
Introduction
The global storage terminals industry 
faces many challenges, some old, some 
new; this article will discuss two of them 
both concerning the merits of mixing in 
above-ground storage tanks.

   We will discuss the challenge of 
handling a variety of different grades of 
fuel and the necessity to process them 
into a final specification in the shortest 
possible time. The other challenge 
is the necessity to keep tankage free 
from deposition – basic sediment and 
water.  Failure to handle either of these 
challenges could spell disaster and huge 
revenue losses.

Effective tank mixing
Whether it is fuel oils, petrol/gasoline, 
diesel and biofuels, many terminals now 
blend on a regular basis. Each type of 

material comes with its own issues, and 
with tighter clean fuel specifications 
mandated (Euro V spec/tier 2 gasoline 
and 40 CFR 80 subpart I for diesel in 
the US) the blender/scheduler also has 
fuel quality and availability to contend 
with. The last thing needed is to find 
that a large batch of finished product 
is ‘off spec’ just as the barge is docking, 
rail car train is pulling in or ocean vessel 
is arriving at the dock. This leaves the 
blender/scheduler in a dilemma, do they 
delay shipment and incur demurrage 
charges or sell at a lower specification 
and at  lower margins. Here again 
effective tank mixing can save the 
refinery thousands in any monetary 
currency.

As many refineries now specify their 
crude oil blend requirements to produce 
certain volumes of finished product as 

demanded by their fuels marketing group, 
and seasonal requirements, this brings 
additional headaches for the terminal 
blender/scheduler. The main reason for 
this is because refinery process units are 
fully automated to deliver the required 
finished products  and volumes of 
intermediate or finished product. If the 
feed stock, in this case crude oil, is not 
fully uniform (gravity) the end results will 
not be achieved.  

Computational fluid  
dynamics (CFD)
The use of computational fluid dynamics 
(CFD) provides the tank mixer vendor 
with a tool that can prove our selections 
before the equipment will even see the 
light of day. This will ensure the tank 
contents are thoroughly mixed so that 
when a fuel specification (gravity) sample 
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Figure 1: Computational fluid dynamics (CFD) 
provides a useful tool.

Figure 2: A typical two mixer orientation. Figure 3: An unusual orientation made to work.
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is pulled from the top, middle and bottom 
it is equal to the 3rd or 4th decimal point.  
The 'key component' in achieving this is 
the propeller; the equipment must have a 
propeller capable of penetrating across the 
tank floor and creating a bottom to top to 
bottom rotation of the stored product.  

Upgrading and  
additional tankage
When making upgrades to existing 
tankage or constructing additional 
tankage it is advisable that the terminal 
owner have the engineering company, 
tank fabricator and tank mixer vendor 
discuss all the relevant tank design and 
fabrication pitfalls before construction 
starts. In short, tank mixers perform 
best when grouped together, shooting 
jet streams from points all around the 
tank shell does nothing to promote good 
bottom to top to bottom fluid motion. 
That said it is not impossible to get good 
mixing from tank mounting positions that 
are already in existence and where the 
tank owner does not want to incur extra 

costs relocating them to a more ideal 
orientation. Here again the tank mixer 
vendor can prove out his design with 
CFD.

Mitigating tank floor corrosion
While some terminals are required to 
blend different grades of crude oil and the 
parameters for this follow those described 
earlier; the greater challenge is with 
keeping tank floors clear of deposition 
by suspending it and allowing maximum 
water draw. Reducing the possibilities of 
tank floor corrosion will lower the risk of 
expensive repairs.

Since the beginning of the oil industry 
the handling of petroleum crude oil and 
the inherent presence of basic sediment 
and water (BS&W ) has cause huge 
problems for operators.  Left unchecked 
this will accumulate on the tank floor 
with a high possibility of corrosion 
leading to a leakage that will result in 
huge revenues losses and the worst case 
disastrous environmental consequences. 
O n e  o f  t h e  w o r s t  d o c u m e n t e d 

aboveground storage tank disasters 
happened in 2005 in Belgium.i

Side-entry tank mixers
Continued growth and the need for 
more storage capacity worldwide have 
fuelled the demand for side-entry tank 
mixers to prevent tank bottom build-ups 
and ensure trouble-free oil movements. 
By far the most economical method of 
prevention to the aforementioned is with 
swivel-angle side-entry tank mixers and 
adherence to a regimented programme of 
angle changing; such that the jet stream 
developed from the propeller sweeps 

Figure 4 (top): A gutter in this tank floor led to catastrophic tank failure;
Figure 5 (right): A typical swivel-angle tank mixer.
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across the tank floor suspending any 
deposition into a homogeneous mixture. 
In addition there is no loss of capacity, 
full recovery of valuable hydrocarbon 
trapped in the deposition, increased 
water draw capabilities and a dramatic 
reduction in cleaning costs and time come 
tank internal inspection time.  In some 
instances tank owners have experienced 
a recovery of greater than 80 percent of 
the deposition depending upon the type 
of crude oil stored. This can amount in 
huge gain in revenues.

There is clear evidence to substantiate 
the use of side-entry swivel angle mixers in 
crude oil tanks. Savings easily run to more 
than US$350,000/€260,000 for tankage in 
excess of 500,000 bbls / 80,000m³ capacity 
that have been in service 15 - 20 years. The 

writer has vast experience of working with 
tank owners and tank cleaning companies 
and then with the permanent installation 
of swivel-angle mixers once the equipment 
has proven their worth. One myth to 
dispel immediately is that crude oil side-
entry tank mixers do not need to run 
continuously.

The  on l y  a l t e rna t i ve  course  o f 
action is to allow the deposition to 
accumulate and schedule periodic tank 
cleaning, but this can be a very risky 
policy leading to hazardous, costly and 
time consuming tank turnarounds.  A 
rough estimate for tank cleaning is 
US$3,000 per foot/€8,500 per metre of 
tank diameter with additional charges 
if major deposition is found once the 
tank is opened, which further highlights 

why  some tank  owner s  s e r ious l y 
underestimate and end up running over 
budget. Untold and unknown damage 
can be done in periods of 10 to 20 years 
so it is advisable for tank owners to make 
a careful choice.   

Governance
The petroleum industry is governed by 
many regulations and directives that 
demand low risk or no risk situations in 
respect of aboveground storage tanks, 
from construction guidelines of API 650 
Welded Steel Tanks for Oil Storage, API 
653 Tank Inspection, Repair, Alteration, 
and Reconstruction and EEMUA Pub. 
159:1994 User’s Guide to the Inspection, 
Maintenance and Repair of Aboveground 
Vertical Cylindrical Steel Storage Tanks.
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