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ABOUT RAMBOLL

e Independent consultancy and engineering
firm, created in 1945 in Denmark
(headquarters)

e Merger with Environ in January 2015

e 13,000 experts, 300 offices, 35 countries

RAMBOLL FRANCE
Site Soluti dR diati
e Part of Environment & Health division Lo

Industrial Risks Control and Prevention

e Presence in France since 2002 Air Quality Management

e 90 engineers & experts, 4 agencies Due Diligence Audits

l@ l@ﬁ% EHS Assistance
ESIA and International Finance

MASE
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SITES ET SOLS POLLUES ~ SITES ET SOLS POLLUES
NF X 31-620-3 NF X 31-620-2
INGENIERIE DES TRAVAUX  ETUDES, ASSISTANCE
DE REHABILITATION ET CONTROLE

https://www.Ine.fr

RAMBGOLL

Biodiversity

Water Resource Management




CONTEXT - PROJECT AND CLIENT NEEDS

. La rg e a m O u n tS Of Va ri O u S ty p e S Of MESURES PHYSICO-CHIMIQUES REALISEES EN COURS DE PURGE l }

N° réf. de la sonde multiparamétre : I [Dale de calib. de la sonde multi. :

Mesures in-situ durant la purge Value Keyword
a t a Temps Vmn Vol. purgé N.Dyn. | Rab. pH Temp. Cond Pot Redox | couteur | Turbil 2
L m/Rep (cm) Unité Ph °C pSlem 2.0 Soil

4@% Débit

05,0 g AN
)L 61(4? 7 (&1} l

S & @ ltnv,'s
1& 3L K« 30 Clay

L P e -
: 2] 4 ; S o@\ o (| — | 7
L4 fleld data 4 A Sl e A G 59| (5;9) 8931 2ica| ~— | — 4.0 Silt
i | A 18187 692 15,%[814232 | ~ | —
, Aa | a2 323 6 58] (5[ 1ex[237,2 50 Sand
e geospatial data : L L1 52 Grave
@%m - BHe "Iu][ﬂ] . ™ 7.0 Mudstone
e chemistry data sy | T 80 Siltstone
e historical or third party data

e Assurance of data quality over the
long term

aps -
[ d ata SO u rce tra Cea bl I It Sample column_number test_type  cas_m chemical_name result_value result_error_delta result_type_code reportable_result detect_flag lab_qualifiers organic_yn method_detection_limit
P21 NA Initial  MATSEC matiére séche 85.4 TRG ¥

Y
P21 NA Initial €05-C06 €5 through C6 0.59 TRG ¥ Y 15
P71 NA Initisl  CO6-CD7  Petroleum Hydrocarbons C6 - C7 0.36 TRG ¥ ¥ 15
. R P21 NA Initial  C07-C08  Petroleum Hydrocarbons C07-C08  0.27 TRG ¥ Y 15 L
. d a ta re I I a b I | I ty P71 NA Initial COB-C09 Petroleum Hydrocarbons C8 - C9 83.8 TRG ¥ Y 15
pz1 NA Initial  C09-C10  Petroleum Hydrocarbons €9 - C10 TRG ¥ N 15
P71 NA Initial ~ C10-C11  Petroleum Hydrocarbons C10 - C11 TRG ¥ N 15
P71 NA Initial ~ CO5-C10  Petroleum Hydrocarbons C5 - C10 TRG ¥ N 10
Pz1 NA Initial ~ C10C40  Petroleum Hydrocarbons C10 - C40 TRG ¥ N 20
P71 NA Initial __ C10-C12 _ Petroleum Hydrocarbons C10—C12 TRG ¥ N 20
. . . P71 NA Initial | €12-C16 | Petroleum Hydrocarbons 12— C16 TRG ¥ N 20
. I n O rl I I a t I O n S a rI n a I I I O n I I | u t I e P71 NA Initial  C16-C21  Petroleum Hydrocarbons C16 - C21 TRG ¥ N 20
Pz2 NA Initial ~ €21-C35  Petroleum Hydrocarbons C21-C35 TRG ¥ N 20
P22 NA Initial ~ €35-C40  Petroleum Hydrocarbons 35 - C40 TRG ¥ N 20
Pz2 NA Initial ~ 71-43-2 Benzene TRG ¥ N 0.1
S t a e O e rs P22 NA Initial ~ 108-88-3 Toluene TRG ¥ N 0.1
P22 NA Initial ~ 100-41-4 Ethyl Benzene TRG ¥ N 0.1
Pz2 NA Initial  179601-23-1 m,p-xylene TRG ¥ N 0.1
P22 NA Initial ~ 95-47-6 ortho-xylene TRG ¥ N 0.1
P22 NA Initial ~ 98-82-8 Cumene TRG ¥ N 0.1
P22 NA Initial 622-96-8 4-Ethyltoluene TRG ¥ N 0.1
P22 NA Initial  108-67-8 1,3,5-Trimethylbenzene TRG ¥ N 0.1
P22 NA Initial  611-14-3 1-Methyl-2-ethylbenzene TRG ¥ N 0.1
R A M B L L P22 NA Initial  95-63-6 1,2,4-Trimethylbenzene TRG ¥ N 0.1
P22 NA Initial ~ 95-50-1 1,2-Dichlorobenzene 0.59 TRG ¥ ¥ 0.1



CONTEXT - PROJECT AND CLIENT NEEDS, CONTINUED

e Standardization of deliverables to achieve:

e accuracy
o efficiency
e reproducibility

e comparability

o Compatibility of data model with numerous modeling, mapping, and calculation

software (i.e., GIS, Logs, 2D/3D visualization, etc.)

e Development of conceptual site models incorporating all relevant data

RAMBGLL o Geovariances



DATA MANAGEMENT
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EQuIS (Environmental Quality Information System) is
DATA MANAG E M E NT M O D E L EarthSoft's software package, widely used in the US for

WHY EQUIS? environmental data storage and analysis.
Inputs Outputs
GRAPHS,
FIELD s CHARTS,
DATA TABLES,
REPORTS
CHEMISTRY Database N FIGURES,
DATA BORING LOGS
EQuIS
MODELING
RD ’
B, ———— > CALCULATIONS,
ANALYSES
Secured server
Data check

Data storage and queries
Control of field documentation



DATA MANAGEMENT WORKFLOW IMPLEMENTATION

Data
management
Data integrity anl?':;;asis

validation Reporting data in

figures, graphs,

Lab tables
analysis
Archiving and
Sample Database maintaining data
collection

Data Collection and

Storage Continuous

Planning and improvements

preparation

Data always there!

A dedicated Data Management team to support projects




DATA MANAGEMENT - ADDED VALUE

Data providers R
e Field Teams - N
QA/QC data analysts
e Laboratories _
» o Data Validators
e Topographers o
e Database Administrator
e Project Manager \ -
e (Client
\ /
(“ L'j = EQuIS Professional 6.5.2 (x86)

Home | GIS Modeling Logs & Diagrams

Statistics & Assessment CAD DOM Government Exports Misc. Exports

B @ ol 8 B o

EDP  EQuIS Action Groups Active Favorites
Facility Levels Reports
Import Edit

= F b e

Reference Data Views Reports Forms @ Lithology Isopleth Vertical SPM
Tables Tables Profile

Open Tools

_ EQuIS for gINT | Groups |

| NEW'HXEE * >

Table/Form View - Add/Remove Members -~ | [T Show Groups for All Facilities 5

= EQuIS for gINT
[ Groups & Logation
- Material

- Fadility
- Subfacility

Group Details I/Group Members]

Cndas Tunar

Added value

e Single place for secure storage
of all environmental data

Streamlined internal workflow
Assurance of data quality

Homogenization of exports

Greater sharing of data

Ease of further data analysis,
modeling, and calculations

Higher value deliverables to
fulfill client objectives
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DATA VISUALIZATION AND
PROCESSING
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Piézair- PZ897
RAMBOGLL tPact v
DATA VISUALIZATION
PROJET | REF. : FR Number | Project Ref
DATE DEBUT : 15/02/2013 14:40:00 DATE FIN :  15/02/2013 COoo (RGF93mj): X:Xcoord - ¥ :Ycoord
FOREUR : Forsur 1 ALTITUDE DU SOL {m NGF) : 7.99
TECHNIQUE; Carrotags - Carottier battu  15-CB NIVEAU DE LA NAPPE :
. . N . I . R YT VERIFIE PAR: XXX REMARGUES:  FID dans e ferage: 3 pgm
- doUPE o = =
e Visualization of the data is facilitated by ready-made links =7 1 =50 : s
g Cay 22 o |& 89 £ = e
h . d f h Eg o 2 E ! g DESCRIPTION §§ § % aé
TP 1o |2 § 52 | B =
to third party software, such as NMERTH AHER.
e Dalle béton et rembiais
e GIS, CAD, Google Earth, -
- bentonitque
{bentonite
i + ciment)
L & Di m f - =
e Logs iagrams software _ bl
e Modeling... _
1,0 Tube
FEHD
Customized t b ted f ther third t A
soft [ -
ware such as N—
1.5
s 511(1,4-2) 180215
o Kartotrak .
20 2 59
@ Testing_Only.mxd - ArcInfo - ArcMap - EQUIS for ArcGIS: Testing Only [FRTEST] Bentonite LIMONS argilo-sableux ocre. humide
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help B
RIQA Q3K D/« K- KO BLMAAR TR L
Deas 8 &-[157 X EEEED e . - (B, BT Help- | EQuIS Professional 6.5.2 (x86)
- | Georeferencing - - [1. Spatial Adjustment~| k
Snapping-[O[®B[O[F]_ ‘& - Page Text- _  Labeling~ & 4 @ <& i ¢ |Fast ~|_ : | Meodeling Logs & Diagrams Statistics & Assessment CAD Government Exports Misc. Exports
: X k511(2-3)_180215
Table Of Contents #x Tomlrers Gsas \
ECE e ¢ \
Layers =
Testing Only Locations (ECGISSQLI\EQUIS) W Add Facility e et
® <all other values> ¥ View Lithology - - - - - -
Type of Sampling Location Create Log N DIGGS Forms II Lite Geochemists Workbench NIRIS PetraSim QuickLog R-Project SAS STORET UCLs Visual Modflow
® Borehole Create Fence » Lao HE EH | == 49
FO‘_‘"”e @ Create 3D Features -
q;»s?n Gas S Export GMS T NIL BE EQuIS Professional 6.5.2 (x86)
@ Piezometer I -
=Tianche - BeissalEe) - H Modeli L & Di Statistics & A t G tE t: Misc. E rt:
) EQuS EZView 5 et H ome odeling 0gs iagrams atistics & Assessmen overnment Exports isc. Exports
@ @ World_Imagery Symbology » | %3 Waterlevel Query IR - T8
= Descriptive Statistics & Envirolnsite Spider Diagrams | Query and map analytical 3
Contours with Surfer & Piot Spider Di. I frmyeur Sout E
i3 Plot Spider Diagrams databace "
EarthSoft Applications  » | [ Other.. Query and map analytical . ArcMap  ArcScene Data Open Locations Contour Contour
EQUIS - % ﬁ . D] - Utilities L4 l ;esul: from your EQuIS Export Charts Cyllnders (XYZ) Cyllnders (XYZ)
. l;'] =] Opti atabase - - - -
- HPI'O"S oy ArcGIS Envirolnsite Google Earth - Locations | Google Earth - Analytical Results Google Earth - Water Levels
elp




DATA VISUALIZATION & PROCESSING:
Case study

 Former industrial site of 1.3 Ha

« Demolition materials left in place as backfill
« Used as a waste disposal

« Environmental issues

« Soils impacted with metals and organic
molecules

« Demolition waste

« Domestic & industrial waste

« Asbestos

Geostatistics — what for?

« Unclear delineation of backfill, waste, alluvial
materials and substratum

RAMBGLL volumes G Geovariances

« To Provide a good estimation of impacted



DATA VISUALIZATION & PROCESSING: KARTOTRAK

Data integration 2D or 3D Mapping of site
(i.e., auxiliary Interpolation contamination/
and/or chemical
qualitative pollution
information) mapping
Data Ioadln_g Source
and control in Delineation
Kartotrak EQuIS to Kartotrak workflow
Data export Secure solutions/Tools to support decision Preliminary
through making Remedial solutions
Kartotrak

template format

Value-Added Result

RAMBOLL



DATA VISUALIZATION & PROCESSING:

Use of Kartotrak for:

- Data handling and global visualization:

(mg/
kg (dm))

» Analytical and spatial statistics

« 2D/3D interpolation by kriging using
correlations with lithology, other substances

65888858858
g8 8

« Geostatistical simulations to provide volumes
estimation

« Spatial structure & distribution of
concentrations and associated uncertaintie

3D site geometry & geology building
« Topography (DEM, site layout, satellite/drone
imagery)

« Lithologic layers/boundaries (e.g. substratum)
« Water levels = According to our site knowledges, we fully use and affine
these analyzes to define excavation plans!
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DATA VISUALIZATION & PROCESSING:

Integration and analysis of auxiliary or
qualitative data

« Semi-quantitative field data: PID, XRF, etc.

* Qualitative (“"presence/absence”) data: odor,
color, waste, asbestos, etc.

[ Z E
3D view of the probability of the presence of waste o~

’ Proba

o T
Hh Samples: 572
Hininum: o.oo
0.é Hezdmum: 100 (4
Hean: 0.35
Std. Dew - 0 48 —
0s 0] I
Histogram of 0 LA : BN
frequencies of | 1m U A
presence/absence [ .} e
of waste | . :
o.e = 1§ i
st e e
01 _ 3
0 s -
. 0.5 1.0 o | T
RAMBOGLL — T : |
0 0,2 0,4 0,6 0,8 1

Dechets

Repartition of
waste with depth
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DATA VISUALIZATION & PROCESSING:

Data analysis, quality control and validation

« Use simple univariate and multivariate statistics and
exploratory analysis of all available information

« Characterize and model the spatial
structure/distribution of the main variables,
individually and among each others

= Better understanding of the site data: Inputs
for cost estimations

Nb Samples
Minimum
Maximum

Mean
Std. Dev. :

532
10.00
38000.00
1801.19

4434.65 1
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DATA VISUALIZATION & PROCESSING:
Building of Conceptual Site Model

« Site contamination mapping + integration and analysis of all available information: =
Contamination placed into the environmental context which strengthens the
overall understanding of the challenges

« Source zone delineation

« Remedial objectives thresholds definition

« Contaminated surfaces/volumes/masses
computation and categorization

 Residual concentrations/mass estimation

« Remedial strategy and engineering
solutions design

« Remedial works preparation with
anticipation of operational constraints

= Overall optimization of characterization and remediation @ ceooronces
costs



DATA VISUALIZATION & PROCESSING:

Bringing cost reductions

Geostatistical simulations opportunities!
« Uncertainty assessment of the contamination knowledge
= reliable estimation of the contamination risk Risk (probability) to leave in place potentially
] _ ] _ impacted soils vs. soil volumes to excavate
= Support, improve and secure technical & financial oo
decision-making process for remediation { dssss
. BB Gl Cheadiensienfercbos ennfeenfennfnenfonebonnGone denedhmndhoninen chnsfansfnnefonniesnfennfons deandens
0 & |85% of chanéés td Havé réhovéd
# | all impacted soils with the
| excavation of 100,000 m3
| S | To reach 95% would require
_®7ii] |excavating > x2 (235,000 m3)
i1 RRREREERRRREREARA SR AR AR RAL)
BTN T
1590 :
3D view of the probability that at least 1 pollutant /\ i _______________________
exceeds remediation threshold / 5% 1=
0 |t .

100,000 235,000 I4t;0,|nnlol |560,Ioolol -

Volume [m3]



DATA VISUALIZATION & PROCESSING:

Outcomes for the case study

« Delineation and estimation of soil volumes
impacted with the different types of
pollution

« Estimation of the impacted volume as a
function of the selected remediation
thresholds, incl. uncertainties

« Estimation of the impacted volumes for each
type of offsite waste disposal facilities:
pollution cocktail vs facility acceptance
thresholds

« Reduction by 259% of the uncertainties on
financial provisions (several M€)

RAMBOLL
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CONCLUSIONS
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CONCLUSIONS

Ramboll’s Data
Management Workflow
results in high
confidence in the data:

Powerful tools used by
Ramboll: successfully
manage very large and
complex sites

Data quality: validation
is assured at every
step

Ramboll’s Client Focus
Methodology develops
the best solutions:

« High quality data
management provides
the basis for a robust
analysis, management
plan, and remediation
implementation

Efficient
communication
through clear 2D/3D
visualization
components

Ramboll and
Geovariances’
partnership improved
the decision-making
process

« Site contamination
mapping + integration
and analysis of all
types of available
information

Geostatistical
simulations improved
technical and financial
decision making




OUR CONTACT DETAILS

AIX EN PROVENCE PARIS Office LYON Office BORDEAUX Office
(France Headquarters)

, _ Batiment Woopa, 5¢me 2, rue du Commandant
Immeuble Le Cézanne 52, rue Etienne Marcel étage Cousteau
155, rue Louis de Broglie = 75002 Paris 10 avenue des Canuts 33100 Bordeaux
13100 Aix-en-Provence 69120 Vaulx-en-Velin
T:044290 74 96 T:014271 1110

T:04726862 20 T:06 15 38 84 41

F:044290 7158 F:01427113 28 F:0472916611
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