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The below is an excerpt from CIRIA publication W002 Chemical 
storage tank systems – good practice www.ciria.org and is reprinted 
here with kind permission. 

Introduction
Chemical storage poses a potential threat to the environment 
and health and safety, and careful management of the design, 
manufacture, installation, operation and maintenance of such 
facilities is required. CIRIA publication Chemical storage tank 
systems – good practice guidance (C598), provides detailed 
guidance on good practice in the design, manufacture, installation, 
operation, inspection and maintenance of tank systems. This 
document summarises the good practice advice provided in the 
full report. It is intended for use by any sized company, including 
regulators, designers, manufacturers, suppliers, installers, owners 
and operators of chemical storage systems.

Due to the breadth of the subject, and as individual systems 
are likely to have individual requirements, specific solutions are 
generally not covered.

Aims
This guide aims to provide a general good practice guidance for 
the selection and design, manufacture, installation, operation and 
maintenance of chemical storage systems. It is intended for use 
by any sized company. Due to the breadth of the subject, and 
as individual systems are likely to have individual requirements, 
specific solutions are generally not covered within the scope of 
this guide.

The types of system covered by this document are generally 
above-ground permanent chemical storage systems incorporating tanks 
and/or facilities for storing containers of 200 litres and above. For the 
purposes of this document ‘chemical’ is deemed to be a liquid 
substance hazardous to health or to the environment which is 
included in the Approved Substances List under The Chemicals 
(Hazard Information and Packaging for Supply) Regulations. However, 
the comments and recommendations in this document are also 
relevant to the storage of other substances (e.g. foodstuffs) which 
have potential to cause harm if they escape. Types of system not 
covered within the scope of this document include:

• Lagoons

• High pressure and vacuum systems

• High and low temperature systems (such as cryogenic)

• Underground storage tanks.

Benefits
The benefits of implementing good practice in all aspects of 
chemical storage systems can be practical, legal, financial and 
commercial. They may be tangible or less obvious and long term, 
and may include the following:

•  Improved health and safety conditions for employees, the public 
and third parties

• Reduced likelihood of losses and releases to minimise:
 •  the likelihood of causing pollution and associated environmental 

impacts,
 •  the likelihood of health & safety impact incidents,
 •  loss of chemicals and consequential financial loss,
 •  loss of working time through closure/repair,
 •  the likelihood of prosecution and/or fines;

•  Better relationship with regulators

•  Better reputation with customers

•  Increased efficiency through better methods of working

•  Reduced operation and maintenance costs.

Operation, inspection and maintenance
Inspection and maintenance of installations should only be 
carried out by experienced personnel. These personnel should be 
suitably trained in the various types of installation practices, the 
relevant rules and regulations, and in the general principles of area 
classification. Appropriate refresher training should be provided 
for such personnel on a regular basis.

Persons working in hazardous areas should be restricted to:

•  Authorised Persons specifically authorised (in writing) to work in 
hazardous areas; or

•  Competent Persons working under an appropriate permit issued 
by an Authorised Person; or

•  Competent Persons working under the direct supervision of an 
Authorised Person.

Management systems
Some considerations and useful guidance relating to generic 
management systems:

Aspect:  Considerations/Useful Guidance
General:  •  An effective management system is fundamental 

to the safe and incident free operation and 
maintenance of a chemical storage system.

  •  By the very nature of a management system, 
it is site specific and can come in the form of 
an internationally recognised system (e.g. ISO 
9000, ISO 14000 series) or a bespoke system.

Permit to work  • A means for ensuring that all necessary checks 
(PTW) system     have been made prior to works or operations    
                           (including deliveries) being undertaken.
  •  Generally a formal checklist of items that 

must be considered and accounted for prior to 
undertaking a specific piece of work.

  •  Should be completed by the person undertaking 
the work and a member of site staff, and should 
be checked and countersigned by a suitably 
qualified manager.

  •  Some general items that should be incorporated 
into the system are:
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  •  Description of the works to be undertaken.
  •  The names of individuals who are to undertake 

the work and the adequacy of their training.
  •  Identification of the key hazards and risks involved 

in the work, such as access, hotworks etc.
  •  Identification of the health & safety regime 

and any relevant working practices required to 
comply with it.

  •  Risk assessment of all relevant hazards, health 
& safety, practical, operational procedures etc.

  •  Checks on system components that must be cut-
off, drained, etc. prior to works commencing.

  •  Details of any exclusion zones around where 
the work is to be undertaken.

 •  Details of emergency procedures in place.
 •  Details of the date and the time of the work 

and the limited duration for which the
 •  PTW is valid.

Change control  •  What is the reason for/rationale behind the 
change?

  •  Will the change enhance the performance of 
the system?

  •  Is the change really necessary?
  •  Have all options for the change been assessed 

and, if so, is this change the best practical 
environmental option (BPEO)?

  •  Does the change involve the replacement 
of component parts and, if so, are these 
parts appropriate to the system in terms of 
performance and compatibility?

  •  Does the change include the change of 
chemicals stored or passing through any part 
of the system, if so, has material compatibility 
been considered and checked?

  •  Are there any potential health & safety 
implications relating to the change, the 
work required to undertake the change, or 
following the change?

  •  Has a risk assessment of all relevant hazards 
been undertaken and appropriate actions 
included within the change plan, and are the 
risks as low as reasonably practical (ALARP)?

  •  When considering storing specialist chemicals 
(such as ones that might generate a hazardous 
reaction with other chemicals stored on the 
site), has proper assessment should be made 
of the ability to store the chemical elsewhere 
in the event of a failure or an emergency 
arising?

  •  Record the change in the health & safety file.

Health & safety  • These procedures should be developed by a  
procedures and       health & safety professional, and be in accordance 
PEE                     with current regulations and best practice.
  •  All chemical storage tanks should be clearly 

labelled with their contents and all relevant 
hazard warnings. COSHH safety data sheets 
should also be available.

  •  The management system should also include 
the provision of pollution mitigation devices, 
where required
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  Some general guidance on PPE:

  •  PPE is the last form of defence for health 
& safety hazards, and hazard removal or 
mitigation should always be implemented 
wherever possible.

  •  Appropriate PPE should be provided to all 
employees prior to commencing work on-site.

  •  A formal risk assessment of the required PPE 
for normal operation and emergency situations 
must be undertaken.

  •  All persons working on the storage facility 
should be issued with the required PPE before 
being permitted within the confines of the 
installation.

  •  All necessary PPE for dealing with emergencies 
must be available on-site prior to the chemicals 
being delivered.

  •  Care, maintenance and inspection of PPE must 
be clearly defined to and understood by all 
those who need to use it.

Document  • Should include suitable procedures for checking,  
control:    authorising and filing of all documents from 

delivery notes and purchase orders to PTW 
and change control forms.

  •  Does the system allow for multiple checking 
of documents, so that a minimum of two 
individuals see and sign off each item?

  •  Are all staff informed of/trained in using the 
system?

  •  Is authorisation of documents assigned to 
appropriate members of the organisation?

  • Is a logical filing and archiving system in place?
  •  Does an appropriately qualified and experienced 

person controls/administer the system?
  •  Has consideration been given to the need 

for documents to be stored off-site in case of 
emergency (such as at the site gatehouse or 
with the emergency services)?

Incident  • An incident should be reported at the earliest 
investigation:   opportunity to stakeholders such as the 

environmental agency, HSE and the emergency 
services as appropriate.

  •  There are specific requirements for reporting  
of incidents to the HSE under the Reporting of 
Injuries Diseases and Dangerous Occurrences  
Regulations (RIDDOR) 1995. 

  The investigation should be tailored to suit 
individual organisations, site and location (eg 
near an environmentally sensitive area) and 
include the following:

  • Details of the incident;
  •  Circumstances surrounding the incident and 

the factors leading to its occurrence;
  • Details of regulatory involvement;
  •  Quantification of any loss and injur ies 

associated with the incident, including an 
estimate of the cost to the business (which may 
include repairs, lost working time, fines etc.);

  •  An assessment of how the incident could have 
been avoided;

  •  An indication of what remedial measures 
should be implemented to avoid reoccurrence 
of this or similar incidents. This may include 
procedural changes and physical changes that 

could be applied at similar sites under the 
operator’s control;

  •  Confirmation that remedial measures have 
been undertaken, and when;

  •  Dissemination of lessons learnt to all relevant 
site staff and management;

  •  Any other specific requirements under 
RIDDOR.

Training:  •  All persons working on bulk chemical facilities 
must receive adequate training appropriate to 
their work and responsibility. 

 May include some of the following:
 •  Hazards of the chemicals stored.
 •  System identification schematics and valve 

schedules.
 • Required personal protective equipment (PPE).
 • Delivery procedures.
 • Operating procedures.
 • Emergency procedures.

Filling and draining
Filling and draining are two operations where releases of 
chemicals often occur. This can be due to many factors from 
procedural inadequacies to system failure.

Aspect  Useful Guidance
General:   •  The method applied should be appropriate 

to the size and scale of the operation, and the 
nature and severity of the risk involved if a 
failure occurred.

  •  Risk assessment should be carried out to help 
formulate appropriate risk control measures.

  •  Clearly demarcate the delivery area when in 
use to prevent unauthorised or unintentional 
access.

  •  A visit to the site by a representative of a 
chemical company or trade association to 
inspect the storage system in respect of access, 
operation and emergency procedures, etc. can 
be valuable.

  •  Where delivery areas are not contained 
within a dedicated secondary containment 
drainage system, surface water drains should 
be protected by use of impermeable covers 
such as ‘Hazmat’ drain covers.

  •  Spill containment kits and health & safety 
precautions (emergency PPE) should always 
be provided in delivery areas.

Flammable  • Should never be undertaken near potential 
chemicals:    sources of ignition; which may include static 

charge.
  •  Protect against the build up of static charge 

(such as the earthing of plant and inclusion 
of anti-static or conductive flooring).

   Operational precautions that should also be 
considered:

  •  Consider alternative transfer method.
  •  Train operatives in avoiding static build up 

when working with flammable liquids (Static 
accumulation and discharge hazards should have 
been identified and eliminated or reduced to 
acceptable levels by ALARP at the design stage).

  •  Implementation of a control procedure for 
periodic testing of earthing and antistatic 
measures.
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  •  Use of anti-static or conductive footwear by 
operatives, which should be efficiency tested 
prior to each work period.

  •  Use of anti-static clothing and overalls.
  •  Prohibit removal of overalls and protective 

clothing in hazardous areas.
  •  Respond immediately to high pressure steam 

leaks (>100psi).

Connection:  •  Filling or draining of incompatible chemicals 
can have catastrophic consequences if two 
chemicals are allowed to mix and react.

  •  Check delivery paperwork to ensure that the 
chemical being delivered is what it is supposed 
to be. Even minor irregularities (such as 
spelling) should be checked and, if necessary, 
formally confirmed with the supplier.

  •  Always have independent supervision of 
deliver ies/draining by an appropr iately 
qualified member of site staff.

  •  Double check that the connection point is 
labelled correctly (including concentration) and 
leads to the correct system or part of system.

  •  For multiple chemical type deliveries, ensure 
that the correct delivery connection on the 
delivery tank or vessel is being used.

  •  Check along the length of the pipeline from 
connection to final destination to ensure 
that there are no visible signs of potential 
problems, such as open valves and sample 
points and damage.

  •  Check that connection(s) providing electrical 
continuity and earthing are in place and 
soundly made when handling liquids of 
relatively low electr ical conductivity (e.g. 
aromatic compounds) to reduce the likelihood 
of sparks due to electrostatic discharge or 
breaking electrical currents igniting explosive 
vapours.

  •  Check that high level alarms and cut-offs are 
fully operational.

  •  If vapour recovery is fitted, check that the 
connection is correctly made.

  •  Consider use of physical means to ensure 
that the correct connections are made, such 
as padlocks, removable handles, dedicated 
couplings.

  •  Delivery should always be undertaken with 
all connections located within a bunded or 
contained area.

  •  Emergency fire, spill and safety protection 
should also be provided at the point of 
delivery; operators should be trained in 
emergency procedures.

  •  Temporary storage of vehicles and trailers 
containing chemicals should also be located 
within bunded or contained areas.

Filling and  • Before filling and draining commences the  
draining     available space within the system should be 
operations:    checked by the operator and then again by 

the supervisor.
  •  The operator should be present at the 

connection point, the supervisor or site 
operative should be located at the tank or in the 
control room, and there should be a means of 
communication (such as radio) between them.

  •  Where systems have been washed out 
following the last use, they will need to be 
dried before filling commences.

  •  When delivery has commenced, constant 
monitoring of volume pumped (operator) 
and volume delivered (supervisor or site 
operative) should be undertaken.

  •  Monitoring should be by two independent 
means (i.e. a gauge at each end) for verification.

  •  Dipping for volume measurement should 
not be used if it is avoidable, as this is not 
good practice and can have significant health 
and safety implications. However, in a situation 
where dipping is still used (such as when a 
system is awaiting upgrade to a gauged system), 
the operator undertaking the dip should not 
stand on the tank or vessel being delivered 
to. (If this is not practical, another means of 
volume measurement should be sought).

  •  Careful checks should be made on pressure 
within the system and that venting or vapour 
recovery are operating correctly to avoid 
pressure build up.

  •  Tanks should never be filled to maximum 
capacity – chemicals can expand during and 
after delivery due to changes in temperature 
and pressure.

  •  For long delivery routes and where large 
volumes are being moved at high rates, such 
as those from ships, there is potential for 
pressure surge due to rapid operation of a 
shut-off valve. The need for incorporation 
of a facility for slow valve closure or surge 
accumulation should be assessed. There 
should also be periodic pipeline walkover 
checks; and any shift changeover should be 
covered by a procedure including a logbook 
and formal handover.

  •  High  l eve l  a l a r ms  shou ld  opera te 
independently of normal volume measuring 
instrumentation and should, where possible, 
incorporate an integrated failsafe shut-off 
system that may be linked to the pump, or 
to trip valves that shut off liquid movement 
when the alarm is triggered.

Completion of  • The volume of chemical left within the delivery  
filling or     pipework must either be pumped into the 
draining:     destination tank or vessel, or drained back 

into the source tank or vessel.
  •  If the chemical is to pumped into the 

destination tank or vessel, the volume in 
the delivery pipework must be available 
in the destination tank or vessel, and the 
resultant air ‘slug’ must be allowed to vent. 
Note: This approach should never be used 
in systems containing flammable chemicals, 
as introduction of air into the system may 
create explosive conditions.

  •  When finally disconnecting, it should be 
checked that all liquid has drained out of the 
delivery system prior to breaking connection.

  •  After draining the system, there may be a need 
to clean it, particularly where one line is used 
for multiple chemicals. This can be either by 
flushing, where the resultant water will require 
treatment, or by pigging, which requires 
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care in respect of pressure and pig trapping 
arrangements. Where systems are washed they 
will need to be dried prior to reuse.

  •  Vapour recovery systems should also be flushed 
with inert gas prior to final disconnection. 
In the event of an overfill, vapour recovery 
systems may contain liquid chemical. The 
system should be carefully drained, ensuring 
contents are adequately contained and 
disposed of or re-used, and then flushed.

Delivery of  • Chemicals should be delivered to a suitably 
chemicals in small   contained area, preferably directly to their 
containers (drums,     storage location.
IBCs etc.): •  A delivery management system should be 

employed, and similar precautions taken to 
the delivery of bulk chemicals, such as clear 
demarcation of the delivery area.

Emergency facilities and procedures
Emergency facilities and procedures will vary dependent on the 
size and scale of the storage system, and the chemicals stored. 
These can be partly determined by risk assessment, and sites 
within the scope of COMAH top tier level require an emergency 
plan. Emergency facilities and procedures may include the 
following:

•  Emergency contacts – a list of contact names, including deputies, 
and their telephone numbers and addresses should be prepared 
and be readily available. This should also include telephone 
numbers for the emergency services, including environmental 
agencies and HSE emergency helplines.

•  Emergency evacuation and fire procedure – systems and 
organisations of all sizes should have an appropriate emergency 
and fire evacuation procedure. This may include alarm systems 
on larger facilities, or verbal alert on small facilities. A safe muster 
point away from potential danger (such as tanks and buildings) 
should be selected.

•  Induction training – should be undertaken for all staff and 
visitors to sites. This may range from formal induction training 
on larger facilities to an informal indication of emergency 
procedure on small facilities. Whatever the size of facility 
emergency procedures should always be clearly indicated to all 
site staff and visitors upon arrival.

•  Specific emergency training for contractors/chemical suppliers/
delivery personnel – on larger sites, and sites with significant 
hazards specific emergency training for contractors, delivery 
staff and other individuals who may work on site should be 
undertaken. The type and level of detail will be site specific.

•  Fire extinguishing systems – these can range from hand held 
extinguishers to sprinkler and foam systems. The system used 
must be appropriate to the site, the fire risk and the type of fire 
likely to occur (for example water extinguishers should not be 
used in areas storing flammable chemicals that float on water 
such as petrol or diesel). They should be available at strategic 
points, where fires are most likely to occur, or most protection 
is required.

•  Emergency spill protection measures – these include both 
equipment for protecting and treating operators (such as PPE, 
showers and eye washes), but also for containing spills (such as 
booms and absorbent mats or pellets). These should be located 
at strategic points, which will include the filling and draining 
connection points.

•  Emergency decontamination measures – safety showers and 
eyebaths should be located adjacent to all bulk chemical facilities 
where contamination of persons with chemicals is considered 
harmful (use risk assessment).

•  24 hour emergency cover – the need for this should be 
determined by risk assessment, but is advisable on any operation 
where there is 24 hour working, or a spill is likely to cause a 
significant hazard to workers, the environment or the public. 
24 hour emergency cover can be on-site (having dedicated and 
fully trained staff cover, not just security guards) or off-site (spill 
contractors).

•  Training and exercises – may involve external bodies, such as the 
emergency services.

•  Information on the chemicals stored – their hazards, location 
and other relevant information to be available to the emergency 
services.

General operation and maintenance procedures
Aspect  Considerations/Useful Guidance
Access:   •  Access to potentially hazardous areas, such 

as confined spaces, heights etc., should be in 
line with current best practice regulations 
and standards.

  •  Heights – when accessing heights a platform  
should be used. This could either be 
scaffolding or mobile elevated platforms. 
Construction of scaffolding should only be 
undertaken by a suitably qualified scaffold 
contractor, and it should be inspected and 
certified in accordance with current best 
practice regulations and standards. Mobile 
elevated platforms should only be operated 
by suitably trained operatives.

  •  Confined Spaces – a definition can be found 
in the Confined Spaces Regulations 1997 
and may include the inside of tanks, sumps, 
manholes, trenches etc. These should only be 
accessed by staff with suitable training and 
qualifications in line with the HSE (UK) or 
relevant regulations.

  •  General – chemical storage sites can be 
dangerous places with moving vehicles, low 
level above ground pipework, ladders, etc. 
Care should be taken when moving around 
and working on sites. Particular attention 
should be paid to trip hazards, ladders, steps, 
walkways, gratings and gr ids. Pipework 
should never be stood upon, as this may cause 
failure or accidental damage, particularly in 
plastic pipes

Repairs:  •  Should always be undertaken in line with site 
operational procedures and include health & 
safety risk assessments.

  •  Make sure any health & safety aspects of the 
work have been considered and accounted 
for in the work plan.

  •  Work to the site’s PTW system. If the site 
does not operate a PTW system, ensure that 
all relevant components of a generic PTW 
are considered and accounted for.

  •  Special consideration should be given to 
access, hotworks and dismantling of system 
components (such as when pipe flanges are 
cracked).

  •  Take care during repair works not to damage 
any other system parts or leave debris or 
tools behind. Some examples of key aspects 
to remember are: never block vents or valves 
that should be left open (if in doubt, consult 
operations staff), never leave debris and tools 
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behind (this could have catastrophic results in 
systems where acids and oxidising agents are 
stored). 

  •  Always clean up area of repair thoroughly 
when complete, washing down if necessary.

  •  Repairs to parts of systems that are designed 
for containment, whether primary (storage) 
or secondary (bunds, drains etc.) should 
always be followed by integrity testing of 
that component part. This should be certified 
before re-commission.

Painting:  •  Important for the long life of materials, 
particularly in saline or aggressive environments.

  •  Frequency should be determined on a site-
specific basis, due to differing environments, 
paint types etc.

  •  Repaint critical parts of the system, such as 
edges and welds on a more frequent basis.

  •  Removal of existing coatings pr ior to 
painting is best achieved by water jetting or 
grit blasting.

  •  Grit blasting should only be carried out with 
all precautions taken against the possibility of 
static discharges, explosive atmospheres, etc.

  •  Tank and system components should always 
be emptied of chemicals and cleaned before 
beginning, and shrouds fitted around the 
components being blasted or jetted to protect 
surrounding plant and personnel.

  •  Preparation for painting provides an ideal 
opportunity to undertake visual inspections 
for corrosion and potential weak points.

  •  When undertaking painting at heights, an 
access platform should always be used.

  •  System components should be carefully 
observed for signs of failure when refilled.

Bunds, drains and  • Bunds and containment systems should always  
other containment:  be kept empty of rainwater. In times of  
    rainfall, bunds should be emptied daily.
  •  Bunds should be kept clear of debr is, 

including leaves and silt.
  • Always clean up any spills within bunds.
  •  If chemicals are found to be collecting in 

bunds or other containment systems such 
as drip trays, it is important to assess the 
volumes of chemical accumulating in order 
to determine whether this is a result of 
acceptable minor spills or a more significant 
problem, such as a leak. Appropriate measures 
should be taken if the accumulation is found 
to be unacceptable.

  •  The potential for hazardous substances to be 
present should be assessed/investigated and 
appropriate precautions taken before carrying 
out drainage modifications or repairs.

Tank bases: •  Potentially the most critical part of a storage 
system as far as failure is concerned, and thus 
should be inspected regularly.

  •  Filling of voids below tank bases can be 
achieved with structural foam which should 
always be undertaken with professional 
structural advice by a specialist contractor. 
Isolated hard spots can impose point loads 
that may exceed the design limits, or can 
transfer loads to other locations.

  •  Removal of water and solids from tank  
bottoms, and should preferably be under-
taken by a remote pump, thus avoiding the 
need to enter tanks. If this is not possible, 
access regulations and guidelines should be  
adhered to.

End of Part 1. Part 2 of this article will discuss cleaning, 
inspection and integrity testing, control and monitoring systems, 
refurbishment, and retrofitting and relining.
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