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Abstract 

This paper presents the status of implementation of corrosion control strategies in 

the products storage tanks of a Venezuelan petrochemical plant.  Of the 50 KPIs 

required to effectively and economically control corrosion, only 5 KPIs were properly 

implemented; 19 KPIs were inadequately implemented; 16 KPIs were poorly 

implemented and 10 KPIs were not implemented at all.   

These petrochemical storage tanks have obviously been failing due to corrosion - 

with 5 failures in low consequence areas and 1 failure in high consequence area 

over the last 15 years, resulting in the decommissioning of one of the AST storage 

tanks and an increased frequency of leaks, repainting and replacement of slabs.  To 

reduce corrosion related risks and the number of failures, it is recommended to 

progressively implement the 16 KPIs in red zone and then the 19 KPIs in yellow 

zone. 
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Introduction 

Corrosion management is a combination of art and science to balance financial and 

technical requirements incorporating engineering and business aspects to achieve 

the goal of long-term stability of the infrastructure as well as the company(1).  For a 

manager, the reason to control corrosion is to reduce losses (2).  To achieve effective 

control, corrosion engineers apply mitigation and other preventive strategies.  In 

order to evaluate and measure the success of implementing corrosion control 

strategies, corrosion professionals may consider the implementation of Key 

Performance Indicators (KPIs).  This approach provides high level strategic overview 

on where corrosion management practices are working, and where improvements 

are required(1,3).  This paper presents the status of implementing 50 KPIs to control 

corrosion of Aboveground Storage Tanks (AST). 

 

Petrochemical and chemical industries are important both for developed and 

developing countries.  They process refined oil, gas and other materials on a large 

scale to provide raw materials for chemical and petrochemical plants which in turn 

produce a wide range of complex chemicals products.  Value is added through each 

stage of processing so that at the end of the chain, highly valuable chemicals and 

polymeric materials are produced (4).  

 

Hydrocarbons are used as raw materials in petrochemical industries to produce a 

variety of compounds including ethylene, propylene, butadiene, and among other 

products.  For example, a local petrochemical plant uses ethylene oxide (EO) and 

propylene oxide (PO) as raw materials to manufacture polyester polyols, 

ethoxylated alcohols, ethoxylated nonylphenols, dehydrating, demulsifiers and 

emulsifiers agents and sterilant mixtures.  These intermediate products are further 

processed to produce a variety of products including personal care, automotive, 

paints and coatings, and home care products.  Depending on the market needs, the 

petrochemical industries may use glycerin, diethanolamine, nonylphenol, lauryl 

alcohol, diethylene glycol, monoethylene glycol and others as raw materials, to 

produce a wide range of chemicals. 

 

Ethylene and propylene oxides and derivatives must be stored under strict safety 

regulations to prevent contamination or degradation of their properties due to 
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exposure to sunlight, air, water or ferrous ions.  Interaction of these products with 

atmospheric agents and contaminants may, otherwise lead to explosion, fire, or 

polymerization.  For these reasons, the petrochemical products are stored in 304 or 

316 stainless steel tanks, or in carbon steel tanks internally coated with organic 

coatings.   

 

The primary reason for the selection of the materials of construction for 

petrochemical products storage tanks is corrosion.  About 20% of petroleum product 

leakage is caused by corrosion in tanks (5).  Therefore, corrosion risks must be 

decreased to avoid major incidents and reduce costs due to corrosion failures.  

 

The primary objective of this study is to evaluate the status of implementation of 

management strategies to control corrosion of storage tanks of a Venezuelan 

petrochemical plant using 50 KPIs. 

 

Context of Corrosion Control 

 

The petrochemical plant began its operations in 1979.  It was located in a strategic 

place (Fig. 1) so that it is easily accessible by air, land, and water and is in close 

proximity to others plants.   

 

 

Figure 1. The petrochemical facility is located in a sub-urban coastal area next to Lake Maracaibo.  Red 

circle: Location of the petrochemical plant under study.  Yellow circle: Neighbor Ethylene Oxide plant.  

Images courtesy of Google Maps. 
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Close proximity of the petrochemical plant to Lake Maracaibo and to the neighboring 

petrochemical plant inherently increases the consequences of failure of this plant.  

The aggressiveness of the Zulian atmospheric environment was carried out by 

Centro de Estudios de Corrosión at Universidad del Zulia(6,7) and classified it as “C3 

to C4” – Medium to High Corrosivity on Steel” as per ISO 9223(8) classification scale.  

This classification is based on synergistic effects of semi-arid tropical climate, 

relative humidity between 75 and 85%, day temperature exceeding 30ºC, high 

wetness due to proximity to the lake, and high concentrations of chloride and 

sulphur compounds in the environment.  

  

For this reason, the overall corrosion risk is high and consequences of failures can 

range from simple loss of stored products to fire and explosions.  

 

Ethylene oxide (EO) (raw material for this petrochemical plant) is transported by 

pipeline from a neighboring chemical plant.  Propylene oxide (PO) (another raw 

material for this petrochemical plant) is delivered by tankers sailing in Lake 

Maracaibo.  

 

This plant has two main storage sections:  

1. Handling and storage area for EO and PO. 

2. Handling and storage area for final products. 

 

Two cylindrical aboveground storage tanks are used for storing large volumes of PO, 

while a spherical tank is used for storing a large volume of EO (Figure 2).  Both 

tanks were fabricated using carbon steel and put in service in 1979. The external 

surfaces of the tanks are thermally insulated with coating, while the inner surface 

has no anti-corrosion protection.  

 

Final products are stored in cylindrical AST farms.  These products were initially 

stored in Aluminum tank farms, and when the demand of new products increased in 

the mid-eighties, additional tanks were fabricated using carbon steel (Figure 3). 
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Figure 2. Left: PO storage tank (1,200,000 gals).  Right: EO storage tank (185,000 gals).  Images used 

with permission. 

 

       

Figure 3. Final products storage tanks.  Left: 39,000 gals.  Right: 68,000 gals. 

 

Internal Corrosion 

Model: Corrosion models can provide guidelines for selection of suitable materials 

from corrosion perspective and can provide estimation of general corrosion rate 

under the operating conditions(1,9).  The following aspects were considered in raking 

KPIs: 

 

Ethylene and propylene oxides are noncorrosive, hence the sections of the plant 

that convey and store these products are normally made of mild steel. However, 

even very low rate of corrosion may create corrosion products which would increase 

the polymerization of EO and PO.  Uncontrolled polymerization would increase 

viscosity, discoloration, vapor decomposition and hence their volatility(10).  

 

The selection of construction materials was considered during the design stage of 

both EO and PO storage tanks, as well as for final products storage tanks: 
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• ASTM A283 steel, grade C and ASTM A36 steel plates were specified as 

construction materials of two cylindrical ASTs for storing PO. 

• ASTM A516 carbon steel, grade 70 was used as construction material of the 

spherical AST for storing EO. 

• UNS A95454 aluminum alloy was initially selected as construction material of 

cylindrical ASTs for storing final products and then when the demand of 

products increased, additional tanks were fabricated using ASTM A36 steel 

plates.  

 

As mentioned before, the selection of materials was mainly oriented to avoid 

contamination of chemical products with ferrous ions while providing mechanical 

properties required to meet the acceptance criteria of design.  Corrosion allowance 

was established at the design stage, based on similar systems but without detailed 

information/consideration on external corrosive atmosphere. 

 

The upset conditions in the upstream segment can seriously affect the safety 

operation of the storage section.  For example, sufficient blanket inert gas pressure 

is needed to maintain a non-decomposable vapor space in the tanks.  Insufficient 

inert gas pressure would increase ingress of atmospheric oxygen and consequently 

would increase the risk of explosion, polymerization and corrosion.  For this reason, 

all ASTs are blanketed with nitrogen and are maintained in the non-decomposable 

region by controlling pressure and temperature during operation.  

 

Similarly, the proper functioning of the cooling system of ASTs and the internal 

condition of transmission pipelines, which transport final products to storage tanks, 

are critical for the operation of the plant, since they can affect the quality of stored 

products as well as can compromise the safety operation of the plant.  However, the 

operators of the storage tanks have understood the influence of the effect of any 

upset conditions at the upstream operations on the storage sector, and have taken 

measures to avoid such risks. 

 

Corrosion professionals were not involved after the construction of ASTs.  For this 

reason, corrosion mechanisms were not fully understood and hence mitigation 

strategies are not being implemented properly.  However, these tanks were 
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constructed according to international standard specifications, which explains why 

facilities to inspect internal corrosion such as manholes were the only ones 

implemented.  Further, the ASTs had not been monitored for over 15 years since 

their construction.  Therefore, there are a lot of missing data regarding the 

operation of the plant, for this reason further long-term data cannot be used for this 

purpose, and data collected by mechanical integrity inspectors and field operators 

are not relevant to predict internal corrosion rate. 

 

Mitigation: It is common practice during design to estimate the service life of every 

structures according to international standards and regulations, but in most cases 

these structures are often used for longer than their design life.  Therefore it is 

important to highlight the role of corrosion mitigation strategies to extend the 

service life. 

 

In principle, storage tanks for EO, PO and similar commodities are seldom subjected 

to internal corrosion because of their nonionic nature.  Therefore, no internal 

mitigation strategies were considered.  However, this does not imply that corrosion 

may not occur for other reasons such as the ingress of air, water and chlorides from 

the environment during long periods of inactivity if periodic maintenance activities 

and inspections are not carried out. 

 

In contrast, storage tanks for final products were the ASTs which has internal 

coating though this coating was not for corrosion protection but to reduce the risk of 

contamination of final products with ferrous ions, as mentioned before.  For this 

reason, periodic inspections to monitor the condition of the internal coating were 

rarely scheduled and maintenance activities were limited to steam cleaning after 

emptying the tanks, which subsequently led to a continuous rise in the frequency of 

failures, such as discoloration, blistering and delamination of coatings in carbon 

steel tanks (Figure 4). 
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Figure 4. Presence of blisters with subsequent delamination of the coating in the bottom plate of the 

ASTs for storing final products. 

 

This failure is the result of the harmful effect of steam cleaning and accelerated by 

the synergistic effect of several factors, such as improper surface preparation, 

incorrect selection and poor application of coating systems.  During the cleaning 

procedure, wet steam is introduced through a pipe located in the bottom of the tank 

exposing this area to an increase of the osmotic pressure across the coating and an 

abrupt variation of local temperature.  

 

Monitoring: The effective monitoring of corrosion is essential to maintain corrosion 

rates at as low as reasonably possible (ALARP) level.  

 

No technique for monitoring corrosion rate has been employed in the tanks 

evaluated in this study.  The tanks have been inspected by visual inspection, by dye 

penetrant, and by ultrasonic techniques at irregular intervals of time.  Therefore, a 

continuous record of the corrosion rate over time is not available.  Mechanical 

integrity inspections have been carried out by external contractors. 

  

External Corrosion 

Model –Mitigation - Monitoring:  Detailed strategies to control external corrosion 

of the tanks were not considered for the tanks even though they have been exposed 

to highly corrosive environment (Figure 5). 
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Figure 5. Evidence of atmospheric corrosion in flanged joints of the EO storage tank. 

 

However, the EO and PO tanks were externally coated with coal tar and were 

further protected with thermal insulation (foam glass and corrugated aluminum 

sheets), all but the roofs.  In many locations the coatings and insulations have 

deteriorated to cause corrosion under insulation (Figure 6), coupled with the 

corrosive effect of the water supply for the fire protection system that is taken 

directly from Lake Maracaibo without any treatment to be sprayed over the tanks 

monthly.  The ASTs to store final products were externally protected with 

aluminized coating. 

 

       

Figure 6. Evidence of Corrosion under insulation on AST for PO storage. 

 

None of the tanks had cathodic protection systems to protect their bottoms.  For 

this reason, periodic leaks have been specifically reported in aluminum storage 

tanks (Figure 7). 

 



11 
 

 

Figure 7. Evidence of water accumulation around the tank due to improper design of the concrete 

foundation. 

 

Through inspections carried out in the area of aluminum storage tanks, several 

factors were identified as possible underlying causes of soil-side corrosion of tank 

bottoms; these were considered in ranking KPIs: 

 

• Aging of neoprene sealant tapes increases the risk of water accumulation and 

oxygen permeation within gaps and spaces around the tank (Figure 8).  

• Poor quality of the concrete slab because of its high water–cement ratio 

inherently increases its porosity and therefore reduces its durability. 

• Soil resistivity measurements classify its corrosivity as “moderately corrosive” 

according to NACE standards. 

• Diffusion of chlorides and water molecules through the concrete reduces it 

characteristic electrical resistivity. 

• Aluminum is an amphoteric metal; therefore, the alkaline nature of concrete 

slab increases its corrosion susceptibility. 

• Aluminum and carbon steel tanks are interconnected to a unique grounding 

system which consists of buried copper rods electrically connected to the 

tanks and a mesh earth-termination system which is perfectly equipotential 

and performed intermeshing the various earthing systems of the plant, 

therefore it can induce severe galvanic corrosion in the aluminum tanks. 
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Figure 8. Soil side corrosion of tanks as a result of the ingress of external contaminants and moisture 

through gaps and spaces around the tank. Images courtesy of Google (www.zerust-oilgas.com). 

 

Maintenance 

Data from recent inspections are only available.  The historical data and paper 

records from the start of the plant were lost due to a faulty digitalization process of 

information. 

 

Overall, ASTs operate under normal and design conditions because of good control 

systems.  

 

ASTs for EO and PO were pressure tested following procedures recommended by the 

manufacturer.  The cylindrical PO storage tanks and finished products were tested 

using nitrogen injection, whereas spherical tanks were tested with water and the 

water was subsequently drained and was subsequently dried by nitrogen injection. 

 

In the storage section, several preventive and corrective maintenance activities 

have been carried out including repainting, the replacement of slabs in aluminum 

tanks, and repair of roofs with steel patches (Figure 9). 

 

http://www.zerust-oilgas.com/
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Figure 9.  Steel patches installed to correct some holes previously detected on the roof of the PO AST. 

 

Currently, the company is in a restructuring process; consequently the number of 

workers needed to carry out all corrosion control activities is not enough.  Even 

though most of their staffs are experienced people, they have a limited training and 

knowledge on corrosion.  More recently, the company has adopted a software 

system to collect and process the data in real time. 

 

Management 

Communication easily flows from the management level to the technical and field 

operators, and plant maintenance personnel.  In short, communication strategies 

are effective. 

 

Continuous improvement strategies are not being implemented in the area of 

mitigation and corrosion control.  Therefore, it is not a surprise that the storage 

section of the plant shows severe corrosion problems.  For instance, one of the PO 

AST storage tanks was decommissioned due to corrosion.  Further, there is an 

increased frequency of leaks in aluminum tanks and increased frequency of 

repainting of final products carbon steel tanks. 

 

Discussions and Recommendations 

Table 1 and Fig. 10 present overall status on the implementation of 50 KPIs to 

control corrosion of the petrochemical tanks. Of the 50 KPIs required to effectively 

and economically control corrosion, only 5 KPIs (green) were properly implemented; 

19 KPIs (yellow) were inadequately implemented; 16 KPIs (red) were poorly 

implemented and 10 KPIs were not implemented at all.  An increased frequency of 

leaks, repainting, repairs and decommissioning of assets is what results when 

appropriate corrosion management strategies are not properly implemented over 
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time, and when all the possible corrosion-related risks and failures are not managed 

and mitigated so the integrity of the plant is preserved in the long term. For this 

reason, it is appropriate to consider the following recommendations: 

 

Proper implementation of all 50 KPIs in all areas and process equipment of the plant 

will decrease the incidence of corrosion and will facilitate effective implementation of 

risk-based inspection methodology. 

 

It is necessary to train responsible personnel for carrying out preventive and 

corrective maintenance activities to control corrosion and to establish effective 

corrosion mitigation strategies. 

 

It is recommended to evaluate the applicability of cathodic protection, internal and 

external coatings, and chemical treatments for cooling water system.  

 

It is important to certify inspectors performing non-destructive testing of static 

equipment. 
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Table 1: Current Status of KPIs for Controlling Corrosion of 

Petrochemical Storage Tanks 

KPI 

No. 
KPI Description 

Status 

of KPIs 
Description of status 

1 
Segmentation of 

infrastructure 
3 

Segmentation of storage tank area 

based on corrosion is not effectively 

performed 

2 Corrosion risks 4 

Design considerations did not account to 

reduce the corrosion risks, even though 

the plant is exposed to a highly 

corrosive environment 

3 
Location of 

infrastructure 
4 

Consequence of failure is high, as it is in  

close proximity to Lake Maracaibo and 

to other petrochemical plant  

4 Overall corrosion risk 4 

Overall corrosion risk is high, the 

infrastructure has previously failed due 

to inadequate corrosion strategies  

5 Life of infrastructure 5 
More than 30 years and beyond the 

design life 

6 
Materials of 

construction 
3 

Material selection is not based on 

corrosion consideration, but the 

material is compatible in the 

environment with appropriate corrosion 

control measures 

7 Corrosion allowance 4 

Corrosion allowance was established at 

the design stage, based on similar 

systems but without detailed 

information/consideration on external 

corrosive atmosphere, which is critical. 

Likewise, there is no observable 

evidence on historical data suggesting 

that corrosion allowance was ever used 

in any monitoring program 

8 
Main operating 

conditions 
2 

Overall, ASTs operate under normal and 

design conditions, because of their 

control systems.  Measurements are 

taken to avoid contamination and 

decomposition of stored products  

9 

Upset conditions in 

the upstream 

segment affecting 

this sector 

1 

10 

Upset conditions in 

this sector affecting 

downstream sector 

1 

11 
Mechanisms of 

corrosion 
4 

All internal and external corrosion 

mechanisms are not fully understood. 

12 

Maximum corrosion 

rate (Internal 

surface) 

4 

There are no records indicating that an 

anticipated maximum corrosion rate 

was established, though this could have 
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Table 1: Current Status of KPIs for Controlling Corrosion of 

Petrochemical Storage Tanks 

KPI 

No. 
KPI Description 

Status 

of KPIs 
Description of status 

13 

Maximum corrosion 

rate (External 

Surface) 

4 

been generated from the combination of 

corrosion allowance and design life 

14 

Installation of proper 

accessories during 

construction 

2 

The tanks were constructed according to 
international standard specifications like 
API.  Only the implementation of 
manholes to facilitate internal inspection 

tasks were considered 
15 Commissioning 1 Tanks were properly pressure tested 

16 

Mitigation to control 

internal corrosion: Is 

it necessary? 

3 

Yes, it is necessary for carbon steel 

tanks. Final products ASTs are the only 

ones that have internal coatings 

17 

Mitigation strategies 

to control internal 

corrosion 

3 

Mitigation strategies are standardized 

by trial and error method under the 

operating conditions but are not proven 

to be effective 

18 
Mitigated internal 

corrosion rate, target 
5 

Anticipated maximum corrosion rate 

was not established  

19 

Effectiveness of 

internal corrosion 

mitigation strategies 

4 

Mitigation strategies are implemented 

less than 95% of time and are not being 

implemented properly. For example, the 

internal coating of carbon steel tanks 

shows clear signs of deterioration due to 

improper application and cleaning 

20 

Mitigation to control 

external corrosion – 

is it necessary? 

3 

Yes, it is necessary for all ASTs. External 

coatings on EO and PO ASTs were used, 

however in many locations the coatings 

and insulations have deteriorated to 

cause corrosion under insulation 

21 

Mitigation strategies 

to control external 

corrosion 

3 

Mitigation strategies are standardized 

by trial and error method under the 

operating conditions but are not proven 

to be effective. Surprisingly, cathodic 

protection systems were not considered 

to protect tank bottoms 

22 
Mitigated external 

corrosion rate, target 
5 

Anticipated maximum corrosion rate 

was not established 

23 

Effectiveness of 

external corrosion 

mitigation strategies 

4 

Mitigation strategies are implemented 

less than 95% of time and are not being 

implemented properly. For example in 

EO and PO ASTs the thermal insulation 

has shown obvious signs of 

deterioration that allowed the 

occurrence of failures by corrosion 

under insulation 
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Table 1: Current Status of KPIs for Controlling Corrosion of 

Petrochemical Storage Tanks 

KPI 

No. 
KPI Description 

Status 

of KPIs 
Description of status 

24 

Internal corrosion 

monitoring 

techniques 

3 

No monitoring is performed. Only non-

destructive testing inspection are 

carried out on an irregular frequency. 

This makes it difficult to measure the 

corrosion rate.  Therefore, KPIs 25, 26, 

27, 29, 30, 31, 33, 34, 40 and 42 could 

not be evaluated.  

28 

External corrosion 

monitoring 

techniques 

3 

32 
Frequency of 

inspection 
3 

Frequency of inspection was established 

based on some engineering process, but 

the process followed to make the 

decision was not clear and was not 

documented 

35 
Measurement data 

availability 
4 

Not all measurement data required for 

deciding corrosion conditions of the 

segment are available 

36 

Validity and 

utilization of 

measured data 

4 

The historical data back to the years 

since the start of the plant operations 

were lost, due to a faulty digitalization 

of information 

37 

Procedures for 

establishing the 

maintenance 

schedule 

3 
When high risks are evident or before 

producing a batch 

38 
Maintenance 

activities 
3 

Most maintenance activities were 

generally carried out as per planned 

maintenance activities but not per 

schedule 

39 

Internal corrosion 

rate, after 

maintenance 

activities 
3 

Corrosion rate after the maintenance 

activities was initially lower as that 

before maintenance activities, but since 

only corrective actions such as 

repainting, replacement of slabs and 

collocation of steel patches were taken 

into consideration without further care, 

the corrosion rate tend to increase over 

time  

41 

External corrosion 

rate, after 

maintenance 

activities 

43 

Workforce - Capacity, 

education, and 

training 

3 

The company is in a restructuring 

process and the number of workers 

needed to carry out the activities is not 

enough. The maintenance department, 

though staffed with experience people, 

their corrosion knowledge is limited 
44 

Workforce - 

Experience, 

knowledge, and 

quality 

45 
Data management - 

Data to database 
3 

Data from recent inspections are only 

available.  The historical data and paper 
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Table 1: Current Status of KPIs for Controlling Corrosion of 

Petrochemical Storage Tanks 

KPI 

No. 
KPI Description 

Status 

of KPIs 
Description of status 

46 
Data management - 

Data from database 

records from the start of the plant were 

lost due to a faulty digitalization process 

of information. 

Recent data from different activities, 

measurements are manually and 

systematically transferred to the 

database. More recently, the company 

has adopted a management software to 

collect and process the data 

automatically and in real time 

47 

Internal 

communication 

strategy 
1 

Internal and external communication 

strategies between all parties are 

established, practiced but not always 

documented 48 

External 

communication 

strategy 

49 
Corrosion 

management review 
5 

Over the last years, the corrosion 

control activities are reviewed between 

every 2 to 5 years through the 

application of non-destructive 

techniques to evaluate the mechanical 

integrity of the ASTs 

50 Failure frequency 4 

More than 5 failures in low consequence 

area and one failure in the high 

consequence area have occurred over 

the past 15 years 
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