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Framework Wifr

BLIRGEAP
* Pollution assessment studies always include soll

sampling and analysis|> |

% MeC5-C8 | >C8-C10 | C10-C12 [ C12-C16 | C16-C20 | C20-C24 | C24-C28 | C28-C32 | C32-C36 | C36-C40 Sum
SC40 0.5 90 <1,0 <1,0 0.03 0.94 1.80 5.78 10.17 13.05 13.41 9.92 55.1
‘ SC82 0.5 | 923 <1,0 <1,0 0.76 6.36 3.63 7.22 14.40 18.34 18.27 3.72 72.7
SC49 0.7 | 833 <1,0 <1,0 0.26 1.51 4.95 10.67 15.62 20.06 21.59 16.34 91.0
SC91 0.8 66 <11 <11 1.24 1.43 3.59 7.10 8.61 11.60 9.71 4.42 47.7
SC47 0.9 | 63.9 <1,0 <1,0 2.53 3.7 5.70 8.49 12.49 19.56 26.67 7.74 86.9
SC60 0.9 | 922 <1,0 <1,0 17.35 38.07 34.78 38.57 73.06 79.81 73.89 61.47 417.0
SC69 0,
3 0, Chlorinated Aliphatic Hydrocarbons (mg/kg DW)
PCE TCE Cis-DCE | 1,1-DCE | Trans-DCE cv HCA | PeCA | 1,1,1,2-PCA [ 1,1,2,2-PCA | 1,1,1-TCA | 1,1,2-TCA | 1,1-DCA | 1,2DCA | CA
48.9 1.1 0.33 <0,10 <0,10 <0,020 | <0,20 [ <0,20 <0,10 <0,20 <0,10 <0,20 <0,10 <0,050 | <20
20 0.477 <0,10 <0,10 <0,10 <0,020 | <0,20 | <0,20 <0,10 <0,20 <0,10 <0,20 <0,10 <0,050 | <20
0.808 0.242 <0,10 <0,10 <0,10 <0,020 | <0,20 | <0,20 <0,10 <0,20 <0,10 <0,20 <0,10 <0,050 <2,0
343 | <0,050 <0,10 <0,10 <0,10 <0,022 | <0,23 | <0,23 <0,10 <0,23 <0,10 <0,23 <0,10 <0,050 <23
1 <0,050 | <0,050 <0,10 <0,10 <0,10 0.115 | <0,24 | <0,24 <0,10 <0,24 <0,10 <0,24 0.22 <0,050 <24
1.0 3000 119 1.59 <0,10 <0,10 0.053 | <0,20 [ <0,20 <0,10 <0,20 0.55 <0,20 <0,10 <0,050 | <20
1] 643 | 0.088 <0,10 <0,10 <0,10 <0,021 | <0,21 | <0,21 <0,10 <0,21 <0,10 <0,21 <0,10 <0,050 | <21
SC48 1 <0,051 | <0,051 <0,10 <0,10 <0,10 <0,025 | <0.25 | <0.25 <0.10 <0.25 <0.10 <0.25 <0.10 <0.051 <2.5
,050 <0,10 <0,10 <0,10 <0,020 | <0,20 | <0,20 <0,10 <0,20 <0,10 <0,20 <0,10 <0,050 <2,0
46 0.84 <0,10 <0,10 0.035 | 049 | <0,20 <0,10 <0,20 2.69 <0,20 <0,10 <0,050 <2,0
157 <0,15 <0,15 <0,15 <0,038 | <0,38 | <0,38 <0,10 <0,38 <0,15 <0,38 <0,15 <0076 | <38
13 211 <0,10 0.11 2.03 | <020 [ <0,20 <0,10 <0,20 <0,10 <0,20 <0,10 <0,050 | <20
321 0.22 <0,10 <0,10 <0,020 | <0,20 | <0,20 <0,10 <0,20 <0,10 <0,20 <0,10 <0,050 <2,0
,050 0.24 <0,10 <0,10 0.068 | <0,22 | <0,22 <0,10 <0,22 <0,10 <0,22 <0,10 <0,050 <22
06 <839 <0,10 <0,10 <0,021 | <0,21 | <0,21 <0,10 <0,21 1.38 <0,21 <0,10 <0,050 <21
,788 <1,58 <1,58 <1,58 <0,394 | <394 | <394 <0,79 <3,94 <1,58 <394 <1,58 <0,788 | <394
52 8.22 <0,10 0.15 <0,021 | 421 | <021 <0,10 0.7 <0,10 <0,21 <0,10 <0,050 | <21
) ,05 <0,10 <0,10 <0,10 <0,02 | <0,20 | <0,20 <0,10 <0,20 <0,10 <0,20 <0,10 <0,05 <2,0
063 0.14 <0,10 <0,10 <0,021 | <0,21 | <0,21 <0,10 <0,21 <0,10 <0,21 <0,10 <0,050 <2,1
,050 <0,10 <0,10 <0,10 <0,020 | <0,20 | <0,20 <0,10 <0,20 <0,10 <0,20 <0,10 <0,050 <2,0
00 1580 4.52 1.41 78.3 | <047 | <047 <0,10 <047 80.8 <047 6.3 <0,0%4 | <47
115 85.2 <0,10 <0,10 0.041 | <0,20 [ <0,20 <0,10 <0,20 <0,10 <0,20 0.15 <0,050 | <20
334 0.17 <0,10 <0,10 <0,020 | <0,20 | <0,20 <0,10 <0,20 <0,10 <0,20 <0,10 <0,050 <2,0
,050 <0,10 <0,10 <0,10 <0,020 | <0,20 | <0,20 <0,10 <0,20 <0,10 <0,20 <0,10 <0,050 <2,0
75 217 0.56 <0,10 <0,10 |<0,020| <0,20 <0,20 <0,10 <0,20 <0,10 <0,20 <0,10 |<0,050|
1 <0,050] <0,050 <O,&0 <O&O <0&0 <0,020 <0££,20 <O£O <0£0 <0,;l0 <O,EO <0,;l0 <0,050 <£

e But, how does one interpret (read) these results ?
 |n the absence of reference concentrations
e in arisk based site management framework

o for source delineation and NAPL quantity estimation
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Behavior of organic contaminants in solls Wilr

BURGEAP
Migration and fate of chlorinated solvents in the subsurface

=

solid

mobile
gaseous
phase

Chlorinated solvents

Effective
storage tank IR e
9 precipitation Drinking water
l /{\ production well
{ A
- &)
NAPL % 5 U
at residual E
turati aqueous phase at & o CONVECTION
Sl residual saturation clay lens vapo .
i % VAPOR WASHOUT : MOLECULAR
# i’“e : DUE TO PRECIPITATION| § DIFFUSION
mobile 2
Sﬂgggus ADSORPTION Vadose zone
Vi

; ) :,i : ’ o L] L]
BIODEGRADATION . ! .
OLATILIZATION I | L g 2 : __VOLATlLIZATiON E Z
NAPL at residual saturation ‘ °® —
e | = ® @ P 'Saturated zone
@ ® & o ,
BIODEGRADATION ! > ‘e
@ [] 'l ® ® ®
\ @ ° o1 ', 0
] L L
DISSOLUTION s ® JB|ODEGRADAT|ONP
] B L
® L L] [ ]

NAPL
at residual
saturation
‘ ‘ L} ® ®
non-mobile CONVECTION| ® . ® e
aqueous
phase ® E- ® C @ .E ®
¢ ° o 1 2 ® o
' .  ® ADSORPTION e
DISSOLUTION ® o [MECHANICAL DISPERSION+ s "
\/ . MOLECULAR DIFFUSION e o SE.
e ! S aqueous pl:ase - .
¥ mobile NAPL °® ® —
— ° ! . ‘' .
Substratum
mobile NAPL

Natural attenuation of chlorinated solvents in aqui fers, technical guide,
MACOH R&D Project (2001-2006), ADEME
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In each soil sample, one may ask ... Wi

BURGEARP

* |s NAPL present ?
 |f so, how much (i.e. NAPL saturation) ?
* If so, is the NAPL mobile (Snapl > Sor) ?

 How do contaminants distribute in soil phases (NAPL,
water, gas, solid) ?

 What is the composition of each phase ?

The OREOS software adresses these questions

ORganic contaminant
Evaluation and NAPL
Occurrence assessment in
Soils
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Theoretical background Wr

BURGEARP

* A set of equations solved by a non linear solver

« 3 phases (saturated zone) or 4 phases (unsaturated zone)
equilibria for multicomponent mixture (Raoult’s law ...)

e Equations of state for each phase
(ideal mixture assumption)

e Mass balances I

Water " Sl

Mariner et al.,1997

* Two specific features

 Temperature effect on contaminants physico-chemical
parameters

o Kinetic effect due to heterogeneities of solil properties and
pollution spatial distribution
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Software architecture (1)

Wil

flngut - samples characterization and sensitivity analysis
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Open format to allow modifications and
appendings

+

BURGEARP

Data preparation through an interface

Contaminant concentrations & soil
properties

Import/export input data from/to a
spreadsheet

Treat many (>1000) samples
simultaneously

Statistical analysis over samples

Database of physico-chemical parameters
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Software architecture (2) Wil

BURGEAP
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Example: source characterization

.r‘

Ground water
plume

‘. I 7 -' .- e --U_I ‘ ., . 8 ‘.- -;" - dﬂ?, g X e
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Example : soil concentrations analysis Wil

BURGEARP

Concentration_total CE CB

B 300013100000 mgkg M5 (1) |
B 1001330000mgkgMs  (5)
1 @ 101 3500 mghkg M3 i4)
S @ 113100 mgkg MS (10}
O 0410 mgkg MS {30}

Mixed Pollution:

Cscsa

Monoaromatic HC
Chloroethenes
Lhloroethanes 4
¥ dh;loromethan _

Echellz
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Example : compute NAPL saturations

mqg/kg DW) - Measured

[C soil {mg/kg DW)]
1.201733E+05 —

Soil concentrations

2.187395E+04 —
3.704093E+03 g
.. F.Z72440E+H12 —
. : 1.062163E+02 =
1,798645E+01 =

3.045791E+00

NAPL saturations

5.157A84E-01 o
8.733022E-02 ==
_i_ 1.478956E-02 pun
2,504485E-03 oan
4,241045E-04 ==

analysis

7.181600E-05 pum

BURGEARP

Wil

%) -

Computed with OREOS
from soil concentration

— Csoil from <LQ to 129,173 mg/kg DW 5 +
— Pollution everywhere ? : :

63 samples out of 338 with Csoil <0.1 ppm

— Snapl from 0 to 54.4%

— Source zone can be delineated
where Snapl > 0, i.e. 49 samples

Sl g 135201E-01 —

" 2.003916E-01 —

[S napl (%]
5.443008E+01 —

1.340754E+01 i

4.926165E-02
1.2153905E-02 gy
2,995090E-03 gy
7. 377684E-04
1.817314E-04
4,476513E-05 puu
1. 1026281E-05
2, 716150E-06 g
6.600677E-07 g
1.648037E-07 =
4.059663E-08 puu

0.000000E+00 ——
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Example: source 3D delineation Wi

BURGEARP

Top fill & silts: 0 to 4 m in depth

Fine sands: 4 to 8 m in depth

Source zone = NALP is present

@ Probable extension = high soil conc.

g

Source zone = NALP is present

Probable extension = high soil conc.

ﬂ;/_/%__// Sand lense NAPL
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Example: source quantification Wi

- _ — BURGEAP
Napl Saturation Napl composition (molar fraction)
I min [ *9 0 max PCE TCE DCE | cv
SIS Joow |sew|ooou | o1ew | 7ew | osw |oow |
CLAYS | o |oow| o3% | 1ew | ssow | asw [oow |

Top fill and Silts

330 to 410m2? contaminated area over
a 0.2 to 3.2m depth

CIl-VOC: 5to 20 Tons (240 samples)
Cutting Oil : 0.9 to 1.9 Tons

& “Kerosene” : 100 kg (73 samples)
Cl-Benzenes : 360 kg (48 samples)

Cement slab (tanks)

Contaminated
silts

Fine & medium sands

160 a 320m2 contaminated area over
a 3.2to 4.7m depth

CI-VOC : 2to 7 Tons (93 samples)
Cutting QOil : 1 to 2 Tons (52 samples)

GW table fluctuations

12 m

Sandy clay :
>10m2 contaminated over 7m depth
CIl-VOC > 50 kg (48 samples)
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Sensitivity Analysis with OREOS

1. Impact of temperature

variations on Cw and Cgas to soil foc

\\Ill

BURGEARP

2. NAPL apparition related

0.08
Benzene C_Gas (mg/l) = = = Benzene C_Water (mg/l)
Toluene C_Gas (mg/l) = == Toluene C_Water (mg/I) 0.07 .
o-Xylene (2-Xylene) C_Gas (mg/l) = = = o-Xylene (2-Xylene) C_Water (mg/I) ===15°C,foc 0.01% /
140 560 ¥ 0.06
- /
~~~~~ £ 005
P — 480 g NAPL /
~~~~~~~ = 0.04 —
---------- 4 apparition /
--- & 003
100 400 P /
/ 0.02 /
80 320 0.01 V/
% Eﬂ 0 T T T 1
E o e 0 = 0 50 100 150 200
ﬁ __________ 2 Total concentration (mg/kg DW)
& T e, s
= e 15°C {
0O 1400
2 /
20 80 W 1200
£ /
S 1000
0 5 10 15 20 25 30 35 E 800
emperature (°C) § 600
8 /
. o S 400
— Benzene / Toluene / o-Xylene = 33% each |¢& /
o 200
Q _/
— - — Q.
— 8=30%, g, = 7.5%, foc = 0.01% < . . . .
0.001% 0.010% 0.100% 1.000% 10.000%
foc (%)
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Conclusions Wi

BURGEARP

e OREOS is a valuable tool in order to
« Delineate and quantify Source Zones (NAPL presence)
« Evaluate contaminant transfers to soil water and gas
e Assess uncertainty on numerous soil parameters

e |t features
« Afully opened database of contaminant properties (>130 species)
« A strong theoretical background allowing fast computations
 An user friendly interface allowing large input files (>1000
samples x dozens of contaminants)
e Contact us at

* |.chastanet@burgeap.fr
e www.burgeap.fr

Software developed with the financial support of ADEME Rhdne-Alpes through INNOV’R programs
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