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Position of the problem

« Multiple and various data
— Historical and facility data

— Surface data
» Geological maps, aerial photos, ...
» Topography
» Geophysics
 Air quality
— Borehole data
+ Lithologic and soil data N crgarcieplen
- Contamination data on soll, e
water and/or air samples or in situ e
- Spatio-temporal water-table data Rembisse £

a
o/
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* |ssues S
— Managing and storing all types of data -~

— Analyzing the data to understand potential
contaminations

— Using the data for estimation purposes: soll
volumes, potential impacts, ...




Our approach: SoilRemediation® in Gocad®

All environmental data within the
same framework

— Dedicated import tools
— Consistent storage (names, units)
— Easy access and understanding of data~"

Comprehensive exploratory analysis tools
— QGraphics:
. Integrative borehole logs —
* Integrative cross-sections
« 3D Gocad camera
— Statistics: histograms, scatterplots, PCA, ...

Workflow-driven approaches

— QGuiding the user through the successive
steps of a (methodological) approach — &8

— Providing purposeful tools at each step

— Keeping tracks of all user’s choices and
results (QC of the completed work)




Our approach: SoilRemediation® in Gocad®
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Five-step Data Analysis workflow

Data loading

|dentification of potentially
critical contaminants

Construction of
stratigraphic column

|dentification of potentially
contaminated layers

0 = o N

Aim: ldentifying potential contaminants and contaminated layers




Application to a complex case study

« 1 geological map
« 3 aerial photographs

» 4 successive surveys > 127 Boreholes (2004 to 2009)
»> 167 soil types identified from 387 soil marker observations
» 51 compounds analyzed on 319 soil samples
» 164 compounds analyzed on 130 water samples
» 980 on site PID measurements
» 727 water table data




Stratigraphic column of the site

Step
= G
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--F'I'E|i|'|'|i|'|al"'r' project choices

E1-Site data

--Gengraphic data

EI and stratigraphic data

--Sn:uil observation data

é""SD“ observation vs fades assodation
é----Easic and user-defined stratigraphic column edition
E----.-'a.quifer description

[+l Load fimport survey data

- Contaminants

I';'I--Expln:u‘atn:u'*; analysis
--.-'J.nal*;sis of layer contaminations
--Structural modeling

-- 3D grid definition

ARR}

167 observed soil types
15 interpreted facies
1 Stratigraphic column: 4 layers

Time to process: < 30 mn

Unassociated soil observations

Dalle béton |
Dalle béton - quai

Enrobé sous couche graveleuse

Limons argileux

Limons argileux beige J
Limons argileux bruns

Limons argileux bruns clairs

Limons argileux bruns compacts

Limons argileux bruns-vert

Limons argileux compacts

| irlﬂnns: arailely comnacts aris | _ILI
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Rename Gather | Editdatal




Stratigraphic column of the site

i 167 observed soil types

= Em 15 interpreted facies
--F'I'E|i|'|‘|il'|al"'r' project choices 1 Stratigraphic COlumn: 4 |ayeI’S
£I-Site data

--Gengraphic data

_ Time to process: < 30 mn
=8 Soil and stratigraphic data

--Sn:uil observation data Unassociated soil observations

Dalle béton
Dalle béton - quai

Enrobé sous couche graveleuse

Limons argileux |

LAY < ANRNRN

- Soil observation vs fades assodation

é----Easin: and user-defined stratigraphic column edition

5.....-'4.|:|I_|i1:EI' description

Site stratigraphic column definition List of the facies within layer: ICIay j
User-defined layers | Caolor Description Min, thickness | Max. thidness Cay
sandy day
[ 1 LoamyBackfil Backfill materials above sandy | 6.1 Clay alluvium
2 loam with more and more day Loamy alluvium
3 .
2| Clay Loamy clay with mare and maore 0 cg
— sand
3
& | Alluvium Alluvium deposits a (]
7 | Sandyaluvium Sandy alluvium deposit with silex  Unknown Unknaown

Merge Separate Cancel Validate Edit markers |




Identification of potentially critical contaminants
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[-Preliminary project choices

--Site data

--LDEdﬁI‘I‘IFIDI't survey data

Eunta minants

[=-Exploratory analysis

|

M- Structural modeling

+]- 3D grid definition
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- Analysis of layer contaminations

* 51 measured compounds in soils

6 potentially critical contaminants /

 Time to process: <5 mn

Contaminants

reference risk thresholds
» 3 groups of correlated contaminants

Select the contaminant(s) to be studied Select threshold(s) | Edit data table |
Contaminants ;I Data base: Contaminant_database ;I
- FCE i Reference risk threshold

- [ peca
& [ PropoH_1
- [ PropoH_2

..
-
- [ TCB_124
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Select all |
I

Unselect all

Validate

@ MNext

O Report |

@ Help 9|




Step

Identification of potentially critical contaminants

o
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"F'I'E|i|'|'|i|'|al"'.-' project choices
--Site data

--LDEdﬁI‘I‘IFIDI't survey data
Eunta minants

[=-Exploratory analysis

* 6 potentially critical
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|—|
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| I | |
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* 51 measured compounds in soils

contaminants /

e reference risk thresholds
4 « 3 groups of correlated contaminants
"

 Time to process: <5 mn

Samples: 97

Mean: 5584.62

Std. deviation: 15873.9
Variance: 2.5198e+08
Minimum: 6.33

25th percentile: 20.35
Median: 80.2

75th percentile: 3015
Maximum: 122000

Distribution model: None



Identification of potentially critical contaminants

Step

o
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"F'I'E|i|'|'|i|'|al"'.-' project choices
--Site data

--LDEdﬁI‘I‘IFIDI't survey data
Eunta minants

[=-Exploratory analysis

- Analysis of layer contaminations

|

M- Structural modeling

=l

- 30 grid definition

 Time to process: <5 mn

c2

* 51 measured compounds in soils

6 potentially critical contaminants /
7 reference risk thresholds

: « 3 groups of correlated contaminants

Samples: 310
Properties:
DCM

PCE
TCE_111
TCY

VC

Explained variance:
C1: 57.1%
C2:16.9%
C3:11.9%

C4: 9.7%

C5: 3.0%

C6: 1.4%

Correlation: Rank



Analysis of layer contaminations

Step ¥4 | - 319 soils samples in 4 layers

| aam « Which contaminant in which layer ?
EEE c
- preliminary project chaices * Nb of contaminated samples vs.
-7-Site data nb of analyzed samples
é—--Lu:nau:I_."lmpDrt survey data
- Contaminants  Time to process: 1 click + a few mn
+ ~Exploratory analysis
— Analysis of layer contaminations
+ ~Structural modeling
+ - 30 grid definition

Analysis of layer contaminations

User-defined Separa.lted with | Mb ufpgtenhal DCE 12ds | DCM | PCE |TC.|5._111 TCE Ve
layer name overlying layer contaminants f
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3 /47 1347 1epas 1647 12/47
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Chedk for layer contamination |
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Structural modeling
 step M |- Topography and 3 layers

=5 1]
©EN

[#-Preliminary project choices

« Time to process:

El-Site: data » < 5 mn for constant thicknesses

B~

é--LDad_-"lmpDrt survey data
|$|--Cu:untaminants

[H-Exploratory analysis

--a'a.nal*r'sis of layer contaminations

EI tructural modeling

| --Du:umain extension
--St'uctural data support grid
*--Tu:upu:ugrapl‘m‘

[-Horizons [ layer(s)

CAOCLARPLLLLLA

--St'uctural surface creation
- Aquifer (s)

[#1- 30 grid definition




Structural modeling
EENN B | - Topography and 3 layers

- EEm
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Next step... SoilRemediation Modeling Workflow

1. Geostatistical modeling of soil contamination
2. Uncertainty and risk analysis

3. Decision making

Soils classified
as contaminated

Probability that soils
be contaminated




Conclusions about SoilRemediation

* Fully dedicated to contaminated sites and soils
« Making easier, better and faster all analysis & modeling steps




SoilRemediation
Data Analysis
Mandatory

EWEL T |Soil Remediation (MyStudy)
CEE

--Preliminar}' project choices

Lé_|"5itE data

£

Lé_l--Sh'ucturaI madeling

--Gengraphic data
- Soil and stratigraphic data

+]-Loadfimport survey data

H- Contaminants

[=-Exploratory analysis

--Du:umain extension
--51:r|_|n:t|_|ral data support grid
--TDngraph}'

--HDrians [ layer(s)
--Strun:tural surface creation

5"".-'-".|:|uifer (=]

+]- 30 grid definition

SoilRemediation

Modeling
Optional

= Eg:: Soil Remediation (MyStudy)
&-Facies model

&-Launchy/Conirol facies simulation
&-5S0il contamination modeling

&-Remediation scenarios

=-Soil volume assessment

- Remediation grid construction
- 5oil volume calculation

- Statistical analysis

- Drecision making tools

B-Soil management

- Cost analysis

- Launchf/control post-processing

Future work...

Health
risk assessment
ional

Site sampling
optimization

Optional

I{:]II Remediation (MyStudy)

o] | |

Groundwater
Analysis/Modeling
Optional




