex-
ample is certainly the ban on atmospheric nuclear testing. The decision
to discontinue the development of chemical and bacteriological warfare
agents similarly removes a threat to environmental quality; their dis-
posal, on the other hand, creates a different problem, since the old
practice of ocean dumping is no longer acceptable., Chemical detoxifi-
cation and incineration under carefully controlled conditions appear to

be usable methods of disposal.

In another area is a somewhat more localized, but nevertheless real,
impact on the environment from the testing and firing of large rockets.
There are about 35 U.S. space launchings per year and many more test fir-
ings of ICBMs, ground-to-ground missiles, and small satellites. A good
many of thesc use solid propellant motors, which can produce high local
concentrations of hydrochloric acid near ground level. Similarly, the
effects of the many species generated in rocket exhaust on the upper at-

mosphere are only insufficiently known and need to be delineated more

.learly.



Table I-1

DATA REQUIRED FOR EVALUATION OF AIR POLLUTION ABATEMENT
AT MUCOM MUNITIONS MANUFACTURING PLANYTS

Data on Each Process EmittinEﬁPollutants

(1)

(2)
(3)

(4)
(5)

(6)

Process flowsheet and description including operating condi-
tions (temperature, pressurc, flow rrtes of process streams)

Material and energy balances

Utility requirements (including fuel, steam, electricity,
process water, cooling water, refrigeration, etc.)

Characteristics of fuel used

Flow rates of process of fgas and of process ventilation air,
Conditions of gas and air flow (temperature, pressure, water
vapor content)

Alternative changes in process that would reducc or eliminate
cmission of pollutants

Data on Pollutants Emitted from Each Process

(1)
(2)
(3)
(4)
(5)

Kinds and amounts of each pollutant emitted (by process stage)
Concentration of pollutants in gas or air streams

Mcthods used for measurement of pollutant concentrations

Valuc of pollutant material, if any

Cnaracteristics of pollutant material (if not a single, dis-
tinct chemical compound)

Data on Existing Air Pollution Control Equipment and Systems

(1)
(2)

(3)
(4)

(5)

Description and specifications of equipment

Operating conditions of control equipm>nt (e.g., gas pressure
drop, water circulation rate)

Utility requirements (electrical power, stecam, water)

Chemical and raw material requirements (e.g., alkalis for
absorption of acid gases)

Concentration and total guantities of pollutants entering and
leaving control system
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Table I-1 (Concluded)

(6) Capital znd operating costs of control equipment and control
system

Data on Proposed Control Systems

(1) Results of laboratory or pilot plant studies--operating condi-
tions and performance

(2) Design of proposed control equipment system

(3) Estimated utility requirements and other operating costs for
proposed system

(4) Estimated capital costs

(5) Estimated schedule for acquisition, installation, and operation
of control system
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3. Present Activities and Orggpizations

Since the atmosphere forms a continuum, many investigations
carried out in the styatosphere or near space overlap the upper atmo-
spheric region. Conversely, the possibility exists that the weather in
the troposphere may in some way be affected by changes occurring in the
ionosphere. Many properties of the jonosphere are of profound importance
to certain properties at ground level: for example, electric currents
flowing in the ionosphere are responsible for changes in the earth's
magnetic field and affect the guidance of space vehicles. As a conse-
quence, continuing programs are carried out by WASA and other government

agencies in this region,

4, Implications for DoD

While sounding rockets and occasional space vehicles traversing
the upper atmosphere are likely to have only a minor effect, other ac-
tivities were designed to produce measurable effects. Detonations, using
both conventional and nuclear burst, have been carried out to study the
response of gases to large impulses of short duration. The ejection of
godium vapor has permitted the measurement of its radiation and its dif-
fusion. The injection of electrons into the upper atmosphere were car-

ried out to further our understanding of the trapping of charged particles.

Increasing concern for the environment, as reflected by recent
legislation and several Executive Orders, makes it imperative that DoD
examine potential implications of operations in the upper atmosphere.
The necessity derives not only from environmental policy but also from

a need to assure orderly development of defense systems.
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5. Recommendations for Further Studies

There is a need to evaluate the long range effects of altera-
tions of the upper atmosphere, since the absence of a mixing mechanism
(other than diffusion) creates very long residence times. This includes
not only such changes as mentioned above but aiso the possible effect of
the relatively large concerntrations of combustion products (from rocket
exhaust) on the properties of the upper atmosphere. The possible effect
of such combustion products on absorption or transmission of radiation,
which could have a secondary effect on the stratosphere ozone layer,

should be examined.

C. Potential Impacts of High Altitude Emissions from Aircraft

1. Statement of the Problem

The possible adverse effects of extensive aircraft traffic in
the stratosphere has recently become the subject of much concern and con-
siderable study. When the poteutial problems were first considered, as
reported in the SCEP report (1970),1 the jet engine emissions into the
stratosphere of possible concern were believed to be water vapor, par-
ticulate material, hydrocarbons, nitrogen oxides, COz, 802, and CO, in

that order.

In 1971 H. Johnston® pointed out that nitric oxide (NO) emis-
sions were by far the most serious jet engire emission intn the strato-
sphere. Nitric oxide reacts rapidly with ozone (03) to produce N02,
which photolyzes at a rapid rate to regenerate NO. Thus, NO is actually
a catalytic promoter of the 03 destruction reaction. The only signifi-
cant sink for NO in the stratosphere is the nitric acid (HN03) formation
reaction. Nitric acid has been observed at a concentration of about
5 ppb, as reported by lurcray (1969) ,% indicating the possibility that

the HN03 formation reaction is significant. Johnston, on the other hand,
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has made calculations showing that an increase of NO concentration of
30 ppb would reduce the stratospheric ozone concentration by a factor
of 2. This would have profound physiological effects on man and on other

1ife forms on earth,

water vapor and particulate emissions into the stratosphere
cculd also have deleterious effects on the earth's climate by absorption
and scattering of solar energy. Present views are that too little par-
ticulate matter would be emitted to have much effect, and that the water
vapor concentration in the stratospherc could be doubled without serious
climatic effects. Nevertheless, measurements to confirm these views have

not been made.

The other potential pollutants of the stratosphere arvre C02,
co, SOZ, and hydrocarbons. The quantities injected and the specific re-
activities of these pollutants lead to the conclusion that they should
probably have no serious effects. However, experimental confirmation

of this conclusion also romains to be accomplished.

2. State of the Art

A number of instruments suitable for operation aboard balloons
and aircraft are available, and others are under active development. It
x®
ijs believed, however, that there are a number of serious instsumental

deficiencies.

A laboratory capability to measure NO and 03 in sample chambers
by using a chemiluminescent technique has been demonstrated. A single
prototype of an NO detector for airborne use constructed at NASA-Ames

is now being evaluated. There are some problems, and achieving adequate

* Additional investigation is in progress to establish and document
these deficiencies.
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sensitivity may prove especially difficult. Airborne 03 instrumentation

technology is well developed and would cause no problems in a measurement

program,

Measurement of water vapor at the ambient levels in the strato-
sphere encounters many difficulties. Sampling techniques are generally
in poor repute because of the adverse effects of the walls of the sampling

system on the accuracy of the method .

Recent evaluation (by SRI jnvestigators under a NASA contract)
of a recently introduced quartz crystal hygrometer jndicated that its
measured values were also subject to wall effects. Dr. Peter Kuhn of
NOAA is using passive infrared radiometers aboard aircraft and balloons
to measure the transport of water vapor from the troposphere into the
stratosphere. Other radiometers to measure absorption of solar and ter-
restrial radiation by water vapor have also been used. The sensitivity
of these methods has not been ascevtained, but their adequacy for measure-

ment of gtratospheric water vapor is in some doubt.

Balloon-borne optical nephelometers to measure the conééntra-
tions and size distributions of particulate matter are available and al-
legedly work well. Ground-based 1idars have also been used to measure
vertical profiles of the concentrations (but not the size distributions)
of aerosols in the stratosphere. Airborne instruments for measuring
Nox, co, coz, and 802 have recently been constructed. The CO and 002
instruments are nearly satisfactory for automatic operation, but more
development will be necessary for the airborne NOx and 802 monitors.

No satisfactory airborne hydrocarbon monitor has yet been developed.

A more general deficiency of existing capabilities for measur-

ing stratospheric constituents is that data can be collected only along
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the flight paths of the balloons and aircraft that carry the instruments.*
The U-2 type of aircraft has an operating ceiling of about 70,000 feet
which is somewhat lower than the desired maximum altitude. Balloons can
achieve the desired altitudes but provide very limited area coverage.
Balloons are also slow, expensive, and difficult to launch, and they
cannot be launched at all except under very favorable weather conditions.
Rccovery of the instrument packages is also expensive and time-consuming,

and they are too costly to be considered as expendable.

1t thus appears that existing instruments are inadequate to
fulfill the needs for determining stratospheric ambient conditions and
the effects of jet engine emissions. Sensitivity, accuracy, data rate,

and coverage volume should all be improved.

3. Present Activities and Organization

The only current program of significance addressed to the
stratospheric pollution problem is the Climatic Impact Assessment Pro-
gram (CIAP) being cerried out by the Department of Transportation. This
is an ambitious but probably inadequately funded three-year program to
determine through a variety of experimental and analytical processes the
ambient conditions of the unperturbed ionosphere, the natural variabili-
ties of these conditions, and the effects of aircraft operating in the
stratosphere. The principal means for collecting experimental data are
instrumented balloon and aircraft flights supported by ground-based lidar
observations of particulates. Improved sampling instruments for measur-
ing NO and water vapor concentrations are being developed under this

program, but how well they will perform remains to be determined.

* This does not hold for optical instruments that determine column con-
tent by measuring absorption of light. These can sometimes be scanned
to provide "slices" through regions of interest, but the data cannot
be resolved in range.
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The CIAP effort is good as far as it goes, but the funding
limitations und the instrumental deficiencies described above will likely
prevent the program from achieving the principal objective. It seems
doubtful that SST advocates, environmeritaiists, and the scientific com-
munity will all accept the results as definitive and conclusive. A much
more extensive set of measurements based on greatly improved instrumen-

tation will be needed.

4. Implications for DoD

The commercial SST program is no longer an active effort, and
operation of the Concorde within the United States and across the North
Atlantic is at least a few years away. However, the U.S. Air Force and
Navy have ongoing programs to provide B-1 bombers and the F~-14 and F-15
aircraft in the relatively near future. These high-performance vehicles
will not normalli‘opqrate in the .stratospheric region of greatest en-
vironmental concern. ﬁven so, the burden ol proof regarding environ-
mental impact in this region could possibly be placed in part on DoD.
1f the preceding assessment of the results of CIAP proves to be correct,
then a well-conceived and adequately funded measurement program to finish

what CIAP has begun would be desirable for DoD.

5. Recommendations for Further Studies

This measurement program should provide accurate data on the
normal distribution and natural variability of the stratospheric con-
stituents of interest and on the effects of injecting known quantities
of jet engine exhaust products into stratospheric regions. This cannot

be accomplished without developing improved instrumentation.

Although some improvements in the existing types of instruments

can probably be obtained, a technical breakthrough capable of providing

5-11-12



really significant improvements is desirable. Recent developments in
tunable dye lasers and optical parametric oscillators (OP(C:) are likely
to provide the foundation for such a breakthrough. The tunable dye
lasers provide signal sources for remote measurements at visible and
near-ultraviolet wavelengths, and OPOs provide a similar capability in
the infrared. In combination with state-of-the-art optical receivers

and data-collection systems, these signal sources offer an optical radar,
or lidar, capability for remote, range-resolved measurements of all the

stratospheric species of iutevest.

References 4 and 5 describe these capabilities in some detail.
Briefly, gases can be identified and their concentrations determined by
measuring fluorescence excited by incident laser radiation, by measuring
the backscattered energy produced by the Raman effect, or by measuring
the differential absorption at two ad jacent wavelengths using energy
backscattered to the receiver by aerosols or atmospheric gases along
the line of sight. The sensitivity and range achievable with each of
the three methods depend on such factors as concentration, operating
wavelength, and the spectral properties of the gases of interest. Gen-
erally, the Raman technique is limited to large concentrations at short

ranges because of the extremely small cross sections for Raman scattering.

N

Lidar instruments capable of measuring the stratospheric gases
of interest could be installed in conventional, present-generation jet
aircraft and used to monitor the stratosphere from altitudes of the or-
der of 40,000 feet. The available spatial coverage would be enormous;
in fact, one flight of several hundred or a few thousand miles would
provide much more data than the entire CIAP, A feasibility study fol-
lowed by instrument developrment and an extensive flight test program

are recommended.
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III REGIONAL AIR QUALITY STUDIES

A, Statement of the Problem

The general problem addressed in regional air pollution studies is
determining cause and effect relationships both beiween emissions and air
quality and control strategies and air quality. The immediate goal is to
model these relationships, However, the problem is exceedingly complex,
and the solution depends on knowledge of two types--atmospheric phenomena
acting on pollutants and effects of air pollutants on the environment of
the region--and on techniques of sensing and collecting air pollutant
data. The regional study attempts to correlate and integrate the knowl-
edge gained through analysis of field data so that valid models can be
constructed and conclusions can be reached concerning how to ensure or
improve the quality of the air in the region. The requirements for im-

proving both knowledge and techniques are discussed below.

1, Atmospheric Phenomena

Air pollutants emitted (often from multiple, heterogeneous

sources) are transported, diffused, transformed, and removed from the

In preparing this section, much use was made of a report given at the

Chemist-Meteorologist Workshop held in Ft, Lauderdale, Florida, January

1972, under sponsorship of the Division of Biomedical and Environmental
Research of the U.S., Atomic Energy Commission, and published under the
reference WASH-1217, UC 4 and UC 53. The A, B, and C discussions in

this section contain extensive direct excerpts from the section written

by W. B. Johnson and C. R. Hosler (of the Division of Meteorology, EPA,
Research Triangle Park, North Carolina) containing the report of
Panel IV-- Regional Studies of Atmospheric Pollution from Near-Surface
Sources.
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atmosphere. Field experiments and theoretical formulation of the disper-
sion of airborne materials over short distances, on the order of a few
hundred meters, have been carried out for more than 30 years in this coun-
try and abroad. However, much more needs to be learned about atmospheric
transport and diffusion over longer distances, up to 100 kilometers or so.
Interest in these scales has been stimulated by the increasing concern of
interurban transport of air pollutants in the growing megalopolis regions
of the country. Very little field experimentation has been conducted on

air pollution transformation and removal processes.

e Transport and Dispersion--The mean and turbulent
structure of the wind field over urban areas must be
described to understand urban pollution transport and
dispersion. In practice, measurement of the horizon-
tal component of wind is difficult, since it varies
in thre> dimensions and in time, and it is radically
affected by location and sensor characteristics. In
urban areas such measurements often must be obtained
within the "roughness" elements of the city; the "un-
disturbed'" flow may be beyond the reach of conven-
tional wind-sensing techniques.

Urban temperature fields indicate the potential disper-
sion characteristic of the urban atmospheric environ-
ment; the vertical temperature structure relates di-
rectly to dispersion. Thus, the energy exchange
process acting on and within the urban temperature
excess include urban-rural differences in the thermal
characteristics of the surface, evaporation rates, heat
produced by artificial sources, and the loag-wave radia-
tion balance between the surface and polluted layers in
the urban atmosphere.

e Transformations in the Atmosphere--The role of such
meteorological variables as solar radiation, tempera-
ture, and humidity is not known satisfactorily relative
to the creation of secondary pollutants such as photo-
chemical smog products and sulfuric acstd droplets. The
transformation of gases by photochemical and catalytic
reactions and the possible formation of other pollutants
by these reactions, is an important factor to be consid-
ered in the overall assessment of atmospheric effects on
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the ultimate disposition of airborne pollutants. How-
ever, reaction rate constants in the atmosphere are
generally not known. In addition, the effect of atmo-
spheric turbulence on reaction rates in a heterogeneous
mixture is not well understood.

e Removal Processes--Deposition or removal of pollutants
from the atmosphere affects the earth's surface and may
lead to contamination problems affecting natural re-
sources, agricultural crops, and human communities.
Examples of such problems have been created by the de-
position of radioactive isotopes, biologically active
insecticide and herbicide residues, and industrial
wastes, to name a few, on scales ranging from local to
global. The scavenging or deposi tion process has three
phases, following the delivery or iransport phase:

(1) in-cloud scavenging by cloud elements, usually
termed rainout; (2) below-cloud scavenging by precipi-
tation, called washout; and (3) dry deposition such as
gravitational settling and impingement, molecular dif-
fusion, absorption, and electrostatic effects. At pres-
ent, cven themost sophisticated theoretical models do
not fully explain the removal processes involved nor
have such models been tested in the natural atmosphere.
Until experiments are conducted to evaluate and verify
existing theories of removal processes, development of
more realistic air quality modeling techniques will be
limited.

2. Effects of Air Pollutants

The potential cumulative effect of pollutant emissions contribut-
ing to a possible global climatic change, through an, increase in atmospheric
002 content and/or particles, represents a geophysical effect of potentially
great importance. However, with respect to regional dimensions there are
other more direct and less widespread climatic or geophysical effects of
pollution which are long term and appropriate for consideration. Examples
are the reduction of sunlight and visibility in major urban areas and the
possible changes in precipitation amounts and distributions downwind of

certain industrial complexes and urban centers. These regional and local-

ized long term effects have immedidte impact on public welfare, but our
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e

knowledge of them is inadequate for appropriate consideration in environ-

mental planning and long term control strategies.

3. Sensing and Collecting Air Pollutént Emission Data

Techniques for sensing and collecting air pollutant data include
measurement devices, as well as site selection and collection of data

sources.

e Aerometric Measurement Devices--Three-dimensional mea-
surements of both appropriate meteorological parameters
and air quality are required data for model evaluation.
Hence, a capability for horizontal and vertical profiles
of pollutant air concentrations and meteorological vari-
ables within the planetary boundary layer (1-2 kilome-
ters), is important to achieve. In addition to adapting
or modifying conventional sensing or sampling devices to
airborne platforms, such as aircraft or balloons, the
rapidly developing technology of renote or indirect
sounding systems appears promising for regional studies,
particularly for the sensing of meteorological parame-
ters, for which several operational prototypes (lidar,
acoustic radar, radiometry) currently are being tested.

However, regardless of the sensing techniques used, lo-
cal effects of pollutant and heat sources and aerody-
namic distortions of flow must be minimized through an
initial judicious selection of sites for measurement .
The appropriate heights above ground, distances from
buildings, traffic, etc., must be selected to provide
the desired data for meeting program objectives. In
essence, the data acquisition system must ensure that

a detailed mapping of meteorology, air pollutants, and
emissions can be obtained on time-space scales compati-
ble for the evaluation and verification of air quality
models and selected control strategies.

e Collecting Data on Sources of Air Pollutants--The im-
provement‘bf the accuracy of air quality models criti-
cally depends on the adequacy and detail of emissions
data. To calculate or forecast short-term concentra-
tion distributions requires emission rates that accu-
rately represent hourly and daily variabilities.
Source distributions must also be obtained for the

5-111-6



less abundant pellutants, e.g., lead, hydrogen sulfide,
and other pollutants that may be considered hazardous.
A complete areawide source inventory, including point
and area sources, will be required. It will be neces-
sary to supply routine emission data or sufficient def-
inition to satisfy modeling requirements and to evalu-
ate the effectiveness of cunirol strategies.

A serious problem in model evaluation is generally encountered
in comparing calculated area-mean air quality concentrations with concen-
trations observed at a point. In this regard, increasing attention is
being given to observational techniques for obtaining line- or area-mean

concentrations, or for simulating such averages through "clusters' of

relatively closely-spaced point measurements.

In addition, there are often incompatabilities between the time
averaging involved in observations and in model calculations. Many models
consider one-hour averaging to be the finest time resolution that is ap-
propriate or practical, and calculate longer-term mean ironcentrations by
averaging a number of hour-average values. Available iastruments vary
widely in their time response, and this characteristic should be carefully
considered when planning experiments for model evaluution purposes. Stud-
ies of certain fast-acting pollutant transformation processes may require

measurements with time averaging on the order of seconds, rather than

h- 1rs.

The need for a concerted atmospheric-pollution study of ''sub-
synoptic” dimension has been the subject (directly, or in part) of a num-
ber of study groups in recent years. Notable among past proposed blue-
prints and recommendations are those documented in the following:

(1) "The Atmospheric Sciences 1961-1971," report to the

Special Assistant to the President for Science and

Technology by the Committee on Atmgspheric Sciences
of the National Academy of Sciences; by Petterssen

et al., 1962.
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(2)

(3)

(4)

Relative to the problems of environmental management of our air
resource, the fact that the pollution envelope of a single city has never
been studied in detail represents one serious shortcoming in our under-

standing. Past and current token studies in various cities suffer from

Report of the National Task Group for Mesometeorology
to the Interdepartmental Committee for Atmospheric
Sciences, by Swingle et al., 1963.

Report of the NCAR Meso-Micro-meteorological Facility
Survey Group, by Panofsky et al., 1964.

"Mesometeorological Research and Development Prospec-
tus,” report to the Interdepartmental Committee for
Applied Meteorological Research, OFCM-67-2, Office of
the Federal Coordinator for Meteorological Services
and Supporting Research, Washington, D.C., March 1967.

"A Supplement to Cleaning Our Environment; The Chemi-
cal Basis for Action," Priority Recommendations by
the Committee on Chemistry and Public Affairs and the
Committee on Environmental Improvement, American
Chemical Society, 1971l.

insufficient data dictated by insufficient resources allocated to the

problems. As pointed out by the American Chemical Society's report (Ref-

erence 5 above), the following deficiencies exist:

... No air pollution monitoring project to date has

included a sufficieatly dense network of monitoring
stations to permit tests to be made as to the minimum
number of stations required to characterize the pollu-
tion in the city being studied. No study has included
enough stations downwind of the city proper to deter-
mine definitely tbe range of influence of pollution
from the city on the surrounding area. Meteorological
support has never been complete enough to permit judg-
ments about the preferred orientations of buildings to
minimize the trapping of pollutants in their lee, or

to determine the range of distances in which buildings
must be considered separately rather than as statisti-
cal roughness elements in groups of buildings. Finally,
despite the accumulation of presumptive evidence, no
study has been designed specifically to demonstrate the
effect of pollutants and heat from a city on weather,
either within the city or in the region downwind."
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B. State of the Art*

Both implicitly and explicitly, the Air Quality Act as Amended (1970),
accepts the premise that air quality improvement can be planned scientifi-
cally. Specifically: it presupposes that emission standards can be set
by reference to the desired ambient air quality standards, taking into
account the manner in which the combined products of various sources in
any particular area arc dispersed or concentrated by physical, chemical,
or meteorological processes. Following its announced policy of emphasis
on enforcement, the Environmental Protection Agency is aiding state and
local agencies to develop strategies to ensure compliance with such air
quality standards as have been set. EPA is also following a policy to
extend control procedures to achieve improved air quality standards as

they are specified.

This overall concept will fail or succeed to the extent that the ba-
sic premise is true. Can air quality improvement be planned scientifi-
cally, at least to a useful degree, with existing knowledge and capabil-
ities. If not, what is lacking? By what time can any shortcomings be
rectified? The procedures, such as developing Implementation Plans called
for under the Air Quality Act (or of filing Environmental Impact State-
ments under the National Environmental Policy Act), take for granted that
existing knowledge and capability are at least minimally adequate for
planning. Those who challenge this belief feel that all that can use-
fully be done at the present time and in the near future is to reduce all
emissions to the minimum possible within the state of the art, regardless
of any postulated requirements to meet what they may consider to be arti-

ficial air quality standards.

Extracted from RAPS Prospectus by Standord Research Institute (1972),
as published in the AEC report cited.
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In either case, it is clear that room exists for considerable im-
provement in the knowlndge and capability that are necessary for confi-
dently relating cause and effect both between emissions and air quality

and between control strategies and air quality.

There also can be no doubt as to the value of such a capability.
Without such a basis, intelligent direc“ion cannot be given to improving
the state of the art of emission control; nor can correct decisions be
made between alternatives in control strategies that do not depend on
emission suppression and in allocating priorities and assessing cost-

effectiveness in either case.

C. Present Activities and Oxganizations

The following current and planned projects are relevant:
Current

e St. Louis (Project Metromex)--Project Metromex is a coopera-
tive effort by the Illinois State Water Survey, University
of Chicago, Argonne National Laboratory and the University
of Wyoming. Since the inception of the program about 1969,
several other groups have joined the effort for selected
field studies. Most of the support to the various i'asearch
efforts is provided by the National Science Foundation.
Other agencies providing support include the AEC, EPA, and
DcD. )

The Metromex program consists of cooperative research pro-
grams seeking four goals:

"(a) To study the effects of urban environments upon the
frequency, amount, intensity, and duration of precip-
itation and related severe weather;

(b) To identify the physical processes of the atmosphere
which are responsible for producing the observed ur-

han weather effects;

(c) To isolate the factors of the city-complex which are
the causative agents of the observei effects;

(d) To assess the impact of urban-induced inadvertent
weather changes upon the wide issues of society."

5-117-10



The operational phases of Metromex consists of two parts:

(a) Operation of a network of surface weather instruments,
including over 200 recording rain gauges, on a 24-hour
per day, year-round basis, beginning in the Spring of
1971 and continuing for five years.

(b) Intensive field studies during several summer months
and one month each winter, consisting of surface and
aircraft measurement of appropriate meteorological and
geophysical parameters and atmospheric constituents,
The sampling ar=a, centered on the City of St. Louis,
is about 2000 square miles.

Specific research areas include the assessment of weather
elements, chemistry of aerosols and rainwater, cloud and
precipitation formation, the heat budget, and the modeling
of airfiow and cloud development, Efforts focus on the
convective region,

Oklahoma City (Boundary Layer Kinematics Studies)=--In an-
ticipation of large field programs in mesoscale dynamics
and weather prediction, NOAA's Air Resources Laboratcry
scientists have conducted two series of experiments de-
signed to shed light on boundary layer behavior and to
determine the suitability of various proposed methods of
making mesoscale boundary layer measurements., The first
series of experiments, in Oklahoma City during June 1970,
were conducted to develop suitable techniques for collect-
ing serial pilot balloon soundings in the boundary layer
which would provide good estimates of the mean wind dis-
tribution.

The second series of experiments was carried out at Okla-
homa City in the Fall of 1971, with four distinct goals
in mind:

(a) Compare the mean wind field determined by averaging
serial pibal soundings with that determined from
fixed instrumentation on a tower;

(b) Compare characteristics of the wind field (both mean
and turbulent) determined from tracking constant vol-
ume balloons (tetroons), with the same characteristics
determined from pilot balloons, from rapid response
sensors mounted at two levels on a tower, and from the
slow-response tower instrumentation;
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(c) Develop techniques for interpreting the aiLove balloon
measurements without comparative observations from an
instrumented tower;

(d) Test a procedure developed at the Air Resources Field
Research Office, Idaho Falls, for predicting low-level
trajectories over mesoscale distances (10-200 km) using
a dense network of surface wind speed measurements;

(e) Perfect field procedures for the use of pibal, radio-
sonde and tetroon techniques toc be incorporated into
a 1972 Minnesota experiment planned jointly by the Air
Force Cambridge Research Laboratories and the British
Meteorological Office. (The latter program will in-
clude rapid-response measurements of wind and tempera-
ture fluctuations at several levels on a short tower,
and at several levels on a tethered balloon cable
reaching a height of roughly 1500 meters. These ex-
periments are planned to be conducted at a single lo-
cation in northwestern Minnestoa in the Fall of 1972).

All of these programs are directed toward answering the
question of how to make measurements required to treat the
dynamics of the boundary layer on a medium scale, i.e., how
to appropriately determine all of the terms of the equa-
tions of motion, and how to resolve the classical question
of the relationship between the wind field, the pressure
field, and the stress field induced by the earth's surface.

Planned

e St. Louis [EPA Regional Air Pollution Study (RAPS)]--This
ambitious study, to be sponsored by the U.S. Environmental
Protection Agency (EPA), will involve a detailed analysis
of the sources of pollution, meteorological and chemical
processes, and air quality within and near St. Louis, Mis-
souri. The RAPS will require more comprehensive source,
meteorological, and air quality data than have heretofore
been obtained. The study is expected to take four to five
years for completion of the data acquiéition phase, con-
sisting of special field studies involving atmospheric
tracers, aircraft, mobile laboratories, and remote sensing
instrumentation, as well as appropriate continuous/conven-
tional measurement programs.
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A detailed management and research plan for the RAPS has
been prepared under contract by Stanford Research Insti-
tute (SRI). This plan reflects information provided by
various participating EPA groups. The SRI RAPS plan will
provide guidance and support information to assist EPA in
planning and implementing the various research efforts in
St. Louis. The preliminary objectives of the four princi-
pal tasks in RAPS, as presently considered, are as follows:

(a) Test, verify, and evaluate the capability of mathemati-
cal simulation models to describe and predict the trans-
port, diffusion, and concentration of both inert and
reactive pollutants over a regional area.

(b) Develop an improved understanding of the chemical,
physical, and biological processes that are entailed
in determining the concentration of airborne pollu-
tants and the modification of air quality.

(c) Develop a better understanding of factors of signifi-
cance to the design of improved control strategies in
the urban/rural complex, including health and economic
effects and the role of land use and community plan-
ning.

(d) Develop improved techrnology that can be applied in
local and regional control agency operations, includ-

ing techniques for emission inventories, air quality
and meteorological measurement, data handling and
analysis, and the objective assessment of effective~
ness.

St. Louis [NCAR Fate of Atmospheric Pollutants Study (FAPS) ]--
The objective of this research by the National Center for
Atmospheric Research (NCAR) is to determine the extent to
which various pollutants are removed from the air by non-
meteorological processes, such as chemical reactions, ad-
sorption by plants, adsorption on surfaces, and bacterial
action in the soil, and thus are prevented from contribut-
ing to regional and world-wide atmospheric pollution. At-
tempts will be made to establish the magnitudes of the
various pollutant sinks, and to develop one or more mathe-
matical models applicable to cities other than St. Louis,
and thus to the general question of the role of cities in
regional and global air pollution. The research plan calls
for three field tests to be conducted before August 1973,
when the main study commences. The first experiment was
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conducted in October 1971 for the purpose of testing equip-
ment, measurement techniques, and data handling methods,
and to firm up the overall experimental design.

Los Angeles and Other California Air Basins (CARB Aerosol
Characterization Study)--This experimental program, spon-
sored by the California Air Resources Board (CARB), has the
following objectives:

(a) To characterize the aerosol in the South Coast, the
San Francisco Bay Area, and the San Joaquin Valley
Basins in terms of its physical and chemical proper-
ties, its interaction in the atmosphere and its nat-
ural and anthropogenic origins.

(b) To evaluate the amount of the atmospheric <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>