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Terminals need to make sure all tanks are in line with the new guidelines 

for the updated API 2350, but where is the best place to start?

five steps to 
API 2350 compliance
tank overfill incidents 

have resulted in loss of 
life and billions of dollars 

in damages to petroleum 
facilities worldwide. One of the 
worst incidents – the overflow 
of a petrol storage tank at 
Buncefield Oil Depot (UK) – 
has been traced to the failure 
of level control to maintain 
containment of the flammable 
liquid. More common are 
minor spills that cause 
significant environmental 
impact and result in millions 
of dollars in clean-up fees and 
environmental agency fines.

In the wake of this 
incident, the American 
Petroleum Institute’s (API) 
Recommended Practice 
(RP) 2350, the most 
widely accepted guideline 
for overfill prevention of 
petroleum storage tanks, 
has been revised. The fourth 
edition should be finalised 
by the end of 2011 and is 
expected to combine the 
prescriptive standards of 
RP 2350 with the functional 
safety standards of Safety 
Instrumented Systems (SIS), 
as described in IEC 61511.

1. Identify the tanks
The best place to start is 
with a tank inventory. Not all 
storage tanks are covered by 
the standard. Therefore, the 
first step is to identify which 
tanks fall under the API 2350.

2. Perform an overfill 
risk assessment
The next step is to perform 
a risk assessment to 
determine the hazards 
related to the products in 
the tank and the effects of 
an overfill or spill situation.

This should start with a 
review of operating histories 
(frequency of receipts, rates 
of transfer and durations of 
filling). Next, the operator 
should assess the accuracy 
of tank calibrations and 
the effectiveness of the 
management system used to 
monitor receipts. This should 
include an examination of 
the impact of the operating 
environment (and its 
complexity) on the ability of 
the operating personnel to 
make receipts and execute 
overfill prevention procedures.

To identify the company’s 
exposure in the case of 

an overfill, it is important 
to determine the hazard 
characteristics of tank 
products (for example, 
volatility, flammability 
and dispersion). Next, the 
maximum potential overfill 
flow rate needs to be 
established. Finally, it is crucial 
to know the number of people 
who might be affected by a 
tank overfill and determine 
the impact to nearby sensitive 
environmental receptors.

To determine risk criteria3 
(corporate and regulatory), 
risk tolerance needs to be 
measured. Based on the 
foregoing assessment, it 
is possible to summarise 
and evaluate the overall 
risks for each tank in the 
inventory. If the risks do 
not meet the criteria, then 
risk reduction is required. 

3. Establish the tank 

categories, response time 
and levels of concern
API 2350 categorises a 
storage tank by the extent 
to which personnel attend 
it during receiving or 
transferring operations. 
Instrumentation requirements 
are based upon the tank 
category. Operators 
must assign an operating 
category to each tank 
covered by the overfill 
prevention process (OPP).

Category 1 - Fully attended
• Personnel must always be 

on site during the receipt 
of product, must monitor 
the receipt continuously 
during the first and last 
hours and must verify 
receipt each hour

• Level instrumentation is not 
required but may be used. 
Output will be local only. 
Alarms may be point or 
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Tanks covered by API 2350

• Aboveground tanks with capacities greater than 
5,000 litres

• Tanks containing Class I, II, or III liquids2 

•	 Tanks	filled	via	mainline	pipelines	or	marine	
vessels

•	 Fixed-roof	tanks,	internal	(covered)	floating	roof	
tanks,	open-top	(external)	floating	roof	tanks,	
and	domed	floating	roof	tanks

Tanks not covered by API 23501 

• Aboveground tanks of 5,000 litres or less
•	 Aboveground	tanks	that	comply	with	PEI	600
• Underground storage tanks or tanks at service 

stations
•	 Pressure	vessels
•	 Tanks	containing	non-petroleum	liquids,	storing	
LPG	and	LNG,	or	loading	from	wheeled	vehicles	
(for	example	tank	truck	or	railroad	car)

•	 Tanks	covered	by	OSHA	29	CFR	1910.119	and/or	
EPA	40	CFR	68,	or	similar	regulations
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continuous level devices
• Termination of receipt 

is done manually by 
site personnel or by the 
transporter as instructed 
by site personnel.

Category 2 - Semi-attended
• Personnel must be present 

during the initial and final 
30 minutes of the receipt. 
The transporter must 
assist in monitoring the 
high-high (HH) alarm

• Tanks must be equipped 
with an automatic tank 
gauge system (ATGS) with a 
transmittable output signal. 
The level sensor may be 
continuous or point. For 
maximum redundancy, it 
should be of a measurement 
technology different 
than that of the ATG

• The control centre has the 
ability to terminate receipt.

Category 3 - Unattended
• Personnel are not required 

to be present during 
receiving operations but 
are remotely located at 
a control centre. The 
transporter must monitor 
the both level and HH alarm

• Tanks must be equipped 
with an ATGS consisting 
of a level sensor and 
independent HH sensor. The 
output of both instruments 
must be transmitted to 
a control centre in ‘real 
time’. The level sensor may 
be continuous electronic 
or point mechanical or 
electronic. Sensors with self-
diagnostics are preferred

• The control centre has the 
ability to terminate receipt. 
In addition, the HH sensor 
must automatically terminate 
flow to the tank or alert the 
transporter to terminate 
receipt. Failure of the ATGS 
must, also, terminate flow.

Determine response time

Response time is the time 
required from initiation of 
termination of receipt to 
prevent next higher alarm 
from triggering, based upon 
fill rate, communication 
time, personnel response 
time, system response 
time and safety factors.

Minimum HH level 
response time (if not 
calculated) in minutes:
Category 1: 45
Category 2: 30
Category 3: 15

Determine levels of concern 
(LOCs)

LOCs are calculated product 
levels in the tank upon 
which all alarm and alert 
positions and response 
times are based. Careful 
calculation of LOCs ensures 
the success of the OPS.
The Critical High (CH) level 

is the key to establishing the 
other LOCs. CH is the highest 
level in the tank that product 
can reach without detrimental 
impacts such as product 
overflow or tank damage. 

The HH tank level is based 
upon the response time and 
is an emergency action alarm 
level set sufficiently below the 
CH level to enable termination 
of product transfer before 
the CH level is reached.

The automated overfill 
prevention system (AOPS) 
level is an optional, 

emergency action alarm 
level necessary on tanks 
equipped with AOPS. It is 
based upon the response 
time of the AOPS and must 
be set sufficiently below the 
CH level to enable automatic 
termination of a receipt before 
the CH level is reached.

The Maximum Working 
(MW) level is an optional 

level and is the highest 
product level to which the 
tank may be routinely filled 
during normal operations.

4. Select overfill 
prevention equipment
Some equipment standards 
(for example, IEC 61511 
for the Safety Instrumented 
Systems4 or ISA 84 specific 
to the process industry5) 
are prescriptive and define 
how to accomplish a desired 
end. In contrast, API 2350 
is a performance standard 

and, as such, defines an 
end result while allowing 
flexibility on the means of 
achieving that result. 

Commonly used liquid level 
controls 

Level controls desirable for 
overfill protection include 
mechanical displacer 

point switches with a non-
sparking weight or displacer 
(commonly brass), plus 
an arm and cable manual 
checker to conveniently proof 
test the device from ground 
level. API 2350 requires 
that, when using this type 
of device on a floating roof 
tank, the control be capable 
of detecting the tank roof 
or the process liquid, in 
case the roof becomes 
submerged in the liquid. 
This is accomplished through 
the use of a hollow brass 

Level Required action Alarm/alert

CH Spill management 
 emergency response
AOPS AOPS activation Initiates shutdown;
  alarm optional
HH Action response: Alarm required for categories 2 and 3
 alarm and shutdown Instrumentation optional
   for category 1
MW None; information only Alert optional

Min.  None; information only Alert optional
working

 Level HH Alarm ATG

Category 1 Recommended ---- ----
 Continuous level sensor  
 Local only ---- ----

Category 2 Can be joint with HH alarm Required Required
 Continuous level  Point or continuous Independent 
 sensor sensor recommended; can be 
   joint with HH alarm
 Transmitted to Transmitted to Transmitted to
 control centre  control centre control centre
 

Category 3 Independent recommended Required Required
 Continuous  Point or continuous Independent
 level sensor sensor 
 Transmitted to control  Transmitted to  Transmitted to control 
 centre centre centre
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displacer, which will actuate 
on either the floating roof or 
the process liquid. Evidence 
of reliability is essential, 
such as SIL 2 suitability. 
Ultrasonic point sensors 
or gap switches with 
continuous diagnostics of 
the sensor, electronics and 
electrical noise interference 
and with remote proof test 
capability are desired. In 
addition to the level relay, 
a dedicated diagnostic 
relay is recommended. 
Both should be equipped 
with manual self-test. 
The unit should be SIL 2 
suitable and incorporate 
the ‘watchdog timer’.
Through-air radar continuous 
level sensors with 5.8/6.3GHz 
operating frequency for 
superior performance in 
turbulence, foam and heavy 
vapours. Ranges up to 19.8m 
and quick connect/disconnect 
probe are preferred. Guided 
wave radar continuous level 
sensors should have low 
dielectric media capability, 
quick connect/disconnect 

probes and be capable 
of ranges to 23m. They 
should be SIL 2 suitable.
Magnetostrictive continuous 
level sensors equipped with 
continuous diagnostics of the 
electronics, sensor and float. 
Spans up to 10.1m and SIL 
2 suitability are preferred.
Proof testing is an essential 
element in the continued 
reliability of overfill 
prevention systems. All 
OPS equipment required 
to terminate product 
receipt must be tested 
annually. The HH level 
sensor and alarm must be 
tested semi-annually. 
Proofing testing for tanks 
in categories 2 and 3 
includes the sensors, the 
logic solver and the actual 
alarm functions. It also 
includes any alarms or 
alerts associated with the 
AOPS. While testing can be 
done on partial elements 
of the loop, the combined 
procedure must ensure that 
the entire loop is tested 
within the proof testing 

interval. Testing should 
simulate an actual high 
liquid level as realistically 
as possible, but should not 
require filling the tank above 
its maximum working level.
Alarms and level sensors 
equipped with manual 
checks and self-diagnostics 
permit proof testing and 
aid in the evaluation of 
the health of the AOPS. 

5. Overfill prevention 
process
The goal of overfill 
prevention is to shut down 
or divert product flow into 
a tank before the tank level 
reaches the critical high 
level. To this end, API 2350 
requires a formal overfill 
prevention process (OPP) 
in place and documented. 

The owner/operator of a 
facility with API 2350 tanks 
is required to have formal, 
written procedures for all 
the components of the 
overfill prevention process. 
Further, the procedures 
must be reviewed on a 

regular basis and rewritten 
or amended whenever 
there is a change in facility 
equipment or personnel. n

for more information:
This article was written by Katie Hay, 
buoyancy product manager, Magnetrol. 
www.magnetrol.com

1 API 2350 recommends application 
of PEI RP 600 Recommended Practices 
for ‘Overfill Prevention for Shop-
Fabricated Aboveground Tanks’ for 
overfill protection where applicable for 
above ground tanks falling outside the 
scope of the guidelines  

2 Class I (flammable), flash point < 
100°F; Class II (combustible), flash 
point ≥ 100°F and ≤ 140°F; Class III, 
flash point > 140°F.

3 Gap Assessment Criteria (API 
Standard 2350. Fourth Edition 
(Section 4.3)

4 International Electrotechnical 
Commission (IEC) 61511 defines 
the practices applied to engineering 
systems that ensure the safety of an 
industrial process through the use of 
instrumentation. IEC 61511 covers the 
application of electrical, electronic and 
programmable electronic equipment 

5 International Society of Automation 
(ISA) 84 outlines the implementation 
of instrumentation and controls 
necessary for safe plant operation in 
the process industries.
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