CAN MAINTENANCE
BE PERFORMED WITHOUT

COMPROMISING CONTAINMENT?

Diagnostic Guide
GD-013

A technical diagnostic guide to maintenance isolation, decontamination, temporary
controls, and post-work verification

A practical guide to treating maintenance as an intervention on containment rather than as a routine technical
task performed inside a high-containment facility. DIAG N USTIC GUIDE



HOW TO USE THIS GUIDE

MAINTENANCE CHANGES THE CONTAINMENT
CONDITION BEFORE RESTORING IT.

This guide was created for facilities where filters, fans, sensors, doors, controls, seals,
and equipment must be maintained without losing control of the barrier or system they

support.

Why we developed it

Maintenance is often described as an activity intended to
preserve performance, but the intervention itself may
temporarily remove the function being maintained. A
housing is opened, a fan is isolated, a pressure sensor is
disconnected, a service door is removed, or a penetration
seal is disturbed.

In high-containment environments, these actions may
change pressure relationships, expose contaminated
surfaces, remove redundancy, create uncontrolled openings,
or invalidate previously verified conditions.

The purpose of this guide is to help technical teams plan
maintenance around the containment consequence of the
intervention, not only around the mechanical task.

HOW TO USE IT IN PRACTICE

deliberate, controlled, and reversible.
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Who can use it

The guide is intended for facility managers, maintenance
teams, engineers, biosafety personnel, commissioning
personnel, contractors, and institutional authorities
responsible for service work in high-containment
laboratories.

It may be used for preventive maintenance, corrective work,
filter replacement, sensor calibration, controls work, door
repair, fan isolation, penetration repair, and other
interventions affecting containment-critical systems.

Define the function performed by the equipment or component, identify what will become unavailable or open during
the intervention, establish isolation and contamination controls, define the temporary operating state, and specify the
verification required before the function is considered restored.

The objective is not to make maintenance impossible. It is to make the temporary loss or alteration of containment
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INTENDED USE, LIMITATIONS, AND COPYRIGHT

HOW THIS GUIDE MAY BE USED — AND WHAT IT DOES NOT

AUTHORIZE

This guide is a general diagnostic-orientation tool. It is designed to help structure
technical questions, organize evidence, and define what requires more specific

evaluation.

Acceptable use

It may be used to:

e structure preliminary technical investigations;
e prepare internal reviews and multidisciplinary discussions;

« identify missing information, measurements, and
documentation;

o support definition of the scope of a subsequent evaluation;

¢ serve as educational and internal technical reference
material.

It does not constitute

This guide does not constitute a work permit, maintenance
procedure, lockout/tagout procedure, decontamination
protocol, acceptance criterion, certification, authorization to
intervene or operate, or site-specific recommendation.

Technical and operational decisions

No decision regarding isolation, decontamination, technical
access, temporary controls, continued operation, post-work
verification, or return to service should be based solely on
this guide.

First published: October 2026
Current version: October 2026 | v1.0

COPYRIGHT AND PERMITTED USE

BioLab Solutions.

Guide.
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Applicable technical basis

The content should be interpreted together with the risk
assessment, institutional maintenance and permit-to-work
procedures, decontamination requirements, Basis of Design,
commissioning criteria, manufacturer instructions, regulatory
requirements, and other site-specific documentation.

Competent personnel

Maintenance affecting containment-critical systems should
be planned, performed, and verified by appropriately qualified
personnel, with clear institutional authority and a
documented release and restoration condition.

Responsibility
BioLab Solutions assumes no responsibility for decisions,
modifications, interventions, or actions carried out outside a

site-specific evaluation and without review by competent
personnel.

© 2026 Biological Laboratory Solutions S.A.S. de C.V. All rights reserved.
This publication may be downloaded, retained, and used internally for educational, technical, and reference purposes.

It may not be reproduced, redistributed, modified, sold, or incorporated, in whole or in part, into commercial materials,
courses, procedures, specifications, reports, or third-party publications without prior written authorization from

Brief excerpts may be quoted with full attribution to BioLab Solutions and reference to the corresponding Diagnostic



U ‘l Start with the containment function that will be altered

The same maintenance task may have very different consequences depending on the function the component

performs within the containment strategy.

Before planning the work, define what function will become unavailable, altered, or

open.

Airflow / pressure

Work on fans, VAVs, dampers, sensors, or controls may alter
directional airflow and the pressure cascade.

Envelope integrity

Work on doors, seals, penetrations, or panels may create a direct
opening through the containment envelope.

Monitoring / alarms

Work on sensors or controls may leave the facility operating without
visibility of its actual containment state.

Filtration

Opening a HEPA housing or changing a filter alters a verified barrier
and may expose contaminated surfaces.

Decontamination

Maintenance on autoclaves, EDS, pass-throughs, or isolation systems
may remove a terminal treatment or transfer function.

Redundancy

Taking a component out of service may place the system in a
degraded state with no remaining backup.

Maintenance question: what containment function will change between the moment work begins and the moment

the system is reverified?

BioLab Solutions - Diagnostic Guides



02 Determine contamination status before access

Technical access should not be planned independently of biological or chemical status.

The maintenance boundary may contain contaminated filters, internal duct surfaces,
drainage components, equipment chambers, or residues from laboratory processes.

Before opening or dismantling, establish

* what material may be present; Do not infer that it is “clean” simply
o whether the component is upstream or downstream of a because it is inactive
barrier; A system being shut down, unused, or out of
e whether decontamination is required; service does not by itself demonstrate that internal
o what method is applicable; surfaces are safe for maintenance access.

¢ what evidence is needed to release the component for

The release condition for access or intervention
work;

should be explicit and documented where

MAINTENANCE ACCESS BEGINS WITH A KNOWN CONTAMINATION CONDITION —
NOT AN ASSUMPTION.
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0 3 Define the isolation boundary

Isolation should protect both the worker and the remaining containment system.

System Isolation questions

Exhaust fan Which dampers isolate the fan? Does the isolation affect another fan or a shared duct path? Is the fan
electrically locked out?

HEPA housing Can the housing be isolated upstream/downstream? Is provision available for safe change or
decontamination?

Pressure sensor Does removing the sensor leave the room uncontrolled or only unmonitored? What temporary
measurement will be provided?

Door / interlock How will personnel movement be managed while the door or interlock is out of service?
Autoclave / pass-through Can both sides be safely segregated? What prevents uncontrolled opening through the boundary?
Drain / effluent system What prevents release, backflow, or exposure while the component is open?

Controls panel Which containment functions depend on that panel, network, or power source?

A component may be electrically isolated while remaining biologically connected to the containment system. Both
conditions should be considered.
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U 4 Define the temporary containment state

The facility may need to operate differently while maintenance is being performed.

Maintenance may place a room or system in a temporary condition that is neither

normal operation nor complete shutdown.

Restricted operation
Can current work continue while new procedures are prohibited?

Alternative monitoring

Can an independent pressure measurement or local observation
temporarily substitute for an unavailable sensor?

Time limit
How long may the degraded state persist before additional action is
required?

Reduced occupancy

Should access be limited to essential personnel until redundancy or
monitoring is restored?

Temporary barriers

Are temporary partitions, sealed covers, or other local containment
measures required around an open interface?

Escalation

What condition triggers suspension of work, evacuation, or a broader
shutdown?

A TEMPORARY CONDITION SHOULD BE DESIGNED, NOT IMPROVISED WHEN THE

SYSTEM IS OPENED.
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U 5 Protect the containment envelope during the intervention

The work itself may create a new opening, leakage path, or contamination pathway.

Examples

 open filter housing;

¢ removed door leaf;

¢ unsealed duct opening;

e removed penetration seal;
e open pass-through;

 disconnected drain or piping;

e temporary cable or hose route through a boundary.

Plan the opening

For each temporary opening, define:

» physical barrier or cover;
o airflow direction;

» worker position;

e contamination controls;
e duration;

 inspection before closure.

THE INTERVENTION SHOULD NOT CREATE A NEW UNCONTROLLED BOUNDARY
CONDITION WHILE CORRECTING THE PREVIOUS ONE.
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06

normal.

Explicitly manage loss of redundancy

Maintenance often creates a system vulnerable to a single point of failure even while containment remains

Taking a standby fan, generator path, filtration stage, or control element out of service
may remove the system's ability to tolerate the next failure.

Ask

which backup function is unavailable;

what additional failure could now cause loss of the
required containment function;

whether current work may continue;
whether new high-risk activity should be deferred;

how quickly maintenance should be completed;

what contingency exists if the in-service component fails.

Contained does not mean fully resilient

A room may maintain normal pressure while
operating without remaining exhaust redundancy.

That condition should be visible, time-limited
where appropriate, and governed by defined
operating rules.

MAINTENANCE MAY REDUCE RESILIENCE BEFORE IT CHANGES THE NORMAL

PRESSURE READING.
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MAINTENANCE BY SYSTEM TYPE

WHAT CHANGES WHEN DIFFERENT SYSTEMS ARE OPENED OR

DISABLED?

Intervention

Containment consequence to evaluate

HEPA filter replacement

Pressure-sensor calibration/replacement

Fan maintenance

Door repair

Sealant / penetration repair

Controls-system work

Autoclave / transfer-device maintenance
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Contamination exposure, seal disturbance, housing opening, airflow interruption, and post-change
integrity testing.

Temporary loss of monitoring, control response, alarm availability, and independent verification.

Loss of airflow capacity, loss of redundancy, pressure change, restart sequence, and functional
retesting.

Envelope opening, leakage change, change in closing force, and effects on interlock/pressure
recovery.

Temporary opening, contamination status, leakage change, and need for rebalancing.

Loss of automation, alarm suppression, fail-safe positions, manual backup, and subsequent functional
testing.

Opening across the boundary, loss of interlock, contamination release, and cycle verification after
repair.



COMMON FAILURES IN MAINTENANCE CONTROL

WHAT OFTEN GOES WRONG

“It is routine preventive maintenance.” “The technician knows the equipment.”

Frequent occurrence does not make the containment Equipment competence does not automatically imply
consequence routine. knowledge of the facility's containment dependencies.

“We will test it if something looks wrong.” “The room stayed negative.”

Some interventions alter verified conditions without Pressure alone may not demonstrate restored HEPA integrity,
producing an obvious visible defect. alarm function, redundancy, or control behavior.

“The work order is closed.” “We can leave the override until tomorrow.”
Administrative closure does not demonstrate technical Temporary overrides can become undocumented permanent
return to service. changes if restoration is not controlled.

WHEN MAINTENANCE AFFECTS A CONTAINMENT FUNCTION, THE TASK DOES NOT
END WHEN THE COMPONENT WORKS. IT ENDS WHEN THAT FUNCTION HAS BEEN
RESTORED AND VERIFIED.
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07 Define verification before work begins

Return-to-service criteria should form part of the maintenance plan, not be decided after the repair.

Intervention

Possible post-work verifications

Sensor replacement

Door repair

HEPA replacement

Fan / VFD work

Penetration repair

Control-sequence change

Autoclave / pass-through

Calibration, independent comparison, BMS confirmation, and alarm test.

Alignment, closure, seal condition, interlock test, pressure recovery, and directional airflow.

In situ integrity testing in accordance with the applicable method and criterion, airflow, pressure
relationship, and filter-identity documentation.

Startup, airflow measurement, pressure cascade, control response, alarm, and redundancy test.

Seal inspection, boundary verification where required, and airflow rebalancing if leakage changed
materially.

Functional testing under relevant normal, transition, and failure states.

Door/interlock function, cycle performance, alarms, and applicable containment verification.

The scope of verification should correspond to the containment function altered by the work.
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08 Overrides, bypasses, and temporary configurations

Maintenance often depends on temporary control changes that may survive the intervention.

Alarm suppression

Record exactly which alarms are suppressed, why, for how long, and
who authorized it.

Interlock bypass

Use only where technically justified, controlled, and restored before
normal operation.

Temporary power

Confirm that temporary sources do not bypass required emergency,
monitoring, or isolation functions.

Manual mode

Identify devices removed from automatic control and define the safe
manual state.

Temporary setpoints

Document modified pressure, airflow, or control values and the
intended restoration value.

Restoration check

Include a deliberate final step confirming that all overrides and
temporary configurations have been removed.

A TEMPORARY OVERRIDE IS A CONFIGURATION CHANGE UNTIL ITS RESTORATION

HAS BEEN DEMONSTRATED.
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ISOLATION LOGIC

ENERGY ISOLATION AND CONTAINMENT ISOLATION ARE NOT THE
SAME THING

A safe maintenance plan should satisfy both occupational energy-control requirements
and the containment condition created by taking equipment out of service.

Energy-control questions Containment questions
¢ what electrical, mechanical, thermal, or pressure energy e what airflow or pressure function is lost;
must be isolated; * whether an open path may communicate with an
¢ where lockout/tagout boundaries are established; uncontrolled area;
¢ what stored energy remains; ¢ what contamination may be present inside the
¢ who controls the isolation. component;

e what temporary barrier or alternate path is required,;
¢ what monitoring must remain active.

Both plans should be coordinated. A technically correct energy isolation may still create an unacceptable
containment state if the consequence of shutdown was not evaluated.
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CONCURRENT WORK

MULTIPLE SMALL INTERVENTIONS CAN COMBINE INTO A LARGE
CONTAINMENT CHANGE

Maintenance planning should consider the facility state created by all simultaneous
work, not each work order in isolation.

Shared redundancy Shared pressure zones

Do not remove backup capacity in one task while another depends on Two local shutdowns may together alter a cascade or exhaust path
that backup remaining available. that neither work order appears to control on its own.

Overrides and bypasses Access and decontamination

Consolidate the list of temporary configurations so that one team Confirm that one intervention does not invalidate another

does not restore or defeat a condition required by another. intervention's release condition or access route.

Emergency response Single coordinating authority

Know what degraded state the facility can tolerate if another failure Assign responsibility for the overall temporary configuration and for
occurs while maintenance is underway. authorizing return to normal operation.

THE CONTAINMENT STATE IS CREATED BY THE COMBINATION OF ALL ACTIVE
ISOLATIONS, NOT BY THE WORDING OF INDIVIDUAL WORK ORDERS.
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DIAGNOSTIC SEQUENCE

CAN THIS MAINTENANCE BE PERFORMED WITHOUT LOSING
CONTROL?

01

Is the containment function affected by the intervention clearly defined?
No — identify what will become unavailable, open, or altered before authorizing the work.
Yes — continue.

02

Is the contamination status known and is access to the component safe?

No — first establish release/decontamination requirements.
Yes — continue.

03

Can the system be isolated without creating an uncontrolled pathway?

No — redesign the work method or establish additional controls.
Yes — continue.

04

Is the temporary operating state defined?

No — define restrictions, monitoring, loss of redundancy, and escalation criteria.
Yes — continue.

05

Are verification and return-to-service criteria defined before the work?

No — establish them before intervention.
Yes — continue.

06

After the work, has the containment function — not only the component — been demonstrated?

No — return to service remains incomplete.
Yes — document restoration and close the intervention.
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MAINTENANCE WORK PACKAGE

WHAT SHOULD BE DEFINED BEFORE THE INTERVENTION?

Scope Risk and release

e component/system; e contamination status;

e work description; e decontamination;

o affected containment function; e PPE;

e expected duration; e LOTO;

e contractor/personnel. o biological/chemical release condition;

o waste handling.

Temporary state Restoration

o isolations; e inspection;

e overrides; o calibration;

o temporary barriers; o integrity testing;

e monitoring; o airflow/pressure checks;
e operating restrictions; o functional testing;

o loss of redundancy. .

return-to-service authority.

Work-package objective: make the temporary containment condition visible before maintenance begins and define
what evidence will close it afterward.
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AFTER MAINTENANCE WORK

RETURN TO SERVICE IS NOT THE SAME AS “THE EQUIPMENT
STARTED"

The equipment may operate correctly while the containment system remains
incompletely restored.

Confirm physical restoration

* housings and doors closed; Confirm functional restoration
e seals restored; e pressure cascade;

e temporary openings removed; o airflow;

 tools/materials removed; e alarms;

e dampers returned; ¢ interlocks;

e electrical isolation released; ¢ redundancy;

¢ normal configuration restored. e HEPA integrity where applicable;

e control response;
¢ trend stability.

PHYSICAL REASSEMBLY RESTORES THE COMPONENT. FUNCTIONAL EVIDENCE
RESTORES CONFIDENCE IN THE CONTAINMENT SYSTEM.
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LIFECYCLE CONTROL

MAINTENANGE RECORDS FORM PART OF THE CONTAINMENT

BASELINE

Maintenance repeatedly changes the facility throughout its operating life. The record
should preserve enough information to explain how the current configuration came to

exist.

Retain

e work order;

e scope and reason;

e pre-work condition;

e isolations and overrides;
e parts replaced;

¢ modified setpoints;

e testresults;

« deficiencies;

e return-to-service approval.

Analyze maintenance-related drift

Repeated interventions on the same fan, door,
sensor, seal, or filtration system may indicate a
recurring underlying problem rather than unrelated
maintenance events.

Lifecycle review should connect those records with
pressure, airflow, and alarm trends.

WITHOUT TECHNICAL MEMORY OF MAINTENANCE, THE FACILITY CANNOT
RELIABLY EXPLAIN ITS CURRENT CONTAINMENT CONDITION.
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CONTAINMENT MAINTENANCE WORK-PACKAGE REVIEW CHECKLIST

BEFORE WORK BEGINS, DEFINE THE TEMPORARY CONTAINMENT
STATE AND HOW IT WILL BE CLOSED

Use this checklist as a diagnostic-support tool. A checked item does not constitute
acceptance; each element must be interpreted against the risk basis, facility

configuration, and applicable criteria.

o Define the function of the component or boundary that will
be altered and the containment consequence of taking it out
of service.

o Confirm contamination status and any decontamination,
access, or PPE requirements before opening or altering the
system.

o Coordinate energy isolation / LOTO with containment
isolation; satisfying one does not imply satisfying the other.

o Identify redundancy, alarms, pressure control, barriers, or
monitoring that will be unavailable during the intervention.

o Define temporary controls, operating restrictions,

monitoring, and maximum duration of the maintenance state.

service.

o Check concurrent maintenance or other open work that
together could remove redundancy or affect the same
containment zone.

o |dentify the authority responsible for coordinating and
accepting the temporary configuration.

o Record removed components, replaced parts, disturbed
seals, overrides, setpoint changes, and configuration
changes.

o Define post-work verification before work begins, based on
the functions actually altered.

o Remove temporary overrides, complete retesting, document
deficiencies, and obtain return-to-service authorization before
resuming normal operation.

Technical-use note: This review checklist is a diagnostic-support tool. It does not establish site-specific acceptance
criteria, replace risk assessment or professional judgment, constitute certification, or authorize operation or return to

If the review identifies a condition requiring site-specific evaluation, BioLab Solutions can support technical assessment, verification, and definition

of the required evidence.

BioLab Solutions - Diagnostic Guides



RELATED BIOLAB RESOURCES

EXPLORE MAINTENANGE, VERIFICATION, REDUNDANCY, AND
LIFECYCLE DRIFT IN GREATER DEPTH

NT-018-020 NT-021-024

HEPA filtration, housings, seals, and bypass paths Envelope continuity and leak tightness

NT-025-028 NT-032-035

Terminal barriers, transfer systems, and effluent interfaces Commissioning, functional testing, authority, and documentation
NT-036 NT-037

Operation as a continuous containment activity Maintenance as a containment-risk domain

NT-039 NT-049-051

Lifecycle drift in containment systems Decision ownership and authority interfaces

BIOLAB DIAGNOSTIC GUIDES
Short technical resources organized around real containment problems rather than individual
disciplines.

Series concept: symptom — system — evidence — restoration.
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CLOSING DIAGNOSTIC PRINCIPLE

MAINTENANCE IS A TEMPORARY
RECONFIGURATION OF THE CONTAINMENT

SYSTEM.

Containment-critical systems must be
maintained, and the safest maintenance
programs do not pretend that the
intervention leaves the facility unchanged.

An offline fan, an open housing, a removed sensor, or a
disturbed seal creates a temporary configuration with its
own risks, operating limits, and control requirements.

The maintenance process is complete only when that
temporary state has been technically closed: the system
has been physically restored, temporary overrides have
been removed, affected functions have been tested, and the
responsible institution has accepted return to service.

BIOLAB SOLUTIONS

Independent technical support for
planning, design, commissioning,
assessment, and lifecycle management
of high-containment laboratories.

For site-specific evaluation, BioLab Solutions can

support technical review, verification, and definition of
evidence requirements.

INTERVENTION — ISOLATION — TEMPORARY STATE — VERIFICATION —

RETURN TO SERVICE
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