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ROBERT L. CHASS, Director of Engineering, and RALPH E. GEORGE,

lE‘hc many attractive features of
Southern California living have led to a
steady: influx of people from other arcas.
In Los Angeles County, this migration is
unprecedented.  Since 1940, the popu-
lation has grown from 23/. million to
over 5!/, million people in 1959, Im-
pressive as this increase in population
has been, the expansion of commercial
and industrial enterprise has been even
more dramatic. Keeping pace with thig
remarkable growth in economic activity
has been the growth in demand for
thermal energy and in the use of fuels to
supply this demand.

By 1980, assuming no rost.nctlons
were placcd on the burning of fuel oil,
community activitics in Los Angeles
County would require nearly a half
million batrels of liquid fuels, exclusive
of gasoline, and over 2!/, billion cubic
feet of gaseous fuels daily.. The com-
bustion of these fuels would result in
the dzily emissions to the atmosphere of
25490 ths of sulfur dioxide, 1350 tons
of-¢¥idde of nitrogen, and 230 tons of
g vmlmctmw sontaminants. This would
roproconu a 455 per cent increase in the

" emissions of mr conta.mmants over those

emitted in 19.;;5 ros the ¢ombustion of
these fucls. - Tabig1: :shows the expected -

_Jmervase in’ fuel Tequirements and re-
'r=sultmg emissions to the atmd‘sphere

f‘rom 1955 to 1980. The amtSunt of
fuvl*ml usage which may be supplanted

~ natural ghs because of Rule 62 i

llmlt.m;l,r the suliur content of liquid fuels: -

"—l’d‘

‘HATves some mdlcatl(m qfwthq‘

brgmendous growmgh . + Los~. Angeles
1980, d‘l:' e -ekpected that

the pnpﬂfa?tvnry\'lﬂ reach*9,980,000 and

_ that ‘ther("a\uﬂ be 6300,,000 rvglstcred

Vehje l(‘s i the . County, consuming
11.780,000 gallons of gasgline cach day:
It is apparent from these figures that

. considerable planning must be accom-

plished to prcvcnt. Shose exorbitant ton-
nages of air cont.ammamﬁfmm being .

* Presented at thc 52nd Annual Mecting
of A} CA, June 21-26, 1959, Smuu' Hotel,
bos Angclca, Calif,

.3“1‘*‘13

c'éent by weight, has not Begn '_
; pr%yco{rgl}n Thase estimates, -7y,

released into the atmosphere. It is
cssential that this area be supplied with
the cleanest possible fuel—natural gas.
As a step to bring this about, the Air
Pollution Control Boeard promulgated,
on November 13, 1958, Rule 62 which,
in cffect, prohibits the use of any liquid
fuel containing sulfur compounds in
excess of 0.5 per coent by weight during
the calendar period of May 1 through
QOctober 31. The rule was designed to
compel the use of natural gas in Los
Angeles County by steam power plants,
oil refineries and other iridustrial and
commercial establishments during the‘
summer and early fall months. It is
during these periods that meteorological
conditions normally are most conducive
to the clevation of atmospheric cofi-,
taminant concentrations.

It has been recognized that weather
conditions favorable to the accumula-
tion of air pollution can also oceur dur-
ing the portions of the year when Rule
62 is not in effect.- In order to minimize
the emission of contaminants fram the
combustion of fuel oil on such days, a
co-operative voluntary program known

5 ‘“‘Operation Fuel Switch” has been
'ent,ered into by consumers of large qua.n-
tities of fuel oil.

Operation Fuel Switch wﬁs.mtmlly

~ instituted at fhe urging i~the Air

Pollution anjrol Officer dunng the fall
of 1957 and"aconttﬁped in sn experi-
'menta'l Jas}uerf’nntfl January 2, 1959,

_ panded

-- Jocal

Senior Engineer, Los Angeles County Air Pollution Control District

.

At this time, there was 1mtlatcd aif’ ex-
detailed program mvolvmg
those consumcers who, in the aggregate,
account for 80 per cent of the fuel oil
used in Los Angeles: County.

This program iawolves the followmg
detailed plan of action: .
- 1, Oil rcfineries, power plants and
other large industrial fuel users volun-
tarily cease the burning of fuel oil on

those days when the APCD requests that -

Operation Fuel Switch be placed into
action because of expected moderate-to-
heavy eye irritation.

2. APCD meteerologists notify the
gas co-ordimator of expected
smog conditions by means of forecasts
issued three fimes daily—10 A,
(forecast for the following day), 3 P.M,
(forecast for the following day), and
8 A.M. (forecast for the same day).

3. The APCD motifies the oil re-

" firieries. power piamts and other large

industrial fuel users, by means of se-
lective calling facilities, daily at 2 P,M,,
of the expected :55: mllutlon condmom.

4.- In the eweBt that the 8 A.M.
SIOE’ foreca&t indigates that "the two
'pl:cv 5 forecasts mre no longer valid,

g o 8 rapid chamge in weather con-
dmons, the APCD¥ will inform the local
gas co-ordinator, as well as the large
users of fuel oil, t® that effect at ap-
pronmately 8 ADM. .

It is not within tlke scope of this paper
to present an evalustion of the effeets of

,-Tqble I—Forecast of Fuel Requirements of Los Angeles Cownty and Resulting

Emissions to the Atmosphere

Emissions to the Atmosphere

Combus-
Fuel Requirements® - tion

Residual Distillate Natural  Refinery Sulfur  Oxides of Contam-
Fuel Oi), Fuel, Gas, (Gas, Diexide, Nitro-  inants
- Bbls/ Bhla/ Bhla/ Bbls/ Tons/ gen, Tons
Yeur Day Day Duyt Day? Pay  Tona/Day  Day
1955 60,000 5,000 155,000 36,000 420 275 40
1960 800,000 7,000 190,000 45,000 510 360 50
1970 225000 15,000 285,000 50,000 1,275 750 . I
1980 50,000 20,000 380,000 50,000 2,500 1,350 230

= R. 8. Tulin, Fuel Requirement and Suppl

v—Liquid Petrolewm and N’uwml Gas,

District V—Los Angeles Basin, Report of Joint RRescarch Council, Fin. 1958.
b &ix thousand cubic feet of natural gas or refinery gns ie considiered cquivalent to one

barrel of fuel oil.
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ion Fuel 8witch but rather to
bow that the emission of air contami-

b the three remaining major air pol-
gtion problems facing control officials
b Los Angeles County. It is hoped
hat sufficient supplics of natural gas
4ill be made available in the near future
p enable Rule 62 to be made applicable
be year round.  Operation Fuel Switch
the meantime will implement Rule
2 during the so-called winter scason,

r contaminants cmitted into the at-
qosphere from the burning of fucl oil, a
pogram was designed to determine
duission factors for all types of com-
stion sources utilizing both liquid and
bsrous fuels. This paper presents the
sults to date of this combustion study.

fonsumption of Gasecus and
jiquid Fuels in Los Angeles County

| The emissions of air contaminants
rom the burning of fuel oil present a
jeripus air pollution problem in Los
pngeles County, Recognition of this
act has created the impetus necessary
‘o acquire the knowledge  and under-
anding of the problem required for its:
golution. In investigating this prob-
Gun, an assessment was made of the
future demands for thermal energy in
wiew of the vigorous growth in popula-
tion and industry and the extent to
iwhich fuel oil and natural gas respec-

kively had supplied these requirements .

jin‘the past and would supply them in the
ture. ‘ to

Most industrial plants and steam-

lectriec generating power plants in Los
ngeles County are equipped to burn
both fuel oil and natural gas. Prac-
tically all commercial and ‘small in
dustrial establishments, as. well as the
majority of large industrial establish-

Ents from the burning of fuel oil is one

In view of the enormous tonnages of

Table ll—Growth of Los Angeles County

Registered

Gasoline
Consumption,

Year Population Vehicles Gals/Day Industries
1940 2,785,643 1,220,361 1,920,000 3, 400
1950 4,151,687 2,007,552 3,850,000 11,500
1960 6,120,000 3,450,000 6,400,000 17,000
1970 8,050,000 4,900,000 9, 100,000 21,000 -
1980 9,980,000 6,350,000 ., 11,780,000 25,000

Table llI—Fuel Oil and Natural Gas Usage by Power Plants, Oil Refineries

~and Other Interruptible Industrial Sources in Los Angeles County and Gas .

Supply Potentially Available for 1954 Through 1958

' 8 o

———Expressed as Equivalent Barrels of Fuel Oila —
. Natural Gas

- Available

Fuel 0Oil Natural Natural Gag But Not

Year Burned Gas Burned Available Purchased

1054 15,308,031 25,722,215 - 29,085,145 3,362,930

19556 20,048,128 24,089,892 24,518,359 428,467

1956 19,665,748 26,362,888 26,575,538 212,650
1957 22,280,017 27,747,525 27,747,525 s

1958 16,562,733 28,082,778 34,481,978 6,399,200

* Bix thousand cubic feet of natural gas is considered equivalent to one barrel of fuel oil.

ments, normally burn natural gas with
oil used only as a standby fuel. Natural
gas is the preferred fucl generally, as it
provides thermal cnergy at the lowest -
cost per BTU, but the extent to which
it is used in lieu of fuel oil is almost en-
tirely dependent upon the availability
of natural gas supplies. The majority
of large industrial plants receive nat-
ural gas on an interruptible basis and,
as & result, are not adequately supplied
during periods of heavy total demand.
Essentially, all of the demand for ther-
mal energy in Los Angeles County 1s
being met with petroleum and natural
gas fuels. When gas is not available
to meet the demand, the energy deficit

is normally filled by residual fuel oil. . -~ -~ ‘of the area’s industrial fuel require-

! .
o i ;
— - g .

-

.

In determining the over-all energy

requirements of this area and the fuel
demand for the future, it was necessary
to examine expected population growth
and expansion of commercial and in-
dustrial activity. Historical data were
developed on the demand for liquid and
gaseous fuels for the period from 1954
through 1958.

The industrial fuel requirements of
this area are met in quite a different
manner from that of the rest of the
country. Together, oil and natural
gas supply cssentially 100 per cent of
the fuel requirements in Los Angeles
County. For the past five years, fuel '
oil has supplied from 30 to 35 per cent
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Fig. 1. Five-yeor summary of monthly fuel oil and natural gas consumption by general service (firm gas) gos customers in Los Angeles County |
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Table IV—Five Year Summary of Fuel Qil and Natural Gas Usage and Percentage of Total Fuel Qil and Natural
Gas Burned by General Service and Industrial Gas Customers in Los Angeles County for 1954 Through 1958

Cieneral Industrial
Serviee Sources
— - Fuel Usage Expressed as Fquivalent Barrels of Fuel Oil ~ Qil Gas  Qil Gas
General Service Industrial Sources Total Fuel Use, % Do %
= (Firm Gaa Users) g--——— ~——(Interruptible Cins Uscre) b—— —r—————All Bources—————— o? of n? of
. Total Totn Total Teotal Total Total
- Fuel Natural Fuel Natural Fuel Fuel Natural Grand Furl Natural Fuel Natura
Year 0il Gns 0il , Gas 0Oil Qil G Total il Gas 0Oil Gas
1934 2,104,406 24,401,241 26,505,647 15,308,031 25,722,215 41,030,246 17,412,437 50,123,436 67,535,803 12.1 48.7 87.9 51.3
1055 2.630,855 28,246,471 30,880,420 20,048,128 24,080,802 44,138.020 20 G87.083 52,330,466 75,024,440 116 540 884 4RD
1056 2.583.207 29,205,600 31,878,807 19,665,748 26,362 888 16,028,636 22 248 055 55,658,488 77,907,443 1.6 52.6 88,1 47.4
1057 2,345,239 20,203,670 31,638,615 22,280,017 27,747,525 50,027,342 24.625.256- 57,041,201 81,606,457 9.5 51.4 00.5 48.6
1058 1,004,773 28,671,648 30,576.421 16,562,733 28,082,778 44.645,511 18,467,506 56,754,426 75,221,932 10.3 50.5 89.7 49.5

a ncludes all domestic, commercial and industrial sources on firm gas achedules,
b includes power plants, oil refineries and all other industrial sources on interruptible gaa schedules,

ments, with natural gas and refinery-
produced fuel gas supplying the balance.

Data are presented in Tables III
through VII and Fig. 1 through 11 on
fucl usage by nearly every segment of

the domestic, commercial and industrial -

complex of Los Angeles County. In-
cluded in the category of “interruptible
industrial sources,” are the power
plants, oil refineries and other large in-
dustrial sources purchasing natural gas
on curtailable schedules. The “gen-
eral service” category includes all
domestic, commercial and . small in-
dustrial users of natural gas, purchasing
gas on firm or noncurtailable schedules.

~In Table III, historical data are given
on the total amount of fuel oil and nat-
ural gas consumed by power plants, oil
refineries and other large industrial
sources in Los Angeles County for the
period 1954 through 1958, ~ Also shown
are data on the quantities of natural
gas which were available to consumers
in this area from out-of-state sources,
but were not purchased. Fig. 1 through
4 provide a monthly brcakdown of oil
and natural gas consumption in Los
Angeles County for this same five-year

Table V—Total Yearly Fuel Usage and Percentage of Yearly F
Plants, Qil Refineries and Other Interruptible

period, by general service gas custom-
ers, interruptibie industrial customers
(large industrial sources other than
power plants and oil refineries), oil re-
finerics and power plants respectively.

Table IV presents a comparison of
fuel usage by gencral service and indus-
trial gas customers in Los Angeles
County for the years 1954 through 1958.

Total yearly fuel usage, as well as a
breakdown of the quantities and per-
centages of each fuel burned by power
plants, oil refinerics and other interrupt-
ible industrial sources in Los Angeles
County, is tabulated in Table V.

In Table VI, a monthly breakdown is
given of the quantities of fuel oil and
natural gas burnéd in Los Angeles

County in 1958 by power plants, oil

refineries and other interruptible in-
dustrial sources. Also shown is the
natural gas supply potentially available
for each month of this period and the
quantitics of natural gas which were
available but not purchased during this
same period.

Table VII presents an estimate of the
total potential fuel requirements of all
firm. and interruptible gas customers in

Los Angeles County (including portions
of adjacent countics in the same gas
service arca) anc the potential supply of
natural gas projected for the calendar
period of May 1-~October 31, 1959,

through 1965 (cficctive period of Rule

62).

In projecting the fuel requirements of
Los Angeles County no attempt was
made to establish how these require-
ments would be met, except during the
period when Rule 62 would be in effect,
1t is apparent from the forecast of po-
tential. fuel requirements that substan-
tial quantitics of both fuel oil and
natural gas will be nceded to meet the
estimated demand during the 1959-1970
period. It is expected that the indig-
enous production of natural gas will

"~ not be adequate and gas suppliers will

need to rely to an ever increasing de-
gree upon out-of-state supplies.! To
the increased deliverability already pro-
grammed by the natural gas suppliers,
even greater expansion will take place
within the next ten years. If present
contractual agreements of the gas com-
panies for out-of-state gas are approved
by all the regulatory bodies, Los Angeles

vel Requirements Supplied by Fuei Qil at Power
Industrial Sources in the Los Angeles Basin for 1954 Through 1958

Industrial . —~—— Amount of Fuel Burned Expressed in Equivalent Barrels of Qilse ———
Source Type of Fuel t 1954 1955 1956 1957 1958
Power plants Fuel oil 5,012,510 11,111,785 11,417,635 14,557,322 7,414,082
Natural gas . 11,578,750 9,987,889 10,058,395 11,178,402 14,529,994
. Subtotal . 16,591,260 21,009,674 21,476,030 25,735,724 21,944,076
! Qil per cent of total fuel use 30.2 52.7 53.2 56.6 33.8
Qil refineries Fuel Qil . 3,098,085 2,089,631 1,420,071 1,248,642 3,362,951
. Natural gas G,124,863 7,290,136 8,609,156 8,866,155 5,508,158
Refinery make gas 10,053, 214 10, 851,685 11,659,611 11,962,624 14,263,276
Sﬁbmtai ' 19,276,162 20,231,452 21,688,838 22,077,421 23,134,385
. Oil per cent of total fuel use 16.1 10.3 6.5 5.7 14.5
Other industrial Fuel oil . 7,197,436 6,846,712 6,828,042 6,474,053 5,785,700
: Natural gas . 8,018,602 6,811,867 7,695,337 7,702,968 8,044,626
B Subtotal . 15,216,038 13,658,579 14,523,379 14,177,021 -13,830,326
0il per cent of total fuel use 47.3 50.1 47.0 45.7 : 41.8
Total yearly fuel oil usage 15,308,031 20,048,128 19,665,748 . 22,280,017 16,562,733
Total yearly natural gas usage 25,722,215 24,089,892 26,362,888 27,747,525 28,082,77§ :
Total yearly refinery mq.ke £28 usage 10,053,214 10,851,685 11,659,611 11,962,624 14‘203.270_
Grand total yearly fuel usage 51,083,460 54,989,705 57,688,247 61,990, 166 58,908,787
il per eent of total fuel use ©30.0 36.5 34.1 35.9 28.1

@ Six thousand cubic feet of natural gns is considered equivalent to one barrel of fuel oil.

e - ) . . Journal of the Air Pollution Assoclafion




. J *County will be assured of 2 natural gas Table Vi—Fuel Qil and Natural Gas Burned in Los Angeles County in 1958 .
upply suflicient to meet its total po- by Power Plants, Oil Refineries and Other Interruptible Industrial Sources
tentinl fuel requirements for the next six : and Natural Gas Supply Potentially Available ‘
cars, at least during the six months’ : i
period when Rule 62 is in effcet.

Expressed as Iquivalent Barrels of Fuel Oile
. : Natural Gas

Emissions from Combustion Sources Availuble

' Fuel Oil

. . . Natural Natural Gas But Not
Investigations in the control of air Month Burned Gas Burned Available Purchased?®
allution from the c‘omhustion of_ fucls Jam. 1.75% 033 5.009.705 2,030 212 20. 217 :
Was iﬂt(‘l‘lsiﬁl:‘d (‘ﬂl.']:\_' .lll 1954 when it w_as Fely. 1:254:064 2:358:481 2:38-3:88’. ‘2'5:400
found that in utilizing heavy fucl oils Mar. 1,501,254 -2,014, 588 2,015,671 ° 1,083
Jarge steam-clectric generating installa- A 1,202,3.:38 1,886,087 .2.:516,4‘87 629,500
tions could not be operated without “}“?3’ 1?‘?8'33% g'g‘.};'.};g %’553’232 ;gév:"}gf‘_)
visihle stack emissions or_so-calied Jul. 1,204,201 2,450, 144 3,468, 541 1,009, 400
plumes .in violation of the Rules and Aug. 1,490,374 2,517,103 3,637,443 1,120,250
Hegulations of the Air Pollution Control Sep. 1,265,001 2,755,359 3,557,542 802,183
.'l)““': it ‘ Oct. 1,309,164 2,672,681 3,380,848 717,267
wtrict. teal of progress has sinee | Nov. 1,745,366 2,103,385 2,435,118 331,733
A great deal of progress has since been . peg 1,769,697 2,285,400 2,403, 100 117,700
made in the relatively unstudied ficld of —_— ' el _ oo
power plant - air pollution control Totals 16,562,733 28,082,778 34,481,978 6,399,200

through the co-operative efforts of the -
power generating agencies and the |
APCD. Research efforts in this di-
reetion have been co-ordinated by a
Joint Research Council on Power Plant
Air Pollution Control, formed in March
1936. .. '
The power plant plume phenomenon

= 8ix thousand cubic feet of natural gas is considered eqn.livale-nt. to one barrel of fucl oil.
b Estimated out-of-state supply.
‘Table Vil—Potential Fuel Requirements of All Firm and Interruptible Gas
Customers and Potential Supply of Natural Gas Projected for the Calendar
Peried May 1- October 31, 1959, Through 1965¢

Millions of Cubic Feet Per Day:

is still not fully understood, but it is Potential Potential Expeceted |
generally agreed that plume opacity is Year Requirements® Supply Surplus
affected significantly by particulate 1959 1,680.6 1,680.6 0
matter, by the small amount of SO pres- ©, 1960 1,927.6 2,086.3 ' 158.7
ent in the stack offluent, as well as the 1961 2,017.5 . 2,178.7 161.2
water vapor prescnt; by ambient at- 19063 31850 R 576
mospherie conditions, by the angle of 1964 2,303.0 : 2.400.1 97.1
lumination, and by the kind of back- 1965 2,443.1 2,482.3 39.2
ground against which the plume is ob-

served.? ’

* Foreeast estimates by Pacific Lighting. Gas Supply Company.
b make gas not included. ]

From the available stack test data on
power plants, an evaluation was made

of the contribution of this source to air
pollution. Table VIII shows the effects
of population and industrial growth in
Los Angeles County on steam-electric
power production projected to 1970.
Also shown are the fuel requirements
aud a comparison of contaminant emis-
sions from the burning of fuel oil and

In 1959, the .total annual power re-
quirement is estimated at 24 billion kilo-
watts, Of this total, approximately 15

to 16 billion kilowatts, or 65 per cent,

the natural gas equivalent of fuel oil. - —

N

will be supplied by steam generating
power plants within the County. If all
.of these plants were to burn fuel oil ex-
clusively with an average sulfur content
of 1.5 per cent, the resultant emissions
would be 320 tons per day of sulfur

dioxide, 185 tons of oxides of nitrogen -

and 30 tons of combustion contami-

" nants. If natumal gas were burned ex-
- clusively, such emissions would be re-

duced to 0.1 ton per day of sulfur diox-
ide, 120 tons of oxides of nitrogen and 3
tons of combustion contaminants,

Although the oil refineries in Los
Angeles County burn only a third as
much fuel oil as the power plants, their
combined fuel usage, including refinery

make gas, is greater than the total fuel

usage by power plants. In August
1955, a study was initiated to determine
the extent of the emissions from com-
bustion sources in oil refineries.?

The total annual consumption of fuel
oil, natural gas and refinery make gas
by the oil refineries in 1958 amounted to

- over 23 million equivalent barrels or an

Table VIll—Effects of Population and Industrial Growth in Los Angeles County on Steam-Electric Power Production
ond Fuel Requirements and Comparison of Contaminant Emissions from.the Burning of Fuel Qil and Natura! Gas
‘ Equivalent of Fuel Qil- -

Fuoel .
Total Steam- Reguired Sulfur Sulfur Nitrogen  Nitrogen )
- Power Electric for Dioxide Dioxide Oxide Oxide Aerosol  Acrosol

1 . Require- . Power Power Emissions Emissions FEmissions Emissions Emissions Emissions
i ment - Production Production from from from ' from from from
. : (Billion (Billion (Thousand Fuel Natural Fuel Natural Fuel Natural
: Popula- Kilowatt~ Kilowatt- Equivalent 0il Gasa Qil Gas 0il’ Gus
. “Lion Hours Hours s (Tons (Tons « {Tons {Tons (Tons (Tons
‘ Your (Millions) per Yenr) per Year) . per Day)  per Day) per Day)  per Day) per Day) per Day) per Day)
1950 4.2 8 4.5 20 105 0.02 60 40 10 1

1958 5.6 24 - 15 60 320 0.1 185 - 120 30 3

1970 8 66 43 190 1020 0.2 570 380 95 10
P — :

. 1os Angeles County Air Poilution Control District Fuel Survey; R. 8. Tulin, Fuel Requirement and Supply—Liquid Petroleum and

%ﬂhlrrl thy;é District V—Los Angcles Basin; Twenty-Eighth Annual Report—Utilitics—Los Angeies Area, 1957-1958 Los Angeles

amber of Commeree,

February 1960 / Volume 10, Number 1 ‘ ' _ -
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30 units of combustion equipment listed
in Table I1X, 15 were tested while fired
with both gas and oil fuels. Eleven
were tested on natural gas firing only,
and four were tested on oil firing only,
giving a total of 45 stack tests. Over
800 separate analyses were required to
determine the emissions of contaminants
from the combustion sources tested.

All of the stacks were tested for com-
bustion contaminants,* aldehydes, ox-
ides of nitrogen, sulfur dioxide, sulfur

trioxide, hydrocarbons, carbon monox-

* ““Combustion Contaminants’’ are par-
ticulate matter discharged into the atmos-
phere from the burning of any kind of
material containing earbon in & free or
combined state. (Rule 2m of the Los
Angeles County Air Pollution Control
District Rules and Regulations.)
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Fig. 2. Five-year summary of monthly fuel oil and notural gos consumption by other industrial {interruptible ges) gas customers in Los Angeles County for
N 1954 dmough 1958, : .
annual daily average fuel usage of over quired the identification of all commer-
63 thewsand equivalent barrels. The cial and industrial processes or opera-
combustion of these fuels by refineries tions utilizing combustion equipment.
resulted in daily emissions to the at- It was necessary also to predetermine
mosphere of 115 tons of sulfur dioxide, that, in a stack test of the cquipment se-
9 50 tons of nitrogen oxides and 10 tons of lected, it would be possible to sample
ecombustion contaminants. only the contaminants resulting from
. the combustion of fuels and to exclude
APCD Stack Testing Program. the emissions from any other portion of
i 'The total fuel usage by other inter-  the integrated process. In sclecting the
3 mptible industrial sources approximates cquipment for testing, an attempt was
1 waly 20 per cent of the combincd fuel , made to include as many different types
usage by power plants and oil refineries, and sizes of equipment as possible.
but in the consumption of fuel oil it is  Aside from these considerations, the
the sceomd largest source, In view of units selected for testing were based on
this, and in the absence of sufficient data accessibility and availability of ade-
1 to alloer an evaluation of the emissions quate sampling facilities. Included in
from this category of industrial com- addition to the obvious sources, i.e.,
bustiom sources, an investigation and boilers and heaters, such equipment as
tack testing program was initiated driers, ovens and furnaces operating on -~
sarly im 1957.  Preliminary planningre-  both oil and gas were tested. Of the
.‘ 194 - . “";'#_#JH - -
-
2 "
i
o i
ﬂ'.
H x0d : |
" ' a . .
: e e O L I P e S T S T | Di(.: _JANI FEb ‘.MAI | .A'I Imv.l.n.mtpuw [-Aut,lszn {oer l;.bvl cc;
10~ Ty s
i
2
H
H
§
:
™
€ LT -_(!jw_;‘nle_n Loy Lune[ oy fave | sier | oct ||nov| OEC A | it | war] am I»A-vlmrcq:uulnuclsm 5T [ MoV mc.
1937 (15" ] '
Fig. 3. Five-year summary of monthly fuel oil and natural gas consumption by oil refineries in Los Angeles County for 1954 through 1958,
i Februory 4980 / Volume 10, Number 1 .
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. Table X—Emissions from Gas Fired Combustion Equipment

———Aur Coutasumnant lNmissiopgd—=—--— . — -

. i X Aldehydes Oxides of
——————FIlue Gns Data— Stack Conditiony——————._, Combustion Contaminantad (as itrozen
Natural Orsat Analysia  Excess Moia- Grains Formaldehyde) —(As NOgjmey
Reler- Gas ~—{(Wet Basis)=-—  Air, ture, Graing ‘per SCF Pounds Pounds Pounds
ence Burqed. Vol\y\le. Temp., _COs, Oy, 20, ol Vaol. per @ 12% per ner ver
Nu. sCrn SCFMb  oF Vol, % Vol. % Vol. %¢ % % SCF CO; Hour ’pm Hour Ppmn lllnur
1 840 400 550 4.8 10.0 0.000 Y8 9.2 0.0035 0.0088 0,012 3 0.005 33 0.10
2 2,040 720 300 4.5 9.3 0.1 03 14.3 0.019 0.051 0.12 4 0.02 37 0.20
0 6,600 1,200 440 4.2 1.7 6.4 0 15.6 0.035 .10 0.36 25 0.1 5 0.04
7. 7,200 1,800 580 7.4 2.3 0.2 13 18.3 0.0049 0.0079 0.08 2 0.02 28 0.4
8 2.22‘0 2,700 160 1.7 17.2 0.00 28 4.3 0.0004 0.003 0.009 3 0.05 0.14
9 4,260 1,700 . 370 4.8 9.0 0.000 1 XY 10.8 0.0011 0.0028 0.016 4 0.03 13 Q.16
10 2,487 1,250 380 3.8 11.3 0.000 135 10.8 0.0017 0.0054 0.018 11 0.065 16,1 0.1468
11 14,100 5,000 500 5.4 2.7 4.6 16 14.7 0.0018 0,004 0.077 19 0.45 12,8 0.47
12 4,860 1,200 440 . 7.8 2.3 0.01 13 16.6 0.0022 0.0034 0.02 3 0.02 38,2 0.334
13 6,120 3,100 330 3.8 12.4 0.000 124 8.2 0.0079 0.0025 0,021 4 0,06 34.8 0.79
14 10,800 4,100 480 5.0 8.2 0.000 72 . 13.3 0.0013 0.0031 0.048 7 0.14 56 1.7
15 24,600 7.800 600 6.1 6.4 0.02 48 12.9 0.0576 0.113 3.8 53 1.7 111.6 5.50
16 15,420 5,400 218 5.2 9.1 0 85 11.2 0.0018 0.004 0.08 4 0.09 39.4 1.55
1% 28,800 11,500 600 4.8 9.0 0.0 84 10.9 0.0033 0.0082 0.33 4 0.2 124 10.4
18 11,100 2,400 470 7.0 Q0.5 1.8 0 18.0 0.00619 0.0106 0.13 3.5 0.033 a2 - 1,3
1 24,000 9,200 480 5.0 8.1 0.02 73 14.6 0.0022 0.0053 0.17 10 0.5 127 8.5
20 117 81 110 3.4 14.6 0.001 203 5.7 0.007 0.03 0.005 2 0.002 45.8 0.026
21 130 124 160 2.0 17.7 0 480 3.8 0.001 0.01 0.001 2 0.001 19.0 0.014
22 408 155 373 5.0 9.5 9.000 99 11.6 0.0007 0.002 0.0009 3 0.003 34.1 0.038
23 384 230 370 1.7 16.6 0.000 437 2.0 0.0013 0.009 0.0026 [} 0.006 14.0 0.026
24 582 310 250 3.5 14,7 0.000 33 7.0 0.0018 0.062 0.0048 6 0,008 19.5 0.045
25 1,146 1.300 330 18.1 1.0 0.000. 6 20.0 0.0069 0.075 0.073 0 2 0,18
27 619 240 440 5.6 9.1 0.04 67 5.6 0.002 0.01 0.004 2.2 0.0025 13.4 0.023
28 420 42 360 0.7 19.4 0.0 . 2.9 0.0012 0.021 0.0043 3.9 0.0045 2.8 0.0046
29 1,140 450 1040 4.9 10.0 0.000 105 11.7 0.0021 0.0051 0.0081 5 0.01 &6 0.22
30 4,679 1,100 590 2.7 13,7 0.000 355 6.1 0.0051 0.023 0.048 6.7 0.035 18.8 0.15

e All cor;com,ruti_upa expressed at actunal stack conditions except where otherwise noted.
& Zrandard conditions ere 60 degrees Fehrenheit and 14.7 PS[DA. :

¢ All CO mensurements below 0.1%; were made with M.5.A. instrument.
d “Combustion Contaminants’ are particulate matter dischatred into the atmos
(Rule 2m of the Los Angelea County Air Pollution Control Dia

combined state.
¢ Excesa air introduced after combustion zone.
ide, carbon dioxide and oxygen. In the
majority of tests the stack gas flow rate
was determined directly by Pitot tra-
verse, but where phyvsical limitations or
location of the sampling stations did not
allow a direct measurement, the flow
rate was calculated using stoichiometrie
principles, The temperature of the
stack gases was measured in all cases,
Fuel rate and fuel composition wers-also
ohtained. In the case of natural gas-
fired equipment, the gas composition
was assumed as 85 per cent methane, 12
per cent ethane and thrée per cent inert
material, whiclr is. the average composi-
tion of natural gas burned in this area.
The results of the source testing pro-
gram are shown in Tables X and XI.
It will be noted in Table X, which gives
the emissions from gas-fired combustion
equipment, that the only contaminants
listed are combustion contaminants,
aldehydes and oxides of nitrogen. Sul-
fur dioxide and sulfur trioxide were
omitted because they could not be de-
tected or else were found to oceur in
such extremely low concentrations in the

stack they were considered as negligible. .

Similarly, it will be noted that hydro-
carbons were not reported for either gas

- or oil-fired equipment as the concentra-

tions in which they occurred in every
case were below the quantitative range
of the analytical technique.

Evaluation of Stack Test Data

Fmissions of air contaminants from
combustion cquipment are dependent
not only on the type and composition of
fuel burned but on many other variable
factors. In sclecting equipment for
testing, an effort was made to obtain as
many variations of combustion param-
cters and operating conditions as pos-
sible. This was done so that the stack

\
40

test' data would reflect an average or
representative cross section of industrial
combustion sources.

In Tables XII and XIII are shown the
emission factors for the combustion
sources tested, Fmission factors for

each of the contaminants were ecalou-~

lated trom the test data for both oil-
fired and gas-fired equipment in terms of
pounds per equivalentbarrel of fuel oil.

Emissions of sulfur oxides are-a direct
function of the fuel composition, while
the emissions of other contaminants are
influenced by such variables as com-
bustion chamber design, method of
combustion-air introduction, combus-
tion temperature, burner design, burner
gpacing or configuration and other com-
bustion parameters. From. - the test
data obtained, no correlation can yet be

" found to show the extent to which con-

taminant emissions will vary as com-

phere from the burning of any kind of material containing ¢arbon in a free or
trict Rules and Regulations,)

bustion parameters differ.  Contrary to
popular opinion, the emissions of air
contaminants will vary considerably
from similar types of equipment and
from similar sizes of the same cquip-
ment.
~-  The measured values of sulfur dioxide
agreed quite well with the values cal-
culated from the fuel analysis. In the
oil-fired combustion equipment, mitro-
gen oxide concentrations varied from s
low of 14.7 to a high of 387 parts per
million. The results obtained for gas
operation varied from a low of 28 to a
high of 127 parts per million. As ex-
pected, the nitrogen oxide concentra~
tions for any given unit of combustion
- equipment tested were found to be lower
when the equipment was fired with
natural gas than when fired with fuel
oil. :
Studies made by other investigators®

Table Xl---Emissions from

. Fuel —-Fuyel Qil Apalyais——,

s Flue Gies Data—Stack Conditions——=—1
- Orsat Analysis

———(Wet Basis) Excess ¥
Refer- il Sulfur, Ash, COs, 2, "0, Air, 3
ence  Burned, APl Wt. . Wi, Volume, Temp., Vol Val, Vol. Vol. §
No. GPH  Gravity % % BCFMb  *F A % Q %
2 9 31.07 1.05 0.02 390 250 7.0 7.9 0.01 65
3 6.1 28.71 0.71 0 510 290 3.9 15.2 000 290
4 36.3 16.51 1.0 (1} 1,800 710 7.0 7.8 0.003 68 L
5 23.1 11.39 1.78 0.18 1,800 330 5.0 13.3 0.000 180
8 15.3 40.10 0.09 (1] 1,700 240 2.7 16,2 0.001 150
9 21.0 33.82 0.97 0 2,000 360 4.3 13.8 0.02 - 210
10 9.7 35.09 0.55 0 1,200 - 370 2.8 16.3 0.002 370
11 99.4 11.10 0.94 0.13 4,300 540 7.9 6.0 0.00 43 !
12 23.1 33.01 0.21 Q.07 1,300 390 5.5 10.9 0.0024 115
13 30.0 $4.87 0,29 0.01 3,100 320 4.0 13.9 0.0 220
14 85.5 a2z 0.42 0 4, 2(4) HH H.4 0.8 0.000 153
16 100.0 8.0 3.06 [1] 10,600 [{R1}] 6.3 10.3 0.001 110
16 80.56 12.11 0.78 0.12 , 800 220 5.9 10.7 0.0 107
17 248.0 15.00 1.39 0.04 13,100 660 8.7 9.5 0,000 2
18 57.56 13.33 1.30 0.03 3.200 580 6.4 9.6 0.0 93
19 168.0 9.30 1.94 0.03 7,800 &30 a.2 8.5 - 0.000 73
26 5.2 33.6 - 0.80 0 290 820 5.4 11.1 0.002 120 »
27 10.0 45.1 Trace 0 230 410 9.7 3.5 0.04 21
30 200 45.1 Trace 0 1.200 520 3.0 159 0.000 373 ]

a All concentrations expresacd at actual stack conditions except where otherwise noted.
2 Standnrd conditions are 60 degrees Fahrenheit and 14,7 PSIA,

¢ “Combustion Contatninants’’ are particulat
tion Control District Rules and Regulations,)

matter discharged into the atmosphere from the buyrming

. Journal of the Air Pollution Asscciation
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22 different power plant boiler in- Table Xll—Emission Factors for Gas Fired Combustion Equipment ~ .
Intions showed nitrogen oxide con- ' -
rations varving from 330 to 915 Ref - ——-—CO ‘ I’tc_)unds per qu:lvitllc;ntl Barrel of) F.l(icl ()fil:'\_ -
s per million on fuel oil firing and € ereice mbustion dehyes xides of Nitrogen
to 1350 ppm on gas firing.  Nitro- No.e, Contaminants (as Formnldchyde) (as NO2)
oxide results obtained on a coal-fired é 8(;%(; ggig g %4
. der varioe .35 L05¢ . 3
or plant boiler varied from a low of P ) 0 327 5 001 0 038
to & high of 1460 ppm. ) 7 0.067 0.017 0.333
sotimates of the emissions of air 8 0.024 0.135 0.432
taminants from the combustion of 13 883% g?g 8.§25
nat : ) .04 : .352
ls bg’mglustnal -sources were o.b-f 1 0,033 0 151 0 900
ned by using an average of the emis- 12 0,025 0.025 0 412
‘bn rate factors shown in Tables XII 13 0.021 0.059 0.774
d XITI. Information on the number 14 0.026 0.078 0.944
cach-of the various types and sizes of ig ggg{ 8 gég 1--'(-’;(‘_4'
mbustion sources operating: within 17 0.069 0.042 (2).167
s Angeles County was inadequate to 18 0.070 0.018 0.703
low the cmission rate factors to be ég 8%% 8 (1)28 2.125
. . however. tl i . .07 1.333
ighted; however, the total contami 21 0046 0,046 - 035
nt emission estimates obtained by 2 0.013 0044 0 550
ing average values are belicved to be 23 0.041 0.004 < 0.406
ifficiently accurate. 24 0.049 0.082 ~ 0.464
The total annual consumption of g? 8323 8 024 8%;3
ol oii and natural gas by interruptible - ) : 223
A 28 0.061 0.064 0.066
wdustrial sources, other than power - 29 0.043 0.053 1.158
lants and oil refineries, amounis to 30 0.062 0.045 0.192
carly 14 million barrels, giving an an- ¢ Numbers refer to equipment listed in Table 1X. ] ]
usl daily average fuel usage of ap- Six thousand cubic feet of natural gas is considered equivalent to one barrel of fuel oil.
roximately 38,000 equivalent barrels. from 400 to nearly 800 tons per day of  shown in Fig. 5 the relative amounts of
The combustion of these fuels results in~ various air contaminants. combustion contaminants, nitrogen ox-
emissions to the atmosphere daily of In Table XIV data are presented on  ides and sulfur dioxide emitted from the
 spproximately 65 tons of sulfur dioxide,  the estimated daily emissions of sulfur . burning of fuel oil and from the burning
30 tons of nitrogen c_ncldgs and 10 tons of dioxide, oxides of nitrogen and aerosols of an equivalent amount of natural gas.
combustion contaminants. from the combustion of liquid and  The annual daily average fuel consump-
gaseous fuels and from other air pollu- tion by interruptible industrial sources
Approaches to Control tion sources in Los Angeles County.  Was used for this comparison. It can
There are presently within the bound- It may be seen from these data that an ‘be seen that, if the average daily fuel
arics of Los Angeles County an esti-  average of 310 tons per day, or 68 per requlrelpents of all industrial sources
mated 15,000 industrial establishments, c«_ant: of. the total emissions of sulfur amounting .to over 12.0,000 barrels were
11 steam-electric generating power dioxide in Los Angeles County are from supplied with fuel oil, there wcguld be
| plants, seven major and nine minor oil the combustion of fuels, It will also be released to the; a_tmosphere dally.GOO
refineries. These industrial units col-  noted that 250 tons per day of nitrogen tons of'sulfur dioxide, 270 tons of nitro-
Joctively consume an average of over osides, or 36.1 per’ cent, are emitted gen oxxfies and 50 tons of combustion
30,000 barrels of fuel oil each day. from combustion sources. The com- contaminants. Were these same fuel
- During periods of peak fuel use, the  bustion of fuels also releases 35 tons requirements supphegl by natural gas,
consumption of fuel oil has been as per day, or 40 per cent, of the total- there would be err'utt_,ed a negligible
much as 100,000 barrels per day. The  emissions of aerosols from both station- amount of sulfur dioxide, 150 tons of
burning of fuel oil in these quantities— -~ ary and vehicular sources. ‘nitrogen 0x1des_ and only _ﬁve tons per
L results in emissions to the atmosphere of For purposes of comparison there are da% l?f ‘iombutsm_on for}t?iml?%nlts- ;
. . \ . e largest single industrial users o
W Combustion Equipment both fuel oil and natural gas in Los
: : Angeles County are the steam-electric
Air Contaminant Emissions Aldehydes Oxides of generating power plants. In bumning
o ' _ o , o as - Nitrogen residual fuel oils the power plants cannot
dofgn Conumiguntae Slfur Dioxde - Sulfor Toride - Formalighyds) | — (e YOOSS  bo operated so as to comply with the
Foar Sy, per - er per er Rules and Regulations governing visible
o 2 Tour Pom Hour Fom our Pom Hour Pem o emissions and nuisances. Visible stack
) . e '

B §:§22 §ji§ ig%z (17,; b i;g ‘é;‘é‘égg 3 §:§¥, a%%_ 8 i};ig emnssxonls, or si-called hplumes, gro}rln
£ 0l 068 264 50 . 32 o000 9 008 128 1.68 power plant stacks are the result of the
¢ 0.038 0.12 28 . 0.48 1.7  0.036 5 0.04 20 0.25 daily burning of thousands of tons of
$oon 358 1.2 23 86 0.00006 52 0.59 n, 9 fuel oil. ‘Depending upon weather con-
T 0.064 1.55 397 17, 0. 0.02 8 . a7 12! iti
O GE W TR B SR 7 B He i o for seversl mils sanying pol
: ; PRRCTARN ) L T A S8 S 22 lution over a widespread area, or they

9 0.030 0.79 362 7.6 . 0.13 7 . 9’ 905 - i -
oo 2l Bod 70 86 08 A I P Ina.y cause hem&y conccr(lit_ratxons of }‘;’Ol _
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The direet control of power plant
‘eihissions in Los Angeles County has
heen approached from three aspects:
(1) treatment of the fuel; (2) beiler
modification; and (3) treatment of the
effluent. At the present time, there is
no steam-clectric generating power plant
in the world known to have econtrol
cquipment which is entirely satisfactory
for removing any onc of the contam-
inants produced from the burning of
fuel oil. Furthermore, no practical
means have as yet been devised for re-
moving, before burning, the objection-
able elements such as sulfur and other
inorganic materials present in the fuel
oil which give rise to these air contam-
inants.

Alternative Fuels and Treatment of Fuels

The importation of low sulfur content
fuel oils has been proposed as an alter-
native to the presently used fuels.

Studies have shown that the possibility -

of obtaining fuel oils of low sulfur and
low ash contents from other major refin-
ery areas is remote, even at premium
prices.

Investigations have shown that no
commercially feasible process is yet
available for removal of sulfur or other
inorganic materials from residual fuel
oil which are responsible for the sulfur
and meta] oxides in the boiler effuent.
Sinee there is no correlation of oxides of
nitrogen in the boiler effluent with the
concentration of nitrogen compounds in
the fuci oil, a significant reduction would
not result from the removal of nitrogen
containing compounds in the fuel oil.

Changes in Boiler Design or Operation

Boiler design or operational changes
will not effeet a significant reduction in
the amount of sulfur oxides emitted to
the atmosphere from an oil-fired boiler,
since this is a function of fuel composi-

tion. Recent investigations have dem- .

onstrated that the main factors affecting
nitrogen oxide formation are furnace de-
sign and several combustion parameters.
1t may be possible to so modify boiler
designs that nitrogen oxide formation,
either when burning oil or when burning
gas, may be reduced by 50 per cent.®

Effluent Treatment

Among the most promising control
developments are those affecting the
removal of contaminants, particularly
sulfur oxides and particulates, from the
effluent gases. For sulfur dioxide re-
moval alone, some 50 to 60 different
lahoratory methods have been investi-
gated.  Of these, only & few are of any
practical significance. Others are so
costly that in full scale operation more
energy. would be required for the re-
moval.of the contaminants than could
be produced hy the power plant. The
few remaining possibilities are still
being investigated... s :
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Table Xlll—Emission Factors for Oil Fired Combustion Equipment

Pounds per Barrel of Fael Oil

Combustion Aldehydes Oxides of

Reference Contami- Sulfur Salfur {28 Formal- Nitrogen

0.0 nants Dioxide Trioxide dehyde) (aa NO,)
2 0.672 6.552 .42 0.084 0.605
3 0.672 3.528 0.084 0.084 0.882
4 0.756 8.694 0.126 0.042 5.552
5 1.218 9.114 0.126 0.168 3.053
8 0.378 1.302 0.084 0.126 0.685
9 1.722 4.620 0.001 1.008 0.622
10 1.134 0.011 (1) 0.168 2.205
11 0.672 7.308 0.084 0.084 9.112
12 0.420 2,436 - 0,013 0.084 0.564
13 1.344 2.394 (1] 0.084 0.349
14 0.126 3.528 0 0.042 1.080
15 3.528 19.608 0.336 0.042 5.198
16 0.420 9.156 0.084 0.084 3.625
17 0.462 13.356 0.684 0.168 4.147
18 0.630 15.330 0.084 0.084 3.142
19 1.092 6.804 0.294 0.462 3.650
26 - 0.672 3.318 0.008 0.126 0.525
27 0.003 0 0 0.016 0.189
30 0.210 0.005 0 0.042 0.357

¢ Numbers refer to equipment listed in Table IX_

Concerning the reduction_of plume
opacity and removal of particulate mat-
ter from flue pases, experiments have
shown that the most attractive method
for control is the use of electrical pre-
cipitators. The Southern California
Edison Company recently completed
the first full scale prototype precipitator
unit at its El Segundo steam station.

Experiments in which alkaline additives .. -

are injected into the flue gas stream
ahead of the precipitator unit are also
under way in order to determine whether
a reduction of sulfur oxides can also be
accomplished.

Substitution of Natural Gas for Fuel Qil

The substitution of natural gas for
fuel oil would result in the elimination of
particulate matter and sulfur com-
pounds, as well as a marked reduction in
oxides of nitrogen from the stack
effluent. . Thus, the simplest improve-

“‘ment that could be made to reduce air

contaminants from the combustion of
fuels would be to discontinue the use of
fuel oil in favor of natural gas. In view

of this, concerted effort is being made by
the electric generating agencies to in.
crease their allotment of natural gas

supplies.
Conclusions '

The demand for thermal energy in
Los Angeles County is increasing at an
astounding rate, and from all indications
will at Jeast double within the next eight
to ten years. KEssentially, all of this

demand is being met with petroleum

and matural-gss fuels.

From an air pollution point of view,
petroleum fueds are totally undesirable
a3 an energy smurce because the burning
of such fuels im power plants and various
other industrial activities results in
emissions to the atmosphere each day of

hundreds of twns of air contaminants, .
* Bince this constitutes a major source of

air pollution, every possible effort must
be asserted te assure to this area the
availability of increased supplies of
natural gas. '
Although eemsiderable progress has
already been neade, a great deal of engi-

Table XIV—Sources and Quantities of Emissions of Sulfur Dioxide, Oxides

" of Nitrogen and Aecrosels in kos Angelies County
Contaminant Emissions,
~———Tons per Da,
Oxides  Oxidea .
of of . ~——®er Cent of Total——
’ Sulfur Nitro Aero- : Aero~
Source a8 as N sole 50, NO: sols
Combustion of fuels - 310 250 35 63 - . 36.1 40
Automobiles, trucks .
and buses 50 435 30 11 62.9 34.5
Metallurgical indus~ :
tries n n . 6 - —_ 7.0
Petroleum refining 50 5 [ i . 0.7 - 5.8
Mineral industries n n 4 - — - 4.6
Refuse incineration n -2 4 — sE 0.3 4.6
Chemical industries 46 n 3. 10 - —_ 3.5
“Total 456 602 87 1000 100 100 -

n—Negligible (less than 0.1 ton per day).

Journoll of the Air Pollution ‘As‘ipdaﬁon
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necring rescarch and development are
still needed to render feasible the several
methods proposed for controlling emis-
sions of air contaminants from the barn-
ing of fuel oil. In the interim, it will
be necessary to allocate the use of avail-
able fuels in such a way as to minimize
air pollution from &his source.

There is general agreement that fhe
" most desirable fuel for power generation
is natural gas. It is also apparent from
the forccasts of thermal energy re-

quirements and natural gas supplies for -
the Los Angeles area that there will not
be enough gas to meet the estimated de-
mand, under all circumstances. The
variable annual demands for natural gas
hy firm users will require that under cer- -
tain conclitions some fuel oil be burmed
hy interruptible users, Eiforts will be
direeted, however, toward reducing this
use of fuel oil to 2 minimum.

Since oxides of nitrogen play am im-
portant role in the photochemical reac-
tions occurring in the atmosphere of
1os Angeles County, it is essential that™
steps be taken as soon as possible to de-
termine the degree to which emissiens
of nitrogen oxides can be controfled.
Toward this end, the APCD has imi-
tisted a Joint District, Federal, and
Sfate program with the co-operation of
lueal power generating agencies and nil
refinery industries for the purpose of ob-
taining the necessary information epen
which future control policy can be based.
Should this program be successful, a
rule establishing maximum permissible
limits on the emission of oxides of nitre-
gen from stationary sources ean be ex-
peeted in the foresecable future.

Investigations will be continued %o
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Fig. 4. Five-yeor summary of montiiy fuel oil and natural gas consumption by power plants in Los Angeles County for 1954 through 1958,
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Fig. 5. 'Comporfst;;'n of contaminant emissions from fuel oil ond netural gas, based on onnual daily
average fuel usage for 1958 by interruptible industrial sources in Los Angeles County,

supplement the data already obtained

concerning emissions from the combus-
tion of liquid and gascous fuels. Only

. when adequate information is available
. will the control of air contaminants from
. this source become a reality.
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