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Introduction
Periodic inspection and testing of chemical processing storage 
and manufacturing equipment play an important role in sup-
porting mechanical integrity, environment, health, and safety 
objectives. For the majority of such equipment, which is typically 
metallic, the inspection and testing strategies to assess and ensure 
asset integrity are oftentimes straightforward and might include 
external and/or internal visual inspections, the application of con-
ventional or advanced non-destructive technologies, and/or more 
detailed computational engineering analysis. However, inspec-
tion and testing strategies used for metallic equipment may not 
be appropriate to assess the condition of non-metallic equipment; 
this could be further complicated if the equipment is in hazard-
ous service where complete access to the equipment is limited for 
safety and environmental reasons.

Ashland, a global consumer market-focused additives and spe-
cialty ingredients company, develops and manufactures a variety 
of chemical intermediates for the pharmaceutical, personal care, 
architectural coatings, construction, energy, food & beverage, and 
nutraceutical markets. The Ashland facility in France, which is 
the subject of this case study, plays a key role in manufacturing a 
variety of polymers for many industrial applications.

To support the manufacturing of such polymers, the site utilizes 
monochloroacetic acid (MCA) as a precursor. This acid, which is 
classifi ed as highly hazardous, toxic, and corrosive, is stored in a 
5000 mm diameter x 8550 mm high aboveground storage tank 
(AST) constructed of fi ber-reinforced polymer (FRP) composite 
for the structural components with a 4 mm thick process-side 
polyvinyl chloride (PVC) thermoplastic polymer liner. In con-
structing this vessel, the thermoplastic lining was bonded to the 
structural FRP at installation while the PVC joints were made by 
fusion welding, before the FRP was applied. A photo of this AST 
installation is shown in Figure 1.

Due to the challenges associated with de-inventorying the tank 
and preparing it for safe vessel entry to perform detailed inter-
nal inspections, the mechanical integrity assessment of this tank 
has relied largely on periodic operation rounds and scheduled 
external inspections. With a desire to determine the vessel’s over-
all structural and mechanical integrity more formally, the infor-
mation presented in this article describes a recent application of 
external visual inspections deployed together with off-the-shelf 
straight-beam ultrasonics equipment to successfully assess the 
condition of the AST where access to the interior corrosion barrier 
was signifi cantly limited. The testing methods and inspection 
methodologies are described along with results and conclusions 
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that confi rm the AST’s continued fi tness-for-service. The cost sav-
ings in utilizing this inspection approach are also documented, 
along with inspection recommendations that were highlighted 
following the conclusion of this inspection.

Inspection and Assessment History
The MCA tank was designed and constructed in 2002 in accor-
dance with the “Reservoirs et Appareils en Matieres Plastiques 
Renforces – Code de Construction” standard (tanks and devices 
made of reinforced plastic materials—construction code), desig-
nation NF T-57900. This code includes a suite of quality assurance 
tests and inspections that are stipulated to ensure that new ves-
sels comply with this standard. These tests include spark-testing 
of all welds in the PVC lining to ensure that “holidays” or leaks 
do not exist in joints of the PVC lining. After installation at the 
Ashland facility, inspection and assessment of the tank's condi-
tion have relied primarily on visual inspections of the exterior 
vessel surfaces. Due to the hazardous nature of the vessel con-
tents and the diffculties in preparing the tank for entry, such 
internal assessments/inspections of the MCA storage tank have 

Figure 1. MCA Storage Tank.
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been risk-assessed and deferred, and not included to determine 
the structural condition of the FRP or of the PVC lining that is 
exposed to the MCA tank contents.

Conventional practice for inspecting process equipment made 
from FRP with PVC linings has, for many years, relied upon 
confi ned space entry of the equipment and conducting a visual 
inspection of the corrosion barrier surface intended to provide 
some assessment of the equipment. These inspections may 
include repeating the spark tests on the fusion welds. With MCA 
being an extremely hazardous substance, spark testing adds an 
additional risk to inspection personnel as any trace amounts of 
MCA that remain in voids or crevices after cleaning can fl ash of 
or ignite from temperatures reached during spark testing which 
could result in MCA exposure to vessel entrants. As such, enter-
ing this tank to conduct a comprehensive mechanical integrity 
assessment was simply considered too risky from an environ-
ment, health, and safety standpoint.

The owner, Ashland, Inc., also recognized that the asset condition 
must be considered unknown and was prepared to replace the 
tank to address risk-management needs. The primary question 
posed was: Can the fi tness-for-service of the MCA tank be deter-
mined utilizing commercially available, non-intrusive technolo-
gies? If not, when will replacement be required?

Fitness-for-Service Assessment of FRP 
Equipment
When assessing metallic equipment to determine fi tness-for-ser-
vice, it is common to utilize inspection methods and assessments 
that are included in the construction standard used for the equip-
ment. Inspections often include thickness testing and fl aw or 
defect detection, where the results are used in calculations that 
are often provided by the construction standard for the original 
design. When results match the requirements from the standard, 
the equipment may be considered as fi t-for-continued service.

FRP materials experience damage in ways that are not captured 
or included in construction standards such as NF T-57900. This is 
because structural design for FRP components relies on the com-
bined properties of the mixture of polymer and reinforcement, 
while damage overwhelmingly occurs to the polymer well before 
the structural properties that were used by the standard have 
been affected. Unlike metallic materials, FRP construction stan-
dards are generally not applicable to fi tness-for-service assess-
ments. Discussion of damage development and progression is 
available in several of the references for this article [1-10]. Damage 
is measured and assessed using the bending behavior of the FRP 
– including the structural FRP, the corrosion barrier, and any 
thermoplastic lining. We state this as the Retained Flexural Modulus
(RFM), which is calculated using the equation below: 

The fl exural (or bending) modulus of FRP differs from the tensile 
modulus or tensile strength used by construction codes. Also, no 

“standard” value can be obtained from a handbook or reference, as 
with steel. In other words, every FRP construction has a different 
fl exural modulus. Flexural modulus of new, as-built FRP can be 
determined by destructive tests, such as from a cutout, and from 
engineering calculations.

Damage to FRP can be expressed in terms of the RFM, which 
means that inspections do not require a determination of the 
actual value of the fl exural modulus. Reduced RFM corresponds 
to even greater reductions in the strength of the resin or polymer 
in the FRP, which results in early crack formation well before 
the reinforcement reaches its strength. Cracks in the resin can 
lead to further damage in the FRP and, eventually, to structural 
failure. This damage also affects the bonding of the resin to the 
reinforcement, which is critical for transferring loads to the rein-
forcement at the backbone of FRP. The key issue in determining 
the fi tness-for-service of FRP assets is to understand how much 
damage has occurred to the resin or polymer.

Using the design or safety factor from the original design of 
the MCA tank, the minimum RFM value that was allowed for 
the equipment to be classifi ed as fi t-for-continued service was 
determined to be 40%, meaning that an RFM value of 40% was 
the minimum allowable threshold allowed before the tank was 
determined to be no longer fi t-for-continued service. Damage to 
the FRP (and the PVC lining) of the MCA tank, if present, would 
therefore show as a reduction in RFM of the material.

Attenuation-based ultrasound (UAX) is one of the nondestructive 
evaluation (NDE) methods utilized to assess the fi tness-for-ser-
vice of FRP equipment [1]. This method uses off-the-shelf ultra-
sonic equipment in the straight-beam, pulse-echo confi guration 
to obtain data about the condition of the FRP and polymeric mate-
rials. The data from these readings is then assessed to determine 
the condition of the FRP through its thickness. In deploying the 
UAX inspection strategy, there are several important factors to 
understand, compared to more conventional straight-beam ultra-
sonic testing (UT) as used for the inspection of metal alloy vessels:

 1.  Flaw-detector set-up differs slightly than set-ups used 
for metal fl aw and defect detection.

 2.  Existing UT equipment cannot display results on the A-scan 
that allow inspectors in the fi eld to determine the condition 
of the FRP asset. Readings must be processed separately and 
outside of the fl aw detector.

 3.  Most indications or refl ections that appear before the back 
surface refl ection are not due to fl aws or defects but are 
most likely from changes in resin or polymer properties 
along the pulse path; in reality, delaminations are rare.

 4.  Delaminations and voids in FRP have almost no effect 
on the tensile strength of the material and, therefore, 
have a very small effect on calculations from the 
construction codes.

Inspection uses similar equipment and methods as normal-beam 
pulse-echo, such as used in thickness testing. The equipment 
consists of a conventional fl aw detector and utilizes a 0.5 MHz 
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transducer with a non-metallic delay line, usually rubber.
Figure 2 shows a typical set-up and reading.

To use general UAX for FRP equipment assessments, two cali-
bration specimens are required for destructive testing. The fi rst 
should utilize the as-manufactured FRP for the equipment to pro-
vide the initial FRP bending modulus and the specimen’s ultra-
sonic attenuation. The second should utilize a specimen from the 
as-manufactured FRP that has been damaged over at least 1,000 
hours of exposure to a corrosive environment or constant stress. 
After exposure, the ultrasonic attenuation and bending modulus 
are then determined. These two data points provide a straight line 
on a curve, as shown in Figure 3, that is used to allow a calcula-
tion of condition from the UAX attenuation.

When the curve in Figure 3 is established for the FRP structure to 
be examined, the current condition and estimates of future con-
dition can then be applied and determined.

A method to replace the need to construct the attenuation cali-
bration curve is described in “Baseline Values for Non-Destructive 
Structural Evaluation of Glass Reinforced Composites” [7], where 
attenuation values and transit time are used with RFM that is 

determined from destructive tests to produce a curve that relates 
the NDE values directly to the destructive values. This approach 
assists with inspection of existing equipment where cutouts can-
not be made available such as for the MCA AST. This allows the 
current RFM to be determined for FRP of any age or origin. The 
article uses the term Percentage of Design Sti� ness (PDS) in place 
of RFM.

Inspection of the MCA Tank
The process using the “Baseline Values” approach described 
herein was used by Ashland for inspection and assessment of the 
MCA tank. The inspector traveled to the site where the inspection 
was conducted in two stages: 

 •  First, a detailed and systematic external visual inspection 
of the subject tank to examine the support and anchor 
structures, fl anges, and surfaces for the presence of defects/
defi ciencies was undertaken. In addition, the inspection 
of instrumentation and structural attachments was also 
performed, with such inspections being similar in nature to 
those deployed to more traditional metallic pressure vessels. 

Figure 2. Typical UAX Reading.

Figure 3. Typical Curve for Attenuation Calibration.
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 •  This strategy was combined with a systematic ultrasonic 
inspection of zones or components known as condition 
monitoring locations (CMLs) and chosen where stresses 
were expected to be highest, including shell penetrations. 
The inspection plan schematic for the MCA Tank is shown 
in Figure 4.

The external inspection served to identify any specifi c items 
for further investigation as well as to identify concerns that can 
elevate the risk of tank failure. The most common of these risk 
increasers are incorrect pressure and/or overfl ow management, 
none of which were identifi ed. Following the collection of UAX 
data, this inspection data was evaluated by engineers, where 
the report was produced and presented to Ashland for ultimate 
equipment disposition.

Results
As previously mentioned, the external inspection failed to detail 
any concerns with installation or the visible condition of the AST. 
Regarding the ultrasonic data, these values were evaluated to 
determine several factors: detected thickness of the total FRP + 
PVC liner, PDS (or RFM) of the full thickness material, depth of 
chemical or corrosion damage to the process side of the AST, and 
extent of damage to the process side of the AST. In particular, the 

Figure 5. Inspection Results.

PDS of the full thickness was used to determine the remaining 
life of the equipment based on the minimum allowable PDS value 
—in this case, 40%—and the lowest PDS determined for the CMLs.

In this case, the results of the inspection are shown in Figure 5, 
which shows the PDS values for each CML. The minimum value 
was used to provide a projection of remaining life. Note that the 
lowest PDS value was expected to remain above 40% for years.

Regarding the damage that may have occurred to the process-side 
surface, also known as the corrosion barrier, Figure 6 shows that 
the damage depth was detected to be less than 50% of the PVC 
thickness with negligible reduction in PDS or RFM. Based on this 
analysis, the corrosion barrier was determined to be undamaged.

The conclusions based on this inspection determined that the 
subject MCA tank, which has stored an extremely hazardous and 
toxic chemical since 2002, was fi t for continued service with only 
minor deterioration sustained. In addition, based on the inspec-
tion and condition analysis report, future reinspection frequen-
cies to evaluate changes in the FRP and corrosion barriers have 
been integrated into the maintenance plan for this vessel and will 
serve to further validate the tank’s mechanical integrity during 
future inspection activities.

Conclusions
Any asset, especially those in a highly hazardous and toxic service 
whose condition is unknown, represents a unique challenge to 
any organization in terms of personnel/site safety, environmen-
tal compliance, and business continuity. The goal should always 
be to understand the mechanical integrity of such assets through 
the judicious application of rigorous inspection strategies and/
or detailed engineering analysis to ensure chemical processing 
equipment remains fi t-for-continued service. 

Prior to the application of the attenuation-based ultrasound 
(UAX) inspection, questions as to the mechanical integrity of 
Ashland’s MCA FRP storage tank were largely left unanswered 
with the potential for costly equipment replacement strategies 
discussed as a way in which to address and mitigate this gap. 

Figure 4. MCA Tank Inspection Plan.Figure 4. MCA Tank Inspection Plan.

Figure 4. MCA Tank Inspection Plan.



Figure 6. Corrosion Barrier Condition.

By utilizing the inspection strategy of external visual with the 
UAX non-destruction inspections and data analytics evalua-
tion, Ashland was able to validate and confi rm the MCA storage 
tank’s fi tness-for-service without the need to consider equipment 
replacement at a projected estimated cost exceeding €1,500,000. 
In fact, the total inspection and analytics evaluation cost associ-
ated with the Ashland MCA storage tank were less than 5% of the 
project replacement estimated cost, representing signifi cant cost 
savings while ensuring the reliability and mechanical integrity of 
the subject storage tank.

The novel applications of such non-destructive and non-intrusive 
technology represent a continued commitment of chemical man-
ufacturing to partner with service providers in addressing and 
solving complex mechanical integrity challenges which benefi ts 
all stakeholders in ensuring the continued safe and reliable con-
dition of critical equipment. ■

For more information on this subject or the author, please email 
us at inquiries@inspectioneering.com.
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