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AIR POLLUTION CONTROL RESEARCH INTO FUELS
AND MOTOR VEHICLES

THURSDAY, JUNE 19, 1969

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON PUBLIC HEALTH AND WELFARE,
COMMITTEE ON INTERSTATE AND FOREIGN COMMERCE,

Washington, D.C.
The subcommittee met at 10 a.m., pursuant to notice, in room

2318, Rayburn House Office Building, Hon. Peter N. Kyros presiding
(Hon. John Jarman, chairman).
Mr. KYROS. The subcommittee will please be in order.
The hearings today are on H.R. 12085, introduced by Chairman

Staggers on June 11, to provide a 1-year extension of section 104 of
the Clean Air Act.
When the Air Quality Act of 1967 was enacted, section 104 was

placed in the act in order to provide specifically earmarked funds for
research programs involving fuel and vehicles. This program is sched-
uled to expire on June 30, 1969, whereas the remaining authorization
for appropriations under the program is scheduled to expire June
30, 1970.
The bill before us today would provide a simple 1-year extension

of the section 104 authority to June 30, 1970, thereby providing a uni-
form expiration date for all appropriation authorizations under the
Clean Air Act.
At this point there will be included in the record the text of the

bill and Agency reports thereon.
(The text of H.R. 12085 follows:)

[H.R. 12085, 91st Cong., first sess., introduced by Mr. Staggers on June 11, 1969]

A BILL To amend the Clean Air Act to extend the program of research relating to fuel and
vehicles

Be it enacted by the Senate and House of Representatives of the United Statee
of America in Congress assembled, That section 104(c) of the Clean Air Act
(42 U.S.C. 1857-1) is amended by striking out "for the fiscal year ending June 30,
1969" and inserting in lieu thereof "for each of the fiscal years ending June 30,
1969, and June 30, 1970".

Mr. KYROS. I understand our first witness this morning will be Dr.
John T. Middleton, Commissioner of the National Air Pollution Con-
trol Administration.

(1)
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STATEMENT OF DR. JOHN T. MIDDLETON, COMMISSIONER, NA-
TIONAL AIR POLLUTION CONTROL ADMINISTRATION, DEPART-
MENT OF HEALTH, EDUCATION, AND WELFARE; ACCOMPANIED
BY IRWIN L. AUERBACH, SPECIAL ASSISTANT FOR LEGISLATIVE
AFFAIRS; AND RAYMOND SMITH, ASSISTANT COMMISSIONER
FOR PROGRAM DEVELOPMENT, DEPARTMENT OF HEALTH, EDU-
CATION, AND WELFARE

Dr. MIDDLETON. Thank you, Mr. Chairman.
I would like to read a short statement if I may, sir.
Mr. KYROS. Certainly.
Dr. MIDDLETON. Mr. Chairman and members of the subcommittee,

I am very pleased to have this opportunity to testify on H.R. 12085.
This bill, as you have said, would extend for one year the authoriza-
tion of appropriations under section 104 of the Air Quality Act of
1967. I will say at the outset that enactment of this bill would not
result in any increase in the National Air Pollution Control Admin-
istration's proposed budget for fiscal 1970, but rather would enable
us to continue to make appropriate use of certain special features of
section 104.
In adopting the Air Quality Act,. the Congress set up an inter-

governmental system for dealing wth air pollution problems on a
regional basis. State and local governments have a major share of
the responsibility for making this system work. They have a particular
responsibility for dealing with air pollution problems arising from
the many industrial, commercial, and other stationary sources located
in virtually every urban community in the Nation and in many small
towns and rural areas.
The activities of State and local agencies depend in part on the

availability of practical and economical techniques for preventing and
controlling air pollution arising from stationary sources. And, sim-
ilarly, the national program of regulatory action to control air pol-
lution from motor vehicles also depends on progress in the develop-
ment of appropriate control techniques.
It is essential, then, that the Department of Health, Education,

and Welfare continue the research and development activities author-
ized by the Air Quality Act, particularly those activities relating to
the air pollution problems arising from the combustion of fossil fuels
to produce electric power and heat and from the operation of motor
vehicles. Together, fuel combustion sources and motor vehicles ac-
count for more than two-thirds of all discharges of pollutants into the
Nation's air resource each year.
Under section 104, the National Air Pollution Gontrol Administra-

tion currently is conducting efforts to develop and demonstrate tech-
niques for the prevention and control of sulfur oxides pollution, a
major national problem arising in large part from the combustion of
fossil fuels. This effort is a coordinated Government-industry pro-
gram involving not just the National Air Pollution Control Admin-
istration but also several other Federal agencies and more than 70
organizations in the private sector.
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A more modest program relating to motor vehicle pollution control
also is being conducted under section 104. This program includes con-
tinued efforts to develop improved means of controlling emissions from
the internal combuStion engine and initial work on the development
of alternative propulsion systems for motor vehicles.
Special features of section 104 include the fact that funds made

available to us can remain available until expended. This flexibility is
useful in the planning and scheduling of research and development
and demonstration projects which may extend beyond the end of a
fiscal year.
A second feature of section 104 is that which clarifies the legal impli-

cations of supporting projects involving construction and installation
of pollution control equipment on private property for the purpose of
testing. Very often, industrial plants are the best possible sites for
making a realistic evaluation of the economic and technological feasi-
bility of new processes for the control of problems such as sulfur
oxides pollution.
As I noted at the beginning of my statement, enactment of H.R.

12085 would not result in any increase in the National Air Pollution
Control Administration's proposed budget for fiscal 1970. Funds for
the types of research and development ordinarily concluded under
section 104 can be appropriated under section 309 of the Air Quality
Act; indeed, in view of the imminent expiration of section 104, such
a shift of funding has been included in the revised 1970 budget. Sec-
tion 309, however, does not contain the special features that are in-
cluded in section 104.
As you know, Mr. Chairman, authorizations in section 104 are due

to expire at the end of the current fiscal year. Section 309, on the other
hand, runs through fiscal 1970. While extension of section 104 is not
necessary, if the Congress determines that the proposed 1-year exten-
sion is desirable, we would not object to its enactment.
Mr. KYROS. Thank you, Dr. Middleton.
Before I inquire if there are any questions, let me ask you this ques-

tion first:
What is the total appropriation authorization for fiscal 1970 under

section 309 of the act?
Dr. MIDDLETON. The total authorization under section 309 of the

Clean Air Act, as amended, is $134.3 million.
Mr. KYROS. And this proposed extension of section 104 would be

simply continuing the funds or the authority that was contained,
without any additional fund in section 104?
Dr. MIDDLETON. That is correct.
Mr. KYROS. Before I proceed any further, let me ask Mr. Preyer if

you have any questions.
Mr. PREYER. No, Mr. Chairman.
As a freshman member of the committee and not having been in on

the Air Quality Control Act, I am here to learn from you, Dr. Middle-
ton and I enjoyed your testimony. It seems very convincing to me.
Dr. MIDDLETON. Thank you very much.
Mr. KYROS. Mr. Skubitz.
Mr. SKUBITZ. Dr. Middleton, how much money was appropriated

or allocated for research under section 104(c) for fiscal 1969?
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Dr. MIDDLETON. We are asking $21.9 million to do work in fiscal
1970 under section 104. That is about the same amount that we have
had for the past few years.
Mr. SKTIBITZ. In other words, you were allocated $18.7 million in

fiscal 1969?
Dr. MIDDLETON. Excuse me, I did not get your question correctly.
It was $18.7 million in 1969, this present fiscal year.
Mr. SKUBITZ. And how much have you spent?
Dr. MIDDLETON. We expect to have all of the money accounted for,

including that which we have set aside for carrying forward so that
we can go through with the research projects which require multi-
million dollar expenditures.
I am saying we have not expended all of that appropriated, but we

have set aside those sums where we have a clear anticipation for
expenditure and expect to set forth contracts in early fiscal 1970.
It is this very desirable feature of section 104 that allows us to take

advantage of the real achievements in research and development as
they come along. It is very difficult, I think you can understand, to
program month by month the achievements that come in research and
development.
This way, section 104 allows us to take care of the breakthroughs

and the knowledge that becomes available.
Mr. SKUBITZ. That is all, Mr. Chairman.
Mr. NELSEN. Dr. Middleton, recently Ttalked to a gentleman work-

ing with a firm that is doing some work in manufacturing of facilities
for the control of air pollution. There are certain design standards
established by the States and certain standards by the Federal
Government.
He claimed that the problem they are up against is the increasing

number of requirements in the area of design and testing. Is there an
available list of testing procedures or methods and design standards?
Dr. MIDDLETON. Yes, Mr. Nelsen, there is a great deal of information

that bears on this.
We can supply it to you so that you may convey it to your interested

person. I would like to point out that as you unquestionably know, the
Clean Air Act says that the primary responsibility for air pollution
control rests with the State and local governments.
The designation of air quality control regions is now underway.

There are 13 that have been designated so far, and we expect to have
designated 57 by the end of 1970. That is fiscal 1970.
We have published criteria documents for sulfur oxides and par-

ticulate matter. These describe the effects of those contaminants at
various dosages, exposure times, and concentrations. We have also
published reports on control techniques, the ways in which those pol-
lutants may be controlled. These have been sent to the States and
provide the basis for the States to develop standards that are con-
sistent with the criteria and control techniques.
So you may expect, since there is a time compliance schedule of 15

months from the date of issue that standards for the areas designated
will be established by the States.
It is clear that the Governors of the affected States are responsible

for developing standards. If there are differences, it will soon be ironed
out on a State and local basis.



5

Mr. NELSEN. Would the States have the equipment to test? This
must be quite a difficult process. Do the States have facilities to make
these tests?
Dr. MIDDLETON. It is a very interesting question, and it takes a mixed

answer. There are some States that have this capability, but most States
do not.
In an effort to assist the States in the development of their standards,

and the emission reduction strategy or the implementation plan, the
National Air Pollution Control Administration is providing technical
assistance and information to the States, to assist them in the very
things that you are asking questions about.
Mr. NELSEN. Is there any possibility that you get into so many areas

nowadays that there is a need for national standards? Maybe uniform
national standards become more and more of a desired objective since
we go in so many different directions if we don't have some flat uniform
standards. At the same time we must recognize the desires of the various
States who may want to establish more stringent standards?
It would seem to me that we may be approaching a situation where

there might be a need for national standards with the States placed
into different categories. This, of course, is looking to the future, but
you may want to comment on this observation.
Dr. MIDDLETON. It is an interesting observation. The Department

of Health, Education, and Welfare will be supplying a report to the
Congress dealing with the issue of national emission standards, and I
think that after you have an opportunity to read this, there may be
an opportunity for further discussion.
1 think the point that is being made here with your statement on

standards reinforces the need to have research and development go
forward for control techniques which the States will be required to
use.
There may be the desire to have a good quality air, but without the

control techniques which will permit its achievement, this aspiration
cannot be fulfilled.
I would like to be certain that we can provide that know-how to

the States through the Federal Government's activities with the private
sector in developing these tools.
Mr. NELSEN. The gentlemen to whom I referred earlier felt that

they were in a difficult position because a product that they manufac-
ture might be an acceptable one in Minnesota, but not in Iowa, or
Kentucky. The standards vary so much that they really are at odds
to know what to do.
I note, however, that you are apparently moving in the direction

of giving some assistance and guidance in this field, which I think
is very commendable.
Dr. MIDDLETON. Thank you.
Mr. KYROS. Dr. Middleton, earlier I asked you about the authoriza-

tion appropriation for 1970, and it was $134.3 million. Do you know
how much is requested in the President's budget for programs under
the authority of section 309?
Dr. MIDDLETON. This is $95.8 million, Mr. Chairman.
Mr. KYROS. Were any funds requested in the budget for section 104

programs, subject to the authorization by legislation similar to this
bill, and if so, in what amounts?
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Dr. MIDDLETON. Yes; we had asked for $21.9 million under the au-
thorization of section 104 in the 1970 budget. At that time we had
anticipated making a request for extension and it is in this area that
we now have the concern that your committee is considering.
Mr. KYROS. Is the $21.9 million that you now speak of, under section

104, included in the total of $95 million?
Dr. MIDDLETON. Yes; it is.
As I told you, the testimony before you now is not asking for an

increase of appropriations but, rather, it is authorization on a partic-
ular section; so the total being asked is that which I said, $95.8
million.
Mr. KYROS. If this or similar legislation is not enacted or adopted

by the Congress, would this have any effect upon the programs of the
Department relating to research which are currently being conducted?
Dr. MIDDLETON. Mr. Chairman, as the discussion I have given to

Mr. Skubitz indicated, it is true that under section 103 there is au-
thorization for conducting research and research development. But
section 104 contains, as I stated in my testimony, some important
special features.
I think the Congress, through section 104, signaled the desirability

of using other Federal agencies as well as the private sector. This point
of indicating to the public that, yes, the Congress does have a concern
of joint efforts and cost sharing where that is possible, all of this
comes out rather clearly in section 104.
Of course, the other two points are that the section 104 rather

clearly gives explicit discretion to the Secretary for the disposal of
property that is developed on private lands in the course of develop-
ment and research control techniques.
Of course, the extension of time, is of paramount importance in any

such developing research program.
Mr. KYROS. Will any of the funds lapse that we are talking about

here if we don't extend the program?
Dr. MIDDLETON. The fund appropriated in 1969 will, as I under-

stand it, not lapse.
Mr. KYROS. Doctor, you say you have drawn up some report on the

emission standards.
Would you provide the record with a summary of the programs

conducted under section 104 and the accomplishments under those
programs to date?
Dr. MIDDLETON. We would be very pleased to leave this with the

committee.
Mr. KYROS. We will make it a part of the record.
(The document referred to follows:)

DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE,
PUBLIC HEALTH SERVICE,

CONSUMER PROTECTION AND ENVIRONMENTAL HEALTH SERVICE,
NATIONAL Am POLLUTION CONTROL ADMINISTRATION,

Arlington, Va., June 19, 1969.
To: For the record of hearings before the Subcommittee on Public Health and

Welfare of the Committee on Interstate and Foreign Commerce, House of
Representatives, June 19, 1969.

From: CommiQsioner. Nationol Air Pollution Control Administration.
Subject: Summary of activities under section 104 of the Air Quality Act.
Attached is a brief summary of the progress of the National Air Pollution

Control Administration's research and development activities under section 104
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of the Air Quality Act. This summary includes examples of work already ini-
tiated under section 104 and contemplated for the coming fiscal year.

JOHN T. MIDDLETON.
FUEL COMBUSTION

Efforts to develop and demonstrate techniques for the prevention and control
of sulfur oxides pollution constitute a major part of the National Air Pollution
Control Administration's research and development on air pollution problems
arising from fuel combustion.
Over the past two years, NAPCA has completed the development of a com-

prehensive five-year plan for sulfur oxides research and development and has
moved ahead on implementation of the plan to the extent permitted by available
funds. Thus, NAPCA is now managing a national program involving the partic-
ipation of. several other Federal agencies and more than 70 groups in the private
sector and in universities. The program also includes cooperative activities with
organizations in several foreign countries.
This program encompasses basic and applied research, laboratory testing,

studies of economic and technical feasibility, and pilot-plant and prototype test-
ing of sulfur oxides control techniques. NAPCA is placing increasing emphasis
on full-scale prototype testing of techniques which have reached advanced stages
of development. A substantial portion of the program is supported by NAPCA
contracts with non-Federal organizations, but it is expected that projects involv-
ing cost-sharing by industry will account for an increasing share of the program
in the months and years ahead, particularly in the area of prototype testing.
The development and demonstration of techniques for removing sulfur oxides

from combustion gases represent one of the principal work areas of the program.
Availability of such techniques would help to pave the way for achieving effec-
tive control of sulfur oxides pollution without imposing widespread restrictions
on fuel use. NAPCA has initiated work leading to full-scale prototype testing
of limestone injection processes, which potentially are applicable to many existing
steam-electric power plants. Prototype testing of the dry limestone process is
scheduled to begin in Fiscal 1970 at a Tennessee Valley Authority plant. A site
for testing of the limestone injection-and-wet scrubbing process has not been
selected as yet. Agreements regarding the handling of proprietary information
have been negotiated to pave the way for evaluation of flue-gas treatment proc-
esses developed by Wellman-Lord and the Monsanto Company.

Also with respect to flue-gas treatment, NAPCA has begun work on tech-
niques that previously have not been applied to the control of air pollution but
have potential for such application. Emphasis in this work is being placed on
techniques that would permit recovery of sulfur by-products. NAPCA already
has initiated work on design of a small pilot plant for testing of one such proc-
ess—the molten carbonate process; construction of the pilot plant is scheduled
to begin in Fiscal 1970. Early initiation of work on three other new processes
is under consideration.
The application of techniques for removing sulfur from fuels before they are

burned offers another satisfactory way of dealing with the sulfur oxides problem.
In the past two years, in cooperation with the Bureau of Mines and other orga-
nizations, NAPCA has initiated studies of the extent to which sulfur can be
removed from coals mined in various parts of the country, and in Fiscal 1969,
two studies were initiated to establish design parameters for prototype sulfur-
removal plants.
The amount of coal lost when sulfur-containing pyrites are removed from

coal constitutes an economic limitation on the extent to which sulfur can be
removed. A process that would permit burning of the pyrite-coal mixtures to
produce heat and sulfur by-products is being investigated by NAPCA as an
approach to maximizing the extent to which coal can be economically desulfurized.
Exploration of new combustion processes that might drastically reduce the

release of sulfur oxides is an important part of NAPCA's program. One of the
most promising of such processes is fluidized bed combustion. The Bureau of
Mines has been evaluating the basic technology of fluidized bed combustion.
NAPCA's efforts are focused on evaluating its potential for sulfur-oxides reduc-
tion. NAPCA's work on this process includes cooperative activity with several
foreign groups; just recently, an agreement was reached with the National Coal
Board of Great Britain for exchanges of information on fluidized bed combustion.
New energy conversion techniques offer still another approach to dealing with

the sulfur oxides problem. NAPCA is beginning to explore the extent to which
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such techniques, possibly coupled with fuel conversion-desulfurization processes,
actually can make a contribution to future implementation of sulfur oxides con-
trol programs.

MOTOR VEHICLE RESEARCH AND DEVELOPMENT

The National Air Pollution Control Administration has initiated development
of a comprehensive five-year plan for research and development on motor vehicle
pollution control. This plan will define specific goals and outline alternative path-
ways toward those goals. It will encompass not only NAPCA's research and de-
velopment activities but also the related work of other Federal agencies. In
addition, it will define the relationship between Federal and industry research
and development work on the motor vehicle pollution problem.
Over the past two years, NAPCA has initiated or intensified its research and

development on many aspects of motor vehicle pollution control. Areas in which
significant new or intensified activity is underway include advanced control sys-
tems applicable to carbon monoxide and hydrocarbon emissions from internal
combustion engines; nitrogen oxides control systems; techniques for controlling
emissions of particulate matter, particularly lead; alternative fuels for internal
combustion engines; nature and control of diesel odors; and unconventional
engines for use in passenger cars.
Examples of specific projects initiated under Section 104 include:

1. A cooperative project with the National Aeronautics and Space Admin-
istration to develop a thermal afterburner for the control of carbon monoxide
and hydrocarbon emissions. This project takes advantage of NASA's experi-
ence in the development and use of materials capable of withstanding ex-
tremely high temperatures. Progress in this work has a direct bearing on the
technical feasibility of compliance with increasingly stringent emission stand-
ards for motor vehicles.

2. Two projects to test the feasibility of first-generation, exhaust-gas re-
circulation devices for the control of nitrogen oxides emissions. A demonstra-
tion grant has been awarded to the State of California to support road-test-
ing of one type of device. Tests of another type are underway in NAPCA's
own laboratories; this one was developed by Esso Research and Engineering
under a contract with NAPCA. NAPCA also has initiated studies of the
potential value of catalytic afterburners for control of nitrogen oxides emis-
sions and of ways to minimize nitrogen oxides formation in designing
engines.

3. Particulate matter emitted from motol vehicles includes lead, smoke,
and polynuclear hydrocarbons. Fuel modification may be the most direct way
to reduce or eliminate lead emissions, but NAPCA also is exploring the
potential value of devices that would remove all types of particulate matter
from automobile exhaust gases. NAPCA has established specifications for
acceptable devices and, following review of various proposals, is negotiating
a research and development contract in this area. This project will be the
first step in a three-to-four year program of laboratory work, prototype
hardware development, and on-the-road demonstrations.
4. NAPCA is participating in a three-year, government-industry research

program to develop new knowledge of factors that have a bearing on the
nature, effects, and control of motor vehicle pollution. This program is
sponsored by the Coordinating Research Council; the other participants are
the Automobile Manufacturers Association and the American Petroleum
Institute. NAPCA provides funding for selected projects on the basis of their
relationship to its own program. Projects for which NAPCA is contributing
funds include studies of fuel volatility, gasoline additives, diesel odor com-
position, urban driving patterns, and maintenance of exhaust control systems.
5. NAPCA is contributing to the support of research by the Bureau of

Mines on the relationship of fuel composition to total emissions from gaso-
line-fueled engines and the photochemical reactivity of such emissions. This
work includes studies of fuel-emission relationships in both gasoline-fueled
and diesel engines.
6. NA.PCIA's efforts relating to unconventional engines began more than

two years ago with contract-supported studies to evaluate the potential of
a variety of possible propulsion systems for motor vehicles. These studies
Identified the Rankine-cycle (steam) engine as one of the most promising.
Accordingly, NAPCA currently is negotiating a contract for the develop-
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ment of a conceptual design of a Rankine-cycle engine intended specifically
for use in passenger cars.

Mr. KYROS. Do you have an adequate number of personnel to carry
out the programs as of today?
DR. MIDDLETON. Air pollution control has been a matter of impor-

tance to the Department of Health, Education, and Welfare for many
years, since 1955.
With the enactment of the Clean Air Act and its amendments in

1967, there is a new thrust in which the States and local governments
are obliged to undertake air pollution control.
In offering leadership, technical assistance and financial assistance,

and in responding to the growing demand of the public for air pollu-
tion control, our present static employment situation does present prob-
lems. Our initial request of the House in the appropriation request for
1970 included a request for 138 positions, in addition to the 1,065 al-
ready authorized, and in the submission that we will make to the
Senate, where hearings have not yet been held, we will be asking for
37 positions.
Mr. KYROS. Let me ask you, Dr. Middleton, are you doing any re-

search on the internal combustion engine; for example, what about
steam propulsion for motor vehicles?
Dr. MIDDLETON. We are doing some work with the improvement of

the internal combustion engine, and we have a 5-year plan under
development to do much more, not only with the improvement of the
internal combustion engine, but perhaps more importantly, developing
new propulsion systems.
Steam cars are fairly easy for the public to visualize and understand,

but there are many other things that can be done in addition to steam.
The Rankine cycle is an example, the steam engine being a part of
that, and the use of other kinds of fluids and other kind3 of condensing
systems—all of these need to be looked at very critically, even the
development of satisfactory electrical batteries for propulsion of cars.
So we have a stepwise program that looks at what can be done with

the present car, but more importantly it is looking ahead, what is it
we need to do by 1978 or 1980 by having a very clean car, because we
don't expect to have this with the present improvements of the inter-
nal combustion engine.
This is the moment to have a considerable research and development

program that is keyed to what other kinds of propulsion systems can
be developed. If we do that work now, then when the time comes when
we require it, we will be prepared.
If this is postponed,,there Is going to be another disparity and per-

haps further increase in the air pollution levels. The present national
standards for motor vehicles are 'bringing down the levels of pollution,
but with the growth of the vehicle population and particularly the
concentration in -urban areas, the benefits of our 1970 and 1971 stand-
ards will be washed out.
So there is a real need to have a very significant program. The steam

engine is one of these.
Mr. KYROS. What about the electrical propulsion? You said some-

thing about electrical batteries and you are studying methods?
Dr. MIDDLETON. This is an important research area. The present

indications are that the use of electricity as a propulsion system for

4
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our present kinds of cars is a further away achievement. That is not
to say it is not an important priority, but we feel that there is much
more likelihood of success in the Rankine cycle in the near future than
there is with the battery system.
But to be assured that the Federal Government program is ade-

quate, we think we must look at both.
Mr. KYROS. Has there been research into the possibility that if we

do develop the electric cars, we will have problems with the genera-
tion of ozone?
Dr. MIDDLETON. There is always a possibility that ozone will be

generated by electric systems. High tension lines carrying electricity
contribute to this, but with the knowledge of making electric motors
at this time and their driving systems this should be a very easily con-
trolled item. I would say an electric car that was developed that
produced ozone would be unsatisfactory, and that there would be
emission regulations to see that the public was assured of having a
clean car.
Mr. KYROS. How about the emissions from jet engines nowadays?
Is that a concern to you?
Dr. MIDDLETON. That is an important issue and it has been a sub-

ject of study on our part. I would be pleased to present for the record
a report on the jet aircraft pollution problem.
(For the information requested see appendix A, p. 41.)
Mr. KYROS. Is the incidence of such pollution higher perhaps in the

Washington area than anywhere else? Or does this vary throughout the
country?
Dr. MIDDLETON. Jet engines being what they are, and causing prob-

lems wherever they are, I would be remiss to say it is different in any
of the large airports. I think what may be unique about National Air-
port is its proximity to the urban area, so that the impact is felt
by the citizens living around the airport, and as it comes across the
Potomac into the metropolitan area it is sensed by people in the District.
The smoke from jet aircraft can be controlled and we are looking

forward to the aircraft industry doing something on their initiative
to see that these emissions are reduced. In our report you will notice
that they are taking steps in the direction of new sorts of combustion
systems that reduce smoke.
We will see that this is programed on an understandable time basis

and we will expect the industry to be responsive.
In the event that they are not, we will necessarily have some other

recourse.
Mr. KYROS. I have seen a lot of articles recently, especially from, I

think, the Department of Interior about foreign fuels coming to the
United States with lower sulfur contents. Could you summarize for
us the research that is going on concerning the removal of sulfur corn-
pounds from fuels before they are used?
Dr. MIDDLETON. We have a rather extensive program that deals

with the removal of sulfur from fuels. We also have one that deals
with the removal of sulfur from stack gas.
The effort is not of the dimension one would like to see, perhaps, but

it is certainly in progress. We expected in 1970, based on our report
on the need to control sulfur oxides and on the total research effort
in the Federal establishment, that in the area of fuel desulfurization
$4.8 million would be spent in 1970.
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We see the importance of fuel desulfurization and we are able to
allocate $4 million, so that that area is being fairly well attended.
In other words, there is about $0.8 million deficiency in a realistic
program as we saw it.
We conduct and sponsor work to find where low sulfur oil and coal is

presently located, and determine its availablity and marketability,
but perhaps more importantly, since low sulfur coal is used for a num-
ber of purposes aside from fuel, we are looking at ways of cleaning
coals and removing the pyrites, as an example, from coals in a way
that one obtains a clean coal, and the separated dirty coal is used to
develop heat and energy and recover sulfur and other products.
In the case of oil, sulfur is being removed largely by the private

sector, which has an interest in the erection of desulfurization plants
where market demands suggest it to be appropriate. This is the general
nature of our program of desulfurization of fuels.
Mr. KYROS. Dr. Carter, do you have any questions?
Mr. CARTER. What was your authorization for the past year?
Dr. MIDDLETON. Under section 104 it was $90 million. Under section

309 it was $134.3 million.
Mr. CARTER. What was the appropriation, if that was the authori-

zation?
Dr. MIDDLETON. I will have to correct the record. Just a moment

please. I am confused about 1969 and 1970 fiscal years, and you are
asking for 1969, were you not?
Mr. CARTER. Yes

' 
sir; of course section 104 runs out this year as we

understand it and section 309 continues.
Dr. MIDDLETON. We asked for under section 309-
Mr. CARTER. I mean during the past year. I wanted to know how

much was appropriated for last year under each section now. I asked
first for the authorization and next the appropriation.
Mr. AUERBACH. The total appropriation for fiscal 1969 was $88.7

million, of which $18.7 million was appropriated under section 104 and
the remainder under section 309.
Mr. CARTER. How much of the appropriation has been used or

expended?
Dr. MIDDLETON. We expect to have it all expended except the money

that we are carrying forward under section 104, which is being reserved
for certain control pilot installations.
Mr. CARTER. The total was $88 million. Now what results do you have

from this, what have you found out with your $88 million and what
have you accomplished?
Dr. MIDDLETON. We found out a great deal, and I believe we have

(accomplished a number of things.
We have been able for instance, to be assured that the motor vehicle

emission restriction, I am talking about the practicality of air pollu-
tion control at this time, that control regulations applying to 1970
motor vehicles this fall will further reduce motor vehicle emissions.
We have also learned that the evaporative emissions from motor

vehicles can be further reduced and we will have a national standard
for this in 1971. We also have made sufficient progress in our research
and development in fuels, in the desulfurization of fuels, in the sense
that we know how to designrnow a deep coal cleaning process, and we
are having one constructed which we expect to have in operation_ in
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1971, at which time we will try 12 kinds of coals so that we may see
this system run up to handling capacity of perhaps 500 to 1,000 tons
per hour.
I think this as a rather specific achievement in the control area.
Mr. CARTER. How many people do you have employed at the present

time?
Dr. MIDDLETON. Our ceiling is 1,065, but actual staff is diminishing

in keeping with the Revenue and Expenditures Control Act.
Mr. CARTER. Where are your laboratories now, where you do your

research, and where do you do most of it?
Dr. MIDDLETON. We are in the process of establishing a technical

center for the National Air Pollution Administration in the Research
Triangle of North Carolina. We presently have some of our research
facilities there. We have established a laboratory in the State of Mich-
igan which deals with motor vehicle control systems.
Mr. CARTER. Who has control of this laboratory? Do you have con-

trol of this laboratory?
Dr. MIDDLETON. Yes, sir.
Mr. CARTER. Do you staff it and soon?
Dr. MIDDLETON. Yes, sir.
Mr. CARTER. Do you work in conjunction with some group from

Michigan or not? Do you do the complete staffing yourself?
Dr. MIDDLETON. The laboratory that we operate in the State of

Michigan, presently at Willow Run in facilities that the Government
leases from the University of Michigan, is staffed by the Air Pollution
Control Administration. That is for the certification of motor vehicles
for compliance with the national emission standards.
As you can see from this, we are in contact with the motor vehicle

industry, and are able to learn in that kind of a liaison relationship
research and developments as they take place.
Mr. CARTER. Your being close to them there would be helpful. Do

you have it contiguous to any industry in North Carolina? I believe you
said you were locating a facility there.
Dr. MIDDLETON. Our reason for going to North Carolina has been a

decision of some years ago
' 

and it is to primarily take advantage of
the research facilities, the educational institutions there, and to also
be in proximity with the National Institute of Environmental Health
Sciences, so that our programs can be better related from the health
viewpoint.
Mr. CARTER. You say you are doing some work on eliminating sulfur

oxides?
Dr. MIDDLETON. Yes, sir.
Mr. CARTER. From what fuels particularly?
Dr. MIDDLETON. We have spent most of our efforts in the develop-

ment of methods to clean coal, since the petroleum industry has rather
clearly indicated that they, on their own initiative and their research
programs, are coping with the desulfurization of fuel oils.
Mr. CARTER. What do you mean by that, the cleaning of coal?
Dr. MIDDLETON. Cleaning coal in the sense of taking the sulfur out.
Mr. CARTER. That is what I wanted to know.
Dr. MIDDLETON. This is the system whereby coals that contain py-

rites of a cleanable size are processed and, if I may oversimplify the
issue, and perhaps not satisfy the engineers at this point, by taking the
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coal and separating the pyrites from the coal, one has a clean portion,
and some coal left over with the dirty material, pyrites in this case.
Mr. CARTER. Sulfur is a component part of the pyrites, rather than

the balance of the coal?
Dr. MIDDLETON. No it occurs in two forms, pyrites and organic sul-

fur. Deep cleaning of coal does not remove the organic sulfur.
Mr. CARTER. 1/at percentage of the sulfur oxides are removed by

removing the pyrites?
Dr. MIDDLETON. In those coals in which the primary source of sulfur

is the pyrites, you remove a large percentage, but if it is organic, you
will not be able to remove the sulfur. It is for this reason that we have
other programs for the removal of sulfur oxides from stack gases.
Mr. CARTER. What percentage of the Illinois coal—in Indiana, I be-

lieve it runs around 4 to 5 percent sulfur oxide. What percentage of the
sulfur oxides from that coal have you been able to remove?
Dr. MIDDLETON. Through work with the transfer of funds from the

Air Pollution Control Administration to the Bureau of Mines, and
through the Illinois Geological Survey, a survey of Illinois coal
is being made to find those coals that are amenable to sulfur removal.
Mr. CARTER. In other words, you don't know. You haven't found this

out concerning coal in Illinois and Indiana?
Dr. MIDDLETON. May I ask Mr. Smith to respond to that?
Mr. SMITH. Our efforts are aimed at removing the sulfur from

coal in two ways:
First of all, refining our knowledge of where cleanable coals exist,

and then in a general way attacking the question of how can we improve
the technology for cleaning of those coals which can be cleaned, so
in one sense, rather than working on a specific coal, you work on
methodology for the cleaning of pyrites from coal, by way of example,
and some methodology for cleaning the organic sulfur from coal, and
beyond this we are endeavoring to improve our knowledge of the
location and nature of the existing coals that can be cleaned.
So if you have the technology, whether the coal were in fact in

Illinois or some other State, if the technology is available, we would
be able to bring forth the technology that could be applied at this time.
Mr. CARTER. And yet you have not gone far enough to determine

what percentage of sulfur oxides you can remove from any given
group of coals?
Mr. SMITH. You can presently talk about this once the coal has

been classified in terms of its pyrite content and organic sulfur content.
We can remove some 40 to 70 percent of the pyritic sulfur. We have

no good methods for removing the organic sulfur. In many instances,
what this would mean, with coal of 2 percent sulfur, half of that
being pyritic, you could reduce the total sulfur content of the coal
down to the order of 1.3 percent sulfur from about 2.
Mr. CARTER. However, most of our coal is up about 4.9 percent, isn't

it, sulfur oxide?
Mr. SMITH. There are quantities of coal in that range. There are

substantial quantities of coal below 1 percent.
Mr. CARTER. It happens some of that coal is in my area in south-

eastern Kentucky.
Mr. SMITH. That is correct. It is.

31-174 0-69---2
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Mr. CARTER. To use an acceptable level of oxides in coal to be burned
in powerplants throughout our country-
Dr. MIDDLETON. I think we should point out to you that we are not

establishing national standards for sulfur content of fuels. What we
are attempting to do is make certain that the very considerable coal
resources available in this country are extensively and properly used,
so there is no anticipated limit of sulfur content of coal, but rather
plans to assure that we can burn high sulfur coals and burn them
well so that we don't have toxic levels of sulfur oxides in the outside air.
Mr. CARTER. Have you been able to accomplish this end?
Dr. MIDDLETON. We have not been able to achieve it at this time.

We need a very considerable research and development program to do
this. I think you would be interested in the coal conversion or the fuel
conversion system, which is yet another way of taking care of the
sulfur problem in high sulfur coal by making pipeline gas, or by con-
verting coal to some other cleaner fuel.
So there are a number of ways in which the high sulfur coals can

be effectively used in the national interest.
Mr. CARTER. Certainly we want to use this coal if we can, and we

must think of eliminating the oxide at some place, whether it be after
it is burned or before it is burned.
I believe someone spoke of cleaned coals being brought into the

United States. Is that done to any extent or not?
Dr. MIDDLETON. The implication may have been there. It was in

error if it was. I was talking about the importation of fuel oils.
Mr. CARTER. Insofar as coal is concerned, I believe in other coun-

tries it is much higher per ton in other countries than it is in the
United States.
Dr. MIDDLETON. We do export low sulfur coals, of course, but we

don't usually import them.
Mr. CARTER. Yes. We do export quite a bit. I was talking to the

Bureau of Mines about that not too long ago.
Dr. MIDDLETON. We are quite anxious not to interfere with that

exportation system.
Mr. CARTER. You touched on this, the use of coal and developing

nuclear energy, or rather the use of nuclear energy to transform coal
into gasoline and diesel fuel.
Has that been studied Have you studied that very much? That is

under study at the present time, the use of nuclear energy to trans-
form, or use, coal to develop from the gasoline and diesel fuel and
(rases which could very well be used as sources of fuel with less residual
oxides and other toxic products?
You are not familiar with that?
Dr. MIDDLETON. These schemes to have fuel converted are items

that need much more attention than they are now receiving. I think
it is very gratifying to see through the Department of Interior's Office
of Coal Research, a coal gasification pilot system set up in the State
of Illinois in which the coals used are to be converted to pipeline gas.
In this instance, the sulfur is removed in a way so that gas is supplied
from dirty coal, if I can phrase it that way, and sulfur is recovered,
so that an integrated system for seeing that sulfur oxides are removed
from the air, sulfur is recovered, and yet a clean fuel is being
developed.

•



Mr. CARTER. Yes; that is being done, and further study is being done
at the present time, using as the source of energy—well, nuclear energy
is the source of this.
Do you think that the millions of dollars which you have spent dur-

ing the past year have accomplished their purpose? Have you gotten
value for money spent?
Dr. MIDDLETON. I am convinced that we are stepping out strongly,

forthrightly, and in the right direction. If we can continue to get the
private sector excited enough to put their know-how and some of their
cost sharing into this effort, I am sure the Government will derive
more than just the dollars they put into it.
Mr. CARTER. And your appropriation last year was what?
Dr. MIDDLETON. $88.73 million.
Mr. CARTER. It seems to me with that you could do considerable re-

search yourself, even without involving the private sector.
Dr. MIDDLETON. We are doing considerable research.
Mr. CARTER. That is fine. We are interested in air pollution.
Dr. MIDDLETON. Our research effort is obviously impaired by the

manpower which we are able to put into it, and therefore we are try-
ing to capitalize on the private sector.
Mr. CARTER. Manpower is no small problem, and we look to a great

deal of accomplishment with that sum of money. I am interested in
reading your report on this. You have such a report, I guess; haven't
you?
Dr. MIDDLETON. We have submitted a report for the record, and if

there is additional information you would like to have, we will be glad
to submit it. (See p. 6.)
Mr. CARTER. Thank you kindly.
Thank you, Mr. Chairman.
Mr. ROGERS (presiding) . Mr. Kyros ?
Mr. KYROS. Thank you.
Do you coordinate your activities with the solid waste disposal pro-

gram in any way?
Dr. MIDDLETON. Yes, we do.
The solid waste program is a part of the Environmental Control

Administration, and we are the National Air Pollution Control Ad-
ministration, of course, and each of us is part of the Consumer Protec-
tion and Environmental Health Service.
So there is in the Office of the Administrator the necessary arrange-

ments to assure coordination.
More specifically, I can tell you that through Dr. Ludwig, a member

of my staff, and Mr. Smith, who is before you this morning, and the
Bureau of Solid Waste Management, we are developing jointly a 5-
year research and development plan that truly is coordinated, from
their sense of how one takes care of disposal, and from our sense of
how one does it in a clean way.
Mr. KYROS. In other words, if you develop new kinds of incinera-

tion, the emission will be controlled?
Dr. MIDDLETON. Not only will we assure that incinerators are im-

proved, but it is our hope that there will be fewer and fewer inciner-
ators and better ways of disposing of solid waste.
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The air pollution problem is primarily a combustion problem, and
one has to think of solid waste as a fuel, and it is often disposed of in
poor ways, so it becomes a pollutant instead of a source of energy.
The rule of thumb is, "Don't burn unless you have to."
Mr. KYROS. You can't dig a hole in the ground, so what else are

you going to do?
Dr. MIDDLETON. I am not suggesting one supplant the other, but

that there be an approach that gives consideration to the container
vessels themselves.
Mr. KYROS. What about the coordination of your activities with the

water quality program? Is that also in the same analogy as you just
described?
Dr. MIDDLETON. We have some water quality programs within the

Consumer Protection and Environmental Health Service. We have
the same kind of relationships with the Office of the Administrator.
We are presently conducting a joint study, for example, in the State

of Montana, assisting the State of Montana in making a study of the
possible impact of smelter effluents on health and welfare. Not only
is air pollution concerned in this instance but the Environmental
Control Administration and the Food and Drug Administration.
I think these are good examples of how coordination can take place

within the Consumer Protection and Environmental Health Service.
Mr. KYROS. In regard to some of the moneys you have spent, Dr.

Middleton, I think you indicated you had joint study programs going
on with States, and that you provide matching moneys to States for
programs. Is that right?
Mr. SMITH. Yes, we do provide matching funds to State and local

agencies also.
Mr. KYROS. How many States have been involved so far? Have all

50 States been involved in this matching fund program? If you don't
know, sir, you can supply it for the record.
Dr. MIDDLETON. Almost all have been concerned as far as air pollu-

tion control is concerned.
Mr. KYRos. Thank you very much.
Thank you, Mr. Chairman.
Mr. ROGERS. Mr. Hastings?
Mr. HASTINGS. I have no questions.
Mr. ROGERS. It is good to see you, and I apologize for being late. I

had a speaking engagement.
I have read your statement, and I understand that a number of ques-

tions I was going to ask have already been asked.
What have you done to stop air pollution by Federal facilities in

Washington, D.C. ?
Dr. MIDDLETON. Through the interest of the Congress and on the

part of the President, we initiated an air pollution abatement confer-
ence. This conference was held, recommendations were made on the
part of the conferees, the Secretary adopted these recommendations,
and they are now in the process of being implemented.
Further, the National Capital Interstate Air Quality Control Region

was the first region designated, Mr. Rogers, and the States of Virginia,
Maryland, and the District of Columbia are now in the difficult, but
important, process of developing air quality standards.



I am happy to report that the Governors of the two States and the
Commissioner-Mayor of the District have stated positively their intent
to develop standards.
Mr. ROGERS. What is the time element on that?
Dr. MIDDLETON. The starting date was the issuance of the criteria

in February 1969, so within 15 months of that time we would expect
to have, if everything comes out well, standards adopted, the imple-
mentation plan adopted if approved by the Secretary, so that the three
parties involved would be expected to carry out their program 15
months from the criteria date.
We would expect the Federal facilities to meet all the requirements

that are needed to reach the air quality in the control region.
Mr. ROGERS. Have we already set any standards for our Federal

installations? Have we done that?
Dr. MIDDLETON. We have set emission restrictions for sulfur oxides

for the three metropolitan areas of Chicago, New York, and Phila-
delphia. This program is underway.
Mr. ROGERS. Is there any reason why we can't do that within our

own facilities when we know what emission standards should be
anyhow?
Dr. MIDDLETON. There is much to be said, Mr. Rogers, for having

an integrated approach so that--
Mr. ROGERS. I understand that.
What I want to know is, we know that Federal installations here

in the city of Washington are contributing to the air pollution problem.
Dr. MIDDLETON. That is true, very importantly contributing a

portion.
Mr. ROGERS. If We have the present knowledge, a simple order by the

Government or the President or the various departments, I would think
initiated by your office, could bring about an adherence to certain
standards in Federal installations here.
Could that be done now?
Mr. AUERBACH. Mr. Rogers, following the conference in December

1967, at which recommendations were made for control of sulfur oxide
pollution from Federal facilities, this action has been taken, and has
been reported to the Congress.

Briefly, since November 1967, all fuel oil procured for Department
of Defense facilities in the Washington area by the General Services
Administration has contained a maximum of 2 percent sulfur.
For the 1968-69 heating season, fuels have had 1.5 percent sulfur,

and for the 1969-70 heating season, it is expected that 1 percent sulfur
fuel will be provided for Department of Defense facilities in the area.

Additionally, for other departments and agencies, progress has
been made in securing lower sulfur fuels for use in the Washington
area. This is explained in some detail here, which we can submit for
the record, of course.
Mr. ROGERS. That will be fine if you will submit it.
(The document requested is Senate Document No. 91-10, "Air Pol-

lution Abatement by Federal Facilities," Second Report of the Secre-
tary of Health, Education, and Welfare, to the U.S. Congress pursuant
to Public Law 90-148, the Air Quality Act of 1967. See p. 81.)
Mr. ROGERS. But what I want to know is, What is the emission level

that you approve?
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Mr. AUERBACH. The recommendations for the Washington, D.C.
area I do not have in front of me, but I believe that with regard to
sulfur oxide levels in the air, they were in accord with the air quality
criteria we have published.
Mr. ROGERS. IS it 1,1.5, or 2?
Dr. MIDDLETON. I feel it necessary here to refer to the earlier com-

ment, Mr. Rogers, about an integrated approach.
In the sense that the air quality standard that is to be met, some

number, perhaps 300 micrograms per cubic meter, can be met only if
all the sulfur-emitting facilities have some emission regulation.
The extent to which they should be regulated depends upon having

a proper diffusion model made so that you can predictably say what
the restriction should be.
An emission reduction of 1 percent sulfur-containing fuel may be

insufficient to meet the desired air quality level, so rather than have a
single emission regulation for all facilities, it is very likely that the
implementation plan will require still further reductions which may be
better achieved through stack gas cleaning or some other method.
It is for this reason that we have not promulgated at this time emis-

sion regulations because the several States shall have to consider this
as a part of their implementation plan together with their standards.
Mr. ROGERS. I understand that, and this is desirable, but I don't know

that that is any reason for the Federal Government not to go in and
do what it can now.
If you put a minimum standard or a maximum standard, it is true

that when they make the areawide or regional airshed standard, which
takes into consideration everything that is going into that airshed,
they may have to reduce what the standard is, say from 1, in 1970.
But if it ought to be, say, a half now, why can't we go ahead and

make that correction without waiting 2 or 3 years to wait until this
area quality standard is set?
Dr. MIDDLETON. The material Mr. Auerbach gave you represents

what seems to be feasible
Mr. ROGERS. This is what I want to know.
Is this proper?
Dr. MIDDLETON. This is a proper rate at this time. It seems to be as

much as can be requested based on the availability of fuels, and it is
likely to be inadequate, and more stringent systems will have to be
developed.
Our program is designed to see what those are and how they can

be implemented.
I think we have gone about as far as we can with our available

technology.
Mr. ROGERS. I thought you had set them in New York and Phila-

delphia. Is it difficult to set them in Washington?
Mr. AUERBACH. That is what these numbers represent, sir.
Mr. ROGERS. Is this what you have set in New York and Phila-

delphia, the same standards?
Mr. AUERBACH. The standards for Federal facilities in New York,

Chicago, and Philadelphia would require the use of somewhat lower
content fuel, because in those areas the multiplicity of sources requires
that fuel burning sources all use fuel containing less sulfur than in
Washington.
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Those areas have a greater number of installations.
Mr. ROGERS. I understand that.
So you have set lower standards in New York, Chicago, and Phila-

delphia.
Mr. AUERBACH. Yes.
Mr. ROGERS. If they can get the fuels, why can't the Defense Depart-

ment get them here?
Mr. AUERBACH. The needs for the low sulfur fuels—
Mr. ROGERS. I think you missed the thrust of my question.
I said if those businesses in New York and Philadelphia can ac-

quire the fuels to meet the lower standard, why can't the Defense De-
partment also acquire fuels to meet a lower standard?
Can they?
Mr. AUERBACH. The ability to acquire lower sulfur fuels depends,

of course, in part on the price you have to pay and the price you have
to pay depends on how badly you need it.
Now, the need is greater in New York, Chicago, and Philadelphia.
Mr. ROGERS. In other words, they are available, but the notice be-

comes a matter of cost? Is that what you are telling me?
Mr. AUERBACH. Cost is a factor in obtaining low sulfur fuels, fuels

naturally low in sulfur.
Mr. ROGERS. Maybe we ought to go into this more, and see how

much of the budget is being devoted to this, and see whether we
think it is worth the cost to pollute our air here in Washington.
This is basically what you are saying.
Mr. AUERBACH. The estimates for the relationship between emis-

sions and air quality in Washington indicate that at the present fuel
containing a maximum of 1 percent sulfur would be satisfactory.
Mr. ROGERS. But they have not reached that yet.
Mr. AUERBACH. For the 1969-70 heating season, they will reach 1

percent. That is this fall.
Mr. ROGERS. What about all the other governmental installations

in Washington. Are they meeting the same, or higher?
Mr. AUERBACH. The General Services Administration has reported

that all major coal-burning steamplants are burning coal of 1 per-
cent sulfur or less.
Mr. ROGERS. Did GSA do all of the purchasing?
Mr. AUERBACH. GSA does the majority of it. There are more details

in this report. There are some specific examples in here.
Mr. ROGERS. Which ones are not?
Mr. AUERBACH. Offhand, I don't know whether any are not.
Dr. MIDDLETON. Could we develop them and supply them, Mr.

Rogers?
Mr. ROGERS. Yes.
( The following information was received for the record:)

NATIONAL AIR POLLUTION CONTROL ADMINISTRATION ON STATUS OF Am POLLUTION
ABATEMENT BY FEDERAL FACILITIES IN THE NATIONAL CAPITAL AREA

Up-to-date information on the status of air pollution abatement by Federal
facilities in the National Capital area: Federal departments and agencies are
required to submit periodic reports to the Bureau of the Budget on progress-
in abatement of air pollution. These reports are due annually on July 1. The
Bureau of the Budget forwards copies of these reports to the National Air
Pollution Control Administration. After these reports have been received and
evaluated, we will be pleased to furnish the Committee the requested
Information.
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Mr. ROGERS. Offhand, would you know?
Dr. MIDDLETON. The Department of Defense, using fuel oil, we will

be sure that no agency will be burning oil of more than 1 percent
sulfur.
Mr. ROGERS. What about Chicago, Philadelphia, and New York?
Dr. MIDDLWON. The standards are different there.
Mr. ROGERS. What are they?
Dr. MIDDLETON. The requirements in New York are presently being

met at 1, but there is a time when the fuel is supposed to be 0.3 or
equivalent in emission.
Mr. ROGERS. When is that?
Dr. MIDDLETON. 1971. They have until that time to get that low.
Mr. ROGERS. What about Chicago? Or Philadelphia, if you don't

recall Chicago.
Dr. MIDDLETON. I regret that I did not 'bring that material with me.
Mr. Roctns. I realize you may not remember every detail.
Dr. MIDDLETON. Chicago and New York are the same, but Philadel-

phia may not be as low.
Mr. ROGERS. Are there other cities in this 'program?
Dr. MIDDLETON. The philosophies developed in other cities is that

they shall be as good as local and State requirements. The Federal
facility will have to comply with that as every other combustion
system.
Mr. ROGERS. How far are we from getting compliance, would you

say, in the country?
Dr. MIDDLETON. Compliance in the area where coal is primarily a

fuel will be further off, perhaps, than oil.
Mr. ROGERS. How many years, would you say?
Dr. MIDDLETON. In the research program that we discussed super-

ficially here this morning, we would expect this to be achieved in 5
years in large measure.
That is, the deep coal cleaning, we would expect to have the design

completed this year. We would expect to have a pilot plant built in
1970. We would expect to have the result, certainly, in 1971, and the
way we are designing this, we would expect the scale up to be very
simple from that.
This gives you some idea of the practicality of this program.
Mr. ROGERS. As I understood from an earlier question, you don't have

sufficient personnel to do this work.
Dr. MIDDLETON. We do not. We are counting rather heavily on the

private sector. It is very often necessary to give them some assistance
to get them started.
Mr. ROGERS. What is your actual shortage of personnel, do you feel,

to carry on this type of program?
Dr. MIDDLETON. In my professional opinion, the request of 138

in the initial House request was a step in the right direction. Earlier
budgets talked about much more than that.
Mr. ROGERS. Yes.
I want your professional judgment on the number of personnel that

you need, that you are short right now, to carry on an adequate
program.
Dr. MIDDLETON. At this time, our program would be able to meet

some of the real requirements of the State and local governments as
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well as some of our own research needs if we had 1,500 to 1,600 people
as a present estimate.
We need about 500 more than we now have.
Mr. ROGERS. You are 500 short.
Mr. AUERBACH. 1,065 is the present ceiling. We are somewhat under

that, because of the requirements of the Revenues and Expenditures
Control Act.
Mr. ROGERS. When this program was set up in 1955, how many per-

sonnel did you have, about?
1956, I guess it would be.
Dr. MIDDLETON. 1955 was the enabling act. I am not sure that any

of us have been here long enough, Mr. Rogers, to know. That could
be discovered, however.
Mr. ROGERS. When did you have your main reduction in personnel?
Dr. MIDDLETON. The request for personnel that the former Division

of Air Pollution, and then the National Center for Air Pollution Con-
trol, and now the National Air Pollution Control Administration,
their requests have been acceded to on the part of Congress until the
Revenues and Expenditures Control Act.
Mr. ROGERS. I understand the budget requests are the same from the

prior administration and this administration?
Dr. MIDDLETON. They are.
Mr. ROGERS. And you will devote $18 million of that budget to this

program?
Dr. MIDDLETON. That will be devoted to the research and develop-

ment aspects.
Mr. ROGERS. How many contracts do you have in being?
Dr. MIDDLETON. We are collaborating with at least 70 organizations.

I can supply for the record the precise number.
Mr. ROGERS. We would like to know what areas of research they are

in, and how much intramural research you are doing.
(For the information requested see appendix B, p. 81.)
Mr. ROGERS. Can you give me that off the top of your head?
Dr. MIDDLETON. We estimate about $10 million within our organi-

zation, and about 100 people.
Mr. ROGERS. In your intramural research?
Dr. MIDDLETON. Yes.
Mr. AUERBACH. We have research and development which is con-

ducted with section 104 funds, plus some of the funds appropriated
under section 309.
Mr. ROGERS. What is the total of funds under both?
Mr. AUERBACH. In 1969, it is $88,738,000, under both sections. I be-

lieve, of that, about $42 million, totally, is for research and develop-
ment, of which $18 million, is section 104.
Dr. MIDDLETON. I could clarify this in general by saying that in the

research and development and demonstration area this year, 1969,
$45.6 million is the amount, which involves 548 people.
Of that, $20.9 million is direct operations, and that is within the

organization; $24.7 million is without the organization, and the sec-
tion 104 is about $18.7 million of that.
Mr. ROGERS. Section 104 is $18 million?
Dr. MIDDLETON. About $18.7 million.
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Mr. ROGERS. What is the distinguishing feature between sections
309 and 104, just quickly?
Dr. MIDDLETON. Section 104 money is no-year money. It gives ex-

plicit discretion to the Secretary for the disposal of property devel-
oped on private lands. It clearly accents the part and the role the Con-
gress expects the private sector to play with Government in develop-
in the control technique required.
Mr. ROGERS. So about half of your budget is going into research

under section 104.
Dr. MIDDLETON. Yes.
The other parts of our research include the air quality criteria.

What pollution should we be concerned with, in what sequence, and
so forth?
Mr. ROGERS. I would like a rundown, too, on the section 309 funds.
Dr. MIDDLETON. In the research area?
Mr. ROGERS. Yes; in the research and demonstration area, and who

is involved, and what projects are being done, and the number of peo-
ple and amount of funding.
Dr. MIDDLETON. We Will supply that for you.
(For the information requested see appendix C, p.113.)
Mr. ROGERS. What are you doing about bus emissions? Have you

done anything? Is any progress being made? If you get behind these
big_ buses, the pollution and fumes are overwhelming.
Dr. MIDDLETON. I am with you.
Mr. ROGERS. What ought to be done? Not much has been done yet.
Dr. MIDDLETON. The Federal Government is requiring emission regu-

lations of diesel trucks and buses for the first time this year. We are
having requirements for gasoline-powered trucks and buses as of this
year. So that there is the first step in this direction.
Mr. ROGERS. In other words, the new buses that came out this year?
Dr. MIDDLETON. The new buses that come 'out this year—January 1,

1970—we will have these regulations. Nothing required until the be-
ginning of this next year, and that will be the first step in controlling
smoke emissions.
Mr. ROGERS. How much of a reduction will there be?
Dr. MIDDLETON. We expect a significant reduction in the smoke as-

pect from the new diesel engines. The gasoline-powered trucks and
buses will have the same degree of control that is now being conducted
in the State of California.
We are not controlling odor from diesel buses. We have a program

to determine what this is and what can be done about it. When we know
this, we well do something about it.
Further, we are developing, Mr. Rogers, a system that will tell oper-

ators of existing diesel trucks and buses what they can do to improve
the performance of those vehicles.
We expect to do this through an instructional program with the

Federal agencies to begin with, and hopefully the States may become
interestecrand adopt it themselves.

Because there is very little need to have smoke from existing
diesels.
Mr. ROGERS. Is there any difference in emissions from the two-cycle

and four-cycle?

•

•
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Mr. Swam. There is a difference. I can't give you the details of it.
I know that there is also a very serious questions of diesel control be-
tween the two-cycle and the four-cycle.
Mr. ROGERS. Let us have something on that for the record.
(The following information was received for the record:)

TWO-CYCLE AND FOUR-CYCLE DIESEL ENGINE EMISSIONS

Two types of diesel engines are in common use in the United States, i.e., two
cycle "blown" engine and the four-cycle, either naturally aspirated or blown. In
general, the two-cycle engine is used predominantly for intracity bus applica-
tion, while the four-cycle engine is used on both intercity and intracity truck
operation. Both types are significant sources of smoke and odors, not only in
urban areas, but also along heavily travelled rural highways.
The two types of engines, i.e., two-cycle and four-cycle engines, have inher-

ently different emission characteristics, due fundamentally to the differences
between the time-temperature relationships in the combustion processes of the
two engine types. In the two-cycle engine, the blast of cold scavenging air in-
duced into the cylinder at the end of the power stroke dilutes the gases and
thus quenches the combustion reaction. In the four-cycle engine, the combustion
reaction at the end of the power stroke has an additional 1800 of crank shaft
rotation for the completion of the oxidation reaction prior to discharge through
the exhaust system of the engine. Thus, the unreacted hydrocarbons, smoke
and, odors that might otherwise appear in the exhaust have some additional
time for combustion.

Despite the fundamental differences in the combustion processes between the
two engine types, the same control approaches for smoke, odor, and gaseous hy-
drocarbon, carbon monoxide, and oxides of nitrogen are applicable to both. The
approach taken by all manufacturers to date, which is thought to offer the
highest probability of success in effecting significant reductions in smoke and
odor as well as reductions in gaseous emissions, is that of engine refinement based
on detailed studies of the engine operating variables. Since diesel engines de-
velop more power when operated at excessively high fuel ratios, with the sub-
sequent increase in smoke, some derating from maximum power is necessary to
limit smoke and odor intensities. Additional gains can be obtained through
further engine derating, at the expense, however, of engine power output and
some increase in fuel consumption. Further, modifications of the combustion
chamber design itself, together with improvements in injector spray patterns
and prevention of injector dribble, offer promise of further reductions in smoke
and odor as well as gaseous emissions.
Another approach under investigation, which offers less potential of success,

lies in the area of fuel composition and additives. Generally, less volatile, highly
cracked aromatic fuels tend to produce higher smoke and, in many cases, odor
levels, as well. Thus, tighter control of fuel specification can produce reductions
in emission levels. Efforts in this area is primarily directed toward optimizing
production of uniform quality fuels, together with the inclusion of detergent-
dispersant additives to minimize troublesome injector deposits. While it is not
anticipated that fuel improvements and 'additives alone can produce significantly
lower smoke and odor emission levels, the incremental gain and reduced service
deterioration resulting from this approach are important contributors to the
reduction of smoke and odor levels.
Other control approaches including catalytic oxidation, exhaust gas recircula-

tion, etc., are not at a stage of technical development at which they offer im-
mediate or near-future solutions to the problem.
National standards for the control of smoke from diesel engines have been

established by the Department of Health, Education, and Welfare. These stand-
ards will apply to all new diesel engines manufactured on or after January 1,
1970, for use in heavy duty vehicles (more than 6,000 pounds gross vehicle
weight). The standards limit the opacity of smoke emissions to forty percent
during engine acceleration and twenty percent during engine lugging, as measured
by procedures set forth in regulations published in the Federal Register on June
4, 1968.
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Mr. ROGERS. On page 3, you say: "A more modest program relating
to motor vehicle emission control is also being conducted under sec-
tion 104."
What is the import of that statement, that you are having a modest

program concerning motor vehicle emission control?
Dr. MIDDLETON. Rather than have none, we have this. We are trying

to get a good plan for a 5-year base established, and then get it
properly funded.
Mr. ROGERS. How much in funds are you contributing to that?
Dr. MIDDLETON. $650,000.
Mr. ROGERS. Out of $45 million?
Dr. MIDDLETON. For the development of low-propulsion systems.
Mr. AUERBACH. The total amount of motor vehicle research activity

in fiscal 1969 is about $4 million.
Mr. ROGERS. I don't understand why you are not devoting greater

effort here, when my understanding is that the statistics say that
motor vehicle pollution amounts to about 60 percent of the problem.
Is that true?
Dr. MIDDLETON. Let me offer this counsel, and perhaps it can be con-

sidered an explanation.
The Federal Government now regulates the gasoline-powered mo-

tor vehicle. We will regulate the truck and bus, and diesel. The regula-
tions that are now in effect, and those proposed for 1970 and 1971, will
bring down motor vehicle pollution to a much lower level in the 1967-
80 period.
Then, Mr. Rogers, at that time, the emissions from the motor vehicle

will begin to rise again unless there is a more stringent control of the
motor vehicle, or unless there are new ways of controlling and de-
veloping power systems.
It is in this interval that we are now developing, with the $650,-

000, a program designed for new propulsion systems.
Mr. ROGERS. What is this, steam?
Dr. MIDDLETON. The expected need for replacement of the internal

combustion engine with Rankine cycle or steam and electric cars. If
we start now, when we arrive at 1978 to 1980, we will have something
else in hand that can be used as a substitute propulsion system.
That is why the money is relatively higher in allocation to the sul-

fur oxides problem for which there is very little control technology.
We have some considerable control in motor vehicles today, so we

are looking forward to generating a stronger program for motor vehi-
cle control in future years.
Mr. ROGERS. Do you help set standards for motor vehicle emission?
Dr. MIDDLETON. We do. The authority for establishing those is with

the Secretary of Health, Education, and Welfare.
Mr. ROGERS. It is my understanding that present emission stand-

ards will not stabilize, much less reduce particular air pollution. Is
that a correct statement?
Dr. MIDDLETON. There is a downward trend, and this trend will con-

tinued until about 1978, at which time it will go up. This is the
responGc 
Mr. ROGERS. Under existing controls, automobile air pollution in

the United States will more than double in the next 30 years because



of the projected increase in. the number of vehicles and the miles
driven by each vehicle.
Would that be so?
Dr. MIDDLETON. That is so.
Mr. ROGERS. In the present emission standards, the oxides and photo-

emission will be higher than if no standards existed.
Dr. MIDDLETON. That is correct.
Mr. ROGERS. Only California has adopted emission standards for

the 1970's which will control the oxide of nitrogen. Is that correct?
Dr. MIDDLETON. They have initiated that program.
Mr. ROGERS. But there is no guarantee that the automotive industry

will produce cars that will meet those standards?
Dr. MIDDLETON. There is no guarantee. The plans for different kinds

of propulsion systems is how we expect to keep the pressure on so
that the research and development will go forward as quickly as
possible.
Mr. ROGERS. I don't understand that if 60 percent of the problem in

air pollution is the automobile, that we have not yet set standards that
will really have much effect.
We are only devoting at the most about $4 million of your budget to

60 percent of the problem.
Now, why is that?
Dr. ViDDLErroN. Within the budget limitations and the impor-

tance—
Mr. ROGERS. Now, wait. You have $45 million in the budget, I under-

stand. Is it $88 million, or $45 million?
Dr. MIDDLETON. The total budget is $88.773 million. The total budg-

et for this area is $45.61 million.
Mr. ROGERS. How much of the $88 million budget is going to auto-

mobile emission problems, the $4 million?
Dr. MIDDLETON. The $4 million is for the motor vehicle program,

both the new propulsion systems and the other motor vehicle research
and development activities.
Mr. ROGERS. So out of $88 million, you are spending $4 million on

60 percent of the problem?
Dr. MIDDLETON. It is a very inadequate budget.
Mr. ROGERS. It is a very inadequate division of the budget.
Is this the judgment of Congress that you should only spend 84

million, or the Department's?
Dr. MIDDLETON. It is the Air Pollution Control Administration's

judgment.
Mr. ROGERS. How do you justify the expenditure of only $3 million

out of $88 million?
Dr. MIDDLETON. We have difficulty in justifying that in view of the

problem you have accented and the figures you have given regarding
the upcoming seriousness of the problem, but we have no beginnings,
essentially, for sulfur oxide control and so forth, and these are also
hazards to health.
So where you have nothing—that is a relatively free use of the

word—relatively little for sulfur oxide control, and really no sizable
program going, it is very important that this get started at a sizable
level, because we do have a way of coping with the motor vehicle prob-
lem for these few years.
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Mr. ROGERS. But you admit it is inadequate.
Dr. MIDDLETON. Within the total funding for the Administration.
Mr. ROGERS. What we have said we have done is inadequate as far

as meeting the emission problem of automobiles and trucks and buses.
Is that right?
Dr. MIDDLETON. We are in the process of rolling the emissions back.

We do have something going for us in a downward trend in the motor
vehicle. While the downward trend is going on, Mr. Rogers, we are
trying to pick up the other kinds of pollution that are becoming rela-
tively more important.
Mr. ROGERS. But you admit that the present emission standards will

not stabilize, much less reduce, vehicular air pollution, and also that
the present emission standards, the oxides of nitrogen will be higher
than they would be if no standard existed.
Dr. MIDDLETON. I do not contest that information at all. It is correct.
Mr. ROGERS. Then I am at a loss to understand why you will devote

3.4 percent of your budget to this problem and 96.6 percent to other
problems.
Why would you divide it that way?
Why wouldn't you devote at least 60 percent to the emission prob-

lem? That is what is causing us the trouble.
Dr. MIDDLETON. Your questions are certainly the kind I would like

to respond to, and I hope I can respond clearly.
The air pollution control effort on the part of the Federal Govern-

ment is a minimal effort. It should be much more than it has been.
There are so many things that need to be caught up with that we have
to be rather arbitrary.
In this case, the $4 million is a particularly sensitive point. In seeing

that those things that need to be done in protecting health from oxides
of nitrogen, and many other pollutants that we will be developing cri-
teria for that we have already announced, we have to have a sizable
part of our research and development budget, Mr. Rogers, dedicated to
seeing to it that there is a response to the need for control techniques
for other pollutants during the period of years when the motor vehicle
is being attended to, in a way.
At the same time, we develop a research and development program

that will catch up to the rollback and then move swiftly forward.
Mr. ROGERS. I understand your reasoning. I must say that I know

you want to do things where there has been nothing done, but 60 per-
cent of the problem, which is a major problem, is not being met, and
California has set standards, and we don't know whether the industry
can or will do it.
Can they do it?
Dr. MIDDLETON. I would hope they would try to.
Mr. ROGERS. Is it feasible?
Dr. MIDDLETON. I think they can be met.
Mr. ROGERS. I don't know why we have Federal standards and not

make sure they are met.
Dr. MIDDLETON. We have Federal standards--
Mr. ROGERS. Let us not get into semantics here. I know you have some

standards that are going to do a little something, but your standards
are not even as strong as California's now, and we admit our standards
won't meet the problem.
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will do it.
Wouldn't it be encouraging to the industry if you immediately set

standards that matched California's to meet the. problem? Wouldn't
this be added incentive for industry to meet these improvements?
Dr. MIDDLETON. In direct reply to your question, I say, yes, it would

be an additional incentive to the industry.
The waiver of the standards in the State of California by the Sec-

retary of Health, Education, and Welfare, was to provide California,
in the case of their pressing problem, an opportunity to do something
more about it.
This gives a trial period to see what success there is and will enable

better understanding of the national applicability.
Mr. ROGERS. Well, if the industry is not going to do it, they are not

going to have much success in trying to prove it out, are they?
Dr. MIDDLETON. We are in the process of developing a mass emission

stanslard. This will probably be published in the Federal Register
this fall. This will be another step in the direction of having more
stringent controls on the part of the Federal Government.
Mr. ROGERS. How soon will they be published?
Dr. MIDDLETON. This fall.
I believe in September.
Mr. ROGERS. Would you keep the committee advised on this?
Dr. MIDDLETON. I certainly will.
Mr. ATJERBACH. Mr. Rogers, perhaps I can clarify this. There are

now in effect national standards for motor emission control, applying
to carbon monoxide and hydrocarbons.
Beginning with the 1970 model year, more stringent standards will

take effect. These standards will produce a downward trend of carbon
monoxide and hydrocarbon emissions that will last for the next 5 to 8
years.
After that period, admittedly, without further controls, the trend

will go back upward again, but there are standards in effect which are
now producing a downward trend, and in this interim period there
is the opportunity to conduct further research to try to develop
means of 
Mr. ROGERS. This is the point I am saying.
Mr. AUERBACH. I would not disagree with your basic point on the

relationship of the size of the problem to the size of the research and
development effort.
Mr. ROGERS. I hope you will look at this again, because the commit-

tee is going to be interested in following this closely. Something has
to be done about this, if we are devoting only 3.4 percent of the budget
to 60 percent of the problem. I think you ought to look at this.
We have to accelerate this research. That is why the Congress did

this. We knew the problem was 60 percent of the pollution problem
of this Nation, and we are not responding, and we really need to put
accent on this, and get something moving.
We are not even doing as much as California.
Let me ask you this, now, to supply for the record.
I have gone much further in my time than I should have. I want to

know the number of airsheds that have been formed, their status, how
many more are anticipated, when will we have all of the airsheds,
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when standards will be set, and when we may expect enforcement to
begin.
If you will, let us have that for the record.
Dr. MIDDLETON. That material is available, and we will be pleased

to supply it.
(The following information was received for the record:)

IMPLEMENTING THE REGIONAL AIR POLLUTION CONTROL MECHANISM ESTABLISHED
BY THE AIR QUALITY ACT

The Air Quality Act of 1967 (Public Law 90-148) provided for an intergov-
ernmental system for the prevention and control of air pollution on a regional
basis. To put this system into operation, the Department of Health, Education,
and Welfare must designate air quality control regions and issue air quality
criteria and reports on control techniques. State governments then are expected
to establish air quality standards for the air quality control regions and to adopt
plans for implementation of the standards. Guidelines for the Development of
Air Quality Standards and Implementation Plans has been issued to assist the
States in carrying out their responsibilities. A copy of this document is attached.
The air quality standards and implementation plans adopted by the States must
be submitted to the Department for review.
The National Air Pollution Control Administration has identified 57 metropol-

itan areas where air quality control regions are scheduled to be designated by
the summer of 1970. Each State will have at least a portion of one air quality
control region, within its borders. To date, the Secretary has designated 13 re-
gions and the National Air Pollution Control Administration officials have held
consultations with State and local officials in five proposed regions.
Air quality criteria were issued February 11, 1969, for sulfur oxides and par-

ticulate matter—two of the most common types of urban air pollutants. Reports
on control techniques applicable to the sources of these pollutants were issued at
the same time. Next year, it is expected that criteria will be issued for carbon
monoxide, photoreactive organic compounds, and oxidants. Plans for 1971 and
subsequent years involve issuance of criteria for nitrogen oxides and a number
of other pollutants. The pollutants under consideration include arsenic, asbes-
tos, beryllium, cadmium, fiourides, lead, odorous compounds, organic carcinogens,
pesticides, and pollens-aeroallergens.
The attached table summarizes the status of air quality control region designa-

tions and the timetable for State action.

TABLE 1.—AIR QUALITY CONTROL REGIONS DESIGNATED BY THE SECRETARY

Region
Date of

(sulfur oxides .) and particu-
late timetable

designation Area of the region Standards 1 Plans 2

National Capital  District of Columbia; 2 counties in Maryland; 4 Nov. 11,1969 May 11,1970
4 counties in Virginia; 3 cities in Virginia.

New York  Nov. 20,1968 8 counties in New York; 9 counties In New do  Do.
Jersey; part of Fairfield County in Connecticut.

Chicago  Dec. 4,1968 6 counties in Illinois; 2 counties in Indiana do  Do.
Philadelphia   Dec. 17, 1968 5 counties in Pennsylvania; 5 counties in New  do  Do.

Jersey; 1 county in Delaware.
Denver  Jan. 15,1969 All of 3 counties and parts of 3 other counties  do   Do.

in Colorado.
Los Angeles  Jan. 29,1969 All of 2 counties and parts of 4 other counties in  do  Do.

California.
St. Louis  Apr. 11,1969 2 cities and 2 counties in Missouri; 3 counties Jan. 11,1970 July 11, 1970

in Illinois.
Boston  Apr. 12, 1969 98 cities and towns in Massachusetts  Jan. 12,1970 July 12,1970
San Francisco  May 1,1969 9 counties in California  Feb. 1,1970 Aug. 1,1970
Pittsburgh do  7 counties in Pennsylvania do  Do.
Buffalo do  2 counties in New York do  Do.
Cincinnati.  May 2, 1969 4 counties in Ohio; 3 counties in Kentucky; 2 Feb. 2, 1970 Aug. 2,1970

counties in Indiana.
Cleveland  May 23,1969 8 counties in Ohio  Feb. 23,1970 Aug. 23,1970

1 Approximate date by which air quality standards for sulfur oxides (SO.) and particulate matter must be established
by the States involved.
2 Approximate date by which implementation plans for sulfur oxides (SO.) and particulate matter standards must be

established by the States involved.
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TABLE 2.—AIR QUALITY CONTROL REGIONS IN THE CONSULTATION STAGE

Proposed regions
Date of con-
sultation Proposed region

Kansas City  Apr. 11, 1969 5 counties in Missouri and 4 counties in Kansas.
Hartford-Springfield  Apr. 29, /969 44 cities and towns in Connecticut and 43 cities and towns

in Massachusetts.
Minneapolis-St. Paul  May 21, 1969 7 counties in Minnesota.
Baltimore  May 23, 1969 1 city and 4 counties in Maryland.
Indianapolis  June 10,1969 8 counties in Indiana.

TABLE 3.—Air Quality Control Regions Scheduled for Designation by the
Summer of 1970

REGION

Detroit Oklahoma City
Milwaukee Omaha
Providence Honolulu
Seattle-Tacoma Beaumont-Foot Arthur
Louisville Charlotte, N.C.
Dayton Portland, Me.
Phoenix Albuquerque
Houston Lawrence-Lowell-Manchester
Dallas-Fort Worth El Paso
San Antonio Las Vegas
Birmingham Fargo-Moorhead
Toledo Boise
Steubenville Billings
Chattanooga Sioux Falls
Atlanta Cheyenne
Memphis Anchorage
Portland, Oreg. Burlington
Salt Lake City San Juan
New Orleans Virgin Islands
Miami

Mr. ROGERS. I am not trying to belittle what you have done. I know
of your great interest and your great work. What I am saying is that
I think the Department needs to look again at the division of funds in
meeting the problem, and I would hope you would do that and let the
committee know, because we will want to go into this further in future
discussions.
Dr. MIDDLETON. I appreciate your interest.
Mr. ROGERS. Are there any further questions?
Yes, Mr. Skubitz.
Mr. SKUBITZ. Doctor, I believe you said there were standards estab-

lished for automobiles?
Dr. MIDDLETON. Yes.
Mr. SKUBITZ. Does it apply to old oars?
Dr. MIDDLETON. It does not. One has to understand that the emission

regulations are for new motor vehicles only, and the ordinary motor
vehicle lasts 10 years and goes 100,000 miles.
Mr. SKUBITZ. What percentage of the automobiles on the road today

are new model cars as compared with old oars?
Dr. MIDDLETON. We have one-fifth of the population under control

today, and that is the tragedy of the situation.
Mr. ROGERS. Have you asked Congress for authority to set standards

for used oars?
Dr. MIDDLETON. We have not asked for authority on used cars. The

information available at the present time suggests it is much better

31-174 0-69---3
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to see that there are really strong standards on new cars because of
the apparent difficulties in retrofitting the great variety of makes and
models presently on the road.
Mr. ROGERS. We only have four major manufacturers. I wouldn't

think it would be too difficult, and I would think that some of this
budget would be devoted to that problem, because I would agree with
the gentleman that that is a problem.
Dr. MIDDLETON. We will be devoting a portion of our funds to the

cleanup of the buses and diesels.
Mr. SKInwrz. I was also interested in what you had to say about

removing sulfur from coal. I think you said you had developed several
methods. Would you mind restating the methods that are used?
Dr. MIDDLETON. The deep cleaning of coal—may I ask Mr. Smith

to respond to that?
Mr. SMITH. Crushing, grinding, and getting it to fine particle size.
If you can recall gold panning, where one washed particles--
Mr. SKUBITZ. It is the flotation system.
Mr. SMITH. Yes.
Mr. SKUBITZ. Do you carry on the actual experimentation?
Mr. SMITH. Most of this is not work that we carry on in our own

shops at all, but efforts we hope to fund jointly with the Bureau of
Mines, by way of example, and the private sector.
Mr. SKUBITZ. You say you are working with the Bureau of Mines.

How much money have you turned over to the Bureau of Mines to
carry on this sort of work?
Dr. MIDDLETON. Most of the coal cleaning Mr. Smith mentioned is

being done by the bituminous coal research group, as well as McNally-
Pittsburgh Manufacturing Co., and Roberts & Schaefer Co.
The Bureau of Mines in the Department of Interior, in 1969, we

had a transfer of funds of $1,780,000.
Mr. SKUBITZ. For what?
Dr. MIDDLETON. Those that dealt specifically for sulfur oxides were

about $1.2 million. That would be the evaluation of metal oxides as
a flue stack cleaning system, an evaluation of where coal resources are,
the removal of pyrites from coal, and particularly the cost of the
cleaning systems.

Essentially, it is looking at the availability of low sulphur coals,
where are they, are they mineable, can they be used. It is helping the
Department of Interior and Bureau of Mines to use the expertise they
have on fuel resources as well as information they have on the use of
metal oxides and flue stack cleaning.
Mr. SKUBITZ. What I am getting at, Doctor, is this: The Bureau of

Mines will come to the Committee on Interior and Insular Affairs and
ask for funds to carry on research. Then you come in and ask for
money to do the same thing. It is transferred back to the Bureau of
Mines. We don't know whether they are doing the research on the
money we gave them for their own use, or whether they are carrying
on research that you have directed.
Dr. MIDDLETON. The Clean Air Act, as amended, clearly states that

the Secretary of Health, Education, and Welfare has the responsibil-
ity of carrying out the intent of the act.
Through our liaison with them, and the development of the com-

prehensive planning report, we have involved the Department of the
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Interior, the Bureau of Mines, the Tennessee Valley Authority, the
Department of Commerce, the Federal Power Commission, all of
those entities that have something to do with 'air pollution.
We have had a meeting with them on what their program should

be, what their requirements are, and the budget we are presenting
reflects that integreated approach.
When it comes to fuel conversion, the Office of Coal Research has a

view on the utilization of fuels.
Where those projects relate to air quality, we will participate with

them.
So there is not a conflict in the sense of funding for these projects.

There is a clear understanding where the responsibility lies, and we
certainly do not expect to develop an expertise in knowing where the
fuel beds are located, but we expect to use their expertise.
Mr. SKI:RUTZ. You are interested in the removal of sulfur from coal

from the standpoint of air pollution, and they are interested in the
same thing from the standpoint of industrial use.
So both of you are working on the same problem, and you are both

looking for the same thing.
Dr. MIDDLETON. But we are doing it as one program, and it is for

that reason that the moneys that are allocated under our authorization
are transferred to the Bureau of Mines to see that the air pollution
work is conducted in 'an organized way under the authority given by
Congress to the Department of Health, Education, 'and Welfare.
Perhaps there should be improvement in our liaison, 'and I will be

pleased to look into it.
Mr. CARTER. Mr. Chairman, I think we should think about the

location of coals with certain percentages of sulfur dioxide. I was
under the impression a few years 'ago that we knew the locations of
coals of high sulfur content. In fact, we have had tables here in this
committee with the percentages of sulfur dioxide and where they
came from, what sections of the country.
Why are we going further with this when we already know about it?
Mr. SMITH. Sir, we have surveys made by the Bureau of Mines and

by others on the location of low sulfur coals. These are generally
viewed as pessimistic estimates of the location; that is, this is not a
criticism. It is just a question of to what degree have we positively
identified the underground extent of the field, and therefore can
classifiy it as 'a reserve with reference to its sulfur.

Obviously, the more low sulfur coal can be found, the lower the cost
of the coal. If one could find quantities of such coal in the vicinity of
Chicago, the transportation cost would be less, and supposedly this
would make it cheaper for use in the Chicago metropolitan area.
In the same fashion, low sulfur coal has a metallurgical use, and one

important use is captive coal for the metallurgical industry.
We are looking in another frame of reference in conjunction with

the Bureau where development of further knowledge as to the re-
sources that might be tapped for utilities, by way of example, and
cheaply tapped.
Mr. CARTER. Thank you.
I believe these fields have been well explored.
If you would yield a little further, sir, I am afraid that we are not

going to find any coal low in sulfur dioxide close to Chicago. We know
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the location of most of this, and also you are speaking of captive in-
dustries. Some of the fields which probably you refer to are still owned
by private operators, or small operators, and it is true that coal in this
area, just a small percentage of it, is used in metallurgical areas, in
the field of metallurgy. They mix it, as I recall, using only 40 percent
of coals from the area which I have the honor to represent, in manu-
facturing, coal, and steel.
They mix it with the high-sulfur-content coals.
Mr. SKuBrrz. Doctor, I think you said you allocated $1,870,000 to

the Bureau of Mines to carry on this experimental program to resolve
sulfur from coal.
You are also working with the McNally Co. How much money did

you turn over to the McNally Co.?
Dr. MIDDLETON. That company would be on the contract list the

chairman has asked for, the contract arrangements in the sense that
we ask for prospective bidders to go through the bid procedures.
Mr. SKITBITZ. How about Gulf Oil?
Dr. MIDDLETON. I will have to make a determination of that from our

contract list. I am sorry. I do not recall.
Mr. ROGERS. Let me ask you this.
What about mass transit? On these buses and so forth, are you set.

ting the standards, or is the Department of HUD?
Dr. MIDDLETON. The emission regulations are the responsibility of

the Secretary of Health, Education, and Welfare.
Mr. ROGERS. And research?
Dr. MIDDLETON. There is a concern on our part that we have an

integrated motor vehicle research and development plan. We are now
at the _present time working out with the Department of Transporta-
tion what their research interests are so that we can have a total effort
in this area.
I cannot now describe this to you because the plan is now in prep-

aration, Mr. Rogers.
Mr. ROGERS. In other words, so far as we know, HUD may also be

doing research in the mass transit area for pollution?
Dr. MIDDLETON. I believe all the transportation aspects that were

formerly in Housing and Urban Development have been transferred
to the Department of Transportation, and DOT now has that respon-
sibility.
We do have a liaison relationship with them. In fact, there is one

person assigned that is liaison to the Department of Transportation.
Mr. ROGERS. Do we know what they are doing in this area?
Dr. MIDDLETON. We are now in the process of finding out what they

wish to do. We know what they are doing. This is primarily demon-
stration.
Mr. ROGERS. On pollution?
Dr. MIDDLETON. On pollution control that relates to buses. Steam,

freon, and a Rankine cycle.
Mr. ROGERS. Could you give us a rundown on that?
Dr. MIDDLETON. I will be pleased to give you what is available.
(The following information was received for the record:)
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CURRENT AND PROJECTED FUTURE RESEARCH AND DEVELOPMENT ACTIVITIES PERTAIN-
ING TO MOTOR VEHICLE POLLUTION CONTROL—INFORMATION SUPPLIED BY DEPART-
MENT OF TRANSPORTATION TO NATIONAL AIR POLLUTION CONTROL ADMINISTRATION

The National Air Pollution Control Administration currently is developing a
long-range plan for research and development on motor vehicle pollution control.
The plan will encompass the relevant activities of all Federal departments and
agencies, and will include research and development relating not only to the
internal combustion engine but also to alternative, low-pollution propulsion sys-
tems for motor vehicles. In the course of developing this plan, the National Air
Pollution Control Administration has contacted other Federal agencies for infor-
mation on their current and projected future research and development activities
pertaining to motor vehicle pollution control. The following is a summary of
information furnished iby the Department of Transportation:

1. The Urban Mass Transit Authority is supporting two projects to demon-
strate the use of Rankine-cycle engines in buses. A grant has been made to the
City of Dallas for testing of engines using freon as the working fluid and propane
as the energy source. A grant has been made to the State of California for testing
of steam engines.

2. In Fiscal 1970, the Urban Mass Transit Authority plans to initiate two
additional demonstration projects, both of which will involve the use of unconven-
tional engines in buses. One of these projects will be a demonstration of the
Stirling-cycle engine. The other involves hybrid-electric propulsion systems, in-
cluding combinations of flywheels, heat engines, and electrical battery systems.
The National Air Pollution Control Administration plans to join the Urban Mass
Transit Authority in supporting the study of flywheel systems.
3. The Bureau of Public Roads is cooperating with the National Air Pollution

Control Administration and the City of New York in a study of the air pollution
implications of the proposed Lower Manhattan Expressway. The National Air
Pollution Control Administration has awarded a grant of $190,000 to the City of
New York to support the study.

Mr. ROGERS. If there is other information available, let us know,
and the committee will make inquiry to DOT.
Let me ask you this.
What input in environmental health concerns is going into the com-

prehensive State health planning and the expenditure of funds, part-
nership funds, and so forth?
Dr. MIDDLETON. I do not have any budget figures on what is being

spent through that money for air pollution control. I would speculate
that it is minimal, since the funds for air pollution control are within
the appropriations in the Clean Air Act, and we give those to eligible
agencies through our control program grant activity.
Mr. ROGERS. Are you encouraging the State people at all to get into

comprehensive health planning in an environmental way?
Dr. MIDDLETON. We are a party to that development. We offer tech-

nical assistance so far as we can to be sure that a comprehensive health
plan does recognize that air quality be a part of the State plan.
Mr. ROGERS. Is this being done everywhere?
Dr. MIDDLETON. It is not being done everywhere, or not being done

uniformly everywhere.
Mr. ROGERS. Would you give us the specifics on that?
Dr. MIDDLETON. I will attempt to get whatever information is avail-

able. At the present time we may not be 'able to supply that quickly,
ibecause some of these plans are n evolution, and we can give it to

you at the current date, but it may be rather incomplete.
Mr. ROGERS. Give US what you can on that.
(The following information was received for the record:)
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THE EXTENT TO WHICH ENVIRONMENTAL PROBLEMS ARE DEALT WITH THROUGH
THE COMPREHENSIVE HEALTH PLANNING (PARTNERSHIP-FOR-HEALTH) PROGRAM

Available indices for measuring the degree of environmental health involve-
ment under the Comprehensive Health Planning (Partnership-for-Health) Pro-
gram are few and relatively imprecise.
An analysis of the "plans for planning" submitted by the state comprehensive

health planning agencies, supported under subsection 314 (a) of the Public
Health Service Act for F.Y. 1968 indicated (1) that the advisory councils of
about half these agencies include one or more persons with environmentally-
related backgrounds, (2) that most such agencies had formed environmental
health subcommittees and (3) that most were planning to perform some kind of
study of environmental health problems (including air pollution).

,Thata submitted by the areawide comprehensive health planning agencies, sup-
ported wider subsedtion 314 (b), PHS Act, are not very conclusive since most
of those agencies are still in the early stages of organization.
&lost projects approved for conducting training in comprehensive health plan-

ning under 314 (c), PHS Act, have demonstrated an intention to include the
environmental health aspects of planning.
An analysis of data included in the state plans for public health services, sub-

mitted under 314 (d), PHS Act; indicates that about 81/2% of the 314 (d) grants
will go for environmental health purposes in F.Y. 1969.
Under 314 (e), PHS Act, about 20% of total funds allotted for F.Y. 1969 will

be directed to predominantly environmental health projects—chiefly due to the
earmarkings of $15.0 million for rat control projects.
That RO relatively little of the funds available under 314 (d) and (e) go to

environmental purposes can be attributed to several causes, including: (1) the
categorical programs whose funds were originally transferred to the Partner-
ship-for-Health program to get it started have been more or less continued by
the states, under 314 (d), and have been continued by earmarking under 314 (e),
and those original programs were predominantly non-environmental; (2) sub-
stantial additional funds have not been made available under these subsections
in subsequent years, thus not encouraging new undertakings in the environmental
or other new fields; and (3) the comprehensive health planning activities to be
performed by the 314 (a) and (b) agencies are just getting under way, or have
not yet started, and consequently the expected impact of this planning on the
utilization of the 314 (d) money has not yet been felt.

Mr. ROGERS. We are concerned that they consider environmental
health in a comprehensive plan.
It is most important, and I would hope they would begin to do that.
Dr. MMDLETON. We would like to be certain that they have air up in

front of them when they consider this, but it is not a part of our
direct funding responsibility.
Mr. ROGERS. Are there any other questions?
If not, thank you very much. We appreciate your presentation.
The committee will stand adjourned.
(The following letters were received for the record:)

ioNios, INC.,
Watertown, Mass., June 20, 1969.

Representative HARLEY 0. STAGGERS,
Chairman, Commmittee on Interstate and Foreign Commerce,
Washington, D.C.
My DEAR REPRESENTATIVE STAGGERS: Your Committee is reporting out a bill

in the next few days either to extend Section 104 of the Air Quality Act of 1967
or to make some other similar provisions to make available extra funds for the
Federal technical effort against air pollution. I wish to record the endorsement
of Ionics on this action, and enclose an article describing our process for the
removal of SO2 from stack gases.
The Federal air pollution program is at a phase now when it is critical to

convince potential users (such as utilities) of air pollution control processes of
their practicality. They are waiting either for the "stick" of regulations to force
them or the "carrot" of practicality and profit to induce them. The leadership of

t.4
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the Federal program has been focused more on regulations to date. Under the
time tables called for by the Air Qaality Act of 1967, regulations should begin to
be promulgated one year from now, and enforced "within a reasonable time"
thereafter. Certainly in 3 years from now regulations will begin to significantly
affect utilities. We must move now to support demonstration plants (also taking
3 years, as I pointed out above) to avoid the situation then of the utilities claim-
ing control is impossible for lack of a practical process, and thus frustrating the
intent of the Act, or grossly expensive by using scarce low-sulfur fuel and hitting
the taxpayers so hard in his pocketbook that he rebels, also frustrating the intent
of the Act.

Sincerely yours,
RUSSELL L. HADEN, Jr.,

President.
[From Chemical Week, Aug. 10, 1968]

STJLFURIC ACID FROM POWERPLANTS THROUGH ELECTROLYSIS

SULFURIC AS A UTILITY'S PROFITABLE BY-PRODUCT

One strong selling point for the new electrolytic process to recover sulfur
dioxide from power-plant stack gases: it makes the electric company one of its
own best customers for electricity. The process was developed by Stone &
Webster Engineering Corp. and Ionics, Inc.; the two firms now plan to build a
demonstration unit (CTV Technology Newsletter, July 20).
Heart of the SO2 removal and recovery operation (flowsheet, above) is a

membrane-type electrochemical cell (photo, above) that generates caustic soda,
sodium acid sulfate (NaHSO4), dilute sulfuric acid, oxygen and hydrogen from a
solution of sodium sulfate. The dilute sulfuric and oxygen become supplemental
feed streams for a nearby sulfuric acid plant; the hydrogen can be bottled in
cylinders for local markets.

Electric power requirements of the electrolytic cells are considerable—about
the same as a good-size chlorine-caustic cell room's—and the utility would install
"spinning reserve" to handle it. Example: a 1,200-megawatt station would need
80-83 mw. for cell power. But, at the first sign of power brownout, the system
operator has instant interruptibility at his fingertips. He can start shedding the
load by cutting off the current flow to the electrolytic cells, one line at a time.
In most cases, this should be enough to tide the system over in peak-load

periods such as hot, midweek afternoons, and thus prevent service interruptions
to paying customers. Only the power-plant station service account shows an
interruption. Also, standby gas turbines (which have relatively high operating
costs) can remain on standby.

Built4n Catch-up: J. J. Humphries, Jr., of Stone & Webster's corporate plan-
ning and development department, tells CW the SO2 recovery system has built-in
tankage on either side of the cell room that permits about 760 hours/year of ab-
sorption without cellroom power. Assume that the peak load occured late in the
day on a Wednesday or Thursday. Absorption of SO2 could continue uninter-
rupted with the cells shut down. Then over the light-load weekend, the cells
would come on again and catch up, ready for normal operation on Monday
morning.
Apparently, Ionics, Inc., has developed a membrane for the patented process

(U.S. 3,135,673 and 3,222,267) that is unaffected by interruption. Also, it
reportedly succeeds in isolating the caustic soda and sodium acid sulfate formed
in the electrolysis of sodium sulfate—a separation that has never before carried
out commercially. According to handbook descriptions of the chemistry involved
in this process: "Difficulty in separating the anolyte and catholyte from each
other, lack of good materials for anodes and diaphragms, high energy con-
sumption and other unsolved problems have retarded the development of the
electrolysis of sodium sulfate solution."

Russell Haden, president of the Ionics General Division, attributes the
success of the new approach to his company's extensive experience in electro-
chemical processes, including the Monsanto method for dimerization of acry-
lonitrile. Ionics and S&W say the new process—in which the first step is use of
caustic soda solution to scrub SO2 out of the stack gas--bad a successful pilot-
plant tryout during last-half '67 on the flue gas from commercial boilers at the
Gannon Station of Tampa Electric Co. (Tampa, Fla.).
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What's the Cost? S&W has prepared detailed capital and operating cost esti-
mates indicating that sales of recovered SO2 not only would cover operating ex-
penses but also would actually give the utility an acceptable rate of return on
the invested capital.
Basic assumption: the process can reduce the sulfur dioxide content of the

stack gas to 50-150 ppm. Capital cost varies with five conditions: power-plant
size, number of boilers, position of existing ductwork, sulfur content of the fuel,
and power-plant load factor. Operating cost is a function of energy cost, sulfur
content of the fuel and SO2 content of the effluent gas. End-products: 99%
sulfuric acid, hydrogen and oxygen.
At June '68 prices, S&W estimates, a 1,200-mw. electric station burning 3.5%-

sulfur coal in four boilers would require an investment of $18.5 million. Duct-
work, dampers, reheaters, distribution substation, sulfuric acid plant, interest
during construction, initial chemical charge and initial supply of membranes,
electrodes and spare parts are included.
To remove 90% of the SO2 from the stacks, operating costs at a Midwest loca-

tion are set at $2,972,000. Income of $5,810,000 during the first year of operation
would come from the sale of 340,000 tons of 99% sulfuric acid at $17/ton. No
credit is taken for merchant sales of oxygen and hydrogen.
Thus, S&W predicts a 5.24% return after federal income taxes (52.8%) during

the first year. Average return over the 20-year depreciation life of the plant:
9.6%.
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FIRE ENGINEERS INC.,
Minneapolis, Minn., June 20, 1969.

Oongressman ANCHER NELSEN,
Rayburn House Office Building,
Washington, D.C.
DEAR ANCHER : AS we discussed earlier this week, our company is concerned

about certain local and state pollution control regulations applying to incinerators

which we manufacture.
I should say, first that we manufacture high quality incinerators with very

low emission levels, which will meet all emission requirements of which we

are aware. Consequently, we do not object to emission level requirements. In

fact, we regularly encourage governmental agencies to enact strict emission

regulations.
We are concerned, however, with a proliferation of requirements in the areas

of design and testing.
State and local regulations often call for specific designs, ranging from a

requirement for a certain number of combustion chambers to another one calling

for 11 gauge steel to be used in the wall construction. These rules are not con-

sistent from one jurisdiction to another, making it necessary for incinerator

companies to design special units for many cities and states.
Our company's feeling is that control of emission levels is sufficient for the

control of air pollution and that we would be better able to serve our cus-

tomers, at lower prices, if design requirements were eliminated or made

optional. We also feel that the public would be better served by this approach

since efficient, inexpensive incineration is needed to solve our waste disposal

problem&
In addition, there is an increasingly large number of jurisdictions which are

establishing their own test methods. Each of these methods represents a sincere

effort on the part of the officials involved to establish a good test procedure.

However, it is extremely expensive for us to have separate tests run on our units

for each of these jurisdictions. In addition, even though many agencies have

adopted one of the five major test methods, they often require that the test must
be run on a unit installed in their state or county, even though the test may have
been run many times on the same model in other jurindictions.
We feel that a standardized test method, acceptable throughout the country,

would be very helpful and would be in the public interest.
We would appreciate any help you could give us in this regard.

YolITS very sincerely,
BONN H. CLAYTON,

Director of Environmental Control.

NATIONAL COAL POLICY CONFERENCE, INC.,
Washington, D.C., June 25, 1969.

Hon. JOHN JARMAN,
Chairman, Subcommittee on Public Health and Welfare,
Washington, D.C.
DEAR MR. JARMAN : On June 19, Dr. John T. Middleton, Commissioner of the

National Air Pollution Control Administration, testified before the Subcommittee
on Public Health and Welfare on H.R. 12085 (introduced by Chairman Harley
Staggers) to extend for one year the authorization for Congress to appropriate
funds to carry out the provision of Section 104 of the Air Quality Act of 1967.
In his testimony, Dr. Middleton described how the Department of Health,

Education, and Welfare has used Section 104 to develop and demonstrate tech-
niques for the prevention and control of sulfur oxides pollution. He pointed out
that it is essential that HEW continue the research and development activities
authorized by this particular section of the Air Quality Act and he emphasized
that Section 309—the general authorization section—does not contain the special
features that are included in Section 104.
In view of the strong statement Dr. Middleton made in support of the exten-

sion of Section 104(c) for another year, I was surprised at his conclusion stated
as follows: "While extension of Section 104 is not necesary, if the Congress
determines that the proposed one-year extension is desirable, we would not
object to its enactment."
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The National Coal Policy Conference, Inc., believes that it is important that
Section 104(c) be extended, as provided in H.R. 12085, because this particular
section of the Air Quality Act focuses on the most critical area of air pollution
control—the accomplishment of the research and development necessary to elim-
inate or reduce air pollution resulting from the combustion of fuels from both
stationary and motor vehicle sources. That section of the Air Quality Act was
designed to assure that research and development in this vital area was given
top priority and to provide the broad authority and funding authorizations nec-
essary to accomplish the difficult tasks involved.
There are a number of legal and policy reasons for extending the authorization

under Section 104. From a policy point of view, in the very calendar year when
the Department of Health, Education, and Welfare has issued its Air Quality
Criteria and Control Data pertaining to sulfur oxides and particulate matter,
it would be most unfortunate bo in any way give the impression that the achieve-
ment of the air quality which those documents describe could be accomplished
without a major research and development effort. Certainly the implication of
the expiration of the funding authorization would be either that the job has been
accomplished or that the Congress no longer considers it of top priority.
But the facts are just the opposite. In view of the delays which have been en-

countered In nuclear power plants going on line, and in view of our rapidly
growing power demands, it is clear that the use of fossil fuels as the prime source
of electric power will greatly increase in the next decade. At the same time, we
are still a long way from satisfactory solutions to the related air pollution con-
trol problems and only a small part of the funds authorized under Section 104
were ever appropriated. Thus the need for Section 104 is greater today than it
was in 1967.
In addition to the policy considerations, from a legal point of view there are

a number of important specific provisions in Section 104 which are not explicitly
covered elsewhere in the Air Quality Act. This includes:

1. Authority for the construction, operation, and maintenance of demon-
stration plants or processes.

2. Authority for studies leading to new or improved methods for the
recovery and marketing of commercial valuable by-products resulting from
the removal of pollutants.

3. Authority for the support of projects involving construction and in-
stallation of pollution control equipment on private property for the purpose
of testing.

4. Authority for funds to rem'ain available until expended.
At best these authorizations can be read into other provisions of the Act, but

they may be subject to considerable uncertainty and debate. Also, it should be
noted that section 309 specifically excludes Section 103(d) and Section 104 with
respect to the use of funds there authorized to be appropriated. Therefore, if the
authorization under Section 104 expired, it certainly would leave in doubt
whether any program that fell within the specific provisions of Section 104 could
also be held to fall within the scope of the general research provisions of Section
103, there is no reason for leaving this matter in such an uncertain status.
We believe that it is important, if we are to achieve the objective of cleaner

air, and do so in an orderly and economically feasible manner, that the Secretary
of Health Education, and Welfare be directed, as set forth in Section 104 (a ), to
". . . give special emphasis to research and development into new and improved

methods, having industry-wide application, for the prevention and control of air
pollution resulting from the combustion of fuels . . ."
and that a procedure for providing the funds to carry out this directive be retained
in the 'basic legislation. The extension of the authorization of Section 104 will not
only clarify any legal uncertainties but will provide this necessary direction to
the Nation's air pollution control program.

Therefore, I urge the Subcommittee on Public Health and Welfare to report
the H.R. 12085 at an early date so that the legislation can be considered by the
House before the June 30 deadline.

Sincerely,
JOSEPH E. MOODY,

President.

(Whereupon, at 12:05 p.m., the oommittee adjourned.)

r
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SENATE RESOLUTION 86

Submitted by Mr. Randolph of West Virginia

IN THE SENATE OF THE UNITED STATES,
Agreed to March 4,1969.

Resolved, That there be printed with illustrations as a Senate docu-
ment the report of the Secretary of Health, Education, and Welfare,
entitled "Nature and Control of Aircraft Engine Exhaust Emissions",
submitted to the Congress in accordance with section 211 (b) , Public
Law 90-148, the Air Quality Act of 196'T, and that there be? printed
two thousand five hundred additional copies of such document for the
use of the Committee on Public Works.

Attest:
FRANCIS R. VALEO,

Secretary.
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LETTER OF TRANSMITTAL

THE SECRETARY OF HEALTH, EDUCATION, AND WELFARE,
TV a8hington,D .0 January 17 , 1969 .

Hon. HUBERT H. HUMPHREY,
President of the Senate,

ashington,D.0 D.C.
DEAR MR. PRESIDENT: In accordance with the provisions of title II,

section 211(b) of Public Law 90-148 (the Air Quality Act of 1967),
I am pleased to transmit the report on the control of aircraft engine
emissions.
The intent of this report is to summarize available information on

the nature and extent of air pollutant emissions by jet and piston air-
craft engines in the United States and to discuss the feasibility and
practicality of controlling these emissions.

Sincerely,

( M )

WILBER J. COHEN,
Secretary.
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PREFACE

This report summarizes available information on the nature and
extent of air pollutant emissions by aircraft engines in the United
States and means for controlling these emissions. It is respectfully
submitted in accordance with section 211(b) of Public Law 90-148,
the Air Quality Act of 1967, which states as follows:
"The Secretary shall conduct a full and complete investigation and

study of the feasibility and practicability of controlling emissions
from jet and piston aircraft engines and of establishing national emis-
sion standards with respect thereto, and report to Congress the results
of such study and investigation within one year from the date of enact-
ment of the Air Quality Act of 1967, together with his recommenda-
tions."
A "full and complete investigation," including essential laboratory

and field studies, could not be accomplished in a single year. Accord-
ingly, a survey of available data on this problem, which, in any event,
would have been a necessary first step in a full investigation, was un-
dertaken by the National Air Pollution Control Administration.
Northern Research & Engineering Corp., Cambridge, Mass., was em-
ployed to assist in conducting the survey and in analyzing and evalu-
ating the data. This report summarizes the data. A second volume

icontaining all the data s in preparation for publication as an appen-
dix.
The information assembled by the contractor was obtained entirely

from various private organizations and published literature. Since
these data are the product of many separate investigations conducted
for various purposes, the data are not fully compatible and in agree-
ment. Consequently, there are inevitable limitations in the strength
of the conclusions which can be drawn. Knowledge of the problem is
deficient in some respects, but there is general agreement on its nature
and magnitude and on the need to work toward its control.

(Y)

31-174 0- 89 - 4
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NATURE AND CONTROL OF AIRCRAFT ENGINE
EXHAUST EMISSIONS

I. INTRODUCTION

Relatively little attention was given to aircraft as a source of air
pollution until the later 1950's, when turbojet aircraft were intro-
duced into the Nation's commercial air carrier fleets. The turbojets
emitted highly visible exhaust plumes during takeoff and landing
operations. Use of water injection for increased power during takeoff
was often said to be responsible for the exhaust plume density but
the discontinuation of this technique has not eliminated smoke from
jet aircraft. The density of the exhaust smoke from jet engines and
the odor characteristic of the fuel have prompted demands for reduc-
tion of jet aircraft emissions.
Early studies of the problem were undertaken by the Los Angeles

County Air Pollution Control District (1) and by the Coordinating
Research Council (2). The report on the Los Angeles study, issued in
April 1960, concluded that "total contaminant emissions from jet
aircraft operations are at this time insufficient to produce any gen-
eralized deterioration of air quality," and that "visible smoke emis-
sions from commercial jet aircraft * * * do not constitute violations
of opacity standards." No evidence of property damage was found.
The report by the Coordinating Research Council, also issued in 1960,
concurred generally, with the Los Angeles report, concluding that
"the relative magnitudes of the emissions from aircraft and from
ground vehicles are such that we do not feel further study is warranted
by (this) group."
By mid 1964, however, there was sufficient concern about aircraft

emissions to prompt the inclusion of this subject in hearings held by
the Subcommittee on Air and Water Pollution of the U.S. Senate
Committee on Public Works. The record of these hearings has been
published (3).
In 1965 the Los Angeles County Air Pollution Control District

undertook a second study of aircraft emissions which resulted in a
more comprehensive report on the pollutant emissions from all types of
civil aircraft in the district (4). As a result of the inclusion of piston-
engine aircraft in this study, total emissions attributable to aircraft
were found to be substantially higher than the estimates made pre-
viously. This study found that aircraft were responsible for between
1 and 2 percent of all organic gases, carbon monoxide, and oxides of
nitrogen emitted in Los Angeles County and approximately 10 per-

NOTE.—Number in parentheses refer to references cited on p. 31.

(1)
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cent of all aerosols (particulates). These findings were brought tothe attention of the U.S. Congress during hearings held in February
1967 by the Senate Subcommittee on Air and Water Pollution (5) . The
complete 1965 Los Angeles study report is included in the published
record of the subcommittee hearings. Subsequently, the Air Quality
Act of 1967 specifically identified aircraft emissions as a subject of
concern and required an investigation by the Department of Health,
Education, and Welfare.
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II. SUMMARY

A. IMPACT OF AIRCRAFT EMISSIONS

1. Exhaust emissions from piston and jet aircraft include the same
pollutants emitted by highway vehicles, as well as certain other pollu-
tion sources, and, consequently, participate in the same air pollution
problems.

2. The present contribution of aircraft emissions to the total atmos-
pheric pollution burden of the community is considered small. The
magnitude of this relative contribution is expected to grow, largely
as a result of effective emission control legislation applicable to high-
way vehicles. By 1980, for example, carbon monoxide from aircraft is
expected to account for 3 to 5 percent of the carbon monoxide emis-
sions in Los A,ngeles County versus a present contribution of less than

1 percent.
3. Based on emission densities the average level of atmospheric

pollution at selected air terminals and their immediate vicinity is

calculated to be of comparable magnitude to that in the communities

in which the terminals are located.
4. Under conditions of heavy airport traffic, exposures to high con-

centrations of exhaust contaminants are likely to occur in aircraft load-

ing areas and in the cabins of aircraft lined up awaiting takeoff.
5. The public's reaction to air pollution in the form of smoke and

odor from jet aircraft is evident from complaints and newspaper

accounts. Response, both in the form of legislative action and attempts
by industry to find a solution to the visible emissions problem, has
been notable.

B. CONTROL OF AIRCRAFT EMISSIONS

1. Principles of combustion and engine operating conditions similar
to those which account for emissions from highway vehicles are re-
sponsible for emissions from aircraft engines. Subject to special safety
considerations, aircraft engine emissions are generally amenable to the
same principles as applied to motor vehicle emission control technology.

2. Turbine-engine combustor technology for effectively eliminating

the visible plume seems assured for application in the very near

future, both to new engines and to replacement combustor components
for existing engines. When applied to existing aircraft, according to
regular replacement schedules of such engines and combustor units,
the cost is not expected to be a significant factor. Safety, in terms of
engine relight characteristics, is not expected to be degraded thereby.

3. Total particulates, hydrocarbons and carbon monoxide emissions

reduction from turbine engines may be realized as a consequence of
improved combustion design for improved performance and for the
control of visible emissions.

(3)
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4. Aircraft engine emissions in the lower atmosphere are primarily
the result of ground operations, and the approach and takeoff seg-
ments of an aircraft's flight pattern. Airport designs which minimize
aircraft ground operations, plus the use of low-pollution aircraft-to-
terminal transportation can produce meaningful results in all receptor
areas.

5. Control measures applicable to aircraft piston engine emissions
are dependent on developing definitive data on emission impact and
the development of control technology.
6. The control of oxides of nitrogen from aircraft is not deemed to

be feasible on the basis of current information.
7. Control of aircraft emissions by altering fuel composition is not

indicated in the light of the control potential of other approaches
considered.

C. CONCLUSIONS AND RECOMMENDATION

1. Reduction of particulate emissions from jet aircraft is both
desirable and feasible. Engine manufacturers and airlines have indi-
cated that improvements in turbine engine combustor design can be
built into new engines and retrofitted on engines already in use. Test-
ing programs are already underway. Furthermore, they have indicated
that application of this technology will be underway by the early
1970's. While there are no laws or regulations to compel the industry
to follow through on this work, it appears that public pressures result-
ing primarily from the adverse effects of odors and visibility obscura-
tion will lead industry to initiate the application of this technology as
soon as possible and to complete it within the shortest possible time.
Accordingly, it is the intention of this Department to encourage such
action by engine manufacturers and airline operators and to keep close
watch on their progress. If, at any time it appears that progress is
inadequate or that completion of the work will be unduly prolonged.,
or that the concern of the industry lags, the Department will recom-
mend regulatory action to the Congress that statutory authority for
such action be provided.

2. Further research is needed to define more precisely the present and
probable future nature and magnitude of all other air pollution prob-
lems associated with aircraft activity in the United States and to
identify needs for control measures. Emphasis must be placed particu-
larly on assessment of air pollutant levels in the air terminal environ-
ment and their effects on health and safety and on evaluation of pos-
sible long-term effects of upper atmospheric pollution resulting from
aircraft flight activity. The Department will undertake research ap-
propriate to the solution of this problem.

3. As further research results in identification of needs for additional
measures to control air pollution from any type of aircraft, and as
measures to achieve such control become available through research
and development, it is the Department's expectation that engine manu-
facturers, airline operators, and other segments of the aviation com-
munity will take the initiative in the development and application of
such control measures. If the private sector fails to provide adequate
controls, the Department will not hesitate to recommend to the Con-
gress that Federal regulatory action be authorized.
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4. In light of the relatively small contribution of aircraft to com-
munity air pollution in all places for which adequate data are available,
and in view of the practical problems that would result from State and
local regulatory action in this field, it is the Department's conclusion
that adoption and enforcement of State or local emission control regu-
lations pertaining to aircraft cannot be adequately justified at this time.
The Department recommends that, if and when regulations become
necessary, the rationale used to develop Federal rather than local emis-
sion standards for motor vehicles be applied to aircraft.

5. The Department recognizes that State and local agencies, in co-
operation with the Federal Aviation Administration and other cog-
nizant agencies, are the most appropriate groups to insure that control
of airport pollution hazards will be given adequate consideration in
the selection of airport sites, planning for expansion and reconstruc-
tion of airports, design of airports, and planning and conduct of
ground operations.
6. The Department will include information on progress in the con-

trol of air pollution from aircraft in the annual report which must be
submitted under section 306 of the Air Quality Act.
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III. CHARACTERIZATION OF AIRCRAFT EMISSIONS
AND ANALYTICAL METHODS

A. EMISSION CHARACTERISTICS

Atmospheric contaminants emitted by aircraft include the same
types emitted by cars, trucks, and buses. The major gaseous pollutants
are carbon monoxide, hydrocarbons oxides of nitrogen, and oxygen-
ated organic compounds. The important particulate emissions include
carbon in the form of smoke from jet aircraft and carbon as well as lead
compounds from the exhaust of piston aircraft.
Table 1 compares the emission indices for two basic types of aircraft

engines with automobiles. Data for automobiles are for passenger cars
not equipped to control pollutant emissions. Partial control of carbon
monoxide and hydrocarbon emissions from new passenger cars and
light trucks is now required by national standards established by the
Secretary of Health, Education, and Welfare and first placed in effect
in the 1968 model year.

1. Particulate emissions.—Particulate matter emitted in the form of
smoke is the pollutant of primary interest in jet aircraft exhaust. This
smoke is composed largely of fine particles of almost pure carbon hav-
ing diameters of 0.6 micron or less. This combination of size and com-
position gives substantial light-scattering properties to the exhaust
plume, which, viewed against a contrasting background, conveys a
visual impression of smoke considerably out of proportion to the
actual particulate content. The extent of aerosol emissions in the form
of dispersed water droplets, unburned fuel, and soot particles is not
totally reflected by the indices in table 1 because of possible sampling
variations. This is a question which remains to be resolved. These varia-
tions could cause at least an order-of-magnitude error in the turbine
engine particulate emission shown in table 1. The particulate matter
emitted by piston engines consists primarily of carbon and lead com-
pounds, fuel droplets, and other materials. Lead compounds account

ifor about half of these emissions. The amount of lead n exhaust gases
from piston engine aircraft was estimated from data on the organic
lead antiknock content of aviation gasoline. Its form and character are
assumed to be analogous to their counterpart in gasoline-fueled high-
way vehicles.
2. Gaseous emissions.—Carbon monoxide and hydrocarbons are the

gaseous pollutants of primary concern in the exhaust of both turbine
and piston aircraft. The emission indices reported in table 1 for piston
aircraft were derived from data on motor vehicle gasoline piston en-
gines and have not been verified by actual measurement. The difference
in magnitudes reflects the different engine operating modes involved
as well as the different air-fuel ratios employed for a given power
mode.

(6)
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Oxides of nitrogen are emitted by both power systems but at differ-
ent levels during similar operational modes.
Sulfur compounds resulting from the presence of residual sulfur

impurities in fuels are present in very small quantities in the combus-
tion products of motor vehicle and aircraft fuels. Consequently, they
are of only minor concern in the transportation-related air pollution
problem and are not shown in table 1.
Oxygenated organic compounds are being examined to determine

their role in the formation of photochemical smog and their con-
tribution to diesel exhaust odors.

TABLE 1.—COMPARISON OF POLLUTANT EMISSION INDICES FOR AIRCRAFT AND AUTOMOBILE ENGINES

• 
Emission index: pound pollutant

per 1,000 pounds fuel

Engine Operating mode CO
Hydro-

carbons NO.
Pa rticu-

lates

(Idle and taxi 50 9.6 2. 0 0.6

Turbofan medium range jet Approach 6.6 1.4 2.7 2.7
Takeoff 1.2 0.6 4.3 2.5

Radial Idle 600 160 0 2

Piston Approach 800 60 5 2

Transport Takeoff 1,250 190 0 2

Average automobile engine , without emission control_ _ _ Average overall
modes.

405 71 21 2

6 See reference (6) on p. 31.

3. Odors.—The operation of turbine-powered aircraft produces
certain characteristic odors, but at this time it is not possible to relate
these odors to the specific chemical compounds or classes of compounds
isolated from samples of turbine exhaust.

B. ANALYTICAL TECHNIQUES

Measurement technology applicable to exhaust from jet aircraft,
particularly that which is applicable to the characterization of smoke
and odor, is still in the early stages of development. Consequently,
available procedures are not altogether appropriate for evaluating
the emission characteristics of concern, and considerable uncertainty
exists concerning the validity, precision, and reproducibility of the
techniques which are used. To help correct this deficiency, a commit-
tee has been set up by the Society of Automotive Engineers (SAE)
"to establish standard methods, apparatus, and techniques for deter-
mining and measuring the constituents of the exhaust of aircraft
engines." Through the activities of this committee, the experience of
various organizations that have been making such measurements for
their own purposes will be utilized to formulate procedures which
can be uniformly applied. This will greatly facilitate future studies
of aircraft emissions and will permit the establishment of a better
quantitative basis for finite assessment of their contribution to total
community air pollution than is now available. The Departments of
Health, Education, and Welfare; Transportation; and Defense are
represented on the committee.

1. Particulate emission measurement methodology.—Quantitative
data relating to aircraft particulate emissions have essentially been
limited to determinations made by filtration of known volumes of ex-.
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haust and measurement of the weight of the deposit (7) , (8). In some
instances, notably in studies conducted by engine manufacturers, sam-
ple lines as long as 40 feet were used to deliver the exhaust sample to the
filter head frequently at nonisokinetic rates, thus changing the flow
rate of the exhaust stream. This practice is based on the questionable
assumption that the total particulate content is of submicron size
and will not be deposited in the lines. Such an assumption places con-
siderable uncertainty on the data obtained by this method. These data
may tend to understate the amount of particulate matter reaching the
air in visible form. More rigorous sampling techniques, such as those
employed in the Los Angeles studies (1) , tend to give higher values. At
this time, it is not possible to fully reconcile the disparity. Further
studies are in progress in Los Angeles, but data from these studies
were not available at the time this report was prepared. The develop-
ment and use of smokeless turbine engines should control total particu-
lates to such an extent that the current measurement differences will
prove to be relatively unimportant. In the absence of corresponding
data on aerosol composition, particle-size distribution, number, and
refractive index, it is impossible to judge from data on weight alone
the optical properties which determine the visual appearance of the
smoke plume. Efforts to measure the obscuration of light by the plume,
according to the standard Federal test procedure specified for asess-
ing the visual appearance of diesel-engine exhaust plumes, have not
been successful so far (9). The SAE committee is in the final stages of
standardizing a system suitable for use in engine test cells it is based
on light reflectance measurements of filter paper stains resulting from
the passage of known volumes of turbine exhaust. Further research
will be required to establish a quantitative relationship between the
visual appearance of the plume and the particulate content of the
exhaust.

2. Gaseous emissions measurement methodology.—The similarity
of the gaseous pollutants in aircraft and motor-vehicle emissions
makes existing technology developed for measurement of motor-vehicle
emissions applicable, in principle, to the measurement of the carbon
monoxide, hydrocarbons, and nitrogen oxides in aircraft emissions.
Problems of application exist, however, particularly in the sampling
of the exhaust from piston aircraft, where combustion continues in
the atmosphere beyond the exhaust ports.

3. Odors.—In the absence of specific knowledge concerning the
chemistry of odors from jet aircraft, use of trained human subjects
would be necessary to quantitatively assess the intensity or quality of
these odors. Considerable research is in progress, partly under spon-
sorship of the National Air Pollution Control Administration, con-
cerning the isolation and identification of materials responsible for
odors in exhaust from diesel engines. Inasmuch as similar fuels are
involved, it is expected that the information generated through diesel
odor research will be translatable, at least in part, to odors from jet
aircraft.
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IV. BASIS OF EMISSION ASSESSMENT

A. AIRCRAFT POPULATION

1. General aviation.—General aviation (GA) is a broad category
which includes all civil aircraft except those of the commercial air
carriers. Its composition and projected growth are shown in figure 1.
In January 1967, there were 104,706 active, general aviation aircraft

registered with the Federal Aviation Administration (10). The GA
aircraft population, which constitutes 98 percent of the U.S. civil air-
craft population, increased sharply in 1965 and is currently increasing
by about 8,000 aircraft per year. This rate of increase is expected to
continue for several years.
General aviation aircraft are powered mainly by piston engines.

Turbine-powered aircraft constitute only about 1 percent of the total
at present. This fraction is expected to increase rather slowly to 3
percent by 1979. Single-engine, piston-powered aircraft, which are
popular for personal, instructional, and small business flying, dominate
the GA population.

2. Commercial carriers.—Air carrier aircraft are operated by FAA
certificated route air carriers supplemental air carriers, and commer-
cial operators. Approximately 90 percent of the aircraft in this cate-
gory are operated by certificated route carriers, or "scheduled airlines."
Supplemental air carriers are authorized to perform passenger and
cargo charter service and scheduled operations on a limited or tempo-
rary basis. Commercial operators are authorized to transport pas-
sengers or cargo on a private for-hire basis.
The air carrier fleet (approximately 2,500) comprises only about

2 percent of the total U.S. aircraft population, but it is responsible
for a disproportionately large share of total aircraft activity. Approxi-
mately 20 percent of all operations at FAA-controlled terminals in-
volve air-carrier aircraft. At certain major terminals air carriers are
responsible for 90 percent of all activity. Since air carriers account
for such a large percentage of total aircraft activity, they are of par-
ticular importance to this study.
The changing size and composition of the air-carrier fleet are

shown in figure 2. The projected rate of growth of the fleet will produce
a 50-percent increase over the next 10 years. An even more striking
change is the rapid conversion of the fleet to turbine-powered aircraft.
Piston-powered aircraft constituted nearly 90 percent of the total in
1960, but now make up only 15 percent. This percentage will continue
to diminish.

3. Military aircraft.—The aircraft inventory of the U.S. Depart-
ment of Defense, as of December 31, 1.967, consisted of 33,749 aircraft
(12). For the most part, the dispersion of this aircraft inventory is
outside the urban environment of concern in this study. It was there-
fore concluded that the military contribution is minor compared to
the total activity. However, the military contribution at all FAA
terminals is included in the activity data and subsequently in the emis-
sion data.
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B. AIRCRAFT ACTI'VITY

The aircraft activity of primary interest from an air pollution
standpoint is that which occurs near air terminals. To facilitate anal-
ysis of pollutant emissions resulting from terminal activities, an air-
craft operational cycle has been defined and termed "landing-takeoff
cycle" (LTO cycle) . An LTO cycle includes all normal operational
modes performed by an aircraft between the time it descends through
an altitude of 3,000 feet above the runway on its approach path to the
time it subsequently reaches the 3,000-foot altitude after takeoff. The
term "operation" has been avoided because of its use by the FAA to
describe either a landing or a takeoff. Two operations are involved in
one LTO cycle. As explained in other reports (1), (4) , this altitude is
a reasonable approximation of the meteorological mixing depth over
major U.S. metropolitan areas. The assumptions are that emissions re-
leased above 3,000 feet do not reach ground level, and that all emissions
below 3,000 feet have equal impact on ground-level pollutant concen-
trations. Actually, the impact of aircraft emissions decreases steadily
with altitude, but the 3,000-foot limitation is a useful approximation
for analysis purposes.

Air terminal activity, as measured in this study by the number of
LTO cycles occurring daily or annually, is recorded by the FAA at all
terminals under its air traffic control jurisdiction. FAA-controlled
terminals include all air commerce terminals and major general avia-
tion terminals in urban areas. There are 913 such terminals in the
United States out of a total of 9,673 civil airports. The contribution of
the non-FAA-controlled activity is not included in this study. The
reasons are that such activity is relatively low by comparison and gen-
erally occurs outside the urban impact area.
The quantities of pollutants emitted by an aircraft during landing

and takeoff operations are determined by the duration of these opera-
tions and the rates of emission of pollutants. The emission rates, in
turn, depend on the type of engine (primarily piston or turbine), its
size or power rating, and number of engines on the aircraft. These
factors are the basis of table 2, in which civil aircraft in current use are
classified according to their air pollutant emission potential. All air-
craft within a given class are assumed to emit equal quantities of pollu-
tants (per engine) during air terminal operations. The engine listed as
representative for each aircraft class is, in most cases, the one in great-
est use in U.S. aircraft of that class.
Records of air carrier activity were used to determine the distribu-

tion of air carrier activity by class during calendar year 1967. No rec-
ords are kept of general aviation activity by aircraft type; consequent-
ly, all GA activity has been assumed to involve light, piston-engine
(class 6) aircraft. Military activity at terminals in urban areas has
been assumed, somewhat arbitrarily, to involve mainly turbine-engine
aircraft (classes 3, 4, and 7), combined with a smaller number of pis-
ton-engine aircraft (classes 5 and 6) . Estimates of average daily
activity by aircraft class at three major air terminals, and at all FAA-
controlled terminals combined, are listed in table 3.
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TABLE 3.—AIRCRAFT ACTIVITY BY CLASS

Average number of LTO cycles per day in 1967

Aircraft class I

Area  1 2 3 4 5 6 7 Total

J. F. Kennedy Terminal  256 183 1 49 13 105 53 660Washington National Terminal  3 132 3 123 69 127 0 457Los Angeles International Terminal  263 156 7 45 17 126 46 660Total Nation (913 FAA-controlled terminals)___ _ 2,444 4,202 2,300 4,203 2,820 52, 091 615 68, 675

I Aircraft classes are as follows: 1, long-range jet; 2, medium-range jet; 3, business jet; 4, turboprop transport; 5,piston-engine transport; 6, piston-engine utility; 7, turbine-engine helicopter.
Sources: References (13), (14), and (15).

C. FUEL CONSUMPTION

The rates of emission of air pollutants by aircraft engines, as with
other internal combustion engines, are related to the fuel consumption
rate. Other factors influence pollutant emission rates, of course, but
for purposes of this study, engines of the same type operating at
similar conditions will be assumed to emit pollutants at rates directly
proportional to their fuel consumption rates. Table 4 shows fuel con-
sumption rates by aircraft class.
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V. DERIVATION OF EMISSION FACTORS AND
EMISSION ESTIMATES

A. CURRENT ESTIMATES

Table 5 shows aircraft emission data derived for the average LTO
cycle for the seven classes of aircraft. Emission indices and fuel con-
sumption rates must be regarded as approximate, since the data were
obtained from a number of different sources. For turbine engines, emis-
sion data were obtained from engine manufacturers. For aircraft pis-
ton engines, only a limited amount of direct emission data was avail-
able automobile emission data for comparable operating modes were
used to supplement the aircraft data, where necessary. Fuel-flow rates
per engine for each operating mode were provided by industry sources.
The appendix to this report will discuss the derivation of these data
more fully and provide estimates of the degree of error in each case.
While the information in table 5 represents the best estimates avail-
able at this time, it must be recognized that the specific engines tested
may not have been truly representative of their respective classes and
that there is wide variation in the results obtained by using different
measuring techniques.
The emissions data presented in table 5 were combined with the 1967

aircraft activity data presented in table 3 to develop the estimates of
average daily emissions shown in table 6 for several selected air ter-
minals characterized by relatively high daily activity and for the
entire Nation.

TABLE 5.-AIRCRAFT EMISSIONS DURING AN LTO-CYCLE

Aircraft class
(engines/aircraft) I

Emissions (lb./aircraft/ITO-cycle)

Operations 2 CO Organics NO. Particulates

1 Ground 164.3 70.7 5.24 0.80(4) Flight 11.2 19.0 8.00 2.00Total 175. 5 89.7 13.24 2.802 Ground 27.3 5.4 2.46 1.13(2.7) Flight 3.2 .9 3.32 2.35Total 30. 5 6.3 5. 78 3. 483 Ground 83.7 8.1 2.34 .12(6) Flight 3.7 .2 1.32 .18Total 87. 4 8.3 3.66 . 304 Ground 9.0 3.1 1.54 .28(2.8) Flight .9 .9 1.40 .42Total 9.9 4.0 2.94 .705 Ground 298.0 35.8 .66 .60(3) Flight 613.0 86.4 .54 1.05Total 911.0 122.2 1.20 1.656 Ground 8.9 .9 .03 .03(1.4) Flight 9.9 1.0 .03 .03Total 18.8 1.9 .06 .067 Ground 9.4 .9 .16 .16(2) Flight 1.9 . 1 .98 .42Total 11.3 1.0 1.14 .58

Number of engines per aircraft based on national averages. Class 3 aircraft activity consists primarily of militaryaircraft. 1 military engine is equivalent to 6 civil engines.
2 Ground operations include idle, taxi, takeoff, and landing modes. Flight operations include approach and climboftmodes below 3,000 feet.
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B. FlTrIIRE TRENDS

Some changes in the nature and extent of aircraft exhaust emissions
in future years will occur as a result of changes in aircraft activity
levels and changes in equipment. The effects of these changes cannot
be predicted accurately; however certain impending changes can be
identified and their probable effects noted. The increases in pollutant
emissions will still be of small proportion to the total inventory in
1980 though higher than current percentages. This trend is due to the
advent of control techniques for other sources, e.g., impact of the 1968
and 1970 motor vehicle standards for HC and CO. Though applied
technology will generally reduce individual aircraft emissions of
particulates, hydrocarbons, and carbon monoxide, increased activity
will yield net increases in overall pollutant emissions. These trends
are shown in table 7.

Activity levels are expected to increase in all aviation categories
at the rate of approximately 10 percent per year. Peak-hourly rates
will not follow the same trend at major air terminals due to limitations
on activity levels of conventional, fixed wing aircraft. Limitations
on LTO-cycle frequency have been imposed on several major terminals
by the FAA for safety reasons but it is difficult to predict the long-
term frequency pattern.
Decreased use of piston-engine transport aircraft (class 5) will

gradually eliminate the largest individual sources of carbon monoxide
and hydrocarbon emissions among aircraft. These will be replaced
with current models of turbine-engine aircraft, mostly of the class
2 category. The principal effects of this conversion on emissions
from this class will be a decrease in carbon monoxide and hydro-
carbon emission and an increase in nitrogen oxides emission during
operations at air terminals.

TABLE 7.—COMPARISON OF ALL 1967 CIVIL) AIRCRAFT EMISSIONS TO 1979 CIVIL AIRCRAFT EMISSIONS AT ALL
FAA-CONTROLLED TERMINALS

Pollutant

Carbon monoxide Hydrocarbons Nitrogen oxides Particulates

1967 1979 1967 1979 1967 1979 1967 1979

Civil aircraft emissions (mil-
lion tons per year) 0.80 1.27 0. 13 0.24 0.014 0.058 0.006 0.014

Percent increase 59 85 300 133

I Military activity not included in computation of relative projections.

New super-size transport aircraft, such as the Boeing 747, Lock-
heed 1011, and McDonnell-Douglas DC-10, are expected to be in serv-
ice in the early 1970's. Fuel consumption rates for these aircraft will
be 30 to 40 percent greater than those for current transport aircraft;
pollutant emissions are not, however, expected to increase propor-
tionately. Current efforts by engine manufacturers to reduce exhaust
plume visibility are expected to result in a reduction in particulate
emission by individual aircraft (21). Other design changes to be in-
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corporated in the jumbo jet engines should result in reduced carbon
monoxide and organic emissions (21). On the other hand, emissions of
oxides of nitrogen by the new aircraft are expected to increase.
There is a trend in the production of general aviation aircraft to-

ward increased use of turbocharged piston engines to provide greater
takeoff power and higher altitude capability. Carbon monoxide and
hydrocarbon emission rates are greater for turbocharged engines
at takeoff conditions. Consequently, emission of these pollutants by
general aviation aircraft during the LTO cycle is expected to increase.
These effects on the trend of emissions by broad aircraft classifi-

cation are shown in Figure 3.
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VI. EFFECTS OF AIRCRAFT EXHAUST EMISSIONS

A. IMPACT ON AIR QUALITY
1. Field measurements.—Since aircraft emissions are similar to

emissions from other transportation vehicles as well as other air pol-
lution sources, there is no unique gaseous pollutant indigenous to air-
craft which can serve as a tracer. Consequently, field measurements are
of limited value for establishing mixing patterns for aircraft exhaust
in the surrounding urban atmosphere and are limited in their useful-
ness for assessing the contribution of aircraft emissions to the com-
munity burden. A limited field survey of air pollution in communities
around the Kennedy Airport in New York City was conducted by the
Department in 1964 (22). The report of the study concluded "that con-
centrations of particulates, odors, and hydrocarbons at the sampling
stations were substantial and came from many sources in the metro-
politan area. Thus, the small variations that occurred in measured air
quality were not significantly correlated to aircraft emissions on a
statistical basis."

2. Comparison of emission rates.—Since aircraft emissions cannot
be distinguished from emissions from other sources when all are mixed
together in the community atmosphere, the relative contribution of
aircraft can be determined only by comparing estimates of emission
rates from aircraft with rates from other sources. Table 6 compares
estimates of aircraft emission rates with rates from other sources for
three metropolitan areas and for the Nation as a whole. Aircraft emis-
sions are seen to constitute between 0.1 and 1.3 percent of all carbon
monoxide, hydrocarbons

' 
oxides of nitrogen, and particulate emissions

in the areas considered. It should be noted that the Los Angeles Air
Pollution Control District has reported (4) a 1964 aircraft particulate
emission rate of 4,380 tons per year from all aircraft operating in the
county, while the estimate given in table 6 for Los Angeles Interna-
tional Airport is only 100 tons per year. This disparity is a direct
result of the different analytical techniques employed, which were
previously discussed.

3. Comparison of emission densities.—The impact of aircraft emis-
sions can be assessed by comparing the density of emissions (tons/sq.
mi./yr.) at air terminals with emission densities in surrounding com-
munities. Such a comparison is shown in table 8.
With few exceptions, this comparison indicates that the densities of

emissions at air terminals from aircraft are generally comparable to
densities of emissions from other sources in adjacent communities. In
this context, the values would be interpreted to indicate that the con-

(20)
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tribution made to the community by aircraft activity is probably neg-
ligible. In some instances the airport may possibly act as a small sink
for the dilution of the near community emissions.
There is a definite need for continuous monitoring of airport environ-

ments in order to assess the transient effects of highly variable activity.
Peak emission densities for CO could possibly be as much as 20 times
the average based on estimates made by Northern Research. The im-
pact of such peak rates relative to employees and passengers in the
terminal environment remains to be determined.

TABLE 8.—DENSITY OF AIRCRAFT EXHAUST EMISSIONS AT AIR TERMINALS COMPARED WITH EMISSIONS IN
SURROUNDING REGIONS

Emission area

Average emission density in 1967 (tons per square miles per day)

Land area
(square Carbon Hydro- Nitrogen Particu-
miles) monoxide carbons oxides lates

New York 1 189.0 14.1 4.0 2.9 0.83
Kennedy International Terminal 2 4.5 6.1 2.2 .2 .06

Virginia-Washington, D.C.3 103.0 15.4 3.5 1.7 . 52
Washington National Terminal 2 .9 15.0 2.2 .3 . 11

Los Angeles Basin 1,250.0 8.1 2.2 .6 .08
Los Angeles International Terminals 3.0 9.3 3,7 .3 .09

1 Kings and Queens Counties.
2 Aircraft emissions for entire LTO-cycle.
District of Columbia, Arlington County, and Alexandria City, Va.

4. Calculations of concentrations in aircraft cabins.—During taxi-
ing, idling, and even during takeoff, an aircraft may be directly ex-
posed to the exhaust of a preceding craft. Diluted exhaust can be
drawn into the cabin through the ventilating system, as is occasionally
evidenced by the presence of exhaust odors in the cabin. In the absence
of actual measurements of cabin concentrations under such conditions,
calculations were made of carbon monoxide concentrations in the wake
of taxiing aircraft. For a long-range jet transport, taxiing at a speed
of 5 m.p.h. the concentration within a wake area of 100 square meters
was calculated to be approximately 350 p.p.m. For a wake having an
area of 500 square meters, the calculated concentration was 75 p.p.m.
These values indicate the potential source concentrations which could
effect cabin environments.

B. PUBLIC REACTION

Concern over the adverse effects of aircraft operations on the en-
vironment has risen concurrently with the growth of air transporta-
tion. Conversion of the air carrier portion of the air transport fleet
to turbine-powered aircraft has markedly increased the degree of ex-
pressed public concern about vibration, noise, and air pollution. The
jet's air contaminant emissions are more visible and more character-
istically odorous than those of even the largest piston-engined air
transports. The clustering of engines and exhausts in some modern
jet aircraft serves to increase the apparent opacity of the plume.

Public concern about air pollution from aircraft is evidenced by
complaints made to airport officials and air pollution control agencies,
by newspaper reports, and by citation of aircraft emissions as a cause
of concern by authors of related technical articles. The complaints



22

of record, when specific, tend to cite the visible plume, more frequently,
than odor, as a cause of concern. The aircraft industry's current activ-
ity aimed at the development of turbine engines which will emit less
visible smoke reflects the public's reaction to aircraft smoke plumes.
To most people visible emissions are symbolic of the air pollution
problem indeed, the two are frequently equated. The sight of smoke
plumes from any source seems to suggest to many people that officials
charged with controlling air pollution are guilty of inaction.

C. IMPACT ON ADJACENT LAND USE

In many cases airports have had an adverse effect on residential land
use, lowering property values and inhibiting high density develop-
ment. The latter effect is attributable to the potential hazard associated
with aircraft operation. The decline in property values is the result of
a general environmental degradation. The extent of the role which air
pollution from aircraft and airport operation plays in this degrada-
tion has not been specifically determined. Generally the decline in
property values has been attributed to the other more easily percep-
tible forms of environmental "pollution," i.e., noise and vibration.

Techniques for evaluating the effect of noise pollution associated
with aircraft operation seem relatively well developed. Noise contours
can be determined for each runway, community noise complaint pat-
terns established, and land uses categorized according to their com-
patibility with different acoustical and vibration levels. The same
degree of sophistication has not been extended to examining either
the existent or potential impact on air quality caused by airport
operations.

D. IMPACT ON METEOROLOGY

This report deals primarily with emissions from aircraft into the
layer of the troposphere deemed to be associated with urban air pol-
lution and assumed to be that portion below the 3,000-foot level. The
subject of pollutant emissions into the atmosphere at higher levels
raises interesting possibilities pertaining to worldwide air pollution
and to the consequences of high-level contamination on the earth's
meteorology. The total aircraft pollution contribution is about three
times the emission levels estimated in table 6 which cover only opera-
tions below 3,000 feet. This altitude was the assumed average boundary
layer which would limit the transport of pollutants released in the
upper atmosphere to the surface environment. The role of particu-
late matter as a source of nucleation and its effect on precipitation is
well recognized and is being employed in weather modification pro-
grams at the local level. The importance of high-level pollutant emis-
sion on worldwide meteorology including precipitation, isolation,
light refraction, heat dissipation, and interactions with the ozone„sphere
remains to be defined.
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VII. ENGINE AND FUEL PARAMETERS AFFECTING
EMISSIONS AND THEIR CONTROL

A. AIRCRAFT ENGINES

Aircraft engines fall into two basic categories—reciprocating or
piston engines, and gas turbines. The exhaust gases from aircraft
piston and turbine engines are distinctly different. A turbine engine
operates at air-fuel ratios five to 20 times greater than piston en-
gine air-fuel ratios. Consequently, exhaust concentrations of all com-
bustion products from turbine engines are correspondingly lower. In
addition, because of differences in fuels and combustion chamber char-
acteristics, the total quantities of pollutants emitted are different. The
differences were indicated in Table 1 which presents emission indices
for several categories of pollutants and for turbine and piston engines
utilized in large transport aircraft.

1. Turbine engine8.—There are four basic types of gas turbine en-
gines used for aircraft propulsion: turbojet, turboprop, turboshaft,
and turbofan. The basic element common to all four is the gas turbine,
consisting of a compressor, a combustion chamber, and a turbine. Air
entering the forward end of the engine is compressed and then heated.
The major portion of the energy in the heated air stream is used for air-
craft propulsion. Part of the energy is expended in driving the tur-
bine which, in turn, drives the compressor.
Smoke from jet aircraft originates in the gas turbine combustors

because of the presence of local over-rich fuel-air mixtures close to the
point of fuel injection. Heat transferred to these regions of the com-
bustor from the flame causes chemical reactions leading to the forma-
tion of free carbon, some of which survives the combustion process and
is emitted to the atmosphere as particulate matter, which manifests
itself as smoke (21) .

Efforts are in progress by the manufacturers of aircraft gas turbines
to redesign the combustors to eliminate these local over-rich regions.
The results of some of these redesign efforts are shown by the photo-
graphs in figures 4 and 5. Figure 6 (21) shows graphically what is ob-
tainable with combustion modification.
During all flight operations, the concentrations of carbon monoxide

and hydrocarbons in turbine engine exhausts are very low. During
ground operations (idle and taxi), however, these concentrations in-
crease by factors of from 50 to 100. Concentrations of nitrogen oxides
and particulates, on the other hand, are greater during flight opera-
tions, though the variation is not nearly so great as with carbon mon-
oxide and organic emissions.

(23)



Carbon monoxide, like particulate carbon, is believed to originate
in local over-rich zones in engine combustors. Hydrocarbons result
from premature quenching of combustion reactions near the combustor
walls, due to local injection of air to cool the wall (21). The changes in
combustor design being introduced for the purpose of controlling;
smoke may also result in reduced hydrocarbon emissions. Another ap-
proach which could be taken with future engines is to employ combus-
tor designs which achieve the least possible surface area for a given
total combustor volume. These "annular combustors" would require
proportionately less cooling air and hence would offer less opportunity
for local flame quenching to result in hydrocarbon and carbon mon-
oxide emissions.

""f MtnAMR
MVOMmationv,„,,,

Boeing 727 on takeoff, powered by Pratt & Whitney Aircraft JT-8-D engines.
The lower photograph shows the marked reduction in smoke when the engines
use modified combustors. This aircraft, with modified combustors, is currently
undergoing service evaluation. There are six airlines currently performing these
service evaluations.
Photograph by courtesy of Pratt & Whitney Aircraft, and Pacific Southwest

Airlines.



40717,

A B-52 aircraft, leased by Pratt & Whitney Aircraft from U.S. Air Force, was

modified to permit flight testing of JT-9-D. Note the absence of smoke from the

JT-9-D located under the right wing at inboard location.
Photograph by courtesy of Pratt & Whitney Aircraft.

IMPROVED VERSION OF

CURRENT COMBUSTOR DESIGN

ADVANCED COMBUSTOR DESIGN

(UNDER DEVELOPMENT FOR SERVICE DURING 1970'S)

FIGURE 6. SMOKE EMISSION LEVELS OF COMBUSTOR. FOR FAN ENGINE "B"
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Formation of nitrogen oxides is favored by high combustion zone
temperatures and, hence, by high engine pressure ratios and high tur-
bine inlet temperatures. At this time, there appears to be no particu-
larly promising approach toward nitrogen oxides reduction which
would not also involve unacceptable engine penalties. Research efforts
are in progress within the industry to examine various possibilities
for reducing nitrogen oxides without compromising other aspects of
engine performance or the reduction of other pollutants (21), (8).

2. Piston engines.—Aircraft piston engines are very similar to auto-
mobile engines in their manner of operation. The basic element is the
combustion chamber, or "cylinder," in which fuel and air mixtures
are burned and from which energy is extracted through a piston and
crank mechanism that drives a propeller. Nearly all aircraft piston
engines have two or more cylinders and are generally classified accord-
ing to their cylinder arrangements. Two basic arrangements are in
general use—the "opposed" and "radial" configurations. Otposed en-
gines are installed in most light aircraft and are being used in increas-
ing numbers. Radial engines are used mainly in large transport aircraft
and are gradually being replaced by turbine engines.
During operations at air terminals, aircraft piston engines are oper-

ated at comparatively rich fuel-air ratios. This is particularly true
during takeoff, when rich mixtures are required to obtain maximum
power and to avoid engine knock and overheating. As a result, exhaust
gases from aircraft piston engines contain comparatively high con-
centrations of carbon monoxide and organics and low concentrations
of nitrogen oxides.
All of the emission control techniques applicable to automobile

engines are applicable, in principle, to aircraft piston engines. The,
techniques vary widely, however, in practicability. In addition, un-
less future data dictate otherwise, controls may not be deemed
necessary.
Engine design changes used to reduce emissions from automobile

engines are based to some extent on the use of lower fuel-air ratios.
Such changes could impose an unacceptable performance penalty on
aircraft engines and, therefore, may not be practical.
Exhaust gas treatment may offer emission reduction techniques

which are both feasible and effective. It should be mentioned that
some reduction of emission by piston-engine aircraft probably occurs
naturally as a result of afterburning of exhaust gases upon entering
the atmosphere (21). The visible flame which issues from the engine
exhaust ports is evidence of such afterburning. To the extent that
natural afterburning is not sufficient to reduce emissions to an accept-
able level, auxiliary exhaust port air injection devices could con-
ceivably be employed. Air injection could conceivably be adapted
to new aircraft piston engines at approximately the same cost as with
automobile engines, and with similar reductions in emissions.
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B. AiRcRArr FUELS

Aircraft fuels, along with automotive fuels, are mixtures of liquid
hydrocarbons obtained through refining of crude petroleum. There
are two categories of aircraft fuels corresponding to the two types
of aircraft engines. Piston engines use aviation gasoline, while tur-
bine engines in civil and some military aircraft use aviation kerosene.
Other military, turbine-engine aircraft are operated on a gasoline-
kerosene blend.
Aviation gasoline, like automobile gasoline, is rated primarily in

terms of its antiknock quality, or octane rating. Aircraft piston en-
gines require octane numbers ranging from 80 to 145, which is a
much wider range than that required by automobiles. The higher octane
numbers are attained to some extent through the use of increased
quantities of tetraethyl lead additive.

Aviation kerosene is not rated directly in terms of engine perfor-
mance factors. There is no dominant problem in turbine engine com-
bustors corresponding to knocking in piston engines, and so, turbine
engine fuels need not and do not contain lead. These fuels are rated
in terms of smoke-forming tendencies, however, and limits are imposed
on this characteristic in fuel specifications. The formation of carbon
in turbine engines, which produces smoky exhaust trails, results
from the decomposition of certain organic compounds in fuel-rich
zones in the engine combustion chambers. Of the various constituents
of turbine-engine fuels, aromatic hydrocarbons have been shown to
be the most prone to carbon formation. Consequently, the concentration
of aromatics is limited to 25 percent for volume in most fuel specifi-
cations. This limit has been imposed to reduce engine deposits and to
improve component durability, rather than to reduce exhaust smoke,
but it is an indication that carbon formation is considered in the formu-
lation of fuel specifications.

Particulate emissions (or smoke) from aircraft turbine engines
could be noticeably reduced by limiting aromatic fuel constituents
to very low levels, or by specifying highly paraffinic and more volatile
fuels. These changes, however, are generally very costly, and, in some
cases, might result in increased fire hazards.
Another approach to reducing smoke emission by turbine engines

involves the use of additives. Experimental tests with different mate-
rials have revealed that certain metal compounds, when added to
the fuel in low concentrations, are effective in reducing smoke. But
products of combustion of the additive materials are found to cause
engine performance to deteriorate rapidly. Moreover, the effects that
emissions of these additive materials would have on the community
atmosphere are also largely unknown. Because of these factors, smoke-
reducing additives are not considered practical for general use in
turbine engines (21).

Basically, no changes in fuel characteristics having any signifi-
cant effect on pollutant emissions from turbine engines can be antici-

‘k
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pated in the foreseeable future. The next generation of transport
(including supersonic aircraft) and general aviation aircraft is ex-
pected to utilize fuels similar to those in current use.
Particulate lead compound emissions from aircraft piston engines

could be reduced, in the case of automobile engines, by reducing the
lead content of gasoline. Low-lead or lead-free gasoline suitable
for automobile engines could, no doubt, be made available at a
price for small aircraft piston engines, but special fuels might have
to be developed for high-performance aircraft piston engines.
In principle, use of nonpetroleum fuels, such as ammonia or hydro-

gen, would eliminate emissions of carbon monoxide, organics, and
carbon. Use of fuels having inherently lower flame temperatures than
do hydrocarbons—alcohols, for example—might even reduce nitrogen
oxides formation. Conversion to such fuels, however, would present
enormous problems in production, storage, and handling, as well as
in cost and safety. For these reasons, nonhydrocarbon fuels cannot
be considered practical for emission reduction,. at least in the near
future.
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VIII. INTERACTIONS BETWEEN AIRCRAFT SAFETY,
NOISE, POLLUTANT EMISSION, AND EMISSION CON-
TROL

There are three aspects of aircraft operations which are of concern
to the public and to Government regulatory agencies. These are safety,
noise, and air pollution. It is essential that safety and noise not be de-
graded as a result of any program designed to control air pollution
emissions.

A. INTERACTIONS BETWEEN POLLUTANT EMISSIONS AND SAFETY

Possible interactions between pollution emissions and aircraft safety
support a positive program of emissions control. Excessive smoke
emissions tend to reduce visibility at the end of runways; excessive
emissions of carbon monoxide and odor-causing compounds could im-
pair the performance of the flight crew.

B. INTERACTIONS BETWEEN POLLUTANT CONTROL AND SAFETY

1. Turbine engines
(a) Engine modifications.—At the present time, only combustor

design modifications are thought to be a practical approach to turbine
emission control; it is now accepted that low-smoke combustors can be
designed without a significant penalty on performance or relight
capability (21) .
(b) Fuel additives.—Use of fuel additives as smoke suppressants

tend to result in engine deposits which could impair the performance
and reliability of the engine over long periods of operation.
(c) Volatile fuels.—The use of high volatility and nonhydrocarbon

fuels (e.g., hydrogen) constitutes a greater probable fire hazard than
the use of current aviation fuels.
2. Piston engines
(a) Engine modifications.—Certain engine modification approaches

to emission reduction, of the type employed in automotive engines, are
considered to be impractical as they would tend to degrade engine
performance and, possibly, safety.
(b) Exhaust gas treatment.—Exhaust gas treatment, which has been

proven to be effective in automobile engines, should be equally appli-
cable to aircraft engines, without affecting performance or safety.

(29)
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C. INTERACTIONS BETWEEN POLLUTANT CONTROL AND NOISE
ABATEMENT

The rate of pollutant emission for a given engine at a constant thrust
setting is not related to the noise generated. Therefore, changes to the
combustion chamber aimed at reducing emissions will not influence
the noise emitted. The need to reduce thrust settings during climb out
from airfields to comply with local noise abatement procedures results
in a reduction of pollutant emissions but an increase in time spent in
climbing to 3,000 feet. These effects are mutually compensating, so
that changes in the total quantities of pollutant emitted, when satis-
fying local noise abatement requirements, are negligible.

D. GROUND OPERATIONS

Ground operations are responsible for a major portion of the emis-
sions of carbon monoxide, hydrocarbons, and odor-causing components
in aircraft emissions during an LTO cycle. Table 9 shows the propor-
tions of the pollutants emitted during this phase of the cycle. The cur-
tailment of ground operations and new airport design concepts aimed
at emissions control should not have an adverse effect on safety and
should contribute to a reduction in noise.

TABLE 9.—PERCENTAGE OF LTO—CYCLE EMISSIONS PRODUCED DURING GROUND OPERATIONS I

Pollutant

Carbon Nitrogen
Emission area monoxide Hydrocarbons oxides Particulates

Kennedy Airport 82.8 75.9 41.3 34.1
Washington National Airport 69. 6 65. 3 49. 3 39.9
Los Angeles International Airport 81.3 74.4 42.0 34.7
Total of national FAA-controlled airports 55.4 55. 7 49. 7 46.4

I Weighted according to activity levels of aircraft classes 1-7 at various terminals and metropolitan areas during taxi,
idle, landing and takeoff operations.

Source: Derived from tables 3 and 5, this report .
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SENATE RESOLUTION 88

Submitted by Mr. Randolph of West Virginia

IN THE SENATE OF THE UNITED STATES,
Agreed to March 4, 1969.

Resolved, That there be printed with illustrations as a Senate docu-
ment the report of the Secretary of Health, Education, and Welfare,
entitled "Air Pollution Abatement by Federal Facilities" submitted
to the Congress in accordance with section 306, Public Law 90-148,
the Air Quality Act of 1967, and that there be printed two thousand
five hundred additional copies of such document for the use of the
Committee on Public Works.

FRANCIS R. VALEO,
Secretary.
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LETTER OF TRANSMITTAL

THE SECRETARY OF HEALTH, EDUCATION, AND WELFARE,
Washington, D.C., January 17, 1969.

Hon. HUBERT H. HUMPHREY,
President of the Senate,
Washington, D.C.
DEAR MR. PRESIDENT: In accordance with the provisions of title

I, section 111(b) of Public Law 90-148 (the Air Quality Act of 1967),
I am pleased to transmit the report on measures being taken by
Federal agencies to control the emission of air pollutants from Federal
facilities.

It is the intent of this report to describe in detail such progress as
as has been made toward controlling air pollution from sources for
which Federal departments or agencies have jurisdiction.

Sincerely,
•, WILBUR J. COHEN,

Secretary.
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AIR POLLUTION ABATEMENT BY FEDERAL
FACILITIES

I. INTRODUCTION

The Air Quality Act of 1967, as did the earlier Clean Air Act, as
amended, emphasizes the need for Federal leadership and assistance
to State and local agencies in the control of air pollution. The act also
indicates that the Federal agencies shall cooperate with the Depart-
ment of Health, Education, and Welfare and with any air pollution
control agency in preventing and controlling air pollution. It also
provides, at the discretion of the Secretary, for the establishment of
classes of air pollution sources for which limited permits could be
issued, and it further requires the Secretary to submit an annual
report to the Congress on the status of such permits and compliance
therewith.
In addition to this act, the program of abatement and control of

air pollution from Federal facilities is governed by Executive Order
11282, dated May 26, 1966, entitled, "Control of Pollution Originating
From Federal Installations"; the "Performance Standards and Tech-
niques of Measurement" prescribed by the Secretary of Health,
Education, and Welfare, issued June 2, 1966, and subsequently
amended, in response to "Section 5 Standards" of Executive Order
11282; Bureau of the Budget Circular No. A-78 issued on August 6,
1966, to the heads of executive departments and establishments.
The issuance of limited exemptions, as provided under the Executive

order, has been used as a control device, rather than development of
a permit system, as authorized in the Air Quality Act of 1967.

he staff of the Federal Facilities Section, National Air Pollution
Control Administration, devotes full time to the surveillance of air
pollution problems arising from Federal activities, the extension of
technical assistance to agencies and departments and to studies for
scheduling necessary improvements to control emissions from Federal
establishments. This staff also assists the Bureau of the Budget in
technical and administrative review of the 5-year phased and orderly
plans prepared by the various governmental groups concerned in this
abatement activity.

(1)
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II. ABATEMENT PLAN

As called for by Executive Order 11282 and Bureau of the Budget
Circular No. A-78, the departments and agencies submitted revisions
of their original phased and orderly plans on July 1, 1968, and also,
for the first time, furnished reports of progress on projects which could
be funded within available appropriations.
The revised plans are concerned principally with proposed abate-

ment:actions to be undertaken during fiscal year 1970. Appendix A
contains the detailed proposals for abatement activities which have
been recommended for funding by the Bureau of the Budget for fiscal
year 1970.
On June 20, 1968, the Secretary of Health, Education, and Welfare

announced that 32 Air Quality Control Regions would be designated
during the next 12 months. These regions, in the order in which
designation is expected to occur, are the following:
1. Washington, D.C.
2. New York
3. Chicago
4. Philadelphia
5. Denver
6. Los Aneles
7. St. Louis
8. Boston
9. Cincinnati
10. San Francisco
11. Cleveland
12. Pittsburgh
13. Buffalo
14. Kansas City
15. Detroit
16. Baltimore

17. Hartford
18. Indianapolis
19. Minneapolis-St. Paul
20. Milwaukee
21. Providence
22. Seattle-Tacoma
23. Louisville
24. Dayton
25. Phoenix
26. Houston
27. Dallas-Fort Worth
28. San Antonio
29. Birmingham
30. Toledo
31. Steubenville
32. Chattanooga

Under the Air Quality Act of 1967, designation of regions is a funda-
mental step leading toward action by State governments to adopt and
enforce standards to control air pollution on a regional basis.
Once regions are designated, the Air Quality Act of 1967 requires

that States set ambient air quality standards for the regions within
9 months following the publication of criteria for particular pollutants.
An additional 6 months are allowed for the development of an imple-
menting plan which would include emission standards for pollution
sources. This standard-setting process is expected to begin in the first
regions early in calendar year 1969.
Almost all of the Federal facility projects included in the President's

budget for fiscal year 1970 are located in the 32 Air Quality Control
Regions listed above. The funding of these projects will permit Federal
facilities to provide leadership in abating air pollution in these regions.
A few additional projects are included in the President's 1970 budget

because they are violations of local codes or are designated to abate
toxic emissions which involve imminent danger to health. A project
at one installation is included because of excessive complaints from the
public.

(2)
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III. EXEMPTIONS

The Department of Defense requested and was granted a 1-year
exemption (to October 1, 1969) from the provisions of section 76.5,
title 42, Code of Federal Regulations, part 76, dated March 17, 1967.
This section required control of sulfur oxide emissions in the Chicago
and New York Standard Consolidated Areas and the Standard
Metropolitan Statistical Area of Philadelphia by October 1, 1968.
It was impossible for the Department of Defense to meet this deadline
with regard to a numb,or,gf its facilities which require large capital
expenditures for conversion of their boilers. The Department's fiscal
year 1969 budget had progressed too far to allow the changes necessary
to provide for these conversions. The President's fiscal year 1970
budget will allow the Department to undertake substantially all of
these conversions.
The Atomic Energy Commission requested an exemption from the

provisions of the same section requiring control of sulfur oxides
in the New York and Chicago Standard Consolidated Areas for the
Brookhaven and the Argonne National Laboratories, respectively.
The request was based on the denial of funds by the Joint Committee
on Atomic Energy for conversion to lower sulfur fuels at these labora-
tories. An exemption for 1 year (to October 1, 1969) has been granted
to the Atomic Energy Commission for the Argonne and Brookhaven
sites on the proviso that the Commission again request funds for
fiscal year 1970 to convert the heating plant at Argonne to natural
gas and that efforts be made to secure 1 percent sulfur fuel oil for
Brookhaven.
The Joint Committee on Atomic Energy in its denial of funds for

fiscal year 1969, urged a delay in the Argonne project pending an ex-
pected breakthrough on research which would produce an economically
acceptable method of removing sulfur oxides from stack gases. Atomic
Energy Commission representatives have been informed by the
National Air Pollution Control Administration that the current re-
search on developing control techniques for removing sulfur oxides
from stack gases is directed to produce methodology suited for control
of large fossil fuel-burning power-generating sources and not directed
to heating plants as small as that at Argonne National Laboratory.
This laboratory is within the boundaries of the Metropolitan Chicago
Interstate Air Quality Control Region, which is identical to the
Chicago Standard Consolidated Area. Since the region will be expected
to have air pollution control standards and regulations within the
next 15 months, a conversion of this facility now would be consistent
with providing Federal leadership, as called for in Executive Order
11282.
The Department of Transportation requested, and was granted, a

1-year exemption for fuel conversion at the Coast Guard base on
Governor's Island, N.Y. This base is partially converted to burn
No. 2 distillate fuel oil, and the exemption vas granted with the

(3)
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proviso that conversion be completed as soon as additional funds
become available. It is expected that this task will be completed before
October 1, 1969.

Similarly, the Department of Agricailture requested an exemption
from the sulfur-oxide regulation for the heating plant at the Plum
Island, Long Island, Animal Disease Laboratory. A 1-year exemption
also was granted in this case, on the proviso that the laboratory use
the lowest possible sulfur content fuel oil which can be obtained from
the General Services Administration for use at this site.
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IV. REMEDIAL ACTIONS

Actions to abate air pollution from Federal facilities were reported
this year, for the first time, to the Bureau of the Budget. As required
by Bureau of the Budget Circular No. A-78, these reports arrived on
July 1, 1968, and reflect conditions as of April 1, 1968.
A summary of these reports reveals that 442 remedial actions were

reported for 387 installations located in 45 States, the District of
Columbia, Puerto Rico, and Guam. With few exceptions, the remedial
actions fall into the following categories:

1. Elimination of open burning of refuse.
2. Installation of new incinerators or upgrading of existing incinera-

tors to meet Federal regulations.
3. Reduction of particulate emissions from heating and power plants

by:
a. Repairs to old plants.
b. Construction of new plants.
c. Improvement of particulate collectors.
d. Installation or improvement of particulate monitors.
e. Conversion from coal to either gas or fuel oil.

4. Reduction of sulfur oxide emissions from heating plants by:
a. Using same type of fuel but of lower sulfur content.
b. Converting to a different fuel of lower sulfur content.

5. Reduction of gasoline and solvent vapor losses from storage
tanks.

6. Awarding of contracts during the year to remedy specific
situations.

7. Initiation of studies, design and/or engineering actions to
prepare cost estimates.
Appendix B presents an overall summary of accomplishments by

agency and by remedial action category.
Appendix C presents a detailed list of installations, arranged by

agency, reporting the above listed remedial actions.
These remedial actions reflect, in part, normal air pollution con-

trol activities of the agencies funded from their regular budgets as
well as actions stimulated and accelerated by the promulgation of
Executive Order 11282 and the need to prepare the 5-year phased
and orderly plan. Congressional action on fiscal year 1969 budget
requests had not been completed by April 1, 1968, and therefore,
most of these projects represent relatively small expenditures of
funds already available to solve relatively simple and inexpensive
problems. Abatement actions at large installations or on very expen-
sive projects generally must await funding. Installation of electro-
static precipitators at the large Tennessee Valley Authority power-
plants is an exception to this situation, because of alternate sources
of funds.

(5),
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These reports also reflect favorably on the efforts of agencies to
comply with the strict sulfur-oxide regulations governing the New
York and Chicago standard consolidated areas and the standard
Metropolitan Statistical Area of Philadelphia.
Fuels for use in these areas by the civilian agencies are obtained

principally by the General Services Administration. Inquiry to the
General Services Administration elicited the information that all fuels
used in the Chicago standard consolidated area are in conformity
with the requirements of the Executive order.
Attempts to secure bids on fuels which would meet the Executive

order regulations for New York and Philadelphia failed for the most
part. The limited response required a 64 percent premium over costs
of existing fuel. Readvertising for a maximum of 1 percent sulfur
content brought good response resulting in an 11 percent to 16 percent
increase in costs over previous higher sulfur fuels. These responses
were considered acceptable. This means that, for these areas, a No. 4
fuel oil with 0.7 percent sulfur and a No. 6 fuel oil with 1.0 percent
sulfur maximum will be used for the 1968-69 heating season.

This success in securing fuel oil with 1 percent or slightly less than
1 percent sulfur is encouraging and forecasts a considerable improve-
ment in future sulfur-oxide emissions; additional improvements will
accrue as a result of conversions to natural gas.
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V. WASHINGTON, D.C., METROPOLITAN AREA

Considerable progress in controlling air pollution has been made by
Federal facilities in the area following the National Capital Metro-
politan Area Interstate Air Pollution Abatement Conference held by
the Department of Health, Education, and Welfare in December 1967.
Open burning has been discontinued at Kenilworth Dump in the Dis-
trict of Columbia and a sanitary landfill has been started. The Depart-
ment of Health, Education, and Welfare, the Department of the
Interior and the government of Washington, D.C. were instrumental
in effecting this long-sought change.
The Department of Commerce has completed conversion of the

heating plant at the National Bureau of Standards in Gaithersburg,
Md., to burn natural gas, with No. 2 fuel oil as standby; and the
Treasury Department has modified the classified-waste incinerator at
the Bureau of Engraving and Printing in Washington, D.C. Pending
funds for replacement, an incinerator at the Agricultural Research
Station in Beltsville, Md., has been repaired by the Department of
Agriculture.

Conversion of heating plants to burn natural gas is underway at
the Goddard Space Flight Center of the National Aeronautics and.
Space Administration in Greenbelt, Md., and at the National Zoo-
logical Park of the Smithsonian Institution in Washington, D.C.
With respect to the Department of Health, Education, and Welfare,

the Food and Drug Administration in Beltsville, Md., has reduced
particulate emissions from a faulty incinerator by making operational
changes; several incinerators have been eliminated on the Howard
University campus in Washington, D.C., by transporting refuse to the
District of Columbia incinerators; St. Elizabeth's Hospital in the
District has contracted for replacement of a faulty pathological in-
cinerator, has installed smoke meters on coal and oil-burning boilers
and has secured funds for equipping the main refuse incinerator with
air pollution control equipment; the National Institutes of Health in
Bethesda, Md., is now using a No. 6 fuel oil with a maximum sulfur
content of 0.5 percent, is redesigning classified waste incinerators for
installation of both afterburners and water scrubbers, and is engaged
in a joint effort with the Department of the Army and the Depart-
ment of the Navy to design and construct a large general waste
incinerator to serve the National Institutes of Health, the Naval
Medical Center, and Walter Reed Hospital and Annex. Construction
will be at the annex site in Maryland. The Department of the Army
has been issued a permit for land use for this project and design has
been started.
The General Services Administration, as anticipated, is playing an

important role in the Washington, D.C. metropolitan area, as else-
where, with respect to procurement of low-sulfur fuel. Since November
1967, all fuel oil procured for the Department of Defense facilities in
the Washington area by the General Services Administration has
contained 2 percent sulfur. For the 1968-69 heating season, fuels have

(7)
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been secured at 1.5 percent sulfur, which is in accord with the recom-
mendations of the Washington abatement conference. Furthermore,
it is expected that for the 1969-70 heating season 1 percent sulfur fuels
will be provided. Department of Defense facilities involved are the
following:

Arlington Hall Station, Arlington, Va.;
Pentagon Building, Arlington, Va.;
Cameron Station, Alexandria, Va.;
Fort Belvoir, Springfield, Va.;
Harry Diamond Laboratories, Washington, D.C.;
Fort Leslie J. McNair, Washington, D.C.;
Walter Reed Army Medical Center, Washington, D.C.;
N. G. Camp Sims, Washington, D.C.;
Walter Reed Army Medical Center (Forest Glen Annex),
Maryland;

Army Map Service, Montgomery County, Md.;
Andrews Air Force Base, Maryland;
Naval Research Laboratory, Washington, D.C.;
Marine Barracks, Washington, D.C.;
Naval Communications Station, Cheltenham, Md.;
Naval Medical Center, Bethesda, Md.; and
Naval Ordnance Laboratory, White Oaks, Md.

Additional activities of the General Services Administration in this
area have resulted in the replacement of three boilers, previously burn-
ing number 6 fuel oil, with two gas-fired boilers at the old Bureau of
Standards property on Connecticut Avenue in the District of Columbia.
The General Services Administration also has reported that all of the
major coal-burning steam plants operated by the General Services
Administration now are using coal containing 1 percent sulfur or less.
Remaining problems of air pollution abatement in Federal facilities

in and around Washington, D.C., generally are minor and work is
proceeding on many of these at this time.

•

•
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VI. MISCELLANEOUS ACTIVITIES

During calendar year 1968, emission inventories of all Ti Federal
facilities in the Kansas City area were completed and entered in the
record of the second session of the Kansas City, Kans.-Kansas City,
Mo. Interstate Air Pollution Abatement Conference. A similar inven-
tory was completed of the 185 Federal facilities in the Philadelphia,
Pa., area in conjunction with the Delaware Valley regional air quality
program which is being conducted cooperatively by Federal, State,
and local agencies.
In view of the mandate for Federal facilities to exhibit leadership

in abating air pollution, inventories of emissions from Federal facilities
have been completed in Washington, D.C., New York, Chicago,
Philadelphia, Chattanooga, and Detroit and started in Denver, St.
Louis, Boston, and San Francisco. Eventually, all 32 regions will be
completely inventoried. Information will be helpful to the facilities
themselves and will be important in any overall area emission studies
which must be carried out before control programs are developed by
States and communities concerned within each region.

Special studies also are underway concerning air pollution problems
and control practices in Federal foundries, ammonia oxidation plants
used to manufacture nitric acid, and sulfuric acid manufacturing
plants. Information secured from these studies will be helpful in
developing improved control techniques for these air pollutants.
The Department of Defense again has included proposals for control

of emissions from the Volunteer Army ammunition plant in Hamilton
County, Tenn. Proposals for this plant have been included in fiscal
year 1969 plans but were not funded by Congress. This plant probably
is the worst single Federal source of air pollution, principally oxides
of nitrogen, in the United States. It has been the source of complaints,
congressional inquiries and general citizen dissatisfaction in its vicinity.
Failure to fund the 1969 project was a distinct disappointment and it
is hoped that corrective measures will be funded in fiscal year 1970.

Technical assistance on specific problems associated with boiler
operations was given to the Department of Defense, Veterans' Ad-
ministration, and the Department of Health, Education, and Welfare.
Similar help concerning incinerators was given to the Smithsonian
Institution and to the Departments of Defense, Interior, and Agri-
culture.
A conference was held with representatives of the Corps of Engineers

(civil works) concerning the disposal of debris from New York Harbor.
Representatives of the Corps were reminded that the pit incinerator
being constructed at Caven Point, N.J., in its proposed form, may be
inadequate to meet the standards concerning particulate emissions.
If this should prove to be true following testing of this device, further
design and engineering will be necessary to secure compliance with the
regulations.

(9)
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A carbon monoxide control study related to automotive traffic was
started at selected border stations at the request of the Public Build-
ings Service of the General Services Administration.
The Washington, D.C., Air Pollution Division and the National

Park Service of the Department of the Interior were advised concern-
ing an incinerator designed for the destruction of brush and logs.
These agencies are attempting to dispose of this waste in a manner
which hopefully will replace the current open burning. Specialized
activities have been continued to assure the control of exhaust products
from missiles and rockets powered with highly toxic propellants.
These activities involved close cooperation and interagency liaison
with the Department of Defense, National Aeronautics and Space
Administration, Atomic Energy Commission, Armed Services Ex-
plosives Safety Board, and the National Academy of Sciences-National
Research Council. During the year, not a single rocket motor con-
taining beryllium propellant was fired in the open air of the continental
United States.
In the interest of providing further assistance during the year, the

Federal Facilities Section distributed several hundred copies of the
892-page publication titled "Air Pollution Engineering Manual" to
the Federal agencies. Also distributed for comment and technical
criticism was the "Interim Guide to Good Practice for Selecting
Incinerators for Federal Facilities."
The Section also participated in a training course at Durham,

N.C., for approximately 70 engineers of the Army Materiel Command
and in a seminar at the Army Environmental Health Agency, Edge-
wood Arsenal, Edgewood, Md., with representatives of the Army
Surgeon General's Office, the Bureau of the Budget and the Federal
Water Pollution Control Administration, to review the operation of
the 5-year phased and orderly plan.

•
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VII. CONCLUSION

The Federal departments and agencies again this year evidence
excellent cooperation with the Department of Health, Education, and
Welfare and the Bureau of the Budget for purposes of preventing and
controlling air pollution. The reports of progress highlight both the
efforts and the intentions of the agencies. With sufficient funding, there
is no reason why air pollution control by Federal agencies should not
be successful. Announcement of the establishment of the first 32 air
quality control regions by the National Air Pollution Control Ad-
ministration has given further impetus to this program and has de-
fined more sharply than heretofore areas to which specific attention
must be provided both by the Federal Government and by State and
local organizations.

Sufficient funding will enable prompt abatement of air pollution
from Federal estabhshments.

(11)
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APPDNDIX C

RESEARCH AND DEVELOPMENT ACTIVITIES OF THE NATIONAL AIR POLLUTION
CONTROL ADMINISTRATION

The National Air Pollution Control Administration's research and develop-

ment program has two major thrusts: (1) the development of air quality criteria

as a technical basis for standards and (2) development of technology to control

the sources and emissions of pollutants.
The work is carried out by the National Air Pollution Control Administra-

tion through studies in its own laboratories, contracts with private research

corporations and non-profit institutions, interagency agreements supporting re-

search in other Federal agencies, research grants to non-profit organizations,

and survey and demonstration grants to a variety of organizations. This work

Is conducted under Section 104 and other provisions of the Air Quality Act.

Tables 1 and 2 summarize the estimated resources devoted to the National Air

Pollution Control Administration research and development program.

SECTION 104

Section 104 of the Air Quality Act of 1967 directed that special emphasis be

placed on research and development into new and improved methods for the

prevention and control of air pollution resulting from the combustion of fuels.

Stationary and vehicular sources of pollution are included in this area of re-

search activity, and contractual and cooperative research and development un-

dertakings with industrial organizations are emphasized.

Control of pollutant emissions from stationary sources is an especially diff
i-

cult problem because quantities emitted each year are steadily increasing a
nd

because of the great diversity and variety of sources. The approach that is be
ing

followed in conducting a research and development effort for dealing w
ith

stationary sources consists of: (1) the development of systems and processes

to control specific pollutants such as sulfur oxides, nitrogen oxides, and parti
cu-

lates; (2) systems surveys to define the pollution problems of specific industries

and to cooperatively develop control approaches for these industries, such as

primary smelters; and (3) the continuous development of new and improved

air cleaning devices for use on a variety of sources. With this approach, the

National Air Pollution Control Administration has elicited interest on the part

of many industrial companies in the United States who have the capability of

working on some phase of the problem. At present, the largest single resea
rch

and development effort being carried out is in the area of sulfur oxides control.

TABLE 1.—ESTIMATED RESOURCES FOR RESEARCH AND DEVELOPMENT ACTIVITIES OF THE NATI
ONAL AIR

POLLUTION CONTROL ADMINISTRATION, FISCAL YEAR 1969

[Dollars in thousands]

Sec. 104 funds Nonsec. 104 funds

Activity
totalPositions Contracts

Infra-
mural Contracts

Intro-
mural Grants

Air quality and effects definition 320 $5, 562 $6, 206 $5, 275 $17, 043

Air quality 150 3,060 2,909 2,900 8,869

Effects 170 2,502 3,297 2,375 8, 174

Control 198 $15,820 $1,430 • 4,121 2,454 2,486 26,311

Vehicle emission control 48 2,051 177 40 761 1,043 4,072

Stationary emission control 150 13,769 1,253 4,081 1,693 1,443 22,239

Other 30 450 566 570 670 2,256

NAPCA total 548 16,270 1,430 10,249 9,230 8,431 45,610

(113)
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TABLE 2.—ESTIMATED RESOURCES FOR RESEARCH AND DEVELOPMENT ACTIVITIES OF THE NATIONAL AIR
POLLUTION CONTROL ADMINISTRATION, FISCAL YEAR 1970

[Dollars in thousands]

Sec. 104 funds Nonsec. 104 funds

Posi-
tions

Con-
tracts

I ntra-
mural

Con-
tracts

I ntra-
mural Grants

Activity
total

Air quality and effects definition 310 $6, 024 $6, 490 $5, 680 $18, 194

Air quality 150 3,019 3,140 3, 120 9,279
Effects 160 3,005 3,350 2,560 9,815

Control 210 $21,150 $1,300 2,790 3,110 3,600 31,950

Vehicle emission control 52 2,540 160 40 925 1,400 5,065
Stationary emission control 158 18,610 1, 140 2,750 2,185 2,200 26,885

Other 40 450 1,136 878 720 3,184

NAPCA totaL  560 1 21, 600 1,300 9,950 10,478 10,000 53,328

'Includes carryover of $1,000,000.

During 1969, Section 104 research and development projects will concentrate on
pilot and prototype scale work on processes for the removal of sulfur from flue
gases, including dry limestone injection, wet limestones scrubbing, alkalized
alumina, and moffen carbonate scrubbing, and coal desulfurization by pyrite-coal
conversion. Also included are studies on the availability of low-sulfur coals.
During 1970, the sulfur oxides control effort will continue to require and re-

ceive a substantial degree of support. The full-scale National Air Pollution Con-
trol Administration-Tennessee Valley Authority limestone injection demonstra-
tion project, begun in 1968, will be fully operational as will prototype units for
pyrite coal cleaning and wet limestone scrubbing.
Work will continue on new combustion processes with emphasis on completion

of the pilot work on fluid bed combustion being conducted jointly with the Office
of Coal Research, Bureau of Mines. Comprehensive systems analysis of several
important non-combustion sources of sulfur oxides emissions will be completed
in 1969 and hardware development programs started in 1970 in cooperation with
industry. Pollution from this source accounts for about 20 percent of sulfur oxides
emissions and presents significant problems in many urban areas.
An analytical study on the control of nitrogen oxides will be completed in FY

1969 and a research and development program will be initiated which will lead
to new design concepts for combustion equipment and flue gas cleaning processes
for industrial 'sources of nitrogen oxides. Efforts also include initiating an acceler-
ated nitrogen oxides control program and a comprehensive systems study of the
stationary sources of this pollutant.
Other projects are directed at finding improved methods for the control of par-

ticulates and expanding studies on the feasibility of using fabric filters to control
flyash emissions from power plants. An intramural study, undertaken to develop
improved wet scrubbing techniques, will be continued.
The three primary objectives of the automotive research program for control

of vehicle emissions are: (1) to stimulate optimum activity by the private sector
in developing control technologies; (2) to fill the research gap areas that are
not receiving attention elsewhere; and (3) to develop a technical basis for estab-
lishing future Federal emission standards.

Since gasoline-powered vehicles are more numerous than any other kind of
vehicle and emit more types and quantities of pollutants, they have been given
the highest research and development priority. Work has concentrated on the
control of exhaust emissions, with emphasis on carbon monoxide, hydrocarbons,
and nitrogen oxides; the control of evaporative losses; and the development of
measuring techniques. Efforts are also being directed at the control of exhaust
emissions from diesel engines including smoke and odor control. A significant
cooperative research program, begun in 1968 and expanded during 1969, con-
sists of projects funded jointly by the Automobile Manufacturers' Association,
the American Petroleum Institute, and the National Air Pollution Control Ad-
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ministration, Approximately 30 projects are to be carried out over a three-year

period.
Three major work areas within the motor vehicle research and development pro-

gram, initiated during 1969, will move into the hardware development and

pilot evaluation stages during the coming year. Prototype devices for the con-

trol of particulate emissions from vehicles, including lead, will be designed,

constructed, and tested in the laboratory. Work on nitrogen oxides control sys-

tems will move from the research laboratory to the field for fleet testing to

observe their durability, economics, and effect on vehicle operation. Hardware

development studies will be undertaken on carburetors, electronic ignition sys-

tems, fuel injection, engine configurations, and fuel properties. Work will con-

tinue on emission control efforts for non-automotive transportation sources,

especially aircraft
Due to the inherent limitations of the internal combustion engine, with respect

to emission control, it is important that its potential for a pollution-free auto-

motive power source be explored. Feasibility studies of all possible power sources

for motor vehicles and an outline of research and development gap areas have

been prepared for the most promising unconventional power systems. Limited

studies initiated in FY 1969 on external combustion burners and design of a

Rankine-cycle engine for passenger cars will be intensified in FY 1970.

SECTION 103 RESEARCH AND DEVELOPMENT ACTIVITIES

Research and development activities conducted under Section 103 and other

provisions of the Air Quality Act (other than Section 104) are described below.

Intramural and contractual research is described first, followed by a description

of the grants programs.

Criteria and standards
Air quality criteria are scientific statements which describe the known effects

of pollutants on health and welfare. They are the basis for establishing legal

standards for the emission and accumulation of pollutants. Both criteria and

standards are critical ingredients In the process of abatement and control as

established by the Air Quality Act of 1967. The air pollution research and develop-

ment program geared toward their development includes health effects studies,

economic effects studies, and. the accumulation of data on pollution levels for

purposes of correlation with observed ranges of effects.
The need for air quality places a heavy demand on biological research. As

part of the program of expanding and refining air quality criteria in 1970,

work will continue on the effects of air pollution on the sensitive segments a
the population, such as the aged, the very young, and those with heart, lung, or

other physical defects. Work will also include studies on the genetic and

prenatal influence of air pollutants, and on behavioral toxicology. Efforts will

be made to define levels which can be classified as representative of an episode

and to discover prophylactic measures to use on sensitive populations.
The limited clinical research program, established in 1969, will be accelerated

with initial activities stressing combined effects of air pollution and respiratory

infections, the identification of aeroallergens, prophylactic measures for use in

episodes, and the delineation of air concentration and body burdens for selected

metals. Work will continue on the development of related health effects data

necessary to establish air quality criteria for additional classes of pollutants.

After completion of criteria on carbon monoxide organics and photochemical

oxidants, intensive efforts will be directed at developing information for criteria

on odors, organic, carcinogens, aeroallergens, and the metallic components of fuel

additives, including lead.
Additional support will be given to conducting epidemiological studies, since

they are especially productive in identifying sensitive segments of the popula-

tion. These studies will help to determine the cumulative effects of the types

of pollutants which may present continuous or intermittent dangers to human

health._
The results of earlier work have revealed that considerable economic damage

is wrought by air pollution on vegetation, livestock, building materials, fabrics,

and visibility. Such welfare effects will continue to receive attention since they

represent important elements in the development of air quality criteria.

The 1970 program will emphasize the synergistic effects of sulfur oxides and

oxidants on important crops along the East Coast; the socioeconomic impact
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of odors; the effects of common pollutants on fabrics, agricultural corps, building
materials, artworks, architectural coatings; and the cleaning costs associated
with air pollution. A limited national monitoring network will be initiated to
measure pollution effects and to allow calculation of the cost of pollution to
industrial communities.
The costs inherent in achieving effective controls will be evaluated through

a series of joint studies with industry. Emphasis in 1970 will be on control costs
for sulfur oxides, odors, organics, and selected particulate emissions. Available
cost data will be evaluated with information on abatement and control programs
in order to develop current and projected national costs for air pollution control.
The impact on selected industries and distribution between capital and operating
costs will be analyzed.
Air monitoring programs are important to verify air pollution episodes, to

assess enforcement efforts, and to provide background data for problem identifi-
cation and standard setting. During 1970, sampling will be expanded to include
additional heavy metals, organic carcinogens, radioactive contaminants, hydro-
gen sulfide, and fluorides. Limited sampling will be initiated on aerollergens,
asbestos, and pesticides. Emission inventories will be compiled of the most
important pollutants in about 110 major urban areas and a close integration of
this activity with developing State and local monitoring activities will be
maintained.

Studies on air contamination and the degree of control needed in special sit-
uations will be continued, including indoor levels of carbon monoxide and lead
In buildings over or close to major highways; pesticide levels in small communi-
ties and agricultural areas; and rocket exhaust contaminants in aerospace
communities. Data from such studies will lead to quantitative parameters that
will permit incorporation of air pollution control provisions in manuals for
use by highway and urban planners.

Engineering and physical sciences
A variety of research programs on the chemical, meteorological, and related

physical science aspects of air pollution will be exPanded to provide information
needed to develop air quality criteria. Besides the intramural research effort
carried out directly by the Administration, extensive use is made of the techni-
cal resources of other Federal agencies, through interagency contracts, educa-
tional institutions, and private industry. The combination of intramural and
extramural efforts in the physical sciences provides essential background infor-
mation, test methods, and understanding of the physical-chemical, engineering,
and meteorological relationships essential in defining the extent and importance
of potential new pollutants, setting standards, and devising means by which to
control pollution.
In 1970, chemical and physical research efforts will be expanded to support

limited studies of approximately eight additional pollutants that require signifi-
cant investigation before abatement and control activities can begin. Investi-
gations will continue to seek a means for applying aerospace instrumentation
techniques to air pollution control. Analytical studies initiated in 1969 will move
into the more expensive development phases, including prototype field demon-
stration work. Projects will include remote source monitors for sulfur oxides,
particulates, hydrocarbons, and nitrogen oxides; aerial survey methods for
oxidants, sulfur oxides, and particulates; long-path ambient air monitors; re-
mote instruments for measuring wind speed and temperature changes with al-
titude; and improved integrated air sampling stations for a variety of important
gases.
Other research will be directed at developing analytical techniques for de-

tecting organic carcinogens, sulfuric acid, aeroallergens, asbestos, and heavy
metals with emphasis on simplification of existing laboratory methods for use
in routine air monitoring. Field studies will be initiated to define current levels
of high priority pollutants in selected urban communities. A high priority will
be given to field studies investigating the various photochemical reactions in
the atmosphere, including initiation of an investigation of East Coast photo-
chemical smog reactions. A long-range program to define the geophysical and
some of the ecological impacts of air pollution will be begun.
As standards are established and enforcement activities accelerate under

the processes of the Act, increased emphasis will be placed on promulgation
of standard methods for air analysis and source sampling. Early in 1970 a
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manual of recommended methods for the analysis of most of the important
pollutants will be published and recommended standard methods for air analysiswill be published for the pollutants for which criteria will have been issued.
New efforts in combustion research, catalytic chemistry, and electrochemistry

will be undertaken during the year to support the applied research studies onstationary and vehicle emissions. This effort will also assist in providing atechnical base for studies on unconventional power sources for vehicles with
low pollution potential.

Meteorological activities will continue with development work proceeding onnew and improved varieties of computer models for prediction of the diffusionand transport of pollutants in the atmosphere. These models are becoming
increasingly important factors in translating air quality needs into emission
standards for control purposes, and they are one of the important cornerstonesused to define Air Quality Control Regions. Emphasis will be given to the
development of better prediction models for episodes, micro-models for highway
design and urban planning purposes, long-range intercity pollution transport
models, and the simplification of existing mathematical models so that ther!may be used more routinely by control agencies.
Also during 1970, work will be completed on the evaluation of the effective-ness of tall stacks in hilly terrain. Similarly, an investigation will be conrducted jointly with industry in areas where fiat terrain exists and land-sea

breezes prevail. Other research activities which will continue during the year
will include air pollution potential climatology studies, and studies of intercitytransport. To provide increased understanding of transport pollutants over long
distances, investigations are currently being conducted on long-range tracer
experiments using isotope tracer systems.
Research grants support the fundamental research needed to explore newconcepts and innovations in every aspect of air pollution control. They are a

valuable tool in utilizing the scientific capabilities of researchers in univer-
sities and other non-profit research organizations. Research grants stimulatethe scientific community to respond to the need for creative research in airpollution control.
In 1969 grants are being awarded for a broad range of scientific investigations,including studies in the following areas: (1) air pollution and respiratoryinfections to determine the true pathogenesis of human air pollution disease andto see what actual respiratory changes occur from chronic and prolongedexposure to air pollutnnts at realistic concentrations; (2) the influence ofpollutants on visibility for purposes of developing an understanding of anddefining the factors which bring about reduced visibility in urban areas, evenIn the absence of fog and high humidity; and (3) the effect of air pollutantson lung clearance to determine the capability of the lungs in clearing themselvesof different kinds of aerosols containing pollutants which might commonly existin urban air.
In 1970 research efforts will concentrate on providing the background infor-

mation and methodology for establishing better air quality standards, especially
for air pollutants such as fuel additives and other heavy metals, and on theoreti-
cal and fundamental bases for new, more economical control technologies with
emphasis on new combustion processes, mathematical models for existing control
concepts such as scrubbers, electrostatis precipitator; afterburners, and energy
exchanges in the atmosphere to allow better dispersion modeling. Also planned
are studies on behavioral toxicology, the physical-chemical basis for gas-partic-
ulate synergism, socio-economic analysis, and the relationship between air quality
and body build-up of cumulative pollutants. Grants to new young investigators
in selected fields will be encouraged in order to stimulate new ideas and an
interest in air pollution.

Survey and demonstration grants
This activity provides for support for developing technological and operational

innovations and demonstrating them for practicability and effectiveness. Survey
and demonstration grants are awarded to a variety of organizations on a cost-
sharing basis; organizations other than air pollution control agencies, which
have a potential contribution to air pollution control, are eligible for grants.
Projects in 1970 will include demonstrations of cost-benefit models of pollution
control in selected urban area, of emergency episode control programs, of new and
improved control techniques, and of control of sulfur and nitrogen oxides at
Intermediate size combustion units.
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1969 NATIONAL AIR POLLUTION CONTROL ADMINISTRATION

Transfer of Funds to Other Federal Agencies'

[In thousands of dollars]
Agency Amount

Department of Agriculture  $427
Atomic Energy Commission  324
Department of Commerce  1, 424
Department of Defense  59
Federal Power Commission  35
Department of the Interior  1, 642
Library of Congress  6
National Aeronautics and Space Administration  350
Tennessee Valley Authority  1, 521

Total  5,789
1 As of May 1, 1969.

Department of Agriculture

Agricultural Research Service  $217, 000
Forest Service  210, 000

Total  427, 000
Agricultural Research Service
Projects.—Determine the effects of ozone and sulfur dioxide on field crops and

ornamental plants, determine the physiological and pathological effects of air
pollution on livestock and poultry, and development of air quality criteria for
fluorides.

Forest Service
Projects.—Determine the air pollution effects on forest trees in the Eastern

United States, determine the susceptibility levels of Western Conifers to various
air pollutants, and development of efficient methods to assess the economic losses
due to air pollution on vegetation.

Atomic Energy Commission

Argonne National Laboratory $200,000
Brookhaven National Laboratory 75,000
Oak Ridge National Laboratory 49,000

Total  324,000
Argonne National Laboratory
Projects.—Development and evaluation of an abatement program for Chicago

using the statistical-analytical dispersion model technique and determine the
status of high energy battery development.

Brookhaven National Laboratory
Project.—Development of a technique that will permit the tracing of sulfur

compounds in the atmosphere.

Oak Ridge National Laboratory
Project.—Develops statistics which can be used to set up equations able to

calculate plum rise and dispersion from tall stacks.

Department of Commerce

Business and Defense Services Administration $12,000
National Bureau of Standards 50,000,000
Environmental Science Service Administration 

Total 

1,362,000

1,424,000
Business and Defense Services Administration
Projects.—Determine the cost to the gray iron foundry industry of controlling

air pollution and assess the economic impact of air pollution control expenditures
in the secondary non-ferrous industry.
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National Bureau of Standards
Projects.—Determine the effects of air pollution on the durability of building

materials and determine the best location for air pollution recording devices.

Environmental Science Services Administration
Project.—Staff the National Air Pollution Control Administration's meteor-

ology program.
Department of Defense

U.S. Army Tank—Automotive Command $57,000
Office of Naval Research 2,000

Total 59,000

U.S. Army Tank—Automotive Command
Project.—Determine the possibility of low emission levels for diesel powered

vehicles by changes in the engine operating levels.

Office of Naval Research
Project.—Support of the Toxicological Advisory Center of the National Academy

of Sciences.
Federal Power Commission

Total   $35,000

Projects.—Develop information on the present and future availability of clean
fuels for selected urban areas and conduct a course in emission evaluation and
control.

Department of the Interior
Bureau of Mines  $1, 580,000
Office of Coal Researeh  62,000

Total   1, 642,000

Bureau of Mines
Projects.—Determine the influence of fuel composition, engine operating vari-

ables and emission control techniques in altering motor vehicle emissions; deter-
mine the amounts and identities of objectionable materials in diesel fuels and
establish operating variables in terms of emissions; development of alkalized
alumina processes for the removal of sulfur oxides; development of methods to
remove pyrite sulfur from coal; and determine the availability of Appalachian
low sulfur coals.

Office of Coal Research
Project.—Determine the characteristics of emissions and ways of controling

them from coal-fired fiuoridized bed combustion systems.

Library of Congress
Total   $6,000

Project.—Clopies of air pollution bibliography.

National Aeronautics and Space Administration
Total   $350, 000

.Projects.—Develop thermal reactors for control of hydrocarbon and carbon
monoxide emissions from motor vehicles and membership contribution to the
International Advanced Power Group.

Tennessee Valley Authority
Total   $1, 521, 000

Projects.—Full-seale field study of inversion breakups at large power plants,
development of limestone injection processes for controlling emissions of sulfur
oxides from power plants burning high sulfur fuels, development of a pilot plant
study of controlling power plant stack gases by ammonia scrubbing, econOmic
evaluation of processes for reducing sulfur oxides from power generating plants,
study of effects of air pollution from tall Stacks on vegetation.
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