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Let me be clear…

• This presentation will show that the Domenico
solution does not solve the solute transport
equation exactly

• This was understood and acknowledged by Dr.
Domenico

• The Domenico solution has been and remains an
important tool for our work

• My intent is to provide a better understanding of
its limitations
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Domenico Solution

• Approximate solution of  transport equation for a dissolved
contaminant
– Advection
– Dispersion
– Linear isothermal adsorption
– First order biodegradation

• Extensions of the Domenico solution allow
– Finite source
– Instantaneous decay
– Sequential decay reactions (e.g. chlorinated solvents)



Common applications of the Domenico
solution

• BIOSCREEN
• BIOCHLOR
• RBCA Toolkit
• ASTM standards
• CCME, Ontario, Alberta, BC – used for setting

regulatory criteria & standards
• It is in almost all risk assessment software

packages







Why is it so widespread?

• It is much simpler than the exact solution
• It could be programmed directly within EXCEL

(EXCEL 5)
• This is no longer a restriction

– EXCEL can now run external programs and return
results

– Exact solution can now be programmed



Sorption Advection Dispersion Degradation

3-D Solute Transport Equation



BIOSCREEN Conceptual Model
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Actual BIOSCREEN Conceptual Model



Actual BIOSCREEN Conceptual Model
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Exact Solution (Cleary & Ungs, 1978)



Domenico (1987)



Exact Solution (Cleary & Ungs, 1978)



Test Run 1

• v = 10 ft/yr
• aL = 10 ft
• aT=1 ft
• aV=0.1 ft
• No sorption
• No degradation
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Test Run 2

• v = 1 ft/yr
• aL = 20 ft
• aT=2 ft
• aV=0.2 ft
• No sorption
• No degradation
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Regulatory Response

• In 2007, a series of papers were published
pointing out the approximate nature of the
Domenico solution

• Regulatory response was varied and does not
appear to be settled yet



Regulatory Response

• Michigan was first to respond
– Does not accept risk assessments that contain modeling

with Domenico solution



Regulatory Response

• US EPA
– Center for Subsurface Modeling Support (CSMOS)

recommends to use caution when dispersion is a
dominant process

– Domenico can be used “safely” when the observation
point (i.e. receptor) is greater than 10 x aL

• Peclet number must be greater than 10
• This means that Domenico should be o.k. at greater distances

from the source
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Regulatory Response

• EPA Region 9
– Issued newsletter in summer 2007
– The developer of BIOSCREEN and BIOCHLOR (Dr.

Charles Newell) “…recommended against the use of
the BIOSCREEN model at this time…”



Next Steps

• Ontario MOE
– Requested development of Domenico replacement
– Motivated by elimination of approximation AND other

issues:
• Elimination of artificial mixing zone
• Find peak concentration at receptor for a finite source (finite in

time)
• Provide Tier 2 (risk assessment) modeling tool within full

EXCEL spreadsheet

– Development by Franz Environmental, Papadopulos, U
of Waterloo and BRGM



MISP (BRGM France)
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Karanovic, Neville & Andrews, 2007

• Developed BIOSCREEN-AT
• Available for free from

– http://www.sspa.com/Software/bioscreen.shtml
– S.S. Papadopulos & Associates, Inc.





Conclusions

• Domenico solution is an approximation
• Concentrations calculated with Domenico appear

to be always lower than exact solution
• Errors of up to 70% have been reported in the

recent literature
• Use cautiously, or use alternative models
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