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Ordered, That a special committee, to consist of four Senators to be
designated by the President, be established for the purpose of making an
investigation and study of the unprecedented downpour or discharge of
smoke, soot or oil over a portion of the South Boston district of the city of
Boston on May thirteenth of the current year, which constituted a menace
to public health and safety and resulted in great damage to property and
to person. Said committee shall determine the cause of said downpour or
discharge and shall seek to determine methods of combating the same, with
a view to adopting such remedial legislation as may be necessary to prevent
similar occurrences. Said committee may hold public hearings, may sum-
mons witnesses, administer oaths, take testimony and may require the pro-
duction of books, papers and documents. Said committee may employ such
engineering assistants and counsel as it may deem necessary, and may ex-
pend for the purposes of this order such sums as may be appropriated.
Said committee shall report to the Senate not later than June fifteenth in
the current year the results of its investigation and study, and its recom-
mendations.

FOLLOWING ORDER EXTENDING TIME FOR SPECIAL
COMMITTEE TO MAKE REPORT ADOPTED IN SENATE

ON JUNE 13.

Ordered, That the time be extended to June 30 within which the Senate
will receive the report of the special committee of the Senate authorized
and directed (under an order adopted by the Senate on May 16) to in-
vestigate the downpour or discharge soot or oil over a portion of
the South Boston district of the city of Boston on May thirteenth in the

year.

FOLLOWING ORDER ESTABLISHING SPECIAL COMMITTEE
ADOPTED IN SENATE ON MAY 16, 1960.



Members of the Special Committee Established for the Purpose of
Investigating the Downpour of Smoke, Soot, or Oil over a
Portion of the South Boston District of the City of Boston:

Senator JOHN E. POWERS,
of Suffolk. Chairman.

Senator JAMES W. HENNIGAN, JR.,
of Suffolk.

Senator FRED LAMSON,
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Senator MICHAEL LoPRESTI,
of Suffolk.
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On Friday, May 13, 1960, between 8:30 A.M. and 9:30 A.M., a
portion of the South Boston District of the City of Boston was cov-
ered by a black oil-base type substance. The area subjected to
this debris included from M Street and East First Street, then in a
westerly direction to E Street and West First Street, then in a
southerly direction to Andrew Square. The shape of the concentra-
tion was that of an ellipse and covered approximately one square
mile wherein reside over 10,000 people.

This unprecedented downpour caused Senate President John E.
Powers, on May 16, 1960, to offer the following order in the Mas-
sachusetts Senate, to wit:

“Ordered: That a special committee, to consist of four Sena-
tors to be designated by the President, be established for the
purpose of making an investigation and study of the unprec-
edented downpour or discharge of smoke, soot, or oil over a
portion of the South Boston District of the City of Boston on
May thirteenth of the current year, which constituted a men-
ace to public health and safety and resulted in great damage
to property and to person. Said committee shall determine
the cause of said downpour or discharge and shall seek to de-
termine methods of combating the same, with a view to adopt-
ing such remedial legislation as may be necessary to prevent
similar occurrences. Said committee may hold public hearings,
may summons witnesses, administer oaths, take testimony and
may require the production of books, papers and documents.
Said committee may employ such engineering assistants and
counsel as it may deem necessary, and may expend for the
purposes of this order such sums as may be appropriated. Said
committee shall report to the Senate not later than June fif-
teenth in the current year the results of its investigation and
study and its recommendations.”
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The President appointed Senators Hennigan of Suffolk, LoPresti
of Suffolk, and Lamson of Middlesex to serve with him on the
Committee.

The Committee appointed William F. Coyne, Esquire, One State
Street, Boston, to serve as counsel to the Committee; Robert
Charles Associates, Engineers, 73 Tremont Street, Boston, to serve
as consultants to the Committee, and Ruth Nelson was appointed
official stenographer.

On June 13 of the current year, the Senate adopted a further
order to extend the time within which the Committee shall report
to on or before June thirtieth of the current year.

The Committee, acting under its authority of the Senate Order,
gave notice that a Public Hearing would be held on Thursday,
May 19, 1960, at 10:30 A.M., to which were invited executive and
administrative employees of the Division of Sanitary Engineering,
Department of Public Health, and Representative John T. Tynan,
of South Boston.

Said Hearing was continued until Thursday, May 26, 1960, and,
on this day, officials and expert witnesses of the Boston Edison
Company and the Metropolitan Transit Authority were present.

On each of the dates of the Public Hearings, all witnesses tes-
tified under oath and in excess of five hundred pages of testimony
were taken.

Testimony disclosed that the Department of Public Health,
Division of Sanitary Engineering, first learned of the fallout oc-
currence in South Boston as the result of a telephone call from an
official at the Farragut Co-Operative Bank on East Broadway, near
K Street, South Boston, at about 8:55 A.M. Inspection employees
of this Division were dispatched immediately to the scene, the first
arriving at approximately 9:15 A.M.

Description of the fallout by observers likened it to a “black
snowstorm”, which completely covered the clothing of the people
who were in the streets. The pedestrians sought escape from the
fallout by going into stores and doorways. Automobiles, sidewalk*
and streets in the affected area were similarly covered. Photo-
graphs taken at the time of the fallout show visible proof of the
type and density of the coverage by the soot. These photographs
appear on Pages 49, 50, 51, 52, 53, 54 and 55 of this report.
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An inspection employee of the Division of Smoke Abatement
testified that “

... it was the worst (situation) I had ever encoun-
tered in my thirty-one years of state service ...

”

.

Of course, there were more exaggerated descriptions from per-
sons questioned in the area, i.e. “

... the streets were ankle deep
in soot”, etc. However exaggerated this latter description is, it
could become a tragic truth if the pollutants concentrated in the
atmosphere were to settle out in frequent intervals.

It cannot be overemphasized that the visual deposit in South
Boston on May 13 was caused by precipitation of contaminants
generally existing at all times in the air and which people breathe
throughout the year. The atmospheric conditions were such that,
on this particular day, the material was forced to settle out in a
concentrated area.

Air pollution, however, unlike the tragic incident in South Bos-
ton, is not an intermittent or accidental occurrence but, rather, a
constantly increasing menace. By our very ignorance of the con-
ditions existing, and neglecting proper control of the sources, we
are allowing the air we breathe to turn into a deadly combination
of materials which may cause irreparable damage to public health.

Testimony further showed the weather on the morning of May
13, 1960 to be overcast with intermittent rain and a very low ceil-
ing (about 100 feet), which obscured the tops of the tall smoke
stacks at both the Boston Edison Plant and the Metropolitan
Transit Authority Power Plant. The wind was from the northeast
with a velocity of five to ten miles per hour at ground level. There
was a unique meteorological condition present in a stationary cold
front at approximately 600 feet in height in this immediate area.
This inversion exerted a stabilizing influence on the atmosphere
below, preventing stack effluents from penetrating above this alti-
tude. With the moderate wind conditions prevailing at that time,
the soot-fall incident occurred in a concentrated area.

f Field observations and tests of the fallout in the area were de-
sscribed, in testimony, as follows:

“... When rubbed with fingers, it was gritty; therefore, it
must have resulted from coal burning ...

”

“

...When rubbed, it was gritty but it also smeared; hence,
it was an oil 500 t...”
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Microscopic analysis by the Department of Public Health indi-
cated the soot to be conclusively that of a combustion process in-
volving oil as a fuel with some indication that the burning of coal
was a contribution.

The consensus was that the material which resulted in the “black
snow”, soot, or fallout in the South Boston area were products of
inefficient combustion. Pictures submitted are descriptive of
typical concentration in the fallout area. The estimated quantities,
by weight, and the area covered indicated the source to be a plant
of large capacity of which there are two in the area. The Boston
Edison and the Metropolitan Transit Authority power plants are
both of sufficient size to qualify; but, the Metropolitan Transit
Authority plant was the only one burning a fuel consisting of coal
and oil simultaneously.

The testimony disclosed that the first smoke abatement law was
enacted in 1910, which created a smoke inspection district, con-
sisting of the City of Boston and five neighboring communities;
subsequently, the boundaries were expanded and presently include
Boston and thirty other municipalities. This smoke control system
is administered by the small staff of the Division of Smoke Inspec-
tion, Department of Public Health. This Division is responsible
for enforcement governing the intensity and duration of visible
smoke emissions from stacks in the district.

The law governing smoke control in the Metropolitan District
permits only the control of visible smoke discharged from stacks to
the extent specified by statute. State Smoke Inspectors do not pos-
sess authority to enter private property in performing their duties.
However, it must be noted that the evidence disclosed that there
has never been a single instance where a state inspector was re-
fused admission to a plant. Since the power of state inspectors is
limited, it is then necessary for them, when the situation warrants,
to seek the aid of local health inspectors to assist in investigations.

Since the inspectors in the Smoke Inspection Division have
ti’ol only of visible smoke, the weather conditions of Friday, Maj
13, 1960, presented a most peculiar problem for, as was stated
earlier in this report, the low ceiling obscured the tops of the
stacks of the two largest plants in the contaminated area from
view. This situation raised a technical problem as to jurisdiction
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for purposes of action, i.e., state authority re smoke emission or
local authority re abating a nuisance via the health department.

However, the evidence shows that this jurisdictional problem did
not, in any way, cause delay on the part of any authority to move
speedily to control and abate the “black snowstorm”; for, if a local
health agency requests advice or assistance, the Department,
through the Division of Sanitary Engineering, renders all possible
help within budget limitations. In the instant case, the City of Bos-
ton Health Department requested, and received, aid.

The Division of Sanitary Engineering, Department of Public
Health, has submitted a detailed and graphic report of its investi-
gation, findings and conclusion surrounding this matter and which
report is made a part of this Committee Report, appearing from
Page 12 to Page 48.

At this time, the Committee wishes to extend its appreciation to
the Department of Public Health and the employees who gave of
their time and talent to the investigation, evaluation and prepara-
tion of this comprehensive report of the “South Boston Fallout In-
cident”. The Committee is deeply grateful for this herculean
accomplishment on the part of the Department.

All who testified were in accord that the residue which covered
the South Boston area emanated largely from some type of oil burn-
ing device. In this particular area, there is a large concentration
of possible sources of air pollution. For example:

(1) Ships:
Army Base, Castle Island and other private docking
facilities.

(2) Navy Annex:
Power Plant.

(3) Metropolitan Transit Authority:
Generating Station.

(4) Boston Edison Company:

(5) Boston Fire Department:
Fire School.

(6) White Fuel.
(7) Cable Rubber Products Company

Heating Plant.

Station No. 4.
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(8) Army Base:
Power Plant.

Regarding the tragic occurrence in South Boston, all but (3) and
(4) are eliminated due to one or more of the following reasons:
Wind direction was wrong, distances too great, stacks within sight
of eyewitnesses and this quantity of smoke would have been im-
mediately reported, was not operating, or could demonstrate proper
combustion.

However, none of the above-listed sources can be eliminated
from the overall problem of air pollution in the metropolitan area
and the above list is, in no way, meant to limit the possible sources.

Examination of witnesses and records from the Boston Edison
Company, the Metropolitan Transit Authority, Public Health De-
partment, and an inspector of the Department of Public Safety
revealed that:

(1) Nothing unusual occurred at the Boston Edison Plant
at L and East First Streets, South Boston, and that this plant
did not discharge any more than its usual amount of ash and
soot to the air.

(2) The Metropolitan Transit Authority was burning both
oil and coal simultaneously, not a common practice (nor is
this, by expert testimony, considered an efficient practice) in
one of its boilers (#22) during the critical period; that, on this
same boiler (#22), certain mechanical apparatus for the de-
tection of smoke and/or proper combustion was not function-
ing. When this practice is followed, it is at best an inefficient
combustion process.

The top of the stack serving boiler #22 was obscured by the
low ceiling, thus preventing the personnel at the Metropolitan
Transit Authority plant from observing the color of the smoke.

(3) Since boiler #22 is provided with forced draft and nat-
ural draft, maintenance of the breeching and stack in an air-
tight condition is paramount to proper operation.
as the breeching of this furnace contains large holes, it is con-
ceivable that poor combustion resulted in the furnace due to
the improper removal of the products of combustion through
lack of sufficient draft.

(4) The “Fallout” pattern indicates that the source was
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from a point east of the Boston Edison Plant.
(5) The unique meteorological phenomena which existed

prevented this soot formation from rising and being dispersed
over a greater area if at all but rather, in great part, the in-
version caused the fallout to occur in a concentrated pattern
over a small area.

(6) The soot which fell on South Boston on the morning of
Friday, May 13, 1960, was the result of incomplete combus-
tion of carbonaceous materials, probably both coal and oil,
although it is difficult to determine with certainty which of
these fuels (or both) were involved, or the relative percentages
of each.

(7) On the basis of the evidence, coupled with the complete
report of the Division of Sanitary Engineering, Department of
Public Health, which has been made a part of this Commit-
tee’s Report, the Committee finds that certain natural phe-
nomena and mechanical failures of indicating equipment at the
Metropolitan Transit Authority Station on East First Street,
South Boston, combined to result in the South Boston soot
fallout incident and to, jointly, be the cause thereof.

�



(Comimnmu'alth of fHanaarlfuartto

ON

Division of Sanitary Engineering

Department of Public Health

MAY 13, 1960

REPORT

SOUTH BOSTON SOOT-FALLOUT INCIDENT

June 21, 1960



1960.] SENATE —No. 647. 13

PAGE

Summary and Conclusions 16

I. Description of Soot Fallout Incident 18
Timetable 20
Map No. 1 22

11. Meteorological Conditions 21
Table No. 1 24
Map No. 2 25
Map No. 3 26
Fig. I *

.... 27

111. Further Description of the Nuisance 28
IV. Potential Suspect Sources in the Vicinity .... 31

Table No. 2 .... 33

V. Elimination of Certain Sources from Further
Consideration 34

VI. Pertinent Facts Relative to Remaining Suspect Sources . 35
Table No. 3 38

VII. Certain Aspects of Fuel Combustion 39

VIII. Efficiency of Combustion and the Production of Soot by
the South Boston Station of the MTA ... 43

Acknowledgements 48

I

TABLE OF CONTENTS



!

t
9



�

On May 13, 1960, between 8:30 A.M. and 9:30 A.M. the East
Broadway section of South Boston was subjected to an intense
fallout of black sooty particles that dirtied the surfaces upon
which they landed and created a great nuisance, inconvenience,
and some damage by soiling of exposed property in the vicinity.

The weather in South Boston during this period of time was
overcast with intermittent rain and drizzle, and the clouds were so
low that they obscured the tops of the tall smoke stacks of two
large power plants (Boston Edison and MTA) located a short dis-
tance upwind of the area which was subjected to gross fallout.

The fallout limits were delineated on a map by drawing lines de-
fining the limits of equal but arbitrary intensity. This produced a
classical fallout pattern as shown on Map No. 1 on page 22. The
map shows the limit of fallout, as determined through observations
of detectable fallout on automobiles and puddles while driving
slowly through the streets of South Boston, and the limit of gross
fallout.

Extensive investigation into the meteorological conditions pre-
vailing at the time of the fallout indicates that there was a fairly
stationary weather front over South Boston at an altitude of ap-
proximaely 600 feet. It is believed that the emissions from all
stacks in South Boston, including those of Both the Boston Edison
Plant and the MTA plant, were subject to the prevailing ground
winds and that the stacks and their emissions did not psnetrate
Ihe front aloft.

The shape of the fallout pattern, together with knowledge of
prevailing wind directions and speeds, indicated that the two large
power plants in South Boston were suspect sources of the soot.
Both these plants, it was assumed, had the potential capacity to

uify? CHornmnnuiraltlf of Manaarljufirtts

SUMMARY AND CONCLUSIONS

A. Summary
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produce the amount of soot that fell on South Boston during the
incident. Careful consideration of the fallout pattern and meteoro-
logical data implicated the MTA plant to a greater degree than the
Boston Edison plant.

Chemical and Microscopical analyses of the fallout samples col-
lected revealed to the Department that the fallout material was
largely soot resulting from incomplete combustion of coal and/or
oil.

Soiling characteristics of known amounts of ash and soot de-
posits were related to data, records, and first hand knowledge of
soot that fell out on South Boston. From this data as a basis it
was calculated that as little as 500 to 600 lbs. of soot (mixed with
some ash) would have been an adequate amount to cause the
nuisance.

It is known that when carbon (the chief constituent of coal or
oil) is burned in power plants, a small percentage of the carbon
supplied does not combine with oxygen to produce carbon monoxide
or carbon dioxide, but instead is separated from the hydrocarbon
molecule by thermal cracking to form soot. Even in power plants
where thermal efficiencies of 75 to 80% are achieved in practice,
some of the uncombusted carbon is discharged as unburned par-
ticles or in the form of soot together with the fly ash.

When plants such as Boston Edison or the MTA operate with
thermal efficiencies in the range of- 75-80%, the amount of ash and
soot emitted from the stacks in one hour is substantial. This
amount (estimated to be in the range of 75 to 150 lbs. per hour for
Boston Edison and 50 to 100 lbs. per hour for the MTA) has a
noticeable soiling effect upon the environs, but the soiling is usually,
to a degree, expected and philosophically acceptable to the public
as a necessary contaminant of the ambient air of industrial and
large metropolitan areas. However, a radically increased amount
of contaminant above these base levels, when accompanied by con-
ditions of poor atmospheric diffusion resulting in a high concentra-
tion of fallout, would meet with public displeasure and result in
nuisance such as that which occurred in South Boston on May
13, 1960.

Review of the plant records of the Boston Edison plant for the
neriod from 8:00 A.M. to 10:00 A.M. reveal that conditions and
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data as recorded indicated nothing unusual; the plant was appar-
ently operating with good efficiency and not discharging more than
its normal amount of ash and soot to the ambient air.

A review of the MTA plant records and calculations of boiler
efficiencies from records of fuel consumed and heat produced re-
vealed that conditions of poor combustion probably existed during
the period from 8:30 A.M. to 9:30 A.M. on May 13, 1960 resulting
in the formation of an estimated few thousand pounds of soot and
the discharge to the ambient air of an unusually large and excess
amount (several hundred pounds) with subsequent soot fallout.

B. Conclusions

On the basis of the facts, evidence, and findings set forth above
and in the body of this report the Department of Public Health is
of the opinion that certain natural phenomena and mechanical
failures combined to result in the South Boston soot fallout inci-
dent and to jointly be the cause thereof. The possibility of human
errors can not be ignored as a possible contributing factor.

® The MTA and Boston Edison plants were recognized as
having the capacity and ability to produce the large amount
of soot necessary to accomplish the “fallout.”
• The stacks of both Boston Edison and MTA extended into
the clouds during the period of concern and direct observation
of emissions therefrom was not possible, while the tops of
lower stacks at other nearby and possibly suspect sources were
subject to direct observation and detection.
• Meteorological conditions were such as to produce (1) very
poor vertical diffusion of the stack discharges, (2) probable
coning of the plume, and (3) a wind direction which carried
the plume and fallout directly to a heavily populated area.
• Study of the fallout pattern and detailed meteorological data
coupled with knowledge of particle subsidence in the atmos-
phere supports the theory that the soot issued from a “con-
tinuous point source” in the proximity of the MTA plant and
easterly of the Boston Edison plant.
• The burning of coal and oil together in the MTA Boiler No.
22 (during the period from 7:30 A.M. to 9:00 A.M.) is a prac-



[JulySENATE— No. 647.18

!

A

tice which is recognized as difficult to properly control and one
which frequently results in “smoke” (soot formation).
• Mechanical and visual means usually available to the fire-
men to assist them in maintaining good combustion in MTA
Boiler No. 22 and to minimize the emission of excessive smoke
therefrom were inoperative or impossible.

1. The C02 recorder was not operating.
2. The Smoke Density recorder was not operating.
3. The low clouds obscured the top of its tall stack and

made direct observation of the emissions therefrom
impossible.

• The MTA plant produced and discharged to the ambient air
an excessive amount of soot during the period from 8:30 A.M.
to 9:30 A.M. This soot constituted the major portion of the
black snow-like agglomerated particles of carbon that fell on
South Boston on May 13,1960.

At 8:55 A.M. on May 13, 1960, the Smoke Inspection Division of
the Department of Public Health received a telephone call report-
ing the existence of a serious air pollution and fallout condition,
continuing at the time, over a large area of South Boston.

The Supervising Smoke Inspector of the Department imme-
diately proceeded to South Boston to commence investigations into
the extent of the alleged nuisance and to ascertain if possible the
source of the agglomerated black particles that were falling like
snow in the area. The inspector arrived at the scene at 9:15 A.M.
and immediately reported the serious nature and extent of the in-
cident to the central office. As a consequence several engineers
from the Division of Sanitary Engineering immediately were or-
dered to South Boston to assist in the investigation.

The weather in South Boston on “Friday, the 13th”, was over-
cast with intermittent rain and a cloud ceiling down as low as ap- '

proximately 100 feet. (A detailed discussion of the meteorological
conditions existing at the time is given in the following section of
this report).

The fallout complained of consisted of both small and large

I. DESCRIPTION OF THE SOOT-FALLOUT INCIDENT
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agglomerated particles of black carbonaceous material that fell like
small snow flakes to the ground with the rain and drizzle. The
material had the appearance and smudginess of oil soot, was non-
vvettable, and, when mixed mechanically with rain drops, smeared
and soiled surfaces and materials as though it were dilute black
ink. Some witnesses of the phenomenon testified that quick, on
the spot examination of the fallout led them to the conclusion
that the soot was from an oil combustion source while others were
of the opinion that it was the result of poor coal combustion. The
black particles fell, as stated above, like snow flakes and caused a
visible deposit on all horizontal and some inclined surfaces. It
floated and accumulated on the surface of puddles of water and
collected in substantial quantities in the street gutters where the
rainfall runoff water became impounded by obstructions and de-
pressions in the gutter. At such points of accumulation, it had the
appearance, except for its color, and the consistency of the fluffy
top of a milk shake.

As shown on Map No. 1 (on page 22) the fallout extended over
an area of approximately one square mile, while it was gross over
an area of approximately 0.2 of a square mile.

The fallout was so heavy and of such a nature that pedestrians
left the streets and took cover in stores and doorways. Soon after
the fallout stopped many people washed down their building fronts,
the sidewalks, and their automobiles to minimize the possible dam-
age that potentially might have resulted from the soot.

The first inspector, upon arrival on the scene, was shocked by
the seriousness of the situation; he had never seen anything like
it in his thirty-one years of experience. Although, because of the
clouds, he could not see the tops of certain tall smoke stacks of
two large power plants in the vicinity and upwind of the fallout,
he was well aware of their presence and of their eligibility as
possible sources of the sooty material falling to the ground. ’He

«immediately telephoned officials of the plants, advised them of the
'fallout then occurring, and requested that they immediately check
flieir fuel burning equipment then being used that might be the
cause of the nuisance.

Testimony of company officials and direct interrogation of plant
employees produced denials by them as to their having any knowl-
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edge of conditions or operations in their plants that could have
caused the fallout nuisance. They reported that plant operations
and practices on that day were normal and routine and that it was
their belief that their plants did not create the fallout.

Upon arrival at the scene, other Department personnel confirmed
the seriousness of the situation and proceeded to:

A. Visit and inspect the two major power plants in the area
(viz., Boston Edison and the MTA).

B. Collect samples of the fallout from automobile tops and
ground surface accumulations.

C. Inspect for extent and limits of the fallout and to document
such limits on maps of the area.

D. Notify the Department of Health of the city of Boston of
the situation and suggest that inspectors thereof come im-
mediately to South Boston and take whatever steps possible
to minimize the damage that might result from the nuisance.
As a result of this suggestion, the Department of Public
Works and the Fire Department of Boston were contacted;
both of these Departments sent equipment and personnel to
flush and wash away the deposit from some of the sidewalks
and streets.

E. Establish a close watch over visible smoke stacks in the area
for violations of smoke emissions and possible indications of
the source of the fallout soot.

F. Institute a complete and thorough investigation into the
matter with a view to determining the source of the fallout
that caused such a nuisance.

A timetable of significant events that occurred on the morning
of May 13, 1960 is given below:

Time Event
8:30 A.M. Start of soot-fallout
8:55 Department of Public Health received first

notice of situation by telephone
9:15 First inspector from Dept, arrived on scene *

9:15 Inspector notified Division of Sanitary Engi-
neering

9:20± Inspector contacted Boston Edison by telephone
9:25 ± Inspector contacted MTA by telephone
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Heavy fallout began to subside9:35
Last few flakes of fallout fell in the vicinity of
700 E. Broadway

9:50

Department of Public Health of City of Boston
notified and certain actions were recommended
to them.

10:00±

A. General Conditions in the Boston Area May 11 through
13,1960.

At about 7:00 A.M. on May 11, 1960, a shallow cold front was
present in the vicinity of Caribou, Maine. At about this time the
weather in Boston had commenced to deteriorate in advance of the
front which was proceeding southerly. There were intermittent
fog and rain showers in the Boston area with variable winds. On
the evening of the 11th the ground trace of the front extended
along a line from Caribou, Maine, to Burlington, Vermont. A weak
warm front was located south of Boston. By the morning of May 12
the cold front extended along a line from Eastport, Maine, to Bur-
lington, Vermont, moving southerly. The winds south of the front
ground trace and above the front aloft were southeasterly to east-
erly while the winds north of the trace and below the front were
northeasterly to easterly. By the evening of the 12th the front was
located in the Lawrence-Newburyport area and it passed through
Boston in the very early morning of the 13th. The weather in
Boston had further deteriorated to a condition of low persistent
clouds with intermittent very light showers. The accompany-
ing weather may (Map No. 2 on page 25) shows the approximate
position of the front during the 12th and 13th of May at the times
indicated on the map. The accompanying sketch map (Map No. 3
on page 26) of the Boston-Quincy area shows more precisely the

of the front as determined by observations of wind speed
and direction at several stations in the area. These observations
are presented in the following table Table No. 1 on page 24).

The profile of the front at 8:00 to 10:00 A.M., May 13, 1960,
which had changed from a shallow cold front to more of a sta-
tionary front is shown in Gig. No. 1 on page 27; the “profile” is a

11. METEOROLOGICAL CONDITIONS
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shape, slope, and position of this boundary between the cold and
vertical section taken along a line normal to the front and extend-
ing northwesterly. It represents the best probable estimate of the
the warm air masses. As was stated above the winds below and
to the north of the boundary will be generally northeasterly; those
above and to the south generally southeasterly.

The trace from the continuous wind recorder located at the L
Street Station of the Boston Edison Company indicates that a con-
dition of moderate stability prevailed at the elevation of the de-
tecting instrument. This condition, together with the low cloud
conditions and the inversion aloft probably produced a coning type
plume from stacks in the area.

It is concluded that the frontal boundary, and thus the accom-
panying inversion and the southeasterly winds aloft, was consider-
ably above the tops of all the stacks in the South Boston area on
the morning of May 13, particularly between the hours of 8:00 to
10:00 A.M. The stability of the atmosphere below the front, the
lack of gustiness as evidenced by continuous recordings of wind
velocity, and the presence of the inversion aloft were not conducive
to diffusion of stack effluent into the atmosphere. This inversion,
at an approximate altitude of from 500 to 700 feet over South Bos-
ton at that time, in addition to exerting a stabilizing influence on
the atmosphere below, would also have tended to prevent emissions
from sources below it from rising out of the zone of north-
easterly winds. Therefore, the Department is of the opinion that
the wind direction affecting stack effluents at the South Boston area
on the morning of May 13 was generally from the northeast with
some easterly tendency.

B. Conclusions Regarding Meteorology
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Table No. 1

Naval
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1. Map. The (accompanying) map showing the pattern of dis-
tribution of soot deposits in South Boston was determined by De-
partment personnel on the morning of May 13. The deposits of
soot on the ground formed a very definite pattern. The limits of
the readily observable deposits from an ellipse whose major axis
lies in the direction of the prevailing winds. It extends from a point ~

between M and N Streets between East First and East Second *

Streets in the direction of the prevailing wind to a point southwest
of Andrew Square. In width it extends from West First Street
near F Street to Columbia Road at about I Street. Within this
area of readily observable fallout is located a smaller area of very
dense fallout which also forms a rough ellipse whose major axis
coincides with that of the larger ellipse, but whose center is shifted
somewhat to the northeast. This area of heavy fallout extends
along the major axis from East Broadway at L to Telegraph Hill
and in width from East Second Street near H Street to East Eighth
near I Street.

The area of heavy fallout described by the smaller ellipse is
approximately 5,000,000 square feet while that of the larger ellipse
is approximately 25,000,000 square feet (0.2 sq. mi. and 1.0 sq. mi.
respectively).

2. Conclusions. From the evidence presented by the map of
sootfall distribution the Department concludes that the fallout
emanated continuously from a fixed point source located along a
line extending generally (northeasterly) from the center of the
fallout area, located approximately at East Fourth and H or I
Streets. By “point source” is meant a single source or a group of
sources close enough to one another so that at a short distance
their effluents may be considered to have originated from a single
source. Since it is not possible to accurately estimate the settling
velocity of the soot particles due to uncertainties in size and bulk 1,,
density thereof it can only be said that this source would most
probably be located a distance empirically equal to about ten times
the height of the point of release from the center of maximum
fallout.

111. FURTHER DESCRIPTION OF THE NUISANCE

A. The Extent and Description of the Sootfdll
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1. Samples Collected. The following is a tabulation of samples
of soot collected by Department personnel from various locations
in South Boston on May 13.

a. East Broadway
Large quantities (approximately iy2 pints) of soot re-
moved from surface of puddles in the south gutter near
709 East Broadway across from the Farragut Coopera-
tiveBank.

b. 709 East Broadway
Window sill

e. Top of stand pipe
Yard of C. H. Sprague & Son Company

f. Puddle in Sprague Yard
g. Car roof in Sprague Yard

2. General Observations. In the area of heavy sootfall hori-
zontal surfaces were observed to be thoroughly blackened by the
deposits. The soot floated on water and it appeared to be relatively
non-wettable. To the touch it contained a certain amount of gritty
material but also smeared readily leaving a black smudge which
was very difficult to remove. On the basis of the appearance and
“feel” of the material, some experienced observers were of the
opinion that it was an oil soot while others stated that it came at
least in part from coal.

3. Analyses
a. Microscopic analysis. The microscopic analysis of the
above listed samples of soot demonstrates conclusively that a
combustion process was involved and gives definite indication
of the involvement of oil combustion with some indication
that the burning of coal may have also contributed to the
sootfall. These examinations also demonstrated the presence
of a considerable amount of material typical of carbon black
which most probably originated from a process of incomplete
combustion.

B. The Nature of the Material

c. Gutter on East First Street, south side between M & L
Streets

d. Roof of L Street Station, Boston Edison Company, east side
towards East First Street
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b. Chemical analysis. Chemical analysis of the soot sample
collected by the Department, and spectrographic analysis
conducted by Jarrell-Ash of samples of soot, fly ash and oil
collected by the Boston Edison Company indicate very little,
if any, Vanadium which might be expected to constitute a
significant percentage of the ash residue from the proper
combustion of the particular fuel oil that was being burned
by most of the potential sources in the area. The absence of
this material does not, however, preclude the incomplete
combustion of oil as a potential source of the soot since its
absence can be logically explained. Analysis for other metals
in the ash, which constituted about 20 per cent of the soot,
led to the conclusion that the combustion of coal was prob-
ably involved to some extent in the sootfall incident. The
fact that approximately 80 per cent by weight of the soot
was combustible matter is further indication that a process
of incomplete combustion led to its formation. These analyses
are presented as an appendix to this report.

4. Conclusions. Therefore the Department is of the opinion
that the soot which fell on South Boston on the morning of May 13
was the result of incomplete combustion of carbonaceous materials,
probably both coal and oil, although it is difficult to determine posi-
tively which of these fuels was most significantly involved.

1. Blackening of Surfaces by Soot. The Department has deter-
mined that a deposit of approximately .05 grams of finely divided
soot (carbon) formed by incomplete combustion will thoroughly
soil a one square foot area of a clean surface and feels that this
quantity of material per unit area (.05 grams per square foot) is a
good estimate of the density of soot coverage in the area of heavy
fallout.

2. Total Deposit. It is calculated from the quantity mentioned
above that approximately 500 to 600 pounds of soot fell on the
central or heavy fallout area in South Boston for the period of ap-
proximately one hour on the morning of May 13. With somewhat
less certainty it is further estimated that approximately 100 pounds
or more of soot fell on the remainder of the area shown on Map

C. Estimate of Quantity of Soot Deposited.
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No. 1. This corresponds to an estimated total sootfall in South
Boston of some 700 pounds, more or less.

1. Source nature. The responsible source must have been burn-
ing coal and/or oil at the time of the incident. The amount of fuel
required is determined to have been considerable so the source
must have been fairly large. It is further felt that a point source
was involved, the term “point source” including a close concentra-
tionof several sources.

2. Source location. The source must have been located in a gen-
eral northeast to east-northeast direction from the center of the
fallout area and probably was located a distance upwind of said
center equal to approximately 10 times the height of the point of
its release.

3. Summary. The above conclusions in regard to nature and
location of the source permit a tentative finding (which will be
supported in sections IV and V) that either the South Boston Gen-
erating Station of the MTA or the L Street Station (Station #4)
of the Boston Edison Company, or both, must have been primarily
responsible for the sootfall nuisance.

A. The department determined the various fuel burning instal-
lations of substantial size and in the vicinity of and located gen-
erally upwind of the area of soot fallout. These plants were visited
and inspected by department personnel, records were examined,
and appraisals were made relative to their potential of being the
cause of the subject soot fallout.

B. The locations of these plants are shown on Map No. 1 on
page 7 of this report.

C. The installations visited and inspected are listed below with
the code number and name of each as used in this report.

D. Conclusions

IV. POTENTIAL SUSPECT SOURCES IN THE VICINITY
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Code
Name and AddressNameNumber

Met. Transit Authority
Generating Station

MTA

East First Street, South Boston

fBoston Edison Co. Boston Edison Company (Sta. No. 4)32

I

South Boston

Boston Army Base3 Army Base
Power Plant Summer Street
South Boston

Fire Department Boston Fire Department4
(Fire School) East First Street
South Boston

Cable Rubber Products Company
East Sixth & N Streets

Cable Rubber3

South Boston

Ships Moored along side at Army
Base and/or under way in the harbor

Ships6

White Fuel Company
East First Street, South Boston

White Fuel7

U. S. Navy South Boston Annex
Power Plant

8 Navy Annex

Summer Street, South Boston

L Street



SENATE— No. 647.1960.] 33

9

I| I X Hg i 11 X I| XX XX ;3
S X

ll |X |§3 I II XIII xM Ig x o

w I I || I I I 111g M 2 th X
0
£h ,® S 01 >3
C •§! IX I 1I I XI 1 l xI I §

hJ « o 5 m X o
J |

_*

C_i £ ©£7 S a o u ,C/ 2 •- © ap
£ faQ
hH

u |J I X w -C§ J X|XX I XX X £
<J« rH cq H X

§
“ II IXX !f| -c| £ IXX xlxx XX i IH B 0 rHJD M g oo

W O O o VNX tn < o oo n - XN vO1 xxx Ssg-|g **** I
W ”

•• • I5 -s 2 S3 2 § a

(N

d
&

H
sis

<l, ■" o 3 t! 3 4? S,

O ° 3 .S c ® 5 3 «-g -fe •■£ • • • *5 o ~

<j 03 .2 w ,§ © w « 113
F* •H PT'H f~3. O O - , ©Eh 'ld *

*„
* '

£ WBX<ri o te aj »« o

O « ■S ? ®
° ■ ■ a ■

»
O

i S.S 3 0,0 •: 3d 8 *|§ rf | oi |
<li * • • 4-> ‘GS «C ° M . C £dP o pq dn •'H be cu C >

©
g «f s £

... . « . ..£ ..
§

. .. . S w
0 5 3 b 5 -E? £ g 3J h•• "3 u-i c
<] « O 30) g -3 (U ■?„ c 3 -fas 3H O c3r/ ..

t* G a.Sf S O . OW). m 5Is'Sg-gtiS 1 hM 3s I 3 |'p tiaJ I -Jilt :
..

111 I I0) ’—' rX cr^_>H* .S 3 (h M .. 3«
| »|£l|iii|| S IS

C 3 C^ C tn O Ch g g Cd c
w qq Q g gW H C c W(D .. IH o o

T-H Q _, ro CQ 4-J �>v >—. rr-< r 1 rH
W) •0) J- oS(i bfl c p2©T3 u

[hg x c g ajj uoj m
d :|C (U S}cC

SS S 2s O - c
O .5 A o

Js ffl 3 5(1,
0,3 5,°.90

H x o
rvH wOvJ D< Qj Oo

o
P4

3 g .3

m <J
cd rd

CU Z
r-’ od

H <2

in cd



[JulySENATE —No. 647.34

i

A. General
It is reasonable to eliminate from further consideration as a pos-

sible source several of the installations and operations cited in Sec-
tion IV. The pattern of the fallout, which was described in some
detail in Section I, its shape, size, location and extent, are consid-
ered classically typical of the fallout pattern from an elevated point
source. Such fallout ordinarily occurs at a distance of several stack
heights downwind from such a source. Typically, little or no ma-
terial is deposited immediately proximate to the source but with
distance the deposit exhibits an increase in density to a point where
it then decreases in density in the downwind direction.

All sources in the area would be affected by the prevailing north-
easterly winds. The responsible source or sources must therefore
have been generally to the northeast of the center of the fallout
pattern.

The probable general location of the source as discussed above
would tend to eliminate sources four, five, and eight (viz. Fire
School, Cable Rubber, and Navy Annex). The local distribution
would tend to eliminate from further consideration ships under
way in the harbor (source number six), since the fallout from a
moving ship occurring over a period of at least one hour would
have had a distribution related to the course of a moving source.
Further, the stacks of ships are typically less than 100' above sea
level, and an emission from such a stack would be expected to
create a maximum deposit concentration within 1000' or less of the
ship’s position at a given time. Also, some material would be de-
posited fairly close to the vessel, perhaps within a few hundred
feet. It is thus obvious from the distribution and location of fall-
out that it is highly improbable that the soot originated from a
vessel, either moving or moored in the Reserve Channel. Further-
more, the tops of vessel stacks would have been below the bottom
of the cloud layer, which was at an elevation of approximately
150' to 200' on the morning of the 13th, and any emission of suffi-

V. ELIMINATION OF CERTAIN SOURCES FROM
FURTHER CONSIDERATION

B. Sources Nos. k, 5, 6 and 8. (Refer to Section IV)
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dent magnitude and duration to have created the sootfall condition
would have been seen and reported. This has not occurred.

Furthermore, source No. 4, the Fire School, has been shown to
have not been in operation at the time of the occurrence of the
sootfall, source No. 8, the Navy Power Plant, was burning coal in
the underfeed stokers and the soot which was deposited on South
Boston definitely contained oil and was not characteristic in any
way of material which could normally be expected from an under-
feed stoker, thus further eliminating this source.

C. Source No. 3. (Refer to Section IV)

Source No. 3, the power plant of the Boston Army Base, is
located in an upwind direction which did not preclude it from
further consideration as a potential source. However, the stacks
being 165 ft. high would place the occurrence of the actual center
of the fallout some 35 stack heights downwind and place the first
indication of significant fallout at about 17 stack heights down-
wind; such facts do not satisfy fallout calculations. In addition the
plant is in excellent condition, all instrumentation was operating
and no indication could be found of the occurrence of poor combus-
tion. Therefore, source No. 3 was eliminated from further consid-
eration.

The heating plants of the White Fuel Company (source No. 7)
are equipped with short stacks. The center of the fallout, had it
come from this source, would measure some 80 stack heights down-
wind with the closest deposit occurring approximately 20 stack
heights downwind, which is again improbable. Further, these are
low stacks, readily observable from the ground even under the con-
ditions of low ceiling which occurred on the 13th of May, and it is
reasonable to assume that any emission therefrom of sufficient
magnitude and duration to have produced the fallout would have
been detected and reported.

(M.T.A. and Boston Edison; Sources No. 1 and 2)

A. Certain facts relative to the M.T.A. and the Boston Edison

D. Source No. 7. (Refer to Section IV)

VI. PERTINENT FACTS RELATIVE TO REMAINING
SUSPECT SOURCES
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plants are pertinent in the determination of the source of the fall-
out. These facts are presented in the following table (No. 3on
page 38) to simplify evaluation thereof.

B. Discussion of Tabulated Pertinent Facts
1. The following is a discussion of the significance of the above

referred to tabulated facts.
2. Re: M.T.A.

The fact that the M.T.A. plant is located at approxi-
mately the probable ten-stack-height distance from the
center of heavy fallout, directly in line and upwind on the
major axis of the determined soot-fallout pattern, and some
distance upwind of any fallout on the ground strongly sug-
gests the M.T.A. as the probable continuous point source of
the soot.

It should be noted that both units No. 22 and 23 of the
M.T.A. plant went on line at approximately 7:30 A.M.; No.
22 was fueled by both coal and oil until about 9:00 to 9:15
A.M. when the feeding of coal is believed to have been
stopped; No. 23 was burning oil and was shut down at 9:15
A.M. Thus both a change in fuel and shut down of a boiler
occurred at this plant shortly prior to the time that the soot
fall started to subside.

The electrostatic precipitator used for removal of fly ash
when coal is used for fuel is said to have been in operation
while coal and oil were being used in No. 22. The electro-
static precipitators are not efficient for removal of carbon
particles, such as soot resulting from incomplete combus-
tion, and for this and other reasons (e.g., low concentra-
tion of fly ash, fire hazard, etc.) are not usually operated
when oil alone is being used. The electrostatic precipitator
being used in conjunction with Boiler No. 22 until about
9:15 A.M. is believed to have resulted in removal of most
of the coal and oil fly ash from the flue gas stream but
would have removed only smaller amounts of carbon soot
that possibly were being formed as a result of poor combus-
tion of the coal and oil being fired.

Examination of plant records for Boiler No. 23 revealed
that good combustion conditions were probably being main-
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tained in this unit and that it was not producing an un-
usual and excessive amount of oil soot.

The burning of coal and oil simultaneously in the M.T.A.
furnaces is an infrequent practice which is routinely per-
formed to assure workable condition of the coal burning
equipment. Experts in combustion who were consulted by
the Department are unanimously of the opinion that proper
combustion of pulverized coal and oil together in the same
furnace is difficult and frequently results in formation of
black smoke (soot). Further, when such is the case, un-
burned particles of coal act in a “sand-blast” cleaning man-
ner upon the tubes and certain other portions of the unit
to free soot deposits to the flue gas stream.

Boiler unit No. 22 was being fueled until approximately
9:00 to 9:15 A.M. with a combination of coal and oil. The
smoke density and C02 recorders on this unit were not
operative at the time and therefore could not be used to
assist in the maintenance of efficient combustion or in the
checking for soot-smoke formation. And since the top of
the M.T.A. stacks were in the clouds, the customary prac-
tice of checking for smoke emission by means of direct
observation, using mirrors, also could not be employed. It
is very possible that this unit could have been forming and
discharging soot during this subject period with the operat-
ing personnel being unaware thereof.

The unit (No. 22) is not provided with induced draft in
addition to forced draft as in the case of No. 23 and No. 21.
Furthermore large holes in the breechings resulting from
corrosion and inadequate maintenance lessen the amount
of air that can satisfactorily be supplied to the furnace by
natural draft for combustion purposes. It is not unusual
for these units to be operated with positive pressure over
the fire; this frequently occurs when the furnaces are being
“pushed to the limit” and at such times gases and smoke
discharge through openings into the boiler room.

3 Boston Edison
Examination of Boston Edison records revealed that no

units were either put on or taken off line during the period
in question.
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All of these units, which are maintained in good condi-
tion, are operated with forced and induced draft. They are
not provided with CO. indicators but they are equipped
with smoke density recorders, stream flow-air flow re-
corders, and flue gas and steam temperature recorders.
Examination of these records failed to reveal information
that would suggest the possibility of maloperation of the
units during the fallout period.

The Boston Edison plant, as is the M.T.A. plant, is
located at approximately its probable fallout distance from
the center of the heavy fallout; it is physically closer but
its stacks are much lower. However, it is in a more
northerly direction therefrom than that direction from
which the prevailing winds issued. In addition, soot-fallout
was located on the roof of the plant and on the ground
approximately 200 yards upwind of the Boston Edison
plant stacks.

Interpretation of the above facts and comparison of the
implications thereof with interpretations made from the
M.T.A. data supported the premise that the M.T.A. was
more likely the probable source of the soot and justified
further specific studies centered around the M.T.A. plant.

These facts strongly indicated the advisability of a de-
tailed study and analyses of M.T.A.-Unit No. 22’s records
to determine its combustion efficiency during the subject
period, the ability of this unit to form an amount of soot
necessary to cause the fallout nuisance, and the probability
thereof. These aspects are discussed in the next sections
of this report.

A. Factors Affecting Combustions

1. Temperature, Time and Turbulence
It is basic to combustion that sufficient temperature in the

combustion chamber must be maintained to permit the necessary
chemical reactions between oxygen and the constituents of the fuel
to take place. Further, an adequate time in the presence of these

VII. CERTAIN ASPECTS OF FUEL COMBUSTION
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temperatures must be permitted to permit the reaction to go to
completion. Third, sufficient turbulence must occur to provide for
intimate mixing of oxygen, carbon and hydrocarbon molecules. If
any one of these three factors is absent, incomplete combustion will
occur.

2. Excess Air
In order to assure that adequate oxygen is supplied for

combustion, it is necessary to provide air (oxygen) in excess of
that theoretically required to attain complete combustion. An ap-
proximate value for excess air is usually taken as 30 to 50 per cent
in excess of that theoretically required; the necessary amount is
affected by many factors, including the design of the furnace and
the type of fuel.

3. Pre-heating
In the combustion of oil, particularly oil of the heavier

grades, it is necessary to provide for pre-heating of the oil to enable
proper atomization, i.e. the breaking up of the oil, at the point of
injection into the combustion chamber, into droplets approaching,
as nearly as possible, molecular size. Failure to provide pre-heating
will result in larger droplets of oil being injected into the combus-
tion chamber, thus requiring a longer period of time for complete
combustion. If the furnace does not provide this time, then incom-
plete combustion will occur.

4. Coal Grinding
In the firing of pulverized coal, it is necessary to grind the

coal to a degree of fineness sufficient to permit rapid oxidation of
the combustible material. The degree of fineness normally required
is that at which approximately 75 per cent of the pulverized coal
will pass a 200 mesh screen. Failure to properly pulverize the coal
will result in a greater time being required for complete combus-
tion, as in the case of improper atomization of oil. It should be
noted here that the combustion of pulverized coal, while very sim-
ilar to the combustion of oil, is not identical, since the rate of com-
bustion is different and the normal excess air requirement is also
different.

B. Products of Complete Combustion
Fossil fuels, such as coal, oil, and gas all contain hydro-
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carbons. Oil and gas have hydrocarbons as their major constituent
with traces of impurities, the percentage of which varies, partic-
ularly in the case of oil, with the type and source of fuel. Coal
contains a high percentage of free carbon with the balance of the
carbon content being volatile hydrocarbons. In addition, coal con-
tains a larger percentage of impurities than does oil or gas.

The complete oxidation of carbon results in the formation
of carbon dioxide. The complete oxidation of hydrogen results in
water or water vapor. The oxidation of sulphur normally present
as an impurity in coal and oil results in the formation of sulphur
dioxide and sulphur trioxide. The inert ash and water originally
present in the fuel normally pass through the combustion process
unchanged except, in some instances, as to physical state, although
some of the constituents of the ash, such as ferric oxide, may be
further oxidized to a higher oxide, such as magnetite. Since air is
used as the source of oxygen, the inert constituents of air (nitrogen
and trace elements) are passed through the combustion process
largely unchanged except for the formation of small quantities of
oxides of nitrogen.

Therefore, the products of complete combustion are carbon
dioxide, water vapor, inert ash or “fly ash” (which is not really a
product of combustion but rather the release of impurities orig-
inally present in the fuel) and small quantities of the oxides of
sulphur and nitrogen. In the case of the burning of pulverized coal,
the fly ash will be released in sufficient quantities to require re-
moval from the flue gas prior to its release to the atmosphere,
whereas in the combustion of oil the fly ash, representing a very
small proportion of the oil in its original state, will not be present
in sufficient quantities to normally require removal.

During incomplete combustion the reactions described
above do not all go to completion. Most important is the failure to
completely convert carbon to carbon dioxide. This results in some
carbon monoxide being present and possibly in the presence of
some elemental carbon either from carbon atoms present in vola-
tized hydrocarbon molecules or as pieces of carbon originally
present as particles of coal. In addition, the characteristics of the

C. Products of Incomplete Combustion
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fly ash may differ because of failure to further oxidize some com-
ponents of the ash and/or because of the failure to change their
physical appearance due to the possible presence of lower tempera-
tures than might occur in complete combustion.

Soot is carbon. It is composed of atoms of carbon which
may be fused into larger particles or agglomerated into chains of
carbon atoms, which may further agglomerate into clumps or
flakes. Pieces of carbon, originally present as the fixed carbon in
coal, which may be emitted from a coal-fired furnace during in-
complete combustion are not properly termed “soot” but might be
better described as “fly carbon” (similar to “fly ash”).

2. How is Soot Formed?
Soot is formed, after the vaporization of hydrocarbons

present in fuels and the subsequent disassociation of hydrogen and
carbons atoms from hydrocarbon molecules, by the failure to pro-
mote the oxidation reaction between the carbon and the oxygen.
This failure may occur because of lack of time necessary for the
reaction (insufficient furnace volume resulting from poor design or
excess firing rate), insufficient temperature to cause the reaction
(caused by “cold spots” or contact with cool surfaces such as boiler
tubes or furnace walls), by lack of sufficient turbulence to permit
adequate mixing of carbon and oxygen atoms, or simply by lack of
sufficient oxygen in the furnace resulting from insufficient excess
air. When soot is formed in the furnace, it usually remains as soot
because it does not stay in the high temperature portion of the
furnace long enough for the carbon to become oxidized.

The effects of soot formation are:
1. reduction in overall plant efficiency due to the failure to

realize the heat from the exothermic reaction between carbon and
oxygen;

2. the sooting of boiler tubes and other heat transfer surfaces
with resultant reduction in heat transfer coefficient;

3. the deposit of soot in pockets throughout the breeching;

4. the reduction in precipitator efficiency (on an overall weight

D. Theory of Soot Formation
1. What is Soot?
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basis) since carbon, being an excellent conductor, is difficult to col-
lect in an electrostatic precipitator; and obviously

5. the discharge of soot to theambient air.

The efficiency of steam-generating units of the Boston Edison
Company and of the Metropolitan Transit Authority at their South
Boston Stations was investigated for the morning of May 13. A
preliminary investigation of records failed to indicate the probabil-
ity of significant periods of mal-operation of any units of the Bos-
ton Edison Company during the period of interest. However, cer-
tain records of the MTA, the general condition of the plant, and the
weight of other evidence which tended to indicate that the MTA
plant was a probable source of much of the soot, caused the Divi-
sion to inquire further into the operation of steam generating
equipment at this station.

B. Fundamentals of Further Investigation into Operation at MTA
For purposes of orientation, certain facts regarding the plants’

operation on the morning of May 13, will be restated here. Boilers
No. 21 and 24 were not operating during the morning; boiler 21
was being repaired and boiler 24 went off the line at 7:15 A.M.
Boilers 22 and 23 were brought up to load commencing about 7:00
A.M. and reached steady load about 8:00 A.M. Boiler No. 22 was
fueled initially by oil, with pulverized coal being added, according
to testifnony, at about 7:30 A.M. and continued to about 9:00 A.M.,
during which period about 10,700 pounds of coal were said to have
been consumed. After 9:00 A.M. the unit was oil-fired for the re-
mainder of the day. It remained in constant use, with varying load,
until after 6:00 P.M. Boiler No. 23 was oil-fired until 9:10 A.M.,
when it was taken off the line. It was subsequently lit off again
briefly (5-10 minutes) at about 9:30, shut down, and then put back
on line at 10:15 A.M.

The Department in its investigation considered the following
data available for the plant:

Fuel Consumption: Oil consumption for the plant is available

A. Preliminary Investigation

VIII. EFFICIENCY OF COMBUSTION AND THE PRODUCTION
OF SOOT BY THE SOUTH BOSTON STATION OF THE MTA
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from a continuous record of the amount of oil pumped to
and in storage at the plant. Certain estimates must be made
to proportion this total consumption between the two
operating units.

Total coal consumption, for the period 7:30-9:00 A.M., is
reported to have been 10,700 pounds, all of which was fed to
boiler No. 22.

Heating Value of Fuels: The White Fuel Company supplied
data on the heat value of the fuel oil. This value, 18,380
BTU (British Thermal Units) per pound of oil, is the so-
called “higher heating value”, and does not take into account
the vaporization and subsequent heating of water formed by
the combustion of hydrogen. If this inescapable loss is
charged against the fuel, the resultant “lower heating value”
is 17,400 BTU per pound, or, when converted to BTU per
gallon at the temperature of oil for which the service tank
is calibrated, 140,000 BTU per gallon.

A 1958 analysis by the MTA of the coal revealed a
“higher heating value” of 14,100 BTU per pound; the “lower
heating value” is estimated to be 13,000 BTU per pound.

The use of lower heating values, as was done in the re-
mainder of this section, gives thermal efficiencies of prop-
erly operated boilers in the vicinity of 80%.

Steam Production and Heat Output (HO): There are avail-
able continuous records of steam production and steam tem-
perature for each operating unit. Steam pressure was stated
as 305 psis, while boiler feedwater temperature was said to
be 245 °F. The charts variously indicate steam temperatures
of about 500 - 600°F.

Other Unit Records: There are available for boiler No. 23 con-
tinuous records of carbon dioxide (CO2) in the flue gas and
a continuous smoke recorder chart, for theperiod of interest.
For boiler No. 22 there was no operable smoke recorder on
May 12 or 13, and the C0 2 recorder was inoperative over the
period 8:00-10:00 A.M., May 13.

Continuous flue gas temperature records are kept and the
Bailey Boiler Meter charts show steam flow and relative air
flow curves, for both boilers.
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Certain Assumptions:
On the basis of the CCb and smoke density indicator rec-

ords, it was assumed that Boiler No. 23 (which was fired
with oil) was operating properly and efficiently. During the
entire period 8:00-9:30 A.M., thermal efficiencies for the
boiler units were estimated as follows (based on lower heat-
ing values):

Boiler No. 23-—-80% (assumed to be operating
(efficiently)

Boiler No. 22—-8:00-8:30 75% (lower than No. 23
because the unit was fired with a com-
bination of coal and oil, but not very
low because no sootfall was observed)
8:30-9:30 unknown

1. On the basis of plant records and absence of sootfall it was
assumed that normal thermal efficiency was achieved during
the period 8:00-8:30 A.M. An estimate was then made of
the consumption of coal over that period, as follows:
a. Boiler No. 23

From records of steam production and temperature, the
equivalent heat output was calculated. A thermal efficiency
of 80% was assumed to permit estimation of required heat
input. This required heat input was equivalent to 660 gal-
lons of oil.

b. Boiler No. 22
From records of steam production and temperature, the
equivalent heat output was calculated. A thermal efficiency
of 75% was assumed to permit estimation of required heat
input. Since 940 gallons of oil were used in the plant in
this period, of which 660 gallons were used in boiler No. 23,
280 gallons were used in boiler No. 22. The remainder of
the required heat input must have been derived from coal.
Thus it is estimated that 3200 pounds of coal were con-
sumed during this period.

2. It was assumed that the rate of coal feed was the same over
the next half-hour (viz. 8:30 - 9:00 A.M.)

Rate of Coal Consumption at MTA Plant
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D. Overall Thermal Efficiency of MTA Plant, May 13, 1960.
Time Interval

8:00 - 8:30 8:30 - 9:30 8:00 -9:30
Steam Production (pounds) 124,000 197,000 321,000
Heat Output (million BTU) 135 212 347
Oil Consumption (gallons) 940 2310 3251940 2310 3250
Coal Consumption (pounds) 3200 3200 6400

Heat Input (million BTU) 170 365 538
Efficiency (Thermal) 79% 58% 65%
Thermal Efficiency of MTA Boilers Nos. 22 and 23,E.

8:30 - 9:30 A.M.
1. Boiler No. 23

From records of steam production and temperature, the
equivalent heat output from this boiler was calculated. A
thermal efficiency of 80% was assumed to permit estimation
of required heat input. This required heat input was deter-
mined to be equivalent to 830 gallons of oil.
2. Boiler No. 22

From records of steam production and temperature, the
equivalent heat output from this boiler was colculated. The
actual heat input was derived from the estimated fuel input to
the boiler; 3200 pounds of coal (Sect. C-2) and 1480 gallons of
oil (Station use minus consumption by boiler No. 23). The
thermal efficiency of the boiler during this period (the ratio
of heat output to heat input) was calculated to be 48%.

F. Estimate of Amount of Soot-Produced and Released by Boiler
No. 22, MTA, 8:30 - 9:30 A.M.

1. Soot Produced
a. The consumption of fuel by and the thermal efficiency of

this boiler during this period have been estimated as
1. Oil Consumption 1480 gal. = 11,800 pounds
2. Coal Consumption 3200 lbs.
3. Thermal Efficiency 48% (say 50%)

b. At normal thermal efficiency, assumed as 75% when burn-
ing coal and oil together, very little carbon is not converted
to CO or C0 2 ,

i.e., very little soot is formed.

(See Section C)
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For purpose of initial calculation, it was assumed that the
reduction from normal to actual thermal efficiency was en-
tirely due to the formation of soot; i.e., the loss of the heat
value of carbon. This permits calculation to show that
about 3500 pounds of soot may have been formed in the
furnace of boiler No. 22, from about 8:30-9:30 A.M.

c.

Soot Released to the Ambient Air
If it is presumed that 70% of the soot formed was retained
in the breeching, precipitator, stack, etc., about 1,000
pounds would have been discharged.

a,

Discussion of Findings3.
These figures of soot production and discharge were ar-
rived at through the use of a series of estimates, assump-
tions, and calculations to demonstrate that a period of poor
combustion probably did exist, between the hours of 8:30
and 9:30 A.M., in boiler unit No. 22 of the MTA, and to
show how much soot was probably formed. Reasonable
variations can be made in the estimates and assumptions
which would decrease the calculated inefficiency and soot
production, but not to the extent that they would cease to
be significant. It can certainly be argued that carbon
monoxide may have been formed thus reducing the esti-
mated quantity of carbon soot formed. Some of the heat-
ing loss may have been due to failure to burn fixed carbon
in the coal. On the other hand, the estimated removal effi-
ciency may be high. In summary, it would appear certain
that at least several hundred pounds of soot were released
to the ambient air from the MTA power plant during the
period 8:30 A.M. to 9:30 A.M.

a

2.
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The Division of Sanitary Engineering of the Department of
Public Health investigated this matter and prepared this report.
The Division’s engineers were assisted in their investigations and
studies by personnel of the Smoke Division and by Mr. Leonard C.
Mandell, P.E., acting in the capacity of consultant.

Mr. Oscar Tenenbaum, Chief Forecaster of the U.S. Weather
Bureau, provided certain technical information and data and as-
sisted in matters of meteorology. Officials and other personnel of
all plants contacted willingly cooperated in the investigation.

Certain other governmental agencies, private institutions, indus-
trial concerns, and industrial organizations were contacted for
specific information and data. The Department is grateful to all
for the assistance rendered and the cooperation extended to it.
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It is palpable to this Committee that the administrative machin-
ery under which the Division of Sanitary Engineering, Smoke In-
spection Division, is forced to work is grossly inadequate.

There is no doubt that the proponents of the legislation which
incepted the Division of Smoke Inspection in 1910 exercised gen-
uine foresight. The tremendous technological advancement that
has occurred and the fantastic growth of our industries have
wrought changes that have, in great measure, resulted in new
sources of atmospheric pollution.

The information gathered in the instant case has indicated to
this Committee that air pollution (the instant case being only one
type of air pollution) is a problem of tremendous magnitude. It
is increasing, almost in an unbridled manner. The number of dif-
ferent sources contributing to this problem is not easily calcul-
able, since much of it emanates from automobiles and home heat-
ing units.

The part played by the weather conditions which are not with-
in the control of man —■ is of paramount importance.

It appears that the Department of Public Health and the local
communities are not sufficiently equipped to meet and overcome
this general problem of air pollution; further, the extent to which
it has become a problem and the damage it may and can do is
not fully comprehended either by officials or by the public. The
public must be educated to the inherent dangers. The agencies
who can meet, control and overcome the challenge need funds and
skilled employees.

This Committee feels that the enactment of the legislation which
is proposed in this report and which is based, in great part, on H-45
presently before the Committee on Ways and Means on the side of
the Senate would be a giant step in the proper direction.

®lj? (HmttttunuuraUlj of iHaaoarljuai'tto
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The only certain method of preventing trouble is to reduce air
pollution as much as possible before we are faced with a catas-
trophe. The agency needs more money to do its work. Public
safety demands immediate positive action.

Respectfully submitted,

Senator JOHN E. POWERS, Chairman,
of Suffolk.

Senator JAMES W. HENNIGAN, JR.
of Suffolk.

Senator FRED LAMSON,
of Middlesex.

Senator MICHAEL LoPRESTI,
of Suffolk.
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in the Year One Thousand Nine Hundred and Sixty.

An Act relative to control of air pollution in the city of
BOSTON AND VICINITY.

Be it enacted by the Senate and House of Representatives in
General Court assembled, and by the authority of the same, as
follows:

1 Section 1. Chapter 111 of the General Laws is hereby
2 amended by adding after section 142A, inserted by section 3 of
3 chapter 672 of the acts of 1954 the following two sections:
4 Section Uy2B. There is hereby established a metropolitan
5 air pollution control district, to consist of the territory and
6 waters comprised within the cities and towns of Arlington,
7 Belmont, Boston, Braintree, Brookline, Cambridge, Canton,
8 Chelsea, Dedham, Everett, Lynn, Malden, Medford, Melrose,
9 Millis, Milton, Needham, Newton, Peabody, Quincy, Revere,

10 Saugus, Somerville, Stoneham, Wakefield, Waltham, Water-
-11 town, Weymouth, Winchester, Winthrop and Woburn, and such
12 other cities and towns as may from time to time make applica-

-13 tion to the department for admission to the said district and
14 are thereupon accepted by vote of the department; provided,
15 that such city or town and a city or town of the district as it
16 exists at the time of application shall be at least in part con-
-17 tiguous.
18 It shall be the duty of the department to control pollution
19 of the atmosphere within the metropolitan air pollution con-
-20 trol district. In the exercise of its duty the department may!
21 from time to time, after notice to all persons interested and a
22 public hearing, describe and establish, and may amend or repeal
23 rules and regulations to prevent pollution or undue contamina-
-24 tion of the atmosphere within the metropolitan air pollution

PROPOSED LEGISLATION
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25 control district. Said rules and regulations after being so pre-
-26 scribed and established shall have the force of law. The rules
27 and regulations shall become effective upon filing with the
28 state secretary, unless a later date is specified by the depart-
-29 ment, and such filing shall be prima facie evidence of compli-
-30 ance with all regulation-making requirements imposed by law.
31 Personnel of the department in the performance of their
32 duties under this section may enter and inspect any property
33 premise or place and stop, detain and inspect any motor
34 vehicle for the purpose of investigating either an actual or sus-
-35 pected source of air pollution or air contamination or ascer-
-36 taining compliance or non-compliance with any code, rule or
37 regulation promulgated under this section. Any information
38 relating to secret processes, or methods of manufacture, or
39 production obtained in the course of the inspection or inves-
-40 tigation shall be kept confidential upon request.
41 This section shall not operate to abrogate any of the powers
42 and duties, as defined by general or special law, of any agency
43 or political subdivision of the commonwealth.
44 The department shall have power to order any person, cor-
-45 poration or political subdivision having control of an air con-
-46 tamination source, other than an employee, to stop or abate
47 violations of the provisions of any rules and regulations
48 adopted pursuant to this section or of any rules and regula-
-49 tions adopted under provisions of Section 142A, Chapter 111.
50 Any person, corporation or political subdivision violating
51 any order of the department shall be guilty of a misdemeanor,
52 and may be punished by a fine of not less than fifty nor more
53 than one hundred dollars for the first offence and not less than
54 two hundred nor more than five hundred dollars for every
55 succeeding offence.
56 For the purpose of this paragraph each subsequent day or
57 part thereof of violation of such an order, while such violation
58 may be either continuous or intermittent, shall be construed as
59 a separate and succeeding offence. Violation of any order of
60 the department, while such order is not the first issued within
61 the calendar year against the same person, corporation or
62 political subdivision for a like violation from the same air con-
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tamination source of a rule or regulation adopted under this
section, shall be construed as a separate and succeeding
offence. The superior court sitting in equity, on petition of the
department or any person authorized by the department shall
have jurisdiction to restrain violations of any rules or regula-
tions adopted pursuant to this section during the prosecution
of any proceeding at law for the enforcement of any order of
the department.

63
64
65
66
67
68
69
70

Nothing in this section or in any rules or regulations adopted
hereunder shall be construed as relieving, under any circum-f
stances, any person, corporation or political subdivision from
responsibility or liability for any damages which may occur
or for civil or criminal proceedings arising out of or as a result
of any action of said person, corporation or political subdivi-
sion, regardless of any action of the department, and persons
other than the department shall not acquire actionable rights
by virtue of this article.

71
72
73
74
75
76
77
78
79

The department in order to properly discharge its duties
under this section shall maintain and operate such air sampling
stations and devices; make or perform such routine and special
examinations, inspections, observations, determinations, lab-
oratory analyses, and surveys; maintain such records; and per-
form such other acts as it may deem necessary to conduct an
adequate air pollution control program within the metropolitan
air pollution control district.

80
81
82
83
84
85
86
87
88 The department shall request that funds in addition to its

annual appropriation be appropriated by the general court for
payment of the proportionate cost of its activities in the dis-
charge of its duties under the provisions of this section. A
separate accounting of such funds shall be maintained.

89
90
91
92
93 The commonwealth shall be reimbursed, as hereinafter pro-

vided, for all such appropriations made by the general court
and expended by the department. The state treasurer shall
issue his warrant requiring the assessors of the cities and* 1
towns of the metropolitan air pollution control district to as-
sess a tax in the amount of the sums expended, and such
amounts shall be collected and paid to the state treasurer as
provided by section twenty of chapter fifty-nine of the Gen-

94
95
96
97
98
99

100
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eral Laws; provided, that such city or town may in any year
anticipate in whole or in part its assessment, and appropriate,
raise and deposit the amount thereof with the state treasurer,
and any sums so deposited shall be credited against such assess-
ment. The appropriate share of each city or town shall be
one-half of the amount of the sums expended times the ratio
between the population of the city or town and the total popu-
lation of the several cities and towns of the metropolitan air
pollution control district plus one-half of the amount of the
sums expended times the ratio between the assessed valuation
of the city or town and the total assessed valuation of the sev-
eral cities and towns of the district. The populations of the
several cities and towns shall be the populations as determined
by the last state or federal census, and the assessed valuations
of the several cities and towns shall be the last preceding val-
uations made for purposes of apportioning the state tax.

101
102
103
104
105
106
107
108
109
110
11l
112
113
114
115
116

The department may establish a schedule of reasonable fees
for permits, if permits are required by rules and regulations
established by the department under provisions of this section
and receipts therefrom may be expended by the department
without further appropriation.

117
118
119
120
121
122 Section Other air pollution control districts similar

to that established by section 1428 of chapter 111 may be
formed upon approval of the department. Each such district
shall be composed of at least two political subdivisions of the
commonwealth, portions of the boundaries of some or all of
which shall form a continuous boundary enclosing the entire
area of the air pollution control district. The municipalities
desirous of forming such a district shall jointly make applica-
tion to the department, requesting the department to form the
said district and to effect, in such manner and to such degree
as the department may deem necessary and appropriate, the
control of air pollution therein. The manner of making such
application shall be as specified in applicable general or special
laws. The powers, duties and rights of the department in the
exercise of air pollution control in such districts and the man-
ner in which funds shall be made available to it shall be as
provided in the said section 1428 of chapter 111.

123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
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1 Section 2. Upon the effective date of this act the division
2 of smoke inspection, as established by chapter 352 of the acts
3 of 1934 and transferred to the department of public health by
4 chapter 672 of the acts of 1954 is abolished and all employees
5 of the department of public health who are presently engaged
6 in the enforcement of or are assigned to duties required by
7 chapter six hundred and fifty-one of the acts of nineteen hun-
-8 dred and ten are assigned herewith to the division of sanitary
9 engineering of said department, and may be further assigned

10 to duties required by this act, at the discretion of the depart-
-11 ment. Passage of this act shall in no way operate to impair
12 the civil service, retirement, seniority or any other rights of
13 the afore-mentioned employees, and their continuity of service
14 shall hot be deemed to be interrupted within the meaning of
15 either chapter thirty or chapter thirty-one of the General
16 Laws.

1 Section 3. Chapter six hundred and fifty-one of the acts
2 of nineteen hundred and ten, as amended, chapter one hundred
3 and eighty-eight of the acts of nineteen hundred and thirty-
-4 six, chapter five hundred and forty-four of the acts of nineteen
5 hundred and fifty, section six of chapter six hundred and sev-
-6 enty-two of the acts of nineteen hundred and fifty-four, and
7 any other acts or portions of acts inconsistent with the pro-
-8 visions of this act are hereby repealed; provided, that such
9 provisions of said chapter six hundred and fifty-one of the acts

10 of nineteen hundred and ten as apply to the classification of
11 stacks, the prohibition of smoke emissions, and the method of
12 observation shall remain in force and effect and have the status
13 of rules and regulations adopted pursuant to section one hun-
-14 dred and forty-two B of chapter one hundred and eleven of the
15 General Laws, as inserted by section two of this act, until
16 superseded by subsequent rules and regulations as may be
17 adopted by the department of public health.

1 Section 4. Chapter 236 of the acts of nineteen hundred,
2 Chapter 37 of the acts of nineteen hundred and twenty-one, and
3 Chapter five hundred and twenty-six of the acts of nineteen
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4 hundred and forty-one, are repealed as of the first anniversary
5 of the effective date of this act.

1 Section 5. This act shall take effect upon its passage.



I


