
Containment design 

optimization

P. Mani

tecr!sk



Main Relevant Swiss Laws

ÅEnvironmental Protection Act

ÅOrdinance on the contained use of 

organisms (ESV)

ÅOrdinance on the Environmental Impact 

Assessment (UVPV)

ÅOrdinance on Protection against Major 

Accidents (StFV)



Biosafety Management and Biosecurity Quality

input outcomeprocess

risk identification

risk analysis

theory of containment, containment elements, 

parameters, known experiments, literature, biosafety 

meassures, dependencies, redundancies

programming
user design specifications, research needs, laws 

& ordinnances, ex pected environmental impact

bioburden of:  diagnostic, research, production, type of 

agent, action or kind of  ex periment, infection path etc.

functional specifications, technical 

specifications, design document, 

performance requirements

risk class: 1 = no risk, 2= moderate risk, 

3=high risk but no air transmission, 4= high 

risk, air transmission possible, 5= ex otic

required safety factors for primary, 

secondary and tertiary containment, 

environmental impact risk analysis

design review Sep 2004



First Design Review 2004

ÅConceptual design review resulting in 

38 recommendations. 

ÅMajority of recommendations were 

followed, some are obsolete (no 

animals at the moment), some have 

turned out wrong (e.g. MicroChem will 

become the stanadrd chemical shower 

disinfectant).



integral system 

validation
trainig program

materialization details, commissioning plan, 

definition of building standards, mock-ups and 

ex periments

commissioning plan, systems test results

Implementation, installation 

qualification (IQ), operation 

qualification (OQ), 

performance qualification 

(PQ), validation, 

commissioning

risk acceptance, equipment-"certifactions", 

operation permissions, final commissioning 

report, warranty documentation, biosafety 

manuals, SOP's, facility management 

documentation

construction, realization

facility, system test documents, acceptance 

test documents, performance test 

documents, change management

specific equipment tests, design refinements for 

all technical systems

design
schematic design documents, preliminary 

design, written design basis

optimization cycles, at least three different 

schematic design options

Validation, test operation 

training 
operational facility

design development

construction documents, bidding 

documents, written operational concepts, 

safety and security concepts
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design review Sep 2010

design review Aug 2005



Second Design Review 2005

ÅReview of all technical subsystems, 

leading to 108 comments. 

ÅSome of the comments did not require a 

specific action, some did and some 

have led to a special development or to 

calculations and simulations (e.g. 

pressure release system in case of a 

fire in the laboratory).



First Approval Step

ÅEnvironmental Impact Assessment 

Study (UVP)

ÅMain risks found: earthquake, fire in a 

lab, internal sabotage



What can go wrong?

ÅSingle answer :   < si, li, xi >

ÅSet of answers : { si, li, xi }

ÅComplet set :      { si, li, xi }c

ÅS = scenario, L = likelihood, 

X = consequence



Likelihood

ÅFrequentistic interpretation: repetitiv 

situation (e.g. dice)

ÅProbability: e.g. Ăone-shotñ situation 

(e.g. Mars mission) 

ÅProbability of a  frequency (Bayesó 

statistic)

ÅR = { < (Si,  pi(ji), ri(Xi) > }



Error Tree Analysis 1



Error Tree Analysis 2



Error Tree Analysis 3



Error Tree Analysis 4



Earthquake



Fire of a Freezer
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Planning Process Decision 

Oct 9, 2006



project decription SOP's

technical specifications Layer of Protection Analysis

 (LOPA)

relevant szenario safety analysis Sicherheitsanalyse des integrierten 

Systems 

biosafety handbook

handbook technical coordinationn

test parameter

error trees Input Szenario

 für integrierte 

validierung

maintenance handbook

test plan

human error analysis operational handbook

IP and OP dependencies

ex ternal influences
test protocols

integral tests
safety report 

Commissioning Process



Layer of Protection Analysis
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1 Überdruck im 

Labor Stufe 4

S Brand 0.1 0.1 0.1 0.1 kleine Brandlast, 

schnelle Detektion, 

Bekämpfung durch 

Laborpersonal während 

Arbeitszeit

eigenes 

System für  

Brand

1.E-05 Biosicherheitswerk-

bank

1.E-06 stellt nur dann ein Problem dar, wenn 

zusätzlich noch Aerosole im Labor 

vorhanden sind und die 

Druckentlastung nicht korrekt 

funktioniert

"worst case" Analyse mit  500 Pa 

Überdruck im Stufe 4 Labor  

(Anzugslabor) A

2 Überdruck im 

Labor Stufe 4

S Fehlfunktion der 

Ventilation, 

Anfahrsituation

1 0.1 0.1 0.1 1.E-03 nicht erforderlich- stellt nur dann ein Problem dar, wenn 

zusätzlich noch Aerosole im Labor 

vorhanden sind

"worst case" Analyse mit  500 Pa 

Überdruck im Stufe 4 Labor  

(Anzugslabor) A

3 inverse 

Druckstufung 

zwischen zwei 

Räumen

M Fehlfunktion der 

Ventilation

4 0.1 0.1 0.1 einheitlicher Referenz-

druck 

eigenes 

System für 

Druckdiffe-

renzregelung

4.E-05 nicht erforderlich- stellt nur dann ein Problem dar, wenn 

zusätzlich noch Aerosole im Labor 

vorhanden sind

"worst case" Analyse mit  500 Pa 

Überdruck im Stufe 4 Labor  

(Anzugslabor) A

4 Primäre 

Containment-

verletzung bei 

BSW III

A Handschuhabriss0.010.1 Unterdruck in der BSW 

III

1.E-03 nicht  erforderlich- Bereits behandelt in UVB

-

Schweregrad: M = moderat, S = schwer, A = ausserordentlich; Eintretenswahrscheinlichkeiten in Ereignis pro Jahr

SIS = Safety Instrumented System, PL = Protection Level



Work flow of analysis

 



Overpressure Scenario



H2O2 Concentration during Fumigation




