. The Power of Data:

. Big Data to Dashboards (and Beyond),
_ A . making the most out of your data
2 investment

® © Presented by:
® O e Simon Gibbons, Technical Director (ERM)
- . - - ) Natasha Hausmann PhD, Senior Scientist (ERM)
. b - Brian Henry, Principal Consultant (ERM)

Guest Speaker:
» Johan De Fraye, Head of Environmental Affairs

o S S (Signify)

: October 11, 2018

© Copyright 2018 by ERM Worldwide Group Limited and/or its affiliates (ERM’). All Rights Reserved.
- No part of this work may be reproduced or transmitted in any form or by any means, without prior
- written permission of ERM.
el

The business of sustainability




Today’s Speakers

Simon Gibbons
Technical Director - ERM
simon.gibbons@erm.com

Natasha Hausmann, PhD
Senior Scientist - ERM
natasha.hausmann@erm.com

Brian Henry
Principal Consultant - ERM
brian.henry@erm.com

Johan De Fraye
Signify
Johan.de.fraye@signify.com

Www.erm.com The Power of Big Data



Health and Safety Moment: Insight through Visualization

m Spill modelling work has
identified practical H&S risks
for the workforce
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Data Management The Value of Data The Power of

Retrospective Management Dashboards

* Where did we come from? » Case Studies: Automated » The Value of Dashboards
* Where are we going? Reporting » Case Study: Use of
 How do we most cost » Case Study: Advanced Dashboards to facilitate
effectively link these Analytics change
together?
Speaker: Tasha Haussmann Guest Speaker: Johan De
Speaker: Simon Gibbons (ERM) Fraye (Signify)

(ERM) Speaker: Brian Henry (ERM)
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Data Management
Retrospective

Speaker: Simon Gibbons (ERM)



Technology Age

We're all living in the
infermation age. From
healtheare to
education, technology
has transformed our
lives, and the digital
revolution shows no
sign of slowing down

The IPhone Is launched
and smartphones usage
explodes

becomes
Broadband is lzble to
introduced to the fumers
UK, providing
much faster
internet access

First mobile phone
launched, costing

~%4,000. A 10-hour
charge provides 30

minutes use
The transi

data trang
underpin 4

194

* Commerci
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Moving on from the 1990’s
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Soft-At Dichonary and Program: Copynght € 1384-1992
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The Role of Data and the Data Manager

Data waster Data collector Aspiring data manager Strategic data manager

Collects data but severely Collects data but do not Understands value of data and Has well-defined data-management

underuse them consistently maximize their value marshals resources to take strategies that focus on collecting and
better advantage analyzing the most valuable data

. = | '_' :
[T : —
| mm ] | il
(annoinan '

(0monnd
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Digital Maturity — a Corporate View

The benefits from working in a maturing company...

Digital Maturity Level 1 Digital Maturity Level 2 Digital Maturity Level 3 Digital Maturity Level 4
Moving from Analog Making the Digital Leap Integrating on Digital Into Data Mining
L1 Characteristics L2 Characteristics L3 Characteristics L4 Characteristics
= |solated Data Sets = Digital Data Collection = Connecting Business Data = Predictive Analytics
* Pen & Paper - Excel = Single Source Of Truth Sources = Machine Learning For Data
= Bespoke Reports = Speed Up Decision Making = Data Insights Leading To Analysis
= Reports On Hard Copies/Hard Process (Real Time) Optimization = Automated Decision Making
Drives = Consistent And Efficient = Better Visualization (3D) -
= Lack Of Transparency Reporting Sta_‘k_ehOIderS. _ _ To Artificial Intelligence,
= Efficient Decision Making Process Virtual Reality And Beyond
INCONSISTENT AND RELIABLE AND INTEGRATED AND FORWARD-LOOKING AND
INEFFICIENT EFFICIENT INSIGHTFUL PROGRESSIVE

Www.erm.com The Power of Big Data 10



Role of a Strong

Digital Foundation

Security

Acquisition Landing / Serving Processing Presentation Device |
Storage
T ur Data Science [specialists
can leverage our Digital r'
The data can e sy o oo | | [

refreshed over tine to ° —}

Data can either be provide continuef between data sets Analysis Service

Batch uploaded, insight 0

Streamed or i

incorporated in tojan SQL Data

application Warehouse —

re
Machine
=% B tomis |
Fee Data Factory
Power Bl [
Azure SQL database g:ﬂ:::
Al of our data is &y i
Mendi
Mendix consolidated in tp a e
managed and sdcure
u ERM Data Lake
Security .-
s Operating Systems Enterprise Mobility and

ERM Digital Foundation

Qur clients can view
their reports through
intelligent and
interactive dashboards

3

Our consultants can
interpret the outputs to
provide further valuable
insight
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An Example Data Workflow — ERM Nexus

Field Field Data Data
Planning "» Collection "* I\/Ianagement||

» Data
Assessment

Em

Soil Sampling wwwww - S VA = I - = &

| E e = _ .

—=" earths@ft

o - ’r__ [~ .
= & esri
ArcGIS Online

earthsgft

Data
"» Reporting

Story Map

gArcGIS'

m Power Bl

R | £7 ™ . { E = casd .II R
" ALY i e | TN z
: & WAL ST Indoor Air :
| Sampling I I -
I ® | PowerApps g icrosof Df.
00’ PP : s w|)] Power BI
. Office | « Field > | Office
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What Should We Ask Ourselves?

McKinsey’s C-Suite Questions... Digital = Data

Where is the value
for my company,
and how can we

maximize it?

How will digital
disrupt my
industry in the
next 5-10 years?
What new
ecosystems will
emerge?

What should we
pilot now to start
capturing this
value?

How close is the
revolution to our
factory doors?
Where should |
make investments
in infrastructure,
cybersecurity, and
partnerships?

What new
capabilities, skills,
and mind-sets will

we need in our
organization? How
will we identify,
recruit, and retain
the right new
talent?

www.erm.com

The Power of Big Data
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The Value of Data
Management

Speaker: Tasha Hausmann (ERM)




Automation and data analytics reduce reporting
burden [ T —

Reference Model 3 Reference Model 2 Reference Model 1

Test 2b: Camparison between monitoredand
es are

Test 2c: Compari @
referenc mmon slopes are fi reference sites when separate slopes and intercepts
orwhen

Challenge:
m 200 custom regulatory reports

Conclusion: There is Conclusion: The .
o adifference ers mean value of the of the reference sites
einthe betweenthe not
. ear e e absolute level of the an changed aver time. ¥ Pic® C Brv=Piw
variablein the ite, e and [, f = Bow
m Must be completed annually with 4-6 weeks to complete a e
andthe reference thereference sites i least one /=1, 2 and two reference sites
sites over time. overtime. eachsite achsite.

analyses and reports

Approach:

®m Leverage R and Rstudio to create a reporting template that e e

could be automated T
Benefits: iR ==
®m 65% reduction in annual statistical analysis and reporting costs 1

and 50% reduction in report production costs. LT

Year
. V r I I I r V n I n h I I n r | I n Note: The yearly observed mean for lakes durng basefine years are represented by symbols only. For lakes during monitored
l I l I I l I I y y yearly ] ¥ ep ¥ 5y ¥ ng
years, the yearly observed mean is shown by symbols, and the mean and 95% confidence interval estimated by model fitting is
reprasented by curved horizontal lines and verical bars respectively

t|me|ineSS Of reportlng. 0.0.0.7 Minimum Detectable Differences

The estimated minimum detectable difierence in mean ph for each monitored lake in 2017, Reference lakes are shown for

comparison.
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Leveraging data means modernizing work flows and processes

Manual data work flows are error prone

- I

Field
samples

-

EDD /
Report

Move toward an Integrated Data Practice

ANALYSIS

Data queries
Statistical analysis

Visualization
GIS

Graphics
Modeling

DATABASE

Long-term Data

Storage

Transferable database
Information sharing

Reporting

Reports
Exceedances
Regulatory Comparisons

www.erm.com
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Establishing an insights road map for Power Clients
Begin with the end in mind

Client Challenge:

Program priorities
Establish a groundwater monitoring program for all coal ash
landfills and impoundments

Recommendations

Data analytics

m Establish a compliant yet flexible decision framework and
implement these with the right digital tools

® Employ data analytics at key strategic decision points

m Carefully consider regulatory timeline and program phases :
Data-Driven

Decision making

Www.erm.com The Power of Big Data 17



ontrolled, Web-based Access to Database

Real-time data views

hizen.demers

earthsﬁft EQuIS Enterprise : vé.

thoft. Inc

Go

Dashboard #C X 4 8] DASHBOARDS

ADDWIDGET gicon

SITE INFORMATION

@ (£)Basemap Searct | ]
-
Locations Status File Name Date ¥  Fadility
AABOT54-EIA EFWEDD.zip 3/15/2017 10:48:00 AM
Q09
<<| < n > > Gotopage: Rows per page: Showing 1-1 of 1
9 ra
Eo BRIP4
’ Notices for cathleen.demers LS Refresh [ Delese }
‘ e e iy 2
3/15/2017 =
Eal] Data loaded into EQuIS database o
10:50:00 AM Q
3/15/2017
+ EDD File AABO154-EIA. EFWEDD.zip Accepted =
10:49:00 AM P Accep
117/2017 - H
+ EQuIS Enterprise User Created o
sazo0aM T2 P
@, ZOOM IN S ZOOMOUT @ FULLEXTENT @ PREV @ NEXT & PAN SELECT  CANCEL
4 r
EVENT REPORTING
7] c ra o ra
I # 2|C 11 X%
The EventReporting  Table' widget contains the 'Summeary of Analytical Data' report for Event 1. Clicking an the "XSLX' The Tables 1 and 2 widget contains the Analytical Summary Tables for Event 1. Clicking on the " XSLX' The Exceedance Table' widget contains the Exceedance Tables for Event 1. Clicking on the " %SLX’ icon on the Download bar
ican on the Download bar will run this report and deliver to your browser in excel formatTo select a different Event, click on ican on the Download bar will run this report and deliver to your browser in excel formatTo selecta will run s report and deliver to your browser in excel formarTo select a different Event, dlick on the 'View/Edit Criteria’ link .
the "View/Edit Criteria’ link and locate the Task(s):' criteria. Expand the Task list, and select a single Event for reporting. Use lifferent Event, dlick on the View/Edit Criteria’ link and locate the Task(s):" criteria. Expand the Task list, and locate the Task(s): criteria. Expand the Task list, and select a single Event for reporting. Use control click to de-select if A to m ate d re 0 rt I n /
control click to de-select if multiple Events are selected. Click on the "*** icon on the download bar at the bottom of the and select a single Event for reporting. Use control click o de-select if multiple Events are selected. Click multiple Events are selected. Click on the **** icon on the download bar at the botrom of the widges to run the report. Note u
widget to run the report. Note that sl otner criteria, including location and analyte groups are pre-selecred and snould not o the "+*# icon on the download bar at the bottom of the widget to run the report. Note that all other that 5 other criteria, including location and snalyte groups are pre-selected and snould not be changed
be changed. Tne report uses an excel template to deliver & final formatted report for review. criteria, including location and znalyte groups are pre-selected and should not be changed.

screening against UPLS

| %2
Event Table Event Web Table @

@ Last Download: 2017-03-29 3:51:24 PM @ Last Download. 2017-03-29 4:05:04 PM . €
Run Time: 5.7 seconds RunTime: 6.0 seconds File Size: 14.72 KB

i IR e el e K Tt

Event Reporting - Exceedance
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Automated Analysis and Reporting
for Compliance Testing

® R Markdown reports executes decision framework

®m Auto-population of tables, figures and text

m Comparisons to regulatory limits (UCLs, UTLs, and UPLS)

10.0

5.0 —

2 20

E

,E 10

4=

E 05
0z
01

Boxplots of Downgradient Wells
Unit: Grand Tower

Analyte: Boron

ME NZ

Lines

|EPA Clzss | GWPE
4]

Birapes
§ Detect
77 MonDebect

S5t Bymbols
ME = Not Siorificant
" = Bignificant, p=0.05

" w Bignfcant, p=0.01
** w Signiicant, p<0.004

Establishment of
background dataset

Data Description:
Descriptive Statistics

l

Outlier Testing' in Background Dataset
Data points that are both a visual and statistical outliers
are flzgped and excluded from subsequent analysis

Time series and Trend Testing® in Background dataset:

Time series plots are penerated and Mann Kendall Trend

tests performed fvur upgradient wells

De-trend data:
Linear trends are
detacted

Mo action:
Mo trends detected

D:—s:samﬂnllae data’-
Seasonal trends
detected

Establishing

/| //

background

Method differs based on data dlsl:rlhutlun and minimum

concentrations
(uTL]

data requirements

Selecting GWPS™:
Maximum walue of sither |llinoes EPA GWPS or UTL

.'l_.

Comipliance testing
of downgradient

Compars GWFPS to Downgradient Wells:
Using one-sided Wiloowon Ranked Sum test with 95%

confidence

wells r

g

Duwnﬁr:diznt

well is in compliance

SN

3 (.

Grand Tower_-F1_OutlierPlot_2018-04-24 pdf
Grand Tower_-F2_Timesenes_Upgradient_2018-04-24, pdf
Grand Tower_-F3_Boxplots_Screeming_2018-06-21.pdf

;| Grand Tower-Analysis_2018-06-21 xlsx
5 GWME_GrandTower_20180621.docx

www.erm.com

The Power of Big Data

19




Dynamic Reports

Reproducible Text
d O C u m en tS W I t h the mnitial dataset. The tables that follow show the number of detected results in the datasets
ap p eal i n g fi g u res an d Ta,b | eS for each NMDS run. Note that which analytes and samples are included in these datasets 1s

based on pre-defined completeness criteria for each sample and analyte.
formatted tables

‘ I DRAFT: PRIVILEGED AND CONFIDENTIAL, || Tl

Tables 49 and 50 show the number of results and proportion of results in

| NMDS Data Gaps

Groap. 1 Aluminum  Arsenic  Beryllium Cadmium  Chromium  Copper  Lead  Mercury  Nickel  Total PCBs  Fine

I: UOP Soil 8 8 8 B 20 B 1] -] ] P
I g u r eS A E Rutherford i 1m 170 En) 380 430 530 650 ¥ 1y 390
UPIC 12 42 42 42 42 42 42 86 42 B 42
UBC 300 300 300 300 200 oo 300 500 300 4D 200
MBC am am am Erii) 450 am 3 GG ¥ 650 370

Code in R studio Bec B m m  m m m m w w  im ®

=1
K Project: Nene) + oo
) o R S irna e i A B \ (attats w | DY Dutac 2 | ? = - n &
s —
prmat = | T CompileFOF  « T o Fynge B 5 gl
o £ [ ] *
: ¢ Document TeXt < O
: \begin{document ] s [-] h & [
5 ‘paragraph{mos analysis) T = ’V' e —_—
& some of the WDS models failed to converge meaning that they did not find sultiple best solutions that had §
similar results. For these sodels, a three dimensional solution was tried to see 1f comvergence could be 13 &
achived. 1f the model failed to converge with both two and three dimensional solutions, the best resulr was (5]
reported. The stress of the model i3 also reported, Generally, a stress less than 0.1 15 considered an 1
excellent model fit. Stress values bevween 0.1 and 0.2 are considered good model fits, and higher stress T !
values fndicate that a different model solution shou considered. = o
T T T
]
g TG warning FALSE, echo = EA fig.w 15=30 em Lo NTCRA (-Slemn
10+ #HIDALAGEP) amsmenman —snaesne — - St t t I d
a a IS |ca CO &
12 #Total ms of re
11 print(xtablelaggreg deo[ ,nmdscocs], 1ist( wideusda(a ‘IacJ f
14 inctionx) signif(sum( is.na(x)
15 caption = “Full Dataset: number of results ror each analyte”,
16 label="Nall.wide0™, auto = TRUE) o
17 include. rownames FALSE, scale o7 8 $ 2
n
1 ? Z 2 3 - .
20 prim: xtab‘ieragqfegau-mdeof nmdscocs], 1istiwidedidara_loc2}, E o : E
2 Funcrion(x) signifisumi'is.na(x)) length(x), 2) = Ss 4 ' =
22 caption - “Full Dataset: proportion of results with values for each analyre”, B - h B
3 Tabel-"praog. datacap. wide0™, auto - TRUE), T e ! 2 =
24 include, rownames = FALSE, scale = L7} ® & - o = 3
L - - )
m
g : |
\paragraph{Mos analysis) L L Ll
some of the nvps models failed to converge meaning that they did not find multiple best solutions that had '
similar results. For these models, a three dimensional solution was tried to see if convergence could be z 4 s !
achived. If the model fafled to converge with both two and three dimensional solutions, the best result was = o —
reported. The stress of the model is reported.  Generally, a stress less than 0.1 1s considered an T T T T T T T T
excellent model fit. Stress values bel m 0.1 and 0.2 are considered good model fits, and higher stress
values indicate that a different model solurion should be considered. Wi Sem Of-ifem  -3em M-Hlem  Slvem e om
35 source(file. path(codenir, "y_sdsmodelfcn.r"))
36
37 -
38 #50IL & SEOT
39 output udsmdelf(n soilsed. vﬂde o -whichicolnames (soilsed wide) %irns grp.columnsy])

40 soflseddDS_result = output|
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Benefits of integrated, statistically-driven process

Flipping of the 80:20 Ratio

Program priorities

Preliminary

analyses

Data-Driven
Decision making

80% Effort spent 20%

Data prep and analysis

Interpretation and strategy

Increased value for CCR clients
M Compliance with CCR rule

Data-driven, objective decision making
Consistency across client sites

Shift to proactive from reactive analysis
Improved communication and access to data

Increased data security and quality

N N NNN

Effectively manage liabilities

Www.erm.com The Power of Big Data
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Advanced Data Analytics Reduce Cleanup Liability ogna

Reduced
cleanup // 7
. /' /
Challenge: . footprint_ s ;./ ae
Background concentrations were not captured in the concentration limits ~ §
for the site leading to an expansive plume for remediation. _
Approach: Nz
® Engaged multiple subject matter experts to develop multiple lines of RMDS Plot for Metals & Water Quality Parameters
eVIdence Grouped By Background

m Used advanced statistical techniques (chemical fingerprinting).

Outcome:

m Data-based decision making reduced bedrock impacts from 77 acres to
less than 2, leading to $30MM in remediation cost avoidance.

Axis 2

-0.2
|

m Techniques have been applied on other projects that require source
differentiation and alternate source demonstration.

-0.4
1

©
=

Client saved $30MM on remediation costs with a $60k investment in data analytiCs | s s ——————
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The Power of Dashboards
Part 1

Speaker: Johan De Fraye (Signify)



YTD spend in M EUR

c QO = = > C = o o +H > O
=3 2E&T=2=280 28
—Target 2018 (Oct 17 FCST))
== Ju| FCST (cum)
Field Health & Safety
KPIs YTD Target
Field hours suppliers XX, XXX NA
# near misses vy NA
# incidents w 0
Field walkthroughs t Rr

Milestones planned vs actual

Environmental Affairs Dashboard
August 2018

YTD Value Add

M EUR Main contributions
Avoided J.j|Site x, y, z
Releases k.K|Site a,b, c

Major Risks & Issues

Risk or Issue

Impact

Site m: VI inside newly-built
school

Need for engineering
measures

Top 10 sites
60
50
40
30
20
o ol
i |
C o5 5 >c 35 9ag 2 9
SP=s<E235228028
mplan YTD mactuals ITM
Comments
Description

Site n: off-site impact and
exposure; more restrictive
legislation

Fine and financial
compensation; costly
countermeasures

Cumulative spend in July was EUR yy mil, EUR x mil
below the latest forecast. We all need to work on more
accurate forecasting.

Site p: longer than expected
redevelopment; possible
additional costs for asbestos

Increase in long term
costs; reputation

Milestone compliance dropped further to uu%, in
proportional relationship with the spend slow down.

Site s: agency not accepting

Site w: Kick-off for decommissioning was conducted with
all stakeholders.

remedial closure

Additional
investigations; no sale
of site

Site d: Agency meeting went well and we can now start
working on remedial feasibility study.

Site q: bankruptcy of owner

Potential
apportionment of
remaining liability

Sustainability

KPI Actual
Remediated sites 2 3
receiving green label
Sites sold for beneficial 2 2
reuse

YTD Financial movements

%

Movements 2018 YTD Aug in Mio €
s0il & gw + building related environm.

=
Dec-17 Additions Releases Usage Financial Aug-18
elements

Spotlight on

"Passion for results": Name-surname was
able to successfully conclude negotiations
with the yyy agency, to take an alternative
approach to the deep impacted aquifer at
site b. This led to a release of EUR nn mil.

’ www.erm.com
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4 B

B= data pine ANALYZE DASHBOARD ~ REPORT

The Power of Dashboards
Part 2

Speaker: Brian Henry (ERM)



Make Your Data more Accessible

Event Heat Map - Incidents & Near-Miss

Arctic Ocean

Decomposition of additive time series Decomposition of additive time series

PV Y BN
Lol ol

Vo e b
Seasonal plot: North_America

2015 0 1530 50 YRO 6O
| T I I S ey s I I A |
randorseasonal trend observed

o

Seasonal plot: Asia_Pacific
100~

<10 10 <10 10 30 60 &0 20 &8O 140

2500 miles. 5000 km
— —

randormseasonal trend observed

-10

@ 2017 Microsoft Carporation

year year

75- — 2011 - 2011
— 2012 1001 — 2012
— 2013 — 2013
— 2014 — 2014

50~
— 2015 — 2015 -
i 2016 il 2016 s o ———..

50~ e
- o o —
o7 2017 s -
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec
Month Manth

Statistical Analysis (Snapshot) Converting to a Visual



Data...Knowledge...Insight

Safety Maturity Dashboard

Business Units

Place of Work

(Blank)

Both

In the Field
In the Office

Departments

(Blank)

Administration

Commercial and Procurement
Finance

HR

Maintenance and Engineering
Mines

Occupational HSE

Others

Planning

Power Plant

Production

Projects

Quality Assurance

Security

Total Responses Business Units Employee Grade Distribution
20%
8134 16387
10%
22123 1 ﬁ
0 24581 o
o) ’ P o N N R VAT T I AR N
7604 &
Age Distribution Work Experience Participation by Business Unit
45-49 68% — [ «200.3% — «110.5% VA-L 29013.8%) — ;—BA  1038(137%)
40-64 6.5% —, 6-10347% — VA-J 1420 (18.7%)
o 20-2417.3% . A~ M8.7%) —,
o 220 8
35-39 — G669 (8.8%)
12.1% Y
1200.2%)
—1-20 PL 63 10.8%) —
19.0% lite
515 (6.8%)
S L1778123.4%)
3034 25.9% — S 25-29229%
| 895 (11.8%) —
1-5271% — MAL 11005 —/ L M s9417.8%)

10.A serious incident could occur at my workplace / site.

® Agree 100%

@ Disagree 80%

@Strongly Agres
60%

@ Strongly Disagree 47%
40%

2%

0%

21%

25.Inspection and maintenance of equipment / infrastructure are a high priority to the company and we have ..
@ Agree 100%
® Disagree 80%
®sto ngly Agree 6282%

60%
@ 5Strongly Disagres

o 26.94%

o 8.00%

225%
0%

www.erm.com
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Virtuous Cycle of Analytics

Improvement
Information

Programs

Data Insight

Visualization

Data Acquisition Knowledge

Www.erm.com The Power of Big Data



Data Curation — Art and Science

Data Profiling

» Uncover data defects with data archeology — analyze the data for correctness,
completeness, uniqueness, consistency and “sanity”

Data Cleansing

« After profiling is complete focus on cleaning the critical and important areas —
need to prioritize effort

Data Quality Safeguards

» Establish logic, programming, checks to prevent future “dirty data”

Data Quality Standards and Training

» Establish governance process, data stewards and develop training to drive these
standards and guidelines across the enterprise

www.erm.com
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Improving Data Quality — The Journey

Discovery by Accident

Limited Data Analysis

Addressing Root Causes
Proactive Prevention
Optimization

Inadequate Data Quality (DQ) Process

Data Profiling; Cleansing

DQ Safeguards; Training

Enterprise DQ Standards and Guidelines

Continuous DQ Improvement Process

www.erm.com
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Start Wit Well-Defined Busi P
Information Collection, Analysis and Reporting Workflow
Phase
ALL SITES
g‘ e Review Available
U ldentify and Setup Database, Information
:‘!-"; M':;‘:S:;:mt > Prioritize Sites [ (DavelopDMP finalize workflow B (e.g., Aerlal Photos,
h B Existing Data)
c
‘s 1
= I
m
o
INDIVIDUAL OR GROUPS OF SITES
~ | Sample Planning/ |
e & coordination l
w .0 | —
(= o Conduct Field A N Capture Field Data
% é‘t Sampling {pheta, survey, etc)
e IE} I
oo + G
EE _; Laboratory
E ] Analysis
A = T
| I |
£ 3
Tg = Completeness Check - Quality Assessrment Processes -
g
o Y
m Qo
"l-'g' i Finalize Data
o2
w1
g & v
5 8 Visualize and Report Management and
perd g ‘E Analysis Gita Dashboards, exports—» Anabysis
R
g E
c [=]
£ L]
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Process Data Flow + Technology = Insight

www.erm.com

DATA INPUTS
B )
ilh | Documents
[ Reports ]
>
[ Facility Reviews ]
[ Management Plans ]
\_ 4
iy :
Field Data
[ Photographs ]
[ Fieldwork Data ] 9
[ Lab Data ]
. ~/
% I
GIS Data
' Aerial Photos ]
Historic Maps ]
Infrastructure data ] 9
: Environmental data ]
Social data ] |
-/

S

7 |

Data Capture and Consolidation

DATA MANAGEMENT
PLATFORM

CPI Systems

Incorporate Relevant Data

(incident, documents, H&S etc.)

|

v

Enterprise Systems

SharePoint ’

ljil_ﬁ

EQuIS

ArcGIS

Primavera

N

(" )
Reporting and
ArcGIS Business
Intelligence
S Analysis Tools )

[ Maps, Documents, Reports, Dashboards J

DATA OUTPUTS @

Dashboards
Document Access

Trend Analysis on Time
Series Data

Visually Present Multiple

Datasets

33



People, Process and Technology — what does your
virtuous cycle look like?

Scope: Map out HSE processes and highlight common activities, measuring number of
systems and communications for current state.

Identify & Validate
Activity Approach __Requirements

AUD-02 | AwD-03

AuD-8

Refine Process Workflows and High-Level Process

Elicit Business
Steps

Workflows ppna; s

Validate Functional and Technical Requirements dentify Key

Integration Points

Identify and Document Key Integration Points

Stakeholder WIIFM's - Interactive, Drillable, Dashboards

and Reports
Iterate

Stakeholder WIIFM’s

Ensure Access to Historical Data — Context Matters = .
= Interactive Dashboards

e [y

Digest Learnings; Iterate En.sure.access to -
Historical Data

www.erm.com
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Digital Maturity Model

Increasing

Data Quality is

High core to making R Self Learning, Knowledge

- A this Ba-tssed,.Autonomous .System
E (]C-> 8 transformation . Art|f|C|a| Intelhgence
@) 2 o
< o 3 a SUCCESS : Structured and Unstructured Data,
7 g Predictive, Recommendation System
)
£ —
»
S o
@ 2
3 29 Data Science
_S % § Data Visualisation, Structured Data,
= g a Rules Based System
c
=k Process Automation
-
D > 0
- g 5 System of disparate Data Stores PRTTR.
” > S [ ystem of disparate Data Sto Digitization ]
o) el
S
a Spreadsheets, Database, | EHS Systems, workflows, Cloud, Big Data, Mobile, IOT, Drones, Robots, Augmented

] disconnected data store | integrations, GIS, Historians | APIls, Micro-services Reality, Virtual Reality,

ow

< » High

Technology Adoption & Data Leverage

Www.erm.com The Power of Big Data



=
o
=
79}
=
o
ks
=
Q)
c
S
£
0p]
O
X
©
Q
Q
0p]




Wrap-up

=

ok

Individual and organisational maturity

What are the problem statements and/or

hypotheses requiring testing?

Don’t under-estimate the value in good data

management
Big data # Big reports
Data is a journey

=
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Water Sampling Overview
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Questions?

#6 to unmute to ask a question

=

Participan

Click to
chat

ts Chat
Chat =

]

Type your question
and send

All participants will receive a follow-
up email with a link to this
presentation recording next week.

Thank you for attending
today’s session!

www.erm.com

The Power of Big Data
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Remediation Roundtables

Chicago Houston
10/18 — 10/19 10/25 - 10/26

Speakers:

Andy Huggins, ERM
David Robbins, ERM
Katrina Patterson, ERM
Jeff Bauguss, ERM
Mitch Zimmerman, ERM
David Angle, ERM
John Kuhn, ERM
David DeCourcey-Bower,
=Y
Jaydeep Parikh, ERM
David Tsao, ITRC
Myna Letlow, BHGE

Speakers:

Andy Huggins, ERM
Denice Nelson, ERM
Nadine Weinberg, ERM
Brett Whittleton, AkzoNobel
Stephan Evanoff, Danaher
David Fischer, American
Chemistry Council
David Tsao, ITRC

Sao Paulo
11/1

Speakers:
Andy Huggins, ERM
Paulo Santos, ERM

Michael Kohnke, Shell

Global Solutions
Antonio Chaves, Umicore
Leticia Monterio, Bayer
Rodrigo Silveira, Tupy
Fundicbes
Bianca Antacli, TozziniFreire
Advogados

More information: https://www.erm.com/en/news-events/event-registration/erm-global-remediation-management-roundtable-in-chicago/

Www.erm.com The Power of Big Data

39



Thank you

The business of sustainability

Simon Gibbons
Technical Director

UK & Northern Europe
simon.gibbons@erm.com
+44 7557 540 526
Bristol, UK

Andrew Huggins

Partner:

Mid Atlantic
andrew.huggins@erm.com
+1 (609) 403-7512

Ewing, USA
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