N
SNC+-LAVALIN o
AN &) pamae, e UNI

de Neuchatel

Centre d'hydrogéologie

Use of stable isotope analysis in a monitored
natural attenuation program in the unsaturated zone

Daniel Bouchard 1, Daniel Hunkeler 2, Patrick Hohener 3 Fabien Cornaton 2

1 SNC-Lavalin Environnement Inc., 455 René Lévesque, Montréal, Canada, H2Z 1Z3.
daniel.bouchard@snclavalin.com

2 Centre d’Hydrogéologie, Université de Neuchatel, Rue Emile Argand 11, CH-2007 Neuchatel
daniel.hunkeler@unine.ch

3 Laboratoire Chimie Provence, Universités d'Aix-Marseille 1,1l et [II-CNRS, Place Victor Hugo,
Marseille, France



Introduction

 Assessment of biodegradation in the unsaturated zone

— Concentration measurements (O,, CO,, VOCs)
— 13CO2

Biodegradation ?

-
Groundwater e -




Introduction

 Compound specific isotope analysis (CSIA)
— Saturated zone

Based on faster cleavage of bonds between 2 light
iIsotopes vs light and heavy isotopes.

12C-H > 13C-H

|

12C-compounds degrade faster

Thus, 13C-compounds accumulate



Introduction

e AimM:
— Can CSIA be used to assess biodegradation in the
unsaturated zone ?

 Approaches :
— Microcosm study
— Column study

— Fieit-study.
— Analytical modelling

e General conclusions



Microcosm experiment

e AIms:
— To quantify isotope fractionation
factors during biodegradation of

hydrocarbons under unsaturated
and aerobic conditions.

e EXxperimental set up :
— Vials + alluvial sand

— Compounds:
» Pure phase
» Mixture




Microcosm experiment

— Results
 Enrichment factor

C enrichment factors

(%0)
(6 carbons) n-Hexane MCP Benzene
b O
-2.3 -1.5 -1.4
(7 carbons) n-Heptane MCH Toluene
: !
-14 -1.1 -0.8
(8 carbons) n-Octane m-Xylene
CH,
AVAVAVAN @,CH3

-0.9 -0.6




Column experiment

Aims:

— To evaluate If diffusion causes fractionation
— To evaluate how the isotope ratio of the VOC source evolves
— To evaluate If fractionation due to biodegradation can be observed

Experimental set up

— Alluvial sand
— Source of 10 VOCs

Sampling ports

activated
coal

Source
chamber
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Exit
chamber
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Air pump
humidified air
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Column experiment

e Column Results:

1. Source chamber
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Column experiment

e Column Results:
1. Source chamber

2. Column profile



» Analytical model: Approach with 2 subspecies

» 13C-molecules degrade slower

Degradation 'k =0.34 d-! A pig == Degradation Mk, . =0.3393 d!

2sp

» 13C-molecules diffuse slower

'D _ "M, (M, +M))
M, (M, +M,)

(Cerling et al. Geochim Cosmochim Acta, 1991)

» 13C-molecules decay slower
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Column experiment

e Column Results:

1. Source chamber



Column experiment

e Column Results:

1. Source chamber
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» Analytical model: Approach with 2 subspecies

» 13C-molecules degrade slower

Degradation 'k =0.34 d-! A pig == Degradation Mk, . =0.3393 d!

2sp

» 13C-molecules diffuse slower

'D _ "M, (M, +M))
M, (M, +M,)

(Cerling et al. Geochim Cosmochim Acta, 1991)

» 13C-molecules decay slower
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Analytical model: Approach with 2 subspecies

-Governing equation to describe conc.:

C ~ ~
M€, N.(fD,NC,)- fk,C,

— Processes:

» First order degradation rate

» Diffusion coefficients: sorption-affected and effective

(Werner & Héhener, 2003)

» EXxponential source decay rate

— Solution:

>

v

Transfer function model (Jury & Roth, 1990)



Column experiment

» A) Fractionation in the migrating vapours

— Simulation results Measured Simulated

Diffusion isotope effect

Distance (m) Distance (m)



Column experiment

» A) Fractionation in the migrating vapours and at the s ource

— Simulation results Measured Simulated

Diffusion isotope effect

and

Compound depletion

at the source



Analytical simulations

 Results
-1
— 2 Steady state
- 3



Analytical simulations

 Results
-1
— 2 Steady state
- 3

Slope coefficients
0 0.1d? 1d?

Spherical source 0 -0.11 -0.27
Floating pool 0 -0.45 -0.48




General conclusions

 |sotope ratio is controlled by:

Unsaturated zone Saturated zone
— Biodegradation - Biodegradation
— Diffusion (Isotope-specific diffusion)
— Depletion of the compound at the source

* The isotope fractionation due to diffusion effect:
 Inthe profile: counteracts the biodegradation effect
» At the source: acts in the same direction as biodegradation




General conclusions

» Assessment of biodegradation on the field with CSIA

— Qualitatively: at steady state
« As long as the source remains constant
« A uniform 13C with distance means a lack of biodegradation

— Quantitatively:

» Further development of the relationship F/FO vs 13C needs to be
done before calculating the degree of bio (at steady state)

« With numerical modelling using Fick’s law for diffusion

» Potential tool to assess source depletion
— Indicates the last stage of source duration
— Remaining proportion can be assessed with the Rayleigh equation
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