
... 
SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

PERMIT PROCESSING HANDBOOK 

James M. Lents, Ph.D. 
Executive Officer 

VOLUMEl 

Prepared By 

Engineering Division 

WilliamJ. Dennison 
Director of Engineering 

August 18, 1989 

- "7":--• .. 

Edward Camarena 
Deputy Executive Officer 

of Operations 



.. 

ACKNOWLEDGEMENTS 

PERMIT PROCESSING HANDBOOK COORDINATORS· 

Edward M. Muehlbacher 
Chailaiwan (Pang) Mueller 

· Gary L Turner 

UST OFAUfHORS 

Philip M. Barreca. 
Mark A Henninger 

HahnM.Le 
Danny N. Luong 

Edward M .. Muenlbacher 
MinhH.Pham 
Connie Yee 

EDITORIAL REVIEW 

William J. Dennison 

Alex L Bailey 
Joel F. Nenzell 

Robert Pease 
David Schwien 

Wayne Zwiacher 

Robert Hilovsky 
Marty Kay 
Fred Lettice 
MarkLiu 
Mike Manfredi 
Norman Mattson 

Moshen Nazemi 
VanPham 

George Rhett 
Richard Schneider 

Ayjay Wilson · 
Sam York 

Special thanks to the SCAQMD Engineering Division stilff for their technical · 
assistance. Without them, this project would not be possible. 

SCAQMD iii Pemiit ProcessingHan!)book 



'I 

\. 

( 

.. 

DISCLAIMER 

Mention of trade names or commercial products is not intended to constitute 

endorsement or recommendation for use. 
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ABSTRACI' 

.· The objective of this handbook is to provide the user with a tool to evaluate permit 

applications for equipment categories commonly p~ocessed by the South Coast Air 
. . 

Quality Management District's (SCAQMD) Engineering Division. This handbook 

contairis the following information for each equipment category: 

- equipment description and control technologies; 

- permit unit description (as seen on a permit to construct and operate); 

- emissions and emission factors; 

- equations to qu~tify emissions and review design parameters; 

- listing ofapplicable rules and regulations; 

- listing of enforceable operating conditions; 

·_ permit processing wor.ksheet(s); and 

- reference information~ 

This handbook evaluates common equipment requiring a permit to construct and 
' . 

operate withi!i. the South Coast Air Basin. The user should be .aware that th~ 

handbook is designed to determine the compliance status of equipment based on 

the Rules and Regulations of the SCAQMD. Therefore, the user must realize .the 

limitationS and applicability of the text information and permit processing 

worksheets for each equipment category. 

' .. 
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The SCAQMD Engineering ·Division processes approximately 10,000 permit 

applications each year. These applications are included in the 200+ categories of 
equipment or industrial process~s operating in the South Coast Air Basin. The 

engine~rs responsible for evaluating permit applications are divided into eleven 
p~rmit processing groups according to the type of industries they ate handling such 
as chemical, petroleum, combustion, coating, landfill, etc .. Each group is assigned 
applicationS related· to the industries they are handling. However, there are several · 

categories of equipment that are used by multiple industries. For example, a boiler 
may· be. used by either the p~troleum, chemical, landfill, or refuse~to-energy 

· industries. 

To meet the challenge for cleaner a)r, new rules are adopted and existing rules are 
amended. . These changes require additional knowlec!ge to accurately evaluate 
equipment or a process for permit New engineers are hired or current staff are 
reassigned to other permit processing groups outside of th~re field of expertise 
depending· on the needs of the DiVision. A Permit Processing Handbook is needed 
to· train and cross-train staff to ensure each equipment category is evaluated 

accurately and uniformly. 

This handbook will help the user perform four functions: (1) ensure uniform 
processing of identical and similar equipment throughout the Division, (2) apply 
~form and enforceable operating conditions, (3) train Iiew staff and cross-train 
existing staff, and (4) reduce the time required to process simpler applications. 

SCAQMD. viii Permit Processing Handbook 



Revision: 
Date: 

Handbook Updates 

0 
8/18/89 

This handbook is intended to be a "living" reference docilment. Therefore, all users 

should be aware that the handbook will be updated periodically to keep. current with 

advances in process and control technologies. Each section number, revision 

number, and date of revision is given in the upper right-hand corner of each page. 

Written comments regarding the material contained in the Permit Processing 

Handbook are welcome and should be addressed to: 

South Coast 
Air Quality Management District 

9150 Flair Drive 
El Monte, CA 91731 

Attn: Director of Engineering 

If you would like to·be· included on the mailing list for notification of future Permit 

Processing Handbook updates write to: 

SCAQMD 

South Coast 
Air Quality Management District 

9150 Flair Drive · 
El Monte, GA 91731 

Attn: Program Development Unit 
Engineering Divtsion · 
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SECTION 1: DIESEL-FIRED STATIONARY INTERNAL COMBUSTION 
ENGINES USED IN STANDBY NON-UTILITY ELECTRICAL 
GENERATION . 

1.1 General Description 

Stationary ·reciprocating internal combustion (IC) engines are being used in a 

multitude of applications due to their short construction time, ease of installation, 

and remote operation capability. These applications include, but are not limited to, 

oil and gas piping and production, construction, electrical power generation, and 

industrial applications which require mechanical work in the form of shaft power. 

IC engines can operate on a: variety of fuels over a large range of speeds and loads. 

Some typical types of fuel are gasoline, diesel fuel, natural gas, sewage gas, landfill 

gas, and certain mixtures of these fuels. 

Currently, many diesel-fired IC e~gines are used to generate non-utility electrical 

power in case of utility power failure. The engines are paired with electrical 

generators. These emergency standby enginefgenerato~ sets are being irtstalled at 

hospitals, insurance companies, banks, ~nd other fadlities where maintaining 

electrical power is critical. Typically, medium-powered, high-speed (100 

HP I cylind~r and greater than 1,000 RPM) engines are used.2 Many engines are 

turbocharged and aftercooled. 

IC ·engines are classified by the methods of igniting the fuel and air mixture. These 

methods are spark ignition (Otto Cycle) and compression ignition (Diesel Cycle). 

All gasoline or gas engines (Otto Cycle) are spark ignition (SI) engines, in which a 

spark plug is used to ignite a premixed air-fuel mixture. The fuel is usually mixed 

with air in a carburetor (for gasoline) or at the intake v~ve (for gaseous fuels), then 

ignited in the cylinder by the spark of an electrical discharge. 

All diesel-fueled engines (Diesel Cycle) are compression ignition (CI) engines. Air 

is introduced into the cylinders~ High-pressure compression raises the air 

te~perature to the ignition temperature of the diesel fuel. The diesel fuel is then 

injected into the hot air resulting. in spontaneous combustion of the fuel. 

SCAQMD 1-1 Emergency Diesel IC Engines 
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Figure 1-1 illustrates the operation of the diesel engine if the spark plug is replaced 

. by a fuel injection valve. The diesel cycle involves the folloWing cycle of events:1 

1. An intake stroke to induct air alone into the cylinder, Fig 1-1a 

(intake valve open). 

2. A compression stroke to raise the air temperature to a 

temperature higher than the ignition point of the fuel -

compression ratios of 15-18 used, Fig·1-1b (both valves closed) .. 

3. Ignition of the fuel during the first part of the expansion 

stroke at a rate such that combustion maintains the pressure 

constant, followed by expansion to the initial volume of the 

cylinder, Fig 1-1c {both valves closed). · 

4. An exhaust stroke to purge the burned gases from the cylinder, 

Fig ·1-1d (exhaust valve open). 

This description. applies to a naturally aspirated engine which uses the vacilum 

created behind the moving piston to suck in the fresh air charge. 

One meth<_>~ to increase the power output and efficiency of a diesel-fired IC engine 

is by tUrbocharging or supercharging. Both use a blower or ·compressor to increase 

the supply of air or combustible ·mixture to the cylinders beyond the amount 

normally pumped or sucked in by the pistons at the prevailing atmospheric pressure. 

The main difference between turbocharging and.supercharging is that turbocharger 

uses the energy in the relatively hot exhaust ·gases to ·drive the turbine which ·is 
mechanically.coupled to a compressor and the supercharger is driven·by the engine's 

cral}kshaft.2 Turbocharging is the most common method of air· pressurization for 

di~sel-fired IC engines in the SCAQMD. · 

Air pressurization (compressing the air) increases the amount of air that can be 

introduced into the fixed volume of the cylinders. Since the air-to-fuel ratio at 

maximum power is friced by combustion requirements, more fuel can be introduced 

· with high pressure air than witb atmospheric pressure air. Increasing the amount of 
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the combustible mixture increases the amount of power obtained from a given 

cylinder configuration. Turbochargers are normally deigned to increase an engines 

output to approximately 15 times its original power.2 However, if the engine's 

structure is constructed to withstand the higher internal pressures, turbocharging 

can be used to raise the engine's cap_acity to 2 to 3 times its naturally aspirated 

value.2 · 

Larger turbocharged IC engines normally use an intercooler or aftercooler (heat 

exchanger) to lower the temperature of the intake air after it has been heated up by . . 
turbocharging. This heat exchanger is located between the turbocharger and the 

intake mairlfold. Decreasing the temperature increalies the density (and decreases . ~ 

the volume of that air), thereby alloWing more air to enter the cylinder. Increasing 

the mass of air permits higher fuel flow rates. Burning the additional fuel r~sults in 
higher power output. Also, decreasing the inlet air temperature has a secondary 

effeci of reducing . the· peak combustion temperature, hence, the formation of 

(thermal) oxides of nitrogen (NOx) emissiops.2 

There are approximately 400 permitted diesel-fired emergency standby engines in 

the South Coast Air Basin. Most of these engines are four cycle, turbocharged, and 

aftercoole(l. A four cycle engine completes its power cycle iii two revolutions of the 

crank shaft as compared to one "revolution for the two cycle. Two cycle engines have 

the advantage of higher horsepower to engine weight ratio compared to four cycle 
engines when operating at the same speed. This is due to the fact that the two cy~1e 
design has twice as many power strokes per unit time as th~ four cycle. However, 
combustion can be better controlled in a four cycle engine and they do not require 

excess air to purge the cyl.inders, as is the Clllie with two cycle engines.3 Therefore; 

two cycle engines tend to be slightly less efficient, and uncontrolled models tend to 

emit slightly more pollutants (primarily unburned hydrocirbons) than their four 

cy~le counterp~.3 
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Generally, an internal combustion engine-is described in the permit as follows: 

INTERNAL COMBUSTION ENGINE, MANUFACTURER'S NAME, DIESEL

FUELED, EME~GENCY ELECIRICAL GENERATION, MODEL NO., 

SERIAL NO., TURBOCHARGED, AFrERCOOLED, NO. OF CYUNDERS, 

TWO/FOUR CYCLE, ENGINE BRAKE HORSEPOWER. 

1.3 Emissions : 

Sources of emissions from IC engines are crankcase blowby, th~ fuel tank, and the . . . 
exhaust. Crankcase blowby are the gases vented frpm tlie oil pan after they have 

escaped from the cylinders past the piston rings. Emissions from the crankcase 

blowby is minor because the fuel (hydrocarbons) is not present during the 

compression of the charge. ·Emissions from the fuel tank are insignificant due to the 

low volatility of the 'diesel fuet The majority of the emissions from diesel engines 

are from the exhaust.3 

The primary air contaminants from lC engine exhaust are oxides of nitrogen (NOx), 

reactive organic gases (ROG), carbon monoxide (CO), oxides of sulfur (SOx), and 

particulate matter (PM). NOx formation is a function .of temperature and pressure 

during the -combustion process . and the nitrogen content of the fuel. Sulfur 

compounds,. essentially so2, are a function of the sulfur content of the fuel. The 

other con~aminants, ROG, CO, and PM are primarily the result of incomplete 

combustion? 

1.3.1 Emission Factors 

Occasionally, engine manufacturers include emission data with their specifications 

·sheet, or at least fuel consumption data. If emission data is not· provided, the 

emission factors for diesel no. 2 listed in Table 1-3 should be used to quantify . 

emissions. 
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Table 1-3: Emission Factors For Diesel Internal Combustion Engines a 

Air Contaminant 

Reactive Organic Gas (ROG) 
Oxides of Nitrogen (NOx) 
Oxides of Sulfur (SOx) 
Carbon Monoxide (CO) 
Particulate Matter (PM) 

Emission Factor 
(lb/gal) 

0.0445 
0.4690 
0.0071 
0.1020 
0.0335 

a Reference 4; SOx emissions corrected to 0.05% sulfur. 

1.4 Calc!Jlations 

1.4.1 Operational Data 

Emission calculations· must be performed t(} determine the compliance status of the· 

rc engine. In order to· determine compliance, the ,applicant must provide the 

following information : 

· Operating Schedule ·. 

Maximum: hr/day, day/week 

For lldaintenance Purposes: hr/day,dayfweek 

Engine Brake Horsepower: 

Fuel Type: 

Fuel Consumption Rate: 

SCAQMD 1-6 Emergency DieseiiC Engines 



Exhaust Volume: 

1.4.2 Emissions Calculations 

Section: 
Revision: 
Date:: . 

1 
0 
8/18/89 

dry standard cubic feet per minute 

(DSCFM}, or 

actual cubic feet per m!nute 

(ACFM) 

. Emissions must be calculated for both the actual (average) and maximum operating 

conditions. Actual emissions are used in emission inventocy. Maximum emissions 

are used to determine compliance with the SCAQMD's Rules and Regulations. 

· Actual and maximum hourly (lb/hr) emission rates .must be converted into daily 

(lb/day) emission rates by multiplying the hourly rates by the appropriate 

equipment daily operational time factor (T, hr/day). In addition, the maximum 

daily emissions are multiplied by the Regulati~n XIII On-Sit~ Offset Factor (1.1). 
These daily emissions increase are accumulated for each facility in the SCAQMD's 

New Source Review (NSR) Record. 

1.4.2.1· Unco~trolled Emissions (R1) Calculations 

Uncontrolled· emissionS from the internal combustion engine may be calculated 

usingthe following equation: 

Rt = EF X FCR (Equation 1.1). 

where: 

Rt = Uncontrolled emissions, lb/hr 

EF = Emission factor, lb/gal fuel 

FCR = Fuel consumption rate, galfhr 

· This procedure is rep.eated for each air contaminant. 
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By incorporating emission factors shown in Tables. 1•1, Equation 1.1 can be 

simplified as follows: 

R1,ROG 

R1,NOX 

R1,SOX 

Rl,CO 

RtPM 
' 

where: 

Rt = 

D = 

= 0.0445(D) 

= 0.4690(D) 

= 0.0071(D) 

= 0.1020(D) 

= 0.0335(D) 

Uncontrolled emissions, lb/hr 

diesel fuel consumption rate, gal/hr 

1.4.3 Total Particulate Matter Emissions - Concentration 

(Equation 1.2) 

The particulate matter maSs emission rate. (lb/hr) must be converted into total 

particulate matter concentration '(grains/dsct). H the exhaust gas flow rate is given 

in terms of "actual" exhaust conditions, the flow rate must be converted into diy . 
"standard" conditions by using the following equation: . . 

= F2 X T1 X p2 

T2 X .Pl 

where: 

X 
(1 - M) 

100 

F1 = dry standard cubic feet per minute, dscfm 

F2 = act1;1al cubic feet per minute, acfm 

(Equation 1.3) 

T 1 = standard temperature, degrees Rankine ( 60°F + 460) 

T2 · = · exhaust temperature, degrees Rankine (t2°F + 460) 

P1 = standard pressure,in Hg (29.92 in Hg) 

P2 = actual (or rated) exhaust pressure, in Hg 

(typically 29.92 in Hg) 

M = percent moisture in exhaust gas (typically 10%) 
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Total particulate matter concentration is then determined using Equation 1.4. 

c = 

where: 

(R1)(7,000 grains/Ill) 

(F 1)(60 min/hr) 

C = particulate concentration, grains/dscf 

R1 = particulate inass emission rate, lb/hr 

F1 = dry standard cubic feet per minute, dscfm 

1.5 Rules Evaluation 

Rule 401 - Visible Emissions 

(Equation 1.4) 

· During start-up, the visible emissions may exceed 20% opacity. However, these 

emissions are not expected to last greater than three minutes. Under normal 

operation, the visible emissioiJl! from this engine should not exceed 20% opacity (or 

Ringlemann No. 1) .. 

·Rille 402 - Nuisance 

Odor in the exhaust and noise can be a problem with diesel-fired engines. However, . . 
when the engine is operating on an ·emergency standby basis, no nuisance 

complaints are expected. 

Rule 404 - Particulate Matter - Concentration 

A person shall not discharge into the atmosphere from any source, particulate 
matter· in excess of the concentration at standard conditions, as shown in TABLE 

404(a) of the South Coast Air Quality Management District's Rules and 

Regulations. 

If the engine is vented by multiple stacks, the total exhaust flow rate must be 

determined. The total exhaust volume is determined by summing the volume from 
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all the stacks. The allowable concentration from the Table 404(a)._is based on the 

total volume. Compare the actual concentration in each stack to that allowed 

concentration. Concentration from · any stack in excess · of that allowed 

concentration based on the total volume is a violation of Rule 404. 

When evilluating ali application to alter or modify existing equipment by combining 

emissions from two or more stacks into a si~gle stack (or into fewer stacks than 

originally existed), you must ensure that . the alteration/modification does not 

deliberately dilute the exhaust stream to circumvent the Rule. It is not considered 

circumvention when: 

Dilution air serves a useful purpose such as cooling 

_the exhaust stream(s); or 

·The use of a common exhaust stack minimizes cost. 

' ' 

Rule 431.2- Sulfur Content of Liquid Fuels 

When operating a diesel-fired IC engine1 a person shall not use diesel fuel with 

sulfur content greater than 0.05 percent by weight. 

Rule lliO.l -Emissions From Stationary Internal Combustion Engines 

An emergency s~dby IC engine is exempt from this. rule if it .operates less than 200 
hours in any one calendar year. ' 

If the emergency standby IC engine has a rating of 50 break horsepower (BHP) or 

more and operates in excess of 200 hours in any one calender year, the applicant 

(owner/operator) must submit a Control Plan. The Control Plan must include the 

following information for each stationary source: 

SCAQMD 

A list of all engines with the tyPe of engine ,service and permit or 

id9ntification number. 

Engine manufacturer, model number, rated break horsepower, type of 

fuel and. type of ignition . 

1-10 Emergency Diesel IC Engines 
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List of all engines to be controlled and type of emission controls to be 

· applied to such engines, including construction schedule. 

If the BHP rating of the IC engine is greater than the value specified in Rule 219 

and is 50 BHP or more, the applicant must submit an application for permit to 

construct and operate for that engine. The requirements for the Control Plan will 

be considered during the evaluation for permit to construct and operate. 

Regulation XIII • New Source Review 

Emergency standby eqpipment used exclusively for non"utility electrical power 

generation must be equipped with Best Available Control Technology (BACT). If 
the maximum daily emissions of any air contaminant for the emergency standby·· 

diesel IC engine, when added to the fa~lities NSR accumulated emissions, result 

that facility exceeding the threshold limits specified in 1303(a)(2), the applicant 

must'Substantiate with modeling or any other approved analysis that the increase in 

· emissions for any air contaminant will not cause a violation, or make measurably .. 

worse an existing violation, of any anibient air quality standard . 

. Rule 1304(b)(1), however, exempts the emergency standby engine from the 

.following requirements:· 

Offsetting the accumulated emission increases of air contaminants 

that exceed the threshold limits; and . 

Written certification that all stationary sources emitting ·25 tons per 

year or more, of any air contaminant, which is owned or operated by 

the applicant in the State of California are in compliance with federal 

and state standards. 

Best Available Control Technology (BACT) 

Best Available Control Technology (BACT) for diesel-fired internal ·combustion 

engines used in emergency standby non-utility electrical generation is as follows: 

ROG: none 

NOx: ignition 'timing retarded at least 4° relative 

·to the standard timing and intercooling for 

turbocharged engines 
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so2: fuel containing 0.05% sulfur by weight or less 

CO: none 

PART: none 

The BACT requirements are less stringent for diesel-fired internal combustion 

engines ilsed in emergency standby non-utility electrical generation than for diesel
fired . engines used for other purposes. However, if the emergency engine operates 
in excess of 200 hours in any one year, a cost effectiveness analysis may be required 
to determine if additional control is needed. 

The South Coast Air Quality Management District's BACT Guideline should be 

consulted to ensure that the current BACT requirements are applied to this 

equipment., 

1.6 Permit (Op~rating) Conditions 

In order to assure compliance with applicable Rules and Regulations of the 

SCAQMD, the following conditions must be require~: 

THIS ENGINE MUST NOT BE OPERATED MORE THAN 200 HOURS 

IN ANY ONE YEAR. 

AN ELAPSED TIME METER MUST BE (INSTALLED) 
(MAINTAINED), SO AS TO INDICATE IN CUMUlATIVE HOURS, 
THE AMOUNT OF TIME THE ENGINE HAS OPERATED. 

THE FUEL OIL SUPPLIED TO THIS ENGINE MUST NOT EXCEED . 

. (NUMBER OF) GALLONS IN ANY ()NEDAY. 

A FLOW METER MUST BE. (INSTALLED) (MAINTAINED) IN THE 

· FUEL SUPPLY LINE, SO AS TO INDICATE IN GALLONS, THE 

AMOUNT OF FUEL OIL SUPPLIED TO THE ENGINE. 

SCAQMD. 1-12 Emergency Diesel IC _Engines 
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- THE FUEL INJECTION TIMING OF THIS ENGINE MUST BE 
RETARDED AT LEAST FOUR (4) DEGREES RELATIVE TO 

STANDARD TIMING. 

- THE IGNITION TIMING OF THIS ENGINE MUST BE INSPECfEI), . 

ADJUSTED, AND CERTIFIED, AT i\. MINIMUM, ONCE EVERY 

THREE YEARS OF OPERATION. INSPECTIONS, .ADJUSTMENTS, 

AND CERTIFICATIONS MUST BE PERFORMED BY A QUALIFIED 

MECHANIC AND ACCORDING · TO THE ENGINE 
MANUFACTURER'S PROCEDURES. 

- AN OPERATING RECORD OF TillS EQUIPMENT MUST BE 
MAINTAINED IN A FORMAT APPROVED IN WRITING BY THE 

DIRECTOR OF ENFORCEMENT, KEPT FOR A MINIMUM OF TWO 
YEARS, AND MADE ·AvAILABLE UPON REQUEST OF DISTRICT 

PERSONNEL THE RECORD MUST INCLUDE; AT A MINIMUM, 

THEDA YS AND HOURS OF OPERATION, tHE AMOUNT OF FUEL 

OIL ~UPPUED TO THIS ENGINE, AND. THE DATE(S) OF 
INSPECTION(S), ADJUSTMENT(S), AND CERTIFICATION(S) OF 

THE IGNITION TIMING OF THIS ENGINE. 
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APPLICATION PROCESSING AND CALCULATIONS 

4 1 
IAPPLNO. I DATE 

I PROCESSED BY . I CHECKED BY 

PERMIT TO CONSTR.UCf/OPERATE 

. . 
Applicability: This processing form can only be used for emergency diesel-fueled internal internal 
combustion (IC) engines/generator sets used to generate non-utility electrical power. 

APPLICANTS NAME: . 

MAILING ADDRESS: 

EQUIPMENT ADDRESS: 

EQUIPMENT DESCRIPTION: 

APPLICATION NO. 

INTERNAL COMBUSTION ENGINE, , DIESEL-FUELED, EMERGENCY 
ELECfRICAL GENERATION, MODEL NO. , SERIAL NO. , 
TURBOCHARGED, AFI'ERCOOLED, CYLINDERS, lWO/FOUR CYCLE, BHP, 
WITH EXHAUST(S) . 

HISTORY: 

PROCESS DESCRIPTION: 

The engine/generator set will generate kilowatts of emergency electrical power. The 
engine will be e~ercised · · hour(s) per day, · day(s) per ·week, weeks per year. 
During an extended power frulure, the engines may be orerated 24 hours per day, 7 days per week. 
Each engine will consume gallons per heur o No. 2 diesel fuel at the .rated full load 
capaCity. 

DATA: 

Operating Schedule . 
Actual (Ta): hr/day; 'dayfwk, wk/yr 
Maximum(Tm): hr/day, day/wK. wk/yr 

Engine Brake Horsepower : -----aHP -
Exhaust Volume : ----xcFM (DSCFM) 
Fuel Consumption Rate (FCR), Diesel (D) : gal/hr 
NO. 2 Diesel Fuel --
Sulfur Content : 0~05% 
Density: 7.076lb/gal 

Revision: 0 

SCAQMD IA-3 

Source 

Applicant 
Applicant 

" 
" 
" 
" 

Date: 8/18/89 
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SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

ENGINEERING DIVISION 

APPLICATION PROCESSING AND CALCULATIONS 

Diesel Fuel Emission Factors 
• Reactive.O.rganic Gases (ROG) 

Oxides of Nitrogen (NOx) 
Oxides of Sulfur (S<hl_ . . 
Carbon Monoxide (~.;u) 
Particulate Matter (PM) 

CALCULATIONS:. 

1. Emissions 

o.o445 lb/gai 
0.4690 " 
0.0071 " 
0.1020 " 
0.0335 " 

I PAGES I PAGE 
.J.._ _ ___;4::r... _I ·2 
IAPPLNO. !DATE 

I PROCESSED BY I CHECKED BY 

Source 
AP-42, Table 3.3-1 

Uncontrolled (R1) emissions must be multiplied by appropriate operating time (T) factor 
to determine ac1ual and maximum hourly and daily emissions. (NSR . Emissions = 
Maximum Daily x 1.1) : . 

R1 = EF X FCR (xT){xl.l) 

Uncontrolled Emissions (R1) Actual Max Max NSR 
lb/hr lb/hr lb/day lb/day 

Rl ROG " 0.3750(DI• lb/M --
Rl NOX " 

0·"'T . U;Jm R1 SOX = 0.0071 D = lb/hr 
R1•CO = 0.1020 D = lb/hr --R1 PM ·= 0.0335 D = lb/hr· .--

2. Exhaust Gas Flow Rate (DSCFM) 

F . 
1 = F2 X Tl X P2. X (1 - M) 

T2 x p 
1 100 

F1 = W/min X oR X inHg X (1- ) 
OR X inHg 100 

= __ . DSCFM 

3. Exhaust Gas Total Particulate Concentration (PC) 

PC = lb PM/hr (Max) x 7,000 grains/lb 

= 
EVALUATION: 

RULE401 

Revision: 0 

SCAQMD 

ft3 /min x 60 min/hr 

__ grains/dscf 

Based on experience .with similar equipment, this engine is (is not) expected to 
comply with the vis{ble emission limits. . 

lA-4 . 

Date: 8/18/89 
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ENGINEERING DIVISION IAPPL NO. 
4 I 3 

I DATE 

.· 
APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

RULE402 

RULE404 

RULE431.2 

RULE 1110.1 : 

REGXIIT 

Operating on a. standby basis, nuisance complaints are (are not) eicp.ected.. 

For an ·exbatlst volume of DSCFM, the· rule allows a maximum total 
particulate concentration of grains/DSCF. · Calculations indicate a 
particulate conceniration of __ grains/DSCF. Compliance of Rule 404 is/is 
not expected. · 

The Rules and Regulations of the South . Coast Air· Quality Management 
District require that the diesel fuel supplied to this equipment must contain less 
than 0.05 percent sulfur by weight Compliance of Rule 431.2 is (is not) 
demonstrated. 

Emergency standby engines operating less than 200 hours in any one calendar · 
year are exempt from this rule. If the emergency standby engme operates in 
excess of 200 in any one calendar year, a Control· Plan is required. The 
requirements of 1110.1 (have)(have not}been satisfied. 

Emergency standby equipment used exclusively for non-utility electrical power 
generation located at a minor stationary source is exempt from the provisions of 
Rule 1304(b)(2)(A) & (C) by Rule 1304(c)(1). 

NOx:ignition timing retarded at least 4° and intercooling for 
turBocharged engines; and 
fuel oil containing 0.05% sulfur by weight or less. 

BACf (is)(is not) satisfied. 

MODEliNG : Maximum daily emissions of NO from ~his ·stationary source 
(will) (will not) exceed Re~lation Xlll's threshold limit (100 lb/day), therefore, 
modeling is (is not) reqUired. Modeling results indicate that an increase in 
emissions from this eq_uipment (will) (will not) cause a violation, or make 
measurably worse an eXISting violation of any ambient air quality standards. 

CONCLUSIONS/RECOMMENDATIONS: 

This engine is expected to (will not) comply with all applicable District Rule and ·Regulations. 
The following is recommended: · 

( ) . Issue a Permit to Construct/Operate subject to the following conditions: 

CONDITIONS: 

1. tHiS ENGINE MUSt· NOT BE OPERATED MORE THAN . HOUR(S) IN ANY 
ONE DAY AND MORE THAN 20Q HOURS IN ANY ONE YEAR. 

2. AN ELAPSED TIME METER MUST BE (INSTALLED) (MAINTAINED), SO AS TO 
INDICATE IN CUMULATIVE HOURS, THE AMOUNT OF TIME THE ENGINE 
HAs OPERATED. 

Revision: 0 Date: 8/18/89 
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3. 

4. 

5. 

6. 

7. 

.l...-_ ___;4::t..__l 4 
ENGINEERING DMSION IAPPL NO. I DATE 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

TilE FUEL OILSUPPUED TO 1HIS ENGINE MUST NOT EXCEED 
IN ANY ON~ DAY. 

GALLONS 

A FLoW METER MUST BE (INSTALLED) (MAINTAINED) IN TilE FUEL SUPPLY 
LINE, SO AS TO INDICATE IN GALLONS, THE AMOUNT OF FUEL OIL 
SUPPUED TO THE ENGINE. . 

~~~~3iMg~~~Wvr: ~ lfr~ARDMU.J~~-RETARDED AT 

TilE IGNITION TIMING OF THIS ENGINE MUST BE INSPECIED, ADJUSTED, 
AND CERTIFIED, AT A MINIMUM, ONCE EVERY THREE YEARS OF 
OPERATION. INSPECTIONS, ADJUSTMENTS, AND CERTIFICATIONS MUST BE 
PERFORMED BY A QUALIFIED MECHANIC AND ACCORDING TO THE 
ENGINE MANUFACfURER'S PROCEDURES. . 

AN OPERATING RECORD OF THIS EQUIPMENT MUST BE MAINTAINED IN A 
FORMAT APPROVED IN WRITING BY THE DIRECTOR OF ENFORCEMENT, 
KEPT FOR A MINIMUM OF TWO YEARS, AND MADE AVAILABLE. UPON 
REQUEST OF DISTRICT PERSONNEL. THE RECORD MUST INCLUDE, AT A 
MINIMUM, TilE DAYS AND HOURS OF OPERATION, THE AMOUNT OF FUEL 
OIL SUPPUED TO 1HIS ENGINE, AND THE DATE(S) OF INSPECTION(S), 
ADJUSTMENT(S), AND CERTIFICATION(S) OF THE IGNffiON TIMING OF THI'S 

ENGINE. . · . . • 

( ) Deny the Permit to Construct/Operate. 

It iS my opinion that the operation of this equipment will be in violation of Rule(s) ---
ofthe Rules and Regulations of the South Coast Air Quality Management District. 

Revision: 0 Date: 8/18/89 
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SECI'ION2: UNCONFINED ABRASIVE BLASTING 

2.1 General Description 
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Abrasive blasting is the cleaning or preparing of a surface by forcibly propelling a 

streani of material against the surface. Some applicatiorui of abraSive blasting are: 

· - Removing rust, scale, .or paint; 

- Roughening surfaces in preparation for bonding, painting or coating; 
, Removing burrs; 

. - Developing a matte surface finish; and 

·- Removing flash from molding operations. 

In the District, abrasive ·blasting operations are classified into two general 

·categories:. confined and unconfined. 

Confined abrasive blaswig operations are defined by ·the California Air Resources 

Board under Title 17, Subchapter 6 of the California Administrative Code, .Section 

92000 as follows: 

Confined blasting is any abrasi~e blasting conducted in an 

enclosure which significantly restricts air contaminants from 

being emitted to the atmosphere, including but not iimited to 

shrouding, tanks, drydocks, buildings and structures. 

Unconfined blasting operations are conducted outside of an enclosure. 

State legislation gives the California Air Resources Board (ARB) authority over 

abrasive blasting operations. The ARB has set the visible emission and 
performance standards for unconfined abrasive blasting operationS. No district may 

impose limitations stricter or less strict than those promulgated by the ARB for 

unconfined abrasive blasting operations. Each individual district remains free to 

impose limitations on confined abrasive blasting operations. For example, if a 

storage tank's structure is being abrasive blasted in an open are!l. the blasting 

operation is considered unconfined and is .subject only to the ARB's limitations 

SCAQMD 2-1 Unconfined Abrasive Blasting 
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adopted by and included in. the District's Rules and Regulations. However, if the 

same tank was used ·as an enclosure in which abrasive blasting operations were 

conducted, these abra.Sive blasting operations would be subject to all applicable 

District Rules and Regulations. 

Since the permit processing standards for confined and unconfined.abrasive blasting 

systems differ significantly, each category will be discussed in separate sections of 
. . 

the Permit Processing Handbook. Section 3 discusses confined abrasive blasting 

systems, This section will discuss unconfined abrasive blasting systems. 

2.1.1 Abrasive Materials 

Abrasive materials are generally classified as (i) sand, (ii) metallic shot or grit, and 

(iii) other. Cost and the properties of the abrasive material dictate their application. 

Sand is the least expensive abrasive m~teriill. It is colnmonly med where reclaiming 

the abrasive is not feasible such as in unconfined abrasive blasting operations. It has 

a rather high breakdown rate which can ·result in a dusting problem. The dusting 

problemlimits the sand's use in abrasiv~ blasting cabinets and rooms due to reduced 

. visibility in these enclosures. Synthetic abrasives, such as silic.on carbide . and 

aluminum oxide, are becoming popular substitutes for sand. The cost of synthetic 

a?rasives are· three to four times that of .silica sand. However, they are more 

durable and lower· dusting than sand. They· are predominantly used in blasting 

enclosures and some unconfined blasting operations where abrasive reclaiming is 

employed. 

Metallic abrasives are made from cast iron and steel. Cast iron shot is made by 

. spraying molten cast iron into a water bath·. The :;hot is hatd and brittle. Cast iron . 

grit is made by crushing the oversize and irregular particles formed during the 

manufacture of cast iron shot. Steel shot is produced by blowing molten steel. Steel 

shot is not as hard as cast iron shot, but is much tougher. Due to the higher costs 

associated with metallic abrasives, they are predominantly used in abrasive blasting 

enclosures with abrasive reclaiming equipmertt. 
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Glass beads, crushed glass, cut plastics and nutshells are included in the "other'' 

category, and !IS with synthetic. and metallic abrasive materials, they are used in 
operations where the abrasive material are reclaimed. 

The type of abrasive is usually specific to the blaSting method. Dry abrasive blasting 

is usually done with sand, aluminum oxide, silica carbide, metallicgrit or shot. Wet 

blasting is usually done with sand, glass l:!eads, or any materials that will remain 
suspended in water. Table 2~ 1lists seve~ abrasive materials and their applicationS. 

2.1.2 Abrasive Blasting Methods 

Typically, all abrasive blasting systemS include three basic components: an abrasive 

blasting pot, a propelling device, and abrasive blasting nozzle(s ). 

There are three basic types of propelling methods: centrifugal wheels, air pressure, 

or water pressure. The centrifugal wheels use centrifugal and inertial forces to 

propel the abrasive media, whereas the air blast uses compressed air. The wate~ 
blast method uses either compressed air or high pressure water as the propelling 

force. The most popular methods of propelling the abrasive are. air pressure and 

water pressure. Therefore, this section will only describe these methods. 

The compressed air suction, the compressed air pressure, . and the wet .abrasive 

blasting systems util~ the air blast method. The hydraulic"blasting system utilizes 
the water blast method. 

The compressed air suction system has two rubber hoses connected to a blasting 
gun. One of the hoses is connected to the compressed-air supply; the other is 

. connected to the bott<?m ot the abrasive supply tank or pot. Ute gun, aS. shown in 

Figure 2-1, consists of an air nozzle that discharges into a larger nozzle. The high 

velocity air jet (eXpanding into the larger nozzle) creates a partial vaclium in the 

chamber. This vacuum draws the abrasive in, then expels it through the discharge 

nozzle. Figure 2-2 shows a typical suction type blaSting machine . . · . 
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The compressed air pressure system consists of a pressure tank (pot) in which the 

abrasive is contained. The use of a pressure tank forces abrasive through the blast 

hose rather than siphoning it. The compressed air line is connected to both the top 

. and bottom of the pressure tank. This allows the abrasive to flow by gravity into the 

·discharge hose without loss of pressure (see Figure 2-3). 

The wet abrasive blasting system (see Figure 2-4) uses a specially designed pressure 

tank. The mixture of abrasive and ·water is propelled by compressed air.· An 

alternate method uses a pressure tank an(,! a modified abrasive blasting nozzle; 

This modified abrasive blasting nozzle is s~own in Figure 2-5. 

Hydraulic blasting uses high pressure water instead of compressed air as the . . 
propelling force. 

Pressure blast systems generally give a faster, more uniform·finish thaJJ. suction blast 

system. · They pn;Jquce high abrasive velocities with less air consumption as 

compared to suction blast systems. They can operate as low as 1 psig to blast 

delicate parts and up to pressures of 125 psig to handle the most demanding 

cleaning and finishing operations. 2 

·suction blast systems are generally selected for ligltt-to-medium production . . 
requirements, limited "space and moderate budge.ts. However, suction blast sy~tems 

· can blast continuously, as opposed to pressure blast systems, without stopping for 

abx:asive cha~ges and refills. 2 

2.2 Permit Unit Description 

.'fpe .majority of the unconfined abrasive .blasting systems operated in the South 

Coast Air Basin use compressed air to propel the abrasive. Compressed air for 

abra.Sive blasting operations ·is typically generated by a compressor in close 

proximitr to the blasting equipment. One method to generate compressed air is by 

an electrically driven air compressor. A second common method of generating · 

compressed air is with a compressor driven by an internal combustion (IC) engine. · 

If a piston type IC engine with a brake horsepower (BHP) rating less than or equal 
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FIGURE 2-3: PRESSURE-'Ii'PE BLA5I'ING MACHINE 

Water 

_,__ ........ _ Air supply valve 

Air 

Choke relief valve · 

· Equal air pressure 
above ana below 
abrasive 

FlGURE 2-4: WET BI.ASTING MACHINE 
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FIGURE 2-5: ADAPTER NOZV E CONVERTING A DRY 
BLASTING UNIT TO A WET BLASTING UNIT . 
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Type of medium 

Glass beads 

Aluminum oxide 

Gamet 

Ctushed glass · 

Steel sliot 

Steel grit 

Cut plastic 

Crushed nutshells 

a. . Reference 1 
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Media Commonly Used In Blastinga 

Sizes nomially 
available 

8 to 10 sizes from 
30- to 440- mesh; 
also many special 
gradations 

10 to 12 sizes 
from 24- to 
325-mesh 

6 to 8 sizes (wide
band screening) 
from 16- to 
325-mcsh 

S sizes (wide-band 
screening) from 
30- to 400-mesh 

12 or more sizes 
(close gradation) 
from 8- to 
200-mesh 

12 or more.sizcs 
(close gradation) 
from 10- to 
325-mesh 

3 sizes (fine, 
medium, coarse); 
definite-size 
particles 

6 sizes (wide
band screening) 

2-8 

Applications 

Decorative blending; 
light debuning; peening 
general cleaning; 
texturing; non
contaminating 

Fast cutting; matte 
finishes; desealing and 
cleaning of Coarse and ' 
sharp textures 

Noncritical Cleaning 
and cutting; texturing, 
noncontaminating for 
brazing steel and 
stainless steel 

Fast cutting; low cost; 
short life; abrasive; 
noncontaminating 

General-purpose rough 
cleaning (foundry 
operatic~, ~tc.); 
peening 

Rough cleaning; coarse 
textures; fouitdry 
welding applications; 
some texturing 

Dcflashing of thermoset 
plastics; cleaning; 
light deburring 

DcOashing of plastics; 
cleaning; very light 
deburring; fragile pans 
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to the value specified in District Rule 219, "Equipment Not Requiring A Written 

Permit Puisuant To Regulation ll", is used, that engine is included in the permit 

description of the abrasive blasting system. If the BHP rating is greater than the 

value specified in Rule 219, the IC engine is evaluated as a separate permit unit. 

2.2.1· Unconfmed Abrasive Blasting Systems 

The permit description wording for an unconfined abrasive blasting system is as 

follows: 

UNCONFINED ABRASIVE BlASTING SYSTEM CONSISTING OF: 

1. ABRASIVE BlASTING POT, MANUFActuRER, MODEL NUMBER, 

POUNDS CAPACITY. · 

2. ABRASIVE BlASTING ·--
INTERNAL DIAMETER OF 

NOZZLE(Sj WITH A MAXIMUM 

IN. 

3. INTERNAL. COMBUSTION ENGINE, MANUFACfURER'S NAME,·· 

DIESEL-FUELED (GASOllNE~FUELED), MODEL NO., SERIAL NO., 

Nq. OF CYLINDERS, TWO/FOUR CYCLE, ENGINE BRAKE 

HORSEPOWER, DRIVING A COMPRESSOR WITH A MAXIMUM 

3. 

3. 

DELIVERY RATE OF . CFM AT PSIG. 

PlANT AIR WITH A MAXIMUM DELIVERY RATE OF 

_l'SIG, 

CFMAT 

COMPRESSOR, MANUFACTURER'S NAME, MODEL NUMBER, 

HORSEPOWER RATING, WITH A MAXIMUM DEUVERY RATE OF 

CFMAT PSIG. 
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Sources of emission from an ·unconfined. abrasive blasting system are the point of 

impact of. the abrasive media on the surface· being blasted, and when used, the 

exhaust from the internal combustion (IC} engine driving an air compressor. The 

primary air contaminant resulting directly from the abrasive blasting action is 

particulate matter (PM). Abrasive blasting systems using an internal combustion 

(IC} engine inust include the products of combustion emissions in the evaluation. 

The primary air contaminants from the compressor driven by an IC engine are 
reactive organic gas (ROG), oxides of nitrogen (NOx}, oxides of sulfur (SOx}, 

carbon monoxide (CO}, and particulate matter (PM). If the IC engine is part of the 

abrasive blasting system permit unit (see Section 2.4. - _Perinit Unit Description), 

both ''blasting" and "engine" emissions are summed to. determine total emissions. If 
the IC engine and the abrasive blasting system are separate permit units, the 

''blasting'~ and "engine" emissions are attx:ibuted to their respective permit unit . 

2.3.1 Emission Factors 

(A) Blasting Machine: 

Table 2-2-lists the emission factors for typical abrasives. 

(B) Compressor: 

Table 2-3 lists the emission factors for gasoline and diesel fueled internal 
combustion engines used to drive an the air compressor. 

2.4 Calculations 

2.4.1 Operational Data 

Emission calculations must be performed to determine .the compliance status of 

abrasive blasting system. To determine compliance, the applicant must provide the 

following informati'?n: 
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Table2-2: Emission Factors For Abrasives a 

Abrasive 

Sand 

Grit 

Shot 

Other 

a Reference 3 . 

Emission Factor 
(lb PM/lb Abraslve) 

0.041 

0.010 

0.004 

0.010 

.Table2-3: Emission Factors For Gasoline And Diesel 
Internal Combustion Engines a 

Air Contaminant 

Reactive Organic Gas (ROG) 

. Oxides of Nitrogen (NOx) 

Emission Factor in (lb/gal) 

Gasoline Diesel 

· Carbon Monoxide (CO) 

Oxides of Sulfur (SOx) 

.Particulate Matter (PM) 

0.1320b 

0.1020 

3.9400 
0.0053. 

0.0065 

0.0375 

0.4690 

0.1020 

0.0071 

0.0335 

a 

b 

Reference 4 (SOx emissjons for diesel corrected to 0.05% sulfur) 

The emission rate of Reactive Organic Gases due to crankcase 
. blowby and evaporation loss of gasoline is 0.221lbs/hr. 
Diesel has negligible crankcase blowby and evaporation loss. 

·2 
0 . 
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Abrasive Used: Material 

Density 

Flow Rate 

Blasting Method: Dry or Wet 

Nozzles: 

Blasted Item: 

Compressor: · 

Operating 

Schedule: 

Number 

Maximum Internal Diameter. 

Name 

Dimensions 

Maximum Capacity 

Gasoline Consumption Rate 

Diesel Consumption Rate 

Maximum 

Actual 

2.4.2 Emission Calculations 
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(Sand, Grit, Shot, or Other) 

(lb/rt3) 

(lb/hr) 

(%of time blasting) 

(in) 

(ft) 

( cfm at psig) 

(gal/hr) 

(gal/hr) 

(hr/day, day/wk, wk/yr) 

· (hrjday, dayfwk, wk/yr) 

Emissions must be calculated for both the actual (average) and maximum operating . 

conditions. Actual emissions are used for emission inventory purposes. Maximum 

emissions are used to deteinline compliance with the District's Rules and 

Regulatio~. 

Actual and maximum hourly (lb/hr) emission rates can be converted to daily 

(lb/day) emission rates by multiplying the hourly rates by the approp~ate 

equipment daiiy operational time factor (T, hr/day). In addition, the maximum 

daily emissions are multiplied by the Regulation Xlll On-Site Offset Factor (1.1). 

These daily emissions increase are accumulated for each facility in· the District's 

New Source Review Record. 

2.4.2.1 Process. Weight Calculation 

To calculate the particulate matter emissions from the blasting, the abrasive flow 

rate through the nozzle must be' known. The flow rate of abrasive ·through the 
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abrasive blasting nozzle approximates the process weight If the flow rate is not · 

provided by the applicant, it can be estimated by using the data in. Table 2-4 and 

Equation 2.1. 

Table 2-4 lists the flow rate (lb/hr) of sand versus inner diameter (in) of the nozzle 

at various nozzle pressure (psig). Equation 2.1 adjusts flow rates listed in Tabl~ 2-4 

for different abrasives and different nozzle diameter. 

2.4.2~ 

FR = FR1 X r 
f1 

(Equation 2_.1) 

where: 

FR 

FRi 

r 
f1 
ID 
IDI 

= 

= 
= 

= 
= 

= 

abrasive flow rate. (lb/hr) with nozzle internal diameter ID 
sand flow rate (lb/hr) with nozzle diameter ID1 
density of abrasive (lb/tt3) · . 

density of sand (lb/f~) 
actual nozzle internal diameter (iri) 
nozzle inner diameter (in) from Table 2-4 

Uncontrolled Emissions. (R1) Calculations 

' . 
Uncontrolled PM emission from the nozzle (R 1, PM) is determined by: 

' ' R 1• PM = EF x FR x (1- w/200) (Equation 2.2) 

n 
Uncontrolled emissions (R 1) of PM, ROG, NOx, SOx and CO from the. gasoline 'or 

diesel-driven compressor:: are determined by Equation 23: : 

" =EF X FCR (Equation 2.3) 
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Table2-4: 

Nozzle 
Internal 
Diameter 
(inches) . 

1/8 

3/16 

1/4 

5/16 

3/8 

7/16 

1/2 

5/8 

3/4 

1 
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Flow Rate Of Sand Through A Blasting Nozzle As A 
Function Of Nozzle Pressure And Internal Diameter a 

Sand F1ow Rate Through Nozzle (lb/hr) 

30 
Nozzle Pressure (psig) 

40 so 60 10 so· 

28 35 42 49 55 63 

65 80 94 107 122 135 

109 138 "168 195 221 255 

205 247 292 354 377 420 

285 355 417 477 540 600 

385 472 560 645 755 820 

90 

70 

149 

280 

462 

657 

905 

-2 
0 
8/18/89 

100 

77 

165 

309 

507 

720 

940 

503- 615. 725. 835 94s··. 1050 1160. 1265 

820 990 1170 1336 1510 . 1680 1850 2030 

1140 1420 1670 1915 2160. 2400 2630 2880 

2030 2460 2900 3340 3780 4200 4640 5060 

a. ReferenceS 

SCAQMD 

Table2-5: Density Of Abrasive a 

Abrasive 

Aluminum Oxides 

Sand 

Steel 

a Reference 6 

2-14 

Density 
(lbs/ft3) 

160 
99 

487 
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. R 1 = Uncontrolled emissions (lb/hr) 
" . EF = Emission Factor (lb/gal) from Table 2-3 

.FCR = Fuel consumption rate (gasoline or diesel, gal/hr) 

2 
0 
8/18/89 

The 'total uncont,rolled (R 1) particulate matter (PM) emissions are determined by 

summing emissions from the nozzle and the compressor driven by an IC engine: 

I 

Rl•PM = R1•PM + (Equation 2.4) 

By incorporating emission factors shown in Tables 2-2 and 2-3, Equation 2.4 can be 

simplified as follows: (Note that Equation 2.1 can be used to calculate the abrasive 

flow rate represented by the following variables: s, g, sh,.and o.) 

Rl,NOX 

R1,SOX 

Rl,CO 

Rl,PM 

where: 

R1 -· 
G. = 

D = 
s. = 

g, = 

sh = 

0 = 

w = 

SCAQMD 

= 0.1320(G) + 02210 

= . 0.0375(0) 

= 0.1020(G) or 0.4690(0) 

= 0.0053(G) or 0.0071(0) (Equation 2.5) 

= 3.9400(G) . or 0.1020(0) 

= 0.0065(G) or 0.033S(D) 

+ [0.0410(s)+O.Ol(g)+0.004(sh) 

+ 0.01(o)](l- w/200) 

uncontrolled emissions, lb /hr 

gal/hr of gasoline 

galfhr of diesel 

lb/hr of sand 

lb/hr of grit 

lb/hr ofshot 

lb/hr of other abrasive material (plastic, glass, etc.) 

percent of time .that wet blasting is performed 
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The State of California has .set the .standards for abrasive blasting operations in 
Health and Safety Code Sections 41900, 41902, 41904 ·~d 41905 .. The Health and 

Safety Code Section 41904 states that the abrasive blasting standards shall be 

stateWide, and .no rule and regulation of any district shall be. stricter or less strict 
than the standards adopted by the state board. The Health and Safety Code also 

authorizes the Air Resources Board to adopt air pollution standards for abrasive 
blasting operations. The standards adopted by the Air Resources Board are listed 
under Title 17, Subchapter 6 of the California Administrative Code, Section 92000, 

92100, 92200, 92210, 92400, 92500, 92510, 92520, 92530, and 92540. The South 
Coast Air Quality Management District has adopted abrasive blasting standards 

based on the California Administrative Code. The standards for the District are . . 
listed under Rule 402 and Rule 1140 .. If the abrasive blasting system includes an 
internal combustion engine with a rating of 50 brake horsepower (BHP) or more, 

the applicant (owner/operator) must meet the requirements of Rule 1110.1. 

Rule 402 - Nuisance 

Abrasive blasting is J.?-Ot expected to cause a public nuisance. 

Rule 1110.1 - Emissions From Stationary Internal Combustion En~ines 

If th~ abrasive blasting system includes an internal combustion engines. with a rating 
of 50 brake horSepower (BHP) or niore and is operated at a specific stationary 
source for more than one year, the applicant (owner/operator) must submit a 
Control Plan. The Control Plan must include the following information for each 
stationary source: 

SCAQMD 

A list of all engines with the type of engine service and permit or 

identifkation number. 

Engine manufacturer, model number, rated brake horsepower, type of .. 

· fuel and type of ignition . 
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List of all engines to be controlled and type ofe~ion controls to be 

_applied to such engines, including construction schedule. 

If the BHP rating of the IC engine is greater than the value specified in Rule 219 

and is 50 BHP or more, the applicant must submit an application· for permit to 

construct and operate for that engine. The requirements for the Control Plan will 
be considered during the evaluation for permit to construct and operate. 

Rule 1140 

1. Unconfined abrasive blasting operation is only allowed when: 

(A) Steel or iron shot/grit is use!l; 

(B) California Air-Resource Board (ARB) certified abrasives are used to 

'conduct dry unconfined abrasive blasting. Appendix 2B contains the 

list of ARB certified abrasives; or 

(C) 

(D) 

(E) 

Wet abrasive blasting is used; and 

Blasted item exceeds 8 ft. in height, 8 ft in width or 10 ft in length; or . . 
The structure or surface is blasted at its ·permanent or ordinary 

locatign. 

3. Abrasive blasting of stucco· and concrete must be performed by wet abrasive 

blasting, hydroblasting, or va<;uum blasting except for special cases listed 

under 1140(b)(7) · 

4. Abrasive blasting for pavement marking removal or for surface preparation 

for raised traffic delineating markers must co~ ply with Rule 1140(b )(5). 

5. Visible emissi~ns of 40% opacity (Ringlemann 2) aggregating less than 3 
minutes in _any one hour period are allowed if the abrasive blasting operation 

complies with one of the following performance standards: 

(A) Confined blasting shall be used; 

(B) Wet abrasive blasting shall be used; 

(C) Hydroblasting shall be used; 
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If the abrasive blasting operation does not comply with any of the. 

J?erformance standards listed ;:tbove, only visible enrlssions of 20% opacity 

· (Ringlemaon 1) aggregating less than three (3) minutes in any one (1) hour 

period are allowed. · 

Regulation XIII 

Portable abrasive blasting equipment complying with all State laws are exempt from 

the requirements of Regulation XIII, as pet California Health and Safety Code 

Section 41904. 

2.6 · Pennit (Operating) Conditions 

A Permit to Construct/Operate is issued subject to the following conditions: 

CONDITIONS 

1HE DIRECTOR OF ENFORCEMENT . MUST BE NOIIFIED OF 1HE 
FOLLOWING AT LEAST 48 HOURS PRIOR TO PlACING THE 
EQUIPMENT IN OPERATION IN THE DISlRICT: 

(A) THE LOCATION WHERE THE . EQUIPMENT WILL BE 

OPERATED. 

(B) ·mE ESTIMATED CALENDAR TIME 1HE EQUIPMENT WILL 

BE OPERATED AT1HE NEW LOCATION. 
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WORKSHEET FOR UNCONFINED ABRASIVE BLASTING 
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I PAGES I PAGE SOUTil COAST AIR QUALITY MANAGEMENT DISTRICT 

ENGI~ERING DMSION 
I 3 I . 1 
IAPPLNO. I DATE 

APPLICATION PROCESSING AND CALCULATIONS !PROCESSED BY I CHECKED BY 

PERMIT TO CONSTRUCT /OPERATE 

Applicability: This processin~;~ form can only be used for·unconfined blasting system using an air 
or water blast propelling deVIces. 

APPUCANTS NAME: 

MAIUNGADORESS: 

EQUIPMENT ADDRESS: 

EQUIPMENT DESCRIPTION: . 

APPLICATION NO. 

UNCONFINED ABRASIVE BlASTING SYSTEM CONSISTING OF: 

1. ABRASIVE BLASTING POT,• POUNDS CAPACITY. 

2. ABRASIVE BLASTING NOZZLE(S), WITH A MAXIMUM INTERNAL 
DIAMETER OF IN. · . 

3. . PLANT AIR ATWITII A MAXIMUM DELIVERY RATE OF CFMAT 

.Qr 

DIESEL-
' SERIAL NO. , 

PSIG . 

INrERNAL·COMBUSTION ENGINE, 
(GASOUNE-) FUELED, MODEL NO. 

CYLINDERS, 1WO (FOUR) CYCLE, 
WITII A MAXIMUM DELIVERY RA1E OF 

BHP, DRIVING A COMPRESSOR 
CFMAT PSIG . 

.Qr 

3. COMPRESSOR, , HP, WITII 
A MAXIMUM DELIVERY RATE OF CFM . 

. HISTORY: 

PROCESS DESCRIPTiON: 

The applicant uses this abrasive blasting system to blast . An operator will direct 
a high velocity stream of . at the parts, which Will remove rust, paint, and other 
surface contarllinants from the objects. Abrasive cleaning will be conducted hours per day, 
but due to the nature of the operation, actual abrasive will be flowing through1lie nozzle 
hours during that time period. Compressed air is generated by an electrically driven compressor. 

Revision: 0 Date: 8/18/89 
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SOUTH COAST AIR QUALITY MANAGEMENT DISTRICf 
. . .. 

ENGINEERING DIVISION 

APPLICATION PROCESSING. AND CALCULATIONS 
' 

DATA: 

Nezzle Max Internal i:>ia (ID2) : __ in 
· Number, Total : __ 

Air Pressure, Maximum : __ . PSIG 
Abrasive Material(s) : ---::-. 
Sand Flow Rate (FR1) : __ lblhr __ PSIG 
Abrasive Density ( f ) : . lblf~ 
Sand Density ( f 1) : 99 ib7fi3' .. 
Operating Schedule(T) : __ hrlday, __ day/wk. · Wk/yr 
Equipment Operating Factor : % 

)PAGES )PAGE 

I 3 I 2 
JAPPLNO. )DATE 

J PROCESSED BY . I CHECKED BY 

Source 

Applicant 
" 
" 
" 

Table 3-4,Eq ~.1 

Table3-5 
Applicant 

" 
" Type of Blasting(% oftime): Dry (d) Wet (w) 

Max Compressor Operating Capacity :-. - CFM ~ PSIG " 
Fuel·Consumption Rate (FCR), Gas/Diesel (G/D) : gal/hr " 
Dimensions of Blasted Item : W x L x H " 

CALCULATIONS: 
• 

1. Abrasive Flow Rate (FR): FR = FR1 x 

FR = · __ lblhr x (_2in21_2in2) 

= __ ·lblhr 

<ID
2

/ID1
2>. x r 1 r 1 

X (_ lb/~ I _lb/ft3) 

2. Emissions 

The uncontrolied (R1) emissions must be multiplied by appropriate operating time (T) 
factor to determine actual and maximum hourly and daily eJlllssions. {NSR Emissions = 
Maximum Daily x 1.1) 

Uncontrolled Emissions (R1) Actual Max Max NSR 
lb/hr lb/hr lb/day lb(day 

R1 ROG = 0.3120(G) + 0.2210 or -- --0.375(D) 
R1 NOX = 0.1020(G) or 0.4690(D) -- --· 
R1 SOX = 0.0053(G) or 0.007l(D) --
Rt,CO = 3.9400(G) or 0.1020(0) -- -- --
RfpM (nozzle) = [0.041(s) + O.Ol(g) + 

" 
0.004(sh) + O.Ol(o))(l- W /200) -- --

R1 PM (engine) = ,0.0065(G) 9.r 0.0335(0) --
R1 PM Total= R1 PM + R1 PM , --· --

Revision: 0 . Date: 8118/89 
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SOUTH COAST AIR QUALI1Y MANAGEMENT DISTRICT 'I PAGES I PAGE 
I 3 I 3 

ENGINEERING DIVISION IAPPL NO •. I DATE 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY. I CHECKED BY· 

RULES EVALUATION: 

RULE 402 . : The operation of this equipment (is not) (is) ex}le~ed to cause public nuisance. 

RULE 1140 : l. Visib•e emissions (ar~ not) (are) expected to exceed 40% opacity for more 
than 3 minutes in any 1 hour period. 

2. This blasting operation complies with one of the following: 
· [] Wet abrasive blasting is used. · 

[] Dry, unconfined blasting is used and one of the following is met: 
[] Steel,Iron shot/grit or an ARB certified abrasive is used. 
[] Blasted item exceeds one of the following: 8' H. or 8' W. or 10' L. 
[] Structure/surface blasted at its permanent/ordinary location. 

3. Blasting of stucco and concrete complies with one of the following! 
[] Wet blasting, hydroblasting, or vacuum blasting is used; 
.[] Dry blasting is used on the structures listed under 1140(b )(7). 

4. Surface preparation for raised traffic delineating markers. and pavement 
marking removal using abrasive blaliting complies with one of the following: 
[] Wet blasting, hydroblasting, or vacuum blasting is used. 
[] Dry unconfined blasting is used only under the conditions listed under 

1140(b )(S)(B). 

CONCLUSIONS/RECOMMENDATIONS: 

This equipment (is) (is not) expected to comply with all applicable District Rules and 
Regulations. The folloWing is recommended: . · 

[] Issue a Permit to Construct/Operate subject to the following c~nditions: 

CONDITIONS 

1HE DIRECTOR OF ENFORCEMENT MUST BE NOTIFIED OF 1HE·.FOLLOWING AT 
LEAST 48 HOURS PRIOR TO PLACING 1HE EQUIPMENT TO OPERATION IN 1HE 
DISTRICT: . 

(A) 

(B) 

THE LOCATION WHERE THE EQUIPMENT WILL BE OPERATED. 

1HE ESTIMATED CALENDAR TIME THE EQUIPMENT WILL BE 
OPERATED AT THE NEW LOCATION. · . 

Deny the Permit to Construct/Operate. It is my opinion that the operation of this 
equipment will cause a violation of Rule ( 402)(1140) of the Rules and Regulations of the 
South Coast AQMD. · . . . 

Revision: 0 Date: 8/18/89 . 
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CALIFORNIA AIR RESOURCES BOARD CERTIFIED ABRASIVES 
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California Ail' Resources Board Certified Abrasi~es 

Pursuant to California Administrative Code, Subc!lapter 6, Section 92520(b), the 

Air Resources Board is required to certify the abrasives used for dzy, unconfined 

blasting comply with specific performance standards as set forth in the code .. 

Executive Order G-390 ·of Air Resources Board lists the abrasive materials that are . ' 

certified for until May 20, 1988. The Executive Order is updated every year. 

Questions regarding the test method evaluation, the certification process, .and the 

updated Executive Order in the future can be directed to Gacy Zimmerman, 

Manager of the Source Testing Section, Air Resources Board at (916)322-2886. 

·The following list of certified abrasives is taken from the Executive Order G-390. 

1 . 

2. 

3. 

4. 

5. 

6. 

Blackhawk Slag Products 

California Silica 
Products C~mpany 

Corona Industrial : 
Sand Company 

Earthguard Pollution 
Control Company 

E.I. du Pont de Nemours 
& Company, Inc. 

P.W. Gillibrand 

SCAQMD 28-3 

Blackwawk Utility 
Blackwawk Medium 
Blackwawk Fine 

#16 
#20 
#30 

Cisco 
#12 
#16 
#20 
#30 

Earth~ard Premium 
Abrastves · 
EPA-A EPA-D 
EPA-B EPA-A-E 
EPA-C 

Cqarse Staurolite 

Gillibrand 
#16 Silver 
#20Silver 
#30 Silver 

Unconfined Abrasive Blasting 



7. Gordon Sand Company 

8. Gran grit, Inc. - Stan-Blast 

9. Halliburton Industrial 
Sevices 

10. Harsco Corporation 

11. Hedrick-Apache, Inc. 

12. Leisure lnvestm~nt Company 

13. Lone Star Industries, Inc. 

14. Minerals Research and 
Recovery Of Arizona, Inc. 

15. Monterey Sand Company· 

16. Myers .Metals & Minerals, Inc. 

17. Paull & Griffin Company 

18. Rocky Mountain Energy Company 

19. Stan-Blast Abrasive Company, Inc. 

SCAQMD 2B-4 

Golden Flint 
G-16 
G-20 
G-30 
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Lapis Luster G-12 

Gangrit Medium 

Halco Blast - Coarse 
Halco Blast - Medium 

Green Diamond 1040 
Green Diamond 1636 
Green Diamond 1650 
Green Diamond 2050 
Black Beauty 1240 
Black B_eauty 2040 

Apache:Blast 12-50 

Kleen: Blast 16 - 30 
Kleen Blast 35 
!Qeen Blast 16 
Kleen Blast 8 - 12 
Kleen Blast 30 - 60 

Lapis Lqstre and 
Oementina No.3 
No. 2/16, No. 1/20, 
No. 0/30,No. 1C, No. 2/12 

F~80 
M-60 
U-40 
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Crystal Amber #3 · 
Crystal Amber #2/Monterey #16 
Crystal Amber #2/Monterey #20 
Crystal Amber #1C 
Crystal Amber #1 
Crystal Amber #O/Monterey#30 

Grade#25 

U.S. Technology 

Copper Blast Coarse 
Copper Blast Medium 
Copper Blast MSR (fine) 

Stan Blast - Heavy 
Stan Blast - Medium 

Unconfined Abrasive Blasting 



20. Unimin Corporation· 

21. · U.S. Silica Company 
Of California 

22. · Vrrginia Materials Corporation 

23. RDM Multi-Enterprises, Incorporated 
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Granusil #16 
Granusil #20 
Uni-Blast #3 

No.12 
No.l6 
No.20 
No.30 
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VMC Black Blast 
VMC#2 

Ferro-Blast 
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CABINETS/ROOMS 

3.1 General Description 
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Abrasive blasting is the cleaning or preparing of a surface by forcibly propelling a 

stream of material against the surface. Some applications of abrasive blasting are: 

- Removing rust, scale, or paint 

- Roughening ~aces in preparation for bonding, painting or coating 

- Removing burrs 

- Developmg a matte surface finish 

-RemoVing flash from. molding operations. 

In the District, abrasive blasting operations are classified into two general 

categories: confined and unconfined . 

Confined abrasive blasting operations are defined by the California Air Resources 

Board under Title 17, Subchapter.6 of the California Administrative Code, Section 

92000 as follows: 

Confined blasting is any abrasive blasting conducted in an 

enclosure which significantly restricts air contaminants from 

being emitted to the atmosphere, including but not limited to 

shrouding, tanks, drydocks, buildings and structures. 

Unconfined blasting operations are conducted outside of an enclosure. 

· State legislation gives the California Air Res~>Urces Board (ARB) authority over 

abrasive blasting operations. The ARB has set the visible emission and 

performance standards for unconfined abrasive blasting operations. No district may 

impose limitations stricter or less strict than those promulgated by the ARB for 

unconfined abrasive blasting operations. Each individual district remains free to 

impose limitations on confined abrasive blasting op~rations. For example, if a 

storage tank's structure is being abrasive blasted in an open area, the plasting 
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operation is considered unconfined and is not .subject to the District's Rules and 

Regulations. However, if the same tank was used as an enclosure in which abrasive 

· . blasting operations were conducted, these abrasive blasting operations would be 

· subject to all applicable District Rules and Regulations. 

Since the permit processing standards for confined and unconfined abrasive blasting 

systems differ significantly, each category will be discussed in separate sections of 

the Permit Processing Handbook. Section 2 discusses Wtconfined abrasive blasting 

.systems. This section will discuss two confmed abrasive blasting operations that are 

vented to an air pollution control system: abrasive blasting cabinets and abrasive 

blasting rooms. 

3.1.1 Abrasive Materials 

Abrasive materials are generally classified as (i) sand,. (ii) metallic shot or grit, and 

(iii) other. Cost and the properties of the abrasive material dictate their application. 

Sand· is the least eXJ?ensive abrasive material. It is commonly used where reclaiming 

. the abrasive is not feasible such as in uncopfined abrasive blasting operations. It has 

a rather high breakdown rate which can result in a dusting problem. The dusting 

problem limits the sand's use in abrll;'iive blasting cabinets .. and rooms due to red~ced 

visib.ility in these enclosures. Synthetic abrasives, such as silicon carbide and 
. . 

aluminum oxide, are becoming popular substitutes for sand. The cost of synthetic 

abrasives are three to four times th!lt of silica sand. However, they are more 

durable and lower dusting than sand. They are predomimmtly used in blasting 

enclosures and some unconfined blasting operations where abrasive reclaiming is 

employed. 

. .. 
Metallic abnisives are made from cast iron and steel. Cast iron shot is made by 

· spraying molten cast iron into a water bath. The shot is hard and brittle. Cast iron 

grit is made by crushing the oversize and irregular particles. formed during the 

manufacture of cast iron shot. Steel shot is produced by blowing molten steel. Steel 

'shot is not as hard as c~t iron shot, but is much tougher. Due to the higher costs 
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associated with metallic abrasives, they are predominantly used in abrasive blasting 
·enclosures with abrasive reclaiming equipment. 

Glass beads, crushed glass, cut plastics and nutshells are included in the "other" 

category, _and as with synthetic and metallic abrasive materials, they are used in 

operations where the abrasive material are reclaimed. 

The type of abrasive is usually·specific to the blasting method. Dry _abrasive blasting 

.is usually done with sand, aluminum oxide, silica carbide, metallic grit or shot. Wet 

blasting is usually done with sand, glass beads, or any materials that will remain · 

suspended in water. Table 3-llists several a~rasive materials and their applications. 

3,1.2 Abrasive Blasting Methods 

Typically, all abrasive blasti1,1g systems include three basic components: an abrasive 

blasting pot, a propelling device, and abrasive blasting nozzle(s). A peqnanent 

enclosure, in which abrasive blasting operations are conducted, abrasive reclaiming 

devices, conveyors, elevators, and air pollution control devices, ect. can also be part· 

of the abrasive blasting system. 

There are ·three basic types of propelling methods: centrifugal wheels, air pressure 

or water pressure. The centrifugal wheels use .centrifugal.and inertial forces to . . 
propel the abrasive media, whereas the air blast uses compressed air. The water 
blast method uses either compressed air or high pressure water as the propelling 

force. The most popular methods of propelling the abrasive are air pressure and 

water pressure. 

The compressed air suction, the compr6ssed air pressure, and the wet abrasive 

blasting systems utilize the air bll!St method. The hydraulic blasting system· utilizes 

the water blast method. 

The compressed air suction system has two rubber hoses connected to a blasting 

gun. One of the hoses is connected to the compressed-air supply; the other is 

connected to the bottom of the abrasive supply tank or pot. The gun,. as shown in 
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Type of medium 

Glass beads 

Aluminum oxide 

Gamet 

Crushed glass 

Steel shot 

Steel grit 

Cut plastic 

Crushed nutshells 

a Reference 1 
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Media Commonly Used In Blasting 3 

Sizes nonnally 
ayailable 

8 to 10 sizes from 
3(). to 44(). mesh; 
also many special 
gradations 

10 to 12 sizes 
from 24- to 
325-mesh 

6 to ·g sizes (wide
band screening) 
from 16-. to 
325-mesh 

5 sizes (wide-band 
· screening) from 
3(). to 400-mesb 

12 or more sizes 
(close gradation) 
from 8- to 
200-mesh 

12 or more sizes 
(close gradation) 
from 10.. to 

325-mesh 

3 sizes (fine, 
medium, coarse); 
definite-size 
particles 

6 sizes (wide
band screening) 

3-4 

Applications 

Decorative blending; 
light deburring; peening 
genetal cleaning; 
texturing; DOD• 

contaminating 

Fast cutting; matte 
finishes; descaling and 

. cleaning of coarse and. 
sharp textures 

Noncritical cleaning 
an~ cutting; texturing, 
noncontaminating for 
brazing steel and 
stainless steel 

Fast cutt~ng; low cost; 
short life; abrasive; 
noncontaminating 

General-purpose rough 
cleaning (foundry 
operation, etc.); 
peening 

Rough cleaning; eoarse 
textures; foundry 
welding applicatioOs; 
some texturing 

Dcflashing of thennoset 
plastics; cleaning; 
light deburring 

Dcflashing or Ptastics; 
cleaning: very light 
dcburring:· fragile parts 
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Figure 3-1, consists of an air nozzle that discharges into a larger nozzle. The high 

velocity air jet (expanding into the larger nozzle) creates a partial vacuum in the 

chamber. This vacuum draws the abrasive in; then expels it through the discharge 

·nozzle. Figure 3-2 shows a typical suction type blasting machine. 

The compressed air pressure system uses'a pressure tank (pot)" in which the abrasive 

is contained . The use of a pressure tank forces abrasive through the blast hose 

rather than siphoning it. The compressed air line is connected to both the top and 

bottom of the pressure tank. This allows the abrasive to flow by gravity into the 

discharge hose without loss of pressure (see Figure 3"3). 

The wet abrasive· blasting system, ~ shown in Figure 3-4, uses a specially designed 

pressure tank. The abrasive supply tank (pot) is flooded with water. The mixture of 

abrasive and water is propelled by compressed air. An alternate method uses a 

pressure tank and a modified abrasive blasting nozzle. This modified abrasive 

.blasting nozzle is shown in Figure 3-5. 

Hydniulic blasting uses high. pressure water instead of compressed air as the 

propelling force. 

Pressure blast systems generally give a faster, more uniform finish than suction blast 

. system. They produce high abrasive velocitie~ with less air consumption. as 

compared to suction blast systems. They can operate as low as 1 psig to blast 

delicate parts and up to pressures of 125 psig to handle the most demanding 

cleaning and finishing operations. 2 

Suction blast systems are generally selected for ·light-to-medium production 

requirements, limited. space and moderate budgets. However, suction blast systemS 

can blast col).tinuously, as. opposed tc;> pressure blast systems, without stopping for 

abrasive changes and refills. 2 
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FIGURE 3·3: PRESSURE~TYPEBLASTING MACHINE 

\}'ater 

Air 

Cloke relief valve 

Equal air pressure 
above and below 
abrasive 

F1GURE3-4: WETBI.ASTING MACHINE 
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FIGURE 3-5: ADAPTER NOZV E CONVERTING A DRY 
BLASTING UNIT TO A WET BlASTING UNIT 
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The two most commonly used enclosures in confined abrasive blasting are abrasive 

blasting cabinets and abrasive blasting rooms. 

3.1.3.1 Abrasive Blasting Cabinets 

· The blasting. cabinet is a relatively small enclosure frequently used to clean or 

prepare small parts. The 4J,temal working volume typically ranges from one cubic 

foot upwards to seventy-two cubic feet. The op~rator works outside the cabinet. He 

passes his hands and arms, protected by heavy rubber glov~s. through se.aled· . 

openings.in the cabinet front, The operator manipulates the blasting gun (nozzle) . 

and . positions the objectS to be. abrasive blasted with. his hands and varies the 

abrasiye flow rate and action by a treadle type control valve. Stepping on the foot 

treadle starts the bJast; releasing it stops the blast instantly. Figure 3-6 and Figure 3-
7 show a typical abrasive blasting glove and gun and abrasive blasting cabinet, 

respectively. . 

The cabinets are equipped with either a front or side loading· door and a large dust 

tight view window. The cabinet is illuminated for maximum vision by a lamp 

located on the ceiling of the cabinet. The lamp is protected from dust and abrasives 

by a fine mesh screen. 

As the operator directs the .high veloCity stream of abrasive materiiil at the object(s) 

being blasted, the heavier materials generated by ~he cleaning action fall througi:J. 

the floor grate above the cabinet hopper. The lighter entrained particulate matter is 

directed to an air pollution control (APC) device by an exhaust blower. The APC 

system can be included (integral, manufactured as a common unit) With the cabinet 

or it can be a separate, distinct external system. The most commo!lly used. APC . . . 

devices for dry abrasive blasting operations are tube- or cartridge-type baghouses 

(or dust collectors). As a matter of convention, the District defines cloth filter 

devices with a minimum of 400 square feet of actual filter cloth area as a baghouse, 

.. while those with less than 400 cubic feerare dust collectors. 
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FIGURE 3-6: · ABRASIVE BLASTING GWVE AND OUN 

FIGURE 3-7: ABRASIVE BLASTING CABINET AND BAG HOUSE 
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To replace the air which is removed from the cabinet by the exhaust system, a 

·baffled air intake is located in the front roof section of the cabinet. As the 

particulate. entrained air is drawn towards the back bottom portion of the blasting 

cabinet, an equal volume of fresh .air is drawn into the cabinet through the air intake 

port Th~ movement or velocity of air from the front top section towards the back 

bottom section results in a sweeping action inside the cabinet that enhances the 

operator's view of the operation. 

3.1.3.2 Abrasive Blasting Rooms 

The oldest and most widely used device to confine and control abrasive blasting 

operations is a blasting room. (3) The blasting room is similar to an abrasive 

blasting cabinet, except that the operator is located inside the room. The rooms 

typically include an automatic abrasive recovery system. 

Blasting rooms vary widely in construction. The contemporary design is. a 

pref~bricated reinforced steel room with floor grating and a completely automatic 

abrasive recovery system. The rooms have either single or douQle main doors, and a 

. smaller size man-door. Typically, one or both side walls or the front wall can be 

completely. opened for easier access to the room. The rooms are equipped witli 

monorail conveyors, rail cars or rotating tables to assist the operator in handling the . 

large,and heavy objects. Older designs include rooms of wooden, concrete or brick 

construction and usually do not include recovery systems or equipment to assist the 

operator. 

As the operator directs the high velocity stream of abrasive material at the objed(s) 

being blasted, the heavier materials· generated by the cleaning action fall through 

the perforated floor plate of the room. Floor conveyors, elevators, and blowers 

transport the spent abrasive and abraded materials to screens and cyclones . to 

separate the components. The abrasive is returned to the abrasive hopper while the 

undesirable. material is collected for .disposal. The floor conveyors, elevators, and 

other similar conveying and reclaiming equipment are collectively referred to as the 

abra5ive reclaim system. 

SCAQMD 3-11 Abrasive Blasting Cabinets/Rooms 



. '·· 

'. 
Section: 
Revision: 
Date: · 

3 
0 
8/18/89 

The lighter entrained particulate matter is directed to an air pollution C!Jntrol 

· (APC) device by. an exhaust blower. The most commonly used APC devices are 

tube-type baghouses or cartridge dust collectors. 

To replace the air which is removed from the room by the exhaust.system, air 
intakes are added. The air intakes are located irl.the front or top sections of the 
room opposite the exhaust air intakes. They include rain deflecting louvers and 
baffles. Air intake ports located in the front section of the blasting room result in a 

· movement (velocity) of air called a crossdraft. Air intake ports located in the roof 

section of the blasting room create a downdraft. . Minimum crossdraft and 

downdraft velocities, in addition to other structural guidelines, are listed in 
Appendix 3B, "G~idelines For Basic Design of Abrasive Blasting Enclosures and 

Their Associated Air Pollution Control Equipment." . A typical abrasive blasting 

room is shown in Figure 3-8. 

3.2 Pe~it Unit Description 

. The majority of the abrasive blasting 'cabinets and rooms operated in 'the South 

Coast Air Basin use compressed air to propel the abrasive. Compressed air for 

abrasive blasting operations is .. typically generated by an electrically driven air 
compressorin close proximity to the blasting equipment. 

If the abrasive blasting cabinet or room is vented to an external air pollution control 
(APC) system, that APC system must be evaluated as a separate permit unit. Those 
abrasive blasting systems with an integral APC system (b~ghouse) .must include the 
APC in the abrasive blasting system permit description. 

3.2.1 · Abrasive Blasting Cabine~ 

The permit description wording for an abrasive blasting cabinet is as follows: 
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Buill·m Protec:lcd I igbting 

Crossdraft Ventilation 

MODorail and Emadcd Tracks 

FIGURE 3~8: . ABRASIVEBLASTING ROOM AND BAGHOUSE 
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1. ~ABINET, MANUFACIURER,MODEL NUMBER, (IN1ERNAL 
DIMENSIONS) WID1H x LENG1H x HEIGIIT. 

2.; PRESSURE·POT, MANUFACfURER, MODEL NUMBER, POUNDS 

CAPACITY. 

3: _ NOZZLE(S) WI1H A MAXIMUM INTE~AL DIAMETER OF 

4. 

IN. 

PlANT AIR WI1H A MAXIMUM DELIVERYRATE OF 

PSIG. 

CFMAT 

· Additional equipment ·a5sociated with the abrasive blasting· cabinet such as an 

abrasive reclaimer must be included in the permit wor~ing description and must 
· conform with the District's permit wording description stan4ards. 

3.2.2 Abrasive Blasting Cabinet With Integral' Control 

The permit description wording for an abrasive blasting cabinet with integral is as 

follows: 

ABRASIVE BlASTING SYSTEM WITH INTEGRAL CONTROL CONSISTING 

OF: 

1. CABINET, MANUFACfURER,MODEL NUMBER, (INTERN~ 

DIMENSIONS)' WIDTH x LENGTH x HEIGIIT. 

2. PRESSURE POT, MANUFACfURER, MODEL NUMBER, POUNDS 

CAPACITY. 
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3. NOZZLE(S) WIT1l A MAXIMUM IN1ERNAL DIAMETER OF 
.IN •. 

4. PLANT AIR WITH A MAXIMUM DEUVERY RATE OF 

PSIG. 

CFMAT 

5. INTEGRAL (BAGHOUSE) (DUST·COLLECTOR) WIT1l (FILTER . -- . 
BAGS) (CAR1RIDGES), ( .sQ. FT. ACTIJAL FILTER AREA), 

{DIM4ETER x LENGTH), AND A_ HP BLOWER 

Additional equipment · associated with the abrasive blasting ca~inet such as· an 
abrasive reclaimer must be included in the permit wording description and must 

conform with the District's permit wording description standards. . . 

3.3.3 Abrasive Blasting Room 

The permit description wording for an abrasive blasting room is as follows: 

ABRASIVE.BLASTING SYSTEM CONSISTING OF: 

1. ROOM, M~UFACfURER,MODEL NUMBE~ (DIMENSIONS) 

WIDTH X LENGTH X HEIGHT. 

2. PRESSURE POT, MANUFACfURER, MODEL NUMBER, POUNDS 

CAPACITY .. 

3. · · NOZZLE(S) WITH A MAXIMUM IN1ERNAL· DIAMETER OF -. . .· 

4. 
IN. 

PLANT AIR WITH A MAXIMUM DELIVERY RATE OF 

PSI G. 

CFMAT 
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Additional equipment associated with the abrasive blasting room (abrasive 

reclaimers, conveyors, elevators) must be included in the permit wording description 

and muSt conform with the District's permit wording description standards. 

33 Emissions · 

Emission from a confined abraSive blasting system result from the diScharged 

abrasive material impacting a surface. The primary air contaminant resulting 

directly from the abrl!Sive blasting action is particulate matter (PM). Most abrasive 

blasting cabinets or rooms use plant (facility) compressed air which is derived from 

an electrically-driven compressor. 

3.3.1 Emission Factors 

Table 3~2 lists the emission factors for typical abrasives: 

SCAQMD 

Table3-2: 

Abrasive 

Sand 
Grit 
Shot 

·Other 

Emission Factors For Abrasives 8 

, EmissionFactor 
(lb PM/lb Abrasive) 

0.041 
0.010 
0.004 
0.010 

a Reference 4 
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Emission calculatio~ must be performed to determine the compliance status of 
abrasive blasting system. To.determine compliance, the appliCant must provide the 
following information: 

Abrasive used: 

pry 

Blasting Type: 

Nozzles: 

Blasted Item: 

Compressor: 

Operating 

Schedule: 

Material 

Density 

Flow Rate 

Dry or Wet 

Number of Nozzles 

(Sand, Grit, Shot, or Other) 

(lb/ft3) 

(Ib/hr} 
(%of time blasting) 

Maximum Inner Diameter (in) 

Name 

Dimensions 
MaximUD). Capacity 

Maximum 

Actual 

(ft) 
( cfm at psig) 

(hr/day, day/wk, wk/yr) · 

(hr/day, day/wk, wk/yr) 

3.4.2 Emission Calculations 

Emissions must be calculated for both the actual (average) and maximinn operating 
conditions. Actual emissions are used in emission inventory. Maximum emissions 

. are used to determine compliance with the District's Rules and Regulations. 

Actual and maximum hourly (Ib/hr). emission rates must be converted to .daily 

(lb/d~y) emission rates by multiplying the hourly rates by the appropriate 

equipment daily operationiU time .factor (T, hr/day). In addition, the maximum 

daily emissions are multiplied by the Regulation XIII On-Site Offset Factor (1.1) . 

. These daily emissions increase are accumulated for each facility in tqe District's 
New Source Review Record. · · 
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·To calculate the particulate matter emissions from the abrasive blasting operation, 

the abrasive flow rate through the nozzle must be known. The flow rate of abrasive 

through .the abrasive blasting nozzle approximates ·the process weight If the flow 

rate Is not provided by the applicant, it can be estimated by using the data in Table 

3-4 and Equation 3.1. Table 3-4lists the flow rate (lb/hr) of sand versus internal. 

diameter (in) of the nozzle at various nozzle pressures (psig). Equation 3.1 adjusts 

flow rates·listed in Table3-4 for different abrasives and different nozzle diameter. 

3.4.2.2 

where: 

FR = 
FR1 = 
f = 
fl = 
ID = 
IDl = 

X X f 
f1 

· (Equation 3.1) 

abrasive flow rate (lb/hr) with nozzle internal diameter ID 

sand flow rate (lb/hr) with nozzle diameter ID1 
density of abrasive (lb/ft3) . 

density of sand (lb /ft3) 
ac;tual nozzle internal diameter (in) 

nozzle internal diameter (in) from Table 3-4 

Uncontrolled Emissions (R1) Calcuiations 

. . 
Uncontrolled PM emission from the nozzle (R1 ) is determined by: 

. Rr. = EF x FR x. (1-w/200) (Equation 3.2) 

where:. 

R 1 = uncontrolled PM emission from the nozzle (lb/hr) 

EF = emission factor (lb PM/lb abrasive) from Table 3-1 

FR = flow rate of abrasive through the nozzle (lb/hr), Eqn. 3.1 
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w = percent of time wet blasting. The expression (1-w/200) 

denotes that wet blasting emissions are estimated to be-50% 

Table3-4: 

Nozzle 

Diameter 
· (inches) 

1/8 

. 3/16 

1/4 

. 5/16 

3/8 

7/16 

1/2 

5/8 

3/4 

1 

· less than dry blai;ting ·emissions) 

Flow Rate or Sand Through A Blasting Nozzle As A 
Function Or Nozzle Pressure And Inner Diameter a 

Sand Flow Rate Through Nozzle (lb/hr) 

30 
Nozzle Pressure (psig) 

40 50 . 60 . 70 80 

28 35 42 49 55 63 

65 80 . 94 107 122 . 135 

109 138 168 195 221 255 

205 247 292 354 377 420 

285 355 417. 477 540 600 

385 472 560 645 755 820 

503 615 725 835 945. 1050 

820 990 1170 1336 1510 1680 

1140 1420 1670 1915 2160 2400' 

2030 2460 2900 3340 .3780 4200 

a Reference6 

The density of several popular abrasives are listed in Table 3-5. 

90 100 

70 77 

149 165 

280 309 

462 507 

657 720 

905 940 . 
1160· .1265 

1850 2030 

2630 2880 

4640 5060 
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Ta~leJ-5: Density Of Abrasive a 

Abrasive 

Aluminum Oxides 
sand 
Steel 

a Reference 7 

Controlled Emissions (R2) Calculations 

160 
99 

487 
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Particulate matter evolved by the abrasive blasting are reduced prior to discharge· 

into the atmosphere by an air pollution control (APC) systeni. The most common 

(APC) system for an abrasive blasting .cabine~ or room is a baghouse and its' exhaust 

blower (fan); The reduction in. particulate matter is calculated by Equation 3.6 as 

shown below: 

Rz 

where: 

Rz 

R1 

=· 
= 

X · (1 - 17) . (Equation 3.6) 

Controlled particulate matter emission rate_(lb/hr) 

Uncontrolled particulate matter emission rate (lb/hr) 

from blasting . 

17 · = Efficiency of baghouse (as a decimal) 

3.4.3 . Total Particulate Matter Em.ission -.Concentration 

The total particulate matter mass emission rate (Ib/hr) must be converted into total 

particulate matter concentration (grains/dscf). The partkulate matter 

concentration is calculated by: 
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c = Rz X 7000 (grains/lb) (Equation 3.8) 
F X 60 (min/hr) 

where: 

C = Particulate matter coilcentration(grains/dscf) 

R2 = Total particulate matter emission rate (lb/hr) 

F = Exhaust air flow rate in dry standard cubic 

feet per minute (dscfm) 

3.4.4 Abrasive Blasting Enclosure Design Calculations 

3.4.3.1 Abrasive Blasting Ca~inet Design Calculation . 

The design ventilation rate for abrasive blasting cabinets is the nJ.!mber of air 

changes that occur. per minute. The design ventilation rate is calcculated using 

Equation 3.9. 

DVR 

where: 

DVR 

VFR 

CABvol 

= VFR (Equation 3.9) 

= 

= 

-

CABvol 

Design ventilation rate (air changes per minute) 

Air' volumetric flow rate, exhaust blower (fr3 /min)" . . 
Internal voluine of cabinet 

3.4~.2 Abrasive Blasting Room Design Calculations 

As air 'in the blasting room is drawn out by the exhaust blower of the air pollution 

control system, it must be replaced with an equal volume of air. Minimum air 

velocities through the room and through the air inlet ports must be achieved to 

. ensure proper collection of the particulate entrained air. 
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3.4.3.2.1 Crossdraft Velocity Calculation 

Air inle~ port(s) located on the wall opposite the exhaust section of the blasting 

room result a movement (velocity) of air knoWn as the crossdraft. Crossdraft is 

calculated as follows: 

where: 

vc 
VFR 

Af 

= VFR (Equation 3.10) 

= 
= 
= 

At 

Crossdraft velocity (ft/min) 

Air volumetric flow rate, exhaust blower (rt3/min) 

Cross-sectional area of the front wall (f~) 

3.4.3.2.2 Downdraft Velocity Calculation 

Air inlet port(s) located in the ceiling of the blasting room ;result in a movement 
' 

(velocity) of air known as the downdraft. Downdraft is calculated as follows: 

where: 

vd 
VFR 

Ac 

(Equation 3.11) 

= Downdraft velocity (ft/min) 
= Air volumetric flow rate, exhaust blower (ft3/min) 

= Cross-sectional area of the ceiling (f~) 

3.4.3.2.3 Air Inlet Port Velocity Calculation 

The velocity of air through the air inlet port(s) can be calculated by Equation 3.12. 

V· 1 

SCAQMD 

= VFR 

.P;, 
(Equation 3.12) 
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Velocity of air through air inlet port(s) (ft/min) 

Air volumetric flow rate, exhaust blower (f~ /min) 

Cross-sectional area of the air inlet ports (ft2) 

3.4.5 Baghouse (Filter Bags/Cartridges) Design Calculation 

The air-to-cloth (A/C) ratio can be calculated using Equation 3.13. 
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A/C (Equation 3.13) 

where: 

A/C · = Air-to-Cloth ratio(ft/min) 

VFR = Air volumetric flow rate, exha~st blower ~/min) 
Ab = Actual filter cloth area of bags or cartridges (ft2) 

3.5 Rules Evaluation 

Rule 212 - Standards For Approving Permits 

· Section (e) of this Rule requires public notification of certain cases be made prior to 

issuing the permit. 

Rule 402 - Nuisance 

Emissions which cause or contribute to a nuisance are prohibited. Factors worthy of 

consideration include· location (commercial/residential area), solvent usage, 

odorous materials~ and prior complaints. 

Rule 404 - Particulate Matter - Concentration 

limits for particulate matter concC<ntrations in an effluent gas stream at standard 

conditions are listed in Table 404(a) of the South Coast Air Quality Management 

. District's Rules and Regulations. . 
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· Limits for partiClllate matter emission rates from any source are listed iii Table 

405(~) of the South Coast Air Quality Managemeni District's Rules and 

Regulations. 

The total flow rate through the abrasive blasting nozzle is considered as the process 
weight. Where the process weight per '!tour is between figures listed in Table 

405(a), the exact weight of permitted discharge ~hall be determined by linear 
. interpolation. The.emission rate for particulate matter must be-less than or equal to 

the exact weight of allowed discharge. 

Rule 1140 

The visible emission shall not exc~ed 20 % opacity (Ringlemann 1) .for more than·3 

minutes in any one hour period. 

Regulation XIII - New Source Review 

(1) If the new or modified equipment causes an increase in facility emissions in 
excess of one pound per day for any non-attainment air contarniilant, Best 
Available Control Technology (BACI) is required. ·The current BACf for. 

particulate matter eniissions from an abrasive blasting cabinent or room is a 
baghouse or equivalent control device. 

The South Coast Air Quality Management District's Best Available Control 
Technology Guidelines list BACf for different processes. It is constantly 
being updated to re£;lect advances in technology. It should also be consulted 
to properly determine both applicability and BACf which may be different 
from case to case. 

(2) If the accumulated maximum emission of any air contaminant from any 
stationary source exceeds the threshold limits specified in Rule 1303(a)(2), in 

addition to BACf, the applicant must comply with the following: 

(a) The applicant certifies if! writing that all of the facilities emitting 25 tons . . . 
per year or more, which·.are owned or operated by the applicant, are in 

SCAQMD 3-24 Abrasive Blasting Cabinets/Rooms 

• 



Section: 
Revision: 
Date: · 

·3 
0 
8/18/89 

compliance with the limitations of the Clean Air Act and the State · 

Implementation Plan or with the limitations of the District, whichever .. 

are more stringent 

(b) The applicant must use modeling or other analysis approved by the 

Exeeutive Officer to demonstrate that the new source or modifications to 

ari existing source will not cause any violation, or make measurably 

worse an existing violation, of any ambient air quality standard at any 

receptor location in the District. Modelirig shall not be reqUired for any 

air contaminant if all. offset sources whiCh are within the distance of five 
(5) miles could actually lower the emission of ·that air contaminant(s) 

down to the threshold limit. 

(c) The applicant must offset the total accumulated increase in emissions 

from the stationary source. 

Note: Under this Regulation, emissions from equipment which is exempt 
. . . 

from permit requirement are to be accumula,ted in the New Source 

Review Database. These emissions are included to determine· 

compliance with the threshold limits. 

3.6 . Permit (Operating) Conditions 

In order to assure compliance with applicable Rules and Regulations of the 
SCAQMD, Permit (Operating) Conditions must be required; . Permit {Operating) 

Conditions for the abrasive blasting cabinet or room and their associated air 
pollution control equipment (baghouse) are listed on the following page: 

Abrasive Blasting Cabinet or.Room 

1. THIS EQUIPMENT MUST NOT BE OPERATED UNLESS IT IS 

VENTED ONLY TO AIR POLLUTION CONTROL EQUIPMENT 
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WHICH IS IN FULL USE AND WHICH HAS BEEN ISSUED A PERMIT 

TO CONSTRUCT BY THE EXECUTIVE OFFICER. 

2. SILICA TYPE ABRASIVES MUST NOT BE USED IN THIS 

EQUIPMENT. (If crossdraft or downdraft is Jess than 80 ft/rnin). 

Baghouse 

1. . A. MECHANICAL GAUGE MUST BE INSTALLED SO AS TO 
INDICATE, IN INCHES WATER COLUMN, THE STATIC PRESSURE 

· DIFFERENTIAL ACROSS THE (BAGS) (CARTRIDGES). 

2. DUSTS COLLECTED IN TilE (BAGHOUSE) (DUST COLLECTOR) 

MUST BE DISCHARGED ONLY INTO CLOSED CONTAINERS 

.. ·. 
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SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

ENGINEERING DIVISION 

APPLICATION PROCESSING AND ~ULATIONS 

PERMIT TO CONSTRUCT /OPERATE 

I PAGES I PAGE 
I 6 1 
IAPPL NO. I DATE 

I P~OCESSED BY I CHECKED BY 

Applicability:. This processing form can only be used for abrasive blasting cabinets/rooms with an 
air or water blast propelling device and a baghouse as the control device. 

APPLICANT'S NAME: 

MAILING ADDRESS: . 

EQUIPMENT ADDRESS: 

EQUIPMENT DESCRIPTION: 

APPLICATION NO. (Basic) 

ABRASIVE BLASTING SYSTEM CONSISnNG OF: 

1. ABRASIVE BLASTING CABINET (ROOM), 
'- II w. X '- II L X ·- n H .. 

,MODEL NO. 

. ' 

2. PRESSVRE POT, LBS. CAPACITY. 

3. ABRASIVE BLASTING NOZZLE(S), WITH A MAXIMUM INTERNAL 
DIAMETER OF IN. 

4. PLANT AIR AT WITH A MAxiMUM DELIVERY RATE OF · CFM AT PSIG. . 

Iflnteilral Control Unit 

5. (BAGHOUSE) (DUST COLLECTOR), · , MODEL NO. , ·. 
(FILTER BAGS) (CARTRIDGES), '- "DIA X '- ''L, SQ. FT. ACTUAL 
FILTER AREA, AND A -HP BLOWER. 

APPLICATION NO. (Control) 

AIR POLLUTION CONTROL SYSTEM CONSISTING OF: 

1. · ~BAGHOUSE~) DUST COLLECTOR), . , MODEL NO . . . , 
FILTER BAGS (CARTRIDGES), SQ. FT. ACTUAL FILTER AREA, WITH 
MECHANIC ) (REVERSE PULSE JET) CLEANING. . 

2. EXHAUST SYSTEM WITH A " -H.P. BLOWER VENTING AN ABRASIVE 
BLASTING SYSTEM APPLICATION (PERMIT) NO. 

Revision: 0 Date: 8/18/89 · 

SCAQMD 3A-3 Abrasive Blasting Cabinets/Rooms 



SOUTH COAST AIR QUALI1Y MANAGEMENT DISTRICT 

ENGINEERING DIVISION 

APPLICATION PROCESSING AND CALCULATIONS 

HISTORY: 

PROCESS DESCRIPTION: 

I PAGES JPAGE 

.1.--,...---"6'--_J 2 
JAPPLNO.. JDATE 

JPROCESSED BY JCHECKED BY 

The applicant uses this abrasive blasting system to blast . . The items to 
be processed will be placed in the blasting enclosure. Ari operator will direct a high velocity 
stream of abrasive material at the parts, which will remove rust, paint, and other surface 
contaminants from the objects. The heavier materials generated by the cleaning action will fall to 
the enclosure's floor, while the lighter component will be entrained in the air flow through the 
enclosure caused by a exhaust blower. The material on the floor will be collected, then 
transferred manually (automatically) the abrasive pressure pot. The exhaust and air front the 
enclosure (and reclaiming system) is directed to a baghouse. Ba,ghouse fii ter bags (cartridges) will 
~eparate the particulate matter from the air stream dischargmg clean air to the atmosphere. 
Abrasive cleaning will be conducted hours per day, but due to the nature of the operation, 
·actual abrasive will be flowing through the··nozzle hours during that -time period. 
Compressed air is generated by an electrically_ driven compressor . 

.Qm: 0 

· Nozzle Max Internal Dia (IDz) 
. Number, Total 

Air Pres~ure, Maximum 
Abrasive Material(s) 
Cabinet/Room Dimensions 

· Indraft Port Dimensions 
Number oflndraft Ports 

in 

PSIG 

Wx 
Wx 

Lx 
. L 

Sand Flow Rate (FR1) lb/hr @ PSIG 
Abrasive Density ( · ) - lJYft3 -
Sand Density ( ) 99 Ib/fi3 
Baghouse Efficiency % 
Baghouse Filter Area (Ab) ft2 . 
.Exhaust Blower Flow Rate (VFR) __ CFM 

H 

Operating Schedule (T) : _· ._ hr I day, _. _ day /wk, _ wk/yr 
Equipment Operating Factor (F) % 
Type of Blasting(% of time) : Dry (d) _Wet (w) " 
Max Compressor Operating Capacity __ CFM @_ PSIG 
Fuel Consumption Rate (FCR), Gas/Diesel (G/D) _ gal/hr 

Revision: 0 

Source 
Applicant 

" 
" 
" 
" 
" 
" 

Table 34,Eq3.1 
" 

Table3-5 
Applicant 

" 
" 
" 
" 

" 
" 

Date: 8/18/89 
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SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT I PAGES I PAGE 

I 6 · I 3 
ENGINEERING.DIVISION IAPPL:'NO. !DATE 

APPLICATION PROCESSING AND CALcULATIONS I P,ROCESSED BY I CHECKED BY 

CALCULATIONS: 

Abrasive Flow Rate (FR): FR = FR1 x (102 ;m12) x 

FR = __ lb/hr X ( in2/ 1 in2) X ( lb/~) 

- __ lb/hr 

2. · Emissions 
. . 

Both uncontrolled (R1) and controlled (R2) emissions must be multiplied by appropriate .-
operating time (T) factor to determine actual and maximum hourly and daily emissions. 
(NSR Emissions = M3l$lum Daily x l.l) · · 

Rl•PM = EF X PW X (1-w/200) x F = lb/hr (xT) =lb/day. 

Uncontrolled PM Emissions (R1) 

RzPM = Rl•PM x. (1- ) 

· Controlled PM 'Emissions (Rz) 

Actual Max Max NSR 
lb/hr .lJUhr lb/day lb/day 

Actual 
.Jb/hr 

Max Max NSR 
lb/hr lb/day lb/day 

3. Exhaust Gas Total Particulate Concentration (PC) 

PC = --~fu~P~M~/h~·crJ~M~ax~)~x~7~,0~0~0~~~ru~·ns~/~lb~-------= 
rt3 /minx 60 min/hr 

4. Baghouse Air-to-Cloth Ratio (A/C) 

A/C = VFR/Ab = __ CFM/ __ tt2 = __ 

5. Room Crossdraft Velocity (V c> 

__ grains/dscf 

vc = VFR/W X H = _____ CFM/ ____ ft X ____ ft = ---- FPM 

6. ·Air Inlet Port Velocity (Vi) 

Vi· = VFR/W x H = -'---CFM/ __ tt2 = FPM. 
-----

7. Cabinet Air Changes Per Minute (CAC) 

CAC = VFR/W x L x H = CFM/ ft3 = 
-..,..-- ---- _____ /miT) 

• 
Revision: 0 
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SOUTII COAST AIR QUALITY MANAGEMENT DISTRI~ 

ENGINEERING DMSION 

APPLICATION PROCESSING AND CALCULATIONS 

Abrasive Blasting Cabinet Guidelines Review 

Item. Resuired 

a. .Air Changes Per Minute 10-20 
b. Baffled Air Inlet Ports yes 

·Abrasive Blasting Room Guidelines Review 

Item Resuired 

Crossdraft/Downdraft Velocity (FPM) a. 
Silica ~e abrasive 80 
"Non-si ·ca type abrasive 50 

b. Air Ports Opposite Exhaust Duct yes. 
c. Indraft Velocity (FPM) 500 
d. Room Structural.Requirements Enclosed 
e. Man-Door Installation . 

Main door > 40 sq. ft. yes 
Main door < 40 sq. ft. no 

Abrasive Blasting Baghouse Guidelines Review 

Item Resuired 

a. Air-to-Cloth Ratio 
3.0:1 Min. Shaker type cleaning 
3.5:1 Max. 

Reverse pulse jet cleaning 8.0:1 Max. 
b. . Baghouse Shakers 

Cloth area > 400 sq. ft. powered 
Cloth area < 400 sq. ft. manual 

c. Baghouse Access Door, Tubular-Type Bags 
Cloth area > 200 sq. ft. · yes 
Cloth area < 200 sq. ft. no: 

d. Baghouse Access Door, Screen-Type Bags 
Cloth area > 400 sq. ft. yes 

e. Enclosed Dust Container , yes 
f. Baghouse Differential Pressure Gauge 

Cloth area > 400 sq.ft. yes 

RULES EVALUATION: 

Not applicable due to Rule 401(d). 

I PAGES I PAGE 
I 6 I 3 
IAPPLNO. I DATE 

I PROCESSED BY I CHECKED BY 

ActUal !::omnli;mce 

yes no 
yes no 

Actual QQmnlian~;;e 

yes no 
yes no 
yes no 
yes no 
yes no· 

yes no 
yes no 

Actui!l Comnliance 

yes no 
yes no· 
yes no 

yes no 
yes no 

yes no" 
yes no 

yes no 
yes no 

yes no 

RULE4Q1 

RULE402 The location of the equipment will be in an industrial/commercial area. 
Calculations show (low) (excessive) particulate emissions to the· atmosphere. 
Compliance of 402 (is) (is not) expected. 

Revision: 0 Date:. 8/18/89 
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SOuTH COAST AIR QUALITY MANAGEMENT DISTRICT I PAGES IPAGE I 
I 6 I 5 I 

ENGINEERING DIVISION IAPPL: NO. IDATE . I 

APPLICATION PROCESSING AND CALCULATIONS I PROpESSED BY I CHECKED BY 

RULE404 

RULE405 

RULE1140 

REG XIII 

For an exhaust flow rate of DSCFM, the rule allows for a maximum 
particulate matter concentration of grains/DSCF. · Calculations 
mdicate a particulate matter concentration of_ grains/DSCFM. Compliance 
of Rule 404 (is) (is not) expected. · 

For a process weight of lb/hr, the rule· allows for a maximum solid 
particulate matter emission rate of . lbfhr. Calculations indicate a 

. maximum emissimvate of __ lb/hr. COmpliance of-Rule 405 (is) (is not) 
expected. 

The abrasive blasting (cabinet) (room) (is) (is. not) totally enclosed and 
(is) (is not) vented to an air pollution control equipment. This arran~ement 
(does) (does not) proVI.·de(s) adequate control to minimize visible enilssions. 
Compliance of Rule 1140 (is) (js not) expected. · 

As shown by the Emission Threshold/New Source Sheet Table below, tbis 
facility (will) (will not) operate in compliance of Regulation XIII: 

. ' 

. Facility Emis.sions 
Since 10-8-76 

A/N __ _ 

A/N __ _ 

. Net Emission Increase 

NSR Emissions in Pounds Per Day 
ROG NOx S02 co PM 

BACT Best Available Control Technology (BACT) for abrasive an blasting cabinet/room is a 
baghouse or a equivalent control system. The applicant (will) (will Iiot) provide a 
------· BACT (is) (is not) satisfied. 

CONCLUSION 

Evaluation of the abrasive blasting and air pollution control systems indicate that this equipment 
. (should) (will not) operate in compliance of all the applicable Rules and Regulations of the South 
. Coast Air Quality Management Dtstrict. Therefore, the following is recommended: 

· ( ) Issue a permit to construct/operate subject to the following· conditions: 

Rdvision: 0 
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SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

. ENGINEERING DIVISION 

APPLICATION PROCESSING AND cALcuLATIONS 

I PAGES I PAGE 
I 6 I 6 
IAPPL"NO: I DATE 

I PROCESSED BY I CHECKED BY . 

.<OAP""-!,oPL'-'#I.,C""A"'TI...,O...,N.,._ ....,N.,O:,_. __ (Basic) 

CONDmONS 

1. THIS EQUIPMENT MUST NOT BE OPERATED UNLESS IT IS VENTED ONLY TO 
AIR POLLUTION CONTROL EQUIPMENT WHICH IS IN FULL USE AND WinCH 
HAS BEEN ISSUED A PERMIT TO CONSTRUCf BY THE EXECUTIVE OFFICER. . . . -

2. SIUCA TYPE ABRASIVES MUST llj"OT BE USED IN THIS EQUIPMENT. 

-"'AP......_PL,I.,C""A_...TI.,O ... N,_,N,.,O"" . .___- (Control) 

CONDmONS 

1. A MECHANICAL GAUGE MUST BE (INSTALLED) (MAINTAINED) SO AS TO 
INDICATE, IN INCHES WATER COLUMN, THE STATIC PRESSURE 
DIFFERENTIAL ACROSS THE (BAGS) (CARTRIDGES). 

2. DUSTS COLLECTED IN THE BAGHOUSE MUST BE DISCHARGED ONLY INTO . .... 
CLOSED ~ONTAINERS. ~ 

If the baghouseis an integral part of the abrasive blasting (basic) permit unit, the appropriate 
control permit conditions must be included as part _of the basic permit unit . 

( ) Deny .the Permit to Construct/Operate. It is my opinion that the operation of this equipment 
will be in violation of'Rule(s) ·of the Rules and Regula:tions of the South Coast AQMD. 

' Revision: 0 
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GUIDEliNES FOR BASIC DESIGN OF ABRASIVE BLASTING 
ENCLOSURES AND TiiEIR AIR POLLUTION CON1ROL EQUIPMENT 
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1. The design ventilation rate for abrasive blasting cabinets shall be 20 air 
. changes per minute, with a minirtnim of 10 air changes per mmute. 

2. Baffled air inlet ports must be provided . 

. Abrasive Blastin& Rooms 
1.. For rooms where the primary movement of air is parallei to the floor, the 

minimum crossdraft shall be 50 ft/min. When silica type abrasives are used, 

the minimum crossdraft shall be be 80 ft/min. 

2. For rooms where the movement of air is downward and is removed at the 

lower section of . the side walls, the minimum. velocity of air shall. be 50 

ft/min. When. silica type abrasive~ are used, the minimum cro~draft shall be 

be 80 ft/min. 

3. For rooms where the primary movement of air is perpendicular to the floor 
. . . 
and the· air is removed uniformly over the entire area of the floor, the 

minimum downdraft velocity of air shall be 50 ft/~n. When silica type 

abrasiv~s are used, the. mini~um ·crossdraft shall be be 80 ft/nrln. 

4. The air inlet port(s) must .be on the opposite side of the enclosure from the 

exhaust duct 
5. The Illinimum indraft velocity through the air ports must be 500 ft/rirln and 

the air ports must be adequately baffled to keep all dust abrasive within the 

room. 

· 6. Ali .abrasive qlasting rooms must be enclosed with structural material on all . 
four sides and roof. 

7. Where the main dooris larger than 40 square feet, an additional man door is 

necessary. 
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1. The air-to-cloth filter ratio for ·non-reverse air cleaning baghouses shall be 

3.0:1; with a maXimum of 35:1. ·The filter ratio for reverse-air, pulse cleaning 

type baghouses shall be a minimum of 8.0:1. 

2. On baghouses where the total filter are is greater than 400 square feet; a 

power shaker must be provided for shaking the the bags. On baghouses with 

less than 400 square feet of total cloth fllter area, either power shaker or 

hand shaker shall be provided. 

3. On baghouses with tubular-type bags where the filter cloth area is greater 

than 200 square feet, an access door must be provided which is large enough 
to allow for changing the bags and maintenance of the interior. 

4. On baghouses with screen-type bags where the filter cloth area is greater 

than 400 square feet, an access door shall be provided 

5. Adequate space for the removal.of captured dust must be provided under the 

baghouse. An enclosed dust container must be provided for each hopper of a 

baghouse. 

6. On bagbouses wpere the total fllter cloth area ·is greater than 400 square feet,. 
a mechanical gauge indicating static pressure differential across the bags 

· must be installed and maintained 
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4.1 General Description 
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A storag~ tank is any container used to store liquids or gases such as crude oil, 

gasoline, liquefied petroleum gases, liquefied natural gases, or aSphalt; These 

storage facilities can be classified as above ground or underground storage tanks. 

They can also be classified as closed or open . storage . tanks. Fixed roof tanks, 

pressure taDks, floating roof tanks, and conservation tanks are examples of the 

above ground, closed storage tanks. Reservoirs, pitS, and pondS are examples of the 

underground, OJ>en storage tanks. · Pipe line and caverns are examples of 

underground, closed storage tanks. 

Tanks are generally. selected based on the following considerations: 

chemical characteristic of the produ~t to be siored such as volatility, 

explosivity, solubility, reactivity, and corrosivity; 

cost of the tank; and 

cost of emission control devices requ~red by environmental regulations. 

This section dis<;USses three common types of storage vessels: the fixed roof tank, 

. the external floating roof tank, and the internal floating roof tank. 

4.1.1 Fixed Roof Tank 

In general, the fixed roof tank is the least expensive to construct and is considered as 

the minimum acceptable equipment for the storage of volatile organic liquids. A 

fiXed roof tank is an active system that is coptinuously. breathing out vapor during 

the day and drawing in fresh air at night. A typical fixed roof storage tank is 

equipped with· a pressure-vacuum relief vent not to exceed the maximum or 

minimum operating pressure of the tank. When the pressure setting of the relief 

vent is exceeded, the vapor is forced out of the tank._ When the tank pressure drops 

due to liquid withdrawal or atmosphere c.ooling, outside air is drawn in. Several 

· variations of the fiXed roof are listed below: 

· SCAQMD 4-1 Storage Tank 
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Supported Cone Roof. a roof formed to approximately the surface of th~ . 

right cone, with its principal provided by either rafters on girders and · 

columns or rafters on trusses with or without columns; 

Self-Supporting Cone Roof. a roof supported only at its periphery; 

Self-Supporting Dome Roof. a roof formed to approximately a spherical 

shape, supported only at its periphery; and · 

Self-Supporting Umbrella Roof. a modified dome roof consisting of.regular 

polygon roof plates, supported only at its periphery. 

The operating pressure of the fixed roof tank is limited by the thickness and 

structure of the roof. A 1/16" roof can sustain an operating pressure of 0.3 

ounces/in2 wher~as a 1/4" roof can sustain up to 1.3 ounces/in2.1 . A cone roof can 

sustain up to 4 ounces/in2 by structural reinforcement of the roof.l Use of 

unsupported dome shaped roofs . is another method of increasing the allowable 

operating pressure of a fiXed roof tank. Figure 4-1 shows a typical fixed roof tank . 

4.1.2 · External Floating Roof Tank 

In general, the floating roof tank has many advantages over the .fixed roof tank. 

Some of them are: 

low evaporation loss; 

negligible filling loss; 

the elimination of moisture in the vapor· space reduces the corrosion 

problem; and 

the elimination of the vapor space above the liquid surface results in a low 

fire risk. 

An external floating roof tank is a cylindrical steel s~ell equipped with a roof which 

floats on the surface of the stored liquid. The roof rises and falls with the liquid 

level. The liquid surface is completely covered by the floating roof, except at the 

small annular space between the roof and the tank wall. A seal attached to the roof 
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contacts the tank wall and covers the annular space. The seal slides against the tank 

wall as the roof is raised or lowered. 

Three common types of floating roof tanks are: pan, pontoon, and double deck (see 

Figure 4,2). The pan type floating roof requires considerable support to prevent the 

flat metal plate roof from buckling. Since the metal roof is in direct contact with the 

liquid surface, solar heating can cause excessive evaporation loss around the 

periphery of the roof. 

To overcome the disadvantage of roof instability, a series of compartmented annular 
rings· of pontoons are added to·· the top of a single deck. Included with some 

pontoon roof designs is a vapor trap or dam installed on the underside of the roof. 

This trap helps retain vapor and converts the dead vapor space into an insulation 

layer. 

The double deck type floating roo~ has two separate decks with an insulating air 

space between them. This style is most efficient in ·preve~ting the vapor losses. 

4.1.2.1 · Floa~ing Roof Seal System 

The floating roof tank has· an annular· rim space between the tank shell and the 

outer periphery of the floating roof. The anriular rim space must have an effective 
seal system to control the evaporative losses. 

A seal system can consist of one or two separate seals. The first seal is called the 

primary seal. The second seal mounted above the primary seal is called the 

secondary seal. 
... 
There. are three basic types of primary seals: the mechanical (metallic) shoe. 

resilient (nonmetallic) filled, and the flexible wiper. · Two basic configurations of 

seco.ndary seals are currently available: shoe mounted and rim mounted. 
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The primary seal uses a metallic band, which is called a shoe, as the sliding' contact 

with the tank shell. The shoe is supported and held against"the tank shell by·a 

mechanical device. The shoes are joined together to form a ring. The shoes are 

normally 3 to 5 ft long and extend below the liquid surface to confine the vapor 

space between the shoe and the floating roof rim. 

The rim space bqunded by the shoe, the floating roof, and the liquid surface is 

sealed from the atmosphere by a coated fabric. This is called the primary seal 

fabric. The primary seal fabric is bolted or clamped from the shoes to the roof by 

two different methods. In the most conmionly used method, the fabric is attached to 

the top of the shoe .and the rim plate 9f the floating roof. In the reduced vapor 

space method, the fabric is attached to the shoe and the roof near the surface of the 

liquid stored. The two positions of the primary seal fabric; are shown in Figure 4-3. 

(b) Resilient (Nonmetallic) Filled Primarv Seals 

The primary seal uses an elastomeric coated fabric envelope as tfie sliding contact 

with the tank shell, as shown in Figure4-4. 

The envelope can be filled with liquid, resilient foam, or gas to expand the envelope, 

thus providing contact with the tank shell. The seal can be mounted on the floating. 

roof such that it either touches the liquid surface (liquid-mounted) or allows for a 

vapor space between the liquid and the seal (vapor-mounted). 

The main advantage o.f the resilient filled seal over the mechanicl).l shoe seal is its 

flexibility which allows better contact with the tank shell. However. the resilient 

filled seal requires higher maintenance costs than the mechanical shoe seal. The 

vapor-mounted seals have an associated rim vapor space. This vapor space tends to 

contribute to evaporative lo~s. On the illlier hand. the vapor-mounted seal is not 

· subject to fast deter.ioratiun from contact with hydrocarbon products. · 
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The pclmary seal uses an elastomeric blade as the sliding contact with the tank shell, 

as shown in Figure 4-5. The flexible wiper seal bridges the annulus between the 

floating roof and the tank shell and uses its own stiffness or mechanical means to 

push the seal against the tank shell. The wiper seal is usually mounted above the 

liquid to avoid fast deterioration resulting from liquid contact. 

4.1.2.1.2 Secondary Seals 

Shoe-mounted secondary seals (see Figure 4-6) are effective at reducing losses from 

gaps between the shoe and the tank shell but do not control losses from primary seal 

fabric defects or COili)ections. The rim.-mounted secondary seals (see Figure 4-7), 

the most common type encouraged in the industry, _are more effective in reducing 

losses because they cover the entire rim space .. 

4.1.2.1.3 Weather Shields 

When not equipped with secondary seals, most tanks having resilient filled seals are 

furnished with weather shields, as shown in Figure 4-4. Weather shields may be of 

metallic, .elastomeric, or composite conStl"JlCtion. Weather shields increase primary 

seal life by protecting the fabric from weather and debris. 

4.1.3 Internal Floating Roof Tanks 

An intern<il floating roof tank consists of floating roof in a fixed roof tank. The 

internal floating roof, usually called the deck, reduces evaporation and filling losses. 

The floating deck design is similar to the external floating roof design. There are 

·two basic types of floating decks: contact. and non-contact. A contact deck floats on 
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the liquid surface with or without pontoons, and a non-contact deck is supported 

above the liquid surface by pontoons or other buoyant structures. ·Both types of · 

ti~ck ;::corporate rim seais. Figure 4-8 shows typical internal floating decks a'nd rim 

seal systems. 

4.1.4 Air Pollution Control Devices For Storage Tanks 

Emissions of organic gases from fixed-rooftanks and underground tanks are 

normaUy controlled by air pollution devices such as: carbon adsorber, refrigerated 

· condeP.ser, incinerator, vapor recover}' system, etc. No external control devices are 

used with floating roof tanks because of low working losses. . . 

" 
4.2 Permit Unit Description 

4.2.1 Fixed Roof Petroleum Storage Tanks 

STORAGE TANK NUMBER, .. DIMENSIONS (DIAM~TER, LENGTII), 

CAPACITY, VENTED TO AN AIR POLLUTION CONTROL DEVICE. 

4.2.2 Fixed Roof Chemical Storage Tanks 

STORAGE TANK NUMBER, DIMENSIONS (DIAMETER, LENGTII), 

CAPACITY, VENTED TO AN AIR POLLUTION CONTROL DEVICE. 

4.2.3 External Floating Roof Storage Tanks 

STORAGE TANK NUMBER, DIMENSIONS (DIAMETER, . LENGTII), 

CAPACITY, TYPE OF SEAL (DOUBLE OR SINGLE). 
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. STORAGE TANK NUMBER, DIMENSIONS (DIAMETER, LENGTII), 

CAPACITY, TYPE OF SEAL (DOUBLE OR SINGLE). 

4.3 Emissions 

Emissions .of organic gases from storage tanks depend upon the tank type. Two 

sigruficant losses of emissions from fixed roof tanks are breathing loss and working 

loss. Two significant losses of emissions from floating roof tanks are standing 

storage loss and withdrawal loss. 

Breathing loss is the expulsion _of vapor- from a tank through vapor expansion and 

contraction due to changes in temperatUre and barometric pressure. This loss 

occurs without any liquid level change in the tank and is negligible in most cases 

·compared to the working loss. 

Working loss is a combination loss from filling and emptying the iank. Filling 

results in expulsion of part or all of the vapors from the tank. Emptying draws in 

fresh air which subsequently becomes saturated with organic vapor and expands. 

Vapor loss from this exPansion is negligible compared to the filling loss. 

The standing storage loss is caused by the capillary flow of the liquid between the 
outer side of the sealing ring and the inner side of the tank wall. As the liquid is · 

drawn from the tank, the floating roof moves downward, the film of liquid on the 
tank's innerwall evaporates as it is exposed to the atmosphere. This evaporation 
loss is called tbe withdrawal loss. · 

Section 4.4.2 is used to calculate the emissions of non-toxic organic gases. The 

emissions of toxic organic gases are calculated based on the method described in 

Appendix B. 
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4.4.1 Operational Data 

Total"Throughput Per Year 

Number of Fill Per Day 

Filling Rate 

Duration Of Fill 

4.4.2 Emission Calculations 
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• 0 

galjyr, OR 

fill/day 

gal/min 

hour/fill 

Emissions must be calculated for both the actual and maximum operating 

conditions. Actual emissions are used in- emission inventory. MaXimum emissions 

are used to determine compliance with the District's Rules and Regulations . 

In addition, the mruamum daily emissions are multiplied by the Regulation XIII 12 

Onsite Offset Factor (i.e. 1.1). These daily emissions increases are accumulated for 

each facility in the District's New Source Review Record. · 

In the sections below, ·emissions will be calculated at atmospheric pressure. If the 

equipment is located at higher elevations, pressure adjustment may be required. 

4.4.2.1 Fixed Roof Petroleum Storage Tank 

Breathing losses from a vertical storage tank can be estimated from: 6, 7 

·L
8 

·= 2.26x10-2Mv (. p '\J;68 D1.73!J:O.Sl 

~ 
Working losses can be estimated from: 6, 7 

T 0.5. Fp C Kcb 
(Equation 4.1) 

Lw = 2.40x 10-S My P V N KN Kcw (Equation 4.2) 
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= ·Fixed roof working loss (lb/yr) 
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The molecular weight of vapor can be ·determined by Table 4-1 for 

selected petrole~ liquids and volatile organic liquids. Where mixtures 

of organic liquids are stored in a tank, My can be estimated fr.om the 

liquid composition. Consider a: liquid mixture of component A and B 

with mole fraction in the liquid Xa and Xb, vapor pressure P a and Pb, 

and the molecular weights.' of the pure components Ma and ~b· 

~:~l(y ~: :ac;~)a~e(d ~~ pb X~) 
pt - pt 

(Equation 4.3) 

where Pt, by Raoult's law is 

pt = PaXa · + PbXb (Equation 4.4) 

P = True vapor pressure at bulk liquid conditions (psia) 

D = 

H = 

T = 

Fp = 

c = 

Kcb = 

v = 

SCAQMD 

P is equal to P t for a liquid mixture. True vapor pressure of petroleum . 

products can be determined from Figure 4-9, or Figure 4-10, or Table 4-1 

given their Reid vapor P!essure. In order to use these figures, the stored 

liquid temperature, T S• must be determined in degrees F.ahrenheit. T S 

is determined from Table 4-2. · 
Tank diameter (ft} 

Average vapor space height (ft).-Assume H equals one half tank height 

Average daily temperature change, if not known use 20 °F 

Paint Factor (dimensionless), see Table 4-3 

Adjustment Factor for small tanks (dimensionless), see Figure 4-11 

Crude oil factor (dimensionless) 

For crude oil Kcb = 0.65, for other organic liquid Kcb = 1.0 
Tank capacity (gal) 
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N = Number of turnover per year (dimensionless). = 

(Total throughput per year (gal) I Tank capacity v (gal)) 

KN = Turnover factor ( dimensioitless ), see Figure 4-12 

Kcw = Crude oil factor ( dime<nsionless), 

For crude oil Kcw =. 0.84, for other organic liquids, Kcw = 1.00 

Equations 4-1 and 4-2 give the working losses per year (Lw). The average working 
losses per day are then equal to Lw/365. . .. 

4.4.2.2 Fixed Roof Chemical Storage Tank 

The SCAQMD uses Equation 4.5 to calculate the breathing loss from vertical and 

horizontal· fixed roof chemical storage tanks: 

where: . 

LB 

vo 
b.T 

v 

My 

. SCAQMD 

My 

= Breathing loss from f"!Xed roof tank (lb/day) 

= Volume of vapor above the liquid surface (ft3) 

= Average daily temperature change ( 0 R or °F) 

= Average daily temperature (0 R) 
= Volume of vapor expelled from the tank due to 

average temperature·change (ft3) . 

= True vapor pressure (psia) 

= Molar volume (ft3)/lbmol": 

,; .. 10.73 ( ft3 psia ) T A y (
0

R) (' 1 \ 

lbmole 0R 14.7 psia-} 

= Molecular weight of vapor (lb/lbmole) 

4-16 

(Equation 4.5) 

(Equation 4.6) 
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Since Regulation XIII 12 of the SCAQMD requires maximum emissions per day, 

the SCAQMD uses Equation 4.7 to calculate maximum working losses per·day from 

fiXe"Q roof chenlical storage tanks: 

Lw .. = F ( 1 ~ ) ( llbmole) My( p j 
. 7.48 gal 380 ~ 14.7 psia 

= 2.4x 10·5 F P My (Equation 4. 7) 

where: 

"L w - Working loss from fixed roof tank (lb/day) 

F = Filling rate (gal/day) 
p = True vapor pressure (psia) · 

• 
My = Molecular weight of vapor (lb/lbmole) 

Appendix 4H li~ts t.he.molecular weight and the vapor pressure (at 70 °F) for 

several common chemical compounds. 

4.4.2.3 External.Floating Roof Tank 

Standing storage loss c_an be estimated from: 4, 5, 6 

= Ks vD p* D My Kc (Equation 4.8) 

Withdrawal loss can be estimated from: 4, 5, 6 

Lwo = . 0.94r: W) (' + (N~F~) (Equation 4.9) 

where: . 

Ls = Standing storage loss (lb/yr) 

Lwo· = Withdrawal loss (lb/yr) 

Ks = Seal factor (lbmole/(ft(mi/hr)n yr)), see Table 4-4 

v = Average wind speed at tank site (mi/hr), see Table 4-5 

n = Wind speed exponent (dimensionless), see Table 4-4 
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p• 

p 

D 

.My 
Kc 

4.4.2.4 

= Vapor pressure function (dimensionless) 

P* can be calculated by 

. p· . r (P/14.7) 

= l(1 + (1- P/14.7) ) 

or read directly from Figure 4-13 . ~ 

= Defined in· Equation 4.1 and 4.2 

= Tank diameter (ft) 

= Vapor molecular weight (lbflbmole) 

= Crude oil factor (dimensionless) 

··Section: 
Revision: 
Date: 

For crude oil Kc = 0.4, for other product Kc = 1.0 

= Liquid density (lb/gal), see Table 4-1 

= Throughput (bbl/yr) 

= Shell clingage factor (bbl/.1,000 ft2), ~ee Table 4-6 

= Number of columns (dimensionless) 
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0 
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(Equation 4.10) 

For self-supporting fixed roof or an external floating roo~ tank, Nc = 0. 

For internal floating roof tarik with column supported fixed roof, see 

Table4-7 

= Effect~ve column diameter (ft) = (Column perimeter (ft) /Tr) 
For (9inch x 7 inch) columns Fe =1.1, for 8 inch diameter pipe. 

columns Fe = 0.7, and Fe = 1 if column construction details are not 

known 

Internal Floating RoofTa.nk 

In addition to the standing storage loss and the withdrawal loss, the internal floating 

roof tank also has the deck fitting loss and deck seam loss. The deck seam loss only 

applies to the internal floating roof tank with bolted decks .. 
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(Equation 4.11) 

Deck seam loss (only applies for internal floating roof with bolted decks) can be 

estimated from: 5• 6 
Lo = Ko So oi p* My Kc (Equation4.12) 

where: 

Lp = Deck fitting loss (lb/yr) 

Lo = · Deck seain loss (lb/yr) 

F f = Deck fitting loss factor (lbmole/yr) 

F f can be found from Figur.es 4-14, and 4-15 

Ko = Deck seam loss per unit seam length factor (lbniole/ft-yr). For bolted 

deck, Ko = 0.34; for welded deck and external floating roof, Ko = 0.0 
• P , My, KC' and D are defined in Equation 4.8 

s0 = Deck seam length factor (ft/ft2) = Lseam I A neck 
where: 

Lseam = 

Aoeck = 
Total length of deck seam (ft) 

Total area of deck (ft2) = 7rD2/4 

If the total length· of deck seam is not known, Table 4-8 can be used to determine 

So. If the sheet width or size of the dec~ panel is not known, So is assumed to be 
0.20 (ft/ft2). . . 
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~-:~ 
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• •· ... .... . • • 

• 50 100 150 . ... 250 ... . .... 
TANK DIAMETER D (FT) 

BASIS fillings include: (1) acccSi batch, wi1b ungukcted, unbollcd cover; (2) buill~up column wc~ls, wilh ungaskctcd. 

sliding COYer; (3) adjuStable deck legs; (4) gauge Ooa1 ~u. with ungaskcted, unbollcd cover; (S) laddC:r well~ with Unga!i"~cd 

Sliding cover; (6) sample well, with slit fabric seal (10 pcrtelll open area)i '(7) l·inch di.amc~er SUlb drains (only on bolted deck); 

and (8) vaeuum breaker, wilh gaskctcd weighted mechani~l actuation. This basiS was derived from a survey of users and 

~an~facturcrs: Other fittings my be typically used 'wilhin panicularoompanics or organiZa1ions Jo.rcOcct standaidS amJ/or 

spcdficatioas of that grOup.- This figure should not supersede_ infonnation based on accual tank da1a. 

NOTE If no spccifte infonnation is available, assu.;..e baited decks ~re lbe most common/typical type currenlly in use in 

tan"ks witb column-supponcd ftxcd roofs. 
FIGURE 4-14 Approximated total deck fitting loss factors (F r> for typical 

fittings in tanks with column supported fixed roofs and either a 
bolted deck or a welded deck •. 6 This figure is to be used only 
when tank specific data on the number and kind of deck liUings 
are unavailable. 
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BASIS Fininp include: (1) access batch," with UDpikctcd, unbolted cover; (2) adjustable Ucck: lc~; (3) gauge float wen, 
wilh ungalkctcd,.-u~boltcd cover; (4) sample well, with &lie fabric seal (10 percent open area); '(S) l-inch aiamcccr ~tub drains 

(only on'bolt_cd clcck:)i and (6) vacuum.brcakcr, with gaskctcd weighted mechanical actualion. "fbis b~is was derived from a 

survCy.of uscn; ·and mariufacturers. Other fitii!Jgs may be typically used within particular companies or ~r~ni:talions 10 reflect 

&iandardl and/or ipccificalionl of that group. This figure should not supc:ISCdc infom!3tion based on·actualta_nk data. · 
NOTE Jf no specific information is a:vailablc. aaume welded decks al'e the m_ost coritmon/typicaltypc" currently in usc in . 

. tanks with self-supporting faxed roofs. 

FIGURE 4-15 Approximated total deck fitting loss factors (Fr) for typical deck 
fittings in tanks with self•supforting lixed roofs and either a 
bolted deck or a welded deck. This figure is to be used only 
with tank specific data on. the number and kind of deck fittings 
are unavailable. · · 
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TABLE4-1 PHYSICAL PROPERTIES OF TYPICAL ORGANIGUQUIDS a 

Cooclc:-
vapO. Procluct v~ 

Moleeulu Dcllliry Dcllliry ' TilUB VAPOR PRESSURE. IN PSIAAT 
Weipl Lb/pl Lb/pl 

ooGF-ORGANIC UQUiq.b II fiJ"f: II fiJ"f: II (/Jop 40'7: 9l'? (JJ'>p 70'? 90'7: 

PI!TROLEIJM LIQUIDS 
OuoliDe RVP 13 6Z 5.6 4.9 4.7 5.1 6.9 &.3 99 li.7 
GUolioe RVP 10 66 5.6 5.1 3.4 4.l 5.l 6..l 7.4 u 
GUolioe RVP7 68 5.6 5.l 2.3 :1.9 3.5 4.3 5.l 6..l 
Cnlde oil RVP 5 9) 7.1 4.5 1.1 2.3 1.1 3.4 4.0 4.8 
]et Dlpblltl (JP-4) f1lJ .U 5A 0.1 1.0 I~ 1.6 ·1.9 2.4 

1ette...Coe 130. 7.0 6.1 D.0041 O.OOfiJ D.008S D.O!I O.D15 0.021 
Distilllte t.cl No..l 130 .7.1 6;1 .9.D031 O.OOC5 O.D074 0.D09(J o.ou 0.016 
Raidual oil No.6 190 7.9 6.4 0.()()()02 0.00003 0.00004 D.00006 G.ll0009 0.00013 

VOI.A11LE ORGANIC UQUIDS 
A<:eloae 58 6.6 6.6 1.7 2.l :1.9 3.7 4.7 5.9 
Aayloltilrilc 53 6.8 u 0.1 1.0 L4 i..s 2.4 3.1 
Be- '18 7.4 7.4 D.6 0.9- u 1.5 2.0 2.6 
Carbon ~iloUjde 76. 10.6 10.6 3.0 3.9 4..S 6.0 .7.4 9.l 
Carbon letrocbloridc 154 13.4 13.4 • o.a 1.1 L4 1.1 2.3 3.0 

CbloiOI'ortll 119 w 12.5 1.5 1.9 2.5 :u 4.1 5.l 
Cydobenne 84 6.5 6.5 0.7 D.9 u 1.6 2.1 2.6 

.I.Z.Dicblo11XIItloe 99 !OJ ID.5 0.6 0.1 1.D 1.4 1.7 2.2 
l!lbyla<zllle Ill 7.6 7.6 0.6 0.1 L1 1.5 u 2.5 
l!lh,tlk:ollcl ol6 -6.6 6.6 O.l QA· D.6' D.9 u L7 

. loopn>pylllcobol (JJ 6.6 6.6 . O.l D.3 D.6 0.7 D.9 1.3 
Metllylllcobol n 6.6 6.6 0.7 1.0 u 2.0. 1.6 3.5 

llletiiJieDe ~ liS ILl ILl 3.1 4.3 5A u !1.7 • 10.3 

MeiiiJielltJI- 7Z 6.7 6.1 0.7 D.9 u LS ~1 2.7 
M~le 100 1!1 1!1 D.1 O.l D.3 D.6 0.1 u 

l,l,l·Trid11oJoelltloe 133 uj ll.l o.9 u 1.6 2.0 1.6 3.3 
'tri<hlon>o"'JJeae 131 U.3 12.3 D.5 0.7 0.9 u .IJ 2.0 

Tol- 92 7.3 7.3 O.l O.l D.3 CIA o.6 0.8 
v .. ~ .. 85 7.8 7..S 0.7 1.D 1.3 L1 2.3 11 

L Reterco= 6, S. 9 

b. For • mono~ lilliaaol""'"tile orpaic liquicll mer to R&Cc..- I 

c:. RVP • R<icl Vopor r-.... . 

lo0°F 

13.8 

10.5 
7.4· 

5.1 
2.7 

0.029 
0.022 

0.00019 

7.3 
4.0 
3.3 

ll.l 
3.8 

6.3 
J.l 
2.8 
:u 
2.3 

1.1 
4.5 

13.3 

3.3 
1.4 

4.l 
2.0 
1.0 
4.0 
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TABLE4-2 AVERAGE STORAGE TEMPERATURE (Ts) AS - A 
FUNCTION OF TANK PAINT COLOR a 

TANK COLOR 

White 
Aluminum 
Gray 
Black 

a. Reference 4, 6, 11 

AVERAGE STORAGE 
. TEMPERATURE Ts (°F) 

Iab +. 0.0 
la + 2.5 
T + 3.5 
~ + 5.0 

b. Ta is the average annual ambient temperature in degrees Fahrenheit 

... · 
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TABLE4-3 PAINT FACTORS FOR FIXED ROOF TANKS a 
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PAINT FACTOR 

TANK COLOR PAINT CONDITION 

ROOF .. SHELL 

White 
Aluminum (Specular) 
White 
Aluminum (Specular) 
White 
Aluminum (Diffuse) 
White 
Light Gray 
Medium Gray 

a. Reference 6, 7, 11 

White 
White 

Aluminum (Specular) 
Aluminum (Specular) 
Aluminum (Diffuse) 
Aluminum (Diffuse) 

Gray 
Light Gray 

Medium Gray 

GOOD 

1.00 
1.04 
1.16 
1.20 
1.30 
1.39 
1.30 
1.33 
1.40 

b. Estimated from the ratios of the seven preceding paint factor 

SCAQMD 4-28 

POOR 

1.15 
1.18 
1.24 
1.29 
1.38 
1.46. 
1.38b 
1.44b 
1.58 

· Storage Tank 



• 

c 

•• 

TABI.E4-4 

Section: 
Revision: 
Date:· 

'. 

4 
0 
8/18/89 

SEAL REIA1ED FACfORS FOR FLOATING ROOF TANKS a 

WELDED TANK· RIVETED TANK 
TANK AND SEAL TYPE Ks D Ks n 

A. EXTERNAL FLOATING ROOF TANKS b 

1 •. Metallic shoe seal 
L Primary seal only 12 u 1.3 1.5 
b. With shoe mounted scconda!y seal 0.8 12 1.4 1.2 
c. Wllh rim mounted scconda!y seal 0.2 . l.D 0.2 1.6 

2. Uquid moUDtcd resilient seal 
a. Primary sc:m oa1y L1 1.0 NAc NA 
b. Wllh wc••hc:r seal 0.8 0.9 NA NA 
c. Wllh rim mollllted scamclmy seal 0.7 0.4 NA NA 

3. Vapor mOUIItcd resilient seal 
L Primuyscal,oniy 12 2.3 NA NA 
b. Wath weather seal 0.9 2.2 NA NA 
c. Wllh rim ~ounted secondary seal 0.2 2.6 NA NA 

B. INTERNAL FLOATING ROOF TANKS d 

1. Liqaid m01111tcd resilient seal 
L Primary seal only • 3.0 0.0 NA NA 
b. Wllh rim m01111ted scconda!y seal e 1.6 0.0 '• NA NA 

2. V~p« moUDtcd rcsilicDI seal' 
L Primary seal only 6.7 0.0 NA NA 

. b. Wdh rim mOWI!ed scc:oadary sc&1 e 2.5 0.0 NA NA 

a. Bucd on cmissioas &om tank seal S)'Stei!IS in reasonably good working conditioa, no.visible holes, t~ or unusually Ia 
gaps bctwccD the seals and the tank wall. The applicability of~ decreases in cases where the actual gaps czcccd the g~ 
assume during 4bclopmcDI of .the correlation . 

b. Reference 4, 6 · · 
c. NA • Not Applicable 
d. Rcferencc 5, 6 
c. If tank specific information i5 not available about the scconda!y seal on an internal Ooating roof tank, then assume only 

;:Unary seal is present · 
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TABLE 4-5 ANNUAL WIND SPEED a 

COUNTY MPH 

Los Angeles 6.8 

Orange 6.3 

Riverside 6.2 

San Bernadino · 7.4 

a . Reference 13 

.. 
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TABLE4-6 AVERAGE CLINGAGE FACTORS (C) (bbl/1,000 ft2) a 

UQUID 

Gasoline 
Single components stocks 
Crude oil 

a. Reference 4, 6. 

0.0015 
0.0015. 
0.0060 

SHELL CONDITION 

DENSE RUSf GUNITE LINED 

0.0075 0.15 
0.0075 0.15 
0.0300 0.60 

b. If no specific information is available, these values can be assumed to represent the most common 
condition of tanks currently in use • 
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TYPICAL NUMBER OF COLUMNS AS A FUNCTION OF 
'TANK DIAMETER FOR INTERNAL FLOATING ROOF 
TANKS WITH COLUMNS SUPJ.>ORTED FIXED ROOF a 

TANK DIAMETER RANGE TYPICAL NUMBER OF 
COLUMNS,Nc 

0 
85 

100 
120 
135 

150 
170 
190 
220 
235 

270 
275 
290 
330 . 
360 

< D s 
< D s 
< . D s 
< D s 
< D s 

< D :;; 
< D s 
< D s 
< D s 

.< D s 

<... D s 
< D s 
< D s 
< D s 
< D s 

85 
100 
120' 
135 
150 

170 
190 
220 
235 
270 

275 
290 
330 
360. 
400 

1 
6 
7 
8 
9 

16 
19 
22 
31 
37 

43. 
49 
61 
71 
81 

a. Reference 6, 10. This table was derived from survey of users and 
manufacturers. The actual number of columns in a particular tanks may vary 
greatly with age, fiXed roof style, loading specifications, and manufacturing 

. prerogatives. · Data in this table should not supersede information on actual 
tanks. 
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TABLE4-8 DECK SEAM LENGTII FACTORS FOR TYPICAL DECK 
CONSTRUCTION FOR INTERNAL FLOATING ROOF 
TANKS a 

. DECK CONSTRUCTION 

Continuou~ sheet construction b 
· 5 ftwide. · 

· 6 ftwide 
7 ftwide 

Panel Construction d . 
5 x 7.5 ft rectangular 
5 x 12 ft rectangular 

TYPICAL DECKSEAM 
LENGTII FACfORSo . 

(FT/FT2) . 

0.20 c 
0.17 
0.14 

. . 

. 0.33 
.0.28 

a. Reference 5. Deck seam loss applies to bolted decks only. · 
b. Sn = 1/Wwhere W = Sheetwidth{ft) · . 
c. Irno specific information is available, these factors can'be assumed to represent 

the most common bolted decks currently in use. · . 
d. s0 = (L + W)/(Lx W), where W =panel width (ft) and L = panel length (ft). 
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· The following District Rules and Regulations are applicable to storage tanks: Rule 

212, 401, 402, 463 and Regulation Xlll. 12 

Rule 212 - Standards For Approving Pennits 

Section (e) ofthis Rule requires public notification of certain cases be made prior to 

issuing the permit 

Rule 4()1 - Visible Emissions 

No visibie emission greater than 20% opacity or Ringlemann.No. 1 aggregating for 

inore than three minutes in any one hour.periocl is allowed. 

Rule 402 - Nuisance 

Emissions which cause or contribute to a nuisance are prohibited. Factors worthy of 

consideration include location (commercial/residential area), solvent usage, 

odorous mateqals, and prior complaintS. 

Rule 463 - Storage of Organic Liquids 

Rule 463 requires storage ·facilities that meet any one of the following criteria to be. 

· equipped with a vapor control devices: 

(1) Any sta~onary tank with capacity greater than or equal to 39,630 gallons 

holding any organic liquid having a true vapor pressu~e of 0.5 psia or greater 

under actual storage conditions . 

. (2) Any ~hove-ground stationary tank With capacity greater than 19,815 gallons 

but less than 39,630 gallons holding any organic liquid having a true vapor 

pressl!re of 1.5 psia .or greater under. actual storage conditions. . 

(3) Any above-ground gasoline stationary tank with capacity less than or equal to 

19;815 gallons but greater than·2,000 gallons installed and in service p~or to 

January 9, 1976. 

(4) Any above-ground gasoline stationary tank with capacity less than or equal to 

19,815 gallons but more than 251 gallons installed on or after January 9, 

1976. 

SCAQMD· 4-34 Storage Tank 



Section: 
Revision:· 
Date: 

4 
0 
8/18/89 

The su!nmary of Rule 463 requirements are outlined in Table 4-9 below. 

TABLE4-9 APPUCATION OF RULE 463 

: Installatiorl Date :Loc::ation Capacity : True Type Type Type Applicable 
(Gallons) :Vapor or or or Sections · 

:Pressure Roof Shell Primary Of Rule 

'· : (psia) Seal 463 
: a : 

: : (a)(1)(D) : 
: (a)(1)(E) : 

: : (a)(1)(F) : 
N/A Above- v ·39,630 ·O.S External : Welded Mclallic: : (a)(1)(G) : 

Ground 39,630 > v > 19,815 • 1.S floating. : Shoe : (a)(1)(H) : 
(a)(4) 

(e) : 
(f) .. (g) 

:· : (a)(1)(B) : 
: (a)(1)(D) : 

:· : (a)(I)(B) : 
: : : (a)(1)(F) : 

N/A Above- v . 39,630 . o.s External : Welded : Resilient : (a)(1)(G) : 
Ground 39,630'>V >19,815 ·1.S floating Or : Toroid : (a)(1)(H) : 

Riv<:1ed (a)(4) 
.; (e) 

: (f) 
(g) 

: (a)(1)(C) : 
: (a)(1)(D) : 
: (a)(1)(E) : 

. , . : (a)(1)(F)· : 
: : : : (a)(1)(G) : 

N/A ;···A~- v . 39,630 : • o.s : External : Riveted Metallic ·: (a)(1)(H) : 
Ground 39,630 > v > 19,815 : • t.s floating : Shoe (a)(4) .. (e) 

(f) 
(g) 

f'OJ<ed :· (a)(2) 
Roof ,• (a)(4) 

N/A A~ v . 39,630 ·O.S With : (e) 
Ground 39,630 > v > 19,815 • 1.S Internal : (f) 

floating : (g) 
Roof : 

(a)(3) 
N/A Above- v . 39,630 .. ·O.S Fu:cd (a)(4) 

Ground 39,630 > v > 19,815 ·1.S Roof (a)(g) 

:. Priorto 1/9/76 19,815 • v . 2,000 :Gasoline Pressure Vacuum Vaive (b) 
: Above- : OR (e) 
:On Or After 1i9f76 Ground 19,815 • v . 251 :Gasoline Loss Control Device (f) 

(g) 
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Regulation XIII • New Source Review 
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(1) · If the new or modified equipment causes an increase in facility reactive 

organic gases (ROG) emissions in excess oforte pound per day, Best 

_ Available Control Technology (BACT) is r~quired. . 

Reactive organic gases in the SCAQMD is defined as any gaseous chemical 

compound which .contains the eleiilent carbon; excluding carbon monoxide, 
carbon dioxide, carbonic acid, carbonates and metallic carbides; and 

excluding methane, 1,1,1-trichloethane, methylene chloride, 

trifluoromethane, trichlorotrifluoromethane, dichlorodifluoromethane, 

trichlorofluoromethane, chlorodifluoromethane, dichlorotetrafluoroethane, 

and chloropentafluoroethane. 

The South Coast Air Quality Management District's Best Available Control 

Technology Guidelines14 list BACT for different processes. It is constantly. 

being updated to reflect advances in technology. It should also be consulted 

_to properly determine both applicability and BACT which may be different 

from case to case. 

Table +.10, 4-11, 4-12, 4-13, and Table 4-14 list the current BACT for 
different categories of storage tai)ks. 

(2) If the accumulated maximum emission of ROG from any stationary. source 

exceeds the threshold limits specified in Rule 1303(a)(2), which is 75 lb/day, 

in addition to BACT, the applicant. must comply with the following: 

(a) The applicant certifies in writing that all of the facilities emitting 25 tons 

per year or more, which ·are owned or operated by the applicant, are in 
compliance with the limitations of the Clean Air Act and the State 

Implementation Plan or with: the limitations of the District, whichever 

are more stringent. 

' 
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(b) The applicant must use modeling or other analysis approved by the 

Executive Officer to demonstrate that the new source or modifications to 

an existing source will not cause any violation, or make measurably 

worse an existing violation, of any ambient air quality standard at any 

receptor location in the District. Modeling shall not be required for any 

air contaminant if all offset sources which are within the distance of five · 

(5) miles could actually lower the emission of that air· contarninant(s) 

down to the threshold limit. 

(c) The applicant must offset the total accumulated increase in emissions 

from the stationary source. 

Note: Under this Regulation, emissions from equipment which is exempt 

from permit requirt<ment are to be accumulated in the New Source 

Review Databas~. These emissions are included to determine 

compliance with the threshold limits . 

4.6 Pennit.(Operating) Conditions 

In order to assure compliance with applicable Rules and Regulations of the 

SCAQMD, Permit (Operating) Conditions must be required. Permit (Operating) 

Conditions are listed Appendix 4E. 
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TABLE 4-10 BEST AVAILABLE CONTROL TECHNOLOGY FOR STORAGE TANK 14 

Equipment or Process: Storage Tank -,Fixed Roof, Organic Liquids 
Equipment Ratings < 19,815 Gallons 

• 
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I 
I 
I 
I 
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TABLE :4-11 BEST AVAILABLE CONTROL TECHNOLOGY FOR STORAGE TANK 14 

Equipment or Process: Storage Tank 
Equipment Rating: ~ 19,815 Gallons 

BOG 
IACT 
Technologically f•••lble1 

IACT JVepor Recovery lyst• 
Achlev~ In ,reotlce or (Mith an Dwnll IYit• 
Cont1ln.d In !PA APProved II PI llfflolenoy of ! Hl1 

I~ C•rbon Adurblrl or 
I· lefrlgereted 

I Condenser; or 
J· lnclnentor; or. 
I· Eq.llvolenc 

BACT IVapor Recovery Syatea 
for Stnall ausine .. , .Jwlth en overell svat• 

(Efficiency of !:. 9:511 
I· Cerbon Adlorblrs or 
J· lefrlserated 

I Condenttr; or 
I· lncln.retor; or 
J· ECJ.!ho'elent 

Altern.te Beste Equlpnent 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

I 
or Process 1 · I 

1. R~lre• fconomlc Analyela. 
2. No Economic Analyala. 

Fixed Roof, Organic Liquids 

NOX sox 

I I 
I I 
I I 
I I 
I I 
I I 
I -1 
I I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I I 
I I 
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TABLE'4-12 BEST AVAILABLE CONTROL TECHNOLOGY FOR STORAGE TANK 14 

Equipment or Process: storage Tank·- Internal Floating Roof, 
Organic Liquida 

Equipment Rating: All 

IACT 
Technologlc•lly f111lble1 

IACT 
Achlev.d In 'ractlce or 
Contolnod In EPA Approved IIPZ 

lAC I 
For Small lu.ln.ee1 

Altern8to 811lc Equl~t 
or Proce111 

1. h•flll"• raoncnla Analv•l•• 
J. No !conoMic Analy1l1. 

• 

BOG 

IMultlplo Duol Wlpor I 
I••••• with Drip Curtoln I 
lond ICAQID Approved loot I 

IMultlplo Duol Wlpor I 
fteale with Drip Curt•ln I 
lond ICAQID Approved loot I 

NQK 

I 
I 
I 

a ox 

I 
I 
I· 

co 

Revision: 
D!lt&: 

1 
9/06/89 

PART. 

I 
I 

1 
I 

00 0"'" ......... ...... 
00 ......... 
00 
\0 
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TABLE 4-13 BEST AVAILABLE CONTROL TECHNOLOGY FOR STORAGE TANK 14 

Kqulpmont or Prcioe .. a ltorave.Tenk- lxternnl Floatinv Roof, 
orvania Liquid• 

Equipmont Rating: All, .VP. s 11 pili a 

BQ<j 
IACT I I 
Technologically Peeelbl•1 1- I 

BACT IMultlplo Dual Wlpor •. I 
Achieved 'In PractIce or JSeele with Drip curt1ln I 
Contelned In EPA ApproVed SIPZ J•nd SCAQfG Approved •oatJ 

Alternaie •••lc lqul~nl 
Ul' PI'Ul•l .. l 

IMultfplo Dual Wiper I 
JS••-•• _with Drip curt•ln ·r 
l•nd SCAOMD Approved loof I 

NOx 

--- ..... ·--·---'-----~---
'f.. lfHIUit•• ll:~lc An•ly•h. 
2. No Economic Analr•le. 

I 
I 
I 

sox co 

·IIOY iaion I 1 
Data: 9/06/89 

I 
I 

I 
I 
I 

PART. 

I I 
I ·. I 

.... J....:. ....... _ ----. ---1 
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TABLE 4-14 BEST AVAILABLE CONTROL TECHNOLOGY FOR STORAGE TANK 14 

Equipment or Process: storage Tank - Underground, Organic Liquids 
·Equipment Rating:_ > 250 Gallons 

BOG 
IACT 
technologfc•lly feaalblet 

IACT I!. 9SX' R...,vol Efflcloncyl 
Achieved In Pnctlce or I ·· I 
CGnlolned ln EPA Approved SlP2 I I 

IACT 
FOr SrMll Buslneaa1 

I! 9SX a-.ol Efflclencrl 
I . I 

Altern~~ta eaalc Ecp.lipnent ·r 
or Proc:eu1 I 

t. •~lr•• lconaRie Anelyal• 
.z. No Economic ~lrtlf 

NOX 
I 
I 

• 

sox. 

Re"ision: 
Data: l0/07/88 

co PART• 
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1. . 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Section: 
Revision: 
Date: 

REFERENCES 

Air Pollution Engineering Manual, AP 40, 2nd Edition; 1973. 

4. 
0 

.8/18/89 

Petroleum Storage Principles, Alex Mar~, PennWell Publishing Company, 
1983. . 

API Bulletin On Evaporation Loss From Floating Roof Tanles, Bulletin No. 
2517, Ameriean Petroleum Institute, Washington, D.C., February 1962. 

Evaporation Loss From External Floating Roof Tanks, 2nd Edition, Bulletin 
No. 2517, Anierican Petroleum Institute, Washington, D.C., February 1980. 

Evaporation Loss From Internal Floating Roof Tanks, 3rd Edition, Bulletin 
No. 2519, American Petroleum Institute, Washington D,C., 1983. 

Compilation of Air Pollutant Emission Factors, AP 42, 4th Edition, 1985. 
. . . 

Background Documentation for ·storage of Organic Liquids, EPA Contract 
no 68-02-3174, TWR ~nvironmental, Inc., Research Triangle Park, NC, May 

'1981. . 

Petroleum Evaporation Loss From Storage Tanks, Bulletin No. 2525, 
American Petroleum Institute New York, NY 1969. 

Properties of Aircraft Fuels, NACA-TN 3276, Henry C. Barnett, eta!., Lewis 
Flight Propulsion Laboratory, Cleveland, OH, August 1956. 

···: 
10. VOC Emissions Volatile Organic Liquid ·Storage Tanks - .Background 

Information For Proposed . Standards, EPA-450/3-81-003a, U.S. 
Environmental Protection Agency,.Research Triangle Park, NC, July 1984. 

11. Evaporation Loss From· Fixed Roof Tanks, Bulletin No. 2518, American 
Petroleum Institute, Washington D.C., June 1962. 

12. Rules and Regulations, South Coast Air Quality Management District 
.(SCAQMD). 
Rule. 212, Standard For Approvin~ Permits, Amended. March 3rd, 1989. 
Rule 219, Equipment Not Requinng A written Permit Pursuant To 
Regulation II, Amended June 3rd, 1988; · 
Rule 401, Visible Emissions , Amended April 7, 1989. 
Rule 402, Nuisance, Adopted May 7th, 1976. 
Rule 463, Storage of Organic Liquids, Amended June 1st, 1984. 
Regul;~.tion XIII, New Source Review, Amended September 5th, 1986. 

13. South Coast Air Quality Management District (SCAQMD) Form B-6. 

14. South Coast Air Quality Management District (SCAQMD) Best Available 
Control Technology (BAc;::T) Guidelines, October 7, 1988. . · 

SCAQMD 4-43 Storage Tank 
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SOUTH COAST AIR QUALI'IY MANAGEMENT DISTRICT JPAGES JPAGE 

4 I 1 
ENGINEERING DMSION JAPPLNO. !DATE 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY !CHECKED BY 

PERMIT TO CONSTRUCT /OPERATE 

Applicability: This permit application form applies only to fixed roof storage tank(s) containing 
organic liquid which are not exempted under Rule 219(n). 

APPUCANTS NAME: 

MAILING ADDRESS: 

EQUIPMENT ADDRESS: 

EQUIPMENT DESCRIPTION: 

APPLICATION NO. 

" .. " STORAGE TANK NO. , . DIA., L, CAPACITY aaL 
(OR . GALS), VENTED TO A (Y APOR RECOVERY UNIT) (TIIERMAL OXIDIZER) . 

HISTORY: 

· CALCULATION 
I 

.1. Breathing Loss From Fixed Roof Tank: 
La = 22ox10·2 My ( P. ).68 o1.73 H.s1 T:s Fpc Kcb 

. . 14.7- p 
= lb/yr 

2. Working Loss From Fixed Roof Tank: 

Lw = 2.40 x 10·5 My P V N KN Ccw = lb/yr 

3. Maximum Uncontrolled Emissions From Fixed Roof Tank: 

L1 ="La+ Lw = __ lb/ir = __ lb/day = _· _lb/hr 

· 4. ·Maximum Controlled Emissions From Fixed Roof Tank: 

Lz = L1 (1 - EFF) = __ lb/yr = __ lb/day = __ lb/hr 

5. New Source Review Emissions: 

R1 = L1 (lb/day) x 1.1 = __ lbfday 
R2 = L2 (lb/day) x 1.1 = lbfday 

Revision: () 

SCAQMD 4A-3 · 

. , 

Date: 8/18/89 · 

Storage Tank. 
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a. 
b. 
c. 
d. 

e. 

f. 

g. 

h. 
i. 
e 
j~ 
k. 

I. 
m. 
n. 
o. 

SOUTII COAST AIR QUALI1Y MANAGEMENT DISTRICf I PAGES 
4 

I PAGE 
I 2 

ENGINEERING DIVISION IAPPL.NO. I DATE 

APPLICATION PROCESSING AND CALCULATIONS !PROCESSED BY I CHECKED BY 

VARIABLE 

Tank diameter 
Tank volume 
Average outage 
Adjustment factor 
for small tanks 
Average daily. 
temperature change 
Average·storage 
temperature 
Tank color 

Roof 
Shell 
Condition 

Paint factor 
Molecular weight 

True vapor pressure 
Crude oil factor 

. Breathing 
Working 

Annual throughput 
Anrtual turnover . 
Turnover factor 
Efficiency of 
control system 

NOTE 

(C) 

(T) 

<Ts) 

(FJ>) 
<~v) 

(P) 

~~:~ 
·(N) 
(KN) 

(EFF) 

· 1. Data given by the Applicant. 
2. Data taken from AP 42. 

NOTE 

. 1 
1 

1 or3 

9 

4 

1 or5 

. 1 
1 
1 
10 

1 or6 

1 or7 

2 
2 
1 
1 
11 

1 or8 

3. If not given, H is estimated to be half of the tank height. 

. VALUE 

--· 

lb/lbmol 

psia 

gal/yr 

' -
4. Average daily temperature change is assumed to be 20°F. 
5. If not ~v'en, T s is estimated from Table 4-2, Section 4, Permit Processing Handbook 

assummg ambient temperature = °F. 
6. lf mixture of organic is stored in thetaiik, My is estimated using Equation 4.3, and 

. ·Equation 4.4, Section 4, Permit Processing Handbook. . 
. 7. If not given,P is estimated ftom Figure 4-9, Figure 4-10, or Table 4-1, Section 4,. 

Permit Processin~ Handbook. 
8. 

9. 
10.· 
11. 

If not given, efficrency of vapor recovery system is assumed to be 95% and thermal 
oxidizer is assumed to be 99%. · · · 
Figure 4-11, Section 4, Permit Processing Handbook. 

·Table 4-3, Section·4:, Permit Processin~ Handbook. 
Figure 4-12, Section 4, Permit Processmg Handbook. 

Revision: 0 . Date: 8/18/89 

SCAQMD 4A-4 Storage Tank 
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SOUTH COAST AIR QUALI1Y MANAGEMENT DISTRICT 

ENGINEERING DIVISION 

APPLICATION PROCESSING AND CALCULATIONS 

I PAGES I PAGE 
..~..-__ ...:4I--_I 3 
IAPPL..NO. JDATE 

I PROCESSED BY !CHECKED BY 

RULES EVALUATION: 

RULE 401 - Visible Emission 
[) Since the storage tank contains unheated liquid, it is not expected to violate Rule 401. 

[) Asphalt or coal tar pitch stored in the tank shall not exceed 350°F or shall be handled in a 
manner approved by the Executive Office. Th~ opacity in this case will be less than 40%. 

RULE 402 - Nuisance 
Nuisance complaints are( are not) expected. 

REGULATION XIII- New Source Review 
Rule 1303 - Applicability and imalysis. 

[) 

[) 

As shown by the Emission Threshold/New Source Sheet Table below, this new or modified 
equipment causes an increase in ROG emissions in excess of one pound per day. · 
Therefore, Best Available Co~trol Technology (BACT) is required. 

BACT for this equipment is_. ----· The applicant will (will not) provide BACT. 

As shown by the Emission Thi-ehoid/New Source Sheet Table below, the net emission 
increase from"the facility exceeds the threshold limit ·specified in 1303(a)(2). Therefore, 
the following steps are required in addition to BACT: · 
() The company must obtain offsets from other facilities. . · 
() The c9mpany must u~e a mathematical model approved by ~e _District's Executive 

Officer to assess the un{lact of the plant on the area around It. 
() The company must certify in writing that all of its facilities in the state that emits 25 

tons per year or more of ROG comply with federal, state, and local air quality laws. 

.. ·= 

Facility Emissions 
Since 10-8-76 

A/N 
A/N 
Net Emission Increase 

Since 10-8· 76 

NSR Emissions in Pounds Per Day 
. ROG NOx so2 co PM 

Revision: 0 Date: 8/18/89 

Storage Tank SCAQMD 4A-5 
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SOUTII COAST AIR QUALITY MANAGEMENT DISTRICT I PAGES I PAGE 
_.__ __ ,;;:;.4_1 1· 

. ENGINEERING DMSION IAPPL.NO. !DATE 

APPLICATION PROCESSING AND CALCULATIONS 

PERMIT TO CONSTRUCT /OPERATE 

I PROCESSED BY I CHECKED BY 
I 

Applicability: This permit" application forin applies only to fiXed roof storage tank(s) containing 
organic liquid which are not exempted under Rule 219(n). · 

APPLICANTS NAME: 

MAILING ADDRESS: 

EQUIPMENT ADDRESS: 

EQUIPMENT DESCRIPTION: 

APPLICATION NO. 
' II n 

STORAGE TANK NO. , DIA, L, CAPACITY . BBL 
· (OR GALS), (WITII A Y APOR RETURN SYSTEM) OR (VENTED TO A Y APOR 
-CONTROL SYSTEM) OR (VENTED TO A SPARGER) • 

. HISTORY: 

CALCULATION: 

. 1. Breathing Loss From Fixed Roof Tank: 
La= Y0 T ~ p My= lb/day 

'IA_y v 14.7 . 

2. Working Loss FrQ}ll Fixed Roof Tank: 
Lw = F < 1 ~ )(1lbmole ) My< r >eo min ) 

· 7.48 gal 380 ft3 . · 14.7 psia 1 hr 
__ lb/hr = lb/day 

3. Maximum Uncontrolled Emissions From Fixed Roof Tank: 
L1 = L8 + Lw = · Ib/day = lb/hr 

4. Maximum Controlled Emissions From Fixed Roof Tank: 
~ = L1 (1- EFF) = lb/day = lb/hr 

5 .. New Source Review Emissions: 
R1 = L1 (lb/day) x 1.1 = __ lb/day 
R2 = Lz (lb/day) x 1.1 = lb/day 

Revision: 0 

SCAQMD 48-3 

Date: .8/18/89 

Storage Tank 



SOUTH C()AST AIR QUALI'IY MANAGEMENT DISTRICT 

ENGINEERING. DMSION 

a. 

b. 

c. 
d. 
e. 

APPLICATION PROCESSING AND CALCULATIONS 

VARIABLE 

V9lume of vapor above 
the liquid surface 
Average daily 
temperature change 
Average daily temp. 
Molecular weight · 

(Yo) 

(T) 
(TAy) 
(My) 

NOTE 

1 

1 or2 
1 

!PAGES !PAGE 
J...._-~-=4t....__l . 2 
IAPPLNO. !DATE 

!PROCESSED BY I CHECKED BY 

VALUE 

OF -- OR --
lb/lbmole 

True vapor pressure 
f. Molecular volume 

(P) 
(v) 

1 or3 
1 or4 

5 
psia · 
f~/lbmole 

g. Efficiency of vapor 
control sy'stem (EFF) 

h. Filling rate (F) 

NQTE 
1. Data given by the Applicant. · 

1 or6 
1 gal/miii 

2. Average daily temperature change is assumed to be 20°F. · 
3. If mixture of organic. is stored in the tank, My is estimated using Equation 4.3, and 

Equation 4.4, Section 4, Permit Processing Handbook. . 
4. 
5. 

6. 

If not given,P .,is from Appendix 4H, Section 4, Permit Prc;Jcessing Handbook. 
v == 10.73 ( ft-' psia) T Av(0 R)( l . ) . 

Ibmole 0 R 14.7 ps1a · 
Ifnot given, efficiency of vapor control system is assumed to be 95% 

RULES EVALUATION: 

RULE 401 -Visible Emission 
[] Since the storage tank contains unheated liquid, it is not expected to violate Rule "lOl. 
[] · Asphalt or coal tar pitch stored in the tank shall not exceed 350°F or shall be handled in a 

manner approved by the Executive Office. The opacity in this case· must be less than 40%. 

RULE 402 - Nuisance 
· Nuisance complaints are( are not) expected. 

REGULATION XIII -New Source Review 
Rule 1303 - Applicability and analysis. 

.[] As shown by the Emission Threshold/New Source Sheet Table below, this new or modified 
. equipment causes an increase in ROG emissions . . 

•• 
Revision: U Date: 8/18/89 

SCAQMD 48-4 Storage Tank 
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SOUTII COAST AIR QUALI1Y MANAGEMENT DISTRICT I PAGES I PAGE 
I 4 I 3 

ENGINEERING DMSION ·IAPPL NO. I DATE 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

in excess of one pound per day. Therefore, Best Available Control Technology (BACI} is 
required. 

BACf for this equipment is _____ . The applicant will (will not) provide BACf. 

As shown by the Emission Threhold/New Source Sheet Table below, the net emission 
increase from the facility exceeds the threshold limit specified in 1303(a)(2). Therefore, 

. the following steps are required in addition to BACf: 
() The company must obtain offsets from other facilities. 
() The company must use a mathematical model approved by the District's Executive 

Officer to assess the im~act of the plant on the area around it. 
() The company must certlfy in writing that all of its facilities in the state that emits 25 

tons per year or more of ROG comply with federal, state, and local air quality laws. 

Facility Emissions 
Since 10-8-76 

A/N 
A/N 
Net Emission Increase 

Since 10-8-76 

NSR Emissions in Pounds Per Day 
ROG NOx SOz CO PM 

RULE 463 - Storage of Organic Uquid . 
In order to find what specific section(s) of Rule 463 are applied for this application, use Table 4-9, 
Section 4, Permit Processing Handbook. 

ReQuirement Section CQml2lian~~ .. ·:. Yes No 
1. Vapor control system, efficiency of 95% 

!:lm ~ 
[] 

2. Leak free accessories (pting, valves ... ) (] 
3. Records showing type of ·quid ~tored, true [] 

vapor pressure range and throughput data. 
(b) [] [] 4. Pressure vacumn valve set at 10% maximum 

allowable working ~ressure. 
5. Exempted from 46 (a) because heating for (g) [] [] 

shipment only occurs less than 48 hours and 
not more than on~e every 20 hour period. 

The equipment is( is not) in compliance with Rul~ 463. 

Revision: 0 Date: 8/18/89 

SCAQMD 48-5 Storage Tank 
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SOUTH COAST_AIR QUALITY. MANAGEMENr DISTRICT 

ENGINEERING DIVISION. 

. APPLICATION PROCESSING AND CALCULATIONS 

CONCLUSIONS/RECOMMENDATIONS: 

I PAGES I PAGE 
..L.._ __ ...:l4'---' 4 
IAPPLNO. !DATE 

I PROCESSED BY I CHECKED BY 

This appli~tioil ~ (is not) expected to comply with all applicable District Rules and Regulations. 
The following is recommended: 

() Issue a Permit to Construct/Operate subject to the following conditions: 
(Refer to Appendix 4E for the wording of conditions). · · 

·..QB 

( ). · "oeny the Permit to Construct/Operate. 

•• 
It is my opinion that the operation of this equipment will be in violation of Rule(s) 
TT.:===+T"'=::::;---·-of the Rules and Regulations of the South Coast Air Quality 
Management DJStnct. ·· 

j 

Revision: 0 Date: 8/18/89 
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R SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT I PAGES I PAGE 
I 6 1 

ENGINEERING DMSION IAPPLNO. I DATE 
. .. 

APPLICATION PROCESSING AND CALCULATIONS !PROcESSED BY !CHECKED BY ·I 

PERMIT TO CONSTRUCT/OPERATE 

Applicability: This permit application f~nn applies only to external floating roof storage tank(s) 
containing organic liquid which are not exempted under Rule 219(n). 

APPLICA~TS NAME: 

MAILING ADDRESS: 

EQUIPMENT ADDRESS: 

EQUIPMENT DESCRIPTION: 

APPLICATION NO. · 

. " 
STORAGE.TANKNQ. , DIA., 
(OR GALS); (DOUBLE)(SINGLE) SEAL. 

II" • 

L,CAPACITY . BBL 

HISTORY: 

CALCULATION: .. " 

Standing Loss Fiom Floating Roof Tank: • 
. Lg = Ks yll P D My Kc = lb/yr 

1. 

2. Withdrawal Loss From Floating Roof Tank: 

Lwo ·= .943 Q C WL = lb/yr 
D . 

3. Total Emissions (Controlled or Uncontrolle~) From Floating Roof Tank: 
L1 = Lz = Lwo + Ls = . lb/yr = lb/day = · lb/hr 

4. New Source Review Emissioi:Js From Floating Roof Tank: 
R1 = Rz = L1 (lb/day) x 1.1 = lbfday 

Revision: 0 Date: 8/18/89 

SCAQMD · · 4C-3 Storage Tank 
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SOUTH COAST AIR QUALI'IY MANAGEMENT DISTRICT I PAGES I PAGE 
I 6 I 2 

ENGINEERING DMSION 0 IAPPL NO. IOATE 

a. 
b. 

c. 
d. 
e. 
f. 

~: 
i. 
j. 
k. 
t 
m. 
n. 
o. 

APPLICATION PROCESSING AND CALCULATIONS 

VARIABLE 

.Tank diameter 
Type of shell 
construction 

(D) 

Type of primary seal 
Type of secondary seal 
Seal factor 
Wind speed exponent 
Average wind ~eed 
Molecular wei t 
True vapor pressure 
Vapor press function 
Crude oil factor 
Clinfage factor 
She! condition 
Annual throughgut 
Density of liqui 

NOTE 
1. Data given by the Applicant. 
2. Data taken from AP 42. 

NOTE 

1 

1 
1 
1. 
6 
6 
7 

1 or3 
1 or4 

5 
2 
8 
1 
1 
1 

I PROCESSED BY I CHECKED BY 

VALUE 

ft 

mile/hr 
lb/lbmole 
psia 

bbl/yr 
lb/gal 

3. If ~e of orgaJ!i<: is stored .in the tan_k, My is estimated using Equation 4.3, and 
~uation 4.4, Section·4, Pemut Processmg Handbook. 

4. If not given, Pis estimated from Figure 4-9, Figure 4-10, or Table 4-1, Section 4, 
P~rmit Processing Handbook. 

5. P is estimated using Equation 4.10, Section 4, Permit Processing Handbook. 
6. Table 4-4, Section 4, Permit Processing Handbook. · 
7. Table 4-5, Section 4, Permit Processing Handbook. · 
8. Table 4-6, Section 4, Permit Processing Handbook. 

.. .., 

RULES EVALUATION: 

RULE 401: - Visible Emission 
[] Since the storage· tank contains unheated liquid, it is not expected to violate Rule 401. 

[) Asphalt or coal tar pitch stored in the tank shall not exceed 350°F or shall be handled in a 
manner approved by the Executive Office. The opacity in this case must be less than 40%. 

RULE 402:. Nuisance . , 
Nuisance complaints are( are not) expected. 

Revision: 0 Date: 8/18/89 

SCAQMD 4C-4 Storage Tank 



SOUTH COAST AIRQUALI'IY MANAGEMENT DISTRICf !PAGES !PAGE 

ENGINEERING DMSION 

APPLICATION PROCESSING AND CALCULATIONS 

RULE 463: - Storage of Organic Liquid. 

I 6 I 3 
~APPL NO. IOATE 

I PROCESSED BY I CHECKED BY 

In order to find what specific section(s) of Rule 463·are applied for this application, use Table 4-9, 
Section 4, Permit Processing Handbook. 

Gaps between the tank shell and the seal comply with the following: 

ReQuirements Section CQml2li~n~~ 
Yes No 

1. a) No gap shall exceed 1.5". 
b) No continuous gap greater than 1/8" 

exceeds 10% tank's circumference. 

(a)(1)(A,B,C) [] 
[] 

[] 
[] 

c) Accumulative length of gaps that 
fall between 1.5" and 1/2" must 
not exceed 10% of the tank's 

0 [] 

circumference. 
d) Accumulative length of gaps that 

falls between 1/2" and f/8" must 
not exceed 30% of the tank's · 

[] [] 

circumference. 
e) Accumulative len~th of gaps that 

is smaller than 1/ " must not exceed 
60% of the tank's circumfererrce. 

[] [] 

2. If the seal is installed. on or after (a)(1)(A,C) [] [] 
8/1/77, one end of the shoe should be 
installed into the stored liquid and 
the other end extends a minimum vertical 
distance of 24" above the liquid surface. 

3. The maximum gap between the rrimary seal (a)(1)(A,C) [] 0 
and the tank shell for a length o 18" 
in the vertical plane above the liquid 
surface shall not exceed 3". 

4. The seal is in perfect condition, no (a)(1)(A,C) [] [] 
holes and tears or openings which allow 
the emission of organic vapors. 

5. a) No gap shall exceed 1/2". (a)(l)(A,B,C) [] 0 
b) Accumulative length of gaps that fall [] [] 

between 1/Z: and 1/8" must not exceed 
5% of the tank's circumference. 

c) Accumulative length of gaps that is [] [] 
smaller than 1/8" must not exceed 95% 
of the tank's circumference. 

Revision: 0 Date: 8/18/89 · 
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SOUTII COAST AIR QUALI'IY MANAGEMENT DISTRICI' I PAGES I PAGE 
6 I 4 

ENGINEERING DMSION IAPPL.NO • IOATE 
.. 

APPLICATION PROCESSING AND CALCuLATIONS I PROCESSED BY I CHECKED· BY· 

Reqyirements Section Compliance 
Yes No 

6. The. se!:ondary seal allows easy insenion (a)(1)(A,C) [] [] 
of probes up to 1.5" in order to 
measure gaps in the primary seal. 

7. The secondary seal shall extend from the (a)O)(A,C) [] [] 
roof to the tank shell and shall not be 
atta,ched to the primary seal. 

8. The secondary seal allows easy insertion . (a)(1)(B) [] [] 
probes up to 1.5" in order to measure 
gaps in the primary seal. 

9. The secondary seal shall extend from the (a)(1)(B) [] [] 
roof to the tank shell and shall not be 
attached to the primary seal. 

10. This a~lication is exempted from (a)(1)(D) [] [] 
Rule 4 3(a)(1)(A), 463(a)(1)(B) or 
463(a:)(1)(C) since prior to use or 
installation ofa closure device, an 
actual emission test, or. !H:ressure leak 

• test will be perfon:ried. e method of 
measurement shall be prior approved by 
the Executive Officer. 

11. a) Primary seal shall be made available (a)(1)(E) [] [] 
for inspection once every year at 

· locations selected randomly along the 
circumference and inspected prior to 
the installation· of the secondary seal. 

(] b) · After the secondary seal is installed, [] 
~rimary seal'shall be inspected for its · 

11 circumference every five years. 

12. All operiings in the roof, excep~ressure (a)(1)(F) [] [] 
vacuum valves, set to within 10 o ofthe 
maximum allowable workinj: pressure of the 
roof, shall provide a projeCtion below the 
liquid surface, and shall be equipped with 
a cover, seal or lid . 

. . 

13. Any emergency roof drain shall be provided (a)(1)(G) [] [] .. with a slotted membrane fabric cover, or 
e{uivalent, that covers at least nine-tenths 
o the area of the opening. 

Revision: 0 Date: 8/18/89 
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'SOUTI:I COAST AIR QUALITY MANAGEMENT DISTRICT 

ENGINEERING DMSION 

APPLICATION PROCESSING AND CALCULATIONS 

Requirements 

14. This tank must not be used to store organic 
liquid having a vapor pressure greater or 
equal to 569 mmHg (11 psia) under actual 
storage conditions. 

15. Record.s containing type of liquid stored, 
true vapor pressures range and throughput 
data should be available for inspection 
by the DiStrict. . 

16. Tanlds equipped with pressure vacumn 
valve set at 10% of maximum allowable · 
working pressure of the tank or seals · 
which comply with 463( a) requirements. 

17. Procedures for emptying, cleaning, or 
repairing the tank must. be approved by 
the Executive Officer . • 

18 . 

19. 

20. 

Crude oil contains less than 70ppm of H2S. 

Exempted from Rule 463(a) because monthly 
average throughput is less than ~0 barrels 
per day and tanK installed prior to 6/1/84. 

Exempted from Rule 463(a) because failure 
to comply only occurs when heated for 
shipment. Such period occurs less than . 
48 hours and not more than once every 20 hour 
period. 

REGULATION XIII- New Source Review 
Rule 1303 - Applicability and analysis. 

JPAGES I PAC:lE 
I · 6· I 5 
JAPPLNO. JDATE 

I PROCESSED BY I CHECKED BY 

Section Compliance 
Yes No 

(a)(l)(H) [] [] 

(a)(4) 

(e) 

(f) 

(g) 

(g) 

[] [] 

. [] [] 

[] [] 

[] [] 

[]' [] 

[] [] 

[] As sho\vn by the. Emission Threshold/New Source Sheet Table below, this new or modified 
equipment causes an increase in ROG emissions in excess of one pound per day. Therefore, 
.Best Available Control Technology (BACI") is required. . 

BACT for. this equipment is_--'----"·.; The applicant will·(will not) provide BACT . 

Revision: 0 
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SOUTII COAST AIR QUALI'IY MANAGEMENT DISTRICT 

ENGINEERING DMSION 

I PAGES 
I . 6 
IAPPLNO. 

I PAGE 
I 6 
!DATE 

.APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

As shown by the Emission Threhold/New Source Sheet Table below, the net emission 
increase from the facilit¥ exceeds the threshold limit specified in 1303( a)(2). Therefore, the 
following steps are reqwred in.addition to BACf: . 
() The company must obtain offsets from other facilities. · 
() The company must use a mathematical model approved by the Distrjct's Executive 

Officer to assess the impact of the plant on the area around it . 
. () The company must certify in writing that all of its facilities in the 'state that emits 25 

tons per year or more of ROG comply with federal, state,. and local air quality Ia~. 

Facility Emissions 
Since 10-8-76 

A/N 
A/N 
Net Emission Increase 

Since 10-8-76 

NSR Emissiolis in Pounds Per Day 
ROG · NOx SOz CO 

--· 

PM 

In addition to all of the above rules, the· external floating roof tank has to sa tis!}' additional ' 
requirements listed in Appendix 4F. The approved seals and seal systems are hsted in Appendix 
40 . 

. CONCLUSIONS/RECOMMENDATIONS: 

This equipment is (is not) expected to comply with all applicable District Rules and Regulations. 
Therefore, the following disposition is recommended: 

() Issue a Permit to Construct/Operate subject to the following conditions: 
(Refer to Appendix 4E for 'the wording of conditions). · . 

.QB 

( ) Deny the Permit to Construct/Operate. 

It is my opinion that the operation of this equipment will be in violation of Rule(s) 
· of the Rules and Regulations of the South Coast Air Quality 

Management DIStnct. · · · 

Revision: 0 
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SOUTH COAST AIR QUALI1Y MANAGEMENT DISTRicr 

ENGINEERING DIVISION 

(PAGES 

I 
fAPPLNO. 

a 
(PAGE 

I 
(DATE 

1 

APPLICATION PROCESSING AND CALCULATIONS (PROCESSED BY (CHECKED BY 

PERMIT TO CONSTRUCT/OPERATE 

Applicability: This permit application form applies only to internal floating roof storage tank(s) 
containing organic liquid which are not exempted under Rule 219(n). · 

APPUCANT'S NAME: 

MAILING ADDRESS: 

EQUIPMENT ADDRESS: 

EQUIPMENT DESCRIPTION: 

APPLICATION NO. 
.. .. 

STORAGE TANK NO. , DIA,, I.., CAPACITY BBL 
(OR GALS), (DOUBLE)(SINGLE) SEAL. 

HISTORY: 

CALCUL.:ATION:· 

1. Standing Loss F.rom Internal Floating Roof Tank: 
Ls = Ks yn P D My Kc = lb/yr 

2. Withdrawal Loss From lntenpil Floating Roof Tank: 
Lwo = 0.943 Q C Wl(l + Nc Fe) = lb/yr 

D D 
3. Total Emissions (Controlled or Uncontrolled) From Internal Floating Roof Tank: 

Lt = Lz = Lwo + Lg = lb/yr = lb/day = lb/hr 

The internal fl~ating.rooftank also has deck fitting loss and deck seam loss. These losses 
·are negligible compared to the standing and withdrawal losses. · · 

New Source Review Emissions From Internal Floating Roof Tank: 
Rt = Rz = L1 (lb/day) x 1.1 = lbfday . 

4. 

Revision: 0 
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SOUTH COA$T AIR QUALITY MANAGEMENT DISTRICT 

ENGINEERING DIVISION 

JPAGES I PAGE 
.J..._ __ _;,6~__, 2 
JAPPLNOo fDATE 

a. 
b. 
c. 
d. 
e. 
f. 

&: 
i. 
j. 
k. 
I. 
m. 
n. 
o. 
p. 
q. 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

VARIABLE 

Tank diameter . 
Shell construction type 
Type of primary seal 
Type of secondary seal 
Seal factor 
Wind speed exponent 
Average wind speed 
Molecillar weight 
True vapor pressure 
Vapor: press function 
Crude oil factor 
Clingage factor 
Shell condition 
Annual throughput 
Density of liquid 
No. of columns 
Effective column diameter 

NOTE 

(D) 

1. Data given by the Applicant. 

NOTE 

1 
1 
1 
1 
8 
8. 
9 

1 or3 
1 or4 

5 
2 
10 
1 
1 
1 

·1 or6 
0 7 

VALUE 

·--

ft 

mile/hr 
lb/lbmole 
psia 

bbl/yr 
lb/gal 

2. Data taken from AP 42. 
:3. If mixture of organic is stored in the tank, My is estimated using Equation 4.3, and &.. 

gquation 4.4,. Section 4, Permit Processing Handbook. . ,. 
4. If not given, P is·estimated from Figure 4-9, Figure 4-10, or Table 4-1, Section 4, 

P;rmit Processing Handbook. 0 

• 

5. P is estimated using Equation 4.7, Section 4, Permit Processing Handbook. 
0 6. Nc = 0 for self-supported internal floating roof tank. If not given by the applicant, 

Nc is estimated from Table 4-7, Section 4, Permit Processing Handbook for column-
supported internal floating roof tank. · · 

· 7. Effective column diameter for an internal floating roof tank: 1.1 for 9" x 7" column, 
0.7 for 8" diameter column, and 1 if details not shown (AP 42). 

8. Table 4-4, Section 4, Permit Application Handbook. 00 

9. Table 4-5, Section 4, Permit Application Handbook. 
10. Table 4-6, section 4, Permit Application Handbook. 

RULES EVALUATION: 

RULE 401: - Visible Emission 
. [] Since the storage tank contains unheated liquid, they are not expected to violate Rule 401. 

Revision: 0 Date: 8/18/89 
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. SOUTII COAST AIR QUALITY MANAGEMENT DISTRICT JPAGES I PAGE 

-'-----"6.___1 3 
ENGINEERING DIVISION JAPPLNO. I DATE 

APPLICATION PROCESSING AND CALCULATIONS !PROCESSED BY JCHECKED BY 

[] Asphalt or coal tar pitch stored in the tank shall not exceed 350°F or shall be bandied in a 
manner approved by the Executive_ Office. The opacity in this case must be less than 40%. 

RULE 402: - Nuisance 
Nuisance complaints are( are not) expected. · · 

RULE. 463: - Storage of Organic Liquid. 

In order to fmd what specific section(s) of Rule 463 are applied for this application, use Table 4-9, 
Section 4, Permit Processing Handbook. 

Gaps between the tank shell and the seal comply with the following: · 

Requirements 

1. Tank is equipped with either liquid 
mounted primary seals only or two seals 
a primary and a secondary seal which are · 
in compliance with 463(a)(1)(A). . 

2. Oafs between tank's s~ell and primary 
sea: 

b~ No gap shall exceed 1.5". 
No continuous gap greater than 1/8" 
exceeds 10% tank's circumference. 

c) Accumulative length of gaps that 
fall between 1.5" and 1/2" must 

· not exceed 10% of the tank's 
circumference. 

d) Accumulative length offtaps that 
fall between l/2" and 1 8" must 
not exceed 30~ of the tank's 
circumference. 

e) Accumulative length of gaps that 
are smaller than 1/8" must not exceed 
60% of the tank's circumference. 

3. If the seal is installed on or after 
8/1/77, one end of the shoe should be 
installed into the stored liguid and 
the, other end extend.s a mmimum vertical 
distance of 24" above the liquid surface. 

Revision: 0 · 

; . 

SCAQMD 4D-5 

Section 

(a)(2) 

(a)(1)(A) 

(a)(1)(A~ 

Compliance 
Yes No . 

(] [] 

[] [] 
[] [] 

·[] [] 

[] [] 

[] [] 

[] [] 

Date: 8/18/89 
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SOUill COAST AIR QUALI'IY MANAGEMENT DISTRICT' !PAGES I PAGE I 
6 I 4 

ENGINEERING DIVISION IAPPLNO. !DATE 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

Requirements Section Comnlian!;~ 

The maximum gap between the frimary seal 
· Yes No 

4. (a)(1)(A) [] [] 
and the tank.shellfor a length o 18" 
in the vertical plane above the liquid 
surface shall' not exceed 3". 

5. The seal is in perfect·condition, no (a)(1)(A) [] [] 
holes and tears or openings which allow 
the emission of organic vapors; 

6. Gaps between tank's shell and secondary 
seal: 

~~ No gap shall exceed 1/2". · (a)(1)(A) [] [] 
Accumulative length of gaps that falls [] []. 
between 1/2" and 1/8" must not exceed 
5% of the tank's circumference~ 

c) Accumulative length of gaps that is 
smaller than 1/8" must not exceed 95% 

[] [] 

of the tank's circumference. 

7. -The secondary seal allows easy insertion (a)(l)(A) [] [] 
of probes up to 1.5" in order to 
measure gaps in the primary seal. 

8. 11Je secondary seal shall extend from the {a)(l)(A) [] [] 
roof to the tank shell and .shall not be 
attached to the primary seal. 

9. · This tank must'not be used to store organic (a)(2) [] . [] 
liquid having a vapor pressure greater or 
equal to 569 mmHg'(ll psia) under actual 
storage conditions. 

10. The hydrocarbon concentration in ~e vapor ·(a)(2) 11 [] 
space above the internal floating roof must 
not exceed (50% )(30%) of the lower explosion 
limit. 

11. Secondary seals should be inspected semi- (a)(2) [] [] 
annually by the a~licant. Records shall 

· be main tamed an made available for review 
by the District. . 

12. The District will be notified to insRect (a)(2) · [] [] 
the internal floating roof prior to 11ling 
the tank. 

• Revision: 0 Date: 8/18/89 
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SOUTH COAST AIR QUALI1Y MANAGEMENT DISTRICT II?AGES I PAGE 

I 6 I Q 
ENGINEERING DIVISION · .. IAPPL. NO. I DATE 

APPLICATION PROCESSING AND CALCUi.ATIONS . I PROCESSED BY I CHECKED BY 

Requirements Section CQm!llian~ 
Yes No 

13. Records containing type of liquid .stored, . (a)(4) [) [) 
true vapor pressures range and throughput 
data should be available for inspection . 
by the District. , 

14. Tank is equipped with pressure vacuum 
valve set at 10% of maximum allowable 

(b) [) [] 

working pressure of the tank or seals 
which comply with 463(a) requirements. 

15. Procedures for emptying, cleaning or (e) [] [] 
repairing the tank must be approved by 
the Executive Officer. 

16. Crude oil contains less than 70ppm of H2S. (f) [] [] 

17. Exempted from Rule 463(a) becailse monthly (g) [] [] 
average throughput is less than 30 barrels . 
per day and tank installed prior to 6/1/a4. 

18. Exempted from ~ule 463(a) because failure (g) . [] [] 
to comply only occurs when heated for ·· 
shi~ment. Such period occurs less than 
48 ours and not more than once every 20 hour 
period. · 

REQULATION XTII • New Source. Review 
Rule 1303- Applicability and Analysis . 

[] 

(] 

.. ~ 
As shown by the Emission Threshold/New Source Sheet Table below, this new or modified 
equipment causes an increase in ROG emissions in excess of one pound per day, Therefore, 
Best Available Control Technology (BACT) is required. 

BAcr for this equipment is _____ . The applicant will (will not) provide BACT.· 

As shown .by the Emission Threhold/New Source Sheet Table below; the net emission . 
increase. from the facility exceeds the threshold limit specified in 1303( a)(2). Therefpre, the 
following steps are reqwred in addition to BACT: 

.Revision: 0 Date: 8/18/89 
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ENGINEERING DIVISION . 

I PAGES 
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IPAGE_ 
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I DATE 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

8 The company must obtain offsets from other facilities. · · . 
The company must use a mathematical model approved by the District's Executive 
Officer to assess the imJ?aCtof the plant on the area around it. . 

0 The company must cen1fy in writing that all-of its facilities in the state that emits 25 
tons per year or more of ROG comply with federal, state, and local air quality laws. 

Facility Emissions 
Since 10-8-76 

A/N 
A/N . 
N_et Emission Increase 

Silice 10-8-76 

NSR Emissions in Pounds Per Day 
ROG · : NOx SOz CO PM 

-·-

In addition to all of the above; rules, the internal fio~ting roof tank has to satisfy additional 
requirements listed in Appendix 4F, Section 4, Permit Application Handbook. The approved seals 
and !ieal systems are listed in Appendix 4G, Section 4, Permit Application Handbook. 

CONCLUSIONS/RECOMMENDATIONS: . . 
This equipment is (is not) expected to comply with all applicable District Rules and Regulations. 
The following is recommended: . . . 

() 

.QR 

Issue a Permit to Construct/Operate subject to the following conditions: 
(Refer to Appendix ~E for the wording of conditions) • 

( ) Deny the Permit to Construct/Operate. 

It is my opinion that the operation of this equipment will be' in violation of Rule(s) 
· . . · · · . . of the Rules and Regulations of the South Coast Air Quality 
Management D1stnct. 

Revision: 0 Date: 8/18/89 
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I. FIXED ROOF STORAGE TANK OPERATING CONDITIONS 

1 . TinS TANK (T~ NO._----') CAN ONLY STORE 

. ~· : 

2. TinS TANK MUST NOT BE USED FOR STORING ORGANIC 
UQUID HAVING A VAPOR PRESSURE OF . "mm Hg 

( PSIA).QR GREATER UNDER ACTUAL STOMGE 

CONDIDONS. 

3. TinS TANK MUST NOT BE OPEMTED UNLESS VENTED TO 

A VAPOR CONTROL SYSTEM WHICH IS IN FULL USE. AND 
HAS BEEN ISSUED A PERMIT TO (OPERATE)( CONSTRUCT) 

BY THE EXECUTIVE OFFICER. 
.QB" 

· DURING 8WNG, TinS EQUIPMENT MUST BE VENTED 

ONLY TO THE VESSEL FROM WHICH IT IS BEING FILLED. 

4. THROpGHPUTTO TinS TANK OF ORGANIC UQUIDS MUST 
·NOT EXCEED __ TURNOVERS PER YEAR . 

.QB 
THE MAXIMUM QUANTITY OF_··---- FILLED INTO 
TinS EQUIPMENT MUST NOT EXCEED __ GALLONS 

PER DAY. 
5. THIS TANK MUST COMPLY WITH ALL REQUIREMENTS OF 

REGULATION IX. 

6. (COMPANYNAME) MUSTCOMPLYWITHRULE 
.·. 1113 DURING PAINTING OPERATION. 

7. THE DIRECTOR OF ENFORCEMENT MUST BE NO'IIFIED A 

MINIMUM OF 24 HOURS PRIOR TO THE COMMENCEMENT 

OF I;'AINTING THIS EQUIPMENT.· 

SCAQMD 4E-3 Storage Tank 
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8. THROUGHPUT RECORDS, 1HOSE RECORDS REQUIRED BY 

RULE 463 (a)(4), AND TIIE PAINilNG OPERATION RECORDS. 

MUST BE MAINTAINED IN A FORMAT APPROVED BY TIIE 

DIRECTOR OF ENFORCEMENT, KEPT ON FILE FOR A 

MINIMUM OF TWO YEARS, AND MADE AVAILABLE UPON 

REQUEST OF DISTRICT PERSONNEL 

9. . ASP!fALT STORED IN OR PUMPED INTO TinS TANK SHAlL 

10. 

NOT EXCEED 350 °F .QR SHAll BE HANDLED IN A 

MANNER APPROVED BY 1HE EXECUTIVE OFFICER THAT 

DOES NOT VIOLATE RULE 401. 

A TEMPERATURE GAGE MUST BE INSTALLED TO 

MONITOR 1HE TEMPERATURE OF MATERIALS STORED IN 

TinS TANK. TIIE TEMPERATURE MUST NOT EXCEED 
OF; --

. 
11. 1HIS TANK MUST NOT BE FILLED UNLESS 1HE VENT 

12. 

13. 

SCAQMD · 

GASES ARE SPARGED AT LEAST __ INCHES BELOW 

1HE SURFACE OFA TRAP CONTAINING A MINIMUM OF 

__ GALLONS OF (ACIDIC SOLUTION)(WATER)(CAUSTIC 
SOLUTION) MAINTAINED AT pH . .QR 
(GREATER)(LOWER). 

A PRESSURE RELIEF VALVE MUST BE INSTALLED FOR 

TinS TANK AND SET AT rnm Hg ( PSIA). 

1HIS TANK CAN ONLY BE USED FOR STORING SOUR 

·. WATER IF A ONE FOOT LAYER OF DISTILLATE (D~ESEL) 

OlLIS FLOATED ON TfiE WATER'S SURFACE AND TIIE 

TANK IS VENTED TO A VAPOR RECOVERY SYSTEM 

APPROVED BY TIIE EXECUTIVE OFFICER. 

4E-4 . Storage Tank 
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II. · EXTERNAL FLOATING ROOF STORAGE TANK OPERATING 

CONDITIONS 

1. THROUGHPUT TO THIS TANK (TANK NO----') OF 
ORGANIC LIQUIDS SHAll NOT EXCEED __ 
TURNOUVERS PER YEAR. 

2. · TillS TANK MUST NOT BE USED FOR STORING 
PETROLEUM LIQUID HAVING A VAPOR PRESSURE 
OF nun Hg ( __ PSIA) OR GREATER UNDER ACTUAL 
STORAGE CONDffiONS. 

3. TillS TANKMUST:r-fOTBE USED FOR STORING PURE 
OR9ANICCOMPOUNDS. 

4. TillS TANK MUST COMPLY WITH ALL REQUIREMENTS OF · 
REGULATION IX. 

5. _----l(~C~O!:!!MP:!.!.LAN!J..L!Y"'""N~A~Mi!!E!i<)l-. __ MUST COMPLY WITH RULE 
1113 DURING PAINTI;NGOPERATION. 

6. THE DIRECfOR OF ENFORCEMENT MUST BE NOTIFIED A 
MINIMUM OF 24 HOURS PRIOR TO THE COMMENCEMENT 
OF PAINTING TillS EQUIPMENT. 

7. 

SCAQMD 

THROUGHPUT RECORDS, THE RECORDS REQUIRED BY 
RULE 463 (a)(4), AND THE PAINTING OPERATION RECORDS 
MUST BE MAINTAINED IN A FORMAT APPROVED BY THE 

. " .DIRECfOR OF ENFORCEMENT, KEPT ON FILE FOR A 
MINIMUM OF TWO YEARS, ANb MADE AVAILABLE UPON 
REQUEST BY AUTHORIZED DISTRICf PERSONNEL. 
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8. INSTALLATION OFlHE APPROVED SECONDARY SEAL IS 

NOT TO BEGIN· UNTIL 'IHE SHOE/TUBE/WIPER PRIMARY 

SEAL HAS BEEN INSPECIED AND APPROVED. 

9. GAPS BETWEEN mE SECONDARY SEAL AND 1,HE 

RIVETED SHELL MUST NOT EXCEED 1/2~ WIDTH, EXCEPT 

FOR GAPS CAUSED EXCLUSIVELY BY 'IHE VERTICAL LAP 

JOINTS/BUTT STRAPS WinCH ARE 1/2" THICK..QR 

GREATER. IN CASES WHERE 1HE VERTiCAL LAP 

JOINTS/BUTT STRAPS ARE MORE TIIAN 1/2" THICK, TilE 
ALLOWABLE GAP WIDTH $HALL BE NO GREATER TIIAN 

1/8" MORE TIIAN THE THICKNESS OF 1HE ButT STRAP, 

AND 1HE GAP LENGTH (IN' EXCESS OF 1/2" WIDE) NO 

LONGER THEN 1.75 TIMES 1HE THICKNESS OF 1HE LAP 

JOINT/BUITSTRAP. 

10. . GAl'S BETWEEN THE MODIFIED MALONEY SEAL AND THE 

TANK WALL MUST NOT EXCEED 1/'4" IN WIDTH. GAPS 

THAT FALL BETWEEN 1/8" AND 1/4" WIDE MUST NOT 

HAVE AN ACCUMULATED LENGTH OF MORETIIAN 5% OF 

THE TANK'S CIRCUMFERENCE. 

11. CCOMPANYNAME) ·SHALLPROVIDEWRITTEN 

PROCEDURES FOR REMOVAL OF ANY FLOATING ROOF 

TANK FROM SERVICE THAT HAS STORED OUTER . 

CONTINENTAqiHELF (OCS) CRUDE OIL. SUCH 

PROCEDURES ~ST BE APPROVED BY 'IHE EXECUTIVE 

OFFICER. 

SCAQMD 4E-6 Storage Tank 
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12. AFIER Tiffi PROPOSED ALTERATION/CONS1RUCTION OF 

THIS TANK HAS BEEN COMPLETED, 1HE DIRECTOR OF 

ENFORCEMENT MUST BE NOTIFIED A MINIMUM OF 48 

HOURS PRIOR TO FILUNG Tiffi TANK TO ALLOW 

INSPECTION OF Tiffi FLOATING ROOF BY DIS1RICT 

PERSONNEL 

SCAQMD 4E-7 Storage Tank 
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III. . INTERNAL FLOATING ROOF STORAGE TANK OPERATING 

CONDITIONS 

1. TIIROUGHPUT TO TillS TANK (TANK NO .. _ _,) OF 

ORGANIC UQUIDS MUST NOT EXCEED TURNOVERS 

·PER YEAR. 

2. THIS TANK MUST NOT BE USED FQR STORING 

PETROLEUM UQUID HAVING A VAPOR PRESSURE 

OF mm Hg ( PSIA) OR GREATER UNDER ACTUAL 

STORAGE CONDffiONS. 

3. TillS TANK MUST NOT BE USED FOR STORING PURE 

ORGANIC COMPOUNDS. 

4. THIS TANK MUST COMPLY WITH ALL REQUIREMENTS OF 

REGULATION IX. · 

5. . (COMPANY NAME> MUSTCOMPLYWITIIRULE 

1113 DURING PAINTING OPERATION. 

6. TilE DIRECfOR Of ENFORCEMENT MUST BE NO IIFIED A 
MINIMUM OF 24 HOURS PRIOR TO TilE COMMENCEMENT 

OF PAINTING THIS EQUIPMENT. 

. 7. 

SCAQMD 

THROUGHPUT RECORDS, TilE RECORDS REQUIRED BY 

RULE 463 (a)(4), AND TilE PAINTING OPERATION RECORDS 

MUST BE MAINTAINED IN A FORMAT APPROVED BY THE 
DIRECTOR OF ENFORCEMENT, KEPT ON FILE FOR A 

. . . . . 
MINIMUM OF TWO YEARS, AND MADE AVAILABLE UPON 

REQUEST OF DISTRICT PERSONNEL. 

4E-8 Storage Tank 
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8. INSTALLATION OF 1HE APPROVED SECONDARY SEAL IS 
~OTTO BEGIN UNTIL TIIE SHOEfTIJBE/WIPER PRIMARY 
SEAL HAS BEEN INSPECTED AND APPROVED BY DISTRICf 
PERSONNEL 

9. GAPS BETWEEN THE SECONDARY SEAL AND THE 

RIVETED SHELL MUST NOT EXCEED 1/2" WIDTH, EXCEPT 
FOR GAPS CAUSED EXCLUSIVELY BY THE VERTICAL LAP 
JOINTS/BUIT STRAPS WHICH ARE 1/2" TIIICK.QR 
GREATER. IN CASES WHERE THE VERTICAL LAP 
JOINTS/BUIT STRAPS ARE MORE 1HAN 1/2" THICK, THE 

ALLOW ABLE GAP wiDTII SHAll BE NO GREATER THAN 
1/8" MORE THAN TIIE TIIICKNESS OF THE BUTT STRAP, 
AND THE GAP LENG1H (IN EXCESS OF 1/2" WIDE) NO 

LONGER TIIEN 1.75 TIMES TilE 1HICKNESS OF THE LAP 
JOINT /Byrf STRAP. 

10. GAPS BETWEEN THE MODIFIED MALONEY SEAL AND THE 
TANK WALL MUST NOT EXCEED 1/4" IN WIDTH. GAPS 
11IAT FAll BETWEEN 1/8" AND 1/4" WIDE MUST NOT 
HAVE AN ACCUMULATED LENGTH OF MORE THAN 5% OF 
1HE TANK'S CIRCUMFERENCE. 

11 . . 

SCAQMD 

--~(~CO~MP~ANY~~N~AME~~) ___ SHALLPROVTDEWRITTEN 
PROCEDURES FOR REMOVAL OF. ANY FLOATING ROOF 
TANK FROM SERVICE TIIAT HAS STORED OUTER 
CONTINENTAL SHELF (OCS) CRUDE OIL SUCH . 
PROCEDURES MUST BE APPROVED BY THE EXEC_UTIVE 
OFFICER. 
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12. AFTER THE PROPOSED ALTERATION/CONS1RUCTION OF 

THIS TANK HAS BEEN COMPLETED, THE DIRECTOR OF 
ENFORCEMENT MUST BE NOTIFIED A MINIMUM OF 48 . 

HOURS PRIOR TO FilliNG THE TANK TO ALLOW 

INSJ:>ECTION OF THE FLOATING ROOF BY THE DIS1RICf 

. . PERSONNEL · .· . .' ' 

13; THE HYDROCARBON CONCEN1RATION IN THE VAPOR 

SPACE ABOVE THE INTERNAL FLOATING ROOF MUST NOT 
EXCEED __ % OF THE LOWER EXPLOSIVE LIMIT. 

;; ' 

•• 
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I. REQUIREMENTS FOR EXTERNAL FLOATING ROOF STORAGE 

TANKS 

1. 

2 .. 

3. 

4. 

5. 

All vapor-mounted primary seals (excluding tube/log and shoe type) 
must have four ( 4) 90° radial vapor barriers (impeders) extending 2" 
Qr more into the stored liquid sUrface. 

For wiper type primary and secondary sealS, multiple (2 or mote) 
wiper layer seals must be provided for riveted shell tanks (double 
layer wipers - primary Qr secondary are adequate for welde4 shell 
tanks). 

The tube/log type primary seal must be at stored )iquid level. 

The secondary seal in all cases must be removable, without affecting 
the primary seal or its fabric. 

An anti-rotational device is required far each seal/roof system to 
maintain roof integrity per API standards. . . 

Other requirements for external floating roof tank are listed in Rule 
463(a)(l)(A,H). . · 
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II. REQUIREMENTS FOR INTERNAL FLOATING ROOF STORAGE 

TANKS 

A.· ALLDECKS 

1. 

2. 

3. 

4 .. 

5. 

For any deck of bolted construction, the distance between any two 
consecutive bolts must not exceed 12". 

The overlapping deck sheet in any bolted co.nstruction deck at any 
joint must employ buttstraps/spacers with teeth.QI gasket material in 
between. 

The tube/log type primary s~al must be at the stored liquid leveL 

An anti-rotational device is.required for each seal/roof.system to 
maintain roof integrity. 

Wiper type primary and secondary seals may both be single-layer 
wipers .for welded tank service and must be multiple-layer wipers (2 or 
more) for riveted tank service. . 

B. NON CONTACT DECKS · 

1. ·vapor height = r+2" where r= Radius of pontoon (Pontoon Decks) 
and 2" is for the spacer member riding on the pontoon. 

2. Venical skirts for all appurtenances/wells must penetrate.stored 
liquid to depth greater than or equal to the requrred vapor height 
(including the roof rimplate ). · 

3. Diaphragms/seals in all appunen~ces/wells must isolate any vapor 
below .lll' at the deck level. 

4. Spacer channels must be provided between primary and secondary 
wiper seals. . · 

5. Four 90° radial vapor baqiers (impeders) must be provided on vapor
mounted primary seals and penetrate product liquid 2" .lll' more to 
deem equivalency with a liquid mounted seal. · 
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1. Vertical skirts and rimplate for all appurtenances/wells must 
penetrate liquid to a 2" depth ill more. 
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2. Diaphragms/seals in all appurtenances/wells must isolate and vapor 
below ill at deck level. 

3. Spacer channels must be provided between primacy and secondary 
wiper seals. · . 

4.. Four 90° radial vapor barriers (impeders) must be provided on vapor
mounted primary seals penetrating product liquid 2" or more to deem 

. equivalency with a liquid-mounted seal. . · 

5 Full service steel pan contact decks are limited to diameters less than 
or equal to 110 feet. No limit on buoyant panel type full surface 
contact decks. 

Other requirements for internal floating roof tank are listed in Rule 
463(a)(2)(A-F). . · 
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I. APPROVED SHOE-TYPE PRIMARY SEAlS FOR WELDED AND 

RIVETED TANKS 

1. AMERICAN BRIDGE, DIY. OF USS CORP.- Shoe Seals AB-1 and 
AB-1S as shown in Drawing MS-1. 

2. · ATI..AS TANK INC.- Shoe seal as. shown in Drawing No. C-101 .. 

3. B.E. BISSETI CO., INC. - Shoe seal as shown on Figure 1 in package 
of data submitted to SCAQMD. 

4. CHICAGO BRIDGE & IRON CO.- Shoe Seal SR-1 as shown in 
Sketch A.. 

5. · GATX TANK ERECTION CORP.- Shoe seal as shown in Drawing 
14A-129. . 

6. GRA Vl;:RSOUTHWEST- Shoe seal as shown in Sketch No.2. 

7. HMT, INC.- Shoe seal as shown in Drawings LA-STD-1030, LA
STD-1030B, LA-STD-1031 and LA-STD-1032. 

8. LACY TANK & STEEL CORP (FORMERLY PACIFIC 
ERECTORS CORP.)- Shoe seal as. shown in Drawings C-101, C-102, 
C-103, and C-104 for welded tanks only. 

9. PITfSBURGE-DES MOINES STEEL CO. - Shoe seal as shown in 
Drawings 4DK-1 and 4DK-2. Metallic shoe -type (Pantagraph) · 
primary seal as shown on PDM DWG NO 4 DM-1, and spring support · 
type as shown in DWG N0.4DR-1, 4DR-2. 

10. REPUBUC FABRICATORS, INC.- "Volume Maximizing Seal 
System", primary and 'secondary seals.. .. 

11. TANK SERVICES, INC.- Shoe seal as shown in Drawings S.R. CA. 
STD., S}leets 1 through 4, and DWG A-0695. 

12. T ARSCO - Metallic shoe type (Spring/Pantagraph combination) as 
shown on DWG NOS STD-5 through 7. . 

i3. TRICO SUPERIOR, INC.- Shoe seal as shown in Drawing D-70-i00-
13834. 

. . 
. 14. WEBCO TANK, INC.- Shoe seal a5 shown in Drawings M-890-D 

(shoe seal version), M-891-B and M-892-B 

15. WESTERN PETRO-CHEM SERVICES, INC., - Drawing.8001. 

16. W.G, SEAlS, INC.~ Shoe type as shown in,DWG NO. FORM PS for 
welded tanks. · · 
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II. APPROVED RESILffiNT-TOROID TYPE PRIMARY SEAL$ FOR 

WELDED TANKS 

·(IF TOROID SEAL VAPOR MOUNTED;V APOR BARRIERS MUST BE 

INSTALLED EVERY 90° EXTENDING FROM TIIE BOTIOM OF TIIE 

SEAL TO AT LEAST TWO INCHES BENEATII TIIE UQUID 

SURFACE) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 

SCAQMD 

ATI..AS TANK, INC. -Primary seal as shown in Drawing STD-2. 

CffiCAGO BRIDGE & IRON CO.- Revised Primary Seal SR-9 a5 
shown in revised Sketch B of October 31, 1977, or as shown in Sketch 
E. . 

CffiCAGO BRIDGE & IRON CO .. - Primary Seal SR-7A as shown in 
Sketch D of April23, 1982. 

PETREX INC. - Primary se81 P-1. 

PITISBURGH-DES MOINES STEEL CO. • TIJBESEAL, primary . 
seal as shown in Drawing ES-438-5-DF, DELTASEAL, primary seal 
as shown in Drawing ES-438.:4-DM. 

REPUBUC FABRICATORS, INC.- Primary seal as shown in 
Drawing RFI #1008 REV. 0. 
SAN LUIS TANK & PIPING- Primary seal as shown in Drawings 1, 
2, 3, 4, and 5. · . 

TARSCO- Primary seal as shown in DWG RTS-2. . 

TEXACO, INC. - Primary seall!-5 shown in Tank Services Drawing 
CA-STD-001 REV. 2. . . 

WEBCO TANK, INC. -Primary seal as shown in Drawing M-890-D 
(tube seal version)." · 
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III. APPROVED WIPER-TYPE PRIMARY SEAT .5 FOR WELDED TANKS 

AND RIVETED TANKS 

A. FOR WELDED TANKS 

. HMT. INC.- Primary seal as shown in DWG LA-STD~1006 to 1009. 

B. FOR RIVETED TANKS 

1. 

2. 

3. 

SCAQMD 

HMT. INC. - Primary seal as shown in DWG IA-SID-1010-1013. 

TANK SEAL TECHNOLOGY, INC.- Type "X'' as shown in DWG . 
NO. TST-REVT-PRI-0111. 

W.G. S,EALS, INC.- Wiper type primary seal for riveted tanks as 
shown m DWG. NO. FORM RP-W.G. · 
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IV. APPROVED SECONDARY SEAl.s"FOR WELDED AND RIVETED 

TANKS 

A. FOR WELDED TANKS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

ALTECH INDUSTRIES, INC. -Double-wiper type spring seal 
described by the letter of November 11, 1977, to the SCAQMD: 
'single-wiper type seal as shown in Drawing SK-0017. 

·ASSOCIATED ENVIRONMENTAL SYSTEMS CO., INC.
Secondary seal as shown in Drawings A-79008, B-79001 and B-79002. 

ATLAS TANK, INC.- Modified Maloney secondary seal as shown on 
Drawing STD-4. . . · 

· B.E. BISSETT CO., INC. - Wiper-type secondary seal as shown on 
Drawing 77135 (Figures 1 and 2) and Drawing 3-14-78LM. 

CHICAGO BRIDGE & IRON CO.'- Secondary seal BWB-CBI-1000 
as shown in Sketches A and B. 

GATX TANK ERECTION CORP. -Secondary seal as shown on 
Drawing 14B-316, i4B-372 and 14B-373. . 

HMT; INC. -Secondary seal as shown on Drawing LA-STD-1QOO 
through LA-STD-1002. · 

GRAVER SOUTHWEST- Secondary seals as shown in Sketches 
Nos. 1 and4. · · . 

INTER-PACIFIC TANK & PIPELINE- Secondary seal as shOwn in 
DWG No. IT & P-1. · 

MESA RUBBER COMPANY- Secqndaty seal as shown in DWG 
NOS SI-1028 & SI-1073. 

MOBIL OIL CORP .• 18" Wiper-type secondary seal as shown in 
DWG STD-AD-311, Sheets 1,2,ana3, submitted with letter dated 
12/15/77. . 

PETREX INC. -.Secondary seal S-1. 

13. ·. PITTSBURGH-DES MOINES STEEL CO. -Secondary seal as 
shown in Drawings SS-1 or ES438-5 DPI. . 
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14. PLANT & FIELD SERVICE CORP. - Secondary seal Design Nos. 
P.F.-101 & P.F.-101A 

15. REPUBUC FABRICATORS, INC~- Secondary.seal as shown in 
Figures 1,2, .and 3 of ''Weather-Guard Seal" brochure. 

16. SEAL EQUIPMENT COMPANY- Secondary seal as shown in 
DWGAOK. . · 

17. STOP-lOS CO. - Secondary "magnetic seal" as shown in Figures 1 
and 2 of Stop-Los Co. sales brochure. 

18. TANK SERVICES, INC. - "Mini-Pac" secondary seal as shown on 
Drawings CA-SID-003, CA-SID-015, CA-SID-016; Maloney seal 
attachment secondary seal as shown on Drawing CA-STD-005. 

19. TEXACO, INC. -Secondary seal as shown in Drawing B-3607. 

20. 1RELLEBORG RUBBER CO., INC.- Secondary seal as shown in 
Drawings C-12452 and C-12453. 

21. TRICO SUPERIOR, INC.- Secondary seal a:s shown in Drawing D-
70-100-13675. . 

22. UNION OiL COMPANY OF CAUFORNIA ~ Secondary seal as 
shown in sheet 1. 

23. UNITED TANK TECHNOlOGY, INC.- UIT~p~r seal as shown 
on Drawing No. 1543. · 

24. . WEBCO TANK, INC. - "WEB-1980" secondary seal. 

25. W-G SEALS, INC.- Secondary seals as shown in DWG NOS FORMS 
· WS, & DS, and double Wiper seals as shown in DWG NO. FORM · 

VM. 

B. FOR RIVETED TANKS 

1. H.M.T., INC. - ·serrated finger seal as on Drawing LA-SID-001. · · 
Wiper-type as s)lown in DWG NOS. LA-SID-1003 through LA-SID-
1005. . . . 

2. MOBIL OIL CORP. - serrated finger seal as on Drawjng STD-AD-
312-S/1. Submitted with letter dated ~/21/7~. 

3. REPUBLUC FABRICATORS, INC.- Mufti-wiper seal as shown on 
Drawing RFI-1005. · · 
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4. SEAL METIIODS, INC. - serrated fmger seal as on Drawing SMI-
4179. 

TANK SERVICE, INC~- Double foam log seal as shown on Drawing 
CA-SID-014. . 

5 . 

6. . UNDERWOOD TANK SERVICE- "Mini-Pac" type as shown in 
DWG NO UI'S-1 .. 

7. W.G. SEALS INC.- Secondary seals as shown in DWG NO. FORM 
RS. 

C. FOR RIVETED TANKS (WITH liMITED APPROVAL) 

1. ALTECH INDUSTRIES; INC. -Double foam wiper seal as shown on 
Drawings SR-78010 and SR•78023. . 

2. ASSOCIATED ENVIRONMENTAL SYSTEMS CO., INC.- Aesco 
. Mark m secondary seal as on Drawings A-79009 and D-79002. 

3. ATLANTIC RICHFIELD CO. -Area mufti-seal (rim-mounted 
secondary, shoe-mounted tertiary). · 

4. B.E. BISSETI·CO., INC. - serrated double loop secondary seal. 

5. LOUIS UEDELMEYER CO.- Double foam wiper spring seal as 
sho~ on Drawing No. 1; Triple wiper seal as shown on Drawing No. 
2. . 

6. MESA.Rl.JBBER CO.- Triple wiper seal as on Drawing Sl-1085. 

7. UNITED TANK TECHNOLOGY, INC.- UTI wiper seal as on 
Dra~g No. 1543. · 
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V. APPROVED INTERNAL FLOATING ROOFS AND SEAlS 

A. FOR WElDED TANKS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

SCAQMD 

ATIAS TANK, INC., Resilient-Toroid type sealS as shown in DWG 
NOS. 301-2 (STANDARD #2A), ~d 301-3 (STANDARD #2B) 

BMT (GATX) SUM LINE EVERSEAL- Internal Floating Roof 
Seal as shown on Drawings 14AB-120A, 14AB-119A. 

ClllCAGO BRIDGE & IRON CO. -Internal cover fitted with SR-8 
·or SR-9 as primary seals With secondary seal as shown in DWG NO. 
BWB-CBI-1000. · 

CONSOliDATED ALUMINUM CORPORATION- Vaconodeck II 
tubular internal floating cover with their single-wiper seal as shown in 
Drawing No. TF-1. . . . 
M-T VAPOR FLOAT CO.- Roof and seal as shOWll- on Drawing S-1. 

MAYFLOWER VAPOR SEAL CORPORATION- Wiper type 
internal cover and wiper type foam filled seal as described in-Design 
Bulletin MVS-01-1276, DWG NO. 5942. 

PITTSBURGH-DES MOINES STEEL CO. - Conservatek internal 
cover with their continuous wiper seal or with the foam-filled 
DELTASEAL . · 

PETREX INC. - Primary & secondary wiper type as shown in DWG. 
NOS. H (REV 1) AND H-1 (REV 0). PETREX liquid mounted tube 
seal as shown in bWG NOS. SID-2005 (REV:-1), SID-4203-S, SID-
4304-S, SID-5313-S, SID-5420-S, SID-5512"S. . . 

PITTSBURGH-DES MOINES STEEL CO.- Internal floating roof 
and toroid-type seal as shown in Drawing ES-419-5 CN. 

REPUBliC FABRICATORS, INC.- Aluminum pontoon inte~al 
floating cover and seal. 

SAN LUIS TANK & PIPING- Internal floating and toroid-type seal 
as shown in Dr~wing Nos. 6 & 7. 

TARSCO- Resilient toroid type as shown in DWG NO.-RST-1. 

uLTRAFLOTE CORP.- Ulti'aflote internal cover and Ultraseal 
wiper-type seal, Double ULTRASEAL 1 DWG NO. 20242 C. 

UNITED TANK TECHNOLOGY, INC.- Internal floating roof and 
seal. 
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15. W-G SEALS, INC. -As shown in DWG NOS. FORM WPS AND 
FORMDPS. 

B. FOR RIVETED TANKS 

1. CONSOLIDATED ALUMINUM CORP., Vaconodeck ll tubular 
internal floating cover with multiple wiper seal as shown in Drawing 
SK-926. · . · 

2. ULTRA FLOTE INTERNAL COVER- FOUR LAYER ULTRA 
SEAL ll C DWG NO. 20267. 

3. W-G SEALS, INC.- As shown in DWG NO. FORM RP. 

C. FOR WELDED OR RIVETED TANKS 

1~ 

2. 

ALTECH DMSION OF JUSTISS Oll. COMPANY, INC.,- Double 
waffle· seal. and. liquid mounted primary tube/log seal as shown in. 
DWG NOS. PRO 20, PRO 21, PRO 4, PRO 14, AND PRO 16-A TO 
PRO 19-A. 

HMT TANK SERVICE INC.,- Liquid mounted. Fo~ Log primary 
seal as shown in DWG NOs. LA 1051, primary and secondary wiper 
seals as shown in DWG NOS. LA-STD-5001 and LA-STD-5002. . 

VI. MIScELLANEOUS APPROVED SYSTEMS EOUIVALENT TO A SHOE 

AND A SECONDARY SEAL SYSTEM FOR WELDED TANKS . 
-

REPUBliC FABRICATORS, INC.- "Volume Maximizing Seal System", 
primary and secondary seals. 
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MOLECULAR WEIGHT AND VAPOR PRESSURE AT 
70 °F FOR COMMON PETROCHEMICAL COMPOUNDS 

COMPOUND MOLECULAR WEIGHT VAPOR PRESSURE 
NAME (My, lb/lbmole) (P, psia) 

Acetic Acid 60.05 0.3 
Acetone 58.08 3.60 
Acetonitile 41.05 1.4 
Allyl Alcohol 58.08 0.4 

Butyl Formate 102.13 0.4 
Butyl Acrylate 142.19 0.1 
Isobutyl Acetate 116.16 031 
Isobutyl Alcohol 74.12 0.17 
lsobutyllsobutyrate 144.21 0.07 
n-Butyl Acetate 116.16 0.19 
n-Butyl Alcohol 74.12 0.11 
sec-Butyl Alcohol 74.12 0.23 
tert-Butyl Alcohol 74.12: 0.6 
n-Butyl Chloride 92.57 1.7 

Carbon Disulfide 76.14 6.0 
Cumene (Isopropyl Benzene) 120.19 0.1 
Cresylic Acid (Cresol) 108.13 .03 
Cyclohexane 84.16 1.6 
Cyclopentane 70.13 5.2 

Diethyl Ether 74.12 8.7 
Diethylamine 73.14 3.9 
Diisopropyl Ether 102.17 27 
1,4Dioxane . 88.10 0.6 
Dipropyl Ether 102.17 1.1 

Ethyl Acetate 88.10 1.5 
Ethyl Acrylate 100.11 0.6 
Ethyl Alcohol 46.07 0.85 
Ethylene Glycol Monoethyl Ether 90.12 0.09 
Ethylene Glycol Monomethyl 76.09 0.12 
(Methyl Cellosolve) 

Trichlorofluoromethane (Freon 11) 13738 13.4 

n-Heptane 100.20 0.7 
n-Hexane 86.17 2.5 
Hydrogen Cyanide 27.03 11.9 
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COMPOUND 
NAME 

Iso-octane 
Isopentane 
Isoprene 
Isopropyl alcohol 
Isopropyl Ether 

Mesityl Oxide 
(Isopropyllideneacetone) 
Methanol (Methyl Alcohol) 
Methyl Acetate 
Methyl Acrylate 
Methylamyl Acetate 
Methylamyl Alcohol 
(Methylisobutyl Carbinol) 
Methyl Butyl Ketone 
Methacrylonitrile 
Methylcyclohexane 
Methylcyclopentane 
Methyl Ethyl Ketone 
Methylisobutyl Acetate 
(Isopropyl Acetate) 
Methylisobutyl Ketone 
Metliyl Methacrylate 
Methyl Propyl Ether 

NeosolA 
Nitromethane 

n-Pentane. 
Perc:hioroethylene 
(Tetrachloroethylene) 
n-Propyl Acetate 
n-Propylamine · 

Styrene (Phenyl Ethylene) 

Toluene 
Trichloroethane 

Vinyl Acetate · 

Xylene 

SCAQMD 

.. 

MOLECULAR WEIGHT 
(MV, lb/lbmole) 

114.22 
72.15 
68.11 
60.09 
102.~7 

98.14 

32.04 
144.10 
102.18 
144.10 
1\)2.18 

100.16 
67.09 
98.18 
84.00 
72.10 
102.13 

100.16 
100.12 
74.12 

116.16 
61.04 

72.15 
165.8 

102.03 
59.11 

104.14 

92.13 
133.42 

86.09. 

106.16 
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VAPOR PRESSURE 
(P, psia) 

0.8 
125 
9.7 
0.61 
2.69 

0.15 

1.86 
2.46 
1.4 

0.07 
0.04 

0.1 
1.2 
0.7 
2.2 
1.38 
0.93 

0.29 
05 
7.1 

. 0.9 
054 

0.34 
0.29 

054 
53 

0.1 

0.43 
2.0 

1.7 

0.10 
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Dry Cleaning Operations Petroleum.and Synthetic Solvents 
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5~1.4.2.3 
5.1.4.2.4 
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5.2 
5.2.1 
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5.2.2.2 
5.2.3 
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5.3 
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5.4 
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5.4 
5.5 
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PETROLEUM AND SYNTHETIC SOLVENTS 

5.1 General Description 

Dry cleaning is a fabric washing process which uses a non-aqueous organic solvent. · 

The solvent is either a petroleum-type solvent or a synthetic- (halogenated 

hydrocarbon) type solvent, to which small amounts of dry cleaning detergents and 

other soil removing compounds are added. Uke aqueous laundering, the dry 

cleaning cycle consists of three steps: washing, extracting. (spinning), and drying. 

Washing agitates the dirty articles in the solvent; extracting separates the soil-laden 

solvent from. the fabric by centrifuging; and drying vaporizes the remaining solvent 

by tumbling the articles in a stream of hot air. These processes are performed in 

either of two basic operations: transfer or dry-to-dry . 

. Transfer operations .require transferring the articles from the washer/extractor to 

. the tumbler/dryer. The washing and extracting processes are performed in one unit, 

and tbe drying process in anqther. The transfer operation is a semi~batch process. 

All petroleum solvent facilities at present, are transfer type operations, 

Dry-to-dry operations use one machine to perform all three processes. The washing, 

extracting, and drying take place in one unit. The ;clothes are placed in the unit. dry 

·and are removed from the same unit dry. This is a batch process. The advantages 

of this type of operation are: reduced solvent loss by eliminating exposure of 

solvent-laden articles to the atmosphere, and simpler operation. The disadvantage 

is that one machine is occupied for the entire cycle, processing approximately one

half as many loads as a transfer-type operation. Most synthetic solvent facilities use 

the dry-to-dry method because of reduced solvent loss and savings earned in lower 
emission penalties. 

I . . 
Non-aqueous organic solvents have a strong affinity with most "soils" ·and dissolve 

them into a concentrated form. Aqueous solvents emuisify or suspend the "soil" and 

require large amounts of water. Dry cleaning solvents have fiber-preserving and 

shape-retaining properties, whereas water tends to swell, deform· and weaken the 
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fiber. Detergents are added to dry cleaning solvents to help retpove water soluble 

"soils", but are .strictly controlled to minimize wat~r retention in the solution. 

5.1.1 Solvents 

Dry cleaning facilities use petroleum and synthetic-type solvents. 

Petroleum solvents are inexpensive (see Table 5-1 for solvent cost comparison), 

combustible hydrocarbon mixtures (C8's to Cu's) similar to kerosene. 

TABLES-I 1988 COST FOR DRY CLEANING SOLVENTS 

SOLVENT 
Petroleum 
Perc 
ValcleneR 

R , Registered Trademark of DUPont 

COST /GALLON 1 
$' 2.00 
$ 5.75 
$17.00 

Table 5-2 lists. the chemical properties of several petroleu;m solvents. 

. . 
Petroleum dry cleaning solvents with aromatic compounds of eight carbons ~r more 

and exceeding eight perc~nt by volume composition are considered photochemically 
reactive by the SCAQMD under Rule 102.. Those. solvents :which are foi.rr percent 

by volume or grea~er ·in photochemically reactive compounds may. not be used 

unless their emission to the at~osphere is reduced ninety (90) percent by weight 

(see section 5.5, Rule 442). The low flash point temperatures of petroleum solvents 

indicate their relative volatility. To·reduce the potential for ignition, petroleum 

solvent vapors must be diluted with air and vented rather than condensed. 

. . ' 
Synthetic solvents are more expensive halogenated hydrocarbons. The two· most 

common synthetic dry cleaning solvents are perchloroethylene (1,1,2,2 

tetrachloroethylene), and trichlorotrifluoroethane · (trade name- valcleneR or 
. . 

refrigerant 113). Both are considered non photochemically reactive (see section 5.3 

Emissions). 
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TABLE 5-2 ·PROPERTIES OF PETROLEUM DRY CLEANING SOLVENTS 2 

Trade Name Boiling Flash Vapor Avg. IJJs./ Com~ition1 Vol.% 
Point Point Pressure MoL Gal Paraf ... Naph- Aromatics Olcfins 

OF OF mmHgat 
20°F 

Wt. at 
60°F 

fins thencs Cg+ Total 

Skellysolve S-66 305 104 3.2 142 6.48 43.4 49.4 6.8 6.8 0.4 
Varsol3 310 105 10.0 6.46 19.0 19.0 
325 320 105 5.0 138 6.57 35.4 62.2 
A.. \.IS CO 

NaptholMS 313 106 3.0 138 6.32 64 35 1 
Varsol1 313 106 10.0 6.56 18 18 

Skellysolve "S-2" 314 102 3.1 6.47 39.5 48.2 11.7 11.7 0.6 
Kwilc-Dri 315 105 <10 128 6.46 57 41 2 2 0.3 
Mineral Spirits 315 105 <10 145 6.55 54 36 9.5 9.5 0.3 
Mineral Spirits 

66/3 315 105 <10 145 6.55 57 41 2 2 0.2 
Varsol18 · 315 110 10 6.42 7.6 7.8 

AMSCO Mineral · 
Spirits 66/3 . 315 104 1.1 6.55 61 37 20 20 

Sol340 316 104 28 6.37 47:2 50.2 2.6 26 
Mineral Spirits 

145EC 317 . 112 2.7 6.49 47.5 45.1 7;4 7.4 
AMSCO .. 

Odorless MS 354 128 <1.0 6.33 86 14 
OdorlessMS 355 128 <10 6.33 87 13 

140 Solvent 362 140 . <10 6.54 60 37 3.0 3.0 0.3 
SkeUysolve "I" 363 143 0.7 6.57 '35.3 54.5 9.3 9.3 0.9 
AMSCO 140 

Solvent 66/3 368 146 <1.0 6.51 55 44 1.0 1.0 
Sol140 371 143 <1.0 6.56 54.9 39.2 5.9 5.9 
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Perchloroethylene (perc), is the most widely used solvent in the· dry cleaning 

industry. Of 1,876 dry cleaning facilities reportedly operating in the South Coast Air 

· Basin in 1987, 1,808 used perc. 3 Since perc decomposes when exposed to sunlight 

or heat ( > 150 °C), special handling is required. Stabilizers are added to most 

commercial brands of perchloroethylene. See T!ible 5-3 for properties of perc. 

ValcleneR and other chlorofluorocarbons are less toxic than perchloroethylene. 

· · They are stable, non-combustible, and decompose only at temperatures over 200°C 

(see Table· 5-3 Synthetic Dry Cleaning Solvents- Properties). 

5.1.2 Detergents and Moisture 

Detergents are usually added to the solvent to increase the solubility of most water 

soluble ·soils and stains. Solvents to which detergents have been added are known as 

charged solvents. Most charged ~olvents contain between one and four percent 

detergent by volume. The side effect of adding detergents is that it increases the 

solubilitY of water .in. the .solvent. In general, the greater the concentration of 

detergent, the greater the amount of water that can be held in solution. Moisture 

content must be limited and carefully controlled to maximize its cleaning effects and . . . 
minimize its damaging effects (shrinking and wrinkling of the articles). 

The water that i~ retained in the solvent must also be removed to permit reuse of 

the solvent. Water. separating devices, which are commonly found on reclaiming 

dryers, stills, muck cookers, and. vapor reclaimers, remove or separate water that has 

become mixed with the solvent. 

5.1.3 Equipment Description 

The dry cleaning process is characterized by the type of solvent and operation 

employed. Dry cleaning equipment can be classified as equipment which utilizes 

synthetic solvents or as equipment which utilizes petroleum solvents. Equipment 

using synthetic solvents are designed to reduce solvent losses to a greater degree 

than equipment using petroleum solvent. This is because of the significantly higher 
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· TABLE5-3 SYN)'HETIC DRY CLEANING SOLVENTS· PROPERTIES 4 

Chlorinated Fluorocarbons 
hydrocarbons 

Pertbloroelhylene Rll R113 
(ValcleneR) 

Chemical formula <;Cl4 CC13F ~Cl3F3 
Boiling paint (0 C) +121.1 + '13.7 + 47.6 

Specific wei~t 
of fluid (20 C) 1.62 L49 1~ 

Heat of vapariza-
tion at boiling 
point (kcal/kg) 50.1 435 34.6 

Solubility of · 
water (%by weight) 0.01 0.14 0.017 

Azeotropic mixtures 
Solvent proportion % 84.1 99.6 99.0 
Water propartion% 15.9 0.4 1.0 
Boiling paint of 
mixture (0 C) +87.1 +23.2 +445 

Maximum workroom 
concentration (ppm) 25 1000 1000 
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cost of synthetic solvents. and the problems associated with recovering petroleum 

solvents by conventional methods (see section 5.1.4.2). 

Although there are design differences in the equipment used for each solvent, the 

cleaning process is the same. The "clothes" are immersed and agita~ed in solution, 

spun rapidly to remove most of the liquid solvent, then tu!Jlbled 'in warm air to 

remove residual solvent. This cleaning process can be accomplished _in one or two 

separate pieces of equipment. Other equipment recondition the spent solvent for 

reuse. 

the equipment used in a dry cleaning facil~ty is divided into basic equipment and 

solvent regeneration equipment. Basic equipment covered in this section includes 

the washer/extractor and dryer or tumbler. Solvent regeneration equipment, 

covered in section 5.1.4, includes both liquid and vapor phase .solvent recovery 

methods. Spent solvent in the liquid state is reconditioned by filters, stills, muck 
cookers, and s~lventfwater separators (see Figures 5-1 - Petroleum Dry· Cleaning, · 

and 5-2- Perc Dry Cleaning). Solvent vapors vented from the washer/extractor and 

dryer in Figure 5-1 are partially controlled and recovered in a vapor recovery system · 

(condenser), (see also section 5.1.5- Emission Controls). 

5:1.3.1 Washing/Extracting Unit 

The washing unit is essential.ly a ~erforated cage in which the articles to be cleaned 
are agitated in the solvent. Its shape, size and rotating speed as well as the number; 
size and shape of the impeller, and the type, dimension, number and arrangement of 
the perforations are factors influencing the cleaning res'ults.4 One important 
component of the cleaning system is the filter. The soil removal rate depends on the 

filter surface area and the cross-sectional area of the piping. These criteria also 

. influence the cleaning time~ . The extractor is essentially a centrifug~ which rotates . 

. the cage and its load (the articles) at high spe~d. mechanically separating the solvent 

. from the fabric (see Figure S-3). 
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The extraction process precedes the ·drying process and is strictly a mechanical · 
· operation. In contrast, the drying process uses heat to vaporize the remaining 

solvent from the garments .. The drying can be performed in a separate unit as in a 
tranSfer operation or in the combined washer-extractor-dryer unit in a dry-to-dry 
opera~ion. In both cases, the dryer tumbles the articles in a circulating current of 

hot air. The solvent-laden air is vented to a vapor recovery system·( condenser) or to 

. the atmosphere depending upon the type of solvent used and the permissible 
emission limits (see Figure 5-4). In a reclaim tumbler, the air is constantly 

recirculated in a ciosed loop process, condensing the solvent from the air stream via 
a condenser. The air stream leaving the condenser is reheated in a heater and 
returned to the tumbler to ·collect more solvent vapor (see section 5.1.4.2.3 -
Reclaim Tumbling with Water Condensation). Although reclaim tumbling is used 
in a transfer type operation, the method of closed-loop recovery, as described above, 
is common practice in modern dry-to-dry units . 

5.1.4 Solvent Regeneration 

Regeneration is the method by which .the spent solvent is processed for reuse. 

Solvent regeneration occurS in both the liquid phase and the vapor phase. Liquid 

phase recovery methods use filters, muck cookers and stills while vapor phase 
recovery methods use condensation, and adsorption to capture vaporized solvent. 

5.1.4.1 Liquid Solvent Regeneration 

Liquid solvent regeneration refers to the recovery and processing of the liquid 
solvent for r_euse .. The method employed is. based o~ the mode of operation of the. 
plant. Small to moderate operations use filtration to remove insoluble 
contaminants (dirt and lint) as well as certain water-soluble· contaminants 
(perspiration, dyes, and food stains) from the dry cleamng solvent. Large industrial 

facilities with heavy throughputs typically omit filtration. These facilities rely 
primarily on settling tanks to partially remove solids and non-solvent soluble 

contaminants. The solvent reclaimed by filtration or settling ·is sent on to. the still to 
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remQve oils, fats, greases, and other soluble impurities. The solvent saturated solids 

are periodically collected and sent to a "muck cooker" to boil off the solvent. . . 

5.1.4.1.1 Filtration 

The two types of filtration systems used in the dry cleaning industry are precoat 
filters and cartridge filters. 

5.1.4.1.2 Precoat.Filters 

Precoat filters· or diatomaceous earth filters are classified by their structure and 

working method into: 

, single-charge; 

-single/multi-charge;· or 

- multi-charge types. 

Rarely seen in modem dry cleaning machines, single-charge filters have elements 

which are precoated with only the qu~tity of filter powder needed for one cleaning 

cycle. At the end of the cleaning process, the used filter powder is sent to the stiil. 

In multi-charge fi!ters, the elements are precoated with a quantity of filter powder 

suffiCient foi: ten or more cleaning cycles. The same applies to single/multi-charge 

filters with. the difference that the powder is shaken off the elements between 

cleaning cycles. The single/multi-charge filters are then precoated for reuse. The 

filter contents are not dumped to the still until the powder iS exhausted (as indicated 
by a pressure .rise across the filter)' (see Figures 5-5, 5-6). 

5.1.4.1.3 Cartridge Filters 

·. Cartridge filters, ori~inally fitted to coin-operated units, but now extended to 

professional dry cleaning machines, do not use filter elements requiring precoating 

with powder. The filter surface itself is a f!lter element. Cartridge filtration vessels 

contain either finely pored paper, plastic, or textile fabric filters, a carbon-core filter 

surrounded with fabric filters, or an all-carbon filter (see Figures 5-7 , 5-8) . 

Cartridge filters are multi-charge filters. Usuaily one hundred (100) loads or more. 

can be cleaned with one set of cartridges prior to replacement.. A rise in filter 

SCAQMD ·5-11 Dry Cleaning 



Pressurized 
_ Air-~~:=::T 

Inlet 

Filtert'd 
Sol•ent to Still 

11-H-~:. Diatomite-coated 
+-H1-Hr Tubes (Septum) 

Muck 
"'-Drnin· 

Soiled SolveD! 
.r.._,..-..J_r-- Inlet+------

Muck Agi~tor 

FIGURE 5-5 DIATOMITE FILTER 

Filter outlet 

Elemeats Ia 

Section: 
Revision: 
Date: · 

precoated coadldoa· -..W. Eleme~~ts dartag sboddag 

5 
0 
8/18/89 

Left side Ia operadag coadltloa • rigbt side Riter durtq _sboddJia, 

FIGURE 5-6 · BOWE EXPANDER FILTE.R 

SCAQMD. 5-12 Dry Cleaning 



SoU-Laden 
Solvent 
Inlet 

SCAQMD· 

Section: 5 
Revision: 0 

8/18/89 Oat!!: 

FIGURE 5-7. DOUBLE CARTRIDGE FILTER 

Cartridge fllters differ from precoat fllters. C::artridge filters do rtot 
use a fllter element requiring a powder precoating. The fllter "body" 
of the cartridge fllter is itself the fllter, and is made of fmely pored 
paper; plastic or textile fabric. · 

• Paper FUtcr 

II ~ean-

-
Filtered 
Solvent 
Oudet 

FIGURE 5-8 CARTRIDGE FILTRATION SYSTEM SCHEMATIC 

5-13 Dry Cleaning 



Section: 
Revision: 
Date: 

5 
0 
8/18/89 

pressure indicates the filter is exhausted. Regeneration of exhausted fabric-type 
filters is not .possible. Once saturated, the solvent is reclaimed and the 'filter 

disposed of as.bazardous waste. 

Cartridge filtration, as used in the dry cleaning industry, is a two-stage process. In . . 
the first stage, the soil-laden solvent is forced un_der pressure through a carbon-core 
cartridge surrounded with fabric filters to remove entrained solids of lint and dirt . 

. The activated carbon removes the solub}e impurities. Next, the solvent is diverted 

to one or ~ore filter cartridges containing only activated carbon to remove any 
remail:ting soluble impurities. The filtered solvent is transferred to storage for 
distillation and subsequent reuse. 

Cartridge filtration is considered very effective and is often used in place of 

diatomite (precoat) filtration. Cartridge filtration can reljuce the frequency of 

solvent distillation and the solvent· content of disposed wastes by 80 - 90%. 
Therefore, cartridge filtration releases less solvent into the atmosphere compared to 

diatomite filtration. 

The operating costs of cartridge filters are higher than those of precoat filters. 
However, cartridge filters are virtually maintenance-free and simplify the distillation 
process since there is no exhausted filter powder dumped to the still whjch would 
require purification. 

Filter cake (the layers of fine filtered material) and collected solids (muck) are 
periodically removed from the filter elements. If deemed economically feasible, the 
muck is ·sent to a muck cooker to boil off the solvent.. The solvent vapors are 

. condensed and separated fro.m the aqueous layer, then sent to the pure solvent tank 

for reuse. 

5.1.4.1,.4 Distillation 

Distillation (a ~'still") is frequently used in petroleum .. solvent .installations and is 

usually included with. synthetic solvent installations to separate the liquid solvent 

from the solvent soluble impurities. The solution is brought to a boil to produce a 

water-solvent vapor. ~e resulting vapor is ·condensed into a .solvent-moisture 
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mixture and the water removed in a gravity water separator. The separated solvent 

is pumped back to the solvent storage tank for reuse. Petroleum solvent stills. are 
continuous vacuum-type stills .because of their higher boiling temperature range. 
Synthetic solvent stills are atmospheric batch-type stills. 

5.1.4.2 · Vapor Solvent Recovery 

Vapor solvent recovery techniques are widely used to recover synthetic solvents such 

as perchloroethylene and valcleneR. Their physical properties and higher costs 
make recovery attractive. Petroleum solvents, on the other hand, are cheaper, and 
hence, provide little economic incentive for recovering the solvent vapor. Secondly, 
they are physically incompatible with conventional methods of vapor recovery. For 

example, petroleum vapor solvent regeneration via carbon adsorption yields an 
inseparable water-oil emulsion when ·regenerating the carbon bed with steam. Also, 
the petroleum solvent's low flash point temperatures present the danger of igniting 

if brought into contact with the c~mpressor of a refrigerant condenser (see section 
5.1). 

Vapor recovery techniques for synthetic solvents include: carbon adsorption, 

refrigerant condensation, water condensation, reclaim tumb!ing with water 
condensation, and solvation. 

5.1.4.2.1 Ca~bon Adsorption 

Adsorption is the phenomenon that defines how the surface tension (or energy per 
unit area) of a solid attracts molecules of a fluid or gas to its .surface via van der 

Waal's.forces. Consequently!. the greater the surface area, the greater accumulation 
of molecules. In this respect, carbon adsorption uses porous activated carbon, a. 

"nonpolar'' adsorbent, to collect organic "nonpolar'' mole~les. Wi~h millions of · 

interconnecting pores and a large internal pore structure, one pound of carbon may 

contain as much as six million square feet of active surface. The molecules make 
their way through the pores to a vacant site on the carbon surface. Pore diameters 

can be tailored for selective adsorption.5 Hydrocarbon vapors ·from the washer vent, 

the tumbler vent, and miscellaneous vapor hoods are conveyed by air to the carbon 

adsorber (see Figure 5:9), The hydrocarbon molecules are adsorbed on to the 
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carbon surface and the "cleaned" ·air is exhausted to the atmosphere. · Carbon · 

adsorption has demonstrated a 98% removal efficiency for dry cleaning· solvent 
vapors. Its efficiency diminishes geometrically as the available surface sites 

decrease, requiring a desorption process to reactivate the carbon bed .. 

Desorption of the carbon via steam injection reactivates the carbon surface for more 

adsorption. The high temperature water mol~cules displace the halogens in the 

carbon bed. The resultant is a water laden bed which must be dried . thoroughly 

before reus.e .. A bed which is not dry will retain little or no perc and is essentially 

non-emictive.. The use C?f steam also helps to displace the air from the carbon 

adsorber .. A cool water condensing coil cond~?nses both the steam and the solvent, 

the air being no longer present in the process (see Figures 5-10, 5-11). A 
water /solvent decanter gravimetrically separates the .solvent from the waste water 

(steam condensate), (see Figure 5-12). The solvent is then returned to the solvent 
storage tank for reuse. 

To maintain the optimal efficiency of a carbon adsorber, adsorption and .desorption· 
. ' . . 

must be continuous or simultaneous. Since this is not possible using a single carbon 

bed, most vapor·adsorbers consist of at least two carbon beds- alternating between 

adsorption and desorption. The frequency of reactivation is based on a percent by 

weight adsorption bed capacity, which is the weight of solvent per weight of carbon. 

APPENDIX C - Carbon Adsorber Regeneration Calculations contains equations to 
determine' the frequency·of regeneration for the "spent" carbon. The carbon beds 

will eventually become contaminated over time and will need new activated carbon. 
The·contaminated carbon is sent to a hazardous waste site for proper disposal. 

5.1.4.2.2 · Condensation 

Condensation is the most common method of recovering ~olvent'vapor and involves 

less maintainence relative to carbon adsorption. The vapor is condensed into a 
liquid by transferring the heat in the vapor to a colder medium (e.g. for perc: either 

cold water or a refrigerant (freon), and fer valcleneR: a refrigerant). This exchange 

of heat lowers the vapor temperature to permit condensation to the liquid state. 
The lower boiling point and higher vapor pressure of valcleneR, relative to perc, 

' . . 
requires the use of an unvented refrigerant condenser to recover the solvent vapor 

. . 
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(see Figure 5-13). The refrigerant in the cooling coils has a lower temperatl.!re 

compared to the condensing solvent vapor, and hence, extracts heat from the solvent 

vapor. The solvent vapors contact.the coils, transfer their heat, and condense to a 

liquid. The refrigerant, in turn, boils and vaporizes and must be returned to a liquid 

state before reusing. This is done by compressing, condensing and expanding the 

refrigerant. · A compressor increases the · pressure (and temperature) of the 

re~rigerant. The condenser lowers the temperature of the refrigerant while keeping 

the pressure constant, thus, allowing: condensation to the liquid state. Finally, the 

. liquid is expanded through · an expansion valve to lower the· pressure and 

temperature for reuse in the solvent condenser. Provided there are no leaks in this 

system a single charge of condenser refrigerant can be used indefinitely. 

The liquid which condenses from the drying pn;>cess is· a mixture of solvent and 

water. Water is naturally retained in the fabrics and is vaporized and condensed 

along with the solvent. Separation of solvent from water is. done by gravity in a 

water separator with the heavier (bottom) solvent layer returned to the pure solvent 

tank for reuse. 

A water condenser, applicable for use on perc units. only, operates on the . same 

thermodynamic principles as the refrigerant condenser. However, in the case of a · · 

water condenser the coolant (water) does not undergo a change of state and does 

not require the use of a compressor, a condenser and expansion valve (see Figure 

5-11). A water condenser passes water through a coil on which the warm vapor 

cools and condenses into a liquid condensate. Here too, solvent and water 

condensates are separated in a water.separator. Because of the saturation limits of 

the air for vaporized perc solvent, very low temperatures are needed to condense all 

the perc from the air stream. Using a refrigerant condenser, then, is more effective 

at condensing perc than is a cold water condenser and is the method most 

commonly employed in modern perc dry-to-dry units.· Further extraction of 

uncondensed perc is done by passing the ai.rstream through a carbon adsorber. 

5.1.4.2.3 Reclaim Tumbling with Water Condensation 

In transfer-type cleaning systems, a reclaim (solvent recovery) tumbler is commonly 

used in the drying operation tc;> recover the solvent vapor. The water condenser of 
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the reclaim tumbler is the primary recovery unit with a carbon adsorber (or 

refrigerated condenser .or solvation unit) to collect the blow-off during the aeration 

cycle. The reclaim process is basically a loop of heating, vaporizing, and condensing 

stages. A steam-heated air stream is directed around and through a tumbling load 

of drying articles by a blower. The blower forces the solvent-laden air stream. 

through a lint filter and then to a condenser. The air stream is ducted from the 

condenser to a steam chest where it is reheated, then vented to the tumbler where 

the cycle of solvent evaporation rep~ats. Uncondensed vapors from this cycle are 

.vented with the ·air to a carbon adsorber (or refrigerated condenser or solvation 

unit), (see Figure .5-14). 

The most important component of this solvent recovery system is the water cooled 

condenser. The condenser gradually reduces the concentration of both solvent and 

water vapors in the air stream during each evaporation-condensation cycle. This is 

accmhplished by' steadily reducing the vapor temperature (under the existing 

conditions of vapor flow ~nd pressure). 

5.1.4.2.4 Solvation 

An alternat~ method in recovering .perc is solvation. The solvation process as 

outlined in Figure 5-15 is a closed-loop process. Solvent "rich" vapors from the 

tumbler are condensed over the cooling coil yielding a solvent "poor" vapor stream. 

This vapor stream is then ducted to the solvation (sparging) tank. and bubbled 

throu~ cold (approx. 75°F) water to ·remove more solvent and humidify the air 
stream. The water-saturated air stream is passed through and heated in the hot 
tumbler to about 100°F; In the tumbler the air stream collects more perc vapor and 

once again becomes solvent "rich".· The cycle is then repeated as many times as 

needed to remove all the perc from· the fabrics.6 One theory on how the solvation 

process works is that water, which has a. greater affinity for the fabric than perc, 

displaces the perc from the fabric, allowing the perc to be carried off and 

condensed. This displacing process i!i similar to the regeneration of a carbon bed by 

means .of steam. Solvent' is collected in the solvation tank, but its liquid level 

remains almost constant, since water is lost to the. garments in the tumbler. 

Theoretically, all of the solvent can be removed from the garments if sufficient time· 
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is given to purge the tumbler with the humidified air. IIi practice, however, only a 

few minutes is allowed for the "solvation" . to take place; hence, complete perc 

removal is not achieved, leaving the garments with a distinct perc odor when 

removed from. the tumbler. 

5.1.5 Emission Control 

.Emissions fr~m a dry cleaning operation are the dry cleaning solvent vapors. Dry 
cleaning solvents are volatile a,nd their vapors emanate from the various steps in the 
process and from solvent exposure to the atmosphere. Synthetic solvent facilities, 

with their high solvent costs, recover a significant ponion of the vaporized solvent 

and recycle it for reilse. Petroleum solvent facilities with their lower solvent costs, 

are less concerned with recovering the solvent, and hence, rely on operating 

techniques and cOiitrol devices to limit their emissions. Depending on the permitted 

emission limit and the degree of recovery, a vapor recovery system in a synthetic 
solvent dry cleaning facility may eliminate the need for an emission control system. 

Emission levels which exceed regulated limits are controlled by various means. For 

perchloroet~ylene facilities, the Best Available Control Technology (BACT) in the 

SCAQMD is either a refrigerant condenser , a .carbon adsorber, or a scrubber in 
conjunction with a carbon adsorber. For valcleneR, a freon based solvent, BACf is 

· a refrigerant condenser; For petroleum solvents, the BACf listed is a water 
. . 

condenser. A refrigerant condenser is technologically feasible for petroleum solvent 

vapor control; however, the potential explosive hazard associated with petroleum 
solvent vapors and the heat generated by the refrigerant compressor (see section 

5.1.4.2.2 Condensation) make it presently unsafe and unacceptable. Alternative 

control devices fur petroleum solvents (not listed as BACT) are an afterburner 
(incinerator) or a carbon adsorber (see Se~tion 5.4,.Rule 1102). Strict, organized 
operating practices which reduce solvent exposure to the atmosphere are also very 
effective in reducing, solvent losses and emissions, e.g. operators of transfer-type 

processes should properly schedule transfer operations so that "wet" solvent-laden 

clothes entering a dryer are exposed to the atmosphere for a minimum amount of 

time; also, enough drying time should be given to allow complete removal of 

solvent from the fabric. 
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2) Solvent usage is less than 320 gallons per year for perchloroethylene. 

Pennit Wording: 

SYNTHETIC SOLVENT DRY CLEANING FACILITY CONSISTING OF: 

1. DRY CLEANING UNIT, MAKE, MODEL, SERIAL NO. 

2. RECLAIM TUMBLER, MAKE, MODEL, SERIAL NO. 

3. FILTER, MAKE; MODEL, SERIAL NO. 

4. STILL, MAKE, MO,DEL,SERIALNO. 

5. MUCK COOKER, MAKE, MODEL, SERIAL NO. 

5.2.2 Facilities With Air Pollution Control Eqpipment 

5.2.2.1 Control Units Exterior to Dry Cleaning Units 

Pennit Wording: 

SYNTHETIC SOLVENT DRY CLEANING FACILITY CONSISTING OF: 

A DRY CLEANING SYSTEM 

1. DRY CLEANING UNIT, MAKE, MODEL, SERIAL NO. 

2. RECLAIM TUMBLER, MAJ(E, MODEL, SERIAL NO. 

· 3. FILTER, MAKE, MODEL, SERIAL NO. 

4. STILL, MAKE, MODEL, SERIAL NO. 

5. MUCK COOKER, MAKE, MODEL, SERIAL NO. 
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i. EXHAUST SYSlEM VENTING A MAXIMUM OF (NUMBER) 

DR'( CLEANING EQUIPMENT SOURCES. 

5.2.2.2 Control Units Integral to ~ry <;:leaning Units . 

Pennit Wording: 

SYNTIIETIC SOLVENT DRY CLEANING UNIT, MAKE, MODEL,SERIAL 

NO., WITil A BUILT-IN CARBON ADSORBER (OR REFRIGERAlED 

VAPOR CONDENSER). · 

5.2.3 Fluorocarb~n Solvent Dry Cleaning Facilities 

Pennit Wording: 

FLUOROCARBON SOLVENT DRY CLEANING ·UNIT, MAKE, MODEL, 

SERIAL NO. 

5.2.4 Petroleum S~lvent Dry Cleaning Facilities 

Pennit Wording: 
PETROLEUM SOLVENT DRY CLEANING FACILITY CONSISTING OF: 

1. WASHER, MAKE, MODEL, SERIAL NO. 

2. EXTRACTOR, MAKE, MODEL, SERIAL NO. 

·3. TUMBLER, MAKE, MODEL, SERIAL NO. 

4. FILlER, MAKE, MODEL, SERIAL NO. 

S. STILL, MAKE, MODEL, SERIAL NO. 

6.SOLVENTTANK, MAKE, MODEL, SERIAL NO .. 
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· The primary emission concern from a. dry clearling facility is the vaporized solvent. 

· Petroleum based solvents contain photoche~cally reactive compounds, namely 

aromatics with eight carbon atoms or more per molecule and olefins. The .aggregate 

of these compounds may not exceed four percent by volume unless their 

· · atmospheric emission is reduced ninety. (90) percent by weight. 

• 

Perchloroethylene is classified as a non-reactive. organic compound, but its vapo~ 

has a Threshold Limit Value - Time Weighted Average (8-hour workday, 40-hour 

workWeek) exposure limit of 100 ppm as specified by ~e National Institute for 

Occupational Safety and Health (NIOSH) 1985. 

Chlorofluorocarbon solvents are also classified as non-reactive organic compounds. 

However, recent evidence has linked chlorofluorocarbons (CFC's) to stratospheri_c 

ozone depletiop. and the greenhouse effect. In suppon of this evidence, thirty-one 

nations"signed the Montreal Protocol on ·substances that Deplete the Ozone Layer 

in September of 1987. This agree.ment will freeze CFC and halon production at 

1986 levels and then reduce production to fifty percent by 1999. Trichloro

trifluoroethane or Refrigerant 113 (ValcleneR) is one of these CFC's. 7 The 

Threshold Limit Value for this solvent is 1,000 ppm by weight .. · 

The amount of solvent vapor emitted from a dty cleaning facility is directly related 

to the type of equipment used, its maintenance and operation. (see section 5.1.5 

Emission Controls) . 

. 5.3.1 Emission Factors 

Emissions are determined-by actual solvent consumption or by a statistical relation 

between the amo!Jnt of clothes cleaned (pounds) and the_ type of solvent and system 

used. The SCAQMD uses actual solvent consumption to determine dry cleaning 

solvent emissions and is presently correlating information from local facilities to 

develop an emission factor bas~d on pounds of clothes cleaned. 
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Table 5-4 lists emission factors from the Compilation of Air Pollution Emission 

. Factors, 4th Edition ( AP-42) for petroleum, perchloroethylene, and trichlorotri

fluoroethane dry cleaning operations. 

5.4 Calculations 

5.4.1 Operational Data 

In order to determine the compliance status of the dry cleaning operation, the 

applicant will need to supply the following information : 

Max. Days of Operation/Week (Ow):------------------~--------- (days/week) 

Max. Hours ofOperation/Day (Od): ------------ (hours/day) 

Amount ofCiothesC!eaned/Day (W): .-. ----- ------ (lb/day) 
Stan Time : · End Time : 

Type of Solvent Used : 

Solvent Usage (V5) : ------------~---------. -. ----~·(gal/month) 

Solvent Density (D 5) : •"'""'"--------------------------~--------- (lb /gal) 
Supplier's Name: 

5.4.2 Emission Calculations 

Emissions from the dry cleaning process may be calculated using the following 
' . 

equation: 

R2 = (V:s x Ds) 

where: 

R2 = 
vs = 
Ds = 

(Oy, .x od x G) 

Rate of solvent conSumption (actual) (lb/hour) 

Solvent consumed per month (gal/month) . 

Density of the solvent at room temp .. (lb/ gal.) 
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Rl (Equation 5'!.2) 

where: 

R 1 = Rate of solvent emission without control (lb/hour) 

FR = Fraction recovered. This is the assumed fraction of emissions that are 

recovered through control measures, bas_ed on solvent loss emission 

factors (statistics) for dry cleaning operations. · 

e.g. for perc solvent and transfer operations, FR = 0.5 ; 
for perc solvent and dry~to-dry operation, FR = 0.35 · 1 

Emissions must ·be calculated for both the actual and maximum operating 

conditions. Actual emissions are used in emission inventory. Maximum emissions 

are used to determine compliance with the District's Rules and Regulations. 

Actual and maximum hourly (lb/hr) emission rates must be converted to daily. 

(lb/day) emission rates by multiplying. the hourly rates by the appropriate 

equipment daily operational time factor (T, hr/day). 

In addition, the maximum daily emissions are multiplied by the Regulation XIII On-
. . 

Site Offset Factor (1.1). These daily emissions increase are accumulated for each.· 

facility in the District's New Source Review Record. 

~.4.3 Fugitive Emissions 

Fugitive emissions. are usually minor emissions which emanate from a number of 

sources in a facility. These emissions are estimated through emission factors and 

SCAQ~D 5-29 Dry Cleaning 



Section: 
·Revision: 

5 
0 
8/18/89 Date: 

TABLE S-4 SOLVENT LOSS EMISSION FACI'ORS 
FOR DRY CLEANING OPERATIO;J,sa 

EMISSION FACI'OR RATING: B 

!;mission Rate c 
Solvent Type 
(Process used) 

Source Typical 
System 

Well controlled 
System 

kg/11)0 kg (lb/100 lb) . kg/100 kg (lb/100 lb) 

·Petroleum 
(transfer process) 

Perchloroethylene 
(transfer process) 

TrichlorotriOuoroethane 
(dry-to-dry process) 

a Reference 8 

washer/~er d 
filter disposal 

uncooked ( drahied) 
centrifuged 

still residue disfosal 
miscellaneous 

washer/dryer/ 
stiU/muck cooker 
filter disposal 

uncooked muck 
cooked muck 
cartridge filter 

still residue dis~ 
miscellaneous 

washer/dryer/still h 
cartridge filter 
disposal 
still residue d,osal 
miscellaneous 

18 

1 
1 

8g 

14 
13 
1.1 
1.6 
1.5 

0 

1 
0.5 
1-3 

b Emission. ~lings (A- E), with·A being the most reliable and accuralc rating. Sec Reference 6. 

ze 

8 
05-1 
05-1 
1 

03e 

05-13 
0.5- 1.1 
05-1.6 
1 

0 

1 
0.5 
1-3 

·c References 9 - 11. _Units are in tcnns of weight solvent per weight of clothes cleaned (capacity X 1~). Emissions.also may be 

estimated b)" determining t~c amount of solvent consumed. Assuming that all solvCnt i~put is cventu.ally evaporated to the 

atmosphere, an emission factor of 2000 lb/ton (1000 kg/Mg) of solvent consumed can be applied. 

d Different material in wash retains a different amount of solvent (synthetics, 10 kg/100 kg; cotton, 20 

kg/IOOkg; leather, 40 kg/IOOJcg) • 

. e EmissiOns from washer, dryer, still, muck cooker are passed collectively through a carbon adsoJbcr. 

f-Misccllaneous so~arces include fugitives from flanges.·pumps, pipes and storage tanks, and ru:ed losses such as opening and 
closing df}'Crs, etc · 

g Uncontrolled emissions from washer, dryer, still·~nd muck cooker avernge about S.k:g/100 kg 

(Sib/100 Ib). 

h About tS% of s.otvent emitted is from washer, 15% dryer, S% cac:h from still and muck COoker. Based on the typical 
refrigeration system installed in fluorocarbon plants. 
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are included in the total solvent consumption estimates. In the dry cleaning 

industry, fugitive emissions include emissions froin the extraction cycle of a washer, 

during the transfer of solvent-laden articles from washers or dryers, liquid and vapor 

leaks in tanks and piping, and the evaporation of solvent from open solvent 

containers. Additional fugitive emissions are from the filter muck and still residue 

s~orage ~anks. 

5.4 Rules Evaluation 

Rule 212- Standards For. Approving Permits 

Section (e) of this Rule requires public notification of certain cases be made prior to 

issuing a permit. ·, 

Rule 401 - Visible Emissions . . 
No visible emission greater than 20% opacity or Ringleman~ No. 1 aggregating for . 

more than three minutes in any one hour period is allowed. 

Rule 402 - Nuisance 

Emissions which cause or contribute to a nuisance are prohibited. Factors worthy of 

considc::ration. include location (commercial/residential area); solvent usage, 

odorous materials, and prior complaints. 

Rule 442 - Solvent Usage 

This rule does not apply to synthetic solvents. 

Under subparagraph (d), only petroleum solvents with less than 4% by volume 

photochemically reactive solvent content can be used, unless the emission of organic 

materials into the atmosphere has been reduced at least 90% by weight. 

Rule 1102 -Petroleum Solvent Dcy Cleaners 

No liquid leaks permitted. Solvent exposure to the atmosphere must be kept to an 

absolute minimum. Still residue must be stored in sealed containers. Use and 

proper disposal of an effective filter is required. Hydrocarbon vapors to the 

·atmosphere must be reduced by at least 90% by weight. 
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Solvent exposure to the atmosphere kept to an absolute minimum. Filter residue 

must be less than 60% by weight for non-diatomaceous earth types and less than 

25% by weight for diatomaceous earth types.· 

Perchloroethylene concentration cannot exceed· 100 ppm from a carbon adsorber 

control device as measured over a period of one (1) minute prior to dilution; 

The air temperature at the outlet· of a refrigerated condenser must reach 45° F. or . . .. 
less during .cool-down period. 

A temperature gauge with a minimum range of 0 - 150° F must be installed on the 

condenser outlet. 

The demonstrated control efficiency of any other air pollution control (APC) device 

must be at least90% by weight based on the inlet to the APC device. 

Regulation XIII - New Source R~view 

(1) If the new or modified equipment causes an increase in facility emissions in 
excess of one pound per day for any non-attainment air contaminant,. Best 

Available Control Technology (BACT) is required. The current BACT for 

dry cleaning operations are as follows: 

RO(} : .. Carbon Adsorber in Conjunction 

· with a Reclaim Dryer --.--- Perchloroethylene 

Carbon Adsorber ---~-- Perchloroethylene and Petroleum 

Refrigerant Condenser ---- Perchloroethylene and Fluorocarbons 

Water Condenser ---------- Perchloroethylene and Petroleum 

· Afterburner ------------- Petroleum · 

NOx None 

S02 None 

CO None' 

PART None 
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The South Co~t Air Quality Management District's Best Available Control 

TechnologyJiufdelines15 list BACT for different processes. It is constantly 

being updated to reflect advances in technology. It should also be consulted 

to properly determine both applicability and BACT which may be different 

from case to case . 

. (2) If the' acctimulated maXimum emission of any air. contaminant from any 

siationary source exceeds the tln:eshold limits specified in Rule 1303(a)(2), iii 
add~tion to BACT, the applicant must comply with the following: 

(a) The applicant certifies in Writing that all of the facilities emitting 25 tons 

per year or more, which are owned or operated by the applicant, are in 

compliance with the limitations of the Clean Air Act and the State 

Implementation Plan or with the limitations of the District, whichever 

are more stringent. 

(b) The applicant must use modeling or other analysis approved by the 

Executive Officer to demonstrate that the new source or modifications to · .. 
an existing source will not cause any violation; or make measurably 

worse an existing violation, of any ambient air quality standard at any 

receptor location in the District Modeling shall not be required for any 

air contaminant if l!ll offse! sources which are· within the distance of five 

(5) miles could actually lower the emission of that air cohtaminant(s) 

down to the threshold limit. 

(c) The applicant must offset the total accumulated increase in emissions 

from the stationary source. 

Note: Under this Regulation, emissions from equipment which is exempt 

from permit requirement are to be accumulated in the New Source 

Review Database. These emissions are included to determine 

compliance with the threshold limits. 
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5.5 Pennit (Operating) Conditions 
·' ·.··:-· · ... ... · ... •:' 

In order to ensure compliance with the Rules and Regulations of the SCAQMD, · 

permit conditions are imposed on dry cleaning equipment as follows: 

I. DRY-TO-DRY UNITS WITH REFRIGERATION CONDENSERS 

1. NO MORE 1HAN ___ .LOADS MAY BE PROCESSED IN 1HIS 

·EQUIPMENT IN ANY ONE DAY BASED ON 'I1IE MAXIMUM LOAD 

CAPACITYOFTIIE UNIT. 

2. · A TEMPERATURE GAUGE WITH A MINIMUM RANGE FROM 0°F 
TO 150°F MUST BE INSTALLED .IN THE OUTLET DUCT OF TilE 
CONDENSER. 

3. TilE REFRIGERATION ~ONDENSER ON TilE DRY-TO-DRY UNIT 
MUST BE OPERATED DURING TilE CLOSED LOOP COOL-DOwN 
PERIOD UNTIL TilE AIR TEMPERATURE FROM TilE 

CONDENSER OUTLET IS 45°F OR LOWER. 

4. COMPLETE RECORDS OF PERCHLOROETIIYLENE ·usAGE AND 
TilE NUMBER OF LOADS PROCESSED PER DAY MUST BE 
LOGGED AND RETAINED FOR NOT LESS TIIAN TWO YEARS AND 
MUST BE MADE AVAILABLE TO TilE DISTRICT UPON REQUEST. 
TilE RECORDS MUST BE IN A FORM ACCEPTABLE TO TilE 

EXECUTIVE OFFICER. 

'It TRANSFER UNITS WITH REFRIGERATION CONDENSERS 

1. NO MORE 1HAN ----LOADS MAY BE PROCESSED IN 
TillS EQUIPMENT IN ANY ONE DAY. 
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2. A TEMPERATURE GAUGE WI1H A MINIMUM RANGE FROM 0°F 

TO 150°F MUST BE INSTALLED IN 1HE OUTLET DUCT" OF THE 

CONDENSER. 

3. 1HE REFRIGERATION CONDENSER ON 1HE RECLAIM TUMBLER 

MUST BE OPERATED DURING 1HE CLOSED LOOP COOL-DOWN 

PERIOD UNTIL 1HE AIR . TEMPERATURE FROM 1HE 

CONDENSER OUILET IS 45°F OR LOWER. 

4. DURING 1HE. TRANSFER FROM 1HE WASHER-EXTRACI"OR TO 
' 

1HE RECLAIM TUMBLER, WET CL01HES MUST NOT BE OUTSIDE 

1HE MACHINES FOR MORE THAN ONE MINUTE. 1HE CHARGE 

DOORS ON BOlli· UNITS MUST BE KEPT CLOSED EXCEPT 

DURING LOADING, UNLOADING, OR TRANSFER. 

.5. 1HE REFRIGERATION CONDENSER ON 1HE WASHER-. . . 
EXTRACI"OR MUST COOL 1HE EXHAUST AIR J>ASSING 

THROUGH 1HE CONDENSER TO 45°F OR LOWER. 

6. COMPLETE. RECORDS OF PERCHLOROETHYLENE USAGE AND 

1HE NuMBER OF LOADS PROCESSED PER DAY MUST BE 

LOGGED AND RETAINED FOR NOT LESS 1HAN TWO YEARS AND 

MUST BE MADE AV AnABLE TO THE DISTRICf UPON REQUEST. 

1HE· RECORDS MUST BE IN A FORM ACCEPTABLE TO 1HE 

EXECUTIVE OFFICER. 

ill. OLD EQUIPMENT USING LESS 1HAN 320 GPY PERC. NO CONTROL 

1. . NO MORE 1HAN ___ LOADS MAY BE PROCESSED IN 1HIS 

EQUIPMENT IN ANY ONE DAY. 

2. COMPLETE RECORDS OF PERCHLOROE1HYLENE USAGE AND 

1HE NUMBER OF LOADS PROCESSED PER DAY MUST BE 

LOGGED AND RETAINED FOR NOT LESS 1HAN TWO .YEARS AND 
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MUST BE MADE AVAILABLE TO 1HE DISTRICT UPON REQUEST. 
1HE RECORDS MUST BE IN .A FORM ACCEPTABLE TO 1HE 

.EXECUTIVE OFFICER. 

3. PERCHLOROETIIYLENE CONSUMPTION IN ALL· 1HE 
. EQUIP~NT AT 1HIS LOCATION MUST NOT EXCEED (150) (320) 

GALLONS IN ANY ONE YEAR. 

IV. CARBON ADSORBER CONTROL 

1. NO MORE 1HAN -----LOADS MAY BE PROCESSED IN 
1HIS EQUIPMENT IN ANY ONE DAY. 

2. 1HE CARBON ADSORBER MUST BE REGENERATED IN PLACE 
WITII STEAM AFTER NOT MORE 1HAN NUMBER OF 

. LOADS Ol" DRY CLEANING . OPERATION. DURING 
REGENERATION, ALL GASES FROM 1HE CARBON ADSORBER 
MUST BE DIRECTED 1HROUGH 1HE CONDENSER . AS 
RECOMMENDED BY 1HE MANUFACTURER. . . 

3. COMPLETE RECORDS OF PERCHLOROE1HYLENE USAGE, 
NUMBER OF LOADS. PROCESSED PER DAY, CARBON ADSORBER 
REGENERATION, CARBON ADSORBER TESTING, CARBpN 
REPLACEMENT MUST BE LOGGED AND RETAINED FOR NOT 
LESS 1HAN TWO YEARS AND MUST BE MADE AVAILABLE TO 
1HE DISTRICT UPON REQUEST. THE RECORDS MUST BE IN A 
FORM ACCEPTABLE TO THE EXECUTIVE OFFICER. 

4. A TEST PORT OF AT LEAST 3/8-INCH DIAMETER MUST BE 

INSTALLED IN 1HE OU1LET DUCT Ol" 1HE CARBON 
ADSORBER(S) BEFORE DILUTION. 
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V. SOLVATION 

. ·.·. 
1. NO MORE THAN LOADS MAy BE PROCESSED IN TillS ----'--

EQUIPMENT IN ANY ONE DAY. 

2. THE CARBON ADSORBER MUST BE REGENE~ATED IN PLACE 

WITH STEAM AFIER NOT MORE TiiAN TEN (10) COMPLETED 

CYCLES OF DRY CLEANING OPERATION. 

3. DURING REGENERATION, ALL GASES FROM 1HE CARBON 

ADSORBER MUST BE DIRECTED 1HRQUGH TilE CONDENSER AS 

RECOMMENDED BY 1HE MANUFACTURER. 

4. DURING THE AERATION CYCLE, THE (RECLAIM TUMBLER) 

(DRY-TO-DRY UNIT) MUST VENT ONLY T0·1HE CONDENSER 

AN)_) 1HE SQ:l:._;VATION UNIT. 1HE TEMPERATURE OF THE INLET 

WATER.TO THE CONDENSER MUST NOT EXCEED 75°F; AND THE 

·TEMPERATURE OF PERCHLOROE1HYLENE VAPORS LEAVING 

THE SOLVATION UNIT MUST NOT EXCEED 900FAS INDICATED 

ON A PERMANENTLY FIXED AND CALIBRATED TEMPERATURE 

GAUGE. 

5. THE (WASHER-EXTRACTOR AND RECLAIM TUMBLER) (DRY-TO

DRY UNIT) MUST VENT TO 1HE·CARBON ADSORBER, ONLY 

WHEN THE ACCESS DOORS ARE OPEN. FOR LoADING OR 

UNLOADING OF CL01HES. . . 

6. · A TEST PORT OF AT LEAST 3/8-INCH DIAMETER MUST BE 

_INSTALLED IN THE OUTLET ·DUCT OF 1HE CARBON . . . 
ADSORBER(S) BEFORE DILUTION. 

7. COMPLETE RECORDS OF PERCHLOROETIIYLENE USAGE, 1HE 

NUMBER OF LOADS PROCESSED PER DAY, REGENERATION, 

CARBON ADSORBER TESTING, AND CARBON REPLACEMENT 

· MUST BE LOGGED AND RETAINED FOR NOT LESS 1HAN TWO 

SCAQMD 5-37 Dry Cleaning 



Section: 
Revision: 
Date: 

5 
0 
8/18/89 

YEARS AND MUST BE MADE AVAILABLE TO THE DISTRICT 

· UPON REQUEST. THE RECORDS MUST BE IN A FORM 
ACCEPTABLE TO THE EXECUTIVE OFFICER. 
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SOUTH COAST AIR QUALI1Y MANAGEMENT DISTRICT !PAGES I PAGE 
• 5 1 

IAPPLNO. I DATE ENGINEERING DMSION 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

APPLICANTS NAME: ... 

MAILING ADDRESS: 

EQUIPMENT ADDRESS: . 

.J.>ERMITTO CONSTRUCT/OPERATE 

EQUIPMENT DESCRIPTION: 

APPLICATION NO. 

SYN1HETIC (PERC/V ALCLENE)/PETROLEUM (TYPE) SOL VENT DRY CLEANING 
FACILITY CONSISTING OF: . . 

(A} 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

(B) 

1. 

DRY CLEANING SYSTEM 

DRY CLEANING UNIT, ,MODELNO. 
SERIAL NO. 

EXIRACTOR, ,MODELN~. 
SERIAL NO. 

TUMBLER/ RECLAIM TUMBLER, 
MODELNO. . . ,SERIAL NO. 

FILTE~. ,MODEL NO. 
SERIAL NO .. 

STILL, ,MODEL NO. 
SERIAL NO. 

MUCK COOKER, . , MODEL NO. 
SERIAL NO. 

SOLVENT TANK, , MODEL NO. 
SERIAL NO. 

AIR POLLUTION CONTROL SYSTEM: INTEGRAL/EXTERIOR 

A CARBON ADSORBER, ,MODELNO. 
SERIAL NO. 

B. REFRIGERATED VAPOR CONDENSER, · 
MODEL NO. , SERIAL NO. 

C. SOL VENT RECOVERY UNIT (SOLVATION), 
. MODEL NO. . , SERIAL NO. 

Revision: 0 
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/ 

IAPPL NO. !DATE 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY !CHECKED BY 

2. EXHAUST SYSTEM VENTING A MAXIMUM OF 
CLEANING EQUIPMENT SOURCES. 

DRY 

HISTORY: 

PROCESS DESCRIPTION: 

The solvent dry cleaning facility will clean · pounds of articles per day 
and operate days per week. The hours of operation will be from am7pm, to 
amjpm, (M Tu W Th F S Su) imd from · am/pm to amfpm, (M Tu W Th F S 
Su). The equipment will be operated hourSjweek, weeks/year and use a 
maximum of gallons of solvent/month. · · 

DATA: 

Type of Solvent:------

Solvent Density, (Ds>:--- (lb(gal) 

Solvent Densities -
Petroleum 
Perc · 
Refrigerant 11 
Refrigerant 113 
(Valclene) 

6.3-6.6 
135 

. . 12.4 
13.2 

lb/gal 
lb/gal 
lb/gal 
lb/gal 

· Operating Schedule (Average and Maximum) . 
Source : AppliCant 

Avera 

l
Ow) days/week 
2dJ-- hours/day 
w) __ lb clothes/day 
V s) gal solvent/month 

Assumptions: 

Maxi um 

___ days/week 
___ hours/day 
___ . lb clothes/day 
___ gal solvent/month 

Table. 5-4 of the Permit Processing Handbook lists emission factors publish~d in the "Compilation 
of Air Pollution Factors" (AP-42). Table 5-4 should be consulted to verify the applicant's s.olvent 
-consumption data. · 
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ENGINEERING DMSION .· IAPPL. NO. !DATE 

APPLICATION PROCESSING AND CALCULATIONS IPROCESSEDBV ICHECKEDBV 

CALCULATIONS: 

1. Controll~d Emi~sfons (Rz) 

Rz = (VsxDs) 
(OwxOdxG) 

or 

Rz = 

where: ~ = Actual rate of solvent consum~tion (lb/hour). 
= Solvent consumed per month gal/month). 

Ds = Density of solvent at room tern~. (lb/gal). 
d = Operating schedule ~days/wee ) .. 
ow = ~erating schedule hours/day). VJl = ash load (lb clothes/ day). . 
G = Avera~:e number of weeks/month = 4.33 weeks/month. 
EF = Emiss10n factor (lb / 100 lb clothes) - Table 5-4. 

NSR = R2max x 1.1 

where: NSR = · New Source Review. NSR emissions are maximum controlled emissions 
(R2 max) multiplied by the Reg XIII On-Site Offset Factor of 1.1 .. · 

Controlled Emissions (Rz) 

ROG 
NOX 

~<ac 
PM 

2. Uncontrolled Emissions (R1). 

= 
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Rz 

Actual 
lb/hr 
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~ lb/day 

NSR 
lb/day 
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IAPP.LNO. I DATE 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

where: R1 = Rate of solvent emission without controls (lbs.fhour) 

= Fraction recovered. This statistical value represents the percent 
increase in solvent vapor recovecy for a controlled system using a 
particular solvent and operatic~. · 

For perc solvent- transfer operations, FR_ = 0.5 
For perc solvent- dcy-to-dcy operations,rR = 035 
For systems not using solvent vapor recovecy methods, FR = 0 

Uncontrolled Emissions (R1) 

ROG 
NOX . ~<a 
PM 

RULES EVALUATION: 

Actual 
JhLhr 

RULE 212 Public notic~ is (is not) required. 

Maximum 
lb/hr 

Maximum 
lb/day 

NSR 
·Jb/day 

RULE 401 Based on experience with similar equipment, this facility is (is not) expected to 
comply with the visible emission limits. . · 

RULE 402 Based on experience with sil¢lar equipment, nuisance complaints are (are not) 
expected. . 

. RULE 442 P~troleum solvent with less than 4% by volume of photochemically reactive 
. compounds is used; or atmospheric emission of solvent containing more than 
4% by volume of photochemtcally reactive compounds is reduced at least 90% 
byweight. · · 

RULE 1102 PETROLEUM SOL VENT DRY CLEANERS- The facility is( is not) expected 
to comply with the regulations concerning unnecessacy solvent exposure to the 
atmosphere. Hydrocarbon emissions are (are not) reduced at least 90% by 
weight. · 

RULE 1102.1 PERCHLOROETIIYLENE SOL VENT DRY CLEANERS -The facility is (is 
not) expected to coiiJply with the regulations concerning unnecessacy solvent 
exposure to the atmosphere. . 

REG XIn The net increase in emissions resulting from the operation of this equipment 
does {does not) exceed the limitations specified in Regulation XIII as shown by 
the Emission Threshold/New Source Sheet table as· follows: 

Revision: 0 
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SOUTH COAST AIR QUALI1Y MANAGEMENT DISTRICT I PAGES !PAGE 'I 
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ENGINEERING DIVISION IAPPL NO. !DATE I 

APPLICATION PROCESSING AND CALCULATIONS 

Facility Emissions 
Since 10-8-76 

A/N 

.A/N 

Net Emission 
Increase Since 10-8-76 

I PROCESSED BY· !CHECKED BY 

NSR Emissions in Pounds Per Dav 
ROG NOx S02 CO PM • 

The Best Available Control Technology (BACT) for a 
solvent dry cleaning operation is a --. ....,'l~"<fi'""e-::a::::pp:;,lr::tcan=t:-:Wl~Il 

BACf 

(will not) provide a as BACI. I he South Coast Air 
Quality Management D1stnct's BACI Gutdeline should be consulted to ensure 
tbat tbe current BACf requirements are applied to this equipment. 

CONCLUSIONS/RECOMMENDATIONS: 

This dry cleaning facility is (is not) expected to comply witb all applicable Rules and Regulations 
of tbe Soutb Coast Air Quality Management District. Therefore, tbe following disposition is 

: recommended: · · 
. . 

( ) Issue a Permit to Construct/Operate subject to the following conditions: 

APPLICATION NO. 

CONDITIONS: 

Use appropriate conditions listed in Appendix 5-B of the Permit Processing Handbook). 

OR 

() · Deny·tbe Permit to Cmistruct/Operate: 

It is my opinion tbat tbe operation of this equipment will be in violation ofRule(s) ----
of tbe Rules and Regulations of the South Coast Air Quality Management District. 
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The following equations are used to determine the frequency of regeneration of 

car?on in a carbon adsorber for the dcy cleaning process. 

= X 

sl = st or sl = vs X Ds 
(Lh X Oh) ~ 

st = vs X Ds ~ = Lh X od x oh 

od 

where: 

Lr = Maximum number of loads before regeneration. 

s1 · = Fabric solvent consumption ---------~----------------(lb/load) 

= Rate of solvent consumption (lb/day) 

~ = Loading schedule ------------------------------(loads/month) 

Lh = Loading schedule ---------· --~---(loads/hour) 

v 5· = Volumetric rate of solvent consumption-----------(gai/month) 

Ds = Density of solvent at room temperature ---~-------(lb/gal) 

Od . = Operation schedule---------------------( days/month) 

Oh = Operatio1_1 schedule---------:------------~·-(hours/day) 

Ac = Percent by weight adsorption capacity _______ _:_(fractional) 

(For PERC Ac = 20% or 0.20) 

Xc = Amount of available carbon in bed -------------(lb) 

SCAQMD 58-3 Dry Cleaning 
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SEcriON 6: PLASTIC'EXTRUSION 

6.1 General Description 
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In typical plastics extrusion processing, polymer and resin raw materials in the form 

of powders, pelle~. and emulsion, are fed from a hopper into the extruder. The 

extruder, usually a horizon~ally mounted cylindrical barrel incorporating a rotating 

screw-type conveyor or a ram-type piston, forces molten plastic through a shaping 

~ie to yield the desired product. The raw materials entering the extruder are melted 

by externally applied heat and internally derived shear heat (induced by the motion 

of the screw or ram· piston), to form a uniform, viscous, and workable mixture. See 

Figure 6-1 for a block d~agram and Figure 6-2 for a schematic of plastic extrusion 

processing. 

Plastic extrusion is responsible for more· than 40% of the plastic products produced 

in the United States.1 The products and their respective process are: 

pellets for further processing (see Figure 6-3); 

pipe, tubing, and other profile shapes (see Figure 6-4 ); 

plastic feed for blow molding; 

monofilaments; 

film (see Figure 6-5); 

sheet (see Figure 6-6); 

wire and cable coating (insulation) (see figure 6-7); and 

coextruded (multi-layer) products (see Figure 6-8). 

Plastic processing facilities in the United States tend to be located near sales centers 

(to minimize transportation costs). Many are located in Connecticut, 

Massachusetts, New York, New Jersey, Pennsylvania, Ohio, Michigan, Illinois, and 

California. AS of February 1988, 264 permitted extrusion units were operated in 

the South Coast Air Basin. These included 143 plastics and resin extrusion 

operations, 34 polystyrene extrusion operations, and 87 PVC extrusion operations. 

Plastic extruders use a variety of mechanical principles to convey or process the . 

plastic and force it through a die orifice. The two most common designs are ram-

SCAQMD 6-1 · Plastic Extrusion 
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type and screw-type. extruders as shown in Figures 6-9 and 6-10. Scre"Y-type 

extruders are.' divided into single-screw and twin-screw extruders (see Figures 6-11 

and 6-12). Other designs include the spiral disc extruder, the elastic melt extruder, 

and the smooth disc (Weissenberg) or gear pump extruder. The ramctype and 

screw-type extruders are discussed further. 

6.1.1 Ram ExtruderS 

Ram extrusion, one of the oldest methods for extruding plastics, is a simple 

operation employing a piston sliding in a cylinder, pUshing or "ramming" the 

polymer through the die opening. The ram extruder is a direct, or positive

displacement pump. The polymer feed is delivered in set quantities to the front of 

the piston through a hopper.· The feed is compressed, heated to a working state, and 

extruded through the die. This is ·a batch-type operation. Ram extruders are 

designed to withstand. high pressures (up to 50,000 psi) which make them well 

suited to PTFE (polytetrafluoroethylene or TeflonR - registered trademark of 

DuPont) extrusion and injection molding.2 Since little flow occurs in the cylinder, 

frictional (shear) heating effects are insignificant. Primary heating of the material is 

performed 1>Y external electric heaters which conduct heat through the wall of the 

cylinder. The mixing and shear are limited to the flow and entry effects into the die 

orifice. Ram-type extruders make up a very small percentage of the plastic 

extrusion industry due to their lack of versatili!-Y and prodUct quality and uniformity. 

The most commonly used type .of plastic extruder is the continuous screw-type 

extruder. 

6.1.2 Screw Extruders 

Screw extruders, classified as either a single screw or a twin screw extruder, offer a 

broad range of application. Screw-type extrusion is a continuous process and fulfills 

many ~nctions not available to ram•type extrusion. Screw extruders perform three 

actions in processing plastics: 

It melts or plasticizes the material; 
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SCHEMATIC OF A "SIMPLE RAM EXTRUDER 
10 ~ 20 ,_ 

l 

SCHEMATIC OF A SIMPLE SCREW EXTRUDER 
(Vented and Water-Cooled) _Cowtesy ofHPM Corporation· 

1. Change gears; l. Gear reducer; ·3. Rotary union; 4. Feed throat; S. Side vent; 6. Trap; 7. 
Vacuum pump; 8. Pressure measurement; 9. Front barrel support; 10. Large rectangular 
feed opening; 11. Hinged swing gate; U. Rear seal; 13. Large air spacer; 14. Extruder base; 
15. Electrical box; 16. Heavy wall cylinder; 17. Motor; 18. Barrel water cooler; 19. Barrel 
heating and cooling; lO. Hopper; 21. Thrust bearing assembly. 
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It generates pressure on the material to force it through the die orifice; 

It shears and mixes. the material. 

Each screw design performs these steps differently, thereby, imparting different 

characteristics to the melt. Screw extruders rotate a screw within a heated barrel. 

GranJ!Ies of polymer (pellets, regrinds, etc.) are fed from a hopper -h1to the barrel. 

The feed is conveyed forward by the screw at a controlled rate, pressure, and 

temperature so· that a uniform material .is forced through the die to produce the 

desired product. Barrel length divided by barrel diameter (L/D. ratio) is typically · 

used to des~ribe the extruder. The barrel. is made from high strength steel and 

designed to withstand pressures of 7,500 to 10,000 psi. Electric, steam, or fluid 

heating can be used to externally heat the cylinder wall and either water or air is 

generally used to ·cooi it 1 . The barrel js usually equipped with a vent to remove air 

which gets entrained in the molten polymer. This vent is plugged when not 

required. This venting process takes place in the low pressure zone after melting is 

complete (see Section 6.1.6 Venting ~r Vacuum Extraction in Screw EXtruders). 

The ~crew is the heart of the extrusion process. It utilizes a helical thread or threads 

and a varying channel depth to accompiish multiple functions of conveying, 

compacting, melting, mixing, and pumping.- The screw is typically divided into four 

sections (see Figu~e 6-13). · 

· 1. The feed section where the channel depth is relatively deep; 

6.1.2.1 

2. A transition or compression (melting) section where the channel depth is 

decreasing; 

3. A metering or a pumping section where ~he channel depth is relatively 

shallow; and 

4. The die section where the plastic is. forced out through the die opening 

and fo.nned into the shape desired. 

Single Screw Extruders 

Single screw extrusion basically involves rotating a helical screw in a close-fitting 

cylindrical barrel. The screw is divided into f~ur sections as mentioned previously. 
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FIGURE 6-13 SCREW EXTRUDER SHOWING BARREL ZONES 
and DIE ZONES . . 

(A) FEED ZONE 
(B) COMPRESSION ZONE 

(C) METERING ZONE 
(D) DIE ZONE 

nozzle 

The·length arid depth of these sections greatly affect extruder perfo.rmance which in 

tum depends upon frictional and melting characteristics of the polymer and the 

rheology of the polymer melt.3 Single screw extruders operate by viscous-drag flow, 

hence, the viscosity of the polymer is the governing material property (see Section 

6.1.3.1 Melting-Rate Properties). Single screw extruders are suitable for working 

with highly viscqus fluids, and. are capable of operating at high pressures and 

.temperatures. 
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Melting of the polymer is primarily done through shear heating and to a lesser 

. extent by. external heating.3 In many instances melting starts in the constant-depth 
feed section and continues into the shallower constant-depth metering section. 
Figures 6-14 and 6-15 .show idealized cross sectional depictions of the melting 
mechanism in the screw channel in the melting zone. The solid particles are 
subjected to shearing action between the base of the screw and the thin film of 

polymer melt along the barrel surface. They are then smeared around the barrel in 

a. direction normal. to the screw axis until they rrieet the leading ·edge of the 
advancing thread. Here they are mixed with previously molten material, forced 

downward into the channel initiating a helical circulating path. This circulation is 

conf"med to the rear portion of the channel in each_turn, the forward portion being 
filled largely with unfluxed material. This mechanism produces complete fluxing 
and a homogeneous product before discharge through the die.3 

· In single screw extrusion shear rate, material temperature, and mixing are highly 
interdependent and cannot be controlled separately. For elevated throughput rates 

. · stable operation is often difficult to achieve .. 

Single screw extruder length/diameter (L/D) ratios are typically 20/1, 24/1, or 

30/1. Table 6-1lists typical extruder sizes, outputs, and drive power. 

6.1.2.2 Twin-Screw Extruders 

Twin- or other · multiple-screw extruders use intermeshing corotating or 

counterrotating screws to build up pressure on the polymer melt. The unit is a: 
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SCHEMATIC OF MELTING MECHANISM 
IN A SINGLE· SCREW EXTRUDER 

Film of Solid 
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~----------------w--------------~~ 

FIGURE 6-15 IllEALIZEI) CHANNEL CROSS SECTION 
SHOWING MELTING MECHANISM 

Vbx = Velocity or barrel relative to screw fiighL 
. Vsy = Velocity or solid polymer towards the barrel wall 

H = Depth or screw Right 
X = Length or unmelted polymer 
W . = Le11gth or screw Digbt 
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Drive 
Extruder Size 

Output 
Capacity Power 

On.) (mm) L[D kg[hr H.P. 
1.5 38.1 24:1 110- 132 10- 15 
2 50.8 24:1 198-264 20-30 
2.5 63.5 24:1 330-550 '35- 60 
3.5 88.9 24:1 660-880 40-75 
3.5 88.9 30:1 770-990 55-80 
4.5 11.43. 24:1 1,540 - 2,200 80- 125 
6 15.24' 24:1 2,640 - 3,520 150-300 
8 20.32 24:1 4,400- 7,700 300-600 

a. Reference 1. 

positive displacement pumping device tl)at does not depend on material 

characteristics for the delivery rate. Twin screws are independent of shearing 

effects. Since the functions of pressure buildup and shear mixing are essentially 

. independent, it is possible to· independently vary each by appropriate screw design 

and machine control. The heat needed to melt the material is provided by an 

external source with a relatively _small amount generated by shear heating. Twin

screw extruders find extensive use in mixing, compounding and formulating 

. operations, color blending, imd for extruding diffi~lt materials such as PVC powder 

blends for pipes, siding, and other PVC products. Many twin-screw machines are 

. also equipped with injection ports along the barrel to introduce additional materials 

such as colorants, plasticizers, and fillers downstream from the main feed. The 

output of a twin-screw extruder is about three times that of a single-screw extruder 

of the. same screw diameter and speed; however, in normal operation, twin-screw 

speeds are less than those of a single-screw ·machine·. Twin-screw extruders are 

more costly compared to single-screw extruders for the same output, but their design 

inherently offers tighter controls on process conditions, such as larger heating (or 

cooling) surface per unit length and relatively less mechanical energy dissipated as 

heat. The benefits of the twin-screw design are realized when the degradation 

temperature of a polymer is slightly above its melting temperature (as in PVC 

processing). 
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The melting-rate of a polymer is highly dependent upon its physical and rheological . . 
properties. The melting-rate rises with increasing values of melt density, thermal 

conductivity, and melt viscosity, but decreases with increasing specific heat or heat 
of fusion.3 Rheology describes the manner in which the material deforms in 

response to an applied stress. In the case of plastics in the melt condition, the stress 
applied is pressure (the ratio of shear force to shear area), and the response is 

continuous deformation and flow. The flow is dependent on the shear 
characteristics of the material, and the response can be of several types. Figure 6-16 

shows typical forms of viscous flow. 

0 c 
A 

FIGURE 6-16 FORMS OF VISCOUS FLOW 
A = Newtonian; B = Shear thinning (or pseudoplastic); 
C =Shear thickening; D = Bingham (or Plastic) 

ViscositY is the ratio between shear stress and shear rate (see Figure 6-16). 

shear stress 

Viscosity= 
shear rate 

A material with a constant viscosity, at constant temperature and pressure (a 

constant ratio), is called a Newtonian fluid. Most polymer melts behave as 
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Newtonian or shear-thinning (pseudoplastics) fluids.'' The more viscous and 

amorphous a inaterial is the faster it melts. 

6.1.3.2 Tliennosetting Plastics and Thennoplastics 

Two types of pla5tics are used in extrusion.operations, thermosetting plastics and 

thermoplastics. Thermosetting plastics are obtained from fusible ingredients that 

undergo condensation and polymerization reactions under the influence of heat, 

pressure and a catalyst, and form rigia shapes that resist the actions of heat and 

solvents.5 Thermoplastics,- however, afte~ being formed into rigid shapes, are able 

to be reheated, reworked, and reshaped without losing their physical properties. 

Ram-type ex~ion. is used to process thermoset plastics, · including silicones, 

phenolics, melamines, epoxies, . and alkyds, and some high melt viscosity 

thermoplastics such as polytetrafluoroethylene (PTFE). · Screw-type extrusion is 

used to process most the~oplastics polymers as listed in Table 6-2. Screw-type 

extrusion also allows for formulation or compounding operations, in which additives 

such as speciality chemicals, plasticizers, uv stabilizers, and colorants can be 

blended with the.polymer in the screw extruder cylinder. 

6.1.4 Compounding 

Polymer compounding refers to the mixing of additives and speciality chemicals with 
a raw polymer before, during, or after polymer production and prior to or during 

processing to make plastic applicable to its intended use. The type of chemicals and 

additives blended with the polymer include plasticizers, stabilizers, ant!oxidants, 

ultraviolet absorbers, organic peroxides, colorants, and flame retardants. 

Compounding imparts physical and chemical properties which the polymer does not 

exhibit alone, reduces the cost of finished products, and increases the ease of 

production and processing. Since different raw polymers have widely different 

characteristics, formulations.are tailor-made to meet the needs of the particular 

polymer and its application. Virtually all polymers require some formulation prior 
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TABLE 6-2 POLYMER FEED MATERIAL 8 

Acrylic Resins 
Acrylonitrile-Butadiene-

Styrene (ABS) 
Ethylene-Vinyl-Acetate (EVA). 
Nylon 
Phenylene Oxide 
Polyacetal 
Polybutylene 
Polycarbonate . 
Polyester Fluoroplastics 
Polyethylene . 

High Density (HDPE) 
Linear Low Density(LLDPE) 
Low Density (LDPE) . 
High Molecular Weight (HMWPE) 

a. Reference 1. 

Polypropylene 
Polystyrene 
Polyurethane 
Polyvinyl Chloride (PVC) 
Styrene-Acrylonitrile 

(SAN) 
Sulfone Polymers . 
Thermoplastic Polyesters 

(PBT&PET) 

Vinylidene Chloride 

to pr~cesSing.6 The mixing and blending 'operations of extrusion are considered 

compounding techniques. Polymer pellets and additives are mixed in a hopper or 

preblended in a mixer. The niixing action of the screw together with the heat 

· supplied and. the heat generated, mixes and melts the resin and additives into a 

uniform compound. Both .single and twin screw extruders are used in compounding 

because of their inherent blending characteristics. 

Some typical temperatures for eXtruder blending operations are listed in Table 6-3. 

The wide range of temperatures illustrates the variability of blending processes. 

Pressure ranges typical of extruder blending operations are 100 - .600 psi. See 

APPENDIX 6B for a list of Compounding Agents. · 

6.1.4.1 Plasticizers 

Plasticizers, usually high-boiling, low-volatility esters, are added to thermoplastics 

to improve processing characteristics or physical and mechanical propenies of the . 

products: Addition of a plasticizer increases flexibility and lowers the polymer melt 
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TABLE 6-3 PROCESS TEMPERATURES FOR POLYMERS a 

Polymer .... :· 

ABS · 
ABS/PVC Alloys 
Acrylic Resins 
Fluorop las tics 

High Density Polyethylene (HOPE) 
Low Density PE 
Linear Low Density PE 
Nylon 

Phenolics 
Polyacetal 
Polyamides 
Polybutylene 

Polycarbonates· 
Polyester 

Thermoplastic 
· Aromatic 

· Polyphenylene Sulfide 
Polypropylene 

. Polystyrene . 
· Polyurethane 

PVC· 
Polyvinylidene Chloride 
SAN 

a. Reference 1 

SCAQMD 6-17 

'Ijpical Temperature 
(OC) 

150-250 
191-210 

:no 
260-330 

260 
250-260 
250-260 
260-310 

280-340 
188-205 
205~15 
130-190 

220-350 

270-300 
232-260 

302-357. 
200-280 
125-230 
150~200 

190-210 
198-210 
175-230 
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viscosity, producing an effect similar to increasing the temperature of the 

unplasticized polymer .. Some polym~rs must be plasticized to enable processing 
below the decomposition temperature. Another class of plasticizer, either a 

complete polyester made from glycol, or an epoxy compound, is known as a 

"permanent" plasticizer because of its nonvolatility. The epoxy types are used with 

oth.er plasticizers in vinyl compounds and also function as stabilizers. 

In general, the hardness; elastic modulus, and tensile strength of the plastic is 
decreased by the addition of .a plasticizer. The selection of a plasticizer for a 
plastics compound is based on compatibility, efficiency, processibility, permanence, 

and of course; cost. See APPENDIX 6C. 

6.1.4.2 · Stabilizers and Antioxidants 

Polymers are subject, .in varying degrees, to degradation by heat, light, and 

oxidation. Polyvinyl chloride (PVC) in .particular requires stabilization because the 
process temperatures required for the development of rigid products are high 

enough to initiate decomposition. In PVC production, the main emission concern is 

hydrochloric_ acid. · Table 6-4 lists the highest processing temperature, the 

decomposition temperature, _and the decomposition products of various polymers. 
Antioxidants I!J'e divided into five classes: phenol derivatives, amines, esters, organic 
phosphites, and mis~ellaneous. Low density polyethylene , and polypropylene use 
phenols alone or in conjunction with sulfur-containing esters or phosphites. 
Polystyrene is relatively stable to oxidation but sensitive to light degradation. 

6.1.4.3 Organic Peroxides and Colorants 

Organic peroxides and hydroperoxides are derivatives of hydrogen peroxide and are 

used in addition polymerization. 

Colorants are inorganic or mineral pigments, organic pigments, or lakes (coloring 

compounds), deposited on alumina. Dyes must be used for transparent plastics to 
avoid visible particles in the finished product. 
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TABLE 6-4 DECOMPOSITION PRODUCTS a 

Highest 
Decomposition · P~cessing . Decomposition 

Polvmer Temperature c.!!.Qb Temperature (.!!.QC Products 

ABS 230 .300 • 
Acrylic Res.ins 230 320 • 
Fluoroplastics 330 300 HF 
Nylons 310 300 co,co2 
Modified 
Phenylene Oxide # # • 

Polyacetal 205 250. • 
Polybuzlene 190 300 • 
Polycar onate 300 330 • 
Polyester 
. reenrioplastic) 300 300 acetaldehyde 

Aromatic) 260 275 • 
Polyethylene 230 100 Ketone carbonyl 

groups form due 
to oxidation 

Polypropylene 230 300 • 
Polystyrene 230 300 • 
Polyurethane 200 300 • , ## 

·PVC 210 100 HCI 
Styrene Acrylonitrile 230 300 • 

a Reference 1. 
• Decomposition products are not formed at or near extrusion processiog temperatures . 
b 

c 
#. 
## 

This is the highest possible temperature reached by the normal extrusion of all formulations of · 
the polymer listed. 
This is the lowest temperature at which decomP9sition products begio to form. 
Temperatures not found io the reference literature. 
The presence of humidity at processiog temperatur!)S may cause hydrolysis of the urethane 
functional groups. 

SCAQMD 6-19 Plastic Extrusion 



6.1.4.4 Flame Retardants 

Section: 
Revision: 
Date: . 

6 
0 
8/18/89 

To meet nonflamniability criteria', all polymers (except PVC and fluorocarbons) 
require the addition of flame retardants. The flame retardants most commonly used 

are compounds of bromine, chlorine, antimony, and phosphorous. 

6.1.4.5 Fillers and Reinforcements 

These fall into five categories: mineral ~d synthetic inorganic powders, carbon 
blacks, cellulosies, metal powders, and microspheres. Reinforcements include 

cotton and asbestos flocks, glass fibers, carbon fibers, and mineral whiskers. Fiflers 

include wood flour; asbestos flock, which greatly increa.Ses impact strength; and 

aluminum, magnesium, and titanium oxides, which give added stiffness to 

composites. 

6.1.5' Extruded Thermoplastic Foams 

Extrusion operations are also used to process thermoplastic foams by incorporating 

a gas-forming expanding agent (blowing agent) into the thermoplastic. 

Thermoplastic foams. are low to medium qensity materials with desirable 
·mechanical and insulating properties. Their major application is in packaging and 
building products. A large volume application is foam polystyrene sheet used for 

meat and produce trays, egg cartons, and snack food service. Cups, containers, and 

glass bottle shields also account for a substantial volume. The largest volume of 

extruded foam products are stock products which require further fabricating to 

become final products. These fabrication operations include cutting, shapin'g, 

cementing, lJ!ld thermoforming. See. Figures 6·17, 6-18 for block diagrams of foam 

extrusion processes. 

Each polymer must be formulated in order to provide the properties necessary in 

the final product. Such formulations are similar to those used for solid polymer 

. extrusion, and like solid extrusion, are dependent upon the processing conditions 
and end use requirements of the specific polymer.1 · · 
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Blowing agents are unique to foam processing, and can be either chemical (dry) 

blowing agents which decompose upon heating to form gaseous materials. or 

. physical (solvent) blowing agents, such as low_ boiling hydrocarbons and halogenated 

hydrocarbons. Tables 6-SA and 6-SB list some typical blowing agents. 

6.1.5.1 Chemical Blowing Agents 

In applications using chemical blowing agents, the agents are dry blended with the 

polymer in the feed hopper prior to extrusion. A chemical blowing agent may 

comprise 0.5 to 3 percent of the blend. nie blend is processed in a screw extruder 

under carefully controlled pressure and temperature conditions. Proper polymer 

melt viscosity is necessary to produce uniform cells.· If the melt viscosity is too low,_ 

the foam cells will rupture as the bloWing agent expands. As the melt reaches the 

extrusion temperature, the chemical agent decomposes into large volumes of gas. 

Typical foam extrusion temperatures for commonly extruded polymers are listed in 

Table 6"6. Polymers which conmiercially utilize chemical blowing agents include 

polyvinyl chloride (PVC), polystyrene, acrylonitrile-butadiene-st}'rene (ABS), and 

polypropylene.1 

A typical formulation for rigid PVC foam, using a chemical blowing agent, is shown 

in Table 6-7. 

6.1.5.2 Physical Blowing Agents 

Extrusion operations employing solvent blowing agents use a liquid which will boil 

to produce a gas at the extrusion temperature. Liquid solvent blown foam extrusion 

. is the most common and economical method· of producing low density extruded 

thermoplastic foams. Commercially produced polyethylene and polystyrene foams 

use solvent blowing agents. 

The solvent foam extrusion process requires softening the formulated polymer in 

the extruder barrel and injecting the blowing agent into the melt under high 

pressure to prevent the liquid from boiling. This is carried out in a single or twin-
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TABLE 6-SA CHEMICAL· FOAM EXTRUSION BJ:,OWING AGENTS 8 

Chemical 
Blowing Agents 

Azodicarbonamide 

4,4' - Oxvbis (bc;nzene-
~ulfony~ydiazidc) 

·p-Toluene sulfonyl 
semicarbazide 

5-Phenyl tetrazinc 

N-dinitrosopenta
melhylcnetetramine 

3,3'- Sulfonbis (i!enzene
sUlfonyl hydrmde) 

Azobisisobutyronitrile 

a. ReferenCe 1. 

Decomposition 
Temperature, .Qc 

220 

150-190 

193 

230 

190- 200 

148 

105 

Gases 
Released 

N2, C02, CO, NH3 

N2. 

TABLE 6-SB PHYSICAL· FOAM EXTRUSION BLOWING AGENTS a 

Physical Blowing Agents 

I so pentane 

Carbon Dioxide 

l'fltrogen 

Ammonia 

Fluorocarbon-11 
(monofluorotrichloromethane) 

Fluorocarbon-12 
( dichlorodifluoromethane) 

Methylene Chloride 

.. Pentane 

a. ReferenCe 1 • 

• 
SCAQMD 6-23 

Boiling Point. 't 
27.9 

-785 

-195.8 

-33.4 

23.6 

-29.8 

40' 

. 36.1 
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TABLE 6-6 1YPICAL FOAM EXTRUSION MELT TEMPERATURE a 

Polymer 

Acrylonitrile-Butadi'ene-Styrene (ABS) 

High Density Polyethylene (HDPE) 

Polypropylene 

Polystyrene 

Polyvinyl Chloride (PVC) 

a. Reference 1. 

Melt Temperature °C 

. 175-230 
200-230 
200-230 
190-230 
.190-210 

TABLE 6-7 1YPICAL PVC FORMULA a 

Material Parts by Weight 

PVC Dispersion Grade Resin ----------------------------------..;__ 100 
Acetone (increases blowing agent efficiency) - 70 

Dibasic Lead Phosphite (stabilizer) ------·-------------- 10 
N,N '-Dimethyl-N,N '-D.initrosoterephthalamide 

(blowing agent component) -.·-------------------------- 17.5 
· White Mineral Oil (blowing agent component)' -------------:---- 7.5 

a. Reference 1. 

• . . 
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screw extruder designed specifically for plasticizing and mixing. The blowing agent 

is injected into one or more orifices in the extruder cylinder by a. piston or diaphram 

pump: The polymer/blowing agent mixture is then passed through a second 

extruder to lower its temperature and increase its. viscosity. This extruder is larger, 

and is designed to maximize cooling and conveying rates while minimizing shear 

· energy· and screw speed. It is equipped with cooling jackets and cooling water 

circulation systems. With the desired temperature established, the uniformly cooled 

melt is forced through the die. The blowing agent boils just after emergence from 

the die due to the release and reduction in pressure. 

NOTE: Fluorocarbons used as blowing agents in the polymer industry have recently been 
linked to tbe depletion of stratospheric ozone (tbe ozone layer). As a result of these 
findings, a multi-national agreement to control the use and production of these 
compounds is in effect. Table 6-8 lists the eight halocarbons controlled under the 
Montreal Protocol on Substances that Deplete the Ozone Layer, signed in September . 
1987. . 

6.1.6 Venting or Vacuum Extraction in Screw Extruders 

The purposes of venting· are: 

- to remove air trapped in the feed section; 

- to remove water vapor on or in solid feed material; 

- to remove residual volatiles, e.g. monomer, diluent; and 

- to remove degradation products produced during heating in the screw. 

The most common method of venting uses an opening on the top of the barrel 

located above the decompression section of the screw (see Figure 6-19). In 

·. singlescrew extruders venting is done at the end of the .first section (the feed .and 

compression sections) where vapor pressure is developed from heating and melting 

the polymer. The resulting increase in pressure is reduced to zero at the vent. The 

second section (the metering and die sections), which is shallower, is used to raise 

the pressure and force the polymer through the die (see Figure 6-20). Effective 

removal of volatiles depends upon the nature of the volatiles and polymer melt, the 

surface area exposed, the melt temperature and the residence time. In general, very 

high volatiles content is handled ~etter with twin screws. 3 Also, venting in twin-
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TABLE6-8 HALoCARBONS CONTROLLED UNDER THE MONTREAL PROTOCOL 

Substance 
r 

Ozone
depleting 
potential a 

Atmospheric 
lifetime 
years Major Uses 

Group 1- Production Cuts Mand!l,ted -----~---------.,....-----

CFC13 (CFC-11) 

CF2Clz (CFC-12) 

CzF3cl3 (CFC-113) 

CzF4Clz (CFC-114) 

CzFsCl (CFC-115) 

1.0 

1.0 

0.8 

1.0 

0.6 

75 

111 

90 

185 

. 380 

Flexible foam, rigid 
polyurethane foam, 
refrigeration, air-conditioning 

Rigid polyurethane 
and nonpolyurethane foam, 
refrigeration, air-conditioning, 
aerosols, sterilization, food 
freezing. 

Solvent 

Rigid nonurethane foam, .A.... 
ref~geration, air-conditio~ 

Refrigeration, air-conditioninl' 

· ·Group 2- Production Freeze Mandated ____________________ _ 

CF2BrCl (Halon-1211) 

CF3Br (Halon-1301) 

3.0. 

10.0 

b 

25 

110 

na 

Portable fire extinguishers 

Total flooding fD"e-extinguishing 
systems 

Fire extinguishers 

a. Estimates depending on chlorine and bromine content and atmospheric lifetime. Potentials are set relative to 
CFC-11, which is assigned a value of 1.0. 

b. To be determined 

na. not avlliJable 

Source: Environinental Protection Agency 
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screw extruders is ·far more important than in single screw extruders because the 

positive pumping action of twin screws can lead to undesirable air entrapment ~d . 

porous extrudates. 

6.1. 7 Emission Control 

Emission controls on plastic extruders focus primarily on volatile emissions. Solid 

· particulates generated in mixing and grinding operations are collected by fabric 

filters. Volatile ·e~issions which are heavy enough to condense under atmospheric 

conditions are controlled by ali electrostatic precipitator (ESP) or a fiber mist filter. 

Other volatiles can be controlled through the use of a small afterburner. 

6.2 · Permit Unit Description 

The permit wording description for plastic extrusion operations is: 

(PROCESSED MATERIAL) EXTRUSION SYSTEM CONSISTING OF: 

1. EXTRUDER, MANUFACI1JRER, MODEL, SERIAL NUMBER, H.P. 

RATING, LENGTII, DIAMETER, WITII A (WEIGHT AND VOLUME) 
CAPACITY HOPPER, USING (NUMBER) I:IEATER(S) wrrn A (KW) 

. RATING (EACH), AND (MOI:>E) C~OLING. 
2. NUMBER, TYPE OF SHAPING AND SIZING SYSTEM(S), 

MANUFACTuRER, MODEL, SERIAL NUMBER, H.P. RATING, 
DIMENSIONS. 

3. BLENDING SYSTEM, MANUFACfURER, MODEL, SERIAL 

.NUMBER 
4. FEED CONVEYANCE SYSTEM, TYPE, NUMBER, H.P. RATING. 

The permit unit boundary for an extrusion system is defined as: 

·All extrusion lines fed or charged from the same source permit; or 

the extrusion lines discharge to common storage or 
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packaging equipment via common conveying equipment . 

. :' 

Each Air Pollution Control devi'ce venting such equipm~nt shall be considered a 

separate permit unit. 

6.3 Emissions 

. 6.3.1 Discussion 

The air emissions from plastics processing operations consist of both particulate and 

volatile emissions. All of the processing operations have the potential to produce 

particulate emissions during the feeding, loading, and blending of dry polymers and 

additives, the trimming of parts, and the grinding of thermoplastic scrap for recycle. . . 
Point source emissions from the extruder include particulate emissions from the 

hopper, cutter, shaker, screen, and drier. Additional particulates are produced 

during pelletizing operations. Pellettizing and finishing operations generally 
proauce particulates which .contain the compounded additives. Properly designed 

and operated mixing and grinding equipment should keep particulate emissions to a 

minimum. Generally particulate control techniques make use of fabric filters. 

All processing operations have the potential to release volatile emissions. 

EmissioiJS are also released when large surface areas of hot polymer are exposed to 

air. Most emissions will contain volatilized monomer, plasticizer, other additives, 
and decomposition products which generally condense at room temperature. 

Fluoroplastics, polyesters, polyethylenes, and polyvinyl chloride are the polymers 

which are most susceptible to decomposition at typical processing temperatures. 
' Decomposition produ~ result :when existing operating conditions (usually 

temperature) cause the polymer to .decompose. Decomposition can be limited by 

formulating the polymer with heat stabilizer additives. 5 Volatile emissions including 

residual monomer, low boiling additives, and polymer degradation products could 

be expected from the die and the drier.· 
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Emission factors for the wide variety of materials and operating conditions in the 
plastic extrusion process are not readily available, hence, emission evaluations are 
generally based on factual assumptions. See Section 6.4 Calculations. 

6.4 Calculations 

Volatile emissions and particulate emissions are calculated from tabulated data and 
information "obtained from the applic~nt and the manufacturer of the plastic raw 
materials used. 

6.4.1 Operational Data 

In order to determine the compliance.status of the plastic extruder, the applicant is 
required to provide the following information: 

Max. Days of Operation/Week,_: ___________ (days/week) 

Max: Hours ~fOperation/Day: (hr/day) 
Start time:_~----- End time: _______ _ 

·Type of Material Prqcessed:'------'------------

Manufacttirer.'-~----~------------------
Trade Name:_· __________ ·code No.:'-----------
Amount of Material Used:. ______________ (lb/hr) 

Content of Free Monomer: (%). 
Particle Size: (gr) Shape: ___ Density:,__ _____ (lb/fr3) 

· Type of Additive(s) Used, e.g. Plasticizer, Blowing Agent: 

Manufacturer:'------------------------
Trade Name: ____________ Code No.:. _________ _ 

Amount of Additive Used: (phr)a % 
Particle Size: (gr) Shape:. ___ Density:........_ _____ (ib/fr3) 

Percent in Feed: Percent in Product: ------ -----
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Length of Heated Portion of Extruder: ( ft) 

Number of Heat Zones: Rating: (kW) 
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Mode of Quenching: Water I Air I None I Other:,__ _________ _ 

Mode of Venting: Atmosphere I Vacuum----------'-- (in H20) 
Method of Feed Conveyance:.__ _________________ _ 

Type of Product Manufactured:.__ ________________ _ 

Particle Size: (gr) Sh11-pe:. ___ Density;~ ________ (lblf~) 

a. phr = parts per hundred resin. 

6.4.2 Plasticizer Emission Calculations 

The estimation of voh.itile emissions of a plasticizer-in plastic extrusion is .based on 

the assumption that the plasticizer loss is proportional to: 

- Surface area of hot plastic between the die face and the cooling tank; 

- Volatility ofthe plasticizer; and 

-Concentration of the plasticizer in the resin (in weight per~ent). 

The plasticizer emission from an extruder using a plasticizer resin is determined as 

follows: 

Obtain the total area of the hot plastic between the die and the cooling 

trough; 
Obtain the type of plasticizer in the resin used for extrusion anp ascertain its 

volatility (mglsq. cm.lhr.); and 
Multiply the surface area of the hot plastic by' the volatility factor and the 

plasticizer concentration (weight fractions). 
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He = Sax Vf x W 

R1 = He x 0,00000221b/mg 

{Equation 6.1) 

(Equation 6.2) 

where: 

R1 = Uncontrolled emission rate (lb/hr) 

He = Uncontrolled hydrocarbon emission (mg/hr) 

Sa = Surface area-·----------------------•(sq.cm.) 

. Vf = Volatility factor--- ------- (mgfsq.cm./hr) 
W = Weight fraction-:------------.- ·---(fraction) 

The volatility factors for some plasticizers are·listed in Appendix 6C- Properties of 

Plasticizers. 

6.4.3 Blowing Ag~nts Emission Calculations 

The evaluation of volatile emissions from plastic exti;'Usion operation using a· 

blowing agent is based on the following information obtained from the applicant: 

BAjn 

BAout 
Pmax. 

= Percent blowing agent in t~e feed, 

= Percent blowing agent in the product, 
= Maximum daily production; in pounds/day 

Composition of the blowing agent (from manufacturer) including: 

percent ROG ---------------------------~- %ROG and 
percent non-ROG -----------~---- ----- % non-ROG 

. Therefore, the rate ofuncontrolled_ ROG emission (lb/day) is: 

R1 . - P max x (BAin- BAout> x (%ROG) ; (Equation 6.4) 

and the rate of uncontrolled non-ROG produced is: 

(Equation 6.5) 
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6.4.4 Piuticulates Emission Calculations 

. · ...... . 

Particulate emissions from a plastic extrusion operation can be estimated using an 

emission factor or the following information: 

where: 

Rl,PM 
Pw 

Mf 

Af 

= 

= 

= 

Uncontrolled particulate matter emission rate, (lb/hr) 

The process v.:eight of the material 

The percent of the material subject to emission 

The percent of material airborn 

(Equation 6.6) 

(lb/hr) 

(fraction) 

(fraction) 

Particulate matter evolved by t~e extrusion process are reduced prior to discharge 

into the atmosphere by an air pollution control (APC) system. The most common 

(APC) system f9r a plastic extruder is an electrostatic preCipitator or fiber mist 

filter. Current BACT guidelines should be consulted to obtain the most recent 

control methods for this equipment. 

The reduction in particulate matter is calculated by Equation 6. 7: 

RzpM 
' NSR 

where: 

Rz,PM 
ECF 

NSR 

R2max 

·- RlPM· x (1- ECF) 
' 

(Equation 6. 7) 

(Equation 6.8) = R2max x 1.1 

= 

= 

-. 

= 

Controlled particulate matter emission rate, (lb/hr) .. 

Control efficiency of the air pollution control system, (fraction). 

New Source Review. The .threshold limit is evaluated by multiplying 

R2max by the Regulation XIII on-site offset factor of 1.1. 

The maximum rating for controlled emissions (at maximum 

equipment rating and maximum .operating schedule). 

Emissions must be calculated for both the actual and maximum operating 

conditions. A7tual emissions are .used in emission inventory. Maximum emissions 

are used to determine compliance with the District's Rules and Regulations. 
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Actual and maximum hourly (lb/hr) emission rates must be converted to daily 

(lb/day) emission rates by multiplying the hourly rates by the appropriate 

equipment dailyop.erationai time factor (T, h·r/day) . 

.In addition, the maximum daily emissions are multiplied by the regulation Xlll On

Site Offset Factor (1.1). These daily emissions increase are accumulated for each 

facility in the District's New Source Review Record. 

6.4.5 'Total Particulate Matter Emission - Concentration 

The total particulate matter mass emission rate (lb/~r) must be converted into total 

particulate matter concentration (grai.ns/dscf). The particulate matter 

concentration is calculated by: 

c (lj:quation 6.9) . 7000 (grains/lb) = 
F X 60 (min/hr) 

where: 

c = Particulate matter concentration, (grains/ dscf) 

Rz 
F 

= 

= 

Total (controlled) particulate matter emission rate, (lb/hr) 

Exhaust air flow rate in dry standard. cubic fe.et per lliinute, (dscfm) 

6.5 Rules Evaluation 

Rule 212 - Standards For Approving Permits 

. Section (e) of this Rule requires public notification of certai~ cases be made prior to 

issuing a permit. 

Rule 401 -Visible Emissions 

No visible emission greater than 20% opacity or Ringlemann No. 1 aggregating for 

· more than three minutes in any one hour period is allowed. 
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Emissions which canse or contribute to a nuisance are prohibited. Factors wonhy of 

consideration include location ( commercialjresideritial area), solvent usage, 

odorous materials, and prior complaints. 

R;ule 404 • Particulate Matter·· Concentration 

Limits for paniculate matter concentrations in an effluent gas stream at standard 

conditions are listed in Table 404(a). of the South Coast Air Quality Management 

District's Rules and Regulations. 

Rule 405 • Particulate Matter • Weight 

limits for paniculate matter emission rates from any source are listed in Table 

405(a) of the South Coast Air Quality Management District's Rules and 

Regulations. 

Regulation XIII • New Source Re~iew. 

(1) H the new or modified equipment causes an increase in facility emissions in. 

excess of one pound per day for any non-attainment air contaminant, Best 

Availa~le Control Technology (BACT) is required. The current BACT for 

particulate matter emissions from plastic extruding operations is a an electric 

precipitator or fiber mist filter 

The South Coast Air Quality Management District's Best Available Control 
Technology Guidelines20 list BACT for different processes. It is constantly 

being updated to reflect advances in technology. It should also be consulted 
to properly determine both applicability· and BACT which may be different 

from case to case. 

(2) If the aceumulated maximum emission of any air contaminant from any · 

stationary source exceeds the threshold limits specified in Rule 1303(a)(2), in 

addition to BACT, the applicant must comply with the following: 

(a) The applicant certifies in writing that all of the facilities emitting 25 tons 

per year or more, which are .owned or operated by the applicant, are in 
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compliance with the limitations of the Clean Air Act and ~he State 

Iml,llementatimi Plan or with the limitations of the District, whichever 

are more stringent. 

(b) The applicant must use modeling or other analysis approved by the 

Executive Officer to demonstrate that the new source or modifications to 

an existing source will noi cause any violation, or make mea.Surably 

worse an existing violation, of any a~bient air quality standard at 'any 

. receptor location in the District.. Modeling shall not be required for any 

air contaminant if all offset sources which are within the distance of five 

(5) miles could actually lower the emission of that air contaminant(s) 

down to the threshold limit. 

(c) The applicant must .offset the total accumulated increase in emissions 

from the stationary source. 

Note: Under this Regulation, emissions from equipment which is exempt 

from permit requirement are to be accumulated in the New Source 

Review Database. These emissions are included to determine 

compliance with the threshold limits. 

6.6 Permit (Operating) Condi~ions 

In order to ensure compliance with the Rules and 'Regulations of the South Coast 

Air Quality Management District, any or all of the following permit conditions may 

be imposed on the equipment. 

· 1:. · PLASTICIZERS MUST NOT BE USED IN TillS EQUIPM~NT. 

2. EMISSIONS VENTED FROM TilE BARREL OF TilE EQUIPMENT 

MUST BE PASSED TIIROUGH A WATER SP ARGING UNIT. 

3. TilE \YEIGHT OF TilE .PLASTICS PROCESSED IN THIS EQUIPMENT 

MUST NOT EXCEED (NUMBER OF) POUNDS IN ANY ONE DAY, 
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4. THE WEIGHT OF THE PlASTICIZER PROCESSED IN THIS 

EQUIPMENT MUST NOT EXCEED (NUMBER OF) POUNDS IN ANY 

ONE DAY. 

5. THE MAXIMUM TEMPERATURE THAT THIS· EQUIPMENT MAY 
OPERATEATIS __ °F. 

·6. A CALIBRATED, FULL-RANGE TEMPERATURE GAUGE MUST BE 

INSTALLED. 

7. RECORDS INCLUDING THE AMOUNT OF ALL MATERIAL(S) 

PROCESSED BY THIS EQUIPMENT, IN POUNDS PER DAY, MUST 

BE MAINTAINED TO PROVE COMPLIANCE WITH CONDmONS 

TWO (2), THREE (3), FOUR (4), AND FIVE (5). THE RECORDS 

MUST BE KEPT IN A FORMAT APPROVED IN WRITING BY THE 

DIRECTOR OF ENFORCEMENT OF THE DISTRICT. THE 

RECORDS MUST BE MAINTAINED FOR AT LEAST TWO YEARs; · 

AND· MADE AVAILABLE TO DISTRICT PERSONNEL. UPON 

REQUEST. 

.. 
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ENGINEERING DIVISION .. 
I. 6 
IAPPLNO. 

I 1 
I DATE 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

PERMIT TO CONSTRUCT/OPERATE 
.. ; 

APPLICANTS NAME: 

MAILING ADDRESS : 

EQUIPMENT LOCATION: 

EQUIPMENT DESCRIPTION 

APPLICATION NO.: 

PLASTIC SHEET EXTRUSION SYSTEM CONSISTING OF: 

1. · EXTRUDER, TYPE, MANUFACTURER-
SERIAL NO. , H.P., INCH BARREL DIAMETER, 
INCH BARREL LENGTH, WITH A HOPPER OF LB CAPACITY, USING 
ELECIRIC/STEAMHEATERSOF KW/BTU/HR RATINGEACH, AND 
WATER/AIR COOLING. · 

2.. FINISHING ROLLERS, MANUFACTURER-
SERIALNO. H.P., WATER/AIRCOOLED. 

3. CONVEYOR SYSTEM, 
SERIAL NO. . . TYPE, MANUFACTURER

.H.P . 

4 ·PULL ROLLS, H.P. 

5. TRIMMING AND CUTTING UNIT, TYPE, 

6. SCRAP GRINDER, MANUFACTURER 
SERIAL NO. H.P. 

7. BLENDER, 
SERIAL NO. 

TYPE, MANUFACTURER
H.P. 

8. FEED CONVEYOR, 
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SOUTH COAST AIR QUALI1Y MANAGEMENT DISTRICI' (PAGES 

I 6 
(PAGE 
I 2 

ENGINEERING DIVISION JAPPLNO. JOATE 

APPLICATION PROCESSING AND CALCULATIONS (PROCESsED BY JCHECKEO BY 

HISTORY . ·.·. 

PROCESS DESCRIPTION 

Pellets, regrinds, and/or scraps of . polymer are vacuum/( other) loaded to a hopper.· 
In addition plasticizers f blowing agents I stabilizers 1. antioxidants / ultraviolet absorbers / organic 
peroxides f colorants I flame retardants f fillers are added. The polymer is heated to __ °F f°C 
m the extruder via electric f steam heaters and extruded to water-cooled rollers. The polymer is 
drawn over a conveyor by pull rolls to the trimming and cutting unit, then sent to the shipment I 
thermoformer f finishing operation. The scrap is passed through a scrap grinder and returned to the 
extruder for reprocessing. The shape/form of the final product is a(n) The extrusion . 
system will operate_ hours/day, __ days per week, __ weeks/year. 

CALCULATIONS 

Polymer used:.__·-------------

Operating Schedule (Average and Maximum) 
Source :_Applicant . 

Avera e 

(Ow.>------- daysfweek 
(Od) hours/day 
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APPLICATION PROCESSING AND CALCULATIONS . IPROCESSEDBY ICHECKEDBY 

Assumptions: 

Emissions from plasticizers are determined ·using volatility factors obtained from the plasticizer 
manufacturer and values in APPENDIX 6B. Particulate emissions are determined from emission 
factors or from airborn fraction values of the process material. 

Plasticizer Emissions 

Plasticizer type:~· ---------------Amount: 

phr = parts per hundred resin. 

R1 

He 

R2 

NSR 

where: 

Rl = 
He = 
R2 = 
Sa = 

~ = 
= 

ECF = 
NSR = 

Revision: 0 

SCAQMD 

= He x 0.0000022 ·lb/mg (x Od and Ow) 

= Sax vf x w 

= R1 x (1 - ECF) 

= R2max x 1.1 

Uncontrolled emission rate (avg., max.) 
Uncontrolled hydrocarbon emission rate (avg.,max.) 
Controlled emission rate ( avg., max.) 
Surface area of the extruded plastic be~een 
extruder die and cooling tank 
Volatility factor 
Weight fraction (concentration) of plasticizer . 
Emission .control factor, (percent removal efficiep.cy) 
New Source Review. NSR emissions are maximum 
controlled emissions (R2 max) multiplied by the Reg XIII 
On-Site Offset Factor ofl.l. · 

6A-S 

phr 

(lb/hr~ 
(mg/hr 
(lb/hr 

'(sq.cm.l 
(mg/sq.cm.Jhr 
. . (% 

(% 
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APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

Particulate Matter (Polymer) 

Rl 

Rz 
NSR 

where: 

Ri = 
Rz = 

~ = 
= 
= 

= Pw x Mf x Af. (x Od and Ow) 

= R1 x (1- ECF) 

= R2max x 1.1 

Uncontrolled emission rate, (avg,, max.) 
Controlled emission rate, (avg., max.) 
Process weight per hour, (avg., max.) 
Material subject to emission 

~R = 
Airborn fraction of Mr _ 
New Source Review. NSR emissions are maximum 
controlled emissions (R2 max) multiplied by the Reg XIII 
On-Site Offset Factor ofl.l. 

EMISSIONS: 

· Uncontrolled, R1 

Actual Maximum 

ROG __ _ 
NOX 

~<if 
PM 

Revision: 0 · 

SCAQMD 

·--

Maxi urn 

j · Controlled, R2 

Actual Maximum Maximum 
lb/day lb/day 

6A-6 

NSR 

lb/hr --~lb/hrl 
lb/hr 

(% 
(% 

lb/day 

Date: 8/18/89 
Plastic Extrusion 



SOUTII COAST AIR QUALITY MANAGEMENT DISTRICT 

ENGINEERING DMSION 

APPLICATION PROCESSING AND CALCULATIONS 

EVALUATION 

I PAGES I PAGE· 

1. 6 I 5 
IAPPLNO. I DATE 

I PROCESSED BY I CHECKED BY 

RULE 401' Based on experience with similar equipment, this facility is (is not) expected to· 
comply with the visible. emission limits. 

RULE 402 Based on experience with similar equipment, nuisance complaints are (are not) 
expected. 

RULE 404 Solid particulate matter concentration emission is (is not) expected to comply with 
: the amount permitted in Table 404(a) for. the stated process .weight per hour. 

RULE 405 . Solid particulate matter weight emission is (is not) expected to comply with the . 
amount permitted in Table 405(a) for the stated process weight per hour. 

REG XIII The net increase in emissions resultin~ from the operation of this equipment does 
(does not) exceed the limitations specified in Regulation XIII as shown by the 
Emission Threshold/New Source Sheet table below: · 

Cumulative Facility Emissions 
Since 10/08/76 

A/N:-----
A/N 
Facilbity:-;::NT"e-:-t.,E::-m-:is'""s7ion Increase 

· Since 10/08/76 

NSR Emissions· in Pounds per Day 
RHC NOx SOz CO PM UnRHC 

-.- ·--

FacilitY Net Emission (does not) exceed(s) threshold, appli~ant(does not) pro~de(s) offsets. 

~Acr.•: The Best Available Control Techno~o~ (BACT) for a plastic extrusion Operation is 

The applicant will (will not) provide a _________ as BACT. 

• The South Coast Air Quality Mana~ement District's.BACT Guideline should be consulted to 
ensure that the current BACT requirements are applied to this equipment. 

Revision: 0 
SCAQMD 6A-7 

Date: 8/18/89 
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.. 
SOUTH COAST AIR QUALI1Y MANAGEMENT DISTRICT 

ENGINEERING DIVISION 

I PAGES 
I 6 
IAPPLNO. 

I PAGE 
I 6 
I DATE 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

CONCLUSIONS/RECOMMENDATIONS 

This plastic extruding facility is (is not) expected to comply with all applicable Rules and 
Regulations of the South Coast Air Quality Management District. Therefore, the following 
disposition is recommended: · . . 

( ) Issue a Permit to (::onstruct/Operate subje~t to the following conditions: 

CONDITIONS 

l. PLASTICIZERS MUST NOT BE USED IN !HIS EQUIPMENT. 

2. · EMISSIONS vENTED FROM 1HE BARREL OF 1HE EQUIPMENT MUST BE 
PASSED 1HROUGH A WATER SPARGING UNIT 

3. THE WEIGHT OF THE PLASTICS PROCESSED IN !HIS EQUIPMENT MUST NOT 
EXCEED POUNDS IN ANY ONE DAY. . 

4. . 1HE WEIGHT OF 1HE PLASTICIZER PROCESSED IN !HIS EQUIPMENT MUST 
NOT EXCEED_ POUNDS IN ANY ONE DAY. 

5. THE MAXIMUM TEMPERATURE 1HAT1HIS EQUIPMENT MAY OPERATE AT 
IS __ °F. · · · 

·6. A CALIBRATED,·FULL-RANGE TEMPERATURE GAUGE MUST BE INSTALLED. 

7. RECORDS INCLUDING 1HE AMOUNT OF ALL MATERIAL(S) PROCESSED BY 
!HIS EQUIPMENT, IN POUNDS PER DAY, MUST BE MAINTAINED TO PROVE 
COMPLIANCE WITH CONDffiONS TWO (2), 1HREE (3), FOUR (4) AND FIVE (5). 
1HE RECORDS MUST BE KEPT IN A FORMAT APPROVED IN WRITING BY THE 
DIRECTOR OF ENFORCEMENT OF 1HE DISTRICT. THE RECORDS MUST BE 
MAINTAINED FOR AT LEAST TWO (2) YEARS, AND MAPE AVAILABLE TO 
DIS'IJUCT PERSONNEL UPON REQUEST. . . 

.QB 

() Deny the Permit to Construct/Operate. 

It is my opinion that the· operation of this equipment will be in violation of Rule(s) 
of the Rules and Regulations of the South Coast Air Quality Management District. 

Revision: 0 
SCAQMD 6A-8 

. Date: .8/18/89 
Plas~ic Extrusion 



APPENDIX 68 

COMPOUNDING AGENTS 

SCAQMD 68-1 

Section: 
·Revision: 
Date: 

6 
0 
8/18/89 
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SCAQMD 6B-2 

Section: 
ReVision: 
Date:· 

6 
0 
8/18/89 
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COMPOUNDING OPERATIONS AND AGENTS 

Compounding Operation 

Anti blocking agents . 
(for polyvinyl cbloride) 

Antioxidants 
(for polyolefms, 
polystyrene, ABS) 

Blowing agents 

Blow agent by-products 

Colorants 

Crosslinking agents 
(for polystyrene) 
(for polyethylene) 

Curing agents 
(for polyesters, 
amino resins, phenolics) 

(for polyurethanes) 

SCAQMD 6B-3 

Section: 
ReVision: 
Date: 

Compounding Agent 

-silicates 
-waxes 

- amines 
- alkylated phenols 
- phosphates 
- thio compounds 

- azodicarbonamide 

6 
0 
8/18/89 

- azobisisobutyronitrile · 
- methylene chloride 
-Nz 
-CO 
-C02 
- tetramethylsucciononitiile 

- carbon black 
- titanium dioxide 
- Cd sulfoselenide 
- phtalocyanines 
- anthraquinone red 
• monoazo yellow 

- divinyl benzene 
- organic peroxides 

- azo compounds 
-peroxides 
- amines 

. - organo tin compounds 
-amines 

Plastic Extrusion 

-, 



COMPOUNDING OPERATIONS AND AGENTS 

Compo~nding·Operation 

Fillers 

Flame retardants 

Heat stabilizers 
(for polyvinyl chloride 
and polvinylidene chloride) 

Lubricants 

Plasticizers 

Reinforcing agents 

Slip promoters 
(for polvinyl chloride) 

UV stabilizers 

SCAQMD 6B-4 

Section: 
Revision: 
Date: 

Compounding Agent 

- calcium .carbonate 
-kaolin 
- diatomaceous earth 
- marble dust 
- iron tiDings 
-plaster 
- vermiculite 
-wood dust 
-talc (no asbestos) 

- antimony oxide 
- alumina trihydrate 
- trixylenyl phosphate 

6 
0 
8/18/89 

- decabroodiphenyl oxide 
- chlorinated paratrm· wax 

- tribasic lead sulfate 
- bariumfcadimium stearate 
- calcium/zinc stearate 

- hydrocarbon oils 
~ paratrm waxes 
-mica 
-talc 

- di-n-cetyl phthalate 
- diisoctyf phtalate 
- diisodecyl phtalate 
- tricresyl phosphate 
- di.-(2-etbylhexyl) phthalate 

-asbestos 
-silica 
- glass fibers 

-silicates 
-waxes 

- benzotriazides 
- benzophenones 

Plastic Extrusion 
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Section: 
Revision: 
Date: 

APPENDIX 6C 

PROPERTIES OF PLASTICIZERS 

6 
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Section:· 
Revision: 
Date: 

6 
0 
8/18/89 

Properties of Commercially Available Plasticizers Arranged in Order of Ascending Number of Carbon 

Atoms. 

Name Formula 

Acetin C5H10°4 

o-and p-Toluene- ~~02NS 
sulfonamides(mixlure) 

Diacetin ~H1205 

N-Eihyl-p-toluene-
sulfonamide 

~H1302NS 

N-Ethyl•o- and p-toluene- ~H1302NS 
sulfonamides (mixture) 

. Triacetin ~Hvi06 

Dimethyl phtalate c 10H10o4 

0-Nitrobiphenyl C12H9o2N 

Dielhyl phtalate . C12H1404 

Triethyl citrate C12H2007 

Dimethyl sebacate c12H22°4 

Di-n-butyl tartrate c 12H22o6 

Tri-n-butyl phosphate C12H2704P 

SCAQMD 

Mol. 
Wt. 

134 

171 

176 

199 

199. 

218 

194 

199 

222 

276 

230 

262 

. 266 

6C-3 

Specific 
Gravity·· 
at20 °C 

1.190 
. (at25°C) 

1353 

1.178 

1.171 
(at65°C) 

1.190 
(at25°C) 

1.157 
(avg.) 

1.191 

1.203 
(at25°C) 

1.118 

1.136 
(at25°C) 

0.986 
(at30°C) 

1.094 

0.978 

055 101 

>4.0 > 1000 

3.40 >500 

150 143 

>4 502 

Plastic Extrusion 



Mol. 
Name Formula Wt .. 

Monomethyl phtalate Cl3H1406 266 ' 
ethyl glycoate ester 

N-Cyc;lohexyl- 'CJ.il19o 2NS 253 
p-toluenesulfonamide 

Monoethyl phtalate C14H16°6 280 
ethyl glycolate ester 

Di(methyl)phtalate c14H18°6 282 

Triethyl acetylcitrate Cr4H2208 318 

Diisobutyl adipate c14H26°4 258 

Tributyrin ClSH2606 302 

Methyl laurate ClSH3003 258 

Di-n-butyl phtalate c16H22o4 278 

Di phthalate c16H22°6 310 

n-Butyl laurate . c16H32°2 256 

Methyl myristate c 17H34o 3 286 

Di(butyl Carbitol)formal c17H36o6 336 

Triphenyl phosphate c 18H150 4P 326 

Bis( dimethylbenzyl)ether c18H22o 286 

n-Butyl cyclohexyl c18H24°4 304 
phthalate 

SCAQMD 6C-4 

Section: 
Revision: 
Date: 

Specific 
Gravity 
at20°C 

1227 

1.125 

1.186 

1.169 

1.13 

0.957 

1.036 

0.894 
(at 25°C) 

1.()48 

1.120 

0.857 
(at.25°C) · 

0.895 
(at zsOC) 

0.97 

1.268 
(at60°C) 

1.008 

1.078 

6 
0 
8/18/89 

Volatility of 
Free Plasticizer 
in Air 
(mg.fsq.cm./hr.) 

212 °.F 375 Op 
Cl00°C) (191 °C) 

0.65 61 

0.05 26 

0.50 93 

0.16 . 61 

>525 

0.98 148 

0.15 30 

0.02 .22 

75 
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.. 

Mol. 
Name Formula Wt. 

Mono-n-butyl phthlate 
n-butyl glycoate ester 

C1s"24°6 336 

Tri-n-butyl citrate . C1gH3407 360 

Triethylene glycol Ct8H34°6 346 
di(2-ethylbutyrate) 

Butyllaurate c18"36°3 300 

Di-n-hexyl adipate c18"34°4 314 

Di(1,3-dimethylbutyl) . 
adipate 

C1s"34°4 314 

: Di-n-butyl sebacate ~g~04 314 

Di(butyl)adipate C1sH3406 346 

n-Butyl myristate C1SH3602 284 

Triphosphate c 18H39o7P . 398 

Cresyl diphenyl 
phosphate 

c 19H170 4P 340 

n-Butyl benzyl 
phthalate 

C19"2o04 312 

Bis( dimethylbenzyl) C19"22°3 298 
carbonate 

Methyl penta- C19H330zC!s 471 
chlorostearate 

Methyl ricinoleate c19"36°3 312 

SCAQMD 6C-5 

Section: 
Revision: 
Date: 

Specific 
Gravity 
at20°C 

1.103 

1.()45 

.0.995 

0.882 
(at25°C) 

0.933 
(at25°C) 

0.926 

0.926 

0.997 

0.861 
(at ZSOC) 

1.022 

1.208 
(at25°C) 

1.116 
(at ZSOC) 

1.083 

1.204 

0.925 
(at25°C) 

6 
0 
8/18/89 

Volatility of 
Free Plasticizer 
in Air 
(mg./sq.cm./hr.) 
2U~ 375°F 

(100 °C) (191 °C) 

o.os 31 

0.16 44 

0.86 

58 

29 

. 32 

7 
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Mol. 
Name Formula WI. 

Methyl palmitate c19H36°3 314 

Me~yl hydroxystearate c19H38°3 314 

Diphenyl phthalate CwH1404 318 

Dicyclohexyl phthalate CwH26°4. 330 

2·Ethylhexyl diphenyl CwH2704P 362 
phosphate 

Di-n-hexylphthalate CwH3004 334 

Di(2-:ethylbutyl) CwH3004 334 
phthalate 

Di(1,3-dimethylbutyl) CwH3iJ0 4 334 
phthalate 

Di(butyl)phthalate CwH30°6 366 

Diphthalate CwH3008 398 

Tri-n-butyl CwH34°8 402 
acetylcitrate 

n·Butyl palmitate Cw"40°2 313 

Tricresyl phosphate ~1H2104P 368 

n·Butyl benzyl sebacate ~1H32°4 348 

Methyl acetylricinoleate ~1H38°4 355 

Methyl oleate ~1H4003 341 

Di(2-ethylbutyl)azelate . ~1H4004 357 

SCAQMD 6C-6 

Section: 
Revision: 
Date: 

Specific 
Gravity 
at20°C 

0.891 
(at.25°C) 

1.28 

1.23 

l.il92 

1.007 

1.016 

0.995 

1.063 

1.150 

·1.046 
(at~C) 

0.865 
(at~C) 

1.165 

·1.004 

0.936 

0.902 

0.930 

6 
0 
8/18/89 

Volatility of 
Free Plasticizer 
in Air 
(mg./sq.cm.jhr:) 

2120p 3750p 
(lQQOC) (191 °C) 

0.006 10 

44 

43 

0.20 65 

>150 

0.06 24 

0.08 18 

61 

0.01 7 

0.12 29 

43 
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Mol. 
Name Formula Wt. 

Propylene glycol ~1H4004 357 
monoricinoleate 

Methyl stearate ~1H42°3 343 

n-Butyl ricinoleate CzlH42°3 355 

Di(1,3-dimethylbutyl) 
sebacate 

CzlH4204 371 

Pi(2-ethylhexyl) CzlH42°4 0.927 
adipate 

Diisooctyl adipate CzlH4204 •371 .. 

Dicapryl adipate CzlH42°4. 371 

Diethylene glycol Cz2H4z0s 387 
dipelargonate 

Di(butyl)sebacate CzlH42°6 403 

Triethylene glycol CzlH42°6 403 
di(2-etbyl h~oate) 

Triethylene glycol CzlH4206 406 
dicaprylate (avg) 

Dibutyl adipate CziH4zOs 435 

n-Butyl stearate CzlH4402 341 

n-Butyl oleate CzlH42°2 339 

Tetrahydro- ~H42°3. 366 
f11furyf oleate 

SCAQMD 6C-7 

) 

Section: 
Revision: 
Date: 

Specific 
Gravity 
at20°C 

0.950 
(at~0C) 

Oim 
(at25°C) 

0.911 

0.928 

0.915 

0.963 

0.970 

0.968 

0.973 

1.02 
(at16°C) 

0.~8 

0.864 
(atZSOC) 

0.925 

6 
0 
8/18/?9 

Volatility of 
Free Plasticizer 
in Air 
(mg./sq.an./hr.) 

212 °F 375 "F 
Ci00°C) (191 °C) 

30 

41 

.38 

0.04 

0.18 50 

. 59 
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.. 

Name Formula 

. Methyl acetylricinoleate ~H42°5 

o-Xenyl diphenyl 
phosphate 

Cz4H19o4P 

Dibenzyl sebacate S4H300.j . 

Di(2-ethylhexyl)phthalate Cz4H3804 

Diisooctyl phthalate Cz4H38°4 

Dicapryl phthalate Cz4H3804 

Di(2-ethylhexyl)tetra- Cz4H42°4 
hydro phthalate 

Tetra-n-butyl Cz4H42°8S 
thiodisuccinate 

Di(2-ethylhexyl) Cz4H4404 
hexahydrophthalate 

n-Butyl Cz4H4404 
acetylricinoleate 

Butyl oleate · Cz4H46°3 

Dinonyl adipate Cz4H46°4 

n-Octyl n-decyl Cz4H4604 
adipate (mixture) 

Polyethylene glycol Cz4H4607 
di(2-ethylhexanoate) 

Butyl stearate Cz4H4803 

SCAQMD 

Mol. 
Wt. 

399 

402 

382 

390 

390 

390 

395 

491 

397 

397 

383 

398 

398 

447 

385 

6C-8 

Specific 
Gravity 
at20 °C 

0.955 

1.233 

1.055 

Sectimi.: 
Revision: 
Date: 

(at 30°C) 

0.986 

0.987 

0.966 

0.969 
(at 20°C) 

1.054 

0.956. 

0.929 

0.885 
(atzsOC) 

0.914 
(at25°C) 

0.920 

0.989 

0.882 

6 
0 
8/18/89 

Volatility of 
Free Plasticizer 

12 

. 0.005 20 

0.02 24 

19 

22 

1.466 30 

6 

37 

30 

44 

26 
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Mol. 
Name Formula Wt. 

Tri(2-ethylhexyl) ~H5104P 435 
phosphate 

Di(2-ethylhexyl) C:zsH4804 413 
azelate 

n·Octyl n-decyl S6H42°4 418 
phthalate (mixture) 

Isooctyl n-octyl S6H42°4 418 
n-decyl phthalate (mixture) 

Di(2-ethyihexyl) CuH5o0 4 427 
sebacate 

Diisooctyl sebacate CuH5o0 4 . 427 . 

Dicapryl sebacate CuH5o0 4 427 

2-Ethylhe.xanoic acid ~H53o5N . 484 
· diester of N,N-bis 

(2-hydroxyethyl)-2-ethylhexanamide 

Tri(p-tert -butyl phenyl) ~H3904P 495 
phosphate 

Glyceryl triricinoleate C57H104°9 933 

Glyceryl tri(ace~I- c63Hno0 12 1060 
ricinoleate) 

Aroclor 1242, 
c:J!Iorinated biphenyl 

Flexol plasticizer 
R-2H, polyester 

G.E. 2557, polyester 

SCAQMD 6C-9 

Section: 
Revision: 
Date: 

Specific 
Gravity 
at20°C 

0.926 

. 0.918 

0.975 

0.978 

0.912 

0.917 

0.007· 

0.956 

0.959 
(at~C) 

0.964 

1.378-
1.388 
(at~C) 

1.055 

1.028 

6 
0 
8/18/89 

Volatility of 
Free Plasticizer 
in Air 
(mg./sq.cm.fhr.) 

212~ 375~ 
(lOOoC) (191 °Q 

39 

20 

8 

12 

.12 

0.9 

0.7 

2.50 0 146 

05 

3 
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Mol. 
Name Formula · Wt. · 

G.E. 2559, polyester 

Paracril C, nitrile rubber 0.984 

Paraplex G-25, polyester ca8000 

Paraplex G-40, polyester ca6000 

Paraplex G-50, polyester ca2200 

Plastolein 9720, polyester ca850 

Dow 276-V2, polymolecular 
product derived from alpha-methylstyrene 

HB 40, partially hydrogenated 1.007 
mixture of isomeric terphenyls 

Kenflex L, hydrocarbon 
resin made by reaction, of 
formaldehyde + dimethylnaphthalenes 

Nevillac toO (PHO), 240 
a hydrindyl phenol 
derivative • · 

Nevinol 

Panallex BN-1, 
alkynated aromatic hydrocarbon mixture 

SovaloidC, 
alkylated aromatic hydr<?Carbon. mixture 

ArneeiTOD, ca278 
mixture of oleic, linoleic, 
and cyclic nitrites 

SCAQMD 6C-10 

Section: 
Revision: 
Date: 

Specific 
Gravity 
at20°C 

L060 

1.06 

1.15 

1.084 

1.043 

1.021 

1.01 
(at 15.6°C) 

1.075-
1.10 
(at 15.6°C) 

1.03-
1.08 (at 15.6°C) 

0.955 

l.Q38 

0.910 

6 
0 
8/18/89 

Volatility of 
Free Plasticizer 
in Air 
(mg.fsq,cm.fhr.) 

212~ 315~ 
(100°C) (191 °C) 

1 

0.2 

0.6 

1 

2 

•115 
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Name 

n"Butyl acetyl 
polyricinoleate, PG:16 

Chlorinated par;lffm 40 

Flexol plasticizer 

Formula 

B-400, polpropylene glycol mono-n-butyl ether 

Glyceryl polyricinoleate 
No.lS oil 

Mineral Oil 
· (Fiashpoint 463°F) 

SCAQMD 

Mol.
WI. 

362 

6C-11 

Specific 
Gravity 
at20°C 

Section: 
Revision: 
Date: 

0.913-
(at250C) 

1.164 

0.995 

6 
0 
8/18/89 

Volatility of 
Free Plasticizer 
in Air 
(mg.fsq.cm.fhr.) 

212op 375op 
(100 °C) (191 °C) 

O.Q3 5 
25 ~at 
425 F) 
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7.1 
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SCAQMD 

t · 

SECfiON7 

Storage Silos - Receiving and Storage Systems 

General Description 
Permit Unit Description 

Section: 
Revision: 
Date: 

Pneumatic Receiving and Storage System Venting 
to External Control 

Mechanical Receiving and Storage System Venting 
to External Control 

Pneumatic Receiving and Storage System With 
Integral Control . 

Pneumatic Receiving and Storage System Venting 
to External Control 

Emissions 
Description 
Emission Factors 
Calculations 
Operational Data 
Process Weight Calculations 
Emission Calculations 
Unc·ontrolled Emissions (Rt) Calculations 
Controlled Emissions (R2.) Calculations 
Total Particulate Matter Emissions Vented 
Atmosphere . 

Total Particulate Matter Emission- Concentration 
Baghouse/Filtered Vent Design Calculations 
Duct Velocity Calculation · 
Rules Evaluation 
Permit (Operating) Con9itions 

7 
0 
8/18/89 

7-1 
7-4 

7-6 

7-7 

7-7 

7-8 
7-9 
7-9 
7-10 
7-10 
7-10 

.7-11 
7-14 
7-14 
7-15 . 

7-16 
7-17 
7-18 
7-18 
7-19 
7-21 

7-23 

Worksheet For Receiving and Storage Systems Using 
Pneumatic Conveying . 7 A-1 

Worksheet For Receiving and Storage Systems Using 
Mechanical Conveying 7B-1 · 
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SECTION7: STORAGE SILOS -RECEIVING AND STORAGE SYSTEMS 
.... 

7.1 General Description 

Storage vessels are used by many industries to receive and store ingredients and the 

final product for future use. The materials stored can be gases, liquids, or bulk 

solids. A bulk solid is defined as solid ·material which may be process~d in a form 

varying from fine powder to large .chunks in which individual pieces are not 

individually positioned for processing. Storage vessels designed to store gases and 

liquids are called storage tanks. Storage vessels designed to store bulk solid 

material are called storage silos and surge bil)s. A storage silo or bin is defined as 

any receptacle or container which serves to receive and accumulate bulk solid 

material. Examples of solid material stored. il) silos_ and surge bins include grain, 

corn, gypsum, soap (flakes), fertilizer, cement, flyash, and sand. 

If the capacity o( the bulk solid material storage vessel is such that it can hold more 

than one days use (requirement) or production, the vessel is called a storage silo. If 

the bulk solid material storage vessel can hold less than one days use or production, 

the vessel is called a surge bin. A storage silo can be its own permit unit or it can be 

part of a Receiving and Storage System permit unit. Surge bins are included as part' 

of the basic equipment permit unit which they are associated with. 

Typically; storage silos are constructed of steel, cylindrical in shape with a conical 

bottom section and are 8-10 feet in diameter and 40-50 feet in height. However, . . 
larger concrete silos have been used to store flour, grains, and cement. 

A pneumatic bulk material Receiving and Storage System is shown in Figure 7-1. 

Figure 7-2 shows a cement Receiving and Storage System using a screw conveyor 

and a bucket elevator to transfer the cement from the truck to the storage silo. 

Storage silos storing the same or similar materials at a facility are generally grouped 

together with a conveying mechanism known collectively as a "Receiving and 

Storage System." Typically, the conveying mechanism is a pneumatic-type system 

consisting of a blower or compressor and a filling tube. . . . 
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FIGURE 7-1 RECEMNG AND STORAGE SYSTEM 
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A storage silo can be vented to a baghouse or to a filtered vent attached to the silo. 

Both baghouses and filtered vents are equivalent and effective methods to remove 

particulate matter from a Receiving and Storage ·system's exhaust air stream. A 

baghouse usually controls several or all of the silosincluded in the receiving and 

storage system. A clear distinction between a baghouse and a filtered vent is the 

driying fo.rce conveying the particulate matter entrained air front the silo to the 

control device. The baghouse requires an exhaust blower (or fan). The filtered vent 

uses the air flow created by the blower. or compressor from the bulk transport truck 

or the unloading station. 

Since. the majority of silo applications for permit to construct and operate received 

are part of a receiving and storage system, this section of the Handbook will address 

the Receiving and Storage System. . 

7.2 Permit Unit Description 

T!Je majority of the Receiving and Storage Systems operated in the South Coast Air 

Basin use a blower fan or compressor "to pneumatically_ convey the bulk solid 

material. ·The blower or compressor is typically located in close proximity to the 

Receiving and Storage System. This blower or compressor can be· powered by an 

electric motor or internal combustion (IC) engine permanently located at the site, 

pqwered by an electric motor or IC engine on the trailer of the bulk transport truck, 

or powered by the IC engine of the bulk transport truck delivering material to the 

site. Most Receiving and Storage Systems use a compressor that is mounted on the 

truck to convey the bulk solid material. Typically,. blowers are permanently located 

at the receiving area. 

-The power generated by the truck's engine dire'cted to the compressor is · 

accomplished by a: system known as "power take ofr' or PTO. When the PTO is 

engaged, a percentage of the mechanical energy generated by the truck's engine is 

directed to the compressor. The amount of power directed from the engine to the 

com.llressor varies with the size of the engine and the size of the compressor. 

Aithough some of the truck's engine horsepower is used as a primary mover of the 

bulk solid material from the truck to the storage silos, the District currently 
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considers the truck's engine as a mobile source and not subject to permit evaluation 

requirements. Similarly, a separate IC engine situated on the truck for the purpose 

of loading and unloading material is currently considered as part of that mobile 

source. 

Occasionally, an IC:::: engine is used at a remote receiving and storage site to power 

the blower. If a piston type IC engine with a break horsepower (BHP) rating less 

than or equal to the value specified in District Rule 219, "Equipment' Not Requiring 

A Written Permit Pursuant To Regulation II", is used, that engine must be included 

in the permit descri~tion of the receiving and storage system. If the BHP rating is 

greater than the value specified in Rule 219, the IC engine must be evaluated as a 

separate permit unit. 

If the Receiving and Storage System is ':'ented to an external air pollution control 

(APC) system, that APC system must be evaluated as a separate permit unit. Those 

silos of the Receiving and Storage systems with ail integral APC system (filtered 

vent) shall include the APC device as a part of the permit unit if all of the collected 

material is directly returned to the storage vessel being vented. 

A storage ves.sel can be included with the permit unit from which it receives 

material if the following conditions are satisfied 1: 

the material is bulk solid; and 

the material is received from only one source permit unit; and 

the storage vessel is physically united to the source permit unit by 

conveyor, chute, pipe or hose .. 

The storage vessel will be considered a separate permit unit if any one of the 

following conditions is true 1: 

the material being stored is a liquid or gas; or 

the material is received from more than one source permit unit; or 
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the storage vessel is not united physically to the source permit · 
unit. · 

In processing bulk solid materials, the permit unit includes all equipment in the 

process line, beginning at the discharge from raw material storage and ending at the 

product storage or the start of another process. All processing lines of equipment 

for bulk solid material physically united for flow through one or more pieces of 

common equipment are considered as a single permit unit. Also, if the permit unit 

is to include more than one silo, all silos should have the same dimensions and 

capacity. 

7.2.1 Pneumatic Receiving And Storage System.Venting to External Control 

A Receiving And Storage System using pneumatic conveying is described in the 

permit as follows: 

(MATERIAL) RECEIVING AND STORAGE SYSTEM CONSISTING OF: 

i. (NUMBER OF) STORAGE SILO(S), (BULK SOLID MATERIAL), 

EACH (INTERNAL DIMENSIONS) DIAMETER X HEIGHT, 
(VOLUMETRIC CAPACITY) CUBIC FEET. 

2.. TRUCK UNLOADING STATION WITH (NUMBER OF) PNEUMATIC 

FILL TUBE. 

If Awlicable 

3. INTERNAL COMBUSTION ENGINE, MANUFACTURER'S NAME, 

DIESEL-FUELED (GASOLINE-FUELED), MODEL NO., SERIAL NO.,· . . . 
NO. OF CYLINDERS, TWO/FOUR CYCLE, ENGINE BRAKE 

HORSEPOWER, DRIVING A BLOWER. 
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7.2.2 Mechanical Receiving And Storage System Venting to External Control 

A Receiving And Storage System using mechanical conveying is described in the 

· permit as follows: 

(MATERIAL) RECEIViNG AND STORAGE SYSTEM CONSISTING OF: 

1. (N:UMBER OF) STORAGE SILO(S), (BULK SOLID MATERIAL), 

EACH (INTERNAL DIMENSIONS) DIAMETER X HEIGHT, 

(VOLUMETRIC CAPACITY) CUBIC FEET. 

2. RECEIVING HOPPER, (INTERNAL DIMENSIONS) WIDTH . X 
LENGTH X HEIGHT. 

3. SCREW CONVEYOR, HORSEPOWER RATING. 

4. BELT CONVEYOR, HORSEPOWER RATING. 

5. BUCKET ELEVATOR, HORSEPOWER RATING. 

If Applicable 

6. INTERNAL COMBUSTION ENGINE, MANUFACTURER'S. NAME, 

DIESEL-FUELED (GASOLINE-FUELED), MODEL NO., SERIAL NO., . . 
No.· OF CYLINDERS, TWO/FOUR CYCLE, ENGINE BRAKE 

HORSEPOWER, DRIVING A BLOWER. 

7.2.3 Pneumatic Receiving And Storage System With Integral Control 

A Receiving and Storage System using pneumatic conveying with a filtered vent 

(integral control device) is described in the permit as follows: 

(MATERIAL) RECEIVING AND STORAGE SYSTEM CONSISTING OF: 
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1. (NUMBER OF) STORAGE SILO(S), (BULK SOLID MATERIAL), 

EACH (INTERNAL DIMENSIONS) DIAMETER X HEIGHT, 
. . 

· (VOLUMETRIC CAPACITY) CUBIC FEET, WITH A FILTERED 

VENT, MANUFACTURER, MODEL NUMBER, (NUMBER OF) BAGS, · 

EACH (INTERNAL DIMENSIONS) DIAMETER X HEIGHT, AND 

(NUMBER OF) SQUARE FEET ACTUAL FILTER AREA. 

2.- TRUCK UNLOADING STATION WITH (NUMBER OF) PNEUMATIC 

FILL TUBE. 

If Applicable 

3. INTERNAL COMBUSTION ENGINE, MANUFACTURER'S NAME, 

DIESEL-FUELED (GASOLINE-FUELED), MODEL NO., SERIAL NO., 

NO. OF CYLINDERS, TWO/FOUR CYCLE, ENGINE BRAKE . . 
HORSEPOWER, DRIVING A BLOWER. 

7.2.4 Mechanical Receiving And Storage System Venting to External Control 

A Receiving And Storage System using mechanical conveying is described in the 

permit as follows: 

(MATERIAL) RECEIVING AND STORAGE SYSTEM CONSISTING OF: . . . 

I. (NUMBER OF) STORAGE SILO(S), (BULK SOLID MATERIAL), 

EACH (INTERNAL DIMENSIONS) DIAMETER X HEIGHT, 

(VOLUMETRIC CAPACITY) CUBIC FEET. 

· 2. RECEIVING HOPPER, (INTERNAL DIMENSIONS) WIDTH X 

LENGTH X HEIGHT. 

~. SCREW CONVEYOR, HORSEPOWER. RATING. 

4. BELT CONVEYOR, HORSEPOWER RATING. 

SCAQMD 7-8 Receiving/Storage Systems 



• 

5. BUCKET ELEVATOR, HORSEPOWER RATING . 

.If Applicable 

Section: 
Revision: 
Date: 

7 
0 
8/18/89 

6. INTERNAL. COMBUSTION ENGINE, MANUFACTURER'S NAME, 

DIESEL-FUELED (GASOLINE-FUELED), MODEL NO., SERIAL NO., . . . 
NO. OF CYLINDERS, ~0/FOUR CYCLE, ENGINE· BRAKE 

HORSEPOWER, DRIVING A BLOWER. 

7.3 Emissions 

7.3.1 Description 

Source(s) of emission from a Receiving and Storage System, if properly vented and 

co.ntrolled, is primarily from the baghouse or the filtered ~ent(s). The primary air 

contaminant resulting directly from the transfer of bulk solid material is particulate 
. . 

matter (PM). ·Most Receiving and Storage Systems use air to convey the bulk solid 

material. This conveying air is usually derived from an electric motor or an IC 

engine at the site or on the bulk transport truck. Receiving and Storage Systems 

using an internal combustion (IC) engine located permanently at the site must 

include the products of combustion emissions in the evaluation for permit to 

construct and operate. The primary air contaminants from the IC engine driving the 

blower or compressor are reactive organic gas (ROO), oxides of nitrogen (NOx), 

oxides of sulfur (SOx), carbon monoxide (CO), and particulate matter (PM~. If the 
IC engine is part of the receiving and storage· system permit unit (see Section -

Permit Unit Description), both "unloading" and "engine" emissions are summed to 

determ!ne total emissions. If the IC engine and the receiving and storage system are 

separate permit units, the "unloading" emissions are the total emissions for the 

·receiving a.nd ·storage ·system permit unit.· The mechanical conveying equipment 

(screw and belt conveyors and buc~et elevators) are usually enclosed resulting in 

negligible particulate emissions. Any emission from this transfer equipment is 

typically directed to the control device for the silo. However, these fugitive 

emissions can be vented to other control equipment not venting the silo . 
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· Particulate matter emissions from Receiving and Storage Systems are generated by 

conveying the bulk solid material from the truck to the storage silo(s). These 

emissions are the small fraction of bulk solid material which remains entrai!Jed in 

the moving air stream. This air stream is eventually exhausted to the atmosphere. 

Also, as bulk solid material fills the silo, the air in the silo is displaced. Bulk solid 

material or particulate matter entrained in .this displaced air is also exhausted to the 

atmosphere. Particulate matter. is removed from the total air stream by a air 

pollution control device or system, then vented or exhausted to the atmosphere. In 

those systems where a Rule 219 permit exempt IC engine is used, the products of 

combustion emissions must be added to the conveying and displaced air emissions 

to determine the total emissions. 

(A) Receiving and Storage: 

There is a variety of bulk solid materials that can be received and stored. Emission 

factors for some common bulk solids are listed in Table 7-1. 

(B) Internal Combustion Engines: 

Table 7-2 lists emission factors for internal combustion engines driving the blower . . 
or. compressor. 

7.4 Calculations 

7.4.1 Operational Data 

Emission calculations must be performed to determine the compliance Status of the 

Receiving and Storage System. To determine compliance, the applicant must 

provide the following information: 

Bulk solid Material: 

Process Information: lb /load, hr /load, load/hr 

Operating Schedule 
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Maximum: 

Average: 

Filtered Vent/Baghouse Filter Area 

Baghouse Blower Horsepower 

Blower Capacity: 

Engine Brake Horsepower: 

Fuel Type: 

Fuei Consumption Rate: 

Exhaust Volume: 

Receiving Hopper Dimensions 

Screw Conveyor Horsepower Rating 

Belt Conveyor Horsepower Rating 

Bucket Elevator Horsepower Rating 

7.4.2 Process Weight Calculations· 

Section: 
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The process weight (PW) is defined as the total weight of all materials introduced 

·. into any specific process which may discharge contaminants into t~e atmosphere. 

Material which is recycled is considered in calculating process weight each time it is 

recycled. Therefore, material collected by the filtere~ vent or APC system from the 

receiving and stor!lge system (or silo) is part of the process weight. : 

The process weight per hour, or process weight rate (PWR), is. the total process 

weight divided by the number of hours in one complete operation from the 

beginning of any given process to the completion thereof, excluding any time during 

which the equipment is idle. Therefore, if the complete process operation or cycle is 

less than one hour, the process weight rate would be the total. (prorated? amount of 

materials that would have.been introduced to the process if the operation required 

one full hour to complete. 

The PWR for a receiving and storage system is calculated in the following manner: 

SCAQMD 7-11 Receiving/Storage Systems 



Section: 
Revision: 
Date: 

7 
0 
8/18/89 

Table 7-1 
a 

Uncontrolled Emission Factors for Cotnmonly Stored· Bulk solids 

Bulk solid Material Emission Factor Reference 

(lb PM/ton PW)b 

Feed and Grain 0.6-1.0 AP-42, Table 6.4-2 

Ammonium Nitrate <.0.02. AP-42, Table 6.8-1 

Normal Superphosphate o.s6c AP-42, Table 6.10.1-1 

Triple Superphosphate 14-18c AP-42, Table 6.10.2-4 

Ammonium Phosphate 6c AP-42, Table 6.10;3-4 

Glass Fiber Mfg 3 AP-42, Table 8.11-8 

Sand/Gravel 0.024-0.056 AP-42, Table.8.19.1-1 

. Bauxite/ Alumina l.J AP-42, Table 8.23-4 

All Metallic Minerals but Bauxite 0.12 AP-42, Table 8.23-4 

Cement 2 SCAQMD Memo d 

a Reference 2 

b PM = Particulate Matter 

PW = Process Weight : Weight of Material Received and Stored 

c Values From Reference Converted to Uncontrolled Emission Factors 

d Reference 3 

SCAQMD 7-12 Receiving/Storage Systems· 



•• 

.. 
Section: 
Revision: 
Date: 

7 
0 
8/18/89 

Table 7-2: Emission Factors For Internal Combustion Engines 

a 

b. 

c. 

Emission Factor 

Air Contaminant Gasolipea Diesela Naturalb LPGb 

Gas 

(lb/gal) (lb/gal) (lb/scf) (lb/gal) 

Reactive Org~nic Gas (ROG) 0.1320c 0:0375 0.0069 

Oxides of Nitrogen (NOx) .0.1020 0.4690 3.4000. 

Carbon Monoxide (CO) 3.9400 0.1020 0.4300 

Oxides of Sulfur (SOx) 0.0053 0.0071 0.0001 

Particulate Matter (PM) 0.0065 0.0335 0.0014 

' 
Reference 2 (SOx emissions for diesel corrected to 0.05% sulfur) 

Reference 4 

The emission rate of Reactive Organic Gases due to crankcase 
blowby and evaporation loss of gasoline is 0.221lbs/hr. 

Diesel has negligible crankcase blowby and evaporation loss . 

0.0830 

0.1390 

0.1290 

0.0004 

0.0050 
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(Equation 7.1) 

PWR = Process weight rate (flow rate of bulk solid material, lb /hr) 

7.4.3 Emission Calculations 

Emissions must be calculated for both .the actual and maximum operating 

conditions. Actual emissions are used in emission inventory. Maximum emissions 

are used to determine compliance with the District's Rufes and Regulations. 

Actual and maximum hourly (lb/hr) emission rates must be converted to daily 

(lb/day) emission ·rates by multiplying the hourly rates by the appropriate 

equipment daily operational time factor (T, hr/day). In addition~ the maximum 

. daily emissions are multiplied by the Regulation XIII On~Site Offset Factor (1.1). 

These daily emissions increases are accumulated for each facility i~ the District's 

New Source Review Record. 

' 

7.4.3.1 Uncontrolled Emissions (Rl) Calculations 

Uncontrolled particulate matter (PM) emission from conveying bulk solid material 

from the truck to the storage silos is determined by Equation 7.2. 

R'l>PM = EF' x PWR 

2,000 

where: 

(Equation 7.2) 

R'l•PM = Uncontrolled PM emission from material transfer (Ib/hr) 
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EF' . = Emission factor (lb PM/ion PWR) from Table 7-1 

PWR = Process weight rate (flow rate of bulk solid material, lb/hr) 

2,000 = conversion factor - pounds per ton (lb/ton) 

For those Receiving and Storage Systems including a Rule 219 permit exempt IC 

engine, uqcontrolled products of combustion emissions (PM, ROG/NOx, SOx, and 

CO) for the IC engine are determined by using Equation l3. 
. . :' 

where: 

" R1 
" EF 

FCR 

" =EF X FCR (Equation 7.3) 

= 

= 

= 

Uncontrolled emissions (lb/hr) 

Emission Factor (lb/gal or lbfscf) from Table 7-2 · 

Fuel consump!ion.rate(gal/hr or scf/hr) . 
The total uncontrolled (R1) particulate matter (PM} emissions are determined by 

su.mming emissions resulting from conveying the bulk solid material to the silo(s) 

and from the IC engine driving the blower or compressor, as ~hown in Equation 7.4: . 

(Equation 7 .4) . 

7.4.3.2 . Controlled Emissions (R2) Calculations 

. Particulate matter evolved by the conveying of bulk solid material to the storage 
silos is reduced prior to discharge into the atmosphere by an air pollution control 
{APC) device or system. The most common APC device for a Receiving and Storage 

System is a filtered vent. The most common APC system for a Receiving and 

Storage System is a baghouse and it's exhaust blower (fan). The particulate 

emission from the control device or system is calculated using Equation 7.5. 

' 
R2PM 

' 
R 1 PM x (1 - EFF) 

' 
(Equation 7.5) = 
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Controlled particulate matter emission rate (lb/hr) 

Uncontrolled particulate matter emission rate (lb/hr) 

from .bulk solid material transfer 

= . Efficien~ of filtered vent or baghouse (as .a decimal) 

If the emissions from the IC engine. are vented to an APC device or system 

(catalyst), e!llissions reductions could be calculated by inputting the appropriate 

values in Equation 7.5. 

7.4.3.3 Total Particulate Matter Emissions Vented to the Atmosphere 

Ifthe Receiving and Storage Sysiem does not include a permit exempt IC .engine, 

the total PM mli$S emission rate to the atmosphere . is the value determine by 

Equ11tioil 7.5. 

If an IC engine exempt from permit requirements (as per Rule 219) is part of the 

Receiving and Storage System, the total amount of particulate matter released into 

the atmosphere.after the APC device or system is calculated using Equation 7.6. 

" R'z,PM = Rz,PM + . R l,PM (Equation 7;6) 

where: 

R'z~PM = Total (controlled and uncontrolled) particulate 
matter emission rate (lb/hr) 

Rz,PM -· Controlle~ particulate matter emission rate· 
from.bulk solid. material tr11nsfer '(lb/hr) 

" R l,PM = Uncontrolle.d IC engine emissions (lb/hr) 

The values of particulate matter emission rate (lb PM/hr) calculated using Equation 

7.5 (or Equation 7.6) is used to determine compliance whh Rule 405, If the 
' . . . 

, ·complete process operation or cycle is less than one hour, the allowable emission 
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rate would be prorateq ( ba~ed on the fraction of the time the process operated 

during that one hour period). 

7.4.4 Total Particulate Matter Emission - Concentration 

The controlled particulate matter mass emission rate (lb PM/hr) calculated by using 

Equation 7.5 must be converted into total particulate matt~r concentration 

(grains/dscf) to determine compliance with Rule 404. The particulate matter 

concentration is calculated by: 

c 

where: 

c 
:RzPM 

' VFR 

= x 7000 (grains/i?) (Equation 7. 7) 
VFR x 60 (min/hr) 

= Particulate matter concentration (grains/dscf) 

= . Total particulate matter emission rate (lb/hr) 

= Exhaust air flow rate in dry standard cubic 

feet per minute (dscfm) 

For pneumatic conveying Receiving and Storage Systems, the air volumetric flow 

rate through the baghouse or filtered vent is the summation of conveying air created 

by the compressor or blower and the displaced air created by the filling of the silo. 

For all practical purposes, the displaced air flow rate is negligible compared to the 

conveying air flow rate due to the amount of time required to unload a bulk solid 

material transport truck. 

For mechanic~! conveying Receiving and Storage Systems, the displaced air is the 

only source of air volumetric flow rate. 
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A/C = (Equation 7.8) 

where: 

A/C 
VFR 

Ab 

= 
= 

= 

Air-to-Cloth ratio (ft/min) 

Air volumetric flow rate through baghouse 

or filtered vent, (ft3 /min) 

Actual filter cloth area of bags or 

cartridges (ft2) . 

7.4.6 Duct Velocity Calculation 

The velocity of air entrained with entrafned. particulate matter in the con~eying . . 

line(s) can be calculated usirig Equation 7.9. and Equation 7.10. 

A . 
d = 

= 

·where: 

Ad = 

D = 
vd = 
VFR = 

note: 

SCAQMD 

0.00545 

VFR 

Ad 

X 

Cross-sectional area of the conveying line 
or duct, (ft2) . . 

diameter of duct, (in inches) 

. velocity in duct 

Air volumetric flow rate through baghouse 

or filtered vent
1 

(ft3 /min) 

(Equation 7 !J) 

(Equation 7.1 0) 

0.00545 is a conversion factor converting the diameter, 

(in inches) tq cross sectional area (in square feet) 
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7.5 Rules Evaluation 

Rule 212 - Standards For Approving Permits 
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Section (e) of this Rule requires public notification of certain cases be made prior to 

issuing the permit. 

Rule 401 -Visible Emissions 

No visible emission greater than 20% opacity or Ringlemann No. 1 aggregating for 

more than three minutes in any one hour period is allowed. 

Rule 402 - Nuisance 

Emissions which cause or contribute to a nuisance are prohibited, Factors worthy of 

consideration include location (commercial/residential area), solvent usage, 

odorous materials, and prior complaints, 

Rule 403 - Fugitive Dust . 

Visible fugitive dust is prohibited beyond the boundary of the facility (exemptions 

apply). In addition, particulate concentration.in the downwind sample(s) may not 

exceed that in the upwind sample(s) by more than 100 micrograms per cubic meter. 

· Rule 404- Particulate Matter- Concentration 

Limits for part.iculate matter concentrations in an effluent gas stream at standard 

conditions are listed jn Table 404(a) of the South Coast Air Quality Management 

District's Rilles and Regulations. 

Rule 405 ~Particulate Matter -Weight 

Limits for particulate matter emission rates from any source are listed in Table 

. 405(a) of the South Coast Air Quality Management District's Rules and 

·Regulations. 

Rule 1110.1 - Emissions From Stationary Internal Combustion Engines 

If the receiving and storage system includes an internal combustion engines with a 

rating of 50 break horsepower ·(BHP) or more, the .applicant (owner/ operator) must 

·submit a·Control Plan. The Control Plan must include the following information for 

each stationary source: 
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A list of all engines with the type of engine servi~e and permit 

or identification number. 

Engine manufacturer, model number, rated break horsepower, 

type.of fuel and type of ignition . 

List of all engines to pe controlled and type of emission 

controls to be applied to such engines, including construction 

schedule. 

If the BHP rating of the IC engine is greater than the value specified in Rule 219 

and is 50 BHP or more, the applicant must submit an application for permit to 

construct and operate for that engine. The requirements for the Control Plan will 

be considered during. the evaluation for permit to construct and operate. 

Regulation XIII • New Sou~ce Review 

(I) If the new or modified equipment causes an increase in facility emissions in 

excess ~f one pound per day for any non-attainment air contaminant, Best 

Available Control Technology (BACT) is required. The current BACT for 

particulate matter emissions from a receiving and storage system is a 

· baghouse, a filtered vent, or equivalent. 
. . 

The South Coast Air Quality Management District's Best Available Control 

Technology Guidelines list BACT for different processes. It is constantly 

being updated to reflect advances in technology. It should also be consulted 

to properly determine both applicability and BACT which may be different 

from case to case. 

(2) If .the accumulated maximum emission of any air contaminant from any 

stationary source exceeds the threshold limits specified in Rule 1303(a)(2), in 

addition to BACT, the applicant must comply with the following: 
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(a) The applicant certifies in writing that all of the facilities emitting 25 tons 
per year or more, which are .owned or operated by the applicant, are in 

compliance with the limitations of the Clean .Air Act and the State . . 
Implementation Plan or with the limitations of the District, whichever 
are more stringent. 

(b) The applicant must use modeling or other analysis approved by the 

Executive Officer to demonstrate thl!.t the. new source or modifications to 
an existing source will not cause any violation, or make measurably 
worse an existing violation, of any ambient air quality standard at any 

receptor location in the District. Modeling shall not be required for any 
air contaminant if all offset sources which·are within the di~tance of five 

(5) miles could actually lower the emission of that air contaminant(s) 

down to. the threshold limit. 

(c) · The applicant· must offset the total accumulated increase in emissions 

fron:t the. stationary source. 

Note: Under this Regulation, emissions from equipment which is exempt 
from permit requirement are to be accumulated in the New Source 
Review Database. These emissions are included to determine 
compliance with the threshold limits. · 

7.6 Permit (Operating) Conditions 

In order to assure compliance with applicable Rules and Regulations of the 
SCAQMD, Permit (Operating) Conditions must be required: Permit (Operating) 
Conditions for the receiving and storage syste10 imd their associated air pollution 
. . . . . 
control equipment (baghouse) are listed below: 
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Receiving and Storage System 

· 1. THIS EQUIPMENT MUST . NOT BE OPERA TED UNLESS IT. IS 

VENTED ONLY TO AIR POLLUTION CONTROL EQUIPMENT 
WHICH IS IN FULL USE AND WHICH HAS BEEN ISSUED A PERMIT 

. TO CONSTRUCT (OPERATE) BY THE EXECUTIVE OFFICER. 

or 
~ 

. 

THE CLOTH BAG(S) IN THE SILO(S) FILTERED VENT(S) MUST BE . 

THOROUGHLY CLEANED IMMEDIATELY AFTER EACH LOAD OF 

MATERIAL IS RECEIVED. 

2. THE TOTAL WEIGHT OF MATERIAL RECEIVED AND STORED BY 
THIS EQUIPMENT MUST NOT EXCEED (NUMBER OF) POUNDS IN 

ANYONE DAY. 

3. A DAILY LOG OF MATERIAL RECEIVED AND STORED BY THIS 

EQUIPME"!T, THE AMOUNT IN POUNDS PER DAY, MUST BE 

MAINTAINED IN A FORMAT APPROVED BY THE DIRECTOR OF 
ENFORCEMENT,.KEPT ON FILE FOR A MINIMUM OF TWO YEARS, 
AND MADE AVAILABLE UPQN REQUEST OF DISTRICT 

. PERSONNEL. 

Baghouse (If Applicable) 

1. A. MECHANIGAL GAUGE . MUST BE INSTALLED SO AS TO 

INDICATE, IN INCHES WATER COLUMN, THE STATIC PRESSURE 

DIFFERENTIAL ACROSS THE BAGS (CARTRIDGES). 

2. DUSTS COLLECTED IN THE BAGHOUSE MUST BE DISCHARGED 

ONLY INTO CLOSED CONTAINERS 
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Administration of the· Permit System, A Manual of the Engineei-ing Division, 
Fourth Edition, p. 12, January 1968 . . .. 

Compilation of Air Pollution Emission Factors, AP-42, Fourth Edition, 
Se~tember 1985. · 

Memorandum from W. Hammond to Engineering Division, Subject: 
Emission Factors for Concrete Batch Plants, March 2,1978. 

Instruction for the Emission Data System Review and Update Report, 
Appendix III, Air Resources Board, February 1986 . 
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SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

ENGINEERING DIVISION. 

APPLICATION PROCESSING AND CALCULATIONS 

I PAGES I PAGE 

I . 5 'I 1 
IAPPL. NO. I DATE 

!PROCESSED BY !CHECKED BY 

PERMIT TO CONSTRUCf/OPERATE 

APPLICANTS NAME: 

MAILING ADDRESS: 

EQUIPMENT' ADDRESS: 

EQUIPMENT DESCRIPTION: 
I ' ' 

APPLICATION NO. 

RECEIVING AND STORAGE SYSTEM CONSISTING OF: 

1. STORAGE SILOS, STORAGE, EACH '- "DIA. X 

2. 

3. 

"H., . CU. FT. CAPACITY, WITH A FILTERED VENT, 
MODEL NO. , BAGS, EACH '- "DIA. X '- "H., 
AND · SQ. FT. ACfUAL FILTER AREA. 

TRUCK UNLOADING STATION WITH 

RAILCAR UNLOADING STATION WITH 

PNEUMATIC FILL TUBE(S). 

PNEUMATIC FIJ_.L TUBE(S). 

APPLICATION NO. 

AIR POLLUTION CONTROL SYSTEM CONSISTING OF: 

1. BAGHOUSE (DUST COLLECfOR), , MODEL NO. 
WITH FILTER BAGS (CARTRIDGES), EACH '- · "DIA X 

'-"H., SQ. FT. ACfUAL FILTER AREA. 

2. EXHAUST SYSTEM WITH A 
STORAGE SYSTEM. 

Revision: 0 
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SOUTH COAST. AIR QUALITY MA:NAGEMENT DISTRiCT I PAGES I PAGE 
,1__ __ _,5!...,__1 2 
IAPPL NO. I DATE . ENGINEERING DIVISION 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

HISTORY: 

PROCESS DESCRIPTION: 

The applicant uses this receiving and storage system to unload and store · · . The 
solid material is pneumatically (mechanically) conveyed fro~p the bulk transport tnick to the 
storage silo(s) with the use of air blower powered by the internal combustion engine (electric 
motor) located on the truck (at the receiving station). Particulate matter is removed from the air 
conveying the solid mat~rial froin the truck to the storage silo with a filtered vent (baghouse). 

DATA: 

OperatingSchedule: (!a): hr/day, · dayjwk, wkjyr 
Operating Schedule: (1m)=-- hr/day,-.- dayjwk,-- wk/yr 
Process Information: I67l0ad, fil710ad, · load/day 
Filtered Vent/BaghouSe'Efficiency {EFF): ~ 
Filtered Vent/Baghouse Filter Area (Ab ): -- ft 
Exhaust Blower Flow Rate (VFR): __ CfNl . 
Particulate Emission Factor, (EF): -- lb/ton 

· Reg XIII On-Site Offset Factor For Maximum Daily Emissions: 1.1 

CALCUlATIONS: 

1. Process Weight Rate (PWR) = (_lb/load)(_hr/load) 

= _lb/hr (_ ton/hr) 

2. Uncontrolled Particulate Matter Emissions (R1) 

Source 
Applicant 

" 
" 
" 
" 
" 

AP-42, p. 

Uncontrolled emissions must be multiplied by appropriate operating time factor (I' a or 
T m> to determine actual and maximum hourly and daily emissions. . 

Rl,PM = EF X PWR = Ib/hr (x Ta or Tm) = Ib/day 

where: ~fPM = Uncontrolled emissions, lb/hr · 
= Emission factor, lb PM/ ton PW 

PWR = Process weight rate, ton/hr 
TaorTm = Time of operation, hr /day ( avg and max) 

Revision: 0 Date: 8/18/89 
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ENGINEERING DIVISION 
I 5 I 3 
IAPPL.NO. I DATE 

APPLICATION .PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

Uncontrolled PM Emissions (R1) 
. .. :· 

. Actual 
Jb/hr 

Maximum 
lb/hr 

Maximum 
lb/day · 

3. Controlled Particulate Matter Emissions (R2) 

R2,PM = R1,PM x (1- EFF) (x 1.1 for NSR lb/day) 

· Controlled PM Emissions (R2) Actual 
lb/hr 

4. Exhaust Gas Total Particulate Concentration (PC) 

Maximum Maximum 
Jb/hr lb/day 

NSR 
lb/day 

PC = (R2) lb PM/hr x 7,000 grains/lb . = grains/ dscf 

ft3 /min x 60 min/hr 

5. · Baghouse (Filter Vent) Air-to-Cloth Ratio (A/C) 

A/C = VFR/ Ab = __ CFM / __ ft2 = __ ft/min 

VFR = · air volumetric flow rate thru baghouse (filter vent) 
Ab = actual area of bag filters (cartridges) , . 

where: 

6. Duct Velocity (V d) 

Ad = 0.00545 X d = 0.00545 X = ft2 
V d = VFR/ Ad = _ CFM/ _ ft2 = _ ftjmin 

where: Ad = area of duct 
d = diameter of duct (in inches) · 
VF = air volumetric flow rate thru baghouse (filter vent) 

RULES EVALUATION 

RULE 401: This equiJ?ment is (is not) vented to a baghouse (filtered vent). ComplianCe with 
. Rule 401Js (is not) expected. · . 

RULE 402: The location of the equipment will be hi an industrialjcoziunercial area .. 
Calculations show low (excessive) particulate emissions to the atmosphere. 
Compliance with Rule 402 js (is not) expected. 

RULE 430: Fugitive emissions are (are not) expected from the operation of this Compliance 
with Rule 403 is (is not) expected. · · 

Revision: 0 

SCAQMD 7A-5 

Date:, 8/18/89 

Receiving/Storage Systems 



SOUTH COAST AIR QUALI1Y MANAGEMENT DISTRICT 
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JPAGES 
I 5 
JAPPLNO. 

JPAGE 
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JDATE 

APPLICATION PROCESSING AND CALCULATIONS J PROCESSED. BY !CHECKED BY 

RULE404: 

RULE405: 

·REG XIII: 

For an exhaust fiow rate of DSCFM, the rule allows a maximum particulate 
matter concentration of grams/DSCF. Calculations indicate a particulate 
matter concentration of== grains/SCFM. Compliance with Rule 404 is (is not) 
expected. . .. · · 

For a process weight of lb/hr, the rule allows a maximum solid particulate 
matter emission rate of b/hr. Calculations indicate·a maximum emission 
rate of lb/hr. Compliance with Rule 405 is (is not) expected. 

As shown by the Emission Threshold/New Source Sheet Table below, this facility 
will (will not) operate in compliance with Regulation XIII: . 

Facili~ Emissions 

Since 10-8-76 
A/N 

A/N 
Net Emission 
Increase Since 10-8-76 

Emissions in Pounds Per Day 
ROG NOx SOz CO PM 

BACT: Best Available Control Technology (BAcr) for receiving and storage syst_em is a 
baghouse or filter vent. The applicant will (will not) provide BACT. 

CONCLUSIONS/~ECOMMENDATIONS: 

This equipment is (is not) expected to comply with all applicable District Rules and Regulations. 
The following is recommended: · 

[] · Issue a Permit to Construct/Operate with the following conditions: 

APPLICATION NO. (Basic) 

CONDITIONS 

l. THIS EQUIPMENT MUST NOT BE OPERATED UNLESS IT IS VENTED ONLY TO 
AIR POLLUTION CONTROL EQUIPMENT WHICH IS IN FULL USE AND WHICH 
HAS BEEN ISSUED A PERMIT TO CONSTRUCT (OPERATE) BY THE 
EXECUTIVE OFFICER. . . . . 

. . •.Qf 

THE CLOTH BAGS IN THE SILO(S) FILTEREDVENTS(S) MUST BE · 
THOROUGHLY CLEANED IMMEDIATELY AFTER EACH LOAD OF MATERIAL 
IS RECEIVED. 

Revision: 0 
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ENGINEERING DIVISION IAPPL.. NO. I DATE 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

2. THE TOTAL WEIGHT OF MATERIAL RECEIVED AND STORED BY THIS 
EQUIPMENT MUST NOT EXCEED POUNDS IN ANY ONE DAY. 

3. A DAILY LOG OF MATERIAL RECEIVED AND STORED BY THIS EQUIPMENT, 
THE AMOUNT IN POUNDS PER DAY, MUST BE MAINTAINED ON FILE FOR A 
MINIMUM OF TWO YEARS AND MADE AVAILABLE UPON REQUEST OF 
DISTRICT PERSONNEL. 

.!:!AlLPL!PLbdJL!.C<!lAI..!.TI.!.IO.!!N.LUNL!.O!,.. __ (Control) 

CONDITIONS 
1. · A MECHANICAL GAUGE MUST BE INSTALLED SO AS TO INDICATE, IN 

INCHES WATER COLUMN, THE STATIC PRESSURE DIFFERENTIAL ACROSS 
THE BAGS (CARTRIDGES). 

2. DUSTS COLLECTED IN THE BAGHOUSE MUST BE DISCHARGED ONLY INTO 
CLOSED CONTAINERS. 

OR 

[] Deny the Permit to Construct/Operate. It is myopinion that the operation of this 
equipment will cause a violation of Rule(s) of the Rules and 
Regulations of the South Coast AQMD. · 

Revision: 0 Date: 8/18/89 
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IAPPL NO. (DATE ENGINEERING DIVISION 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

. PERMIT TO CONSTRUCf/OPERATE 

APPLICANTS NAME: · 

MAILING ADDRESS: 

EQUIPMENT-ADDRESS: 

EQUIPMENT DESCRIPTION: 

APPLICATION NO. 

RECEIVING AND STORAGE SYSTEM CONSISTING OF: 

1. ( ) STORAGE SILOS, EACH '- "DIA. x '- "H., CU. FT. CAPACITY, 
WITH A FILTER VENT, , MODEL NO. , · BAGS, EACH '- " 
DIA. x '- "H., · SQ. FT. ACfUAL FILTER AREA. 

2. RECEIVING HOPPER, '- "W. x '- " L x '- "H. 

3. SCREW CONVEYOR, H.P. 

4. BELT CONVEYOR, H.P. 

5. BUCKET ELEVATOR,· H.P. 

APPLICATION NO. 

AIR POLLUTION CONTROL SYSTEM CONSISTING OF: 

1. BAGHOUSE (DUSTCOLLECfOR), , MODEL NO. , 
WITH FILTER-BAGS (CARTRIDGES), EACH ' "DIA. x ' "H., 

SQ. FT. ACfUAL FILTER AREA. 

2. EXHAUST SYSTEM WITH A 
STORAGE SYSTEM. 

Revision: 0 
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SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT . . 

ENGINEERING DIVISION 

APPLICATION PROCESSING AND CALCULATIONS 

HISTORY: 

PROCESS DESCRIPTION: 

I PAGES I PAGE 
.J.._ __ _,5!....__I 2 
IAPPL NO. I DATE. 

I PROCESSED BY I CHECKED BY 

.The applicant uses this receiving and storage system to unload and store . The solid 
material is pneumatically (mechanically) conveyed from the bulk transport truck to the storage 
silo(s) with the use of air blower powered by the internal combustion engine (electric motor) located 
on the truck (at the receiving station). Particulate matter is removed from the air conveying the 
solid material from the truck to the storage silo with a filter vent (baghouse ). 

DATA: 
Source 

Operating Schedule (!a): hr/day, ____ dayjwk, ____ wk/yr Applicant 
Operating Schedule (1m): hr/day, day/wk, wkfyr " 
Process Information: lb/load, hr/load, load/day " 

. Filter Vent/Baghouse Efficiency (EFF): o/c, 
Filter Vent/Baghouse Filter Area (Ab ): ft-

. Exhaust Blower Flow Rate (VFR): CFM 
Particulate Emission Factor, (EF): lb/ton 

Reg XIII On-Site Offset Factor For Max.imum Daily Emissions: 1.1 · 

CALCUlATIONS: 

1. Process Weight Rate (PWR) = ( 

= 

2. Uncontrolled Particulate Matter Emissions (R1) 

lb/lo.ad)( 

lb/hr ( 

hr/load) 

ton/hr) 

" 
" 
" 

Uncontrolled emissions must be multiplied by appropriate operating time factor (Ta or T 
111

) 
to determine actual and maximum hourly 1md daily emissions. 

Rl'PM = EF x PWR = ____ lb/hr(xTa orTm) -. ______ lb/day 

where, 

~~.'PM ~ 
PWR = 

. TaorTm = 

Revision: 0 
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~----~5~-~1 ----~3--~ ' 
ENGINEERING DIVISION 

APPLICATION PROCESSING AND CALCULATIONS 

Uncontrolled PM Emissions 

• JAPPLNO. JDATE 

I PROCESSED BY I CHECKED BY 

Maximum 
lh/hr 

Maximum 
lh/day 

3. Controlled Particulate Matter Emissions (Rz) 

Rz PM = R1 PM x (1 - EFF) (x 1.1 for NSR lb/day) , ' . . 
Controlled PM Emissions (Rz) Actual 

lh/hr. 
Maximum Maximum NSR 
lh/hr lh/day 

4. Exhaust Gas Total Particulate Concentration (PC) 

5. 

6. 

PC = (R2) lb PM/hr x 7,000 grains/lb = -----,-----grains/dscf 

ft3 /minx 60 minfhr 

Baghouse (Filter Vent) Air-to-Cloth Ratio (A/C) 

A/C ':' VFRiAb =- CFM/_·_ ft2 = ____ ft/min 

where, 

VFR = 
Ab = 

air volumetric flow rate thru baghouse (filter vent) 
actual area of bag filters (cartridges) · 

Duct Velocity (V d) 

Ad = 0.00545 X d = 0.00545 'X = 

Vd = VFR/Ad = _· CFM/_ ft2 = __ ft/min 

where, 

Ad -
d = 
VFR = 

area of duct 
diameter of duct (in inches) . 
·air volumetric flow rate thru baghouse (filter vem) 

'Revision: 0 Date: 8/18/89 
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ENGINEERING DIVISION 

JPAGES JPAGE 
.L_ __ _,s,___, 4 
JAPPL \110. JDATE 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY J CHECKED BY 

RULES EVALUATION 

RULE401. 

RULE402 

RULE430 

· RULE404 

RULE405 

REG XIII 

This eq~·ipment is (is not) vented to a baghouse (filter vent). Compliance with 
Rule 401 is (is not) expected. 

The location of the equipment will be in an industrial/commercial area. 
Calculations show low (excessive) partieulate emissions to the atmosphere. 
Compliance with .Rule 402 is (is not) expected. 

Fugitive emissions are (are not) expected from the operation of this 
Compliance with Rule 403 is. (is not) expected. 

For an exhaust flow rate of_ DSCFM, the rule allows a maximum 
particulate matter concentration of grainsjDSCF. Calculations 
mdicate a particulate matter concentration of_ grains/SCFM. Compliance 
with Rule 404 is (is not) expected. 

For a process weight of_ lb/hr, the rule allows a maximum solid particulate 
matter emissi<>n rate of lb/hr. Calculations indicate a maximum . 
emission rate of IfJ7'11f."'Compliance with Rule 405 is (is not) expected. 

As shown by the Emission Threshold/New Source Sheet Table below, this 
facility will (will not) operate in compliance with Regulation XIII: 

NSR Emissions in Pounds per Day 
. RHC NOx SOz CO PM UnRHC 

Cumulative Facility Emissions 
Since 10/08/76 

AjN, ___ _ 
A/N, ___ _ --·-
Facility Net Emission Increase 

. Since 10/08/76 · -- ~ 

BACT Best Available Control Technology (BACT) for receiving ·and storage system is 
a baghouse or filter vent. The applicant will (will not) provide BACT. · 

CONCLUSIONS/RECOMMENDATIONS: . 

This equipment is (is not) expected to comply with all applicable District Rules and Regulations . 
. The following is recommended: 

[] Issue a Permit to Construct/Operate with the following conditions: 

Revision: 0 
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SOUTII COAST AIR QUALI'I_'Y MANAGEMENT DISTRICT 

ENGINEERING DIVISION· 

APPLICATION PROCESSING AND CALCULATIONS 

.t;;;A.,_P,_,PL'="IC,A~TuiO>o<.u.N.....,N.,O,_. ----- (Basic) 

CONDITIONS 

I PAGES I PAGE 

~~~·~~5~·-~1 --~5~~ 
IAPPL NO. I DATE 

I PROCESSED BY I CHECKED BY 

1. THIS EQUIPMENT MUST NOT BE OPERATED UNLESS IT IS VENTED ONLY TO 
AIR POLLUTION CONTROL EQUIPMENT WHICH IS IN FULL USE AND WHICH 
HAS BEEN ISSUED A PERMIT TO CONSTRUCT (OPERATE) BY THE EXECUTIVE 
OFFICER. 

THE CLOTH BAGS IN THE SILO(S) FILTI;RED VENTS(S)M'!JSJ: BE · 
THOROUGHLY CLEANED IMMEDIATELY AFTER EACH LOAD OF MATERIAL IS 
RECEIVED. · 

2. THE TOTAL WEIGHT OF MATERIAL RECEIVED AND STORED BY.THIS 
EQUIPMENT MUST NOT EXCEED POUNDS IN ANY ONE DAY. 

3. A DAILY LOG OF MATERIAL RECEIVED AND STORED BY THIS EQUIPMENT, 
THE AMOUNT IN POUNDS PER DAY, MUST BE MAINTAINED ON FILE FOR A 
MINIMUM OF TWO YEARS AND MADE AVAILABLE UPON REQUEST OF 
DISTRICT PERSONNEL 

""A,__PP,_,L""IC""'A::>,;T""IO~N..,_,N..,.O"-: ___ (Control) 

CONDITIONS 

1. ·A MECHANICAL GAUGE MUST BE INSTALLED SO AS TO INDICATE, IN INCHES 
. WATER COLUMN, THE STATIC PRESSURE DIFFERENTIAL ACROSS THE BAGS 
(CARTRIDGES). 

2. DUSTS COLLECTED IN THE BAGHOUSE MUST BE DISCHARGED ONLY INTO 
CLOSED CONTAINERS. · . -

Deny the Permitto Construct/Operate. It is my opinion that the operation of this equipment 
will cause a violation ofRule(s) of the Rules and Regulations of the 
South Coast AQMD. 
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SECTIONS: LITIIOGRAPHIC PRINTING PRESSES 

8.1 · General Description 

There are four main printing processes: relief, planographic, intaglio, and stencil. In 
the relief printing process; ·as shown in Figure 8.1, the image or printing surface is 

raised above the non-image or non-printing surface. This raised surfa~e is inked by 

rollers and then pressed against the paper to make the impression. The image 

carrier or plate can be made of metal, plastic, or rubber. Letterpress and jlexographic 
printing are examples of relief printing. Letterpress printing presses use metal or 

plastic image carrier, whereas flexographic printing presses use rubber plates. 

In the planographic printing process, as shown in· Figure 8-2, the image and non

image areas are on the same plane. The image area is chemically treated so that it 
accepts ink and. rejects water, while the non-image area is treated to accept water 

and reject ink. Lithographic printing . is an example of the planographic printing 

process. 

In the intaglio process, as shown in Figure 8-3, the printing image is recessed or 

· etched into the plate at different depths and (illed with liquid. ink, the non-image 

area is wiped free of ink. (Jravure printing is ~ example of the intaglio pdnting 

process. 

· In the stencil printing process; as shown in Figure 8-4, the printing ink passes ·through 

a web. or a fabric to which a refined form of stencil has been applied. The stencil 

openings determine the forms and dimensions of the impiint. Silk or screen printing 
are examples of the stencil printing process. Table 8-1 lists the advantages and 

. disadvantages of each process. 

Any one of the four printing processes described above can be printed directly or 

indirectly to the paper. In direct printing, the image is transcribed directly from the 

image carrier or plate to the paper. Most letteqiress and gravure and all screen 

printing is direct printing. In indirect printing, as shown in Figure 8-5, the image is 
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The image areas of the Iette.,Pr~ss engraving are taised while non-image areas 
are recessed so that.they do not pick up ink. The press (1) is inked by roller (2). 
Paper is placed over the inked image (3) aod pressed on to the image ( 4) in the 
press by an impression cylinder, resulting in the image being printed on the 
paper (5). 
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A planographic printing process utilizes the principle that. grease and water do 
not mix. The image area of the plate is treated 'with greasy medium (1) and then 
dampened by rollers (2). The plate is inked (3), the ink adhering to the greasy 
image but not to the dampened areas. The paper is moved into position over the 
plate (4) and then plate and paper are run through the press (5), producing the 
printed page (6). 

. . 

8-3 Lithographic Printing Presses 



FIGURES-3 

SCAQMD 

(a) 

(b) 

(~) 

Section: 
Revision: 
Date: 

GRAVURE l 

8 
0 
8/18/89 

The image to be printed has to be etched into tbe printing plate (1). Ink is 
applied by a roller and a thin, flexible steel blade (a doctor blade) is drawn 
across the plate, removing excess ink from tbe non-printing areas (2). The paper 
is tben positioned over tbe plate (3) and pressed against it by a rubber-coated 
roller (4). The pressure forces tbe paper into.the recesses oftbe plate so tbat it 
picks up ink, thus forming the image. The finished pril!t is tben removed (5). 

8-4 

(a) lajN · .... CyliDdcr 
(b) Piper Roll 
( ~) Plate Cylinder 
_(d) .Ink trough 
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A fine gauze, stretched over a wooden frame, forms the frame (1). The stencil is 
then transferred to the underside ofthe.frame by heat and the stencil's protective 
backing is peeled away, masking off the non-image areas so they do not print (2). 
The paper is placed beneath the screen (3) and ink is applied to the top of it and 
spread by a squeegee (4). The ink passes through the screen in the areas where 
the stencil is cut away to produce the image (5). In commercial silk scre.en · 
printing, photosiencil are used. 
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TABI..ES-1 ADVANTAGES AND DISADVANTAGES OF PRINTING PRESSES l 

TI'PE ADVANTAGES DISADVANTAGES. 

LE1TERPRESS I. Dense ink 1. High cost of printing surface 
2. Good printing. of type for high- 2. Costlier paper needed to get same 

quality book results as other processes 
3. No problems with ink and \vater 3. Sheet-fed machines run slowly 

balance 4. Modern preparation methods suit 
4. Less paper wastage than other processes better 

other processes 

OFFSET LITHOGRAPHY 1, Good reproduction of detail and 1. Color variation due to problems with 
photographs ink/water balance 

2. Cheap printing surface ~ Dampening can cause paper-stretch 
3. Fast make-ready 3. Dense ink films difficult to achieve 
4. Rubber blanket enables the use of a 

wide range of papers 
5. Lend.< itself to photographic 

preparation methods 
6. Rotary principle means higher . 

printing speeds 

GRAVURE I. Simple printing method and press I. High costs of plates or cylinders· 
mechanism 

2. Can maintain consistent color 2. Web-fed gravure viable only for. 
3. High speed long runs (300.000 +) 
4, Straighforward drying by 3. Color correction and last minute 

cvapor3lion corrections difficult and expensive 
5. Good results obtainable on cheaper 4. Proofing expensive 

paper. 

SCREEN PRINTING I. Can print a heavy film of ink · I. ·Difficult to achieve fine detail 
2. Economical for short runs (even 2. Low output 

below 100 copies) 3. Drying requirements. 
3. Can print virtually on any material. 
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transferred from the. image carrier to an intermediate rubber covered blanket . 

cylinder, from which it is transferred to the pap~r. The image is offset from the . •. 

image carrier to the blanket, then offset from the blanket to the paper. Most 

lithography is printed indirectly and therefore lithography is usually referred to as 

offset printing. 

Some advantages of offset printing over direct printing from plate to ·paper are: 

- ·offset printing uses an intermediate rubber covered blanket cylinder. The 

rubber blanket conforms better to the surface variations of the paper than a 

metal plate. Therefore, offset printing produces a sharper image than direct 

printing. 

- If the ix!lages go directly ·from plate-to-paper, they_ would have to be 

backwards on the plate. In offset prin~ing, the images go from plate-to

blanket, then blanket~to~paper. The images on the plate are right reading, 

they can be read directly, for offset printing. Right reading·plates are easy to . 

proofread. 

The delicate lithoplate comes in .contact with the rubber blanket instead of 

t~e paper surface thereby increasing the useful life of the plate. 

Less water comes in contact with paper which results in less.smudging. 

All printing processes require the paper tp .be either sheet-fed or web-fed. In the 

sheet-fed process, the paper is cut into sheets .of the right.size before being printed. 

In the web-fed process, the paper is supplied to the machine in the form of rolls. At 

the end of the printing process, the rolls are folded and/ or cut into sheets.Figure 8-6 

illustrates the web-fed and sheet-fed processes. 

The advantage~ of web-fed printing over sheet-fed printing are speed and cost. 

Folding can be done .at the same time as printing and paper ·on rolls is cheaper than 

paper in sheets. On the other hand, web-fed printing requires more make-ready 

time, including time to set up the press to accept the size and thickness of the rolls 

and to adjust the color. · 
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This section of the Permit Processing Handbook will give a general description of 

the offset lithographic sheet-fed and web-fed printing processes and address the. . . . 
District Rules and Regulations related to these processes. 

Lithographic sheet-fed presses are categorized by size. Small sbeet-fed presses are 

machines used by instant printers and small local printers: The machines print 

sheets up to 14 x 17 inches in size. Some of the manufacturers of small sheet-fed 

presses are AB. Dick, Chief, Davidsoil, and Multilith. 

Medium sheet-fed presses are machines·that print on paper up to 25 x 38 inches in 

size. Most print two or more colors. They are used by medium or large commercial 

printers for publi~ty brochures. Some of the manufacturers of medium sheet-fed 

presses are Harris, Heidelberg, Miller, Solna, Maruka, Komori, and Royal Zenith. 

Large sheet-fed presses can run sto~k anywhere from 12 x 18 to 55 x 78 inches in 

·size. Large sheet-fed presses are very efficient and are 'used for large jobs. Eight 

copies of a flier can fit on one plate of a large press. Therefore, a press with a speed 

of 8000 sheets per hour can_ print 64,000 fliers in 60 minutes. 

Lithographic web~fed presses are categorized not only by size but also by their 

ability to dry ink. Non-heatset or coldset presses allow the ink to dry on its own. 

Heatset presses pass the printed paper through dryers before cutting_ it into sheets. 

Methods of drying include hot air, gas-flame, ultraviolet and infra-red radiation. 

Coldset presses can only print on uncoated stock. Heatset presses, on the other 

hand, can print on coated stock. To achieve high ink gloss on coated stock, peat-set 

webs require chill rollers that harden the .ink. · 

An offset lithographic press has four basic components: the feeding and register unit, 

the ink and Water unit, the printing unit, and ·the delivery unit.· The feeding and 

register unit delivers paper into the machine and assures that paper is placed under 

the printing unit at the right position. The ink and water unit conveys liquid to 

plates. The printing unit transfers the images to the paper. The delivery unit 

removes and stacks the printed paper. The delivery unit normally i~cludes a system 
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for spraying a fine powder over the paper to inhibit the transferring of wet ink from 

the front of one sheet to the back of another. Figure .8-7 shows an offset 

-lithographic press. 

Since the ink," water and printing unit are important to the printing process, they are 

described in more details . 

. 8.}.1 Ink Units 

Lithographic ink is usually called paste ink. Lithographic ink is made of pigments, 
binders, solvents and various additives. Pigments are finely solid organic or inorganic 

compounds which produce colors. Binders are organic resins, oils or polymers which 

lock the pigments to the paper. Solvents are organic compounds that dissolve and 

disperse the pigments and binders~ ·The combination· of binders and solvents is 

called .the vehicle. To i~part special characteristics to inks, additives such as driers, 

waxes, lubricants, or reducing oils are used. Driers act as catalysts which accelerate 

· the hardening of the vehicle after printing. Waxes are used to prevent setoff an~ 

sheet sticking. Lubricants help_ the ink to distribute and transfer properly. Reducing 

oils aid penetration and rapid setting. 
. . 

. The compositions oflithographic inks vary, but most inks contains special.oils which 

are characterized by_ high viscosities, low vapor pressures ~d high boiling points. 

Typical lithographic oils include linseed oil,· rosin oil, petroleum oils, and high 

boiling point petroleum solvents. These· oils are treated to develop the special 

proper_ties required for lithographic inks. Magie oil is a well known name of the 

lithographic oils. produced by one oil manufacturer. For· more information 

regarding lithographic inks, refer to Reference 4 and Reference 11. 

The ink unit containS mainly the ink fountain and the ink rollers. The number of 

fountains and rollers varies with the press size. A small press has oilly one ink 

fountain, while a large press may have up to eight ink fountains. The ink fountain 

serves. as a reservoir of ink. The ink rollers serve as the ink. distribution system: The 

system must perform the following functions: (l) "work'' the ink from the gel-like 

. consistency to a semi-liquid state; (2) distribute an even thin film of ink around a:Jl 
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of the rollers; (3) deposit an unifomily thin film of ink on the image areas of the 

. plate; (4) pick up fountain solution from the image plate and emtilsify some of it 

into the ink; and (5) pick up loose particles of foreign ·matter from the image plate, 

and hold them in suspension .until the entire system is cleaned. 

8.1.2 ·Water Units 

. · In the lithographic printing process, ·as mentioned earlier, the image areas of the 

plate are hydrophobic (not receptive to ·water) and the non-image areas are 

hydrophilic (receptive to water). To maintain these properties, the image areas 

must be wetted with ink and the non-image areas must be wetted with water 

simultaneously during the process. The application of water, however, leads to the 

formation of a water-in~ink emulsion on the image areas. If too much water is 

applied to the plate, watermarks occur and the print becomes washed out in 

appearance. The ~aft of offset printing depends heavily on maintaining proper 

balance betwe~n ink and water. 

The water used usually contains additional ingredients. such as an etchant (usually 

phosphoric acid) to maintain acidity, gum arabic, .and a dampening aid· (such as 

·isopropyl alcohol). Press operators refer to this mixture as the dampening solution. 

The SCAQMD refers to it as the fountain solution. ·Isopropyl alcohol . as a 

. damperung aid provides excellent characteristics· to the fountain solution, but it has 

a normal boiling point of 180 Op and readily. evaporates in the pressroom. Low 

volatility organic compounds with normal boiling point above 300 °F can also be 

used ·in place of isopropyl alcohol. In this case, insignificant amounts of these 

compounds will evaporate in the pressroom at the pressroom conditions. 

The water unit basically contains rollers to deliver water to the image plate in a 

. similar way that ink is .delivered to the pla~e. The r91lers used in the water unit are 

sometimes referred to as the fountain rollers to distinguish them from the ink 

rollers. Occasionally, the water unit and the ink unit .share the same rollers. 
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Lithographic presses lire generally rotary presses. Basically, a rotary press consists 

of a plate cylinder, an offset blanket cylinder, and an impression cylinder. 

The plate cylinder,. which has .a curved, flexible metal or plastic plate around it, first 

revolves llgainst fountain rollers to wet the non-image areas; then revolve against 
ink rollers aliowing the ink to adhere to the image areas; and finally makes an 

impression an the blanket cylinder. The standard blanket cylinder has a three-piy 
fabric base. On the surface of the blanket is a rubber coat held under a certain 

tension. lbe blanket cylinder recdv~s ink from the image ~eas of the plate . 

cylinder, and transfers ink to the paper which is pressed against it by the impression 
cylinder. 

Presses may have one or more printing units depending on the number of colors 

they will print. A press. with four printing units is referred to as a four-color .press. 

Some presses print both sides of the paper simultaneously as the paper travels 
between the two blanket cylinders, others automatically turn the paper over to print 

on the other side. A press that can print both sides of the paper simultaneously is 

called blanket-to-blanket press. The blanket-to-blanket press, as shown in Figure 8-8, 

may not have an impressiort.cylinder. Each blanket cylinder acts as an Impression 
cylinder for the other. Figure 8-9 is a schematic of the entire lithographic p:l'inting 

process. 

·After printing, the rollers and the blanket are washed with the cleanup solution. 
The blariket is cleaned by hand-wiping with rags which have been wetted with the 

blanket wash. The soft rubber blanket has a tendency to absorb a portion of the 

solvent when it is cleaned. This residual soivent on the blanket is then absorbed by 

· the paper which is tl:len ·subsequenily vapori~ed. The remaining of 'solv.ent is 

retained in the cleaning rags. The .rags are placed in sealed drums and sent out for 

solvent reclamation after usage. There are also solvents. which are used primarily as 

an agent to promote rapid drying and restoration of the wet blanket. These solvents 

usually have low boiling points and therefore readily evaporate at ambient 
temperature. 
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To clean the iilk rollers, solvent is squirted from a plastic bottle onto the smooth 

steel surfaces of the rollers. The solvent softens and dissolves the ink. The ink and 

solvent mixture is then scraped off the rollers with a wide blade and collected m the 

wash up tray below. The waste material in the tray is put into the steel drums and 

handled as a .liquid waste. This cleaning process takes only five io ten minutes. 

Since the steel ink rollers are non-absorptive, only a negligible amount of solvent · 

reaches the dryer • 

. A company may use various types of cleanup solvents. RR. Donneley & Sons 

Company, for example, has used three kinds of cleanup solvents: Chevron 325 

Solvent (Stoddard Solvent) is used to clean the ink rollers. Graphic Chemical GC-12 

is used to clean the blankets, and Chevron Thinner 225 (Lacquer Diluent) is used to 

dry the blanket'after cleaning. i.3 

Table 8-2 summarizes properties of lithographic ink for eleven use classifications. 

8.2 Permit Unit Description 

UTIIOGRAPHIC PR~TING PRESS SYSTEM CONSISTING OF: 

i. UrnOGRAPHIC PRINTING PRESS, MANUFACIURER'S NAME, 

(WEB-FED)(SHEET-FED)(BLANKET-TO-BLANKET)(OFFSET), 

MODEL NO, (WEB)(SHEET) WIDTH, SERIAL NO, TOTAL HORSE 

POWER. 

2. OVEN, MANUF ACIURER'S NAME, MODEL. NO; SERIAL NO. 

DIMENSIONS (WIDTH, LENGTH, HEIGHT), RATING IN BTU .PER 

HOUR, (GAS FIRED)(OILFIRED)(ELECI'RICALLY HEATED), WITH 

AIR BLOWER(S),HORSE POWER EACH, AND/OR SUPPLY FAN(S), 

. HORSE POWER EACH. 
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TABLE8-2 COMMON PROPERTIES OF LITiiOGRAPHIC INKS 4 

USE DRY.ING STOCK INK APPROXIMATE TYPICAL 
CLASSIFICATIONS MANNER FEED CONSISTENCY PRINTING VEHICLE 

SPEED coMPosmc 

News (papers&. com1cs) liS Wcb·(cd Uquid-medaum 300-450 m/miR Minod • ....S.O 
Publicalions (mag;mnes. 

periodiaiJ) IIS,QS,uv Web-fed Soft-medium JOO.J70 m/min rcs-S-Q,aer 

Sheet-led JS00-7500 sph 

Commercial (display, document 

pamphlet; label) os.o~.ir.uv Sheet-re~ · Medium JS00-7500 sph rcs-Q.S, acr 
Uusincss documcn1s 

and fonns QS,IIS. ir Sheet-fed ~fcdium 2000-400o sph res-S-O 

Web-fed IG-180m/min ....0-S-min. oil 

. Folding ronilons.(food. soap 

drug. deterg~nts) QS,Ox.uv Shcc1-fcd Medium-heavy 3500-8000 sph res-0-S. acr 
Containers ind boa:cs Ox, MS. pen, FW Shcel-fcd Mcdium·heavy 2500-5000 sph rcs-0, ·res-G 

lloolcs Ox. pen Sheet-led Soft-medium 200G-7000 sph res-0-S 

Web--fed 12G-240 m/mon rcs.m1n.oii.S 
Bogs (paper. cloth. pl .. lic) IIS.Ox,MS Web-fed Mcdiuni 80-ISO.m/inin .....s-o . ....a ...... 
·wrappen MS,HS Web-fed Medium 120.240 m/ii,in res-G,res-5 

Metal rontaincrs IIC. uv Sheet-fed Medium--heavy 200G-5000 sph all<,.s.S. . ....O.S. 
pr.an 100-SOOopm aUc~..amines-S, acr 

rlastic: (cups. book coven) IIS.Ox.uv pr. can Medium-heny 100-200 epm rcs-5. ~. acr 
shcc1-fcd 2000-4000 sph 

ADDR.EVIATIONS: pen = pencuauon, JIS = heat-sec. ir = anfrarcd. Or = oxadation. QS = cJUICk·SCI, J:W = ribcrwclllng, MS = moasturc scr, 

uv • u/lravioler. HC = hQl cure, p~n • preformed an. sph • sheeu pcf hour. cpr:n • conlainer per minulc, min.od = mrncnl oal. ru • resin, 
S • solven1. 0 =- oil. G =- glycol 
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Emissions from printing operations consist primarily of reactive organic gases 

(ROG). The emissions vary with the. printing process, ink' formulation, coverage, 

press size and speed, and the operating time~ The type of paper (coated or non

coated) bas little effect on the quantity of emissions. 

. . 
Emission points from the web-offset lithographic 'printing presses include the ink 
and water unit, the printing unit, the drying oven (if used), the chill rolls (if used), 

and the products themselves. 

8.4 Calculations 

8.4.1 Operational Data 

In order to determine the compliance status of the lithographic printing press, the 

applicant is required to provide the following information: 

8.4.1.1 IJik 

For each type of ink used, the following inf<?r!llation is required:· 

Daily consumption gal/.day 

Type of solvent used 

Solvent content 

Ink and Solvent density 

SCAQMD 

lb I gal less water and/ or 

exempt solvent; OR 

lb/gal including water and/or 

exempt solvent; OR . . . 
% by volume (or weight) including 

water and/or exempt solvent 

lb/gal 
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8.4.1.2 Fountain Solution 

For each type of fountain solution, the following information is required: 

8.4.1.3 

Daily consumption gal/day 

Type of solvent used 

Solvent content 

Solvent density 

Wash Solution 

%by' volume including water 

and/or exempt solvent 

lb/gal 

For each type of wash solution used, the following information is required: 

Daily consumption gal/day 0 

Type of solvent used 

Solvent content 

Soolvent density 

8.4.2 Emission Calculations 

%by volume includingwater 

and/or exempt solvent 

lb/gal 

The total ROG emission: is calculated based on Equation Sol: 

f 
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RTotal = Rink + Rws +0 Rrs (Equation 8.1) 

where 

RTotal 

Rink 

Rws 
Res 

= 

where 

= Total solvent emission, lb/day . • 

= Total solvent emission from i~ lb/day 

= Total solvent emission from wash soluiion,_lb/day 

= Total·solvent emission from fountain soiution; lb/day 

~ Cj Gi Di (Fp,i + F d,i(l- EFF)) 
i 

= Type of ink 

(Equation 8.2) 

Ci = Solvent content, fraction by weight 
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Gi = Ink consumption, gal/day 

Di = Ink density, lb/gal 
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Fp,i = Fraction by weight of solvent evaporated in the pressroom 

F d,i = Fraction by weight of solvent evaporated in the dryer 

EFF · = Efficiency of the control device, fraction 

Little quantitative information is available for the percentage of~ solvent retained 

on the web, the percentage of ink solvent evaporated in the pressroom, and the 

percentage of ink solvent evaporated in the dryer (if llSed). For a heatset web offset· 

lithographic printing operation, the EPA recommends the following distribution 

factors: 8 

20 % retained on the web 

80 % evaporated in the drying oven 

0 % . evaporated in the pressroom 

The distribution factors recommended by the EPA, however, are still in the review 

stage. Extensive source testing using various types of ink solvents on a variety of 

substrates need~ to be conducted to determine the accuracy of these values. Until 

such data are available, the SCAQMD will use the values listed in Table 8-3 to 

estimate.the·emissions in the pressroom associated with the lithographic oils in the 

lithographic ink unless more specific information ·is available on the case by case 

basis. 

TABLE8-3 

PRINTING 
OPERATION 

Sheet Fed. 
Web Fed 

SCAQMD 

EMISSION FACfORS FOR LITHOGRAPHIC OILS 
CONTAINED IN LITHOGRAPHIC PRINTING INKS 12 

COLD SET 

10 
10 

. EMISSION FACfOR 
(Percent of Lithographic Oil by Weight) 

8-21 

HEAT SET 
UV /IR GAS/ELECfRIC 

50 
50 

80 
80 
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If the lithographic ink .contains "free" solvents as well as the lithographic oils, usually 
all of the "free" solvents will be evaporated in the pressroom. The lithographic oils 
evaporated in a heats"et operation niay be controlled by. an afterburner~ In this case 
the efficiency of the afterburner will be used to reduce these uncontrolled 
~missions.l2 

Rfs = E q GjDj (Fdj (1- EFF) + Fpj) (Equation 8.3) 

j 
where 
j = Type of fountain solution 
q = Solvent content, fraction by volume 

Gj = Fountain solution consumption, gal/day 
Dj = Solvent density, lb/gal 
F d · = Fraction by weight of solvent evaporated in the dryer ,J 
F p,j = Fraction by weight of solvent evaporated in the pressroom 
EFF = · Efficiency of the control device, fraction 

Little information is. available on the distribution of fountain solution. The 
SCAQMD assumes the following distribution: 

0 % retained on the web 
100 % evaporated jn the pressroom 

For a heatset web offset lithographic printingooperation, the EPA recommends the 
folloWing distribution: 8 

50 % evaporated in the drying oven 
50 % evaporated in the pressroom 

0 • 

The 50% of the solvent evaporated in the dryer can be controlled by an afterburner. 

= 
,(Equation 8.4) . 

,. 0 

SCAQMD 8-22 Lithographic Printing Presses 



where 

b 

r 

= Type of blanket wash solution 
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= Solvent content, fraction by volume 

= Wash solution consumption, gal/ day 

= Solvent density, lb/gal 
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= Fraction of the wash solvent evaporated in the pressroom 

Unless specific information is available on a case by case basis, the SCAQMD will 

assume that all of the wash solvents will evaporate in the pressroom. The amount of 

blanket wash solvents retained on the cleaning rags for reclamation will be 

considered if there are extensive supponirig records. 

8.4.3 Equivalency Calculations 

Equivalency or averaging allows a facility to average the emissions from the graphic 

ans materials they are using that f~ well below the limit of the rule with the 

graphic arts materials that have ROG content above the limit. 7 The daily 
weighted average fpr all of these graphic arts materials should exactly meet or better 

the limit of the rule. 7 The solvent content limit for graphic arts materials, 2.5 

lb/gal exclu~ing water and exempt solvents or 25% by volume, is specified m 

SCAQMD Rule 1130. 

Reference 6 ·and 7 discuss the procedures to calculate equivalency based on the 

Contr<?l · Technique Guidelines . (CfGs) recommendations for General Surface 

Coating. This procedure is now used in this section to calculate the average solvent 

content, in pounds per gallon excluding water and exempt solvents, for the offset 

printing· presses. The term coating· used in Reference 6 and 7 is understood as 

graphic arts materials for this section. 

References 6 and 7 state that there is a misconception in an equivalency calculation 

to simply average the reactive organic gases of the graphic arts materials used 

assuming that an equal volume of graphic arts materials will be required to cover a 

given area regardless of the amount of solids in the graphic arts materials. 
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An example is taken from Reference 7 to illustrate this point. Two types of graphic 

arts materials are used, the non-compliant type. A and the compliant type B. The 

type A usage is 2 gal/day with ROG content of 4.5 lb/galless water. The type B 

usage is 5 gal/day with ROG content of 1.5 lb/galless water. Assuming that an 

equal volume will be required to cover a same given area, the average ROG content· 

is calculated as follows: 

(2 gal)(4.5lb/gal) 

(5 gal)(1.5 lb/gal) 

= 9.0 lb/gal 

= 7.5lb/gal 

Therefore, the average ROG content is (16.5/7) = 2.36 lb/gal. One might then 
compare 2.36 lb/gal with the ROG content limit to determine compliance. This 
method, however, is not acceptable. The proper· procedures for calculating 

equivalency must take solids content of both type A and B into consideration.. An 

example is taken from Reference 6 to illustrate th;is point. 

Current graphic arts materials 
Given:· 

1. Solvent content: 

2. · Solvent density: 

5.90 lb/galless water 

7.36lb/gal 
3. Daily usage: 300 gals 

Calculate: 
4. 

5. 

6. 

Volume. percent solvent: 

((5.9lb/gal)/(7.36lb/gal))100 = 80% 
Volume percent solids: 

(100- 80) = 20% 

· v.olume of solids applied daily: 

(300 gal/day)(20%) = 60 gal/day 

The key item is that 60 gallons of solids are applied daily. This is 

assumed to remain constant. 

7. Volume of solvent used daily: 

(300 galfday)(80%) = 240 gal/day 

8. Mass of solvent used daily: 

(240 gal/day)(7.36lb/gal) = 1766lb/day. 
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Compliant graphic arts materials 
Given: · 

9. Solvent content: 3.00 lb/galless water 

10. Solvent density: 7 .361b/gal 

Section: 
Revision: 
Date: 

8 
0 
8/18/89 

11. Required daily solids usage (as determined.in Item 6): 60 gals 

Calculate: 

12. Volume percent solvent: 

((3lb/gal)/(7.36lb/gal))1QO = 40% 

13. Volume percent solids: 

(100 - 40) = 60% 

14. Volume of compliant graphic arts materials to meet daily solids 

requirement: 

(~0 gal/day solids)/(60%) = 100 gal/day 

15. Volume of solvent in daily required gallons of compliant graphic arts 

materials: 

(100 gal/day solids)(40%) = 40 gal/day 

16. Mass of solvent in daily required gallons of graphic arts materials: 

(40 gal/day)(7.36 lb/gal) = 294lb/day 

17. Required percent reduction from add-on control: 

((1766- 294)/1766)(100) = 83% 

8.5 Rules Evaluation 

The District Rules and Regulations applicable for offset lithographic press are: Rule 

212, 401, 402, 442, 1130, and Regulation XIII. 9 

Rule 212 - Standards For Approving Permits 

Section (e) of this Rule requires public notifi~ation of certain cases be made prior to 

·issUing the permit. 

Rule 401 - Visible Emissions 

No visible emission greater than 20% opacity or Ringlemann No. 1 aggregating for 

more than three minutes in any one hour period is allowed. 
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Emissions which cause or contribute. to ~ nuisance are prohibited. Factors worthy of 

consideration include iocation (commercial/residential area), solvent usage, 

odorous materials, and prior complaints .. 

Rule 442 - Solvent Usage 

The use of cleanup solvents is controlle.d by either Rule 442(f) or by ·Rule 1130. If· 

the printing press is subject to Rule 1130, the requirements of Rule 1130 will 

preempt the. requirements of Rule 442(f). 

Rule 442(f) requires the press operator to .use the non-photochemically reactive 

cleanup solvents or to reduce the emissions from any photochemically reactive 

solvents by at least 85% by weight. A photochemically reactive solvent is defined in 

Rule 102. 

· Rule 1130 - Graphic Arts 

A person shall n~t. operate any graphic arts process on porous substrate, excluding 

detergent packages, or on non-porous substrate, including detergent packages, 

unless one of the following conditions is satisfied at all times: 

(a) Use only low-solvent graphic arts materials. LOw solvent graphic arts 

material contains less than 2.5 lb/gal of ROG excluding water and/or 
exempt solvents, or contains no more than 25 % ROG on a volume basis 

determined by the procedure outlined in Rule 107; OR 

(b) . Install and op~rat~ on·the lin~ an approved emission control system capable 

of reducing ROG emissions by at least 90 percent on a mass basis; OR 

(c) Show compliance by equivalency by reducing emissions from the graphic arts 

lines of the whole facility such that the total emissions using high- and low

solvent graphic arts materials when combined are equivalent to the emissions . . 
that would result when low-solvent graphic arts materials are used. 
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· (l) If the new or modified equipment calises an increase in facility emissions in 

excess of one pound per day for any non-attainment air contaminant, Best 

Available Control Technology (BACT) is required. 

The South Coast Air Quality Management District's Best Available Control 

Technology GuidelineslO lis~ BACf for different processeS. It is constantly 

being updated to reflect advances in technology. It should also be consulted 

to properly determine both applicability and BACT which may be different 

from case to case. Table 8-4 and 8-5 list the current BACT for lithographic 

printing presses. 

(2) If the accumulated maximum emission of any air contaminant from any 

stationaxy source exceeds the threshold limits specified in Rule 1303(a)(2), in 

addition to BACf, the app~cant must comply with the following: 

(a) The applicant certifies in writing that all of the facilities emitting 2S tons 

per year or more, which are owned or opetated by the applicant, are in 

compliance with the limitations of the Clean Air ~ct and the State · 

Implementation Plan OF with the limitations of the District, whichever 

are more stringent. 

(b) The applicant must use modelliig or other analysis approved by the 
Executive Officer to demonstrate that the new source or modificationS to 
an existing source . will not cause any violation, or make measurably 

worse an existing violation, of any ambient air quality standard at any 

receptor location in the District. Modeling shall n!)t be required for any_ 

air contaminant if all offset sources which are within the .distance of five 

(5) miles could actually lower the emission of that air contaminant(s) 

down to the threshold limit 

(c) The applicant must offset the total accumulated increase in emissions . . . 
from the stationaxy source. 
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TABLE.B-4 BEST AVAILABLE CONTROL TECHNOLOGY (BACT) FOR 
LITHOGRAPHIC OR OFFSET.PRINTING- HEATSET PROCESS 10 

!SACT 
Technologlcelly fenibte1 

ROG 
JNo VOC fountain Solu· 
ltlon, Law YOC (< 3X by 
Jvol. voc 11 determined 
Jby Rule 107) llanket 
(Wash, Low VOC (c 31 by 

Jvol. as determined by 

JRule 107) Roller, Tr1y I 
Jand f'lhcelleneous Equlp·J 
Jment Wash, and KerOsene• I 
I like Oil Based Inks I 

IACT Jlow VOC FOU1tlln Solu· 
Achieved In Practlce·or - )tion (c12X by Vol. VOC 
Contained In EPA Approved SIP2 Jas Determined by ~ule 

. 1. Requites E~onamlc Analysis 
2. No Economic Analyala 

J107), Mlnlmua Possible 
JVOC Blanket Wash and 
JRo\ler and Tray Weshes, I 
(end Kerosene•Uke Ofl I 
IBosed Inks I 

NOX sox 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

co PART. 
Ioven Venting to sn I 
IAf.terburner C~ 0.3 Sec. I 
Jaetentlon Time at . I 
1~ 1400 •,, m·ovonll 1 
IEflfofencyl whh Ink I 

IU••a• •• ! 95 lbs/dsy 1 
I I 
I I 
I I 
I I 

JOven Venting to an 

(Afterburner (!:, 0.3 Sec. 
Jtetentlon Time at 
I!:. 1400 °F; 901 overall 
IEtflofonoy) with Ink 

JU•a8e 1t ~ 95 lbs/day 
I 
I 
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TABLEB-4 

DACJ 
for Small Ruslness1•1 

Alternate Saslc Equipment 
or Proceu1 

1. lcqulr11 Economic Analysis 
2. No Economic Analysts 

BEST AV AllABLE CONTROL TECHNOWGY (BACO FOR 
LITHOORAPHIC OR OFFSET PRINTING- HE~TSET PROCESS 10 

BOG 
11. No VOC fOUiraln Solu·l 
I rlon, L.., voc (< lX I 
I Vol. VOC •• Deter· I 
I mined by Ruli 1071 I 
I Slanket Uath, Low VOCJ 
I cc lX by Vol. •• Oe• 1 
I rermlned by Rule 10711 
I Rotter, fray and His· I 
I cellaneous Equipment I 
I Wa~h, and.Ktrosene• I 
I like on booed by I 
I Vol, VOCJ, Mini"" I 
I Pot~lbla VOC Clenket I 
I Wash, RoLler and TrayJ 
I Vaahes, and Kerosene• I 
I llko Oil Bned Inks. I . 
J2 •. Low VOC founeln Sot·J 
I urlon I< 121 by Vol, I 
I VOC IS Determined by I 
I Rule 1071, Minimum I 
I Possible VOC Blanker I 
I Wosh. loller end Trayf 
I Washes, end kerosene•( 

r. l Bas~ nk 

Nox sox co PABT. 
(CNen. Venting to an 
(Afterburner (~ O.l sec. 
(letentlon Time at 
I~ 1400 °f; 90X Overall 
IEfflcftncy) with Ink 
U11111 U ,. 9S lbs/ct.y 

I 
I 
I 
I 
I. 
I 
I 

. '• 

], Control technoloGies are In ducendlng ordtr of afflcla'!Cy. The IIICIIC efficient control technology IIJU be coi1aldered flr.t .men concb:t(ng an econamtc 
•nelyats. · 
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TABLE 8-5 BEST AVAILABLE CONTROL-TECHNOLOGY (BACT) FOR 
LITHOGRAPHIC OR OFFSET PRINTING- NON-HEATSET PROCESS lO 

BACT 
TechnologicallY Feaslbte1 

BOG 
JNo VOC FN~taln Solu· I 
ltlon, Low we I< 31 bv 1 
)Vol. VOC as determined J · 
lbv Rule 1071 llonket I 
IUesh, Low VOC (< 31 by I 
!Vol. 11 detemln<d bv I 
JRu\e 101) Iollar, Tny I 
l~nd HlsceLLoneoua Equip· I 
Jment W.nh, ll"d Kerosene• I 
Jllte.ofl lased· Inks J 

IIACT JLow VOC f01.11taln So\u· 
Achieved In Practice or Jtlon .(c121 by Vat-. voc 
Contained In EPA Approved SIP2 Jas Determined by Rule 

1. Requires Economic An.lysh 
Z •. No Economic Analysis 

)101), ittnfiiUI!I Pots!ble 
Jvoc alanket Uaah and I 
)Rotter and Tray Wishes, 1 
Jand Kerosene· like Oil I 
!Based Lnka I 

NOK 
I 
I 
I 
I· 
I 
I 
I 
I 
I 
I 

sox co 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I ACT 

for SBtl\ luslness1•3 

Alttrntte lts le £qulpnent 
or Process 1 

1. R~lres £eonomle Ant l ys ls 

BEST AVAILABLE CONTROL TECHNOLOGY (DACf) FOR 
LITI-IOGRAPHIC OR OFFSET PRINTING- NON-HEATSET PROCESS 10 

BOG 
jl. No VIX feu~te In So\u·l 

I tlon, low VIX ( c lX I 
Yo\. V1X •• Deter· I 
•lned by lute 107) I 
1\tnktt lluh, low YOCI 
(c 3X by Yo\ . •• De• I 
ter•lned by lute 107) I 
lolltr, Trev end Mls · l 
cell-ous f~lpnent I 
lltsh, end Kerosene· I 
I Ike Oil beaed · by I 
Vol. VOC:) , Mini- I 
Poulble vOc llanht I 
lltsh, lolltr tnd Tray! 
lltshts, end Kerosene· I 

I llltt Oil ltstd Inks . I 
IZ . low ~ feu~teln Sol·l 
I utlon (~ 1ZX by Yol. I 
I YOC 11 Oeteralntd by I 
I lu\t 1071 , Mlnlna I 
I Possible YOC llanket I 
I Utlh, loiter and Tray! 

I washes, end Ktrostne·l 

I lflte Oil lmd !nh I 
I I 
I I 

NOx sox co 

z. No Eco~lc A,.lysls . 
l. Control technol09lt1 art In d .. ctndlng order of efficiency. Tht 1101t efficient control ttchnolotY ft.ltt be c-ldertd flrlt when concb:tlng an tc0110111lc 

analysis . 
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Note: Under this Regulation, emissions from equipment which ~s exempt 
from permit requirement are to be accumulated in the New Source 
Review Database. These emissions are included to determine 
compliance with the threshold limits. 

8.6 Permit (Operating) Conditions 

. In order to assure compliance with applicable Rules and Regulations .of the 
SCAQMD, ·Permit (Operating) Conditions must be required. Permit (Operating) 
Conditions are listed in Appendix 8B. 
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SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT I PAGES I PAGE 
I 4 I 1 

ENGINEERING DIVISION JAPPL. NO. I DATE 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY !CHECKED BY 

PERMIT TO CONSTRUCf/OPERATE 

Applicability: This permit application form applies only to .offset lithographic printing presses 

APPUCANTS NAME 

MAIUNG ADDRESS 

EQUIPMENT ADDRESS . 

EQUIPMENT DESCRIPTION 

APPLICATION NO. 

. . 
UTIIOGRAPIDC PRINTING PRESS SYSTEM CONSISTING OF: 

1. UTIIOGRAPIDC PRINTING PRESS, 
FED)(BLANKET-TO-BLANKET)(OFFSET), MODEL NO. 
WIDTII ",SERIAL NO. H.P. 

, (WEB-FED)(SHEET
. , (WEB)(SHEET) 

2. OVEN, , MODEL NO. , SERIAL NO. , '. "W., 
•. " L.; '· " H., BTU/HR, (GAS FIRED)(OIL 

FIRED){ELECfRICALLY HEATED) WITH AIR BLOWER(S), · H.P. 
EACH,AND SUPPLYFAN(S), H.P.EACH. 

HISTORY 

CALCULATION 

·.Data given by the applicant: 

(1) Ink Type 
Solvent content 

. . 

{lb/gal w/o water&exempt solvents) 
(%.byvoi) 

Solvent density (lb/gal) . 
Ink density (lb/gal) 
Daily consumption (galfday) 

Revision: 0 
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SOUTII COAST AIR QUALI'IY MANAGEMENT DISTRICT . . 

(2) 

(3) 

EJ,IJGINEERING DIVISION 

APPLICATION PROCESSING AND CALCrJLATIONS 

Fountain Solution Name 
Solvent content . (%by vol) 
Solvent density · · (lb/gal) 
Daily constimption · (gal/day) 

Wash Solution Name 
Solvent content (% byvol) 
Solvent density (lb/gal) · 
Daily consumption (gal/day) 

IPAGES IPAGE 
..~-__ ..:4!..-_, 2 
IAPPLNO. I DATE 

IPROCESSEDBY ICHECKEDBY 

- ---

( 4) ·Operation Schedule: _ hr /day, __ day /wk. __ wk/yr 

(5) Fraction Distribution: 
Ink Rollers Blanket Fountain 

Type Or Trays Wash Solution 
Wash 

Retained on the web 
. Evaporated in the dryer 
Evaporated in the \ 

pressroom 

(6). Afterburner Efficiency. % 

The tqtal emission is calculated based on Equation 8.1, 8.2, 8.3, and 8.4 using the basic program 
"Emission" in Appendix 8D. The input and output are attached below. The equivalency 
calculation is performed using the basic program "Litho" in Appendix 8C. The input and output 
are attached below. 

Revision: 0 Date: 8/l'P/89 
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SOUTII COAST AIR QUALI1Y MANAGEMENT DISTRICf I PAGES !PAGE 
I 4 I 3 

ENGINEERING DMSION IAPPL NO. I DATE 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

RULES EVALUATION 

RULE401 

RULE402 

RULE442 

RULE 1130 

Revision: 0 

SCAQMD 

[ 1 

With proper maintenance and operation, this equipment (is not)(is) 
expected to violate Rule 401. 

Nuisance complaints (are not)(are) expected. 

Since this equipment is not exempt from Rule 1130, the cleanup 
solvent(s) used by this equipment are not subject to Rule 442. 

[ ] Since this equipment is exempt from Rule 1130, the cleanup 
solvent(s) used by this equipment are subject to Rule 442. To comply 
with Rule 442, the cleanup solvent(s) must be non·photochemically 
reactive OR the emission of ROG must be reduced by at least 85% by 
weight 

[ 1 

[] 

[] 

The total ROG emissions from this equipment is less than 20 lb/day. 
Therefore, this equipment is exempt from Rule 1130 per Section 
1130(g)(2). . . 

The solvent content of ink, fountain solution and cleaning solution are· 
either less than 25lb/galless water or no more than 25% by volume. 
Therefore, this equipment mee~ the r-equirement of Rule 1130 per 
Section 1130(b ). 

The average solvent content of ink, fountain solution, and cleaning 
solution when combined is less than 25% by volume. Therefore, this 
equipment meets the requirement of Rule 1130 per Section 
1130(c)(l). 

Date: 8/18/89 
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SOUTH COAST AIR QUALI'IY MANAGEMENT DISTRICT. (PAGES 
4 

(PAGE 

I 4 
ENGINEERING DIVISION 

APPLICATION PROCESSING AND CALCULATIONS 

(APPI..NO. (DATE 

I PROCESSEP BY ·ICHECKEOBY 

REGULATION XIII 

[] 

[] 

The new or mod_ified e~uipment h3:5 an increase in ROG e~ssion more than 1 lb/day, 
theref<lre BACf IS requrred. · · · 

Since the net emission increase from the facility exceeds the threshold limit specified in 
1303(a)(2), the following steps are required in addition to BACf: 

0 

0 

The company must obtain offsets from other facilities. 

The company must certify in writing that all of its facilities in the state that emit 25 
tons per year or more of R.OG comply with federal, state, and local air quality laws. 

CONCLUSIONS/RECOMMENDATIONS 

This equipment (is)(is not) expected to comply with all applicable District Rules and Regulations. 
Therefore, the following disposition is recommended: . 

( ) · Issue a Permit to Construct/Operate subject to the following conditions: 
(Refer to Appendix SB for the wording of conditions). 

OR 

. ( ) Deny the Permit to Construct/Operate. 

It is my opinion that the ope.ration of this equipment will be in violation of Rule(s) 
of the Rules and Regulations of the South 

Coast Air Quahty 1\i,..n=ag==e:::m:-:e:::nt District. . 

Revision: 0 . 
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l. ORGANIC SOLVENTS USED BY TinS EQUIPMENT MUST BE 
CLEARLY LABELED AS NON-PHOTOCHEMICALLY REACTIVE BY 

. THE SUPPLIER OR, FOR BULK SHIPMENTS, SHOWN TO BE NON

PHOTOCHEMICALLY REACTIVE ON BILLS OF LADING OR 
INVOICES. 

2.' THIS EQUIPMENT COMPLIES WITII RULE 1130 BY EQUIVALENCY. 

. . 
3. .THE TOTAL QUANTITY OF SOLVENTS AND INKS USED IN 'qiiS 

EQUIPMENT MUST NOT EXCEED GALLONS IN ANY ONE 

DAY OR -.,--GALLONS IN ANY ONE HOUR. 

4. THE TOTAL QUANTITY OF CLEAN-UP SOLVENTS USED. IN TillS 
EQUIPMENT MUST NOT EXCEED . GALLONS IN ANY ONE 
DAY OR GALLONS IN ANY ONE HOUR, AND MUST BE 
NON-PHOTOCHEMICALLY REACTIVE. 

5." THE TOTAL QUANTITY OF SOLVENTS AND INKS USED AT TillS 
. PLANT MUST NOT EXCEED· GALLONS IN ANY ONE DAY 

OR GALLONS IN ANY ONE HOUR. 

6. ; TillS EQUIPMENT MUST NOT BE OPERATED UNLESS (IT)('I'FiE) . . 
(IS)(ARE). VENTED ONLY TO AN AIR 

POLLUTION CONTROL EQUIPMENT WinCH IS IN FULL USE AND 
WinCH HAS BEEN. ISSUED A PERMIT . TO 
(CONSTRUCI')(OPERATE) BY THE EXECUTIVE OFFICER 

7. ADEQUATE RECORDS MUST BE MAINTAINED TO VERIFY DAILY 
USAGE IN A FORMAT APPROVED BY THE DIRECTOR OF 
ENF<?R,CEMENT, KEPT ON FiLE FOR. THE MINIMUM OF TWO 
YEARS, · AND MADE AVAILABLE UPON REQUEST BY 

AUTHORIZED DISTRICT PERSONNEL. 
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Cl(l) = Solvent content lb/galless water and/or 

exempt solvents, or %by vol 

C2(1) = Solids content %byvol 

CM = Compliant solvent content 2.5 lb/galless water and/or 

exempt solvents,or 25.% by vol 

CMl(l) = Compliant solvent content %by val 

CM2(1) = Compliant solids content %byvol 
. D(I) = Solvent density lb/gal 

G(l) = Daily consumption of graphic arts materials gal/day 

Gl(l) = Daily coilsum.ption of solvent gal/day. 
G2(1) = Daily consumption of solids .gal/day 

GM = Daily consumption of graphic arts. materials . %by val 

GlM = Daily.consumption of compliant solvent · %byvol 

Ll(l) = Daily consumption of solvent. lb/day 

12(1) = Daily consumption of solids lb/day 

LM(I) = Daily consumption of compliarii solvent lb/day 

LT = Total consumptjon of current solvents lb/day 

LTM = Total consumption of compliant solvents lb/day 

N = Choice of unit for current solvent content 

N = lforunitinlb/gal 

N = 2 for unit in % by vol 

M = Choice of unit ~or compliant solvent content 

M = 1 for unit in lb/gal 
M = 2 for unit in % by val 

R = Additional percent reduction % 

T ~otal number of solvent used 

To verify Litho program, a test run is perfor'med witli the following input: 

T = 2 
D(l) = 736lb/gal D(2) = 736lb/gal 
CMl(l) = 2.80 lb/gal CM1(2) . = 2.80 lb/gal 

· Cl(l) = 4.50 lb/gal C1(2) = 1.50 lb/gal 

· Gl(l) = 5.00 gal/day G1(2) = 7.00 gal/day 
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. Step-by-step hand-calculations are used to check against the computer output: 

C1(1) = (4.50 lb/gal/(7.36lb/gal)}100 = 61.14 % by.vol 

C1(2) = ((1.50 lb/gal/(7:J6lb/gal))100 = 20.38 % by val 
C2(1) = (100- 61.1413) = 38.86% 
C2(2) =. (100-20.3804) = 79.62% 

G1(1) = (5 gal/day)(61.1413 %) = 3.06 gal/ day 
G1(2) = (7 gal/day)(20:J804 %) = 1.43 gal/ day 

. G2(1) = (5 gal/day)(38.8587 %) = 1.94 gal/ day 
G2(2) = (7 gal/day)(79.6196 %) = 5.57 gal/ :J.Y 
L1(1) = (3.0571 gal/day)(7:J6lb/gal) = 22.50 lb/day 
Ll(2) = (1.4266 gal/day)(7:J6lb/gal) = 10.50 lb/day 
LT = (0 + 22.5003 + 10.4998) = 33.00 lb/day 
CM1(1) = ((2.8lb/gal)/(7:J6lb/g~)100 = 38;04 % by val 

CM1(2) = ((2.3 lb/gal)/(7:J6lb/gal))100 = 31.25% byvol 
CM2(1) = 100 % - 38.0435 % = 61.96% 

. CM2(2) = 100 % - 31.2500 % = 68.75% 
GM(1) = (1.9429 gal/day /.61.9565 %) = 3.14 gal/day 
GM(2) = (5.5?32 gal/day/ 68..7500 %) = 8.11 gal/ day 
G1M(1) = (3.1360 gal/day)(38.0435 %) = 1.19 gal/ day 
G1M(2) = (8.1065 galfday)(31.2500 %) = 2.53 gal/ day 
LM(1) = (1.1930 gal/day)(7.36Ib/gal) = 8.78lb/day 

1.¥(2) = (2.5333 gal/day)(7.36Ib/gal) = 18.65 lb /day. 
LTM = 0 + 8.7805 + 18.6450 = 27.43lb/day 
R = ((33.000- 27.426)/33.0901) 100 = 16.89% 

The computer input and output for this example are attached on page 8C-5 to 8C-8. 
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10' • 
20 • 
30 • 
40 ·• 
:!0 • 
60 • 
;o , 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• THIS PROGRAM IS USED TO CALCULATE THE TOTAL ROB EMISSION FROM • 
o·GRAPHIC ARTS MATERIALS HAVING DIFFERENT SOLVENT CONTENTS ANO • 
• TO COMPARE THIS TOTAL EMISSION WITH T~E TOTAL RCG EMISSION • 

so- • • t<qOM THE COMPLIANT GRIIPHIC o\RTS MATERIALS. • 
90 , • • 
100 '• THIS PROGRAM CAN BE USED TD DETERMINE COMPLIANCE WITH RULE IIJO• 
110 '• FOR LITHOGRAPHIC PRINTING PRESSES USING EQUIVALENCY METHOD. • 
120 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
130 • 
1~0 OIM GIIOI, DiiOI, C1 C 101, ·C::ZCIOI, GIIIOI, Ll1CIOI 
1:!<' Dll'l G2110' Ll CIO.I, CHI CIOl, CMIIOI, CM2CIOI·, GMCIOI 1 GIMC101 
160 • 
170 INPUT "INPUT NUMBER OF GRAPHIC ARTS MATERIALS USED, T • "I T 
190 PRINT "INPUT CHOICE OF UNIT FOR CURRENT SOLVENT CONTENTS" 
190 PRINT • N • I IF USE LB/GAL LESS WATER" 
200 PRINT • N • 2 IF USE I BV YOLUI'IE" 
210 INPUT • N • "I ·N 
:no PRINT "INPUT OIOICE OF UNIT FOR cmti'LIANT SOLVENT CONTENTS" 
230 PRINT • M ··I I~ USE LB/GAL LESS.WATER" 
240 PRINT • M • 2 IF USE I BV VOLUME" 
~:!0 INPUT " M • "I 1'1 
260 PRINT "INPUT COMPLIANT SOLVENT CONTENTS" 
270 FOR I • 1 TO T 
290 INPUT • Cl'l •. "I CI'IC.II 
290 NEXT 
300 PRINT "INPUT AMOUNT OF CURRENT GRAPHIC ARTS MATERIALS USED" 
310 FOR I • 1 TO T · . . 
320 INPUT "· G • "I GCII 
330 NEXT . 
~40 PRINT ~INPUT SOLVENT CONTENTS OF CURRENT GRAPHIC ARTS MATERIALS • 
3:!0 ·FOR I • I TO T 
360 INPUT • C1 • "I CICII 
370 NEXT . 
390 PRINT "IN~JT DENSITIES OF CURRENT GRAPHIC ARTS MATERIALS" 
390 FOR I • I TO T 
400 INPUT " D • "I .DII! 
410 tjEXT 
420.GOTO 910 
430 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
440 '•CONVERT SOLVENT CONTENTS FROM LB/GAL LESS WATER TO PERCENT BY VOLUME • 
4~0 , .••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
460. IF N •: GOTO :!40 
470 FOR I • I TO T 
490 CIIIl •IC1CII/DIIII•IOO 
490 NEXT 
soo ................................................................... . 
:!10 '•CALCULATE AMOUNT OF ROB IN LB/DAV RELEASED USING CURRENT GRAPHIC• 
5::0:0 '•ARTS IIAT£RIALS . . • 
530 ••••••••••••••••••••••••.••••••••••••••••••••••••••••••••••••••••••• 
:;40 LT • 0 
:!50 FOR I • I TO T 
:!60 C2Cil • 100-Ctlll 
5o0 BICII "Glll•Ct IIl/100 
590 G2111 • GI.JI•C21II/1QO 
.590 Lilli • Bllll•DHI 
600 .LT • LT • Lllll 
61C· >IEXT 
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~:0:1) ••••••4V'Wee"eee•eeetle•e••···························•••&.eeeeeeeeeeee 
~'0 '•CONVERT COMPLIANT SOLVENT CONTENTS FROI1.LB/GAL LESS WAT!R TO • 
~40 '•PERCENT BY VOLUME . • 
~~Q , •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

~60 IF M •2 GOTO 710 
~')--f'SR-1· •I· TO T 
~AO Cl11(11 • ICI1111/DIIJ.I•IOO 
;90 NEXT 
:oo GOTO 7BO 
~:)FOR l"•l TOT 
:"20 C:l11111 • CMIII 
:'.,') NEXT 
~4ll , •••••••••• -............................................................. . 

-~o '•CALCULATE AMOUNT OF ROG IN LB/DAY RELEASED IF USING COMPLIANT GRAPHIC•. 
~~0 '•ARTS 11ATERIALS • 
i.'':'O '··~••••••••••••••••••••••••••••••••••-•••••••••••••••••••••••-••••••••••• 
:'90 LTI1 • 0 
:'90 FOR I •I TO T 
500 Cl12111 • 100- Cl11111 
e10 G"IJI • G21JI/ICM21II/IOOI 
920 Gl111tl • GM1ti•CI111111100 
BJO Ll1111 • Gll1111 •Dill 
S40 LTI1 • LTI1 + LIUJI • 
950 NEXT . 
860 •••••••••••••.•••••••••••••••••••••••••••••••••.••••••••••••••••••••••• 
B70 •• CALCULATE ADDITIONAL PERCENT REDUCTION REQUIRED • 
sao ••••••••••••••••••••••••••••••••·•~•••••••••••••••••••••••••••••••••• 
B90 R • liLT -LTI11/LTI•IOO 
900 BDTO 1220 . 
910 LPRJNT 
920 LPRINT 
930 LPRINT • ••••••••••••••• 
940 LPRINT • • INPUT1 •• 
9SO LPRINT • ••••••••••••••• 
960 LP~JNT "NUI1BER OF GRAPHIC ARTS·I1ATERIALS USED • "IT 
970 IF N • I GOTO 1000 
9BO NPRINTt • "PERCENT BY VOLUI1E" 
9q0 GOTO 1010 
1000 NPRINTS • "LB,GAL LESS WATER• 
1010 IF " • I GOTO 1040 
IQ20 11PR.INTt • "PERCENT BY VOLUI1E" 
IOJO GOTO 1050. . 
1040 , "PRINTS • "LB/GAL LESS WATER" 
.1050 LPRINT "CO~LIANT SOLVENT CONTENT&" 
1060 FOR I • I TO T 
1070 LPRINT " Cl1 • "I C11!II, "PRINTS 
lOBO NEXT 
1090 LPRINT "CURRENT 
1100 FOR I • 
IUD 
1120 NEXT 

SOLVENT CONTENTS" 
l TO T 
LPRINT • Cl • "I CIIII, NPRINTt 

IIJO LFRINT 
1140 

"A~UNT OF.CURRENT 
FORI•ITOT. 

GRAPHIC ARTS 11ATERIALS USED" 

11~0 
1160 
1170 LPRINT 
llBO 
1190 
1200 

SCAQMD 

LPRINT • B • "I GHI., "GALiDAY" 
NEXT 

"DENSITIES OF CURRENT 
FOR I • I TO T 

LPRINT • 

GRAPHIC ARTS 11ATERIALS • 

D • "I Dill", "LB/GAL" 
NEXT 
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I :"11) OCTO "'::10 
1220 LPRINT 
!2::11) !..PRINT 
: =•o LPRINT ." 
::~n LPR-INT " 
::bO LPiUNT • 

••••••••••••••••• 
• RESULTS! •" 
········~········ ::70 LPRINT "SOLVENT CONTENTS OF CURRENT GRAPHIC ARTS MA.ERIALS • 

:::;:;(• FOR I • I TOT 
~ :91) LPRINT R Cl • "1 Cllll, "S BY VOLUME" 
::too 
!::110 LPRINT 
:120 
::t~O 

:7"'0 
: J!OO LPR INT 
;JbO LPRINT 
:::70 LPRINT 
: 'lSO 
~390 

NEXT 
"SOLID CONTENTS OF CURRENT GRAPHIC ARTS MATERIALS • 
FORI• I TOT 

LPRINT • 
NEXT 

c:z • "; .C2111, "S BY VOLUME" 

"AMOUNT OF SOLVENTS RELEASED USING CURRENT GRAPHIC ARTS MATERIALS 
FORl•lTOT 

LPRINT • 
NEXT 

Gl •"I Gllll, "GAL/DAY" 
:"'oo 
!.ClO 
:<:20 
!"'::10 

LPRINT "AMOUNT OF SOLIDS RELEASED USING CURRENT GRAPHIC ARTS MATERIALS" 

:.:.40 
; ·' :o LPRINT 
'.,o· LPRINT. 
•:-0 LPRINT 

1490 
1490 
1!500 
1!510 LPRINT 

· l!520 LPRINT 
1:'030 LPRINT 
1~40 

1:5!50 

FORI•ITOT 
!;.PRINT" G2 • "I. G2Ul, "GAL/DAY" 

"AMOUNT OF SOLYEHTS RELEASED USING CURRENT GRAPHIC ARTS MATERIALS 
FORl•lTOT 

LPRINT • Ll • "1 LlCll, "LB/DAY" 
NEXT. 

"AMOUNT OF SOLIDS RELEASED USING COMPLIANT GR~PHIC ARTS MATERIALS 
FOR I •·· I TO T 

LPRINT • GM • "I GMIJI, "GAL/DAY" 
1:560 NEXT 
:~70 LPRJNT "AI1CIUNT OF SOLVENTS RELC:ASED USING COMI'toJANT GRA;:'HICS ARTS MATERIA 
• 

1:190 
:'590 
1600 
:610 LPRJNT 
:6:0 LFRJNT 
·lb::SO LPRINT 
• 

""'0 16:i0 
lbbO 
1b70 LPRINT 
lb90 LFRJNT 
lb90 LPRINT 

·RIALS~ 
1700 
:;-ro LPRJNT 
ALS" 
1720 
1730 LPRINT 
17"'0 LPRJNT 
I 7:50 LPIUNT 

SCAQMD 

FOR l • 1 TO T 
LPRINT • 

NEXT 
•GIM • "; ulMIJI, "GAL/DAY" 

"AMOUNT OF SOLVENTS· RELEASED USING COI'IPLIANT GRAPHICS ARTS MATERIA· 

FORI•ITOT 
LPRINT • 

NEXT 
LM •. R I l.M (II ' "LB/DAY" 

"TOTAL AMOUNT OF SOLVENTS~ELEASED USING COI'IPLIANT GRAPHIC ARTS I'IA 

LPRiNT • LTI'I • "I LTM, "LB/DAY". 
"TOTAL AI'IOUNT Of SOLVENTS RELEASED USING CURRENT GRAPHIC ARTS MATEI 

LPRINT • l.T • "t LT, "l.B/DAY" 

"ADDITIONAL PEIICVIT M:DUCTION REQUIRED • ."1 R 
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· • ·INPUTa • 
•••••••••••••• 

NUM&ER OF GRAPHIC ARTS MATERIALS USED • . ~ 
COMPLIANT SOLVENT CONTENTS 

CM • :!. 8 · LB/GAL LESS ~ATER 
CM • 2.3 LS/GAL LESS WATER 

CURRENT SOLVENT CONT~NTS 
C1 • 4.:5 
Cl • 1.:5 

AMOUNT OF CURRENT GRAPHIC 
G • S 
G.• 7 

LBIG~ LESS W4TER 
LB/GA~ LESS ~ATER 

ARTS ~AT£RIA~ U6ED 
GAL,OAY 
GAL/DAY 

DENSITIES OF CURRENT 
D • 7.l6 
D • 7.·36 

GRAPHIC ARTS MATERIALS 
LB/GAL 
LB(GAL 

•••••••••••••••• 
• RESULTSa • 
•••••••••••••••• 

SOLVENT CONTENTS OF CURRENT GRAPHIC ARTS MATERIALS 
Cl • 61.14131 X BY VOLUME 
Cl • 20.38043 X BY VOLUHE 

SOLID CONTENTS OF ~URRENT GRAPHIC ARTS MATERIALS 
C:! • 38.8:587 ~ BY'VOLUME 
C2 • 79.619:57 :C BY VOLUME 
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AMOUNT OF SOLVENTS RELEASED USING CURRENT GRAPHIC ARTS MATERIALS 
G1 • 3.0:5706:5 GAL/DAY 
Gl • 1.42663 GAL/DAY 

AMOUNT OF SOL1DS.RELEASED USING CURRENT GRAPHIC ARTS MATERIALS 
G2 • 1.94293:5 GAL/DAY 
G2 • :5.:57337 GAL/DAY 

AMOUNT OF SOLVENTS RELEASED USING CURRENT GRAPHIC ARTS ~ATERIALS 
Ll • :2.~ LB/DAY 
L~ • 10.S LS/DAY 

AMOUNT OF SOLIDS RELEASED USING COMPLIANT GRAPHIC ARTS MATERIALS 
GM • 3;13:596:5 GAL/DAY 
GM • 8.10672 GAL/DAY 

AMOUNT OF SOLVENTS RELEASED USING COMPLIANT GRAPI-!ICS ARTS MATERIALS 
GIM • 1.19303 GAL/DAY 
G1M • :;:.:5333:S Gl' :DAY 

AM'cUNT OF SOLVENTS RELEASED 
LM • 8.780702 

.-LM • 18.64:546 

USING COMPLIANT 
LS/DAY 
L&/DAY 

GRAPHICS ARTS MATERIALS 

TOTAL AMOUNT OF SOLVENTS RELEI,ISED USING COMPLIANT GJ'lAPHIC. ART,S MATERIALS 
L TM •' . 27.' 426 1b LS/DAY 

TOTAL AMOUNT·OF SOLVENTS RELEASED USING CURRENT GRAPHIC ARTS MATERIALS 
LT • 33 LB/DAY 

ADDITIONAL PERCENT REDUCTION REOUIRED • 16.89043 
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Equation 8.1, 8.2, 8.3, and 8.4 are ·oded in this basic program called Emission. The program :~ 

listed below: 

~0 1********************- **************************************~**** 
20 1* EMISSION PROGRAM * 
30 1**************************************.*************************** 
4 0 D~M c (?I 4 I 10) I D ( 5 I 4 I ~0) I G ( 5 I 4 I 10) I R . 5 I 4 I 10) ; R2D ( 5 I • ~0) I 

R1P (51 4 I 10) 
50 DIM FP(5,4) 1FD(5 14) 1 R1(5,4 1 ~0) 1 R2(5 1 4 1 ~0) 1 VOC(S), V(5) 1 
CV(5,4,~0) . 
:-o DIM R1TL ,5) I R2TD(5) I R1TH(5) I R2TH(5) I HR(S), R~NSR(5) I ~2NSR(5) . 
iO DIM LIMIT{5) 1 EFF(5) 1 APPLN(5) 1 DS(5,1110) 1 R~T(5 1 4),· R2T(5,4), N(5) 
So DIM M(S), P(S), Q(S) · 
90 ) . 
100 1******•*********************************************************** 
110 1 * ZERO OUT THE INP_UT MATRIX * 
120 1****************************************************************** 
130 FOR L =1 TO 5 : FOR I = 1 TO 4:FOR J = 1 TO 10:C(L,I,J) = 
o:G(L,I,J) ·= 0 . 
140 D(L,I,J) = 0 : DS(L11 1J) = 0 : FP(L,I) = 0 : FD(L1I) = 0 : NEXT : 
NEXT : NEXT 
150 I 

160 I************·*************************************~*************** 
170 '* FORMAT OUTPUT STATEMENTS * 
180. 1***************************************************************** 
190 L1$ = STRING$(70; 42) 
200 L2$ = "*" + SPACE$(27) + "INPUT VARIABLES" + SPACE$(26) + "*" 

. 210 L3$ ='"*" + SPJ..CE$(24) +"EMISSION CALCULATION"+ SPACE$(24) + "*" 
220 L4$ = "INK" : L5$ = "FOUNTAIN SOLUTION" : L6$ = "BLANKET WASH 

. SOLUTION" . 
230 L7$ = "ROLLERS-TRAYS WASH SOLUTION" : LS$ = "NUMBER OF TYPES USED = 
II . ' 
240 1.9$ = SPACE$(9) + "<:;OLVENT11 + SPACE$(8) + "DAILY" 
250 ·L10$ = SPACE$(14) +"SOLVENT"+ SPACE$(3) + "EVAPORATED IN" 
260 L1~$ = SPACE$ (9) + "CONTENT" + SPACE$.(8) + ""USAGE" 
270 L12$ = SPACE$(4) + "DENSITY"+ SPACE$(3) + "DENSITY" + SPACE$(3) 
280 L12$ = L12$ + "PRESSROOM" + SPACE$(3) + "DRYER" 
290 L13$ = SFACE$(14) + "DENSITY" + SPACE$(3) 
300 L13$ = L13$ + "PRESSROc;>M" + SPACE$(3) + "DRYER" 
310 L14$ = 11 TYPE"+ SPACE$(2) + 1!(% BY WEIGHT)" 
320.-Ll.5$ = 11 TYPE"+ SPACE$(2) + 11 (% BY VOLUME)" 
330 Ll.6$ =· SPACJ;:$(2) +"(GAL/DAY)" + SPACE$(2) + "(LB/GAL)" + SPACE$(2) 
340 L16$ = L16$ + "(LB/GAL)" + SPACE$(4) + "(% BY WEIGHT)" 
350 L17$ = SPACE$(2) + "(GAL/DAY)" + SPACE$(12) + 11 (LB/GAL) 11 

360 L17$ = L17$ + SPACE$(4) + "(%BY WEIGHT)" 
370 L18$ = SPACE$(1) + "##" + SPACE$(6) + "###.##" + SPACE$(7) + 
"###.##" 
380.Ll,B$ = L18$ + SPACE$(16) + "###.##" + SPACE$(5) + "###.##" + 
SPACE$(3) 
390 L18$ = :L18$ + "#_##.##" 
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400 L.1!l$ ,; SPACE$ (6) +"INK" + 11 SOLVENT" + SPACE$(3) + "EVAPORATED 
IN" 
410 L21$ = SPACE$(37).+. 11 ## 11 + SPACE$(11) + "#####.##" + SPACE$(3) + 
"#####.##" 
420 L22$ = 11 TOTAL DAILY UNCONTROLLED EMISSIONS = 11 + 
"##### LB/DAY" 
430 L23$ = 11 TOTAL DAILY CONTROLLED EMISSIONS = 11 + 
"##### LB/DAY 11 

440 L24$ = 11 TOT.AL HOURLY UNCONTROLLED EMISSIONS' = 11 + 
"####.## LB/HR" 
450 L25$ = 11 TOTAL HOURLY CONTROLLED EMISSIONS = 11 + 
"####.## LB/HR" 
460 L28$ = "*" + SPACE$(22) + "EQUIVALENCY ·CALCULATION" + SPA<:;E$(23) + 
11*11 

470 L29$ = "EQUIVALENCY Cj\LCULATION IS ·NOT REQUIRED BECAUSE THE AMOUNT 
OF VOC" 
480 L29$ = L29$ + 11 EMITTED .IS LESS THAN 20 LBS PER DAY (RULE 
1130 (g) (2)) II 
490 L32$ = "AVERAGE SOLVENT CONTENT = ###.## % BY VOLUME" 
500 L33$ = SPACE$(1) + "##" + .SPACE$(6) + "###.##'' + SPACE$(7) + 
"###.##" 
510 L33$ = L33$ + SPACE$(6) + "##.##" + SPACE$(5) + "##.##" + SPACE$(4) 
+ "###.##" 
520 L33$ = L33$. + SPACE$(4) +. "###.##" . . 
530 L34$·= "EQUIVALENCY CALCULATION IS NOT REQUIRED BECAUSE VOC CONTENT 
OF ALL" 
540 L34$ = L34$· + 11 THE GRAPHIC ART MATERIALS ARE NO MORE THAN 25% BY 

'VOLUME" 
550 L34$ = L34$ +II (RULE 1130(b))" 
560 I 

570 '********************~********************************************* 
580 '* OPEN THE DATA FILE AND READ THE INPUT VARIABLES . * 
590 '*******************~***********~********************************** 
600 CLS: INPUT "WANT TO INPUT WITH PROMPT (ENTER Y OR N, DEFAULT= Y)"; 
A1$ 
610 PRINT : IF A1$ = "N" GOTO 810. 
620 INPUT "NUMBER OF COMPUTER RUN YOU WANT TO MAKE"; R : PRINT 
630 FOR L = 1 TO R 
640 INPUT "APPLICATION NUMBER"; APPLN(L) : PRINT 
650 GOSUB. 2110 : GOSUB 2120 : GOSUB 2140 : GOSUB 2270 : GOSUB 2390 
660 GOSUB 2510 : GOTO 700 
670 IF A3 = 1 THEN GOSUB 2110 ELSE : 
680 IF A·3 = 3 THEN ·GOSUB 2140 ELSE : 
690 IF A3 = 5 THEN GOSUB 2390 ELSE : 
7 0 0 INPUT "WANT TO CORRECT ANY INPUT 
: PRINT 
710 IF A2$ = "N" GOTO 800 

IF A3 = 2 THEN. GOSUB 2120 ELSE· 
IF A3 = 4 THEN GOSUB 2270 ELSE 
IF A3 = 6 T~EN GOSUB 2510 
(ENTER Y OR N, DEFAULT= Y) 11 ; A2$ 

72.0 PRINT "ENTER CHOICE OF INPUT YOU WANT TO CORRECT" 
730 PRINT 11 1 FOR OPERATING HOURS" 
740 PRINT 11 2 FOR AFTERBURNER EFFICIENCY" 

• 7 50 PRINT 11 3 !;'OR INK INFORMATION" 
760 ;PRINT 11 4 FOR FOUNTAIN SOLUTION INFORMATION" 
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770 PRINT 11 5 FOR BLANKET WASH INFORMATION" 
780 PRINT " 6 FOR ROLLERS/TRAYS WASH INFORMATION" 
790 INPUT A3 : PRINT : GOTO 670 
800 NEXT. :.GOTO 10?0 . 
810 INPUT "DATA FILE NAME"; ·FILE1$ 
820 FILE1$ = "A:" + FILE1$ + ".DOC" 
830 OPEN "I 11 ,#1,FILE1$ 
840 INPUT#1, R 
850 FOR L = 1· TO R 
860 INPUT#1, APPLN(L), HR(L), 
870 INPUT#1, N(L) : IF N(L) = 
880 FOR J = 1 TO N(L) : INPUT 
DS(.L,1,J): NEXT 
890 INPUT#1,"M(L) :IF M(L) = 
900 FOR J = 1 TO M(L) : INPUT 
91.0 INPUT#1, P(L) : IF P(L) = 
920 FOR J = 1 TO P(L) : INPUT 
930 INPUT#1, Q(L) : IF Q(L) = 
940 FOR J = 1 TO Q(L) : INPUT 
950 FOR. I = 1 TO 4 : INPUT#1, 
960 FOR I = 1 TO 4 : INPUT#1, 
970 NEXT : CLOSE#1 
980 I 

EFF(L) 
6 THEN GOTO 890 
#1, C(L,1,J), G(L,1,J), 

0 THEN GOTO 910 
#1, C(L,2,J), G(L,2,J), 
0 THEN "GOTO" 930 
#1, C(L,3,J), G(L,3,J), 
0 THEN GOTO 950 
#1, C(L,4,J), G(L,4,J), 
FP(L,I) .:.NEXT 
FD(L,I) : NEXT 

'· 

D(L,1,J), 

D(L,2,J) : 

D(L,3,J) : 

D(L,4,J) : 

·NEXT 

NEXT 

NEXT 

99o· I**************************************************·**************** 1000 1 * OPEN THE OUTPUT FILE AND WRITE THE INPUT VARIABllES * 
1010 

1 *************************************~**********~**************** i020 INPUT "OUTPUT FILE NAME"; FILE2$ : PRINT 
1030 FILE2$ = "A:" + FILE2$ + ".DOC" 
1040 OPEN "0 11 ,#2,FlLE2$ 
1050 FOR L = 1 TO R 
1060 PRINT#2, "APPLICATION NUMBER "; APPLN(L) : 
PRINT#2,:PRINT#2,:PRINT#2, 
1070 PRINT#2, L1$ : PRINT#2,· L2$ : PRINT#2, 
1080 ~RINT#2, "OPERATINq HOURS PER DAY = 
1090 PRINT#2, "AFTERBURNER EFFICIENCY EFF = 
1100· FOR I = 1 TO 4 : PRINT#2, 
1110 IF I= 1 THEN GOSUB 1940.: 
1120 IF I = 2 THEN GOSUB 1980 : 
1130 IF I = 3 THEN GOSUB 2020 : 
1140 IF I = 4 THEN GOSUB 2060 

GOTO 
GOTO 
GOTO 

1150 
1150 
1150 

L1$ 
11 ;. HR(LJ·· 
11 ; EFF (L) 

"1150 PRINT#2,USING L26$; K: IF K = 0 THEN GOTO 1200 
1160 PRINT#2, L31$ : PRINT#2, L20$ : PRINT#2, L27$ 
1170 FOR J = 1 TO K 
1180 IF I"= 1 THEN PRINT#2; USING L33$; 
J,"C(L,1,j) ,G(L,1,J) ,D(L,1,J) ,DF'L,1,J) ,FP(L,1i ,FD(L,1) 
1190 IF I > 1 THEN PRINT#2,t;SING L18$; 
J,C(L,I,J),G(L,I,J),D(L,I,J),FP(L,I),FD(L,I) :NEXT J 
1200 NEXT I : PRINT#2, CHR$(12) 
1210 I 
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1220 '********************************************~*************? "!**. 
1230 1 *CALCULATE THE AMOUNT OF SOLVENT EVAPORATED FROM ALL THE GRhrHIC* 
1240 '*ARTS MATERIALS USED AND WRITE THE RESULTS IN THE OUTPUT FTLE * 
1250 '******************************************************~***~****** 
1260 PRINT#2, "APPLICATION NUMBER 11 ~ APPLN(L) 
: PRINT#2, : PRINT#2, : PRINT#2, 
1270 PRINT#2,L1$ : PRINT#2,L3$ : PRINT#2,L1$ 

.. 1280 PRINT#2.,TAB(56) "R1" TAB(66) 11 R2 11 

1290 PRI~T#2,';t'AB(53) 1.1 (LB/DAY) 11 TAB(63) "(LB/DAY)" 
1300 I 

1310 '***************************************************************** 
1320 '* EMISSION CALCULATION * 
1330 '***************************~*****************'!'******************* 
1340 R1TD(L)' = 0 : R2TD(L) = 0 
1350 FOR I = .1 TO 4 
1360 IF I = 1 THEN GOSUB 1940 : 
1370 IF I = 2 THEN GOSUB 1980 
1380 IF I= 3 THEN.GOSUB 2020 : 
1390 IF I = 4 THEN GOSUB 2060 
1400 IF K = 0 THEN GOTO 1550 
1410 PRINT#2,MATERIAL$ 
1420 R1T(L,I) = 0 : R2T(L,I) = 0 
1430 FOR J = 1 TO K . 

GOTO 
GOTO 
GOTO 

1400 
1400 
1400 

1440 R1D(L,I,J) = (C(L,I,Jjf100)*G(L,I,J)*D(L,I,J)*(FD(L,I)/100). 
1450 R2D(L,I,J) = R1D(L,I,Jf*(1-EPF(L)/100) 
1460 R1P(L,:,J) = (C(L,I,J)/100)*G(L,I,J)*D(L,I,J)*(FP(L,I)/100) 
1470 . R1(L,I,J) = R1D(L,I,J) + R1P(L,I,J) 
1480 R2(L,I,J) = R2D(L,I,J) + R1P(L,I,J) 
1490 R1T(L,I) = R1T(L,I) + R1(L,I,J) 
1500 R2T(!.,I) .= R2T(L,I) + R2(L;I,J) 
1510 PRINT#2,USING L21$~ J, R1(L,I,J), R2(L,I,J} 
1520 NEXT J 
1530 R1TD(L) = RlTD(L) +·R1T(L,I) 
1540 R2TD (L) = R2TD (L) + R2T (L, I) 
1550 NEXT I 
1560 R1TH(L) = R1TD(L)/HR(L) 
1570 R2TH(L) = R2TD(L)/HR(L) 
1580 R1NSR(L) = 1.1*R1TD(L) : R2NSR(L) = 1.1*R2TD(L) 
1590 PRINT#2,"NSR EMISSIONS" : PRINT#2,USING L22$~ R1NSR(L) 
1600 PRINT#2, USING L23 $ ~ R2NSR (L) : PRINT#2., "AEIS EMISSIONS" 
1610 PRINT#2,USING L24$~ R1TH(L) : PRINT#2,USING L25$~ R2TH(L) 
1620 I 

1'630 ·' *********~********************~******************'!'**********~**** 
1640 '* .. EQUIVALENCY CALCULATION * 
1650 '***************************************************************** 
1660 PRINT#2,: PRINT#2,:PRINT#2,:PRINT#2,L1$ : PRINT#2,L28$ : PRINT 
#2,L1$ . 
1670 IF R2TD(L) <. 20 THEN GOTO' 1BBO 
1680 FOR J = 1 TO M(L) 
1690 CV(L,1,J) = C(L,1,J) * D(L,1,J) / DS(L,1,J) 
1700 IF CV(L,1,J) > 25 THEN GOTO 1770 
1710 NEXT 
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1720 FOR I = 2 TO 4 
1730 FOR J = 1 TO 10 
1740 IF C(L,I,J)'> 25 THEN GOTO 1770 
1750 NEXT : NEXT . 
1760 PRINT#2, L34$ : GOTO 1890 
1770 V(L) = 0 : VOC(L) = 0 
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1780 FOR I = 1 TO 4 : FOR J = 1 TO 10 : V(L) = V(L) + G(L,I,J) : 
NEXT:N:EXT 
1790 FOR J = 1·TO M(L) 
1800 VOC(L) = VOC(L) + (FP.(L,1)t100)*C(L,1,J) * D(L,1,J)*G(L,1,J)/(100 
* DS(L,·1,J)) 
1805 NEXT . 
1810 FOR I = 2 TO 4 : FOR J = 1 TO 10 
1820 VOC(L) = VOC(L) + (C(L,I,Ji/100)*G(L,I,J) 
1830 NEXT : NEXT 
1840 LIMIT(L) = '(VOC(L)/V(L)) * 100 
1850 PRINT#2,USING "TOTAL ORGANIC COMPOUNDS USED ·.=###.##GAL/DAY"; 
VOC(L) 
1860 PRINT#2,USING "TOTAL GRAPHIC ART MATERIALS UsED=###.## GAL/DAY"; 
V(L) . . 
1870 PRINT#2,USING L32$; LIMIT(L)_ : GOTO 1890 
1880 PRINT#2, L29$. 
1890 PRINT#2, CHR$(12) : NEXT L : CLOS~ #2 : END 
1900 I 

1910 '***************.************************************************** 
1920 '* SUBROUTINE * 
1930 '***************************************************************** 
1940 K = N(L) : L20$ =. L11$_ + L12$ : L26$ = L4$. + SPACE$ ( 42f + LS$ + 
"##" 
1950 ~27$ ~.L14$ + L16$: L~1$ = L9$ + L19$ 
1960 MATERIAL$ = "INK" + SPACE$ (3:3) + ''TYPE" 
1970 RETURN 
1980 K = M(L) : L20$ = L11$ + L13$ : L26$ = L5$ + SPACE$(28) + LS$ + 
"##" 
1990 L27$ = L15$ + L17$ : L31$ = L9.$. + L10$ 
2000 MATERIAL$ = "FOUNTAIN SOLUTION" + SPACE$(19) + "TYPE" 
2010 RETURN 
2020 K = P (L) : L20$ = Ll1$ + L13$ : 'L26$ = L6$ + SPACE$ (24) + L8$ + 

. "##" 
2030 L27$ = L15$ + L17$ : L31·$ = L9$ + L10$ 
2040 MATERIAL$ = "BLANKET WASH SOLUTION"+ SPACE$(15) +"TYP.E" 
.2050 RETURN ' . 
2060 K = Q(L_) : L20$ = L11$ + L13$ : L26$. = L7$ + SPACE$(18) 
"##" . 
2070 L27$ = L15$ + L17$ : L31$ = L9$ + L10$ 

+ L8$-+ 

2080 MATERIAL$ = "ROLLERS/TRAYS WASH SOLUTION" + SPACE$(9) 
2090 RETURN 

+ "TYPE" 

2:1,00 I 

2110 I~PUT "OPERATING HOURS PER DAY"; HR(L) : RETURN 
2120 INPUT "AFTERBURNER EFFICIENCY (%)"; EFF(L) : PRINT : 
2130 I 

2140 INPUT "NUMBER OF INK USED"; N(L) 

RET~ 
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2150 IF N(L) = 0 THEN GOTO 2250 
2160 PRINT L9$;L19$ 1 Ll.l.$;L12$; L14$;L16$ 
2170 FOR J = 1 TO N(L) . 
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2180 PRINT J;·: .INPUT;" 11 ,C(L,1 1 J) : PRINT TAB(26) 
2190 INPUT; 1111

1 G(L 1 1 1 J) ·: PRINT TAB(36) 
2200 INPUT;"" 1 D(L 1 1,J) : PRINT TAB(46) 
2210 INPUT; 1111 ,DS(L 1 1 1 J) : PRINT TAB(56) 
2220 INPUT;•· FP(L 1 1} : PRINT TAB(66) 
2230 INPUT;'·· .FD(L 1 1) 
2240 PRINT : NEXT 
2250 PRINT :RETURN 
2260 I 

2270 INpUT "NUMBER OF FOUNTAIN SOLUTION USED"; M(L) . 
2280 IF M(L) = 0 THEN GOTO 2370 
2290 PRINT L9$;L10$, L11$;L13$; L14$;L17$ 
2300 FOR J = 1 TO M(L) 
2310 PRINT J;: INPUT;" 11 ,C(L,2 1 J) : INT TAB(26) 
2320 INPUT; 1111

1 G (L 1 2 ,J) : .PRINT TAB ( ~6) 
2330 INPUT; 1111

1 D (L 1 2 1 J) : PRINT TAB'(56) 
'2340 INPUT;"" 1 FP(L 1 2) : PRINT TAB(66) 
2350 INPUT;"" 1 FD(L 1 2)· 
2360 PRINT : NEXT 
2370 PRINT : RETURN 
23SO ., 
2390 INPUT "NUMBER OF BLANKET WASH. SOLUTION USED"-; P(L) 
2400 IF P(L) = 0 THEN GPTO 2490 
2410.PRINT L9$;Ll0$ 1 L11$;L13$; L14$;L17$ 
2420 FOR J = 1 TO.P(L) . 
2430 PRINT J;: INPUT; 11 . 11 

1 C (L, 3 1 J) PRINT TAB (26) 
2440 I:SPUT;"" ,G(L 1 3 1 J) : PRINT TAB(46) 
2450 INPUT; 1111

1 D(L 1 3,J) : PRINT ·TAB(56) 
2460 INPUT; 1111

1 FP (L 1 3) : PRPTT TAB (66) 
2470 INPUT; 1111

1 FD(L 1 3) 
2480 PRINT : NEXT 
2490 PRINT : RETURN 
2500 I 
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2510 INPUT "NUMBER OF ROLLERS/TRAYS WASH SOLUTION USED" ; Q(L} 
2520 IF.Q(L) = 0 THEN GOTO 2610 . 
2530 PRINT L9$;L10$ 1 Lll$;Ll3$; L14$;L17$ 
2540 FOR J = 1 TO.Q(L) 
2550 PRINT J;: INPUT;" 11 ,C(L 1 4 1 J) PRINT TAB(26) 
2560 INPUT; 1111

1 G(L 1 4,J) : PRINT TAB(46) 
2570 INPUT; 1111

1 D (L 1 4 ,J) : .PRINT TAB (56) 
'2580 INPUT;"" 1 FP(L 1 4} .• PRINT TAB(66) 
2590 INPUT; 1111

1 FD(L 1 4) 
2600 PRINT : NEXT 
2610 PRINT : RE~ 
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To verify the Emission program, ·a test run is performed. The computer output for this example are 

attached below: 

APPLICATION NUMBER 183160 

~********************************************************************* 
* INPUT VARIABLES * 
********************************************************************** 
OPERATING HOURS PER DAY = 24-
AFTERBURNER EFFICIENCY EFF = 0 

INK 
SOLVENT 
CONTENT 

TYPE (% BY WEIGHT) 
1 22.19 

FOUNTAIN SOLUTION 
SOLVENT 
CONTENT 

TYPE (% BY VOLUME) 
1 . 12.00 .. 

BLANKET WASH SOLUTION 
SOLVENT 
CONTENT 

TYPE (% B.Y VOLUME) 
1 100.00 

DAILY 
USAGE 

(GAL/DAY) 
23.87 

DAILY 
USAGE 

(GAL/DAY) 
83.33 

DAILY 
USAGE 

(GAL/DAY) 
5. 00. 

ROLLERS-T~YS WASH SOLUTION 

SCAQMD 

INK 
DENSITY 
(LB/GAL) 

8.38' 

SD-9 

NUMBER OF TYPES USED = 1 
SOLVENT EVAPORATED IN 

PRESSROOM DRYER 
(LB/GAL) (% BY WEIGHT) 
. 6.78 10.00 o.oo 

NUMBER 
SOLVENT 
DENSITY 
(LB/GAL) 

6.60 

NUMBER 
SOLVENT 
DENSITY 
(LB/GAL) 

6.25 

OF TYPES USED = 1 
EVAPORATED IN 
PRESSROOM DRYER 

. (% BY WEIGHT) 
100.00 o.oo 

OF TYPES USED = 1 
EVAPORATED IN 
PRESSROOM DRYER 

(% BY WEIGHT) 
100 • .00 o.oo 

NUMBER OF TYPES USED = 0 
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APPLICATION NUMBER 183i60 

********************************************************************** 
* EMISSION CALCULATION * 
********************************************************************** 

INK 

FOUNTAIN SOLUTION 

BLANKET ·wASH· soLtiTioN 

NSR EMISSIONS 

TYPE 
1 

TYPE 
1 

TYPE 
1 

TOTAL DAILY UNCONTROLLED EMISSIONS 
TOTAL DAILY CONTROLLED EMISSIONS 

AEIS EMISSIONS 
TOTAL HOURLY UNCONTROLLED EMISSIONS 
TOTAL HOURLY"CONTROLL~D EMISS!ONS 

= 
= 

= 
=· 

R1 R2 
(LB/DAY) (LB/DAY) 

4.44 4.44 

66.00 66.00 

31.25 31.25 

112 LB/DAY 
112 LB/DAY 

4.24 LB/HR 
4.24 LB/HR 

***********'*********************************************************** 
* EQUIVALENCY CALCULATION * 
********************************************************************** 
TOTAL ORGANIC COMPOUNDS USED = 15.65 GAL/DAY 
TOTAL GRAPHIC ART MATERIALS USED = 112.20 GAL/DAY 
AVERAGE SOL~ENT CONTENT - 13.95 % BY VOLUME 
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SECTION 9: LANDFILL GAS CONTROL SYSTEMS: GAS COLLECTION, 

FLARE, AND CONDENSATE HANDLING/TREATMENT 

SYSTEMS 

9.1 General Description 

An effective landfill gas (LFG) migration control.system consists of: 

- collection system; 

- flare station; and 
- condensate lzandling/treatmf?lt system. 

"Collection systems have been designed depending on the purpose of collection, 

either migration control and/or energy recovery. The collection systems are 

designed to avoid problems ·associated with condensate accumulation and are 

constructed with materials resistant to the corrosive elements of the raw gas. · 

-Meanwhile, ground LFG flares incinerate the gas extracted by the collection system 

~o control the gaseous combustible emissions and resultant odors. Flaring reduces 

the toxicity, mobility, and volume of LFG. In addition to flaring, methane gas from 

LFG may also be extracted and recovered from a sanit_ary landfill for use as an 

energy resource; such as employing internal combustion engines or gas turbines to 

·generate electricity or upgrading raw LFG to produce synthetic natural gas. As_ 

LFG is recovered from-the collection wells, reduction in temperature of the LFG 

-(from 110-150 °F to 60-80 °F) results in potentially large amounts of condensate 

liquids. These liquids may acctimulate in the collection and recovery ·system so the 

processing equipment loses its efficiency. Thus, this problem is remedied by 
installing recovery system. pipe so that the condensate drains away. from the 

processing equipment. The condensate is then pumped off·and treated by various 

methods. 

Emission of LFG from the ·landfill. site causes· air' contamination with potential 

public health impactS because of the hazardous constituents present in the LFG. 

Table 9.1 is a list of the typical composition and characteristics of LFG. LFG is 

generally composed of 50% methane. and 50% carbon . dioxide produced by the 

decompositions of refuse within the landfill. LFG produced from the 

decomposition of refuse tends to migrate both vertically and horizontally within the 
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Table9.1 Typical Landfill Gas Composition and Characteristics16 

• 

SCAQMD · 

Component 

Methane . 
Oirbon dioxide 
Nitrogen 
Oxygen 
Paraffin hydrocarbons 
Aromatic and cyclic hydrocarbons 
Hydrogen 
Hydrogen sulfide 
Carbon monoxide . . 
Trace compounds 

Characteristic 

Temperature 
High heating value 
Specific gravity 
Moisture content 

... 

Component Percent 
(dcy volume.basis) 

47.5 
47.0 
3.7 
0.8 
0.1 
0.2 
0;1 
0.01 
0.1 
0:5 

Value 

106°F 
476BTU/scf 
1.04 
Saturated 

Traee compounds include sulfur dioxide, benzene, toluene, methylene chlorid~, 
perchloretbylene, and carbonyl sulfide in concentrations up to SO ppm. Table 9.2 is a 
list of compounds identified in Class II landfills. 
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landfill. The migration of LFG poses potential for fire and explosion if methane gas 

collects in concentrations above the lower explosive limit. 

The Environmental Protection Agency (EPA) has established LFG controls based 

on regulatory requirements and potential health risks . posed by ~e current gas 

problems. Flare emissions can contain particulates, as well as sulfur dioxide, 

nitrogen oxide, and carbon monoxide, which are all regulated pollutants. Criteria · 

established by the EPA under the authority-of the Resource Conservation and 

Resource Ar:t (RCRA) act as both incentive and constraint to LFG recovery 

projects. A crlteri~n established for LFG requires a lower explosive li~t (LEL) of 

10 percent (5 ·percent methane) at the landfill boundary which makes a migration 

control system mandatory at many landfills. This requirement may act a5 an 

incentive for LFG recovery since- the requirement for a control system could make 

recovery more likely. Two other regulations of importance for controlling LFG are . . . 
listed below: 

California Waste Management Board (CWMB) requires that 

subsurface methane concentrations be controlled to less than 5 
percent methane (the explosive limit) at the site boundary; and 

The South Coast Air Quality Management District (SCAQMD) 

requires that surface emissions be controlled to concentrations of less 

than 50 parts per million (ppm) total organic compounds over the 

surface of the landfill over an integrated basis, and less than 500 ppm 

at any single instantaneous point on the landfill surface.1 · 

In addition, two developments have· contributed to the interest in LFG gathering. 

First, due to the Scarcity of energy sources and the rising prices of natural gas and 

fossil fuels, the generation of LFG is esseQtial.. The second is the emergence of 

regulatory standards to control the hazard posed by migrating methane gas. In 

concentrations between 5 to 15 percent by volume in air, methane is flammable at 

atm,ospheric pressure and normal temperatures. The hazard potential is increased 

by the ease with which methane can migrate subterraneously. Public safety may be 

endangered if methane accumulates in a poorly ventilated area and subsequently 

achieves .combustible concentrations. 
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Sanitary landfilling is a method of disposing of solid wastes on land by spreading the 

wastes in layers, compacting it, and covering it at the end of the c;lay. A landfill is 

made up of cells and lifts, as shown in Figures 9-1 and 9-2; A cell is a unit ·of 

compacted solid wastes that is enclosed by natural soil or cover material. The cell 

height generally varies from 8 to 30 feet and the density of the compacted solid 

wastes in a cell is typically soo to 1000 lb/fr3 depending on the waste type and 

operating method.2 

A lift is a compacted layer of solid wastes and .cover material. It is generally 

composed of several cells. The daily cover material, usually soil, clay, or wood 

chips, is normally 6 to 12 inches deep. When completed, a final cover of 2 to 4 feet

iS placed in the landfill. The landfill consists of many lifts. Some landfills are 

~eater than 100.feet deep. Grading is desired to prevent pending of rainwater and 

eventual infiltration into the landfill due to the hydraulic head created. 2 · 

There are various methods used for disposing of solid wastes by landfilling 

depending oi1 the terrain and the hydrogeologic nature of the area. The trench and 

area method, as shown in Figures 9-3 and 9-4; are two basic methods. In the trench 

method, a trench is excaVated and th~ soil is later tised for cover material. Wastes 

can then be spread and compacted in the trenches. In the area fill method, wastes 

are unloaded and spread in long narrow .strips in the surface of the land in a series 

of layers, which are compacted as the filling progresses. · Cover material is usually 

hauled to these landfill sites.2 

Cover material serves many purposes. It helps in the control of disease-spreading 

vectors (rodents, birds, insects, small animals); ~elps control odor, litter, erosion, . . . 
and air emissions; enhances aesthetics, lessens the chance and spread of fires; 

reduces infiltration of rainwater a!ld thus decreases leachant generation potential 

and contamination of surface and groundwater; and enhances the site utilization 

after the landfill is full. Generally, a cover of at least 6 inches of thick compacted 

soil will control odor, litter; -fire, disease transmittance, and moisture content if 
applied at the end of each operating day. Note that using more than 6 inches would 
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FIGURE 9-3 TRENCH METIIOD OF SANITARY LANDFILLING2 

FIGURE 9-4 AREA FILL METIIOD OF SANiTARY LANDFILLING2 
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waste soil.cover and cause the landfill to be filled up more quickly thus decreasing 

its usable life.13 

Six inches of cover material may not be required at all landfills. The EPA has stated 

that "if owners/ operators of hazardous waste landfiils can demonstrate successfully· . . . 
that the possibility of fire or explosion, harboring, feeding and breeding of land-

burrowing animals and disease vectors; or that the human health and enviro~ent 

are controlled artd protected to an equivalent degree, then covers of different 

thickness and/or frequencies may be employed."13 

9.1.2 Reactions Within the Landfill 

An effective landfill gas gathering system must collect and control gaseous 

combustible emissions and maximize gas recovery without disturbing anaerobic 
. . 

conditions within ~he landfill through air intrusion. Refuse is deposited, spread into 

. thin layers, compacted, ~d covered with soil in the sanitary landfill. The wastes 

·then begin a process of physical, chemical, and biological decomposition to produce 

solid; liquid, and gaseous products. LFG production is a natural process that occurs 

through bacterial decomposition of organic matter in a landfill. Refuse is placed 

~aily in individual "cells" that are then covered with soil. The gas generated from 

the entire landfill reflects a summation of the decomposition occurring in the 

_individual cells. Within an individual cell, an aerobic reaction occurs initially. Once 

the chemically' available oxygen in the refuse is consumed, the anaerobic digestion 

of the organic mat~rial in the landfill will produce methane gas.2 

Biological activity within the complex organic wastes follows a specific pattern, as 

shown in Figure 9-5. Initially, aerobic decomposition occurs within the wastes 

resulting in the production of organic acids, carbon dioxide, water, and nitrates. 

Once· the oxygen supply is depleted, anaerobic and facultative microorganisms 

predominate. Temperature within the landfill rise because of microbial activity. 

During this second stage, the organic acids are ~onsumed by "methanogenic" 

bacteria and converted to methane and carbon dioxide. Methanogenic bacteria are 

anaerobic microorganisms. Small amounts of oxygen are toxic to them. Anaerobic 

products of decomposition include methane, carbon di~xide, water, organic acids, 

nitrogen, ammonia, hydrog~n sulfide, and S).llfides of iron and manganese. 6 
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TABLE 9-2 FAVORABLE ENVIRONMENTAL CONDITIONS FOR ~ETHANE 

PROD,UCTION 

- Moisture 

- Sufficient Nu~ents: organic matter, nitrogen, phosphorus, and other nutrients 

- Absence of oxygen !llld other toxic materials · 

-pH 

- Alkalinity 

- Organic acids 

-. TempeJ:a,ture 

mesophyllic 

thermophilic 
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The rate of organic degradation and landfill gas generation are dependent on the 

physical, chemical, and biological composition. of the. refuse, temperature, 

environmental pH; avaihibility of Oz, moisture content, microbial population 

available, and the type of synthesis occurring.9 Methane production is enhanced by 

relatively high moisture, neutral pH, and an abundance of biodegradable ·waste . 

products, as·noted in Table 9-2. Methane formation begins only after all o2 has 

been depleted. As stated earlier, the presence of. Oz is toxic to the methane

forming bacteria. Also, production. is stimulated by a high percentage of 

biodegradable materials such as food and garden wastes, paper, textiles, and · 

wood.14 

Moisture content is probably the most important variable in landfill gas generation. 

Moisture permits bacterial growth and maintenance and acts as the transfer medium 

for micronutrients and the intermediate . products at the various stages of 

. decomposition. The product gas cqmpositions average 50 to 60% volume methane 

. and . 40 to 50% carbon dioxide plus trace gases for typical solid household; 
commercial, and light inqustrial refuse. 10 . 

· Landfills within the District are either categorized as either Class I or Class II. 

Class I sites are landfills licensed to receive industrial wastes, whil~ Class II sites 

receive ordinary trash. A District study in December, 1986, has shown that a large 

number of toxic compounds are found in landfills that receive ordinary household 

trash (Class II landfills). These compounds are only supposed to be permitted in 

landfills licensed to receive industrial wastes (Class I landfills). The laboratory had 

found a wide variety of volatile organic compounds (VOCs) in gas samples from 

Class II landfills. The VOCs include vinyl chloride, chlorinated solvents, benzene, 

toluene, other aromatics, saturated hydrocarbons, plus some oxygenated solvents, 
methyl ethyl ketone, and methyl isobutyl ketone. Either vinyl chloride or benzene 

was found in 85 percent of the Class II landfills studied. In more than 5Q percent of · 

these Class II landfills, the concentration of vinyl chloride or benzene was 1 ppm or 

higher.18 Table 9-3 is a list of compounds identified by gas chromatograph or mass 

spectroscopy (GC/MS) in Class II landfills. In California, Class II landfills are not 

allowed to accept, in any quantity, any of the compounds mentioned above. These 

compounds entered ·the landfills illegally, accidentally, or were produced in the 

landfill. 

SCAQMD 9-9 Landfill Gas Control Systems 



Section: 
Revision: 
Date: 

9 
0 
8/18/89 

TABLE 9-4 COMPOUNDS IDENTIFIED BY GAS CHROMAJ~GRAPH/MASS 
SPECTROSCOPY IN CLASS II LANDFILLS 

1. 
2. 
3. 
4. 
·5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19." 
20. 
21. 
22. 

. 23. 
24. 
25. 
26. 
27 .. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36 .. 
37. 
38. 

ISOBUTANE 
VINYL CHLORIDE 
BUTENE 
N-BUTANE 
METiiYL MERCAPTAN 
FLURODICHLOROMETiiANE 
ISOPENTANE 
ETHANOL 
ACETONE 
N-PENTANE 
DIMETHYL SULFIDE 
CARBON DISULFIDE 
·ISOPROPANOL 
DICHLOROMETiiANE 
METiiYLACETATE 
t-1,2,-DICHLOROETiiENE 
2,3,-DI¥ETiiYLBUTANE 
1,1-DICHLOROETiiANE 
2,METiiYLPENTANE 
N-PROPANOL 
3-METHYLPENTANE 
METHYLETHYL ~TONE 
C-1,2-DICHLOROETiiENE 
2-METHYLFURAN 
N-HEXENE 
2-BUTANOL 
ETHYi.ACETATE 
METHYL CYCLOPENTANE 
1,1,1-TRICHLOROETiiANE 
ISOBUTANOL 
BENZENE. 
CYCLOHEXANE 
1,1,-DIMETHYL CYCLOPENT ANE 
2-METiiYLHEXANE 
·N-BUTANOL 
3-METHYLHEXANE 
METiiYLISOBUTANOATE 
TRICHLOROE'I'HENE 

SCAQMD 

39. 
40. 
41. 
42. 
43. 
44. 
45 •. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 

. 54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63." 
64. 
65. 
66. 
67. 
68: 
69. 
70. 
71. 
72. 
73 .. 
74. 
75. 
76. 
77. 
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DIMETifVLCYCLOPENTANE 
ISOOCTANE 
N-HEPTANE 
METiiYLCYCLOHEXI\NE 
METiiYL BUTANOATE 
1,1,3-TRIMETiiYLCLOPENTANE 
PROPYLACETATE 

· ETiiYLCLYCLOPENTANE 
METHYLISOBUTYL KETONE 
1,2,4-TRIMETHYLCYCLOPENTANE 
1,2,3-TRIMETiiYLCYCLOPENTANE 
TOLUENE 
2,3,4-TRIMETHYLPENTANE 
2,3,3-TRIMETiiYLPENTANE 
ETHYLISOBUTANOATE 
3-ETiiYL-2-METiiYLPENTANE 
2-HEXANOL 
1,4, DIMETiiYLCYCLOHEXANE 
ETiiYLMETiiYLCYCLOPENTANE 
1,2, DIMETiiYLCYCLOHEXANE 
PERCHLOROETiiYLENE 
ETiiYLBUTANOATE 
N-OCTANE 
CHLOROBENZENE 

. 1,1,3-TRIMETHYLCYLCOHEXANE 
ETiiYLBENZENE 
1,2,4-TRIMETiiYLCYLCOHEXANE 
M+P-XYLENE 
1,3,5,7-CYCLOOCTATETRAENE 
0-XYLENE 
PROPYLBUTANOATE 
N-NONANE· 
ETiiYLTOLUENE 

-PINENE 
TRIMETiiYLBENZENE 
DICHLOROBENZENE 
3-CARENE 
N-DECANE 
LIMONENE 
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· LFG can impact the ·surrounding area by two modes of transport: airborne 

transport and gas migration. Airborne transport occurs when LFG escapes through 
the surface of the landfill. and into the air. The. compounds in the gas are then 
carried off the landfill and diluted by the wind. Gas migration .involves the 

subsurface escape of gas from the landfill. It may be through cracks in the ground 
or through porous soil layers; 18 Gas migration is discussed further in Section 9.1.3. 

9.1.3 Gas :(\figration 

Methane is a potential hazard in landfills due. to it high combustibility. The gas is 
explosive in a.ir for concentrations between 5 'to 15 percent by volume .. Landfill 
methane migration and accumulation in enclosed SP.aces can result in a fire· or 

explosion. 

This potential h~ard is heightened by the ease with which methane may migrate 

through the soil. The components of LFG are separated when LFG diffuses . . . 
through sandstone or other porous layers. Compounds with low boiling points, such 
as vinyl chloride, arrive in homes at higher relative concentrations than do 

compounds with higher boiling points, such as perchloroethylene. Methane, which 

is light and very mobile, thus precedes heavier components. Therefore, subsurface 

· migration can produce eJtplosive levels of methane in confined spaces without the 
presence of odors,18 Movement of the gas will occur in sand, silt or clay soil as long 

as there are permeable. Movement will be greatest through continuous highly 
poro!JS sand or gravel and least in dense clay soi!s.7 . 

Gas movement into areas surrounding a landfill occurs by two basic processes. 
According to Pacey, these two are convection, where movement is due to the 

presence ·of a pressure gradient, and diffusion, where movement'is from a high gas 
concentration area to that of a lower conce~tration.15 Because methane is lighter 

than air, it tends to move vertically and enter the atmosphere (see Figure 9-6). If 
upward movement is restricted, landfill methane will migrate laterally, as shown in 
Figure 9-7. Depending on the cover material, 80 to 90 percent of the gas prodl.\ced 

by a landfill wili exit through the cover soil due to the relatively small size of 
. · methane mole~es.7 The lat~r~ .extent and rate of methane movement varies with 
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FIGURE 9-6 EXTENSIVE VERTICAL MIGRATION IN A LANDFILL7 
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the characteristics of the cover material and the surrounding soil. The cover 

material on a landfill can cause enough resistance to encourage lateral movement of 

the gas.· This is achieved by sealing the vertical path with rain-saturated cover soil, 

pavement, or "capping" with impermeable clay, synthetic membrane lh1ers or 

asphalt. Natural soil barriers such as clay may serve as highly efficient barriers to 

gas ,migratjon, provided the soil is kept nearly saturated. Dry soils ·(even clays) are 

ineffective barriers, since they provide a continuous.void system through which gas 

may migrate: (See Table 9-4 and Figure 9-8)2,7 

Perimeter. and interior vent systems include gravel trenches, rubble vent stacks, 

gravel-fiiied ventwalls, and· any combination thereof. Venting may be accomplished 

through either passive or induced exhaust system, with selection depending on site 

conditions:7 

Passive systetns rely on high permea~le material, such as 

gravel, placed in the ~ow. of the gas path. Since the permeable 

material offers a path more conductive to convective gas flow · 

than the surrounding soil, some gas is diverted to a point of 

controlled release. 

Induced exhaust flow systems are effective in migration 

control. These systems usually employ suitable designed 

vertical wells or trenches which· are connected to a vacuum 

exhaust system. (See Figure 9-9)· 

9.1.4 Landfill Gas Collection Systems 

Landfill gas control systems are designed. to address various probletns that arise 

·fro~ the generation of landfill .gases~ Co~tainment of migrating gas around the . 

landfill may be accomplished by the installation of impervious liner materials, such 

as synthetic membranes, clay, or asphalt. These types of systetns do not extract and 

dispose of the gases, but rather rechannel them to other points of eventual emission. 

Landfill gas extraction systems, however, collect the gases and route them to flares 

for thermal destruction or to energy recovery facilities. Figure 9-10 is a diagram of~ 

perimeter gas control system. 
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The layout of the wells and the gas gathering system depends on a number of factors · 

including results of field testing and the purpose of the collection System. Testing at 

a landfill will indica~e which areas of the landfill might provide the most gas of high· 

quality (heating value > 460 BTU/s~ for a gas recovery system. For instance, at 

the Palos Verdes landfill located in Rolling Hills, Calif, the gas removed from the 

perimeter and interior of the landfill was found to contain the following:2 

Perimeter Gas Interior G!!li 
Methane 17.5% 53.6% 

Carbon Dioxide 23.4% 45.4% 

Oxygen 10.6% 0.25% 

Nitrogen 48.5% 0.75% 

Figure 9-11 is an iiiustration of gas recovery system with interior and perimeter gas 

controls. 

9.1.4.1 Recovery Wells 

One of the first steps in constructing a LFG recovery system is the drilling and 

installation of extraction wells. The gathering or collection of IFG follows the 

assumption that gas tends to move toward an area of least resistance. Permeable 

passages are utilized to proved paths of least resistance. Gas recovery systems have 
utilized both vertical and horizontal wells. drilled or placed into the landfill to create 

vertical or horizontal permeable passages. In the case of lateral gas migration, · 

vertical static vent wells have proven effective. Vertical gas migration has been 

controlled using a horizontal well system.2 

Vertical LFG· recovery wells typically consi~t of a perforated pipe placed in a 

vertical hole drilled into the refuse and backfilled with gravel around the pipe itself. 

LFG recovery wells then employ an induced exhaust. well system. Most of the 

available gas produced can be collected with a vacuum through the pipe system. 

With the LFG recovery well placed into the refuse and backfilled with gravel 

around the perforationS, the well is sealed off against the inflow of atmospheric air · 
and is connected to a control point by means of a gas collection header pipe 
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network. Other backfill materials may include concrete, refuse, and ground soil 
. . 

materials. 

Horizontal wells installed along the bottom and excavated side interface can also be 

utilized to control lateral and vertical gas movement. The LFG is collected by a 

serie~ of horizontal gas collection lines at various elevations within the landfill with 

the collected gas burned in ·the flare. This type of well configuration allo~ 

immediate gas removal as the refuse begins to decompose. Another advantage is 
that the horizontal wells can be constructed without drillin~ into the refuse. 17 

Extraction wells can be designed to perm.it gas recovery at selected depth intervals . 
. One design concept consists of a small well inside a larger well with special details 
to allow extraction at different" depths. Some LFG recovery wells are equipped with 

slip joints or are telescoped since the surface of a landfill can be expected to settle 5 

to 20 percent. The depth of the extraction well ·is 50 to 100 percent of the 
thickness.2 Greater dep~h wells are utilized at the more shallow landfills (i.e. 

Mountain View Landfill in Northern California has an average landfill depth o( 40 

feet) and the lesser depth wells used for. the deeper landfills. This is done due the . 
fact that most of the gas will leave deep well-contained landfills by upward flow. 

· Thus, 7ven relatively ·shallow wells will capture most of the gas produced in the 
lower levels. As a result, the lower 15 to 80 percent of the recovery well pipe is 

. usually perforated. Many well perforation patterns and methods have been put to 
use. The main requir~ment of the perforations are that theY.· remain open," do not 
require exce5sive pressure losses to draw the gaS through them, and do not weaken 

the pipe. 

Figure 9-12 shows the typical recovery well used at most recovery sites .. The well 
must be monitored for air intrusion, which is indicated by a reduction of.methane 
content and by an increase in the nitrogen content of the collected gas. Jbe 

diameter of extraction wells have ranged from 4 inches to 36 inches, with the most 
frequent size being 24 inches. Variations in· well design include installation of 

perforated pipe and. placement of perforated pipe in slightly undersized drilled 

holes. Polyvinyl chloride (PVC) is .the most common material used because of its 

relatively low cost and its general satisfactory performance for well casing.· Other 

types of material include ~berg!~, high density polyethylene, and steel. 
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If migration control of the landfill gases is the only consideration, then collection 
. . . ' 

wells· would be located around the boundary of the,landfill. In most cases, the low-

BTU LFG would be routed to one or more locations to be vented or flared. 

Generally, an internal well and piping system would be used to recover the gases for 

use in an energy application. It may be necessary to have two separate collection 

systems; one for migration control and another for gas recovery and utilization. . 

One of the main concerns with a recovery well is the entry of oxygen into the system. 

Oxygen will kill or inhibit the anaerobic bacteria in the landfill. "Overstressing" a 

landfill by extracting gas at too great a rate will cause substantial air intrusion, thus 

causing aerobic regions within the landfill and a reduction of the gas recovery rate 

and for the total gas volume to be captured. ·High vacuum stresses should· be 

induced near the refuse cover soil. For this reason, most extraction wells extract gas 

at a considerable depth below the landfill surface. Gen~rally, the deeper the 

. extraction interval, the higher the applied .vacuum can be and/or the greater the 
well spacing can·be.2 . · 

9.1.4.2 Headers 

Lateral header pipes connect the indiVidual wells to a vacuum source such as a 
pump or blower. Headers have been made from. a variety of materials. Common 

materials incluoe polyvinyl chloride (PVC), high density polyethylene, or fiberglass

reinforced polyester. Sizing of header systerrts. is based on evaluation of the head 

loss ofgas flowing in the system. Most header pipes are 4 to 12 inches (10 to 30 em) 

in diameter. The collection system must be provided with condensate traps that 

allow liquids collected in the pipe to be sent to a storage tank or an underground 

sump. Suction is applied to each well casing, thus creating a pressure gradient. The 

gas is gathered to the· well by the predominantly convective flow and Is then 

removed at the well head. Each well head is normally equipped with a butterfly 

valve for flow .rate control permitting flexibility in system operation. With this . 

decreased pressure near the well, gas is. collected into the well, removed at the well 

header, and then routed to the disposal point or recovery poi~t.lO 
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Due to the .mild weather conditions in the landfill areas within the District's 

·jurisdiction. most headers are located above ground. Soil cover can usually provide 

the best practical means of pipe protection if the pipes are buried. The choiCe is 

whether to lay the pipe on the surface and mound soil over .it or to lay the pipe in a 

trench and backfill with soil. Trenching is used if a flat surface or if tbe landfill is 

located in a climate where. the header pipe must be protected· from freezing or 

forming condensate during winter months. A detail of exposed artd buried header 

configurations are shoWn in Figure 9,1~.2 

9.1.5 Resource R~overy System 

The preferred control method for excess gases and vapors is to recover them in a 

resource recovery system such as a LFG-fired boiler to produce steam or electricity. 

When the he:ating value of large continuous LFG flows is high, vapor recovery or 

the use of the vapor as fuel is preferred ovedlaring since the high heat ~te stream 

is too valuable to. waste in a flare. For small continuous flow of gases, flares are 

sometimes used even though fuel or heat is either lost or wasted. In these ·cases, a 

~are is more economical to use. Low-BTU landfill methane gas may not be 

economically feasible to recover due to the cost of haVing to upgrai:le the gas. 

Widespread venting of waste gases into the· atmosphere causes . safety and 

enVironmental problems. ·Therefore, it is now required to collect gases from the 

recovery wells and bum them in. a ground flare. 

Fuel gas can be made from raw LFG by dehydration. After passing through a 

separator to ~emove condensate and heavy hydrocarbons, the .LFG is compressed 

and ~ooled by refrigeration or absorbed in' glycol solu.tion. After absorbing the 

water, the rich glycol solution is circulated to a stripper where the water is vaporized 

and the lean glycol solution is recycled to the absorption tower. V ;lpors containing 

odorous heavy hydrocarbons fl,'om the stripper are condensed and delivereq t~ a 

landfill injection well and non-condensibles are incinerated. Dehydrated LFG has a 

heat content of approximately 450 to 500 BTU/scf. It is compressed and used on 

site to power equipment or may· be piped off site to a power plant or industrial 

users.8 
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Raw LFG may even be upgraded to 975 BTU/scf to produce synthetic natural gas 

by removing water and carbon dioxide. Commercial processes for removing carbon 

dioxide include adsorption and absorption. Raw LFG will pass through a separator 

to remove condensation and heavy hydrocarbons. Figure 9-14. illustrates a typical 

process using dehydration by glycol absorption followed by carbon dioxide removal 

by· ~itl1er ~olecular sieve adsorption or absorption using methyl ethanol amine 

(MEA). Some of the product gas is used to power internal combustion (I C) engine

driven compressors. The synthetic nat!Jral gas is injected into the natural gas utility 

pipeline and blended to meet standard specifications.8 

Both IC gas engines and gas turbines have powered electrical generators by burning 

dehydrated LFG. Gas turbines are more economical to operate in conjunction with 

larger size electric generators than It;: combustion engines. Heavy duty low speed 

IC.engines are of two types: rich-burn, spark-injection and lean-bum non-sparking 

type. A catalytic converter has been achieved in practice to reduce reactive organic 

gases (ROG), carbon monoxide (CO), .and oxides of nitrogen (NOx) for rich-bum 

·engines while operating on LFG. Figure 9-15 is a flow diagram of an IC engine or 

gas turbine generating electricity.8 

9.1.6 Condensate or Leachate Control and Treatment 

LFG recovered generally has been found to· be saturated with moisture. During 

col~ection in the header system, the gas undergoes an expansion and temperature 

decline (froml10-150 °F to 60-80 °F), and some water condenses, accumulating in 

the bottom of the header lines. If this condensate is allowed to accumulated in low 

spots of the line, the header pipe .may become partially or completely blocked. To 

avoid the line blockage problem, condensate drains should be constructed along the 

header line, and the line should be always sloped toward a condensate drain into a 
sump.l · . · · . 

Leachate can be generated simply from the excess moisture in the materials 

received at the landfill. Leachate is also produced when groundwater or infiltrating 

surface water, such as rainfall, moves through the solid waste. This leachate 

generated from the solid waste is a mixture of dissolved and finely suspended solid 

matter and microbial waste proqucts. Lea~hate may leave the landfill at the ground 
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surface as a spring or percolate through the soil and rock that lie below and 

surround the waste. Thus, it contains products of decomposition of organic 

materials· and soluble ions. 20 As a result, leachate ·can cause serious pollution of 

groundwater and surface water if not properly controlled. 

Leac!Iate g~neration rates are dependent on the amount of liquid the waste 

originally contained and the quantity of precipitation that enters the la,ndfill through 

the cover or falls directly on the waste. Chemical characteristi~ will be affected by 

the biological d.ecomposition of biodegradable organic materials, chemical oxidation 

processes, and dissolving oforganic and inorga~ic materials in the waste.20 

This leachate, condensate, and other heavy odorous liquid hydrocarbons separated 

from raw LFG can no longer be injected back into the well as deemed by new 

requirements of the Water Quality Control Board and other ·agencies. Many 

landfills within the District have installed LFG cond¢nsate and/or leachate handling 

and ·treatment system to properly di~pose of the liquid. A separate permit must be 

issued for these types of LFG condensate handling/treatment systems. Becailse of 

the specificity of a condensate treatment system within a landfill, a brief description 

of LFG condensate handling/treatment systems will be discussed here. Treatment 

of LFG condensate and leachate has been· handled in the District by one or more of 

the following methods: 

• condensate air stripping; 
·chemical treatment; and/or 
• biological aeration. 

For the air stripping system, condensate is pumped through a pressurized oil/water 

separator and subsequently through· the air stripping tower. The treated condensate . - . . . 

wiUthen be pumped directly to the sewer. Exhaust air from the stripping tower will 

be discharged into a: vent pipe and then into a LFG collection header. Generally, 

ambient air is withdrawn through the air stripper by way of vacuum from a LFG 

blower in the flare station. 

In a chemical treatment process, LFG condensate or leachate collected by a flare 

station trap will discharge to a cond11nsate ~ump. Once the liquid level in the sump 
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reaches a specified high level, a suinp pump will pump the liquid to a condensate 
chemical treatment tank. In this treatment tank, the liquids will flow through .a 

hydrocarbon skimmer compartment, pH neutralization using caustic soda and. 

clarification compartments, and then a final mixing compartment for final pH · 

adjus~ent before being sent through a carbon canister and then released into the 
atmosphere. The recovered hydrocarbons will then be discharged periodically. 

Biological aeration involves adding nutrients containing nitrogen and phosphorous 
and oxygen to the condensate in an aeration tank. Bacteria'will then grow and 

eventually form a slu.dge. This activated sludge heavily saturated with hydrocarbons 

is then sent through carbon where the hydrocarbons are adsorbed onto the packed 

carbon beds. 

9.1.7 Landfill Flare Systems . . . 

Landfill flares are used for the control of gaseous co'mbustible emissions of methane 

and· r~active organic gases: Flare systems were· developed to incinerate the gas 
extracted to prevent migration and resultant odors. Flaring safely dispo~es large 
amounts of waste gas at a relatively inexpensive cost. 

There are two main considerations in deciding whether to flare a waste gas. These 

are the expected maximum volume of the stream to be flared and the heat content 

of the LFG. LFG volumes as great as 3000 scfm have been incinerated by a· single . . . . 
flare. In addition, some waste gases cannot support their own combustion. 
Generally, a waste gas with a heating value greater than 200 BTU ift? can be flared 
successfully. The heating values of perimeter gas may range from 150-300 BTU /f~ 
and that for the interior gas may be 350-550 BTU/~. 

9.1.7.1 Design Criteria 

A ground flare consists of a burner and auxiliaries, such as a flaine arrester, pilot 

burner, and ignitor, as shown in Figure 9-16. Ground flares may consist of multiple 

burners enclosed within a refractory shell. The flare flame of these flares is 

concealed and smokeless burning usually occurs at a low noise level. The gases to · 

be flared are connected by a m~nifold to a series of burner heads which discharge 
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the gas into a refractory enclosure. Mixing of the gas and air is accomplished by a 

series of burners. CombUstion air is provided by the natural draft of the enclosure. 

D~e to the natural draft and the enclosure, smokeless burning is obtained with little 

or no steam because of the turbulence and temp~rature of the burning zone. The 

size of the. enclosure will depend upon the capacity of the flare. 

Typical landfill flare diameters vary from 4 to 12 feet The height may range from. 

18 to 50 feet Sizing is based on the minimum combustion temperature and the, 

residence time required; for instance, a longer residence time requires a taller flare 

stack; A landfill gas flare may have the gas flow rate between 200 scfm for a 

minimum size flare to 5000 scfm for a maximum size flare. 

The gas temperature entering .the flare may range between 60 to 120 °F. The flare 

must meet stringent state and federal requirementS of 1400 °F and higher 

incineration temperatures at residence ·times of at least 0.6 secon,d which insure 

almost total destruction of .the combustibles present The District expects that flares 

have the capability to attain at least a 99% destruction efficiency for total non

methane hydrocarbons. 

· The shell of the flare is generally made of carbon steel plate of low or intermediate 

tensile strength. 4 .The shell is insulated internally to protect the shell from 

overheating and. to contain· the heat within the flare. The burner assembly must 

· generate minimum inci.neration temperatures to ensure at Ie¥t a 99% destruction 

of combustibles. Important burner features to consider include low CO and NOx 

emission levels, a flame stabilizer to produce a short, intensive combustion zone and 

prevent the· flame from being extinguished, high-alloy stainless steel materials for 

durability and resistance to high temperatures, and a . very high surfac~ area to 

volume ratio to insure optimum heat transfer. Equally important is to have very 

high length ·to diameter .(L/D) ratio on ·burner ports to prevent ·backflash into ~he 

gas supply line. 

Flame arresters inhibit flame propagation. A flame arrester used in the gas lines 

prevents the passage of flames without obstructing the flow ofgas. The methane gas 

going into· the flare· must contain suffiCient air· or oxygen to maintain its own 

combustion. Thus, a fl.ame arrester must be installed ·to prevent flashback. 
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Depending on the flow rate of the LFG into the flare and the size of the flare itself, 

flame arresters range from 2 to 30 inches. They are constructed of alulilinum, 

carbon steel, stainless steel, and other corrosion resistant materiais. (See Figure 9-

17) 

A flow meter and recorder should be installed betWeen the blower outlet and the 

flare to continuously measure the amount of gas being collected and flared. The 

exhaust gas temperature will also beme.asured by some type of themiocouple on the 

flare. A flare safety system is needed to prevent unburned gas from being released 

into the atmosphere .. .In the event of a flame-out of the flare, the. safety system will 
automatically trigger the control valve to close the inlet of the flare and an alarm 

will be activated. To facilitate the performance of source testing, an approved heat 

shield or sufficient insulation in the shroud around the test ports must be placed on 

the flare where samples are taken. All new flares are required to have an outside 

skin temperature of less .than 250 °F tq avoid heat stress to source testing personnel. 

To be issued a permit to co~truct and operate, the District requires that LFG flares 

be equipped with the following or comparable equipment: 

ScAQMD 

an UV flame scanner to ensure the flame is operating; 

a, continuous exhaust gas t~mperature probe or thermocouple; 

a temperature controller to automatically adjust the air louvers for 

combustion air regulation; 

flame arrester; 

sight ports; 

sampling ports; 

safety system to shut off burner (flame failure alarm, gas shut"off 

valve; 

exhaust temperature and inlet flow recorders; 

recording devices synchronized with respect to time of day; 

burner assembly; and 

gas pilot or electronic ignitor. 
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9.2 Pennit Unit Description 

The Waste and Energy Management Unit's current practice is to separate a landfill 

gas control system into three permit units: 

Landfill Gas Collection System, which includes all wells and gas 

collection piping, as well as booster .biowers and condensate traps or 

tanks if each is 250 gallons or less in capacity; and 

Landfill Gas Flare System, which includes all equipment at the flare 

station; 

Landfill Gas Condensate or Leadzate Handling/Treatment System. 

9.2.1 Landfill Gas Collection System Pennit Unit Description 

The permit unit description for landfill gas collecting or gathering system should be 

the following: 

LANDFILL GAS COLLECTION (OR GATHERING) SYSTEM CONSISTING 
OF: 

1. LANDFILL GAS BLOWER, (MANUFACfURER), MODEL# 
H.P. __ --' 

2. AUTOMATIC BLOWER DISCHARGE. SHUT-OFF VALVE, 
_____ TYPE. 

' ' 

3. (_) LANDFILL GAS COLLECTION WELLS, EACH 
.APPROXIMATELY ·FEET DEEP, WITH INCH 
DIAMETER, (TYPE OF MATERIAL) CASING. 
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The permit unit description for landfill gas flare system should be the following: 

LANDFILL GAS TREATINQ AND FLARING SYSTEM CONSISTING Of: 

1. FLARE NO. , VENTING {INTERIOR OR PERIMETER) 
LANDFILL GAS, (MANUFACI1JRER), MODEL . , . 
...:....,__~" ODIA X " H., BURNER, (GAS, 
ELECTRIC,. ETC) IGNITOR, UV FLAME SCANNER, 
THERMOCOUPLE WITH TEMPERATURE INDICATOR AND 
RECORDER, AND AN AUTOMATIC COMBUSTION AIR 
REGULATING SYSTEM (AIR DAMPERS). 

2. (_) FLAME ARRESTER(S), TYPE, MODEL# __ ...,; 

(DIMENSIONS), (MANUFACTURER). 
3. LANDFILL GAS FLOW ELEMENTS WITH RECORDERS. 
4.. AUTOMATICLANDFILLGASSHUT-OFFVALVE ,_· __ 

·TYPE. 
5. AUTOMATIC LANDFILL GAS PRESSURE CONTROL VALVE, 

__ TYPE, WITH PRESSURE INDICATING CONTROLLER. 

6. INTERIOR LANDFILL GAS SEPARATOR,-----· 
7. ·: PERIMETER LANDFILL GAS SEPARATOR,-----· 

8. GAS TURBINE SUP~LY GAS SEPARATOR,-----· 
9. KNOCKOUT VESSEL FOR PARTICULATE CONTROL, 

"DIA X "L, MODEL --- ---~ 
SERIAL NO.-----' 

9.2.3· · Landfill Gas Condensate or Leachate Handling Perinit Unit 
Description 

The permit unit description for landfill gas condensate or leachate air stripping 

(handling) system should be the following: 
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LANDFILL GAS CONDENSATE (LEACHATE) AIR STRIPPING SYSTEM 

CONSISTING OF: 

1. CONDENSATE SUMP, 

DEEP. 
·- "DIA X " ---

2. · . CONDENSATE TANK, (TYPE OF MATERIAL) 

3. 

TANK, GALLONS CAPACITY, WITH (PRESSURE 

AND LEVEL) CON~OLS. 

INFLUENT (CONDENSATE) (VACUUM) 

(MANUFACTURER), 

· PUMP, 

MODEL 

-----~· ___ GPM AT-:---- FEET HEAD, 
WfiH A H.P. MOTOR. . 

4. OIL/WATER SEPARATOR, (MANUFACTURER), 

PRESSURIZED TANK,. WfiH AUTOMATIC OIL DISCHARGE 

VALVE. 

5. AIR STRIPPING TOWER, 

(MANUFACTURER), ·-_" DIA. X . ·- " H., 
WITH FEET PACKING, (DEMISTER, AND A 

BLOWER, (MANUFACTURER), MODEL 

------· ___ CFM AT "V/.C., WITH A 
----H.P. MOTOR;) VENTED TO THE LANDFILL GAS 
COLLECTION AND FLARING SYSTEM. 

6. EFFJ.,UENT (VACUUM) PUMP, · 

(MANUFACTURER), MODEL # --~- ___ GPM 

AT FEET, WITHA H.P.MOTOR. 

9.2.4 Landfill Gas Condensate or Leachate Treatment Permit Unit 

Description 

The permit unit description for landfill gas condensate or leachate treatment system 

should be the following: 
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LANDFILL GAS CONDENSATE (LEACHATE) TREATMENT SYSTEM 

CONSISTING OF: 

1. CONDENSATE SUMP, (UNDERGROUND), '- __ " 

DIA. x "DEEP, WITH H.P. SUMP PUMP. 

2. CONDENSATE TREATMENT TANK, (TYPE 

OF MATERIAL) TANK, '- ".DIA. x _ " 

'DEEP . GALLONS CAPACITY, WITH H.P. 

¥JXER, AND EFFLUENT PH CONTROL SYSTEM. 

3. CARBON CANISTER, VENTING !REATMENT TANK, (TYPE), 

WITH SEAL. 

9.3 Emissions 

Depending on the chemical constituents in the landfill, the air contaminants . . . 
resulting directly from the flaring of landfill gases are reactive organic gases (ROG), 

· particulate matter (PART), nitrogen oxides (NOx), sulfur oxides (SOx), and carbon 

monoxide (CO). Landfills m~y consist of .carcinogenic or non-carcinogenic toxic 

hydrocarbons. Carcinogenic compounds such as viriyl chlorides and methylene 

chloride have been found in both non-hazardous and hazardous waste landfills. 

Toluene and xylenes have also been foun4 at various landfills in the District. As. a 

resl,llt of the presence of these compounds in· both Class I and II landfills, a health 

risk assessment must be performed. The Division is currently following the Risk 

Assessment Policy outlined in Mr. William J. Dennison's memorandum, .dated 

November4, 1987. This risk assessment must be done for all toxic compounds from 

the flaring station and the condensate handling facility such as an air stripper. 

Carcinogenic or. non-carcinogenic toxic hydrocarbon ~missions are controlled by 

operating the flare· at several hundred degrees (°F) above the volatile organic 

compound autoignition temperature.3 The autoignition temperature is the 

temperature at which combustible mixtures of the VOC in air will ignite without an 
external source such as a spark. Table 9-5 presents some autoignition temperatures 

for· various organics in the air. Thus; destruction of these organics will be achieved 

by operating the flare at either 1400°F or 1.500°F. 
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TABLE 9-5 AUTOIGNITION TEMPERATURES OF SELECI'ED ORGANICS 

INAIR3 

Substap.c~ 

Acetone 

Acrolein 

Acrylonitrile 

Ammonia 

Benzene 

m-Butane 

1-Butene 

m-Butyl Alcohol 

Autoignition 

Temperature, °F 

1000 
453 
898 
1200 
1075 
896 
783 
693 

Carbon Monoxide 1205 
Chlorobenzene 1245 .. 
Cyclohexane 514 
Ethane '986 
Ethanol 799 
Ethyl Acetate 907 
Ethylbenzene 870 
Ethyl Chloride 965 
Ethylene. 842 

SCAQMD 9-38 

Substance 

Autoignition . 

Temperature, op 

Ethylene Dichloride "775 
Hydrogen 1076 
Hydrogen Cyanide 1000 
Hydrogen Sulfide 500 
lsobtitane 950 
Methane 999 
Methanol 878 
Methyl Chloride 1170 
Methyl Ethyl Ketone 960 
Phenol 1319 
Propane 871 
Propylene 851 
Styrene 915 
Toluene 1026 
Vinyl Chloride 882 
Xylene 924 
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9.3.1 Emission Factors 

Emission factors for various pollutants vary among landfills. These factors depend 

on the type of landfill (hazardous or non-hazardous) and what has been deposited 

( toxies, food wastes, etc.) in the landfill. Flare emissions may be based on emission 

factors given by manufacturers specifications or they may be calculated from source 

test data. Hydrocarbon emission facto.rs are represented by a destruciibri efficiency 

(ORE). Both NOx and CO emission factors are given by pounds of contaminant per 

MMBTU. Table 9-6 lists the emission factors from a typical landfill gas flare. 

9.4 Calculations 

9.4.1 Operational Data 

Emission calculations are performed to determine compliance with. District Rules 

and Regulations. A health risk assessment should ·alsp be done following the 

guidelines set forth. in current District policy. To determine compliance, the 

-applicant must provide the following LFG composition and flare specifications: 

. Landfill Gas COmposition and Flare and Condensate Treatment Specifications 

(1) Landfill Gas Composition 

(a) CH4 
(b) COz 
(c) H2o 
(d) N2 and inerts 

(e) o2 
(f) HzS 

· (g) Other sulfur compounds 

(h) Other hydrocarbons 

SCAQMD 9-39 

_______ % 
____ _..;._ __ % 
_____ ..,...._% _______% 
----~--% _______ ppm 

---~----PPm 

_______ ppm 
_______ ppm 
_______ ppm 
______ ppm 
____________ ppm 
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TABLE 9-6: 'IYPICAL EMISSION FACTORS FOR LANDFILL GAS FLARE21 . 

Air Contaminant 

Reactiv~ Hydroca~bons, RHC 

Unreactive Hydrocarbons, methane 

NOx 

co 

SOx 

Particulates 

• Destruction Efficiency 

SCAQMD 9-40 

Emission Factor 

. 95% • 99% DRE" 

99% • 99.9% ORE• 

0.06lb/MM BTU input 

0.05 • 0.20 lb/MM BTU 
input 

100% conversion of H2S · 
and other sulfur compounds 

60 · 80 lb/MMcf · 
10 · 20 lb/MMcfwith 

knockout vessel 
and/or other 
particulate removal 
device 
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(i) Particulates 

(2) Heat Loss Percentage (Approximate) 

(3) Proposed Total LFG Inlet Flow Rate 

(a) Perimeter= 

(b) External= 

(c) Air Stripper= 

(c) ~G= (a) + (b) + (c) 

(4) Proposed Total Gas Outlet (Exhaust) 

FlowRai:e 

LFG Dry Inlet Flow Rate•, INDRY = 
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-------,--gr/dscf 

--------~--------% 
__________________ scfm 

---------------sclm 
-------~-~-sclm ___________________ scfm 

·sclm 
------------~-________ sclm (5) 

(6) 

(7) 

(8) 

(9) 

• Flare Dry Exhaust Flow Rate , EXDRY = -'-------dscfm 
______ in. W.C. 

(10) 

(11) 

(12) 

(13) 

(14) 

Maximum Gas Back Pressure •• 

Maximum ambie~t air temperature 

Minimum combusti~n temperature at 

thermocouple elevation, TEMPT= 

Maximum outside skin temperature on flare 

Diameter of Flare, D 

Height pf Flare 

Maximum condensate traps capacity 

Condensate volume delivered to 

treatment system 

• From source tests. 

_______ oF 

------:,------''--oF 
_______ oF 

-------.,------feet 
______________ feet 

__________ gal/day 

-----------gal/day 

•• Back pressure includes the pressure drop through the automatic valve, flame 
arrester, and burner. 

9.4.2 LFG Molecular Weight Calculation 

The average molecular weight (MW) of the LFG gas must be calculated to 

determine the mean LFG heat capacity. Given the LFG concentrations of the 

major components, the average molecular weight is calculated using the following 

equation: 

MWLFG = (EquatiQn 9.1) 
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Molecular Weight of gas constituent _(lb/lb-mole) 

Gas constituent: CH4, COz, o2, H20, Nz and inerts · 

9.4.3 Mean Heat Capacity Calculation 

Depending on the minimum combustion temperature of the flare, use the following 

heat capacity, ~· data and equations to calculate the mean heat capacity of the 

flue gas, ~,mean· 

where, 

~,C0.2 

~
.H.20 
,02 
,N2 

= 
= 
= 

~,mole mean 

S,,mean 

= 
S,,mole mean= 

· S,,mean = 

SCAQMD 

= 

= 

11.43 
8.909 

. 7.778 
7.331 

'V (x·) (L ·) ~ I -p,l 

cp.mole mean 
MWLFG 

1500 °1" 

.11.55 
8.983 
7.830 
7.368 

(Equation 9.2) 

(Equation 9.3) 

. lb-mol percentage of gas constituent 

meap. molecular heat capacity, BTU /lb-mol °F 

mean heat capacity of flare flue gas, BTU /lb °F 
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9.4.4 LFG Heating Value Calculation 

· · The LfG BTU content must be known to calculate pollutant emissions. This 

heating value may either be calculated or found by total combustion analysis (TCA) 

of carbonaceous materials. The latter method of finding the heating value is 
preferred and is obtained from source . testing. If no heating value is available 

through source test, the LFG BTU content may be estimated using Equation 9.4 
with the following information: 

1. If the concentration of the non-methane hydrocarbons (NMHC) is 

less than 1%, assume these .combustibles are negligible. Obtain the 

BTU content of the NMHC in the LFG from source tests if the 

NMHC concen~ation exceeds 1% (10,000 ppm). 

2. Obtain the heating value of CH4 in the LFG from source tests. If this 

BTU content is not available, 1000 BTU /scf may be assumed for the 

heating value of CH4. The higher heating value of combustion of 

methane is 1013 BTU/scf and the lower heating value is 913.1 
· BTU/scf.ll 

3. lib-mole LFG occupies .379 scf at standard temperature (60 °F) and 

pressure (1 atm). 

BTULFG = (BTUCH4)(xcH4) + (BTUNMHc)(xNMHc) 

where, 

BTULFG 

BTUcH4 

BTUNMHc = 

= 

=. 

XCH4 = 

XNMHC = 

SCAQMD 

LFG BTU content, BTUjscf 

CH4 BTU content, BTUfscf 
. NMHC BTU content, BTU/scf 

Concentration CH4, % 
Concentration NMHC, % 

(Equation 9.4) 
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Because the flaring of LFG is a combustion process, the theoretical air requirement 

(TAR) and air flow rate must be considered. The balanced equation of the· 

combustion process is given by 

CH4 + 2 0 2 -> Co2· + 2 H20 

Air contains approximately 21% 0 2 and 79% N2, thus for 1 lb-mole 0 2 there are 

3.76lb-moles N2 inv!>lved. The complete combustion equation may be represented 

by 

[ %CH4 CH4 + %C02 C02 + -%H20 H20 + %N2 N2 + %02 0 2 ] + 
[ (2 x %CH4 - %02 ) o2 + 3.76 x (2 x %CH4 - %02 ) N2 J----> 

[ (%CH4 + %C02) C02 + (2x %CH4 + %Hp) H20] + 
[3.76 (2 x %CHr % o2J + %N2 J N2 

9.4.6 Excess Air Calculation 

The amount of excess air the flares will operate at must be known in calculating the 

retention time of the flares. The excess air percentage may be calculated when the 

flue gas CO is known through source test. Generally, this is not known when 

perfo~g preliminary ~lculations. The excess air amount may be any"where 

between 50% to 200%. Thus, assume the ·excess air to be approximately between 

100% to 200%. 

Should the concentration of CO be known from source test. The following 

equations may be used to calculate the excess ~ir percentage. 
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XAIR= X (100%) 

(21%/79%)(xN2) - xco - (O.S)(xco> 

(Equation 9.5) 

where, 

XAIR = Excess air in flare, % 

9;4. 7 Retention Time Calculation and Operating Temperature 

The Best Available Control Technology (BACT) for controlling reactive organic 

g;~Ses in a ground level shrouded LFG flare is to .operate at 1400°F (non-hazardous 

waste landfill) or 1500°F (hazardous waste landfill ) at a retention time of at least 

0.6 seconds. To calculate the retention time of the flare: 

1. Obtain· the J!'G inlet flow rate (perimeter, interior, or MAXLFG, 

scfm) and the minimum combustion temperature of the flare, 

1EMPT(°F). · 

2. Calculate the molecular flow rate of the LFG by dividing the LFG 

flow rate by 379 scf/lb-mol LFG, MOLES, (EquatiO!l 9.6) . 

. 3. From LFG analysis, calclilate the theoretical air required, TAIR, for 

combustion (lb-moles) (Equation 9.7). 

4. Approximate the amount of excess air in' the flare, XAIR (lb-moles) 

(Section 9.4.6 or Equation 9.5). 

·s. Calculate the total air inthe flare, AIR (lb-moles) (Equation 9.8) by\ 

multiplying the amount of theoretical air required, TAIR (lb

moles)(Equation 9.7) and the excess air percentage, XAIR (ib-moles). 

6 Calculate the products of combustion, Pq (lbs or lb-mols) of the 

major gas constituents by using Equations·9.9 to 9.12. 
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7. Sum the products of combustion (PC) of the major gas constituents. to 

obtain the total weight of the products of combustion, PTOT (Jbs) 

(Equation 9.13). 

8. With the LFG molecular flow rate, RATE, calculated in Equation 9,6, 

obtain the products of combustion mass flow rate, FLOWpc 

(lbs/min), using Equation 9.14. 

9. In order to calculate the net flue gas enthalpy, the following must be 

considered: 

a. Calculate the heat .of combustion, HEAT (BTU/min) with 

Equation 9.15; 

b. The heat loss due to evaporation, EVAP (BTU/min) is 

calculat~d using Equation 9.16; 

c. Using AIR, ~.niean• and RATE, the sensible heat ·loss, 
SENSE (BTU/min), is found with Equation 9.17; 

d. The radiation heat loss, RADIA (BTU/min) (Equation 9,18), 

is obtained by multiplying the assumed heat loss percentage by . 
the heat of combustion, HEAT (BTU/min) (Equation 9.15); 

.and 

e. With HEAT, EV AP, SENSE, RADIA, and FLOWpo the flue 
gas enthalpy, H (BTU/lb)is calculated with Equation 9.19. 

10. · Calculate the moisture in the flue· gas, MOIST (%), using Equation 

920. 

11. Calculate the total combustion flow rate, COMB (scfm) (Equation 

921) by summing the combustion air flow, AIR (Equation.9.8) and 

the LFG inlet flow rate. · 

12. Using the total combustion flow rate, COMB (scfm) (Equation 9.21) 

and OPTEMPT, °F, calculate the volumetric or exhaust flow rate, 

acfm (Equation 922). 
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13. Calculate· the combustion volume, VOLUME ( cf or acf)(Equation 

9.23). 

14. Obtain the diameter of the flare,.D ((t), and the height from the flare 

top of the flare burner to the thermocouple, h (ft). 

15. .The retention time, TIME (sec) (Equation 9.24), is calculated by 

dividing the combustion volume, VOLUME (cf or acf) .(Equation 

~.23), by the exhaust flow rate, EXHAUST (acfm) (Equation·9.22). 

Minimum Required Flame Temperature, TEMPT = __ __;_ ____ oF 

LFG Composition, based on 100 lb-moles LFG: 

~4 
H20 

(la):-----· lb-moles 
(lb) lb-moles 
(1 c) lb-moles 

N2 and inerts 
Oi 

. (ld) lb-moles 
(le) lb-moles 

LFG Molecular Flow Rate, RATE 
'RATE = (3) /MOLES = ------· lb-mol 

min 
(Equation 9.6) 

Excess Air in Flare, XAIR (Section 9.4.6 or Equation 9.5) 
. = % 

Theoretical Air Required for Combustion, TAIR 
TAIR = (la) (2 + 3.76 x 2) lb-mol air 

lb-mol CH4 
- (le) (1 + 3.76) lb-mol air 

lb-mol o2 . 

= ______ Ib-moles air 
(Equation 9.7) 

Total Air in Flare, AIR .. 
AIR = (TAIR) (XAIR) = ______ lb-moles 

(Equation 9.8) 

.. 
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Products of Combustion, PC 

. PCc02 = (la). ____ ic 1 + (Ib) = (18)'---'-_lb-moles 

= (18) (MWco2) = (19)'--·----:;:;---.lbs 
(Equation 9.9) 

PCH20 = (la) x 2 + (lc) _____ _ + 

(AIR + 100) (MW AIR) (O.G13) 

(MWH20) 

= (20) ______ 1b-moles 

= (20)'-------- (MWH2o) = (21)_----::::---:-lbs 
(Equation 9.10) 

PCNz = (AiR) (0.79) + (ld) = (22)'---_lb-moles 
(22) (MWNz) = (23) ·1bs 

(Equation 9.11) 

PCoz = (AIR- TAIR) (0.21) = (24)~------ !b-moles 
(24) (Mw02) = (25) lbs 

. (Equation 9.12) 

Total Products ~f Combustion, PCTOT 
PCroT = PCcoz + PCH2o + PCN2 '! PCoz 

= ________ lbs 
(Equation 9.13). 

Products of Combustion Mass Flow Rate at LFG Flow Rate, FLOWpc 

FLOWpC = (PCroT) (RATE) 

100 lb-mol LFG 

= _____ lbs/min (Equation 9.14) 
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Heat of Combustion. HEAT 
HEAT= (3) (BTULFo)(la) _____ /100 lb-mol LFG 

=------BTU/min (Equation 9.15) 

Ev~porati?n Loss, EV AP 
EVAP ={20) (18.919) (RATE) 

100 lb-mol.LFG 

-----BTU/min (Equation 9.16) 

Sensible Heat Loss, SENSE 
SENSE= (AIR)(MW AJR)(~,mean)(TEMPT- 60 °F) (RATE) 

100 lb-mol LFG 

=---- BTIJ/min . 

·Radiation Loss, RADIA 

(Equatio.n 9.17) 

RADIA =; (2) _____ %(HEAT) =--BTU/min 
(Equation 9 •. 18) 

flue Gas Enthalpy, H 
H · = HEAT- EV AP - SENSE - RADIA = _____ BTIJ / lb 

. FLOWpc . 
(Equation 9.19) 

Moisture in Flue Gas, MOIST 
MOIST = (100%) (21) ______ /PCTOT =---=--~% 

(Equation 9.20) 

Figure 9-18 shows correlations between the enthalpy of flue gas above 80 °F and 
moisture in the gas. Based on the net flue gas enthalpy, H, and the moisture in the 
flue gas, MOIST, the flue gas temperature is °F, OP1EMPT. 
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Total Combustion Flow Rate, COMB 
COMB = (AIR)(3) /lOOlb-mol LFG + (3)·-----'----

-. ··-________ scfm 
(Equation 9.21) 

Volu~etric .or Exhaust Flow Rate, EXHAUST 
EXHAUST = (COMB) (460 °F + OPTEMPT) 

= ____ acfm 

(Equation 9.22) 

Combustion Volume, VOLUME 
VOLUME = TT (D2)(h) = _____ cf or acf 

4· (Equation 9.23) 

Retention Time, TIME 
TIME = VOLUME (1 min ) 

EXHAUST 60 sec 

_____ sec 

(Equation 9.24) 

where, 

AIR = 

BTULFG = 

BTUCH4 

BTUNMHC = 
COMB ·· 

= 

= 
S,,mean = 

q,,mole mean= 

D 

SCAQMD 

Total air required for ~ombustion, lb-moles 
(Equation 9.8) 

LFG heating value or BTU content, BTU /scf 
(Equation 9.4) 

CH4 BTU content, BTU/scf. 

NMHC BTl) content, BTU/scf 

Total combustion flow rate, scfm (Equation 9.21) 

mean heat capacity of flare flue gas, BTU /lb °F 

(Equation 9.3) 

mean molecular heat capacity offlare flue gas, 

BTU/lb-mol °F (Equation 9.2) 

Diameter of flare, ft 
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EVAP = 
.··· 

EXHAUST = 
FLOWpc = 

h = 
H 
HEAT = 
i = 
MOIST = 
MOLES = 
MWAIR = 
MWLFG = 
MW· I = 
OPTEMPT = 
PCj = 

P<JroT = 

RADIA = 
RA'IE = 
SENSE = 
TAIR = 

TEMPT = 
TIME = 
VOLUME = 
XAIR -
X• I 

%Excess Air 

RATE 

COMB 
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Heat loss due to evaporation, BTil/min 

. (Equation 9.16) 
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Volumetric or exhaust flow rate, acfm· (Equation 9.22) 

Products of combustion mass. flow rate at LFG flow · 

rate, lbs/min (Equation 9.14) 

Height from flare base to thermocouple, t't 
Flue gas enthalpy, BTIJ /lb (Equation 9.19) 

Heat of col)lbustioit, BTIJ/min (Equation 9.15) 

Gas constituent: CH4, co2, o 2, HzO, N2 and inerts 

Amount of moisture in flue gas, % (Equation 920) 

LFG molecular volume = 379 scf/lb-mol 

Molecular weight of air, 29 lbs/lb-moles 

Molecular weight ofLFG, lb/lb-mole (Equation 9.1) 

Molecular weight of gas ·constituent (lb/lb-mole). 

Flare operating temperature, °F 

Products of combustion; lb or lb-mol 

(Equations 9.9- 9.12). · 

Total weight of products of combustion, lbs 

(Equation 9.13) 

Radiation h~at loss, BTIJ/rnin (Equation 9.18) 

LFG molecular flow -rate, lb-mol/min (Equation 9.6) 

Sensible heat loss, BTIJ /min (Equation 9.17) 

Amount of theoretical air in flare, lb-moles 

{Equation 9.7) 

Minimum combustion temperature, °F 

Retention time, sec (Equation.9.24) 

·combustion volume, cf or acf (Equation 923) 

Excess air in flare, % 

Volume percent of.gas constituent(%) 

_______ % 
_ __: _____ lb-moles/min 
________ sdm 

Retention Time 

Operating Temperature 

_________ sec 
__________ op 
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The minimum opera~ing temperature and residence time is achieved by adjusting 

the combustion air damper to a position. equivalent to the excess air percentage. 

Should the residence time and operating temperature not reach the minimum 

operating temperature (1400 °F or 1500 °F) and residence time, t.he percentage of 

exce~s air must either be increased or decreased. 

9:4.8 Principal PoHutant Emission Calculation 

To calculate the principal pollutant emissions, the emission factors for the pollutant 

must be known. They may either be given by the flare manufacturer, source tests, or 

calculated using the following equations. 

9A.8.1 NMHC Emission Factor, EFNMHC 

From total combustion analysis (TCA) given by source tests, the inlet and outlet 

concentration of the NMHC as CH4 (if EPA Method 25 i!! used, the concentration 

· would be as C1) must be known. Using this information, the destruction efficiency· 

may be caleulated using Equation 9.25 

Inlet Concentration NMHC = ______ ppm as cl 

. Outlet Concentration NMHC =· ______ ppm as cl 

NMHCjn = (INDRY)(xNMHc)(MWcAR.BoN)(60 min/hr) 

(MOLES) 

NMHCout = (EXDRY)(OUTNMHc)(MWcARBON)(60 rnin/hr). 

(MOLES} 

(Equation 9.25) 

(Equation 9.26) 

SCAQMD 9-54 Landfiii Gas. Control Systems 



Section: 
Revision: 
Date: 

9 
0 
8/18/89 

EFNMHC = (NMHCjn- NMHCout> (100%) 

(Equation 9.27) 

where, 

EFNMHC = Emission factor ofNMHC 

EXDRY = Flare dry exhaust flow, dscfm 

INDRY = LFG dry inlet flow, scfm 

MOLES = LFG molecular volume = 379 sCf/lb-mol 

MWooBON = . Molecular weight of methane, 16 lb/lb-mol 

NMHCin = NMHC inlet concentration, lb /hr 

NMHCout = NMHC outlet concentration, lb/hr 

9.4.S.2 NOx Emission Factor, EFNox 

To calculate· the emission factor for NOx, first obtain the average concentration of 

NOx as N02 from source t_ests. Then use the following equations: 

NOx Concentration as NOz =--,----"-----PPm 

NOz,out = 

. = 

where, 

· EFNOx 

MWN02 

NOz,out 

SCAQMD 

.. (xNox)(EXDRY)(MWNoz) 

(MOLES) 

(INDRY)(BTULFG) 

= 
= 

= 

NOx emission factor, lb/MMBTU 

N02 molecular weight, 46 lb-molfmol 

N02 flow rate, lb/min 

(Equation 9.28) 

(Equation 9.29) 
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From the average concentration of CO, use the following equations to calculate the. 

emission factor of CO: 

EFco = 

where, 

coin 

(xNox)(EXDRY)(MW co) 

(MOLES) 

(INDRY)(BTULFG) 

CO inlet flow rate,lb/min 

. ·EFco 

MWco 

= 
= 

·CO emission factor, lb/MMBTU 

CO molecular weight, 28 lb·molfmol 

9.4.8.4 SOx Emission Factor; EFsox 

(Equation 9.30) 

(Equation 9.31) 

Obtain the maximum concentration of total sulfur compounds as H2S from source 

test data; This maximum value is used as the emission factor for SOx. . . 

EFsox =· Maximum H2S cone. = ______ ppm 

9.4.8.5 Particulate Emission Factor, EFPART 

Obtain the concentration of particulates from source test data and use the following 

equations to calculate the emission factor for particulates. 
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(xPART)(1lbf7000 gr)(EXDRY)(lOO- MOIST} 

= 
= 

= 

(lOO)(MAXLFG) 

Particulate emission factor; lb I scf 
Moisture content 

Particulate concentr:.tion, gr/dscf 

(Equation 9.24) 

9.4~8.6 C!f4 Emission Factor, EF CH4 

The inlet and outlet concentration of CH4 from source .tests must be known to 
calculate the ORE of .methane. 

Inlet ConcentrationCH4 = xcH4,in ='---------PPm 
Outlet Concentration CH4 = ·xcH4,out = ppm 

CH4out ' . 

EFCH4 

where, 

CH4· ,m 

= 

= 

= 

· CH4out 
' 

SCAQMD 

(INDRY)(xcH4,in)(MW CH4) 

(MOLES) 

(EXDRY)(xcH4,out)(MW CH4) 

(MOLES) 

100% (CH4,in- CH4,out> . 

= 
= 

CH4in · 
' 

CH4 inlet flow rate, lb/min 
CH4 outlet flow rate,.lb/min · 

(Equation 9.33) 

. (Equation 9.34) 

(Equation 9.35) 
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Emission Factors 

EFCH4 = 

.. EFNMHC = 

EFNox 

EFco = 

EFsox = 

EFpART = 
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CH4 molecular weight, 16 lb/lb-mol . 

DRE 

DRE 

lbs/MMBTU 

lbs/MMBTU 

lb/MMBTU 

lb/MMscf 

9.4.9 Pollutant Emission Calculations 

Using the emission factors calculated in Section 9.4.8 (or those given by the flare 

manufacturer or source tests) and the known pollutant·concentrations, the pollutant 

emission calculations may be obtained in the following manner: 
. . 

MOLES 

(Equation 9.36) 

. NMHC= (MAXLfo)(xNMHc)(MWcH4)(1-EFNMHc)(1440 min/day) 

MOLES 

(Equation 9.37) 

NOx = (MAXLFG)(BTULFG)(EFNox)(1440 min/day) 

(Equation 9.38) 
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co = (MAXua)(BTULFG)(EFco)(1440 min/day) 

(Equation 9.39) 

sox = {MAXua)(EFsox)(MWsoz)(l scfSoz/1 scfH2S)(1440 min/day) 

Pollutant 

CH4 
NMHC 

co 

NOx 

SOx 

PART 

Actual 

MOLES 

(Equation 9.40) 

Emissions. Ib/day 

Maximum• 

• Maximum Emissions, lb/day = {Actual Emissions, lb/day) (1.1) 

9.4.10 Health Risk Assessment 

As a result of the presence of both non-carcinogenic and carcinogenic compounds in 

both Class land II landfills, a health risk assessment.must be performed. Currently; 

the Divi~ion is following 'the Risk Assessment Policy outlined in Mr. Wiliiam J. 
Dennison's memorandum, dated November 4, 1987. This risk assessment must be 

done for all toxic compounds from the flaring station and the condensate or 

ieacheate handling facility. For sources with a carcinogenic source strength (CSS) 

or rl~k greater than one-in-one million (1 x w-6), a California Environmental 

Quality Act (CEQA) document will be required. If approved mitigation measures 

are employed; a source is allowed a risk of ten-in:one-million (10 X 10-6) probability 

of contracting cancer. 
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9.5 Rules Evaluation 

Rule,53 -,Sulfur Co~pounds - Concentration· 

9 
0 
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Sulfur dioxide, S02, released into the atmosphere may not exceed a specific 

concentration by volume at the point of discharge depending Oil which county the 
. . . . 

flare system is located: 

County 

Los Angeles 

. Orange· 

Riverside 

• west-central area 

- remaining portion 

so2 Emission Limit 

0.2 percent 

500 ppm 

0.05 percent 

0~ 15 percent 

Rule 53A ~ San Bernardino County • Specific Contaminants 

"The lin'lit on specific contan'linants existing as liquid or gas at standard c;onditions 

en'litted in the San Bernardino County must not exceed the following 

concentrations: 

Pollutant 

Sulfur Dioxide, SOz 
before January 1, 1975 

after January 1, 1975 

Combustion Contan'linants 

before January 1, 1975 

after January 1, 1975 

Hydrogen Fluoride, HF 

. Hydrogen Chloriqe, HO 

Hydrogen Bromide, HBr . 

Bromine, Br2 
Chlorine, c12 
Fluorine, FI2 

SCAQMD 9-60 

Limitations (by volume) 

. ' 

O.lpercent 

SOOppm 

0.1 grain/fr3 

0.3 grain/fr-3 

400ppm 

800ppm 

50 ppm 

50 ppm 

450ppm 

50 ppm 
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· Section (e) of this Rule requires public notification of certain cases be made prior to 

issuing permit. 

Rule 401 ·Visible Emissions 

No visible emission greater than 20% opacity or Ringlemann No. 1 aggregating for 

more than three minutes in any one hour' period is allowed. 

Rule 402 • Nuisance 

Emissions which cause or contribute to a nuisance are prohibited. Factors worthy of 

consideration· 'include location (commercial/residential area), solvent uasage, 

odorous materials, and prior complaints: 

Rule 403 • Fugitive Dust 

Visible fugitive dust is prohibited beyond the boundary of the facility (exemptions 

.apply). In addition, particulate concentration in downwind sample may not exceed 

that in upwind sample by more than 100 .micrograms per cubic .meter. 

Rule 404 • Particulate Matter - Concentration 

Limits for particulate matter concentrations in an effluent gas stream at standard 

conditions.are listed in Table 404(a) of the South Coast Air Quality Management 

District's Rules and Reguiations. 

Rule 405 - Particulate Matter -Weight 

Limits for particulate matter emission rates from any source are listed in Table 

405(a) of the South Coast Air Quality Management District's Rules and 

Regulations. 

Rule 407 - Liquid and Gaseous Air Contaminants 

Carbon monoxide should not exceed 2000 ppm by volume, measured on a dry basis, 

averaged over 15 consecutive minutes. SOx emission should be below 500 ppm by 

volume averaged over 15 consecutive minutes. 
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Rule 466.1- Valves and Flanges 
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All valves and flanges handling the recovered hydrocarbons are subject to liquid 

leak control requirements. A permit condition will be included to assure 

compliance. 

Rule uso.1·- Control of Ga!!eous Emissions from Active Landfills 

Gaseous emissions from active landfills must be reduced to prevent public nuisance 

and possible detriment to public health due to exposure to such emissions. Controls 

must be installed to reduce · emissions of odors, ROGs, and hazardous air 

contaminants. Air intrusion into the landfill must be limited to prevent generation 

of explosive gas mixtures or fire hazards. The system must properly dispose of gas 

collected. Also, sampling probes are required to be installed at the perimeter of the 

landfill to detemiine whether migration exists . 

. A maximum of 500 ppm limit for tot11l organic compounds (methane) at any point 
on the surface of the landfill to prevent an odor nuisance caused by a !'ho~ spot" 

emission point. Analysis of the integrated air samples collected on the surface of 

· the landfill must be reported and the control system must prevent the total organic 

compound from exceeding 50 ppm. 

Periodic analysis and reporting of three additional samples pursuant to the 
requirements of California Assembly Bill 3525. The samples required are: 

1. LFG collected by gas control system. 
2. LFG from the perimeter sampling probes. 

3. Ambient air at the perimeter of the landfill. 

Ultimate disposal of collected landfill gas demonstrating maximum achieyable ROG 

or toxics reduction efficiency must occur. Efficiency of the collected gas disposal. 

system must be measured once the control system begins operation and annually 

thereafter. Approved mitigation measures must be taken during installation of the 

LFGcontrol system to prevent public nuisance. 
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A reduction in gaseous emissions from inactive landfills must be achieved to hinder 

public exposure to such emissions, which may cause public nuisance and possible 

detriment to health. An active landfill is a "site where refuse had been disposed of 

on or bef~re January ·1, 1982, and no more later refuse disposal activity has been 

conducted with the site." 

·A landfill gas control system must be installed and maintained to lessen emissions of 

· c;>dors, ROOs, and dangerous air cont~inants. Proper disposal of collected gases is 

required. This gas collection device must not overdraw the gases to causes excessive 

aerobic decomposition, fires, or damaging effects on the gas disposal system. 

Offsite migration is monitored by installing sample probes at the perimeter of the 

landfill. A maximum limit of 500 ppm organic compounds as methane, measured at 

any poin~ on the surface of the I~dfill is allowed. ·The average concentration of 

total organic compounds over a certain area 0!1 the surface df the landfill must not 

exc;:eed 50 ppm. Analysis of gaseous samples will be collected and reported. The 

sampling IIiust consist of the following: 

1. LFG collected by gas control system. 

2. LFG from the perimeter sampling probes. 

3. Ambient air at the perimeter oftlie landfill. 

The efficiency of the combustion process will be evaluated and ·must demonstrate 

satisfaction in disposing of ROG and toxic compounds when the system begins · 

operation and every year subsequently. 

Regulation XIII " New Source Review 

(1) If the new or modified equipment causes an increase in facility emissions in 

excess of one pound per day, Best Available Control Technology (BACT} is 

required. 
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Best Available Control Technology (BACT) wbich has been achieved in practice for 

either a hazardous or non-hazardous waste land~Il gas flare is given by the 

following: 

ROG: (non-hazardous waste)- a shrouded ground level flare with a 

minimum retention time at least 0.6 seconds at 1400 °F with 

auto 'Combustion air· control, automatic shutoff gas .valve, and 

automatic re-start system. 

(hazardous waste) - a shrouded ground ·level flare with a 

minimum retention time at least 0.6 seconds at 1500 °F with 

auto combustion air control, automatic shutoff gas valve, and 

automatic re-start system. 

NOx: 0.06 lbs/MM BTU 

SOx: 

CO: 

PART: 

none 

(non-hazardous waste)- a shrouded ground level flare with a 

retention time at least 0.6 seconds at 1400°F with auto 

combustion air control. 

(hazardous waste) - a shrouded ground level flare with a 

retention time at least 0.6 seconds at 15000F with auto 
combustion air control. 

Knockout vessel 

The South · Coast Air Quality Ma.nagement District's Best Available Control 
Technology Guidelines22 list BACT for different processes. It is constantly being 

updated to reflect advances in technology. It should also be consulted to properly 

determine both applicability and BACT which may be different from case to case. 

(7) If the accumulated maximum emission of any air contaminant from any 

stationary source exceed the threshold limits specified in Ride 1303(a)(2), ip. 

addition to BACT, the applicant must comply with the following: · 

(a) The applicant certifies in writing that all of the facilities emitting 25 tons 

per year or more, which are owned or operated by the applicant,. are in 

comp,liance with th~ Ih:nitations of the Clean Air Act and the State 
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Implementation Plan or with the limitations of the District, whichever 

are more stringent. 

(b) The applicant must use modeling or other analysis approved by the . 

Executive Officer to demonstrate that the new source or modifications to 

an existing source will not cause any violation, or make measurably 

. worse an existing violation, of any ambient air quality standard at any 

receptor location in the District. Modeling shall not be required for any 

air contaminant if all offset sources which are withiri the distance of five 

(5) miles. could actually lower the emission of that air contaminant(s) 

down to the threshold limit. 

(c) The applicant must offset the total acCumulated increase in emissions 

from the stationary source. 

Note: Under this ~egulation, emissions from· equipment which is exempt 

from permit requirement are to b.e accumulated under the New Source 

Review Database. These emissions are included in determining 

compliance with the threshold limits. 

9.6 Pennit (Operating) Conditions 

9.6.1 Landfill Gas Flares Permit Conditions 

Permit (operating) conditions are required to meet compliance with pertinent 

SCAQMD Rules and Regulation. These permit coni:litions for both hazardous and 

non-hazardous waste landfill gas flares are as follows: 

1. Construction and operation of the flare system shall be conducted in 

conformance with all data and specifications submitted with the 

application urtder which the permit to construct is issued unless 

otherwise noted below. 

2. This equipment shall be operated and maintained by personnel 

properly trained in)ts operation. 
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3. This ·equipment shall be properly maintained and kept in good 

operating condition at all times. 
4 Prior to operation, four (4) sampling ports (or two (2) sampling ports 

if the shroud diameter is less than 7 feet) shall be installed in each 
flare stack and located at least two (2) feet above the flame zone and 
at least three (3) feet below the top of the .flare· shroud or half the 

diameter of the flare, whichever is greater. Each sampling port must 
be a minimum of four (4) inches in diameter. Each port shall be 
installed at 90 degrees apart and shall consist of four ( 4) inch 

couplings with plugs. Adequate and safe access to all source test pons 

shall be provided by the applicant within twenty-four (24) hours upon 
a request by the District to conduct a .test. 

5. A sampling port, or other method approved by the Executive Officer, 
shall be installed at the inlet gas line to each flare. 

6. The flare shall be equipped with a temperature indicator and 
recorder which measures and records the gas temperature in the flare 

stack. This temperature indicator and recorder must operate 

continuously. 
7. The thermocouple used to measure the flare temperature shall be 

above the fiame zone and at least 3 feet below the top of the flare 

shroud and at least 0.6 seconds downstream of the burner. 
8. Whenever the flare is in operation, a temperature of at least 

°F (1400 °F, non-hazardous waste dr 1500 °F, 
hazardous waste) measured by the temperature indicator must be 
maintained in the flare stack. 

9. . The flare shall be equipped with a failure alarm with automatic 

blower and landfill gas supply valve shut-off system, which has bee~ 
approved by the Executive Officer, in order to isolate the flare from 

the landfill gas supply line, to shut off the blower,, and to notify. a 

responsible party of the shutdown. 
10. The safety system specified in Condition No. 9 shall be tested monthly 

for proper operation and the results recorded. 
11. The landfill gas flow rate to each flare shall be monitored by flow 

indicators and recorders, which will operate continuously. 
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12. Daily readings of BTU content of the gas at the inlet to the flare shall 

b~ taken using an approved GC/MS method. 

13. All recording devices shall be synchronized with respect to the time of 

day. 

14. A pressure differential indicator must be maintained across each 

flame arrester. 

15. The total volume of landfill gas burned in each flare shall not excee~ 

------cubic feet per day. 
16. ~e total volume .of landfill gas burned in the flare station shall not 

exceed cubic feet per day. 

17. The skin temperature of the flare shroud within four feet of all the 

source test ports shall not exceed 250 °F. If a heat shield is required 

to meet this requirement. its design shall be approved by the 

Executive Officer prior to construction. The heat shield, if required to 

meet the temperature requirement. shall be in place whenever a 

source test js conducted by the District. 

18. Emissions resulting from the flare station shall not exceed the 

following: "' 

Contaminant 

. NOx, as N02 
SOx, as S02 

co 
PART 

ROG 

lbs/day 

19. · Emissions of NOx from each flare shall not exceed 0.06 lbs per million 

BTU of heat input. 

20. Any breakdown or malfunction of the landfill gas flare resulting in the 

emission . of r.aw landfill gas shall be reported to the SCAQMD 

Director of Enforcement within one hour after occurrence, and 

immediate remedial measure shall be undertaken to correct the 

problem and prevent further emissions into the atmosphere. 

21. The owner or operator of the equipment must conduct __ source 

test(s) under the following conditions: 
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A The test(s) must be conducted and a written report submitted 
to the Dire or of Engineering within 60 ·days after achieving 

maximum roduction rate at which the equipment will be 
operated, b t not later than 180 days after initial startup. 

B. ·The perfo ance· tests shall be conducted at the inlet landffil 
· gas flare an the flare exhaust and shall include, but may not 
· limited to, test for: · 

a. ane 

b. non-methane organics 

c. Oxid s of nitrogen (flare exhaust only) 

d. Carb n mono~de (flare exhaust only) 

e. Total particulates (flare exhaust only) 

f. Hydr gen sul~de (flare inlet only) 

g. C1 th ough C3 sulfur compounds (speciated, inlet flare 

~mly) 

h. Carb n dioxide 

i. Quali ative and quantitative identification of non-. . 
meth rie hydrocarbons using a gas chromatograph/mass 

spect omet~ method (GC/MS) for speciation. 

j. Oxyg n 

k. Nitro en 
I. Moist re content 

m. Temp rature 
n. Gas fl w rates 
o. BTU ontent (inlet only) 

C. ·A source te t plan must be submitted to the Director of 

Engineering ot later tha.n 60 days before the proposed test 
date and m st be approved by the Director before the test 

commences.. The plan must include the proposed operating 

conditions of the equipment during the test, the identity of the 

testing labor tory, a statement from the testing laboratory 
certifying it eets the criteria in District Rule 304 (1), and a 
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description of all sampling and analytical procedures to be 

used. 

D. The District engineer identified on the permit to construct 

must be notified of the date and time of the test at least 10 

days prior to the test, or within the time period agreed upon by 

the District engineer. 

22. All records shall be kept for a per:od of at least two (2) ·years in a 

form approved by the Director of Enforcement and shall be made 

available to the Executive Officer upon request. 

9.6.2 Landfill Gas Collection System Permit Conditions 

The permit ·conditions for both hazardous and non-hazardous waste landfill gas 
. collection systems are as follows: 

1. Operation of this equipment must be conducted in compliance with 

all data and specifications submitted with the application under which 

this permit is issued unless otherwise noted below. 

2. This equipment must be properly maintained and kept in good 

operating condition at all times. 

3. Construction spoils are landfill trash, material that is mixed with 
landfill tras~ material that has been in contact with landfill trash, or 
odorous material that is excavated during construction of the landfill 
gas collection system and/or flare station. During construction, all 
working areas, construction spoils and unpaved roadways shall b.e 
watered down until the surface is moist and then maintained in a 
moist condition to minimize dust. 

4. Construction spoils must be covered within one hour of removal or as 

deemed necessary by the District. · 

5. During construction, if a considerable number of complaints are 

received, all work shall cease and approved mitigation measure 

implemented immediately. 

SCAQMD 9-69 Landfill Gas Control Systems 



6. 

Section: 
Revision: 
Date: 

9 
0 
8/18/89 

Excavated refuse shall be placed along the trench edge or directly i~to 

the vehicie · whi h will haul it. All excavated refuse shall be 
transferred to th working ·face within one hour of removal from the 

trench unless oth rwise noted below. 
7. If a District ad r level (level III or greater) resulting from the 

trenching is· dete ted at the property line, the following mitigation 
measures shall be implemented until determined acceptable to return. 

to previous proce ures: . 

a. No more t an 50 linear feet of trench which exposes landfJll 

material to the atmo~phere shall be open at any time prior to 

backfllling. 

b. Excavated efuse shall not be stockpiled on-site. All excavated 
refuse shal be deposited directly into the vehicle which will 

haul it to th working face. 

Odor levels shall b determined by SCAQMD personnel or an onsite 

safety coordinator in the. absence of SCAQMD personnel. · Only . 

SCAQMD person el shall have the authority to determine that is 

acceptable to retur to previous operating procedures. 

8. The exterior of ve icles hauling excavated material shall be cleaned 
off prior to leaving he trench site .for the working face. 

9. · All excavated refus shall be transported to the appropriate disposal . . . 

site by the end oft e day. 

10. Mitigation measur , other than those indicated in these conditions, 
which are deemed ppropriated by SCAQMD personnel as pecessary 

to protect the com£ rt, repose, health or safety of the public,. shall be 

implemented upon equest. 

11. All ·landfill gas c llect~d shall be directed to ·a treatment or 
combustion facility hich can adequately process the volume of gas 

collected and has be n issued a valid permit to construct or operate. 

12. Horizontal gas colle tion line trenches which expose landfill material 

to the atmosphere s all be covered at all times except when work is 

actually in P!ogress, 
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13. · Construction of the condensate traps and collection of the condensate 

from the condensate traps shall be performed in conformance with 

data ~d specifications subnutted With the application. · 

14. Condensate traps shall remain covered at all times unless treatment of 

the condensate is taking place. 
. . 

15. · As-built drawings of this c;ollection system shall be submitted to the 
District within thirty (30) days after construction is completed. These 

drawings shall include locations of the wells, trenches, well depths, 

pipe lengths, diameters, condensate traps, and layout of the system. 

9.6.3 Landfill Gas Condensate or Leachate H~ndling ~ystem Permit . 

Conditions 

The penirlt conditions for the landfill gas condensate or leachate handling system are 

as follows: 

1. · Operation of this equipment must be conducted in compliance with 

all data and specifications submitted with the application under which 

this permit is issued unless otherwise noted below. 

2. This equipment must be properly maintained and kept in good 

operating condition at all times. . 

3. This. equipment shall be operated )?y personriel properly trained in its 

operation. 
4. This eqllipment shall not be operated unless the vacuum pump 

exhaust is vented to the landfill gas collection s-jStei'I. which is in fuU 
operation and is issued a valid· permit from the District. 

5. This equipment shall be equipped with solid covers with all openings 

sealed to prevent vapors from releasing into the atmosphere. Any' 

gauging, ·sampling,- and leak detection device shall be covered and 

sealed at all times except when the device is in actual '!15e. 
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9.6.4 Landfill Gas Con ensate or Leachate Treatment System. Permit 

Conditions 

The permit conditions for the l 'fill gas condensate or leachate treatment system are 

as follows: 

1. Operation of this e uipment must be conducted in compliance wi$ 

all data and specific tions submitted with the application under which 

thiS permit is issued nless otherwise noted below. 
2. This equipment rn st be properly maintained and kept · in good 

operating condition tall times. 

3. This equipment shal be operated by personnel properly trained in its 

operation .. 

4. This equipment sh I not be operated unless the seal 
(and carbon caniste ) is (are) properly connected to the vent. of the 

treatment tank. 

5. The· carbon canister shall be. checked at least once a month with a 

OVA or other a roved means to detei:mine if the adsorption 
capacity has been e hausted. An exhausted carbon canister· shall be 

replaced within one hour after it is detected. The results of each 

testing and each re lacement shall be recorded in a log book and 
made available to th District upon request. 

6. This equipment shal be .equipped with solid covers with all openings 
sealed to prevent v ors from releasing into the atmosphere. Any 

gauging, sampling, d leak detection device shall be covered and 

sealed at all times ex ept when the device is in actual use. 

7. All valves and flang s in contact with the recovered hydrocarbons 

shall comply with th provisions of Rule 466.1 with respect to liquid. 

leaks. 
8. The containers holdi g tl)e recovered hydrocarbons shall be covered 

and sealed. The h dling of these hydrocarbons shall be subject to 

the applicable requir ments of federal, state, and local agencies for 

hazardous wastes. 
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9. This equipment shall not be operated unless the vacuum pump 

exh~ust is vented to the landfill gas collection system which is in full 

operation and is issued a valid permit from the District. 
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SO UTI! COASTAIR QUALI'IY MANAGEMENT DISTRICT 

ENGINEERING DMSION 

I PAGES I PAGE 
I 14 1 
IAPPL NO. I DATE 

• 
APPLICA'tldN PROCESSI~q AND CALCutATIONS I PROCESSED BY I CHECKED BY 

PERMIT TO CONSTRUCT /OPERATE .. 

APPLICANTS NAME: 

COMPANYID: 

MAILING ADDRESS: 

EQUIPMENT ADDRESS: 

EQUIPMENT DESCRIPTION: 

LANDFILL GAS COLLECUON (ORGAS TREATING) AND FLARING SYSTEM 
CONSISTING OF: 

1. ·FLARE NO. ·,VENTING (IN1ERIOR OR PERIMETER) LANDFilL 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Revision: 0 

SCAQMD 

GAS, , MODEL NO. , '- "DIA X 
. ' "H., BURNER, (GAS, ELECTRIC, ETC) IGNITOR, 
UV FlAME SCANNER, THERMOCOUPLE WITII TEMPERATIJRE . 
INDICATOR AND RECORDER, AND AN AUTOMATIC COMBUSTION AIR 
REGULATING SYSTEM (AIR DAMPERS). . . 

( ) FlAME ARRESTER(S), . TYPE, MODEL NO. 

LANDFILL GAS FLOW ELEMENTS WITII RECORDERS. 

AUTOMATIC LANDFILL GAS SHUT-OFF VALVE , TYPE. 

AUTOMATIC LANDFILL GAS PRESSURE CONTROL VALVE, TYPE, 
WITII PRESSURE INDICATING CONTROLLER. · 

INTERIOR. LANDFILL GAS SEPARATOR, 

PERIMETER LANDFilL GAS SEPARATOR, 

GAS TURBINE SUPPLY GAS SEPARATOR, 

KNOCKOUT VESSEL FOR PARTICULATE CONTROL, "DIA X 
"L, MODEL NO. ,SERIAL NO . 

9A-3 

Date: 8/lS/89 
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SOUTH COAST AIR QUALI1Y MAN GEMENT DISTRicr 

APPLICATION PROCESSiNG CALCULATii>NS 

HISTORY: 

PROCESS DESCRIPTION: 

I PAGES 
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The appliCant uses this landfill ground fla e system to remove and control excess methane gas 
generated in the landfill. The gas exttacti n system will collect gas from wells placed in 
the refuse. The collected gas will be trans orted via pipes to the flaring station that will be 
located on the (east, west, south, or north end of the landfill' site. The landfill gas is delivered by 

scfm gas blower(s} to the flare or incineration; The flare is designed to incinerate up 
to scfm of % CH4 FG, or . · MMBTU /hr. The flare will 
operate at a minimum temperature of °F. · 

DATA: 

Given (applicant's data): 
J 

(1) Landfill Gas Composition. Based on 100 lb-mol 

(a) CH4 %or lb-mol 
(b) COz %or lb-inol 
(c) ·H20 %or lb-mol 
(d) Nz and inerts %or lb-mol 
(e) Oz %or lb-mol 
(f) HzS ppm 
(g) Other sulfur compounds p~m. 

(h) Other hydrocarbons 
ppm 

.ppm 
ppm 
ppm 
ppm 

(i) Particulates gr/dscf 

(2) Heat Loss Percentage (Approxima e) %. 

Revision: 0 Date: 8/18/89 
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(3) 

(4) 

(5) 
(6) 

(7) 
(8) 
(9) 

(10) 
(11) 
(12) 

Proposed Total LFG Inlet Flow Rate: 
(a)'Pedmeter= 
(b) External= 
(c) Air Stripper= 
(d) MAXLFG= (a) + (b) + (c) 

Proposed Total Gas Outlet 
(Exhaust) Flow Rate 

LFG Dry Inlet Flow Rate•, INDRY= 
• Flare Dry ExhaustFlow Rate , EXDRY = 

• •• M3X1ID.um Gas Back; Pressure 
Maximum ambient air temperamre 
Minimum combustion temperamre at 
thermocouple elevation, 1EMPT= 
Maximum outside skin temperatUre on flare 
Diameter of Flare, D · · 
Height of Flare · 

• From source tests. 

--------~--------sdm ___________________ sclm 
___________________ .scfm 

--~----~------~sdm 

__________________ scfni · 

__________________ sclm 
__________________ dsclm 

___________________ in. W.C. 
__________________ oF 

--------~--------qF __________________ OF 
___________________ reet 
___________________ reet 

• •. Back pressure includes the pressure drop through the automatic valve, flame arrester, and 
burner. 

CALCULATIONS: 

1. LFG Molecular Weight 

MWLFG = l:.<xi)(MWi) 

2. Mean Heat Capacity of Flue Gas 

c;,. BTU/lb-mol °F" . 

.1400°F 1500 °F 

~.C02 = 11.43 11.55 
= 8.909 8.983 

~,H20 = 7.788 7.830 c ,02 = 7.331 7.368 .p,N2 
• From Felder and Rousseau. Elcmencary Principles of Chemical Processes. 1978. 

Revision: 0 
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· · S,,mole mean (x·) (f'_ ·) 1 -p,t = 

S,,mean = ~.mole mean 
MWLFG 

3. LFG Heating Value, BTULFG 

1. The LFG BTU content, B LEG• is generally obtained by total combustion 
analysis (TCA) from sourc testing. If a TCA 1s not avitilable, the equation below 
may be used to calculate B LFG with the following assumptions: 

a. If the concentration of the non7methane hr.drocarbons (NMHC) is less than 
1%, assume these c mbustib.les are negligible. Obtain the BTU content of 
the NMHC in the G from source tests if the NMHC concentration 
exceeds 1% (10,000 ppm). 

b. Obtain the heatin~ alue of CHA_i~ the LFG from source tests. If this BTU 
content is not avail ble, 1000 BTU /scf may be assumed for the heating value 
of CH4. The highe heating value of combustion of me~ane is 1013 
BTU/scf and the lo er heating value is 913,1 BTU/scf. 

c. lib-mole LFG oc pies 379 scf at standard temperature 
(60 °F) and pressur (1 atm). · 

= 

4. Flare Excess Air 

.The excess air in the flare is estim ted to be anywhere betweenlill!2!1 to 200%. If the 
concentration of carbon monoxid (CO) is known, the equation below may be used to 
calculate the excess air in the flar . 

Excess Airin Flare, XAIR = (Se Sectio~ 9.4.6 or Equation Below) 

=-+-------% 

XAIR = 
(x02) - (0.5) co> 

X (100%) 
(21%/79%)(xN2) - xco - (O.S)(xc0 ) 

I 

Revision: 0 Date: 8/18/89 
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5. LPG Molecular Flow Rate, RATE 
RATE = (3) · /MOLES = ---- lb-mol 

min 

6. Theoretical Air Required for Combustion, TAIR · 
TAIR = (1a) (2 + 3.76 x 2) lb-mol air 

· lb-molCH4 
- (1e) (1 + 3.76) lb-mol ajr 

lb-mol02 
= _____ lb-moles air 

7. Total Air in Flare, AIR 
AIR = (TAJR) (XAIR) = _____ lb-moles 

8. Products of Combustion, PC 

. PCc02 = (1a) ____ x 1 + (1b) = (18):.--_lb-moles 

= (18) (MWcov = (19) lbs 

PCH20 = (1a) x 2 + (1c) + 

(AIR + 100) (MW AIR) (0.013) 

(MWmo> 

= (20) lb-moles 

= (20) lbcmol CMWmo) = (2i)..._ ___ lbs 
. . 

PCN2 = (AIR) (0.79) + (1d) = (22):.--~ lb-m.oles 
· (22) (MWN2) = (23) lbs 

PCo2 = (AIR - TAiR) (0.21) . = (24).-==,.--~·lb-moles 
(24J (MWov = (25J _____ Ibs 

9. Total Products of Combustion, P~oT 

p~OT = PCc02 + PCmo + PCN2 + PC02 

= _______ lbs 

Revision: 0 
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10. PC Mass Flow Rate at LFG Flo~ Rate, FLOWpt 
FLOWpc = (P~oT) (RATE) 

100 lb-mol LFG 

= lbs/min 

11. Heat of Combustion, HEAT 

I PAGES !PAGE : 
I 14 I 6 
IAPPLNO. !DATE 

I PROCESSED BY !CHECKED BY 

HEAT= (3) (BTIJLFG)(la) /100 lb-mol LFG 

= BTIJ/min. 

12. Evaporation Loss, EV AP 
EVAP = (20) (18.219) (RATE) 

100 lb-mol LFG 

= BTIJ/min 

· q. Sensible Heat Loss, SENSE 
SENSE'= (AIR)(MW AIR)('J,,mean)(TEMPT- 60°F) (RATE) 

100 lb-mol LFG 

= ____ BTIJfmin 

14. Radiation Loss, RADIA 
RADIA = (2) _____ % (HE.}T)· =---- BTIJ/min . 

15. Flue Gas Enthalpy, H .. · 
H = . HEAT- EVAP- SENSE- RADIA - _____ BTIJ/lb 

FLOWpc 

. . . 

16. Moisture in Flue Gas, MOIST 
MOIST = (100%) (2l)c..._ ______ fPCTOT = ____ % 

I· 

. Revision: 0 
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Figure 9-18 shows correlations between the enthalpy of flue gas above 80 °F and moisture in the 
gas.· Based on the ne~ flue gas enthalpy, H, and the moisture in the flue gas, ¥0IST, the flue gas 
temperature is °F, OP1EMPT. 

17. Total Combustion Flow Rate, COMB 
COMB = (AIR)(3) · · /100 lb-mol LFG + (3)___;~---

= ______ scfm 

18. · Volumetric or Exhaust Flow Rate, EXHAUST 
EXHAUST = (COMB). (460 °F + OP'IEMPT) = _____________ acfm 

(460 °F + 60 OF) 

19. Combustion Volume, VOL~ 
VOLUME = rr(D )(h) 

4 

17. Retention Time; TIME 
TIME =. VOLUME (1 min) = 

. EXHAUST 60 sec 

%Excess Air 
RATE 
COMB' 
Retention Time 
Operatmg Temperature 

= _____ cf or acf 

_____ sec 

% 
-------lb-moles/min 
_________ scfm 
__________ .sec 
_____________ oF 

The minimum operating temperature and residence time is achieved by adjusting the combustion 
air damper to a position equivalent to the excess air percentage. Should the residence time and 
-operating temperature not reach the minimum operating temperature (1400 °F or 1500 °F) and 
residence time, the percentage of excess air must either be increased or decreased . 

• 
Revision: 0 
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where, 

AIR = 

BTULFG 
BTUCH4 
BTUNMHC
COMB 

= 
= 

= 
~,mean 
{If~ 

= 

D = 
EVAP = 
EXHAUST = 
FLOWpc = 
li = 
H = 
HEAT = 
i = 
MOIST = 
MOlES ·= 
MW ·· = . rur 
MWLFG = 

= MWi 
OPI'EMPT = 
pq 
POroT 
RADIA 
RA1E. 
SENSE 
TAIR 
1EMPT 
TIME 
VOLUME 

= 
= 
= 
= 
= 
= 
= 
= 
= 

.XAJR = 
"i. = 

Revision: 0 
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Total air required for combustion, lb-moles 
LFG heating value or BTU content, BTU /scf 
CH4 BTU content, BTU /scf · · . 
NMHC BTU content, BTU/scf 
Total combustion flow rate, scfm 
mean heat capacity of flare flue gas, BTU /lb °F 
m~an molecular heat capacity, BTU flb-mol °F 

Diruneter of flare, ft 
Heat loss due to evaporation, BTU/min 
Volumetric or exhaust flow rate, acfni 
Products of combustion mass flow rate at LFG flow rate, lbs/min 
Height from flare base to thermocouple, ft 
Flue gas enthalpy, BTU/lb 
Heat of combustion, BTU/min 
Gas constituent: CH4, co2, o2, H2o, N2 and inerts 
Amount of moisture in flue gas, % 
LFG molecular volume = 379 Scf/lb-mol 
Molecular weight of air, 29 lb/lb-mole 
Molecular weight ofLFG (lb/lb"mole) 
Molecular weight of gas constituent (lb/lb-mole) 
Flare operating temperature, °F 
Products of combustion, lb or lb"mol 
Total weight·,ofproducts of combustion, lb. 
Radiation heat loss, BTU /min · 
LFG molecular flow rate, lb-mol/min 
Sensible heat loss, BTU /min 
Amount of theoretical air in flare, lb-moles 
Minimum combustion temperature, °F 
Retention time, sec 
Combustion volume, cf or acf 
Excess air in flare, % 
Volume percent ofgas constituent(%) 

9A-10 

Date: 8/18/89 

Landfill Gas Flare System 

j.. 



SOUTH COAST AIR QUALITY MANAGEMENT DISTRicr 

ENGINEERING DIVISION 
• 

I PAGES. I PAGE 
I 14 I 9 ·I 
IAPPL NO. · IDATE I 

APPLicATION PROCESSING AND CALCULATIO~S I PROCESSED BY I CHECKED BY 

Emission Factors: 

1. NMHC Emission Factor, EFNMHC 

Inlet Concentratio!l NMHC, xNMHC,in 
Outlet-Concentration NMHC, xNMHC,out 

. ______ ppm as cl 
------:_ppm as cl 

NMHCht = (INDRY)(xNMHC,in)(MWCARBoN)(60 min/hr) 

(MOLES) 

NMHCout = (EXDRY)(xNMHC,out)(MWcARBQN)(60 min/hr) 

(MOLES) 

EFNMHC = (NMHCm- NMHCout) (100%) 

where, 

~~c 
INDRY 
MOLES 

~~ON 
NMHCout 

NMHCin 

= Emission factor ofNMHC 
= Flare dry exhaust flow, dscfm 
= LFG dry inlet flow, scfm · . 
= · LFG molecular vohirne = ·379 scf/lb-mol 
= Molecular weight of methane, 16 lb/lb-mol 
= · NMHC inlet concentration, lb/hr 
= NMHC outlet concentration, lb/hr 

2. NOx Emission Factor, EFNOX 

NOx Concentration as N02, xNox - ppm 

N02 out = (xNOx)(EXDRY)(MWNQ2) 
' 

= 

.·where, ... 

Revision: 0 

SCAQMD 

~!:Nox .. 
MWN02 
N02,out 

(MOLES) 

(N02,out> 

(INDRY)(BTULFG) 

= 

= 

NOx emission factor, lb/MMBTU 
N02 molecular weight, 46 lb-mol/mol 
N02 flow rate, lb/min 

9A-ll 

Date: 8/18/89 · 

Landfill Gas Flare System 

' 



I •. 
SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 
. . . I . 

I PAGES I PAGE 
I 14 I 10 

ENGINEERING DMSION 
I 

IAPPLNO. IDATE 

APPLICATION PROCESSING AND CALCULATlONS I PROCESSED BY I CHECKED BY 
. 

3. CO Emission Factor, EFco 

CO concentration, xco = _____________ ppm 

CO· = m 

EFco = 

where, 
coin 
EFco 
MWco 

(XCo)(EXDRY)(MWco) 

(MOLES) 

(INDRY)(BTULFG) 

= CO inlet flow rate, lb/min 
= CO emission factor, lb /MMBTU 
= . CO molecular weight, 28 lb-mol/mol 

4. SOx Emission Factor~ EFsox 

EFsox = Maximum H2S cone. = ______ ppm 

5. Particulate Emission Factor, EFPART 

EFPART = .(xPART)(llb/7000 gr)(EXDRY)(lOO-MOIST) 

~ (lOO)(MAXLFG) 

where, . 

Revision: 0 
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EFPART = Particulate emission factor, lb/scf 
MOIST = Moisture content . 
MAXLFG = Proposed total LFG inlet flow rate, scfm 
xPART = Particulate concentration, grfdscf 
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Iniet Concentration CH4~ xCH4 in = 
Outlet Concentration CH4, xcH4,out = 

_____________ ppm 
_____________ ppm 

CH4· ,m = 

· CH4,out = 

EFcH4 = 

where, 
CH4 · 
CH'm 
EF4,out 

W:H4 
M CH4 

Emission Factors 
EFCH4 
E~MHC. 
~~Ox 
EF~& 
EFPART 

(INDRY)(XCH4,in)(MW CH4) 

(MOLES) 

(EXDRY)(xcH4,out)(MW CH4) 

(MOLES) 

100% (CH4,in- CH4,out> 

CH4· . ,m 

= CH4 inlet flow rate, lb/min 
= CH4 outlet flow rate, lb/min 
= CH4 emission factor, DRE 
= CH4 molecular weight, 16lb/lb-mol 

= DRE 
-. DRE 
= lbs/MMBTIJ 
= lb~MMBTU 
= lb MMBTU 
= lb/MMscf 

Principal Pollutant Emissions: 

= 

ReVision: 0 
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(MAXLFo)(xcH4)(MW cH4)(1-EFCH4)(1440 min/day) 

MOLES 

. . 
(MAXLFo)(xNMHd(MW cH4)(1-EFNMHd(1440 min/day) 

MOLES 
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Rt,NOx = . (MAXLFo)(BTULFo)(EFNox)(1440 min/day) 

Rt,CO = (MAXLFo)(BTULFQ)(EFco)(1440 min/day) 

Rt,SOX = (MAXLFG)(EFsox)(MWsoz)(1 scf SOz/1 scf HiS){1440 min/day) 

MOLES 

Pollutant 
CH 
NM'hc 
co 
NOx 
SOx 
PART 

Emissions. ib/day 
Actual Maximum• 

• Maximum Emissions, lb/day =·(Actual Emissions, lb/day) (1.1) 

RULES EVALUATION: 

RULE 53 

RULE53A : 

From emission calculations of SOx, this facility is (is not) expected to comply 
with emission limitations. . . · 

If this facility is located in the San Bernardino County; this flaring system is 
(is not) expected to comply with emission limitations on specific 
contaminants given by source tests. 

I 

RULE212 The equipment is (is not) designed, controlled, or equipped with air pollution 
equipment so that it may (may not) be expected to operate without emitting 
air contaminants. Public notice will {will not) be distributed to addresses . 

. withi!t.a 1/4 mile radius of the project. · .... 

RULE401 Visible emissions. are (are not) expected from the flare due to the nature of 
the equipment and the type of operation. · . · 

Revision: 0 · Date: 8/18/89. 
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RULE402 

RULE403 

RULE404 

RULE405 

RULE407 

RULE 1150:1: 

OR 

RULE 1150.2: 

REGXIIT · . 

Facility Emissions 

The operation of the flares is expected to contt:ol odors from the landfill :;:J.d 
prevent raw landfill gas emissions into the atmosphere. With the type of 
operation considered, nUisance complaints are (are not) expected. 

Fugitive dust is (is not) expected from the flaring system itself. 

Solid particulate matter concentration emission is (is not) expected to exceed 
the values shown in Table 404(a) in the District Rules and Regulation Book. 

· Solid particulate matterweight emission is (is not) expected to exceed the 
, val~es shown in Table 405(a) in the District Rules and Regulation Book. 

CO and SO:z emission concentrations are (are not) below the limits of this 
rule. . 

An emission control system for this active landfill site will (will not) be 
installed according to a design and in a manner approved by the Executive 
Officer. Approved mitigation measures will (will not) be taken during 
installation of the LFG control system to prevent public nuisance. 

Contaminants from this inactive landfill site have (have not) been. 
characterized and controlled. An emission control system for this inactive 
landfill site will(will not) be installed according to a design and in a manner 
approved by the Executive Officer. Approved mitigation measures will (will 
riot) be taken during installation of. the LFG control system to prevent public 
nuisance. 

The net increase in emissions resulting the operation of this equipment !)oes 
(does not) exceei:l the limitations specifie!i in Regulation XIII as shown by 
the Emission Threshold/New Source Review table shown: · 

ROG 
Net Emissions (lbs/day) 
NOx SOz CO PART 

. · .Since 10/8/76 
A/N . . 
A/N 
Net Emission · · 

Increase Since 
10/8/76 

This facilitY will (will not) operate with compliance of Regulation XIII. 

Revision: 0 
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BACf: Best Available Control Technology (BACf) for hazardous or non-hazardous landfill flare 
is a shrouded ground flare with a retention time at least 0.6 seconds at 1400 °F or 1500 °F with 
automatic shutoff gas valve, and automatic restart system for ROG and CO control. A knockout 
vessel will be employed for control of PART emissions. BACfis (is not) satisfied. · 

CONCLUSION AND RECOMMENI)ATION: 

Based on the information submitted by. the applicant and the analysis above, the proposed 
construction/ operation of the flares at the proposed maximum flow rates are expected to cornply 
with all the applicable rules and regulations, issuance (or denial) of a conditional permit to 
construct (or operate) is recommended, · 1 

·. 

Revision: 0 Date: 8/18/89 
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PERMIT TO CONSTRUCf/OPERA TE 

APPLICANTS NAME: 

COMPANYID: 

MAILING ADDRESS: 

EQUIPMENT ADDRESS: 

EQUIPMENT DESCRIPTION: 

LANDFILL GAS COLLECTING (OR GATHERING) SYSTEM CONSISTING OF: 

1. LANDFILL.GAS BLOWER, 
H.P. 

. ,MODELNO. 

2. AUTOMATIC BLOWER DISCHARGE SHUT-OFF VALVE, 
TYPE. 

3. .( ) LANDFILL GAS COLLECTION WELLS, EACH 
. APPROXIMATELY '- "DEEP, WITH " DIA, 

CASING. 

HISTORY: 

Revision: 0 Date: 8/18/89 
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PROCESS DESCRIPTION: 

The applicant uses this landfill gas collection 5ystem to remove and control excess methane gas 
generated in the landfill. The gas collection sytem Will collect~as from about . wells to be 
placed in the refuse. The collected gas Wil be transported via underground or above ground) 
pipes to the flaring station. The ~as collection wells willprovi e approximately · scfm 
of landfiUgas to the flare for incmeration (and/ of boiler). The blower(s) is rated at 

scfm. · inch perorated pipe will collect the gas. Each will have a 
(throttling valve and pressure tap or· sampling port). The well Will 

be backfilled with (gravel, sand, etc.) and sealed With . (e.g. concrete). 

DATA: 

Maximum condensate traps condensate 

Condensate volume delivered totr~tment system 

RULES EVALUATION: 

_____ gaifday 

~----g31/day 

;.., .. 

RULE401 . . Visible emissions ~e (are not) expected from the landfill gas collection 
system due t() the nature of the equipment and the type of operation. 

RULE 402 The operation of the collection 5ystem is expected to control odors from the 
landfill and prevent raw landfillj$as emissions into the atmosphere. With the 
type of operation considered, nuisance. complaints are (are not) expected. 

RULE 403 · :. · Fugitive dust is (is not) expected from the collection system itself. · 

Revision: 0 Date: 8/18/89 . 
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REG XIII : ·The net increase in emissions resultin~ the operation of this equipment does 
(does not) exceed the limitations specified in Regulation XIII as shown by 
the Emission Threshold/New Source· Review table shown: 

ROG 
Net Emissions Clbs/day) 
NOic SOz CO PART 

Facility Emissions 
. Since 10/8/76 

A/N . 
A/N 
Net Emission 

· Increase Since 
10/8/76 . 

·This facility will (will not) operate with compliance of Regulation XIII. 

CONCLUSION AND ~ECOMMENDATION: 

.Based on the ~ormation submitted by the applicant and the analysis above, the proposed 
9onstructionfoperation of the landfill gas collection system at the propos(ld maximum flow rates is 
expected to comply with all the applicable .rules and regulations, issuance (or denial) of a 

·conditional permit to.construct (or operate) is recommended. 
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ENGINEERING DMSION IAPPL NO. I DATE , . 
. . .. . ·: 

APPLICATION PROCESSING AND CALCULATIONS IPROCESSEDBY ICHECKEDBY I. 

· PERMIT TO CONSTRUCT /OPERATE 

APPLICANT'S NAME: 

COMPANYID: 

MAILING ADDRESS: 

EQUIPMENT ADDRESS: 

EQUIPMENT DESCRIPTION: 

LANDFILL GAS CONDENSATE AIR S1RIPPING SYSTEM CONSISTING OF: 

·t. 

2: 

. 3. 

4. 

5. 

6. 

Revision: 0 

SCAQMD 

CONDENSATE SUMP, '-. "DIA. x "H. 

CONDENSATE TANK, TANK, GALLONS 
C~ACITY, WITH (PRESSURE AND LEVEL) CONTROLS. 

' 
INFLUENT (CONDENSATE) (VACUUM) PUMP, 
MODEL NO. . , GPM AT 'HEAD, WITH 
A . H.P. MOTOR. 

OIL/WATER SEPARATOR, , PRESSURIZED TANK, 
WITH AUTOMATIC OIL DISCHARGE VALVE. . ·. 

AIR STRIPPING TOWER, , '- "DIA. x 
'- "H., WITH · 'PACKING, (DEMISTER, AND A 

BLOWER, , MODEL NO. , . CFM AT 
"W.C., WITH A H.P. MOTOR,) VENTED TO THE 

LANDFILL GAS COLLECTION AND FLARING SYSTEM. 

EFFLUENT (VACUUM) PUMP, 
GPM AT ',WITH A 

,MODELNO. 
· H.P. MOTOR. 

Date: 8/18/89 
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I 2 

ENGINEERING DIYISION IAPPLNO. I DATE 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

HISTORY: 

PROCESS DESCRIPTION: 

The prOJ?OSed air stripping system will be used for the treatment of landfill gas condensate (and 
leachate). Condensate will be collected throughout the gas collection system and flow to the . 
influent storage tank. Once the condeiiSate level in the tank reaches a specified high level, the 
influent pump will be activated. The condensate will be pumped thougll the pressurized oil/water 
separator and then through the air stripping tower. The treated condensate will then be pumped 
directly to the on-site sewer. Exhaust arr from the stripping tower will (will not) be discharged 
into the landfill gas collecion header. 'fl!.e system is designed to withdraw amb1ent air through the 
air stripper by way of vacuum from the landfill gas blower at the flare station. A standby air 
blower will (will not) be used if the vacuum from the landfill gas header is insufficient. Ail 
automatic valve in the exhaust line wil remain closed when the air stripper is not in operation. 

This system is designed to treat gpm of condensate at cfm of air flow rate. 
The system may (may not) be operated contuiuously. The average operating hours is · 

· hours per day. · · . . . 

DATA: 

... 
EVALUATION: 

The addition of cfm of exhaust air from the proposed air stripper to the flares will not 
(will) significantly reduce the .landfillgas .collection capaCity. The gas collection system will not 
(will) need to be modified due to the additional exhaust air from the air stripper. Exhaust air will 
be combined with the existing vent pipe of the air stripper before it is ventted to the l:mdfill gas 
collection systeq~. · 

Revision: 0 
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SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

ENGINEERING DIVISION 

I PAGES 
I 3 
IAPPLNO. 

I PAGE 
·I 3 
I DATE 

'• . .·. •' 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

" 
From a health risk assessment performed as outlined in the Risk Assessment Policy in Mr. 
William J. Dennison's memorandum (dated November 4, 1987), the toxic .compounds to be added 
to the flare station and emitted from it are (are not) expected to be minimal. The carcinogenic 
source strength (CSS) calculations show that the total CSS increase is , w~ich 

·is less than (greater than) the allowable . , Type , Area 
. . Further risk analysis is thus not required (required). 

RULES EVALUATION: 

RULE401 : 

RULE402. : 

RULE403 

REG XIII 

. . 

. . 

Visib)e emissions are (are not) expected from the condensate handling 
system due to the nature of the equipment and the type of operation. 

The operation of the air stripper is expected to control odors from the 
landfill and prevent raw landfill tlas emissions into the atmosphere. With the 
type of operation considered, nmsance complaints are (are not) expected. 

Fugitive dust is (is not) expected fro~ the condensate handling system itself. 

·The addition of exhaust air will not (will) affect the compliance statuS of. the 
flare station. The net increase in emissions resulting the operation of this 
equipment does (does not) exceed the limitations specified in Regulation 
XIII as shown by the Emission Threshold/New Source Review table shown: 

ROG 
·Net Emissions (lbs/dai) 
Nox so2 co PART 

Facility Emissions 
Since 10/8/76 

A/N . . 
A/N 
Net Emission 

Increase Since 
10/8/76 

This facility will (will not) operate with compliance of Regulation XIIl 

CONCLUSION AND RECOMMENDATION: 

Based on the information submitted by the applicant and the analysis above, the proposed 
construction/operation of the landfill gas condensate handling (air stripper) system at the 
proposed maximum .flow rates are expected to comply with all the applicable rules and 
regulations, issuance (or denial) of a conditional permit to construct (or operate) is recomm~nded. 
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·I PAGES I PAGE SOUTII COAST AIR QUALI'zy MANAGEMENT DISTRICT 

ENGINEERING DMSION 
.._ __ 3><--~1 1 
IAPPL NO. I DATE 

. .. . 
APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

PERMIT TO CONSTRUCI' /OPERATE 

APPLICANTS NAME: 

COMPANYID: 

MAILING ADDRESS: 

EQUIPMENT ADDRESS: 

EQUIPMENT DESCRIPTION: 

LANDFILL GAS CONDENS.!\.TE TREATMENT SYSTEM CONSISTING OF:· 

1. . CONDENSATE SUMP, (UNDERGROUND), '-
'.- "H., WITH H.P. SUMP PUMP. 

"DIA. x 

2. . CONDENSATE TREATMENT TANK, TANK, 
'- "DIA x '- "H., GAlLONS CAPACITY, 

WITH H.P. MIXER, AND EFFLUENT PH CONTROL SYSTEM. 

· 3. · CARBON CANISTER, VENTING TREATMENT TANK, 
WlTH SEAL. 

HISTORY: 

PROCESS DESCRIPTION: 

Revision: 0 Date: 8/18/89 
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SO.UTH COAST AIR QUALITY MAfAGEMENT DIS~CT I PAGE 

-L-__ _,3,___, 2 
I PAGES 

ENGINEERING DMSio.N . IAPPLNO. !DATE 
...... 

APPLICATION PROCESSING Al'ffl CALCULATIONS I PROCESSED BY I CHECKED BY I . 

DATA: 

. EVALUATION: 

The system is (is not) an enclosed desigrt which should (can not) effectively reduce objectable 
·odor. The seal to be installed at the vent for the treatment tank should 
. (can not) reduce hydrocarbon loss. Thus, the ROG emissions from this system are (are not) 
negligible dUring normal operation. . 

RULES .EVALUATION: 

RULE401 

RULE402 

RULE403 

RULE466.1 

REG XIII 

Revision: 0 
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: 

. . 

. . 

Visible emissions ~e (are not) expected fro II). the flare due to the nature of 
the equipment and the type of operation. 

Nuisance is (is not) expected if the equipment is properly maintained; all 
openings are (are not) properly sealed and the recpvered hydrocarbons· are 
(are not) properly stored in sealed containers. 

Fugitive dust is (is. not) expected from the condensate treatment system itself. 
' . . 

. ' 

All valves and flanges handling the recovered hydroClli'bons are subject to 
liquid leak control requirements. A permit condition will be included to 
assure. compliance. 

The net increase in emissions resultins; the operation of this equipment does 
(does not) exceed the limitations spec1fied in Regulation xmas shown by 
the Emission Threshold/New Source Review table shown: · 

Date: 8/18/89 
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ENGINEERING DMSION. IAPPL NO. I DATE 
' ' . 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

Facility Emissions 
Since 10/8/76 

A/N A/N ----
Net Emission 

Increase Since· 
10/8/76. 

ROG 
Net Emissions (lbs/dal!) 
NO,[ SOz · CO PART 

This facility will (will not) operate with compliance of Regulation xm. 

CONCLUSION AND RECOMMENDATION: 

Based on the information submitted by the applicant and the analysis above, the proposed 
construction/operation of the landfill gas condensate treatment system at the proposed air flow 
rate(s) is{is not) expected to comply with all the applicable rules and regulations, issuance (or 
denial) of a conditional permit to construct (or operate) is recommended. 
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SECTION 10: CONCRETE BATCH PLANTS 

10.1 General Description 
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In general, a concrete batch plant stores, conveys, measures, and then discharges the 

ingredients for making concrete to mixing, packaging or- transportation equipment. 

The primary ingredients used in the ml!llufacture of concrete include sand, 

. aggregate, cement, fly ash, and water. The· raw materials are delivered to a plant by 

rail, truck, or barge. . The ingredients are stored separately such that specific 

amounts can later be dispensed. Depending on the-type of operation employed, the 

ingredients are blended either in a mixer at the plant, in a mixer on a truck en route 

to the job site, or at the job site. The basic equipment in a concrete batch plant 

include hoppers, conveyors (belt, screw, and pneumatic), elevators, storage silos, 

mixers, and packaging and transportation equipment (trucks). Figure 10-1 shows a 

typical concrete hatching pr~ce~s. 

The primary air pollution concern from a _concrete batch plant is particulate matter 

or dust generated from the dry materials during transportation, conveyance, mixing, 

and charging and discharging of silos, trucks, and hoppers. Typical control methods 

include water sprays, enclosures, hoods, shrouds, movable and telescoping chutes, 

and venting to a. ~aghouse or fabric filter. 

10.1.1 Types of Concrete Batch Plants 

Concrete batch plan,ts are facilities that prepare and distribute made-to-order 

batches ·of concrete in b11lk or packaged foqn. Concrete is typically prepared by one 

of-the. following methods.depending on where the order is to be delivered, when it 

will be used, how much is needed, and what form it is in. 

SCAQMD 

wet batch (transit-mixed); 

dry batch (dry mixed and packaged); and 

central plant batch. (or ready-mixed concrete). 

J0-1 Concrete Batch Plants 
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Approximately seventy-five percent (75%) of the concrete hatching plants in the 

United States use wet batch or transit-mixed methods. 1 In the wet batch process, 

weighed amounts of sand, aggregate, fly ash, and cement are charged to a gathering 

hopper. The hopper dumps the dry ingredients into a transit-mix truck. Water is · 

added to the dxy ingredients and the mixing is performed en route to the job site. 

Wet batch plants can be portable. 

A dry batch operation is normally employed to produce sacks of dxy concrete mix. 

The process differs from that of the wet batch plant in that a dxyer is employed to 

dry aggregate before it reaches the aggregate surge bin. Appropriate amounts of 

cement and aggregate are weighed and discharged into an automatic packaging 

machine. Sacks are manually positioned under the. feed nozzle of the packaging 

machine, filled and sealed. On rare occasions, dry concrete mix is discharged onto 

an open bed truck. The truck bed may be outfitted with partitions to separate the 

cement from the aggregate. If the bed is not partitioned, the cement is folded into 

the batch by simultaneously· dumping cement and aggregate. Because no water is 

used in the dxy mix process; it has a greater potential to generate dust. lp. addition, 

the dtyer produces combustio1,1 air contanlinants. Of the three methods, dry batch 

operations constitute the smallest percentage of the concrete hatching ipdustry. 

·· A central plant operation performs all the necessary mixing and blending at the 

plant. Ready-to-use concrete is discharged from a \>atch mixer into a dump truck or 

transit-mix truck for transportation to the job site. The ready-mixed concrete is in a 

slurry form when dumped· from the mixer into the truck. Central mix facilities 

makeup approximately 25 percent of the concrete hatching industry. 1 

Concrete batch·piants store each material separately from one another. Aggregate 

is usually placed in a stockpile while cement is either pneumatically or mechaniCally 

elevated from bottom discharge hopper trucks to a storage silo (see Figure 10-2). 

· Aggregate stockpiles and storage silos ~e considered separate permit units from the 

concrete batch plant. These silos are used to store cement in case trilck delivery is 

not immediately available. Cement is usually discharged directly from trucks into a 

smaller surge bin for normal operation. If the material held in a silo is less than the 

amount processed in one day, the silo is considered a surge bin. Otherwise, it is a 

storage silo and is considered a separate permit unit. 

SCAQMD 10-3 Concrete Batch Plants 
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Before hatching all of the dry ingredientS, cement, sand and aggregate are elevated 

into overhead bins for dispensing to indiVidual weigh hoppers, Aggregate is 

weighed by individual' component, then collected·together in the gathering hopper; 

The cement is usually weighed in its own weigh hopper and kept separate from the 

aggregate (see Figures 10-3 and 10-4). Customer specifications and standards . . 
govern the amount of each component in the batch and the type of processing best 

suited to their project. Hence, the composition of the concrete, the time at which 

water is added, and the mixing process can vary from order to order. 

A typical material charging sequence for concrete batch plants is shown in Figure 

10-5. Water leads and follows all solid materials, with coarse aggregate leading and 

following the cement. Admixtures should always enter the mixer at the same point 

in the sequence (see Figure 10-6). 

'10.1.2 Materials 

The materiills used in mufa<;turing concrete include aggregate, cement, water, fly 

. ash, admixtures, air entraining agents and pozzoians. 

Aggregate or filler material occupy between sixty and eighty percent ( 60-80%) of 

the volume of typical concrete (see Figure 10-5). Aggregate should have uniform 

moisture content ~d grading, be free of contaminating materials, and must meet 

specific requirements. Coarse aggregate is considered crushed stone, gravel, air
cooled blast furnace slag, or a combination of these materials. Fine aggregate is· 

natural sand, manufactured sand, or a combination of the two. 

Aggregate is graded by sieve analysis and based on the percent of particles falling 

within a range of sieve sizes (see Table 10-1). Sand consists of.fimi.particles passing 

a No. 4 screen. 

Cement, although made of common earth materials, is a very complex compound. 

The raw materials used to manufacture cement are common rocks, sand, silt and 

clay. They are carefully analyzed to give the proper mixture of basic chemicals from 

which the cement is made. The number of raw materials required at any one plant 

SCAQMD Concrete Batch Plants 
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cu. YD. FIGURE 10-5 

TYPICAL CONCRETE 
COMPOSITIONS 

TYPICAL CHARGING SEQUE!IlCE 

The best charging sequence is one in which the water Iimds and follows all 
solid materials, with the coarse aggregate leading and following the cement. 
Admixtures should always enter the mixer at the same point in the sequence. 
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GRADING REQUIREMENTS FOR REGULAR AGGREGATES USED IN 
STRUCTURAL CONCRETE 

COARSE Grade Awe!li'te 

' Aggregate 
Percentage {by weight) Pas§ing Sieve Having Sauare Openings 

Size 100mm .90mm 7Smm 63mm SOmm 37.Smm 2Smm 19mm 12.5mm 9.Smm 4.7Smm 2.36mm U8mm 
Cinches) (4inl (3.Sinl (3inl (2.Sinl C2inl Ct5inl Ctinl (3/4in) (1/2inl C3/8inl · CNo.4l CNo.Bl CNo.16l 

3.5 -1.5 100 90-100 ~ ~15 ~ 

2.5 -1.5 100 90-100 35-70 ~15 ~ 

2-1 100 90-100 35-70 ~15 ~5 

2- No.4 100 95-.100 35-70 1~30 
.. 

~s 

1.5-0.75 100 90-100 ~ ~15 ~ 

1.5- No.4 100. 95-100 35-70 10:30 ~-

1- o.s 100 90-100 ~5 ~10 ~s 

1-3/8 100 . 90-100 ~ 1~ ~15 ~ 

1-No.4 - 100 95-100 ~ ~10 0-S 

3/4 -3/8· 100 90-100 ~55 ~15 ~5 

3/4-No.4. 100 90-100 ~55 ~10 0-S 

1/2-No.4 . 100 90-100 ~70 ~15 0-S 

3/8-No.B 100 90-100 ~70 G-IS G-S 

FINE Grade Aggregate 

Percentage {by weight) Passing Sieve Having Square Openings 
Aggregate 19.Dmm 12.5mm 9.Smm 4.7Smm 2.36mm 1.18mm 600um 300um ISOum 
Size (3/4inl (!/2inl (3/8inl CNo.4l CNo.B) CNo.16l /No .3D) CNo.SOl CNo.100l 

Fine - 100 !1Sc100 ~- ~ 1il-3Q ~10 ~s. 
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depends on the composition of these materials and the. kind of cement being 
manut:actured." Limestone,· principally calcium carbonate, constitutes the largest 
portion of the raw material. Cement is ground so fine that a pound of it contains 
about 150 billion particles. Approximately ninety-five percent (95%) of these 

particles will pass through a sieve with 100,000 openings per square inch. 2 

. . 
Water used in concrete batch plants is usually obtained from municipal water 

supplies . 

. Use of fly _ash in concrete manufacturing has greatly expanded over the years. 

There are two basic classes 9f fly ash. Oass F is normally produced from burning 
anthracite or bituminous coal. Class C is normally produced from burning lignite 

or subbituminous coal. Fly ash is be~eficial in high strength as well 3.s moperate 

strength concrete. 

An admixture can be defined as any substance, other than cement, aggregate or 

water, that is added to a batch of fresh concrete for the purpose of altering any of 

the properties of the concrete, either in the fresh or hardened condition, to make it 

more suitable for a specific application. 2 The admixture is put into solution, then 
added to the batch. This will assure .complete distnbution of the admixture 
throughout the batch. 

· The ·three general classes of admixtures are. chemical admixtures, air entraining 

agents, and pozzolans. 

Chemical admixtures include water reducing admixtures; retarding admixtures; 
accelerating admixtures; water reducing and retarding admixtures; water reducing 
and accelerating admixtures; water reducing and high range admixtures; water 
red~cing high ra_nge, and retarding admixtures: 

Water reducers are used to lower the mixing water requirements while providing 

equal or superior workability. Che!Dicals. commonly used for this purpose are the 

lignosulfonates (calcium, sodium or ammonium) and salts of hydroxy-carboxylic 
acids .. 

SCAQMD 10-9 · Cc;mcrete Batch Plants 
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Retarders slow the chemical process of hydration so tha~ the concrete remains 

.plastic and workable for a ·longer time than concrete without the retarder. 

Chemicals comnionly used for this purpose are metallic salts of !ignosulfonic acid, 

such as calcium lignosulfonate, or salts of organic hydroxy-carboicylic acid. 

Accelerators speed up the setting time or incr.ease the rate of early strength 

development, or both. Calcium chloride is the common material available for this 

purpose. 

Air entraining agents, such. as organic salts of sulfonated hydrocarbons and salts of 

sulfonated lignin, are recommended for use . in exposed concrete applications. 

Synthetic detergents, petroleum acid salts; fatty and resinous acids and salts of wood 

resins can also be used as air entraining agents. 

Pozzolans are: "siliceous or siliceous and aluminous material, which in itself posses 

little or no cementitious vhlue but will, in finely divided form and in the presence of 

moisture, chemically react with calcium hydroxide at ordinary temperatures to form 

compounds' possessing cement like properties." 2 

10.1.3 Emission Controls· 

The type of equipment used to control emissions from a concrete batch plant are 

discussed for each type of operation used. 

10.1.3.1 Wet Concrete Hatching Plants 

. Ce(11ent Receiving and Storage System - Figure 10-2 depicts one typ~ of cement 

receiving and storage system. The receiving hopper is at or below ground level. 

The discharge tube of the hopper truck is positioned over the receiving hopper. If 

the discharge tube and receiving hopper fit closely, little or no dust is emitted at this 

point. The receiving hopper feeds a conveyor which in tum feeds an elevator • 

. Cement elevators are either the vertical screw type or the enclosed bucket type. 

· The elevator uriloads the cement to the cement silo. Dust emissions at the various 
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material transfer points are prevented by the use of rubber seals which are difficult 

to maintain. This makes elevators undesirable for cement conveying. Air displaced 

by the incoming cement must be vented through a fabric filter device to capture 

entrained cement dust . 

. Pneumatic conveyance is the more widely accepted method. for conveying the 

cement from truck to silo. An air stream from a blower is used to fluidize and 

convey the cement to the silo. The filtering of cement dust from the conveying air is · 

needed before relea,sing it to the atmosphere. This filtering process normally 

requires a baghouse. A self-cleaning (shaking, reverse air, etc.) mechanism is also 

needed to prevent blinding of the baghotise filters. Either of the two methods 

described above can also be 1,15ed to load the cement surge bin which is the main 

source of cement. 

Cement weigh hopper - The cement weigh hopper may be a separate. unit or a 

· compartment in the aggregate weigh hopper. Cement is usually delivered from the 

surge bin to the weigh hopper by an enclosed screw conveyor or by gravity. To 

· permit accurate weighing and prevent material loss during transfer, a flexible and 

non-permeable tubing is used to connect the screw conveyor to the weigh hopper. · 

The weigh hopper is filled at a fairly rapid rate producing a significant amount of 

cement dust. This dust can be controlled by venting the· air back to the cement silo, 

by installing a filtered vent on the weigh hopper, or by venting the system io a 

baghouse. 3 Proper air-to-cloth (A/C) ratios should be used to effectively remove 

entrained particulate matter. This ratio is determined by the actual air flow rate, 

the characteristics.of the particles, the type of filter material used, and the method 

used to dean the filter media. 

Aggregate Conveying Equipment- Dust emissions occur at material transfer points" 

. such as between belt conveyors. Wet suppression is mainly used to control dust 

emissions from. transferring of aggregate. Aggregate is usually received wet and 

does not require additional watering unless it is left standing for a long period of · 

time. Additional watering can be achieved by spraying the aggregate piles with 

water from water trucks or from water nozzles located at the surge hopper or at the 

end of belt conveyors. 
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16. Mixer 
17. Depending spont 
20. Dust coUecting shroud 
21. Dust conduit 
25. Filtering unit 
26. Flexible tubular sleeve 
28. Horizontal support plate 
31. Pair or cables 
41. Lo..,-er fuDDei·Uke inlet section 
42. Butterfly-type valve · 
43. Upper main ho.using 
48. Exhaust fan 
49. Exhaust fan 
56. Bottom outlet 
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FIGURE 10-7 DUST CONTROL SYSTEM FOR BATCH PLANT 
CHARGING OF TRANSIT MIXERS (courtesy of the 
U.S. Patent Office) 

• 
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20. Dust collecting shroud 
21. Dust conduit 
26. Flexible tubular sleeve 
28. Horizontal support plate 
3~. Pair of cables 

RETRACfABLE SHROUD FOR TRANSIT MIX TRUCK 
LOADING (courtesy of the U.S. Patent Office) 
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Gathering hopper - Cement and aggregate from the weigh hoppers are directed to a: 
gathering hopper which acts as a funnel for discharging into transit-mix trucks. Dust 

emissions occur at the various material transfer points and mu5t be controlled with a 

fabric fl.ltering device: The design and location of the gathering hopper are critical 

in minimizing dust emissions and in efficient capturing of the dust emissions. The 

gathering hopper should properly contact the truck's receiving hopper; its vertical· 

position should be adjustable. Typically, a retractable shroud is used to cover the 

spout and receiving hopper (see Figures 10-7 and 10-8). Figure 10-9 illustrates a 

design that has been successful in minimiz4Jg dust emissions. Compressed air 

cylinders raise and lower the gathering hopper to accommodate trucks of various 

heights. A steel plate with a foam rubber backing is attached to the bottom of the 

gathering hopper and is lowered until it rests on top of the truck's receiving hopper. 

Water for the mix is introduced ·through a jacket around the discharge spout of the · 

·gathering hopper and forms a water curtain around the· added solid materials. 

Cement is discharged into the center of the aggregate stream 'through the restricted 

opening between the .weigh hopper and gathering hopper. This configuration 

·suppresses dust emissions from the top of th~ gathering hopper. ·3 

10.1.3.2 Dey Concrete Hatching Plants 

Dry hatching operations pose a much more difficult dust control problem than wet . 

l:iatching operations because material is handled dry. In addition, the dryer presents 

an extra source of combustion air contaminants. Each material transfer point has to 
be vented to air pollution.control device which usually is a baghouse. The exhaust 

from the dryer also has to be vented to a baghouse. In this instance, the baghouse 

has to be insulated to prevent condensation due to cooling of the flue gas stream. 

During packaging operations, the packer hopper and packer spouts are vented to a 
baghouse. ;Jn some cases, the entire packaging station is vented via a canopy hood . . . 
to a baghouse. 
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10.1.3.3 Central-Mixed Plants 
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Central-mixed plant differs from wet ooncrete batch plant only in that a mixer is 

used to produce ready mixed concrete. The concrete is discharged into dump trucks 

in a slurry form, and transported to the pouring site. The mixer is an additional 

source. of dust emission. ! However, it is easily controlled through hoodingand 

ventilation to a baghouse. Dust generation. during discharge to the open dump

truck is insignificant as the· concrete is in slurry form. 

10.2 Permit Unit Description 

The permit wording description-for concrete batch plants is specific for each type of 

· operation: 

Transi~-Mixed Concrete Batch Plant; 

Dry Mix Concrete Batch Plant; and 

Central-Mixed Conc~ete Batch Plant. 

A permit unit boundary is defined by where a storage operation begins or ends. The 

permit unit can. be a continuous line of equipment which processes the feed tQ the 

final product or to a facility defined as storage. Typically, a concrete batch plant has 

more than one permit ~t. USually the cement pnloading station, which unloads to . 

the storage silo, and together with the storage silo are grouped in a single permit 

u!lit The aggregate receiving and stacking equipment is grouped into a permit unit 

if a storage pile is formed prior to chargipg the aggregate to the surge hoppers. The 

actual batch processing of raw materials through the final discharge operation 

(transit-mix truck, dump truck, or packaging) is another permit unit Also~ the air 

pollution control device (l:ypic;illy a baghouse) and the exhaust system (including the 

blower) are grouped in a separate permit unit. 

Figure 10-10 shows a blo~k flow diagram of a typical concrete batch plant; Such 

diagram is very helpful in ·showing the arrangement of the equipment, following the 

flow of material, determining permit unit boundaries, and estimating ·emissions at 
I 
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each material transfer points. This kind of block flow diagram is highly 

recommended for evaluating complex material flow. 

10.2.1 Transit-Mixed ·Concrete Batch .Plant 

The correct permit wording for a Transit-Mixed Concrete Batch Plant is: 

TRANSIT-MIXED CONPffi1E BATCH PLANT CONSISTING OF: 

1. AGGREGA1E ~CEIVING HOPPER, (DIMENSIONS, CAPACITY). 
2. BUCKETELEVATOR, H.P. 
3. BELT CONVEYOR, H.P. 
4. AGGREGA'fP $URGE HOPPER, (NO. OF) COMPARTMENTS, 

, "W. X • : ''L. X • "H., TONS CAPACIJY. 
5. AGGREGA1E WEIGH HOPPER, (VOLUME) CU. YDS. CAPACITY. 
6. CEMENT SURGE HOPPER, ' · "DIA. x ' . "H., (WEIGHT OR 

VOLUME CAPACITY). 
7. . CEMENT WEIGH HOPPER, LBS. CAPACITY. 
8. . CEMENT SCREW CONVEYOR, H.P. 
9. GATHERING HOPPER, ' ''W. x ' "L. x ' "H. 
10. TRUCK LOAD~G STATION, Wfi1I A RETRACTABLE CARRIAGE 

SHROUD, (PNEUMATIC OR MOTOR) DRIVEN, (H.P.). 
H. AIR COMPRESSOR, H.P. . . ' 

10.2.2 Dry Mixed.Concrete Batch Plant 

The correct permit wording for a Dry Mixed Concrete Batch Plant is: 

DRY MIXED CONCRE1E BATCH PLANT CONSISTING OF: 

1. 
2. 
3. 

AGGREGA1E RECEIVING HOPPER, (DIMENSIONS, CAPACITY). 
BELT CONVEYOR, H.P. 
DRYER, :BTU PER HOUR, (NATURAL GAS) FIRED, WITH A 

I . 

H.P. COMBUSTION AIR BLOWER. 

SCAQMD ~0-18 Concrete Batch Plants 



.. 

• 

4. BUCKET ELEVATOR. H.P. 
5. BELT CONVEYOR. H.P. 
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6. (TYPE) SCREE.'J, ' "W. x ' "L, SHAKEN BY A H.P .. 

MOTOR. 
7. AGGREGA1E Sl"RGE HOPPER, (NO. OF) COMPARTMENTS, 

·· ·w. x • "L x • "H., TONS CAPACITY. 
8. AGGREGA1E WEIGH HOPPER, (VOLUME) CU. YDS. CAPACITY. 
9. CEMEJ.'IT SCREW CO:r.."VEYOR,. H.P. 

10. CEME.'ITWEIGHHOPPER, LBS. CAPACITY. 
· 11. CEME.'IT SCREW CONVEYOR, H.P. 

12. GATHERING HOPPER. 

13. CONCRETE MIX BAG PACKER,~. MODEL, TYPE, ( H.P.). 

10.2.3 Central-~lixed Concrete Batch Plant 

The rorrect perrnit.wording for a Central-Mixed Concrete Plants is: 

CENTRAL.~lDffiD CONCRETE BATCH PLANT CONSISTING OF: 

1. AGGREGA1E RECEIVING HOPPER, (DIMENSIONS, CAPACITY). 
2. BUCKET ELEVATOR, H.P. 
3. . BELTCON\"EYOR H.P. , 

4. AGGF.EGA 1E SURGE HOPPER, NO. OF COMPARTMENTS, CU. 

YDS. CAP A CITY. 
5. AGGREGA1E WEIGH HOPPER, CU. YDS. CAPACITY. · 
6. · (NO.) AGGREGATE BELT CONVEYOR(S), H.P. 

· 1: CEMEJ.'IT.WEIGHHOPPER, TONS CAPACITY. 
8. CEMENT SCREW CONVEYOR, H.P. 
9. MIXER, CU. YD. CAPACITY, H.P., (WITH A :H.P. TIPPING 

MOTOR). · 

10. TRUCK LOADING STATION. 
11. AIR COMPRESSOR, H.P. 
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10.2.4 Air Pollution Control System 

The correct permit wording for an Air Pollution Control System is: 

AIR POLLUTION CONTROL SYSTEM CONSISTING OF: 

1. BAGHOUSE, MAKE, TYPE, MODEL, SERIAL NO., WITH 
(QUANTITY) (riTE) FILTER BAGS, EACH "DIA. x · "L, 
AND-TOTALFILTERAREAOF . SQ.FT. 

2. EXHAUST SYSTEM WITH A -H.P. BLOWER VENTING (A 
CEMENT SURGE BIN, CEMENT WEIGH HOPPER, GArnERING 

HOPPER, ETC.).: 

.10.3 Emissions 

The primary emission concern from a concrete batch plant is particulates or dust. 

The type and amount of dust depend on the type of operation used. Cement dust is 

· the most common source of dust in the concrete batch plant. Particle size 

·distribution and other characteristics of cement dust vary according to the grade of 

cement. A range of 10% to 20% by weight of particles of 5 micron size or less is 

typical for the various grades used. · 
. ' 

The locations of dust e~sion in a concrete batch plant include : 

Aggregate transfer points - hopper charging and between conveyors; 

Cement transfer points - silos and hopper charging and between conveyors; 

Mixer loading; 

Batch discharge to trucks and packers; and 

Open aggregate stockpiles. 
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Most of the emission points listed above, except those involving aggregate only, 

requires air pollution control equipment in order to operate in compliance with 
District's· Rules. Baghouse or· fabric filter is the ·most commonly accepted air 

pollution control equipment for controlling dry particulates emission in concrete 

batch plants; Particulate emissions from aggregate handling are usually controlled 

by maintaining high moisture content in the aggregate. This coUld be achieved by . . ' . 
receiving wet aggregate, spraying water by tank trucks onto the open stockpiles, and 

operating water sprays at end of aggregate belt conveyors. Fugitive dust emissions 

caused by traffic (truck and front endloaders) within the facility is also a major 

concern. 1Jlese emissions can cause a public nuisance if they are allowed to escape 

to the neighboring area They can be minimized by watering and keeping the · 

roadways wet. 

10.3.1 Emission Factors 

Emission factors applicable to a concrete batch plant are presented in Appendix B. 

TheSe factors are average numbers for the process listed in the references and may 

not be applicable to a specific case. Data from source testings of actual or similar 

plant operation should be used whenever available. The following factors were 

extracted· from the list of factors and can be used in the absent of more accurale . 

data: 

Cement Handling: . 

Pneumatic Conveying: 
Mechanical Conveying: 
(including bin or hopper charging) 

Aggregaie H~ndling:. 

Mechanical Conveying: 
(including bin or hopper charging) 
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10.3.2 Operational Information 
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11:.: fllllowing itiformation should be obtained from the applicant in order to 

evaluate the process for a permit: (both the maximum and average rates should be 

in.:luded} 

M;;terial Flow Diagram (Preferably in the form of a block flow diagram) 

H,>urs of Operation Per Day (hollis/day) 

T~7e of Batch Oper~tion : - (wet, dry, central) 

Throughput J;>er Day of Cf;mcrete (tons/day) 

Vliurne oiConcrete Prodii~ed Per Day (cu.yd./day) 

Q:lmposition of a Cubic Yard of 

0.-ncrete Produc.:d ---+---------- (% cement, sand, aggregate, 

admixture, water, fly a5h) 

T~?e and .-\mount of Aggregate 

Delivered Per Day -~-----:_____·--------- (grade) 

(tons/day), 

. ' 

Amount of Cement DeliYered Per Day ------ (tons/day) 

A:nount ofFlyash·Delive~ed Per Day (tons/day) 

B2ghouse Specifications: · 

Filter. Cloth Area ··-' ·--------, (sq.ft.) 
Air Flow~----'-------- ( cu.ft./min.) 

--------- (h.p.) . Blc>wer Rating 

Filter Cleaning System Employed 

Vented Tr:Ulsfer Points Identified 

Static Pressure Gauge - ~fanometer 

. For Dry Mix Facilities in particular: 

.. Number of Bags of Dry }.fix produced Per Day----- (#/day) 

Si:e of Bags of Dry Mix Produc.:d ------ (lb) 

K.ittd and :\mount of Fuel Consumed in Dryer--- (cu.ft./day or gals/day) 
' Kind (if any) of Back-up ~uel-------------
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10.4 Calculations 

10.4.1 Emission Calculations 

Emission calculations must be performed to determine "the compliance status of the 

concrete batch · planl The calculation of emissionS involves the uncontrolled . 

einission (Rn and R12) and the controlled-emission (Rz). These are based on the 
throughput tate of individual material and the emission factor at each transfer point 

in "the process. Total particulate matterS emitted to the atmosphere is the 

su=ation of particulate matters from controlled and, uncontrolled sources 

(ag_,aregate transfer points are usually uncoritrolled), as shown in Equation 10.4. For 

purpose of determining compliance with New Source Review Rules (Regulation 

XIII), daily emission rate = be calculated as shown ~Equation 10.5. 

= A x AT x 0.001 lbfton/transfer point (Equation 10.1) 

= C x (CPT x 027lb/ton/transferpoint 
+ CMT x 0.02 lbfton/transferpoint) (Equation 10.2) 

= Ri2 x (a.'S~ed ef!Jciency of~~ conn:oi (Equation 10.3) 
deVIce sernng the emJSsion pomts of R 12>· 

= R11 + R2 (Ib/hr) (Equation 1o.4) 
= (Rn + Rz) x 0 (lb/day) · (Equation 10.5) 

where: 

A = throughput rate of aggregate, (tons/hr). 
AT = number of aggregate transfer points, (transfer points). 

c = throughput rate of cemenl (tonsfhr). ., 

CPT = number of cement pneumatic transfer points, (transfer points). 

CMT = number of cement mechanical transfer points, (transfer points). 

Rn .. = uncontrolled emission rate due to aggregate handling, (10~/hr). 

R12 = uncontrolled emission rate due to cement handling, (lbs/hr). 

Rz = controlled emission rate, (lbs/hr). 

RT = Total emission rate, (Ibs/hr). 

0 = operating hours per day, (hrsjday). 

(See Section 10.3.1 Emission Factors and Appendix lOB). 
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In order to determine compliance with South Coast Air Quality Management 

District (SCAQMD) Rule 404, particulate concentration (grains/dscf) in an exhaust 

gas stream io the atmosphere must be calculated. The controlled particulate matter 

mass emission rate (R2; lb/hr) must be converted into particulate matter · 

concentration using the air flow rate (dscfm) in the exhaust stack. The piuticulate . . 
matter concentration is calculated in Equation 10.6. This equation assumes 

emissions occur in an hourly basis. If emissions occur during discrete periods of 

time, emi~sion rate should,be. expressed in lb/batch and time per batch (min/batch). 

should be u:;ed instead of 60 min/hr in Equation 10.6. 

c = R2(1b/hr) x 7,000 (grains/lb) . 
F x 60 (min/hr) 

(Equation 10.6) 

where: 

C = Particulate matter concentration (grains/dscf) 

F = Exhaust air flow rate in dry standard cubic feet per minute (dscfm) 

10.4.2 Baghouse Design Calculation 

. . ' 
The air-to-cloth (A/C) ratio can be calculated using Equation 10.7. 

where: 

A/~ 
VFR 

Ab 

A/C 

= 

= 

= 

Air-to-Cloth ratio (ft/min) 

Air ~olumetric flow rate, exhaust blower (f~ /min) 

Actual filter cloth area of bags or cartridges (ft2) 

(Equation 10.7) 
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Section (e) of this Rule requires public notification of certain caSes be made prior to 

issuing a ~rmit. 

Rule 401 - Visible Emissions 

No visible emission greater than 20% opacity or Ringlemann No. 1 aggregating for 

rilpre than three minutes in any one hour period is allowed. 

Rule 402 • Nuisance 

Emissions which cause or contribute to a nui$ance are prohibited. Factors worthy of 

consideration include location (commercial/residenti~ area), solvent usage, 

odorous materials, and prior complaiD.ts. · 

Rule 403 - Fugith-e Dust 

Visible fugitive dust is prolllbited beyond the' boundary of the facility (exemptions 

apply). In addition, particulate concentration in the downwind sample(s) may not 

exceed that in the upwind sample(s) by more than 100 micrograms per cubic meter: 

Rule 404 - Particulate Matter - Concentration 

Umits for particulate. matter concentrations in an effiuent gas stream at standard 

conditions are listed in Table 404(a) of the SCAQMD's Rules and Regulations. 

Rule 405 - Particulate Matter· Weight 

Umits for particulate matter emission rates from ·any source are listed in Table 

· 405(a) of the SCAQ:\ID's Rules and Regulatioi:IS; 

· Regulation ~'11~ - Xew Soun-e Reliew 

(1) If the new or modified equipment causes an increase in facility emissions in 

excess of one pound per day for any non-attainment air cont~nant, Best 

AvailaNe Control Technology (BACI) is required. The current BACf for 

particulate matter emissions from concrete batch plant is a baghouse for 

cement handling and adequate moisture in aggregate. 
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The South Coast Air Quality Management District's Best Available Control 

T~chnology Guid~Iines6 list BACT for different processes. It is constantly 

being updated to reflect advances in technology. It should also be consulted 

to properly determine both applicability and BACT which may be different 

from case to case. 

(2) If the accumulat~d maximum emission of any air contaminant from any 

stationary source t;Xceeds the threshold limits specified in Rule 1303(a)(2), in 

addition to BACT, the applicant must comply with the following: 

(a) The applicant :certifies in writing that aU of the facilities emitting 25 tons 

per year or more, which are owned or operated by the applicant, are in 

compliance with the limitations of the Clean Air Act and the State 

Implementation Plan or with the limitations of the District, whichever 

are more stringent. 

(b) The applicant must use modeling or· other ~alysis approved by the 

Executive.Ofqcer to demonstrate that the new source or modifications to 

an existing source will not cause any violation, or make ·measurably 

worse an exispng violation, of any ambient air quality standard at any 

receptor location in the District. Modeling shall not be required for any 
I ' 

air contaminant if all offset sources which are within the distance of five 

(5) miles could actually lower the emission of that air contaminant(s) 

down to the threshold limit. . 

(c) The applicant must offset the total accumulated increase in emissions 

from th~ stationary source. 

Note: Under this Regulation, emissions ·from equipment ·which is exempt 

from permit requirement are to be accumulated in the New Source Review 

Database. These, emissions are included· to determine compliance with the 

threshold limits. 
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Conditions that are most · commonly· imposed are listed below. Additional 

conditions may be necessary for special cases. 

CONCRETE BATCH PLANT 
APPliCATION NO.: 

1. NOT MORE THAN CUBIC YARDS OF CONCRETE SHALL BE 
PRODUCED BY THIS EQUIPMENT IN ANY. ONE DAY. 

2. AGGREGATE CHARGED AND AGGREGATE PROCESSED SHALL 
BE KEPT SUFFICIENTLY MOIST TO PREVENT VISffiLE DUST 
EMISSIONS. . . 

3. THIS EQUIPMENT SHALL NOT BE OPERATED UNLESS THE 
(CEMENT SURGE BIN, CEMENT WEIGH HOPPER, GATHERING 
HOPPER, ETC.) ARE VENTED ONLY TO AIR POLLUTION 
CONTROL EQUIPMENT WHICH IS IN FULL USE AND WinCH HAS 
BEEN ISSUED (AN OPERATING PERMIT OR A PERMIT TO 
CONSTRUCT) )3Y THE EXECUTIVE OFFICER. 

AIR POLLUTION CONTROL EQUIPMENT 

APPliCATION NO.: 

1. A MECHANICAL GAUGE SHALL BE INSTALLED SO AS TO 
. INDICATE, IN INCHES OF WATER COLUMN, THE STATIC 

PRESSURE DIFFERENTIAL ACROSS THE BAGS. . . 

2. DUST COLLECTED BY THE BAGHOUSE FILTER SHALL BE 
DISC~G~D INTO CLOSED CONTAINERS ONLY. 

3. THE CLOTH BAGS IN THE BAGHOUSE MUST BE THOROUGHLY 
CLEANED IMMEDIATELY AFTER EACH DAY OF OPERATION. 
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SOUTH COAST AIR QUALI1Y MANAGEMENT DISTRICT 

ENGINEERING DIVISIQN .. . 

I PAGES. 
I 6 
IAPPLNO • 

I PAGE 
I 1 
I DATE 

APPLICATION PROCESSING AND CALCULATIONS IPROCESSEDBY ICHECKEDBY 

PERMIT TO CONSTRUCT/OPERATE 

APPLICANT'S NAME : 

MAILING ADDRESS : 

EQUIPMENT·LOCATION: 

EQUIPMENT DESCRIPTION 

APPLICATION NO. 

1RANSIT-MIXED CONCRE1E BATCH PLANT CONSISTING OF: · 

AGGREGA1E RECEIVING HOPPER, -CU. YDS. CAPACITY. 
BUCKETELEVATOR, H.P .. 
BELT CONVEYOR, '- "W. x '- "L, H.P. . . 

1. 
2. 
3. 
4. AGGREGA1E SURGE HOPPER, COMPARTMENTS, WITH DIMENSIONS 

5. 
6. 
7. 
8. 
9. 
10. 
11. 

OF '- "W.x '- ''L x '- "H., -TON CAPACITY. 
AGGREGA1E WEIGH HOPPER, -TON CAPACITY. 
BELT CONVEYOR, '- ''W. x · '- . "L, H.P. 
PNEUMATIC CONVEYOR, CEMENT, WITH A -H.P. BLOWER. 
CEMENT SURGE BIN, '- "DIA x '- "H., -TON CAPACITY . 

. CEMENTWEIGHHOPPER, -TONCAPACITY. 
SCREW CONVEYOR, H.P. . . 
GATHERING HOPPER, ·- "W. X ·- "L X ·- . "H. 

. 12. TRUCK LQADING HOPPER, WITH A RETRACTABLE CARRIAGE SHROUD, 
DRIVEN, H.P. 

13. AIR COMPRESSOR, . H.P. 

APPLICATION NO. 

AIR POLLUTION CONTROL SYS1EM CONSISTING OF: 

1. BAGHOUSE, , MODEL , SERIAL NO. ' WITH . FIL1ERS BAGS, EACH '- "DIA x '- "L, 
AND A. TOTAL FIL1ER AREA OF SQ. FT, . 

2. EXHAUST SYS1EM WITH A -H.P. B.LOWER, VENTING 

HISTORY 

This equipment was (will be) installed at the above equipment address on (in) • The 
hatching process produces tons/day of wet batcli (dry batch/packaged) (readJ.-mixed) . 
concrete and will continue (increase) (decrease) at (from) this level (to tonsfday output). 
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PROCESS DESCRIPTION 

The transit-mixed concrete batch plant produces 
average of · tons of concrete, per day. The 

am/pm, . days/week. 

tons of concrete per day maximum and an 
facility operates from am/pm to 

The attached block flow diagram depicts the material flow within the system. The aggregate is 
dumped into a receiving hopper from an endloader. It is elevated by a bucket elevator to a belt 
conveyor which drops the aggregate. according to i~ grade into different compartments of the · 
aggregate surge hopper. Underneath the aggregate surge hopper is the aggregate weigh hopper 
which discharges tl:ie weighed amounts of respective aggregate to the gathering hopper via a belt 
conveyoL · 

Cement can be (pneumatically) charged into the surge bin either from trucks or from a storage 
silo which is not included in this evaluation. Cement is gravity fed into the weight hopper and 
then discharged into the gathering hopper. The (cement storage silo, cement surge bin, cement 
weigh hopper, and the gathering hopper) are vented to (the air pollution control system). . 

The gathering hopper discharges the dry components to the tr;msit-mix truck receiving hopper 
which is covered With a · . Water is added to the mixer prior, during and. after 
adding the dry components to prevent.dust generation. 

CALCUlATIONS: 

The emissions are calculated based on the following information which is given: 

· The .throughput rate of aggregate 
The throughput rate of cement 
The number of hours of operation per day 
The number of aggregate transfer .points 
The number ofcement transfer pml)ts(pneumatic) 
The number of.cement transfer po~ts(mechanical) 

Particulate Emission Factors: 

Cement Handling: 

Pneumatic Conveying: 

· Mechanical Conveying: 
(fucluding bin or hopper charging) 

A~egate Handling:: . . 
Mechanical Conveying: 
(including bin or hopper charging) 

Capture efficiency ofbaghouse is assumed to be 
' : 
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A-tons/hr)· 
C- tonsjhr) · 

· 0- hrs/day) 
AT) 
CPT) 
CMT) 

027lb/ton/transfer point 
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O.O~llb/ton/transfer point 

99% 
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1. Emission estimates: 

R 11 = A (tons/hr) x AT transfer point x O.OOllbftonftransfer point 

_Ru = _· _ Ib/hr. 

C (tons/hr) x (CPT transfer points x OZ!Ib/ton/transfer point 
. + CMT transfer points x 0.02lb/to~?-ftransfer point) 

R12 = 

R12 = 

R2 = 

RT = 

c = 

where: 

Ru,R12 = 
Rz = 
RT = 
c = 

__ lb/hr 

R12 X (1- 0.99) 

Rz + Ru 

R 2(PM) x · 7,000 (grainsflb) 

F x 60 (min/hr) 

uncontrolled emission rate, (Ib /hr ). 

controlled emission rate, (lb /hr ). 

Total particulate matter emitted to atmosphere, (lb/hr). 

Particulate matter concentratio~ (grainsfdscf). 

F = Exhaust air flow rate in dry standard cubic feet per minute, ( dscfm). 

2. Air-to-Cloth Ratio: 

The air-to-cloth (A/C) ratio can be calculated using the equation below: 

A/C = 

where: 

A/C = Air-to-Ooth ratio, (ft/min) 
Ab = Actual filte~ cloth area of bags or cartridges, (ttZ) 

Revision: 0 Date: 'f>/18/89 
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RULE EVALUATION 

RULE212 

RULE401 

RULE402 

RULE403 

RULE404 

RULE405 

REG XIII 

Public notice is (is not) required. 

No visible emissions is expected if the aggregate is kept sufficiently moist and the 
baghouse is employed for control of cement dust. Equipment is (1s not) expected 
to <;>perate in compliance. · · 

No nuisance complaints are on file against this applicant, and none is anticipated 
provided that operations are conducted according to submitted procedures. 

Fugitive dust emissions are minimal due to the venting of the process equipment 
to ~he baghouse and if aggregate is kept sufficiently moist. 

Allowed concentration is grains/dscf. The equipment is (is not) operating 
in compliance with this rule per calculations. 

Allowed emission rate is · lbs/hr. The equipment is (is not) operating in 
compliance with this rule per calculations. · . 

The nefincrease in emissions resulting from ihe operation of this equipment does 
not (does) exceed the limitations specified in Regulation XIII as shown by the . 
Emission Threshold/New Source Sheet table below: 

(Emissions in Pounds per Day) 
NOx S02 CO . PM URHC 

Cumulative Facility· 
Emissions Since 10-8-76 

A/N (~asic) 

A/N (control) 

Facility Net Emission 
Increase Since 10-8-76 

Facility Net Emission increase (does not) exceed(s) threshold limit. (Applicant has/has not 
provided offsets.) . . 

BACT: The Best Available Control Technology (BACT) for a transit-mixed concrete-batch plant 
· is · . The applicant will (will not) provitle a 

within acceptable range. 
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CONCLUSIONS I RECOMMENDATIONS 

This concrete-batch plant is (is not) expected to comply with all applicable Rules and Regulations 
of the Scuth Coast Air Quality Management District. Therefore, the following action is 
recommended: 

( ) Issue Pennit(s) to Construct/Operate subject to the following conditions: 

CONDITIONS 

.!:lA.cPPoL:!liC.tt.A:uT.!loiO.a.N:wNL:!lO"'-'.------ (BASIC EQUIPMENT) 

1. TIIE TIIROUGHPUT RATE OF CONCRETE MUST NOT EXCEED 
YARDS (TONS) IN ANY ONE DAY. 

CUBIC 

2. AGGREGATE CHARGED AND AGGREGATE PROCESSED MUST BE KEPT 
SUFFICIEN'IL Y MOIST TO PREVENT DUST EMISSIONS. 

• 

3. TinS EQUIPMENT MUST NOT BE OPERATED UNLESS TIIE (CEMENT SUURGE 
BIN, CEMENT WEIGH HOPPER, GATERING HOPPER, AND TRUCK LOADING 
STATION) ARE VENTED ONLY TO AIR POllUTION CONTROL EQUIPMEN"". 
WHICH IS IN FUll USE AND WHICH HAS BEEN ISSUED (AN OPERATIN 
PERMIT) (A PERMIT TO CONSTRUCT) BY TIIE EXECUTIVE OFFICER. 

.cAwPPwL.uiCa.A .... T...,.IO""'N.._.N~O...._. ________ (CONTROL EQUIPMENT) 

1. TIIE BAGHOUSE IS TO BE EQUIPPED WITH A MECHANICAL GAUGE WHICH 
MEASURES STATIC PRESSURE DROP ACROSS TIIE FILTER IN INCHES OF 
WATER. 

2. DUSTS COLLECTED BY TIIE BAGHOUSE FILTER MUST BE DISCHARGED 
INTO CLOSED CONTAINERS ONLY . 

.QR 

( ) Deny the Permit to Construct/Operate. 

It is my opinion that the operation of this equipment will be in violation of Rule(s)·,__ __ _ 
of the Rules and Regulations of the South Coast Air Quality Management District. 

• 
Revision: 0 Date: 8/18/89 

SCAQMD lOA-7 Concrete Batch Plant 



• 

• 

• 

SOUTH COAST AIR QUALilY MANAGEMENT DISTRICT 

ENGINEERING DIVISION 

\PAGES \PAGE 

~~------~6~_\ 6 
\APPL NO. \DATE 

APPLICATION PROCESSING AND CALCULATIONS \PROCESSED BY \CHECKED BY 

FROM S"rOCKriLil OR 

fi\ONT I'.ND LOADER 

~:~· --%...---. =: . 
0 

I 

-. 

IU:CT:IVJNG 

uorriJR 

nuCKfiT' 
J.illlVATOR 

nm.T 
C:ONVI!YOM 

AGClRilGAm 

SURCllliiOrrllR 

ACiCiRP.GA"In 

wmcm norrnR 

nm.T 
C"ONVJ"!YOR 

L:::._. 

Revision: 0 

SCAQMD 

r-·----, 
!'ROM TRUCK.~:---------+~ SfORAGIJSII.O 

----. --. -.- 'l 
CllMCHr RI!CI'.JVING 

I 

I 

. 
I 
0 

I 
IIIN , ' AND STORAGJ"!I S\'~""IT:.M J 

I L"---· '--- - - .,.._ +---- ...1 
I 
I 

CI'.MilNT WI'JGII - - - ""' I 
uorl'llR 1 • 

1\TMOSriiiJRJ! 

t 

SCRJJW 
CONVIlYOR 

ro +·J 
! 1-. -· 
I ., RAGIIOUSIJ 

. · t I I L 1 AIRrou.IJilONc:oNTROJ.sYsruM ' CONCRm"ll _j 
RATCII rLANI' ' • 1-- - -- · -- · - ' 

----L---~· I : . 
CoAlllllRING 

nm•rnR 

I -- _..., 
. I ,. . ~ : 

• TRIINSrl MIX TRUCKS I 

I 
OR ---~ 

MIXER 
OR 

• 

J 
111\GS 

BLOCK FLOW DIAGRAM 

lOA-8 

Date: 8/18/89 

Concrete Batch Plant 



SCAQMD 

APPENDIX lOB 

EMISSION FACTORS FOR 

CONCRETE-BATCH PLANTS 

lOB-1 

Section: 
Revision: 
Date: 

10 
0 
8/18/89 • 

• 

• 
Concrete Batch Plants 



• 

• 

• 
SCAQMD IOB-2 

Section: 
Revision: 
Date: 

10 
0 
8/18/89 

Concrete Batch Plants 



SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

MEMORANDUM 

DATE: November 21, 1978 

TO: All Engineers 

FROM: William F. Ham:- :.nd, Chief Engineer I 

SUBJECT: Emission Factors For Aggregate Plants 

The following emission factors can be utilized when estimating 
particulate emissions from a concrete batch plant. 

Uncontrolled Particulate Emission Factors 

1. cement Silo 0.001 pounds per pound of cement. 

• 

2. Cement Conveying 0.05 pounds per cubic yard of concrete. 

3. Aggregate Conveying 0.005 pounds per cubic yard of concrete. 

Controlled Particulate Emission Factors • 1. Cement Silo 0.00001 pounds per pound of cement. 

2. Cement Conveying 0.005 pounds per cubic yard of concrete. 

3. Aggregate Conveying 0.005 pounds per cubic yard of concrete 

The cement silo emissions are the particulate emissions that occur du 
to the loading of the cement silo. The controlled emission factor is 
based on a well designed b~ghouse or filter vent servicing the cement 
silo. 

The cement conveying emissions are the particulate emissions that 
occur due to the cement handling processes after the cement leaves it 
storage silo. The controlled emission factor is based on a well 
designed baghouse system venting the batching operation. 

The aggregate conveying emissions are the particulate emissions that 
occur due to handling of the aggregate throughout the plant. Both th 
uncontrolled and controlled emission factors are based on the 
aggregate being moist enough to prevent excessive visible emissions. 
The controlled emission factor is the same as the uncontrolled 
emission factor since the aggregate conveying and handling systems az 
usually not vented to control equipment in a concrete batch plant • 

• FEL:vm 
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SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

MEMORANDUM 

~ATE: November 21, 1978 

TO: All Eng~neers 

~ROM: Wicliam F. Hammond, Chief Engineer I 

SUBJECT: Em~ssi:, Factors For Aggregate Plants 

The following emission factors can be used as a guideline when 
estimating particulate emissions from aggregate processing and 
handling plants. The factors are based on the aggregate's surface 
being saturated with moisture in order to prevent excessive visible 
emissions. 

Each material transfer po~nt: 0.001 
0.01 
0.005 

lbs/ton of throughput 
lbs/ton of throughput 
lbs/ton of throughput 

Each cone crusher: 
Each jaw crusher: 

No factors are used for screens, washers, etc., and the loading of th 
first conveyor belt and the discharge from the last conveyor belt to 
storage are not considered material transfer points. 

For example, assume a plant processes 100 tons/hour and has the 
fo~lowing block flow diagram. 

I 11 1----.... 12 
co~n=v~e=y~or=-Bce~lt Conveyor 

--------~ #5 
Conveyor 

Stock 
- Piles 

--------~ #7 
Conveyor 

Revision: Draft 
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~----1 ~----1 #3 
Belt Ja~w~c~r~u~s~h~er Conveyor 

1-----1 Be .i. t co'-n-e~c::-r_u_s_h:-', 

~---------------------, 
Belt 50 TPH 

screen -----~ #4 I 
Conveyor Be 

~---------------------~ 
Belt 25 TPH 
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The estimated emissions would be: 

.Emission Factor 
Equipment or (LbsfTon of Throughput 

Transfer Point Throughput) CTons/Hourl 

Belt #1 to Belt #2 0.001 100 

Belt #2 to Crusher 0.001 100 

Jaw Crusher 0.005 100 

Crusher to Belt #3 0.001 100 

Belt #3 to Crusher 0.001 100 

Cone crusher 0.01 100 

crusher to Belt #4 0.001 100 
' 

Belt #4 to Screen 0.001 100 

Screen to Belt #5 0.001 50 

screen to Belt #6 0.001 25 

Screen to Belt #7 0.001 25 

TOTAL 

Please be reminded that these emission factors 
plant processing relatively moist material 
modification based on actual plant observations. 

FEL/fb 

Revision: Draft 
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Estimated Emissio1 

CLbs/Hourl 

0.1 

0.1 

0.5 

0.1 

0.1 

1.0 

0.1 

0.1 

0.05 • 
0.025 

0.025 

2.2 

are for an averac; 
and may requii 
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TABLE 10-2 UNCONTROLLED PARTICULATE EMISSION FACTORS 
FOR CONCRETE HATCHING 8 

kg/Mg lb/ton lb~!d3 Emission 
Source of of Factor 

material material concrete b Rating 

Sand and aggrepte transfer 
to elevated bin 0.014 0.029 0.05 E 

Cement unloading to elevated 
storage silo ~: 

Pneumatic 0.013 0.27 O.o7 D 
Bucket elevator 0.012 0.24 0.06 E 

Weigh hopper loadUlg e 0.01 0.02 0.04 E 

Truck loading (transit-mix) f 0.01 0.02 0.04 E 

Mixer loading (central mix) f 0.02 0.04 0.07 E 

Vehicle traffic (unpaved road) g 4.5kg/VKT 16lb/VMT 0.2 h c 
Wind erosion from sand. and 3.9 kg/ 3.5 lb/ 0.11 D 

piles' hectage aggregate storage Am 
day day 

Total proce~ emissions 
(truck mix) 0.05 0.10 0.20 E 

a Compilatioll of Air Pollution Emissioo Factots, AP-42, Founh Edition, September 1985. 

b Based on a typical cubic yanl weigltiog 1.818 kg (4,000 lb) and containing 227 kg (SOO lb) cemen~ 564 kg (1,240 lb) sand, 864 kg (1,900 lb) coors 

aggregate and 164 kg (360 lb) water. 

c Obtained fmm fulritive Dust Assessment at Rods and Sand Facilities in the South Coast Air Basio, Southem California Rock Produas Association an 

Southern California Ready Mix Concrete Alsociation, Santa Monica, CA, N011embcr 19'19. 
d For unconualled emission& measured before filter. Based on twO teSts on pneumatic c:onvcyi.ng contiOIIe:d by a fabric r.ttcr. 
e Fnma test of mcc:banical unloading to boppcr and subsequent transpon of cement by enclosed bucket elevator to elevated. bins with fabric socks over b 

YHL 

f 

g 

h 

j 
k 

Obtained from Technical Guidance for Contrpl of Industrial Process Fugitift Paniculate Emissions, BPA-450f3-77..010. U.S. Environmental Protectic 

Ago:ncy, R<search Triangle Park, NC, March 1m. 
FIODl Section 11.2.1, •unpaved Roads•, AP 42, 4th Edition, with It = 0.8, s = 12, S = 20, w = 14, and p = 100, VJIT = Vehicle Kilometers Travellc 

VMT = Vebide Miles TmeUed. 

Based on facility producing 23,100 m3 /yr (30,000.yd
3 /yr), Mth average tnick load of 6.2 m3 (8 yd~ and plant road lenJllh of 161 meters (1/10 mile). 

From Section 8.19.1, •Sand and Gravel Proc:essillg•, AP 42, 4th Edition, for emissions < 30um for inactive stora~ piles. 

As&umes1,011 m2 (1/4 acn:) of sand and aggregate storage at plantMth production of 23,100 m3 /yr (30,000 yd"' /yr). 
Based on pneumatic c:onweying of c:ement at a truck mix facility. Does not include vehicle traffic: or wind eJOSion from storage piles. 
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SECTION 11: ALUMINUM MELTING REVERBERATORY FURNACES 

11.1 General Description 

Reverberatory furnaces are commonly used to melt solid metal and to hold liquid 

metal for later use. A typical reverberatory furnace consists of a burner, rectangular 

refractory lined hearth, roof and walls. The metal to be melted is placed in the 

hearth and melted by the radiant heat from the burner flame and surrounding 

refractory on the walls and roof. Reverberatory furnaces are both natural gas and oil 

fired. The burner flame and combustion products come in direct contact with the 

metal. 

Reverberatory furnaces are bUilt in a variety of shapes and sizes depending on the 

users needs. One of the largest types of reverberatory furnaces is the open hearth 

furnace shown in Figure 11-1. This furnace is widely used in the steel industry. 

Aluminum melting reverberatory furnaces are typically rectangular or cylindrical, 

and vary greatly in size, holding capacity and input. A typical rectangular 

reverberatory furnace is shown in Figure 11-2 A typical cylindrical tilting 

reverberatory furnace is shown in Figure 11-3. 

Aluminum melting reverberatory furnaces are used for two different processes, 

sweating and non-sweating. Sweating processes involve the separation of aluminum 

from scrap metal. The type of reverberatory furnace used for sweating is the dry· 

hearth furnace. In a dry hearth furnace the charge of metal or scrap is placed on a 

sloping hearth above the level of the molten bath. The floor of the furnace is sloped 

downward at the rear, so that as the scrap is heated, the aluminum melts and flows 

to the rear of the furnace. The metals with higher melting temperatures and the 

dross (metal oxides and contaminants) are left on the hearth and are periodically 

removed. A typical dry hearth furnace is shown in Figure 11-4. 

Non-Sweating processes involve the melting of aluminum in the form of clean or 

contaminated scrap. Oean metals include ingots, pigs, sows, and uncontaminated 

scrap. Ingots, pigs and sows are progressively larger sizes of rough cast aluminum 

bars and blocks. Contaminated scrap is commonly turnings, borings, or other scrap 

SCAQMD 11-1 Alum. Melting Reverb. Furnaces 



Figure ll-1, Open Hearth Furnace 
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Figure 11-2, Typical Rectangular Reverberatocy Furnace 
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Figure 11-3, Cylindrical Tilting Reverberatory Furnace 

Roller 
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Figure U.-4, Dry Hearth Reverberatory Furnace 
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that is coated with oil, grease, paint, or paper. Wet hearth furnaces are commonly 
used for non-sweating processes. In a wet hearth furnace the charge of metal is 

either placed directly into the chamber, or into a charging well. 

Once the metal has been melted in either type of furnace, alloying agents and/or 

fluxes are added. Alloying agents are materials that are added to the melt in order 

to change the physical properties of the melt. Fluxes are used to clean the melt. 

11.1.1 Fluxing 

Fluxes are used to prevent oxides from forming in the melt, and to remove 

impurities from the melt. There are basically four types of fluxes: cover fluxes, 
solvent fluxes, degassing fluxes, and magnesium reducing fluxes. Cover fluxes are 

used to reduce oxidation on the surface of the melt and can also be effective in 

preventing the absorption of gas into the melt. Cover fluxes, usually in powder form, 

are spread over the top of the molten metal. Cover fluxes react chemically with 

oxides on the surface of the melt. The oxides are separated and form a dross on the 

surface which can be easily skimmed off. Most cover fluxes contain sodium chloride 

in various proportions with either calcium chloride, calcium fluoride, or borax. 

Other cover fluxes contain borax, aluminum fluoride, cryolite, or aluminum fluoride 

with cryolite. 

Solvent fluxes are used to remove impurities and oxides by causing them to float to 

the top of the melt, where the resulting dross can be easily skimmed off. Solvent 

fluxes usually form a vapor or gas at the temperature of the melt. Solvent fluxes in 

the form of pellets or pills are most commonly packaged in aluminum foil and 

plunged to the bottom of the melt. The resulting agitation causes impurities and 

oxides to rise to the top of the melt, and also aids in removing some of the dissolved 
gasses in the melt. 

Degassing fluxes are used to remove dissolved hydrogen gas from the molten metal. 

Usually either chlorine, nitrogen, helium, or argon gas is used as the flux. Mixtures 

of various proportions of chlorine and nitrogen gasses are also used. The degassing 

flux is introduced near the bottom of the mel.t through a lance. The flux then 
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bubbles through the molten metal causing an agitation which liberates the dissolved 

hydrogen gas. 

Magnesium reducing fluxes such as chlorine and aluminum fluoride remove 

magnesium from the melt. Magnesium reducing fluxes are mainly used when scrap 

aluminum is being processed because scrap aluminum often contains a large amount 

of magnesium. Typically chlorine gas is bubbled through the melt where it reacts 

with the magnesium to form magnesium chloride. The magnesium chloride, along 

with other impurities, floats to the top of the melt where it can be easily skimmed 

off. The chlorine gas can be injected with a simple lance or by using a spinning 

nozzle in a launder outside of the furnace. Typically the melt is pumped through the 

launder while the chlorine is injected through the spinning nozzle. This approach 

can reduce excess chlorine emissions since atomization and mixing of the chlorine 

are much better . 

11.1.2 Air Pollution Control Techniques 

Air contaminants from aluminum melting reverberatory furnaces are created by the 

combustion of the fuel, the melting process (including charging and tapping), 

alloying, and fluxing. The combustion of the fuel creates the following air 

contaminants: reactive organic gas (ROG), oxides of nitrogen (NOx), oxides of 

sulfur (SOx), carbon monoxide (CO), and particulate matter (PM). The melting 

process, alloying, and fluxing. create PM emissions. The melting of contaminated 

scrap also creates ROG emissions. Selecting a relatively clean fuel such as natural 

gas will control the combustion emissions. Oxides of nitrogen emissions are further 

controlled by the use of low NOx burners and/or recuperators (heat exchangers). 

The melting, alloying, and fluxing emissions are controlled by charging the furnace 

with clean metal and/or by venting the furnace to an external air pollution control 

device. Air pollution control devices such as baghouses, afterburners, scrubbers, and 

secondary combustion chambers are used to control emissions created by melting, 

alloying, and fluxing operations . 
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A baghouse is an air pollution control device used to control particulate matter 

emissions. The baghouse is a rectangular box with a series of cloth bags or cartridges 

manifolded together. A hood is placed over the furnace to capture the combustion, 

melting and fluxing emissions. The emissions are then ducted to the baghouse. The 

particulate matter is captured by the bags or cartridges, resulting in cleaner air being 

discharged to the atmosphere. A blower located on either the inlet or outlet air side 

of the baghouse is used to move the exhaust stream through the baghouse. If the 

blower is located on the outlet (clean) air side of the baghouse it is called a pull

through baghouse. This configuration is desirable because the blower is protected 

from the particulates in the exhaust stream. If the blower is located on the inlet 

(dirty} air side of the baghouse it is called a push-through baghouse. In a push

through baghouse the blower is subjected to the particulate matter and vapors in the 

exhaust stream which may cause substantial wear on the blower. The filter bags are 

periodically shaken to remove the particulate matter that builds up. The bags can be 

shaken manually or automatically with a mechanical shaker, or with a pulse of air. 

The pulse of air is applied through nozzles in the baghouse. 

When a baghouse is installed on a reverberatory furnace special precautions must 

be taken to protect the ffiter bags. To prevent the ffiter bags from burning, spark 

arrestors are installed in the ducting before the baghouse. Often, baghouses are 

used on sweating furnaces that are using chlorine gas as a flux.. The chlorine gas 

fluxing creates emissions of chlorine gas; aluminum chloride, and hydrogen chloride. 

These emissions are toxic and very corrosive. If these emissions were to reach the 

baghouse untreated they would destroy the bags and the metal baghouse structure 

in a very short time. To prevent deterioration of the baghouse the emission are 

neutralized prior to reaching the baghouse. A neutralizing agent such as limestone 

flour is either injected into the air stream before the baghouse, or the bags are 

precoated with the limestone flour (baghouse dopping). A scrubber can also be used 

to remove corrosive gas from the emission stream. 
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Afterburners are air pollution control devices used to control organic particulate 
matter, gasses, and vapors. Afterburners convert particulate matter, gasses, and 
vapors into carbon dioxide (COz) and water by combustion. There are two types of 
afterburners: direct flame and catalytic. Direct flame afterburners use direct flame 
contact with the air contaminants. catalytic afterburners preheat the air 

contaminants and then place them in contact with a catalyst to complete 
combustion. Direct flame type afterburners operate at higher temperatures than do 
catalytic afterburners. The majority of afterburners used in the South Coast Air 
Basin are the direct flame type. The design of the direct flame type afterburner must 
provide for adequate mixing of the contaminants with the flame, high flame 
temperature, and sufficient retention time, in order to ensure maximum control 

efficiency . 

Afterburners are used on aluminum melting reverberatory furnaces in conjunction 

with baghouses. This combination of control devices is used when a furnace is 

melting scrap that is contaminated with oil, grease, plastic or rags. The 
contaminated scrap creates particulate matter and aerosol reactive organic gas 

emissions. If the furnace was vented directly to a baghouse the ffiter bags would be 
coated and plugged (blinded) by the aerosol reactive organic matter. The 
afterburner is used to control these air contaminants before they reach the 

baghouse. When an afterburner is used in conjunction with a baghouse the exhaust 
gasses must be cooled before they reach the baghouse. Baghouse dopping as 
discussed in section 11.1.2.1 is also used to control aerosol reactive organic matter 

emissions. 

11.1.2.3 Scrubbers 

Scrubbers are air pollution control devices used control particulates and aerosols. 
Scrubbers remove particulates and aerosols form exhaust streams by wetting the 
particles with droplets of liquid, and by impingement of particles on collection 
surfaces to be flushed with water. There are several methods for wetting the 
particles including impingement by spray droplets, diffusion, and condensation. 
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There are several different types of scrubbers each using different methods of 
weiting and/or impingement to collect the particles. The collection efficiency of 
scrubbers varies greatly with different designs and exhaust stream characteristics. 

One of the advantages of scrubbers is that acid gasses and aerosols can be removed 

by using a caustic solution as the scrubbing liquid. 

11.2 Permit Unit Description 

Aluminum melting reverberatory furnaces can be fitted with several different types 
and combinations of air pollution control devices. The air pollution control devices 
are categorized as external or integral. Both sweating and non-sweating aluminum 

melting reverberatory furnaces may use external and/or integral air pollution 
devices. External air pollution control devices are separate pieces of equipment that 

are attached to the reverberatory furnace. Examples of external air pollution control 
equipment are baghouse, afterburners, and scrubbers. Integral air pollution control 

devices are design features that are built into the furnace. Examples of integral 
control devices are low NOx burners, recuperators, and secondary combustion 
chambers. 

Sweating type furnaces generally require more control devices than non-sweating 

furnaces. Sweating furnaces are typically vented to an afterburner and then a 
baghouse. In some cases the furnace incorporates a secondary combustion chamber 

which replaces the afterburner. These control devices are used to control particulate 

matter and reactive organic gas emissions. Sweating furnaces emit relatively large 
quantities of particulate matter because they are charged with large amounts of flux 

to clean the contaminated scrap. 

Non-sweating furnaces generally require fewer external air pollution controls 
because they emit less particulate matter. A non-sweating furnace does not require 
an external air pollution control device if only clean metal is charged into the 

furnace, alloying agents are not added, and fluxes are not used. If alloying or fluxing 

is conducted in a non sweating furnace the furnace must be vented to an external air 
pollution control device. 
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If the sweating or non-sweating aluminum melting reverberatory furnace is vented 

to an external control system, the control is considered as a separate permit unit.· If 

a sweating or non-sweating aluminum melting reverberatory furnace is equipped 

with an integral control device, that control device is included in the permit 

description for that furnace. A single aluminum melting reverberatory furnace could 

be equipped with any number of external and integral air pollution control devices. 

11.2.1 Aluminum Melting Reverberatory Furnace Without Integral Air 

Pollution Control Device(s) 

An aluminum melting reverberatory furnace is described in the permit as follows: 

FURNACE NO., ALUMINUM MELTING (SWEATING), REVERBERATORY 

TYPE, MANUFACTURER, MODEL NO., SERIAL NO., (EXTERNAL 

• DIMENSIONS) WIDTII X LENGTII X HEIGHT, (HOLDING CAPACITY) 

POUND CAPACITY, (NUMBER OF BURNERS) MANUFACTURER, MODEL 

NO., (INPUT) BTU PER HOUR TOTAL. (MAIN FUEL) OR (BACKUP FUEL) 

FIRED, WITH A (BLOWER SIZE) HP COMBUSTION AIR BLOWER. 

• 

11.2.2 Aluminum Melting Reverberatory Furnace With Integral Air Pollution 

Control Device(s). 

An aluminum melting reverberatory furnace with integral air pollution control 

device(s) is described in the permit as follows: 

FURNACE NO., ALUMINUM MELTING (SWEATING), REVERBERATORY 

TYPE, MANUFACTURER, MODEL NO., SERIAL NO., (EXTERNAL 

DIMENSIONS) WIDTII X LENGTII X HEIGHT, (HOLDING CAPACITY) 

POUND CAPACITY, (NUMBER OF BURNERS) MANUFACTURER, MODEL 

NO., TYPE, (INPUT) BTU PER HOUR TOTAL, (MAIN FUEL) OR (BACKUP 

FUEL) FIRED, (BLOWER SIZE) HP COMBUSTION AIR BLOWER, WI1H A 

RECUPERATOR (SECONDARY COMBUSTION CHAMBER, ETC.). 
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Air contaminants from aluminum melting reverberatory furnaces come from the 

furnace (and afterburner) combustion, the melting process, alloying, and fluxing. 

The combustion process produces the primary air contaminants reactive organic gas 

(ROG), oxides of nitrogen (NOx), oxides of sulfur (SOx), and particulate matter 

(PM). Particulate matter is also created by the melting, alloying, and fluxing of the 
aluminum. Reactive organic gas is also created in the melting process if 

contaminated scrap is melted. The total uncontrolled PM emissions from an 

aluminum melting reverberatory furnace are the summation of the combustion, 

melting, fluxing, and alloying emissions. 

11.3.2 Emission Factors 

Emission factors are used to determine the quantity of air contaminants produced 

by a certain process. The amount of air contaminants produced by an aluminum 

melting reverberatory furnace depends on the fuel used, the type of burner, the 

metal melted, the use of alloys, the use of fluxes, and the furnace size. Table 11-1 

lists emissions factors for the primary air contaminants produced by the combustion 

of different fuels. Table 11-2 lists the emissions factor for particulate matter (PM) 

emitted as a result of the melting process. Emission factors for particulate matter 

evolved as a result of fluxing are listed in Table 11-3. 

11.4 Calculations 

11.4.1 Operational Data 

• 

• 

In order to calculate the emissions from an aluminum melting reverberatory furnace • 
the following operational data must be supplied by the applicant. 
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Table 11-1: Emission Factors For Aluminum Melting Reverberatory 
Furnace Combustion Products 

Air Contaminant 

Reactive organic gas (ROG) 

Oxides of Nitrogen (NOx) 

Oxides of Sulfur (SOx) 

Carbon Monoxide (CO) 

Particulate Matter (PM) 

a Reference 5 

b Reference 4 

c Reference 4 

Propane a 

(lb/106 Btu) 

0.003 

0.128 

0.050 

0.017 

0.019 

Emission Factor 

Gasb 

(lb/106 Btu) 

0.007 

0.15oe 

0.001 

0.004 

0.017 

oncd 

(lb/106 Btu) 

0.020 

0.533 

0.556 

0.004 

0.048 

d Note: emission factors for 0.5% sulfur fuel oil 

e Reference 3 
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Table 11-2: Emission Factors For Particulate Matter Due To Melting 

Air Contaminant Emission Factor 

Particulate Matter (PM) 

Particulate Matter (PM) 

(lb/ton)a 

a Note: The units of this factor are in pounds of particulate matter per ton of 
material processed 

b 

c 

Reference 1, Emission factor for melting clean metal 

Reference 2, Emission factor for melting contaminated metal 

Table 11-3: Emission Factors For Particulate Matter Due to Chlorine Fluxing 

Type of Operation Air Contaminant Emission Factor 

(lb/ton)a 

Chlorination Particulate Matter 

a Note: The units of these emission factors are pounds of particulate matter 

per ton of chlorine charged. 

b Reference 1 
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Main fuel: 

Backup fuel: 

Operating schedule 

Maximum: 

Actual: 

Process weight: 

Burner Input: 

Combustion air blower capacity: 

Flux description: 

Flux flow rate: 

Alloying material description: 

Alloy process weight: 

If a,p.plicable 

Baghouse 

Filter area: 

Duct diameter: 

Exhaust Blower capacity: 

Afterburner 

Type of Fuel: 

Input: 
Combustion chamber volume: 

11.4.2 Process Weight Calculations 
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hr/day, day/week, week/year 

hr/day, day/week, week/year 

lh /load, hr /load, load/hr 

Btu/hr 

cfm 

(powder, gas, etc.) 

lb /load,cfm/load 

lb/load 

ft2 

inches 

cfm 

(natural gas, propane, etc.) 

Btu/hr 
rt3 

The weight of material processed per hour is called the process weight. The process 

weight is determined by using Equation 11.1 and includes the weight of all material 

charged into the furnace per load. 

wm+wa+wf 
PW = (Equation 11.1) 

time to melt one load in hours 
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11.4.3 Emissions Calculations 

11.4.3.1 Uncontrolled Emissions Calculations (R1) 

The uncontrolled emissions (R1) from furnace combustion, afterburner combustion, 

melting, alloying, and fluxing are determined as follows. 

11.4.3.1.1 Uncontrolled Furnace Combustion Emission Calculations (R't) 

The uncontrolled combustion emissions of reactive organic gas (ROG), oxides of 

nitrogen (NOx}, sulfur oxides (SOx}, carbon monoxide (CO}, and particulate matter 
(PM) are determined for each air contaminant by using Equation 112. 

R'1 = EF' x cf (Equation 11.2) 

where: 

R'l 
EF 

d 

11.4.3.1.2 

= 
= 

= 

The particular uncontrolled combustion emission (lb/hr). 

The corresponding combustion emission factor (lb/106 Btu) from 
Table 11-1. 

The heat input rate of the furnace (106 Btu/hr). 

Uncontrolled Afterburner Combustion Emission Calculations (R"1) 

• 

• 

If an aluminum melting reverberatory furnace is vented to an afterburner, then the • 

emissions created by the afterburner must be determined. The combustion 

SCAQMD 11-14 Alum. Melting Reverb. Furnaces 



• 

• 

• 

Section: 
Revision: 
Date: 

11 
0 
8/18/89 

emissions (ROG,NOx, SOx, CO, and PM) created by an afterburner are calculated 

by using Equation 11.3. 

R"1 = EF" X oa (Equation 11.3) 

where: 

R"t 

EF' 
oa 

= 

= 

= 

The particular uncontrolled afterburner combustion emission 

(lb/hr). 
The corresponding combustion emission factor (lb/106 Btu). 

The heat input rate of the afterburner (106 Btu/hr). 

11.4.3.1.3 Uncontrolled Melting, Alloying, and Fluxing Emissions Calculations 

(R"'l) 

The uncontrolled particulate matter emissions from melting, alloying, and fluxing 

are determined by using Equations 11.4, 11.5, and 11.6 respectively. 

RMl,PM = EFM x PW (Equation 11.4) 

RAlPM = EFA x PW (Equation U.S) 
• 

RFt,PM = EFF X PW (Equation 11.6) 

where: 

RMl,PM = Uncontrolled particulate matter emissions from melting 

(lb/hr). 

RAlPM = Uncontrolled particulate matter emissions from alloying 
• 

(lb/hr): 

RFlPM = 
• 

Uncontrolled particulate matter emissions from fluxing 
(lb/hr). 

EFM = Melting emission factor (lb/ton) from Table 11-2. 
EFA = Alloying emission factor (lb/ton). 
EFF = Fluxing emission factor (lb/ton) from Table 11-3. 

PW = Process weight (ton/hr). 
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The total particulate matter emissions from melting, alloying, .and fluxing are 

determined by summing each of the emissions as shown in Equation 11.7. 

R"' l,PM 

where: 
Rill l,PM 

(Equation 11. 7) 

= The uncontrolled particulate matter emissions from melting, 

alloying, and fluxing (lb /hr ). 

The particulate matter emissions from alloying and fluxing may be zero if alloying 

and fluxing operations are not conducted in the furnace. However, there will always 

be particulate matter emissionS from melting. 

11.4.3.1A Total Uncontrolled Particulate Matter Emissions (Rl,PM) 

The total uncontrolled particulate matter emissions are determined by summing the 

emissions created by furnace combustion, afterburner combustion, melting, alloying, 

and fluxing as shown in Equation 11.8. 

where: 

R1PM 
' 

= R'l,PM + R"l,PM + R"'l,PM (Equation 11.8) 

= The total uncontrolled particulate matter emissions from the 

aluminum melting reverberatory furnace (lb/hr). 

11.4.4 Controlled Emissions Calculations (R2) 

An aluminum melting reverberatory furnace can be vented in several different ways. 

The furnace can be vented directly to the atmosphere or to an air pollution control 

system. If the furnace is vented directly to the atmosphere the controlled emissions 

are equal to the uncontrolled emissions. 
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The following equations are used to determine the controlled emissions from 
aluminum melting reverberatory furnaces which are vented to external air pollution 
control devices. Particulate matter and reactive organic gas emissions from 
aluminum melting reverberatory furnaces are controlled by the use of baghouses 

and afterburners respectively. When an afterburner is used to control reactive 
organic gas emissions, the exhaust must then be vented to a baghouse. If the furnace 

is vented to an external air pollution control system there are four venting 
configurations to consider: (1) The furnace combustion, melting fluxing, and 
alloying emissions are all vented to a baghouse. (2) The furnace combustion. 

melting, fluxing,and alloying emissions are all vented to an afterburner and then a 
baghouse. (3) The furnace combustion and melting emissions are vented to the 
atmosphere, and the fluxing and alloying emissions are vented to a baghouse. (4) 
The furnace combustion and melting emissions are vented to the atmosphere, and 

the fluxing and alloying emissions are vented to an afterburner and then a baghouse. 

Since typically all emissions would be vented to the control device(s), the controlled 
emissions are determined only for cases 1 and 2. 

The emissions from an aluminum melting reverberatory furnace must be calculated 
for the actual and maximum conditions. Actual emissions are used in emissions 
inventory. Maximum emissions are used to determine compliance with District 

Rules and Regulations.The actual and maximum hourly emission rates must be 
converted to daily (lb/day)emission rates by multiplying the hourly emission rate by 

the appropriate actual or maximum daily time factor (Ta, Tm, hr/day). In addition 
the maximum emissions are multiplied by the Regulation XIII On-Site Offset Factor 

(1.1). These daily emissions increases are accumulated for each facility .in the 
District's New Source Review Record and are used to determine compliance with 
Regulation XIII. 

11.4.4.1 Controlled Particulate Matter Emission Calculations (R2,pM) 

In order to determine rule compliance the total controlled particulate matter 
emissions, as well as the controlled particulate matter emissions due to combustion, 

must be determined. The controlled total and combustion particulate matter 
emission rates are determined for the two venting cases by using Equations 11.9 -

11.12. 
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case (1): Emissions controlled by a baghouse only. 

Rz,PM = R1 PM x (1-EFFs) 
' 

(Equation 11.9) 

R'zpM 
' 

= R'1 PM x (1-EFFs) 
' 

(Equation 11.10) 

case (2): Emissions controlled by an afterburner and a baghouse. 

R2,PM = (((R'1,PM + R"'1,PM)x(1-EFFA)) + R"1,PM)x(1-EFFs) 
(Equation 11.11) 

R'2,PM = (R'1,PM x (1-EFF A)) + R"1,PM) x (1-EFFs) 

where: 

R2PM 
' 

R'z,PM 

(Equation 11.12) 

= Controlled total particulate matter emission rate (lb/hr). 

= The controlled combustion particulate matter emission rate 

(lb/hr). 
= The efficiency of the afterburner (expressed as a decimal). 

= The efficiency of the baghouse (expressed as a decimal). 

Note that the afterburner efficiency should reflect the fact that the afterburner will 

only control the organic portion of the particulate matter. 

11.4.4.2 Controlled ROG, NOX' SOX' and CO Emission Calculations 

The controlled ROG, NOx, SOx, and CO emiSsions must be determined for the two 
venting cases. For case 1 the controlled ROG, NOx, SOx, and CO emissions are 

equal to the uncontrolled furnace combustion emissions. For case 2 the controlled 

ROG, NOX' SOx, and CO emissions are determined by using Equations 11.13, 11.14, 

11.15, and 11.16 respectively. As shown in the calculations the controlled NOx, SOx, 

and CO emissions are equal to the sum of the respective emissions from the furnace 

and afterburner combustion. It should be noted, however, that the total controlled 
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CO emissions may be reduced an afterburner. The afterburner may reduce the 

uncontrolled CO emission component of the total CO emissions. 

Rz,ROG = R't,ROG X (l-EFF A)+ R"t,ROG (Equation 11.13) 

Rz,Nox = R't,NOx + R"t,NOx (Equation 11.14) 

Rz,SOx = R't,SOx + R"t,SOx (Equation 11.15) 

Rz,co = R't,CO + R"t,CO (Equation 11.16) 

where: 

Rz,ROG = The total controlled ROG emission rate (lb/hr). 

Rz,Nox = The total controlled NOx emission rate (lb/hr). 

Rz,SOx = The total controlled SOx emission rate (lb/hr). 

Rz,co = The total controlled CO emission rate (lb/hr). 

11.4.5 Particulate Matter Emissions- Concentration (CpM) 

The concentration of the controlled particulate matter emissions vented to the 

atmosphere must be calculated to determined compliance with Rule 404. The 

particulate matter concentration is determined by converting the controlled total 

particulate matter emission rate (lb/hr) into a concentration (grains /dscf) by using 

Equation 11.17. 

= 

where: 

CpM = 
Rz,pM = 
VFR = 

SCAQMD 

Rz PM x 7000 (grains/lb} 
' (Equation 11.17) 

VFR x 60 (min/hr) 

The particulate matter concentration at one vent (grains/dscf}. 

Controlled total particulate matter emission rate (lb/hr). 

Exhaust flow rate of the system in dry standard cubic feet per 

minute (dscfm). 
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11.4.6 Carbon Monoxide Concentration Calculation (Ceo> 

The carbon monoxide (CO) concentration in the exhaust vented to the atmosphere 

must be calculated to determine compliance with Rule 407. The CO concentration 

is determined by converting the controlled CO emission rate (lb/hr} into a 

concentration (ppm) using Equation 11.18. 

Ceo 

where: 

ceo 

R2,CO 
VFR 

= 

4.43x 10-6 

R2,CO 
(Equation 11.18) 

VFR x (4.43 X 10-6) 

= Concentration of carbon monoxide in the exhaust 

vented to the atmosphere(ppm). 

= Controlled carbon monoxide emission rate (lb/hr). 

= Volumetric flow rate of the exhaust vented to the 

atmosphere (dscfm). 

= Conversion factor for CO at 60 °F and 1 atm. (ppm tt3 
hr/lb min). 

11.4.7 Sulfur Oxide Concentration Calculation (Csox> 

The concentration of sulfur. oxides, expressed as so2, in the exhaust vented to the 

atmosphere must be calculated to determined compliance with Rule 407. The sulfur 

oxide concentration is determined by converting the controlled sulfur oxide emission 

rate into a concentration using Equation 11.19. 

= R2,SOx 
(Equation 11.19) 

VFR X (10.1 X 10-6) 
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= Concentration of sulfur oxides in the exhaust vented to 

the atmosphere (ppm). 

= Controlled sulfur oxide emission rate (lb/hr). 

= Volumetric flow rate of the exhaust vented to the 

atmosphere (dscfm). 

= Conversion factor for SOx at 60 °F and 1 atm. 

(ppm rt3 hr/lb min). 

11.4.8 Combustion Particulate Matter Concentration Calculations (Cc,PM) 

The concentration of the combustion particulate matter emissions vented to the 

atmosphere must be calculated to determined compliance with Rule 409. The 

concentration of combustion particulate matter is determined by using Equation 

• 11.20. 

• 

Cc,PM = 

where: 

Cc,PM = 

R'z,PM = 

VFR = 

R'z,PM x 7000 (grains/lb) 
(Equation 11.20) 

VFR x 60 (min/hr) 

Concentration of combustion particulate matter vented to the 

atmosphere (grains/dscf). 

Controlled combustion particulate matter emission rate 

(lb/hr). 
The volumetric flow rate of the exhaust vented to the 

atmosphere (dscfm). 

11.4.9 Baghouse Design Calculations 

When a baghouse is used as an air pollution control device, two design parameters 

must be calculated to ensure that the baghouse will operate effectively. The design 

parameters are air-to-cloth ratio and duct velocity. The air-to-cloth ratio is 

determined by using Equation 11.21, and should be in the range of 1.0 to 4.0 ft/min 
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for metallurgical fumes, depending on the cleaning mechanism used, filter bag 

material and particulate concentration? Generally high air to cloth ratios can be 

used when low concentrations of particulate matter are being filtered and the bags 

are cleaned frequently. Conversely, lower air to cloth ratios should be used when 

high concentrations of particulate matter are being filtered and bag cleaning is less 

frequent. 

VFR 
A/C = (Equation 11.21) 

where: 
A/C = The air to clqth ratio of the baghouse (ft/min). 

VFR = The volumetric flow rate of the baghouse exhaust blower ( cfm). 

Ab = The total cloth area of the bags (rt2). 

• 

The velocity of the air entrained with contaminants traveling in a duct from the • 

furnace to the baghouse is determined by using Equations 11.22, and 11.23. The 

duct velocity should be in the range of 2000 to 5000 ft/min to ensure that particulate 

matter does not settle out in the duct work.8 

o2 
= (Equation 11.22) 

183 

VFR 
vd = -- (Equation 11.23) 

Ad 

where: 

Ad = Cross sectional area of the duct (f~). 
D = Duct diameter (inches). 

V d = Duct velocity (ft/min). 
VFR = Volumetric flow rate of air through the duct in actual feet per 

minute (acfm). • 
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11.4.10 Afterburner Design Calculations 

The use of an afterburner as an air pollution control device requires the calculation 
of the design parameters combustion chamber temperature and retention time to 
ensure optimal control efficiency. The following equations can be used to determine 
these design parameters for natural gas fired afterburners. The afterburner 
retention time, calculated by using Equations 11.24 and 11.25, must be greater than 
or equal to 0.3 seconds. 

V c x 60 (sec/min) 
(Equation 11.24) = 

VFRf + VFRa 

VFRa = 
Qa (Btu/hr) x 13.53 X 1860 ~ 

60 (min/hr) X 1,100 (Btu/rt3) x 520 °R 
(Equation 11.25) 

where: 

Tr = The retention time of the afterburner (seconds). 

Vc = Volume of the afterburner combustion chamber (rt3). 
VFRf = Volumetric flow rate from the furnace (acfm). 
VFRa = Volumetric flow rate due to the afterburner combustion (acfm). 
oa = The afterburner input (Btu/hr). 

1,100 = The gross heating value for natural gas at standard conditions 
(Btu/ft3). 

13.53 = The products of combustion from natural gas with20% excess air 

(rt3 ;rt3 gas). 

1860 = The afterburner combustion temperature (0 R). 

520 = Standard temperature (0 R). 

Note that the volumetric flow rate through the furnace does not account for air 

leakage into the furnace. Source tests have shown that this leakage can amount to as 

much as 300% excess air as opposed to 20%. Therefore, more precise calculations 
must be made if the retention time and heat required of the afterburner are not 
approximately twice the values required. 
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The heat required of the afterburner, and the heat available from the afterburner 

must be calculated and compared in order to determine if the afterburner can 

maintain the required combustion chamber temperature of 1400 °F. The heat 

required of the afterburner to maintain a combustion chamber temperature of 1400 

°F is determined by using Equation 11.27. 

Q' = (h2 • h1} X VFRf X 60 (min/hr) (Equation 11.27) 

where: 
Q' = The heat required of the afterburner to raise the temperature of 

the furnace gasses to 1400 °F (Btu/hr}. 

h1 = The enthalpy of the air as it enters the afterburner (Btu/rt3) . 

. h2 = The enthalpy of the air at 1400 °F (Btu/ft3). 

The heat available from the afterburner is determined by Equation 11.28. 

Oavailable 

where: 

Oavailable 

oa (Btu/hr) X 615.4 (Btu/rt3) 
= (Equation 11.28) 

1,100 (Btu/f~) 

= The heat available from the afterburner combustion 

(Btu/hr}. 

Qa = The afterburner input (Btu/hr}. 

615.4 = The heat available from the combustion of natural gas at 

1400 °F, with 20% excess air (Btu/rt3). 

The heat available from the afterburner (Qavailble} must be greater than the heat 

required (Q') for the afterburner to maintain a combustion chamber temperature of 

1400°F. 
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Rule 212- Standards For Approving Pennits 
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Section (e) of this Rule requires public notification of certain cases be made prior to 
issuing a permit. 

Rule 401 -Visible Emissions 

No visible emission of 20% opacity or Ringlemann No. 1 or more aggregating for 
more than three minutes in any one hour period is allowed. 

Rule 402 - Nuisance 

Emissions which cause or contribute to a nuisance are prohibited. Factors worthy of 

consideration include location· (commercial/residential area), odorous materials, 
and prior complaints. 

Rule 404 - Particulate Matter - Concentration 

limits for particulate matter concentrations in an effluent gas stream at standard 

conditions are listed in Table 404(a) of the South Coast Air Quality Management 
District's Rules and Regulations. 

Rule 405 - Particulate Matter - Weight 

limits for solid particulate matter emission rates from any source are listed in Table 

405(a) of the South Coast Air Quality Management . District's Rules and 

Regulations. 

Rule 407 - Liquid and Gaseous Air Contaminants 

A person shall not discharge into the atmosphere from any equipment: (1) Carbon 

monoxide (CO) in excess of 2,000 ppm by volume on a dry basis. (2) Sulfur 

compounds which would exist as a liquid or gas at standard conditions, calculated as 
sulfur dioxide (S02), in excess of 500 ppm. 

Rule 409 - Combustion Contaminant Concentration 

A person shall not discharge into the atmosphere from the burning of fuel , 

combustion particulate matter emissions in excess of 0.1 grains per cubic foot of gas 

calculated to 12 percent carbon dioxide (C02) at standard conditions. 
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Regulation XIII. New Source Review 

(1) If the new or modified equipment causes an increase in facility emissions in 

excess of one pound per day for any non-attainment air contaminant, Best 

Available Control Technology (BACT) is required. The current BACT for 

non-sweating aluminum melting reverberatory furnaces with inputs less than 

5 MM Btu/hr is natural gas for NOx and SOX' and natural gas with ingots or 
non-contaminated scrap charge for PM. 

(2) 

The South Coast Air Quality Management District's Best Available Control 

Technology Guidelines9 list BACT for different processes. It is constantly 

being updated to reflect advances in technology. It should also be consulted 

to properly determine both applicability and BACT which may be different 

from case to case. 

If the accumulated maximum emission of any air contaminant from any 

stationary source exceeds the threshold limits specified in Rule 1303(a)(2), in 

addition to BACT, the applicant must comply with the following: 

(a) The applicant certifies in writing that all of the facilities emitting 25 tons 

per year or more, which are owned or operated by the applicant, are in 

compliance with the limitations of the Clean Air Act and the State 
Implementation Plan or with the limitations of the District, whichever 

are more stringent. 

(b) The applicant must use modeling or other analysis approved by the 

Executive Officer to demonstrate that the new source or modifications to 

an existing source will not cause any violation, or make measurably 

worse an existing violation, of any ambient air quality standard at any 

receptor location in the District. Modeling shall not be required for any 

air contaminant if all offset sources which are within the distance of five 
(5) miles could actually lower the emission of that air contarninant(s) 
down to the threshold limit. 
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(c) The applicant must offset the total accumulated increase in emissions 
from the stationary source. 

Note: Under this Regulation, emissions from equipment which is exempt 
from permit requirement are to be accumulated in the New Source 

Review Database. These emissions are included to determine 
compliance with the threshold limits. 

11.6 Pennit (Operating) Conditions 

In order to ensure compliance with applicable Rules and Regulations of the 

SCAQMD, Permit (Operating) Conditions are required. Permit (Operating) 
Conditions for an aluminum melting reverberatory furnace and associated air 

pollution control eqUipment are listed below. However, not all of the conditions 

• listed are applicable for every furnace. 

• 

Aluminum Melting Reverberatory Furnace 

1. THIS FURNACE MUST NOT BE OPERATED UNLESS IT IS 

VENTED ONLY TO AIR POLLUTION CONTROL EQUIPMENT 

WHICH IS IN FULL USE AND HAS BEEN ISSUED A PERMIT TO 

CONSTRUCT (OPERATE) BY THE EXECUTIVE OFFICER. 

2. METAL CONTAMINATED· WITII RUBBER, PLASTIC, PAPER, 

RAGS, OIL. GREASE, OR SIMILAR SMOKE PRODUCING 

MATERIAL MUST NOT BE CHARGED TO TillS FURNACE. 

3. TilE AMOUNT OF ALUMINUM PROCESSED BY TillS 

EQUIPMENT MUST NOT EXCEED (NUMBER OF) POUNDS PER 
DAY. 

4 . A DAILY LOG GIVING THE TOTAL AMOUNT OF ALUMINUM 
PROCESSED BY THIS EQUIPMENT IN POUNDS, TilE AMOUNT OF 

FUEL CONSUMED IN STANDARD CUBIC FEET (GALLONS), TilE 

AMOUNT OF CHLORINE GAS USED IN CUBIC FEET, AND TilE 
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AMOUNT OF FLUX USED IN POUNDS, MUST BE MAINTAINED 
AND MADE AVAILABLE lJPON THE REQUEST OF DISTRICf 

PERSONNEL 

5. THE AMOUNT OF FUEL CONSUMED BY THIS FURNACE MUST 
NOT EXCEED (NUMBER OF) STANDARD CUBIC FEET 

(GALLONS) PER DAY. 

6. FLUORIDES, CHLORINE, OR ALUMINUM CHLORIDE MUST NOT 

BE USED IN THIS FURNACE. 

7. FLUXING OR REFINING MUST NOT BE CONDUcrED IN THIS 

FURNACE UNLESS IT IS VENTED ONLY TO AIR POllUTION 

CONTROL EQUIPMENT WinCH IS IN FUll USE AND WHICH HAS 
BEEN ISSUED A PERMIT TO CONSTRUCf (OPERATE) BY THE 

• 

EXECUTIVE OFFICER. • 

8. THE RATE OF CHLORINE (GAS) USE MUST NOT EXCEED 
(NUMBER OF) POUNDS (CUBIC FEET) PER MINUTE. 

9. NOT MORE THAN (NUMBER OF) POUNDS PER HOUR OF FLUX 

MAY BE USED IN THIS FURNACE. 

Baghouse (If Applicable) 

1. A MECHANICAL GAUGE MUST BE INSTAllED (MAINTAINED) 

SO AS TO INDICATE, IN INCHES WATER COLUMN, THE STATIC 
PRESSURE DIFFERENTIAL ACROSS THE BAGS. 

2. DUSTCOILEcrED IN THE BAGHOUSE MUST BE DISCHARGED 
ONLY INTO CLOSED CONTAINERS. 

Afterburner (If Applicable) 

1. A TEMPERATURE OF NOT LESS THAN 1400 °F MUST BE • 

MAINTAINED IN THE AFI'ERBURNER WHEN THE EQUIPMENT 
IT SERVES IS IN OPERATION. 
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IAPPL NO. I DATE ENGINEERING DMSION 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

PERMIT TO CONSTRUCf /OPERATE 

Applicability: This processing form can only be used for non-sweating aluminum melting 
reverberatory furnaces which do not use flux or alloying, and melt only clean metal. 

APPLICANrS NAME: 

MAILING ADDRESS: 

EQUIPMENT ADDRESS: 

EQUIPMENT pESCRIPTION: 

APPLICATION NO. 

FURNACE NO. , ALUMINUM MELTING, REVERBERATORY TYPE, 
(MANUFACTURER) 
MODEL NO. ,SERIAL NO. . . 

"W.X "L.X "H., 
BURNER(S), POUND HOLDING CAPACITY, 

BTU PER HOUR TOTAL, OR FIRED, 
WITH A HP COMBUSTION AIR BWWER 

APPLICATION NO. 

AIR POLLUTION CONTROL SYSTEM CONSISTING OF: 

1. BAGHOUSE , MODEL NO. 
WITH FILTER BAGS, EACH '- "DIA. X '-
HIGH, SQ. FT. ACTUAL FILTER AREA. 

" 

2. EXHAUST SYSTEM WITH A H.P. BWWER VENTING AN ALUMINUM 
MELTING REVERBERATORY FURNACE. 

HISTORY: 

Revision: 0 Date: 8/18/89 

SCAQMD UA-3 Alum. Melting Reverb. Fumac:es 



SOUTH COAST AIR QUALI1Y MANAGEMENT DISTRICT I PAGES I PAGE 
7 I 2 

JAPPL NO. JDATE ENGINEERING DMSION 
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PROCESS DESCRIPTION: 

The applicant uses this uses this reverberatory furnace to melt clean aluminum . The aluminum 
melted in this furnace is used to produce . Fluxing and refinin~ are not 
conducted in this furnace. Alloymg agents are not added to the aluminum in th1s furnace. This 
furnace is vented directly to the atmosphere (to a baghouse). 

DATA: 

Operating Schedule (T a>: _ hr/day, _day /wk, __ wk/yr 
Operating Schedule (T m>: __ br/day, _day /wk, __ wk/yr 

Process Information: lb/load, _ hr/load, _load/day 
Main Fuel: ___ _ 

Backup Fuel:----
Furnace Heat Input Rate (Of): ____________ Btu/hr 

Combustion Air Blower capacity (VFRf): cfm 

Baghouse Efficiency (EFFB): ____ % 

Baghouse Filter Area (Ab): rt2 
Baghouse Supply Duct Dia.: ____ in. 
Exhaust Blower Flow Rate (VFRe): ____ cfm 

Combustion Emission Factors for the Furnace: 

Reactive Organic Gas (EFRoo): lb/106 Btu 
Oxides of Nitrogen (EFNax): lb/106 Btu 
Oxides of Sulfur (EFsax): lb/106 Btu 

Carbon Monoxide (EFco): lb/106 Btu 
Particulate Matter (EFpM) : lb/106 Btu 

Melting Particulate Matter Emission Factor(EFM): lb/ton 

Reg XIII On-Site Offset Factor For Maximum Daily Emissions: 

CALCULATIONS: 

Sgl!r!;e 
Applicant 

" 
• 

" 
" 
• 
• 

" 
" 
• 

" 

1.1 

• 

• 

1. 

2. 

Process Weight (PW) = ( __ lb/load)/(_ hr /load)(2000 lb/ton) = _ ton/hr 

' Uncontrolled Combustion Emissions (R ,). 
Uncontrolled combustion emissions ofROG, NOx, SOx, CO and PM must be multiplied by 
the appropria~e ope~a~ing time factor (T a or T m> to determine actual and maximum, 
hourly and daily emtSSions. · 

R't = EF x of = lb/hr (x Ta orTm) = lb/day • 

Revision: 0 Date: 8/18/89 
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. I PROCESSED BY I CHECKED BY 

where: R' 1 
EF' 

of 

= 
= 
= 

The particular uncontrolled combustion emissions, lb/hr. 

The corresponding combustion emission factor, lb PM/106 Btu. 

Furnace heat input rate, Btu/hr. 

Ta or Tm = Time of operation, hr/day (actual and max). 

3. Uncontrolled Melting Particulate Matter Emissions (R M 1,PM)· 

RM1,PM = EFM x PW = lb/hr (x TaorTm) = lb/day 

where: = Uncontrolled melting particulate matter emissions. 

= . Melting emission factor, lb/ton. 

= Process weight, ton/hr. 

= Time of operation, hr J day (actual and max). 

4. Total Uncontrolled Particulate Matter Emissions (R1 PM)· 
• 

5 . 

R1,PM = R'1,PM + RM1,PM = lb/hr (x Ta orTm) = lb/day 

Controlled Emissions (R2). · 
The controlled emissions of ROG, NOx, SOx, and CO are equal to the uncontrolled 
emissions. The controlled particulate matter emissions from combustion and total must be 
calculated. 

R2PM 
' 

R'2,PM 

= R1,PM x (1 - EFFB) (x 1.1 for NSR lb/day) = lb/hr 

= R'1,PM x (1 - EFFB) ;= lb/hr 

where: R2,PM = Controlled total particulate matter emissions, lb/hr. 

Controlled combustion particulate matter,lb/hr. = R'2,PM 
EFFB = The efficiency of the baghouse( expressed as a decimal). 

Controlled Emissions (Rv 

ROG 
NOX 

~~ 
PM 

Actual 
JhLhr 

Maxirilum Maximum 
lb/hr lb/day 

NSR 
lb/day 

6. Exhaust Gas Total Particulate Matter Concentration (CpM)· 

R2,PM (lb/hr) x 7,000 (grains/lb) 
CpM = ---,....-------- = __ grainsjdscf 

VFR (ft3 /min) x 60 (min/hr) 

Revision: 0 Date: 8/18/89 
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-----------------------~----~--~' 
7. Carbon Monoxide Concentration (Ceo>· 

R2,co (lb/hr) 
Ceo = 

VFR (ft3 /min) X (4.43 X 10"6) 
= 

----~----------~--
__ ppm 

8. Sulfur Oxide Concentration (Csox>· 

Csox = 
Rz SOx (lb/hr) 

' =--ppm 
VFR (f~ /min) X (10.1 x 10"6) 

9. Combustion Particulate Matter Concentration (Cc,pM). 

R'z,PM (lb/hr) x 7000 (grains/dscf) 
Cc,PM = -----,---------- = __ grains/dscf 

VFR (tt3 /min) X 60 (min/hr) 

10. Baghouse Air-to-Cloth Ratio (A/C). 

A/C = VFRe/Ab = CFM/ ttZ= ft/min 

where: VFRe = Volumetric flow rate through the baghouse. 

Ab = Actual area of the filter bags. 

11. Duct Velocity (V d). 

Ad = oZ/183 = in2/183 = ft2 

vd = VFR/Ad = CFM/ rt2= ft/min 

where: Ad = Area of the duct. 

D = Diameter of the duct (in inches). 

VFR = Volumetric flow rate through the baghouse. 

RULES EVALUATION: 

RULE212 

RULE401 

RULE402 

Public notice is (is not) required. 

This equipment is (is not) vented to a baghouse. Compliance with Rule 401 is 
(is not) expected. 

The location of the equipment will be in an industrial/ commercial area. 
Calculations show low (excessive) particulate emissions to the atmosphere. 
Compliance with Rule 402 is (is not) expected. 

• 

• 
Revision: 0 Date: 8/18/89 
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RULE404 

RULE405 

RULE407 

RULE409 

REG XIII 

BACf 

Revision: 0 

SCAQMD 

For an exhaust flow rate of dscfm, the rule allows a maximum 
particulate matter concentration of grains/dscf. Calculations indicate a 
particulate matter concentration of-- grains/dscf. Compliance with Rule 
404 is (is not) expected. --

For a process weight of lb/hr, the rule allows a maximum solid 
particulate matter emissiOn rate of lb/hr. Calculations indicate a 
maximum emission rate of lb/hr. Compliance with Rule 405 is (is not) 
expected. --

The rule allows a CO concentration of 2,000 ppm and a SOx. concentration of 
500 ppm in the air vented to the atmosphere. Calculations snow a CO 
concentration of ppm, and an SOx concentration of ppm. 
Compliance with tliiSiUle 407 is (is not) expected. 

The rule allows a combustion particulate matter emission concentration of 0.1 
grains/dscf. Calculations show a concentration of grains/dscf. 
Compliance with Rule 409 is (is not) expected. . 

As shown by the Emission Threshold/New Source Sheet Table below, this 
facility will (will not) operate in compliance with Regulation Xlll: 

Facility Emissions 
Since 10-8-76 

A/N 

A/N 

Net Emission 
Increase Since 10-8-76 

NSR Emissions in Pounds Per Day 
ROG NOx SOz CO PM 

Best Available Control Technology (BACT) for this t)'J?e of aluminum melting 
reverberatory furnace is as follows: (This information IS listed in the South 
Coast Air Quality Management District's BACf Guideline, some 
determinations of BACf will require cost effectiveness analysis· as described in 
the guideline). 

ROG 
NOX 

~~ 
PM 

Date: 8/18/89 

llA-7 Alum. Melting Reverb. Furnaces 



SOUTH COAST AIR QUALI'IY MANAGEMENT DISTRICT (PAGES (PAGE 

I 7 i 6 
ENGINEERING DMSION (APPL. NO. (DATE 

_AP_P_L_Ic_A_T_I_o_N_P_R_o_c_E_s_s_IN_G_AND __ c_A_LC_·_ULA __ n_o_N_s __ ...J''-PR-oc_E_s_sE_o_ev_.L'c_H_Ec_KED_e_v ---ll • 

EQUIPMENT DESIGN COMPLIANCE: 

AIR/CLOTII RA 110 : Actual air to cloth ratio (A/C) = ft/min. Allowed air to 
cloth ratio = 0.5- 9.0 ft/min. Compliance IS (is not) expected. 

DUCT VELOCITY Actual duct velocity (Vd) = ft/min. Allowed duct 
velocity= 2000-5000 ft/min. COmpliance is (is not) expected. 

CONCLUSIONS/RECOMMENDATIONS: 

This equipment is (is not) expected to comply with all applicable District Rules and Regulations. 
The following is recommended: 

( ) Issue a Permit to Construct/Operate with the following conditions: 

APPLICATION NO. 

CONDITIONS: 

1. METAL CONTAMINATED WITH RUBBER, PLASTIC, PAPER, RAGS, OIL, 
GREASE, OR SIMll..AR SMOKE PRODUCING MATERIALS MUST NOT BE 
CHARGED INTO TillS FURNACE. 

2. TillS FURNACE MUST NOT BE OPERATED UNLESS IT IS VENTED ONLY TO
AIR POLLUTION CONTROL EQUIPMENT WliiCH IS IN FULL USE AND HAS 
BEEN ISSUED A PERMIT TO CONSTRUCT (OPERATE) BY TilE EXECUTIVE 
OFFICER. 

3. TilE AMOUNT OF ALUMINUM PROCESSED IN TinS FURNACE MUST NOT 
EXCEED POUNDS PER DAY. 

• 
4. TilE OPERATOR SHALL KEEP ADEQUATE DAILY RECORDS TO VERIFY TilE 

TOTAL AMOUNT OF ALUMINUM PROCESSED BY TillS EQUIPMENT IN 
POUNDS AND TilE AMOUNT OF FUEL CONSUMED IN STANDARD CUBIC 
FEET (GALLONS). SUCH RECORDS SHALL BE RETAINED FOR A PERIOD OF 
AT LEAST 1WO YEARS AND BE MADE AVAILABLE TO DISTRICT PERSONNEL 
UPON REQUEST. 

5. TilE AMOUNT OF FUEL CONSUMED BY TillS FURNACE MUST NOT EXCEED 
----STANDARD CUBIC FEET (GALLONS) PER DAY. 

6. FLUORIDES, CHLORINE OR ALUMINUM CHLORIDE MUST NOT BE USED IN 
TillS FURNACE. 

7. FLUXING OR REFINING MUST NOT BE CONDUCTED IN TillS FURNACE . 

• 
Revision: 0 Date: 8/18/89 
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APPLICATION NO. 

CONDITIONS: 

1. A MECHANICAL GAUGE MUST BE INSTALLED MAINTAINED SO AS TO 
INDICATE, IN INCHES WATER COLUMN, THE STATIC PRESSURE 
DIFFERENTIAL ACROSS THE BAGS. 

2. DUSTS COLLECTED IN TilE BAGHOUSE MUST BE DISCHARGED ONLY INTO 
CLOSED CONTAINERS. 

OR 

( ) Deny the Permit to Construct/Operate. 

It is my opinion that the operation of this equipment will be in violation of Rule(s) __ _ 
of the Rules and Regulations of the South Coast Air Quality Management District . 

Revision: 0 Date: 8/18/89 
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PERMIT TO CONSTRUCT /OPERATE 

Applicability: This processing form can only be used for non-sweating aluminum melting 
reverberatory furnaces. 

APPLICANTS NAME: 

MAILING ADDRESS: 

EQUIPMENT ADDRESS: 

EQUIPMENT DESCRIPTION: 

APPLICATION NO. 

FURNACE NO. , ALUMINUM MELTING, REVERBERATORY TYPE, 
(MANUFACTURER) 
MODEL NO. 

' 

WITH A 

APPLICATION NO. 

"W.X 
, SERIAL NO. 

"LX 
POUND HOLDING CAPACITY, 
BTU PER HOUR TOTAL, 

HP COMBUSTION AIR BLOWER. 

AIR POLLUTION CONTROL SYSTEM CONSISTING OF: 

1. BAGHOUSE , MODEL NO. 

"H., 
BURNER(S), 

OR FIRED, 

WITII FIL1ER BAGS, EACH '- "DIA X '-
HIGH, SQ. FT. ACTUAL FILTER AREA 

" 

2. EXHAUST SYSTEM WITII A H.P. BLOWER VENTING AN ALUMINUM 
MELTING REVERBERATORY FURNACE. 

HISTORY: 

Revision: 0 Date: 8/18/89 
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PROCESS DESCRIPTION: 

The applicant uses this uses this reverberatory furnace to melt clean (contaminated) aluminum in 
the form of . Fluxing with powder flux (and/or chlorine gas) is conducted in this furnace. 
Alloying agents are (are not) added to the metal in this furnace. The aluminum melted in this 
furnace is used to produce . This furnace is vented directly to the atmosphere (to 
a baghouse ). 

DATA: 

Source 
Operating Schedule (T a>= __ hr /day, __ day /wk, __ wk/yr Applicant 
Operating Schedule (T m>: _ hr /day, __ day /wk, __ wk/yr • 
Process Information : lb/load, hr/load, load/day " - -
Main Fuel: • 
Backup Fuel: " 
Furnace Heat Input Rate (Qf): Btu/hr • 
Combustion Air Blower Capacity (VFRf): cfm • 
Flux Description: • • Flux Process Information: (Wf): lb/load, cfm " 
Alloy Description: " 
Alloy Process Information (Wa): lb/load • 

Baghouse Efficiency (EFFB): % " 
Baghouse Filter Area (Ab): tt2 • 
Baghouse Supply Duct Dia.: in. " 
Exhaust Blower Flow Rate (VFRe): cfm " 
Combustion Emission Factors for the Furnace: 

Reactive Organic Gas (EFRoa): lb/106 Btu 

Oxides of Nitrogen (EFNOx): lb/106 Btu 

Oxides of Sulfur (EF'sOx): lb/106 Btu 

Carbon Monoxide (EF co) : lb/106 Btu 

Particulate Matter (EFpM) : lb/106Btu 

Melting Particulate Matter Emission Factor(EFM): lb/ton 
Alloying Particulate Matter Emission Factor(EFA): 

--
lb/ton 

Fluxing Particulate Matter Emission Factor(EFF): 
--

lb/ton 
Reg XIII On-Site Offset Factor For Maximum Daily Emissions: 1.1 • 
Revision: 0 Date: 8/18/89 
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CALCULATIONS: 

1. 

2. 

3. 

Process Weight (PW) = wa + wf + wm = __ lb/load 

( __ lb/load)/(2000 ton/lb)( __ hr/load) = __ ton/hr 

' Uncontrolled Combustion Emissions (R t). 
Uncontrolled combustion emissions of ROG, NO", SOx, CO and PM must be multiplied by 
the appropriate operating time factor (T a or T m> to determine actual and maximum, 
hourly and daily emissions. 

R'1 = EF' x of= lb/hr(x TaorTm) = lb/day 

where: R' 1 
EF' 
of 

= 

= 

= 

The particular uncontrolled combustion emissions, lb/hr. 

The corresponding combustion emission factor, lb PM/106 Btu. 

Furnace heat input rate, Btu/hr. 

Ta or Tm = Time of operation, hr/day (actual and max). 

Uncontrolled Melting, Alloying and Fluxing Particulate Matter Emissions (R M,A,F 1 PM). 
. ' 

RMl,PM = EFM x PW = lb/hr (x Ta orTm) = lb/day 

RA1 PM = EFA x PW = lb/hr (x Ta orTm) = lb/day 
' . 

RF1 PM = EFF x PW = lb/hr (x Ta orTm) = lb/day 
' 

where: RM1 PM = Uncontrolled melting particulate matter emissions. 
A' R 1 PM = Uncontrolled alloying particulate matter emissions. 
F' R l/M . = Uncontrolled fluxing particulate matter emissions. 

EF = Melting emission factor, lb/ton. 

EFA = Alloying emission factor, lb/ton. 
EFF = Fluxing emission factor, lb/ton. 

= Process weight, ton/hr. 

= Time of operation, hr/day (actual and max). 

4. Total Uncontrolled Particulate Matter Emissions (R1 PM>· 
' 

5. 

Rl,PM = R'l,PM + RMl,PM + RA1,PM + RF 1,PM = lb/hr (x Ta or Tm) = lb/day 

Controlled Emissions (R2). 
The controlled emissions of ROG, NOx, SOx, and CO are equal to the uncontrolled 
emissions. The total controlled paniculate matter emissions must be calculated, as well as 
the controlled paniculate matter emissions due only to combustion. 

Revision: 0 Date: 8/18/89 
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Rz,PM = Rl,PM x (1 - EFFs) (x 1.1 for NSR lb/day) = lb/hr 

R'z PM = R'1 PM x (1 - EFFs) = lb/hr . ' 

where: Rz,PM 
R'z,PM 

= 
= 

Controlled total particulate matter emissions, lb/hr. 

Controlled combustion particulate matter,lb/hr. 

EFFs = The efficiency of the baghouse( expressed as a decimal). 

Controlled Emissions (Rz) 

ROG 
NOX 

~~ 
PM 

Actual Maximum Maximum 
JhLhr lb /hr lb /day 

6. Exhaust Gas Total Particulate Matter Concentration (CpM)· 

Rz,PM (Ib/hr) x 7,ooo (grains/Ib) 
CpM = ---:::--------- = __ grains/dscf 

. VFR (rt3 /min) x 60 (min/hr) 

7. Carbon Monoxide Concentration (Ceo)· 

R2 co (Ib/hr) 
Ceo = -· __,~---.....,.-- = 

VFR (rt3 /min) X ( 4.43 X 10-6) 

__ ppm 

8. Sulfur Oxide Concentration (Csox>· 

Rz SOx (lb/hr) 
Csox = --· --:::------....,--- = __ ppm 

VFR (rt3 /min) X (10.1 X 10"6) 

9. Combustion Particulate Matter Concentration (Cc PM>· 
' 

R'z PM (lb/hr) x 7000 (grains/dscf) 
CcPM = ' = __ grains/dscf 

' -VFR--(r"""'t3-/mm-.-)-x-60-(mm-.-~-hr-) ---

10. Baghouse Air-to-Cloth Ratio (A/C). 

A/C = VFRe / Ab = CFM/ ft2 = ft/min --- --- --

NSR 
lb/day 

• 

• 
Revision: 0 Date: 8/18/89 
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= Volumetric flow rate through the baghouse. 

= Actual area of the filter bags. 

11. Duct Velocity (V d). 

Ad = D2/183 = in2/183 = _____ ft2 

V d = VFR/Ad = ___ CFM/ ft2 = ___ ft/min 

where: Ad = Area of the duct. 

D = Diameter of the duct (in inches). 

VFR = Volumetric flow rate through the baghouse. 

RULES EVALUATION: 

RULE212 

RULE401 

RULE402 

RULE404 

RULE405 

RULE407 

RULE409 

REG XIII 

Revision: 0 

SCAQMD 

Public notice is (is not) required. 

This equipment is (is not) vented to a baghouse. Compliance with Rule 401 is 
(is not) expected . 

The location of the equipment will be in an industrial/ commercial area. · 
Calculations show low (excessive) particulate emissions to the atmosphere. 
Compliance with Rule 402 is (is not) expected. 

For an exhaust flow rate of dscfm, the rule allows a maximum 
particulate matter concentra"'tt""'o:-::nc-:o:-rf- grains/dscf. Calculations indicate a 
particulate matter concentration of grains/dscf. Compliance with Rule 
404 is (is not) expected. · 

For a process weight of lb/hr, the rule allows a maximum solid 
particulate matter emisstpn rate of lb/hr. Calculations indicate a 
maximum emission rate of lb/hi. Compliance with Rule 405 is (is not) 
exp~cted. --, 

The rule allows a CO concentration of 2,000 ppm and a SOx. concentration of 
500 ppm in the air vented to the atmosphere. Calculations snow a CO 
concentration of ppm, and an SOx concentration of ppm. 
Compliance with 11Us"i'itle 407 is (is not) expected. 

The rule allows a combustion particulate matter emission concentration of 0.1 
grains/dscf. Calculations show a concentration of grains/dscf. 
Compliance with Rule 409 is (is not) expected. 

As shown by the following Emission Threshold/New Source Sheet Table, this 
facility will (will not) operate in compliance with Regulation XIII: 

Date: 8/18/89 
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NSR Emissions in Pounds Per Day 

BACT 

Facility Emissions 
Since 10-8-76 

A/N 

A/N 

·Net Emission 
Increase Since 10-8-76 

ROG NOx SOz CO PM 

Best Available Control Technology (BACI) for this type of aluminum melting 
reverberatory furnace is as follows: (This information is listed in the South 
Coast Air Quality Management District's BACT Guideline, some 
determinations of BACT will require cost effectiveness analysis as described in 
the guideline). 

ROG 
NOX 

~~ 
PM 

EQUIPMENT DESIGN COMPLIANCE: 

AIR/CLOTII RATIO Actual air to cloth ratio (A/C) = ft/min. Allowed air to 
·cloth ratio = 0.5-9.0 ft/min. Compliance 1s (is not) expected. 

DUCT VELOCITY Actual duct velocity (Vd) = ft/min. Allowed duct 
velocity = 2000- 5000 ft/min. Compliance is (is not) expected. 

CONCLUSIONS/RECOMMENDATIONS: 

This equipment is (is not) expected to comply with all applicable District Rules and Regulations. 
The following is recommended: 

( ) Issue a Permit to Construct/Operate with the following conditions: 

APPLICATION NO. 

CONDITIONS: 

1. METAL CONTAMINATED WITII RUBBER, PlASTIC, PAPER, RAGS, OIL, 
GREASE, OR SIMILAR SMOKE PRODUCING MATERIALS MUST NOT BE 
CHARGED INTO TillS FURNACE. 

• 

• 
Revision: 0 
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2. TillS FURNACE MUST NOT BE OPERATED UNLESS IT IS VENTED ONLY TO 
AIR POLLUTION CONTROL EQUIPMENT WHICH IS IN FULL USE AND HAS 
BEEN ISSUED A PERMIT TO CONSTRUCT (OPERATE) BY THE EXECUTIVE 
OFFICER. 

3. TilE AMOUNT OF ALUMINUM PROCESSED IN THIS FURNACE MUST NOT 
EXCEED POUNDS PER DAY. 

4. TilE OPERATOR SHALL KEEP ADEQUATE DAILY RECORDS TO VERIFY TilE 
TOTAL AMOUNT OF ALUMINUM PROCESSED BY THIS EQUIPMENT IN 
POUNDS AND THE AMOUNT OF FUEL CONSUMED IN STANDARD CUBIC 
FEET (GALLONS). SUCH RECORDS SHALL BE RETAINED FOR A PERIOD OF 
AT LEAST TWO YEARS AND BE MADE AVAILABLE TO DISTRICT PERSONNEL 
UPON REQUEST. 

5. TilE AMOUNT OF FUEL CONSUMED BY THIS FURNACE MUST NOT EXCEED 
___ STANDARD CUBIC FEET (GALLONS) PER DAY. 

6. FLUORIDES, CHLORINE OR ALUMINUM CHLORIDE MUST NOT BE USED IN 
TillS FURNACE. 

7 . 

8. 

9. 

FLUXING OR REFINING MUST NOT BE CONDUCTED IN THIS FURNACE 
UNLESS IT IS VENTED ONLY TO AIR POLLUTION CONTROL EQUIPMENT 
WHICH IS IN FULL USE AND HAS BEEN ISSUED A PERMIT TO CONSTRUCT 
(OPERATE) BY THE EXECUTIVE OFFICER. 

TilE RATE OF CHLORINE (GAS) USE MUST NOT EXCEED---- POUNDS 
(CUBIC FEET) PER MI.NU'fE. 

NOT MORE THAN POUNDS OF FLUX PER HOUR MAY BE USED IN 
TillS FURNACE. ---

APPLICATION NO. 

CONDITIONS: 

1. A MECHANICAL GAUGE MUST BE INSTALLED MAINTAINED SO AS TO 
INDICATE, IN INCHES WATER COLUMN, THE STATIC PRESSURE 
DIFFERENTIAL ACROSS THE BAGS. 

2. DUSTS COLLECTED IN THE BAGHOUSE MUST BE DISCHARGED ONLY INTO 
CLOSED CONTAINERS. 

OR 

( ) Deny the Permit to Construct/Operate. 

• 
It is my opinion that the operation of this equipment will be in violation of Rule(s) __ _ 
of the Rules and Regulations of the South Coast Air Quality Management District. 

Revision: 0 Date: 8/18/89 
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PERMIT TO CONSTRUCf/OPERATE 

Applicability: This processing form can only be used for sweating type aluminum melting 
reverberatory furnaces vented to an afterburner and a baghouse. 

APPLICANTS NAME: 

MAILING ADDRESS: 

EQUIPMENT ADDRESS: 

EQUIPMENT DESCRIPTION: 

APPLICATION NO. 

FURNACE NO. , ALUMINUM MELTING, REVERBERATORY TYPE, 
(MANUFACfURER) 
MODEL NO. 

' "W.X 
,SERIAL NO. 

"LX 
POUND HOLDING CAPACITY, 
BTU PER HOUR TOTAL, 

WITH A HP COMBUSTION AIR BLOWER. 

APPLICATION NO. 

AIR POLLUTION CONTROL SYSTEM CONSISTING OF: 

1. AFTERBURNER ,MODEL NO. 

fl Ha, 
BURNER(S), 

OR FIRED, 

' ' "DIA. X "L, BTU PER HOUR, 
DIRECf (INDIRECT) FIRED. 

2. BAGHOUSE , MODEL NO. 
WITII FILTER BAGS, EACH '- " DIA X '- " 
HIGH, SQ. FT. ACTUAL FILTER AREA 

3. EXHAUST SYSTEM WITH A H.P. BLOWER VENTING AN ALUMINUM 
MELTING REVERBERATORY FURNACE. 

HISTORY: 

Revision: 0 Date: 8/18/89 
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PROCESS DESCRIPTION: 

The applicant uses this uses this sweating type reverberatory furnace to reclaim aluminum from 
scrap. Fluxing with powder flux (and/or cnforine gas) is conducted in this furnace. Alloying 
agents are (are not) added to the metal in this furnace. The aluminum melted in this furnace is 
used to produce . This furnace is vented to an afterburner and a baghouse). 

DATA: 

Operating Schedule (T a>: __ hr I day, __ day /wk, __ wk/yr 

Operating Schedule (T m>: __ hr /day, __ day /wk, __ wk/yr 

Process Information: lb/load, _ hr/load, _load/day 

Main Fuel: ---'---

Backup Fuel:----
Furnace Heat Input Rate (of): Btu/hr ---r------
Combustion Air Blower Capacity (VFRf): cfm 

Flux Description: -------.----
Flux Process Information: (Wf): lb/load, cfm --- ----
·Alloy Description:-------
Alloy Process Information (Wa): ___ lb/load 

Baghouse Efficiency (EFFB): ____ % 

Baghouse Filter Area (At,): rt2 
Bagbouse Supply Duct Dia.: ____ in. 
Exhaust Blower Flow Rate (VFRe): ____ cfm 

Afterburner Fuel:------:--
Afterburner Heat Input Rate (Qa): ______ Btu/hr 

Afterburner Combustion Chamber Volume: ______ rt3 
Combustion Emission Factors for the Furnace: 

Reactive Organic Gas (EF'RoG): 

Oxides of Nitrogen (EF'NOx): 

lb/106 Btu ----
___ lb/106 Btu 

Oxides of Sulfur (EFsOx): ---- lb/106 Btu 

Carbon Monoxide (EF co) : ____ lb/106 Btu 

Particulate Matter (EFpM) : ---- lb/106 Btu 

Combustion Emission Factors for the Afterburner: 

Reactive Organic Gas (EF'RoG): 

Oxides of Nitrogen (EF"NOx): 

lb/106 Btu ----
____ Ib/106 Btu 

Sour~:e 

Applicant 
• 
n 

• 

" 
" 
" 
" 
" 
" 

" 
" 
• 

" 
" 
n 

• 

" 

• 

• 
Revision: 0 Date: 8/18/89 
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Oxides of Sulfur (EF"sox): lb/106 Btu 
Carbon Monoxide (EF"co) : lb/106 Btu 

Particulate Matter (EF"pM) : lb/106 Btu 
Melting Particulate Matter Emission Factor(EFM): lb/ton 
Alloying Particulate Matter Emission Factor(EFA): lb/ton 

Fluxing Particulate Matter Emission Factor(EFF): lb/ton 

Reg XIII On-Site Offset Factor For Maximum Daily Emissions: 1.1 

CALCULATIONS: 

1. 

2. 

3. 

Process Weight (PW) = wa + wf + wm = __ lb/load 

('-__ lb/load)/(2000 ton/lb)('--- hr/load) = __ ton/hr 

' Uncontrolled Furnace Combustion Emissions (R 1). 
Uncontrolled combustion emissions of ROG, NOx, SOX' CO and PM must be multiplied by 
the appropriate operating time factor (T a or T m> to determine actual and maximum, 
hourly and daily emissions. 

R'1 = EF' x of = lb/hr (x Ta or Tm) = lbfday 

where: R'1 = The particular uncontrolled furnace combustion emissions, lb/hr. 

= The corresponding furnace combustion emission factor, lb 

PM/106 Btu. 

EF 

of = Furnace heat input rate, Btu/hr. 

Ta or Tm = Time of operation, hr/day (actual and max). 

" Uncontrolled Afterburner Combustion Emissions (Rd). 
Uncontrolled combustion eJirlssions of ROG, NOX' S x• CO and PM must be multiplied by 
the appropriate operating time factor (T a or T m> to determine actual and maximum, 
hourly and daily emissions. . 

R" 1 = EF' X oa = lb/hr (x Ta or Tm) = lb/day 

where: R"1 = The particular uncontrolled afterburner combustion emissions, 

lb/hr. 
EF" = The corresponding afterburner combustion emission factor, lb 

PM/106 Btu. 
oa = Afterburner heat input rate, Btu/hr. 
Ta or Tm = Time of operation, hr/day (actual and max) . 

Revision: 0 Date: 8/18/89 
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4. Uncontrolled Melting, Alloying and Fluxing Particulate Matter Emissions (RM,A,F l,PM). 

RMlPM = EFM x PW = lb/hr (x TaorTm) = lb/day 
• 

R·\,PM = EFA x PW = lb/hr (x T a or T m) = lbfday 

RFlPM = EFF x PW = lb/hr (x TaorTm) = lb/day 
• 

where: RM1 PM = Uncontrolled melting particulate matter emissions. 
A' R 1 PM = Uncontrolled alloying particulate matter emissions. 
F' R lfM = Uncontrolled fluxing particulate matter emissions. 

EF = Melting emission factor, lb/ton. 

EFA = Alloying emission factor, lb/ton. 

EFF = Fluxing emission factor,lb/ton. 

PW = Process weight, ton/hr. 

Ta or Tm = Time of operation, hr/day (actual and max). 

5. Controlled Emissions (R2). 
The emissions from a sweating type aluminum melting reverberatory furnace must be 
vented in such a manner that melting, alloying, and fluxing emissions are vented to an • 
afterburner and a baghouse. Therefore the controlled emissions must be calculated after 

6. 

the exhaust stream passes through the afterburner and baghouse. 

Controlled Particulate Matter Emissions (R2 PM>· 
The total controlled particulate matter emisSions (R2 pM), and the controlled particulate 
matter emissions due to combustion only (R'z, PM) must be calculated. 

Rz, PM = (((R'1, PM +RM1, PM +RA1, PM +RF 1, PM) x (1- EFF A))+ R'\, PM 

x (1- EFFB) (x 1.1 for NSR lb/day) 

R'z,PM = ((R't,PMx(1-EFFA>)+R"1,pM)x(1-EFFB) = lb/hr 

where: R2 PM 
• 

R'z PM • 
EFFB 

EFFA 

= Controlled total particulate matter emissions, lb/hr. 

= Controlled combustion particulate matter emissions, lb/hr. 

= Baghouse collection efficiency (expressed as a decimal). 

= Afterburner destniction efficiency (expressed as a decimal). 

7. Controlled Reactive Organic Gas Emissions (Rz, ROG) 

Rz, ROG = (R\, ROG x (1 - EFF A)) + R"t, ROG = lb/hr 

• 
Revision: 0 Date: 8/18/89 
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8. Controlled NOx, SOx, and CO Emissions (Rz,NOx,SOx,CO). 

Rz,NOx = R'1,NOx + R"1,NOx = lb/hr 

Rz,sox 
Rz,co 

= R'1,SOx + R''t,sox = lb/hr 

= R'1,co + R''t,co = lb/hr 

Controlled Emissions (Rz) 

ROG 
NOX 

~<a 
PM 

Actual 
J!2Lbr 

Maximum Maximum 
J!2Lbr lb/day 

9. Exhaust Gas Total Particulate Matter Concentration (CpM). 

Rz,PM (lb/hr) x 7,000 (grains/lb) 
CpM = ----,---------- = __ grains/dscf 

VFR (ft3 /min) x 60 (min/hr) 

NSR 
lb/day 

• 10. Carbon Monoxide Concentration (Ceo>· 

• 

Rz,co (Ib/hr) 
Ceo = 

VFR ctt3 /min) x c 4.43 x 10-6> 

= __ ppm 

11. Sulfur Oxide Concentration (Csox>· 

Rz,sox (lb/hr) 
Csox = ----,------__,,_...... = __ ppm · 

VFR (ft3 /min) X (10.1 X 10-6) 

12. Combustion Particulate Matter Concentration (Cc,pM)· 

Cc,PM = 
R'z,PM (lb/hr) x 7000 (grains/dscf) 

= __ grains/dscf 

VFR (tt3 /min) x 60 (min/hr) 

13. Baghouse Air-to-Cloth Ratio (A/C). 

A/C = VFRe/Ab = CFM/ ___ ft2 = __ ft/min 

Revision: 0 Date: 8/18/89 
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where: VFRe = Volumetric flow rate through the baghouse. 

Ab = Actual area of the filter bags. 

14. Duct Velocity (V d). 

15. 

Ad = o2/183 = ___ in2/183 = ___ ft2 

Vd = VFR/Ad = CFM/ ft2 = ___ ft/min 

where: Ad 
D 
VFR 

= Area of the duct. 

= Diameter of the duct (in inches). 

= Volumetric flow rate through the baghouse. 

Afterburner Retention Time (Tr)· 

V c (n3) x 60 (sec/min) 
----.,-------- = ___ seconds 
VFRf (scfm) + VFRa (scfm) 

= 

Qa (Btu/hr) X 13.53 X 1860 °R 
---------=-------=-'---scfm VFRa = 

where: 

60 (min/hr) X 1,100 (Btu/n3) x 520 °R 

Tr 

Vc 
VFRf 

VFRa 

1,100 

13.53 

= 
= 
= 

= 

= 

= 

The retention time of the afterburner, seconds. 

Volume of the afterburner combustion chamber, ft3. 

Volumetric flow rate from the furnace, scfm. 

Volumetric flow rate due to the afterburner combustion, scfm. 

Gross heating value for natural gas at standard conditions, Btu/ft3. 

The products of combustion for natural gas with 20% excess air, 

f~ ;n3 natural gas. 

1860 = The afterburner combustion temperature, 0 R 

520 = Standard temperature, 0 R 

16. Afterburner Heat Required (Q'). 

Q' = (h2 - h1) x VFRf x 60 min/hr = ___ Btu/hr 

• 

• 

• 
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where: 0' 

h2 
h1 

= 

= 
= 

The heat required of the afterburner to raise the temperature of the 
gasses to 1400 °F, Btu/hr. 

The enthalpy of the air as it enters the afterburner, Btu/ft3. 
The enthalpy of air at 1400 °F, Btu/f~. 

17. Afterburner Heat Available (Oavailab!e>· 

oa (Btu/hr) X 615.4 (Btu/f~) 
Oavaiable = 

1,100 (Btu/~) 
= ___ Btu/hr 

where: Oavailable 
615.4 

= The heat available from the afterburner combustion, Btu/hr. 

= The heat available from the combustion of natural gas at 

1400 °F with 20% excess air. 

RULES EVALUATION: 

RULE212 

RULE401 

RULE402 

RULE404 

RULE405 

RULE407 

RULE409 

REG XIII 

Revision: 0 

SCAQMD 

Public notice is (is not) required. 

This equipment is (is not) vented to a baghouse. · Compliance with Rule 401 is 
(is not) expected. . · 

The location of the equipment will be in an industrial/ commercial area. 
Calculations show low (excessive) particulate emissions to the atmosphere. 
Compliance with Rule 402 is (is not) expected. 

For an exhaust flow rate of dscfm, the rule allows a maximum 
particulate matter concentr"""'au""'oc=n-:o"'"f- grains/ dscf. Calculations indicate a 
particulate matter concentration of grains/dscf. Compliance with Rule 
404 is (is not) expected. 

For a process weight of lb/hr, the rule allows a maximum solid 
particulate matter emissiOn rate of lb/hr. Calculations indicate a 
maximum emission rate of lb/hi. Compliance with Rule 405 is (is not) 
expected. --

The rule allows a CO concentration of 2,000 ppm and a SOx. concentration of 
500 ppm in the air vented to the atmosphere. Calculations snow a CO 
concentration of ppm, and an SOx concentration of ppm. 
Compliance with this ru1e 407 is (is not) expected. 

The rule allows a combustion particulate matter emission concentration of 0.1 
grains/dscf. Calculations show a concentration of grains/dscf. 
Compliance with Rule 409 is (is not) expected. 

As shown by the following Emission Threshold/New Source Sheet Table, this 
facility will (will not) operate in compliance with Regulation XIII: 

Date: 8/18/89 
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BACT 

Facility Emissions 
Since 10-8-76 

A/N 

A/N 

· Net Emission 
Increase Since 10-8-76 

NSR Emissions in Pounds Per Day 
ROG NOx SOz CO PM 

· · Best Available Control Technology (BACI) for this tn>e of aluminum melting 
reverberatory furnace is as follows: (This information IS listed in the South 
Coast Air Quality Mcafement District's BACT Guideline, some 
determinations of BA will require cost effectiveness analysis as described in 
the guideline). 

ROG 
NOX 

~<&x 
PM 

EQUIPMENT DESIGN COMPLIANCE: 

AIR/CLOTH RATIO : Actual air to Cloth ratio (A/C) = ft/min. Allowed air to 
cloth ratio= 05-9.0 ft/min. Comphance 1S (is not) expected. 

DUCT VELOCITY Actual duct velocity (Vd) = ft/min. Allowed duct 
velocity = 2000- 5000 ft/min. Compliance is (is not) expected. 

• 
AFI'ERBURNER RETENTION TIME Calculated retention time (T ) = sec. 

Allowed retention time is~ 0.3 seconds. 
Compliance is (is not) expected. 

AFI'ERBURNER COMB. CHAMB. TEMP. 

CONCLUSIONS/RECOMMENDATIONS: 

Heat available (Q~vailable) = Btu/hr. 
Heat required (O'J = Btu/hr. 
Allowed is Oavailable > 0'. Compliance is (is 
not) expectea. 

This equipment is (is not) expected to comply with all applicable District Rules and Regulations. 
ThefollOMringisrecommended: 

( ) Issue a Permit to Construct/Operate with the following conditions: 

• 
Revision: 0 Date: 8/18/89 
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""'A"-PwPL..,.IC""A"'-T.!..!I...,O...,Nw.N...,O"'". _________ (basic) 

CONDITIONS: 

1. METAL CONTAMINATED WITH RUBBER, PLASTIC, PAPER, RAGS, OIL, 
GREASE, OR SIMILAR SMOKE PRODUCING MATERIALS MUST NOT BE 
CHARGED INTO THIS FURNACE. 

2. THIS FURNACE MUST NOT BE OPERATED UNLESS IT IS VENTED ONLY TO 
AIR POLLUTION CONTROL EQUIPMENT WinCH IS IN FULL USE AND HAS 
BEEN ISSUED A PERMIT TO CONSTRUCT (OPERATE) BY 1HE EXECUTIVE 
OFFICER. 

3. THE AMOUNT OF ALUMINUM PROcESSED IN THIS FURNACE MUST NOT 
EXCEED POUNDS PER DAY. 

4. THE OPERATOR SHALL KEEP ADEQUATE DAILY RECORDS TO VERIFY THE 
TOTAL AMOUNT OF ALUMINUM PROCESSED BY THIS EQUIPMENT IN 
POUNDS AND 1HE AMOUNT OF FUEL CONSUMED IN STANDARD CUBIC 
FEET (GALLONS). SUCH RECORDS SHALL BE RETAINED FOR A PERIOD OF 
AT LEAST TWO YEARS AND BE MADE AVAILABLE TO DISTRICT PERSONNEL 
UPON REQUEST . 

• 5. THE AMOUNT OF FUEL CONSUMED BY THIS FURNACE MUST NOT EXCEED 
___ STANDARD CUBIC FEET (GALLONS) PER DAY. 

• 

6. FLUORIDES, CHLORINE OR ALUMINUM CHLORIDE MUST NOT BE USED IN 
THIS FURNACE. 

7. FLUXING OR REFINING MUST NOT BE CONDUCTED IN THIS FURNACE · 
UNLESS IT IS VENTED ONLY TO AIR POLLUTION CONTROL EQUIPMENT 
WinCH IS IN FULL USE AND HAS BEEN ISSUED A PERMIT TO CONSTRUCT 
(OPERATE) BY THE EXECUTIVE OFFICER. 

8. THE RATE OF CHLORINE (GAS) USE MUST NOT EXCEED ___ POUNDS 
(CUBIC FEET) PER MINUTE. 

NOT MORE THAN ___ POUNDS OF FLUX PER HOUR MAY BE USED IN 
THIS FURNACE. 

9. 

APPLICATION NO. (control) 

CONDITIONS: 

1. A TEMPERATURE OF NOT LESS THAN 1400 °F MUST BE MAINTAINED IN THE 
AFTERBURNER WHEN THE EQUIPMENT IT SERVES IS IN OPERATION. 

2. THIS EQUIPMENT MUST NOT BE OPERATED UNLESS IT IS VENTED TO AIR 
POLLUTION CONTROL EQUIPMENT WHICH IS IN FULL USE AND HAS BEEN 
ISSUED A PERMIT TO CONSTRUCT (OPERATE) BY THE EXECUTIVE 
OFFICER. 

Revision: 0 Date: 8/18/89 
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3. A MECHANICAL GAUGE MUST BE INSTALLED MAINTAINED SO AS TO 
INDICATE, IN INCHES WATER COLUMN, THE STATIC PRESSURE 
DIFFERENTIAL ACROSS THE BAGS. 

4. DUSTS COLLECTED IN THE BAGHOUSE MUST BE DISCHARGED ONLY INTO 
CLOSED CONTAINERS. 

OR 

( ) . Deny the Permit to Construct/Operate. 

It is my opinion that the operation of this equipment will be in violation of Rule(s) __ _ 
of the Rules and Regulations of the South Coast Air Quality Management District. 

•• 

• 
Revision: 0 Date: 8/18/89 
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SECTIONU: BOILERS·" 

U.l General Description 1 

A boiler is basically a steel or :~t~QIJ. presspr~ vessel designed to transfer heat 

from the combustion of fuel to ,MJlltcr ~nt~4 wi\W,n the, boiler to produce hot 

water, or steam. The principal ®Illl'onents qf . .a boiler are a burner, a firebox, a 

heat exchanger, and a means of ~ting and llif~Ycting gas flow through the unit. 

Boilers are classified according ~o ~ operatiP.& pres~~· fuel burned, heat transfer 

media (tube contents), and ener~ OlflP~ "flletse classif!cations are listed below: 1 

- lowpressure 

- power 

- watertube 

- jiretube 

steam bctUecs.-for .operatinB pres:;ure ~ 15 psi, and hot 

water boilers for operatipg pi;_essure ~ 160 psi and 

operating~tJ!.ture ~ 250 Of'; 

boilers :3\'ith -operating; conditions exceeding those 

specifiedifor the low pressure boilers; 

tubes contain water or steam - hot products of 

combus1JQn .. p8ss outside of the tubes; 

hot pro_ducts of combustion pass through tubes 

surro~ded by water. 

The Environmental Protection Agency{EPA) classifies boilers as follows: 2 

- commercial 
- industrial 

- utility 

SCAQMD 

gross,lloat output ofl0.5- 10 MMBTU/hr; 

gross:b_oat output ofUO- 100 MMBTU/hr; 

gross.;~at old.tput > 100 MMBTU/hr. 

U-1 Boilers 
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It is common for boilers and burners to be manufactured by different companies. A 

boiler completely assembled with fuel-burning equipment, mechanical-draft 

equipment, automactic controls and accessories is called a packaged boiler. Figure 

12-1 is an illustration of a packaged firetube boiler. The field-erected boiler is 

larger than packaged boiler and is erected from the ground up at their point of use. 

This section of the handbook will give a general discussion only about industrial 

boilers which include natural gas and liquid fuel fired packaged boilers, the gas and 

oil fuel burner, and some of the most common NOx reduction technique for 

commercial/industrial/institutional boilers. 

-· "~:.~· 
-· ~- t. ... ~··· ~ 

FIGmm 12-111 PACKAGED BOILER 

' { 
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Firetube boilers, also called portable boilers, are used for producing industrial 

process steam. Firetube boilers are primarily used where steam demands are 

relatively small and operating pressures are relatively low. Firetube boilers are 

produced in sizes up to 15,000 lb steam per hour (nominal 100 percent rating). Low 

pressure firetube boilers are restricted to 15 psi steam pressure or 160 psi hot water 
pressure, and the power boiler to about 250 psi steam pressure. 1 

The advantages of firetube boilers compared to watertube boilers are: 1• 3 

low capital and maintenance cost; 

high efficiencies (80% or higher); 

ability to dampen wide and sudden load fluctuations with only slight pressure 

change because of the large volume of water stored in the shell; and 

simple installation. 
.. 

The disadvantages of firetube boilers compared to watertube boilers are: 1, 3 

more time is required to arrive at operating pressure from a cold start 

because of the large volume of water stored in the shell; and 

limited ability to handle overfiring. 

There are many different types of firetube boilers. Firetube boilers can have a 

firebox that is water jacketed (e.g. Scotch, locomotive, short firebox, compact, and 

vertical tubular), or a firebox that is brick-set or steel jacketed (e.g; horizontal 

return tubular). 

The Scotch boiler, the most common type, is designed primarily for marine service as 
a power boiler. If the rear combustion chamber is refractory lined, the boiler is said 

to be a dry-back. A water-jacketed combustion chamber is referred to as a wet-back. 
If the back is refractory lined but the top is water-jacketed, it is a wet-top. Figure 

12-2. shows the gas and water circulation in the Scotch boiler. 1 

SCAQMD 12-3 Boilers 
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FIGURE 12-2 1 

(A) GAS FLOW IN SCOTCH BOILER TYPES 
(B) WATER CIRCULATION IN SCOTCH BOILER 

\ 
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The locomotive boiler is an adaptation and modification of the boiler used in the 

railroad locomotives. This boiler is a portable firebox type and rarely used for 

heating purposes. It consists of a water-jacketed firebox and a tube shell where the 

flame and hot gases are emerged before being released to the atmosphere. Figure 

12-3 shows the gas and water circulation in the locomotive boiler. 1 

The short firebox boiler is commonly used for heating purpose. It is a horizontal, 

two-pass firetube boiler. The first pass is shorter than the second pass and is located 

on the side of the firebox to form the rear for the boiler. The extended portion of 

the second pass sits on top of the firebox. As the fuel is burned in the front portion, 

products of combustion immediately enter at the front of the first pass, travel to the 

end, reverse direction, and travel to the second pass before discharging to the 

atmosphere. Figure 12-4 shows the gas and water circulation in the short firebox 

boiler. 1 

The compact boiler is the most popular boiler for larger residences and commercial 

or institutional installations. It is a three-pass boiler. Figure 12-5 shows the gas and 

water circulation in this boiler. 1 

The vertical boiler is referred as a power boiler or a residential hot water boiler 

which is widely used as a mobile steam power source. The boiler consists of a 

vertical cylindrical shell having basically three designs: the straight type, the tapered 

course type, and the Manning type, as shown in Figure 12-6. 1 -

The horizontal return tubular boiler (HRT) has been popular for industrial process 

steam applications in small industrial plants. Many HRT boilers are still used for 

heating large buildings and factory process steam production; however, they are 

being replaced by other types requiring less installation cost. The HRT boiler 

consists of a cylindrical shell with flat end closures, in which a large number of 3-4 

inch firetubes are supported. The firebox is located directly below the front end of 

the shell. The boiler is suspended above an external brickset furnace, hung from 

suspension rods or bracketed by furnace sidewalls. Occasionally, the furnace is steel 

encased. Figure 12-7 shows the ga$ and water recirculation in the HRT boiler. 1 
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(A) 
(B) 

FIGURE 12-3 l 
(A) GAS FLOW IN LOCOMOTIVE TYPE BOILER 
(B) WATER CIRCULATION IN LOCOMOTIVE TYPE BOILER 

(A) (B) 

FIGUREU-4 l 
(A) GAS FLOW IN SHORT FIREBOX BOILER 
(B) WATER CIRCULATION IN SHORT FIREBOX BOILER 
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(A) GAS FLOW IN COMPACT BOILER 
(B) WA1ER CIRCULATION IN COMPACT BOILER 
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VERTICAL BOILER TYPES 1 
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. STAGGERED TUBE ARRANGEMENT 

FIGURE 12-7 
(A) 
(B) 

(B) 

HORIZONTAL RETURN TUBULAR BOILER 1 
GAS FLOW 
WATER CIRCULATION FLOW 
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Watertube boilers are primarily used where steam demands and operating pressures 

are relatively high. Watertube boilers are almost exclusively used for pressures 

above 150 psi and capacities over 15,000 lb steam per hour. However, some 

watertube boilers can be operated at a pressure as low as 15 psi. 1 

The watertube boiler is composed mainly of drums and tubes. The tubes are always 

external to the drums and serve to interconnect them. The surface area of the tubes 

serves as the heating surface. The drums are used to store water and steam. Since 

the drums are not used as a heating surfac~, their diameter can be much smaller 

than the tubes diameter. However, the drums are thicker to resist higher pressures. 

Depending on the arrangement of the tubes and drums, watertube boilers are 

classified as A. D, or 0 type, as shown in Figure 12-8. 1•4 Other boiler 

configurations include bent-tube, inclined-tube (Ajax) boilers and vertical, coiled

tube (Clayton) boilers. 

FIGURE U-S 

SCAQMD 

CIRCULATION IN WATER TUBE BOILER 1 
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The burner is where the fuel and the combustion air are introduced, mixed, and 

then combusted. Good burners often meet the following standards:3 

Appropriate fuel and air feeding rates, to meet the demand on the boiler; 

A high combustion efficiency, to minimize the unburned products and excess 

air in the exhaust; 

A large operating range (or load range). (The boiler load range is the ratio 

of full load to minimum load at which the burner is capable of reliable 

operation. For example, for a boiler of 100,000 lb/hr steam output capacity, 

a load range of 4 to 1 means that the unit can be operated from 100,000 lb/hr 

down to 25,000 lb/hr without changing the number of burners in operation); 

and 
A low installation cost, to meet all safety standards under all types of 

operating conditions including starting, stopping, load change, and variation 

in the fuel. 

There are three major different types of gas burners: premix, partial premix, and 

postmix burners. 

Premix bumer (Figure 12-9) blends combustion air and fuel before delivery to the 

burner head. No additional air is required later on for proper combustion. · 

Partial premix bumer (Figure 12-10) blends a portion of primary combustion air and 

fuel before ignition. Combustion is completed at the burner tip as additional air, 

secondary combustion air, reacts with the burning mixture. 

Postmix bumer does not blend combustion air with fuel before ignition. The fuel is 

introduced in a pattern to provide adequate mixing with oxygen. The most 

frequently used postmix burners are the circular type burners. Circular type burners 

introduce fuel to the center of the burner and air tangentially to the fuel stream 

from the air register. The direction and velocity of the air stream provide the 

turbulence necessary to completely mix the combustion air and fuel to produce 

short, compact flames. 

SCAQMD 12-11 Boilers 
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Primary air, 40% (inspirated) 
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FIGURE 12·10 P,ARTIAL PREMIX-TYPE GAS BURNER 11 
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Figure 12-11 shows a dual air register burner for firing oil or pulverized coal. The 

circular type dual register burner was developed to reduce thermal NOx emissions 

based on the concept of staged combustion. A multifuel fired burner with variable

mix multispud gas elements is capable of changing from one fuel to another without 

a drop in load or boiler pressure. Simultaneous firing of natural gas and oil in the 

same burner is acceptable with variable mix multispud type gas elements. 3 

FIGURE ll-11 CIRCULAR TYPE DUAL REGISTER BURNER SHOWING 
LOCATION OR BURNER COMPONENTS 3 

Unlike gas, oil has to be atomized. There are many ways .of atomizing fuel .oil, but 
•· 

the two most common methods are steam or compressed ajr atomizers and 

mechanical atomizers. 

Steam or compressed air atomizers, shown in Figure 12-12, are the most widely used. 

In general, they operate on the principle of producing a steam-fuel (or air-fuel) 

emulsion which, when released into the combustion chamber, atomizes the oil 

through the rapid expansion of the steam or compressed air. 

Mechanical atomizers utilize the pressure of the fuel itself as the means for 
' atomization. The fuel oil is given a strong whirling action before it is released 

through the orifice. Figure 12-13 shows a mechanical return-flow oil atomizer in 

which some of the whirling oil flows through the orifice while excess oil is drawn off 

through the central oil return line. Refer to Reference 1 and 3 for more details. 
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Fuel Barrel 
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Srum or "" lnle1 

STEAM OR AIR OIL ATOMIZER ASSEMBLY 3 

i 

! 

...---lMIDIOi> Fuel Barrel 
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,-Fletu'm Fuel S.rrel rR1ogulolling Rod 

0 

SDra''" ,_ ___ _; 

MECHANICAL RETURN-FLOW OIL ATOMIZER 
ASSEMBLYr · 
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Combustion air is generally delivered to the burners by fans. When a fan is used, 

the boiler is called a forced draft boiler, otherwise, it is called an atmospheric boiler. 

It is necessary to supply more than the theoretical air quantity, usually 5 - 20% by 

weight, to assure complete combustion of the fuel. A fan offers a way to control this 

amount of excess air, therefore a forced draft boiler provides greater flexibility and 

often better combustion than an atmospheric boiler. 3 

12.1.4 

12.1.4.1 

Nitrogen Oxides Reduction Techniques 

Fundamentals Of Combustion In Boilers and Mechanism of NOx 

Formation 

A boiler requires a source of heat at a sufficient temperature to produce steam. 

Combustion in the boiler is a rapid chemical combination of oxygen with the 

combustible elements of a fuel to ideally form carbon dioxide and water. These 

combustion reactions are exothermic and the heat released is used to heat the feed 

water to form steam. Combustion air is the usual source of oxygen for a boiler. The 

typical heat of combustion for natural gas, and fuel oils are listed in Table 12-1. The 

heat content of fuel oil can also be estimated from Figure 12-14. 

Not all of the energy in the fuel is converted to heat because of incomplete 

combustion products such as unburned carbon and carbon monoxide. It is practical 

to use more than the theoretical air requirements to assure sufficient oxygen for 

complete combustion. However, the excess air not used in the combustion of the 

fuel leaves the boiler at the stack exhaust temperature. The additional heat 

required to heat excess air from room temperature to stack temperature serves no 

purpose and is called stack loss. Therefore, it is necessary to keep the excess air at a 

minimum in order to reduce stack loss. Stack loss is sometimes reduced in large 

boilers by using an air preheater to transfer heat from the flue gas to the combustion 

air . 
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TABLE 12-1 

.. 
Fuel Type 

Natural gas 
Propane 
Butane 
Naphtha 
Kerosene 
Heating oil 
No. 1 fuel oil 

· No. 2 fuel oil 
No. 4 fuel oil 
No. S fuel oil 
No. 6 iuel oil 
Bituminous eoal 
Sub-bituminous eoal 
Lignite, brown eoal 
Coke 

a. Reference 4 
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Revision: 
Date: 
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TYPICAL HEATING VALUE OF VARIOUS FUELS a 

Analysis, % by weight Heating Value 

c H s Ash Btu/lb Btu/gal 

75 2S 
82 18 19,854 
83 17 19,620 
85 15 0.03 19,152 
86 13.7 0.07 18,558 
86 13.2. 0.3 18,378 

137,400 
139,600 

87 12.5 0.7 0.02 145,100 
148,800 

87 12 1.0 0.03 152,-WO 
11,500-14,000 
9,500-1L500 
6,300-8,300 

• 

Btu/~ 

950-l,L<( 

• 

Note: Natural gas, propane and butane have higher hydrogen contents per unit of weight than liquid or solid fuels, which 
results in higher heating values. But when equal volumes of gas and oil arc burned, the fuel oil gives up more beat because fuel 
oil contains more hydrocarbons per unit volume (higher specific gravity) than the gas.. Also, notice that the heating value of 
petroleum products is about 19,000/lb. 

• 
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FIGUREU-14 SPECIFIC GRAVI1Y OF FUEL OIL VERSUS. HEAT 
CONTENT 4 
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Nitrogen oxides are generated in the combustion processes by two routes: 

- thermal NOx is formed by the reaction of nitrogen and oxygen in the 

combustion air at elevated temperature; and 

- fuel NOx is formed by the reaction of chemically bound nitrogen in the fuel 

and the oxygen in the combustion air. Fuel bound nitrogen is mostly found in 

oil and coal. In natural gas, fuel NOx is considered negligible. 

Nitric oxide (NO) and nitrogen dioxide (NOz) are the two forms of nitrogen oxides 

generated by the combustion process in the boiler. Nitric oxide and nitrogen 

dioxide are formed by two overall reactions: 

Nz 
NO 

+ 
+ 

Oz 
11202 

= 
= 

2NO 

NOz 

(Equation 12-1) 

(Equation 12-2) 

The equilibrium constant of reaction shown in Equation 12-1 increases with 

increasing temperature, and the equilibrium constant of reaction in Equation 12-2 

decreases with increasing temperature. Therefore, thermodynamically, NO 

formation is favored at conventional combustion temperatures ( > 1500 °K or 2250 
oF). 

In addition to temperature dependence, NO formation depends on time and the 

amount of available excess air. Although the stoichiometric air-fuel ratio essentially 

leads to the maximum possible combustion temperature, Figure 12-15 shows that 

the maximum equilibrium NO concentration occurs at the percentage of 

stoichiometric air somewhat higher than 100 percent. 5, 6 Figure 12-16 shows the 

importance of residence time in the combustion zone. A fraction of a second in 

residence time can increase NOx concentration. 6 

NO in the flue gas is thermodynamically unstable as it enters the environment and 

its temperature drops. NO is slowly decomposed into Nz and o2, or oxidized to 

NOz. The decomposition of NO into N2 and o2 is limited by the high activation 

energy of the reaction. Thus, NO formed at high temperatures preferentially forms 

NOz at lower temperatures, rather than decomposing into N2 or 0 2. 
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KINETIC NITRIC OXIDE (NO) FORMATION FOR 
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The reactions involved in the formation of NOx from fuel nitrogen are not clearly 
known. However, variables such as time, oxygen concentration in the exhaust gas 

stream, and nitrogen content of the fuel are still the major factors which control the 

fuel NOx formation. 

The art of NOx control can be classified into two major categories: 

- physical modification of the boiler to control the peak combustion 
temperature or to control the amount of excess air, e.g. flue gas recirculation, 
and staged combustion; and 

- chemical treatment of the flue gas, or the fuel used, e.g. selective catalytic 
reduction, selective non catalytic reduction, non selective catalytic reduction, 

and chemical/water injection. 

12.1.4.2 Flue Gas Recirculation 

Flue gas recirculation, a NOx reduction method for a forced draft boiler, involves 
recycling a portion of the low oxygen combustion products from the stack to the 
windbox. The recirculated gases act as a thermal sink to reduce the overall 

combustion temperature. Other effects on NOx may result from increased flame 
turbulence due to higher mass flow through the burner, lowered oxygen 

concentration in the incoming air, and alteration of the flame shape and the heat 

release characteristics. Flue gas recirculation can reduce thermal NOx emissions by 

as much as 70% depending on the method of introduction of the recirculated flue 
gases and the amount of flue gas recirculation. Flue gas recirculation has a little if 

any affect on the formation of fuei NOx. 9 Figure 12-17 shows how thermal NOx 

emission reductions vary with the amount of flue gas recirculation. 11 

There are many ways of introducing the recirculated flue gases; however, care must 
be taken to avoid operational limitations and problems. If the flue gases are 
brought into the suction side of the existing forced draft fan, the amount of 
recirculated flue gases will be limited by the fan capacity. Also, other problems, 
such as condensation, corrosion and a highly variable supply of the combustion air 
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can occur and reduce the capacity of the unit. To reduce these problems, Cleaver 

Brooks, a packaged boiler distributor, uses a separate blower to introduce the 

recirculated flue gases downstream of the burner and in a symmetrical arrangement 

wrapping around the flame. 9 

The amount of flue gas recirculation is also important since unstable combustion 

can occur at too high or too low recirculation rates. Cleaver Brooks recommends 

limiting natural gas combustion recirculation rate to 20% and fuel oil combustion 

recirculation rate to 10-12% at high fire. 9 

12.1.4.3 Staged Combustion 

Staged combustion can achieve lower NOx emissions by dividing the combustion 

process into a number of stages in which the air/fuel ratio is varied to create 

conditions to reduce NOx formation. There are two types of staged combustion: 

staged air combustion and staged fuel combustion. 9 

Staged air combustion seeks to control the formation of NOx by staging the total 

amount of air required for c_ombustion. A portion of the air is used to form a fuel

_r~rimllry-cornbustion ~ne in which all of the fuel is partially burned. Some heat 

from this incomplete combustion is transferred to the boiler tubes prior to the 

completion of combustion. Combustion is completed with the injection of the 

remainder of the combustion air in a secondary burnout zone downstream of the 

fuel-rich primary zone. Because some heat is transferred prior to the completion of 

co_mbustion, peak combustion temperatures are lower with staged air combustion 

than with conventional combustion. Lower peak temperature reduces thermal NOx 

fo,rmation. 11 Staged air combustion can be achieved by low-NOx burners, over-fire 

air ports, staged air lances, and for multiple burners, burners out of service or off

stoichiometric combustion. 

~~d fuel combustion seeks to control the formation of NOx by staging the 

amount of fuel required for combustion. In the primary combustion zone, the 
burners a~;~p~rated Withoruy a portion of th-e f~~l; ho~~ver,. all. ~f the. ,;required" . 

combusti(;;; ai-;: is ~dded ~tthis time .. Sine~ there is a high -level of excess air, the · 

peak combustion temperature is lowered and the NOx for~ation is reduced. In the 
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secondary combustion zone, the· additional fuel is injected at high pressure and 

velocity to the combustion products from the primary zone. The entrained 

combustion products stimulate flue gas recirculation, further reduce the combustion 

temperature and reduce the partial pressure of oxygen in the secondary combustion 

zone to a level lower than would normally be encountered. This situation retards 

the formation of NOx because of the decreased availability cf oxygen. 9 

Staged fuel burners generally result in higher NOx reductions than staged air 

burners. The majority of staged fuel burners are designed for firing with gas only; 

however, John Zink has designed an oil firing burner that utilizes both the staged air 

and staged fuel principles. 9 

12.1.4.4 Low Excess Air (LEA) Firing 

The amount of NOx formation is effected by the amount of excess air in the 

• 

combustion zone. Therefore, reducing the amount of excess air during combustion • 

reduces NOx formation. The amount of NOx reduction using LEA firing only is 

very modest. 

Reducing excess oxygen in the flue gll!i by decreasing the air flow to the burner can 

lead to a rapid increase in CO, hydrocarbon, and smoke emissions. However, test 

data have shown that for both gas-fired and oil-fired boilers, as long as the excess air 

is _maintained ·-~bo~e i%,J these emissions are not increased. 7 In addition to 

reducing NOx emissions, LEA is cost effective because it increases boiler efficiency 

by reducing the amount of energy needed to heat the excess air to the: c~~ustion 
temperature. 

12.1.4.5 Reduced Air Preheat 

~_i_nclustrial boilers 11r~ op~r11t«_d with preheated combustion air to increase the 

boiJer efficiency. Unfortunat~ly, preheated comb~stion ai; resul~-ina iii!iher-flame 

temperature which can increase thermal NOx emissions by 100 to 200 percent. 

Reducing or even eliminating the amount of preheated combustion air will lower • 

the flame temperature and therefore lower the thermal NOx formed. 
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When ammonia is injected in the absence of the catalyst, to reduce nitrogen oxide, 

the process is called selective non-catalytic reduction (SNCR). The technology 

involves the injection of ammonia into the hot flue gas within the prescribed 
temperature range (1800-2000 °F). 

When ammonia is mixed with the flue gas at temperatures in the range of 1800 0p 

to 2000 °F, it reacts with NOx to form nitrogen and steam based on the following 
reactions: 

6NO + 4 NH3 = 5 N2 + 6 H20 (Equation 12.3) 

6N02 + 8NH3 = 7N2 + 12H20 (Equation 12.4) 

12.1.4.7 Selective Catalytic Reduction 

The reaction temperature described above can be significantly reduced by the use of 

a catalyst. This is the basis of the selective catalytic reduction (SCR) process. 

Ammonia, taken from the storage tank, is vaporized and, after being diluted with air 

or steam, is injected and mixed with the flue gas. The flue gas containing ammonia 

enters the reactor where it is distributed through the catalyst bed. The conventional 

SCR process is designed to treat the flue gas in the range of 600 °F · 800 °F. 
Within this temperature range, the catalyst has the optimum combination of activity 

and selectivity. An approximate equimolar ratio of ammonia to NOx is required to 

achieve 90% NOx emission reduction. 8 To recover the heat loss in the flue gas, an 

air preheater or economizer can be used. 

12.1.4.8 Non-Selective Catalytic Reduction 

When natural gas or other hydrocarbon is injected in the presence of a noble-metal 
catalyst to reduce nitrogen, carbon monoxide, and unburned hydrocarbon at the 

same time, the process is called non-selective catalytic reduction (NSCR). 
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Low NOx burners may implement one or more of the following concepts: staged air 

combustion; staged fuel combustion; internal flue gas recirculation; external flue gas 

recirculation; and ceramic radiant combustion. Figure 12-18 shows a John Zink low 

NOx burner which is a concept of staged air combustion: the primery stage is fuel

rich, air is added in the secondary stage to complete the combustion process at the 

lower temperature zone. The Coen low NOx burner is also an example of the fuel 

rich burner. Coen low NOx burners implement the concept of flue gas recirculation. 

The burner tip in the Coen low Nox burner is designed to inject fuel at an angle 

which results in self-recirculation of the combustion gas. 9 Hague Transjet 

manufactures a low-NOx burners using an internal FGR principle. 

One disadvantage of staged-air low NOx burners is that they tend to have a larger 

and longer flame compared to the conventional burner. This may result in flame 

• 

impingement. Also, since some low NOx burners are larger in size than • 

conventional burners, there may be problems in retrofitting with low NOx burners.9 

12.1.4.10 Clean Fuels 

Clean fuels such as natural gas and methanol contribute to the reduction of NOx 

formation because 1) they are free from fuel bound nitrogen, also sulfur and ash, 

and 2) they have a lower flame temperature, hence, a lower potential for producing 

thermal NOx. These clean fuels are also used in conjunction with water or steam 

injection and have been shown to reduce NOx emission levels significantly relative 

to units firing fuel oil with water or steam injection. 
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12.2 Permit Unit Description 

Generally, the permit wording for a boiler is as follows: 

..... 
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BOILER, MANUFACI'URER'S NAME, TYPE, MODEL NUMBER, SERIAL 

NUMBER, RATING IN BTU PER HOUR, TYPE OF BURNER, 

MANUFACI'URER'S NAME, MODEL NUMBER, TYPE OF LOW-NOX 

BURNER, RATING IN HP OF FLUE GAS RECIRCULATION BLOWER, AND 

A MODULATED CONTROL VALVE OR RATING IN HP OF COMBUSTION 

AIR/FLUE GAS RECIRCULATION BLOWER. 
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Air contaminants from boilers come from the combustion of fuels. These include 

oxides of nitrogen (NOx), reactive organic gases (ROG), carbon monoxide (CO), 

oxides of sulfur (SOx), and particulate matter (PM). NOx formation is a function of 

temperature and pressure during the combustion process and the nitrogen content 

of the fuel. Sulfur compounds, essentially SOz, are a function of the sulfur content 

of the fuel. The other contaminants, ROG, CO, and PM are primarily the result of 

incomplete combustion. 

12.3.1 Emission Factors 

12.3.1.1 Fuel Oils 

Fuel oils are broadly classified into two major types: distillate and residual. 

Distillate oils (grade Nos. 1 and 2) are lighter ( > 30 degrees API), more volatile, 

less viscous, have negligible ash and nitrogen contents, and usually contain less than 

0.3 weight percent sulfur as compared to residual oil (grade Nos. 4, 5, and 6). No.4 

(Ught) oil is similar to No. 1 and No. 2 oils in terms of viscosity and sulfur content 

but is heavier ( < 30 degrees API) and has higher nitrogen content. Table 12-2 lists 

the emission factors for industrial and commercial boilers divided into distillate and 

residual oil categories. 

Particulate emissions are dependent on the grade of the fuel fired. Combustion of 

lighter distillate oils result in significantly lower particulate emissions compared to 

heavier residual oils. As shown in Table 12-2, particulate emissions from boilers 

firing No. 6 oil can be described as a function of the sulfur content of the oil. 

Particulate emissions from boilers firing No. 6 oil can be reduced by reducing boiler 

load. Varying the boiler load has shown no significant particulate emission 

reductions for boilers firing any of the lighter grade oils. 

Sulfur oxides emissions are dependent on the sulfur content of oil, and are not 

effected by boiler size, burner design, or grade of fuel being fired. 
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Tt\.aLE 12-2 UNCONTROLLED EMISSION FACTORS FOR FUEL OIL COMBUSTION 
EMISSION FACTOR RATING: A a 

Particulate Sulfur Carbon Nitrog'P" Reactive Non·reactive 
Maller• Oxidesd Monoxide• Oxides Organic Gasg Organic Gasg 

Boiler Type b 
(PM) (SO,) (CO) (NOx) (ROG) (ROG) 

jj;/i~;--------..;;;~~~---------ij;/i~;~i--------ib/1~;~i---------.b,;o3;~--------ibi~~;·--

Industrial Boilers 
Residual Oil h 159S 5 55 1 0.28 
Distillate Oil 2 144S 5 20 0.0052 0.2 

Commercial Boilers 

a. 

b . 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

Residual Oil h 159S 5 ss 0.475 
Distillate Oil 2 144S s 20 0.216 

Reference 2 

Boilers can be approxima&eiy clas.<ifieg according to their gross (higher) heal rate as shown below: 
Industrial boilers: 10 x 10 to 100 x 10 ~tu/hr 
Commercial boilers: O.S x 106 to 10 x 10 Btufbr 

Particulate is defined in this section as that material collected by EPA MethodS (front half catch) 

S indicated that the weight percent of sulfur in the oil should be multiply by the value given 

1.13 
0.34 

Carbon monoxide emissions can increase by factors of 10 to 100 if the unit is improperly operated or not well 
maintained 

Test results indicate that at least 95% by weight of NOx is NO for all boiler types except residential furnaces, 
where about 75% is NO 

Reactive organic compound emissions are generally neglig.ble unless boiler is improperly operated or not well 
maintained, in which case emissions may increase by several orders of magnitude 

Particulate emission factors for residual oil combustion are, on tbe average, a function of fuel oil grade and sulfur 
content: ' 
Grade 6 oil: lO(S) + 31b/1o3 gal, where S is the weight percent of sulfur in the oil. This relationship 

is base1r.n 81 individual tests and bas a correlation coefficient of 0.65 
Grade 5 oil: 10 lb/1 gal 
Grade 4 oil: 7 lb/1 gal 

Nitrogen oxides emissions from residual oil combustion in industrial and commercial boilers are strongly related 
to fuel nitrqgen content, estima~d more accurately by the empirical relationship: · 
lb N02/1a' gal = 22 + 400(N) , where N is the weiglj.t percent of nitrogen in tbe oil. For residual oils having high 
(>O.S weight%) nitrogen content, usc 120 lb No2;ilt' gal aa an emission factor 
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Nitrogen oxides are formed by two mechanisms: oxidation of fuel bound nitrogen 

and thermal fixation ofthe nitrogen from combustion air. Residual oils have more 

fuel bound nitrogen than distillate oil; therefore fuel bound nitrogen conversion is 

the important NOx forrning mechanism in residual oil boilers. Thermal fiXation is 

the dominant NOx forming mechanism in distillate oil boilers. 

Reactive organic gases and carbon monoxide emissions are generally negligible 

unless the boiler is improperly poorly maintained. 

12.3.1.2 Natural Gas 

The primary component of natural gas is methane. Table 12-3 lists the uncontrolled 

emission factors for natural gas combustion. A negligible amount of carbon 

monoxide, hydrocarbon, and sulfur oxides are emitted from the combustion· of 

natural gas. The air contaminants of concern are nitrogen oxides. Thermal fJXation 

of the nitrogen in the combustion air is the major mechanism of formation of NOx 

when burning natural gas. 

12.3.1.3 Liquified Petroleum Gas 

Liquified petroleum gas (LPG) consists of butane, propane, or the mixture of the 

two, and trace amounts of propylene and butylene. Table 12-41ists the uncontrolled 

emission factors for LPG combustion. 

As with natural gas, NOx is the air contaminant of concern. Sulfur dioxide 

emissions are directly proportional to the amount of sulfur in the fuel. Particulate 

matter, sulfur oxides, and carbon monoxide emissions are small. Thermal NOx is 

the major NOx formation mechanism. 
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TABLE 12-3 UNCONTROLLED EMISSION FACTORS FOR NATURAL GAS 
COMBUSTION a 

Particulate Sulfur Carbon Nitrogen Reactive Non-reactive 
Matter Oxidesc Monoxided Oxidese Organic Gas Organic Gas 
(PM) (SOx) (CO) (NO,.) (ROG) (nROG) 
--·------------------------------------------------------------------------------------------------------
lb/10l>tt 3 lb/I06rt 3 lb/tol>tt 3 lb/10l>tt 3 lb/106rt 3 lb/106ft 3 

Boiler Type b 

Industrial Boilers 1-5 0.6 35 140 2.8 

Domestic and 
Commercial Boilers 1·5 0.6 20 100 5.3 

.a. Reference 2 

b. Boilers can be approxima&ely clas.•ili~ according to their gross (higher) heat rate as shown below: 
Industrial boilers: 10 x 10 to 100 x 10 BtufhJ 
Domestic and Commercial boilers: < 10 x 10 Btufhr 

c. 

d. 

e. 

Based on an average sulfur content of natural gas of 2000 gr /106 scf 

May increase 10 to 100 times with improper operation or maintenance 

Test results indicate that about 95 weight % of NO is NO • 
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TABLE 12-4 UNCONTROLLED EMISSION·FACTORS FOR LPG COMBUSTION a,b 
EMISSION RATING: C 

Particulate 
Matter 
(PM) 

Carbon 
Monoxide 

(CO) 

Reactive 
Organic Gas 
(ROG) 

Non-reactive 
Organic Gasg 

(ROG) 
Boiler Type c 

Sulfur 
Oxidesd 
(SOx) 

Nitrogen 
Oxides• 
(NOx) 

------------------------------------------------------------------------------------------------------------------------
lb/1o3gal lb/103gal lb/I03gal lb/l03gal lb/Jtilgal lb/1o3gal 

Industrial Boilers 
Butane 0.10-0.47 O.!l9S 3.3 13.2 0.26 0.28 
Propane 0.09·0.44 0.09S 3.1 12.4 0.25 0.27 

Domestic and 
Commercial Boilers 

Butane 0.10-0.47 0.09S 1.9 9.4 0.5 0.25 
Propane 0.09-0.44 0.09S 1.8 8.8 0.47 0.24 

a. Reference 3 

b. Assumes emissions (except sulfur oxides) are the same, 'on a heat input basis, as for nastural gas combustion 

c. Boilers can be approxima.\ely classifieg according to their gross (higher) heat rate as shown below: 
Industrial boilers: 10 x 10 to 100 x 10 BtufhJ 
Domestic and Commercial boilers: < 10 x 10 Btu/hr 

• 

d. Expressed as S02. S equals the sulfur content expressed in gr /100ft3. For example, if sulfur content is 0.16 gr/IOOrt3 

vapor, the S02 emission factor would be 0.09 x 0.16 or 0.014 lb of S02/t000 gal) burasne burned 

e. Expres.<ed as NOz 

• 
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In order to determine the compliance status of the boiler, the applicant will need to 

supply the following information: 

Main Fuel: 

Backup Fuel: 

Operating Schedule: 

Maximum: 

Average: 

Burner Input: 

Combustion air blower capacity: 

Average Load: 

12.4.2 Emission Calculation 

hrjday, day/week, week/year 

hr/day, day/week, week/year 

BTU/hr 

CFM 

fraction 

Emission of each air contaminant must be calculated for both the actual and 

maximum operating conditions. Actual emissions, based on the actual operating 

conditions, will be used in emission inventory. Maximum emissions, based on the 

equipment maximum design capacity and the type of fuel used (natural gas or 

backup fuel oil), will be used to determine compliance with the District's Rules and 

Regulations. 

Actual and maximum hourly {Ib/hr) emission rates must be converted into daily 

{Ib/day) emission rates by multiplying the hourly rates by the equipment daily 

operational time factor {T, hr/day). In addition, the maximum daily emissions are 

multiplied by the Regulation XIII On-Site Offset Factor (i.e. 1.1). These daily 

emissions increase are accumulated for each facility in the SCAQMD's New Source 

Review (NSR) Record. 

The emission of each air contaminant is calculated using emission factors listed in 

Table 12-2, Table 12-3, and Table 12-4. However, NOx emissions can be calculated 

more accurately by using exhaust concentration {ppm) which is either provided by 
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the manufacturer or is available from source test data. Table 12-5 lists conversion 

factors for the most commonly used emission units 13. 

Equations 12.6 and 12.7 are used to calculate the maximum emissions and actual 

emissions, respectively, by using the emissions factors. 

Rmax 

Ract 

where: 

Rmax 

Ract 
0 
H 

EF 

Tmax 

Tact 
L 

12.5 

= 

= 

= 
= 
= 
= 
= 
= 
= 
= 

(0/H)(EF)(Tmax)(l.l) 

(0/H)(L)(EF)(Tact) 

Maximum Emissions, lb/day 

Actual Emissions, lb/day 

Maximum Rated Input, BTU /hr or Gal/hr 

Heating Value of Fuel, BTU/ft3 

Emission Factor, lb/106 ft3 or lb/1o3 gal 

Maximum Operating Time, hr/day 

Actual Operating Time, hr/day 

Load Factor 

Rules Evaluation 

Rule 212 - Standards For Approving Permits 

(Equation 12.6) 

(Equation 12. 7) 

Section (e) of this Rule requires public notification of certain cases be made prior to 
issuing the permit. 

Rule 401 • Visible Emissions 

No visible emission of 20% opacity or Ringlemann No. 1 or more aggregating for 

more than three minutes in any one hour period is allowed. 

Rule 402 • Nuisance 

Emissions which cause or contribute to a nuisance are prohibited. Factors worthy of 

consideration include location (commercial/residential area), odorous materials, 
and prior complaints. 
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TABLE 12-S 

~ \ Weight 
In Fuel n 

' Weight 1 
In Fuel 

lbs 10 1000(H) 
106 Btu (A) (HV) 

grams 18 1000(H) 
106 Cal (A) (HV) 

(ppm) Vol. 1o,ooo 
Dry Basis (A) (N) 

5:rains 95.9(M) 
SCF of flue gas (A) (N) (Ta) 

Section: 
Revision: 
Date: 
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EMISSIONS UNITS CONVERSION FACTORS 13 

lbs grams (ppm) Vol. grains 
106 Btu 106 Cal Dry Basis SCF of Flue Gas 

(A) (HV) (A) (HV) (A) (N) (A) (N) (TB) 
lO,OOO(H) 18,000(H) 10,000 95.9(H) 

1 
1 (H) (N) (N) !Tal 

1.8 HV .00959(HV) 

1.8 1 
1.8 (H) (N) !Nl !!!!) 

HV ,QQSJJ(HV) 

HV HV 
1 

(TR) 
(M) (N) 1.8 (M).(H) .00959 (M) 

.00959 (HV) .00533(HV) .00959(M) 
1 

(N) (TR) (N) (Ta) (Tal .. 

Am Atoudc Weight of basic element considered; AD 14(Nitrogen), A c 32(Sulfur) 

HV • FUel higher heating value: Btullb of fuel 

M a Molecular weight of oXide e~tted from stack: M G 64(502), M c 80(503), M = 30(NO), M a 46(N02) 

N = Moles of dry flue gas per pound of fuel. Typical values are: 

N N N N HV 
Fuel 3\ 02 0\ 02 15\ 02 12\ C0

2 (btu/lb) 

Natural Gas 0.618 0.530 1.85 0.539 23,440 

Fuel Oil 0.554 0.474 1.66 0.626 19,100 

Coal 0.369 0.316 1.11 o. 481 12,280 

TR • Standard Temperature in degrees Rankine used for defining SCF of flue gas;. EPA TR • 530°R, 

COWlty APCO'a TR • 520 11 R-. 
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Limits for particulate matter concentrations in an effluent gas stream at standard 

conditions are listed in Table 404(a) of the South Coast Air Quality Management 

District's Rules and Regulations. However, boilers are exempt from this per Section 

404( c). 

Rule 407 - Liquid and Gaseous Air Contaminants 

A person shall not discharge into the atmosphere from any equipment: (1) Carbon 

monoxide (CO) in excess of 2,000 ppm by volume on a dry basis. (2) Sulfur 

compounds which would exist as a liquid or gas at standard conditions, calculated as 

sulfur dioxide (S02), in excess of 500 ppm. 

Rule 409 - Combustion Contaminants 

A person shall not discharge into the atmosphere from the burning of fuel, 

combustion particulate matter emissions in excess of 0.1 grain per cubic foot of gas 

calculated to 12 percent carbon dioxide (C02) at standard conditions. 

Rule 431.1 - Sulfur Content Of Gaseous Fuels 

Gaseous fuels containing more than 80 ppm of Hydrogen Sulfide are not allowed to 

be used in this equipment. 

Rule 431.2 - Sulfur Content Of Liquid Fuels 

The sulfur content of an diesel fuel burned must not exceed 0.05% by weight. Other 

liquid fuels are limited to 0.5% by weight. 

Rule 1146- Emissions Of Oxides Of Nitrogen From Industrial, Institutional, And 

Commercial Boilers, Steam Generators, And Process Heaters 

According to Rule 1146(c)(l), the NOx emission limit for boilers with a rated heat 

input capacity equal to or greater than 5 MMBTU/hr, and an annual heat input 

greater than 9 x 109 BTU /yr is 40 ppm dry, corrected to 3% 0 2 and averaged over a 

15 minute period. 
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Boilers that have an annual heat input less than or equalto 9 x 109 BTU/yr do not 

have to meet the NOx limit provided one of the following criteria, as listed under 

Rule 1146(c)(2), is satisfied: 

A) The boilers are operated with an exhaust oxygen concentration of less than 

or equal to 3 percent on a dry basis averaged over any 15-consecutive minute 

period; or 

B) The boilers are tuned once during the second quarter and the fourth quarter 

each year according to prescribed procedures; or 

C) The boilers emit less than or equal to 40 ppm NOx and 400 ppm CO. 

Regulation XIII • New Source Review 

.(1) If the new causes an increase in emissions in excess of one pound per day for 

any non attainment air contaminant, or if modified equipment causes a 

greater than one pound per day increase, Best Available Control Technology 

(BACT) is required. 

The South Coast Air Quality Management District's Best Available Control 

Technology Guidelines10 list BACT for different processes. It is constantly 

being updated to reflect advances in technology. It should be consulted to 

properly determine both applicability and BACT which may be different 

from case to case. 

Table 12-6, 12-7, and 12-8 list the most current BACT for different categories 

of boilers. 

(2) If the accumulated maximum emission of any air contaminant from any 

stationary source exceeds the threshold limits specified in Rule 1303(a)(2), in 

addition to BACT, the applicant must comply with the following: 
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(a) The applicant must certify in writing that all of the facilities emitting 25 

tons per year or more, which are owned or operated by the applicant, are 

in compliance with the limitations of the Clean Air Act and the State 

Implementation Plan or with the limitations of the District, whichever 

are more stringent. 

(b) The applicant must use modeling or other analysis approved by the 

Executive Officer to demonstrate that the new source or modifications to 

an existing source will not cause any violation, or make measurably 

worse an existing violation, of any ambient air quality standard at any 

receptor location in the District. Modeling shall not be required for any 

air contaminant if all offset sources which are within the distance of five 

(5) miles could actually lower the emission of that air contaminant(s) 

down to the threshold limit. 

(c) The applicant must offset the total accumulated increase in emissions 

from the stationary source. 

Note: Under this Regulation, emissions from equipment which is exempt 

from permit requirement are to be accumulated in the New Source 

Review Database. These emissions are included to determine 

compliance with the threshold limits. 
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TABLE 12-6 BEST AVAILABLE CONTROL TECHNOLOGY FOR BOILERS 10 

Equipment or Process: Boiler - Forced Draft 
Equipment Rating: S 4 KH BTU/Hr 

Revision: 
Date: 

1 
9/06/89 

ROO NOx SOX CO 1'/\ll'r. 
IACI I 11. JO -· Dry, I I 
t.c:Molotlull'f hulbh

1
•
1 I I Corrected to )I Dz I 1 

I 11. 'o -· o,., I I I I 
I I Correued to )l •z I r I I 

IACT I )100 ppm, Dry, Corrected l••tur•l G11 or fretted I )Ntturt\ G11 or Tretttd 1 
Achl.ved In Prectlce or I )to Sl o2 )letlnery C11 vlth c 100 I Jleflnery C•s 1 
CDf'llllntd In IPA Approved .SIP

2 I I IPPI Sut fur ... ,,,. Cor I I I 
I I 1.,....... •• .,.. ... .., I I I 

... , 
for S..ll IU11nesa1•1 

Al1ttNII lisle 1'1'Jipnent 

or Proct11
1 

IACT • StAGKD loard'l Clean 
fUll Pol lcy2 

1. lequlrtl t:cono~~h: Ar.-trsh 
z. vo Econcnlc ANiysh 

1 I lsullld• I 1 1 

I )I. JO ppn1, Dry. )llluunl G11 or Treued I Jwuural C11 or Ttt'lll'd I 
J • J Corrected to SX Dz Jleflnery C11 vlth c 100 J Jlefinery Gts 1 
I II:····-· •••. 1- Sullur ....... c .... I ' I I 
I I Corroctod to lX o1 IP••nll 11 Mydroo•• I I I 
I I'· 100 -· •••· I I , I I 
I I torreuod u II o1 I I I I 
I __ I L______ I I 

I I I I I I 
I I I I I I 
I I ___ _ _l_ __ ! ___________ I 
J )Melhlnol or Other fqul• l"•thenal or Other fqul• I IKet~tnol or Other Equl• I 
I Jv•lent ct .. n Fueh •• l••lenr Clnn Fueh •• I 1\'lltnl tlun Futh •• I 
I IUud:ty Futl or fqulvat•ISrardJy fuel 01' lqulv•l·l .IIUrdJor fuel or t:q.~lval·l 
I lent Control teehnolotY lent tontrol Technology I l•nt tOfttral T•ehnatogy I 
I I 

. . 
l. Control technolotlol are In ••cendlne orlllr of •fflcfaney. The .. ,, efficient CCintrol uchnoloty nnt 1M conthlend flrn when cOf"Ci..ctlncl .,. .c.,..lc 

aNiy•h. 

! 

• 

t::l~fll 
!»<>() 
r+~n () • r::t. 
.. 0 

O"t:t 
P." 

coo .... ......_ N -00 ........ 
00 
\D 



' 
en 

I 

~ 

~ 
~ 

TABLE 12-7 BEST AVAILABLE CONTROL TECHNOLOGY FOR BOILERS 10 

Equipment or Process: Boiler - Natural ·Draft 
Equipment Rating: ~ 4 HM BTU/Hr 

Revision: 
Date: 

1 
9/06/89 

ROG NOx SOX CO PART. 
IAC:f I I I I I I 
,....,.lool••llr '•••lbl•

1 1 1 1 1 1 1 
IACf I .. _ .. ___ - --- . ··- .., ... , .. .-,., •... -.- ........ I•·""'' G•• .,. ,,. ••• "' I l••tur•l C.• or tn•l"' 

Jltl ,,.,.., Gn A•·hl•• .. l 111 .. , ac:\lu or I • z 
CCII'll•l,_d In lPA APPtDved liP I 

Ito Jl o1 Jhtlnery Du vllh c 1DO I 
I IPP'I tuuur ... ,.,,., r:•· 1 

I I 1 ........ • •• ...,, •• .., I 
I 
I 

I I lsullldo I I I 

8ACI • I ltDD pen, Dry, Correc1:1C1 l••turel Gil or Tre•ttcf I lw•tur•l , .. or Jruud I 
lor I•U lvalne11 

1 I Jto 11 o1 Jleffnery ••• vhh c 100 I Jleflnerr c.. 1 

Attern.te IItie lqulpment 
or Procen1 

IACt • SC:A7 loard'l CIUI'I 
fuel Pollcr · 

1. ·~•r•• ••~•• ~•.-•• 
2. IO lc.,..lc ANlyafl 

• 

I I I""' Sulfur loorlno c..... I I I 
I I 1 ........ • •• • ..,, .. .., I I I 
L _____ I I . _I I I 
I ll .. cod Droll loller I I I I 
I I I · I I I 
I I I I I I 
J JKtU•enol or Other lq..~l• JNeUtanot or Other fqul• I IMtthenol or Other lq..l• I 
I J¥11ent Cleen fuels u Jv•lrnt tl .. n Fuels II I Jvelent Chtl'l l~o~~le •• I 
J JSt•~ Fuel or fauivti•JSCI~ Fu.l or fqulv•l·( ISrt~ Fuel or fqulv•l•l 
I lent Control 1eehnolot'f Jenc Concrol 1echnoiOI'f I lent ton~rctl hc:hNion I 
I I . _l I 

• • 

o~cn 
s»nn n :S)l 
•• f!?. o· 
0~ ?. .. 
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TABLE 12-8 BEST AVAILABLE CONTROL TECHNOLOGY FOR BOILERS 10 

Equipment or Process: Boiler 
Equipment Rating: > ~ MM BTU/Hr Thru < 33.5 MM BTU/Hr 

Revision: 
Date: l0/07/88 

vu .. ux ::JUX co ..E_I.:(!'l'_. 
IAC1 \ S 1, 9 fJP'1 Dry, totti'C1td 
1Hhnologlullr feulblt • to lJ D 

l. • ' JIPI.Za..,t .. 30 PP't 
~ry, torr•cted to 
S::D 

3. 3D~' Dry, 
Corrected to lX' o

2 
IAC1 l.O PPJ!., Dry, torrect'l'd llatutll Gu or 1rutflf lillural Gu or Ttuttd 
A~ieved In Pritt let or 2 ton o2 lefinerr Ges with c 100 Refinery Gu tontelned In EPA Approved liP ~Sulfur leerinr C~ 

poud1 u Nydroten 
Sui fide 

1At1 \ 1. 9 JIPI., Dry, Corrtctld l•turel Gts or ''"''~ ll•tural Cu or 1rnted 
fer 111111 I"''""' •

1 u 3: o2 ltf,nery Ces vlth c 100 ltffneryGu 
2. .. . 9 WI' t:ut c )0 ppr., ppa Sui fur &urine t0111• 

Dry, torncud to pcud1 •• trydrotM 
3:0 

3. 3D~. Dry, 
Sulfide 

torreutc! to SX o2 
1.. 'c PCI'II, Dry, 

torrtcuC' u s: C'z 
AlltrNtt hue IQ:J1pt~en: 
or PtDCeJI

1 

IAC1 • StAD20 IDitd'l Clten Methenol or Other Equl• "ethanol or Dther Equi• l'tthnol or O;:her fCf.t'" 
fuel Poltcr 111ltnt Clt.n fueh .a v1lent tlean ruel1 11 vtlent tie-en fuels •• 

Sundbv fuel or Equlvet• Standby fa.t or lqutnl• Suncby FL~tl or fquiv•l• 
ent t.Drltrol lechnolotr tnt Control 1tchnotosr ent Control tf'ChnoiOIY 

1. l~lrt& (CONIIIIIr o\Nly&h 
2. llo EtDnDIIIh: ANIYitt 
J, Control tnhNiotll'l are In deltendlf'IS order of efflctenr:y. 1fllt .,.t ttftcl~ control uchnolocy 1un 1:1rt cDNi ... reC' Hrst when c...O..Ctlnc an KOI"'IOIIC 

IMIYIII. 

• 

t:):;.:lrn 
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In order to assure compliance with applicable Rules and Regulations of the 

SCAQMD, the following conditions must be required: 

12 
0 
8/18/89 

1. 1HIS BOILER MUST BE FIRED ON NATURAL GAS ONLY, EXCEPT 

DURING PERIODS OF NATURAL GAS CURTAILMENT AND 

DURING TESTING WI1H TilE STAND-BY FUEL NOT TO EXCEED 

1/2 HOUR PER MONTII. 

2. FUEL OIL SUPPLIED AT TilE BURNER MUST BE NO. 2 OR 

UGHTER GRADE AS DESCRIBED BY THE LATEST ASTM 

SPECIFICATIONS AND MUST HAVE A SULFUR CONTENT OF NOT 
MORE THAN 0.05 PERCENT BY WEIGHT. 

• 

3. A NON-RESET ABLE, TOTAUZING METER MUST BE INSTAl I ED . • 

IN EACH FUEL SUPPLY UNE. 

4. 1HIS BOILER MUST NOT HAVE A HEAT INPUT OF MORE THAN 
__ BTUS IN ANY ONE DAY. 

5. TilE BOILER MUST NOT BURN MORE THAN---- CUBIC 
FEET OF NARURAL GAS IN ANY ONE DAY. 

6. TilE (FLUE GAS RECIRCULATION SYSTEM)(AND TilE OXYGEN 

TRIM SYSTEM) MUST BE IN FULL OPERATION WHENEVER TillS 
BOILER IS IN OPERATION. 

7. WHENEVER TilE BOll.ER STACK TEMPERATURE EXCEEDS 
__ DEGREES FAHRENHEIT, TilE FLUE GAS RECIRCULATION 

SYSTEM MUST BE IN FUll USE AND TilE OXIDES OF NITROGEN 

EMISSIONS FROM THE BOll.ER MUST NOT EXCEED PPM, 

ON A DRY BASIS CORRECTED TO 3 PERCENT OXYGEN AND 
AVERAGED OVER 15 CONSECUTIVE MINUTES. 
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8. . CARBON MONOXIDE EMISSSIONS FROM TillS BOILER MUST NOT 
EXCEED PPM, ON A DRY BASIS CORRECTED TO 3 
PERCENT OXYGEN AND AVERAGED OVER 15 CONSECUTIVE 
MINUTES. 

9. RECORDS MUST BE MAINTAINED TO PROVE COMPliANCE WITII 
CONDIDONS 1, 2, 4, 5, AND 6 IN A FORMAT APPROVED IN 
WRITING BY TilE DIRECTOR OF ENFORCEMENT OF TilE 
DISTRICT. TilE RECORDS MUST BE KEPT ON FILE FOR AT LEAST 
1WO YEARS AND MADE AVAILABLE TO TilE DISTRICT 
PERSONNEL UPON REQUEST . 
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SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT I PAGES I PAGE 

ENGINEERING DMSION 

APPLICATION PROCESSING AND CALCULATIONS 

I 5 1 
IAPPL NO. I DATE 

I PROCESSED BY I CHECKED BY 

PERMIT TO CONSTRUCT/OPERATE 

Applicability: This processing t,orrn can only be used for industrial and commercial boilers with 
steam output less than 30 x 10 Btu/hr. 

APPLICANTS NAME : 

MAILING ADDRESS : 

EQUIPMENT LOCATION: 

EQUIPMENT DESCRIPTION 

APPLICATION NO. 

BOILER, , (WATERTUBE) (FIRETUBE) (SECTIONAL) TYPE, MODEL NO 

, SERIAL NO BTU /HR, WITH 

, MODEL NO , (GAS)(OIL)(PROPANE)(BUTANE)(METIIANOL) 

BURNER, (STAGED-AIR)(STAGED-FUEL)(INTERNAL FLUE GAS RECIRCULATION) 

(CERAMIC) LOW-NOX BURNER, WlTH A HP FLUE GAS RECIRCULATION 

BLOWER AND MODULATED CONTROL VALVE (OR WITH A HP COMBUSTION 

AIR/FLUE GAS RECIRCULATION BLOWER). 

HISTORY 

The boiler will be installed in 

PROCESS DESCRIPTION 

is an com_Pany. The boiler is used to provide 
(steam)(hot water) for . The boiler ts operated on (natural gas)(oil) 
(propane)(butane) only. The maximum rating capacity is BTU/hr. The maximum 
operating schedule is hours/day, daysfweek, weeks/year . 

Revision: 0 
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SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT I PAGES I PAGE 
I 5 I 2 

ENGINEERING DMSION IAPPL NO. I DATE 

_AP_P_L_I_CA_T_ro_N_P_R_o_c_E_s_s_IN_G_AN_n_CALCU ___ u_T_r_o_N_s __ ...~.'P_RO_cE_ss_E_o_ev_..l.'c_H_Ec_KED_e_v_, • 

EMISSION CALCULATION 

DATA 

Fuel used : Natural Gas/Fuel o~ 
Heating Value of Fuel (BTU/ft ) 

(inB~/Ib) 

~~!i;~F~~~~A~;:Mtt~~t;l~gal) 
ROG 
NOX 

~<& 
PM 
UNROG 

Maximum Concentration (ppm) 
Maximum Rated Input (MMBTU /hr) 
Average Load Factor 
Operating Schedule 
Maximum (hr/dy, dy/wk, wk/yr) 
Actual (hr/dy, dy/wk, wk/yr) 

NOTE: 1. AP 42, 4th Edition, AJ!P. A 
2 AP 42, 4th Edition, Taole 1.4-1 
3. Reference 11 
4. Given by.Applicant 
S. AssumptiOn. 

CALCULATIONS 

1. Emissions 

Hl 
H2 
s 
EF 

c 
Q 
L 

~ a 

VALUE NOTE 

1 
3 
4 

2 
2 
2 
2 
2 
2 
4 
4 
4or5 

4or5 
4or5 

• 

Uncontrolled (R1) emissions must be multiplied by a load factor (L) and/or an appropriate 
operating time factor (T) to determine actual and maximum hourly or daily emissions. 
(New Source Review (NSR) Emissions = Maximum daily x 1.1) 

= 

ForNOx: 
Rz,NOX 

Rl,NOx 

Revision: 0 

SCAQMD 

= C x Q/H2(xL) x MW x N(@J%ExcessOZ) (x TaorTm) 
Rz,Nox = ------
(1 - EFF) 

Date: 8/18/89 
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IAPPLNO. I DATE ENGINEERING DMSION 

APPLICATION PROCESSING AND CALCUlATIONS I PROCESSED BY I CHECKED BY 

2. Rule 407 Calculation: 

3. 

Converting R1 of CO/S02 from (lb/hr) to (ppm) 

R1 
CO/S02 (ppm) = 

O/H2 x MW x N@3%Excess02 

Rule 409 Calculation: 
Converting R1 of PM from (Jb/hr) to (grain/~) 

PM (grain/~) = R1 x 0.00959 

O/H2 x T x N@12% co2> 

where: 
R1 = 
~~ 
EFF= 
H1 = 
H2= 
T = 
~= 
Lm = 

Uncontrolled Emission Rate, (lb/hr). 
Controlled Emission R~e...{lb/hr). · 
Emission Factor, (Jb/10 ft'"or lb/lo3gai). 
Efficiency of Equipment. 

3 Heating Value of Fuel, (BTU /ft ). 
Heating Value of Fuel, (BTU/lb). . 
Maximum Operatin~ Time, (hr/dy). 
Actual Operating Tune, (hr/dy). 
Load Factor, (fraction). 

Q = 
MW= 
N = 
T = 

Maximum Rated Input, (MMBTU fhr). 
Molecular Weight of Air Contaminant 
Moles of Dry Flue Gas per Pound of Fuel (Table 12-5, p.34) 
Standard Operating Temperature, 5300R 

RESULTS 

Uncontrolled Emissions 

:1,ROG 
R1,NOx 
Rl,SOx 
Rl,CO 

l,PM 

Controlled Emissions 

Actual 
(lb/hr) 

Maximum 
(lb/hr) 

Maximum 
(lb/day) 

NSR 
(lb/day) 

• Rz,NOx 

Revision: 0 Date: 8/18/89 
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RULES EVALUATION 

RULE 212 Public notice is (is not) required. 

RULE 401 With proper operation and maintenance,the boiler is (is not) expected to comply 
with Rule 401. . 

RULE 402 No nuisance complaints are on file against this applicant, and none is expected 
provided that the operation is conducted according to submitted procedures. 
Compliance with Rule 402 is (is not) expected. 

RULE 404 This boiler is exempt from Rule 404 per Section 404(c). 

RULE 407 The rule allows a CO concentration of 2,000 ppm and a SOx concentration of 500 
ppm in the gas discharged to the atmosphere. Calculations Show a CO 
concentration of ppm, and a SOx concentration of ppm. Compliance 
with this rule 407 IS (IS not) expected. 

RULE 409 The rule allowes a combustion particulate matter emission concentration of 0.1 
grain/dscf. Calculations show a concentration of grains/dscf. Compliance 
with Rule 409 is (is not) expected. · 

RULE 431.2 Compliance is met by the use of less than 0.5% by wt. sulfur fuel oil. • 

RULE 1146 The rule allows a NOx concentration of 40 ppm and a CO concentration of 400 ppm 
in the gas discharged to the atmosl'here. caiculations show a NOx concentration of 
.,......~ppm, and a CO concentrauon of ppm. Compliance with this Rule 
1146 IS {is not) expected. 

REGULATION XIll 

Rule 1303 - Applicability and Analysis. 

[) 

[] 

As shown by the Emission Threshold/New Source Sheet Table below, this equipment emits 
more than lib/day increase of NOx and CO, it is subject to BAcr. 

As shown by the Emission Threshold/New Source Sheet Table below, the net emission 
increase from the facility exceeds the threshold limit specified in 1303(a)(2). Therefore, 
the following steps are required in addition to BAcr: 
() The company must obtain offsets from other facilities. 
() The company must use a mathematical inodel approved by the District's Executive 

Officer to assess the impact of the plant on the area around it. 
() The company must certify in writing that all of its facilities in the state that emits 25 

tons per year or more of :NOx and CO comply with federal, state, and local air 
quality laws. 

• 
Revision: 0 Date: 8/18/89 
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NSR Emissions in Pounds per Day 

Facility Emissions 
since 10-8-76 

RHC NOx S02 CO PM 

A/N 

Net Emission,increase 
since 10-8-76 

BACT Technologically Feasible for NOx (BACT Guideline, Date 10/07 /88) are as follows: 

Boiler size BACT 
. ..$. 4 MM BTU/HR 1. 30 ppm, dry, corrected to 3% Oz 

2. 40 ppm, dry, corrected to 3% 0 2 
> 4MMBTU/HR 
< 33.5 MM BTU/HR 1. 9 ppm, dry, corrected to 3% 02 

• 

• 

2. > 9 ppm but < .30 ppm, dry, corrected to 3% 0 2 
3. 30 ppm, dry, corrected to 3% 0 2 

NOx emission at 9 ppm or·larger than 9 ppm but less than 30 ppm could be achieved 
by using Selective Catalytic Reduction (SCR) or Selective Non-Catalytic Reduction 
(SNCR). . · 

In SNCR, the ammonia is injected into the flue gas at the temperature between 
1,600-2,200 °F to form Ni and H?O. This reaction depends strongly on 
temperature. Above 2,200 °F, NR3 will react with 0 2 to form NO . Below 1,600 
°F, the rate of reaction is very slow. Therefore, the location of Nil:, injection 
becomes crucial. For large utility boiler, various injection points along the boiler 
furnace are required to ~cco'mmodate for different boiler load. This.is NOT 
FEASIBLE for small bOiler. 

The economic analysis described in "Evaluation of Control "I:echnologies for 
Hazardous Air Pollutant", EPA-600/7-86-009a, Feb. 1986, is used to determine the 
annualized cost of SCR. Attachment A shows a detailed cost analysis for this boiler. 

NO emission equal to ·30 ppm could be achieved by operating the boiler at high 
FGR rates. Since the boiler is equipped with a flue gas recirculation system and an 
oxygen trim system, there is no need for an economic analysis. 

BACT Achieved in Practice for SOjc. CO, and PM (from BACT Guideline, Dated 10/07 /88) are 
as follows: · · · · . · · 

ROG 

~~ 
PM 

None 
Natural Gas 
None 
Natural Gas 

Since natural gas is used as a main fuel, this boiler has BACT Achieved in Practice for SOx & PM. 

Revision: 0 Date: 8/18/89 
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' 
' CONCLUSIONS/RECOMMENDATIONS 
' 

This boiler is expected to comply {vith all applicable District Rules and Regulations. A Permit to 
. Operate is recommended subject ~o the following condition(s): . 

' ' 
I. THIS BOILER MUST Sp FIRED ON NATURAL GAS ONLY. EXCEPT DURING 

PERIODS OF NATURAL GAS CURTAILMENT AND DURING TESTING WITH. 

THE STAND-BY FUEL \'iJOT TO EXCEED 1/2 HOUR PER MONTH. 

2. FUEL OIL SUPPLIED 4T THE BURNER MUST BE NO.2 OR LIGHTER GRADE 

AS DESCRIBED BY THE LATEST ASTM SPECIFICATIONS AND MUST HAVE A 

SULFUR CONTENT OF NOT MORE THAN 0.05 PERCENT BY WEIGHT. 

3. A NON-RESETABLE, ,TOTALIZING METER MUST BE INSTALLED IN EACH 

FUEL SUPPLY LINE. 

4. THIS BOILER MUST NOT HAVE A HEAT iNPUT OF MORE THAN BTUS ---
IN ANYONE DAY. 

. ' 

5. THE BOILER MUST NOT BURN MORE THAN -~-- CUBIC FEET OF 

6. 

7. 

·NATURAL GAS IN ANY ONE DAY. 

THE (FLUE GAS ~ECIRCULATION SYSTEM)(AND THE OXYGEN TRIM 
' . 

SYSTEM) MUST BE :IN FULL OPERATION WHENEVER THIS BOILER IS IN . ' 
OPERATION. ' 

' 

• 
' ' 

WHENE~R THE BOILER STACK TEMPERATURE EXCEEDS DEGREES 

FAHRENHEIT, THE FLUE GAS RECIRCULATION SYSTEM MUST BE IN FULL 

USE AND THE OXIDES OF NITROGEN EMISSIONS FROM THE BOILER MUST 

NOT EXCEED -~ PPM, ·ON A DRY BASIS CORRECTED TO 3 PERCENT 

OXYGEN AND AVERAGED OVER 15 CONSECUTIVE MINUTES. 

: . 

' ' 
I 

Revision: 0 I 
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S. CARBON MONOXIDE EMISSIONS FROM THIS BOILER MUST NOT EXCEED 

PPM, ON. A DRY BASIS CORRECTED TO 3 PERCENT OXYGEN AND 

AVERAGED OVER 15 CONSECUTIVE MINUTES . 

. 9. RECORDS MUST. BE MAINTAINED TO PROVE COMPLIANCE WITH 

CONDITIONS 1, 2, 4, 5, AND 6 IN A FORMAT APPROVED IN WRITING BY THE 

DIRECTOR OF ENFORCEMENT OF THE DISTRICT. THE RECORDS MUST BE 

KEPT ON FILE FOR AT LEAST 1WO YEARS A'f-ID MADE AVAILABLE TO THE 

DIST~ICT PERSONNEL UPON REQUEST. 

Revision: 0 Date: 8/18/89 
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I. 

II. 

ATTACHMENT A 

ECOijOMIC ANALYSIS 

CAPITAL COST , (Ref.) 

SCR = ------- (1) 
Heat Exchanger = ------- (1) 

TOTAL1 = -------
Sale tax (6.5% x TOTAL1) = -------
::ontingency ( 3% x. TOTAL1) = -------
Freight cost ( 3% X TOTAL1) = -------
TOTAL2 = -------

Capital Recovery Factor = 0.163 
Annualized Cost = (0.163) (TOTAL2 ) 

= x1 

DIRECT OPERATING COST 

Maintenance cost = ------- (1) 
Ammonia cost = ------- (1) 
Utility cost for fan = ------- (1) 
Utility cost for heater = ------- (1) 
Catalyst replacement cost = ------- (below) ___ ""!"' ________ 

TOTAL = x2 

(Catalyst replacement cost: 
The replacement cost for catalyst and the catalyst life (#yr) are 

. provided by applicant. Assuming the life of the plant is 10 
years, interest rate is 10%, the annualized replacement cost of 
catalyst is: 

($Cat.) ((P/F)#yr +(P/F)#yr+2 +(P/F)#yr+4 +(P/F)#yr+6J)(A/P)10 = 
($cat.) [0.8264 + 0.6830 + 0.5645 + 0.4665]) (0.1627) = $ ----) 

III. INDIRECT OPERATING COST 

Overhead (80% x 
Property tax 

.Ins).lrance 
Administration 

TOTAL 

Revision: 0 

SCAQMD 

(Maint. +Repl. ) ) 
(1% XTOTAL2 ) 

"(1% x.TOTAL2) · = 
(2% X TOTAL2) 

= 
= 

= 

= 

12A-11 

(2, p.5-4E\) 
(2., p.5-46) · 
(2, p.S-46) 
(2, p.5-46) 

Date: 8/18/89 
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IV. COST EFFECTIVENESS CALCULATION 

Total annualized cqst: (· x1 + x2 + X3 ) ~ Y 

NOX reduction: 
(85-9 ppm) (0.00121 
(1 ton/2000lb) = 

lb/MMBTU-ppm) ( Q MMBTU/hr) (8736 hr/yr) 
Z tonfyear 

Cost effectiveness factor: y 
= $ ---- /ton NOx reduced 

z 

SCR therefore is (is not) COST EFFECTIVE. 

REFERENCES 

(1) Applicant Statement. 

(2) Evaluation of Control Technologies for Hazardous Air Pollutant, 
EPA-600/7-86-009a, February 1986 

' . 
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ECONOMIC ANALYSIS 

I. . CAPITAL COST 

SCR = 
Heat Exchanger = 

TOTAL100 = 

Sale tax (6.5% X TOTALY = 
Contingency ( 3%xTOTAL1 = 
Freight cost ( 3%xTOTAL1) = 

~OTALz = 

Capital Recovery Factor = 
Annualized Cost = 

= 

II. DIRECT OPERATING COST 

Maintenance cost = 
Ammonia cost = 
Utility cost fodan = 
Utility cost for heater = 
Catalyst replacement cost = 

TOTAL = 

Section: 
Revision: 
Date: 

• 

0.163 
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NOTE 

(1) 
(1) 

(0.!63)(TOTALz) 
x1 . 

(1) 
(i) 
(1) 
(1) 
(below) 

x2 

(Catalyst replacement cost: · 
The replacement cost for catalyst is· (Ref. ( 1)) and the catalyst life is 2 years · 
(p.C-3). Assuming the life of the plant is 10 years, interest rate is 10%, the 
annualized replacement ~ost of catalyst is: 

(Ref,(1) [(P /F)2 + (P /F)4 + (P /F)6 + (P /F)8]) (A/P) 10 
(Ref.(l) [0.8264 + 0.6830 + 0.5645 + 0.4665]) (0.1627) 

· .III. · INDIRECT OPERATING COST 

Overhead (80% x (Maint. +Rep.!)) 
Property tax ( 1% x TOT ALz) 
Insurance ( 1%xTOTA.L:>) 
Administration ( 2% x TOTALz) 

TOTAL 

SCAQMD 12B-3 

= 
= 
= 
= 

= 

= 
= $ __ ) 

NOTE. 

(2, p.S-46) 
(2, p.5-46) 
(2, p.S-46) 
(2, p.5-46) 
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IV. COST EFFECTIVENESS CALCULATION 

Total annualized cost: ( X1 + X2 + X3) = Y 

· NOx reduction: . 
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(85-9 P,Pm)(0.00121lb/MMBTU-ppm)( Q MMBTU/hr)(8736 hr/yr) . 
(1 ton(2000lb) = Z ton/year · . · 

Cost effectiveness factor: Y = $ ton NOx reduced 
z 

SCR. therefore is (is not) COST EFFECTIVE. 

REFERENCES 

1. Applicant Statement. 

2. Evaluation of Control Technologies for Hazardous Air Pollutant, EPA-600/7-
86-009a, February 1986 
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SECI'ION 13: DEGREASERS 

13.1 General Description 
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Degreasers remove grease, fats, oils, water, reflow solder, waxes, tar and like 
materials from all type of me.tals and other nonporous surfaces by means of an 

organic .solvent and mechanical action. They are typically used where a subsequent 
process requires a metal surface to be cleaned and free of foreign substance such as 

prior to painting, plating, welding, glueing, etc. A degreasing process is usually 

chosen when satisfactmy cleaning of metais or other nonporous surfaces can not be 
obtained using water or detergent solutions. Degreasing can be used in any stage of 

metal fabricating where the metal surface needs to be left clean and dry. 

Degreasing simplifies cleaning operations because it cleans by solvent and 
mechanical action instead of chemical action. Thus, there is·little danger of physical 
damage from any c~ernical or corrosive reaction between the solvent and the metals 
present. 

. . 
Degreasing operating conditions vary with the application and depend Qn the item · 

being cleaned. Degreasing is usually performed at atmospheric pressure using 

·solvent at temperatures ranging from 50 °F to 248 °F (10 °C to 120 °C); the ~oiling 

point of the solvent determines this operating temperature. There are five 

· degreasing s.olvents commonly used within· the South Coast air basin: 
perchloroethylene . (PERC), trichlorotrifluoroethane, methylene chloride, 
trichloroethylene (TCE), and 1,.1,1-trichloroethane. Degreasers may be used to 
clean non-metals, plastics, glass, and all of the common industrial metals, including 
malleable, ductile, and gray cast iron; carbon and alloy steel; stainless ·steel; copper; 

braSs; bronze; zinc; aluminum; magnesium; tin; lead; nickel; and titanium.1 The 
:de greasing process is adaptable to items of a wide range of sizes and shapes, ranging 

f~o~ electronic compo~ents to aircriut sections. 

The types of common degreasing equipment used in the District are cold cleaners, 

open top vapor degreasers, and conveyorized vapor degreasers. Cold cleaning 

operations involve using organic solvents at room temperature. The cold cleaner, 
shown in Figure 13-1, is usually the simplest and least expeni;ive; consisting of a tank 

of solvent that may include a cover for nonuse periods and a work surface or basket 

SCAQMD · 13-1 Degreasers 
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suspended over the solvent. Cold cleaning methods include wiping, spraying, or 

dipping of parts ill a· solvent.· In open top vapor degreasing, a part is exposed wiih 

solvent in the vapor phase. An open top vapor degreaser, shown in Figure 13-2, 

resembles a large cold cleaner, but the solvent is heated to its boiling point. This 

·heating creates a vapor zone of solvent confined 'by a set of cooling coils. Both the 

cold cleaner and the open top vapor degreaser clean individual batches of. parts; 

thus, they are called "batch loaded." Conveyorized vapor degreaslng incorporates 

the same activity as open top vapor degreasing and cold cleaning, except the parts to 

be cleaned, continuously move in and out of the degreaser.3 This type of degreaser 

is primarily used in a high production environment. 

When assessing emissiops from degreasing and their environmental effects, the type 

of degreasing operation and the solvent used in the proc~ss determines the amount· 

of emissions and their· environmental impact. The type of plant in. which the 

degreasing operation is performed has no effect. Therefore, emissions from 

degreasing have been assessed on ilie basis of the type of degreasing performed and 

the type of solvent used; not on the location and nature of the plant. 

The sources of reactive hydrocarbon (RHC) or reactive organic gas (ROG) 

emissions into the atinosphere from each type of degreasing are: (1) cold cl~aning 

(Figure 13-3) - bath evaporation, solven.t carryout, agitation, spray evaporation, and 

waste solvent evaporation; (2) open top vapor degreasing.(Figure 134) ~diffusion, 

solvent carryout, turbulence, and waste solvent evaporation; and (3) conveyorized . . 
cold or vapor degreasing (Figure 13-5) - diffusion, solvent carryout, exhaust; and 

waste solvent evaporation. 

13.1.1 Process Description 

A general flow diagram for degreasers, regardless of type, is shown in· Figtire 13-6. 

The item to be cleaned is conveyed either manually or automatically (stream 1) into 

the degreaser. After degreasing is completed, the item is manually withdrawn or 

automatically conveyed to the next step in the manufacturing process (stream 2) . 

Solvent may be heated in the degreaser by either steam,· gas, or electricity (stream 

3). Solvent leaves tlie degreaser either by diffusion into the attnosphere (stream 4) 

or by entrainment or "dragout" with the item (stream 5). Other major solvent losses 

SCAQMD 13-3 D!!greasers 



Solvent t.:,evel Sight 

SCAQMD 

Section: 
Revision: 
D:Jte: 

13 
0 
8/18/89. 

safety Thermostat 

-l!- Freeboard 

~ :d Water Jacktt 

f Condensate Trough 

Heating Elemenu 

Work Rest And Protective Grate 

.. 

FIGURE13-2 · OPEN TOP DEGREASER3 

13-4 Degreasers 



FIGURE13-3 

SCAQMD 

., 

.. 
Section: 
Revision: 
Di!te: 

WASTE SOLVENT 

13 
0 
8/18/89 

COLD CLEANER EMISSION POINTS4 

13-5 Degreasers 



Ll P TOP 
· EXHAUST 

POTENTIAL 
ADSORBER 

RETRACTABLE 
COVER 

FIGURE 13-4 

SCAQMD 

\ 

·/ 

·) \ 
I 
l 

I 

·.Til 
l AIR ' 

LEAKS 

Section: 
Revision: 
Date: • 

I 

l DIFFUSION AND 
CONVECTION I 

\ I 
. ~ I 

\ 
l 

\ 
I 

1 

) ·~ I 

i I 

I ; 1 

;'' / 
' I . 

-...:,.-

) 
\ 

) ~ I I 

13 
0 
8/18/89 

I I 
I I 
) I 

\ 

I ; 

' { 

~ l: . 
\~\ 
'k 

\. ' ' ' . 
', • ! I ' 
• ~ 1: i ,. . . . 

' .I ,. 
-~, . 

CARRY-OUT 

CONDENSER 
COILS 

OPEN TOP DEGREASER EMISSION POINTS3 

13-6 Degreasers 

I • • I 

i . 



• FREE 
BOARD 

TO ADSORPTION DEVICE 1 
OR ATMOSPHERE 

t 

Section: 
Revision: 
Qate: 

13 
0 
8/18/89 

DRYING . 
TUNNEL~ 

-~---\ 
I 

,\ 
DE GREASED\ \ 
PART . _y 
·---

CONDENSING 
COIL 

CONDENSATE 
TROUGH .. 

BOILING SUMP ~- SOLVENT SPRAY 
RESERVOIR · 

FIGURE13-5 'IYPICAL CONVEYORIZED DEGREASER EMISSION POINTS3 

SCAQMD 13-7 .Degreasers 



, 

3 

'' 

I EXHAUST HOOD 
• • 

~~~ 
• .. .~t t I 2 

DE GREASER 

HEATER 

·=======-

g 

SOLVENT 
STORAGE 

DE GREASER 

SOLVENT 
7 STORAGE 

• 

SOLVENT 
RECOVERY 

mu 

SLUDGE TO WASTE 
(o.g. LAHDAUI 

SOI.'aNT RECOVERY SYSTEM 

Section: 13 
Revision: 
Date: 

0 
8/18/89 

1m 
1 

• 

• 

SEPARATOR 

TO SOLVENT 
STORAGE 

CARIION ADSORPTION SYSTEM 

COAL8U. 
OllFUB.OIL 

EXHAUST 

( 

··L-----l 

INDUSTRIAL BOILER 

FIGURE13-6 GENERAL FLOW DIAGRAM FOR DEGREASERS2 

SCAQMD . 13-8 Degr~asers 



Section: 
ReVision: 
Oate: 

13 
0 
8/18/89 

occur during water separation, solvent contamination, sump.or still bottom solvent 

removal, and solvent transfer. Diffused solvent (stream 4) may· be collected by an 

exhaust hood and vented to either the atmosphere or a carbon adsorption system 

(stream 6). Solvent loss is balanced by the periodic addition of solvent (stream 7) 

from· storage ta$ or drums. Finally, "dirty'' solvent, which is solvent contaminated 

with grease or oil, is removed from the system as necessary and sent to the solvent 

recovery system such as a distillation column (stream 8). The distillate is 

.condensed, sent through a water separator, and finally placed in solvent storage 

··(stream 9). Heating may be provided by a boiler (stream 10) or other source such as 

electricity or direct" gas firing. 2 

13.1.2 Cold Cleaners 

Cold cleaning .operations include spraying, flushing, and immersion. Occasionally, 

the solvent is heated in cold cleaners, but its temperature always remains well below 

its boiling point. The type of cold cleaner and solvent to be used in a given 

application depends on a number of factors, including the number, size, and shape 

of the items to be cleaned, the type of soil to be removed, and the degree of 

cleanliness desired. The most important cold cleaner design factors are tank ~esign, 

·agitation technique, and method of parts handling. These factors and their 

application in common cold cleaner designs are described bel9w. 

There are two basic cold clean~r designs: the conventional cold cleaner; which is 

basically a dip tank, and the remote reservoir cold cleaner. A typical cold cleaner is 

shown in Figure 13-1. Remote reservoir units are typically smaller and less 

expensive than conventional cold cleaners. They are suited for easily-removed soils 

and applications which require ·a relatively low degree of cleanliness. ·Solvent is kept 

in an enclosed reservoir to avoid evaporation loss. when not in use. Parts are 

cleaned by hand with solvent pumped from the reservoir through a spray nozzle in a 

sink-like work area which drains directly back into the·reservoir.5 

Agitation can. greatly increase the ~leaning efficiency of dip tanks. It can bt: 

accomplished by several means, including pumping, compressed air, vertical 

agitation, or ultrasonic agitation. In the pump agitated. cold cleaner, the solvent is· 
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rapidly circulated in the soaking tank. Air agitation entails dispersing compressed 

air frorri th~ bottom o~ the soaking tank so that the air bubbles provide a scrubbing 
action. In the vertically-agitated cold cleaner, dirty parts are placed on a grating 

which moves up and down while submerged . in solvent. In the ultrasonically
agitated tank, the solvent is vibrated by high frequency sound waves. Ultrasonically

agitated liquids often need to be heated to specific .temperatures to achieve 
optimum cavitation. Cavitation is the creation and subsequent "implosion of 

microscopic vapor pockets within . the liquid solvent. n Caused . by pressure 

differentials of sound waves in the solvent, these implosions are very active on the 
surface of the ·parts thereby greatly increasing the solvent action to break down the 

soil film on the parts.5 

13.1.3 Open Top Vapor Degreasers 

A vapor degreaser is basically a tank designed to produce and contain solvent vapor .. 

A typical vapor degreaser is ·shown jn Figure 13-2.. Depending on the type of 

operation, vapor degreasing tanks may contain one or more compartments to 
provide clean solvent for spraying and or immersing.12 At least one section of the 
. tank is equipped with a heating system that uses steam, electricity, or gas heat to 
boil the solvent. As the solvent boils, the creation of dense solvent vapor begins to 

displace the air in the tank above the solvent. Eventually the vapors rise and fill the 
portion of the timk below the water-cooled condenser. These solvent vapors 

. . \ 

condense on the par~s to be deaned until the temperature of the parts approaches 
the boiling point of the solve~t. The dissolving and flushing action of the 
condensate removes the soil by both ·dissolving the oils and providing a washing 

action to clean the parts. Thus, cleaning of the items results from the solvent vapors 
condensing on the. cool surface of the article. When the article reaches the 
temperature of the solvent vapor, no more condensation or cleansing occurs and the 

work is slowly removed from the degreaser's vapor zone. When desired, dirty items 
can be sprayed with hot solvent by use· of a flexible hose and spray pump or 

immersed in liquid solvent to aid hi cleaning.5 

The upper level of the clean vapors is maintained by condenser coils on the 
sidewalls of the tank. At the condenser level, a definite interface ·be~een the vapor 

and air can be observed from the top of the tank. This is called the air/vapor 
. . 
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. interface. This is where solvent condenses and runs into the collection trough. This 

solvent then flows by gravity through a water separator (to remove entrained 

moisture) and then into a clean solvent sump. This sump is used as a source of 

clean distilled solvent for spraying or direct immersion. As pure solvent is distilled · 

off, the contaminated solvent remains in the soil concentrated vapor-generating · 

sump. 

The vapor degreasing can essentially be divided into four common processing 

sequences: 

1. Vapor Cycle (Figure 13-7): Used in removal of light solvent soluble 

soils. The item is suspended in the solvent vapor zone and is dried 

and cleaned by the condensing solvent. Note, the vapor zone is the 

volume of vapors above the boi!ing liquid solvent up to the 

vapor/ambient air interface that occurs at the cooling coils. This area 

in the degreaser is pure solvent vapor; the solvent vapors are about 4-

1/2 times as heavy as ambient air so they are contained quite 

efficiently within the degreaser to form ~ vapor zone in which the 

vap~rdegreasing actually occurs.4 

2. Vapor - Spray·- Vapor Cycle (Figure 13-8): Used on both solvent 

soluble and insoluble oils. Just like the first cycle part, the item is first 

-suspe~ded in the vapor zone. In addition, 'warm solvent liquid is 

sprayed afterwards. and parts are again vapor cleaned. 

3. Warm Liquid~ Vapor Cycle (Figure 13-9): Used for-removing soils 

from fine metal surfaces that can not be sprayed. The items are first 

suspended in vapor 1!-Ild then immersed in . liquid soJvent and 
0 ' • 

continued by getting cleaned through the vapor zone again. 

4. Boiling liquid- Warm Liquid- Vapor Cycle (Figure 13-10): Used on 

parts contaminated with stubborn soil where vigorous mechanical 

action of boiling is required. The item is usually passed through the 

vapor zone, then followed by immersion in boiling solvent. It is then . 
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cooled and rinsed in warm liquid solvent and finally cleaned in the 

condensing vapors. 

The condensing vapors act_ as a .scrubbing agent and clean the items more 

thoroughly than a cold cleaner. Because the selected solvents boil at much lower 

temperatures than do the contaminants, the solvent/soil mixture .in the degreaser 

boils to produce an essentially pure solvent vapor.3 As a result, the solvent can be 
used for longer periods with vapor degreasing than cold cleaning; the vapor consists 

of clean solvent only, whereas the solvent in cold cleaners quickly becomes 

contaminated with dissolved and suspended soils. 

To prevent the vapors from escaping from the tank, cooling coils are installed on the 

side walls below the top edge of the degreaser tank. The coils. consist of four or 
more pipe coils stacked one above the other and located directly above a vapor 

condensate trough. The cooling medium is normally tap or process water.4 Care 

must be taken in placing the cooling coils since improper installation of the coils will 

not protect the solvent vapor zone from the air movement around the degreaser. 

Figure 13-11 depicts an open top degreaser with offset condenser coils.5 These 

coils, which are supplied with a coolant such as water, are generally located around 

'the entire inner surface of the degreaser, although for some smaller equipme~t they 

are limited to a spiral coil at one end of the degreaser. 

The area above the c_ooling coils to the top of the tank is called the freeboard. The 

distance from the top of the vapo~ zone to the top of the. degreaser tank is called the 
freeboard height. Thus, the location of the cooling coils defines the upper limit of 

the vapor space and the lower limit of the freeboard. The freeboarq reduces 

disturbances at the vapor/air interface and thus reduces solvent vapor emissions . 

. An acceptable freeboard height is usually determined by the freeboard ratio where 

freeboard height is divided by the smaller of the width or the length of the degreaser 

solvent area. High freeboard ratios, such as 100 percent, are recommended to 

reduce further solvent emissions. Best Available Control Technology (BACf) for 
. an open top vapor degreaser using solvents PERC, trichlorotrifluoroethane, and 

1,1,1-trichloroethane typically includes a 100 percent freeboard ratio. 
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Most vapor degreasers are also equipped with a water _jacket (Figure 13-2) which 
provides cooling and prevents the convection of solvent vapors up the degreaser 

walls. Installed on the outside of the degreaser, a water jacket is a boxed section 

containing cooling water which circulates around the degreaser in t!ie same 
. approximate area as the cooling coils. The water jacket prevents solvent vapors 
from convecting up the hot degreaser walls and reduces "sidewall radiation". This 
heat radiation can increase air turbulence and thus interrupt the cold air blanket in 
the freeboard area. Water jackets may be used instead of cooling coils in smaller 

units.4 

Lip exhausts, such as those shown in Figure 13-12, are used on less than half of the 

existing open top vapor.degreasers. A lip exhaust draws air laterally across the top 
of th~ degreaser and vents the air directly to the roof or to a carb~n adsorpti~n unit. 
The primary purpose of a lip exhaust· is to limit worker exposure to solvent vapors.4 

These exhaust systems are designed to capture solvent vapors escaping from the 
degreasers and carry the~ away froin the operating personnel. However, they can 

disturb the vapor zone· and increase solvent losses. In properly designed ·exhaust 

systems, the cover closes beiow the lip exhaust inlet leve!3; and the exhaust flow is 

kept at a minimum level preventing turbulence and disturbance to the air vapor 

interface zone. 

Most degreasers are equipped with a water separator. .The basic principle of a 
water separator for a vapor degreaser is depicted in Figure .13-13. The water may 
enter a degreaser through condensation of atmospheric moisture on condenser coils, 
moisture on work pieces being processed, and/or steam or· cooling water leaks. 
Water forms· a low boiling azeotrope with the solvent and is vaporized. Water can 

cause corrosion, shorten the sc;>lvent life, and increase the vaporization rate of 

. solvent. As a result, with a water separator, the condensed solvent-water ~ture 

will fall into the condensate trough below the condenser coilS and flow·by gravity to 
the separator.4 · 

13.1.4 Conveyorized Degreasers 
,. 

There are several types of conveyorized degreasers, operating both with cold and 

va~orized solvents. An average. conveyorized degreaser emits about 25 metric tons 
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· per year of solvent; however,.becalise. of their limited numbers, they contribute only 

about 15 P.ercent of tl\e total solvent degreasing emissions.3 

The basic steps found in the typical conveyorized vapor degreaser include a vapor 

rinse upon entry to the degreaser vapor space section, liq¢d immersion, liquid 

spray, vapor rinse, and finally, a slow withdrawal through a cold air space drying 

area. 4 

As with the open top vapor degreaser, the nonflammable solvent contained in the · 

lower area of the degreaser, referred to as the boiling sump, is boiled to produce a 

vapor zone, the height of ,which is controlled by cooling coils installed above the 

vapor zone. The freeboard area above the primacy condensing coil is designed to be 

of sufficient height to retard convection losses to fue atmosphere.4 ' Solvent vapors 

· condense on the work surfaces in the vapor zone and flush the oil and other foreign 

matter off with the liquid condensate. The removed material accumulates in the 

boiling sump and oilly the pure vapor comes in contact with the work load. Vapor 

flushing may be followed by pure solvent spray and/or liquid immersion. The cool, 

pure solvent · redu~ the temperature of the work Surface below the vapor 

. temperature, producing a second vapor condensation flushing action on the work 

surfa~. At the time the work pieces are removed from the vapor zone, they should· 

be clean, dry, and' ready for further processing.4 

In conveyorized equipment, most, and sometimes all, of' the manual parts handling 

associated with open top vapor degreasing has been eliminated. Conveyorized 
. ' 

degreasers are typically enclosed so that o~ly the entrance and exit are exposed to. 

the atmosphere.3 This helps to control solvent losses. from the system due to air 
movement'within .the plant. Conveyorized degreasers are used by a broad spectrum 

of metalworking industries, bui are most often found in plants where there .is a 

constant stream of parts to be degrea.Sed. A continuous or niultiple~batch loading 

system. eliminates the manual parts handling associated with open top vapor 

degreasing or cold cleaning.3 

There are seven main types of conveyorized degreasers: monorail, a:oss-rod, vibra, 

ferris wheel, belt, strip, and circuit board cleaners. While most of the seven types of 
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conveyorized degreasers may be used with cold or vaporized solvent, the first four 

are almost always vapor degreasers. 

The cross-rod degreaser obtains its name from the rods from which parts are 

suspended as they are conveyed through the equipment by a pair of power-driven 

chains. Figure 13-14 is a diagram of a cross-rod degreaser. The parts are placed in 
· pendent baskets or, where tumbling of the parts is desired, perforaied cylinders. 

These cy~inders are rotated by a rac;k ·and pinion design wi¢in the solvent and/~r 

the vapor zone to provide _the tumbling action required to clean and drain the 

crevices hi the work pieces. Pendent baSkets, however, do not rotate and _are used 

to carry small parts that do .not require tUmbling for cleaning and draining.3 Cross-, 
rod conveyorized units are generally used for processing small or irregular parts 

which need to be immersed in solvent for satisfactory cleaning or which 'require 

tumbling fo~ solvent drainage from cavities in the parts.4 

A monorail vapor degreaser is usually _chosen when the partS to be cleaned are 

being transported between manufacturing operations usin,g a monorail conveyor, as 

shown in Figure 13-15. This design lends: itself to automatic cleaning with solvent 

spray and. vapor. The parts can .be moved in one side and out the other; as 

illustrated, or they can tum 180. degrees while in the vapor or spray portions of the 

equipment and exit the equipment through a tunnel parallel to the entrance.3 

Monorail conveyor system are used for high production of standardized work pieces 

and are generally found in facilities that use monorail systems to transport materials 

within the plant.4 

In a vibra degreaser, dirty parts are fed through a chute which directs them into a 
pan flooded with solvent, as ~oted by Figure 13-16. This pan is connected to a 

.rotating spiral elevator. The pan and -spiral ·elevator are vibrated. The parts move 

from the pim up the spiral to the exit chute. The cooler parts condense solvent 

vapor as they are vibrated up the spiral and dry as soon as they leave the vapor zone. 

These degreasers are capable of l'rocessing large quantities of small parts.3 The 

small work pieces are dipped into solvent, raised on a spiral vibrating eievator , and 

then counter-flow rinsed with cl~an solvent vapor. Cleaning action is then effected 

by the combi~ation of vibration, solvent dip, and solvent vapor condensation.4 Since 
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tbe vibratory action creates considerable noise, acoustical irisulation of the 
. equipment is ne~ded or the system must be enclosed in a noise-control booth.3 

The ferris wheel or gyro degreaser is one of the least expensive and smallest 
conveyorized degreasers. Figure 13~17 illustrates a gyro degreaser. It generally uses 

perforated baskets. As a large gear wheel rotates, it tumbles the perforated baskets 
' . ,, 

attached to it via smaller gears. · The parts tumble in the baskets, allowing more 

c;omplete contact of the. parts with the solvimt.3 Ferris wheel-type degreasers allow 

the ()perator to load and unload the baskets from one work station. 4 

Both the belt degreaser and the strip degreaser are designed to allow simple and 

rapid loading and unloading of parts. A belt degreaser, shown in Figure. 13-18, 
conveys parts on the belt through a iong and narrow boiling chamber in which the 
parts are cleaned either by the conde115ing vapor or by immersion in the solvent 

sump. The strip degreaser is similar to the belt degreaser except that the strip itself 

is being cleaned. The strip degreaser is designed to clean parts which are long and 

thin. 

The circuit board cleaner is similar to design to the belt degreaser. There are three 
types of cir~it board cleaners: developers, strippers, .and defluxers. In the 

production of circuit boards, Ultraviolet rays are projected through a film of an 
electrical circuii pattern to create an image on a copper sheet covered with resist. 
The developer degrea5er dissolves off the unexposed resist. · This copper covered 
board is then dipped in an acid bath to etch away the copper that is not covered by 
the hard, developed resist. Next, the stripper degreaser dissolves off the developed 
resist. Then, a wave of solder passes over the bare copper circuit and bonds to it. 

Lastly, the defluxer degreaser dissolves off the flux left after the soldet hardens. 
Because o( the nature of the material b,eing cleaned, circuit board cleaners can use. . . ' . . . 
cold (room temperature) solvents as well as vapor degreasing processes.· 

13.1.5 Solvents 

A degreaser should be designed specifically for the solvent to be employed ·and 

should not be used with any other. The ten desirable characteristics in a vapor 
degreasing solvent are:14 · 
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1. Good solvency for the soils (oils, greases, and other contaminants) to 
be removed. 

2. Nonflammability and freedom froll). explosive bazard under the 
operating conditiops of th_e yapor-degre~ipg_p~ocess: ____ _ 

_ 3. A low latent heat of vaporization and-a low specifu: heat to give_ the 
greatest amount of condensation on a specific quantity of work to 
achieve the mitiimum heat requirements of the degreaser. 

4. A low rate of diffusion into the air under normal operating conditions 
and a high vapor density relative to air so that solvent losses to the 

atmosphere are minimal. 

5. Chemical stability under the conditions of use. The solvent should be 
- able to tolerate all the circumstances confronted during vapor 
degreasing. These conditions include "exposure to heat, air, active 
metal chips and fines, acidic metal working lubricants and moisture 
which may b~ brought in with the work or from atmospheric 

. _condensation.~ Any pure solvent not meeting these requirements 

. should not be used unless it can be made to do: so by adding 
appropriate stabilizers. · 

6. Noncorrosiveness to common metals of construction. The solvent 
must maintain this property after continuous use and redistillation. 

7. Low solubility in water and no tendency to hydrolyze under the 
process conditions. · An azeotrope with liquid contaminants or with 

other solvents must not be formed. 

8. Low enough boiling point to allow-the solvent to be easily separated 
from oil, grease, or other contaminants by simple. distillation. A low 
boiling point also serVes to -retain the temperature of the degreased 
work at a suitable level for subsequent handling. However, the 
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. boiling point should be high enough so that sufficient solvent vapors 

will condense on the workload to provide a satisfactory final rinse in : 
the clean vapor. In addition, the solvent should boil at a high enough 

temperature so that the vapors will readily be condensed by the 

.cooling coils. 

Obtainable at a reasonable cost. Note this factor should take into 

consideration not only the cost per gallon but also how much solvent 

is required to clean the work. 

10. Relative safety to personnel who may breathe the fugitive vapors. 

Vapor conc~ntrations in the workplace should be maintained at a 

level below the permissible exposure limits for the solvent. Also, the 

solvent should retain its original composition during use and should 

not decompose to give toxic by-products under the conditions of the 

process. 

A degreasing solvent may be accompanied by or is a combix).ation of co-solvents or 

additives which play an important role in the emissions from the equipment. These 

·additives, stabilizers, or inhibitors are added to prolong the degreasing ability of the 

solvent and to prevent decomposition. 

The commercially available solvents which have ·been used in the vapor degreasing 

process and which meet some if not all of the above requirements are discussed 

below. Table 13-1 is a table of common metal cleaning solvents and Table 13-2 is a 

listing of halogenated solvents used for metal cleaning and its properties. 

13,1.5.1 . Trichloroethylene (TCE) . 

Boiling at ·188 °F, trichloroethylene (TCE) bas been found adaptable to. the 

majority of vapor·degreasing applications. The trichloroethylene degreaser can be 

heated with low-pressure steam (5 to 15 psig) and is easily separated from 

contaminants by simp!~ distillation. Trichloroethylene has a very high solvency for 

most of the contaminants found in the metal fabrication industry. It does not attack 

nor etch delicate metal parts. The average vapor concentrations in the working 
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'l'AB"B :u-:a.. COIIICOH HB'l'AL CLBAHING 80LV2N'1'S4. 0 ::: solvency for Water Boiling t::' 
Type of Metal working TLV Flash Evaporation Solubility Point Pounds. 
Solvent Solvent soils (ppm) Point Rate a ~t wt.) (Range) Per Gal. 

·Alcohols 
Ethanol (95t). poor· 1~00 60°F 24.7 00 165-176°F 6.76 
Isopropanol poor 400 55°F 19 00 179-181°F 6.55 
Methanol poor 200 58°F 45 00 147-149°F 6.60 

Aliphatic Hydrocarbons . 
201-207°F Heptane. good· 50.0 <20°F 26 <0.1 5.79 

Kerosene good 500 149°F 0,63 <0.1 354-525°F 6.74 
Stoddard good 200 105°F 2.2 <0.1 313-380°F 6.38 
Mineral 

spirit& 66 CJOOd .200 10?°F 1.5 <0.1 310-382°1' 6. 40 
.... Aromatic Jlydrooarbona 1M 
' sc 1!50 good 200 1!51°F 0,48 <0.1 370-410°·· 7.42 1M • .... Tolueno good 200 45°F 17 <0.1 230-232°F 7.26 

Turpentine good. 100 91°F 2.9 <0.1 314-327°F 7.17 
Xyleno goo~. 100 81°F 4.7 <0.1 281-284°F 7.23 . . 

Chlorinated Solvents b Methylene Chloride excellent !500 none 363 0.2b 104-105°F 10,98 
Perchloroetha.ne excellent 100 none 16 <0.1b 250-254°F 13.47 
1,1,1-Trichloroethane excellent 350 none 103 <0.1b l65-194°F 10.97 
Trichloroethylene excellent 100 none 62.4 <0.1 1B8-190°F 12.14 tn:orn 

11)(11(1> 

' 
,..;Sn 

Fluorinated Solvents C1> • ::::. 
•• tn 0 

Trichlorotrifluoro- O"t:t 
ethane (FC-113) good 1000 none 439 <0.1b U7°F 13.16 . ?. • ~ 

t::' Ketones 

~ Aootona IJOOd 1000 <0°F U2 00 132-134°1' fi,!i9 ~0~ 
Methyl ethyl ketone CJOOd 200 28°F 4!5 27 174-176°1' 6.71 .... 

Ill ~ "' ~ •• h..,or•tton r•t• dltel'tlllned bt Wllhl la11 of SO •l• In 1:1J •l beeker on an enalytfcel bel•nc• (lft\,dnl/aln) 
00 
\0 

b, 111 hble tJ•Z. 



TABLE 13-2. BAI:.OGBNATBD SOLVENTS USBD.POR METAL CLl!lA!IIHG5 

Vapor Water· Latent 
Molecular Density Solubility Heat 

Solvent Weight (Air=l.O) (g/lOOg) (kJ/kg) 

.... 
«.> 

~ ·Trichloroethylene 131.40 4.5 0.02 (20°C) 237 

Perchoroethylene 165.85 5.7 0.01 (20°C) 209 

.1,1,1-Trichoroethane 133.42 4.6 o.os (2S°C) 237 

.Methylene Chloride 84.94 2.9 0.15 (20°C) 330 

Trich1orotrifluoroethane. 187.0 ~.5 . 0.01 (24°C) 147 

Price 
($/kg) 

o.s8 

0.49 

0.66 

0.63 

1.70-3.75 
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areas of the trichloroethylene de greaser can be maintained well below the threshold 

limit value ('U-V) of 100ppm.1 

13.1.5.2 Perchloroethylene (PERC) 

The colorless, chloroform-smelling perchloroethylene (PERC) boils at 250 °F and is 

selected for application where its high boiling point is advantageous. Its high boiling 

pqint is beneficial for two reasons: (1) it helps in the removal of high melting waxes 

and greases and (2) it allows the solvent to condense on the work for a longer period 

of time, hence giving a longer cleaning cycle. PERC degreasers may be heated by 

using gas, steam, or electricity.2 PERC is employed to remove high-melting tars and 

waxes preceding ultraviolet light inspections, to remo_ve large quantities of water in 

solvent drying operating, and to clean spot welded seams or fine orifices. High

pressure (50 to 60 psig) is employed in the PERC degreaser. The cleaned parts are 

. very hot for subsequent handling, and workroom temperatures are higher than with 

TCE degreasing.1 Because of its high heat requirements, PERC degreasing costs 

. are usually slightly higher· than for TCE. 

PERC can be stabilized to withstand vapor degreasing conditions encountered and 

show little tendency to hydrolyze. PERC can be recovered by simple distillation and 

· has good solvency fur the majority of the contaminants. Like TCE, no danger of 

attack or etching of delicate metal parts m!ly be encountered whep. properly 

maintained. Average solvent concentrations around the vapor degreaser can be 

maintained well below the TL V of 100 PJ>m for PERC.12 

13.1.5.3 Methylene Chloride 

Colorless, toxic methylene chloride boils at 104 °F and is used for special 

applications where its low boiling point or high solvent action is desirable. One of 

its uses is cleaning magnesium casting after being impregnated with sealing 

compounds .. This volatile solvent is very effective in removing the excess compound 

from ·the surface of the casting without removing the sealing compound from the 

casing pores. In contrast, higher-boiling solvent would open the pores a~d leach out 

and dissolve the compound. Being a very active solvent, methylene chloride is 

SCAQMD 13-33 Degreasers 



<. 

Section:· 
Revision: 
Date: 

13 . 
o· 
8/18/89 

considered for removal of some paintS and resins which are not sufficiently loosened 

by TCE or PERC.12 

Losses froiii solvent diffusion can .be minimized because of the solvent's low boiling 

point and low vapor density: Methylene chloride is used in degreasers with a high 

freeboard arid a source of cooling water .. The upper section ofthe degreaser should 

be kept cold so. that the vapors Will not by~ pass the condensing coil and heat up the 

degreaser walls, 12 

Methylene chloride is the mo~t active of the· degreasing solvents.6 It has the lowest 

boiling point and the highest latent heat of vaporization (330.2 Joules/gram) of the 

solventS used in vapor degreasers. The solvent attacks some plastics and el~tomers 
and thus cannot be used as a degreasing solvent for these materials .. · The low boiling 

point requi~es. refrigerated water (54.9 °F to 60 °F) on the degreaser condensing 

coil; while the high latent heat of vaporization requires removal of more heat than· 

other solvents.6•7 · 

Methylene chloride can withstand the conditions of most vapor-degreasing 

processes. . However, care should be taken when degre'asing aluminum or 

.. magnesium to avoid accumulation of metal chips or fines. In propc:rly designed 

equipment, average··concentrations in the working zone can be maintained well 
.below. the 500 ppm 1L V. 12 . . . · 

13.1.5.4 TrichlorotriOuoroethane 

This solvent boils at 118 °F and is used for applications requiring its low vapor 

tempe,rature and/ or its particular solvent action. Because of its low solvency, 

trkhlorotrifluoroethane has b.een employed for cleaning hermitically sealed motors · 

which employ insiilatiori varnishes which may be affected by other vapor-degreasing 

solvents .. · Trichlorotrifluroethane is sometimes formulated with cosolvents · to . 

improve solvency for particular jobs. As with methylene chloride, precautions must . . 
be taken in degreaser design to minimize solvent losses. The solvent is extremely . 

stable and in properly designed. machines, w~rkroom concentrations can be 

maintained well below its 1L V of 1,000 ppm.12 
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This colorless solvent boils at 165 °F and is chosen for applications where its 

particular solvent action is required imd where total freedom from moisture must be 

maintained in the de~reasing operation. An example of its use is in the· cleaning of 

electric motors employing insulation varnishes which might be affected by other 

solvents. 

1,1,1-trichloroethane must be stabilized for degreasi1)g applications because it 

decomposes in the presence of water to form hydrochloric acid and acetic acid.6•7 

Because of this tendency to hydrolyze under operating conditions where moisture is 

· present, motors are dried in an oven before degreasing to remove any moisture 

present.12 This solvent can also decompose in th~ presence of aluminum or 

magnesium when not properly stabilized. Thus, when the solvent·is recovered by 

distillation, care must be taken to replenish depleted stabilizers. Vapor · 

concentrations in the work zone atmosphere can be kept well below the TL V of 350 

ppm with proper operation of ~uitably designed equipment.~ 

13.1.6 Control Techniques 

Degreaser emissions are maiiily due to solvent· bath emissions, weute solvent disposal 
~. evaporation, and carryout; leakage and spillage are alSo obvious sources of solvent 

loss. Emission control devices are applicable to degreaser ~terns on a case by case 

basis due to the diversity of the ~tern. Small degreasers using room temperature 

solvent may either require oiily a cover, whereas a large degreaser using boiling 

solvent may require a refrigerated freeboard chiller or a carbon adsorption ~tern. 
Thus, either a single control device or a combination of devices may be used to form. 
a complete control system. .Because degreaser designs and applications vary, an 
individual evaluation of the process must be peiformed to determine the optimum 

control system. Solvent emission control must be considered not oiily as an obvious 

means to reduce ROG emission but also as a means to reduce vapor degreasing 

operating costs. In fact, the largest Single item of cost in the vapor-degreasing 

process is frequently the solvent "used-up" or lost in the process.12 
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Five typical devices employed to reduce emissions from the solvent bath are: 

1. Improved cover; 

2. High freeboard; 

3. Refrigerated freeboard chillers; 

4. Carbon adsorption; and 

5. Safety switches. 

13.1.6.1.1 Improved Covers 

. ' 
The cover is the single most important control device for open top vapor degreasers. 

Covers are normally provided on open top degreasers as standard equipment. The 

cover may be simplified so that it will be more frequently used if it is either 

.mechanically assisted, powered, or automated.2 

.For vapor degreasers, covers should open and close in horizontal motion, so that 

air /vapor interface is not disturbed. Covers of this type include roll-type plastic 

coyers, canvas curtains, or guillotine covers. Automated covers may be powered 

pneumatically or electrically and are usually manually controlled with an automatic 

cutoff. The most advanced covering system are automated in coordination with the 

hoist or conveyor. Covers can be designed so they clo.se while parts are cl~aning and 

drying. Thus the covers would be opened for only. a short time while the parts are 

actually entering or exiting the degreaser. A cover on an open top degreaser has 

been shown to reduce total emissions by 20% to 40%; effectiveness varies 

depending upon the frequency of cover use.3 

Conveyorized degreasers already include covers in their design but additional cover

related controls ·can be. used. These include minimizing openings and covering· 

openings during shutdown hours. The average distance between the side at· the 

opening and the part being cleaned .is defined as the "average silhouette clearance':. 

Rule 1122 requires a conveyorized degreaser to have at least an average ·silhouette 

clearance of 4 inches (100 mm) or 10% of the opening width. 
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Covers .can be made for the entrance and exit of the conveyorized degreaser so that· 
they can be used after degreaser shutdoWn. The cover (or· downtilne cover).can be 

any material that retards drafts into the degreaser and should cover 80% to 90% of 
the opening. The use of the cover immediately following shutdown (referred to as 

the shutdown cover) is most crucial because the hot solvent is cooling by 
evaporation. Also, the downtime cover will be effective for the more volatile vapor 

degr~asing solvents even afte.r the solvent su'mp has cooled.3 For conveyorized 
degreasers, an estimated .18% of total emissions are due to evaporation during 

· downtime.3 Most of this loss can be eliminated by downtime cover. 

On . cold cleaners, covers are generally assisted by means of spring loading or 

counterweighting. A foot-operating pedal or powered system can facilitate this 
·cover device. Two additional types of covers may be used: the submerged cover 
and water cover ... The submerged cover. (or commercially called the turbulence 
baffle) is a horizontal sheet of material submerged about 2 inches (50 mm) below 
the entire surface' of the lilj_uid in a cold cleaner where the solvent is vigorously 
pump'agitated. The water cover is simply a layer ofwater.about 2 to 4 inches (50 

mm to 100 mm) thick over a heavy, non"~ater solvent.3 I:est data submitted by 

Dow Chemical Company demonstrated a 90 percent control efficiency for a 2.5 . 
centimeter thick ·layer of water floating on PERC, compared to solvent exposed 

,directly to air, in an idling mode.s Because a water cover will· evaporate over time; 

it is important thai additional water be added periodically to ;replenish losses, .thus 
helping tO maintain maximum control efflciency.5· The water cover cannot be used 
in applications· where• water .would corrode the metal surface or cause chemical 

· • de~adation.of the halogenated solvent.3 Some solvents are misci.ble. in, or lighter 
than water; water covers are ineffective in these cases.5 · 

.. .. · Establishing a -single conf:rol ~fficiency f9r a.cold ·cleaning cover;- is not possible 

because emission reduction varies too greatly with respect to solvent volatility, draft 
velocity, freeboard ratio, operating temperature, and agitation. However, bath 
evaporation rate does vary directly with solvent volatility at normal operating 
temperature. Although a closed cover can eliminate bath evaporation,· the cover 
can do nothing to reduce carryout or waste solvent emissions. As a result, a 
normally closed cover becomes an effective control device only when bath 
evaporation is the major portion of total emissions. When solvent ·volatility is 
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moderate to high 0.3 psi at 100 °F (approximately 2.1 kPa at .38 °C), closing the 

cover a~ all times is an effective control technique when parts are not being cleaned . 

manually in the cold cleaner. The cover should always be closed when the bath is 

agitated or heated. If none of these conditions apply, the cover should at least be 

closed during long periods of nonuse, such as shutdown hours and idle periods 

greater than half an hour.3 

13.1.6.1.2 High FreebOard 

The freeboard serves primarily to reduce drafts near the air/solvent interface. An 

acceptable freeboard height is determined by its freeboard ratio. The District 

defines the freeboard ratio in Rule 1122 as the freeboard height divided by the 

· smaller of the length or width of the degreaser. 

· Rule 1122 Freeboard Ratio = · F/D (Equation 13-1) 

where, 

F 

D 

= 

= 

Freeboard height, 

Cold solvent cleaning tanks: measured from solvent to 

opening of tank 

Vapor. degreasing tanks: measured from vapor to 

opening of tank 

Smaller of the degreaser's length or width 

The .ASTM (ASTM D-26) recommends.that open top degreasers using any type of 

solvent to have a minimum freeboard ratio of 0.75.5 As deemed by 'Rule 1122, the 

·freeboard ratio must be greater than or equal to 0.75 for cold .solvent cleaners, 

open-top vapor degreaser, or conveyorized vapor degr~aser .. An increase in the 

ratio from 05 to 1.09 may yield a 50% reduction in emissions.3 · 

Freeboard height has little effect on cold cleaning solvents with low volatilities, such 

as mineral spirits. An increase of freeboard ratio above typical values yields a 

benefit only for cold cleaners with high volatility solvents, such as halogenated ones. 

Nevertheless, the Occupational Safety and Health Administration (OSHA) requires 
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at least a 6 inches (150 mm) freeboard.3 Equipping the cold cleaner with a visible 

· internal fill line will assist the operator in maintl\ining the desired freeboard ratio by 

being able to directly observe if the solvent level is above the proper operating 

level.5 

13.1.6.1.3 Refrigerated Freeboard Chillers 

Refrigerated freeboard chillers are emission control devices used on vapor 

degreasers. The primary condensing coils or water jacket will prevent the vapor 

created within a vapor degreaser from overflowing out of the equipment; they 

should not be confused with refrigerated freeboard chillers. As noted in Figure 13-

. 19, refrigerated freeboard chillers are located above the primary condenser coils. 

and are used in order to increase the vapor control efficiency. Primary condenser 

coils control the upper limit of the vapor zone, while refrigerated freeboard chilling 

coils hinder ·the diffus~on of solvent vapors from .the vapor zone into the work 

atmosphere. This occurs when the air is chilled immediately above the vapor zone 

and a cold air blanket is created. As a result of this sharper temperature gradient, 

this blanket also reduces mixing of air and solvent vapors by. narrowing the 

·air/vapor mixing zone. Also, chilling decreases the upward convection of warm, 

·solvent-laden air by producing a stable inversion layer.3 
.... 

Freeboard chiller& should be-designed to achieve less than or.·equal to 30% of the 

solvent's boiling point. As a rule of thumb, refrigerated freeboard chillers are 

. ·generally sized by specifying cooling.capacity per length of perimeter. The above

freezing refrigerated freeboard chiller is frequently designed to have a minimum of 

· 500 Btu/hr-ft (865 W /m-°K) cooling· capacity per foot (305 mm) of air/vapor 

interface perimeter. The below-freezing refrigerated freeboard chiller is reported 

to b_e normally designed along the following specificationsl: . . . . 
Minimum Cooling Capacity, 

Degreaser Width, ft(m) Btu/hr-ft (W /m-°KJ · 

< 3.5 (1.1) 200 (346) 

> 3.5 (1.1) 300 (519) 

>6 (1.8) 400 (692) 

>8 (2.4) 500 (865) . 

> 10 (3.0) 600 (1,038) 
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. Normally, each pass of finned cooling coil is expected to remove 100 Btu/hr-ft (173 

W/m-°K).3 

Another type of refrigerated chiller is the refrigerat.ed condenser coil. Refrigerated 

condenser coils replace primary condenser. coils rather than provide an extra set of 

chilling coils as the freeboard chillers do. If the coolant in the condenser coils is. 
sufficiently refrigerated, this will create a layer of -cold air above the air/vapor 

interface.2 n·u Pont and Rucker Ultrasonics have recommended that th~ cooling 

rate of refrigerated condenser coils be equal to 100 % to 120% of the heat input in 
the boiling sump in order to give optimum emission controi.3 However, the energy 

consumed in maintaining the optimum cooling rate in large open top vapor 

degreasers may be too great and costly. As a result, refrigerated condenser coils are 

normally used on small open top vapor degreasers.2 

13.1.6.1.4 CarbOn Adsorption 

Carbon adsorption.is· used frequently to trap solvent emissions from metal cleaning 

operations. Figures 13-20, 13-21, and 13-22 depict the carbon adsorber, adsorption . . 
· cycle, and desorption cycle, respectively. · Adsorption is the process of removing 

liquids mole~Ies fr<im a stream using a solid adsorbent. Adsorbents are materials 

which selectively remove gases or liquids frail!- air streams. The material which 

adheres to the adsorbent is called tlie adsorbate. Adsorption occurs at all solid 

.interfaces but is minimal unless the adsorbent has a large surface area; is porous, 

and possesses capillaries. The important characteristics of solid adsorbents are their 
. large surface-to-volume ratios and preferential affinity for individual components.· 

The carbon adsorpti.on process includes three. steps. The adsorbent is first contacted 

with fluid, and a separation by adsorption results. The gas molecules adhere to the 

surface of the solid adsorbent as a result of intermolecular attractive forces (van der 

Waals forces) between them.U Second, the unadsorbed portion of fluid is separated 

from the adsorbent. For gases, this operation is completed when gases leave the 

adsorbent bed. Third, the adsorbent is regenerated by removing adsorbate from the 

adsorbent. For solvent recovery, typically low pressure steam is used to regenerate 

SCAQMD 13-41 Degreasers 



Section: 
Revision: 
Date: 

1
- Solvent·Ladm Air Inlet 

rndenser 

j r -I ' . 

-
Bed "A .. Bed ··a" 

IT 

~C •. ~ Separator 

~ 
I II 

i 

• I Clean Air Exhaus l 

FIGURE 13-20 . CARBON ADSORBER3 

SCAQMD 13-42 

13 
0 
S/18/89 

--t-·S team Une 

Degreasers 

• 



I 

.•.. 

SCAQMD 

Section:· 
Revision: 
Date: 

FIGURE 13-21 . ADSORPTION CYCLE3 

13-43 

13 . 
0 
8/18/89 

Solvent·Laden 

Activated Carbon 
Bed 

Degreasers 



.. 

Condenser 

Recovered •
Solvent 

SCAQMD 

Separator 

E'IGURE 13-22 

.. 
Section: 
Revision: 
Date: 

DESORPTION CYCLE3 

13-44 

13 
0 
8/18/89 

Activated ~. 
Carton Sf>d ·~ 

.. .. 

Degreasers 



Section: 
Revision: 
Date: 

13 
0 
8/18/89 

the adsorbent.. The vapors are condensed and separated from the water by 

decantation, distillation, or both. 

Activated carbort is capable of adsorbing 95%' to 98% of many organic vapors from 

air at ambient temperature and even in Jhe presence of water in the gas stream.9 

However, at ambient temperatures, recovery of solvents present in air in small 

concentrations is 'low. 

When a mixture of solvent vapor in air is passed over activated carbon, removal of 

solvent vapor is complete at the beginning, but as the activated carbon approaches 

its adsorptive limit traces of vapor will appear in the exit air. This situation is called 

breakthrough. As the air flow is continued, the concentration of solvent vapor in the 

exit air increases until it equals that in_ the inlet air.2 No further adsorption can 

occur at this point and the carbon must be regenera!ed. 

The adsorption rate of a mixture of organic vapors in air is not uniform; the organic 

constituents in the air with the higher boiling points are considered less. volatile and 

thus are more easily adsorbed. . As air containing a mixture of organic vapors is 

passed over activateo carbon, vapors are all adsorbed at the start. Thus, as the 

amount of the higher boiling constituent in the adsorbent increases, the more . 

volatile collStituen! revaporizes. Thus, the exit vapor consists primarily of the more 

volatile constituent after breakthrough bas been reached. This proc~ss continues 

for each organic constituent until the highest boiling constituent is ·present. in the 

exit gas. Therefore,· to ensure .maximum control of organic vapor mixtures, the 

adsorption cycle should be stopped· when the first . breakthrough occurs as 

deteimined by detection of vapors in the exit gas.2 

The quantity of organic vapors adsorbed by activated carbon is a function of the 

particular vapor in qjlestion, the adsorbent, the adsorbent temperature, and the 

vapor concentration .. Removal of gaseous vapors by physical adsorption is practical 

for gases with a molecular weight over 45P Each type of activated carbon has its 

own adsorbent properties for a given vapor, and the quantity of vapor adsorbed for 

a particular temperature is best determined experimentally. The quantity of vapor 

adsorbed increases when vapor concentration increases and adsorbent temperature 
decreases. 2 
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Control. of solvent vapor emissions by adsorption . on activated carbon is applied 

when adsorbate recovery is economically desirable. Several aspects of using carbon 

adsorption with degreasers are distinctive. For example, solvent mixtures are 

sometimes used. Although combinations will be adsorbed, collected solvent vapors 

will be rich in the less volatile components so that recovered solvent is rarely 

identical in C!)ncentration to that used in the cleaning system. In addition, there are 

effluent components that are water soluble, such as acetone.or butanol used as 

cosolvenis with fluorocarbons and various stabilizers that are added to most solvents 

to inhibit' decomposition. These water· soluble components ·will be selectively 

extracted by the steam during the desorption process. In such cases, if the recovered 

solvent has not decomposed, .it can be reused; however, fresh solvent, stabilizers, · 

and/or cosolvents must be addeq or the water soluble compounds recovered by 
distillation or some other means. 2 . . 

Carbon adsorption systems for solvent metal cleaning can be· expected to ~chieve 

only 40% to 65% net reduction of the total solvent emission~ This is because the 

ventilation apparatus of the control system cannot capture all solvent vapors and 

deliver them to the adsorption bed. Improved ventilation design can increase an . . 
adsorber's overall emission control efficiency. Higher ventilatic;m rate alQne, . 

however, will not' necessarily be advantageous; it will require large, expensive 

adsorbers and may disrupt the air/vapor inte~~ce and thereby increase losses.2 

13.1.6.1.5 Safety Switches 

Safety switches are preventive devices used only for vapor degreasers. They reduce 

emissions only during malfunctioll!i and abnormal operation. The five main types of 

safety switches are (1) safety vapor level control thermostat , (2) condenser water . ~ . . 

flow switch· ana· thermostat, (3) solvent sump thermostat, (4) solvent level control, 

and (5) spray safety switch. Switches one through four tum off the sump heat, and. 

switch five turns off the spray .. 

The s.afety vapor thermostat is t~e most important switch since it detects the solvent 

vapor zone once it rises above the condenser coils. Heat is turned off when hot 

vapors are sensed. The. safety thermostats should be the manual reset type and 
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should be checked frequently for operation. As a result, the safety vapor thermostat 

reduces emissions and protects the operator's health by preventing the vapor level 

from rising above the condenser coils and causing emissions. OSHA already 

requires that open top degreasers have a safety vapor thermostat 2 For 

conveyorized degre~ers, the vapor level control thermostat should activate an 

alarm system. 3 

The condenser water flow switch and thermostat tum off the sump heat when the 

condenser water stops circulating or becomes warmer than specified. With the 

condenser water flow switch and thermostat properly adjusted, this will serve as a 

backup for the safety vapor thermostat and also ensure the condenser coils are 

operati.ng efficiently.2 

Both the third and fourth ·type of safety ·switch prevent the sump from overheating 

and causing solvent decomposition. The boiling sump. thermostat cuts off the sump 

heat when the sump temperature rises above the solvent's boiling point. This is 

caused by excessive oil concentration in the sump. The solvent level control turns 

off the heat when the level of the boiling sump drops do\vn to the height of the sump· 

heater coils.3 Without this control, the hea~ can decompose the solvent or an 

· exothermic reaction may occur to emit noxious fumes, such as hydrochloric acid, 

which is very corrosive. 2 . 

13.1.6.1.6 Incineration · 

Incineration conceptionally could be used to control emissions from degreasing. It 
could be applied to systems using petroleum· hydrocarbons and oxygenated solvents 

which readily combust to carbon dioxide and water. Although chlorinated 

hydrocarbons ar~ nonflammable under normal conditions, they can be pyrolyzed at 

temperatures in the incineration range. This pyrolytic decomposition will 

unfortunately release chlorine, hydrochloric acid, and phosgene, depending on 

decomposition conditions. These products would have to be removed from the off

gas stream of the incinerator before exhausting to the atmosphere requiring 

sophisticated gas cleaning equipment.2 Presently, no incinerators are used in the 

District to control solvent emissions presently. 
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Evaporation emissions due to waste solvent disposal occurs within all three 

degreaser types .. This type of emission is greatest in cold cleaners, while smallest in 
conveyorized degreasers. 

W!l5te solvent evaporation depends not only upon the amount but also upon the 

method of disposal. Acceptable methods of handling waste solvent include proper 

incineration, distillation, and chemical landfilling, where the waste solvent is buried 

in enclosed containers and encapsulated by impermeable soil. Disposal routes that 

result in total emission to the environment include flushing into sewers, spreading 

waste solvent for dust control, such as c;m dirt roads~ and landfilling where the 

solvent can evaporate or leach into the soi1.3 

There are four practices that can reduce and nearly eliminate the atmospheric 

. evaporation from waste solvent disposal: boil-down; use of in-house diStillation, use 

of.contact reclamation·services; and transfer to acceptable disposal facilities.2 

Boil-down is a technique of distilling pure solvent from tlie contaminated mixture in 

the degreaser. As'1he contaminated solvent is boiled in the sump, pure solvent 
vaporizes .and condenses on the cooling coils where it is routed to and §tored in a . . 
hold tank; Boil-down cart usually reduce the solvent content in the contaminated 
material to less than 40 to 45 percent by v.olume.2 

13.1.6.3 · Carryout Emission Control . . 

Catryout or dragout emissic;ms are the· solvent emissions resulting when clean parts 

still contain liquids during extraction from the vapor . degreasers. The solvent 

extracted may exist as a liquid coating the part or a liquid entrapped in irregular 

surfaces and cavities within or on the part. Proper operating procedures are the 

best method for reducil)g carryout emission. There are devices to assist. in lessemng 

the carryout from cold cleaners and conveyorized degreasers, but not generally from 

open top vapor de greasers. 
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The ·principle control device for carrymit emissions from cold cleaners is a simple 

drainage facility. Two types of drainage facilities are the external and internal racks 

or shelves. The external drainage rack is attached to the top side of the cold 

cleaner. The liquid solvent on the cleaned parts drains onto the drainage shelf and 

flows back into the cold cleaning bath. ~ internal · drainage facility is located 

beneath the cover. It may Qe a basket holding parts that is suspended over the · 

solvent bath or a shelf from which the solvent drains. The carryout emissions may 

be substantially reduced by allowing longer drainage time. According to ASTM-26, 
cleaned parts should be drained at least 15 seconds. 

For conveyorized degreasers, the main control devices for carryout emissions are a 

· drying tunnel and rotating baskets. A conveyor itself may contribute to carryout 

emission. Some designs cause less em~sions than others. In most cases, these 

emissions are directly proportional to the surface area entering and leaving the 

cleaning zone. A drying tuimel is an extension of sheet metal from the exit of the 

conveyorized degreaser. This tunnel extension provides cleaned parts.more time to 

completely dry. The dryirig tunnel will work well in combination with carbon 

adsorption. Rotating baskets may be used on cross-rod degreasers and ferris wheel 

· degreasers. The rotating basket is a perforated cylinder consisting of parts to be 

cleaned that is slowiy rotated through the cleaning system so that the parts cannot 

trap liquid solvent 2 

13.2 Permit Unit Description 

Generally, degreaser is described in the permit as follows: 

. . 
DEGREASING SYSTEM CONSISTING OF: 

1. DEGREASER, 

NAME), 

SPRAY, CONVEYORIZED, COLD 

(MANUFACTIJRER'S 

(VAPOR-SPRAY, WATER

SOLVENT, ETC.) TYPE, 
MODEL NO. ___________ '- "W.x "Lx 
-- _ " H. INSIDE, SERIAL NO. ____ ----(RATING: 

SCAQMD 13-49 Degreasers 



·-

2. 

Section: 
Revision: 
Date: 

13 
0 
8/18/89 

BTU/HR, H.P., KW) (ENERGY INPUT AND 

. HEATING METHOD), WITH· ( H.P. SPRAY PUMP, 

WATER-COOLED CONDENSER COILS AND WATER JACKET,. 

H.P. REFRIGERATED PRIMARY CONDENSER, 

H.P. REFRIGERATED FREEBOARD CHILLER, 

--,---- H.P. TRANSFER PUMP, A LIP EXHAUST, AND '-

----"H. FREEBOARD). 

SOLVENT STILL,------...,...--- (MANUFACTURER'S 
NAME), MODEL NO. '- " W. x 

'- " L x __ '-__ " H., SERIAL NO .. ____ ___; 

___ (RATING: BTU/HR, H.P., KW) --,-----(ENERGY 
INPUT AND HEATING METHOD). 

13.3 Emissions 

The major causes of ROG emissions include leaks, loss of solvent vapor from the 

tank due to diffusion, convection, and movement of surrounding air, canyout of 

solvent on the deaned parts, and evaporation from disposal of wa5te solvent. The 

quantity of emissiolis varies on such factors as the type and size of equipment, hours 
of operation and operating techniques, and the,type of material being cleaned. 

13.3.1 Cold Cleaner Emissions 

Emissions from cold cleaners are the lowest emission rates per unit among the three 

· · basic de greaser types; howeyer, total cold cleaner emissions for all solvents are . . . . 
greater than those for either vapor degreasers or conveyorized units, due to the 

large number of cold cleaners in operation. 

There are various means by which organic .solvent vapors can be emitted to the 

atmosphere from a cold cleaner. These can be noted in Figure 13-3. An obvious 

emission point is the direct evaporation of solvent from the tank to the atmosphere 

(location 1). Carryout emissions (location 2) result from liquid solvent that is 
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physically carried out ·of the degreaser on the cleaned parts and subsequently 

eva~orates. Mechanical agitation of the. solvent bath · (location 3) incrf!ases 

evaporative losses. Turbulence from spraying (location 4) increases emissions as 

does overspraying (spraying outside the tank), and eicessive spray velocity~ Lastly, 

the emissions from the disposal of waste solvent (location 5) can vaxy significantly, 

depending on the .techniques used.4 

Bath evaporation occurs from the solvent surface and from exposed set surfaces 

inside the cleaning tank. The area of the solvent-air interface within the cold 

cleaner greatly influences emissions. Evaporation is increased by air movement 

such as drafts or ventilation and is directly related to the evaporation rate of the 

solvent used. Thus, evaporation is greatest when highly volatile solvents are used, 

·. when the solvent is. heated, and when the cover is open.3 Bath evaporation can be 

. greatly reduced through use of a cover and an adequate ·high freeboard height. 

Generally, the cove~ should be closed whenever the parts are not being handled in . 
· the cold cleaner. Although covers are standard equipment on most cold cleaners, 

keeping the cover closed requires conscientious effort on the part of the op.erator . 
and his supervision.3 · 

Carryout losses are due to the liquid or vaporous solvent entrained. on cleaned parts · 

as they are taken ·out of the degreaser. The less volatile solvents are most likely to 

·be.emitted by .means of liquid carryout.10 Th~ liquid solvent eventually evaporates 

into the atmosphere except for those drippings which .are captured by means: of 
drainage racks or shelves .. The drainage facility is standard equipment for some 
cold cleaners and is easily and inexpensively retrofitted for most other cold cleaners. 
The carryout emissions may be substantially .reduced by allowing longer drainage 
time. According to ASTM-26, cleaned·parts should be drained at least .15 seconds.· 

Mechanicalagitation can significantiy increase the evaporation rate from the bath. 

The rate of emission depends on: · (1) use of the cover, (2) agitation system 

adjustments, .and (3) volatility of the solvent. If the cover is kept closed during 

agitation, then emissions usually are insignificant; agitation emissions can increase 

dramatically with the cover open. This .is especially true with ultrasonic agitation of 
. ' 

solvents heated to their optimum cavitation temperature.· The. bath should never be 

agitated longer than necessary to complete the cleaning. The air flow into air 
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agitated cleaners generally should be about 0.01 to 0.03 m3 per minute per square 

.meter.of opening.3 

Waste solvent evaporation is the greatest source of emissions from cold cleaners . 

. The size of the cold cleaners and the frequency of disposal influences the amount of 

waste· solvent disposed. The solvent will be disposed of more often when the 

cleaning job ~emoves large quantities of oil and other contaminants, or requires a· 

high degree of cleanliness. The frequency. of disposal may be reduced if the cold· 

cleaner spray system is equipped With a filter;3 

In· addition, evaporation from solvent spraying will increase with the pressure of the 

spray (causing turbulence and splashing), the fineness of the spray (since finer ·spray 

evaporates more quickly), and the tendency to splash and overspray out of the tank. 

Evaporation is also greater when the ~pray is used conSta!ltly and when volatile 

solvents are used, Preferably, the spraying pressure should be less than 10 psig, and 

the .spray should be a solid, fluid stream.10 As a result, Rule 1122( c)(7) requires 

that solvent flow cleaning be a liquid stream. 

13.3.2 Open Top Vapor Degreaser Emissions 

As opposed to cold cleam;rs, open top vapor degreasers lose a relatively .small 

proportion of their solvent in the waste material arid as liquid canyout. Most. of the . . . . 
emissions are those vapors that diffuse out of the degreaser. · Emissions from the 

degreaser top include the solvent, solvent stabilizers, and the grease or oil removed 

f~om the parts being degreased.2 The only solvents used ·on open top vapor 

degreasers are TCE, PERC, 1,1,1-trichloroethane, methylene chlori!le, 

trichlorotrifluoroethane, and trichlorotrifluoroethane blends.3 

k a~erag~ open top v~por' de greaser . emits about 0.5 pounds . per hour ft2 (2.5 

kilograms per hour per m3) of -opening. This estimate is derived from national 

consumption data on vapor degreasing solvents and from EPA emission tests. 

Assuming an average open top vapor degreaser having an open top area of about 18 

n2 (1.67m2), a typical emission rate would be about 9 pounds per hour or 10 tons 

per year.( 4.2 kilogra~ per hour or 9,500 kilograms per year).3 
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The main open top vapor emission sources are shown in Figure 13-4. These 

emissions can be attributed to (1) diffusion, (2) carryout, (3) turbulence from lip 

exhaust, and ( 4) waste solvent evaporation. Diffusion and convection losses are the 

larger emissions, then followed by carryout losses. Emissions from waste solvent 

evaporation contribute to less than 25 percent or'the total emissions. 

Diffusion is the discharge of solvent vapors from the vapor zone out of the 

degreaser. ·Solvent vapors· mix with air at the top of the vapor zone. This mixing 

increases with drafts and with disturbances from cleaned parts being moved into and 

out of the vapor zone. The solvent vapor thus diffuses into the room air and into the 

atmosphere. These solvent losses. include the convection of warm solvent-laden air 

upwards out of the degr.easer.3 

According to Bollinger, et. al, diffusion losses from the open top vapor degreaser 

can be minimized by: 

closing the cover; 

minimizing drafts; 

providing sufficient coo~ng by the condensing coils; 

spraying only below the vapor level; and 

avoiding excessively massive work loads. 

Sufficient cooling by the condensing coils sh~uld be achieved by following design 

specifications for · the degreaser. Cooling rate is a function of solvent type, beat 

input rate, coolant temperature, and coolant flow. The cooling rate should be 

enough to remove the solvent's latent heat of vaporization and prevent entrainment 

of vapors. Spray _pressure should be the minimum necessary for proper 

performance. 

Poor operation can increase convective losses from the solvent bath. Fo'r instance, if 

work baskets are overloaded, the vapor zone may collapse, increasing air vapor 

mixing and, thus, emissions. This can be avoided by following the manufacturer's 

specification for allowable work load in tons per hour, which is determined through 

an energy balance ~f the system.3 Solvent vapors should · be generated at the same 

rate at which they are condensed by work entering the vapor zone. If too little 

vap~r is generated, the vapor level will drop and air will be drawn into the 
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degreaser. If too much vapor is generated, the vapor level will rise above the 

condensing coils and vapor will escape from the machine. 2 These problems may be 

resolved with the addition of safety switches such as a vapor level sensing feedback 

system on the vapor degreaser. 

As for carryout emissions, crevices and cupped portions of the cleaned parts may 

capture liquid and vaporous solvents even after the parts appear to be dried. As a 

result, solvent vapors are emitted as the cleaned part is drawn out of the vapor zone. 

The hot, cleaned part heats solvent-laden air at the same time, causing it to convect 

upwards out of the degreaser.2 · 

There are seven factors which directly effect the rate of carryout emissions: porosity 

or absorbency of work loads; size or work loads in relation to the degreaser's vapor 

area; racking parts for drainage; hoist or conveyor speed; cleaning time in the vapor 

zone; solvent trapped. in cleaned parts; and drying time.2 

Porous or absorbent materials such as cloth, leather, wood, or rope will absorb and 

trap condensed solvent Thus, ·these materials should not be in the vapor zone.2 

The work load preferably should·not occupy more than one.-l!alf of the degreaser's 

working area. Otherwise, vapors will be pushed out of the vapor zone by means of a 
piston effect. 2 . · . 

Proper .racking. of parts is needed to lessen entrainment of solvent. For example, 

· parts should be positioned vertically with cups or crevices. facing downward.2 

Cleaning time is the period the work load remains in the vapor zone. If this is not 

. lo.ng enough to allow the work load to reach the temperature of the condensing 

vapor, the parts will not dry properly ~hen removed from the vapor zone. The work 

load must remain in the vapor zone long enough so that the vapors will no longer . 

condense on the parts. Generally 30 seconds is sufficient; however, larger work 

. loads may requir~ longer periods.2 . Before the cleaned parts emerge from the vapor 

zone, they should be tipped and/ or rotated to pour out any .collected liquid solvent .. 

The work load should be removed from the vapor .zone slowly.2 A maximum hoist 

speed of 11 feet per minute (3.3 meters per minute) has been generally accepted as. 
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reasonable by the degreasing industry. Rushing work loads into and out of the 

degreaser will force solvent vapors out into the air and leave liquid solvent on the 

cleaned parts which can subsequently evaporate into the air.2 

Drying time is critical. It should be long enough to allow the solvent to vaporize 

from the clean part but not significantly longer. When a hot dried part rests just 

above the vapor level, it causes solvent-laden air to heat up and rise. Typically a 

work load can dry in 15 seconds.2 · 

Solvent emissions may alSo result from disposing of waste solvent sludge in ways 

where the solvent can evaporate into the atmosphere. Although the waste solvent 

evaporation from vapor degreaser sludge is usually less than the diffusion and 

carryout losses, it still contributes about 5 to 20 percent of the degreaser's total 

solvent emissions. The volume of waste solvent in sludge from vapor de greasers is 

much less than that from cold cleaners for equivalent work loads for two reasons. 

First, the solvent in the vapor degreaser sump can be allowed to become more 

contaminated than the solvent used in a cold cleaner because the contaminants, with 

high boiling points, stay in the sump rather than vaporize into the vapor zone. 

Second, vapor degreasing solvents are halogenated, as such are generally more 

expensive; thus, they are more often distilled and recycled than cold cleaning 

solvents.2 

In some poorly designed exhaust systems, the ventilation rate can be too high. If the 

air/vapor interface is disrupted by high ventilation rates, more solvent vapors will 

mix with air and be carried out by the exhaust system. Generally, manufacturers of 

degreaser equipment and control systems set the exhaust rate at 50 cubic feet per 

minute per square foot of degfeaser opening (15 cubic meters per minute per square 

meter).2 

13.3.3 Conveyorized Degreaser Emissions 

As shown in Figure 13-4, conveyorized degreasers have the same basic emissions 

. associated with' open top vapor de greasers: diffusion from the solvent bath, carryout, 

exhaust, and waste solvent evaporation. For a similar work load, solvent emissions 
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are much less for conveyorized degreasers than for the open top vapor degreasers. 

Convection and diffusion losses are .small, because conveyorized degreasers .are . . . 

enclosed except for small entrance and exit ports. 

Carryout of vapor and liquid solvent is the major emission source from conveyorized . . . . . 
degr~asers. Thus, it is difficult to reduce carryout emissions since the amount of 

work load is inherently large. The two main factors affecting carryout emissions are 

the drainage of cleaned parts and their drying time. Controlling. emissions 

effectively cah be accomplished with adequate allowance for draining and drying 

within the enclosure and proper equipment design and/or equipment retrofitting 

such as a drying tunnel or rotating baskets.5 Parts drainage is improved by proper 

racking. Racking is especially critical in conveyorized degreasers, because there is 

little .an operator can do to reduce carryout from a poorly designed system. The 

degreaser design should allow sufficient space and time for the cleaned parts to dry 

completely. Some designs include a shroud extending from the exit to form a drying 

tunnel. Again the conveyor speed s·hould not exceed 11 feet per minute (3.3 meters 

per ininute) vertical rise.10 

Evaporation due to waste solvent disposal is the smallest percentage emission from 

conveyorized degreasers. Most conveyorized degreasers include im external still 

attached to the unit so that the solvent can be constantly pumped out, distilled, and 

returned to the sump.. Wastes disposed from conveyorized degreasers usually 

include the sump' and still bottoms only, and amount to less than 20 percent of the 

totai emissions.3~ 

The main adjustment affecting the bath evaporation rate is the heating and cooling 

balance. Basically, the cooling supplied by the primary condensing coils should be 

.suffic~ent to condense all the vaporized solvent.· Also, the heating rate needs to be · · 

large enough to prevent the vapor level from dropping as coid parts enter the vapor 

zone.3 

With regard to equipment design, bath evaporation can be reduced by minimizing 

· the entrance and e~t areas and by regulating the spray system.10 Obviously, the 

smaller the area of opening, the lower the loss of solvent vapors. Partial covers can 

be placed over the openings which shadow the parts to be cleaned yet give enough 
. ' . 
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. margin for safe passage. Sprays should be designed or adjusted so that they do not 

cause turbulence at the air/vapor interface. Like open top vapor degreasers, spray 

pressure should be the minimum necessary for proper performance.3 

13.3.4 Emission Factors 

Rather than using emission facto~s in ealculating emissions, the SCAQMD's current 

practice is to determine degreaser emissions using a mass balance. Emissions for 

degreasing operations are calculated by determining the difference between the 

total amount of solvent supplied to the operation and the amount of solvent 

removed in the degreaser waste solvent activities. Emission factors would only be 

used when actual waste solvent data a~e not available, such as with an area source 

emission inventory. 

13.4 Emission Calculations 

. In order to process the degreaser application or determine the compliance status of 

the degreaser, the applicant must provide the following information: 

Degreaser Type 

Dimensions 

. Freeboard Height 

Open Surface Area 

Type of Vapor Controls 

Method of Heating 

[ 1 
[ 1 
[ ] 
[ ] 

Gas 

Heat Pump 

Electric 

Steam 

__ ....;._ __ "W, ______ "L 

" 

-------------------- ft2 

_________ BTU/ hr 

_________ h.p. 

_________ KW 

Method of Cooling 

[ ] 
[ 1 

Refrigeration 

Chilled water, 

_________ h.p. 
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inlet water tempt. _____ ...!.,__°F 

outlet water tempt. ·......:.-------!--°F 
Water, 

inlet water tempt. --------!--°F 
outlet water tempt. --------+--°F 

Secondary Method of Cooling Degreaser (if any): 
. Refrigerated Freeboard Chiller: 

Compressor: __________ h;p. 

·[ ] Above Freezing [ ] Below Fr~ezing 
Temperature of Refrigerant in Freeboard I °F 

Cooling Capacity ----------+- BTU/hr 
Spray Pump Rating h.p. 
Transfer Pump Rating h.p. 

Solvent Used 
· Density of the Solvent 
% Reactive (by weight): 

I 
I 
I ________ lbsjgal 

·: 
----------'-----:--% 

Quantity of Solvent Loss (Does not include solvent removed for reclamation or 

disposal): . I 
I 

Average: ___________ gal~day · 

____________ gal~month 

Maximum gal~day · 
___________ gal/month 

! 
I 

Maximum Operating Schedule hrs/day 
I _________ days/week 

___ _;_ _____ weef.s/yr 

. . . i 
Emissions should · be calculated for both reactive and unreactive hydrocarbons 

I 
(RHC and UnRHC). To calculate emissions the following equations may be used: 

. I 

Average Daily Emissions: 

RHCavg = vl x. tJ x %RH.C 
or = v2 x __ month/yr x 1yr/ __ daysx ~ ~%RHC 

(Equatlon 13-2) - · lb/day 
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= v1 x f :ic (100% - %RHC) 

= v2 X_ mthfyr X 1yr/_ day X f X (100%- %RHC) 
= lb/day 

(Equation 13-3) 

AEIS Emission Calculation: 

R1(RHC) = 
R2(RHC) = 

R1(UnRHC) = 
R2(UnRHC) = 

RHCavg x 1dayf ____ hours = ____ lb/hour 

R1(RHC) 

(Equation 13-4) 

UnRHCavg x 1 day/ ___ hours = ____ Ibfhour 
. R1(UnRHC) 

(Equation 13-S) 

Maximum Dailv Emissions: 

RHCmax 

or 
= V1 X . ! X %RHC 
- V2 x _inth/yr x ~yr/ __ days x f 
= lb/day 

X %RHC 

(Equation 13-6) 

UnRHCmax 
or 

= V1 x (.J x (100% - %RHC) 
= V2x_mthfyrx1yr/_day x f x(100%-%RHC) 
= . · lb/day 

(Equation 13-·n 

REGULATION XIII: 

RHC = RHCmax x 1.1 = _______ lb/day. 

(Equation 13-8) 

RHCBACT = RHC x(1- E2/El) = _______ lb/day 

(Equation 13-9) 
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f = 
%RHC = 

1.1 = 
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Cold solvent cleaning tanks: measured from[ solvent to 

opening of tank; or 1 

Vapor degreasing tanks: measured from : vapor to 

opening of ~ank · · . . \. 
Smaller of the degreaser's length or w1dth , 

Normalized emission of degreaser (basic equipment), 

MLK's mem~ October 24, 1983: Vapor Degreasers, 

Appendix 13B I 
Normalized emission of air pollution contrpl device, 

MLK's memo October 24, 1983: Vapor Degreasers, 
I 

Appendix 13B 1 

Maximum· Regulation XIII reactive hy9rocarbon 

emission, lb I day 

Maximum Regulation XIII. reactive 

emission with BACf,lb/day 

I 
hydrocarbon 

I . 

Averag~ reactive hydrocarbon emissions,lb/day 

Maximum reactive hydrocarbon emissions,lb/day 

Uncontrolled reactive hydrocarbon emissions, !)>/hour 

Controlled reactive hydrocarbon emissions;·Ib/pour 

Uncontrolled 

lb/hour 

unreactive hydrocarbon I • • emiSSIOnS, 
I 
' 
I 

Controlled unreactive hydrocarbon emissions, lb /hour 

Average unreactive hydrocarbon emissions,lb/day 

Maximum unreactive hydrocarbon emissions,l~/day 
· Average solvent cons~mption per day, gal/day I 

Average solvent consumption per month, gal/mpnth 

Maximum solvent consumption per day, gal fda~ · 

Maximum solvent consumption per month, gal/month 

Densicy of the solvent, lb/gal 1
1 • 

Percentage of the reactive solvent, % 

Reg1,1lation XIII On-Site offset factor 
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A health risk assessment must be performed if a toxic or carcinogenic solvent is used 

in the degreaser. Currently, the Division is following the Risk Assessment Policy 

Memorandum, dated November 4, 1987. This risk assessment must be done for all 

toxic compounds used for degreasing. For sources with a carcinogenic source 

strength (CSS) or risk greater than one-~n-one million (1 x 10-6), a California 

Environmental Quality Act (CEQA) d~cument will be required. If approved 

mitigation measures are employed, a source is allowed a risk of ten-in-one-million 

(10 x 10·6) probability of contracting cancer. 

13.5 Rules Evaluation 

Rule 212- Standards For Approving Permits 

Section (e) of this Rule requires public notification of certain cases be made prior to 

issuing a permit. 

Rule 401- Visible Emissions 

No visible emissio~ of 20% opacity or Ringlemann No. 1 or more aggregating for 

more than thiee minutes in any one hour period is allo~ed. 

Rule 402 - Nuisance 

Emissions which cause or contribute to a nuisance are prohibited. Factors worthy of 

consideration ·include location ( commercialfresidential area), solvent usage, 

odorous materials, and prior complaints. 

~ule 44~ -.Usage of Solvent 

Section (a)(4) of this Rule requires that the organic solvent used in the degreasing 

operation be non-photochemically reactive and under the 600 lb/ day limit per 

equipment; 

The emissions from the photochemically reactive solvent has been reduced by at 

least 85 percent by weight; or 
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1,1,1-trichloroethane, methylene chlor!de; or trichlorotrifluoroethane is used and is 

exempt from the provisions of this rule. 

Rule 443 - Labeling of Solvent 

Solvent container will be clearly and properly labeled. 

R';!le 1122- Solvent Cleaners (Degreaser) 
· A person who uses solvent containing VOC (Volatile Organic Compoun!)s) to clean 

or degrease surfaces shall use a device for such operation which includes all 

equipment and follows all operation requirements depending on the type of 

degreaser as stated in 1122(b) and 1122(c) of the South Coast Air Quality 

Management District's Rules and Regulation. 

There are exceptions to the requirements of Rule 1122. The provisions for the rules 

in 1122(b) and 1122(c) shall not apply to equipment which use only th~ cleaning 

materials or methods given in 1122( d). 

Regulation XIII - New Source Review 

(1) If the new or modified equipment causes an increase in facility emissions in 
excess of ene pound per day of any non-attainment air contaminant, Best 

Available Control Technqlogy (BACf) is. required. The current BACf · 

which has been achieved in practice for reactive organic gas emissions for 

specific types of degreasers is given by the following: 

Cold Degreaser Tank: 
ROG: 

Cold Solvent Cleaning Tank: 

Compliance with Rule 1122.for all solvents; 
Water cover and· compliance with Rule 1122 for 

methylene chloride with > 6Ibs/day uncontrolled ROG 

emissions. 

ROG: Compliance with Rule 1122 for all solvents; 
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Water cover and compliance with Rule 1122 for 

methylene chloride with 2. 6 lbs/day uncontrolled ROO 

emissions. 

Carbon adsorber for 1, 1,1 trichloroethane with 2. 2.2 

lbs/day uncontrolled ROO emissions. 

Solvent Spray Booth, Except I, 1, I Trichloroethane: 

ROG: Compliance with Rule 1122 for all solvents. 

Solvent Spray Booth, 1,1,1 Triclzloroetlzane: 

ROO: Carbon adsorber. 

Vapor, Conveyorized J?egreaser: 

ROG: · Compliance with Rule 1122 for all solvents and: 

Vapor, Open Top Degreaser: 
ROG: 

SCAQMD 

Carbon adsorber for perchloroethylene with ~ 

337lbs/day uncontrolled ROO emissions; or 

Refrigerated freeboard chiller for 1, 1,1 

trichloroethane with~ 9,3 lbs/day uncontrolled 

ROO emissions. 

Compliance with Rule 1122 for all solvents and: 

Carbon adsorber, programmable hoist, 

freeboard ratio = 1, enclosed batch type 

designed for perchloroethylene with > 40 

lbs/ day uocontrolled emissions; 

Refrigerated freeboard chiller and freeboard 

ratio = 1, for 1, 1,1 trichloroethane; 

Freeboard ratio = 1 for perchloroethylene with 

uncontrolled ROG emissions ~ 13.5 but < 40 

lbs/ day and trichlorotrifluoroethane; 
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Carbon adsorber and compliance with Rule 

442(e) trichloroethylene with 2 18.2 lbs/day 

uncontrolled ROG emissions; or 

Compliance with Rule 

trichloroethylene with · < 

uncontrolled ROG emissions. · 

. . 

442(e) for 

18.2 lbs/day 

The South Coast Air Quality Management District's Best Available Control 

Technology Guidelines l5 iist BACf for different processes. It is constantly 

being updated to reflect advances in technology. It should also be consulted 

to properly determine both applicability and BACf which may be different 

from case to case. 

(2) If the accumulated maximum e;mission of any air contaminant from any 

stationary source exceed the threshold limits specified in Rule 1303(a)(2), in 

addition to BACf, the applicant must comply with the following: 

(a} The applicant certifies in writing that all of the facilities emitting 25 tons · 

per year or more, which are owned or operated by the applicant, are in 

compliance with the limitations of the Clean Air Act and the State 

Implementation. Plan or with the limitations of the DistriCt, whichever 
are more stringent. 

(b) The applicant must use ·modeling or other analysis approved by the 

Executive Officer to demonstrate that the new source or modifications to 

an existing source will not cause any violation, or make measurably 

worse an existing violation, of any ambient air quality standard at any 

. receptor loca.tion in the District. Modeling shall not be required for any 

air contaminant if all offset sources which are within the distance of nve 

(5) miles could actually lower the emission of that air contaminant(s) 

down to the threshold limit. 

(c) The applicant must offset the total accumulated increase in emissions 
from the stationary source. 
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Note: Under this Regulation, emissions from equipment which are exempt 

from permit requirement are to be accumulated in the New Source 

Review Database. These emissions are included to determine 

compliance with the threshold limits. Chlorinated or fluorinated 

hydrocarbons are exempt by definition from requirements of this 

regulations. However, the maximum emissions from co-solvents and 

additives must be multiplied by Regulation XIII "on-site factor" (1.1) 

· prior to comparing the emissions with the threshold limits. 

13.6 Permit (Operating) Conditions 

In order to assure compliance with applicable Rules and Regulations of the 

SCAQMD, the following conditions must be required: 

1. THE TOTAL QUANTITY OF SOLVENT LOSS FROM THIS 

EQUIPMENT (NOT INCLUDING SALVAGED SOLVENT) 

MUST NOT EXCEED GALLONS PER DAY. 

2. ONLY TRICHLOROTRIFLUOROETIIANE MAY BE USED AS 

THE CLEANING SOLVENT IN THIS EQUIPMENT; 

OR 

THE CLEANING SOLVENT USED IN THIS EQUIPMENT 

MUST CONTAIN AT LEAST · PERCENT 
BY WEIGHT OF 1,1,1- TRICHLOROETHANE, 

TRICHLOROTRIFLUOROETHANE, 

OR A COMBINATION OF TIIESE SOL VENTS. 

3. ORGANIC SOLVENTS USED IN TillS EQUIPMENT MUST BE 

CLEARLY LABELED AS NON-PHOTOCHEMICALLY 

REACTIVE BY THE SUPPLIER OR, FOR BULK SHIPMENTS, 

SHOWN TO BE NON-PHOTOCHEMICALLY REACTIVE ON 

BILLS OF LADING OR INVOICES. 
' 
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. 4. , THE OPERATORS MUST MAINTAIN RECORDS TO PROVE 

COMPLIAl\lCE WITH CONDmONS 1 AND 2A (OR 2B) IN A 

FORMAT APPROVED IN WRmNG BY THE DIRECTOR OF 
ENFORCEMENT. SUCH RECORDS MUST BE RETAINED 

FOR AT LEAST TWO YEARS AND BE MADE AVAILABLE TO 

DISTRICT PERSONNEL UPON REQUEST. 

5.. BECAUSE OF A BEST AVAILABLE CONTROL TECHNOLOGY 
REQUIREMENT, THE DEGREASER AND OPERATOR MUST 

COMPLY WITH .THE APPLICABLE EQUIPMENT . AND 

OPERATING REQUIREMENTS OF SECTIONS BAND C OF 

RULE1122. 

6. (IF AJ'PLICABLE) THIS DEGREASER MAY NOT BE 
OPERATED· UNLESS THE AUTOMATED PULLEY SYSTEM 
AND THE FOUR-SIDED ENCLOSURE ARE USED. 
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ENGINEERING DIVISION APPLNO. DATE 

APPLICATION PROCESSING AND CALCULATIONS PROCESSED BY CHECKED BY 

PERMIT TO CONSTRUCf /OPERATE 

APPLICANTS NAME: 

COMPANY ID #: 

MAILING ADDRESS: 

EQUIPMENT ADDRESS: 

EQUIPMENT DESCRIPTION: 

APPLICATION NO. 

DEGREASING SYSTEM CONSISTING OF: 

1. . DEGREASER, (MANUFACfURER'S 

2. 

NAME), . (VAPOR-SPRAY, WATER-SPRAY, OPEN TOP, 
CONVEYORIZED, COW SOLVENT, ETC)_ TYPE, MODEL NO. 

II w. X "LX ·- " ---- ---- ------
H., SERIAL NO. , (~TING: 

BTU/HR, H.P., KW) (ENERGY INPUT AND HEATING 
MElliOD), Willi ( H.P. SPRAY PUMP, WATER-COOLED 
---=---- H.P.CONDENSER COILS AND WATER JACKET, H.P. 
REFRIGERATED PRIMARY CONDENSER, H;·P. REFRIGERATED 
FREEBOARD CHILLER, H.P. TRANSFER PUMP, A LIP EXHAUST, 
AND I II H. FREEBOARD). 

SOLVENT STILL, ----------(MANUFACTURER'S NAME), 
MODEL NO. " w. X I "L X -------' -- --

H., SERIAL NO._=-::--------=-=-.::-::-:' 
------(RATING: BTU/HR, H.~., KW) (ENERGY 

II 

INPUT AND HEATING METIIOD). 

HISTORY: 

Revision: 0 Dat~: 8/ 18/89 
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ENGINEERINGDMSION APPL.NO. DATE 

APPLICATION PROCESSING AND CALCULATIONS PROCESSED BY CHECKED BY 

PROCESS DESCRIPTION: 

DATA: 

Degreaser Type: 

Dimensions (Inside) 
Freeboard Heigh.t 

_______ ·w, ________ "L ... 
Open Surface Area 

Type of Vapor Controls 

Method of Heating 

-------~-----------------ft2 

[ ] 
[ ] 
[ ] 

. [ ] 

Method of Cooling 
[ ] 
[ . ] 

. [ ] .. 

Gas __________________ BTU/m 

Heat Pump 
Electric 
Stearn 

----,....--------------h.p. 
--------------------KW 

Refrigeration 
Chilled water, · 
'inlet water tempt. 
outlet Wl!ter tempt. 
Water, 

------,-----------h.p. 

--------_;_·op 
---------oF 

inlet water tempt. oF 
outlet water tempt. __________ oF 

Secondary Method of Cooling Degreaser (ifany): · 
Refrigerated Freeboard Chiller: 
Compressor: . h.p. 
[ ] Above Freezing [ ] Below Freezin8, 

· Temperature of Refrigerant in Freeboarli ___ :------- F. 
Cooling Capacity · BTU /hr 

Spray Pump Rating 

Transfer Pump Rating 

Revision: 0 
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------~--------h.p. 

________________ h.p. 

·.13A·4 
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ENGINEERING DMSION APPLNO. 
. 

DATE 

APPLICATION PROCESSING AND CALCULATIONS PROCESSED BY CHECKED BY 

Solvent Used: 

Density of the Solvent 
% Reactive. by weight: 

_____________ lbs/gal 
____________________________ % 

Quantity of Solvent Loss (Does not include solvent removed for reclamation or disposal): 

Average: ___________ gal/day 
_______________________ gal/month 

Maximum ___ .......__ _______ gal/day 

Operating Schedule: 

CALCULATIONS: 

_______________________ gal/month 

----------------------hours/day _____________________ days/week 
----------------------weeks/year 

Freeboard Ratio = F /D = --------------- (Equation 13-1) 

Average Daily Emissions: 
RHCavg = vl x f? x %RHC . 
or - v2 x month/yr x lyr / __ days x L? x %RHC 

= lb/day ( 

UnRHCavg 
or 

(Equation 13-2) 

= . vl x fJ x (100% - %RHC) 
= v2 x mth/yr x 1yr/ 'day x /J x (100%- %RHC) 
= lbf9ay -- r 

(Equation 13·3) 

AEIS Emission Calculation: 

R1(RHC) 
R2(RHC) 

= 
= 

Rl(UnRHC) = 
R2(UnRHC) = 

Revision: 0 

SCAQMD 

.RHCavg x·· l day/ ____ hours = lb/hour 
Rl(RHC) ------

. (Equation 13-4) 

UnRHCavg x 1day/ ____ hours = ______ lb/ hour 
Rl(UnRHC) 

(Equation 13-5) 

Date: 8/18/89 
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' ENGINEERING DMSION 

APPLICATION PROCESSING AND CALCULATIONS 

APPLNO. 

PROCESSED BY 

DATE 

CHECKED BY 

Maximum Daily Emissions: 
RHCmax = V1 x ~ x %RHC 
or· = V2 x r mth/yr 

= 

UnRHCmax = 
or = 

= 

REGULATION XIII: 

where, 

RHC = 

RHCBACI'-

F = 

D = 
E1 = 

E2 = 

RHC = 
RHCBACI' = 

RHCavg· = 
RHCmax = 
R1(RHC) = 
R2(RHC) = 
R1(UnRHC) = 
R2(UnRHC) = 
UnRHCavg = 
UnRHCmaic = 
v1 = 
v2 = 
V1 = 
V2 = 
(rmc = 

= 
1.1 = 

Revision: 0 
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--lb/day 
x 1yr/~days x f X %RHC 

(Equation 13-6) 

V1 X X (100% • %RHC) f .V2 X mt~yr x 1yr/ 
lb day 

__ days X f X (100% • %RHC) 

(Equation 13-7) 

RHCmax X 1.1 = lb/day 
------- (Equation 13-8) 

RHC x (1 • E2/E1) = lb/day 
--------' (Equation 13-9) 

Freeboard height . · 
Cold solvent cleaning· tanks: measured from solvent to opening of 
tank; or · · 
Vapor degreasing tanks: measured from vapor to ope~ng of tank 
Smaller of the degreaser's length or width 
Normalized emission of degreaser (basic equipment), MLK's. memo 
October 24, 1983: Vapor Degreasers 
Normalized emission of air pollution control device, MLK's memo 
October 24, 1983: Vapor Degreasers 
Maximum Regulation Xlll reactive hydrocarbon emission, lb/day 
Maximum Regulation XIII re11ctive hydrocarbon emission with 
BACI', lb/day . . 
Average reactive hydrocarbon emissions, lb/day 
Maximum reactive hydrocarbon emissions, lb/day 
Uncontrolled reactive hydrocarbon emissions, lb/hour 
Controlled reactive hydrocarbon emissions, lb/hour 
Uncontrolled unreactive hydrocarbon emissions, lbfhour 
Controlled _l.mreactive hydrocarbon emissions, lb /hour 
Average unreactive hydrocarbon emissions, lbfday 
Maximum unreactive hydrocarbon emissions, lb/day 
Average solvent consumption per day, gal/ day 
Average solvent consumption per month, gal/month 
Maximum solvent consumption per day, gal/day 
Maximum solvent consumption per month, gal/month 
Density of the solvent, lb /gal 
Percentage of the reactive solvent, % 
Regulation XIII On-Site offset factor 

Date: 8/18/89 
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ENGINEERING DIVISION ' APPLNO. OATE 

APPLICATION PROCESSING AND CALCULATIONS PROCESSED BY CHECKEOBY 

RULES EVALUATION: 

RULE402: 

RULE 442(f): 

RULE443: 

RULE 1122: 

[ 1 

[ 

[ 

[ 1 

] 

Nuisance c~mplaints are (are not) expected. 

Non-photochemically reactive solvent is (is not) used. 

Solvent container is (is not) properly labeled. 

The degreaser is exempt from Rule 1122 because RHC emissions are less 
than 1lb/day and %RHC is less than 10% by weight. 

The de greaser is exempt from Rule 1122 since emulsion cleaner used is 2 
percent or less by volume per (d)(l). 

The degreaser is exempt from Rule 1122 since the equipment is used only for 
wipe cleaning per (d)(2). · 

The degreaser is exempt from Rule 1122 per (d)(7) since only non-metal 
parts are cleaned by perchloroethylene and BACf does not apply. 

The degreaser complies (does not comply) with all of the following 
applicable requirements: 

· (circle or check compliance status) 
All.Degreasers: 

Yes/No/NA (b)(l) Container for solvent is p~ovided. 

YesfNo/NA (b)(2) Tank covered when not in use. 

Yes/No/NA (b)(3) Drained or dragged-out solvent is returned to the solvent container. 

Yes/No 

Yes/No 

(c)(l) No leaks are detected from the degreasing equipment. 

(c)(2) Solvent is stored and disposed of in a manner as to not evaporate into 
the atmosphere. 

Y.esjNo/NA (c)(3) · Solvent residue is < 20% VOC after distillation recovery of waste 
solvent. 

Yes/No/NA (c)(4) The anti-evaporation cover is not displaced or removed > 5 
consecutive minutes. 

Yes/No/NA (c)(6) [ 
[ 

Revision: 0 
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Solvent flow is cleaned by liquid stream only, or 
Emissions are reduced by 85% or more before being 
vented to the atmosphere. 

Date: 8/18/89 
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ENGINEERING DIVISION APPLNO. DATE 

APPLICATION PROCESSING AND ~CULATIONS PROCESSED BY CHECKED BY 

. . . YesfNo/NA (c)(7) Solvent ag1tauon IS by 
. [ ] ultrasonics; 

. [ ] liquid ·recirculation; or 
[ ] air agitation at..s. 2 psig 

Cold Solvent DegreaserRequirements 

(b)(4) (one of the following): 
YesfNo/NA Exempt per (d)(3) because solvent vapor pressure at 38 °F is 

r.::-...,....~·=($. 33 mm Hg) and freeboard ratio is----'-----
( > 0.5 requ1red). . · 

Yes/No/NA Freeboard Ratio = Freeboard height/Width = ___ ( > 0.75 
required); or 

Water Cover; or Yes/No/NA 

Yes/No/NA Other:---------,---------~-

(c)(S) 
· Yes/No/NA Cleane_d parts are drained until dripping ceases. 

Remote Reservior Cold Cleaners Requirement 

(c)(ll) (all of the following): · 
YesfNofNA Cover for the drainage tank is closed at all times when cleaner is in 

use. · · 

Yes/No/NA Work area is not exposed to drafts > 131 ft/~in. 

All Vapor Open Top or Conveyorized DegreaserRequire'!lents 

(b )(5) (all of the following): · 
. Y es/No/NA High vapor cutoff thermostat has manual reset, .and 

Freeboard ratio= ____ (> 0.75 required), or Yes/No/NA 

Yes/No/NA Uses.perchloroethylene and consists of (water jacket, water 
condensing coil, or refrigerated freeboard chiller). · 

(b)(6) (one ora combination of the following): 
Yes/No/NA Perchloroethylene is exempt from (b)(6) per (d)(6). 

Yes/No/NA ·Refrigerant temperature at the degreaser outlet is ..s. 55 °F; 
Degreaser is exempt from (b)(6) per (d)(S). · 

Revision: 0 
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ENGINEERING DIVISION APPLNO. DATE 

. 
APPLICATION PROCESSING AND CALCULATIONS PROCESSED BY CHECKED BY 

YesfNo/NA 

Yes/No/NA 

Yes/No/NA (A) 

Yes/No/NA (B) 

Yes/No/NA (C) 

(c)(8) 
Yes/No/NA 

I ·"' De greasers opp solvent surface area of ft 
and is~ 10.8 ft . Thus, the equipment is exempt from (b)(6). 

De greaser's open solvent surface area is > 10.8 ft2 and thus one or 
combination of the following is required: 

Refrigerated fre·eboard ·chiller temperature at degreaser outlet is 
------Of ( < 40 °f required). 

Carbon adsorption system has capture efficiency ______ % 
( > 90% requ~red). 

Other operating or control technique with capture efficiency > 90%: 
with efficiency: %. --------------------------

If degreaser is equipped with lip exhaust, the exhaust is turned off 
when degreas.er is covered. 

(C)( 10 )(all of the following) 
Yes/No/NA (A) The primary condenser and refrigerated freeboard chiller are turned 

on simultaneously or before the sump heater during start up. This 
sump heater is turned off simultanously or before the condenser water 
and refrigerated freeboard chiller are turned off during shutdown. 

Yes/No/NA (B) Solvent flow cleaning is done within the vapor region. 

YesfNo/NA (C) The work load is done in the vapor zone until condensation stops. 

Conveyorized Degreaser Requirements 

(b) (7) (all of the following): 
YesfNofNA Air/vapor interface area of,...,.....,...,..... _________ ft2 is < 21.6 ft2 and 

exempt from (b)(7)(A) per (d)(4) . 

Yes/No/NA (A) Hood or enclosure collects emissions, exhausting to approved carbon 
adsorber or equivalent control method: --------

Yes/No/NA (B) Drying tunnel or ______ ....._ ______ is employed. 

YesfNo/NA (C) 

(c)(9) 
Yes/No/NA 

Revision: 0 
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Minimum entrance and exit clearance is either em or 
---.--..,.........---percent of opening width ( < 10 em or < 10 percent 
required). 

The vertical speed of the powered hoist or conveyor is less than 11.2 
ft/min when lowering and raising parts. · 

Date: 8/18/89 
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ENGINEERING DMSION APPLNO. DATE 

APPLICATION PROCESSING AND CALCULATIONS PROCESSED BY CHECKED.BY 

REGULATION XIII- New Source Review 
Rule 1303 - Applicability and analysis. 

[ ] 

[ ] 

[ J 

ROG emission increase from this permit unit is less than llb/day. 

This new or modified equipment causes !In increase in ROG emissions in excess of one 
pound per day. Therefore, Best Available Control Technology (BACI') is required. 

BACI' for this equipment is 
The applicant will (will not)-p-ro-v-:-id;-e'B~A~cr=-.----------

As shown by the Emission Threshold/New Source Sheet Table below, the net emission 
increase from the facility exceeds the threshold limit specified in 1303( a)(2). Therefore, 
the following steps are ·required in addition to BACI': 
( ) The C!Jmpany must obtain offsets from other facilities. 
( ) The company must use a mathematical model approved by the District's Executive 

Officer to assess the impact of the plant on the area around it. 
( ) The company must certify in writing that all of its facilities in the state that emits 25 

tons per year or more of ROG comply with federal, state, and local air quality laws. 

Facility Emissions 
Since 10/08/76 

A/N . 
A/N . · 
Net BDllSSlon Increase 

Since 10/08/76 

NSR Emissions in Pounds Per Day 
ROG NOx SOz . CO . PM 

-.-

Toxic Materials: 

] 

[ ] 

Revision: 0 
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The solvent used in this equipment is not on the list of toxic or potentially toxic 
materials. · . . · · . 

The solvent used in this equipment is on the list of toxic or potentially toxic 
materials and the maximum mdividual cancer risk complies (does not comply) with 
District requirements. 

Date: 8/18/89 
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ENGINEERING DIVISION APPLNO. DATE . 
APPLICATION PROCESSING AND CALCULATIONS PROCESSED BY CHECKED BY 

CONCLUSIONS/RECOMMENDA TJONS: 

Emission calculations and equipment analyses show that this equipment is (is not) in compliance 
with all the applicable Rules and Regulations of the District · 

Recommendations: 

[] 

[] 

Deny Permit to Construct (Operate) because of observed (expected) violation(s) of 
Rule(s) · . 

Issue Permit to Construct (Operate) subject to the following condition which have been 
discussed and agreed to by this applicant: · · 

1. 

2. 

3. 

4. 

5. 

6. 

TIIE TOTAL QUANTITY OF SOLVENT LOSS FROM TillS EQUIPMENT 
(NOT INCLUDING SAL VAG ED SOL VENT) MUST NOT EXCEED 

GALLONS PER DAY. ----
ONLY TRICHLOROTRIFLUOROETIIANE MAY BE USED AS TilE 
CLEANING SOL VENT IN TillS EQUIPMENT; OR 

THE CLEANING SOL VENT USED IN TIIIS EQUIPMENT MUST CONTAIN 
. AT LEAST PERCENT BY WEIGHT OF l,l,l-

TRICHLOROETHANE, TRICHLOROTRIFLUOROETHANE, 
OR A COMBINATION OF TIIESE SOLVENTS. --------

ORGANIC SOLVENTS USED IN THIS EQUIPMENT MUST BE CLEARLY 
LABELED AS NON-PHOTOCHEMICALLY REACTIVE BY TilE SUPPLIER 
OR, FOR BULK SHIPMENTS, SHOWN TO BE NON-PHOTOCHEMICALLY 

. REACTIVE ON BILLS OF lADING OR INVOICES. 

THE OPERATORS MUST MAINTAIN RECORDS TO PROVE COMPLIANCE 
WITII CONDmONS 1 AND 2 IN A FORMAT APPROVED IN WRmNG BY 
THE DIRECTOR OF ENFORCEMENT. SUCH RECORDS MUST BE 
RETAINED FOR AT LEAST TWO YEARS AND BE MADE AVAILABLE TO 
DISTRJCT PERSONNEL UPON REQUEST. 

BECAUSE OF .. A BEST AVAILABLE CONTROL TECHNOLOGY 
REQUIREMENT, TIIE DbGREASER AND OPERATOR MUST COMPLY 
WITII· TilE APPUCABLE EQUIPMENT AND OPERATING 
REQUIREMENTS OF SECTIONS BAND C OF RULE 1122. 

{IF APPUCABLE) THIS DEGREASER MAY NOT BE OPERA TED UNLESS 
tHE AUTOMATED PULLEY SYSTEM AND THE FOUR-SIDED 
ENCWSURE ARE USED. 

Revision: 0 Date: 8/18/89 
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DATE:· 

TO: 

FROM: 

SUBJECT: 

. . . 
SOUTH COAST AIR . QUALITY ' MANA~EMENT DISTRICT 

MEMORANDUM 

October 24, 1983 

Combustio~ Un{t Engineers 

Mar.ty Kay, Senior Engineer t'\\...)L 
Vapor Degreasers. 

Enclosed are some excerpts that you should read from an EPA 
document about vapor degreasing. The entire docum~nt is 
available to you if you are interested. 

On page 3-8 separate criteria for cooling capacity are 
given for above-freezing freeboard chillers, below-freezing 
freeboard chillers, and refrigerated-primary condensers. 
Use these criteria in your evaluations of degreaser.s subject 
to Regulation XII}. 

Above-freezing freeboard chillers and refrigerated primary 
·.condensers are rated lower than below-freezing freeboard 
chillers on the BACT list. 

Use the att~ched chart for comparing emi$sions of a d~greaser 
with different freeboard ratios, condensers and freeboard 
chillers. 

. . 
A carbon adsorber should be assumed to achieve an overall 
control efficiency of -50%, in addition to other reductions 
from other measures. 

JIORMALIZED EmSSIONS OF A DEGREASER '• 

WITH VARIOUS FREEBOARD RATIOS AND APC EQUIPMENT 

(Using 50% freeboard ratio w/water cooled.condenser as baseline) 

REF.RIGERATED 
FREEBOARD WATER,..COOLED •"PRIMARY ABOVE-FREEZING BELOW-FREEZING 

RATIO. CONDENSER CONDENSER FREEBOARD CHILLER FREEBOARD CHILL 

50% 1.0 o.g5 0.95 0.90 

75%. 0.80 0.75 0.75 0.55 

100% 0.60 0~55 0.55 0.45 



Combustion Unit Engineers -2- October 24, 1983 

Example: 

What would be the annual emjs~ion reduction achiev~d by increasing 
a degreaser's freeboard ratio from 75% to 100% and installing a 
below-freezing freeboard chiller over-the existing water~cooled 
·condenser~ if the degreaser currently uses 1 barrel of perc per 
month?· · · 

Arter modification, the degreaser will use 

0.45 x 1. barrel = 0.56 barrel 
'if:'8 month month 

for a savings of·l-0.56 = 0.44 barrels/month 

(0.44 barrel ) 
month 

(12 months)_ (13.5 
yr 

lbs) 
gal = 2.0 tons 

MK:rg· 

2,000 lbs 
ton 

year 
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SECI'ION 14: AUTOMOTnffiSPRAYBOOTHS 

. ·.NON-ASSEMBLY LINE OPERATIONS 

14.1 General Description 
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Surface coatings are applied to a .great varietY of products to provide corrosion 

protection and an aesthetically pleasing finish. In order ·to contain. and control 

emissions resulting from the application of these: coatings, a spray booth may be 

utilized. One of the most common uses for such enclosures is in the repair and 

refinishing of automobiles. 

The average automotive spray booth is a rectangular chamber sized to accept the 

vehicles to be coated. Inside ~s chamber, the paint is applied, generally by a single 

operator equipped with a spray _gun. At one end of the booth, air is continuously 

drawn through a bank of inlet filters, to clean .the incoming air. ·A similar set of 

exhaust filters is located at the opposite end of the booth. These exhaust filters ·are 

designed ~o capture suspended particulates produced by the painting process. The 

airflow through the booth is produced by one or more fans, each driven by an 
electric motor. · . · 

From this basic design, several variations are derived. These inelude solid rear wall 

and drive· through desigits, as well as reverse flow (in which air flows toward the 

entrancefand downdraft designs. In addition, provisions may be made to heat and 

partially recirculate the air after the coating is applied in order to produce a "curing" 
effect. Representative designs of automotive refinishing spray booths are shown in 
Figures 14.1 & 14.2. . 

14.2 Permit Unit Description 

An automotive spray booth is described in the permit as follows: 
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SPRAY' BOOTH, (MANUFACIURER & MODEL NO.), AUTOMOTIVE DRY 
FILTER TYPE, (WIDTH) X (LENGTH) X (HEIGHT), (NUMBER OF) . . . . . 
EXHAUST FAN(S), (FAN HORSEPOWER RATING) H.P. EACH, (NUMBER 

OF) FILTER ELEMENTS EACH (ELEMENT WIDTH) X (ELEMENT 

HEIGHT)~ (BTU/HR OR KW RATING) INPUT (GAS FIRED OR ELECTRIC) 

HEATER. 

14.3 Emissions 

14.3.1 · Description 

Two principal categories of emissions are produced by the painting process. The 
first consists of particulate matter (PM) originating from the solid portion of the 

coating which fails to adhere to the target surface (overspray). The second consists 
of Volatile Organic Compounds. (VOC) which may be classified as either 
photochemically or non-photochemically reactive. VOC's can be found in the 
coating as supplied and in the organic solvent, diluent, or thinner which is used with 
the coating. 

The quantity of PM resulting from overspray is directly dependent upon the method 
of application used. The most common method used in auto repair and refinishing 
is air atomization· in which compressed air is used to atomize and carry the coating 
to the target surface. Another method is the airless method in which the coating 
itself is placed under pressure and forced through a nozzle. These technologies may . 
be combined to form the air-assisted airless method in which 800-1500 psig fluid 
pressures are assisted by appro1eimately 10 psig air pressure. Each of these methods 
may in tum be combined with the electrostatic. process in which opposite charges 
'are placed on the paint and the target surface causing them· to attract, A recently 

developed method of application is High Volume Low Pressure (HVLP) spray. In 
this design, large volumes of low pressure air (0.1-10 psig) are used to atomize and 

carry the coating to its target surface. 
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Figure 14.1: Typical Forward Fiow Automotive Refinishing Spray .Booth 

Figure 14.2: Typical Reverse Flow Automotive Refinishing Spray Booth 
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PM emissions are captured using paint-arrestor filters. Although some.spray.booths 

· incorporate wet filtration, the most common design for automotive applications 

utilizes dry filtration. In this design, filter elements constructed of woven fibers or 

paper are suspended in the air flow by a wire grid (see Figure 14.3). In orde~ to 

maintain a sufficient air flow rate through the filter the elements must be 

periodically cleaned or replaced. As a means of monitoring the condition of the 

·filter bank, a differential pressure measuring device (generally a manometer) is used 

to measure the pressure drop across it; Dirty filters are indicated by high readings 
' . . 

(over Q.25 inches of water) while ripped or missing elements are evidenced by low 

readings (under 0.07 inches of water). 

The VOC emissions produced by a spray operation are not removed by dry filtration 

or water wash. The quantity of VOC's produced is dependent on the amount of 

VOC in the coating (as applied) lj.nd volume of coating sprayed. For this reason, the 

most effective controls on VOC emissions· are to· require coatings containing less 

volatile organic compounds or to limit the quantities of coatings used. Should these 

solutions prove impractical, either carbon adsorption or incineration (afterburner) 

may be employed. 

14.3.2 Emission Factors 

In order to calculate the emissions from a spray booth, emission factors must be 

used to relate the amount of pollutants produced to the amount of coating used. 

The most accurate method of obtaining these values is to consult the manufacturer's 

data (often available on the container label or in published brochures) for each 

specific coating. In the event that this is not possible, a list of average values are 

given in Table 14-1. The particulate matter emission factors are simply the percent 

solids of the coatings. 
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Components: . 
1) Holding Frame 
2) Snap-In Grid · 
3) Secondary Filter Element 
4) Snap-In Grid 

· 5) Primary Filter Element 
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Table 14-1 Average Emission Factors for Some Common Coatingsa 

· Coating · VOC Emission Factor PM Emission Factor 

(lbfgal) (lb/gal) 

Enamel 4.5 5.5 

Lacquer 5.5 4.5 

Cl~an-Up Solvent 6.8 0.0 

Reducer 7.0 0.0 

Primer 5.0 3.0 

a Reference 1 

14.4 Calculations 

14.4.1 Operational Data 

~·order to calculate the emissions from an automotive spray booth the following 
operational data must be supplied by the owner or operator of the equipment. 

Booth Manufacturer: 

Model: 

Dimensions: 

Operating Schedule: 

SCAQMD 14-6 

width 
__ height 

__ length 

Actual 
__ hr/day 

__ day/wk 
__ wk/yr 

Maximum 
__ hr/day 

· __ dayfwk 

·_._wk/yr 
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Coating Usage 

Enamels: 

Lacquers: 

Oean-Up Solvent: 

Reducers: . 

Primers: 

Others: 

Filter Section 

Number Of Elements: 

Element Dimensions: 

. No. Of Fans: 
Fan Horsepower Rating(s) 
Fan Diarneier(s): 

Application Metho'd: 

SCAQMD 14-7 

Actual 

gal/day 

gal/day 

gal/day 

gal/day 

gal/day 

· . galiday --
gal/day 

gal/day 
_·_gal/day 

gal/day 

gal/day 

. width --
__ ~height 

__ t.hickness 

__ hp 

in 
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Maximum 

gal/day 

gal/day 

gal/day 
gal/day· 

gal/day 

gal/day 

gal/day 

__ gal/day 

gal/day 

galfday --
galfday. 

[ ] Air Atomization 

.[] Airless 

[ ] Electrostatic/ Air Atomization 

[ ] Electrostatic/ Airless 

[]HVLP 
[ ] Air-Assisted Airless 

[ ] Electrostatic/ Air-Assisted Airless 
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Emissions ·must be ealculated for· both the actual and maximum operating 

conditions. Actual emissions are used in emission inventory. Maximum emissions 

are used to determine compliance with the South Coast Air Quality Management 
District's Rules and Regulations. In addition, the maximum daily emissions are 

multiplied by the Regulation XIII On-Site Offset Factor (1.1). These daily 
emissions increases are accumulated for each faCility in the District's New Source 
Review Record. 

14.4.2.1 Uncontrolled Emissions (R1) Calculations 

The total uncontrolled VOC emissions are a summation of the VOC emissions from 
each individual coating, thinner and clean-up solvent. These individual amounts are 

determined using the appropriate values in Equation 14.1. The total VOC 
emissions are the sum of these values, as in Equation .14.2 

Rt,VOC,n -= URn X EFvoc n 
' 

(Equation 14.1) 

-ER -. 1,VOC,n. (Equation 14.2) 

·where: 

R1,VOC = Total uncontrolled VOC emissions, (Ib/day). 
R . = l,VOC,n Uncontrolled VOC emissions from material "n", (lbfday). 

= Daily usage rate of material "n",(galfday). URn 

EFvoc,n = VOC emission factor for material "n", (lb/gal). 

The total uncontrolled PM emissions are the summation ofthe contributions from 
each individual coating. The PM emissions produced when a coating is applied are 

determined using Equation 14.3. _The total PM emissions are the sum of these 
values (see Equation 14.4) 

R1,PM,n = (URn x EFPM,n)(1- TE) (Equation 14.3) . 
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(Equation 14.4) 

R1,PM 

R1,PM,n 
URn . 

EFPM,n 
TE 

= Total uncontrolled PM emissions, (lb/day). 

= Uncontrolled PM emissions from coating "n", (lb/day) .. 

= Daily usage rate of coating "n", (galfday). 

= PM emission factor for coating "n", (lb/gal). 

= Tra.nSfer efficiency (see Table 14-2), (expr.essed as a decimal) 

Table 14-2 Transfer Efficiencies·for Common Application Methodsa 

Application Method 

Air Atomization 

Airless 

Electrostatic/ Air Atomization 

. Electrostatic/Airless 

HVLP 

a Reference 2 (average) 

· b Refere~ce 3 · 

.14.4.2.2 Controlled Emissions (Rz) Calculations 

Transfer Efficiency 

0 

30 

45 

70 

75 

75b 

The sole means of control· on an (average) automotive spray booth is its dry exhaust 

filters. These remove from approximately 66% to 90% of PM emissions, but have 

no effect on VOC emissions. The controlled emissions released to the atmosphere 

may be calculated by .Equations 14.5 and 14.6. 

R2,VOC = R1;VOC · · (Equation 14.5) 
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where: 

R1,VOC = 
· Rz,voc = 

R1PM = 
. , 
~2PM = , 
EFFf = 
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(R1,PM> x (1- EFFf) (Equation 14.6) 

Total uncontrolled VOC emissions, (lb/day). 

Total controlled VOC emissions, (lb/day). 

Total uncontrolled PM emissions, (lbfday). 

Total controlled PM emissions, (lb/day). 

Filter efficiency( expressed as a decimal). 

14.4.3 Filter Face Velocity 

The minimum and maximum air velocities through the exhaust filter bank must be 

calculated to verify compliance with SCAQMD Rule 481. The proper filter velocity 

must be maintained in order to ensure efficient fi!ter operation. This rule applies 

when .greater than 3 gallons per day of coatings are consumed at th~ booth location. 

The first step in calculating filter face velocity is determination of minimum and . . . 
maximum volumetric flow. rates of air through the filters. Fan flow rate can be 

obtained from manufacturers data· or, if that is not available, from Table 14-3. Fan 

flow rate for each fan, in cubic feet per minute (CFM) is obtained. from Table 14-3 
by using the fan diameter and horsepower rating. In the case of multiple fans, these 

are summed to obtain a total flow rate .. The fa~e velocity calculation is completed 
using Equation 14.7. · 

V· au = 
VFR (CFM) x 144 (in2/ft2) 

(Equation 14.7) 

Nmter x Afilter (in
2
) 

where: 

yair = Air velocity, (ft/min). 

VFR = Volumetric flow rate (CFM), (from Table 14-3). 

144 = Conversion factor, (ft2 to in2). 

Nmter = · Total number of filter elements. 

Amter = · Area of individual filter element, (in2). 
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Table 14-3 

Fan Diameter 

· (in) 

24 

24 

24 

27 

27 

27 

30 

30 

30 

34 

34 

34 

42 

42 

42 

a Reference 4 

SCAQMD 

Spray Booth CFM Valuesa 

MotorHP 

1 

1-1/2 

2 

1 

1-1/2 

2 

2 

3 

5 

2 

3 

5 

5 

7-1/2 

10 

VFRmax 

(CFM) 

5200 

6200 

8000 

6600 

7900 

9000 

8600 

12600 

14500 

10800 

15500 

18200 

22700 

28100 

31500 

14-11 
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VFRmin 

(CFM) 

2000 

4500 

6900 

4400 

5500 

6400 

6500 

10600 

13300 

7600 

12900 

15300 

20600 

25500 

28300 
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Rule 212 • Standards For Approving Permits · 
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Section (e) of this Rule requires public notification of certain cases be made prior to 

issuing a permit. 

Rule 401 -Visible Emissions 

· No visible emission greater than 20% opacity or Ringlemaml No. 1 aggregating for 

more than three minutes in any one hour period is allowed. 

Rule 402 • Nuisance 

Emissions which cause or contribute to a·nuisance are prohibited. Factors worthy of 

consideration include location (commercial/residential area), solvent usage, 

odorous materials, and pri~r complaints. 

Rule 442 - Usage of Solvents 

(a) A person shall not discharge organic materials into the atmosphere unless 

such emissions have been reduced by at least 85% or to the following: 

(1) Organic materials that come into contact· with or are baked, heat 

r .cured or heat polymerized are limited to 3.1 lbs (1.4 kg) per hour, not 

to exceed 14.3 lbs (6.5 kg) per day. 

(2) Organic materials emitted into the atmosphere from the use of 

photochemically reactive solvents are limited io 7.9 lbs (3.6 ·kg) per 

hour, not to exceed 39.6 lbs (18 kg) per day. All ·organic materials 

einitted for a drying period of 12 hours following their application 

shall be included in this limit. 

(3) On and after De~ember 1, 1980, all organic materials emitted into the 

atmosphere from the use of non-photochemically reactive solvents are 

· limited to 81 lbs (36.8 kg) per hour, not to exceed 600 lbs (272 kg) per 

day. All organic materials emitted for a drying period of 12 hours 

following their application shall be included in this limit. 

(c) Emissions of organic materials into the atmosphere required to be controlled 

by subsection (a) shall be reduced by: 

(1) Incineration, provide that 90% or more of the carbon in the organic 

material b~ing incinerated is oxidized to non organic materials, or 
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(2) Incinerat~on, provided . that the concentration of organic material 

following incineration is less than 50ppm, calculated as carbon and . . . . 
with no dilution, or 

(3) Adsorption, or 

(4) Processing in a· manner determined by the Air Pollution Control 

Officer to be not less effective than (1) or (3) above. 

· (e) A person shall not use photochemically reactive solvent to thin, reduce or 

dilu~e industrial and commercial metal surface coatings unless the einission 

of organic materials into the atmosphere has been reduced by at least 85% 

by weight. 

(f) A person shall not use photochemically reactive solvent in industrial and 

commercial surface cleaning or degreasing op!!rations l;lnless the emission of 

organic materials into the atm~sphere has been reduced by at least 85% by 

weight. 

(g) A person shall not during any one day dispose of a total of more than 5 liters 

(1.3 gallons) of any photochemically reactive solvent, or any material 

containing more than 5 liters (1.3gallons) of any photochemically reactive 

solvent by any means which will permit the ~vaporation of such solvent into 

the atmosphere. 

Rule 443 - Labeling of Solvents 

All organic solvents or materials containing organic solvents must be properly 

labeled. 

Rule 481 - Spray Coating Operations 

(a) A person shall not use or operate any spray painting .or spray coating 

equipment unless one of the following conditions is met: 

(1) The air velocity through the filter shall be between 100 and 300 fpm. 

(2) 

(3) 

Coatings are applied with electrostatic and or airless spray equipment. 

A method of application or control is used which has an effectiveness 

equal to or greater than the equipment specified in subsection (a)(l) 

or (a)(2) of this rule. 

(b) The provisio~ of this rule shall not apply to: 

(1) Spray ·coating of three gallons per day or less of coatings at a single 

location. 
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(2) Any control enclosure ·connected to an external air pollution control 
device with a control efficiency equivalent to the filters specified in 
subsection (a)(1) of this rule· and which has been approved by the 
Executive Officer. 

Rule 1151- Motor Vehicle and Mobile Equipment Non Assembly Line Coating 

Operations 
(1) A person or facility which refinishes automobiles, or their existing parts 

(components) or replacement parts (components), shall not apply a·coating 

which has a VOC content in excess of the limits in the following table on and 
after the dates specified. 

(a) Group I Vehicles and Equipment (large size trucks, busses, and 
mobile equipment). 

Coating 

Pretreatment 
Precoat 
Primer 
Topcoats 

General 

Limits 
Grams ofVOC per Liter of Coating 
Less Water and Exempt Compounds 

On and after 
.Iuly 1, 1989 

~ ·lb/gal 

800 6.7 

340 2.8 

340 2.8 
Extreme Performance 420 3.5 

On and after 
,lanuao:: 1, 1290 

~ !blgal 
800 6.7 
800 6.7 
250 2.1 

340 2.8 
420 3.5 
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(b) Group II ·· Vehicles (passenger cars, small trucks and vans, 

medium-sized trucks and vans, and motorcycles). 

Limits 
Grams ofVOC per Liter of Coating 
Less Water and Exempt Compounds 

Coatin& On and after 
July 1.1990 

On and after 
Januacy 1. 1992 

~ Jb/zat ~ lb/&al 

Pretreatment 

Pre coat 

Primer 

Topcoats 

Acrylic Enamel 

Alkyd Enamel 

Polyurethane Enamel 

Lacquer 

800 

800 

250 

624. 
588 
624 
744 

6.7 

6.7 
2.1 

52 
4.9 
5.2 
6.2 

800 6.7 
800 6.7 
250 

420 
2.1 

3.5 

(2) . A person or facility shall not apply coatings subject to the provisions of this 

rule on and after the dates specified below, except by the use of one of the 

following methods: 

(i) Electrostati~ application, or 

(ii) High Volume Low Pressure spray, or 

. · (iii) Such other coating application methods as are demonstrated to the 

Executive Officer to be capable of achieving at least 65% transfer 

efficiency and for which written approval of the Executive Officer· 

has been obtained. 

Effective Date 

On and after.January 1, 1990 

SCAQMD 14-15 

Coatings Applied 

o All coatings applied on 

Group I Vehicles and 

equipment. 

o Pretreatment, Precoat and 

Primer applied on Group II 

vehicles. 
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o All coatings applie~ on 

Group I and Group II 

vehicles and equipment. 

{3) (g) Any coating, coating operation, or facility which is subject to this rule shall 

comply with the provisions of Rule 442 until such time as compliance with 

the limits specified in this rule are achieved. Any coating, coating pperation, 

or facility which is exempt from all or a portion of the VOC limits of this rule 

shall cp~ply with the provisions of Rule 442. · 

Regulation XIII ~ New Source Review r 

(1) If the new or modified equipment causes an increase in facility emissions in 

excess of one pound per day for any non-attainment air contaminant, Best 

Available Control Technology (BACT) is required. The current BACT for 

reactive org~nic gas emissions from automobile refinishing spray booths is ..!5. 

3.5lbs VOC/gal of coating (as deterq1ined by SCAQMD's Rule 107),2. 65% 

transfer efficiency, and emissions vented to a carbon adsorber or afterburner 

achieving2 90% overall efficiency. 

The South Coast Air Quality Management District's Best Available Control 

·Technology GuidelinesS list BACT for different processes. It is constantly 

being· updated to reflect advances in technology. It should also be consulted 

to properly determine both applicability and BACT which may be different 

from case to case. 

{2) If the accumulated maxi.mum emission of any air contaminant from any ·. 

stationary source exceeds the threshold limits specified in Rule 1303(a)(2), in 

· addition to BACT, the applicant must comply with the following: . 

(a) The applicant certifies in writing that all of the facilities emitting 25 tons 

per year or more, which are owned or operated by the applicant, are in 

compliance with the limitations of the Clean Air Act and the State 

lmple?Ientation Plan or.with the limitations of the District, whichever 

are more stringent. 
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(b) The applicant must use modeling or other analysis approved by the 

Executive Officer to demonstrate that the new source or modifications to 
·an existing source will not cause any violation, or make measurably 

worse an existing violation, of any ambient air quality standard at any 

receptor location in the District. Modeling shall not be required for any 

air contaminant if all offset sources which are. within the distance of five 

(5) miles could actually lower the emission of that air contaminant(s) 

down to the threshold limit. 

(c) The applicant must offset the total accumulated increase in emissions 

from the stationary source. 

Note: Und~r this Regulation, emissions from equipment which is exempt 

from permit requirement are to be accumulated in the New Source 

Review Database. These emissions are included to determine 

compliance with the threshold limits. 

14.6 Permit (Operating) Conditions 

In order to assure compliance with applicable Rules and Regulations of the 

SCAQMD, Permit (Operating) Conditions must be required. rennit (Operating) 

Conditions for automotive spray booths are listed below: 

1. TinS SPRAY BOOTH MUST NOT BE OPERATED UNLESS ALL 
EXHAUST AIR PASSES TIIROUGH FILTER MEDIA AT LEAST 2 

INCHES TinCK. 

2. A GAUGE MUST BE INSTALLED TO INDICATE TilE STATIC 

PRESSURE DIFFERENTIAL ACROSS THE EXHAUST FILTERS. IN 

OPERATION; THE PRESSURE DIFFERENTIAL MUST NOT EXCEED 

0.25 INCHES OF WATER. 

3. ORGANIC SOL VENTS USED IN TIIIS EQUIPMENT MUST BE 

CLEARLY lABELED AS NON-PHOTOCHEMICALLY REACTIVE BY 

1HE SUPPLIER OR, FOR BULK SHIPMENTS, SHOWN TO BE 
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NON-PHOTOCHEMICALLY: REACTIVE ON BILLS OF LADING OR 
INVOICES.··· 

4. THE TOTAL QUANTITY OF COATINGS AND SOLVENT USED IN 
THIS EQUIPMENT MUST NOT EXCEED (NUMBER OF) GALLONS 
IN. ANYONE DAY OR (NUMBER OF) GALLONS .IN ANY ONE 

HOUR. 

. 5. THE TOTAL QUA.N'I1TY OF VOLATILE ORGANIC COMPOUND 
(VOC) EMISSIONS FROM THIS EQUIPMENT MUST NOT EXCEEI? 
(NUMBER OF) POUNDS IN ANY ONE DAY. 

6. THE OPERATOR SHALL KEEP ADEQUATE RECORDS TO VERIFY 
DAILY USAGE. SUCH RECORDS SHALL BE RETAINED FOR A 

PERIOD OF AT LEAST TWO YEARS AND BE MADE AVAILABLE 
TO DISTRICT PERSON~L UPON REQUEST. 
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SOUTII COAST AIR QUALI'IY MANAGEMENT DISTRICf I PAGES I PAGE 
I 5 I , 1 

ENGINEERING DIVISION IAPPL NO. I DATE 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSED BY I CHECKED BY 

PERMIT TO CONSTRUCT/OPERATE 

Applicability: This processin~ from can only be used for automotive spray booths used for spray 
coating automobiles and their parts. 

APPLICANTS NAME: 

MAILING ADDRESS: 

EQUIPMENT ADD~ESS: 

EQUIPMENT DESCRIPTION: 

APPLICATION NO. 

SPRAY BOOTH, MODEL , AUTOMOTIVE DRY FILTER TYPE, 
"LX ,· "H., ' "W. X 

EXHAUST FANS, 
FILTER ELE~NTS, EACH 

HISTORY: 

PROCESS DESCRIPTION: 

H.P.EACH, 
"W. X " H. 

The applicant uses this spray booth to refinish automobile bodies. The coatings are applied using 
an spray process. Particulate matter is removed from exhausted air with a dry 
filter pnor to diScharge to the atmosphere. 

DATA: 

Daily Usage Rate(s): Actual Maximum SQyrc~ 

Enamel (URE): _ __ gal/day __ gal/day Applicant 

Lacquer (URr): gal/day gal/day .. 
Clean-Up Solvent(URc): gal/day gal/day If 

Reducer (URR): __ gal/day __ gal/day .. 

Primer (URp): __ gal/day gal/day " 

Other(URo) __ gal/day __ gal/day " 

Revision: 0 Date: 8/18/89 
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SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

· ENGINEERING DIVISION 

I PAGES 
I 5 
jAPPLNO .. 

I PAGE 
I 2 I 
!DATE . I 

APPLICATION PROCESSING AND CALCULATIONS !PROCESSED BY JCHECKED BY 

Emission Factors: 

Coating 

Enamel 

.Lacquer. 
Clean-Up Solvent 

Reducer 

Primer 

Other 

VOC Emission Factor 

EFvoc,n (lb/gal) 

PM Emission Factor 

~FPM,n (lb/gltl) 

Actual Operating Schedule (Ta): _hr/day, _dayfwk, __ wk/yr 
Maxi~um Operating Schedule (T m>:_·_hr/ day, __ day /wk, __ wkfyr 

Number of Filter Elements (Nfilter>= --. 

Area of Individual Filter Element (.AriJter>: ----,. in2 

Number of Exhaust Fans: 
Fan Motor Horsepower·Rating: ____ HP 

Fan Diameter: in 

Application Method:------
Transfer Efficiency (TE): _____:. % 

" 

Regulation XIIi On-Site Offset Factor For NSR Max. Daily Emissions: 

CALCULATIONS: 

1. Uncontrolled Volatile Organic Compound Emissions (R1,voc) · 

Source 

Table 14-1 

" 
" 
" 
n 

" 
" 
n 

" 

n 

" 
" 
" 

Table 14-2 . 

1.1 

Actuallb/day . · · 
Ri,voc -. I:(URn,actual (galfday) x EFn, VOC (lb/gal)) = __ lb/day 

Actuallb/hr 
R1,VOC = R1,yoc (actual lb/day) / Ta (hr/day) = __ lb/hr 

Maximum Ib/day . . · . ·. 
R1,vo'c = I:(URn,maidmuin (gal/day) x EFn, voc (lb/gal)) = __ lb/day 

Uncontrolled VOC Emissions (R1·voc> 
. ' 

Revision: 0 

SCAQMD 14A-4 

Actual 
lb/hr 

Actual 
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Date: 8/18/89 

Automotive Spray Booth 



SOUTH COAST AIR QUALITY MAN}\GEMENT DISTRICT I PAGES I PAGE 
I 5 I 3 

ENGINEERING DMSION IAPPLNO. fCATE 

APPLICATION PROCESSING AND CALCULATIONS I PROCESSEC BY I CHECKED BY 

2. Uncontrolled Particulate Matter Emissions (R1,PM) 

Actual Jb/day 
R1,PM = I:(URn,actual(galfday) x EFn,PM(lb/gal) x (1-TE)) = _lb/day 

Actuallb/hr 
R1,PM = R1,PM (actuallb/day) / Ta (hr/day) = __ lb/hr 

Maximum lb/day 
R1,PM = I:(URn,max.(gal/da~) x EFn,PM(lb/gal) x (1-TE)) = __ lb/day 

Uncontrolled PM Emissions (Rl,Voc) 

3. Controlled VOC Emissions (R2 voc) 
• 

Actual · 
JbLbr 

Actual 
lb/day 

R2,VOC (actual) · = R1,vo~ (actuallb/day) = _ ·_lb/day 

R2,VOC (maximum) = R1,voc (maximum lb/day) = __ lb/day 

Maximum 
lb/day 

R2,VOC (NSR) = R1,voc (maximum lb/day) x 1.1 = __ lb/day 

Controlled VOC E~ssions (R2,voc) Actual Maximum NSR 
lb/day lb/day lb/day 

4. Controlled PM Emissions (R2 PM) 
t 

R2,PM (actual) = Rl,PM (actuallb/day) X (1- EFFr) = __ lb/day 

R2 PM (maximum) 
' 

R2,PM (NSR) 

= R1,PM (maximum lb/day) X (1- E~f) = __ lb/day 

= R1 PM (maximuf!1lb/day) X 1.1 = __ lb/day 
' 

Controlled PM Emissions (Rz PM) 
t 

5. Air Velocity 

Actual 
Jb/day 

Maximum 
lb/day 

V air = (VFR) x 144 = ____ ft/min 

__ (Nfilter> x -- (Aftiter> 

where: V air = Air velocity through the filter, ft/min 
VFR = Volumetric flow rate through the filter, CFM 
Nfilter = Number of filter elements 
A,.., = Area of a single filter element, in2 
• Lllter 
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RULES EVALUATION: 

RULE212. 

RULE401 

RULE402 

RULE442 

RULE443 

RULE481 

· RULE1151 

REG XIII 

BACI' 

Revision: 0 

SCAQMD 

Public notice is (is not) required. 

This equipment utilizes a dry filtration system. Compliance with Rule 401 is (is 
not) expected. . 

The location of the equipment will be in an industrial/ commercial area." 
Solvent usage rates are low (high). Compliance with Rule 402 is (is not) . 
expected. · 

Maximum organic emissions are calculated to be . Permit conditions 
to include limits on quantity sprayed and (types of solvent used). Compliance 
with Rple 442 (a)(2) and (a)(4) is (is not) expected. 

.. Permit conditions to include proper labeling of solvents. Compliance with Rule 
443 is (is not) expected, · 

: · Filter velocity is calculated to be a minimum of ft/min, and a inaximum 
of ft/min. These values are (are not) between ~he SJ?ecified vl1olues of 100 
ft/nun minimum and 300 ft/min maximum. Compliance Wlth Rule 481 is (is 
not) expecte.d, . . 

• The applicant will ·(will not) be informed of the requirements imposed by Rule 
1151 beginning 1/1/90. 

As shown by the Emission Threshold/New Source Sheet Table below, this . . 
facility will (will not) operate in complil':nce with Regulation XIII: 

Facility Emissions 
Since 10-8-76 

A/N 

A/N 

Net Emission 
Increase Since 10-8-76 .. 

NSR Emissions in Pounds Per Day 
ROG NOx S02 CO _PM 

. This equipment causes (does not cause) an increase in VOC or PM emissions. 
The applicant Will (will not) provide BACI' as follows: (This information is 
listed m the SCAQMD's BAc,I" Guideline) 

ROG: 
NOX: 
S9Jc: 
Cu: 
PM: 

Date: 8/18/89 
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This equipment is (is not) expected to comply with all applicable District Rules and Regulations. 
The following is recommended: 

( ) Issue a Permit to Construct/Operate with the following conditions: 

APPLICATION NO. 

CONDITIONS: 

1. 1HIS SPRAY BOOTII MUST NOT BE OPERA TED UNLESS ALL EXHAUST AIR 
PASSES 'IHROUGH FILTER MEDIA AT LEAST 2 INCHES TillCK. 

2. A GAUGE MUST BE. INSTALLED TO INDICA1E TilE STATIC PRESSURE 
DIFFERENTIAL ACROSS THE EXHAUST FILTERS. IN OPERATION, TilE 
PRESSURE DIFFERENTIAL MUST NOT EXCEED 0.25 INCHES OF WATER. 

3. ORGANIC SOL VENTS USED IN TillS EQUIPMENT MUST BE CLEARLY 
lABELED AS NON-PHOTOCHEMICALLY REACTIVE BY THE SUPPLIER OR, 
FOR BULK SHIPMENTS, SHOWN TO BE NON-PHOTOCHEMICALLY REACTIVE 
ON BILLS OF lADING OR INVOICES. 

4. THE TOTAL' QUANTITY OF COATINGS AND SOLVENTS USED IN TIIIS 
EQUIPMENT MUST NOT EXCEED GALLONS IN ANY ONE DAY AND 
GALLONS IN ANY ONE HOUR. 

· 5. TilE TOTAL QUANTITY OF VOlA TILE ORGANIC COMPOUND (VOC) 
EMISSIONS FROM THIS EQUIPMENT MUST NOT EXCEED POUNDS IN 
ANYONEDAY. 

6. TilE OPERATOR SHALL KEEP ADEQUATE RECORDS TO VERIFY DAILY 
USAGE. SUCH RECORDS SHALL BE RETAINED FOR A PERIOD OF AT LEAST 
TWO YEARS AND BE MADE A V AllABLE TO DISTRICT PERSONNEL UPON 
REQUEST. . 

.QR 

() Deny the Permit to Construct/Operate. 

It is my opinion that the operation of this equipment will be in violation of Rule(s) 
of the Rules and Regulations of the South Coast Air Quality Management :Oistrict.-----
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SECfiON 15: ELECfRIC UTILI'IY GAS TURBINES 

15.1 General Description 
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Broadly characterized, turbines are machines that convert energy stored in a fluid 

into mechanical energy by channeling the fluid through a system of stationary and 

moving vanes. The moving vanes are attached to a rotor to either tum a shaft, pro

ducing work output in the form of torque (rotational mechanical energy), or to gen

erate velocity and pressure energy (thrust)~ a jet. Turbines are generally classified 

according to the type of working fluid used. The most common are water, steam, 

and gas. Water turbines and steam turbines are generally used to generate electric

ity. The primary source of electric power generation comes from steam turbines, 

with single unit outputs ranging into the thousands of megawatts. Steam turbines 

also perform mechanical work in industrial applications and·in propelling oceango

ing vessels. 

Gas turbines are principally used to propel jet-aircraft. Their stationary uses in

clude electric power generation (usually for peak-load demands), e~d-of-line volt

age booster service for long-distance transmission lines, and for pumping natural gas 

tbrough long-distance pipelines. Gas turbines are used in combined (cogeneration) 

and simple-cycle arrangements. This section will .consider the simple-cycle electric 

utility stationary gas turbine. 

15.1.1 Operating Characteristics 

The working fluid in a gas turbine is usually a combusted air-fuel mixture, typically 

considered as air for pra~tical purpo~es (air-.to-fuel ratios are very high due to cool

ing requirements). The basic principl~s of operation for a gas turbine are the same 

as any internal combustion engine; air is compressed in the engine and combusted 

with a fuel to produce a hot expanding exhaust gas which is used to turn a shaft. 

The difference in operation between a turbine and a conventional piston-type en

gine is that a turbine operates on a continuous basis, whereas a piston-type IC en

gine operates on either a two-stroke or four-stroke cycle (see Figure 15-1). A 

SCAQMD 15-1 Electric Utility Gas Turbines 
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piston-type (or rotary-type) engine must clear the combustion chamber of the ex

haust gas between compression and combustion strokes (this applies to both two

and four-stroke cycles), while the gas turbine, with its flow-through design, com

presses, combusts, and exhausts the air and fuel continuously. The rotational mo

tion of a gas turbine is less complicated and m<?re efficient than the reciprocating 

motion of a conventional piston-type engine. In the ideal, simple-cycle (Brayton air 

cycle), shown in Figures 15-2 and 15-3, air enters the compressor at section 1 at at

mospheric pressure and temperature. The air is then compressed at cpnstant en

tropy (no hea~ added or subtracted and without friction or other losses) at section 2. 

The air flows from section 2 into the combustion chamber where fuel is added and 

burned at conStant pressure (raising the temperature to its maximum value for the 

cycle). The heated gas enters the turbine at section 3, then expands to atmospheric 

pressure across the turbine blades at section 4 producing shaft work. The amount of 

work that may be obtained from this process is represented by the enclosed area on 

both the pressure-volume (P-V) diagram and the temperature-entropy (T-S) dia

gram in Figure 15-2. In Figure 15-3~ the area enclosed by a-1-2-b is the ideal work 

input to the compresso~, while area a-4-3-b is the ideal work output of the turbine, 

assuming 100% efficiency in both cases. Hence, the net work output is equal to the 

turbine output less the compressor input, area 1-2-3-4. In the simple ideal cycle, the 

. efficiency depends on the pressure ratio, increasing rapidly at first, ~d then leveling 

off slowly. The principle difference between the ideal cycle and the actual cycle is 

that compression and expansion processes cannot be conducted without friction or 

other losses as as~umed. In actu~ cycles, approximately 300 percent excess air is 

used, and about 25% of the available oxygen is consumed. The efficiency of the 

compressor is about 85 percent, and that of the turbine about 87 percent.1 Unlike 

the ideal cycle, actual cycles are evaluated by a temperature ratio. Increasing the 

maximum temperature of the -~cle increases the efficiency of the system. On aver

age, for every 100° F increase in temperature, work output is increased by approxi

mately 10 percent. This results in about a 1.5 percent increase in efficieJ?-cy.2 

There are three basic ways to increase the efficiency of the simple-cycle gas turbine : 

(1) increase the work output of the turbine; (2) decrease work input to the com

pressor; or (3) decrease the amount of heat added by the fuel.2 
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The work output of the turbine can be i~creased by dividing the expruision process 

into two or more steps. This division can be accomplished by employing a high

pressure and low-pressure turbine with a combustion chamber in between for Fe
heating the air and combustion products. The effect is to increase the volume of the 

gas undergoing expansion, thus increasing the output of the turbine (see Figure 15-
4).2 . 

The work input to the compressor can be reduced by compressing the air isother

mally. The· most practical approach is to use intercooling. In intercooling, the air 

compressed from one stage is cooled prior to entering the next stage. The purpose 

of intercooling is to maintain the volume of air as low as possible in order to reduce 

the power required for compression (see Figure 15-5).2 

To accomplish the third objective, the compressed air entering. the combustion 

chamber would be warmed .by means of a heat exchanger using the hot exhaust 

gases from the turbine as the heat source. In practice, this warming is accomplished 

by means of a regenerative heat exchanger or regenerator. Regenerators can in

crease efficiencies by aS much as 15 to 20 percent at current operating temperatures. 

Optimum pressure ratios are about 7.:1 for a regenerative system compared to 18:1 

. for the simple, non-regenerative cycle. Turbines with regenerators operate at higher 

inlet temperatures approaching 2000 °F (see Figure 15-6 and 15-7).1 

15.1.2 Advances in Gas Turbine Technology .3•4 

Advanced gas turbine cycles based on aircraft engines and the use of steam injection 

are expanding the applications and increasing the efficiencies of the simple-cycle gas 

turbine. The heavy-duty industrial turbine is the technology of choice for the gas 

·turbine/steam turbine combined cycle system. ·The aerode~ivaiive turbine and ·its 

cycle variations (the steam injected gas turbine, the·intercooled steam-injected gas 

turbine, and the chemically recuperated, steam-injected gas turbine) are new, alter-
. ' 

nativ~ gas turbine technologies with the potential of increasing· electrical efficien

cies, lowering power output costs, and reducing combustion emissionS from smaller 

gas turbine systems. The simple cycle gas turbine represents the traditional 
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gas turbine system. Figures 15-8 a)-f) illustrate several gas turbine cycles. A major 

shortcoming of the simple cycle gas turbine in cogeneration is that it is often uneco

nomical in applications involving highly variable steam loads. (The reason being, a 

single shaft machine requires constant rotational speed of the compressor to maine 

tain stable operation. Thus, to reduce electrical output, the fuel input is reduced, 

thereby reducing the inlet temperature and electrical efficiency). Two variations of . . 
the simple cycle gas turbine include the Cheng cycle or steam-injected gas turbine 

(STIG), and the intercooled steam-injected gas turbine (ISTIG). The steam-in

jected sy~tem injects high pressure steam recovered from the heat recovery steam 

generator ~HRSG) into the combustor, where it is heated to the turbine inlet tem

perature, and then expande9 in the turbine. The intercooled version utilizes an in

tercooler between compressor stages to reduce the compressor output requirements 

and to provide cooling air to the turb!ne blades, thereby further increasing the effi-

. ciency of the system. Another modification to the simple cycle, the chemically recu

perated gas turbine, involves using some of the turbine exhaust heat to reform the 

fuel with steam in the presence of an appropriate 'catalyst. For example, methane· . . . 
· fuel could be converted into a miXture of hydrogen, carbon monoxide and carbon 

dioxide by reacting with the steam. Since the steam-reforming reaction is highly en

dothermic, the chemical energy content of the products is greater than that of the 

fuel from which it is derived .. Thus, steam reforming can convert low-quality heat 

into high-quality chemical energy. 

Th~ most notable atmospheric benefit of these ·modifications to the simple cycle gas 

turbine is the reduced emission of NOx. Increasing the ratio of steam or water to 

fuel ratio reduces the flame temperature in the primary combustion zone resulti!lg 

in ari exponential decrease in NOx emissions (see Figure 15-9). Water injection will 

reduce the flame temperature but adversely affects the efficiency of the system be

cause the energy expended in bringing the water up to the turbine inlet temperature 

is .not offset by the increased mass flow into' the turbine. Steam injection however, 

in the STIG or ISTIG cycles, utilizes high pressure steam which increases efficiency 

and reduces NOx. Redudng the. flam·e temperature reduces NOx, but in turn in

creases CO. However, at present this is an acceptable tradeoff because the cost of 

controlling CO emissions (catalytic oxidation) is significantly less than that of con

trolling NOx (selective catalytic reduction- SCR).. 
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I--ELECTRICITY 

A) SIMPLE POWER cYCLE • fuel bums in air 
pressurized by compressor, combustion products · drive 
turbine, and hot turbine exhaust gases are discharged to 
atmosphere. 
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B) SIMPLE COGENERATION ·CYCLE - like simple 
power cycle, !!l(cept that hot turbine exhaust gases are used 
to raise steam in HRSG for heating. 
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C) COMBINED CYCLE FOR POWER - like simple 
cogeneration cycle, except that steam from HRSG is used to 
produce extra power in condensing steam turbine. 
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D) COMBINED CYCLE FOR COGENERATION -like 
combined cycle for power, except that some ~team is bled 
from steam turbine for heating. 
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E) STIG- like simple cogeneration cycle, except that steam 
not needed for heating is injected · into combustor for 
increased power output and higher electrical efficiency. 

EXHAUST 

INJECTED STEAM 
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F) ISTIG - like STIG with full steam injection except that 
intercooler between compressor stages allows for operation 
at much higher turbine inlet temperature because of 
improved air cooling of turbine blades.- · 
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The simple-cycle electric utility gas turbine is.primarily used as a peaking unit (in an 

electric power station), an emergency standby engine (powering a generator), or a 

portable power plant. Peaking units supply abov~ baseline electric power during pe

riods of maximum power usage (typically in summer from 1:00 P.M. to 7:00P.M., 

and in winter from 5:00P.M. to 10:00 P.M.). Short start~up time, simplicity of oper- · · 

ation, minimal maintenance and small space requirement make gas turbines an at

tractive alternative to additional steam turbines in providing peak-load and standby 

power. 

Another similar application of gas turbines is for end-_of-line v~ltage booster service 

on long-distance transmission lines. A third electrical power application is portable 

·power, where again the size and ease of operation make gas turbines .the best choice· 

for mounting on a railroad car or barge. 

15.i.4 Classifications · 

· Gas turbines can be classified into four broad groups:. 

-Industrial, Heavy-Duty Gas Turbines; 

-Aircraft-Derivative Gas Turbines; 

-Medium-Range Gas Turbines; and 

- Small Gas Turbines. 

15.1.4.1 Industrial, Heavy~Duty Gas Turbines 

Industrial, heavy-duty gas . turbines were initially designed after their: predecessor, 

the steam turbine. The overall pressure ratios varied from 5:1 for earlier designs to 

15:1 for contemporary designs. Inlet temperatures to the turbine section are usu

ally 1,950 °F. Projected temperatures of future designs will .approach 3,000 °F with 

the advent of themial res~stant materials. The most common industrial, heavy-duty 

gas turbines employ axial flow compressors and turbines. In most U.S. designs,. 
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combustors are can-annular type combustors with liners designed to reduce smoke 

and NOx emissions. Many units employ dual fuel capability. The advantages of 

these gas turbines are long life expectancy, high availability and slightly higher over

all efficiencies. The largest single users of industrial, heavy-duty gas turbipes are 

electrical utilities for peak-loading services.1 

15.1.4.2 Aircraft-Derivative Gas Turbines 

Aircraft-derivative gas turbines, commonly knowri as jet gas turbines, consist of two 

basic components: an aircraft-derivative gas generator and a free-power turbine. 

The gas generator is the site of fuel combustion. From here the resultant exhaust 

gases are vented to the turbine at pressures and temperatures approximating 30 psig 

aild 1,100 °F, respectively. The free-power turbine converts the energy of the gases 

into mechanical energy. The power turbine permits the combustion gas to expand 

through one or more. turbine stages. Residual gas energy is exhausted into the at

mosphere or further utilized as waste heat. The aircraft-type turbine is mostly used 

by gas transmission companie_s and on gas reinjection platforms, accounting for 80% 

of all sales (1982). They are also used as peak-load units in power plants (see Fig

ure 15-10. Note the use of both an axial and centrifugal compressor).! 

"15.1.4.3 Medium-Range Gas Turbines 

Medium-range gas turbines are rated from 5,000 to 15,000 H.P. and are similar in 

design to the large heavy-duty gas turbine. They employ a split-shaft design to in

crease efficiency in part-load, variable speed operations. The gasifier section oper

ates at mmdmum efficiency while the power turbine operates over a great range of 

speeqs. The compressor is a 10-16 stage, subsonic, axial-type with a compression ra-. . . 
tio of 5:1 to 11:1. Most U.S. designs of the medium-range gas turbine use can-an-

nular (5-10 cans in a circular ring) or annular-type combustors. The gasifier turbine 

is usually a 2-3 stage axial turbine with an air cooled first stage nozzle and blade. 

The power turbine can be a single- or two-stage axial flow turbine. Medium- range 

gas turbines are used on offshore platforms, and petrochemical plants (see Figure 

15-11).1 
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FIGURE 15-11 CUTAWAYVIEWOFAMEDIUM-RANGEGASTURBINE 
' (Solar Turbines Incorporated). 
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Small gas turbines are rated at less than 5,000 H.P. Their design is similar to the 

larger industrial, heavy-duty gas turbine. The small gas turbine, however, incorpo

rates centrifugal compressors or a combination of centrifugal and axial compressors 

as :-veil as. radial in-flow turbines. They most often consist of a single-stage centrifu

gal compressor. producing a compression ratio of approximately 4:1, a single-side 

combustor where temperatures or" approximately 1,600 °F are reach~d, and radial 

in-flow turbines. The efficiencies of a small gas turbine are lower than their larger 

counterp?rts due to inlet temperature limitations and lower component efficiencies. 

Turbine inlet temperature .is limited by reduced turbine blade cooling effects. Ra

dial-flow compressors and impellers have inherently lower efficiencies (see Figure 

15-12).1 

15.1.5 Major Gas Turbine Components 

Tlie main components of a gas turbine are: 

- the compressor; 

- the regenerator; 

-.the combustor; and 

- the turbine. 

15.1.5.1 Compressor 

The compressor in a gas turbine increases the pressure of the incoming air before it 

is mixed with fuel in the combustion chamber. The two types of compressors used 

. in gas turbine_s are axial and centrifugal. An axial-flow compressor consists of sev" . 

era! stages each of which slightly increase the pressure from the previous stage. 

These low pressure increases, on the order of 1.1:1 to 1.4:1, result in higher com

pressor efficiency. The use of multiple stages permits an overall pressure increase 

of up to 18:1.1 A stage is comprised of one row of moving blades (the rotor) and 

one row of stationary blades (the· stator). Figure 15-13 shows a schematic of two 

stages in an. axial compressor. The rotor, with its angled blades, accelerates the air 
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toward the stator where the air is diffused. The diffusion process converts the ve

locity increase gained in the rotot to a static pressure increase. An additional row of 

fixed bl!ldes (inlet guide vanes) is used to direct the entering air to the first-stage ro

tors at the desired angle. An additional stator at the exit of the compressor section 

is used to further diffuse. the fluid prior to entering the combustion chamber. The 

airflow path of an axial compressor is helical .. 

Centrifugal or mixed-flow compressors consist of inlet guide vaneS (for high-pres

sure ratio use only), an inducer, an impeller, a diffuser, and a scroll. In a centrifugal 

compressor, the air is compressed by centrifugal forces. The inlet air to a centrifu

gal compressor is directed axially at the inlet and ejected radially at the outlet (see 

Figure 15-14). Again, the rotor (impeller) and diffuser comp~se a single stage. The 

air enters a centrifugal compressor at the inducer, as shown in Figures 15-15 and 15-

16. Here, the an~lar momentum (the whirl) of the fluid is increased without in
creasing the radius of rotation. From the inducer, the air is channeled along the im

peller from an axial direction to a radial direction (a 90° turn). As the radius of ro

tation increa.Ses along the impeller, energy is imparted to the fluid by centrifugal 

force. · The air is then discharged into a diffuser where the kinetic energy is cqn

verted into static pressure. The flow enters the scroll from which -the compressor 

discharge is taken. The pressure ratio per stage in a centrifugal compressor can vary 

from about 1.~:1 to 5:1.on production units. Some experimental units have obtained 

pressu!e ratios of more than 12:1 for a single stage. The centrifugal compressor is 
slightlY less efficient than the axial-flow compressor, but has a greater .operating 

range.1 

15.1.5.2 Regenerator 

Regenerators. are heat exchangers which use the exhaust heat Jrom the turbine to 

preheat the .pressurized air entering the combustor region (see Figure.15-7). Pre

heating the air reouces fuel consumption by reducing the difference between the 

pressurized air temperature and the combustion temperature. Reducing. this tem

perature difference means that less fuel is needed to heat the air. 
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FIGURE 15-12 cROSS SECTION OF A TYPICAL SMALL GAS TURBINE 
(North American Turbine Corporation). 
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Combustors serve one purpose - to increase the temperature of the high-pressure 

gas. Combustor design falls into four categories: 

· -Tubular (~ide combustors); 

- Can-annular; 

- Annular; and 

- External (experimental). 

Tubular combustors are found on large industrial turbines •. especially European de

signs. They are simple in design, easy to maintain, and last a long time due to low 

heat release rates. Tubular combustors use a "straight-through" or "reverse-flow" 

design. The revetse~fl~w design ducts ai~ through an annulus region bounded by the 

combustor can and its hou~ing, and have minimal length. 

Can-annular and annular combustors are used primarily in aircraft applications. 

Annular combustors are. more popular where higher temperatures or low-Btu gases 

are involved. . The amount of cooling air required when using low-Btu gases is sig

nificant because most of the air is used up in the primary zone and little is left for 

film cooling (see Figure 15-17). Hence, annular combustors have more surface 

area than can-annular combustors. 

External combustors are used on external-combustion gas turbines. They heat the 

incoming pressurized air in a direct-fired air heater. The prim~ry goal of the air 

heater is to achieve high temperatures with a minimum pressure decrease. 

15.1.5.4. Turbine 

. The two types of turbines used in gas turbines are the axial-flow type and the radial

inflow type. The axial-flow type is used in more than 80% of all gas turbine applica
tions. 
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Axial-flow turbines direct the flow of the fluid in an axial direction only. The two 

types of axial turbines used are: the impulse type and the reaction type. The· im

pulse .turbine consists of a group of nozzles which discharge the expanding combus

tion gases to a row of blades (the rotor) which in tum move and rotate the shaft. 

The gas is expanded in the nozzle, converting the thermal energy into kinetic en

ergy. In the impulse turbine, the entire enthalpy drop occurs in the nozzle.· There

fore, the gas has a very high velocity entering the rotor. Different configurations are 

e~ployed to obtain the most work from the high velocity gases (see Figures 15-18 

and 15-19). 

The axial-flow reaction turbine is the most widely· used turbine. The reaction tur

bine divides the enthalpy drop in the no:i:zle and the rotor, therefore, the static pres

sure decreases in both the fixed and moving blades. The IDled blades act as nozzles 

and direct the flow to the m:oving. blades at a velocity slightly higher than the moving 

blade velocity. A common multistage .turbine design uses impulse stages in the first 

few stages to maximize the pressure decrease, followed by 50% reaction turbines .. 

The reaction turbine has a higher efficiency due to blade suction effects. 

The radjal-iriflow turbine is basically a centrifugal compressor with reversed flow 

and opposite rotat~on. They are primarily used for smaller loads and over a smaller 

operational range than the axial turbine. Radial machines are shorter than their 

axial counterl>art making them more suitable for certain applications. There are 

two types of radial-inflow turbines: the cantilever and the .mixed-flow. The can

tilever type is similar to an axialcflow turbine, but directs ~lle flow radially inward. 

. The mixed-flow type is almost identical to a centrifugal compressor with the compo

nents performing the opposite roles. The flow enters radially and exits axially with 

little radial velocity. 

15.1.6 Start-Up and Shut-Down 

Start-up and shut-down of a gas turbine occurs on a scheduled baSis as with base

load units shutting down for a scheduled inspection and maintenance or on an 
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unscheduled basis as with peak-load units which operate with the infrequency of 

peak-load demands. Start-up operations consist of ramp-loading the unit over ape

riod of time to bring it up to full-load conditions (see Figure 15-2Q)• The time re~ 

quired varies according to the unit and its application. As with the start-up of ;my 

process, system variations are encountered until steady-state is reached. In the case 

of a stationary gas turbine, combustion efficiency (completeness) is reduced the far

ther the temperature is from the full-load operating temperature. The start-up pro

cedure for a gas turbine requires bringing it up to starting speed (20% - 30% offull

load speed)·and maintaining this speed for several minutes in order to purge the 

casing of residual fuel. This is usually accomplished by using a compressed air, hy

draulic; or electric starting motor. Some units require a slow progressive heating of 

the casing and rotor by burning a nominal amount of fuel in the combustor. The 

turbine temperature is then increased rapidly to" a value above· the design tempera

ture, thus producing enough power in the turbine to bring the set up.to full speed. 1 

Cold start-up of a gas turbine results iii incomplete combustion, producing higher 

levels of unburned-hydrocarbons and carbon monoxide (relative to full load opera

tion). These emissions· are counted toward the .daily threshold limit, hence, the 

duration of a start-up operation must be limited by permit -conditions. Start-up 

. periods can vary from ten minutes to eight hours. Emission control methods may be 

require,d to reduce emission levels of unburned hydrocarbons and carbon monoxide 

. during start-up operations, e.g. an oxidation catalyst Existing gas turbines (as 

defined in Rule 1134) are provided an exemption from the. oxides of nitrogen limits 

(Rule 1134) by Rule 429 during start-ups and shut-downs. A variance may be 

granted to the applicant t<i bypass an air pollution control (APC) device for the time 

it takes to bring the turbine uP to the operating conditions of the control device 
' 

(typically for SCR) .. A variance may be granted by the Hearing Board on a case-by-

case basis, but it 'does not exempt the applicant from employing Best Available 

Control Technology (BACT) . 

. Shut-down operations are of less concern to the regulatory agency as NOx emissions 

decrease at reduced load. Operations aUeduced loads are, however, proportionally 

higher in hydrocarbon and carbon monoxide emissions. Once. again, the use of an 

oxidation catalyst may be required during this type of operation. 
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Unburned hydrocarbon and carbon monoxide emissions are the result of incomplete 

combustion and are reduced by allowing combustion to go to completion. Exhaust 

emissions of carbon monoxide, CO, and uncombusted hydrocarbons can be con

trolled through the use of an oxidizing catalyst. 

The primary pollutant from gas turbines is NOx. Thermal NOx is produced by the 

Zeldovich chain reaction: · 

o2 + M <-----> 20 + M (1) 
0 + N2 <-----> NO + N (2) 

o2 + N <----> NO + 0 (3) 
OH + N <----> NO + . OH (4) 

where M is a third body molecule.5 

The rate of th~ forward reaction in formation of NO is highly temperature depen

dent because of the large activation energy of the equation (2) mechanism. Ther

modynamic equilibrium favors NO formation from N2 oxidation only at high tem

peratures, although as the.gases cool, NO becomes metastable with respect to de

composition into its constituents. Also, as the gases cool within the confines of the . . . 
equipment; NO is slowly oxidized into N02. After emission from the stack, NO is 

rapidly oxidized to N02 under the influence of sunlight.5 . 

Since "thermal NOx" formation is both temperature· and oxygen concentration de

pendent, combustion modification methods based. on reducing flame temperature 

(flue gas recirculation, water injection, steam injection) and oxygen concentration 

(l~w excess air, premixed combustion, staged addition of the combustion air) have 

been found to be quite effective for controlling it.5 Reducing combu~tion gas resi

dence time and removing the heat in the combustion region rapidly also reduces 

NOx formation. 

Methods to control NOx production in a gas turbine include water injection, steam 

injection and advanced comoustor design. Water injection and steam injection 
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methods serve to cool the peak temperatures in the combustion chamber. The fluid 

is injected directly into the chamber (see Figures 15-21). When designed properly, 

the injectiop of fluid can enhance the .performance of the turbine by providing addi

tional mass to the working fluid with a minimal loss in momentum, hence, increasing 

the force and torque on the turbine (see Figure 15-22). Water injection at rates up 

to one pound of water per pound of fuel have been shown tq substantially reduce 

NOx. However, the use of relatively expensive purified water is required to prevent 

deposit buildup on the turbine blades.6 Another consideration in the use of water 

Qr steam injection is the effect on completeness of combustion. Too much water or 

steam injection will reduce combustion temperatures, producing higher levels of CO 

and HC emissions. Partial engine loading accompanied by a reduction in combus

tion temperature will increase these emissions even further. 

Steam injection is also effective for NOx.control and could be readily obtained from 

the boiler steam circuits. However, this represents. a continual loss of high quality 

boiler makeup water similar to straight water injection.6 

Considerable research and development has been undertaken to design an ad

vanced low-NOx b~er. Appendix 15B lists 26 candidate design concepts evaluated 

by an EPA project. 7 

Control of NOx in the exhaust gas i~ performed via Selective Catalytic Reduction 

(SCR). The SCR process converts NOx into nitrogen and water by th.e use of am

monia (NH3) as a reducing agent. SCR is selective in controlling only NO and can 

be deactivated (poisoned) if the ·react~on is not complete. The catalyst material 

used is either a transition metal oxide catalyst such as vanadium oxide or titanium 

oxide, a base metal oxide catalyst such as cobaltous oxide or chromic oxide, or a 

cejp31 

ramie (zeolite) catalyst. 

The main reac.tion equation is as shown below: 

4NO + 4NH3 + 0 2 

SCAQMD 

-------> 4 N2 + 6 H20 
catalyst 
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. The reaction is carried out in a temperature "window" (range) of about 300 - 500 °C 

(572- 930 °F). Depending on the exhaust temperature, the use of some type of heat 

exchanger .or cooling technique may. be needed to meet the operating temperature 

of the catalyst. A regenerator,. as discussed earlier, or a waste heat boiler can· serve 

the purpose of a heat exchanger. Water (demineralized to reduce corrosion effects) 

or steam can also be used to cool the exhaust to meet the operating condition of _the 

SCR.5 

A further· development in the reduction of NOx from gas turbines· is the use of 

"clean fuels". Clean fuels such as natural gas and methanol contribute to the reduc

tion ofNOx formation because 1) they are free from fuel bound nitrogen, also sulfur 

and ash, and 2) they have a lower flame temperature, hence, a lower potential for 

producing thermal NOx. These clean fuels are als9 used in conjunction with water 

or steam injection and have been shown to reduce NOx emission levels significantly 

·relative to units firing fuel oil with water or steam injection. 

15.2 . Permit Unit Description 

.The proper wording description for an electric utility stationary gas turbine opera

_tion is: 

GAS TURBINE, UNIT NO., MANUFACTURER, TYPE, MODEL NO., 

SERIAL NO., BTU/HR, FUEL(S) TYPE, COMBUSTION MODIFICA-

TION (if any), DRIVING A KW /MW ELECTRIC GENERA TOR. 

15.3 Emissions 

. . 
Emissions from a gas turbine may include hydrocarbons, carbon monoxide, oxides of 

nitrogen, smoke and particulates, oxides of sulfur, and aldehydes. The emissions 

from a gas turbine depend on many factors including the type of fuel used, the type 

of combustion process or the combustion characteristics, and the load. Fuel types 

vary in the amount of fuel bound nitrogen or sulfur they contain and also in the 

heating value and peak flame te~perature (thermal NOx is the primary constituent 
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of NOx formation from a combustion process). The type of combustion process de

termines the me.thod by which the air-fuel mixture is introduced into the combustion 

chamber and ignited. In combination with the fuel nozzle, the combustor can design 

contributes greatly in the control of combustion emissions. 

15.3.1 Discussion 

Hydrocarbons and carbon monoxide are products of incomplete combustion, typical 

of lower loads and idle conditions. They are still present during high loads and high 

combustion temperatures, but to a lesser degree. Idling efficiencies can be im

proved by designing better atomization syStems and providing higher local tempera

tures. 

Oxides of nitrogen (NOx) are generated in the high temperatures of combustion and 

are generally reduced by ~ombustion modifications or treating of the exhaust gas. 

At low loads NOx and engine efficiency are lower, and hydrocarbons and carbon 

monoxide are higher; at high loads, the reverse is true. NOx and CO emissions vary 

with ambient ternpc:;rature. NOx emissions increase with increasing ambient tem

perature while CO emissions decrease with increasing ambient temperature . . High 

ambient tempe:atures tend to reduce peak load and efficiency; vice-versa at low 

loads. High altitudes .and the resulting reduct~on in air pre~ure have a similar ef

fect as high ambient temperatures. 

Qualitatively, those fuels with a higher flame temperature will generate more NOx. 

15.3~ · Emission Fa~tors 

Emission factors are not readily available for gas turbines. EmissionS from a gas 

turbine are based on manufacturers specifications, performance data, and ultimately 

on a certified source test. 
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15.4 Calculations 

15.4.1 Operational Data 

The following operational information must be obtained from the applicant in order 

to process the pe~ts necessary for construction and operation of. an electric utility 

gas turbine: 

- Performance curves at site conditions (altitude, external pressure drops); 

- Engineering specifications; 

- Emission source test data and test conditions with and without emission 

control modifications, il1cluding start"up, low load, and high load; 

- Process description, including maximum input fuel flow rate, exhaust tem

perature, and injection flow rate ·of water, steam, or any other fluid which 

would affect the combustion conditions; 

- Piping and Instrumentation (P & i) flow diagram of the system; and 

~ Equipment drawings. 

Please refer to the gas turbine information request sheet and the SCR information · 

request sheet in Appendix 15C. ·' 

15.4.2 Emissions Calculations 
' 

Since emission factors are not tabulated for gas turbines, emissions must be evalu

ated from the manufacturer's performance sheets. . Manufacturer's performance 

data on different fuel types should also .be requested. 

15.5 Rules Evaluation 

Rule 212 - Standards For Approving Permits 

Section (e) of this Rule requires public notification of certain cases be made prior to 

issuing a permit. 
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A visible emission of 20% opacity or greater (or Ringlemann No. 1 or greater) 

aggregating for more than three minutes in any one hour period is not allowed. 

Rule 402- Nuisance 

Emissions which cause or contribute to a nuisance are prohibited. Factors worthy of 

consideration include location (commercial/residential area), solvent usage, odor

ous materials, and prior complaints. 

Rule 407 • Liquid and Gaseous Air Conta~inants 

The equipment must comply with: 

(a) (1) the carbon monoxide (CO) discharge limit, 2,000 ppmv, measured on a 

dry basis, averaged over 15 consecutive minutes. 

(2) the sulfur compound based discharge limit, 500 ppmv, calculated as 

sulfur dioxide (S02), averaged over 15 consecutive minutes. The 

equipment may be exempt from this subsection if it is in compliance with 

Rule 433.1 or · is subject to the emission limits and requirements of 

Regulation XI (S~urce Specific Rules). 

(b) the equipment may be exempt from the provisions of this ~le if it is used 

as the means of propulsion of mobile equipment, or during periods of 

emergency venting due to equipment failure or process upset. 

·Rule 429- Start-Up and Shut-Down Exemption Provisions for Oxide~ of Nitrogen 

This rule shall provide an exemption from the oxides of nitrogen emission limits of 

Rule 1134 during periods of start-up and shut-down. Start-up or shut-down intervals 

may not last longer than is necessary to reach stable operating temperatures. In no 

case may the start-up or shut-down interval last more than fifteen minutes for sim

ple cycle stationary gas turbines and two hours for stationary combined cycle arid 

-cogeneratio.n cycle gas tu.rbines per Rule 1134. Prior notification of scheduled start

ups and shut-downs under the requir~ments of Rule 203 shall be made in a timely 

manner, and form. The notification shall contain the following information: 

(1) Dates and times of the scheduled start-up or shut-down and its duration. 

(2) Records shall be maintained and kept on site and made available for two 

years indicating: the hour-by-hour schedule of firfng rates; flue gas tempera-
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tures; NOx einissions; an~ such process variables such as feed rates, outlet 

temp.eratures and heat absorption rates; or any other process variables that 

are appropriate. 

Rule 431.1- Sulfur Content of Gaseous Fuels 

This rule limits the content of sulfur compounds in any gaseous fuel (including any 

natural, process, synthetic, landfill, sewage digester, or waste gases with a gross 

. beating value of 300 Btu per cubi~ foot or higher) sold or used in the South Coast 

Air Basin. The limit for combustion of gaseous fuels is 800 ppm based on a parts 

per million (ppm) content of sulfur calculated as hydrogen sulfide. 

Rule 431.2- Sulfur Content of Liquid'Fuels · 

This rule lin:iits the content of sulfur compounds in liquid fuels sold or used in the 

South Coast Air Basin. The limit is 0.05 percent by weight of sulfur in the liquid 

fuel. 

Rule 475 -Electric Power Generating Equipment 

This rule limits the discharge of combustion contaminants for electric generating 

equipment at 11 pounds per hour and O.Dl grain5 per standard cubic foot calculated 

at three percent. oxygen on a dry basis over fifteen consecutive minutes. The rule· 

applies to new equipment, having a maiimum rating of more than 10 rtet mega'1"atts, 

and to existing gas turbines (installed and operating after January 1, 1970), having a 

maximum rating of. more than 5.0 net megawatts. 

Regulation IX • New Source Performance Standards - Code of Federal Regulations 
· (40CFR) 

Subpart GG: Standards of Performance for Stationary Gas Turbines. 

(1) · Emission Standard For NOx (40 CFR 60.332) 

Electric utility gas turbines with a beat input at peak load greater than 100 

MM Btu/hr based on the lower heating value of the fuel. shall comply with 

the following: 
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(Equation 15.1) 

For stationary gas turbines with a heat input at peak load 2. 10 MM Btu/hr 

and ..$. 100 MM Btu/hr based on the lower heating value of the fuel fir~d. 

OR 

For stationary gas turbines with a manufacturer's rated base load at ISO c.on

ditions (see Definitions) of 3q MW or less, except as provided in any of the 

above, shall comply with the following: 

where: 

SID = 0.0150 x (14.4) + F (Equation 15.2) 
y 

SID = allowable NOx emissions (percent by volume at 15% 

02 and on a dry basis). 

Y = Manufacturer's rated heat rate at manufacturer's rated 

load (Btu/hr) or, actual measured heat rate based on a 

lower heating value of fuel as measured at actual peak 

load for the facility. The value of Y shall not exceed 

14.4 kJ/ Watt-hr (13.65 Btu/Watt-hr). 

F = NOx emission allowance for fuel-bound nitrogen as 

defined in Table 15-1. 

TABLE 15-1 FuelBound Nitrogen Determination 

Fuel-bound nitrogen 
(percent by weight) F (NOx percent by volume) 

N..s.O.D15 0 
O.D15 < N ..$. 0.1 0.04 (N) . 
0.1 < N ..$. 0.25 0.004 + 0.0067 (N-0.1) 
N >. 0.25 0.005 

where: 

N = the nitrogen content of. the fuel (percent by w~ight). 
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See Code of Federal Regulations, Subpart GG, (40 CFR 60.332', Standard 

for nitrogen oxides) for exemptions to these conditions, e.g. emergency appli

cations, research and development, construction dates. 

(2) Emission Standard For SOx (40 CFR 60.333) 

This rule allows for a maximum of 150 ppmv of so2 discharge at 15% oxygen 

on a dry basis. This rule prohibits the combustion of any fuel which hai; a sul

fur content in excess of 0.8 percent by weight. This rule is less stringent than 

Rule 431.2 and BACT. 

(3) Calculation of Particulate, Sulfur Dioxide, and Nitrogen Oxides Emission 

Rates by Appendix A, Method 19, Part 5 of the CFR 40. 

The tables and equations in this section of the CFR permit the calculation of 

· these emissions. To calculate the pollutant concentration on ail oxygen 

based, dry basis use the equation in part 5.3.1.1 -

E = CdFd ' 20.2 (Equation 15.3) 
20.9 - %02d' 

where: 

E = Pollutant emission rate (lb/MMBtu) 

cd = Pqllutant concentration (lb/scf) 

Fd = F factor, dry conciitions (dscf/MM Btu) 

02d = Percent .oxygen measured on a dry basis 

Converting this equation for the concentration term gives -

20.9 (Equation 15.4) 
20.9 - %02d 

Therefor~, Cd can be determined from the Fd factor known from Table 19-1 

in the CFR 40, (e.g. for natural, propane, -or butane gas, Fd = 8,710 

dscf/MM Btu), the pollution emission rate E, and the measured %0zd· This 

value for Cd can then be converted using the Concentration Conversion Fac

tors listed below. 
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CONVERSION FACfQRS for CONCENTRATION 
From To Multiply by -

gfscm ngfscm 109 

mg/scm ng/scm t<r 
lb/scf ng/scm 1.602 X 1013 
ppmS02 ngjscm 2.660 X l(f .· 

ppmNOx ng/sc~ 1.912 X t<r 
ppmso2 lb/scf 1.660 X 1()-7 

pmNOx lb/scf 1.194 X 10-7 

Refer to Appendix A, Method 19, Part 5 for other calculations. 

( 4) Monitoring of Operations ( 40 CFR 60.334) 

15 
0 
8/18/89 

(a) Water injection operations to control NOx require a continuous monitoring 

system to record the fuel consumption and the ratio of water to fuel being 

fired in the turbine. This monitoring system shall be accurate to within± 5.0 

% and approved by the Administrator of the EPA 

(b) Sulfur an4 nitrogen content of the fuel being fired shall be moQ.itored on a 

daily basis for fuel stored without intermediate bulk storage or for facilities 

incorporating bulk ~torage of fuel on each occasion that fuel is transferred to 

th~ storage tank from any other source. 

(5) Test Methods ~nd Procedures (40 CFR 60335) 

The standards prescribed shall be ascertained for compliance by using an 

approved custom method of testing or Reference Method 20 in Appendix A 

of40CFR. 

( 6) Other Requirements 

The applicant will comply with 40 CFR 60, sections 60.4, 60.7, and 60.8 by 

sending all reports, requests, and other communications to the proper 

administrators; furnish notification and record keepings, and supply notifica

tion of performance tests and methods and test procedures. 
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· Rule 1134 - Emissions of Oxides of Nitrogen from Stationary Gas Turbines 

Existing stationary gas turbines 0.3 MW or larger, excep(existing peaking units used 

Jess than 200 hours per calendar year, must comply with the NOx limits as calculated 

in 1134(c), and meet the compliance schedule of 1134(d). This rule does not apply 

to gas turbines used in research and testing, ~refighting and/ or flood control, 

chemical processing, or emergency standby operations (used less than 200 hours per 

. calendar year). 

Regulation XIII - New Source Review 

(1) If the new or modified equipment causes a net emission increase (in excess of 

one pound per day) of any non-attainment air contaminant, Best Available 

Control Technology (BACf) is required. 

The South Coast Air Quality. Management District's Best Available Control 

Technology Guidelines11 Jist BACT for different processes. It is constilntly 

being updated to reflect advances in technology. It should also be consulted 

to properly determine both applicability and· BA9f which may be different 

from case to case. 

Table 15-2 and 15-3 list the most current· BACT for gas turbines with differ

ent heat input rate 

(2) If the accumulated maximum emission of any air contaminant from any 

stationary source exceeds the threshold limits specified In Rule 1303(a)(2), in 

addition to BACT, the applicant must comply With the following: 

(a) The applicant certifies in writing that all of the facilities emittin~ 25 tons per 

year or more, which are owned or operated by the applicant, are in 

compliance with the limitations of the Clean Air Act and the State 

Implementation Plan or with the limitations of the District, whichever are 

more stringent. 

(b) The applicant must use modeling or other analysis approved by the Executive 

Officer to demonstrate t~at the new source or modifications to an existing 
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source will not cause any violation, or make measurably worse an existing 

violation, of any ambient air quality standard at any receptor location in the 

District. Modeling shall not be required for any air contaminant if all offset 

sources which are within the distance of five (5) miles could actually lower 

the emission of that air contaminant(s) down to the threshold limit. 

(c) The applicant must offset the total accumulated increase in emissions from 

the stationary source. 

Note: Under this Regulation, emissions from equipment which are exempt 

from permit requirement are to be accumulated in the New Source Review 
Database. These emissions are included to determine compliance with the 

threshold limits. 

15.6 Permit Conditions 

1. TillS TURBINE MUST BE FIRED WITII NATURAL GAS OR 
METHANOL, EXCEPT DURING PERIODS OF NATURAL GAS 
CURTAILMENT OR FOR 1ESTING NOT TO EXCEED ONE HALF 
HOUR PER MONTH . 

. 2. TURBINES USING FUEL OIL MUST USE NO. 2 OR LIGHTER 
GRADE FUEL OIL AS DESCRIBED BY 1HE lATEST ASTM 
SPECIFICATIONS AND MUST HAVE A SULFUR CONTENT OF NO 
MORE THAN 0.05% BY WEIGHT. 

f 

3. TillS TURBINE MAY OPERATE NO MORE TIIAN ·_· __ _ 
HOURS IN ANY ONE DAY. 

4. THE EQUIPMENT MUST BE· PROPERLY MAINTAINED AND KEPT 
IN GOOD OPERATING CONDITION AT ALL TIMES. 

5. THE WA1ER (SlEAM) INJECTION RATE MUST BE FROM_ TO 
POUNDS OF WA1ER TO POUNDS OF FUEL WHEN OPERATING 
ON NATURAL GAS AND FROM TO POUNDS OF WATER TO 
POUNDS OF FUEL WHEN OPERATING ON _______ _ 

6. FOR EACH TURBINE, A WRITfEN LOG OF OPERATING TIME 
(INCLUDING PERIODS OF START-UP A,ND SHUT-DOWN), TYPE 
AND QUANTITY OF FUEL USED, WATER- OR STEAM- TO- FUEL 
RATIOS, AMMONIA USAGE, GAS 11JRBINE AND STACK OUTLET 
EMISSIONS (CORRECIED TO 15% 0_2,_ ON A DRY BASIS AND 
LB/DAY), AND CATALYST EFFICIENC"Y MUST BE MAINTAINED. 
RECORDS MUST BE KEPT A MINIMUM OF TWO YEARS AND 
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MADE AVAILABLE TO TIIE EXECUTIVE OFFICER UPON 
REQUEST. 

7. . TIIE APPLICANT SHALL BE RESPONSIDLE FOR CONDUCTING, 
AND WILL CONDUCT, PERFORMANCE TESTS FOR CARBON 
MONOXIDE, · REACTIVE ORGANIC GASES, AND OXIDES OF 
NITROGEN EMISSIONS AT TIIE EXHAUST STACK OF TIIE 
TURBINE WITH TIIE USE OF ANY AND ALL FUELS .. 

' 

'8. 'TIIIS EQUIPMENT MUST BE OPERATED BY PERSONNEL 
PROPERLY TRAINED IN ITS OPERATION. 

9. TIIIS EQUIPMENT MUST COMPLY WITH TIIE CODE OF FEDERAL 
REGULATIONS, TITLE 40, CHAPTER 1, PART 60, SUBPARTS A 'AND 
GG, STANDARDS OF PERFORMANCE FOR NEW STATIONARY 

. SOURCES. IN PARTICULAR, ALL NOTIFICATION RECORD 
KEEPING, PERFORMANCE TESTING AND MONITORING 
REQUIREMENTS OF SECTIONS 60.4, 60.7, 60.8, 60.334, AND 60.335 
MUST BE MET, UNLESS TIIEY ARE IN CONFLICT WITH ANOTIIER 
CONDITION ON TIIIS PERMIT. . 

. . 
10. TIIE TURBINE MAY ONLY OPERATE AT MAXIMUM CONTINU

OUS LOAD, EXCEPT DURING PERIODS OF START-UP AND SHUT
DOWN, OR WHEN .PERFORMANCE TESTS ARE BEING 
CONDUCTED. · · 

11. TIIIS EQUIPMENT SHALL NOT BE OPERATED UNLESS IT IS 
VENTED TO AIR .POLLUTION CONTROL EQUIPMENT WHICH IS 
IN FULL USE AND WHICH HAS BEEN ISSUED A PERMIT TO 

·CONSTRUCT BY TIIE EXECUTIVE OFFICER, EXCEPT DURING 
START-UPS AND SHUT-DOWNS. 

12. 

13. 

EMISSION OF OXIDES OF NITROGEN, MEASURED AS N02, SRALL 
NOT.EXCEED_ PPMV (AS VOLUME PERCENT AT 15%02, DRY), 
EXCEPT DURING START-UPS AND SHUT-DOWNS. 

EMISSION OF CARBON MONOXIDE SHALL NOT EXCEED 
PPMV (AS VOLUME PERCENT AT 15% 02, DRY), EXCEPT D.,.UR=IN:..G 
START-UPS AND SHUT-DOWNS. 

14. EMISSION OF AMMONIA SHALL NOT EXCEED __ PPMV (AS 
VOLUME PERCENT AT 15% <?2• DRY) .. 

15. ALL CONCENTRATIONS OF GASEOUS EMISSIONS MUST BE 
EXPRESSED IN PARTS PER MILLION BY VOLUME CORRECTED 
TO 15% Q2o ON A DRY BASIS, AND MUST BE MEASURED OVER 
FIFTEEN MINUTES RUNNING AVERAGE TIME PERIOD. 

16. A CONTINUOUS MONITORING SYSTEM MUST BE INSTALLED 
AND OPERATED TO MONITOR AND RECORD THE FUEL 
CONSUMPTION AND TIIE MASS RATIO OF WATER-TO- OR 
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STEAM-TO- FUEL BEING FIRED IN 1HE TIJRBINE. TillS SYSTEM 
MUST BE ACCURATE TO WTIHIN + OR - 5 PERCENT. 

17. A CONTINUOUS EMISSION · MONITORING SYSTEM MUST BE 
INSTALLED AND OPERATED TO MEASURE TilE GAS TIJRBINE 
EXHAUST FOR NO.x, ?fiEAND CO CONCENTRATIONS ON A DRY · 
BASIS. IN ADDmON, SYSTEM WILL CONVERT TIIE AcruAL 
NO AND CO CONCENTRATION TO A CORRECTED CONCENTRA
TI~ AT 15% ~ON A DRY BASIS AND CONTINUOUSLY RECORD 
TIIE GAS TIJRBINE AND STACK .. ~x . CONCENTRATION, GAS 
TIJRBINE AND STACK 0, CONCENtKATION, AND CORRECfED 
GAS TURBINE AND STAtK NO CONCENTRATION' AT 15% 02: 
PRIOR TO INSTALlATION TillS MONITORING SYSTEM MUST BE 
APPROVED BY TilE EXECUTIVE OFFICER. 

18. WITHIN 60 DAYS AFfER ACHIEVING TIIE MAXIMUM RATE, BUT 
NOT LATER TIIAN 180 DAYS AFTER INITIAL START-UP, TIIE 
APPliCANT SHALL CONDUCT PERFORMANCE lESTS IN 
ACCORDANCE WITII SCAQMD TEST PROCEDURES AND 
FURNISH 1HE SCAQMD WITH A WRITTEN RESULT OF SUCH 
PERFORMANCE TESTS WI1liiN 45 DAYS AFTER COMPLETION OF 
TilE TEST. WRITTEN NOTICE OF TIIE PERFORMANCE TEST 
SHALL BE PROVIDED TO THE SCAQMD 10 DAYS PRIOR TO THE 
TESTS SO THAT AN SCAQMD OBSERVER MAY BE PRESENT. THE 
.PERFORMANCE TESTS WILL INCLUDE, BUT NOT BE LIMITED TO, 
A TEST OF THE EXHAUST STREAM DIRECIT.. Y AFfER THE 
TURBINE (AND AFTER THE WASTE H~AT BOILER) FOR: 

A OXIDES OF NITROGEN EMISSIONS (AS VOLUME PERCENT, 
AT 15% 02 QN A DRY BASIS). 

B. HYDROCARBONS (METHANE AND NON-METHANE 
INCLUDING SATURATED AND UNSATURATED). 

C. CARBON MONOXIDE. 
D. PARTICULATES. 
E. FLOW RATE. . 
F. NH . . 
G. ALtlEHYDES (SPECIA TED FOR FORMALDEHYDES). 

19. THE APPLICANT SHALL CONDUCT QUARTERLY TESTS TO 
DETERMINE STACK OUTLET NH3.__?~~SIONS. TESTS SHALL BE 
CONDUCTED IN ACCORDANCE -wrrn SCAQMD TEST PROCE
DURES AND THE DISTRICT SHALL BE NOTIFIED IN WRffiNG 
SEVEN DAYS PRIOR TO 1HE TEST .SO TIIAT A SCAQMD 
OBSERVER MAY BE PRESENT. RESULTS OF SUCH TESTS SHALL 
BE SUBMITIED TO THE DISTRICT WTIHIN THIRTY DAYS AFTER 
TESTING. 

20. THE COLD START-UP PERIOD MUST NOT EXCEED 2 HOURS IN 
ANY ONE DAY COMMENCING AT MIDNIGHT. 
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THE AMMONIA INJECTION SYSTEM MUST BE UTILIZED WHEN
EVER THE INLET FLUE GAS TEMPERATURE TO . THE SCR 
CATALYST EXCEEDS DEGREES FAHRENHEIT. 

. . . 
ON ANY ONE DAY THAT THERE IS A COLD START-UP, THE GAS 
TURBINE SHALL NOT OPERATE FOR MORE THAN __ HOURS, 
INCLUDING THE START-UP PERIOD, AND THE GAS TURBINE 
EMISSIONS SHALL NOT EXCEED_ POUNDS PER DAY OF NOx 
(ASNO:z). · · 

STEAM INJECTION FOR Nqx_CONTROL MUST BE OPERATIONAL 
AT OR ABOVE_ MW LOA!J. 

DURING THE COLD START-UP, NOx. EMISSION CONCENTRATION 
FROM THE STACK MUST NOT EXCeED __ PPMV, CORRECTED 
TO 15% 02, DRY, AVERAGED OVER FIFTEEN MINUTES. 
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SOUTH COAST AIR QUALI1Y MANAGEMENT DISTRICf I PAGES I PAGE 

ENGINEERING DIVISION 

APPLICATION PROCESSING AND CALCULATIONS 

I 8 I 1 
IAPPL NO. I DATE 

I PROCESSED BY I CHECKED BY 

PERMIT TO CONSTRUCT / OPERATE 

- APPLICANTS NAME: 

MAILING ADDRESS: 

EQUIPMENT LOCATION: 

EQUIPMENT DESCRIPTION . 

APPLICATION NO.: _______ _ 

GAS TURBINE, UNIT NO. , (MANUFACI1JRER), 
ELECfRIC GENERATING TYPE, 
MODEL . , 
SERIAL NO. , BTU PER HOUR NATURAL GAS/ 
METHANOL/ LIQUIFIED PETROLEUM GAS (LPG) /FUEL OIL/ IANDFIU GAS -
FIRED, WITH A WATER/STEAM INJECfiON SYSTEM, AND DRIVING A 
KW / MW ELECTRIC GENERATOR. 

HISTORY 

The application for this equipment was received by the District 
on . The equipment is new I existing and is applying for a permit 
to construct I operate. . 

PROCESS DESCRIPTION 

Peaking Unit with Water or Steam Injection: 

The gas turbine unit is producing approximately lb/hr of NOx operating 
on gas/fuel. The engine is operated only during peak load periods - in summer 
from amjpm to amjpm, and in wmter from amjpm to __ _ 
am/pm. This unit is (is not) part of a series of peak load gas turbines. In all there are 
(is) gas turbine(s) · used for peak loading service (each) generating 
approximately kW /MW of electric power. The gas turbine will be (is) install(ed) (with) 
the Best Available Control Technology (BACT) and will (is) operate (operating) with an exhaust 
temperature of °F. NOx emissions will be controlled through water (steam) 
injection with a water (steam) j gas (fuel) ratio of lbs. of water (steam) to . lbs. 
of gas (fuel). In the event of primary fuel curtailment the water (steam) I gas (fuel) ratio for the 
stand-by' fuel will be lbs. water (steam) to lbs. gas (fuel). [NOx emissions 
will be controlled by use .of a Selective Catalytic Reduction system using ammonia injection in the 
exhaust. The ammonia / gas (fuel) ratio will be lbs. NH3 to lbs. gas (fuel). In the 
event of primary fuel curtailment the ammonia / gas (fuel) ratiO will be lbs. NH3 to 
___ lbs. gas (fuel).] 
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'· 

The gas turbine is a . make, model · ~as turbine containing a 
gas generator, a . . type combustor, forward (reverse) dnve power turbine. The 
axial (centrifugal) compressor consists of · stages and produces an overall compression 
ratio of : 1 at ISO conditions of standard maximum continuous power. The compressor is 

·coupled to a one I two I stage drive turbine which is air (water) cooled. 

The diffuser-combustor is fed by fuel injectors and ignition provided by 
----:-:-- igniters. Output power is generated by an axial (radial) type ~stage 
power turbine. Rotation is clockwise (counterclockwise) when viewed from the rear or hot end of 
the engine. 

The en¢.!:te specified is a dual (single) fuel type capable of operating on natural gas I methanol I 
diesel 1 LPG I landfill gas fuel(s). The primary fuel is natural gas I methanol 1 diesel I LPG/ 
landfill gas with natural gaslmethanol/diesei/LPGilandfill gas used as a stand-by fuel. The start
up motor is driven by compressed air I electricity I hydraulic power. The power turbine shaft 
speed is q1aintained at RPM by a(n) electronic (mechanical), ) 
governor system; the gas generator speed will vary up to RPM depending on the load. 
Engine exhaust is directed through a silencer and appropriate ducting to an exhaust stack. 

At full power the exhaust flow, on average, is lbs.lsecond.with a range of 
-.,-----.,---- lbs~second to lbs.lsecond. The exhaust temperature at full power is, on 
average, · F with a range of °F to °F depending on ambient 
conditions. A humidifier is. (will be) installed to maintain the incoming ambient air temperature 

---- oF. . 

DATA 

Operating Schedule: Source 

Avg: hr/day(Ta), ___ .,..dayfwk; ___ wk/yr 
· Max=--- hr/day (Tm), dayfwk, wk/yr 

'Applicant .. 

Engine Rating: 
Engine Brake Horsepower: 
Exhaust Flow Rate: 
EXhaust Tempt. : 

Fuel t~e 
A Natural Gas 
B. Methanol 
c. LPG (Propane) 
D. No.2 Fuel Oil 
E. Landfill Gas 

Revision: 0 
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Btulhr · Manufacturer 
bhp @ RPM " 

--'------- dscfmlscf'm-l'cfm;:---
oFioC 

.. 

Fuel Consumj;!tion ·Rate 
Avg· I Max 

I 

iSA-4 

.. 

Source 
Units 

1,000 f~lhr 
gal/hr 
galfhr 
gal/hr 
1,000 ft3 lhr 
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CALCULATIONS 

1. Emissions 

AEIS Rl emissions = ER(avg) 
AEIS R2 emissions = ER(avg) x (1- ECF) . 
NSR (Actual) emissions = ER(avg) x (1- ECF) x OH(avg) 
NSR (Max) emissions = ER(max) x (1 - ECf) x OH(max) x 1.1 · 

where: 
ER = Emission rate 
ECF = Emission control factor 
OH = Daily operating hours 

Fuel AEIS R Emission Rate Ob/hu 
Tvne RHC' NOx SOx co 
A 
B 
(' 

D 
E 

Fuel AEIS R2 Emission Rate _Ob/hr) 
Tvne RHC NOx SOx co 
A 
B 
(' 

D 
E 

Fuel NSR {Actual) Emission Rate (}b/dav) 
Tvne RHC NOx SOx co 
A 
B 
c 
D 
E 

Fuel · NSR (Max.) Emission Rate x 1 1 (lb/da_yl 
Tvne RHC NOx SOx co 
A 
B 
(' 

D 
E . 

Ref 1. - Emiss10n rates obtained from turbine manufacturer. 
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PM 

PM 

PM 
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2. Exhaust Gas Total Particulate Conce!Jtration (PC) - RULE 4o4 

PC = 

where: 

= 

= 

= 

(R2)(7~000 grains/1b) 

(F1)(60 min/hr) 

'particulate concentration, grains/dscf. 

particulate mass emission rate (maximum), lb/hr. 

dry standard cubic feet per minute, dscfm. 

3. Regulation IX : New Source Performance Standards 

SubpartGG: 

A. Emission Standard for NOx: 

STD = C x (14.4) + F 
Y. 

·where, 

STD = allowable NOx emissions (percent volume@ 15% oxygen and on a dry basis). 

C = constant based on the heat input at peak load (based on the lower heating value 
of the fuel) for the proposed gas turbine. . 

y 

If the heat input will be > 100 million Btu/hr, C =· 0.0075. 
If the heat input will be < 100 million Btu/hr and > 10 million Btu/hr, 
c = 0.015. 

= heat rate =-----~B,..t..,ut;/h~r x 1.05506 kJ =·--~--(kJ/W-hr) 
W · Btu 

F = NOx emission allowance for fuel-bound nitrogen as defined in paragraph (a)(3) 
of section 60.332 (40 CFR Ch.I (7-1-87 Edition)). . 

The exhaust gas must not contain NOx in excess of: 

STD = c X 
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14.4 kJ /W-hr 
Y (kJ/W-hr) 

= ___ ppmv @ 15% 0 2 on a dry basis. 
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· B. · Emission Standard for SOx : 

a. SOx emissions = _____ lb/hr, from form B-2, for gas turbines (0.61b/106 

ff). 
Exhaust Flow = _____ lb/sec. 

PPMV =~~<~~~~~l~b/~h~r)~~~x~(~-----ru~.ft~./~lb~)~~~~~-----
( lbjsec) x (lb/0.454 kg) x ( ru.ft./lb) x (3600 sec/hr) 

This rule allows 150 ppmv of SOx emissions @ 15% 0 2 on a dry basis. 

b. The sulfur content in the fuel' is less than the 0.8% by weight allowed by this rule. 

RULE EVALUATION 

RULE401 

RULE402 

RULE ·407 

RULE429 

RULE 431.1 

RULE431.2 

Revision: 0 
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No visible emission violations are anticipated from this equipment. However, 
the turbine cannot be evaluated for visible emissions compliance until it is 
c~nstructed and in full operation. 

No nuisance complaints are on file against this applicant, and none are 
anticipated due to the isolated location of the facility. 

a) The equipment complies with ·this rule, not emitting more than ___ ppm 
of CO enussions. The equipment estimated CO emission is ppmv 
@_%02. 

b) The equipment is· exempt from this section, since the equipment is in 
compliance with rule 431.1. 

Start-ups and shut-downs are expected to comply with this rule and be 
performed in a timely manner (not to exceed fifteen minutes for simple cycle 
gas turbines; two hours for combined cycle or cogeneration cycle gas turbines) 
and form. 

Sulfur content in any gas phase fuel (natural gas, process gas, landfill, digester, 
etc.) does not exceed the limits allowed by this rule. 

Sulfur content in liquid phase fuel (fuel oil) does not exceed the limits· allowed 
by this rule. . · · · 

Date: 8/18/89 
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REG. IX The NOx emissions from the gas turbine will not exceed __ ppmv @ 15% 
02 .. 

RULE 1134 This equipment is not expected to exceed the allowable limit of oxides of 
nitrogen under load conditions as specified in the Control Plan submitted. 

REG. XIII The turbine and facility do not exceed the emission threshold limits stated in 
this regulation, and BACT requirements are used where required in 
accordance with the BACf ANALYSIS in this report and with the latest 
revision of the BAcr Guideline. 

RECOMMENDATION 

Issue Perrnit(s) to Construct to this {these) subject to following conditions: 

1. 

CONDITIONS . 

ffiiS TURBINE MAY FIRE MEffiANOL OR ,ANY OffiER CLEAN FUEL IN mE 
EVENT THAT NATURAL GAS IS NOT AVAILABLE OR FOR TESTING OF mE 
TURBINE FOR INSTALLATION. . 

2. TURBINES USING FUEL OIL MUST USE NO. 2 OR LIGHTER GRADE FUEL OIL 
AS DESCRIBED BY ffiELATEST·ASTM SPECIFICATIONS AND MUST HAVE A 
SULFUR <:;ONTENT OF NO MORE mAN 0.05% BY WEIGHT. 

3. ffiiS TURBINE WHEN OPERATED ON NATURAL GAS, MAY OPERATE NO 
MORE THAN_ HOURS IN ANY ·oNE DAY. · · 

. . 
4. ffiE WATER/STEAM INJECTION MUST BE FULLY OPERATIONAL WHENEVER 

THE TURBINE IS IN OPERATION. 

5. THE WATER INJECTION RATE MUST BE A MINIMUM OF 0.8: 1.0 LBW:LBF 
WHEN OPERATING ON NATURAL GAS AND 0.9 :. 1.0 'LBW:LBF WHEN 
OPERATING ON FUEL OIL NO.2. . 

6. ON ANY DAY ffiAT FUEL.OIL IS BURNED, ONLY ONE TURBINE MAY BE 
USED AT ANY ONE TIME AND THE TOTAL OPERATING HOURS MAY NOT 
EXCEED_ HOURS. 

(continued) 

Revision: 0 Date: 8/18/89 
. . 
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7. FOR EACH TURBINE, A WRITIEN LOG OF OPERATING TIME, AND TYPE AND 
QUANTITY OF FUEL USED MUST BE MAINTAINED. RECORDS MUST BE KEPT 
A MINIMUM OF 1WO YEARS AND MADE AVAilABLE TO 1HE EXECUTIVE 
OFFICER UPON REQUEST. 

8. THE APPUCANT OPERATING THE TURBINE SHALL CONDUCf 
PERFORMANCE TESTS FOR. CARBON MONOXIDE, REACI1VE ORGANIC 
GASES, AND OXIDES OF NITROGEN EMISSIONS AT TilE EXHAUST STACK OF 
1HE TIJRBINE WITH THE USE OF ANY AND ALL FUELS. 

9. THIS EQUIPMENT MUST BE OPERA TED BY PERSONNEL PROPERLY TRAINED 
IN ITS OPERATION. 

10. THIS EQUIPMENT MUST BE PROPERLY MAINTAINED AND KEPT IN GOOD 
OPERATING CONDIDON AT ALL TIMES. 

11. THIS EQUIPMENT MUST COMPLY WITH 1HE CODE OF FEDERAL 
REGULATIONS, TI1LE 40, CHAPTER 1, · PART 60, SUBPARTS A . AND GG, 
STANDARDS OF PERFORMANCE FOR NEW STATIONARY SOURCES. IN 
PARTICULAR, ALL NOTIFICATION RECORD KEEPING, PERFORMANCE 
1ESTING AND MONITORING REQUIREMENTS OF SECTIONS 60.4, 60.7, 60.8, 
60.334, AND 60.335 MUST BE MET, UNLESS 1HEY ARE IN CONFLICT WI1H 
ANOTHER CONDITION ON THIS PERMIT. 

12. THE TURBINES MAY ONLY OPERA1E AT MAXIMUM CONTINUOUS LOAD, 
EXCEPT DURING PERIODS OF START-UP AND SHUT-DOWN, OR WHEN 
PERFORMANCE TESTS ARE BEING CONDUcrED . 

• • <: 

( ) Deny the Permit to Construct/Operate. 

It is my opinion that the operation of this equipment will be in violation of Rule(s): 

of the Rules and Regulations of the South Coast Air Quality Management District. 

Revision: 0 Date: 8/18/89 
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List and Brief Description of Combustor Concepts6 

Concept 
No. 

1. 

2. 

3. 

4. 

Title and Description 

Low-Intensity Flame - Extended length flame jet, fuel rich, mixes 
slowly with surrounding air. Bound nitrogen NOx reduced under fuel 
rich conditions within flame jet 

Premixing Catalytic Burner - Catalyst · preceded by 
premixing/preburnmg module. In low power pre burning mode, fuel is 
partially burned and mixed with air before entering catalyst, thereby 
ensuring uniform high temperature mixture for efficient operation of 
catalyst. 

Superlean With Heat Recirculation - Premix tube air preheated 
indirectly in liner convective cooling passages or by other means to 
improve · fuel vaporization and widen flanimability limits. Lean 
burning for low thermal NOx· 

Superlean With Preburner - Premix tube air preheated directly by 
preburner to improve fuel vaporization and widen flammabilitY limits . 
Lean burn for low thermal NOx. 

5. Heat Removal - Coolant ·tubes inside the · combustor reduce 
temperature; of rich burning mixture before excess air is added for CO 
oxidation and final dilution. · 

6. · Quench Reheat·- Main burning zone .is rich, resuiting In low flame 
temperature. . This mixture is rapidly quenched . to a very lean . 
equivalence ratio, causing excessive formation of CO but very little 
NOx; In a reheat zone, effluent from a pilot burner heats the mixture 
. to an intermediate temperature for CO consumption. · · 

' 7. Staged Centertube Burner - An axially staged burner configuration 
with swirl mixing. Concentric centertubes of different lengths 
deterniine the axial fuel-air· distribution. As an experimental device 

· .the ·configuration allows easy variation of burning and mixing zone 
· lengths. Both rich .and Jean air schedules were considered. 

8. Exhaust Gas Recirculation - Gas abstracted near the end of the· 
primary zone mixture .. 

. . 
9. .. Hydrogen Eiuichment ~ Hydrogen injected along with fuel results in 

lower lean flammability limit ofprimary zone. 

10. Surface Combustion - Flame stabilized in contact with surface of 
porous plate flameholder. Coolant tubes imbedded in plate remove 
heat from flame. · 

SCAQMD Electric Utility Gas Turbines 
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17. 
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Distributed Flame - Perforated plate flameholder produces many 
small flames; each stabilized separately, eliminating large scale 
recirculation and reducing residence times. 

Ceramic .Uner - Wall quenching of flame diminished by the 
elimination of film cooling and a higher allowable wall temperature. 

External Combustion - Combustor located outside the gas tUrbine 
engine. This concept essentially removes the geometrical and 
residence time considerations experienced with on-board combustors. 

Boost-Air Dilution - Dilution air injected at higher pressure than 
other burner airflow to achieve higher mixing rate reduce lag time in 
reaching desired equivalence ratios. Compressor or other means of 
achieving pressure differential required. .. 

Artificial Excitation - Vibrational excitation of burning gases in the 
combustor to increase reaction rates, allowing residence time to be 
reduced. Method of excitation may be acoustic, electronic, or other 
means. 

Extended Injector · - Perforated plate flaineholder with tubular 
extension pieces. By varying the number and length of tubes, their 
routing, and ·discharge pomts, mixture and temperature proflle can be 
contrqlled. · 

Pebble Bed- An extemal·burning concept with a vertical discharge 
low velocity combustor. Ceramic. (or other material) pebbles are fed 
in near the exit, fall through the flame, and r~move heat. They are 
collected and recycled through a· heat exchanger (where pebbles are 
cooled by inlet air) back into the ·combustor. . .. .., 

18. Coartda Flame - Flameholder using coanda wall attachment effect. 
High vel9city fuel-air mixture discharges through ring nozzle onto 

. surface of conical nosepiece and entrains flow from surrounding 
environment. Method of setting up low intensity flam,e. . . . 

19. Electric Assist Nozzles - Atomization of liquid fuel enhanced. by an 
applied electric field, with dispersion of charged droplets which are 
further guided, vaporized and mixed with air under the influence of 

. electric fields. · 

20. Virtual Staging - Burning· zone expands in volume and elongates as 
combustor loading increased (from idle to· maximum power). 
Flamefront grows into additional combustion airflow needed at 
maximum power, thereby providing automatic or virtual staging. 

21. Engine Inlet Fuel Injection - Vaporization and premixing of liquid 
fuel to very lean equivalence ratio for reaction in a catalyst of 
flameless combustor. Achieved by introducing fuel into engine inlet. 
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22. Flameless Combustion - Large volume burner operating at very lean 
equivalence ratios. Consumes fuel by low-temperature long-
residence-time flameless reactions. 

23. Air Staging - Combustor airflow distribution controlled by variable 
geometry to maintain desired equivalence ratios in burning zones and 
elsewhere over the range of engtne operating points. 

24. Fuel Staging - Multiple . fuel injection points provide variable fuel 
distribution and set up successive zones of desired equivalence ratios. 

25. Vorbix - Acronym- Vortex burning and mixing. Swirling air jets cause 
· high rate of mixing in main burning zone. Pilot burner used for rapid 
vaporization of main fuel and controlled autoignition of resultant 
rruxture. Lean burning for low NOx. 

26. Fuel Air Premixing - Fuel injected into airstream prior to combustion 
zone to produce a uniform fuel-air mixture and reduce spread in 
localized equivalence ratios before burning begins; 
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INFORMATION REQUIRED ON SCR UNITS 

1. Catalyst manufacturer. 

15 
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2. Catalyst and Heat Recovery Steam Generator (HRSG) drawings including 

catalyst dimensions (if applicable). 

3. Ammonia grid details. 

4. Aminonia injection rate. 

5. Ammonia emission rate. 

6. Pressure drop across SCR unit including injection grid. 

7. Controls for ammonia injection. 

8. TYPEOFCATALYST. 

9. CATALYSTVOLUME. 

10: SPACE VELOCITY (gas flow rate/ catalyst volume). 

11. Area velocity. 

12. Manufactu~r's guarantee for efficiency and catalyst ~fe. 

13. . NOx concentration in and out of SCR ~njt. 

14. SCR unit total cost. 

15. . Catalyst replacement cost. 

16. Percent decrease in prime mover output. 

17. Percent increase in HRSG output (if applicable). 

18". S02 oxidation rate/S03 emissions. 

19. Stack temperature after HRSG (if applicable). 

20. HRSG and turbine modifications (if applicable). 

21. Temperature at which ammonia injection will begin. 
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Base Load - the load level at which a .gas turbine is normally operated . 

. <;;ombined Cycle Gas Turbine - any stationary gas turbine which recovers heat ftom . 

the gas turbine exhaust.to heat water or generate steam. 

Efficiency - the gas turbine manufacturer's rated heat rate at peak load in terms of 

heat input per unit of power output based on the lower heating value of the fuel. 

Emergency Gas Turbine - any stationary gas turbine .which operates as a mechanical 
. . 

or electrical power .source only when the primary power source for a facility has 

been rendered inoperable by an emergency situation. 

ISO Standard Day Conditions - The International Organization for 
··~ 

Standardization has set conditions at: 288 °K (58.7 °F), 60 % relative humidity, 

and 101.3 kilopascals pressure (14,7 psi). · 

Peak Load - 100 percent of the manufacturer's design capacity of the gas t1.1rbine at 

ISO standard day conditions 

Regenerative Cycle Oas Turbine - any stationary gas turbine which recovers heat 

from the gas turbine exhaust gases to preheat the inlet combustion air to the gas 

turbine. 
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Simple Cycle Gas Turbine ·-·aily 'Stationary ·gas turbine which does not recover heat 

from the ~ turbine exhaust gases to preheat the iiilet combustion air to the gas 

turbine; or which. does not recover heat from the gas turbine exhaust gases to heat 

water or.generate heat. 

Staticiriifry Gas Turbine - any simple cycle g115 turbine, regenerative cycle gas turbine 

or any gas'turbine portion of a combined cycle steam/electric generating system that 

. is not self propelled. ·It may,howc!ver, be mounted on a vehicle for portability. 

·. 
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