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Commercial In Confidence

Babcock International - at a Glance
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Babcock in Canada babcock

Established in Canada as Canadian Submarine Awarded 2"¢ Coast Guard contract
Management Group (CSMG) Phase | Vessel Life Extension of CCGS Des Groseilliers

Awarded Aerial Firefighting
Services Contract by the Manitoba
Government

Awarded HF Replacement contract
CSMG rebranded as Awarded first Coast Guard contract Modernizing critical DND HF
Babcock Canadainc.  Refit of CCGS Louis St Laurent equipment

P 2003 2009 @ 2010 P 2011 P 2012 ) 2013 Jp 2014 ) 2015 ) 2016 P 2017 ) 2018 4
I

Awarded Victoria In-Service Support Contract (VISSC)
Supporting Canada’s fleet of submarines

. 15 year contract (5+5+3+1+1 year extension options) HMCS CHICOUTIMI returned to

RCN following successful EDWP

Awarded Victoria In-Service

Awarded Victoria Awarded Victoria In-
Support Contract (VISSC) Submarine Preventative Service Support Contract
Extension Maintenance Contract (west (VISSC) Extension
First 5 year extension coast) 3 year extension

Aviation Nuclear
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Overview babcock

» Life extensions: a simple business case, supported by detailed analytics
« Analytical approach: efficiently define the baseline degradation

« Mitigations: what can we do about it and testing the scenarios iteratively
* Rebuilding the business case: planning the life extension

« Enduring benefit: continuously testing the assumptions
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Effects of Aging babcock

A

Annual
Output Acceptable Satisfactory Unacceptable Annual
(Days/Yr) Cost

Availability

___________________ Threshold _ _ _ _ /_

Annual

Sustainment

Threshold

>
Time
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The Business Case babcock

A

Unit cost per Acceptable Satisfactory Unacceptable

effective

output
(i.e. $/day)

|
End of
“Acceptable”
Life

Time
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De-composing Downtime babcock

Total time per year

HEICHGH

oA
L)

Downtime

+20 years?

Today +5 years
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An Analytical Approach Through Life babcock

Candidate
Item Selection
Continuous High-level
Monitoring Projections

Scenario Detailed
Testing Projections
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Commercial In Confidence

Candidate Item Selection babcock

Increasing Risk

Asset Complexity | Dispersed Standardized
, Uncleansed Data Risk Assessment
N i i Probability
sod =] = |
M Family Tree H | [ !
' ' A i — Other — :
B i | _ i
i ‘ H Severity

o | _,J oA

E i H Support Risk

! Centralized

Environment
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High-level Projections — Finding shape/slope

| Equipment | Vulnerability

Time

“Vulnerability”
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The effect of the shape parameter (8) on the shape of
the Probability Density Function
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***|ndicative

Type Parameter (f3 Parameter (a
[ A | 1.7

Valve 110,000 hours

[ B | Actuators 1.2 300,000 hours
e R 1.8 70,000 hours
and Seals
| D | Pumps 32 200,000 hours
| E | Structures 2.1 2,500,000 hours
I Pressure Systems 19 100,000 hours
[ G | Propulsion 0.75 250,000 hours
“ Electronic — Control 05 50,000 hours
/ Comms
Electrical — Power /
- Sonar / Radar 315 500,000 hours
Other 11 150,000 hours
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High-level Projections — Your shape/slope ~ babcock

YOUR Asset Correlate to actual observed performance
(correct for environmental/functional effects).

l Basic Weibull Plot
= Data Points

0.632

U]

Antarctica Hawaii

PR

Cumulative Failure Percentage

Age at Failure
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High-level Projections — Your shape/slope ~ babcock

YOUR Asset Correlate to actual observed performance
(correct for environmental/functional effects).

]:, 4

U]

Antarctica Hawaii

PR

“Vulnerability”

| Aviation Nuclear www.babcockcanada.com



Equipment life vs. Asset life babcock

4 Non-Repairable Items

Replacement

|

Reliability
Shape

' l I Cut off %

> Obsolete

Reliability

Preventive
Replacement Interval

Run to Fail (MTBF)

Time
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Equipment life vs. Asset life babcock

f Repairable Items

Rebound

— e
—
-~

Reliability

Reliability

Shape
< n 0,
< > Belyond Cut off %
Preventive Economical
Replacement Interval Repair

Run to Fail (MTBF)

Time
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Commercial In Confidence

Translating Equipment to Function babcock

Vulnerability

WaterTlght Damage Control | Propulsion and Cargo
v v

Equipment
IIHHHHHHHH
SN S

AN
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Translating Equipment to Function babcock

TODAY +5 YEARS +20 YEARS
WT Integrity

Damage Control / Fire
Fighting

Propulsion and
Maneuvering
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Baseline Degradation: babcock
Aggregate by Function Demonstration

« By applying reliability

Time

aggregation 2o = = 204 2059
algorithms to the .

dataset, aroll-upcan i
be generated of ) Fincimb
overall vulnerability " = e
by function 2@ \\\\k\“;ﬂ(\ e
requirement through 100 = ————
time. 120 \—\

140
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Baseline Degradation: babcock
Aggregate by Function Demonstration

Time

° Aggregatlng the reSU|t C)20'19 2024 20I29 2034 2039
further yields a simple view :
of sustainment vulnerability 20 I
overall . :
cceptable

« Risk banding can work two B :

Ways: § . : —e—Average
« Set upfront as a means to find 2 :
“end of life” so  Satisfactory |

« Set by “end of life” as a :

baseline for mitigation Unacceptable 1“End of Life” Target “End
calculations. :(Baseline) of Life”

120
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Detailed Projections - recap

A

Reliability

Beyond
Economical
Repair

babcock

Non-
repairable

Repairable

Time
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Mitigations babcock

4 Non-Repairable Items

Replacement

>

=

= Reliability

@ Shape

§o)
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>l > Obsol Cut off %

Preventive i solete

Replacement Interval
Run to Fail (MTBF)

Time

www.babcockcanada.com

Aviation Nuclear




Mitigations babcock

4 Non-Repairable Items

Replacement

>
=
=
© Reliability
o Shape
s A VY
> Obsol Cut off %
Preventive solete
Replacement Interval
Run to Fail (MTBF)
>

Time
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Mitigations babcock

A . .
Repairable Item with a Spare
Rebound
= Reliability
g Shape kS
9
B — " S
»ig > ie > Cut off %
Equip. Equip. Equip. Beyond
in service on shelf / in service Economical
Spare in Repair
service
>

Time
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Mitigations

) Repairable Items with an improved

Rebound repair method / facility

|

babcock

2
= Reliability
g Shape
E \
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> Beyond Cut off %

Economical
Repair
>

Time
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Mitigations: Comparison

babcock

Unmitigated
Non-repairable

Vulnerable to

Mitigated
Non-repairable

Predictable
obsolescence
Reduced g
Required Stock vy
challenging

Unmitigated
Repairable

Potentially Low
cost

Less predictable

Repairable -
Improved Rebound Rate

Increased life

Potentially
technically
challenging

Repairable —
---._ Additional Spares

Increased life

Expensive and
requires storage
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Translating Equipment Mitigations to babcock
Function

Vulnerability

Water Tight | Damage Control | Propulsion and Cargo
v v v
v

A

NS

v

Equipment

AN

AN

Marine | Land | Aviation Nuclear

www.babcockcanada.com



Aggregating Mitigations babcock

« Aggregating the result further Scenerio 2
. . . Time
yleldS a Slmple view Of 2019 2024 2029 2034 2039
0 ™~
sustainment vulnerability :
overall 20 :
Acceptable |
40 I “End of Life”
2 I Forecast s
Scenerio 2 % 60 : verage
D201D 2024 2‘(;;: 2034 2039 é I
20 ——Function A 80 Satisfactory i
: — l L. ...
:z.:‘ 60 \H_‘* Function E 100 :
iw ¥\ e Unacceptable : Target “End
100 e S — :::::::\H 120 | of Life”
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Option Comparison babcock

Scenerios for Consideration

Time

2019 2024 2029 2034 2039 . .
0 Cost Benefit lllustration (@2034)
_ 250
20 el
(s8]
o
Acceptable )
40 =
z sl
= ]
E 60 .. A e L T Scenano 45.
% CCCCCCC o
> e e N e @ ¥, 0~ __——=Tgenario o
=0  Satisfactory 5
2 300 350
100 ;
Unacceptable =
2 100

120 Option Cost

Target end of life

Finally each option can be summarized We’re now able to establish
either the BUDGET or the new

aggregated into a single vulnerability picture
and compared to the ROM cost. END of LIFE.

Marine | Land | Aviation Nuclear www.babcockcanada.com



Implementing Various Options babcock

Baseline

Total time per year

Mitigated
v S

“Target” “Target”
Scheduled Allowance fo* EOL_ .I.EOL
Maintenance Defects Baseline Mitigated
Age Related Capital
Repairs Improvement
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Unmitigated Business Case babcock

A

Unit cost per Acceptable Satisfactory Unacceptable

effective

output
(i.e. $/day)

|
End of
“Acceptable”
Life

Time
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Mitigated Business Case babcock

A

Unit cost per Acceptable Satisfactorx:' Unacceptable

effective
output
(i.e. $/day)
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Questions?
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Testing
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Candidate
Iltem Selection
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Standardized
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Projections

Detailed

Projections
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YOUR Asset

Hawaii
-

=Y

Correlate to actual observed performance
(correct for environmental effects).
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