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Hamburger Luft- und Raumfahrtvortrdge
RAeS Hamburg in cooperation with the DGLR, VDI, ZAL & HAW invites you to a lecture

Annual
Gerhard Sedimayr Lecture

Delivering Safety Safely:
Proportionality and Pragmatism
Helen Summers, MSc, CEng, MRAeS, Principal Safety Consultant at SQEP Ltd

Date: Tuesday 11 November 2025, 18:30 (light refreshments available
from 18.00 and there will be a get-together with refreshments after the lecture)

Location: Goldene Zeiten, Harvestehuder Weg 48, 20149 Hamburg
(in-person only — not online!)

(If you wish to attend, please register online or send a mail to Susanne Altstaedt,

What is safe? Most programmes nowadays are multi-
national and sometimes the design is not conducted in
accordance with recognised standards. In the modern (post
Haddon-Cave) era of Type Certification and regulation, how
do we deliver a safe FMS programme for a new, but 60-
year-old capability, accommodating new technology and
systems without asking everyone to start from scratch ?

In this lecture, as well as considering the philosophy of
safety delivery, | will look at how we are developing the
equipment contribution to the Air System Safety Case for
the new Chinook H47 (Extended Range) helicopter for the
RAF to enable our Chief Engineer to understand and
transfer risk to the ultimate risk taker. The presentation will

look at the dri f i lit d ti hilst A Royal Air Force Chinook Mark 6 helicopter takes its first
ook at the drive for proportionality and pragmatism whils flight at RAF Odiham. © Crown copyright

retaining appropriate levels of rigour, and why that matters. https://www.defenceimagery.mod.uk

Helen is currently a Principal Consultant at a small, specialist consultancy firm, SQEP Ltd, where she is the Head
of Area for Safety, Environmental and Human Factors disciplines. A former RAF Engineer Officer, she spent
nearly 25 years in the RAF and Civil Service, working in both engineering and programme management, on
multiple equipment types (Tristar, Hercules, Nimrod, Eurofighter, Communications and Complex Weapons) as
well as having been responsible at a departmental level for Safety, Environment and Quality Assurance.
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Training — Helen Summers
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What is Sa

Human’s Practical need to “be”
free from harm

Maslow — Safety Needs —
protection from the elements,
security, law and order and
freedom from fear

Psychological need to “feel”
free from harm

Societal

Legal “Duty of Care”

Company reputation
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SAFETY ASPECTS - Occupational Health and Safety SQEP

Associated with how work and the work environment can impact the health,
welfare and wellbeing of people in that environment (Health & Safety at Work)
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SAFETY ASPECTS — SYSTEM SAFETY (REGULATOR) SQEP

6. Follow 1. Hazard

Through & Identification
Review /

2. Risk

5. Implement Assessment

Risk Controls

4. Risk 3. Analyze

Risk Control

Controls Measures

The practice of using
engineering and

manhagement TR T
techniques to reduce \ Practice
the ImpaCt Of risk Risk Reduction
associated with systems Measures
and equipment: Bt

Gross
Disproportion

Hazard Identification

Relevant

Risk Management Gac

Practice

Risk appetite and
tolerability
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SAFETY ASPECTS - ORGANISATIONAL

INCREASINGLY GE_NERATIVE
INFORMED HSE is how we do
business here

A CALCULATIVE
We have systems in place
to manage all hazards

REACTIVE
Safety is important - we do a lot
every time we have an accident

Business
Management |

N INCREASING TRUST
& ACCOUNTABILITY

The culture and activities associated with an organisation which seek to manage the
safety risks associated with its business
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1961 — 2024 - DOESN’T LOOK THAT DIFFERENT — WHY ASSESS ? SQEP
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VIVE LA DIFFERENCE ! SQEP

_ Accident history - multiple
Chincok CH-47 4 - |Osses

WHAT DO WE HAVE? Service / fault / reliability

Proven design - in service history

since 1961 — still flying Design changes

Existing / legacy systems 5 New SEEmS & SUEer

Competent operators Chinaak HCZ - * Obsolescence & upgrade
- * Greater complexity

Competent contractors « UK-only modification

Chinook MH-47G

Different standards /
regulations / requirements:

e Now and then
e USA and UK
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HOW THE CYBER FOR AIRWORTHNESS / SECURE BY DESIGN TEAM SEES CHINOOK SQEP
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ACCIDENTS THAT CHANGED HOW WE CERTIFY AIRCRAFT — FROM FAILURE

SQEP

De Havilland Comet
(1950s) — Stress
Concentration factors for

square apertures

DC 10 (1974) — Cargo
Door design / seal / lock

Boeing 737 - Aloha Flight 243
(1988) — fatigue, damage
tolerance, inspection, repair
& maintenance
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ACCIDENTS THAT CHANGED HOW WE CERTIFY AIRCRAFT — FROM FIRE

SQEP

Boeing 737 - British
Airtours Flight 28M
(1985) - Cabin safety: fire-
proofing, emergency
lighting, briefing

Boeing 747 — TWA Flight
800 (1996) — fuel tank
design, inert fuel vapouir,
fire protection

Nimrod Crash (2006) —
MOD organisational
change — independent
regulator & investigator
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ACCIDENTS THAT CHANGED HOW WE CERTIFY AIRCRAFT — FROM SYSTEMS & PEOPLE SQEP

Airbus A330 - Air France
Flight 447 (2009) — pitot
tubes; crew training &
CRM

Boeing 737 Max - Lion Air

FI| ht 610 (2018) & Ethiopian
Airlines 302 (2019) —

redundancy, anomaly

detection and manual

override

———————————————————————————————

'And because you can’t control
. | everything ...

|Germanwmgs Flight 9525
'(2015) i

i Deliberate CFIT by pilot

I Security requirements following
i ' 9/11 strengthened cockpit

idoors —no access to prevent.
.acude; CAL

. The aircraft impacted terrain in
'the French Alps
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Accident — Chinook — Mull of Kintyre 1994

Human error?
Equipment & Environment:

* Design, integration and testing
*  Reliability

*  Weather / conditions

Individual:
* Health
e Stress
*  Capability

*  (Capacity and Workload
Organisation:

* Resource & pressure
*  Working culture & environment

* Training & supervision




Accident — Nimrod XV230 - 2006 SQEP
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Accident - Hawk TMk1 — Sean Cunningham SQEP

TECHNICAL CAUSE:

* Ejection seat component
failure

MAJOR CONTRIBUTING
FACTORS:

* Communication

* Culture

* Procedure

* Design of components

* Risk assessment

Ejector seat maker fined £1.1m over
death of Red Arrows pilot

‘ Sean Cunningham was ejected while performing pre-flight checks
¢! at RAF Scampton in 2011

N

“Sean’s deatl was not an accident. 1t was a preventable death E'M’I.Elltll'lg 1o
happen and we don’t believe it was an isolated incident. We acknowledge the
fine issued to Martin-Baker today, a tiny percentage of its profits. No amount
of money will bring our son back or relieve our pain.”
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The technical problem — but SQEP

FULL INFLATION
T=2.905EC

Seat firing

handle safety

DROGUE SEVERED
T=1325EC

PARACHUTE FIRED
T=1.17 SEC .

DROGUE FINFLATED
T=0.415EC

DROGUE FIRED
T=0.17 S5€EC

CATAPULT

Urogue = INITIATION
‘Shackle _— T =0.0 SEC

d

EJECTION INITIATION
~

Drogue
Shackle
Nut
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Accident Causes SQEP

Air Traffic Management / Human error was cited
Airport Infrastructure as a causal or
5%
contributory factor in
70% of aviation
Weather )
6% B accidents, where the
" consequences of that

Technical Fault / — . Human Error
Failure — 70% error were severe.

2 (Gilbert, 2007)

Design Fault
10%
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Sowhatcanwedo...?

Inadequately Resourced QMS - Staffing
and Workload (10%)

WARENESS

ROCESSES
RAINING Procedure Inadequate (not corr

designed) (19%)

Procedure Incorrect (SOP needs
correction) (5%)

RESOURCE &

Procedure Correctly Selected; Step

REWARD Carried Out Incorrectly (27%)

OFFICIAL

SQEP

No Training / Training
Lapsed (2%)

Training Inadequate (not fit for
purpose) (5%)

Training Ineffective
(not understood) (12%)

Inadequate Supervision
(2%)

Procedural Steps Omitted
(18%)

19



Accident Rate Reduction

Investigation now
focuses on
organisational
causes as well as
technical faults and
human error to
prevent
reoccurrence.

(UK HSE, 2002)

SQEP

‘/Hrdwa re

Employees

/ Organjsation
L) .,
.“’
"

=
=]
- p—
S
~
—
-
g
=
S
<
S
—
-
S~
2!
Sl
=
=
=
- p—
>}
<
<

1940s-60s 1960s-80s 1980s-90s
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Human Performance SQEP

“ Human
Reliability

Task / Job Individual

/ Desired Performance

’ OFFICIAL




SQEP

Human Failure Types

SLIP (comission) Skill-based, familiar tasks that
may occur if attention is diverted

HUMAN FAILURE

momentarily
LAPSE (omission) Resulting action is not intended: 'not
doing what you were meant to do’
INADVERTENT ERRORS DELIBERATE VIOLATIONS RULE-BASED Errors of judgement: mental processes
MISTAKE linked to planning, information

gathering, communication, etc.

KNOWLEDGE- Action as planned, but‘doing the
ACTION THINKING BASED MISTAKE wrong thing believing it to be right’
ERROR ERROR
Ty | e[ o
SLIP LAPSE MISTAKE MISTAKE
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Who is the Best Shot? SQEP
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The Trouble With Humanes... SQEP

What could possubly go wrong’
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So, What Do We Know? SQEP

* Not all human errors are a

oroblem
HUMAN ERRORS
* Human behaviour ranges N
netween heroic saves and EVENTS e
massive stupidity 24 e Mtk

* Most people go to work
intending to do a good job

Data Source: DOE (2007)

* Human error has been
cited as the cause of
accidents in every industry
and has been shown to
cost millions
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Consequences of Error — Learn To Tell The Difference SQEP

9:09AM

Wake-up Alarm
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DISASTER TRIVIAL FABULOUS
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Human Error Rate

Cognitive: 1 x 10 - 1 x 10
Procedural: 1 x 102> 1 x 10°®

EXPERIENCE - FREQUENCY
COMPLEXITY - CORRECTION
ENVIRONMENT - STRESS

SIMPLIFY - PRACTICE
INFORM - CHECK

FFFFFFFF

Image: Steigler & Tung 2014
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Looking for the Real Causes SQEP

VEWV RN I Al Tl Chia Are you feeling ok™?”
or lazy, but you’re missing
deadlines because:

“Yeah I'm good”

»You agree to actions regardless
of your workload (pressure /
can-do)

»You're having trouble
concentrating (illness / stress /
distraction)

The secret to efficiency might

be having the courage to say,
“NO!!



Results of poor design choices ... SQEP
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Conventions - issues

It’s not enough to have a good design; equipment
within an industry has to be consistent to prevent
error.

Here is an example from anaesthesia — spot the
difference!

O2 instead of air — oxygen toxicity - damage
Air instead of O2 — hypoxia - death
IT COULD BE WORSE ...

The N20 is in the same place — so you should at
least get the planned level of anaesthesia — but you
would not get the right amount of oxygen if air was
selected (50:50)

OFFICIAL
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Poor product design SQEP

100 COOL TO DO DRUGS

COOL TO DO DRUGS

DO DRUGS
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Human-Centred Design — the HUD

Critical information is

provided to operators
while preserving their
Situational Awareness

Green is used for the
display because it’s easy
for humans to see

The human retina has a
peak sensitivity around

: DME 3
HOG 274

555 nanometers — dOOSTA ST ) vhwe & ]o "
1.6 HM

vellowish green — easiest -
seen!




Human-Centred Design — Poka Yoke in action SQEP

Interference pin

WL LILIMA
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Requirements

=\
|
MAXIMUSM i [{== THUMB TIP REACH -:--:}
& BODY BREADTH

| & MAXIMUM
>
((:.—_'nzzs SIDE ARM REACH C'C'E»{ | S BODY
: DEPTH

d

{0 SHOULDER
Ko soo=e =3

\I;L:-

f
Y I|

VERTICAL REACH HT. SITTING == 262

THIGH
CLEARANCE
MIDSHOULDER

S HEIGHT = =
SITTING
|
| ELBOW REST
'=>i HEIGHT

2
=
=== SITTING HEIGHT -=-=d%

0
0
]
0
<

:

BUTTOCK-
= POPLITEAL

LENGTH |
3) «-:- ELBOW- =»
LENGTH ¥ ro-eLBOW “!
BREADTH
= BUTTOCK-TOE LENGTH =
|

== BUTTOCK-LEG LENGTH .:n:»‘
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position
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Procedure

Including: IMS / Governance / KPIs

_________________ TRAINING

‘n!]‘. M”‘ﬂ?@’]’

COACHING TEACHING KNOWLEDGE DEVELOPMENT LEARN EXPERIENCE SKILLS

Sufficient & suitable ...
People
Accommodation & Equipment

Tools & Spares

34



MEANWHILE, BACK AT THE AIRCRAFT ....




Safety Overview — the Air System Safety Case Model and Safety Management Plan

Context Defined
= Activity
* Environment
* System

Superior
Regulators/
Superior

P orsme [0 5EMS

Supported

Aviation Duty
Holders

Effective ASMS Hazards Managed SRO

* Functioning = Withincortex

* Assured gg.‘-dzﬂﬂe?a'?a = Evidenced

» Pan-DLOD ¢« 1 l \

* Bestpractice

& Tolerable Supporting
%e 5 Other DE&S Subordinate | Equivalent

Re '
Teams (0T Contractors: | Peer®T

Commodity DTs
Confidence in ASSC Regulatory Compliant APS
* Independently assured * MRP Understood

= SQEP decision makers * Acceptably compliant
= Context Valid

AS CDO
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What is a Safety Case and What'’s it for ?

The primary purpose of a Safety Case is to present the argument
that a system can be considered acceptably safe (in a given
context).

It can also be used to support mitigation strategies/tolerability
assessment by demonstrating that the appropriate level of
Hazard and Risk Assessment (HARA) has been undertaken.

A Safety Case generally consists of two interdependent parts:

1. Anargument
2. A body of supporting evidence

OFFICIAL

SQEP

“..A structured

argument,
supported by a
body of evidence,
that provides a
compelling,

comprehensible
and valid case that
a system is safe for
a given application
In a given operating
environment.”




THE ARGUMENT SQEP

An inductive argument is one where we cannot state categorically that a

premise is true, and we therefore have to talk about the /ikelihood of the
premise being true.

Inductive arguments are generally formed this way:

An example might be:

“Most dogs have four legs. Winston is a dog, therefore Winston is likely to
have four legs”

OFFICIAL



SAFETY CASE — GRAPHICAL REPRESENTATION - CLAIMS ARGUMENT EVIDENCE SQEP

Claim - A true or false statement
about a property of an object (e.g. “...is
acceptably safe

Supports

Argument — a rule that provides the
T " link between what we know to be true
___Isa _g_uﬁi::lairn of Is a E:utfi'i'f:ia__i m of . 1 1
P amme Nl (cvidence) and the claim being
AN investigated

Evidence - an artefact which
establishes facts that can be trusted.
Leads directly to the claim

Is evidgnce for

OFFICIAL



SAFETY CASE EXAMPLE

SUPPORTS:
Def Stds, TCB, CPP,
TASA, ECL

TOP (PRIMARY) CLAIM

Platform is acceptably safe to
operate within published limits

SQEP

SUB CLAIM 1

Requirements
captured and
contracted for

ARGUMENT 1.1:
System requirements are
complete, coherent and

correct, and have been
contracted for

EVIDENCE:
CONOPS / CONEMP /
URD / SRD / CONTRACT
Regulatory compliance
assessment

SUB CLAIM 2
Requirements
implemented
and verified

ARGUMENT 2.1:
The system has been
appropriately
verified and tested

EVIDENCE:
ITEAP / VVRM / TAWS /
SMP / CMP
Plans and records

SUB CLAIM 3

Competent
organisation/s have
been contracted

ARGUMENT 3.1:
DAOS / MAOS
SMS / QMS in place
SQEP People

ARGUMENT 3.2:
Previous OUTPUT met
requirements /
problems managed

EVIDENCE
MAA Certificate/s
Policy and Process docs
Audit Records
Training & Recruitment

EVIDENCE
Design and Service
Records
Problem Reports

OFFICIAL

SUB CLAIM 4

Evidence has been
independently
checked

ARGUMENT 4:
Competent

independent assessors
contracted and involved

EVIDENCE:
ITE / ISEA contracts, audit
/ assessment reports &
actions



COMMON SAFETY CASE ISSUES SQEP

Not all Safety Cases are good. Problems include:

e They contain assertions rather than reasoned argument.
e There are unjustified and implicit assumptions
e Some major Hazards have not been identified and are therefore never studied

e There is a poor treatment of data with uncertain pedigree, and the effect this uncertainty has on
subsequent assessments

e They don’t deal well with Human Factors

e They don’t deal well with software

e There is inadequate involvement of senior management
e Ownership of the Safety Case is not always clear

The work we do aims to avoid these issues — getting to a good ASSC is a significant

body of work
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SQEP

Fault Tree Analysis

* FTAls used to
predict critical
failures and
verify their
e Mechaniom prevention /
mitigation of
* Breaks down a top
event (incident /
e - accident) into
20001t @:0,0008 contributing
factors
* Can pinpoint root
Grmmaraintror | | Fakare Stop Fare causes to identify
effective

mitigations
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SQEP

CPE Assurance

Software Requirements Software System

Specification Testing

STATIC & DYNAMIC TESTS:
Architecture High Integration Tl Ia i e

Level Design Testing throughout development
spend 22% less
time correcting the work

Low Level Unit
Detailed Design Testing

Implementation /
Coding
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SQEP

Risk Assessment Definition
Work shall not proceed or facility shall not be used

Shall only be accepted when risk reduction is
impracticable and with the agreement of the Authority

as appropriate

RISK CRITERIA

-MM"
Fent_ B

Occasional

Improbable -nnnn‘
-

Acceptable with adequate control and with the
agreement of the Authority

Acceptable with agreement of the Authority

L
F
0
=
-
0
0
o
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HAZARD MANAGEMENT

Safety Safety Safety Monitor
Planning evidence Reporting Safety

« Hierarchy of Controls

Hazard effective

Identification ' Physically remo
the hazard

Hazard
Analysis . . Substitutior ';iﬁ:a:z::u
Verification

Safety Risk : Isoiate people from
the hazard
Control
Measures
Change the way
' pacple wark

F’Ianning for Protect the worker with
verification | Persanal Proleclive Equipment

Development In Service

Mitigation 3 Tracking &

Planning 4 Monitoring STz

A
|dentification Analysis
4
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BOWTIE - ECL Format — Functional Level SQEP

Visual risk management

tool
- - - ‘
Based on barrier thinking | Luonina
So ... easy to understand if .\\\‘
done right
BUT

|| 4. Lion attacks
public
Must pitch at right level -

escapes

Needs consistent

3. Cage not 4, Closing_ Z00o
taxonomy | properly closed | (:’eapnl::’;t:;n I

Linear causation model
limits complexity

Does not address Haz ID
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Bow-tie Terminology

Threat Hazard

« Cause of Top Event (1-many relationship)  Part of normal business

* Direct cause, must be specific * Formulated in controlled state Consequences
e ‘Accident’ equivalent

E | « Again, must be specific

Barrier H H
- -

-
H Barrier Barrier
Escalation H

Consequence

Factor

Barrier Ton E t - H H [
~ | op ven : H H Consequence

H ‘ Barrier ‘ ‘ Barrier ‘

Barrier

Top Event :

* Point at which control is lost
- ., )
 Now in a ‘recovery’ state

Escalation
Factor

Barrier

Barrier

Escalation Factor
Barrier * Reduces Barrier effectiveness

* ..aka ‘Control’  Not a direct cause
* Physical / non-physical in nature
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Information Routes — Risk Transfer SQEP

Boeing / OEMs / USG
SSHA — ETs & Recommendations

USG modifications

Certification Non-Compliance (Case 2b & 3)

Safety Assessment Outcomes with EC impact

Novel items with EC impact

In-Service

Operational envelope
Service experience / occurrences

Maintenance and reliability data
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Equipment Contribution to Risk to Life SQEP

e EC\WG

DT Safety | SRO/ ADH Safety

| ECL/ECID ' RtL Mgt

ECWG Attendance
SRO/ ADH representative ECWG Objectives
DT Deputy Chief Engineer Sentence Safety EC Impact: 46 non-compliant ETs from SSHAs

DT Safety Team Sentence Certification EC Impact: ECER-S - Section 4:
DT EAs Recommendation; Section 5: Rationale

DT Certification Team Discuss / Sentence Novel items
DT RTS Team
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Process Example — Certification Outcomes SQEP

Non-compliance Confirm ELOS/ DEV/
(certification) non-compliance
Case 2a stops here
TAA/ MAA approve MCRI

Draft MCRIs with ECER-S for
Case 2b, 3

Bring to ECWG

Initial State | Mitigation

Confirm Case 2b, 3
Case 2b, 3ECER-S to
: Yes (within | Compliant Within TAA's AoR
H NeTHERRRIE Eqpt DLoD) | »(ELOS/DEV)« | (ie Equipment)

Non-Compliant Yes (outside | Compliant for operating
Eqpt DLoD) » (ELOS / DEV)«

mitigation
Residual ECtRtL

Non-Compliant | None Non-Compliant | requires ADH ECID to SRO/ ADH
accept for acceptance
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THE OUTCOME?

A proportionate and
pragmatic assessment of
the system

A comprehensive and
coherent transfer of risk

An enhanced capability

OFFICIAL



And Remember... SQEP

“Insanity is doing
the same thing over
and over again and
expecting different
results.”

Albert Einstein (1879-
1955)

FFFFFFFF
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