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Path-Integrated Optical Remote Sensing

Nonlocalized Emission Source 

ORS Source Retroreflector 

• OP-FTIR:      Open-Path Fourier Transform Infrared 

• OP-TDLAS:  Open-Path Tunable Diode Laser Absorption Spectroscopy

• UV-DOAS:    Ultraviolet Differential Optical Absorption Spectroscopy 
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Open-Path FTIR Measurement System for 
Hog Waste Lagoon



wind

OP-FTIR Measurement Paths



CAFO Emission ORS Measurements

Vertical Radial Plume Mapping Mass 
Emission Flux

• Swine Lagoon and Whole Farm Capture

• NH3 from Lagoon Spraying Operation

Open Path-Tunable Diode Laser Absoption
Spectroscopy Barn Measurements

• NH3 from Mechanically Ventilated Poultry

• Naturally Ventilated Poultry and Swine
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Swine Operation with OP-FTIR / VRPM



Swine Operation with OP-FTIR / VRPM Downwind of 
Barns and Lagoon

•Can resolve multiple 
plumes.

•Shown are plumes 
from 5 naturally 
ventilated barns to 
left and a lagoon to 
right.

•Real time software 
displays total flux as 
collected.



OP-TDLAS Measurements of Naturally 
Ventilated Animal Houses



0.390.510.660.09Ammonia    (ppm)

2.292.262.372.06Methane    (ppm)

Barn 2   Side 2 HighBarn 2   Side 2 MidBarn 2   Side 2 LowBarn 2  Side 1 Mid

Naturally Ventilated Swine Barn Gas 
Concentrations – Inlet and Exhaust



Ammonia Emissions from Lagoon Spraying Operation

Traveling Spray Head - 644 litters/min Lagoon Effluent



OP-TDLAS VRPM Mass Emission Flux Measurement

Rotating Spray Head

TDLAS System

Flux Plane
≈ Wind Direction

≈ Retro. Pos. 

Rotating Spray Head

TDLAS System

Flux Plane
≈ Wind Direction

≈ Retro. Pos. ≈ Retro. Pos. 



VRPM Results for Lagoon Spraying Operation
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A) Ammonia Flux = 0.86 g/sec           B) Ammonia Flux = 0.97 g/sec       

C) Ammonia Flux = 1.2 g/sec D) Ammonia Flux = 1.3 g/sec       
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Four consecutive 38-minute observation periods



 
Time Period Emission Flux     

(g/sec)
Wind Speed       

(m/sec)
Wind Direction     

(deg.)
Concordance    

Correlation Factor

1 0.86 4.6 45.5 0.979

2 0.97 4.4 47.2 0.983

3 1.2 4.1 46.8 0.989

4 1.3 4.3 35.3 0.990

 Average          
(Periods 1-4) 1.08 4.4 43.7 0.985

Standard Deviation  
(Periods 1-4) 0.23 0.6 13.9 0.011

VRPM Results for Lagoon Spraying Operation

Four consecutive 38-minute observation periods



Ammonia Emissions from Lagoon Spraying Operation



Surveyed Spray Head Position Vs. Calculated VRPM 
Plume Position Shows Source can Be Located with 

Downwind Data
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Cross Fan Measurements



OP-TDLAS Ammonia Measurement of Poultry House 
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100,000 Layer Hen High Rise - 34 Fans Operating - Manure Only and With Birds

Manure Only -- 9/1/04         
2:39 pm to 9:30 pm  

With Birds -- 10/13/04              
6:30 pm to 11:33 pm  

With Birds -- 10/14/04              
4:38 pm to 9:00 pm  



OP-TDLAS Ammonia Measurement of Poultry House 
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 25,000 Bird Broiler House with Reused Litter - 10:33 am to 4:05 pm-11/11/03  

2 Fans Operating 

 3 Fans Operating 
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Ammonia Emission Assessments From Poultry Houses 
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Ammonia Emission Assessments From Poultry Houses 
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•Funding provided by participating AFO
•Purpose: gather data for developing emission estimating 
methodologies
•OAQPS provide QA oversight
•APPCD provides support to OAQPS in development of 
sampling protocol

•APPCD VRPM method adopted for measurement of 
ammonia emissions from waste lagoons--allows for 
plume measurement regardless of wind direction

Animal Feeding Operations (AFO) Air Emissions Consent 
Agreement and Final Order

lagoon

TDL

TDL



http://http://www.epa.gov/ttn/emc/tmethods.htmlwww.epa.gov/ttn/emc/tmethods.html

USEPA OTMUSEPA OTM--1010
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