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Seveso & REACH legislation in force for over 10 years,
still their focus area is very much alive these days
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Likely result:

* More substances to be identified
as having endocrine disrupting
properties

e Speeding up the existing REACH
processes

Likely consequence:

e more restrictive measures for
substances with long term effects
on humans and/or the environment
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Industrial Safety focus areas within RHDHV
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Todays moderators

Jean-Marc Abbing

m Training: Geology, Environmental Sciences, Industrial Hygiene
m Experience: 30 years, mainly in consultancy

m Current role: Sr consultant EHS management

m Focus area: Chemicals based industry (manufacturing and downstream users)
m Languages: NL, EN, FR

Nico Mulder

m Training: Chemical Engineering, HSE management

m Experience: 30 years, mainly in industry

m Current role: Sr consultant process safety management

m Focus area: Chemical and (bio-)pharmaceutical industry

m Languages: NL, EN, FR
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Common grounds, separate domains?

Mest
effective

Hierarchy of Controls -
Elimination —Ifﬁe’ﬁi‘;’gi’d’“"" Focus area of both REACH and SEVESO legislation:

Replace
the hazard =  Protect workers, public and the environment from

exposure to harmful substances by taking measures
at the source (i.e. at the processing installations)

Substltution T
|ﬂ. gineering
% bttt/ .
Administrative SN
Controls
Least i

effective

Isolate people
from the hazard

Change the way
people work

| Protect the worker with
Personal Protective Equipment

Ref: The National Institute for Occupational ) ) L
Safety and Health (NIOSH) Still they seem to be separate domains/disciplines:

* REACH -> Toxicology, environment, occupational safety

e SEVESO - Process safety management, technical safety

5  SEVESO versus REACH: "two faces of the same coin” Royal HaskoningDHV


https://www.cdc.gov/niosh/index.htm

Focus of this webinar

Brainstorming on the implications for Process Safety
of the REACH phase out approach for
Substances of Very High Concern

£ ‘




Agenda

UREACH essentials: approach for risk reduction of SVHC

1 Reach & CLP CICLP essentials
UReach & CLP = 3 main categories of substances

LISEVESO essentials: prevention and mitigation
2 SEVESO and Process UProcess safety in practice

Safety Management QORisk management approach: onion model and BowTie model

UCompare classifications
3 R.EACH and SEVESO: UExample of substances that may in near future be classed as SVHC
o[ RO ET S O case study of substance already phased out: timelines then and now

4 To what extent will Qinherent safety: Process safety versus SVHC Control
Reach & CLP influence UOptions for Inherently Safer Design in CAPEX projects
UDiscussion

process safety?
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REACH & CLP essentials

REACH = Registration, Evaluation, Authorisation
and Restriction of Chemicals

CLP = Classification, Labeling and Packaging
of dangerous substances

$ |
"2




BEEE” S
REACH: Goals and tools

WHAT: Regulation (EC) No 1907/2006
= European regulation, effective since 2007 European Union regulation
= Phased approach (registration deadlines in 2010, 2013, 2018)
WHY: , _
Title Regulation concerning the
m Safe use of all substances iegjsfra“;m' Evz"{:“i“; ot
= Reduce (possibly phase out) the use of the most dangerous substances Chemicals (REAGH), estabiishing
(identified as the “so called” Substances of Very High Concern - SVHC) fEECL::F;ea” SR
L] In novati on Made by European Parliament and Council
Made under  Art. 95 (EC)
Journal L396, 30.12.2006, pp. 1-849g7
HOW reference
= Safe use of all substances => REGISTRATION DOSSIERS e e
= Reduce (of the SVHC) => RESTRICTION and AUTHORIZATION of SVHC gameinto 1 June 2007

m Innovation as result of substitution efforts

WHO
= Industry and European Chemicals Agency (ECHA, Helsinki)
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CLP: goals and tools

WHAT: Regulation (EC) No 1272/2008
. . - European Union regulation
= European regulation, effective since 2007 S
= Fully implemented now
WHY:.
. ) . ) Title Regulation on classification,
= Reduce differences between chemical substances hazard classification abellng and packaging o
and the transport C|aSSIflcatIOn amending and repealing I,:)irectives
. . 67/548/EEC and 1999/45/EC, and
| GIObaI Harmonlsatlon Of hazard C|aSSGS amending Regulation (EC) No
1907/2006
Made by European Parliament and Council
H OW Made under  Art. 95 (EC)
o ) ) ) o Journal 1353, 31.12.2008, pp. 1-1355&
m Hazard classification based on physical/chemical & toxicity data reference
. . History
(enVIronment and human) . Date made 16 December 2008
(in dossier REACH registration) Camelnto 20 January 2009
force

POLPOOOOO®
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Hazard symbols

- OO S
- SO
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Hazard classes CLP and REACH:
SVHC (long term effects)

PHYSICAL HEALTH ENVIRONMENT

* Explosives * Acute Toxicity * Acute Toxicity

* Flammable gas and aerosol * Corrosive to skin * Chronic Toxicity

e Flammable liquid and solid * Eye Damage e Hazards to ozone layer
* Oxidizing gas, liquid and solid * Skin- / Eye irritation * Endocrine disruptors
e Gasses under pressure e Sensibilization

* Self-reactive substances and mixtures * Carginogenic, Mutagenic

¢ Self-heating substances and mixtures & Reprotoxic (CMR)

e Pyrophoric liquid and solid * Specific Target Organ

¢ Water reactive Toxicity (STOT)

¢ Organic peroxide e Aspiration

* Corrosive to metals * Endocrine disruptors
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Result REACH & CLP: qualitative

REACH results in 3 main clusters of substances:
m Non hazardous substances (green);

m All hazardous substances,

not meeting SVHC classification ;

m Substances of Very High Concern (red);

SEVESO versus REACH: "two faces of the same coin" Royal HaskoningDHV
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Result REACH & CLP: quantitative (Sept 2020)

m »w 9 ® = O 5 —

EU
Toxic Free
Strategy
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Agenda

LISEVESO essentials: prevention and mitigation
UProcess safety in practice
Safety Management QORisk management approach: onion model and BowTie model

2 SEVESO and Process
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Seveso: Goals and tools

WHAT:

WHY:

European Directive, original version1982 (Seveso I)
updated in 1996, 2008 and 2012

To prevent major accidents that may have an acute impact outside
sites’ boundaries (e.g. toxic cloud, fire, explosion, environmental release)

To ensure appropriate preparedness and response
should such accidents nevertheless happen.

Operators of facilities handling quantities of hazardous materials over certain tresholds are to:

Notify the competent authority about the inventory of dangerous substances

Compile a major accident prevention policy (MAPP)
Implement a MAPP by appropriate means and a Safety management System
Provide information to the competent authorities to identify the risks for domino effects

Produce a safety report
Produce internal emergency plans
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} Upper tier facilities only
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Seveso legislation: origin = environmental concerns

Major incidents with large

environmental impact:

Ref: Kerin, T. (2019). Managing Process Safety.
In The Core Body of Knowledge for Generalist
OHS Professionals. 2nd Ed. Tullamarine, VIC:
Australian Institute of Health and Safety.

Year

1976

1984

Location

Seveso, ltaly

Bhopal, India

Type of

installation

chemical plant

chemical plant

Incident

A runaway reaction
in a chemical plant
released 2,3,7,8-
tetrachlorodibenzo-
p-dioxin (TCDD)

An uncontrolled
chemical reaction
released methyl
isocyanate gas and
other chemicals

Environmental implications

Contamination of locally grown
food, widespread death of animals;
emergency slaughtering of animals
to prevent chemical entering the
food chain

Broad-scale death of plants and
animals created food shortages in
the short term; long-term effects still
impact plants, animals and people
30 years later

2010

Macondo,
Gulf of
Mexico

upstream oil

Blowout of
wellhead and
release of an
estimated 650
million L of oil into
Gulf of Mexico

Described as the “worst
environmental disaster in American
history” by the US Natural
Resources Defence Council
(NRDC), the oil and dispersants
had a devastating impact on marine
plants (including death of seaweed
beds), animals and birds, and
severely impacted fishing and
tourism
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SEVESO is applicable to many sites all over the EU

European
_| Commission

Acciden

The use of large amounts
of dangerous chemicals is

unavoidable in some industry
sectors which are vital for a
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Process safety management in practice

Process Safety as “toolbox” that chemical industry
applies for addressing SEVESO objectives




Process Safety — Definition

m | Process safety is about managing the integrity
of operating systems by applying inherently
safer design principles, engineering and disciplined
operating practices. y

m [t deals with the prevention and mitigation of
incidents that have the potential for a loss of control
of a hazardous material or energy. _

Identify &

m  Such loss of control may lead to severe create Barriers
consequences with fire, explosion and/or toxic Integrity
effects, and may ultimately result in loss of life, ‘ )
serious injury, extensive property damage,
environmental impact and lost production with
associated financial and reputational impacts.

Sustain
Integrity

Design & Build
Integrity

Maintain Barriers

Operate
with integrity
Working

within the
Barriers

Ref: Kerin, T. (2019). Managing Process Safety.
In The Core Body of Knowledge for Generalist OHS
Professionals. 2nd Ed. Tullamarine, VIC:
Australian Institute of Health and Safety.
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Prevention

Process safety to a large extent relies upon installing
and managing successive (technical) barriers
I

Mitigation

Layers of protection: onion model
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BowTie model

Hazard = the processing of a toxic or highly
energetic material in an industrial plant
Top Event = loss of containment of such material

Royal HaskoningDHV




REACH SVHC versus Seveso approach

Plotting on a bow-tie distinguishes their focus

.
W

22




Common grounds, however:

Most

Hierarchy of Controls

effective
REACH SVHC main focus
Substitution

Process safety main focus
(existing. installations)

Aididie e REACH: safe use of all chemicals in Europe

& minimize use of SVHC  (mainly with long term effects)

e SEVESO: preventing major incidents
with dangerous substances in scope (Annex |, part1 & 2):
- Selected substances (mainly with short term effect)
- Site inventory over treshold quantities

Least
effective
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Plotting Seveso & REACH approach on a Bow-Tie diagram
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Process safety / PSM philosophy:

e given the hazard, focus on
preventive as well as mitigating
barriers

Reach philosophy:
e for SVHC
- eliminate the hazard
e for other hazardous substances
- focus on preventive barriers
Royal HaskoningDHV




Agenda

UCompare classifications
3 REACH and SEVESO: UExample of substances that may in near future be classed as SVHC
o[ RO ET S O case study of substance already phased out: timelines then and now
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Hazard classes CLP : SVHC

PHYSICAL HEALTH ENVIRONMENT

* Explosives * Acute Toxicity * Acute Toxicity

* Flammable gas and aerosol * Corrosive to skin * Chronic Toxicity

e Flammable liquid and solid * Eye Damage * Hazards to ozone layer
e Oxidizing gas, liquid and solid  Skin- / Eye irritation « Endocrine disruptors
e Gasses under pressure e Sensibilization

* Self-reactive substances and mixtures * Carginogenic, Mutagenic &

¢ Self-heating substances and mixtures Reprotoxic (CMR)

* Pyrophoric liquid and solid * Specific Target Organ Toxicity

e \Water reactive (STOT)

¢ Organic peroxide e Aspiration

¢ Corrosive to metals o

Endocrine disruptors
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Hazard classes CLP:

PHYSICAL

27

Explosives

Flammable gas and aerosol
Flammable liquid and solid

Oxidizing gas, liquid and solid

Gasses under pressure

Self-reactive substances and mixtures
Self-heating substances and mixtures
Pyrophoric liquid and solid

Water reactive

Organic peroxide

Corrosive to metals

SEVESO versus REACH: "two faces of the same coin"

HEALTH

ENVIRONMENT

e Acute Toxicity

¢ Chronic Toxicity

* Hazards to ozone layer

Acute Toxicity
Corrosive to skin
Eye Damage

Skin- / Eye irritation
Sensibilization
Carginogenic, Mutagenic} Some named dangerous substances
& Reprotoxic (CMR)

Specific Target Organ Toxicity

(STOT): Single Exposure

Aspiration

Royal HaskoningDHV



Substances on the production site

Meeting classification of a SVHC (only)
Meeting classification Annex | Seveso (only)
Meeting both classifications (i.e. within scope of both obligations)

Reach:
Meeting Non-hazardous
classifica
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Examples of substances currently under evaluation

CAS/ Actual classification Concern in the RMOA
EINECS nr

Benzyl Alcohol 100-51-6/202- H332, H302
(As one of the solvents in pure or 859-9
technical form, or as UVCB or as

impurity.

Others are: xylenes etc.)
Vinyl Acetate 108-05-4/ H225, H351, H332, H335
203-545-4

In order to remain aware (and ahead) of such evaluations and their outcomes one can monitor :

Ongoing dossier evaluations ECHA on the CORAP list,

RMOA list (Risk management option analysis)
Harmonised classification and labelling consultations

29 SEVESO versus REACH: "two faces of the same coin” Royal HaskoningDHV




E Vinyl acetate - Regulatory mana: X E Benzyl alcohol - Regulatory mar. X | = -
& O B https//echa.europa.eu/rmoa/-/dislist/details/0b0236e184ff4aad % 0 =
Regulatory management option analysis

The regulatory management option analysis (RMOA) list includes substances for which an RMOA either is under development or has
been completed since the start of the implementation of the SYHC Roadmap in February 2013.

Further information

For each substance, the table shows the assessing Member State (submitter), the concern, the cutcome and the suggested follow- * Understanding RMOA
up from the RMOA, and the date of the latest update to the list entry. = Risk management and evaluation
(RIME+) platform

Other process details and relevant documents are also available and can be accessed through the *Details’ icon for the list entry. . PACT

- - . » Registry of Intentions
Disclaimer to the RMOA list

Benzyl alcohol

EC / List no: 202-859-9 CAS no:

Carcinogenic
Mutagenic

Concern Respiratory sensitiser
STOT RE
Toxic for reproduction
Status Under development
Qutcome Under development
Follow-up No suggestion yet
Date of intention 11/06/2020

Date of RMOA conclusion

RMOA conclusion document

Full RMOA document

This is an RMOA in particular for consumer products, articles and mixtures, containing the below mentioned solvents, as currently the risks to
consurnlerls c;kaysed by those solvents cannot be excluded as detailed information on the type of consumer products and their applications is
currently lacking.

This RMOA is aimed at gathering information on products containing the below mentioned solvents in pure or technical form, as UVCE or as
impurity.

Saolvents of interest in the RMOA:
benzyl alcohol (CAS no: 100-51-6; EC no.: 202-859-9)
1.3-dioxolane (CAS no.: 646-06-0: EC no.: 211-463-5)

30 SEVESO versus REACH: "two faces of the same coin” Royal HaskoningDHV



e Vinyl acetate - Regulatory mana: X e Benzyl alcohol - Regulatory mar X | +

< O & https://echa.europa.eu/fr/rmoa/-/dislist/details/0b0236e184671495

Regulatory management option analysis

The regulatory management option analysis (RMOA) list includes substances for which an RMOA either is under development or has
been completed since the start of the implementation of the SYHC Roadmap in February 2013.

For each substance, the table shows the assessing Member State (submitter), the concern, the outcome and the suggested follow-

up from the RMOA, and the date of the latest update to the list entry.

Other process details and relevant documents are also available and can be accessed through the 'Details” icon for the list entry.

Disclaimer to the RMOA list

Vinyl acetate

EC / List no: 203-545-4 CAS no: 108-05-4

Status

Qutcome

Follow-up

Date of RMOA conclusion
RMOA conclusion document

Full RMOA document

Submitter organisation
Submitter email
Submitter phone

Submitter address

Carcinogenic
Mutagenic

Under development

Under development

No suggestion yet

09/01/2020

Sweden
Swedish Chemicals Agency

rmo@kemi.se
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Further information

Understanding RMOA

Risk management and evaluation
(RIME+) platform

PACT
Registry of Intentions

Royal HaskoningDHV



L]
V lnyl acet ate | « Acetic acid ethenyl ester
« 1-Acetoxyethylene
. . . Identifiers
From Wikipedia, the free encyclopedia CAS Number  [108-05-487
3D model (JSmol) |Interactive image &

. . . . _ . L ChEBI CHEBI:46916% ¥
Vinyl acetate is an organic compound with the formula CH3CO2,CH=CHa. This colorless liquid is the precursor to P
polyvinyl acetate, an important industrial polymer.! ECHAInioCard _[100.003.2248 £

EC Mumber 203-545-4
Production [edit] KEGG C19309 7
The worldwide production capacity o vinyl acetate was estimated at 6,969,000 tonnes/year in 2007, with most capacity concentrated in the United States (1,585,000 all in Texas), China (1,261,000), Japan (725,000) and pecl [ETHETE
Taiwan (650,000).1* The average list price for 2008 was $1600/tonne. Celanese is the largest producer (ca 25% of the worldwide capacity), while other significant producers include China Petrochemical Corporation (7%), FEENED 79048
Chang Chun Group (6%), and Lyondel|Basell (5%).14 b LOMK23ENTT & X
\CompTox DTXSID30214316 #
Itis a key ingredient in furniture glue.! N Dashboard (EPA)
. . InChl [show]
Polymerization [edit]
SMILES [show]
It can be polymerized to give polyvinyl acetate (PVA). With other monomers it can be used to prepare various copolymers such as ethylene-vinyl acetate (EVA), vinyl acetate-acrylic acid (VAJAA), polyvinyl chioride acetate Properties
(PVCA), and polyvinylpyrrolidone (Vp/Va Copelymer, used in hair gels).[%! Due to the instability of the radical, attempts to control the polymerization via most 'living/controlled' radical processes have proved problematic. Chemical formula |C4HgO2
However, RAFT (or more specifically MADIX) polymerization offers a convenient method of controlling the synthesis of PVA by the addition of a xanthale or a dithiocarbamate chain transfer agent  |molar mass 26.000 g mol~'
‘Appearance Colorless liquid
Other reactions [ edit] \Odor Sweet, pleasant, fruity; may
irritating("
Winyl acetate undergoes many of the reactions anficipated for an alkene and an ester. Bromine adds to give the dibromide. Hydrogen halides add to give 1-haloethyl acetates, which cannet be generated by other methods pciSham a’;d Elitaing
Densi 0.934 g/
because of the non-availability of the corresponding halo-alcohols. Acelic acid adds in the presence of palladium catalysts 1o give ethylidene diacetate, CH3CH(OAC),. It undergoes transesterification with a variety of carboxylic en?ny - iy
acids [ The alkene also undergoes Diels-Alder and 2+2 cycloadditions Melinupont ;gz : K‘; GUCE
With an iridium catalyst, vinyl acelate can undergo transesterification, giving access to vinyl ethers: 10111 Boiling point 727°C (162.9 °F- 345.8 K)
ROH + CH=CHOAc — ROCH=CH; + HOAC Magnetic -46.4-1078 cm*/mol
'susceptibility ()
T " \ Hazards
auaton [edi] |Safety data sheet |CSC 0347
Tests suggest that vinyl acetate is of low toxicity. For rats (oral) LD50 is 2920 mg/kg.™ R-phrases R11,
On January 31, 2009, the Government of Canada's final assessment concluded that exposure to vinyl acetate is not harmful to human health.['2! This decision under the Canadian Environmental Protection Act (CEPA) was it
based on new information received during the public comment period, as well as more recent information from the risk assessment conducted by the European Union. Bepliases BI6:152325234552
\foutdated)
hazardous substance in the United States as defined in Section 302 of the U.S. Emergency Planning and Community Right-to-Know Act (42 U.S.C. 1100 D sirict reporting NFPA 704
requirements by facilities which produce, SToTe, DT TTSE=itresia Suantitizs [13) (fire diamond)
See also [edit]
« Polyvinyl alconol Flash point -8°C (18 °F; 265K)
« Vinyl propionate \Autoignition 427 °C (801 °F; T00 K)
temperature
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https://en.wikipedia.org/wiki/Vinyl_acetate

Case study

Phasing out mercury cell electrolysis in Europe

Mercury

Hazards

GHS pictograms

OS©

GHS Signal word

Danger

(fire diamond)

GHS hazard F330, H360D, H372, H410
statements

GHS P201, P260, PZ73, P280,
precautionary P304, P340, P310, P308,
stelements  p313, p391, P403, P23
NFPA 704
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Case study: chlor alkali iy — NG
o

electrolysis process g,

the membrane
cell process

the mercury
cell process

334 Caustic

le
ion exchange  Diluted caustic soda
membrane HAOH! H0)

euro

euro ks
souce: ol chlor @ sources et i chlor &
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Case study: mercury cell electrolysis

The phasing out of the mercury cell electrolysis process in the EU
took decades:

m Patented in 1892, industrial scale production since approx. 1900
m  Side-effect: environmental releases of mercury

m  The diaphragm process was developed from 1950 onwards.
Commercial scale production was operational in Japan since 1975.
This process was regarded a superior method both in its energy
efficiency and lack of harmful chemicals.

R

Cell room of a chlor-alkali plant ca. 1920

m  “In 2001, the European chlor-alkali sector voluntarily committed
to phase-out of mercury cell technology by 2020.
Meanwhile, however, under the Industrial Emissions Directive,
the BAT conclusions (Best Available Techniques) became legally

Figure 8 = Industry Seff.Commitment phase-oul of Western Ewropean mercury cell chioring capacily

blndlng Industry Self-Commitment phase-out of W

European mercury cell chlorine capacity

This meant that, by 11 December 2017, mercury-based production
technology should cease”

®  “As aresult, European chlor-alkali producers using the mercury
technology converted or dismantled such facilities.
Any resulting mercury-containing wastes were also addressed.”

“.....7 1 Ref: EuroChlor website
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Conclusion:
Reach & CLP may result in “premature” plant retirement

Regulatory
ageing

m Plant ageing is not only a matter of
lifetime in service and technical
integrity

m  When risk acceptance criteria as held
by society and authorities change,
a technically healthy production
process/installation may soon become

Plant ageing

Management _Of equipment containing “ O U td ate d "

hazardous fluids or pressure

. = In such case, economical payback
SCS ) i 0 ars o Engmet period of the original investment will
2008 hardly be considered
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Agenda

4 To what extent will Oinherent safety: Process safety versus SVHC Control
T e T3 i 11213 o =1 DOptions for Inherently Safer Design in CAPEX projects

process safety? UDiscussion
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Should we adapt our PSM approach and put more

emphasis on Inherently Safer Design ?

Origin of the notion inherent safety: lecture by Dr. Trevor Kletz (ICl), 1977: “What You Don’t Have Can’t Leak”

Inherently safer design summarised in four main strategies:

Minimise Using or having smaller quantities of hazardous substances
Substitute Replacing a chemical/material with a less hazardous substance
or

Replacing a process or processing technology with a less hazardous one

Moderate Using:
» less hazardous or energetic processing or storage conditions,
» aless hazardous form of material,
« or facilities that minimise the impact of a release of hazardous material or
energy

Simplify Designing facilities which eliminate unnecessary complexity and make errors less
likely, and which are forgiving of errors that are made

38 SEVESO versus REACH: "two faces of the same coin"

Intensification

Attenuation and
Limitation of effects

Error tolerance
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Incorporating inherent safety
INto process risk management

n Preventive Preventive Recavery

Barrier Barrier Barrier

- - Top Event
Threat Consequence
Preventive Preventive
Barrier Barrier
PR
Escalation T - Escalation
Factor Factor
(R L
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Assess hazards, their causes and effects, and how
these interact with the design

Und nd Hazards

!

i

Inherent Safety
Principles

Avoid or eliminate
hazard by design

Avoid Hazards

Intensify, substitute or
attenuate to reduce the
severity of the hazard

!

Reduce Severity

Simplify the process
or plant to reduce the
likelihood of the hazard
occurring

!

Reduce Likelihood




Incorporating inherent safety
INto process risk management

Activities

!

Identify all hazards and causes of these materials,
actions, and conditions

Identify Hazards

|

!

Assess hazards, their causes and effects, and how
these interact with the design

Und nd Hazards

Preventive Preventive
Barrier Barrier

Recovery
Barrier

Top Event ! !

Threat

—

Factor

| S

Escalation T

Preventive Preventive
Barrier Barrier

Consequence
Recovery Recovery
Barrier Barrier

!

Y
Avoid or eliminat
> ha:ardub:desi;',n . Avoid Hazards
) Intensify, substitute or
Inhor.enF Safety [—>{ altenuate to reduce the [ Reduce Severity
Principles severity of the hazard
Simplify the process l
or plant to reduce the e T ikl
> L elihood of the hazard Reduce Likelihood
occurring 1
Use distance, or use sections of the plant itself as
barriers to segregate/ protect people and emergency - Segregate
systems from effects of hazards
Use safeguards that do " .
=1 not need initiation, and Afpry P""":‘t
hence have high guardas
Add-On Safety availability l
Use active systems,
— but -Illill' these depend Apply Active
on timely hazard Safeguards

detection and initiation

Ref: Kletz, T.A., Amyotte, P., 2010. Process Plants:
A Handbook for Inherently Safer Design. CRC Press.

!

:

40 SEVESO versus REACH: "two faces of the same coin"

Operator and maintenance procedures should be the
last resort, especially for control and mitigation, where
the chance of ervor or failure is high

»

Apply Procedural
Safeguards

!

]

Use findings of the hazard assessment to estimate the
risks, and target and implement inherent/segregation/
add-on/procedural safeguards until risks are tolerable

Apply Residual Risk
Reduction Measures




Inherently safer design serves both REACH & Seveso
However, hierarchy aspects still to be bridged

1

N

Inherently
Safe Design
w
'—\

3.2

4
5.1
c
° 9
w o 52
o 2
> 0
S& 6
=

Identify hazards

Avoid hazards

Reduce consequence
severity

Reduce likelihood

Segregate facilities

Passive safeguards

Active safeguards

Procedural safeguards
Residual risk reduction

Major accident resulting in LOC
(> threshold hold-up on site)

<= = = Any LOC of SVHC

Through alternative process design 4= = = Through alternative substances

Intensify, Substitute or Attenuate
process or plant

Simplify process or plant
» Segregate people and emergency

systems from hazards within the plant

* Avoid impact of incidents in
plant A on adjacent plant B ’ 7

v
Blow-off to safe location Ve
V4

S
Measure T, p - flanges & fittings
automated block valves

Operating & maintenance procedure

A= = =)

Puts priority on reducing likelihood
of release over reducing
consequences of release

Avoid impact of fugitive emissions
on surroundings > double
containment, mag drive pumps,
minimum # flanges

Safe the surroundings from any
blow-off

See item 4

Operating & maintenance procedure

Iterate steps 1-6 until acceptable risk 4« = = = Aim for no residual risk
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HSE, ISD and CAPEX Lifecyle




Opportunities of risk management strategies during CAPEX projects

100r% 100%
100%
Winherently safer design
® Avoidance of domine effect
8%
u add-on safety feature
E ¥ Procedure jxr;b
o
i 8% ;
:
':E: A0rkArS 0%
g 0% . : .
Q
2358
i : ] e
B 10%
7% L
o Ressarch Detailad De ugn. Conatr u.-|in;-| Dperation
 nherently safer design 100% Lok s S Ref:  Park, Xu, Rogers, Pasman, El-Halwagi
® Avosdance of domino effect &% 20% 1% ™ . .
@ Add-n safety feature ate a0 2 1% Journal of loss prevention in the process
- industries 63 (2020) 14040
Process design stages
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CAPEX project lifecycle & inherent safety options
Manyppportunities for - Few oppqrtun.ities.for modifications
modifications in the proposed in “as built” situation

design

Detailed
Design &
Procurement

1

Construction & . End of service,
S Operation e
Commissioning demolition

L L L

Project
Initiation

Concept
Development

LIS I N .

Project
Definition

1

Process Project Design H&S plan PHA/ Acceptance] H&S MOC | Decomm. & Waste and debris
route and (HSE) Plan Authority review and Design HAZOP testing dossier Demolition disposal plan
chemical engineering: risk studies plan

substances EIA & Constructability H&S plan Pre Start-up PHA

selection permitting Review Construction Safety Review revalidation
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CAPEX project lifecycle & inherent safety options
Manyppportunities for - Few oppqrtun.ities.for modifications
modifications in the proposed in “as built” situation

design

Detailed
Design &
Procurement

Construction & End of service,

POl Operation
Commissioning P demolition

Initiation

Concept
Development

Project
Definition

m Permit limits & siting criteria

1 ! 1
1 ! 1
1 ! 1
Process | Project HAZID 1 Design H&S plan PHA/ : Acceptance] H&S MOC j Decomm. & Waste and debris
route and : (HSE) Plan Authority | review and Design HAZOP | testing dossier Demolition disposal plan
chemical engineering:! risk studies oo plan
substances | EIA & | Constructability ! H&S plan Pre Start-up PHA
selection | permitting : Review 1 Construction Safety Review revalidation
| ! I
| i | | i
I - - . ! . ! !
SVHC . Chem_lc_al toxicity hazards I om !—Iazardo_us material ! | m Consider i
. Reactivity hazards | inventories : | ISD options
Regulatory ' m Fire/explosion hazards ' = Flanges, seals, ! : during MOC |
ageing . = Environmental hazards ! sampling points ! ! and PHA I
I . .
. m Inherent safety review: ' m Layout spacing ! ! :
I a0 . . . .
i minimise / substitute / \ = Corrosion resistance and ! : :
1 q q q q 1
! moderate_/ S|mp!|f_y _ ! Int.egrlty Operating ! ! |
i ®m Process intensification ! Window | : i
[} 1
1 ! 1 1
I 1
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B e ——
Inherent safety guideword matrix - example
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Wrap-up and discussion




Summary

m REACH has known a long ramping-up period (2007 - 2018), but is now in full swing
m Substances in common use in process industries are or may one day become SVHC

m For substances classified as SVHC, two ‘flavours” exists as per REACH:
Phasing out unless authorised (now > 50 entries) or restricted use (now > 70 entries)

m In case of SVHC additional layers of protection (“add-on safety”) may not suffice
m Inherent safety and process intensification therefore deserve renewed attention

m Whereas previously timelines for implementation of phasing out could span decades (i.e.
amortisation period), some 5 years now seems more probable

m EU Commission toxic free strategy is likely to give a boost to the above observations

REACH and process safety (Seveso) seem to be largely independent,
however they merit being regarded as two faces of the same coin,
the side of which could bear the inscription: toxic free strategy
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We thank you for your participation

For additional information: nico.mulder@rhdhv.com

jean-marc.abbing@rhdhv.com
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