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Background
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• DNAPL(Dense Non-aqueous Phase Liquid) is a liquid that is

both denser than water and is immiscible in water.

• DNAPL cause cancers in humans, like Lung Cancer、Liver

Cancer and Stomach Cancer.

From Snow New, HEHO and Health 2.0
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DNAPLs :  

• Chlorinated solvents (PCE、TCE、DCM)

• Coal tar

• PCB (Polychlorinated biphenyl)

Solubility Low

(200 mg/l)

Moderate

(1000 mg/l)

High

(13000 mg/l)

PCE

(Tetrachloroethene)

TCE

(Trichloroethene)

DCM

(Dichloromethane)
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Source zones

DNAPL

From M.D. Annable, 2006

Plume zones
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The mass discharge from chlorinated solvent source zones is affected by

(1) Dissolution and diffusion of the non-aqueous phase from fingers and pools.

(2) Back diffusion of the dissolved CVOCs from the low permeability units into

groundwater.

CVOCs: chlorinated volatile

organic compounds

Background



Initial release

Forward diffusion

Mass removal in

transmissive zone

Back diffusion

Low permeability unit

Transmissive zone

From REGENESIS, 2009

Matrix diffusion
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Objective

To present a comprehensive examination of the relative

contributions of DNAPL dissolution and matrix diffusion

on sustaining chlorinated solvent source zones.
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The focuses of this research are to study the following questions:

• Is it possible for matrix diffusion process to contribute to source

longevity?

• What percent of the source longevity is dominated by DNAPL

dissolution and matrix diffusion?

• How to simulate the source attenuation of the hypothetical

DNAPL source zones with simple source zones models (First

order decay, Power-law model)?
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Mathematical Model
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There is a one meter thick low permeability unit beneath each

pool when considering the matrix diffusion effect.

15 m

Pool

Finger

Source 

zones

v Plume

zones



Mathematical Model

𝑡′ =
𝑀𝑝

𝐿𝑥𝐿𝑌 ሶ𝑀𝑎

ሶ𝑀𝑎 = 𝜙𝐶𝑠
4𝐷𝑣 ҧ𝑣

𝜋𝐿𝑥

DNAPL depletion due to dissolution

DNAPL depletion due to diffusion

ሶ𝑀𝑙𝑜𝑤𝐾,1 = 𝜙′𝐶𝑠𝐿𝑥𝐿𝑌
𝑅𝐷𝑚𝑒

𝜋𝑡
; 𝑡 < 𝑡′

Matrix diffusion

ሶ𝑀𝑙𝑜𝑤𝐾,2 = 𝜙′𝐶𝑠𝐿𝑥𝐿𝑌
𝑅𝐷𝑚𝑒

𝜋𝑡
−

𝑅𝐷𝑚𝑒

𝜋 𝑡 − 𝑡′
; 𝑡 > 𝑡′
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Key assumptions and limitations to the analysis are:

• Calculations of the mass discharge due to back diffusion from the low

permeability units assumed that the concentration in the transmissive zones was

zero.

• No attenuation was assumed either in the transmissive zones or the low

permeability units.

• Pollutant storage and release in low permeability zones in plumes is not

addressed.

Mathematical Model
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Results and discussion

DNAPL pools geometry input data

Base case input parameters
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Entire source zones attenuation curves for PCE, TCE and DCM. The mass

discharge goal of 0.1 g/d corresponds to approximately 5 μg/l of source

concentration.

3 years

38 years

202 years

73 years

40 years83 years72 years

Results and discussion



Results and discussion
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Contribution to source longevity to reach a mass discharge of

0.1 g/d.



Results and discussion
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There have two simple predictive models in this research to fit

source attenuation curves for hypothetical source to upscaled

models.

 First order decay model

 Power-Law model

𝑊(𝑡)

𝑊0
= (

𝑀(𝑡)

𝑀0
)𝛤

𝑊(𝑡) = 𝑊0𝑒
−𝑘𝑡 k : reaction rate coefficient

𝛤: empirical fitting parameter



Compare two models
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First order 

decay model

Power-Law model



Application of the Power Law model for TCE
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0 - 121 years

after release

Γ = 0.44

0 - 38 years

after release

Γ = 0.42

38 - 121 years

after release

Γ = 9.40

>58 years after

after release

Γ = 2.06
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65%

24%

4%
72%

3%
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Conclusions
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• After dissolution of the DNAPL pools was complete, the simulated back

diffusion from low permeability zones was able to sustain mass discharge for

decades.

• It was determined that a large portion of the source longevity could be

attributed to matrix diffusion, ranging from 17% for PCE, 69% for TCE, and

97% for DCM.

• The resulting source attenuation curves showed major changes over time,

which complicates the application of simple predictive models.
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