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WanORY, Wae &

look you, this brave o'erhanging firmament,
this majestical roof fretted with golden fire,
— why, it appears ng other thing to me

“than a foul and pestilent congregation of

LH

vipours., . . .
Hamlel

by Frank A, Butrico, Richard B. Engdahl '
and Carl J. Lyons v s

4 _

¥
As HAMLET DESCRIBED the atmosphere
around him, the castle of Elsinore might well

have been located near almost any industrial
city of the 20th Century. Urban Americans

wmlld f'ccl righl :\L hamc under Elsinore’s -

If lhgm‘y is z:t:r,reﬁt, the earth’s wumo-
sphere once wag deadly methane and
ammoniz2, By some marvelous transforma-
tion it changed to the breath of life — basi
ally, 21 percent oxygen, 78 percent nitrogen
and traces Df scvcral Dlhcr g:ﬁcs! Carvnn
dioxi
up a mere O;DB pt:l’ccm af lhe lDi‘lL V][dl
waler vapor ranges from 0.05 to 5 percent, If
these tiny proportions were lost, life might
indeed disappear,

The atmosphere performs other im-
portant functions. It shields us from harmful

‘radiation. tempers and retains the sun's heat,

and disperses particuiate matter, including
life-carrying spor d secds should we
value too lightly the play of lights and cloud
shadows and the colorful artistry of this can-
opy — in bugying the human spiril

how to Lecp hu:r air c:le:ang The atnmsphérz
has dealt with dust and gases from volcanoes,
It has picked up methane from decaying veg-
etation and terpenes from pine forests, The

atmosphere has ways of cleansi
such materials, Over the eentin
used the atmosphere to dispose of much ()I‘
articulite wastes, But unlike
Nature, which gencrates airborne refuse in
amounts that the atmosphere can handle
casily, man has set no limits. The results: the
overloaded atmosphere {requently fails o
carry away the noxious wastes as quickly as
we produce them, so they can posc serious
threats to us.

his gaseous and p

SPOILING THE ATMOSPHERE

Scienee and technology have provided
the meany for overloading the atmosphere,
Industries belch a wileh’s brew of airborne
wzmefi' lhc Lcmﬂclriz: iﬁCi‘EENE in lhc m;cd l‘nr’
clec i

7 lulmn which pmpngau as lhc population
' g.\pandh yvc an unending vista of atmo-

pmduclsg D;,rlmn steps have br;en mlu:n o
control this pollution: standards have heen set

in some ficlds: Federal and state regulatory
bodies have been created: industry already
has spent billions on significant clcanup:
research is under way in m laboratories:
and the public is being alerted and informed.

Nevertheless, the possibilities of dra-

. matically improving the quality of our aime-

sphere are not promising, It is true that much
of the technology needed is already available
and is being applied; broader use af today’s
knowledge and technigues would improve
conditions greatly. Moreover, there seems to
be no reéason to question the a of indus-
try, science, and technology to carry out the
lasks that will confront them in the years
ahead.. The real difficulties are: hesitation to

set up truly realistic standards and require-
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menis; reluctance to establish and Lo finance
: and. failure 1o
ith the authority
1o enforce the regulations, often across state
boundaiies,

The Darkening Picture

Popuiation growth puts humanity on
a treadmill that continually speeds up; we
have to run faster and faster to stay where we
are, Foreeasts of U.S, population in the year
2000 range from 2635 million upward to 340

13 percent of the total tonnage of air pollu-
tants, but this comprises about 30 percent of
the sulfur dioxide, 27 percent of the nitrogen
oxides, and almost 30 percent of the particu-
lates in the atmosphere. It appears that elec-
pplied not only
tor the additional population, but also for the
increased per capita consumption of energy,
which will double during the next 30 years,
This could mean a tripling of power and a like
increasc in pollution — depending on the shift
to nuclear power — unless abatement mea-
sures are effective.

The personal transportation piclure,
in the short run, is no brighter. More vehicles
will crowd tne road. At the same time, efforts
to curb the pollution are likely to fall short
of expectations. A report released by the Cen-
ter for Political Research, “Federal Policy on
Auto Air Pollution Control” (April 13.

VOLUME 2 » NUMBER 3 + 1870
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1970), notes two factors that counter control:
(1) emission control devices on ears deterior-
ate with driving—after 11.000 miles of driv-
ing, 53 percent of originally new cars failed to
meet the modest entission standards of 1968:
and (2) sfate governments arc not adopting
inspection and enforcement procedures, No
stale has applied for federal funds offered to
telp start inspection programs,

A factor fortl 3
lem is the expanding us2 of mechanized serv-

ants. In industry, every new process and

machine add to the demand for more energy
as mechanical and especially electric power
replace human muscle. Leisure and recreation
activities also are using power sources more
and more, Labor-saving devices inside the
home are muitiplying; power mowers, snow
buggies, dune buggies, and the like increase
the atmospheric trash; and more powered de-
vices are crowding the market. These, too,
must be considered.

The Burden of Cost

If man continues to spoil the atme-
sphere, it will be because he has neither
accepled the need to improve the environ-
ment nor faced up to the cost of doing so. But
pay for it he must, both through higher taxes
and higher consumer prices, President Nixon
already has suggested that “to the extent pos-
sible, the price of goods should be made to
include the cost of producing and disposing uf
ithem without damage to the environment,”

The feeling is growing .in Congress
that those who damage the environment
should pay user fees 1o repair it. Such an
approach would require careful s.udy of the
factors that ure significant in setting equitable
charges and in developing systems that would
manitor ‘the pollutants efficiently.

' However they are paid, the charges
will be large. The costs of eliminating fly ash
emissions from electricity gencrating facilities
— about 80 percent of these are already con-
trolled — figure.out to nearly $1 billion per
year. An additional bLillion or more will be
needed annually to remove sulfur dioxide
from flue pases after present R & D efforts
succeed. Applying foreseeable controls to
autos will take $800 million, and another
$350 million will have to be spnt yearly
for only the air cleaning part of rubbish
incineraticn. Thus, curbing only these four
types of pollution will cost over $14 per per-
son annually. Paying for other measures that
will be necessary in industry will raise the
tab further.

1er intensifying the prob- -

Industry in the U.S, already is carry-
ing a considerable burden for pollution con-
tral. In 1966. some $235 million was spent an
the equipment for handling air pollution
alone: with installatian, the total came 10
5500 million. Currently, such expenditures
run about $750 million annually, These sums
relate primarily to catching-up steps. At the
same time, the cost of most new plants that
are being construeted include a 10 percent
itemn for pollution conirol.

As U.S. consumers fecl the bite of
these costs, they are learning that some of the
affluence of modern life has been wrung from
Nature through insults to the environment.
The toll that Nature exacts will depend

largely upon the speed and effectiveness with

which we make restitution for the insults.

WHAT'S NEEDED?

The job of cleaning up the atmo-
sphere isn't simple or cheap, and it won't get
done quickly. Being an effort of national —
even international — proportions and requir-
ing state and local cooperation, it will require
new administrative machinery to coordinate
and carry out the various tasks. Some stan-
dards have been established; more meaning-
ful and more flexible ones are needed.

" Cleansing the atmosphere will entail
scientific and technological activities on a
massive scale that-will extend far into the
future. We don’t have to sjt and wait for
panaceas to emerge from the laboratories;
today's stufe of the art offers many valuable
lines of attack that have not been put to use
for various reasons, But, new knowledge will
be sorely needed just to stay even as the future
unfolds,

to-be tied in with clean up work in other
areas of pollution. Just as the ecosystem is
made up of interacting realms, so repairing
the atmosphere is intertwined with the mea-
sures that must be taken to reduce land and
water pollution,

Machinery for Regulating Pollution

Who can disagree with the oft-stated
philosophy that the control of pollution calls
for collaboration among all sectors of society,
public and private? Take the matter of pay-
ing the costs, Few commusiities can finance
their own pollution controls even with Fed-
eral participation. In the last analysis, truly
cflective controls will- require expansion of

BATTELLE RESEARCH OUTLOOK



both private and public financing, and the
regulitory machinery should niake such joint
finuncing possible,

A fertile approach 1o dealing with
multistate problems is to create regional
authorities with broader planning and regu-
latory functions than present agencies enjoy.,
Such authorities will need powers to design,
finance, construet, and operate treatment
lacifities that other public or private organi-
zatjons cannot or will not undertake. Under
the envisioned authorities. projects could he
privately financed by equitable charges on

users,

Without question, however, the Fed-
eral Government must continue to take the
inftiative to set up the needed pollution-
control programs, to provide the necessary
funds, and 1o enforce the regulations. The
creation of new agencics and the reorganiza-
tion of the rupmmhllmu of existing agencies
are heing o ered so thut Federal action
on curbing pollution can move into high gear,

Yet industry’s role in responding to
pollution control regulations is the key.
Industry imd lhc consumers m‘ its pl‘(“dllc’l?
must pay |
will do the JDIJ —lmd sull not hc %0 cﬂslly as
1o impose undue | - dens on the cconomy.
Many corporations, particularly those with
increasing social conscience, have shouldered
this load and, further, are joining forces with
responsible agencied to get us better air
quality.

If the control measures are to he really
efective, the regulating agencies must have
cleer-cut authority undiluted by the overlap-
ping or vaguely defined jurisdiction of other
government bodics. In the concern over the
rising population of rats in our cities, for
example, some 10 agencies had a piece of the
action, with the result that rats are stil) a
mijor problem. Further, in a program us
vast as the fight against pollution, mutual
confidence between industry and government,
along with adequate systems for monitoring
the air, is essential and must be reflected Ta
the regulating machinery.

Establishing the Standards

The standards to be achieved in
improving environmental quality cannot Le
rigidly set and enforced like the laws of the
Medes and the Persians, For example. very
few people expect, or even hope, that con-
gested areas can ever approach the air purity
of open colntry, What is likely to be sought
is an environmental quality lh.u is stabilized

within the limifs appropriate to protecting
the health of the population. Beyond that,
stundards must be determined by the limita-

tions of the nation’s cconomy, by technical -

and economic fL'l'iIbllll). and by what the
people demand and will pay for.

In assessing the impact of these fac-
tors, ather questions must be answered and
other follow-on actions must be taken. For
example: How much scientific information
is needed to achieve a desired environmental
quality? -Where is the technology adequate

effect meaningful control programs?
‘Shculd we set up ir;xr;»;ely rélaled pmgrams

shnud su‘.h prugrams b«; fully mlegramd I,D
deal more realistieally with all pollution
issues ut once?

At this point, certain matters are

clear. Control of pollution will require the
following:

® Unified regulatory policies. Such policies

N
r—
must be clear and understandable so that
they can be enforced uniformly.

Flexible standards. Since the standards that
dre adopted will depend on available tech-
nology us well as on real-life conditions,
control standurds should be elastic enough
to permii casy adjustment as more knowl-
edge is gained and as conditions change.

* Better manzgement. Pollution controls can
do the job if new m
are developed that assess the consequences
.of standards-enforcing actions before they
are implememr:d M:’thods Ii!ce systcms

1 makc: the a actions of regulamry agencies
more efficient.

anagement approaches

N
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# Siandardized requirements for comparable
types of waste-producing eaterprises oper-
ating in simnilar environments. With legal
and administrative controls that allow judi-
cious regulation of all companies in the
same boat, compeltitors will have an cven
break on costs,

Making the Most of Technology

In view of today’s foreecasts of eco-
nomic growth and population increase, we
have no choice but to make the most of our
technology not only in assessing and con-
trolling pollution, but- also in managing the
attack on the problem. The more stringent
the environmental standards, the more
important technology becomes, Faclors to be
considered range from those involving the
individual to those relating to political/
institutional/aesthetic matters.

If the resulis of applied research
studies are to be useful and timely, high-
priority targeted projects must be pushed —
hard and fast. Morcover, all rescarch facili-
ties, including those of universitics, industries,

laboratories, must be put (o work, Further
development of the sciences underlying the
technology and application of the technology
that is specific to particular problems call for
cooperative effort among these groups and
for program objectives that are sharply
focused by those who suppoft the research,
Those specialists who ‘are oriented 10 the

applied scientists must do more and betier
coordinaling. :

At the same time, we canpol wail
upon the rescarch data still to come. We
must make better use of the existing knowl-
edge immediately. The new knowledge that
future research will provide will allow us to
master the more complex problems ihat the
future is certain to bring.

Assessing Technology's Effects’

The basic idea of technological inno-
vation s itself becoming a subject of concern
— environmental and otherwise — to many
in the U.5, and the world at large. Reseasch
brings changes: economic, sccial, and eco-
logical. How will future research affect our
country in the campaign against pollution?

the government undertake this kind of
assessment.

* 52 billion annually — correspond

In line with this view, Congressman
Emilio Q. Daddario has introduced a hill to
set up a technical assessment board, At his
igation, o, the House Seience and Astro-
nautics Committee has asked the National
Academy of Seiences, the National Academy
of Engineering, and the Library of Congrass

hods for weighing the benefirs
! 1y new technology, The aim of
the move is to furnish such assessments as
inputs to the processes of legislation and
administrative decision-making,

Also, it has been suggested thut the
government create some type of early warn-
ing system that would alert the public 10

- potential technological hazards. Such a sys-

tem, if based on careful consideration af well-
documented evidence, not only would give
noticc of danger, but also would help put
panicky, unwarranted stalements into proper
perspective.

Viewing the Big Picture

_ As must be clear now, the significance
of air quality is not limited to such simple
matters as increasing visibility and eliminat-
ing immediate, personal discomfort, Some-
time, the wastes in the environment, cven
at low concentrations, may be more of a
threat than is obvious. No one really knows

bination, affect human life in the long run.
New chemicals by the score are being added
io the environment cach year. The increases
in death rate, in medical eare required, and
in lost working tine that are attributed to
ajr pollution add up to a considerable cost
to the U.5. economy. In the August 21, 1970
issue of Science, Lester B. Lave and Eugene
P, Seskin of Curnegic-Mellon University
estimated conservatively that a 50 percent

decrease in the air pollution levels in major

g (o 4.5
percent of all economic costs associated with

The time has come, also, when we
must consider what pollutants, from cities

some (rees far up the nearby mountains and

vegetation around other cities is being stunted
or killed off. This kind of attention has to
be given also to the effects of chemical fall-
oul upon marine phytoplankton, the tiny
ocenn plants that supply about 60 percent of
our oxygen,

BATTELLE RESEARCH OUTLOOK



Perhaps a little more remote, but
nevertheless a matter that merits study, is
the influence of airborne wastes on the
ccology of the entire planet. Will the millions
of tons of carbon dioxide sent into the air
annually create a hothouse cffect and thus
raise the earth's temperature? Some scientists
hive cited this possible fuiurs danger. On
the other hund, will the large volume of par-
ticulate matler tend to screen the sunlight and
thus cool the earth? We must face thls possi-
bility, too.

This emerging era of ecological man-
agement will give us the chance to correct
our environmental mistakes. But this calls
for total waste managemeni — a tall order.
We must know quantitatively how much pol-
lulian lhe :nmmph:.rc will h;mdlf: withuul

nc::t overlmd 1t.

To complete the picture, we have to
look at man in his total environment. The
hazards that concern us often are not single-
agent insults, We must aisess the impact of
contaminants as they come io us nol anly
from the air, but also from the walcr, the
earth, and any combination of these sources.

Given the means and the time, sci-
enlists can develop the models that will pro-
vide this critical information. A technigue
that presents this kind of a universal look-
see is systems analysis. It will give us a view
of the whole — the tolal ecological system
and the effects of demographic, gconomig,
social, physical, and other factors upon it,
Systems analysis will permit us to weigh
DP(IE;I& on the basis of effectiveness, cost,
and [predicted consequences; to pick the best
course apen to us; and {o move qu:ckly to

Thls Whﬁh: pmblem Gf course, is per-
meated with human angles. Unless we, the
people, face up to the part we play in spoil-
ing the atmosphere, cven the best eiforts 1o
handle pollution will serve no purpose. Pollu-
tion control devices on cars will do no good
if car owners don't keep the devices opera-
lmg Even such apparently minor matters as

wasting electricity or burning trash in open
fires can be damaging When multiplied
mijllions of times. Curbing such polluting
activities requires lots of publicity, rules and
regulations, and enforcement.

F ‘ILC@LUME,; * NUMBER 3 » 1970 -

YA Fiext Provided by ERIC

It"will take herculean efforf¥ to
achieve pollution control. No possible source
of pollution can be lefi unguarded, and with
more than 3.5 billion people/pollution
sources already on earth — a number increas-
ing rapidly — the task is bec_c\mmg more
difficult every day.

PROGNOSIS

.For decades, except in unusual cases,
we have nof becn concerned with our enviran-
ment while pollution scurces have prolif-
erated around us. Can we turn this situation
around? The prognosis is not promising.
Population growth means more electric
power, more cars, and more goods. All of
these can lead to more cffluents, not only in
the U.S. but throughout the world,

In the meantime, we have made two
important gains. We have become much more
aware of the dangers of continued pollution.
Furthcr our lechnﬂlagy has rcached a p(;) nt

emissions into [hE almgspherei We knaw what
we need to do and we have the means of
doing it. But will we do it? Commitment to
thix cause calls for revising our values, adjust-
ing our priorities, and setting realistic goals,
Moreover, we face sacrifices in convenience
and loss of some personal freedom — the
freedom to pollute — as standards tighten
and stronger enforcement measures are taken,

Achieving better air quality calls for
appropriate legislation, adequate moniloring
of the atmosphere, and effective enforcement
of the regulations. A socially responsible
industry will play a vital role in advam:mg
the technology. But there's no sense in fool-
ing ourselves. Even with the most efficient
government aclivity possible, and with the
utmost cooperation from corporations and
citizens, the task is formidable. However, in
the past, when faced with other major chai-
Ienges, we have not failed.
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H{IW DO YOU ATTACK this vast problem of air pollution,
which h]:mkr;:h: 'rnuch ::zf [hc n.uian" Do you meet it head on,
irs? While this sounds cou-
k,ué;,ous]y nggressive, it is an llﬂpdellLdL if not impossible, ap-
prouch,

s\nmhcr wa'y 10 g@ at lhu pmblgm is o pic,l-. out th

\Lumml f\ll’ Pﬂllulmn C‘unlml Admmnlrallﬂn (NAPC‘A)
agency responsible for enforcing the Federal Air Quality Act cﬂ'
1967 (Public Law 90-148), NAPCA is identifying Air Quality
Control Regions that cover the pollution-prone sections of the
country. At this writing, niore than 90 Regions have been set up
or proposed.

THE REGIONAL APPROACH

Whalt are the bases for estublishing Re
hus listed these:

gions? NAPCA

* Meieorological « :d Topographical Fuctors, These relate to
the atmospheric and physical features in an area thai guide
air currents and thereby affect the nature and residence linie
of air pollution conditions. Los Angeles is o prime example
of what these factors can do 10 air quality.

* Urban and Industrial Concentrations. Each Region has a
highly populated area and characteristic economic and social
patterns that aflect air quality. Significant factors include
ypes of manufacturing und businesses, which are frequent
sources of pollution; distribution of these activities within
the region; and location of working papulatmns along with
commuting zones,

* Jurisdictional Boundaries. Air Quality Control Regions are
agsociated with certain political units — cities, counties, or
states — that can serve as bases for regional administration.
Any other factors that are relevant to air quality standards
are also considered,

three levgl\ c&t &_DVLrnmEnl—Fed:ral state, :md local, me-
ever, the task of creating and implementing the regional admin-
mmlwe machlncry rests upon the stales. NAPCA des

tmn f’lElllllEE Furlher NAPCA musi agr::- to lhe air qualny
standards that the states set, as well as state plans for administer-
ing the standards, before the Regions can begin to operate.

In-some areas identified as Regions, suilable control
agencies already are in business. In ather Regions, existing agen
cies, perhaps city or county healik departments, lack the neces-
sary broad authority- or acceptance. There, those charged with
sciting up the required administrative machinery face the rigors
of forming agencies that can enforce the repulations while still
satisfying the political and jurisdictional sensitivities of compet-
ing local governments.

Political problems are likely to be even stickier when
two or more states are involved in organizing a Region. An in-
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ternational flaver is added when, as along the St. Clair River,
Canadian communitics like Windsor ld} plans to join forces
with Regions in Michigan. The history of " metropolitan govern-
ment in the U.S sugjju.h that mixing county. municipal, town-
ship. and other local enfi miay gain more opponents than
supporters for Regions set up in sonte areas, When that happens,
pollution controi will take a licking unless the staics and
NAPCA can exercise enough musele 1o overcome local ineffee-
tiveness.

BENEFITS

The regional approach, as envisioned by NAPCA, pre-
sents mzmy ﬂppx}rmm[u,s mr combmmg clly .md rchn!ll

in mclmpght;m areas, At thc_ same time, it la)s thc fﬂundulmn
for the advancement and interplay of the various technologices

that can contribuie so much to bett tering the environmental
quality.

Regional Planning

. Quality of the enviroment — particularly of the
atmosphere — is becoming a critical factor in metropolitan
planning for living/working space. Further, as Batiell¢-
Columbus environmental specialists have found in their con-
lacts with local planners, regional, rather than just municipal,
approuches to environmental problems are preferred more and
more.

Land-use planning for the future must be built upon
considerations of environmental quality as well as the spatial,
topographic, climatic, economic, and social characteristics of
a region. The resulting plans then will show the way for locating
expanding industry, lransportation, and other economic activi-
ties, and will determine residential patterns. While traditionally
the reduction of air pollution leans upon controlling precesses
and mudlfylng anrgy sources, thz: appn:)ach outlined hérc

qpu:lﬁz:atmm Such a a[ml;gy w;ll allow the regmns nmural
features to be developed maximally while keeping the air qual-
ity hlgh in areas whcre pe@pl: llvc- and c@ngrcgate

sources of leluunn F‘lannars frequmtly work backward in
this regard. First they set standards of atmospheric quality.
Then they :Dmputé the types and volume of pollutants that the
variolls sectors in the area can tolerate while meeting the qual-

ity standards. Pollution sources can be arranged in different

wnys to meet. varymg requrﬂments Fﬂl‘ example plannérs
or foeus a speclrum cf emissions by gﬂjupmg plants that share
power and other facilities, as in industrial parks,

The regional, planners compare their land-use schemes
in the light of factors that will influence future economic devel-
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But the plan is seldom accepted in toto. Too often it is seriously
compromised orf even turned down. Hopefully, as air pollution
gains more stature as a vital element in such schemes, the value
communities will benefit more fully from the skills of the
planners they employ. '

With a plan aceepted, Zoning classificalions can be issued
that specify not only how the land may be used (for commier-
cial or industrial purposes, for example), but also the permis-
sible levels of emissions. The benefits to the businessman are
obvious: the zoning allowances would enable him to figure costs

INPUTS

Geographic distribution
of amission sources

" Topographic and regional geography
(demographic and
regional projections)

STEPS TO COMPUTER MAPS FOR PLANNING
A REGION'S AIR QUALITY

before plant construction began. If pollution controls were tight,
a manufaeturer could determine whether the cost of controls
for a larger plant would outweigh the savings from a lasger
production operation, or whether a smaller plant, because of
the reduced costs for pollution abatement, would be more eco-
nomical overall. (Probably in most cases, the larger operation
would still be more profitable.)

Interdisciplinary Technology

Regional air-quality planning takes 4 combination of
technical skills that is rarely available to local government
ageneies other than those in large cities or regions. Putting all
the pieces together is the key task of the regional agencies,

In dealing with air quality, as with environmental qual-
ity generalty, the focus is on the future. Useful research results
obtained today may lead to improvements anywhere from a
few years to decades from now, This being trug, regional plan-
ning must take into nccount the factors that can influence uir
quality at some future date, But the only data on hand are
those from yesterday and today. This is where demographers,
economists, und other social seientists eome in,

10

population at some future date. Since people must earn a living,
such a figure can lead to a rough estimate of future econoniic
activity. Economists can forecast the praobable types and sizes
of industrics. From these estimates, technologists can guge
future pollution emissions and their levels.

Along this line, Bautelle-Columbus ceonomists and

‘demographers are working out economic and population projec-
- tions to the year 2020 {or two Ohio regions, in connection with .

water studies. Models project population figures on the basis
of demographic variables and relate the population changes to
employment. It appears quite feasible to use similar models and

COMPUTER MODELS OUTPUTS

Regional air quality
- by geographic
digtribution

Contour maps of
existing regional
air quality

" Projections of

future pollutants = = _
and future Second Step
air-quality i B )

“distributions

Contour maps of

air quality '

Contour maps of
acceptable regional
air quality

‘Applications of
land-use plans
.. and regional
abatemant policie

appropriate data to forecust the effects of such changes upon
cnvironmental quality,

Pulling together the Informution needed (o project con-
ditions that will influenee pollution in the [uture demands an
experienced team, Meteorologists, chemists, specialists in fluid
{gus) mechanics, biologists, and others, in addition to econo-

. mists and demographers, hundle the scientific aspects. The

technological problems require specialists in such fields as man-
ufncturing, power sources (ranging from cars to power plants),
trunsportation, and incineration and waste disposal, On occi-
sion, photogrammetrists, health technologists, microscopists,
chemical analysts, und others join the team,

Once cmissions are projected, the team estimates the
corresponding air quality. This sort of estimating, now done

BATTELLE RESEARCH QUTLOOK
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Wlth q)ﬁh.mq aml\sls tr:r:‘mlqucs'. lgnd use plans can bc dwel-
oped for further economic growth in a particular region, and
regional policies can be set for abatmg air pollution at mini-
mum cost, ;

Mapping is one of the mainstays of regional planning.
Features that have influenced the development and growth of
the area, and those likely to be significant in the future, are
c here. They generally are mapped individually and com-

bined, to form a basis for designing future land-use plans. The -

computer can then produce excellent regional maps of air qual-
ity for some desired peried, according to a given land-use plan,
and based on various types of pollutanis and their possible
effects upon the environment and the people. Because such maps
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Computer Maps. The colored patterns show how data are reproduced
on computer-printed maps. Such maps are scaled to a geographical
grid based on topographic and other maps, and they are read against
the grid used as an underlay. Here, base-map information is

sketched on the computer map itself. Cemputer maps are easy to
update, and they can be printed at minimum cost, as needed.

are scaled to fit the basic geographic grid pattern, they are con-
gruent with conventional land-use, topographic, population, and
other maps used in analyzing the region. The sequence of com-
putational mapping is outlined in the chart.

Computer maps are particularly useful when a large
number of nmps are unplayz.d one nl i ume or whm maps of

thcy caat les; thun hnnd drnwn maps, the nnulyst can call fnr

(h’; c’Dmputer maps hr:: m.ede in salving a problem and then

pmblems relmed to thc mieractmns nmnnh sacml economie,
politicul, and technical factors, he is also 4 key to regional air-
qualuy plhnmng Addlng air pcllutmn cuntml o thc mher
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ists lhg,[ pcdlunﬂn ab;nemgm rt;qum:s.

ZEROING IN ON AIR POLLUTION
Thé nature :md Si:ﬂpf; of [he pﬂllu[ion pl'Di‘leb b::'s"’l-

dmlsl) Th:: slluauuns in New YDrk or Lgs Ang.,lcs are much
more complicated than, say, in Boise or Honolulu, Yet the
approaches to be taken in attacking the problems will be
broadly the same.

: Working out a program for a community to use in
managing its air quality involves four basic phases: inventory,
development, evaluation, and iniplementaijon, :

The inventory phase characterizes all clements of the
community that relate io air pollution, This means establishing
the socioeconomic base of life in the area ~—~how the people
carn their living, who lives where, and the like, The area’s
melcorology and variations in its air chemistry are studx;‘d The
legal and institutional base of pollution control is determined,
and the effects of pollutants on the health and economic life
of the inhabitants and on the area’s aesthetics are examined.

The development phase builds og-such information, The
air quality of the area is modeled, The next step entails pro-
jeeting the area’s economic development, and EI‘LJIIHE alterna-
tive plans‘. and siratepies for achieving optimum air quality in
the near and distant futures.

The emhu:mn phase follows, The alternative land-use
plans and alr'managm‘.g‘m slrategies -are analyzed, and the
merits of each are rated.

The implementation phase — the ball must eventually
be placed in the comniunity’s hands. The community, through
its elected officials and governmental processes, is called upon
to select the plan it deems best and then to establish the
machinery to carry it out.

A study that typifies this regional approach is being per-
formed by Battelle's environmental- =planning specialists in coop- .
cration with the Dayion (Ohio) Air Quality Control Region.
The basic data have been inventoried for the Region, which
zampns«:s 6 cuunuas mc]udmg smeablg 1ndusirm] cities —

All u[ thls area shares economic m:s as wcll as sources gf pollu-
tion, Using available emission data, the research team has suc-
cessfully modeled the air quality of the Region. The resulting
computer maps are now being emplnyed to evaluate the impacts
of yarious land-use plans and of major industrial sites on the
Region's air quality levels, ‘

Obviously, the attack on pollution must be many-sided
and long term. Amassing, processing, digesting, and analyzing
the information from yesterday and today constitute a time-
consuming, exacting task; it calls for fusing the efforts of prac-
titioners in many disciplines. The r;gmnal approach offers the
greatest promise for-overcoming the air pollution problem.
Successful implementation requires good management, which
the Air Quality Control Regions must provide; adequate fund-
ing: and a team of knowledpeable and experienced technolo-
gists, Today’s research is tailored to generate the kinds of
information and know-how that are vital to the success of this
approach, :
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by David A. Trayser and
Frederick A. Creswick

~many other kinds of HC (hydrocarben

:%HHZLES POWERED by internal com-
bustion engines have been identified as
the greatest single source of air pollution
in the U.5, Indeed, they are adcused of
contribuiihg over half of all pollutants
cnlering the air. .

The numbers of-vehicles and the
fuel they consume suggest why this is so.
In 1968, about 100 million vehicles trav-

year their exhausts cjected the leavings .

from 81 billion gallons of fuel. The 1966
figures listed here give some idea of the

‘annual total emissions from road vehicles.

WHAT MAKES CARS POLLUTERS?

The internal combustion engine
emits pollutants at a higher rate than

-

Aruitoxt provided by Eic:
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— or RH in chemist’s nowation) encrg
converters. Home oil furnaces. for e
ample, are less serious polluters, The di
ference iy often attributed lo the cveli
nature of the combistion process in er
gines. This is part of the story, but othe
factors are equally important,
Unburned HC shows up in th
gasaline-engine exhaust largely becaus
of a wall-quench’ phenomenon. Durin
combustion, the flame front, which prc
ceeds from the spark plug across th
combustion ¢hamber, is eXtinguished
few thousandths of an inch from the cyl
inder wall, This happens because the rej
ative coolness of the wall keeps some o
the active HC species in the flame fron
from burning. Consequently, unburnes
HC remains at the end of each combu
tion cycle. Somie stay at the wall in a this
layer, some oxidize in the hot post
combustion gases, but some find thei
way into the exhaust, Another source o
unburned HC is the crevice between th-
cylinder wall and the piston above th
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TOTAL EMISSIONS OF MOTOR VEHICLES IN THE

L5, IN 1985
% of Ennssions
From All

B Combustion

Pollutant Tons Processes
Carhon manoxide (CO) 62,100,000 70
Hydrocarhons (HC) 16,400,000 60
Nitrogen odes (NO)  6.,300.000 33
Lead particulates 210.000 100
Dther particulates 400.000 2

first ring, Air/{fuel mixture forced into
this pocket during compression does not
burn and is subsequentiy released durm;;,
the expansion stroke,
Oxides of nitrogen result to a
. kreat exient from the high eylinder pres-
sure and high peak combustion tempera-
ture that are typical of the internal
combustion engine. The nitrogen and ox-
ygen in the intake air combine rapidly to
form NO at temperatures above 2500 F,
Unfortunately, the reverse reaction is
much slower, and little of the NO breaks
down in the coursc of the rapid cooling
that occurs during the power and exhaust
strokes, as the gases expand and escape.
Consequently, the amounts of NO found
in engine exhaust correspond closely to
equ:hhnum cnnc:e:ntmtmm thal can bc

pe,r*uurc.

Carbon monoxide is perhaps
more closely tied to the cyelic nature of
the combustion process than the other ex-
haust emissions. A fairly large amount of
CO is an equilibrium component of the
prﬂducts nf cnmbusiion at high ten'l-

n;mpc,raturcs (wnh bal.mc:;d or lzancr
mixiures). In time, nearly all of the CO
could convert to CO, at the temperatures
occurring between combustion and ex-
haust; but again, rapid cooling of the
combustion products prevents this.

The exhaust is not the only sourece
of emissions. Gases from the crankcase
and fuel vapors from the tank and carbu-
relor also count, The crankease gases—
which could comprise 25 percent of the
engine’s HC emissions if not controlled
—come from “blowby" of partially un-
burned fuel and combustion gases that
escape past the piston rings, Fuel evapo-
rating from the tank and carbiiretor float
bowl can supply another 15 percent of
the emissions, The vapors are caused by
expansion and dontraction of the fuel as
the outside temperature changes (diurnal
breathing); heat from the running en-
gine; and hot soak evaporation (as heat
from the stopped engine moves to parts
that are cooled while the engine runs).
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SETTING EMISSION LIMITS

California’s standards for exhaust
emissions became effective in 1965 (with
1966 models) when control devices were
first able to meet performance, durability.
and cost requiremems Limils m’ '?75
per:ent by volume of CD were sel.

For the 1970 cars, both California
nd Federal standards were tightencd:
ly 180 ppm of HC and | percent of CO
were allowed for a standard-size (4,000
Ib) car. Further planned decreases are
listed here. As indicated, pollutants are

u B

TIGHTENING POLLUTION STANDARDS

Peritussitle Rate of Ennssion,

Car grams mle=2% . test

Maodel

Year HC co Ng,
Califerma Federal Standards

1870 2.2 230 -
Cahfornia Pure Air Act. 1968 (

1871 22 230 A0

1972 1.5 23.0 3.0

1974 1.5 23.0 13
Proposed Federal Standaids

1975 0.5 1.0 0.9

1980 0.25 9.7 04

Note: New propased Federal limits far 1972 cars, based on new
22-minuite test, aré 3.4 gm/mide HG and 39 gm/mile GO, |

now expressed on a basis of grams per
mile rather than parts per million or per-
cent. This is a more realistic way of asses-
sing thé true polluting potential of an
cngine, and also it compensates for differ-
ences in size, In effect, the larger the en-
gine, the cleaner its exhaust must be, As
an approximation: for a standard auto, |
éﬂ’l/n’li](. nf HC‘ is cquwalt:nt to 79 ppm

particulates (lead, carbon, and other ele-
ments) to 0.1 gm/mile in 1975, and
Congress recently passed legislation to
bring the proposed 1980 standards for
HC, €O, :md ND fﬂrWa}d to 1975

for “drlvmg“ the car on a c ssis dymx,-
monieter, This device absorbs power
from the car's rear wheels and imposes

inertia loads during speed changes

through a 2% -minute prescribed driving

pattern of accelerating, decelerating,
idling, and steady cruising, referred to as
the 7-mode driving eycle, HC, CO, and

CO, emissions are continuously mea-,

sured and recorded during 7 consecutive
cycles, and HC and CO emissions, ad-
justed by dilution and weighting factors,
are summed up to yield.total composite
viillues for each pollutant,

Recognizing some shortcomings
in this evaluation method. the Federal
Government is considering changes in
both the driving cycle and the method of
sumpling the exhaust. The proposed
cycle, designated ithe DHEW Urban
Dynamometer Driving Schedule, covers
almost 22 minutes of continuous driving
and is intended to simulate an average
7%z -mile trip in an urban area. The pro-
posed exhaust-sampling procedure is sim-
plified and, ‘further, it collects a truly

" composite sample over the whole driving

cyele with higher gm/mile readings. The
changes may apply 10 1972 medels.

The following suggests what ty p-
ical autos emit in the course of meeting
1970 standards. At the CO limit of 23
gm/mile, about 0.01 pound of CO
emerges per pound of exhiust. Since 135
pounds of air are needed to burn | pound
of gasoline -— totuling 16 pounds of ex-
haust— cach pound of gaseline pro-
duces 0.16 pound of CO, At this rate, the
81 billion gallons of gasoline burned in
1968 produced about 39 million tons of
CO. Even with present emission stan-
dards, which, of Course, most cars now
on the road cannot atiai
pollutants still pose a massn’e pmblum.

TODAY’'S CONTROL MEASURES

Before autometive pollution was
regul:xtcd the chammristics at‘ thc x;mis-

pl;u;e, 50 they were gemml!y u;,narcdi
Auta engincs were dv:qignc’d fﬂr qu.ﬂitigs

rais warthy gas nnlgage, n;lmb!e
starting, and good*driveability” — a
term uscd to describe fast response,
smoothness, and other sensuations prized
by the driver, i

In recent yeirs, of course, the aim
of automolive engineers has changed to
meeting emission standuards while com-
pmmising Dthc’r dcsirvlbh fl.ililll'l.‘a a3 lit=

'the g,lsghnc Gﬂélng can ultmmlely bg

made by reoptimizing the engineering
variables. Further, revising the engine de-
signis only onc approach to abating
dutomotive air pollution, As the cam-
paign to reduce polluting emissions has
pushed shead, 4 number of control meth-
ods have evolved, several of which arc
now standard.

Crankcase Blowby Control

This was the first step. Crankease
blowby control was installed in all U.S.
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POLLUTION CONTROLS IN AUTOS

® On 1971 Models
@ Proposed

Pollution Controls an 18971 Models: 1—fuel
tank vapor vent; 2—PCV valve;
J—carburetor vapor vent; 4—improved spark
timing; 5—improved carburetor;
6—redezigned combustion chamber;

7—inlet air heater.

Propased Controis: 8—exhaust thermal
reactor; 9—particle trap; |0—exhaust gas
recirculation; 7 ] —exhaust catalytic reactor,

cars beginning with the 1965 model.
PCV (positive crankcase ventilation), as
it 1 called, replaced the “breather” to the
atmosphere with a tube to ecarry the
crankcase blowby gases back into the en:
gine throuigh the intake system. Since this
produced a vacuunt in the erankcase dur-
ing engine operation, an inlet with a filter
was also provided to bring in fresh air to
ventilate the crankcase. A valve (the PCV
valve) in the blowby tube keeps the flow
of blowby gases adjusted to the flow of
air/fuel mixture to the engine, thus main-
taining normal operation and preventing
backfire into the crankease.

Exhaust Emission Control

Exhaust emissions were harder to
. limit. But two methods were ready for all
1968 models sold in the U.S.
Chrysler’s approach called for
four engine modifications: (1) changing
the carburetor idle adjustments and fuel
jets. (2) recalibrating the choke control
for faster opening during engine warm-
up, (3) altering the distributor spark-
advance schedule, and (4) adding a
distributor vicuum-cohtrol vilve. These
led to leaner air/fuel ratios during idle
and low-speed cruise, retarded spark tini-
ing to facilitate ignition and burning of
these leaner mixtures, advanced spark
timing during closed throttle deceleration
to lengthen eombustion time, and leaner
mixture operalion during engine warm-
up—a combination that curtailed
exhaust emissions effectively. ,
General Motors, Ford, and
American Motors initially used an

) . N .
l: TC~nc=clr1vgn pump to deliver air to each
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tust passage near the exhaust valve,

this point to allow burning to continue in
the exhaust system. The air injection ap-
proach also includes modifying the dis-
tributor spark-advance schedule (o
retard the spark at idle and low speed),
increasing the idle speed setting, and
adding an intake-manifold relief valve
that opens momentarily during rapid
throttle closures to prevent backfire inio
the manifold during deceleration.

Since the introduction of these
exhaust controls, improvements in the

control systems and in engine design have

further reduced emissions and increased
the control systems' reliability. Among
these improvements are: tighter control
over manufacturing tolerances in carbu-

to minimize surface-to-volume ratio and
to eliminate crevices, preheating of the
intake air to increase the fuel-metering
accuracy and to distribute the mixture
better, and control of spark timing by the
transmission so that the spark is retarded
unless the engine is in high gear, At pres-
¢nt, most systems for abating exhaust
emissions in new cars emphasize engine
madification rather than cxhaust treat-
ment.

Evaporative Emission Control

Controls on cvaporative emis-
sions were required on 1970 model cars
sold in California. They are now manda-
tory on all 1971 models marketed in the
Us. _

A typical system for limiting these
critissions vents the fuel tank and carbu-
retor floni bowl through n canister of
uctivated carbon, which traps the gaso-

‘GIETEIBLTTEE.

line vapors. Engine intake air purges fuel
vapors fromthis canister while the engine
runs. The volume of the tank limits
variations in fuel level as the outside tem-

“breathing.” The sctup for venting the
tank includes a vapor/liquid separator
that allows only fuel vapors 1o pass to the

- eanister (returning the liquid fuel to the

tank), and a pressurc/vacuum relief valve

. that prevents a buildup of excessive pres-

sure or vacuum in the tank.

These various control measures
appear to be worth the cffort. Some peo-
ple have estimated that for 1971 cars,
HC emissions are about 80 percent less,
and CO emissions about 70 percent less,
than for pre-1968 cars. Whether or not
these estimates are reasonable, there is
aniple evidence that pollutants can be re-
duced some more without abandoning
the present internal combustion engine,

CLEANER YET TOMORROW

Basically, there are three ways to
clean up today's car engines further:
(1) more cngine maodifications, (2) added,’
treatment of the after-engine exhaust,
and (3) fuel changes. All are possible, al-
though the time frame for each is a little

other power planis — is discussed later.

Modifying the Engine

It is likely that most improve-
ments that can be made by optimizing
conventional engine designs have been
assessed by the auto producers, and that
the knowledge so obtained will be used in
future designs, given the right incentives,

approaches need more study,

One approach involves lean mix-
ture operation, As shown here in the
graph, cmissions vary with the air/fuel
mixture ratio under constint operiting
conditions, With very lean migture ratios
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(20 to | or leaner), NO, emissions drop
sharply while HC and CO emissions stay
Present engines tend to “surge” and ac-
celerate poorly on such lean ratios, A
much better induction system (carburetor

ute the fuel more evenly. In studying this
problem, Battelle-Columbus engincers
have analyzed droplet dynamics and va-
porization as related to droplet size and
to manifold geometry and operating con-
ditions. Current effort is focused on ex-
perimentally investigating the transport

benefits of improved fuel atomization.
Another kind of engine modifica-

tion that holds promise relates to exhaust

gas recirculation. Devices that return up
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to 15 percent of the engine exhaust to the
intake manifold can cut peak engine tem-
peratures, thereby reducing NO, emis-
sions greatly — reportedly with marginal
sacrifice in driveability and fuel econ-
omy. Though it is still being evaluated,
exhaust pas recirculation seems to have
the inside track for reducing NO, to
levels set for the next few years,

The stratified-charge engine, also
under study now, offers a different ap-
proach. By using in-cylinder fuel injec-
tion and controlled air-charge motion,
combustion is confined to one portion of
the combustion chamber, with only ex-
cess air in the rest of the cylinder. The
emission levels of some engines that oper-
ate this way are promising. While such
engines were developed in the past for
their potentially excellent, part-load fuel
economy, manufacturing cost may be too
high tv encourage general automotive
use, :

Treating the Exhaust

In the 1970 to 1980 time frame,

two after-engine exhaust devices give
hope for dropping the HC and CO levels,

air to oxidize the HC and CO, Catalytic
reactors oXidize these pollutants in a cat-
alyst bed, Both devices are effective,
though so far they are not durable
enough and they do not remove NO,.
Moreover, variations in engine-exhaust
temperature and composition complicate
their design; also, lead compounds in gas-
oline work against the catalytic approach,

Changing the Fuel

Since hvdrocarbons vary in their
potential for making photochemical

smog, a possible way to decrease this
smog is to alter the fuel’s composition (as -
discussed in a later article). Removing or -
decreasing the light olefin content of gas-
oline, for instance, makes the exhaust less

_ reactive with the atmosphere. However,

since this change reduces the fuel's
octane rating and volatility, other com-
position changes would be needed to
compensate for these effects. Obviously,
modifying the composition of today's
gasoline is not a simple approach. v

The use of natural gas (mostly
methane) as an automotive fuel has in-
teresting possibilities. Since methane is
nonreactive photochemically, there is
some justification for disregarding it in
auto exhaust, By running with lean
mixtures — which natural gas seems to
tolerate well — emission levels (ignoring
methane) can be kept low. In addition,
fuel costs are favorable, and a wealth of
operating experience (seemingly over-
looked in the U.S.) is available from the
50,000 small cars that have been run in
northern Italy on compressed natural gas.

But the related problems are ser-
ious. Vehicles using tanks of compressed
natural gas are limited to short trips
between fuel stops. The use of liquid
natural gas could extend the range, but
cryogenic storage tanks are costly and
suffer boil-ofl losses during idle periods,
Still larger difficulties would face any
attempt to furnish liquid natural gas for
even a fraction of the huge number of
autos in the U.S,, to find adeguate sup-
plies of gas for the future, and to con-
vert the gasoline-producing cupacity of
the petroleum industry over to different
products,

Other fuels have been proposed:
hydrogen, methanol, liquified petroleum
gas (LPG), and ammonia, Each has a
supply, performance, tankage, or cost
problem. So far, it is not clear that any
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of those fuels offers either short-term or
long-term relief on a national scale,

ALTERNATIVE POWER PLANTS

‘Let’s look at the possibility of
relieving auto emissions by replacing the
internal combustion engine with a differ-
ent power source, ’

Two years ago, Battelle-Columbus
examined this possibility for the National
Air Pollution Control Administration by
determining what types of power plants
might be suitable for automotive use with

investigators concluded that practical
versions of promising alternatives are not
available and that it would take exten-
sive research to exploit even the most

Electric Vehicles

Pollution-free electric vehicles
serve specific purposes today; trolley
buses, lift trucks, and golf carts are
examples, Why, then, no electric autos?

Perhaps the main reason is lack
of a practical storage battery that would
deliver enough energy for a useful period
of service. Conventional batteries such as
the lead-acid, nickel-cadmium, or silver-

Zinc types won't do it with a weight and

volunie that are reasonable for a family
car, Also, some of these are extremely
costly. Even experimental - high-energy-

sodium-sulfur, and zinc-air, look good
only for vehicles such as cars used for
commulting (in contrast with ranging
over the country-wide highways). Elec-
tric cars pose another problem. Their
use only transfers the source of the pol-
lutants from the vehicles to the gener-
ating station. Of course, the modern
station might be cleaned-up more readily
than the conventional engine,

Although the immediate future
doesn't look bright for the electrics, they
day. New vehicular concepts and differ-
ent modes of usage in the future could
modify this situation; certainly any major
advance in the storage of electric energy
could change the pictiire completely,

Steam Engines

be used to drive autos, since Stanley
Steamiers ran successfully early in the
century, Today, recognizing that other
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fluids can also handle this task, we call
this breed of power plant a Rankine-
cycle engine. Although the old stcamers
worked, they would hardly be practical
today. The main problem: freezing. In
cold weather they had to be dra.ned or
left steaming. Despite recent talk about
trying an antifreeze in the system, no ong
has yet demonstrated a way around freez-
ing in Rankine-cycle engines with water
as the working fluid. Any antifreeze used
would have to go through the boiler; no
suitable compounds have been identified
the typical steam-boiler temperature.
Working fluids that will not
freeze in normal winter weather are being
examined. Thiophene (C,H,5) and per-
fluoro cyclic ether (C.F,;0) are
examples. Both have been tried in experi-
mental engines with some success. Gen-
erally, these organic fluids are used with
peak cycle temperatures of 500 to 700 F;
cycle efficiencies are a little low com-
pared to the internal combustion engine,
but not unreasonably so. Although prog-
ress with organic fluid systems is encour-

fluids are flammable, are somewhat toxic,
and often have an objectionable odor,
Some, such as the fully fluorinated hydro-
carbons, may be nonflammable and
nontoxic, but they tend o be expensive
— $5 to $10 per pound. Others, such as
hexafluorobenzene (C,F,), look like they
have favorable thermodynamic charac-
teristics, buf they haven’t yet been made
in commercial amounts.

The Rankine-cycle engine in its
present state has several other drawbacks.
The condenser must reject 3 to 4 times
the heat handled by today’s auto radi-
ator, The combustion system must per-
form with low emissions over a range of
fuel flow that can vary by a factor of
50 or more. The actions of several indi-
vidual system components must be intri-
cately matched by the control system,
Lubrication is not easy, especially with
steam systems. Simple, reliable, low-cost
solutions to these problems are yet to be
worked out, Finally, there's the difficulty
of getting the power plant under the
hood of conventional autos,

Available continuous-combustion
systems have been operated over a nar-
row range of firing rates with low emis-
sions, However, present technology and
equipment cannot provide a low-emission
combustion system that has the extremely
wide turndown range needed for auto-
motive use, Battelle-Columbus has a
program tinder way to develop an experi-
mental combustion system for a Rankine-

cycle autometive engine that will meet
proposed 1980 emission standards while
to 1 (maximum power to idle},

Although many of the drawbacks
of the Rankine-cycle engine appear dis-
couraging, the incentives to continue
offers great hope for minimizing emis-
sions from the combustion process itself.
Improvement in emission levels over
1970 production engines could amount
1o one order of magnitude and possibly
two, Right now, the incentives look as
big as the problems,

185 Turbines

Turbines are one of the more
promising alternative power plants for
road vehicles. Early evidence of their
potential came from an evaluation made
by an auto company in thz early 1960'.
Fifty turbine-powered autos were lent to
individuals, each of whom ran the
vehicle for 3 months, Although the full
results of this program never came oul,
there seemed 1o be litile doubt that the
turbine was penerally satisfactory. Never-
theless, no plans for producing turbine-
powered autos have been reported. How-
ever, two U.5, manufacturers plan to
market heavy-duty turbine engines for
trucks in the mid-1970%.

Cost probably has been the main
deterrent to using turbines for autos so
far. Even if this factor can be resolved,
there is no clear incentive for the industry
to switch to turbines, Although their HC
and CO emissions are quite low, reduc-
ing the typically high NO, emissions
looms as a very difficult task,

" A FORWARD LOOK

Since no clearly acceptablé;
unconventional power plant is available,
and all of thosc that are potentially
ucceptable require the solution of some
tough development problems, the internal
combustion enginc is unlikely to be
dethroned in the next decade, Beyond
that, there doesn’t seem to be a sound
basis for making predictions, One point
seems fairly certain, however: the auto
industry will be extremely reluctant to
switch to an alternative power plant as a
short-term or temporary expedient for
cutting down auto emissions. When and
if a change is made, that new power plant
will probably appear to be the best solu-
tion for several decades to come,

BATTELLE RESEARCH OUTLOOK
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by Arthur Levy,

S Muti— the word was invented to deseribe a misture of
smake and Tog. But the nieanings of words change. and smog

h;ﬁ ch!mgcd 1oo. Th;‘ infnnmus s‘nmg of Pill'\hur iﬂndﬂﬂ.

shn\glmg plgn! lm:. uml h,d,;im}: h]\,lg.‘s lmhn}. !,ml .scml; lug Wiy
cleaned up. But some kind of smog still plagues cities like Loy
A les, Benver, Washington, D. €., and on and on, What's
happened?
Today’s

smog is a subtle and insidious creation called
photochemical smog. For many years, before anvone knew
much about it, we heard of “Los Angeles smog.” It was known
vaguely to have something to do with the many auomobiles.
the ubiguitous sunshine, and the boxed-in terrain that cha
terized Los Angeles, However, the real nature of photochemical
smog was not pinned down until A, J, Haagen-Smit published
his pioneering work in 1951. He proved that sumospheric
hydrocarbons and nitrogen oxides, mainly from auto exhausts,
were reacting under the influence of sunlight to create the Los
Angeles smog.

This photochemical smog is sneaky stull; its damaging
effects are often invisible and indirect, The basic components,
the hydrocarbons and nitrogen oxides, are neither visible nor
particularly harmful to man or his surroundings in the amounts
that are mund in lhc air. However, when sunlight gets to

,,,,, esults — ozone, acrosol formers, aldehydes,
m;;,am(.: [’JLI’_DMd;,, I'Il[l'd[(:'ﬁ, etc. — even if not downright haz-
ardous, are irritating and expensive nuisances,

THE CHEMISTRY OF SMOG

be cxprc.sscd as:
sunlight
RH 4 NO, —————— smog.
This says that when a mixture of hydrocarbons (and organic
compounds in general) and nitrogen oxides is exposed 1o sun-

light, smog results. The equation, however, greatly oversimplifies

a complex process. The variety of hydrocarbons involved and
the number of reaction products formed are legien, and miany
aspeets of the reactions that occur are understood only vaguely,
if at all. Bui, we do know the most commen kinds of products,
their most marked effeets, and the general ways they are formied,

Smog consists of three basic groups of components —
ants, aldehydes, and acrosol formers — plus several lesser
compounds. Oxidants, the most important group, are defined
loosely as anything besides oxygen that is in the air and is an
oxidizing agent. Actually, concern focusex on those members
of the group that furnish particularly reactive forms of oxygen,
The besi known of these is ozone, Oy, but other important oncs
are the organic pero ites — PBzN (peroxybenzoylnitrate)
and the PAN's (peroxyacyinitrates), Smog damage o plants
and materials, and some of the eye irritation, are attribwtable
direetly (o these oxidants,
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O -UME 2« NUMBER 3 * 1970

RIC

Aruitoxt provided by Eic:

William E, Wilson, Ir.,

e-

A\ QL Smg

and Salo E, Miller

The aldehydes get eredit for most of the eyve irritation.
The most commion components are Tormaldehyde, that foul-
smelling staff that biologists pickle frogs in. and acrolein, wlhich
many i chemist recalls as the worst smelling, eve- ingest
stufl he ever worked with. 7

The aerosol formers cause the typical smog haze. Com-
posed mostly of hydrocarbons with high molecular weights, the
They may be health hazards, wo.
aernsols,

acrosols reduce visibility.
Carcinogenic compounds have been found in smo
but their arigin and their effect in the concentratio
uncertain, In any case, if the acrosols were eliminated.,
wouldn't be missed,

Much of the complex chain of chemical reactions tha
produces this noxious potpourri ealled smog begins with a
mixture of nitrogen oxides in the air, These oxides form in
combustion processes at high temperatures, most notably the
combustion of gasoline in metor vehicles and af coal, fuel vil,
and natural gas in power plants. Somie of this mixture is nitrogen
dlU\ldL NC) bm mml of it is nitric u\njL \'Q Hm\'u er, the

wited wre
they

OQVE} zl\'o.;
In the dark the reaction would stop right there, Bur,

N0 4

sunlight causes the reaction:
sunlight
NO. ﬁﬁ} NO -+ 0,

, in turn, react qu
wllh 1lll1ﬂ.~.phgn§ m\,)gcn ﬂlDlLEL!ILh to f@,rm ozone! ’
If no other reactive species were én hand, the ozone would be
destroyed rather quickly by the NO in the air:

However, the hydrocarbons and ;:arh(;m maonoxide that inevi-

tably are present in the atmosphere with nitrogen oxid
either (o scavenge NO from the air or to hasten its oxid: l,irjm Y

‘kl}r

. ND Thls kc’:eps the amount c:f ND low encugh io pmun the

uun dm;s g0 on lo lhe extent that jt nmdcl‘aleg thc ozone lc,:\ml

* somewhat,

The NO,-NO-O series of reaclions doesn’t represent the
only way that ozone or other oxidants form. With additional
ozone produced by hydrocarbon and other organic vapors react-
ing with oxygen, the concentration of oxidanis reaches serious
levels in the atmosphere more frequently than otherwise, The
highly complex reactions invelving the organic oxidant formers
are one of the more important, but probably least understood,
parts of the reaction chain that culminates in today's snibg.

You won't be far wrong if you point to the axidants,
parlicularly ozone, as Hie bad actors in the smog story. In addi-
aging plant life and materials direetly, they play an
indirect. role in creating eye irrftants and other detrimental
products. For instance, ozone reacts with hydrocarbon vapors
in the air to give aldehydes, according to the general scheme:
R=:CH, or R~CH, 4 O,—R- CHO -+ HO + 0.
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other oxidants, via lhe genefal rDutg Gf

0

0, + NO, + R=CH, or RéCHS#RégéDéD—NDg.

In these equations, R stands simply for the rest of any
organic molecule; the composition and reactivity of these radi-
cals, and thus of the hydrocarbons, vary considerably. Hydro-
carbons with only C—C and C—H bonds (paraffins) are
relatively unreactive, and they contribute little to the formation
of smog. Hydrocarbons with C=C bonds (olefins) are quite
active, and by rcacting with oxidants, they produce most of the
harmful compounds in photochemical smog other than the
oxidants themselves.

Acrosol formation is another poorly understood part
of photochemical smog chemisiry. Nearly all organic vapors
emitted into the atmosphere are too volatile to condense of
thcmsclvcy but samchﬂw the hydmt:ai‘bcﬂs react, again Lmder
mﬂlecular wmght hydrm:arbons that dD cﬂndense, pzrhaps on
airborne particles, to cause smog haze, As with other hydro-
carbon reactions, the probability that these reactions will occur
varies considerably, depending on the composition and concen-
tration of the individual hydrocarbons involved.

All in all, the chemistry of smog is an exceedingly intri-
cate interplay of c:ﬂmpaﬁng reactions, some benign and sorme
insidious. Unraveling this tangle is one of the critical challenges
facing technologists today,

REGULATING SMOG

When the political, social, a
of abating photochc 2vical smog are added to thE techmcal
rigors of dealing wivi: 'ts formation, the difficulties of controlling

smog become fully apparent, To achieve such control, we must -

answer three complex questions: (1) What airborne species of
matter count in smog formation and its effects? (2} At what
coneentrations do the active species begin to make a nuisance
of thcmselvcs? (3) What regulaticns or sch:dule of regulatic‘ms
lDlembla llmlts?

vaiausly, the answer to the third question depends on

ﬁrst two are unly rmrtmlly answgred,. Far mstancc, we kngw
that hydrocarbon vapors are essential to forming smog; how-
ever, many of the 150 or more different hydrocarbons identified
in auto exhaust have little or nothing to do with smog directly.
Methane, for example, is the most common hydrocarbon in
the atnmsphere but as related to smog, -it's an innocent
a very reactive component like
bulene can cause lrcubla Even at cc&ncantratmns of

NEVE!‘[hE]eE&, it makes no sense ta slt and wait tu learn

dent in the problem, even if ongoing work is needed to control
it completely. The attack that can be mustered today is to use
what is known to set the most reasonable criteria and stan-
dards possible, to continue research aimed at gaining better
understanding and improved control methods, and to upgrade
the criteria and standards as increased knowledge points the

This is generally the-approach laid out in the Federal
Air Quality Act of 1967 (Public Law 90-148), The Act assigns
to the National Air Pollution Control Administration
(NAPCA) the job of developing air-quality criteria and control-
technique information using the latest, most authoritative data
on the causes, effects, and control of air pollution®, The states,
then, are io employ ihese criteria and the control information
to establish standards in each of the Air Quality Control
Regions designated by NAPCA. Although the criteria are uni-
versal, the regional approach to setting standards is realistic
since the problenis and their potential solutions differ in various
locales (as discussed in an earlier article).

In regard to photochemical smog control, NAPCA has

- issued criteria for oxidant and hydrocarbon levels, and soon

will do the same for nitrogen oxides. These criteria will define
the clean air goal for all Regions.

The oxidant and hydrocarbon criteria illustrate how
smog can be regulated effectively, despite incomplete knowl-
edge. Although the oxidants have different compositions, and
although they aren’t casy to separate and identify, this much’
can be said for sure about them: (1) reactive ozone is present
in the highest concentration by far; (2) the test for ozone also
works for the worst of the other oxidants; and (3) most il
effects of smog are attributable to oxidant concentration either
directly " or " indirectly through the reactions caused by the
oxidants. Since a single test (the oxidation of potassium iodide)
can measure all of the most harmful oxidants, it is reasonable
to set a criterion for oxidants in terms of the data from that test.
Moreover, since the nonoxidizing, but irritating, smog products
result from the oxidants’ action, the oxidant level is a reasonable
indicator of smog levels in general. On this basis, NAPCA has
set the maximum allowable level of oxidants at 0.1 ppm (part
per million) for the average concentration in the atn\gspherz
during a 1-hour period.

Firming up the oxidant criterion mada it pussnble o
establish a hydrocarbon criterion as well. Since hydrocarbons
are generally harmful in proportion to their ability to produce
oxidants, hydrocarbon limits can be fixed at the concentration
necessary to give an oxidant level of 0.1 ppm. Smog chamber
experiments (see later) have shown that an average 1-hour
level of DB ppm c:f carbcm in Qrganic compcunds methanc:
NAPCA set hydrgcarbun limits at that ﬁ,guric:,i though that cri-
terion does lump unreactive organics in with the active ones.

QO erything before moving to curtail smog, We know enough
EMC iout its causes, cffects, and conirol to allow us to make a big
18 . BATTELLE RESEARCH OUTLOOK

*Tha Air Qunhly Act of 1970, currently in the making, will be even morg
puinted in its aims to clean the atmosphere.



These limits, however, are not standards; the NAPCA
criteria call out the ultimate goal for smog control. Air Quality

have ihe problem beat. Standards, on the other hand, are set
regionally, and specify the limits that are to be achieved by a
given date. They depend on local conditions, available tech-
nology, and knowledge of what and how particular components
of the atmosphere contribute to smog formation.
Establishing criteria is simpler than setting reasonable
standards, Most, if not all, Air Quality Control Regions have to
go at the problem step by step, gradually tightening the stan-
dards, To upgrade the standards as rapidly as practical will take

standing of the process evolves, ways of controlling smog will
become increasingly elear. With appropriate R & D and intelli-

" DRAWING A BEAD ON SMOG MAKERS

Solving the riddle of smog requires a very delicate
approach to a mammoth problem. Critical pollutants might be
present in minute amounts, say, a few parts pzr billion. These
must be identified, their concentrations mensured accurately,
and their effects determined clearly. Morecver, the inleraction
of such contaminants with other components in equally small
concentrations must be adequately described in terms of prod-
ucts, reaction rates, and degree of reaction. The problem is like
trying to find half a dozen light-gray ping pong balls that are
mixed among cnough white ones to make a pile the size of Mt.
Rainier. Yet this often is just about what smog chemists are
called upon to do. The really strange thing is: they do it.

The Srﬁpg Chamber Itself

What makes it possible to learn more about smog is a
precisely controlled, closely monitored atmosphere-in-miniature
called the smog chamber, Although such chambers come in all
shapes and sizes, the one at Battelle-Columbus is typical of the
larger units operated around the country, It is 8 feet high, 16
feet long, and 5 feet wide, built from functionally inert alumi-
num and Teflon, One wall holds 7 eye ports for checking eye
irritation. The opposite wall is largely a Teflon-film window,
outside of which is mounted a bank of luorescent lamps to
provide irradiation -— by simulated sunlight, black light (all
ultraviolet), or blue light (partly ultraviolet).

Extremely delicate control of the atmosphere in a smog
chamber is essential to obtaining meaningful results. For
instance, although fresh air is elaborately purified before injec-
tion into Battelle’s chamber, it normally is admitted before 4:00
a.m on the day of an experiment, when the Columbus air is

)
E TC‘iest; ) )
Maoreover, reactions in the chamber must be followed,
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often continuously, with equipment that is the ultimate in ana-
lytical sensitivity. In Battelle’s chamber, cancentrations of car-
bon monoxide, hydrocarbons, nitrogen dioxide, nitric oxide,
sulfur dioxide, and total oxidant can be continuously monitored
down to levels of parts per million or even lower. Intermittent
hyde, formaldehyde, peroxyacylnitrate, peroxybenzoylnitrate,
and total sulfur, Dther substances can be monitored as required.

The Smog Chamber at Work -

Although the smog ci:.mber can be applied to a broad
range of air pollution problenss, it is used most often today to
research the photochemical snivg process and to evaluate con-
trol schemes. Two case histories of recent Battelle work illus-
trate how valuable a tool the smog chamber can be.

Gasoline and Smog. The way the news media tell it,
removing lead could sound like ‘a quick and easy answer to the
problem of air pollution from gasoline. Unfortunately, this isn't
the case. The oil companies can furnish lcad-free gasoline blends

that would deliver high performance, but these would not neces-

sarily relieve pollution. The modified blends would contain

Smag Chamber. Chambers like this are the major too! for studying

photochemical smog. They allow controlled simulation of smag-farming
eonditions and precise monitoring of what occurs. The eye ports are
used to esvaluate potential irritating effects on the eyes of voluntears,
Reduced visibility, oxidant farmation, and other aspecis are checked
with instruments. The Battelle-Columbus chamber provides information
basic to the development of smog-conirol devices and facilitates
research on the polluting qualities of potential fuels and volatile
organic solvents, : ’
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A,s lan;:. as lhlh is 0. measures hk,e ehmmaung lead fn:)m gasg-

line may only substitute new trou for old ones,
Consequently, the American Petroleum Institule initi-

ated a study to obtain information basic to blending gasolines

that will perform with reduced air pollution. Part of this effort
is to develop an “aerosol reactivily scale”

sols, and thus sniog hazc

How Much Pollution From Cars? The.updated chassis dynamometer
allows engineers to evaluate auto emissions realistically while the rear
WHEEIS of !ha car are subjectsd to resistam:és that ré}jﬂ‘;duté W’pICE|

they have been thgraughly mixed (In the Iarge dut;!) wnh air as in
normal car use.

Thr: prgject léam is itudying the exhsusl f’rc’:m vsriaus
,runmng a4 carona chassls dynamgmeter, a machme ihat puis

the vehicle through the Federal Driving Cyele, simulating urban
driving ﬁ@nditiaﬁs Sﬁmplc—,s of the exhausi are lighl lrradimed

arc ‘monitored . by gas Chmmatﬂgmphy Abcut 100 dxﬂ'tlent .

wmpanpmﬁ arc: fgllﬂWx.d some in concentrations as smsll as

thh thc rgdugtmn of v151b111ty by lhE haze that fcrms. ‘
While still in progress, the study has already shown that
some aromatics, despite reports to the contrary, are efficient
aerosol formers. This is the type of information that petroleum
refiners need to produce low-pollution-potential gasolines.

" Organies From Stationary Sources. People generally
identify the smog problem with motor vehicle exhaust only.
However, a fair share of the active arganics in the air comes
from what are called stationary sources — paints, lacquers,
cleaning fluids, solvents, and organic process chemicals of
various sorts, Consequently, two arcas, Los Angeles and San
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that will rank auto
cxhaust components according to their tendency to form aero--

Francisco, have found it worthwhile 1o set up some controls
on using these substances. .

The development of these controls is a striking uampl;
of cooperalion between mdu:stry and government. The cities
ﬂéreed not Ic’) ap];ﬂy blnnket r’eguiﬁliﬂns but ralhgr to limit

Industry, espeuall) (he paml and mlven[s peaplei LQDmeILd
with the cities in setting up regulations. The National Paint,
Varnish, and Lacquer "Association helped pave the way by
sponsoring research (o assess the relative rt:'tcilvny of 45 useful,
but volatile, organic compounds.

The point is that in many uses, several formulations
will do the job equally well at about the same cost. If the
photochemical smog reactivily of various components is known,
an active formulation can be replaced with an inactive one.
Justifiably, manufacturers have objected to changing the for-
mulation until the smog reactivity of the. components was
pinned down. :

Smog chamber studies provided this l{md of inforima-
tion. The relative reactivity of :each of the 45 orpanics was
ranked according to its ability to: (1) produce oxidants, (2)
form formaldehyde, (3) irrilate eyes, and (4) promote the

’ ﬁ:rmaiinn of NC) The rankings based on «:ich inrjividunl EfTECl

mcal basns

WHAT'S AHEAD

How should smog technologists, with their smog cham-
bers, weather maps, and erystal balls, go about solving today’s
photochemical smog problem? Initially, they took the obvious
way — looking to decrease the amounts of air pollutants across
the board. However, as we hive pointed out, this is not always
practical; it might be unsound economically or it might fail to
yield the desired result. For instance, reducing low reactivity
hydrocarbons in the atmosphere would have little or no effect
on smog formation. !

Realizing that there will always be some emissions,
industry prefers to tailor them. The concern is focused less on
how much hydrocarbons get into the air, and more on how
harmful are the emitted hydrocarbons — e.g., does the process
release active olefins or neutral paraffins? The goal of controls,
then, is to decrease smog by reducing the emission of reactive
hydrocarbons.

The above studies for the peiraleum and the paint and
solvent industries exemplify sound approaches to resolving
photochemical smog and controlling it. Mare industries arc
likely to follow these examples as emissions are related to levels
of compounds in the atmosphere and, in turn, to the products
of atmospheric photochemisiry. The more we identify reactive-
hydr@carbﬂﬁ emissiaﬁs aﬁd the maore we learn abaut iheir role

to thmg phmm;hr;mlcal :,mog!
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by William T, Reid

lpl;mlh were dmy fcsr thexr nexghbcrs and dll’llEF yet fDr thexr
workers, But, not anymore, Today's huge fuel- burning
clectricity- prmducmg ﬂentml staqu some c’:ﬂslmg over a
quarter billis
engincering de;;én ;ma;! techn@lgglcal advances. The;r stazl\;s, as
high as 1,250 feet and worth more than a million dollars, dis-
charge barely visible plumes into the air under most condi-
tions, Nevertheless, pollutants are ihere,

HOW MUCH POLLUTION?

Géneratmg I kilowatt-hour of electricity produces a

small amount of emissions — typically, 1/6 cubic fm:\\‘, of sulfur

. dioxide gas (S0,) when burning coal or fuel oil; 1/20 cubic
fnm of gaseous nitrogen oxides (NO,) when burning coal, oil,
natural gas; and less than 1 ounce of fly ash when burning

l: lClI Some 1,000 Btu of sensible heat — nominally 1 percent

TRAL ARATT ARULLTTION B DO RWaNe 1

of the heat required per hour by the average residence in
winter — also goes up the stack for each kilowatt-hour gen-
erated. The typical household uses 19 kilowatt-hours a day.
These numbers alone aren't particularly disturbing, But
when we multiply: them by the billions of kilowatt-hours gen-
erated today, the true significance of the power-plant polluting
pmblem becomes evident. For example, the electricity used in
the U. & during one peak midsummer week in 1970 came (0
33 3 bi”an kllowan hgurs— 5. 5 percenl maore lh.m in 1969

ONE WEEK'S EMISSION OF POLLUTANTS BASED ON
33.3 BILLION KILOWATT-HOURS® OF
ELECTRICITY GENERATED
Heat in Stack
Gas, million
million Btu

Fallutant From Total
_ Fuel Burned, tons o
Fuel 50, NO, Fly Ash

- Coal 232,000 31 DDD 415,000  16.4
o] 48,000 6.000 — 2.9
Gas - - — 14,000 - 17
Toial 280,000 51,000 415,000 27.0

The table here shows the amount of pollutants released
during such a peak week. This mass of effluents ix a real cause
for concern, though on an annual basis, power plants p\:lluu,
the air at only one-fourth the rate that automobiles and trucks
do. A furiher point is that most of the power plants burning
coal and oil are located cast of the Mississippi River. Hence,
pollutants concentrate in the East at about twice the rate they
would if the plants were scattered evenly over the East and
West.

If we consider the tremendous air mass intd which
these emissions discharge, the polluiion from power pl:mh
appears less formidable. The U.S. east of the Mississippi covers
mughly 1.5 rmlllcm square nulcs Smce the wglght of lh(; air

some 45 mxlth m;!lmn tons Df air, If the 3l7,DDD -ton mml
ouiput of 50, and NO, from the coal and fuel oil burned dur-
ing the peak week mentioned here were mixed thoroughly into
this air mass, the concentration of pollutants would be only
0.007 part per million parts of air. The wag who said, “Dilution
is the solution fo pollution,” had a point.

At the moment, no one is ready with a way to disperse
pollutants uniformly into the atmosphere, and no one knows
how fast the atmosphere would cleanse itself of such contam-
inamq HBWEVEr stack&; taIIEr lhan 1 DDD feet hzwg bm:n buih
huaher than ,DDO ﬁ:v;t scem most unhk;ly. A niore IL‘]:zlb]L
method of raising flue gas to greater altitudes is to use vortex

Assuities fhat: sulfur content of voal and fuuel oil averages 2.2 percent: heat rane is 9,000 i
il vaiil contiiny 10 pereent of ush, with 75 percent of this
etive of uny dust-collecting systeiis,

per kilowattzhour for 4
sl I‘ilf\&ll“é 11} th‘ SLICE 17




.Minor pollutants include carbon' monoxide, generally in con-

projectors, i.e., “smoke ring” generators. These possibly could
boost the flue gas to 5,000 feet, representing 3 or 4 times the
present rise of buoyant plumes. Battelle-Columbus enginecrs
have demonstrated the basic feasibility of the process in the
laboratory — using a novel means of harnessing the energy in
the moving flue-gas stream to produce the rising gas ring.
Releasing flue gas at heights on the order of 5,000 feet
looks safe enough. But in view of the doubts about the wisdom
of exhausting water vapor from 55T's at 50,000 feet and above.
there may be some maximum altitude above which flue gas,
with itz high waler CGnlEnl shauld not be vamed Unlil that

seems unwise.

LIMITING AIR POLLUTION TODAY

Three pollutants from power plants cause the most con-

cern: sulfur oxides, nitrogen oxides, and particulate matter,

centrations below 100 parts per million, and some 9 polynuclear

. aromatic compounds, which usually total less than 1.4 pounds

in 100,000 tons of flue gas, For now, at least, these mincr ones

Desulfurizing Fuels. On the average, half of the sulfur
in coal is present as pyrites (iron sulfides) and half is combined
chemically with the complex coal structure. Depending on the
size of the pyrites particles, they c¢an be removed, at least in
pari, by stage grinding or by float-and-sink coal washing.
Batielle-Columbus has Jdemonsirated that electrostatic forces
can be used 1o separale pyriles from crushed conl, but the pro-
cess hasn't yet been adopted commercially, None of the organic
sulfur can be removed without destroying the coal’s molecular
structure, e.g., by converting it into a fuel pgas. Hence, sulfur
can bc taken fmm coal 'r;mly loa Iimiled E\(ti:ﬁl and at costs,
adding some 15 to 30 pETCEnl to the fuel cost.

Fuel oil is more amenable te desulfurizing: generally,
the oil is treated with hydrogen to form hydrogen sulfide gas,
which then can be separated from the liquid. This hydrodesul- -
furizing has come on strongly over the past few years, but the

~ cost is still high. Desulfurizing fuel oil to acceptable levels costs

from 50 cents to $1 per barrel, adding a fourth to a half to the
original price of the oil.

Removing SO, From Flie Gas. Over the past 3 years,
great interest has developed in treating flue gas to eliminate

Q
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are being ignored while we learn how to handle the major
culprits.

Dealing With Sulfur Oxides
Sulfur oxides (99 percent SO, and about I percent
50,) can be controlléd through three basic approaches: (1)
burning a low-sulfur fuel, (2) desulfurizing existing fuels, or
(3) removing sulfur oxides from the flue gas. ' '
Using Low-Sulfur Fuels. These are in limited supply, at
least where they are needed. Crude oils from North Africa,

Nigeria, and the Far East are naturally low in sulfur, and fuel

oil produced from these crudes generally contain less than |
percent of sulfur. But the bulk of the fuel oil doesn’t reach the
U. 8. market; most of our supply comes from sources with
high suifur content, rem:hiﬂg 5 percent iﬁ some cases,

are amp!e — more than 1 mlhon mns almgether. ngevgr, c:f :

this huge encrgy pool, about 80 percent — subbituminous coal
or Iignite — is fﬂund far fn:m our Easler’n c:ansuming centers,
for meml prgductmn; Abcu,t one-fourth Df our tmal k,m:wn
reserves is bituminous coal averaging 2.2 percent of sulfur.
These reserves, mostly located in the eastern or midwestern
states, are the main source of energy for conversion to elec-
tricity. All but a small fractmn of this sulfur appears as SO.. in
the flue pas, ‘

Natural gas contains no 5ulfur and power plants fired
wilh Bas mntnbutc: no SD tD the atmnsphcn: HDWEVEI’ the

;hrmkmg mpldly, the use of this premlum fuel by pubhc utili-
ies is being restricted. Although about 20 percent of the elec-
tricity generated in 1970 comes from natural gas, that figure
is expected to drop to 15 percent by 1975, and to 13 percent
by 1980,
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$0,, More than 20 processes are on the books, Some of these
are obviously unsuited to a power plant, but severa] are aiirac-
tive, However, problems abound. The materials-handling prob-

“lem alone is of a size seldom faced by engineers. A typical,

large boiler furnace can send more than 50,000 tons of gas
up‘lhe stack a day; even with SC} making up only :’aba’ut 0. ‘*’5’

dally,

Six major schemes are getting most attention. Histor-
ically, the first is simple water szrubbing of the flue gas to
carry off S0, in solution, Its use began in 1932 in 2 large power
plants in London on the Thames. Costs of the pmcess have
dlsccuraged more mstallauans

limestone mm hcn flue gas, the ga;r:nug :SOg is cnnvgrted mm
solid CaS0, and carted away with the fly ash, The only addi-
tional costs are for limestone handling equipment, pulverizers,
injection systems, and facilities for removing the spent solids.
Full-scale tests are now under way by TVA and the National

, Air Pollution Control Administration (NAPCA) to determine

costs and effectiveness, and to identify operating ditficulties.
Battelle-Columbus has been studying basic problems in this
ﬁeld sinée 1956 beginning with calculatiixﬁs z:f the ability af
the past 3 years, !‘E;Ea[i‘h for NAPC‘A has focused on measur-
ing the rates of thé chemical reactions under conditions closely
simulating those in full-scale boiler furnaces, and this work is
Ec}ntinuing '

m;ted hme is caught by a water scrubber gust ahgad of the stack
to form an alkaline solution that picks up more 80,, Two full-
size boiler furnaces are using this process and a third is being
built. In addition to capturing more than 80 percent of the
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50, from the flue gas. this sysiem also removes essentially all
the particulates so that an electrostatic pn.upn.uor 15n't needed.
However, some operational iroubles have ;

A basically different process convert

through a fixed catalyst hed. The sulfuric acid that eventually

results is' callccléd in a candcm;r ahcad af the stack. Thu. pm— ’

power pl"n[ in th near nnun. Bm:.lh= Culumhm engineers in

critically

ostly,

]

Stll another approach is s based on sorbents capluring
‘SO by ph)su:al or h} c.ht:nuul means. ln lhh area, th d”\

lhe mos: a ;llt:ntxcm? ll cha,nge,s Pdl‘iiclé‘i of alks
SO and retgrm‘. lhc abmrbgnl Slz:. dcé,'"

prgbl:ms, and no l.lrg:; mamllnnons !mvg bu:n bmlL

has reached full status. One attention-getter employs molien
carbonales of lithium, sodium, and potassium to scrub the flue

are being proposed. but no full-size installations are in sight.

gested, and it is too soon to rate them competitively, Engincer-

and almost universal availability of 1i
ferred reactant for SO.: but the quaniiii
hundreds of tons per day for a single, large boiler furnace —

estone mike it a pre-

recovering sulfur in one form or anmhcr are not appealing now
‘because of the low price of sulfur. This reduces the incentive
- for using such processes since they usually cost more than the
limestone systems. Finally, the methods that discharge flue gas
at temperatures lower than 200 F — especially if water washing
is involved — are confronted by stack plumes that are highly

billowing flue gas may be clean, but public acceptance is open
to question. :

Good Riddance. Limestone's affinity
for sulfur dioxide is well known. .
Explaiting this eharacteristic in boiler
furnaces can keep SO, fram getting
out the power plant stack. Batielle-
Columbus engineers have
experimented in the rig shown here

" 1o learn how to use limesione
effectively and aconomically in
removing 50; from hot flue gas.

o - - o
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she ‘:O. into 8O,
when flue gas, cleaned by taking out the particulates, is pd\sul i

lyzing the process to aid the utility in assessing its .
worth, hav: found that converting an existing plant may be -

- C

a sulfate by reaction with $0.: later FEEEHEI’JUDH n.h..m,s th

Wet scrubbing systems that use eliemical reagents rather -
than water have been proposed by many investigators, but none’

gas at about 1000 F:'the resulting sulfates are reconverted later =
lo the carbonates and the sulfur is recovered, Pilot plant studies

Many modifications of these schemes have been siig-’
ing problems remain to be solved in every case. The low cost.
i Fequired — nuuny -

create handling and disposal difficulties. Systems based on _

visible in cold weather owing to condensing water vapor; The -

T
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In short, polluiion by 50, is being studied extensively,
Control is assured, but the costs of cleaner flue gas from power
plants still hurt,

Treating Nitrogen Oxides

nilmgcn oxides

Although the major l'm'fus is on SDy
(NO and NO., collec i i
ignored. Some NO, forms when
nitrogen in the air reacts with active oxygen hpQQth in the
flame. Generally, the higher the temperature, the more NO, is
produced. Also, both coal and fuel oil contain nitrogen com-
pounds that are suspected of causing additional NO, during
combustion, though very little is known about them. Natural
pas is [ree from such substances, but NQg still forms by flame
reactions. Thus, all fossil fuels contribute in this way to air
pollution,

Twc: basit pmcedurcq reduce NO, cmissions: burning
1 ow as possible, or operai-
ing thn. boiler !'u,rn,uu;,s [ur;l rich to eliminate highly active forms
of oxyvgen from the flaime.

Dnly the ﬁrst uf thcsc methﬂdq is wﬂrkahh: in iarg;

pr.u.llc,al WZIYb wuhaul cutting hacl-. on lotal heat Qulpul. (])
by first admitting only part of the air into the burncr region
and then, after combustion is partially completed, supplying the
rest of the air needed, thus controlling the rate of combustion,
or (2) by recirculating appreciable amounts of flue gas into
the flame region, thus limiting the maximum temperature both
chemically and physically. Both schemes are most adaplable
to gas-fired and oil-fired boiler furnaces, but both pose serious
engineering problems when pulverized coal is burned.

Physical chemists have studied NO, in depth. They have
given us a good deal of information on how it forms from, and
reverts back to, nitrogen and oxygen. The basic chemisiry is
well understood. But when we deal with carbon/hydrogen com-
plexes in fuels, the reactions become much more invalved and
we can't yet predict equilibrium concentrations and reaction
rates, Such basic information will be developed in the laboratory
eventually, though it appears that research in large boiler fur-
naces will be necessary to provide workable design information.

Handling Particulate Matter

Of the three fossil fuels, only natural gas creates no
polluting inorganic particles (fly ash). Coal, with an ash con-
tent usually around 10 percent, is the worst offender, but fuel
oil's 0.1 percent ash also can be troublesome.

The quantity of fly ash emitted by a boiler furnace that
burns pulverized coal depends mostly on how the coal is fired.
In cyclone furnaces, where heat releases at a high rate, a molten
layer of coal/ash slag inside the horizontal cylindrical com-
bustor captures all but 10 percent of the ash, thus keeping the
amount of dust in the flue gas low. Conventional slag-tap fur-
naces, with a pool of molien slag on the hearth, let about 50
percent of the ash leave the furnace. In dry-botiom furnaces,
where the ash is only partly sintered, as much as 80 percent
of the ash might go up the stack,

The heavier bits of this fly ash are captured by mechani-
cal collectors using inertial forces and are retained in hoppers.
Particles smaller than about 10 microns escape such collectors;
they can be caught only by electrostatic precipitators or, in
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rare instances, by bag filiers. Precipititors do yeoman service
in rem g particles when the units are large enough to keep
the Nue gas moving through them slowly, The collection efli-
ciency of ‘generously designed and well maintained precipitators
can be better than 99 pereent,

High clectrical resistivity of the fly ash degrades pre-
cipitator performance. For low-sulfur coal, the fly ash resistivity
may be up because the flue gas doesn’t contain the litte ‘s()
led 10 put an electrically conducting film on the part
s. A decade ago this condition would have been rectified
by switching to a higher sulfur coal, or even by bleeding some
sulfurie acid or dumping some sulfur into the HUL gas stream.
Today such expedients are unthinkable, The ivity prob-
lem disappears at flue gas temperatures well abave 350 F, bui
the precipitators then become more expensive because they
must be larger to handle the expanded volume of the gas.

The troubles aren’t so bad with oil, since anly about
one hundredth as much ash is involved. Though most oil-fired
boiler furnaces arc not set-up to clean the flue gas, they can be
cquipped with precipitators or with bag filters when cleaner
air is demanded.

Fly ash can be removed satisfactorily from ﬂuc gas with
present technology. The major aim now is to do it more com-
pletely at an acceptable cost.

PROSPECTS

Public utilities are in busincss 1o generale electricity,
not to process chemicals. Nothing could be wanted less around
a power plant than a complicated chemical process for cleaning
flue gas that might go awry and force an oulage. The utilitics
would much rather burn low-sulfur fuel to eliminate SO, and
modify the burners to keep from forming NO,, This dllen‘m
of the utilities may be resolved eventually by devclc:pmg com-
bustion systems that are quite different from today's. -

Faintly visible on the horizon is a new method of burn-
ing fuels that could lead to cleaner air. The fluidized bed is the
key. It involves a stream of air moving slowly through a hed
of inert material and causing a “boiling” action. Such a system
can become a combustor if the bed material is heated to about
1500 F and a fuel, either oil or crushed coal, is admitied. If the
bed material is limestone, the resulting lime will react with SO,
as it evolves during combustion. Further, because the temp
tures in fluidized systems are remarkably uniform and can be
held as low as 1500 F, litile NO, forms. Much R & D effert
is being devoted to learning whether such combustors can be
used in large central-station power plants. The concept is not
new, but the application is,

Another possibility is an advanced power cyele based

on gasified coal. After gasifying under, say, 100 psi pressure,
the hot fuel gas would be stripped of sulfur, the clean gas
would be burned in a pressurized boiler, and the hot products
of combustion would be expanded through a gas turbine. The
thermal efficiency of the cycle should be favorably high: the
combustion products would be clean. This cycle might look
cxpensive, but compared to the cost of the flue-gas cleaning
schemes, it might be economically attractive indeed. Projec-
lions remain uncertain while less novel schemes are being
evaluated, :
Clean air will not come easily or cheaply, But the prob-
lems involving large-scale generation of electricily are just the
sort that spur on any research man worthy of the name. It will
be interesting a decade hence to see how it all comes out,
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OﬁTGnER 17. 1977, 8:00 p.y. Midautumn is seldom this wiarm in the
bustling region of Metro Valley, and the people are relishing it. But the
mood is something else in the offices and labs of the local Air Pollution

him there’s little to enjoy about this weather.

Hourly, automatic air samplers and analyzers around the valley
relay pollution-level data to the Agency. Since midafternoon. when the
wind disappeared, pollutant levels have been rising, Now the figures from
all stations say the same thing — crisis alert, It's time 1o go tothe computer,

8:45 p.m, The rest of the sl is called in. Weather forecasts indi-
cate that a stable atmospheric condition is developing.

The stafl knows what it has to do: bring in APEP, the Agency’s Air
Pollution Emergency Predicior. On call in the compuier at the local uni-
versity, APEP containg information on Metro Valley's topograpiy, emis-
sion sources, and atmospheric characteristics. and also on otier Tactors
that determine how air pollutants affect the region. Combined with weuther

METROVALLEY 8
AR POLLUTION
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forecasts, air analyses, and present and
projected emission levels, the program
can predict pollution levels anywhere in
the valley for up to 48 hours with a
minimum accuracy of 75 percent,

9:35 p.m. APEP conflirms the
worst. Metro Valley's warm, still air is
about to become a stagnant pool of slow
poisan, Unless action-is taken, pollution
will reach toxic levels in about 12 hours,
The first deaths stemming from pollution
can he expected in 24 hours, No relief
is anticipated within 48 hours, thz. lime
span of APEP's prediction ca

The community's authorities a
called in. To prepare for their arrival,
the staff asks APEP more questions:
How much must emissions be reduced
to keep. pollution at safe levels? What
sources are likely to do the most harm?
What controls will bring emissions in
line — with the least disruption to the
community? By the time the town fathers
arrive, APEP has transmitted answers
and the Agency is ready to present a
plan.

Fortunately, the authorities are
casy to convince, They recall the week
20 years before when such an eplsﬂda
went unchecked. That week the air
killed dozens and sickened hundreds.
Many suffered aftereffects for years.

11:45 p.m. to October 18§, 2:00
a.m. Controls are activated. Several
industrial plants are shut down, The
eleetric company cuts its output 50 per-
cent; power rationing is introduced. Auto
travel is curtailed sharply.

October 18 to October 20, The
stafl is collecting information and feed-
ing it into the computer around the
clock. Each new set of air sample
analyses, all new weather data, and all
source-cmission data are put through the
cgmputer New data :alléﬁ:[ic’sn statians
them is fed into AF‘EP.

Some results are encouraging. By
and large the controls do the job; high
contammant levels in scattered areas

mal plan is warkmg pretty well Other
results are discouraging. Two days pass
without any firm prediction of relief.
October 21. Controls continue to
maintain pollution below danger levels,
APEP predicts relief early the following
afternoon. Some restrictions are eased.

October 22, 2:28 p.m. A good,
stiff breeze blows. End of episode — 114
hours and 28 minutes after the crisis
alert.
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1957 TO 1971:
METRO VALLEY'S DILEMMA

Before 1957 Metro Valley was
smugly content. Smarting eyves and
smoggy skies were just the price yvou paid
for ample profits and full employmenti
at high wages. Controls were sporadic,
mlnlnﬂl nm,j unpldnncd W;u I i
The 1957 disaster changcd that
in a hurry An‘ ;l'\\ilkcm’:d Meim Valley
,,,,,,, 1960, controls
had _rcduc,.gd air pﬂllulmn to half the
average 1957 level, The community
thought it had the problem licked.

But then the good dog, progress,
started wagging its dirty tail again. The
industries in the valley continued to
grow: they enlarged existing plants and
built new ones. Additional industry
came into the area. This meant inore
people, more electric power needed, and
more cars. After 1960, the new controls
were no longer adequate for abaling pol-
lution emissions, and the levels started
rising again. By 1970, compared (o
1960, the community had 25 percent
more people driving 67 percent more
cars over twice as many passenger miles,
Industrial production had increased over
half. Power consumption had almost
tripled. The result: 13 years after the
1957 disaster, Metro Valley could expect
ce at any time. There was only
one significant difference; because 25
percent more people lived in the area,
the next episode might easily be 25 per-
cenl more tragic.

1970 found Metro Valley on the
hr;nrns of a di]cmma Stricter cnmrnls

measures already cost as muc:h as lhé
traffic thought it could bear. Besides, the
problems of solid and liquid wastes were
growing apace, pulting more pressure on
the dailnrs availsble for protecting

Maramer, lhE decade ahead
looked like one of continued growth and
economic ekxpansion — just what the
community wanted, Prosperity is a hard

habit to break The cost Gf pr;nllutir;m

lmmmg Metn:! Valley s funher economic
growth,

Considerable improvement in the
technology of emission source control
could be expected, certainly; but at best,
it looked like-Metro Valley would need
t6 be lucky just to keep emission levels
unchanged for the next couple decades,

k,up up with any mluumn in emissjon
rates. at least for the time being. Surely,
noxious emissions could eventually be
eliminated at reasonable cost, bt Metro
Valley couldn’t aflord 1o choke 1o death
while w

aiting,

A change in policy was reguired.
In the 1960's. Metro Valley had put
almost all its efforts into cleaning up
emissions at the source. This policy was
inadequate. Everything that could be
done had been done, but the problem
was still there. Consequently, in 1970,
Metro Valley made a big decision: to-
resort lo atmospheric dispersion — ways
would have to be found to use the great
volume of atmosphere to dilutc emissions
to tolerable concentratians.

The decision wasn't arrived at
lighily Di%p;rsiﬁn isa seC‘Qnd bnst

It was slmng ona ume bx:m,h and
couldn’t wait for the ultimate solution,
The city fathers proceeded to allocate
funds for an atmospheric dispersion pro-
gram to supplement its source conirol
program, and went looking for help.
Metro Valley authorities wrned
a large research organization, and
spe ll:,d out the situation to that insti-
tute’s personnel who were experienced
in atmospheric dynamics and air
peollution transfer. These specialists
formulated a plan of attack, which the
community agreed to, Early in 1971, the
research team was set to work on help-
ing Metro Valley get along with its
atmosphere.

METRO VALLEY’S ATMOSPHERE
In a sense, it's sirange that air
pollution is a problem. With the whole
sky available to disperse emissions, it
would seem that air pollutants would
never reach noxious or toxic concentra-
tions. As a matter of fact, more parti-
f:ulalé material discharges into the
ing of vepeta-
tion (e.g, from the gremédxtatecj burn-
ing of agricultural refuse and from
inadvertent forest fires) than from any
other single type of source. However,
this burning usually takes place in open
areags away from any large population
mass, and the smoke is well scattered
before it has a chance to affect any great
number of people. Consequently, agri-
cultural refuse fires or forest fires aren't
often mentioned as an important gen-
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erator of air poliution, If industry, power
plants, autos, and people were distributed
as widely as these fires, then the concern
ahc}u, air 'pailutian EGUILI h:: reduccd to

Bul, pgopl; gm;ml!) Llush_:r their
homes and their industries in the largest
groups they can manage (or larger). So
the atmospheric pollution plague is with
us.

The Urban Envelope

Part of Metro Valley's trouble
arose from the simple fact that it existed,
When cities form, they tend to ereate an
atmosphere all their own, called the
urban envelope, with climate and char-
acteristics different from those of the
open country around them.

——
,gﬂi bkt

THE DEBL §

The air is warmer inside the
urban envelope than it is outside, Urban
buildings and streets absorb a lot of the
sun’s visible and ultraviolet light and
reradiate it as heat. Moreover, much of
this radiation bounces back and forth
between the walls of the buildings, rather
than into the open air. In the winter, the
heat generated inside buildings warms
the whole area.

This excess heat is the main

in the t:c:m,ral core of a cny rises, cnal;
when it lifts above the taller buildings,
and then spills out into the suburban
areas, where it fends to circulate back
along the ground into the central core.
There it is warmed again and the cycle
repeats itself. Although the center of the
envelope may shift slightly downwind
from the urban center, buildings serve
to hold the EnVElﬂpE in place and to
abate the winds blowing through the
area, The total effect is something like
a great atmospheric dome.
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. The worst aspect of the urban
envelope is that, on a still day, all emis-
sions discharged within it generally
remain ‘there. A brisk breeze will break
up the envelope, but without that breeze,
the result can be nasty indeed. The nub
of the problem is the frequency of tem-
perature inversions that clamp the lid
on the urban envelope and defeat the
forces acting to break it up.

Temperature Inversions

Usually, air next to the ground
is warm, and air temperature drops as
the altitude increases. Since air tends to

vémcal mixing chums the air and scat-
ters contaminants. However, if the oppo-
sile happens, that is, if cool air lies under
a blanket of warm air, the layers gen-
erally remain stable and little mixing
occurs; thus, the contaminants don’t dis-
perse readily, This condition, called
temperature inversion, is of critical inte-
rest to air pollution controllers.

The most common type of
inversion — nocturnal inversion — takes
place in the wee hours of the morning,

£

LV ITire

v
»h,

when the ground has lost the excess heat
absorbed during the previous day and
cools the immediate air cover. Ground
mists, dews, and the typical stillness of
thc dawn rcmll fmm 'ili(:h invcrﬁic\nsﬁ

A second, less frequent but
potentially more serious, kind of tem-
perature inversion is the subsidence
inversion. This forms when warm air in
a hlgh -pressure area tends to sink, com-
ng as it goes, The
subs;dm;ﬁ warm air, if it descends upon
a layer of cooler air, creates a stable con-
dition with little vertical mixing, A sub-
sidence inversion that takes place near
the center ¢f a slow-moving high-
pressurc area, where winds are nil, can
persist for days and can cause major
troubles, This is what happened in
Metro Valley.,

AT e

A third type, known as the urban
elevated inversion, tends to seal the flap
on the urban envelope, Just how and.
occurs are uncertain, but it's a
cousin of the common nocturnal inver-
ujn. Like the latter, the elevated inver-

on forms in the early morning hours,
but at altitudes of a few hundred feet

\hﬂi u‘b
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over the city instead of at ground level,
Moreover, it can stay on for . Such
inversions, reinforced each night, can
hang over cities indefinitely in the
sence of wind-—particularly if
lence inversion:

H
accompinied by a subsi
and they cause the recirculation patierns
that trap air pnllumms inside the urban
envelope,

Other Features

Another part of Metro Valley’s
problem is topography. li's encloscd on
three sides by hills jrlsmg from 500 to

hnms air :lrculsugn further, produces

localized pockets of pollution at the
bases of the hills, and generally stabilizes
and extends the urban envelope.

Metro Valley is luckier in other
ways. Its shifting and capricious weather,
which means relatively turbulent air,
Iéads to almixspheric mixing that can

vall;y :lnd dxap;‘rsz emissions qulckly
However, suc;h turbulence can't

always be depended upcm The 1957 dis-

aster in Metro Valley was caused in large

fel=
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puﬂ by a subsidgnce: imz,r;iun This in-

' Lﬂ\ElDPL, Ihg Epncunlrdlmn m hc.w_\ in-

dustry and fossil-fuel-burning power
plants, and the lack of controls, provided
all the essential ingredients for catastro-
phe. Rurely do all of these come together
1o cook up such a witch’s brew,

1971 T0 1977:
METRO VALLEY ADAPTS

The refse:ar'ch in@;[iiulc‘q mnm m‘

alnmsphcrlc dymnucs (th: AD tmm) —_
chartered to inves ;i_,atr: Metro Valley's
rogram in Spring,
1971 Thc: ﬁrst step mvclvcd é,.uhgnm,

whm more wis negdgd;

Int some categories, Metro Valiey
was able (o supply a lot of accurate data,
Topography and large-scale meteorolog-
ical-patterns were well defined. Good
information was-in hand on sources of
emission and their emitting rates. How-
ever, little was wvailable on how air cir-
culated from one sidc Gf the arca to

characterxsucs uf the air immediately
overhead. As a result, the data from the
city's air sampling program were only of

general value; there was no way to tell
how representative they were.

The AD team decided on a two-
pronged attack, It would try to simulate
Metro Valley's atmospheric conditions
with a computer model using topograph-
icﬂl and ]arge-ﬁcale mzlaara]ggicﬂi ﬂ*‘lld

;u‘,cd a well dcﬁnéd mude! Qf what thc air
does in, over, and around Metro Valley.
] model, chrisicned ADAPTS (Atmo-
spheric Dynamics and Air Pollution

Transfer Simulator), was a tool that the

AD team ﬁEEdEd to serve MEIFG Va]ley
pntenhal air- pallulmn sources and lhE!r
emission rates into ADAPTS, which
would then calculate the long-range
effects of emission under any given
steady-state conditions of the atmo-
sphere.

Air Sampling

One of the first practical results

of using ADAPTS was the discovery that
Metro Vallev's air sumpling program
needed reorganizing. The data from that
program were nol represen
eral areas where emissions tended 1o
concentrate were not covered, With
ADAPTS, the teum evolved a program
of sampling frequency and location that
led to better deployment of sa mpling sta-
tions and to improved input to ADAPTS,
Mereover, fewer stations were nee

ive and sev-

_in view of ADAPTS ability to ;um]_\’}fc

data statistically. Wilh fewer smlinns eni-

;wcumr;} and spcui lh'm could lhc= uld
stations,

Land-Use F’Ianning

ADAPTS quickly proved usef ul
to Jand-use planners, Thus, it wa
cred that an industrial park was to be
built just inside the perimeter of the ur-

ban envelope, and that emissions from the

park would tend to flow aleng the ground
into the downtown area. The p
subsequently relocated where emissions
would generally rise and be carried away
from crowded arcas.

ADAPTS served in other ways,
too. ln g:m.rili ]and use planﬁérq were

tions lh;u took it ;l,way !’mm PDC[\ELS Df
pollution. They could locate recreational
parks and open areas so as to break up
the urban envelope’s effects, and lay out
highways and plant sites alang lines
where emissions would do minimal dam-
age at ground level. Further, shortly after
ADAPTS went on , new Metro Val-
ley housing was built in places that
smelled a lot better.

Emission Sources

The problem of emission sources
also was attacked with ADAPTS. Ore
of the oldest, most common, and maost
useful devices for abating air pollution is
the tall stack, Unfortunately, when the
AD team started wnrk in MctrD Valh;yi

Thé argumcm was lh;:u‘, tall stacks dldnt
eliminate pollution; they only redistrib-
uted it. The air might stay clean at
ground level close to the source, but the
pollutants would merely come to ground
a little farther away.

In some ways this was true. One
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of the power plunts in Metro Vulley, for
instance, had a stuck 1,000 fect h’ghi
which was near the practical upper limit
of height, This allowed emissions 1o be
carried away from the central city, But
ADAPTS was able to show thaten
from this stack frequently grounded on
hillsides surrounding the valley — and
thix was the tallest stack in the valley, The
many tall stacks in the aren did prevent
high ground-level concentrations close 1o
the sources, but the net effect, because of
the hills, was often simply 1o distribute
pollutants evenly throughout the valley,

I was to get the emissions up
high v;m)ugh to cscape beyond the hills.
(fnnvincing penplc lhal mli 'il‘lf.‘k‘i

.umn wis it 5l,,ru,g,t¢h. fcn' the AD team,
However, besides ADAPTS data, the in-
vestigators had two things going for them
alhc p..mmﬂcnnn of r_slum:= ris dﬁd

Because a plume of smoke is us-
ually much warmer than the surrounding
air and leaves the stack with some mo-
mentum, it is likely to rise well above the
top of the stack before losing its excess
heat and its momentum. Then the plume
fans out widely and gets on with pollutant
dispersal. This plume rise can signifi-
cantly increase the effective height of a
stack on a calm day, when natural scat-
tering tendencies are at a minimum In
many areas, th 1
sions will be well dlstrlbuted in the slnm-
sphere, even under highly stable (poor
mixing) conditions. However, because of
the hills, -if plume rise were to work for
Metro Villey, its height would have had
to be doubled or tripled.

At this point, the AD team
bmught out tha vartex ring gEﬁEI‘SIEI" it
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This is a tlL\lLL that gets tall stacks to
ngs, The smoke or vortex

ring is 4 stable lnrm of cireulating air that
is like u whirlpool turned back upon jtself
to form a doughnut. For air pollution
controllers, this confipuration has two im-
portant qualities: the ring tends 10 hold
its shape and to retain its momentum.
Blown out of a smoke stack, the vortex
ring can prapel itself upward two or three
times the height of normal plume rise be-
fore dispersing, and can even pierce tem-
perature inversions,

As ADAPTS figured it,
rings from tall stacks would get o an alti-
tude of 3,000 to 4,000 feet over Metro
Valley on a calm day — enough to clear
the hills on dispersal, and even enough to
make little difference to communities
vond the valley. Metro Valley set up
several vortex-ring generators in the mid-
70%s. It was a relatively cheap way to con-
trol air pollution.

voriex
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ADAPTS Begets APEP

With the help of ADAPTS, Metro
Valley was gelting the jump on its prob-
lem, In 1976, although total emissions
were almost the same as in 1970, average
ground-level concentrations of air pollu-
tants had decreased 45 percent.

ngever throughout these ad-
vances, the big question remained: Could
Metm Vallgy cxpect a repelition of its
1957 disaster? ADAPTS said yes. I
wasn't likely, but it could happen, and the
program spelled out the necessary condi-
tions. A delicate maneuver, would have to
take place; but if Nature went about
things just right, she could siack tempera-
ture inversions thousands of feet high
over Metro Valley and hold them there
for a week or more, ADAPTS said there
was about a 3.3 percent annual probabil-

ity that such conditions could occur,

Bevond this, ADAPTS couldn’t
say. Itwas a simulator. not a predictor,
It could say whar might happen. b
never when. Consequently, Metro Valley
added APEP (o its arsenul — u very wise
move as i wurned out, APEP used the
same basic information as ADRAPTS, bhut
the ‘;chiuliun hase was different,
ADAPTS was good on steady-state con-
ditions, poor on variations, APEP
could handle hour-by-hour variations for
up to 48 hours, Given timely emission
and meteorolagical input, it praved o be
a most effective predictor when needed.
Moreover, onee ADAPTS had been es-
tablished, APEP wias cheap, ADADPTS
furnished 90 percent of s\I’FP‘s input
needs.

hul

EPILOGUE

ADAPTS and APEP reiired 10-
gether in 1992, Metro Valley had no
further need for atmospheric dispersion
control, All industry had installed eftee-
live source-control devices or switched to
nonpolluting processes. Aulo exhausts
were under complete control, Electric
power was supplicd by nuclear utilities
located outside the valley., Metro Valley
enjoyed the bluest skics. greenest grass,
ind cleanest ¢lothes it had known since
the first factory moved into the valley.

End of story, So — what is fact
und what is fiction? In some ways it’s al-
most all fiction: there is no Metro Valley,
and no episode. But from another point
of view, it's nearly all fact, Today, dozens
of melropolitan areas have the Kinds of

troubles that bedeviled Metro Valley (in
the story), and a number of these locales
can bank on serious episodes in the fore-
secable future,

Moreover, the major points of
this ‘:tary are deﬁniteiy f'fu:t SDurEe con-

ing air pnllutants, and at lv: st some ﬂf
this pollution will have to be relieved
thmugh rc:il" ic almmphenc dnp;rsmn

istance,

Steady-state simulator programs
like ADAPTS are already helping many
regions. The know-how for predictor pro-
grams like APEP is growing rapidl
vices such as the vortex ring generator are
being developed now. Can they work for
your area? You decide — but ﬁrv.t take
a deep breath, :

i
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FOR FURTHER READING

Where can you look and not hind Iiterature on
ar pollution? Much of this deluge 15 good, but
some of 1t 18 extreme. and caution is recom:
mended In assessing various published out-
looks. A fine general view of the problem is given
I an exterisive article entitled “We Can Afford
Cleaner Aw.”" in Fortune, November. 1965, This
outhnes the magnitude of the problem and pro-
vides rough estimates of the investrment cost

NS

The aiithors of this issue's keynote paper,
Frank A. Butrico, Richard B. Engdahl, and
Carl J. Lyens, are the guiding lights of Bar-
telle’s Air Quality Tearn. Frank has coordinated
environmental sciences and engineering pro-
grams at Bauelle-Columbus since he left his
post as chief of the Office of Resource Davel-
opment, U.5, Public Health Service. His career
has carried him inte major sectors af enviran-
mental quality. including water and air pal-
lution centrel, radiation hazards, and the
consiruction of community facilities for abating
pollution. Dick, as is evidenced by the recogrni-
lien given to his research on combusiion and
air quality. is one of the forerunmers in the
field. Fezusing panticularly on ihe problems of
indusirial and power-plant combustion, he has
engaged in studies ranging through smoke
abatement, incineration, dust control, and solid
wasle handling. Carl, who is manager of the
Department of Bioloegy. Environmeni, and
Chemistry, has headed up Battelle’s Environ-
mental Quality Research Task Farce, He guides
research in the fields of environmental sysiems
and processes for controlling all kinds of pol-

lution, erganic and polymer chemisiry, and "

biological and medical sciences.

{33 bulhan a year for 10 years) for n1 85 pareurt
cleanup of the U.5. atmosphere,

More rocent articles from Fortune have becn
collected into a paperback entitled The Environ-
ment (Perennial Library, 1970)—a topnoteh re
view af the broad aspects of anvironmental
auality. Richard Scorer's Air Pollution (Per
maon, 1968) interestingly describes atmaos phene
problems.

Anyone who 15 serious about the scientific
and technical aspects of the subject should be.
me famuhar with the 3. vnlumé werk Air F"ﬂllu-

It covers IhE held ljmh hrgaﬁ!y aﬁd deeply
Dn the sociopolitical side, the Re;mrt u:f the

ee (The Wh.te Haus::
1955) 15 38 must. as is Guidelines for the Devel-
opment of Air Quality Standards and Implemen-

tation Pians (HEW. Pubiic Healtn Seryice.
NAPCA. 19691 The first iscusses policy
Approaches 1o the solution of snveenmenty
problems  The second s the handbook tor i
plementng the A Quably Act of 1967 The
Spring, 1968 issue of Duke University's Law and
Contemporary Problems (v 33, no. 21 dauils with
af air quality control

legal a5pe
For the econamics of air polluuon contial, 4
good overview 1s pven 11 Ronald G. Rulher's
conomic Costs of Air Pollution—5tudies in
Measurement (Praeger. 1967). ~Air Fallution
and Human Health™ by Lester B. Lave and
Eugene P Sishin, Science, August i
1970. presents the econenic view 1n terms of
human health,

P. S Myers describes the general state ot
altawrs regarding motor vehicles and their enns.
slons in s paper “'Adfomotnle Emissions—A

3 \I'T!IwJ'Z

are mapping out straiegies for ihe regional
approach 1o air quality conirol. Ira, who heads
the Environmental Planning Group in the
Social and Systems Section 15 interested prin-
cipally in the political, institutional. and socio-
economic aspects of environmiental quality
management. Frequently contributing to envi-
ronmenial resgarch involving inter-disciplinary
leams. he has been associated with studies on
the effects of highways on the environment,
regional air-quality management, water man-
agement in the Great Lakes Basin, and many
others. Dick recenily joined the Battelle-
Columbus staff as a specialist in systems anal-
¥8is, 1o aid in solving resource problems in
physical, technelagical, and sacioeconomic
systems. His experiencein develnpmgswat&glea
or managing water and land resources ieads
naturally 1o designing strategies for regional
air-quality management.

Dr. Ira L. Whitman and Richard M. Davis

David A. Trayser anc Frederick A. Cres-
wick are concerned with evalving clean power
plants for autos. Dave has devoted almost two
decades to thearetical, design. and laboratary
studies of internal combustion engines includ-
ing diesels and Stirling-cycle engines. His
interests have included engine dynamics, ther-
modynamics. and fluid flow problems. with
special emphasis on low-pollutian engines
Lately. he has concentrated on emissions from
autos operating on o chassis dynamometer.
Fred, with g background in research on con-
ventional and gas turbine engines. also has
studied refrigerating equipment. heat transfer.
and thermal design. In recent years, he has
focused on power plants, includi g Rankine-
cycle-engine bailers. gasoline-engine induction
syslems. unconventional low-pollution power
saurces for autos, and Surling-cycle and free-
pistan engines.

Trayser

Craswick L



Study in Environmental Benefits Versus Techno.
SAE Preprint No. 700182, 1959,
Alternative power plants for autos are treated
i Unconventional Thermal, Mechamical, and
Muclear Low-Pollution-Potential Power Sources
for Urban Vehicies,” by J. A Haess and R. C.
Stahman, SAE Preprint No. 690231,

logical Casts,”

1969, “Al-

ternative Fuels for Cantrol of Engine Erission,”

by E. S, Starkman and others, Journal of the
Air Pollution Control Assaciation, Fehruary. 1970,
fiscusses possible fueis. Current emissian
control systems are summanzed in “The 1970
General Motors Ermission Control Systems® by
J. B. King and athers, SAE Preprint No. 700149,
1970,

Basn’: smog chemistry 15 reviewed concisely

n A J Hasgen-Smit's and L. G. Wayne's Al
maospheric Reactions and Scavenging Processes"
in Air Pollution, A. C. Stern, editor, second edi.

tion, v. 1 (£oodenuc Press, 1968}, andain R. D
Cadle’s =ad E R. Allem’s ~Atmasphenc Phato
chemisiry,” Science, January 16, 1970, Book
length treatments are given by P. A, Leghton
in Photochemistry of Air Pollution {Academic
Press. 1961), and by C. E. _IunLe i Air Chem-
istry and Radioactivity (Academic

“What 40 Electric Utihities Are Doing for the
Air, the Water, and the Land.” Electrical World,
June 1, 1970. describes sell-policing by the elec.
tric ubity ndustry. The challenges of future
slectrical demand are highlighted in *1970
Annual Statistical Report. Part 2, Electrical
Warld, March 2, 1970, The interaction hetween
engineering assessment and public concern over
pollution from central-station power plants is
outhned by E. Reinecke in “Pollution—Paltical
Expediency and Technological Competence,”
Mechanical Engineering, July, 1970.

and pol
lutant chspersion i sr quality control are treated
n g wide variety of Tha patential ot
computer modeling s sed by K, L. Caulder
in Same Miscellaneaus Aspects of Current
Urhan Pallution Modd ' Sympasium on Multi-
ple Scﬁ:urc’e Urban Diffusicm Models (Univetsaty

,,,,,, 1869y £ P Ferrand
characterizes :itmusphemt features peculiar tu
cthizs m “Urban Air." Science and Technology.
June, 1969, How land-use planners can emiploy
knowledge of atmosphers dynamics 15 coverad
by F. N. Frenkiel i ~Atmaspheric Pallution and
Zoning v an Urban Area.” Scientific Monthly,
April. 1956: in spite of it age. this 1s shili infor.
mative. H. A. Panofsky's “Air Pallution Meteo-
rology.”” American Scientist, Summer. 1969,
deals with the use of {all stacks to disperse
pollutants,

Approaches 1o aimospheric dynamics

eisc
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Photochemical smeg ean soon become a
trace of its farmer self with men like Arthur
Levy, Dr. William E. Wilson, Jr., and Salo
E. Miller icking it Art has spearheaded
Battelle's activities in petlunion chemistry,
including the chemistry of the atmosphere,
combustion, photochemical smog. and othar
interacttons of auto exhaust in and with the
atmosphere. He guided recent studies on in-
teractions of 50, in smog formation and ki-
netics of sulfur oxidatien in combustion. as
well as the aerosol and organic solvent inves-
tigations autlined in the smag articls. William,
mabile air-quality

who 15 in charge of Battellg's
laboratory, has special intergsts in the kinetics
and machmnisms of photochemical smaog reac-
tions, simulation of atmospherie reactions in
hoth large and small smog chambers, and
computer simulation of smog formation. Si
liller supervises smog chamber operatians,
and thus has participated in many of Battelle's
smog formation studies, particularly in assess-
ing the role of solvents. He v concerned
earlier with zone purification of seawater.

A likely place to find William T. Reid is
around a power plant. He cut his research
teeth on fuels stdies. and was active in criii-
cally investigating the causes of boiler corra-
sion. Qver his 24 years at Baiielle, Bill has
been immersed in energy conversion studies,
fuel cell research. sulfur fixation by lime and
magnesia. and the basics of corrosion and
deposits in boiler furnaces and gas turbines.
Recipient of the Prime Mover and ihe Percy
Nicholls Awards. Bill last year was given the
prestigious Melehett Medal

9

Dr. Philip R. Sticksel and Dr. Staphen D.
Ban are teaching the mmpumr to solve prob-
lems in the atmosphe arsion of air pol-
lutants Phil's !)ackgrDLll1(i a5 a meteorologist
has naturally to his wark i osphenc
dynamics. Amaong his areas of interest are the
dispersian and diffusion of airborne contam-
nants, simulation modeling for air quality
management. the study of visible emizsians
including stack plumes and plume rise, and
the statistical evaluation of arr pollutior i
Steve’ 5 h:me i5 flutd mechmm:s wnh sp:cml

hE
ra-

and gas dylmmlcs. In the [stl few years,
has warked on problems ranging from
entry ablation analysis and techniques for
solving urban boundary-layer problems to the
flow of dye in yarn and the modeling of vor-
tex production in furnaces.

- ' Sticksal

[y

Ban




The Melchett Lecture, 1969. The Energy Ex-
plosion. Since it 15 people who use energy.
the combination of a swiftly growing popu-
lation and an everancreasmg use ol enerpy
per capita 15 leading to an unprecedented
energy demand, which calls for the hest
efforts of all fuels technologists. Energy ser-
vants, subsisting on coal. petroleum, gas,
and uraniumi, can parform tasks that no man
can handle, and in numbers that are hundreds
of times greater than our human population.
The cosit af this energy varies widely. though
most of 1t 15 avallable at a reasonable price.
The author describes the present availability
of energy and looks to the futura. William T.
Reid. institute of Fuel. Journal, v. 42, no.
349, Feb. 1970, p. 43:51.

The Systematic Approach to Industrial Devel-
opment Research. This presents a research
program for narrowing the scope of indus-
trial develapmeni aclivities to those having
the greatest potential for a region. A major
output of such a program is identification of
indusiries that are best suited to the region.
In step one, interested groups in the regian
" define the abjectives that they have for an
industrial development program. In step two.
the resources that the region offers to new

. or expanding industries are evaluated, with -

emphasis on the region’'s existing industrial
structure. The analysis of resources permits
drawing conclusions as to the comparative
advantages of the region. David C. Sweet.
AIDC Jourpal, v. 5. no. 2, Apr. 1970, p. 21.32,

Equipment for the Working Diver. 1970 Sym-
posium Proceedings. In view of the growing
demands on divers in regard to work output
and working depths, their equipment must
be designed io satisfy their needs as dictated
by the working environment. Reflecting this,
papers given at the symposium (sponsored
jointly by the Office of the Supervisor af Div-
ing, US. Navy, Battelle-Columbus, and the
Marine Technology Society) dealt with equip-
ment design, particularly as it relates to diver

—carbon dioxide removal, communication,
power plants, and tools; and with diving op-
erations—deep diving systems and recovery
techniques, Dolores M. Landreman, editor.
1970, 478 pp. Marine Technology Society,
Washington, D.C. '

Membrane Science and Technolegy. Industrial,
Biological, and Waste Treatment Processes.
This is a book of papers given at a confer-
ence onmembranes held at Battelle-Columbus
last year, The first two, fundamental in na-
ture. discuss and interpret phencmena relat-
ing to the transport of both large and small

organic solutes within and through polymeric -

membranes. Five papers are concerned with
‘applications of membranes to solutions where
macromolecular compounds, mainly of bio-

CERIC
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logical origin, must be separated. purified of
dissolved 10ns, or fractionated. Two papers
deal with transparting small dissolved ons
tor the production of chenneals and for pros-
pactive hydrometallurgical separations. The
final four papers describe the use of mem-
brane processes inindustrial water and waste-
treatment situalions. James E. Flinn, editor.
1970. 234 pp. Plenum Press, New York.

Future Trends and Developments in Adhesive
Bonding. The authors list the important ad-
vantages of adhesive bonding. However. the
article deals mainly with some of the prab-
lems of adhesive bonding and discusses
approaches being taken to solve them.

Adhesives Age, v. 13, no. 2, Feb. 1970. 4 pp.

Factors Affecting the Production of Microbial
Food Flavors by Submerged Culture Methods.
Two fungal food-flavering products can be
produced by submerged culture of the myce-
lium: (1) mushroom mycelium. and (2) blue
cheese flavoring. Of the genera of mushrooms
that have been grown in submerged culiure,
Morchella spp. have the most satisfactory
flavors. Pencillium roquefortii grown in sub-
merged culture produces blue cheese flavor.
Either a flavoring exiract or pellets from the
mycelium can be used as a flavoring additive.
Factors affecting the growth of the fungi and
their flavor include the substrate and its pre-
treatment, the nitrogen source. trace nutri-
ents, aeration and agitation, pH, and
temperature. John H. Litchfield. Paper from
Developments in Industrial Micrabiology. v.
X1, 1970. p. 341-349. Anerican Institute of
Biological Sciences.

Y

Non-Conventional Fabrication of Metal
Matrix Composites. Literally dozens of
techniques for fabricating metal mairix
composites have been studied over the past
few years. Relatively few have been totally
successful and fewer have been reduced 1o
commercial practice. One of the promising
composites, pictured here (at 300X), utilizes
boron fibers in a titanium matrix, James N,
Fleck reviews the status of several promising.
noncenventional processing methods, .
including isostatic hot pressing, explosive
consolidation, and in-situ fibering. in SME

. Technical FPaper No. EM70-125, 1970.

11 pp. :

Solid Waste Processing: A State.ol-the.Art
Report on Umit Operations and Processes,
The major processes covered are densihcation
and size reduction, separatian. samtary langd
il and open dumping, incineration, chemigal
addition to more than 550 references, the
publication includes the results ot 4 survey
on solid waste regulations. Richard B. Engdahl
and Battelle-Columbus statf. PHS Publcation
No. 1856. 1969, 72 pp. Bureau of Sohd Waste
Management. Enviranmental Control Adnun
istration, Department of Health. Fducation,
and Welfare, (Suherimeﬁﬂent of Documents,
Washington, D.C. 20402 at $0.75. Single
copies avallable free. as supplies pernut, fram
Bureau of Solid Waste Management, 5555
Ridge Avenue. Cincinnati, Ohio 45213)

Molecular Orbital Studies in Chemical Pharma-
cology. A new area of research discussed at
a symiposium held at the Battelle Seattle Re-
search Center in October, 1969. was the ap-
plication of quantuni mechanics to the study
of drug molecule structure and new drug de-
sign. Studying the primary level of chemical
events is expected to lead to an understand-
ing of biological phenamena. Since such
events are governed largely by the properties
'of the valence electrons of mojecuies, molec-
ular orbital theory promises to assist in pre.
dicting biological phenomena. Lemont B. Kier,

Cooperative Research in Metalworking. This
presents a cooperative program that was de.
signed to determine the reproducibility of
measurements (loads required for the
forward-rod cold extrusion of steel into stan-
dardized specimen shapes) taken by different
laborataories during a simple extrusion opera-
tion. The results were expected to be useful
in several ways: to judge the precision of
data on extrusion forces as reported in the
literature; to indicate possibilities of experi-
mental errors to laboratories reporting un-
usual results; and to provide a background
for planning and interpreting the resulis of
cooperative programs to be undertaken in
the future. Francis W. Boulger and J. L. Rem-
merswaal. Preprint No. MF 70-915, 1970,
12 pp. + tables and figures. Society of Man.
ufacturing Engineers,

Rolls for Hot Rolling Metals. Described here
are the results of several programs for assess.
ing the effectiveness of heated rolls in hot
rolling. Heat-transfer analysis of the hot-
rolling process was the basis for predicling
the guantitative effect of rolling variables on
the distribution of temperature in rolled strip.
The ductile/brittle transition temperature of
the starting mateiial. together with appro-
on the strip and roll material, was pro-
grammed into a cormputer to predict temper-
Subsequently, tungsten strip was used in
small-scale rolling trials, Alexis A, Popoff, Jed
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A, Walowit, Subash K. Batra, and Robert J.
Fiorentina, SME Techrical Paper No. MF70-
123, 1970. 29 pp. Society of Manufacturing
Engineers.

Development of a Fluidized-Bed Technigue for
the Regeneration of Powdered Activated Car-
bon. The study was directed toward develop:
ment of & technique for regeneraling spent
powdered carbon by a fluitized-hed techmgue
Two systems were considered: regenerating
dried spent carbon duning its passage through
a fluidized bed of an inert matenal; and using
finely divided regenerated carbon as the bed
miaterial i a pulsating fludized-bed system.
Allan K. Reed, Ted L. Tewksbury, and G. Ray
Smithson, Jr. Environmental Science & Tech-
nology. v. 4. no. 5. May 1970. p. 432.437.

New Ways To Clean Steel for Porcelain
Enameling. Procedures adopted recently for
the preparation of stesl, cast iron, and aium-
iriurn for electroplating deserve evaluation for
their effectiveness in preparing metal for por-
celain enameling. Anodic alkaline cleaning,
ultrasonic alkaline cleaning, electrolylic nick-
eling. and electrolytic chromate coating are
described and their possible uses in enamel-

Russell B. Bennett. Appliance, v. 27, na. 6,
June 1970, p. 65 + 2 pages.

Two Models of Man. The behavioristic and
the phenomenological models of man are
presented. Analysis of both leads to these
conclusions: (1} the acceptance ef either the
behavioristic or phenomenological madel has
important imiplications in the everyday warld,
(2) there appears to be truth in both views
of man, (3) a given behavioral scientist may
find both models useful, depending upon the
problem under study, and (4) the behaviorist
and the phenomenologist should listen to
one another. William D. Hitt. Intellectual Di-
gest, May 1970. 8 pp.

Organic Coatings in the Ocean. Marine paint-
ing problems are complex because of varied
and rigorous exposure conditions and the
compromises that often are required to expe-
dite the actual painting. This article describes
specific coatings that protect against corro-
sion and discusses antifouling coatings. Louis
J. Nowacki and Richard J, Dick. Oceanology
International, v. 5, no. 6, June 1970, p. 30-33.

Astrionics Selection and Operation on Inter-
planetary Missions. Astrionic subsystems for
automated spacecraft designed for interplane-
tary missions are selected by evaluation
techniques that are based on mission require-
ments, mission event schedules, and space-
craft design characteristics. These techniques
provide a measure of system performance:
they aid in the evaluation of competitive sub-
systems and in the preliminary design of
conceptual subsystems; and’they are used in
determining- the effectiveness of navigation
updating and midcourse correction schedules.
Various astrionic systems were evaluated on
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different schedules for & Jupiter fivby nus-
sion by computer programs based on thess
techniques. Ellis F. Hitt and Fred G. Rea.
Jaurrigl nf Spacecratt and Rocksts, v. 7. no.
3 Mar. 1370, p. 237242

The Use of Novel Rosin Derivatives in
Pressure-Sensitive Adhesives. Rosin deriva-
tives have long heen used as tackifiers in
pressure-sensitive adhesives, Described here
are the results of a scresning program de-
vised to evaluate 13 novel rosin derivatives
in natural, butyl, and styrene-butadiena rub-.
bers that were applied to cellophane, Mylar,
and polyethylene without & primer, David A.
Berry. Naval Stores Review, Feb. 1970, p. 7-11.

The Socio-Economic Dimension of Water Man-
agement. The socio-economic dimension of
framework of the total managenient process.
The first step is defining and inventorying
the existing water-resource system. Data are
needed on the population and employment
of the region and on the physical character-
istics of the water resource. System goals
musi be defined and compared with the ele
ments of the existing system—an extremely
complex process. The state of the art is not
yet up to this task. However, great progress
is being made in developing simulalion mod-
els of water-resource systems, such as the
Susquehanna River Basin model evolved at
Battelle-Columbus. David C. Sweet. Paper
from Dimensions of Water Management, Mar.

Association, Ohio Section, and Ohio Depart-
ment of Natural Resources, Calumbus, Ohio,

Evaluation of Methods To Alleviate Corrosion
Fatigue in Type 135 Drill-Pipe Steel for
Offshare-Drilling Applications, Methods of
modifying the drilling environment and chang-
ing the respanse of the material to the
environment were examined as means of
alleviating corrosion fatigue in Type 135 drill-
pipe steel in offshore-drilling applications. The
authors compare the fatigue behavior of spec-
imens in seawater and in air with results ob-
tained in deaerated seawater, freshwater, and
seawater drilling mud: in inhibited drilling
roud; and in drilling mud with an increased
pH. Cathodic-protection- studies at various
current densities applied during fatigue cy-
cling in seawater gave a range of current
densities that improved the fatigue behavior.
The half-cell potential was determined for the
steel in seawater, and zinc was selected as
the sacrificial metal coating. D. E. Pettit, D.
W. Hoeppner, and Walter S, Hyler. Paper from
Special Technical Publication 462, 1970, p.
241.257. American Society for Testing and
Materials.

Design for Welding Offshore Structures. This
discusses 12 basic factors that are considered
important to the practical and economic de-
sign of offshore structures. When these fac-
tors are understood, coordinated, and properly
applied by design and manufacturing engi--

neers, as wall as onstheob supervisors and

craftsmen. weldments can bie produced at a
reahstic cost and on schedulg, and can hive
the properties needed o provide rehable sor
vice, Robert W. Bennett. Freprint No QTC
1230. 1970. 16 pp. Otfshore Technalogy Con
terencea, Dallas.

New Process for Titanium Powder Metallurgy.
Tritanum alioy shapes made by hot isostahe
prossing have properties equal 1o, and pos
sibly better than. those of wrought material,
and are procluced with hittle oF no scrap, The
author presents intormahon on tensile prop
arties, micrastructure, and chemustry for the
Ti-6A1-4V alloy. George H. Harth, |Il. Precision
Metal, v. 28, no. 4. Apr. 1970, p. 43.45.

. Ferrous Charge Materials for Melting Unal-

loyed Cast Irons in Foundry Electric Furnaces.
The authors highlight the advantages of
metallized ares as ferrous charge material, as
compared with pig iron and scrap. Thare are
good arguments in favar of using metalhzeod
ores; foundrymien should give sponge ron
and pellets a good hard look. H. W, Lownie,
Jr., and Spencer A. Schilling. Modern Casting,
v. 57. no. 4, Apr. 1970, p. 72-73.

The 1970 Census—A $200 Million Aid to

and governmental plani
previously. Special address coding ¢
have been prepared for most major
metropalitan to permit tabulations for
any small geographic area of mierest.
Moreover, computer 1apes. contiaimng

¢ oncluded
in reports to be ssuad. will be avalabls wall
ahead of the reports, 5o that analys

Center is rgceiving the tapes. Computerized
maps of the type shown here are made up
from the tapes; this s one techninue ysed at
the Center 1o facilitate displaying and
analyzing the vast amount of data. Jaseph W.
Duncan charactenzes the 1970 Census dain
and thair pot 1 lists
the subject ems covered by the farmi—in
Calumbus Buginess Forum, v. 8. no 2 Mar
1870, 3 pp.

tial usefulness—and

HOW TO OBTAIN COPIES. Reprints aof many
of the papers .and articles (but not parts of
t isted here may be obtained by writing
ations Office, Batte!’e-Columbus, 505
King Avenue, Columbus, Ohio 43201, Copies
will be provided st no charge so long 25 the
supply permits.
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POLICY T'ORMULATION
AND TVIPLEMENTATION

Mﬂdcrn man has become a multi-
org ition creature. The individualistic
Kislence that typified the settling of the
country is a dying phenomenon. The
front 1an is as remote from us as the
unblemished country he pioneered,
Inereasingly, we lead many-sided lives
with attachmenis to a varicty of organi-
zations — professional, social, political,
economie, artistie, and cultural, New
; ations appear that serve nceds
new and old as old Egroups persist in
ierving yesterday’s causes and pasl
ns,

The entanglement of organizational
tices, loosely or closely held, lcads to
greater interdependence in our many
activities. This myriad of organizations
characterizes and influences our day-to-
day existence. Each organization has
‘creeds, goals, objectives, and vested
cach secks to expand its sphere
ol influence (often in u self-seeking
way). Certainly the large institutions —
government, corporations, unions, and
churches — vie for our attention and
parlici'pmion This pluralism has pro-
tected us from the excesses of radical
ideologies, but it carries liabilities also.
Indifferent institutions in a fluid social
lundscape can lead to polarization and
conlusion.

How do these organizations discard
the extrancous and add on the new and
contemporary, while maintaining a bal-
ance (o become more relevant in a
changing society? Specifically, how docs
an organization’s mechanism sense the
changing environment, relate pertinent
changes 1o its own existence, structure
and restructure its objectives and opera-
tions to accommodate the changes, and
ultimately relate these changes to its
ongoing activities? These questions and
the entire related area of orgar zmonal
planning in a complex, changing society
supplied the groundwork for a seminar
devoted to “Policy Formulation and
Implementation.” The Department of
Social and Management Systems at
Battelle- Columbus recently invited five
speakers to contribute their thoughts on
this theme from various vantage points.
The speakers and their selected areas of
concern were:

Keynote: Donald A, Schon, President,
Orgarization for Soeial and Technical
Innovation

Research Institutions: Roger L. Merrill,
Director, Battelle’s Columbus Labam—
tories-

2
, 4

Aruitoxt provided by Eic:

Gavernment Institutions: Andrew A,
Aines, Executive Office of the President,
Office of Science and Technology

Corporate Institutions: Jack E. Goldman,
Group Vice President for Research and
Development, Xerox Corporation

Wrap-Up & Reflections: James E.
Mahoney, Program of Policy Studies in
Scienee and lu:hh*:ﬂﬂz\' The George
Washingzon Usiversity.

ThL following is a brief summary lhal

made during the seminar.

Organizations and Obsolescence

It’s all 1o ensy for organizations to
fall behind the times, to fossilize. This is
especially true for governmental organi-
Zations, which often lack a yardstick for
mc.lsurmg their effectiveness. In govern-
menis, the complications of civil service,
patriotism, and politics tend to smother
logic with lethargy and emotion, Ofien
governments choose politically expedicnt

paths in dealing with hot-potailo prob-
lems. Aines observed: “*Most government
agencies have come into being at least
a decade afier identification of neced.”

Such laggard action is much less typi-
cal of the marketplace and of the capital-
istic system, imperfect as they are.
Business and industry are more likely to
come up with increasingly effective
mechanisms to displace the less efficient
ones, Of course, the corporation, teo,
may be irappec
a market leads to complacency. As times
change, relevance of organizations
changes, too. Thus, the buggy whip in-
dustry, as such, was doomed to failure
with the coming of the auto. But, as

. Donald.A. Schon

Goldman noted. the buggy whip compa-
vies might have averted disaster if they
had redefined their business as “vehicle
acceleration.”™ He pointed out that to take
the right path, they should have asked
the praper gaestion: “What is it that is
likely to render our business obsolete™
— and proeceeded to get the correct
answer, Then they might have found a
place in a burgeoning industry,

Orientatiun to Change

For most organizations lethargy is
typical and lightfooledness is an excep-
tion. Success, growth, and tenure all nur-
ture rigidity, Indeed, some argue that
institutions are the 'ﬁl{lblh;{lné factors in
iety, lending con ity to counter-
balance the excesses of change. Many of
today’s heated issues revolve around this
thesis,

But change is indeed an integral part
of today’s sociely, and our institutions
should in some way integrate change-
sensing and change-implementing
mechanisms into their operations. Con-
temporary institutions in government,
business, and education, once untouch-
able, now are open targets; their size, age,
and power no longer protect them from.
hut rather have become the basis of,
sharp criticism. And all (oo often, the
battle is highly polarized, as John
Gardner once cloguently stated, buwum
“uncritical lovers and unlavmg critics.’
Criticism has always existed. “What is
new today, however,” Merrill stated, i
the widespread extent of this question-
ing as a result of the universality of edu-
cation and the material afllucnce brought
about by technology.™

Histary abounds with examples of
arganizations structured for inflexibility

'MRBgér L. Merrill
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and unresponsive when the weight of evi-
dence cried out for ¢l : In World
War I, the French generals doggedly
held to an outdated war strategy: in
busi the auto industry responded

very tardily to u significant import th

and in governmenlt, Federal transporta-
tion policies remain geared to an era of
30 years ago

Creating change-oriented orp
titutionalizing change in ex
ing organizations presents awesome
challenges. Yet, how can organizations
stay relevant in our society unless they
somehow orient themselves to cwly per-
ceived threats and opportunities?

Threat-Sensing Organization

Possible dangers rather than opportun-
ities domiinate our thinking as individuals
and in organizations. Mahoney believes
ization policy groups are
such a fashion as to be
extremely responsive 1o threats.” Threm’s
c"hailmge our past policies and endar
aur “stable state.” The latter factor p,cé
ents perhaps the greatest call to arms.
since organizations are geared for con-
tinuity and. acccrding to Schc:ﬁ, “lhc lms

first order.
In mday‘s context, univ

wnth ques'lmn c:rmuezms and recrimina-
C h lhey are em'r:ly unpn:—
parcd thDul m

it be use-
g 7 Hov can we
1mprnve what we re already oing? What

Andrew A. Aines
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should we do that we haven't been
doing?”

The responscs by the embattled
defenders of the organization under
attack amply confirm the thesis that the
de ¢ of one’s equity in a past position
is totally emotional, while the percep-
tion of the epporitunities that are
smothered under the rhetoric, bluster
and emotjonalism of most criticism is a
wholly intellectual experience. Is it pos-
sible to sense opportunity within impas
sioned criticism? IU's hard, since much
of the criticism is negative and lacks
constructive content. Yet our socicty
sorely needs organizational mechanisms,
ially in the larger and more estab-
titutions, to sense the positive
contributions that ¢an be extracted from
C external dangers, Overall, the
defensive and often myopic stance can
never be beneficial, since it leaves the
critics and the criticized without a meet-
ing place for discourse,

Periodic Life / Death Reappraisal

Unlike human beings. who have a
finite life span, institutions can go on for
ccnluric-:; ch Drganizmians have willéd

ﬁnt war, or thc ncklenf:ﬁ cjf lhe m'lrkel—
place,
Institutionally, organizations would

undoubtedly benefit if their charters re-
quired a periodic life/death appraisal by
some agency, internal or external, that
had the appmprmlc ghjcclivity and com-

pr}snmni but r:SEDnslblE nmnagers
should — and many do — periodically
(and incisively) review their objectives

in the light of changing events and cir-
cumstances s0 doing we practice on
an msmunoml scale what we do individ-
ually in a lesser way — dxspmc of prop-
erties or goods that no longer meet our
needs and replace them with those that
do. Mahoney suggests that we should cre-
ate organizations that have a finite period
of life. A less radical, but worthwhile,
approach would require the organization
periodically to argue why it sho-dd be
lowed to continue, at least in its then-
current form, And if the organizaiton be
dissolved. the action should be complete
and final,

Need for Large-Order Change

Increasingly and often shockingly, we
are confronted with problems of such
magnitude that the means to a solution
— even an improvement — arc¢ not
apparent, Sometines the mechanisms at
our disposal arc ill-adapted to meet the
problems we face. Somehow even the
most complex physical problems, such as
landing a man on the moon, shrink in
comparison to those mvﬂlvmg b i
human and social values. resoluie
we arc in the face of a difficuli physical
problem, but how impotent we often
seem when confronting complex social
problems. As Schon observed: “The
management of large-scale programs
aimed at institutional and social c’thangc
is something we do not know how to do.”

Ubiquitous critics persist in reminding
us that we subordinate human values to
malterial ones. No doubt there is s
justice to this argument but also undoubt-
edly these crities, especially the more
vehement ones, have serious shortcom-
ings, too. They often are guilty of lacking
evenhandedness when they carp about

James E. Mahon ey
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what's missing. without acknowledging
w h.n s good. They also show no sense of
ical perspeetive when they fail 10
compare fairly what we have, faults not-
mthsl mding, to the 1owality of what other

es had before.
Bur, as mentioned previously, censure

wry the kernel of a wve
argument. On too many issues we hive

been tardy and oblivious, especially 10
those needs requiring a major effort in
unglamorous arenas, As Aines put it
“We're much more apt lo get action in a
noble-like arca, like environmental pollu-
tion. thun in, say, merchant flect rehahil-
itation,” No panaccas exist for many
difficult problems facing us today; i
iJl”lLllllu.% have mushroomed in an era
of i 'erence. Where the problems are
biggest we often need quantum changes,
not just evolutionary improvements,
Often our institutions are poorly
equipped for such action. and our lack of
resolve compounds their inadequacies.

Technology: Good and Evil

The consequences, both good and bad,
al the onrush of science and technolagy
must be considered here, Only recenily
have we begun (o realize the extent io
which ce and technology can lead
to evils as well us 1o good. Many of the
evils could be prevented, or at least
greatly abated, by properly controlling
and balancing technological develop-
ments. Unfortunately, the measures we
have tuken for ameliorating technology's
ill eifects have been mully and erratic,
at best. Those who cry for g frecze on
seientific and technological progress are
shorisighted. for as Merrill points out:

*Itis only man’s misuse of sejence and’

technology that poses a threat,”

There is no doubt that our world is
becoaming more technology- mh,nsr'c and,
therefore, the prohlen 1 from the
dichotomous nature of technaology will
not solve themselves. Often it seems that
the puce of technological progress is
greater than the rute at which we are
capable of digesting and using it to
advantage. On oce 1 we do retrench
unwittingly. As Goldman commented:
“When things get tough, the first thing 1o
cut is the rescarch project.” Corpora-
i laterally slash their R & D
should the nation da likewise?
clcristic (Df a viml

hudget
If Eh nge is a c:h.

technolog

ccl ﬁ; al pmyu;s is lmpmmm to
sc:cn.tys health, On that basis, retrench-
ing on rescarch appears to be highly
unwise. At the same time, chuny.s
oriented institutions must co
the beneficial and the damaging .l\pcgls
of the science and iLchnolug\' that their

rescireh creiiles,

Herbert 5, Kleiman

=

3.

High-Level Manpower in the 70's

However important good management
has been in the past, it will bz all the
more critical in the future. Organizations
must adapt to the growing sor‘hlsumlmn
of the ecconomy, to the shift of emphasis
from hard goods to services, and to the
increasing concern for higher standards
of living including upgraded services,
cducation, medical ecare, and environ-
ment. Mecting the demands will eall not
only for improved technology, but also
for more efficient ma mient, Finding
the manpower to achieve these goals is
going to be a real challenge for organi-
zations, )

Addressing himsell to this situation,
Dr, Joseph W. Duncan of Battelle's
Department of So and Management
Systems told the National Management
Dcvclﬁpmcnt an!chncc of th Mnr[-

gciling the usual mn".ugcrinl types. While
employable workzrs in the 25 to 34-year
age group wili increase 47 percent by
1980, the 35 0 44-vear group — where
middic management is usually found —
will grow only 12 percent, and the 45 to
Sd=year group will shrink 5 percent.

These figures suggest that many mian-
agement people will have to come from
the ranks of recent cellege graduates.
There will be plenty to choose from.
The 772,000 receiving bachelor’s and
first professional degrees in 1970 will
swell to over a million by 1980; the
211.000 with master’s degrees will go
abave 380,000; and the 29,000 Ph.D.%
will double,

But what will companies do about the
lack of working experience? Current hir-
ing experience shows that management
types move into specific positions from
a V;ll’lt:ly of c:du:‘umnul bngkgmunds

c. These m:ly be :r‘czmvuy,
ani lym:al .1b|lny sllpcrvlsmy capﬁh]
lies, 1d

-,ld:lphlbli: w;dvsly,

The Battelle-Columbus socioecono-
mist concludes that continued ‘economic
and social progress depends upeon the
careful sclection and use of our human
resources in management, research, and
other high-level activities, He suggests

that organizations can employ manpower

more effeetively if they apply these min-

agement principles:

® Delincate the arganization’s mission
by establishing specific operating
objectives,

vanizationgl
ry out the
firm’s UhJLLl es and 1o serve ils mir-
kets and customers.

-

thy measure progress in
t ahj;ctivcﬁ in unh.r 1o

® Sysiematic
mccting the s

m furn ’h i bdac for unpn,wlm_f it

The Chemical Industry and Change

Like others, the chemical industry will
have to do some changing, and will have
to withstand the conflicts and seize the
opportunities that come with change.
sage of Edward 8.
Lipinsky, chemical economist at Batielle-
Columbus, to members of the Commer-
cial Chemical Developmient Association
al a recent meeting in Cleveland,

He noted various reasons for this
prognosis:
® Altered conditions ean kill older pro-

cesses of lead to substantiol mmhﬁ«. 1-

tions of them,

® When the end products of processes
_that are inherently high in cost are
ipted for extensiv —e¢.z., the
high-strength composites identificd
with acrospace uetivitics — the indus-
it. but only by expending
considerable ingenuity, capital, and
planning effort.

L Mnrc intensive usage of many pro-

tems is likcly to result in
pullunun thut will be tolerated less
and less: control of such pollution is
hound to generate the need for tech-
nological changes.

® New interactions between systems can
force change, as when fertilizer runofl
must be reduced to help save the
waters of our rivers,

Lipinsky sces more opportunities in
user-oriented systems than in commodi-
ties. For example, as the auto industry
turns more and more (o modules in car
designs, great opportunities are uncov-
en.d mr the Ehcmlcal induslry Bulu‘

a m.xrkct
here. There will be a need, in turn, for

matermh wnll c:cn.unl_y find a

pmce 5 m pmduce nﬁd ;hnpg lhcsc
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Detecting Microcircuit Defects. As more
complex microcifcuils are crowded on
semicanductor chips, inspecting the circuits
hecomes more difficuli—especially when
reliability 15 eritical, a5 in devices for space,
In a study for NASA's Marshall Space Flight
Center. the Batielle.-Columbus advanced

them — all fertile areas for the industry.

But of all immediate problems, those
related to product marketing and distri
bution seem most critical to the industry.
Too often, distributing and servicing
produets cost three times ag much as
manufacturing them. The chemical
industry must focus on such matters as
product transportation, storage, and
inventories, which can affect profits so
seriously.

The Striker Gets a Ph.D.

Why use a room full of expensive
equipment to measure dynamic material
7 Mosi such measurements,
say Battelle’s Donaid R. Ireland and Dr.
‘llliam Oldfield, need only the space to
permit whacking a little notched bar
qhar’ply en@ugh to break it, plus cmﬁ:ugh

after the striker Whaczks lht: bar of samp!e
material, the bread box can tell you
things like:

® Dynamic yield stress

Dynamic fracture toughness
® Intrinsic cleavage fracture siress
® Critical crack opening displacement
¢ Crack velocities
® Various energies related to the start

and continuation of fracture,

Break the bar at a couple different
temperatures and you can add a few
transition {emperatures to the list — the
ductile /brittle transition temperature,
for instance,

If you've had experience with mech-
anical property testing, you know that
the whack with the striker is the essence
of the Charpy impact test — a fine, old,
easy-t0-run, inexpensive method for
determining resistance to impact, Up till
now, the Charpy test has given only one

number, but Ireland and Dr. Oldfield

have upped its sophistication a few
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and deplh flf fu:!d pftjwded t)y ihe Ec,anmng
electron microseape (SEM) to ferret out and
document flaws. Here, micrographs of the
raicrecitcuil on a chip that is shown m A
display the 5EM's uselfulness Micrograph B
{25X) reveals the .001-nch gold connectar

orders of magnitude —so as to give
several numbers,

You see, in the few microseconds
between the hanimer’s contact with the
bar and the bar's breaking in two, a
complex series of events takes place.
First the bar bends like a spring —
clastically. Then it yields grudgingly,
acquiring a permanent bend, Next, it
starts tearing in a ductile way, that is, as
if it were soft like putty. Then it cracks
rapidly in brittle fracture like a piece of
glass. Finally, it tears completely apart,
Now these materials engineers have come
up with a mcthcd tD re;ixrd lhis step by-

it for a vangty of mf@rmﬂm:\n

They started by fitting a strain gage
to the striker; whatever happens in the
specimen bar shows up as strain in the
slnLEr The gage passcs thls strmn a]cmg

of cnurs: lh!s is a pre!ty fgncy brt:ad
box. However, these fellows assure us
that it can be put together in a bunch
of sizes und models tailored to fit your
data needs, your budget, and your flair
for living. The bread box can record the
behavior of the bar on fracture, and
also it can be equipped to analyze the
record for the material .property data

wires. which are attached by gold ball-bonds
to thin-film conductors an the chip's surtace
as motured in C (250X) Necking of the wire
and a possibly catastrophic crack (arrow) that
are not visible at lower mugnifications arp
apparent in D (1.000X). The SEM also
disclosed scraiches

it contains, Obviously, this involves quite
a few options,

The way lreland and Dr. Oldfeld like
to do it is to record the load/time frac-
ture curve (the cleaned-up strain-gage
signals) on magnetic tape. With help
from an analog-to-digital converter, they
can convert the taped curve into a
of points to which they assign numerical
values. The load/time curve can be
resolved into points at 350 nanosecond
Is. Finally, a computer pro-
grammed for the task analyzes the digi-
tal readout,

A utility model of the bread box might
include only the instrumeniation for
cleaning up the load/time eurve and for
recording it on magnetic tape. Analog-
to-digital conversion and computer anal-
ysis could be done anytime, anywhere,
A top-of-the-line model would include
nverter and a dedicated mini-
computer programmed for the whole
s:apc Df analytical msk-:;' it could give

to the Charpy n’npatl test. ther dynam ic
tests — like the dynamic tensile test —
can be instrumented for automatic com-:
puter anaiysis as well

Better Matal Finishing by Chemically
Expediting the Vibratory Method.
Immersing metal items in a bed of vibrating
polishing material is recognized as one of the
least expensive ways 1o finish metal surfaces.
Normally, various-size ceramic or plastic
pieces impregnated with abrasives are used
in the vibratory beds. Battelle-Columbus
engineers have discovered that the process
can be accelerated and finishes improved by
running chemical polishing agents through
the bed during the operation. in the
experimental run shown here, Hugh R. Miller
is placing a metal specimen into the bed; the
specimen will be polished by ceramic pieces
as a chemical polishing solution is introduced
from above. After flowing to the battom of the
bed. the liquid is recycled for further use.
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~of applics

mented, dynamic-mechanical-property
testing cquxpmcnt - at your friendly,
neighborhoad instrument maker,

Academy for Contemporary Problems

The Ohio State Universiiy and Battelle
Memorial Institute have joined forces to
establish the Academy for Contemporary
Problems in Columbus, Ohio. The Acad-

- emy's primary functions will be to pro-

vide means of adapting institutions and
organizations to changmg social patierns,
of putting knowledge into action, includ-

ing the transfer of knowledge from one-

field to another, and of improving com-
munications between institutions — all
through the combined application of ad-
vanced study and education to defining
and solving contcmporary problems of
man,

Battelle :md Ohio State will share
equally in funding the Academy's opera-
ting costs, which are expected to be about
31 millien annually. In addition, Baitelle
will build a facility for the Academy on a
site close to both organizations. Full-scale
occupancy is anticipated by 1972,

A board of overseers will direct the
Academy. Three members from each
parent institution will name a seventh

member, who will become the Academy’s,

chief executive. The Academy will be
staffed by resident personnel, afliliated
with either Battelle or Ohio State, as well
as by others specially selected for varying

periods of appointment to. help with the,

Academy's program,

Group Research

Your Polywer and Its Skin Problem:

Mnny polymeric materials have bulk
properiies that are desirable for a variety
jons, but because of unfortu-
- nate surface properties their use is lim-

- ited. For instance, some polyesters have

strength, elastic, and fatigue properties
that would be ideal for tire cord, but they
bond so poorly to the rubber that many
advantages of the bulk properties are lost,
Dr scveral palymers cnuld make stn:ng,

they plck up lint, sm] and stmn ::mally, or

are highly flammable, If the surfaces of
these polymers could be treated to induce
the desired characleristics, then their
“range of application; and thus their com-
mercial value, would be enhanced

" sharply.

There is hape fur these polymers. Un-
der the technical guidance of Dr, Richard
A. Nathan of the Organic and Polymer
Chemistry Division, Battelle-Columbus
has proposed a group research program

to exploit an interesting approach to the
problem.

Dr. Nathan, with George E. Cremeans
and Dr. Eugence J. Mezey, plans to attach
Chr;-mic;‘;ll “hand!es*‘ 10 the pcﬁ:iym:.r's sur-

these chem;ca! handlzs (acuv: groups Qf
atoms) must be added only to the surface
layers and at temperatures low enough to
prevent the polymer from degrading.
This will be approached by using micro-
\h'.l\!G H'l’iidlallﬂﬂ IG ahtam lDW’ tEi’l’lpCl’ﬂ=

encu;;h o break the mclccules into hlghly
'n::'it:livc pieccs c:alkd free fﬂﬂié'ﬂa with-

can pn,:mduz,.c a !DW tzmpt,.ratur;' plnsma
that is rich in active NH, radicals: like-
wise, irradiation of H,O vapor can create
a low- lampm ature plnsma lhat is ru:h in

lhemse]ves m ihe, surf:u:t.. layu's ﬂf the
polymer and serve as handles for attach-
ing various classes of molecules.

The investigators plan to study a vari-
ety of handles selected to improve surface
properties such as adhesion, electrical
characteristics, dyeability, and fire retar-
dancy. Also, they will assess the technical
and ccononiic feasibility of the micro-
wave plasma concept on a commercial
scale,

Honors

Francis W. Boulger was clected recently
to the Governing Council of the Interna-
tional Institution for Production Re-
search, The organization, with members
selected from 27 countries, directs its

cfforts to the improvement of manufacs

turing processes and equipment through
cooperative research and by international
cgnfergnces on new technﬂlagy Last
mnny! Ilnly, and Swntzgrlgnd Frgn a
Seniar Technicnl Advisc)r’, has been c:’)n

and is clesely associated with research on
the shaping of metals, particularly metal
forming and cutting.

as pres;dcm of the ngcty far lndu;trml
Microbiology. The more than 1,000
numbcrs of the Sm:iely iﬂﬂiudé biola-

ists, engmcers, .Jnd Dthl’S mn:n,sn,d in
applications of microbiology to agricul-
ture, mdustry, and public health. John,
whn is su:tu;m mdm&.er csf Bmlugy and
olumbus,
h*as dm.cled studu;'s m fcnod sc:c'nce .md

hfc,:

Professional Posts

Staff members recently named to pro-
fessional posts include:

C. MaLcoLM ALLEN, chairman, Ad-

, vimry Cﬁmmittee, Ameﬁcan Society of

WARREN E. BERRY, member, Commit-
tee on Research,
Corrosion Engincers.

WALTER K. Boyp, chairman, Publica-
tion Committee, NACE.

FREDERICK A. CRESWICK, member,
Reciprocating and Rotary Compressor
Units Committee, American Society of
Heating, Refrigerating, and Air-Condi-
tioning Enginecrs.

Di, RICHARD 8. DAVIDSON, member-at-
large, Board of Directors, Ohio Environ-
mental Council.

PauL D. Frost, member, Constitution

and 'Rulgs fnr Gnvcrnmem C‘Gn‘lmilte‘;,

Di. STANLEY H, GELLES, chairman,
Subcommittee on Less Comnion Metals
and - Alloys, Commitiee on Nonferrous

- Metals and Alloys, American Scscmty for -

Tg&lm; and Materials.
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Dr. Horaci J. GrovERr, chairman,
Committee on Surgical Implants, ASTM.

Dr. CurTis M. JacksoN, member, Ed-
itorial Advisory Commitiee, Wire Jour-
nal.

D=, RoserT 1. JAFFEE, member, Mate-

rials Advisory Board, National Academy
of Sciences-National Research Council.

Ricnarp L. JENTGEN, member, An-
nual Meeting Program Commitiee,
American Socicty of Lubrication Engi-
neers.

Dur, MELVIN F. KANNINEN, secretary,
Committee on Computing, Applied
Mechanics Division, ASME.

Dr. JamMEs B, Kirkwoob, chairman,
Symposium on Ecological Problems in
the Marine Environment, First National
Biological Congress, American Institute
of Biological Scicnces.

Dr. Joun McCarLLupM, member,
Board of Directors, Electrochemical So-
cicty.

A. GEORGE MOURAD, vice-chairman,
Navigation Subcommittee, Anti-Subma-

-ring Warfare Advisory Committee, Na-

tional Security Industrial Association.

Appointments

Dr. Sumu(l Glube, assistant director —
“technology. With
his new appoint-
ment, Sam be-
comes chairman
of the Senior
Techniecal Council
at Batielle-Colum-
bus.

David D. M(mre, assistant director —

y C special assign-
ments. In his new
nssignment, Dave
pursucs studies

sirengthen staff
capabilitiesin
meeting changing
R&D requlrc-
mf:nls
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that will serve to-

Perry J. Rieppel, 3551§mmd1rccl«:r—
o technica:! develop-
ment. With his ap-
#8 pointmient, Perry
- undErlaLCh re-

4 gram dLSlgnCd to
s develop both tech-
nical staft and
atisfy the demands of
t:tmg contract research,

facilities to s
increasingly ex

Dr. Dm‘me N. Sunderman, manager, De-

- partment of Sacial
and Management
4 Systems. Duane is
l responsible for re-
scarch on business
" and technical cco-
nomics, social and
behavioral sci-
ences, information
d systems 'm;ﬂysm

section mianager, fab-
rication technol-
ogy. Paul guides
research on pow-
der materials ap-
plications, pariic-
ulate metallurgy,
and materials de-
velopment, tech-
nology, and appli-
cation,

Dr. David L. Mﬂmsun, section manager,
environmentalsys-
tems and pro-
cesses, Dave's con-
cern includes:

analysis and mon-
itoring of the en-
s vironment as a
physm'll and cco-

from the viewpoint of- spemﬁ; contami-
nants; understanding physical and chem-
ical phenomena in the environment;
development of proccsses to conirol en-
vironmental contamin 1; and studies
of managing the environment as a
resource.

cction manager, inor-
ganic materials,
Studies in clectro=
chemical engi-
q neering, ceramics,
plutonium tech-
nology, materi-
als
namics, and ther-
mc:phy n:al pmp-
e

M. Jack Snyder, s

dll‘ECilGn

¥

thermody-

Dr. Charles W, Townley, section man-

ager m.xlcrmh sci-

bt

Slbllllth cncom-
pass kludlL“\ in

L Le .\nd an;s
“ronmental engi-
neering, mechan-
iy ¥ ical metallurgy,
corrosion, and structural physics. )

Dr. Edward W. Ungar, section .manager,
engincering phys-
ies. Ed guides
acrothermal. re-
rch, and inves-
tigations in aero-
© space  miechanics,
weapons physics,
and defense plan-
ning and engineer-
ing.

Hugh D. Hanes, chicef of materials devel-
opment, supervises research in high pres-
sure technology, solid state bonding,
beryllium technology, thermoelectries,
and biomaterials,

Dale E. Niesz, chief of ceramics research,

supervises fundamental studies and pro-
cess and product development related to-
a spectrum of materials including: refrac-
tories, white wares, glass, carbon and
graphite, coatings, composites, and ferro-
clecirics and ferromagnetics, as well as
acrospace ceramics, bioce ics, and in-

,organic construction materials,

Dr. Gilbert E. Raines, chief of ecology
and environmental systems, dircets inter-
dle!plln'ﬂ‘y rescarch that spans planning,
managing, and conducting broad ccolog-
ical studies and solving specific environ-
mental problems relating to nuclear
delonations, highways, industrial devel-

megnt, wah,r r’(_%aur’ces, and thh nu-

Cul has a specml interest in dcvclapmg
methods for quantifying ceologieal and
ecnvironmental factors as a basis-for
advantage/disadvantage analyses.

George W, Tress i:l, chief, communica-
tions media research, gmdca the develop-
ment - of facilities and melhadalggles for
enhancing the comimunication process.

Robert Yereance, chief of engincering
physics, direets studies in Xecrography,
reproduction and duplicution, clectro-
statics, and vacuum-technology.
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1—Effacts of Emissions on Vegetation. Scientists know that
power plant emissions can destroy vegetation. But how can

you Ehéck an such an EHECH Pk mgrammetry nﬂkes fast

iaken for Baitelle-Columbus phmagrammg!ns! Jt:lm:.hnm G.
Stephan. shows browned fir trees thal were damagad by
stack effluent.

2—Probing Ecological Problems With Mathematical Madels.
This system of tanks is designed 1o verify the results
obtained by mathematically madeiing aquatic ecosystems
that receive heated effiuents. Dr. Thomas J.. Birch {right) and
-Donald R. Taylor of the ecology and biosysiems analysis
group are monitoring the biolegieal, chemical, and physical
characteristics of water pumped from Lake Batielle. After the
watar is warméd it is rﬁmféd on through lhE system and its

Battelle- Eﬂlumbus models CDmbme data on hg_at_ transfer,
mass transfer, and population dynamics for the purpose of
farecasting how thermal effluents influence river life, Other
pollution factors can be treated similarly. With such models,
investigators can examine a problem fram many sides,
identify the data needed, predict changes. and evaluate

various sirategies for using resources.

. 3—How Does a Seaside Nuclear Power Plant Affect the
Ecology of the Nearby Ocesan? A current study for
Northeast Utilities (NU) Systern by Clapp Laborateries of
Battelle-Columbus will help provide an answer 1o this
question. Scientists have been counting and evaluating

-living specimens in the seawater near the plant site for soma
time, for comparisan with data to be taken after the plant

- becomes operational. Here, Dr. Robert Hillman lowers a tray
of oyster spat (young aysters) inta the plant’s discharge canal
while Jay Wennemer (right) and Nancy Davis (left) of the
Clapp staff and NU environmental SpEGIEIIE( William Peterson
look on. Comparing the rate of oyster growth befare and
after plant start-up will provide one measure of the plant’s
acological effect. '

4—Mobile Air Quality Laboratory for Field and Spasific-
SEUT’\:E Samplihg The 35 fﬂ(]l trailer which was outfitted at
-quality
mammrs a wet- c:hemustry Iabaramry for ba;ch sa‘ﬁple
- analysis, and equipment for extensive analyses of particulates
in-the atmosphere. This mobile laboratory can manilar mest
common air pallutants ineluding acid gases and total
-oxidanis and hydrocarbons, Light-scattering measuring
. equipment onboard can conlinuously indicate aerosol mass
“loading and atmospheric visibility. Special gear and
techniques permit taking samples of gases and particulates
- for mare detailed analysis in the laboratories at Calumbius.
. Dr. William E. Wilson, Jr. (front) and David F. Miller, shown
. here using the equipmant, collabaraied in déS|gn|ng the
laharatary.
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BATTELLE MEMORIAL INSTITUTE

Columhus Laboratories
505 King Avenue
Columbus, Ohio 43201

The Columbus Laboratories of Battelle
Memorial Institute perform contract research
for industry, government, and other organiza-
tions. They provide the personnel, experience,
and equipment to solve problems and generate
basic knowledge in virtually all areas of science
and technology.

Much of Battelle's growth has stemmed from
the successful application of the multidisci-
plinary approach to research, in which special-
ists from different scientific, engineering, and
other disciplines join forces to apply their
in-depth knowledge to a problem.

At Battelle's laboratories in Columbus, Ohio,

the research focuses on:

® the sclution of highly specific and practical
problems as wel| as theoretical explorations
on the frontiers of science.

e the design and development of materials,
products, processes, and total systems.

o information analysis, technical-economic
and socio-economic studies, and marketing
and management-planning research.

Battelle research has produced advances in

OTHER BATTELLE LABORATORIES OR OFFICES:

In the U5.A.:

-.Chicago, Cleveland, Daytona Beach, Detroit, Duxbury

(Mass.), Huntsvilie, Long Beach, Philadelphia,

Richland (Wash.), Seattle, Eequlm Bay (Wash. )

Washington, D.C.

Qverseas:

Adelaide, Buenos Aires, Caracas, Frankfurt, Geneva

London, Madnd Paris, Rio de Janéaro Sydﬁey

highly diverse fields for spghsors large and

- small located in 90 different countries.,

The staff at Battelle-Columbus includes ap-
proximately 1,400 scientists and engineers

" who are experienced in a variety of disciplines.

Supported by an equal number of other per-
sonnel, they conduct research in specialized
laboratories and other facilities housed in 35
buildings Eatteiieﬁolurﬁbus alsa aperates re-

: Dsytnna Beach, Flgnda! and Long Eeachi

California.
Battelle Memorial Institute was establlshed
under the will of Gordon Battelle, last of his

" line, as a memarial to his family. The Battelles
were among the first settlers of Ohio and were-

prominent in the development of the state's
iron and steel industry. Operations began in
laboratories that today are part of Battelle-
Columbus: and corporate headquarters con-
tinue to be in Columbus. Other Battelle cen-
ters for contract research are now situated in
Richland, Washington; - Frankfurt, West Ger-
many; and Geneva, Switzerland. Other research
sites ‘and offices are located throughout the
world; the staff worldwide totals about 7,000.




