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Testing approach
• Independent testing from software developers
• Examination of extreme and limiting cases (e.g. very high source point, very 

broad plumes) with closed form solutions
• Simple system: one plume segment, constant windspeed, one cohort staying 

in place (not evacuating nor relocating), no decay chains, one long-lived 
isotope, uniform population density

• Testing exposed non-intuitive trends, which required exploration
• Identified issues were addressed in the latest MACCS Version 4.1 release
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Three stage testing

• Compute benchmark concentrations (plume centerline, air concentration at 
the ground level, ground concentration) from Gaussian steady-state air 
concentration equations and ground deposition models

• Given concentrations reported in MACCS outputs, compute benchmark doses 
(inhalation, cloudshine, groundshine, and skin deposition)

• Given MACCS doses, compute benchmark health effects
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Three salient issues in MACCS Version 4.0

• Computation of the cloudshine factor, by interpolation of a lookup table, to 
establish a cloudshine dose

• Computation of concentrations in broad plumes

• Narrow plume approximation to convert polar to Cartesian coordinates
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Cloudshine factor lookup table

• Factor to compute immersion doses as a function of plume centerline 
concentrations, based on work by Healy (1984)
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Verification of the cloudshine factor

• The curves represent different cases of vertical plume spread (ZSCALE factor 
acting on sz)

• MACCS cloudshine factor computed from the cloudshine centerline dose, 
centerline concentration, and the radionuclide-specific dose conversion 
factor
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ZSCALE ZSCALE

Symbols MACCS outputs
Continuous curves: independent comp

Symbols MACCS outputs
Continuous curves: independent comp

Bumps are straight lines in linear scale

Anomalous tail due to edge-
domain interpolation (no 
extrapolation outside the domain)



MACCS Version 4.0: concentrations in broad plumes
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MACCS Version 4.1: concentrations in broad plumes
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Basic equations expressed in Cartesian coordinates
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• Gaussian concentration equations 
correspond to steady-state solutions 
in Cartesian coordinates



MACCS polar mapping (narrow plume approximation)
• The concentration in 

Cartesian coordinates is 
mapped by MACCS along the 
arc of constant radius (red 
points)

•
• = arc length

• The average concentration 
along the arc defines the 
average concentration of the 
sector

• Average concentrations are 
used to compute population 
doses and health effects
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Comparison to independent computations

13

North sector
Symbols: MACCS
Solid lines: independent

NNE sector
Symbols: MACCS
Solid lines: independent

YSCALE: variable controlling lateral spread of plume

YSCALE

NNE sector
Independent comps (solid 
curves) is below the 
MACCS results (symbols)

Independent computations below: proper 
Cartesian coordinate solution along 
constant-radius arcs

YSCALE
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limits for the spread

• The last MACCS lateral sector is the sector with boundaries exceeding the 
௬ line

• The distance ௬(r) is measured over an arc
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CHRONC long-term effects (resuspension dose)

• Exposure period: 50 years
• Two decontamination levels 

triggered by exceedance of a 
limit (DSCRLT limit) by the 10-
year exposure dose 

• The decontamination model 
causes up-and-down 
fluctuations with distance away 
from the source
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CHRONC population dose and health consequences

• Population doses, health consequences, 
and average individual risk are computed 
over 360° rings
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Remarks

• Some issues were detected testing MACCS 4.0 that were addressed in the 
latest MACCS 4.1

• Extrapolation of cloudshine factor
• Limits on spread of plume

• MACCS implements a narrow plume approximation to compute 
concentrations in polar grid sectors

• The approximation is inaccurate for sectors far from the centerline sectors; however, 
an accurate polar to Cartesian conversion yields very similar concentrations and doses

• The approximation tends to overestimate contaminant concentrations in non-central 
sectors

• No other issues have been discovered
• Testing activities will continue
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