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Inverse dispersion by computing NP  backward paths to source(s)

• this is encoded in 
WindTrax, which assumes 
Monin-Obukhov profiles 
for all needed properties, 
thus: “MO-bLSMO-bLS”
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• in undisturbed winds 
we have a well-tried 
means to compute an 
ensemble of forward (f) 
or backward (b) paths

• the CC - QQ rel’n hinges on pattern of 
“touchdowns” (vert veloc. w0 ) on ground:

• compute NP paths; sum over all touchdowns within source



Inverse dispersion using bLS to Inverse dispersion using bLS to 
determine methane emission rate from determine methane emission rate from 

a lagoona lagoon
Sonic anemometer Sonic anemometer 

provides wind statistics provides wind statistics 
(15 min intervals)(15 min intervals)

bLS applied to determine methane emission from waste lagoonsbLS applied to determine methane emission from waste lagoons



Line-averaging laser methane detector Line-averaging laser methane detector 
(pathlength typically ~ 100 m) (pathlength typically ~ 100 m) 

bLS applied to determine methane emission from waste lagoonsbLS applied to determine methane emission from waste lagoons



soniclaser linelaser line
laser lineslaser lines

laser linelaser line

bLS applied to determine methane emission from waste lagoonsbLS applied to determine methane emission from waste lagoons

Lasers positioned 
sequentially to exploit 
varying wind direction 
– allowing to measure 
different ponds



laser lineslaser lines

Concentration signals – not necessarily time-continuousConcentration signals – not necessarily time-continuous



WindTrax facilitates MO-bLSMO-bLS – here showing “touchdown clouds”

Laser methane 
detectors on 
downwind side 
of emitting 
ponds

• GPS source area(s), xfer coords onto 
WindTrax’s map, link to time series of C and 
wind (15-min averages)

• run WindTrax trajectory algorithm

• giving time-resolved record of Q with 
overall accuracy of order ±10-20% over ideal 
surfaces



Touchdowns (red on source, grey elsewhere): air in 
contact with surface at these points eventually passes 
through laser beam

Touchdowns (red on source, grey elsewhere): air in 
contact with surface at these points eventually passes 
through laser beam

LaserLaser
  pathpath

• Time = 3 am, Nov. 24, 2009 
• Cw e s t = 2.34 ppm
• Ce a s t = 2.83 ppm (well above “background”)
• Windspeed = 1.6 m/s
• Atmos. weakly unstable

     Emission Rate: Q = 1.7 kg/hr (total)

• Time = 3 am, Nov. 24, 2009 
• Cw e s t = 2.34 ppm
• Ce a s t = 2.83 ppm (well above “background”)
• Windspeed = 1.6 m/s
• Atmos. weakly unstable

     Emission Rate: Q = 1.7 kg/hr (total)

Converting concentration (C ) to emission rate (Q ) using WindTraX
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Inferred CH4 emission rate



MO-bLS method for inferring emission rateMO-bLS method for inferring emission rate

• convenient; provides a time-resolved (but typically non-continuous) record with 
overall accuracy that should be of order +/- 10%

• provides an average of emission rate over a large surface area

• requires

• well defined background (use a second sensor to determine this?)

• that source area(s) can be delineated from non-source





MO-bLSMO-bLS as implemented in WindTrax neglects any disturbance  as implemented in WindTrax neglects any disturbance 
to the wind… how serious in this approximation? to the wind… how serious in this approximation? 

Trial gas release into “square plot” flow, for which computed  Trial gas release into “square plot” flow, for which computed  
3D wind statistics “drive” a fully 3D LS model3D wind statistics “drive” a fully 3D LS model

The square plot tracer dispersion trials

• methane from 6 m x 6 m source
• laser line-averaging gas detectors

• fence height h =1.25 m
• side length 20 m (16h)
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Winds in the square plot highly disturbed



Quantitative comparison of FLUENT computation with measurements

**ratio of speed in plot at ratio of speed in plot at h/2h/2 to speed at same height in open to speed at same height in open

Relative windspeedRelative windspeed** in corner flow in corner flow
S/S0

Distance d/h along the diagonal of the plot



Computed pattern of TKE during corner flow

Turbulent Kinetic Energy field at Turbulent Kinetic Energy field at hh/2/2



Configurations of laser methane detectors for tracer gas experiments 

Tracer gas source

Line-averaging 
laser gas 
detector

• release rate Q controlled 
and known

• many trials for each 
configuration

  y
(m)



Compute C/Q ratio using 3D-bLS model (driven by computed wind)

•                           the Reynolds stress tensor, provided by Fluent along with         ,  

Thomson 3D LS model … and computed backward trajectories

Velocity increment = mean accel’n x dt + random increment 

Conditional mean accel’n
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Performance of inverse dispersion

Computed concentration contours

• (100 x) normalized concentration SC/Q at height of lasers
• narrow, elongated plume in (fictitious) undisturbed MO flow
• fatter plume in the “real” flow (or Fluent’s approx. to it)

MO-fLSMO-fLS 3D-fLS3D-fLS
A

A



Performance of inverse dispersion

• perfect performance would be 1:1 line

Computed versus measured UC/Q ratio at four laser positions
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Performance of inverse dispersion

Ratio of inferred to true source strength

AllAll estimates are within factor-of-two of  estimates are within factor-of-two of 
truth – truth – robustnessrobustness of bLS of bLS

QbLS/Q

Distance [m] along wind from upwind corner of windbreak to detector 



Conclusion

• estimates are within factor-of-two both for MO-bLS and 3D-bLS 

• basing bLS inverse-dispersion on an approximation to the disturbed wind 
field (“3D-bLS”) advantageous if detection point is in highly disturbed flow

• however “3D-bLS” very cumbersome relative to “MO-bLS” (which 
approximates the winds as being undisturbed)

• no advantage of 3D-bLS over MO-bLS if 
detection point far from source
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