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Introduction

Sal¢ininkai wastewater treatment plant in a district
of Vilnius, Lithuania was the subject of a pilot
Reliability, Availability and Maintainability (RAM)
study.

The purpose was to create a baseline model
(digital twin) of the site to demonstrate the
capability of benchmarking asset performance and
comparing the resultant impact in improvements
to maintenance strategy, spare holding,
production bottlenecks and maintenance costs.
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Data Collection

o

* First step is to collect all data on

B o | o | i [ o
the assets included in the pilot
study a through a site visit. — I ,
e A mobile app linked to AssetCoreXL o o — e ]
was utilised to take photos and o w00
enter in the data parameters such o (] Y

as tag number, manufacturer, and
model number.

* The existing asset structure needed
review as it did not follow a
production process required in a
RAM model
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Asset Library

(S ASSETCORE XL
* The asset types needed to be : e

revised as they currently were at a 3 I | oecus
high level ie. “Pumps” mmeme e

* Each asset type was broken down
to failure modes as defined by SAE
JA1011/12

* Tasks were extracted from OEM
manuals and site spreadsheets and
reversed back into failure modes

*  Weibull failure parameters were
assigned based on data sources
and reliability knowledge

component [seungout |

COPYRIGHT © PRO RELIABILITY MANAGEMENT CONSULTANCY LLC
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Work Packaging

« All relevant tasks were grouped into [&MSETCOREXL = $
practical packages to be executed within the —
CMMS preventive maintenance program. dheims it
* Typical packages or grouping should gm:{;ﬁm il —
consider the following: S o 5B
" Assettype e e LTI e
* System or sub-system - B o =

* Specific route
e Criticality

* Task type

* Discipline

* Interval

* Status
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Packaged Tasks

Unpackaged Tasks
1]2[3]4]s Asset Type Tasks Duration| Labor | Interval | P-f |Outed

20032 Preventive | | Clean tank from material build up 600 ||| ops2) ||| 8760 0

24447 Preventive | || Clean tank from material build up 600 ||| ops2) ||| 8760 0

20001 Inspection | || Check housing for signs of leakages, cracks and looseness. 020 MEC(1) 8760 ||| 8760

20004 Inspection | || Check housing for signs of leakages, cracks and looseness 020 ||| MeC(n) ||| 8760 ||| 8760

20015 Inspection | || Check housing for signs of leakages, cracks and looseness 020 | || Mecy |[| 8760 ||| 8760
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WORK INSTRUCTION WORK INSTRUCTION WORK INSTRUCTION
o, ASSETCORE XL [ .. ASSETCORE XL Last Reviewed 2711112022 . ASS) Last Reviewed 2711112022
MEC_6MR Petiaiet =T MEC_6MR Revision - Rev_0 A ET[:URE XL MEC_8MR Revision : Rev_0
MEC_6MR 6 Monthly g A Plaase give as much detail as possible to allow the planner to scheduls corrective actions.
[ Asset Task Duration Limit | Reading (See 3 examples below)
Mechanical 6 Monthly Running V.NVA.NVA-0002-02-Pre- 1.1 Need Urgent Repair |
Jeleaning 12 Unable to see the bottom 50% of thr dump due to product buildi
Purpose: To check for any abnormalities that could present a safety Expected Duration: Housing cracked [he - " 13 T::m = a:;:sivl: vimlTun n sua S ;:::d opper due lo product bulding {
hazard, or damage to equipment, or cause a breakdown or stop 3 Hours and 18 Minut 1 [20016-Oily fat pump (2.1.22) [Check pump housing for signs. of 010 [ b:l:‘Si:ib\:m an - There is exclusive vibralion in Safsty Guard.
leak:
pecduction. e e . Notes Comments and Required Actions e,
Minimum PPE 'Other PPE required during this task sulphate
24-Cracker dosing pump
Q ° 6 erotank 1 (2.3.
pmem| | o= | |mm s
sing cracked [The pump is clean and
Running Inspection 2 E;:;g ump housing for signs.of 010 o leaks visisle
Read this entire document right through prior to starting the task
No Safety Guards are to be removed or Safety device overridden while doing this inspection
Activity Description Definition/Meaning [24525-Cracker dosing pump
~— |Abnormalities, leaks, colour deterioration caused b
& Look @ ot Y,
Housing cracked hhe ) o
M Listen @ lLeaks, abnormal or unusual noise, vibration 3 Mw.:ump housing for signs of 010 [ ..‘L‘Eﬁué’m?:'" an
Touch (Limited) W [Motor/Gear Box/Frame away from any moving parts,
/& |vibration
Smell r = . -
G  [Leak, buming 'NVA.NVA-0002-06-Sludge
., [Using hand held Infrared or Laser equipment. or Note: Use the back of this to draw pictures or diagrams or if you run out of space here
4 Measure Temperature I = |permanently installed gauges 2564 Treated sludge pump page P 9 you pa
o Measure Pressure Y Task Notes: (Notes relating to the procedure steps above. Include the Step number in the note)
(' “) Using permanently installed gauges s
- b Bearing womn ) ) °
o Record Notes _ No grinding or cavitation
4 (Check pump for sbnormal sounds 0.20 o
D IRecord or make a note of your findings Lo e o et Inoises o
o ISmall adjustments that can only be conducted while the
[ Adjust (Limited) \ equipmezn is running
Pre-Check (Things to check before starting) [2) Permits Requires 27-Polymer mising
& Conducted as JSA o Hot Work 5 3
o Confined Space o <H:leclation
O Isolation Procedure Entry o qung at
O Lockout and Tagging Procedure ©  Permit to Penetrate Heights Tank leakage [The area is free for
5 (;#:T::kl:;\:sed: and surroundings: 020 | es and leaks
|s¢ Specialized Tools Material required | ... People (Who is required or needs to be notlﬂ-d)l
&2 Toreh & intrared Temp. device [@ OperatorMaintainer 100% |
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Reliability Block Diagram (RBI
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Reliability Block Diagram (RBI
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RBD Techniques
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Figure 14. A tank used as a buffer to ensure system availability on pump failure

Storage and Buffer Capacity

Figure 13. Application of redundancy arrangements

Redundancy Arrangements
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Figure 12. Common system used within the excess sludge recycle system
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System profile
Geners Advanced Rudes Notes Optmaaton Task Group Properties - OPS_TY (3.3) : Tank Cleaning 33 7 X stem e
0 Tosk ensbied Generol  Fredictive Data  Rules  Notes  Tasks T T T T T T T
et 8760 Ot 0 O Feedetena | M‘ \1 W l/ VL wl( [
i Rule Pr 7 X D OPS_1Y 33) -
Tosk ID: PM4EY Tiped | bt mt 4
Tosk duation: 2 ] Operatonalcost: 0 Type: Trggertesk by state v Descripton: Tank Cearing 33
Mo bns; 0 Mo aga; State dependency type:  RBD Block v .
Task: Not. ~ Reference block: v E
oo | Notset — — £y 25645 Y o
Lo S Reference block state: Out of service. v i
e 8 Enable associated tasks
 MECx2 Minimum elapsed time/age: 35000
140238 1 STATOR, CAVITY PUMP. 0560096541216 B Assign mterval 1o assocated tasks 8 Fed interval .
R densitin nterval: 8760 terval offset: 2190
Fblock 25645 nager >= 35000 E
Eficency factor: 1
Fad. WAL @A B Remove Opesatonal cost: 0
Copy orecve Propeties oK Concel oK Cancel - — . ——
o = TR TR TR TR TR R
Figure 15. Setup for opportunistic maintenance for progressive cavity pumps

Figure 16. Interval offset for aerated tanks

Opportunistic Maintenance Task Alignment

Phase Properties - Winter ? PUtS = VIVAN: e - » = = Gererd Rues Appewmce Notes
ool R pposance Netes e &l - El .
General  Notes. el o O Ma1A7
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Figure 19. Phases repr ing the 1 intake of Figure 20. A 30-minute switching delay was added to air blowers

Phases Switching delay
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RBD Techniques

PRODUCT COMBINATION

o
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Figure 17. 2 pumps with different products pumped to a common mixing tank
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Figure 18, 2 systems separated to predict product flow rates

Production Modelling
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Spare Properties - 140298 : STATOR, CAVITY PUMP, 056009G54A1216

General |evel1 Level2 Level3 Repair Shop Notes Optimization

Genersl Advanced Rues Notes Otimization

(0 Task enabied
Irterval. 8760 Offset: 0 () Foed interval
Descrption  Replace pump stator
ID: 140238
Tosk ID: PMag3
Type:  Not set e Tsh duraton: 2 Operatonal costi 0
Description:  STATOR, CAVITY PUMP, 056009G54A1216 (=0 I
Teskpmo: | Notset ~ a8
New Group. Edt Growg.
Resources:
Unit cost: 1250 FueC2
@ 140258 x 1 STATOR, CAVITY PUMP, 0SS00SGS4A1216
Unt volume: 0
Unit weight: 0
PaE. . @A Edt Remove
0K Cancel = o8 =
Figure 21. Spare part data for the stator for a progressive cavity pump
Spare Cost Optimization ? X
D Level 1 Min Level 1 Max Level 10pt Level 2 Max Level 2 Opt Senstivity
140298 0 6 0 1 002805
( Set range for selected spare(s)... ] Coofdae Select al
Optimize selected spare(s) Abort
Accept recommendations for selected spare(s) Close

Figure 22. Optimised spare holding for the stator

Spares Optimsation
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Results (Baseline)

ystem profile

U Reliability (MTBO) = 250.57 hours T ol i “V“"\F’“’V' M e \r -
O Availability (Am) = 97.26%
O Maintainability (MTTR) = 6.88 hours -
L Production = Wastewater 45.70 m3/h k
O Maintenance Costs, Labour (€) = 214,204 (21,420 pa)

Labor Profie for All Labor Consequence Profile for Consequence C1

Figure 23. System capacity profile and maintenance costs over 10 years

‘ \IV
! || "l 1‘
~

Figure 24. Labour task profile and resultant loss of water treatment capacity consequences over 10 years Figure 25. Assets with the largest contribution to unavailability and failure frequency
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Conclusion

™~

Clear labelling of assets

Centralised library for best practices
Standardisation of  maintenance
plans and task lists across the
network

Develop Bills of Materials (BOM) for
critical assets

Construct RBD for the entire water
and wastewater network

Data alignment to Maximo (CMMS)
Spare part holding for critical assets
Implement a defect elimination
program
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BUILD

Digitise the master data for the
asset core

Asset Hierarchy

Asset Library

Assessment

Packaging

Work
Instructions

Parameters

BOM
Duty/redundancy
Capacity/product

Asset types

Failure modes

Failure characteristics
Tasks by criticality

Risk matrix
Criticality
Task list output

Area
Condition
Trade
Interval
Criticality

Predefined template
PDF format
Checklist style

ANALYSE

Predict and forecast the outcomes
to the business

Asset Hierarchy

Maintenance budget
Resources
Cost optimisation

RCM Analysis

Design validation
Plant bottlenecks

REVIEW

Continuously improve and raise
the bar

EAM

Asset |

. AssetCoreXL
. Isograph AWB
[l Client System

Performance

4I

RAM Analysis yop
Capital program
Production forecast

Repackaging

Il‘ll

Weibull Analysis [t

Understand failure
characteristics

Wear-in

RCM Analysis

RAM Analysis

New

hange

Repackaging ([;elete

Corrective

Actions Risk based
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PRO RELIABILITY MANAGEMENT CONSULTANCY LLC

Mobile: +971 52 964 2611
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Office M0O5, Al Sharif Building 2,
Dubai, United Arab Emirates
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