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ABSTRACT 

High-density polyethylene (HDPE) is widely used for above-ground storage tanks 

(ASTs). However, there are currently no guidelines for non-destructive testing (NDT) and 

evaluation (NDE) of HDPE ASTs. Moreover, the feasibility, limitation, and challenges of using 

non-destructive testing techniques for field inspection of HDPE ASTs have not been studied yet. 

This study explored the viability of HDPE AST inspection using infrared thermography (IRT) 

and ultrasonic testing (UT). The results indicate that: 1) ambient environmental parameters can 

affect IRT accuracy; 2) there is an ideal time during the day to perform IRT; 3) the heating source 

and infrared camera orientation can affect IRT accuracy; and 4) with proper measures taken, IRT 

is a promising method for flaw detection in HDPE ASTs. Additionally, UT can be used 

following IRT for detailed investigation to quantify the defect size and depth. The manuscript 

concludes with a discussion of limitations and best practices for implementing IRT and UT for 

HDPE AST inspection in the field. 
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INTRODUCTION 

The Virginia Department of Transportation (VDOT) controls approximately 400 above-

ground storage tanks (ASTs) for liquid deicing chemicals to support the winter maintenance 

program. Tanks range in capacity from 5,000 gals to 10,000 gals and are made of either single- or 

double-walled high-density polyethylene (HDPE) (see Figure 1). Routine visual inspections are 

conducted to identify signs of aging and damage as indicators of potential defects that might 

impact functionality and integrity. Current methods use visual inspection and penetrating dyes to 

inspect for signs of cracking, crazing, and other damage or deterioration.1 However, these current 

methods do not effectively identify additional mechanisms of failure, such as ultraviolet light-

induced degradation, increased hoop stress, or manufacturing defects, especially if the defects are 

subsurface or too small to be seen during visual inspection (e.g., Figure 2). Therefore, to improve 

VDOT’s ability to identify potential defects and determine whether a tank is fit for continued 

service, additional non-destructive evaluation (NDE) techniques need to be considered. 
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As reported by many HDPE producers, HDPE exhibits outstanding performance when in 

contact with various chemical solutions (i.e., no damage after 30 days of exposure). However, the 

performance criteria are not defined (e.g., appearance change, color change, mass change, 

volume change, etc.). Therefore, more systematic research is required to study the signs of HDPE 

ASTs degradation to prevent HDPE ASTs premature failure. The consequences of HDPE ASTs 

failure are economic (e.g., loss of product, the cost for cleanup and / or remediation), 

environmental (e.g., soil erosion, surface and groundwater contamination, or impacts on 

ecological health), potential for worker injury, and potential tort and regulatory liability.2-7 

Accordingly, the development of a reliable Non-Destructive Test (NDT) method to evaluate 

HDPE tank integrity prior to a release is an important need for the industry. 

Figure 1. Examples of single-walled (left) and double-walled (right) high-density polyethylene above ground 

storage tanks managed by VDOT 

Figure 2. A subsurface small void (about 1/8th of an inch in width parallel to the tank wall) in the wall of a 

VDOT double-walled high-density polyethylene above ground storage tank 

Based on the review of potential NDE methods, summarized in the literature review 

section, this study focused only on infrared thermography (IRT) and ultrasonic testing (UT) 
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methods. While acoustic emission (AE) is effective for leak detection, it cannot provide the 

necessary data on defects and cracks for this study. Moreover, while ground-penetrating radar 

(GPR) is very useful in NDE of other infrastructures, the frequency needed to be applicable to 

HDPE ASTs is very high such that the application is questionable for this study. 

The problem is that currently, there are no industry standards that specify when an AST 

should be taken out of service. Accordingly, there is room for study to create a set of test 

procedures and protocols for assessing and determining when to remove a tank from service. 

Additionally, there are no clear guidelines that the State Departments of Transportation (DOTs) 

must adhere to to evaluate the condition of the tanks they own and manage. Due to this, most 

DOTs only perform a periodic visual examination of the tanks. 

PURPOSE AND SCOPE 

This study aimed to develop and implement an NDE of HDPE ASTs using IRT and UT 

methods. The scope of the project was to develop a laboratory-scale NDE methodology that 

could be scaled to field investigations of representative ASTs used for liquid deicer storage at 

VDOT facilities. This study had four objectives: 

1. Examine HDPE properties affecting the life span of an AST. Some of those properties 

influence the effectiveness of the evaluation techniques, which need to be identified 

before beginning laboratory work; 

2. Investigate the efficiency of IRT and UT for defect detection in HDPE materials; 

3. Establish a field setup for implementing IRT and UT for AST inspection; and, 

4. Develop recommendations for NDT inspections/assessments and fit for continued use 

determination of ASTs. 

METHODS 

The research program was divided into five main tasks that aimed to understand the 

existing methodologies, analyze the NDE methods in a laboratory setting, experiment with ASTs 

in the field, and develop an implementation plan for VDOT. 

1. Literature review and survey of state DOT practices. This task explored the existing NDE 

methods used on HDPE components, including but not limited to ASTs. As part of this 

task, a questionnaire was sent to State DOTs to evaluate how other agencies evaluate 

HDPE ASTs in their inventory. 

2. Laboratory investigation. This task created a laboratory-scale HDPE tank with known 

defects to validate the IRT and UT methods to validate the methods in the laboratory to 

generate threshold values. 
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3. Field investigation. This task applied the knowledge gained from the laboratory 

investigation to study HDPE ASTs around Virginia. 

4. Development of guidelines. This task applied the knowledge gained from the laboratory 

and field studies to establish guidelines on applying IRT and UT to HDPE AST 

inspections. 

Literature Review and Survey of State DOT Practices 

A literature review was conducted to evaluate what NDE methods can be or had been 

employed to study HDPE ASTs, polymer tanks in general, and HDPE in particular.  Search 

engines including Google Scholar and Science Direct were utilized for this purpose, as well as, 

direct searches of State DOT websites and the Transportation Research Record. There is very 

little data present in the literature on applications of NDE methods to HDPE components. The 

literature review section of this report summarizes the authors’ study of existing research on this 

topic. 

A questionnaire was prepared to survey the techniques and regulations that State DOTs 

follow to evaluate their ASTs. Questions were formulated based on information collected from 

the literature and feedback from members of the TRP and VTRC. A copy of the complete 

questionnaire and the received responses are available from the authors. This questionnaire 

focused on four primary areas of investigation as listed below: 

• A determination of how many brine tanks are currently in service across the U.S., including 

their capacity range, age range, and the most common material type; 

• How State DOTs maintain their ASTs in different seasons; 

• What area(s) of an AST is (are) the most likely area(s) for a tank failure; and, 

• What provisions and regulations do State DOTs follow to evaluate the condition of their 

tanks, and how do they decide when to remove a tank from service? 

Laboratory Investigation 

Infrared Thermography (IRT) 

All objects (e.g., solid, liquid) emit infrared radiation in many wavelengths; however, 

each wavelength corresponds to a specific temperature.8 IRT is an NDE technique that employs 

an infrared (IR) camera to capture the infrared radiation emitted from a given surface, 

transforming it into electrical signals equivalent to the surface’s temperature profile. These 

signals are displayed in a colorful thermal image known as a thermogram; each color corresponds 

to a temperature according to the defined scale.8,9 IRT is a popular NDE technique known for its 

portability, affordability, ease of use, large area of inspection, and ability to locate a range of 

surface and subsurface defects. 
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A thermal gradient over the thickness of the object under study is required to run 

successful IRT tests. There is difficulty in manipulating the temperature of HDPE to induce the 

required thermal gradient on the thickness due to its low thermal diffusivity. To accommodate 

the low thermal diffusivity of HDPE in the laboratory investigation, six 500 W halogen lamps 

with a total power of 3000 W at a distance of 15.75 in (0.4 m) were used to heat the object (e.g., 

the tank in this study) for three minutes. This heating setup is called step heating, in which the 

heating lasts for a predetermined time and then allowing the object to cool naturally for a 

predetermined time. The power and heating time considered for the lab testing were determined 

through a set of trial and error experiments and included a consideration of the practical aspects 

of the test’s utility in the field for evaluating the real ASTs. In this study, concentrating the 

heating power on a small region, over a short distance of 15.75 in (0.4 m) and with a three-

minute duration, offers enough of a temperature gradient over the thickness of the specimen to be 

inspected. This way, more excitation power can be delivered in a shorter period of time, resulting 

in more effective heating. In this study, the most effective empirical procedure was determined to 

be as follows: 1) the IR camera was positioned 4.9 ft (1.5 m) away from the object; 2) the target 

object was heated by the external heating source for three minutes; and 3) immediately after 

removing the heating source, the change in temperature of the object during the cooling phase 

was monitored for three minutes (capturing images every 10 secs). The distance between the 

camera and the object was defined by a preliminary investigation that studied the correlation 

between the distance, the area under study, and the smallest observable defect size at the best 

condition. For this purpose, some partial-depth holes with different diameters were created on an 

HDPE plate, and then the defects were exposed so that they faced the heating source and IR 

camera. This is the best condition in which all defects could be observed without concerning the 

low thermal diffusivity of HDPE and thermal attenuation during the experiment. The IR camera 

was set at different distances, as seen in Figure 3; a distance of 4.9 in (1.5 m) is the greatest 

distance before the minimum observable defect size increases by about 0.04 in (1 mm). Since this 

research was trying to study the feasibility of using the IRT technique on real ASTs and for the 

field investigation, the thermal images have been reported without any additional image 

processing. 

Figure 3. Correlation between the infrared camera distance to the object and the area under study and the 

smallest observable defect size (note: 1 m = 3.28 ft, 1 mm = 0.039 in, and 1 m2 = 10.76 ft2) 

5 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

During the preliminary investigations on a full-scale HDPE AST, this study tried to use 

the same experimental setup established in the laboratory and utilized six 500 W halogen lamps 

with a total power of 3000 W at a distance of 15.75 in (0.4 m) to induce a thermal gradient on the 

object surface. The findings showed that the lab experiment’s heating power was insufficient to 

induce an adequate thermal gradient on the full-scale HDPE AST wall in the field. Therefore, 

changing the heating source was the first correction for transferring the IRT from the lab to the 

field. The preliminary investigations showed that utilizing two stacked 1500 W IR heaters with a 

total power of 3000 W at a distance of 15.75 in (0.4 m) is effective for defect detection in the 

field. 

Due to the semi-infinite size of the real HDPE AST compared to the lab-scale water tank, 

the IRT technique with step heating (even with 10 minutes of continuous heating) was not 

efficient for field investigation. Short-step heating (less than 10 secs) was not enough to induce 

an adequate thermal gradient and obtain observable contrast between the defects and the intact 

areas; however, long-step heating reduced the contrast between the defect edge and the original 

solid area. Therefore, according to the preliminary investigations, the second correction should 

be applied to the heating method. Thus, step-heating and thermal wave imaging were combined 

for this study. The heat was deposited on the surface by following alternative heating and cooling 

phases to induce waveform heat. The grouping of one heating and one cooling cycle is called one 

cycle. Different heating and cooling duration combinations were considered for this study (Table 

1) to investigate the optimum heating-cooling cycles. Six cycles were completed for each 

combination of heating-cooling durations (e.g., 20 s heating with 60 s cooling), and the IRT was 

conducted during each cooling phase. Except for the first two cooling phase durations of each 

heating time group that were constant for all combinations (e.g., 10 s and 20 s), the increment of 

cooling phase duration was a factor of the heating time duration. This arrangement in selecting 

cooling phase duration was chosen for practical implementation and faster field investigation. 

Having a factor of heating phase duration for the cooling phase allows a tank investigator to heat 

multiple areas when the first spot is in the cooling phase before returning to the first area for 

heating and conducting the next cycle. For instance, in the combination of 20 s heating and 140 s 

cooling, labeled as “20-140”, the investigator can heat seven areas (7 × 20 s = 140 s) when the 

first spot is in the cooling phase and then return to the first spot to start the second cycle of 

measurement. This heating-cooling cycle allows the heat to penetrate the sample in the form of 

waves without reducing the contrast between the defects and the sound area. Therefore, the 

authors believe that applying a waveform heat distribution on the HDPE AST causes the heat to 

penetrate deeper, increases the contrast between the defect edges, and consequently reveals more 

subsurface defects. For this reason, the optimum heating-cooling durations need more 

investigation, which is one goal of this study to correct the setup established in the lab. The IRT 

evaluation and measurement for each heating-cooling combination were completed twice; one 

was performed in the morning and in the afternoon. The reason behind performing two 

repetitions per combination has been explained in section Results from the Full-Scale HDPE 

AST Experiment (Task 3) under Temperature Measurements. 

A Fluke TiX580 thermal imager (IR camera), with the features shown in Table 2, was 

used for this research. In this research, the goal of using an IR camera was to detect subsurface 

anomalies and not for accurate temperature measurements. Since the appearance of the defects 
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depends on the existing thermal gradient across the object’s thickness and since the object 

temperature (O.T) was not controlled only for the lab testing, the IR camera’s temperature range 
was narrowed manually and set to the range [O.T –9 °F, O.T +18 °F] ([O.T –5 °C, O.T +10 °C]). 

The reasons for this were to: 1) reduce the time needed for defects to appear in the thermal 

images and 2) detect anomalies with the highest contrast. The other settings of the IR camera is 

shown in Table 3. 

Investigators in the field are interested in evaluating as many tanks as they can in one day 

without further analysis. Therefore, contrary to the lab testing, to expedite the field investigation, 

the temperature span on the camera was set on automatic without the need to set it manually to 

narrow down the temperature range for better defect detection. No further image processing was 

performed, and the smallest detected defect size was obtained directly from the raw images. This 

was done to facilitate the evaluation process and speed it up for field implementation. During the 

field testing, the distance between the camera and the object varied from 2.6 ft (0.8 m) to 3.6 ft 

(1.1 m). 

Table 1. Heating and cooling duration combinations considered for each cycle during an infrared 

thermography measurement 

Heating time (s) Cooling time (s) 

20 10 20 40 60 80 100 120 

30 10 20 30 60 90 120 -

40 10 20 40 80 120 - -

60 10 20 60 120 - - -

Table 2. Infrared camera properties reported by the manufacturer 

Detector resolution 640 x 480 (307,200 pixels) 

Field of view 34 °H x 24 °V 

Temperature measurement range –4 °F to 1832 °F (–20 °C to 1000 °C) 

Accuracy ±3.6 °F (±2 °C) or 2% (whichever is greater) 

Thermal sensitivity (NETD) ≤0.09 °F (0.05 °C) at 86 °F (30 °C) target temp (50 mK) 

Frame rate 60 Hz 

Infrared spectral band 7.5 μm to 14 μm (long wave) 

Table 3. Settings of the infrared camera used for the study in the laboratory 

Emissivity 0.78 

Background 73 °F (23 °C) 

Transmission 100% 

Range -4 °F to 212 °F (-20 °C to 100 °C) 

Temperature level span [O.T -9 °F, O.T +18 °F] 

[O.T -5 °C, O.T +10 °C] 

Palette Blue-Red [Ultra contrast] 

Auto capture 18 images every 10 secs 
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Ultrasonic Testing (UT) 

The IRT technique described above helps identify superficial subsurface defects with 

their approximate size and location. However, this technique cannot give information about the 

depth of the defect or the location of the abnormality over the thickness of the object and if there 

are several stacked defects on the same spot. Therefore, after IRT identifies the potential 

abnormal areas, a more detailed investigation is needed. For the laboratory investigation, 

conventional pulse-echo ultrasonic testing (PEUT) and phased array ultrasonic testing (PAUT) 

have been considered because these tests need access to only one side of the investigated 

specimen and allow for the inspection of ASTs that are filled with liquid. For the field testing, 

only PAUT was considered. 

By calibrating the measuring equipment to the primary wave (“P-wave”) velocity of the 
AST material with knowledge of the wall thickness, both PEUT and PAUT can locate hidden 

abnormalities. One disadvantage of the application of UT to HDPE is the potential for significant 

acoustic attenuation and dispersion due to the viscoelasticity of HDPE, with energy losses 

reported at 18 dB/inch (7 dB/cm) and as large as 38 dB/inch (15 dB/cm).10-12 Therefore, based on 

the AST wall thickness and defect sizes, a range of ultrasonic frequencies needs to be considered; 

for instance, while higher frequencies will likely yield a better resolution, the signal will diminish 

due to increased scattering.13 Another challenge with PEUT is that when the defect size is 

smaller than the probe size, waves will propagate through both the irregularly damaged area and 

intact area; therefore, more peaks will appear in the response signals, making it challenging to 

identify the correct peak for the defect to characterize its geometry and its location over the 

thickness. 

In this research, a Proceq Flaw Detector 100 ultrasonic instrument was used in 

combination with a 5 MHz mono probe from Sonatest for PEUT tests and a 2.25 MHz phased 

array water wedge probe from SensorScan for PAUT tests (Figure 4). Water wedges have been 

used in other studies of HDPE material14-16 primarily because the relatively slow acoustic 

velocity of HDPE would result in negative refraction from other commonly-used PAUT wedge 

materials. Wave velocity calibration was done with the mono probe before starting each 

measurement. The settings used for the calibration are summarized in Table 4. 

8 

https://scattering.13


 

 

 
    

 

      
   

    

  

       

   

     

    

     

 

 

 

 

  

 

   

 

 

 

  

 

 

 

 

Figure 4. Water wedge probe for phased array ultrasonic testing 

Table 4. Settings used for wave velocity calibration with mono probe ultrasonic testing 

Voltage mono 100 V 

Mono pulse damping 50 ohms 

Pulse type Spike 

Probe diameter 0.5 in (12.7 mm) 

Reference amplitude 80.0% 

Range Path 3.9 in (100 mm) 

Travel mode Half path 

Acquired frequency 100 MHz 

Laboratory-Scale Experiments 

There were specific concerns regarding the HDPE properties that impact the IRT and UT 

testing effectiveness on the laboratory-scale tank, which is the main focus of this work. The 

authors have studied those properties and are reported in Behravan et al.17 Moreover, HDPE 

performance, when in contact with brine solution, needs closer attention for a better assessment 

of the HDPE AST performance in the field, which has been investigated in another study.17 

While the eventual objective of this project is to develop recommendations for field 

investigation of ASTs, the Task 2 of the present study focused on a laboratory study to control 

additional variables. In the field, ASTs experience different thermal gradients on the sun-facing 

vs. shade-facing sides of the tank, as well as variability in the gradients as a function of brine 

solution temperature and  volume in the AST. Therefore, to better control specific variables, a 

small-scale water tank was created in the laboratory with interchangeable plates of varying 

thickness and defect content. Figure 5 shows the 24 in × 24 in × 12 in (610 mm × 610 mm × 305 

mm) tank used for this purpose. One side of the tank was removed, allowing for HDPE plates of 

thicknesses 0.25 in (6.4 mm), 0.5 in (12.7 mm), 0.75 in (19.1 mm), 1 in (25.4 mm), and 2 in 
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(50.8 mm) to be installed for experiments. These plates had specifically manufactured defects 

(e.g. side holes (S.H), scratches (s), and partial holes) to allow for calibration of the IRT and UT 

methods; the defect map and defect sizes created on the plates are shown in Figure 6 and Table 5. 

For each plate installed on the water tank, the IRT experiment was repeated 20 times on 

different days under different environmental conditions to get a wide range of temperature 

differences between the water and tank exterior. The condition information for each 

measurement is available from the authors. Some parameters impacted the measures, such as the 

specimen size, water temperature in the tank, relative humidity (RH), etc. A preliminary study 

was conducted to understand the impact of specimen size on the heat transfer properties by 

applying the IRT technique on two plates with dimensions 12 in × 12 in × 0.5 in (305 mm × 305 

mm × 12.7 mm) and 24 in × 24 in × 12 in (610 mm × 610 mm × 305 mm). Both plates were 

heated for ten minutes. The temperature change of the center of both plates was recorded and 

plotted. To study the impact of water and its temperature on the measurements, the water 

temperature was changed manually via a water heater. This approach simulates the water and 

tank temperature differences during the day from 12:00 AM to 11:59 PM in a real AST. Since 

this study’s IRT experiments were completed outside the lab, there was no control over the RH; 

therefore, the impact of RH on the measurement is not the focus of this study. 

Figure 5. (a) High density polyethylene (HDPE) water tank with a removed wall and (b) HDPE water tank 

with an installed HDPE plate with known subsurface and interior defects 
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Figure 6. Graphical representation of the defects created on the HDPE plates installed as a wall on the water 

tank in Figure 5 (note: “S.H” represents the “side hole” and “S” represents the “scratch”) 

Table 5. Characters of the created defects on the HDPE plates 

Defect 

name 

Description Depth from interior side 

[inch (mm)] 

Diameter(s) [inch (mm)]* 

S1 Scratch 0.04 (1) N/A 

S2 Scratch 0.08 (2) N/A 

S3 Scratch 0.12 (3) N/A 

S4 Scratch 0.20 (5) N/A 

S.H 1 Side hole 0.125t 0.75 t 

S.H 2 Side hole 0.25t 0.50 t 

S.H 3 Side hole varies 0.1 t (1/16 inch drill bit was used for all plates) 

S.H 4 Side hole 0.375t 0.25 t 

R1 Partial hole 0.25t Diameters from left to right: 

1, 0.79, 0.59, 0.39, 0.28, 0.20, 0.11, 0.06 

(25.40, 19.99, 15.01, 9.98, 7.01, 5.00, 2.79, and 1.59) 

R2 Partial hole 0.50t Diameters from left to right: 

1, 0.79, 0.59, 0.39, 0.28, 0.20, 0.11, 0.06 

(25.40, 19.99, 15.01, 9.98, 7.01, 5.00, 2.79, and 1.59) 

R3 Partial hole 0.75t Diameters from left to right: 

1, 0.79, 0.59, 0.39, 0.28, 0.20, 0.11, 0.06 

(25.40, 19.99, 15.01, 9.98, 7.01, 5.00, 2.79, and 1.59) 

*t: Thickness of the HDPE plate 
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Full Scale Experiments and Field Investigation 

Full-scale experiments were performed on a decommissioned single-walled 6,000-gal 

HDPE AST provided by VDOT (Figure 7). The bottom 4.1 ft (1.25 m) of the tank had a 

thickness of 0.75 in (19.1 mm), and the remaining height had a thickness of 0.5 in (12.7 mm). 

The Task 2 results showed that the temperature inside and outside the tank plays a 

significant role in successful IRT measurements. Type-T thermocouples connected to a data 

logger were employed to collect the temperatures from the tank exterior, the liquid inside the 

tank, and the ambient air. The thermocouples were installed on the tank wall at different 

elevations (top, middle, and bottom) and on east and west-facing sides close to where the defects 

exist. Thermocouples were installed on the AST wall using small pieces of HDPE (Figure 7) held 

with hot glue to ensure that only the HDPE’s temperature was collected. One thermocouple was 

submerged in the water inside the tank, and one thermometer was kept next to the tank in the 

shade to collect the ambient air temperature. The data logger collected temperatures every minute 

and reported the average of the temperatures every 30 minutes. 

To couple the laboratory experiments from Task 2 and validation experiments with the 

full-scale HDPE AST in Task 3, defects were manufactured in the AST. Defects with different 

sizes and depths were created inside the AST to simulate subsurface defects initiating from inside 

the AST and developing towards the AST’s exterior surface. The defects were created on the east 

and west sides of the AST to study the best timeframe for evaluation regarding a specific side of 

the AST being in the sun or the shade. After the defects were created inside the AST, the tank 

was filled with water. 

One set of the defects was created on the east side in the thinner part of the AST, and the 

other set was created on the west side in the thicker part of the AST. The configuration of the 

defects on both sides is shown in Figure 8. Only five columns of defects were formed on the east 

side, compared to six columns on the west. The characteristics of the defects are summarized in 

Table 6 and Table 7. In these tables, “R” refers to the row and “C” refers to the column of the 
created defects. The defects are named according to their location in rows and columns. For 

example, the R2C4 defect refers to the defect located in Row 2 and Column 4. The size of the 

tank, dangerous consequences of the AST failure, and the concentration of the defects in a small 

area presented challenges in the study. It was risky to create four sets of defects on the AST to 

study the impact of wall thickness and the location of the defects on the measurements 

separately. Therefore, one set of defects was made on the thin part, and the other set was created 

on the thick part of the tank wall. 

In Table 6 and Table 7, the aspect ratio (AR) is equal to the ratio of the defect diameter 

(d) to the defect depth (D) (AR = d/D), and D/t is the ratio of the defect depth to the wall 

thickness (t). The defect depth has been measured from the external surface. 
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Figure 7. The configuration of the tank under study and the arrangement of the installed thermometers 

Figure 8. Example of the defects map created inside the tank wall (defects on the west side) 
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Then, based on the results from the laboratory and full-scale experiments, field 

experiments were performed on two VDOT ASTs with details shown in Table 8. IRT and PAUT 

were used to evaluate these two ASTs. 

Table 8. Information of the two high-density polyethylene above ground storage tanks tested in the field 

Location Tank capacity 

(gal) 

Tank age 

(years) 

Tank type Wall 

thickness 

(in, (mm)) 

Tank Diameter 

(ft, (m)) 

Empty/full 

Salem district, 

Virginia, USA 

5000 12 Single wall 0.75 (19.1) 103.4 (2.60) Empty 

Salem district, 

Virginia, USA 

5000 17 Single wall 0.75 (19.1) 103.4 (2.60) Full 

Development of Guidelines 

Best practices were synthesized from the findings of previous tasks to establish the 

information needed to make policy decisions on how ASTs should be inspected and maintained. 

In addition, information not obtained from the previous tasks that would improve inspection 

procedure for ASTs was identified as a future research need. 

RESULTS AND DISCUSSION 

Literature Review 

While an inspection of steel and other metal ASTs, such as for storing oil, have been 

investigated using NDE methods,18-22 relatively few studies have been performed on HDPE 

ASTs.23 Based on the literature, four primary NDE methods could be viable for inspecting HDPE 

ASTs: infrared thermography, UT, acoustic emission, and ground penetrating radar. These four 

methods are presented and discussed below for their relative appropriateness in investigating 

HDPE ASTs. 

 Infrared thermography (IRT) is a popular NDE technique due to its portability, affordability, 

ease of use, large area of inspection, and ability to locate a range of surface and subsurface 

defects. IRT effectively detects any material with a different thermal conductivity, such as an 

air- or water-filled defect in a homogeneous solid. In the presence of a thermal gradient 

through the thickness of the investigated object, the IR image will identify these anomalies, 

provided that the thermal conductivity is different, as shown in Figure 9. The thermal 

gradient needed for IRT can be generated through passive or active methods. In passive IRT, 

the ambient environment and sunlight are used to generate this thermal gradient.24 In active 

IRT, an external heat source provides the necessary energy to induce the thermal gradient.24 

The imposed thermal gradient can be generated from the same side as the measurement, 

known as the reflection method, and is used to locate superficial anomalies, or the opposite 

side of the measurement, known as the transmission method, and is used to identify deep 
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anomalies.8 The transmission method is useful when both sides of the studied object are 

accessible. However, since ASTs are kept full or half-full all year, only the outside of the tank 

is accessible for imposing heat. Therefore, this research primarily focuses on the reflection 

method. Different heating sources can be considered when considering active thermography, 

such as laser heating, halogen lamps, flash lamps, ultrasonic excitation, microwaves, etc.25 

However, one of the challenges in using IRT on tanks constructed from HDPE is the 

material’s low thermal diffusivity (≈1.80 × 10−7 m2/s,26 ≈19.4 × 10−7 ft2/s). This means it 

takes a lot of energy to manipulate the HDPE material’s temperature and initiate heat transfer 

over the object’s thickness. Regardless, several studies have demonstrated the effectiveness 

of IRT for polyethylene components, such as pipes,27-29 pipe joints, 30-32 and composites.33 

Since the thermal conductivity is different for solids compared to air- or water-filled defects 

or cracks, an infrared (IR) camera will detect evidence of these defects at a different 

temperature in the presence of a thermal gradient. For instance, IRT has proven to be useful 

in detecting delamination in pavements and bridge decks.34-37 To detect defects or flaws, a 

thermal gradient must exist through the depth of the element, which can be generated through 

either passive or active methods. Emissivity – a measure of a given material’s efficiency at 

radiating infrared light – is relatively high for HDPE at ~0.96, making it an excellent material 

to study by IRT.24 Little IRT research has been performed on polyethylene (PE) in general or 
27–29on HDPE specifically, but most of the studies have focused on the inspection of pipes, 

pipe joints,30-32 and composites.33 For example, Zhu et al.27 demonstrated that IRT could 

detect prefabricated flaws in a 0.394 in (10 mm) thick PE pipe. 

Figure 9(a). Schematic view of a plate cross-section during heating, (b) schematic view of the cross-section of 

a plate during Infrared thermography after removing the heating source, and (c) schematic view of a 

thermogram image with a contrast between the subsurface defect and surrounding area 

 UT is commonly used to effectively locate and quantify defects in metal and steel structural 

components.38 UT methods generally transmit and detect high-frequency sound waves 

through a material. Studies have demonstrated that ultrasonic methods can be effective for PE 

components;39–43 although one critical issue is that PE will significantly diminish ultrasonic 

wave energy with energy losses reported at 18 dB/inch (7 dB/cm) and as large as 38 dB/inch 

(15 dB/cm).10–12 However, conventional ultrasonic and phased array ultrasonic probes should 

be applicable based on the AST wall thickness. PEUT, also known as pulse reflection 
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ultrasound, is a conventional one-sided UT in which a single transducer generates an 

ultrasonic pulsed wave from one side of a specimen into the specimen. That same probe then 

receives a response signal reflected by an inhomogeneity, such as a defect or the back wall of 

the specimen.44 PAUT uses probes composed of multiple ultrasonic elements that act as a 

synthetic aperture to “sweep” its focus without moving the probe,45-46 thereby providing 

significantly more versatility and range than conventional methods. Since the probe’s focus is 

“swept,” even stacked defects can be detected, which would not be possible by conventional 

PEUT methods.12 PAUT has shown excellent capabilities in detecting embedded defects in 

HDPE pipes and joints.10,14–16,40,43,47–49 An examination of State DOT practices indicated that 

New York is the only one that discusses NDE for inspecting polymer ASTs. Specifically, the 

New York Department of Environmental Conservation lists UT as an inspection tool for 

plastic tanks50 but no guidance on the procedure, testing frequency, or detection limits is 

discussed. 

 Acoustic emission (AE) has been used with polyethylene systems, showing potential for leak 

detection in pipes.51–53 However, leak detection is not necessarily within the purview of this 

study. Furthermore, multiple AE sensors would need to be affixed to each of the 400 brine 

tanks managed by VDOT, which makes this option costly, and the method would not provide 

information about ongoing degradation. 

 Ground penetrating radar (GPR) is a powerful tool for inspecting pavements.54 The typical 

GPR frequency range for pavement applications ranges from 16 MHz to 2.6 GHz.55 

However, these frequencies are too coarse for the resolution needed for ASTs, which needs to 

be on the order of ≥100 GHz to yield millimeter wavelengths, as has been demonstrated to 

locate defects in polymer components.56,57 However, radar techniques with 100s GHz suffer 

from high attenuation and scattering,58 which likely obviates their applicability in the field of 

ASTs. 

State DOT Survey Results 

Seventeen State DOTs responded to the questionnaire. Nearly 5,100 ASTs are in service 

in those 17 states. The tank capacities vary from 1,000 to 20,000 gal, but the most typical 

capacities range from 5,000 to 11,000 gal. More than 65% of all tanks in service have an age 

between 5 to 14 years. Of the states surveyed, 92% use polyethylene tanks to store their deicing 

salt solutions. The rest are using fiberglass and unspecified plastic tanks. The State DOTs 

reported that the thickness of their ASTs has been designed for 1.7 to 1.9 times the specific 

gravity of the solution and reported different values between 0.5 in (12.7 mm) to 0.75 in (19.1 

mm) for the wall thickness. Seven states reported at least one tank failure experience, two of 

which were fitting failures. The remainder of the failures were due to an unexpected complete 

rupture of the tank. Maryland DOT reported two complete failures that were bomb-like 

explosions. These findings further indicate the importance of using NDT to evaluate the ASTs 

condition to prevent a catastrophic failure. 
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Results from the survey indicate that State DOTs currently do not have specific criteria to 

match the condition of the tanks under their control with criteria that would indicate a given tank 

needs to be removed from service. For this reason, they try to remove tanks from service before 

they reach the age of 12 to 15 years. Seven DOTs reported issues with fittings during their visual 

inspections. In most cases, the State DOTs keep their tanks full year-round. This common 

practice shows the importance of using NDT, which only needs access to the tank’s outer side. 

Aside from Oregon DOT, who unsuccessfully attempted to patch one of their tanks, the 

respondents reported no other repairs (except fixing the leakage in fittings). 

Laboratory-Scale Experiments 

IRT results 

Impact of Specimen Dimension on Heat Transfer 

Two HDPE plates with different sizes were selected to study the impact of specimen size 

on the IRT measurements. The smaller plate with dimensions of 12 in × 12 in × 0.5 in (305 mm 

× 305 mm × 12.7 mm) was chosen to allow the whole area to be heated by the external heating 

source during the IRT. A larger sample with dimensions of 24 in × 24 in × 12 in (610 mm × 610 

mm × 305 mm) was chosen to ensure the applied heat impacted only the center area. The results 

of the IRT technique on both HDPE plates are shown in Figure 10. The vertical axis shows the 

temperature difference between the center of the HDPE plates at different times and the initial 

temperature before starting the experiment. The results demonstrate that when the dimension of 

the specimen increases, the heat propagates toward the cold areas to induce a uniform 

temperature between the heated area and the surrounding area. 

For this reason, the maximum temperature difference is lower in the plate with larger 

dimensions compared to the smaller plate with which the entire area is impacted by heating. 

These results show that when the specimen size increases, more energy (i.e., power and time of 

heating) is required to manipulate the temperature of the HDPE and induce the same thermal 

gradient over the thickness of the specimen. When the specimen size is small, the whole area is 

heated up, and the heat transfers only through the thickness of the sample. However, when the 

specimen size increases, the heat transfers in all directions of the HDPE plate and through the 

thickness of the sample. Therefore, it may reduce the efficiency of IRT in the field. Moreover, the 

conclusion on the impact of specimen size on IRT shows that, to apply IRT to the evaluation of 

HDPE ASTs in the field, a series of field tests are required to prove the efficacy of this technique. 
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Figure 10. Impact of dimension on the heat transfer in HDPE plates (note: (1°C × 9/5) + 32 = 33.8°F) 

Defect Detection with Active IRT on HDPE 

At first, to investigate the capability of the IRT technique to detect abnormalities, the 

experiment was performed with an empty water tank. The empty tank was chosen because both 

sides of the HDPE plate had the same temperature, and there was no initial thermal gradient 

across the plate thickness. Figure 11 shows that IRT has the potential to detect some of the 

abnormalities that exist in HDPE. Figure 11 indicates that when there is no initial thermal 

gradient over the thickness (t), only shallow anomalies located less than 0.5 t, where t is the wall 

thickness, from the outer surface can be detected. For this reason, when there is no initial thermal 

gradient, S.H 1, S.H 2, S.H 4, R3, and R2 (defects introduced in Figure 7 and Table 7) were 

observed. This has happened due to the low heat diffusivity of HDPE and high heat attenuation. 

For this reason, not enough heat is transferred to the other side of the plate over deep 

defects (like scratches and R1) to create a contrast on the thermograms. The minimum defect size 

detected for shallower defects (i.e., R3 defects) was circular with a diameter of 0.20 in (5 mm). 

This observation shows that under this circumstance, defects with a size of 0.11 in (2.8 mm ) and 

smaller do not impact the heat transfer and, therefore, cannot be observed by IRT. 

Moreover, in Figure 11, all of the defects that could be observed by IRT with no initial 

thermal gradient prior to heating will appear during the first 30 seconds after removing the 

heating source. When the tank is filled with water, the water temperature on the other side of the 

plate can induce an initial thermal gradient over the thickness, which may impact the 

observation. Therefore, the study was completed on the full tank under different circumstances, 

such as different initial thermal gradients or different water temperatures. 
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Initial image t = 0 s t = 30 s t = 60 s 

t = 90 s t = 120 s t = 150 s t = 180 s 

Figure 11. Anomaly detection by infrared thermography technique on the high-density polyethylene sample 

with a thickness of 0.75 in (19.05 mm) (note: the “initial image” is before applying the heating and starting 
the experiment, and “t” refers to the time after removing the heat source) 

The quantitative results of IRT on all plates tested under different circumstances are 

shown in Figure 12 from the defects defined in Table 5. The S1 and S2 scratches were not 

detected in any of the measurements. S3 and S4 were detected only in measurements with a high 

initial thermal gradient (ǀΔTǀ ≥ 5.4°F (3°C)) on the plate with a 0.25 in (6.35 mm) thickness, 

where these two scratches had depths less than 0.5t from the exterior side (see Figure 13). The 

underneath defects S.H 1, S.H 2, and S.H 4 were detected in all measurements. Note that the 

defects detected underneath the surface were located less than 0.5t from the exterior surface of 

each plate. S.H 3 was only detected in the HDPE plate with a thickness of 0.25 in (6.35 mm), 

where S.H 3 and S.H 4 have the same characterization. The R1 backside defects with a depth of 

0.75t from the exposed surface were not detected in all of the measurements. The measurements 

on R2 and R3 are summarized in Figure 13. For the case in which no defects were detected by 

this method, the bar representing the minimum detectable defect is set past the largest defect, at 1 

in (25.4 mm). The previous study showed that the initial thermal gradient (ΔT = Tsurf – Tint) has 

an impact on the measurements gathered (i.e., smallest detectable defect and time required to 

detect).59 Tint is equal to the water temperature when the tank is full. Negative values for ΔT 

imply that the water temperature inside the tank had a higher temperature than the outer tank’s 

outer surface. If the tank was empty, it was assumed that the exterior and interior surfaces of the 

tank wall had the same temperature; therefore, the initial thermal gradient was equal to zero. For 

this reason, in this study, the right vertical axis in Figure 13 represents the initial ΔT over the 
thickness before starting the measurement. For the last measurement, where there is a high 

negative ΔT, no external heat was used because, as shown in the previous study, having a higher 

temperature on the backside of the plate. Applying external heat reduces the induced thermal 

gradient on the plate and reduces IRT’s effectiveness. Looking at Figure 13a, ΔT considerably 
impacts the accuracy of defect identification. Where there was high +ΔT, smaller defect sizes 

could be detected compared to when ΔT ≈ 0. When there is not considerable ΔT on the object, 

such as ΔT ≈ 0, R2 could not be detected in plates with t =1 in (25.4 mm) and t =2 in (50.8 mm). 
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The reason is the difficulty of temperature manipulation on these plates and consequently getting 

inadequate thermal gradient on the thickness of these plates, as discussed later in the “Impact of 

Thickness on the IRT Measurements” section. The results shown in Figure 13 indicate that as the 

thickness of the HDPE increases, the efficiency in defect detection is reduced. The smallest R2 

defect size that could be detected in HDPE plates with t ≤ 0.75 in (19.1 mm) was the defect with 

the size of 0.2 in (5 mm) in diameter. The smallest detectable R2 defect size for the HDPE plates 

with thicknesses of 1 in (25.4 mm) and 2 in (50.8 mm) was 0.3 in (7 mm) and 0.6 in (15 mm), 

respectively. 

Figure 12. Detecting deep scratches on HDPE plate with t=0.25 in (6.35 mm) when ΔT = –5.76ºF (–3ºC) 

By comparing Figure 13a and Figure 13b, it can be concluded that the accuracy of IRT 

increases as the defects are located closer to the exterior surface. The smallest detectable R3 

defect size for both HDPE plates with thicknesses of 0.5 in (12.7 mm) and 0.75 in (19.1 mm) 

was 0.1 in (2.8 mm), and for the rest of the studied thicknesses, the smallest detectable defect 

size was 0.2 in (5 mm). Contrary to R2 defects, R3 defects could be detected even when there is 

not a high initial thermal gradient (ΔT ≈ 0) up until a thickness of t =2 in achieving a high 

enough thermal gradient across the thickness becomes more difficult. Note that the detected 

underneath defects, R2 and R3, were located less than 0.5t from the exterior surface of each 

plate. Since not all the defect sizes in each group could be detected, it can be concluded that the 

defect location is not the only parameter that defines the efficiency of IRT. Therefore, another 

parameter that describes the defect geometry should be considered. 
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Figure 13. Measurements of backside defects in all 20 measurements (a) R2 defects (b) R3 defects 

The discussion above signifies a direct correlation between the thermal diffusion length 

(i.e., the distance of the defect to the exterior surface) with the smallest detectable defect size. To 

summarize both the smallest detectable defect size and the thermal diffusion length in one term 
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and to account for the defect geometry, the aspect ratio (AR) can be considered. The AR values 

for both R2 and R3 defects are shown in Figure 14. By considering both graphs shown in Figure 

14, it can be concluded that if a defect is located within the half thickness from the exterior and at 

Figure 14. Aspect ratio (AR) of the detectable defects in (a) R2 defects and (b) R3 defects 
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the same time AR > 0.78, then the defect can be detected easily by IRT. Defects with AR < 0.78 

can hardly be detected. Since there were no R1 defects in the experiments while some defects in 

some HDPE thicknesses had a high AR (e.g., the highest AR for the R1 defects when the 

thickness t=0.25 in (6.35 mm) was equal to AR = (D=1 in)/(d=0.75×0.25 in) = 5.33), the AR 

should not be considered as the only criteria for the defect detection threshold. To detect a defect, 

both criteria of d < 0.5t and AR > 0.78 should be satisfied. The last statement indicates that IRT 

may not detect cracks because they have narrow widths and very low AR. According to the 

authors’ experiences during lab and field testing, cracks can be detected by IRT under two 

circumstances: 1) the crack is leaking fluid, and 2) the crack is not heated directly. The second 

circumstance refers to a situation where the crack is located in the conduction area (i.e., unheated 

but affected by heat transfer). The aforementioned circumstances are shown in Figure 20. The 

efficiency of uneven heating to detect cracks with different depths is still a question that requires 

additional study. 

In summary, the explanations above indicate that the interaction of sample geometry, 

initial thermal gradient, defect location, and AR of the defect all impact the accuracy of IRT in 

detecting subsurface defects. The laboratory study showed that specimen size and distance of the 

camera to the object also impact the accuracy of IRT measurements.59 The preliminary tests of 

this study revealed that the heating power influences inducing adequate thermal gradient on the 

thickness and therefore influences the effectiveness of IRT. Other studies have noted that the 

heating method (e.g., frequency-modulated heating, thermal wave heating, thermal compression 

heating, etc.) also impacts the efficiency of IRT in subsurface defect detection.60–64 

Impact of Water Temperature on Defect Detection in Active IRT 

Figure 15 indicates that the water inside the tank can impact the time of appearance of 

each defect in the thermograms and the minimum observable defect size. When the tank is 

empty, both sides of the tank wall have almost the same temperature (ΔT = 0). Therefore, all the 

heating energy applied outside the wall will be transferred through the wall thickness and induce 

a thermal gradient. 

In Figure 15b, when the tank is filled with water with almost the same temperature as the 

tank exterior (ΔT ≈ 0), the induced thermal gradient increases because the water has a high 

thermal capacity, and more energy is needed to increase the temperature. When the applied heat 

reaches the other side of the tank, the interaction between the water and the interior wall of the 

tank causes a smaller temperature change compared to the time in which the tank is empty. In 

Figure 15c, when the water has a lower temperature than the tank exterior, it creates the 

maximum thermal gradient across the thickness. 

In Figure 15d, the water inside the tank has a higher temperature than the tank exterior. In 

this case, when heat is applied on the surface, the temperature of the tank exterior increases first 

to reach the temperature of the interior side and then increases past the internal temperature; this 

means that the thermal gradient induced on the thickness with the same amount of energy is 

negligible. 
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Another observation made was that the water temperature will impact the initial ΔT. A 
higher positive initial ΔT will result in a shorter time of defect appearance in the thermograms. In 

Figure 15, if the time t = 0 is to be used for comparison, it can be seen that when the ΔT 

increases from Figure 15a to Figure 15c, the time for observing the defects becomes shorter. 

Figure 25c shows the highest ΔT, which shows that most deep defects were observed 

immediately after removing the heating source. However, in Figure 15d, where ∆T is a negative 

value, even after 400 s, no defect was observed. In Figure 15a, the minimum defect size in R2 

was an interior defect with a diameter of 0.28 in (7 mm). In the R3 defect series, the minimum 

observable defect size was 0.2 in (5 mm) in diameter. When the ΔT increased in Figure 15b, the 

minimum defect size in the R2 defect series was an interior defect with a diameter of 0.39 in (10 

mm). In the R3 defect series, the minimum observable defect size was 0.2 in (5 mm) in diameter. 

Therefore, the water temperature will impact the minimum detectable defect size and the time for 

the appearance of defects on the thermograms. 

Figure 15. Impact of water temperature on defect detection: (a) when the tank is empty, (b) when the tank is 

filled with water at a temperature close to the tank temperature, (c) when the tank is filled with water with a 

lower temperature than the tank, and (d) when the tank is filled with water with a higher temperature than 

the tank 
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Indirect Transmission IRT 

The initial images of Experiments #9, #15, and #20 were used to indirectly study 

transmission IRT. In these three experiments, the water inside the tank had a higher temperature 

than the tank’s outer side; therefore, water could be used as a heating source on the opposite side 

of the wall, which is required for transmission IRT. For this reason, the initial images were used 

before applying an external heating source. Figure 16 shows that transmission IRT can help 

detect many anomalies quickly without applying external heating and spending additional time 

monitoring the defect appearance during the cooling phase. Those defects that were observable 

appeared at the same time on the first thermogram. The smallest interior defect that could be 

observed was the 0.2 in (5 mm) in diameter defect when the tank was filled with 45˚C (113°F) 

water and when the wall temperature did not reach equilibrium with the water (Figure 16a and 

Figure 16b). Figure 16a shows that when the water and the interior side of the tank wall did not 

reach a temperature equilibrium and had the highest absolute thermal gradient over the wall 

thickness, deep defects, like scratches, and R1 defects could be detected. For cases when the 

interior tank wall and water had reached a temperature equilibrium (Figure 16c and Figure 16d), 

the smallest observable defect size increases to 0.28 in (7 mm), and the deep defects like R1 and 

subsurface defects like S.H 4 could not be adequately detected. 

Experiment #9 could not be extended for 24 hours to allow the water and interior side of 

the tank wall to reach equilibrium. This was because the water heater used to keep the water 

temperature constant could not maintain a 113°F (45˚C) temperature. In general, it can be 
concluded that transmission IRT helps to detect shallow anomalies with less energy in a shorter 

time. Transmission IRT can be applied in the field if the best time frame is found in which the 

brine in the tank is at a higher temperature than the outer side of the tank. 

Figure 16d shows that if there is leakage (at the bottom of the tank in this figure), it can 

be detected immediately by using the IR camera without applying any heating. This helps to 

rapidly evaluate the ASTs for leakage and locate the origin of the leakage. 

(a) (b) (c) (d) 

Figure 16. Using warm water inside the tank as an indirect method of transmission infrared thermography: 

(a) during filling of the tank with 113˚F (45˚C) water, (b) three minutes after filling the tank with 113˚F 
(45˚C) water, (c) tank filled with 57.6˚F (14.2˚C) water after 24 hrs, and (d) tank filled with 96.4˚F (35.8˚C) 
water after 24 hrs 
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Passive IRT 

Passive IRT, represented in Experiment #19 available from the authors, in which cold 

water with a temperature of 49.6˚F (9.8˚C) produced a positive ΔT due to the ambient 

temperature. The passive thermography worked in this measurement because the cold water 

inside the tank induced a very high positive initial thermal gradient (ΔT= 15.1˚F = 8.4˚C) over 

the thickness of the HDPE plate. Therefore, the ambient temperature could act as the external 

heating source, allowing shallow defects (R2 and R3) plus subsurface defects (S.H 1, S.H 2, and 

S.H 4) to be detected, as shown in Figure 17. The result provided in Figure 17 shows that passive 

IRT has the potential to detect these shallow defects; however, the optimum ΔT for passive 
thermography is still unknown. 

Figure 17. Passive infrared thermography testing on the small scale high-density polyethylene water tank 

Impact of Thickness on the IRT Measurements 

The cooling behavior at the center of HDPE plates of varying thicknesses was recorded 

during the cooling phase of the IRT experiment and is displayed in Figure 18. The starting point 

of the plot refers to the time immediately after removing the heating source, defined as the 

reference temperature in this study. By comparing the reference temperatures of different plates 

and the cooling behaviors, it can be concluded that, as the thickness increases, it becomes more 

difficult to manipulate the temperature of the HDPE and consequently induce higher thermal 

gradients across the thickness of the HDPE. On the other hand, when the plate is thin (e.g., 0.25 

in (6.35 mm) in thickness), heat applied to one side from external sources diffuses quickly, 

resulting in both sides being heated to similar temperatures and thus a very low thermal gradient. 

As discussed earlier, the amplitude of the induced thermal gradient on the thickness of the tank 

wall considerably impacts the accuracy of measurements. To study the heat transfer mechanism 

across the thickness of the HDPE plate when both sides are exposed to the air, temperature 

changes during the cooling phase with regard to the reference temperature were calculated by 

subtracting the initial reference temperature from recorded temperatures (Figure 19). The results 

in Figure 19 indicate that when the thickness of the HDPE increases, the object starts to cool 

down faster because 1) heat diffuses through the material to colder regions via conduction, and 2) 

the heated surface loses heat to the colder air via convection. When the HDPE is thin enough that 
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the same temperature is measured on both sides of the plate after heating, there is no thermal 

gradient in the thickness; therefore, the HDPE plate cannot lose heat by conduction from both 

sides. For this reason, by increasing the thickness, conduction and convection helps the HDPE 

lose heat. When the thickness is too high (e.g., ≥ 2 in (50.8 mm)), the cooling rate reduces: 1) the 

heat from the heated side needs to travel a longer distance via conduction to reach the other cold 

side, and the heat remains in the material for a longer time; 2) the heat lost via convection 

happens only from the heated side, not both sides. The recent discussion shows that thickness 

impacts the cooling rate of the HDPE, consequently impacting the time necessary for detecting 

defects with different geometries. Therefore, more field testing on HDPE ASTs with different 

thicknesses under different environmental circumstances is required to study the efficiency of 

IRT in field investigations. 

Figure 18. Temperature change on the center of high-density polyethylene plates with different thicknesses 

during the cooling phase 
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Figure 19. Temperature difference during the cooling phase compared to the reference temperature 

UT Results 

For viscoelastic materials, such as HDPE, at the temperatures studied here, the 

attenuation coefficient and phase velocity will vary with temperature.65,66 Therefore, since the 

AST temperature changes seasonally, the effect of temperature on wave velocity was evaluated. 

For this purpose, Echo Pure low viscosity couplant from Echo Ultrasonics, LLC was used to 

investigate the wave velocity change vs. temperature on HDPE plates with thicknesses of 0.5 in 

(12.7 mm) and 0.75 in (19.1 mm). The results in Figure 20 show that the thickness of the 

specimen does not impact the sound wave velocity measurement. Results in Figure 20 show that 

when the temperature decreases, the sound wave velocity increases. The reason is that in colder 

temperatures HDPE becomes denser in structure due to crystallinity change and hydrocarbon 

chains’ amorphousness because of the change in the degree of crosslinking and branching.67–69 

Therefore, the sound wave travels faster through the denser material at colder temperatures. 

These results demonstrate the importance of measuring the wave velocity in the field before 

inspecting ASTs.  

29 



 

 

 

 
    

 

 

 

  

 

 

 

 
       

 

 

Figure 20. Sound wave velocity vs. temperature 

To study the utilized couplant’s impact on the measured sound wave velocity, the 

experiment was repeated with four variations of couplants while testing a 0.5 in (12.7 mm) thick 

HDPE. The couplants used for this preliminary investigation were water, petroleum jelly, Echo 

Pure low viscosity, and Echo Pure 414 FL. The results in Figure 21 show that there is little to no 

effect of couplant type on wave velocity, at least for the couplants examined here. 

Figure 21. Sound wave velocity vs. temperature measured by using different couplants 

The other concern about UT on the HDPE plate for the field tank evaluation is the impact 

of UV degradation. Since the HDPE tested in Figure 20 and Figure 21 was new, the temperature 

dependence was also evaluated for 15-year-old weathered HDPE collected from a failed AST to 

explore the potential field variability. The weathered HDPE, shown in Figure 22, exhibited 
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significant shallow cracking on the interior of the tank. Figure 23 compares the temperature 

difference between the new and weathered HDPE, demonstrating that most of the measured data 

was placed in the 95% prediction interval. These observations imply that weathering does not 

affect the sound wave velocity considerably. 

Figure 22. Superficial cracks on the interior side of an old high-density polyethylene plate 

Figure 23. Sound wave velocity comparison in a 0.375 in (9.5 mm) weathered high-density polyethylene plate 

and a new 0.5 in (12.7 mm) HDPE plate 

Pulse-Echo Ultrasonic Testing (PEUT) 

UT could indicate subsurface defects and other useful information on the general location 

of these defects. Figure 24 shows the results of pulse-echo ultrasonic testing (PEUT) for 

detecting a single interior defect (i.e., the R2 defect on the HDPE plate with a thickness of 0.75 

in (19.1 mm)). The depth of the defect from the surface can be measured by positioning the first 

cursor on the right peak. More specifically, by positioning the cursors on the right peaks and 
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subtracting “G2↓v” from “G1↓v,” the location of the defect can be characterized. Additionally, 

the location of the defect can be visualized in the bottom window in Figure 24. The experiment 

was repeated on a subsurface defect (i.e., S.H 2 on the 0.75 in (19.1 mm) thick plate). As shown 

in Figure 25, there are three peaks. Two peaks are attributed to both sides of the plate, and the 

other peak (the first peak from the left) is attributed to the subsurface hole. Therefore, by 

positioning the cursors on the peak correlated to the hole and the plate’s peak surface, the 

subsurface defect’s location can be characterized, as shown in Figure 25. If the defect is smaller 

than the probe size, or the probe is located on the border of the defect and flawless area, more 

peaks will be observed in the response signals, as shown in Figure 26. This makes the 

interpretation of PEUT results difficult. 

PEUT was also performed on a plate with two and four stacked side hole defects, shown 

in Figure 27 and Figure 28, respectively. By comparing the last two figures, it can be seen that 

the results resemble each other. These results indicate that PEUT is unable to characterize these 

stacked defects. 

Figure 24. An interior defect (R2) detection on a 0.75 in (19.1 mm) thick high density polyethylene plate using 

pulse-echo ultrasonic testing (note: 1 mm = 0.039 in) 
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Figure 25. A subsurface defect (side hole) detection using pulse-echo ultrasonic testing (note: 1 mm = 0.039 in) 

Figure 26. A subsurface defect detection when the ultrasonic probe is not completely on top of the defect 

(note: 1 mm = 0.039 in) 
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Figure 27. Pulse-echo ultrasonic testing on an area with two stacked defects (note: 1 mm = 0.039 in) 

Figure 28. Pulse-echo ultrasonic testing on an area with four stacked defects (note: 1 mm = 0.039 in) 

Phased Array Ultrasonic Testing (PAUT) 

PAUT was used on a single interior defect (the largest defect in R3), two stacked defects, 

and four stacked defects. The results are shown in Figure 29 through Figure 31. When there was 

an interior defect with dimensions larger than the wedge, only a single defect was observable in 

the UT responses, as shown in Figure 29. However, if a defect with a smaller size than the wedge 

existed, more peaks and defects were observed in the UT responses, as shown in Figure 30. 
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The top window in Figure 30 shows two defects identified in the PAUT response. In 

addition, two peaks on the linear signals on the right side of the figure could be observed, further 

proving the two defects’ existence. Depending on the positioning of the first and second cursors 

in the software, the depth of the defects from the surface or the distance between the defects can 

be measured. From the results shown in Figure 30, the distance between the stacked defects was 

measured in the top red box. Moreover, the width of the defects on the sectorial response shows 

the size of the defect. Figure 31 shows the results of PAUT on the 0.75 in (19.1 mm) thick HDPE 

plate with four stacked defects. There are four defects in the sectorial PAUT response. In 

addition, the four peaks on the signals on the right side of the figure further prove the existence 

of the four defects. As was performed for the two stacked defects, the distance between the 

defects or the depth of those defects can be estimated by positioning the first and second cursors 

on the right peaks. Figures 21 and 22 show that PAUT is a powerful technique that can 

characterize defects accurately. Moreover, while the results show that UT can be used as an 

effective technique to characterize defects, further work is needed to study its efficiency in 

evaluating ASTs in the field. 

Figure 29. R3 defect detection on the 0.75 in (19.1 mm) thick plate (note: 1 mm = 0.039 in) 
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Figure 30. Phased array probe used for the detection of two stacked subsurface defects (note: 1 mm = 0.039 

in) 

Figure 31. Phased array probe used for the detection of four stacked subsurface defects (note: 1 mm = 0.039 

in) 

Full-Scale Experiments 

Temperature Measurements 

It was determined from Task 2 that the initial temperature gradient through the tank wall 

(ΔT = Twall_surface – Twater) affects the measurement and defect detection threshold. Therefore, it is 
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necessary to study the best time frame for conducting the IRT evaluation on HDPE AST in the 

field. During different times of the day, one-half of the tank is sun-facing, and the other half is 

shade-facing; therefore, uneven heating received from the sun can induce a nonuniform 

temperature on the tank, as proven by IRT and as shown in Figure 32. The tank wall temperatures 

recorded during 230 days are shown in Figure 33. The temperatures are recorded from three 

different elevations of top, middle, and bottom and two sides of the tank (east and west). East and 

west sides were selected for temperature monitoring because the east side is sun-facing in the 

morning while the west side is shade-facing in the afternoon. Figure 33a shows the temperatures 

recorded at 10:30 AM when the sun is on the east side, and Figure 33b shows the temperature at 

4:30 PM when the sun is on the west side of the tank. As seen in Figure 33, the temperature of 

the tank wall varies from east to west depending on the sun’s direction. In the morning, the east 

side of the tank has a higher temperature, and in the afternoon, the west and east sides of the tank 

have comparable temperatures. In the afternoon, the temperature of the tank wall, on both sides, 

has increased from heat accumulation that started at sunrise. Figure 34 shows the temperatures on 

the tank wall on two random cloudy days; the temperatures of east and west sides are similar and 

fall between the water and ambient temperatures. In other words, on cloudy days, there is a 

negative initial thermal gradient (ΔT < 0) on the tank wall, which according to the previous 
studies, is not suitable for completing IRT evaluation. This was verified for all the data gathered, 

and the same pattern was seen on all cloudy days. Figure 35 shows examples of tank temperature 

changing behavior on sunny days during summer and winter. As seen, the peak temperature for 

the east and west sides shifted due to sunlight direction changes in the morning and the evening. 

Figure 32. The non-uniform temperature on the tank 
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Figure 33. Temperature change on the tank wall at three different elevations of the top, middle, and bottom 

from two different sides of east and west (a) at 10:30 AM and (b) at 4:30 PM 
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Figure 34. Temperatures of the high-density polyethylene tank, water, and ambient on two cloudy days 

during winter 

39 



 

 

 

 

 

          

      

 

Figure 35. Temperatures of the high-density polyethylene tank, water, and ambient on two sunny days during 

(a) summer and (b) winter 

40 



 

 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

   

 

 

 

 

 

 

 

   

Moreover, in most cases, there is a positive initial thermal gradient (ΔT > 0) on the tank 

wall thickness between 9:00 AM to 6:00 PM, which is suitable for performing IRT. Therefore, it 

implies that the best time for conducting IRT is on sunny days between 9 AM to 6 PM, with a 

preferred time in the afternoon (2 PM to 6 PM) when both east and west sides have comparable 

temperatures. In addition, since the maximum ΔT for the east and west sides happen at different 

times during the day, it is hypothesized that it may be better to evaluate each tank twice a day, 

once in the morning and once in the afternoon. For this reason, the IRT was completed once in 

the morning and once in the afternoon for each heating-cooling combination to study the 

accuracy of the last hypothesis. 

IRT Results 

The results of IRT on the east and west sides in the morning (performed between 10:00 

AM to 11:30 AM) and evening (performed between 2:00 PM to 3:30 PM) were summarized by 

the research team. Two examples of IR images are shown in Figure 36. For each combination of 

heating-cooling durations, the morning and afternoon tests have not been conducted on the same 

day. The reason was to get a wider range of the temperatures for a better decision on the suitable 

time frame for conducting IRT. For this reason, for most tests, there are considerable differences 

in the initial temperature between the morning and afternoon tests for a single heating-cooling 

combination. In each test, the IRT of the east and west sides was done at the same time (with an 

approximately 0.5 hours delay). The defects detected at each cycle for each heating-cooling 

combination are named according to the coordinates of the defect in row (R) and column (C). For 

example, R7C4 refers to the defect located at the 7th row and the 4th column. The list of defects 

were compiled by the research team to show the defect detection improvement as the cycles 

increased to figure out the optimum or minimum number of heating-cooling cycles. The results 

indicate that in most cases, the accuracy of completing five cycles is similar to six cycles. 

Therefore, five consequent heating-cooling cycles should be sufficient to detect the subsurface 

defects. 

The optimum heating-cooling phase is the one that optimizes detection accuracy while 

minimizing the time taken to perform the test. The highest detection accuracy can be defined as 

the ability to detect the smallest aspect ratio (AR) and the largest ratio of defect depth (D) 

relative to the wall thickness (t) (D/t). For this reason, the plots of the smallest detected AR 

versus the maximum D/t for different heating-cooling combinations at the final cycle (cycle #6) 

have been shown in Figure 37 to Figure 40. The diameter of the bubbles in these figures stands 

for the AR, and values are printed next to each bubble. Therefore, comparing the diameter of the 

circles can help to visually compare the performance of different heating-cooling combinations in 

detecting the smaller defects. Results demonstrate that the maximum D/t highly depends on the 

initial thermal gradient (ΔT). As the ΔT increases regardless of being tested in the morning or 

afternoon, the maximum D/t increases. The reason is that by having a high initial ΔT and 

depositing additional external heat on the surface, the final thermal gradient on the thickness is 

higher than when the initial ΔT is negative. This finding agrees with the previous studies 

performed on the small-scaled tank in Task 2. Therefore, as was determined from the previous 

results, the best time for doing IRT should be when there is a high ΔT which can be achieved 

sometime between 9:00 AM to 6:00 PM on a sunny day. The results indicate that the maximum 
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D/t for the east side for all heating times is equal to 0.73, but when the heating time was 20 

seconds, it needed a higher ΔT to reach this D/t. Therefore, reaching to D/t of 0.73 when the 

heating time is 20 seconds is not guaranteed, and special weather conditions are needed. The 

recent statement discloses that 20 seconds of heating alone is not enough for deep heat 

penetration into the AST wall, while heating times greater than 30 seconds provide enough heat 

to penetrate deep enough for subsurface defect detection. By comparing the results of various 

heating durations on the east side of the AST, it is evident that for any heating intervals larger 

than 30 seconds, there is little improvement in the heat penetration depth in terms of values of 

D/t. Therefore, for the east side, where the wall’s thickness was 0.5 in (12.7 mm), 30 seconds of 

heating should be sufficient to allow the heat to penetrate sufficiently deep into the AST wall. 

The smallest AR that could be detected for the east side when the heating time was 20 seconds 

was equal to 0.86, and when the heating time was set to 30 seconds and 40 seconds, the smallest 

detectable AR was equal to 0.8, and this value for 60 seconds heating was equal to 0.73. The 

minimum detectable AR mentioned is not guaranteed for each heating duration because there is 

an interaction between the ΔT, D/t, and AR. In addition, the smallest detectable AR is controlled 

by the cooling duration in each cycle. If the cooling duration is long for that specific heating 

time, after completing all heating-cooling cycles, not enough heat will be accumulated in the 

AST wall thickness to induce the required thermal gradient. 

Further, if the cooling duration is too short, the edges of the defects become saturated and 

do not have time to lose the extra heat needed to create good contrast between the defect and the 

solid area. Moreover, other environmental parameters like RH and wind speed may impact the 

accuracy of the results. For instance, as experienced by the authors, on a windy day, the surface 

of the AST cools faster during the cooling phase due to heat loss from the surface exposed to the 

wind, which results in less heat penetration and less contrast between the defect and the solid 

area. Results shown in Figure 37 to Figure 40 indicate that the heating-cooling combination of 

30-90,30-120, 40-40,40-80, and 40-120 (in seconds) by having enough small AR and the same 

D/t of other combinations can be the best choices when the thickness of the AST is 0.5 in (12.7 

mm) but the combination of 30-90 shortens the AST evaluation time. The combination of 30-90 

allows the inspector to perform IRT heating on a first spot, and while the first spot is in its 90-

second cooling phase, the inspector can then deposit heat on two other spots marked for 

inspection. 

For the west side, where the defects were created on the wall thickness of 0.75 in (19.1 

mm), heating times of 40 seconds and 60 seconds resulted in comparable heat penetration into 

the wall thickness. For the west side, the minimum AR detected for the heating time of 20 

seconds was equal to 0.79, while for other heating times, it was equal to 0.3. The heating 

duration of 40 seconds or 60 seconds resulted in detecting the smallest AR on the west side. 

Therefore, 40 seconds should be selected as the shortest heating time to get the highest possible 

D/t and detect the smallest AR. Therefore, for a wall thickness of 0.75 in (19.1 mm), 40 seconds 

of heating should be sufficient for conducting IRT. When comparing the findings from the 

evaluation performed in the morning and the afternoon, it was found that the afternoon 

evaluation may provide greater accuracy by detecting smaller AR for the west side while 

maintaining the same accuracy in detecting defects for the east side. Completing the evaluation in 

the afternoon will give a higher possibility of detecting smaller defects for both east and west 
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sides. In addition, the smallest detectable AR depends highly on the cooling duration between 

two heating cycles. When the heating duration is 40 seconds, and by following 40, 80, or 120 

seconds of cooling time (cycles of 40-40, 40-80, 40-120), the same AR can be detected that could 

be done by 60 seconds heating. Therefore, a heating-cooling combination of 40-40 or 40-80 can 

be applied in the field for five cycles as the shortest and most effective combination. The 

recommended heating-cooling combinations of 40-40 and 40-80 allow the inspector to heat 1 or 

2 more spots and then return to the first spot to start the next cycle, which helps speed up the 

evaluation process.  

Looking at the ΔT values reported for the 40-second heating duration, the highest D/t and 

the smallest AR can be detected at 7.2ºF (4ºC ) < ΔT. If 0ºF (0ºC) < ΔT <  7.2ºF (4ºC), then the 

authors recommend increasing the heating duration to 60 seconds and following one of the 

heating-cooling combinations (in seconds) of 60-10, 60-20, or 60-60. This allows for greater 

surface heat deposit and compensates for the lower ΔT. The combination of 60-60 allows the 

inspector to heat the next spot while conducting thermography on the first spot, which is in the 

cooling phase. This will speed up the evaluation process in the field. If ΔT < 0ºC (0ºF), the 

accuracy of defect detection drops dramatically; therefore, it is recommended not to evaluate if 

this is the current AST condition. 

Figure 36. Two examples of the thermograms obtained from (a) cycle #6 of the heating-cooling combination of 

40-80 performed on the east side and (b) cycle #6 of the heating-cooling combination of 60-60 performed on 

the west side 
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Figure 37. Characterization of the defects detected when the heating time was 20 seconds (a) east side and (b) 

west side (values next to each bubble represent the aspect ratio [AR]) (ideal case is when a smaller AR with a 

higher defect depth to wall thickness ratio [D/t] has been detected) 
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Figure 38. Characterization of the defects detected when the heating time was 30 seconds (a) east side and (b) 

west side (values next to each bubble represent the aspect ratio [AR]) (ideal case is when a smaller AR with a 

higher D/t has been detected) 
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Figure 39. Characterization of the defects detected when the heating time was 40 seconds (a) east side and (b) 

west side (values next to each bubble represent the aspect ratio [AR]) (ideal case is when a smaller AR with a 

higher D/t has been detected). 
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Figure 40. Characterization of the defects detected when the heating time was 60 seconds (a) east side and (b) 

west side (values next to each bubble represent the aspect ratio [AR]) (ideal case is when a smaller AR with a 

higher D/t has been detected) 

Impact of Camera Distance on the Defect Detection 

A concern about conducting the IRT in the field is the IR camera distance to the AST and 

its impact on the resolution and detection accuracy. In the field, there is no guarantee of enough 

space for evaluating the AST from the same distance chosen for this study. Completing the IRT 

in shorter distances is necessary when the ASTs are close to each other or the AST is located 
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next to a barrier. For this reason, a short study was performed on the impact of the thermography 

distance on the defect detection limits. Figure 41 shows the thermograms captured from different 

distances at cycle #6 of the heating-cooling combination of 30-30 performed on the east side. 

Quantitative results have been summarized in Table 9. The results imply that the thermography 

results conducted at a distance of 2.5 ft (0.75 m) to 4.3 ft (1.3 m) give similar accuracy. Previous 

studies performed in Task 2 showed that the accuracy of IRT remains constant at a distance of 

1.6 ft (0.5 m) to 4.9 ft (1.5 m), which is in good agreement with the field results. At a distance of 

1.6 ft (0.5 m) to 4.9 ft (1.5 m), the area under evaluation changes between 0.73 ft2 (0.068 m2) and 

6.1 ft2 (0.57 m2), respectively. When the distance of the IR camera increases from 3.3 ft (1.0 m) 

to 6.6 ft (2.0 m), the smallest detectable AR and the maximum D/t drop by roughly 35%, but the 

area under study becomes 3.8 times larger. When the distance of the IR camera increases from 

3.3 ft (1.0 m) to 9.8 ft (3.0 m), the accuracy of the smallest detectable AR drops by around 60%, 

and the area under the study increases by 8.6 times. Therefore, the authors recommend using the 

IR camera at the distance of 2.5 ft (0.75 m) to 4.9 ft (1.5 m), which the accuracy does not change. 

By setting the IR camera at the distance of close to 4.9 ft (1.5 m), a larger area can be evaluated 

while keeping the best possible accuracy, which speeds up the evaluation process. 

Figure 41. Thermograms captured at a single cycle but at different distances: (a) 2.5 ft (0.75 m), (b) 3.3 ft (1.0 

m), (c) 4.3 ft (1.3 m), (d) 6.6 ft (2.0 m), (e) 7.5 ft (2.3 m), and (f) 9.8 ft (3.0 m) 

Table 9. Accuracy of defect detection at different distances 

Distance (ft (m)) Maximum D/t Minimum AR Area under evaluation (ft2 (m2) 

2.5 (0.75) 0.73 0.80 1.58 (0.147) 

3.3 (1.0) 0.73 0.80 2.78 (0.258) 

4.3 (1.3) 0.73 0.80 4.74 (0.44) 

6.6 (2.0) 0.50 1.25 10.5 (0.98) 

7.5 (2.3) 0.50 1.25 17.9 (1.66) 

9.8 (3.0) 0.50 2.01 23.9 (2.22) 
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Impact of Angle of View on Defect Detection 

The other factor that may impact the accuracy of defect detection in IRT is the direction 

the IR camera is looking at the AST (angle of view). For this reason, a short study was performed 

on the impact of the view angle on defect detection accuracy. The results of these tests are shown 

in Figure 42. The direction perpendicular to the AST wall was considered the zero angle (0°), 

and other angles were measured compared to this direction. As it is clear from the thermograms 

shown in Figure 42, the defects detected in the directions 0˚ to 30˚ resemble, while in the greater 
angles, the accuracy decreased. Therefore, the authors recommend performing the IRT evaluation 

of the angles between 0˚ to 30˚. 

Figure 42. Thermograms captured from different angles: (a) 0˚, (b) 30˚, (c) 60˚, (d) 30˚, (e) 60˚, and (f) 75˚ 
relative to surface normal 

Impact of Heating Source Distance to the AST on the Defect Detection 

Similar to how the IR camera distance impacts the accuracy of defect detection, there is a 

concern about the distance of the external heating source to the AST wall. As shown in Figure 

43, a close-distance heating causes a localized heating area, which saturates the heating in that 

area and reduces the deposited heat in the vicinity areas. Therefore, the induced thermal gradient 

in the area under study is not uniform, which interferes with defect detection. In the area heated 

up directly by close heating, the defects become saturated, reducing the contrast between the 

defect and the solid area. In areas away from direct heating, not enough heat is deposited on the 

surface, and therefore, a small thermal gradient will be induced due to heat transfer from the hot 

areas to the cold areas. Thus, the authors recommend stacking as many external heat sources to 

cover the entire area under the evaluation, which is correlated to the distance of the IR camera to 

the AST wall. Uniform heating helps to prevent heat diffusion on the surface and results in better 

heat penetration into the AST wall in the area under evaluation, which consequently results in 

better defect detection. 

49 



 

 

 

 
      

 

 

 

 

 

 

 

 

 

  

 

 

   

 

 

Figure 43. Impact of close heating on the defect detection 

Ultrasonic Testing 

Comparing the full-scale AST results with the laboratory-scale AST in Task 2, it is 

evident that the full-scale AST exhibits greater background noise during UT experiments, which 

is attributable to the waviness of the AST interior (Figure 44) and the liquid inside the AST. It 

was found that, generally, shallower defects (i.e., closer to the surface) were more easily detected 

by UT methods. 

Using PAUT on the west side of the AST, all but one defect was detectable, and the depth 

of those defects could be successfully measured. The only defect that could not be measured was 

R1C6, which has a small depth that could not be measured with traditional tools. The defects 

surrounding R1C6, which are R1C5, R2C5, and R2C6, could all be identified using PAUT. As 

these three defects are the smallest in the set, the authors conclude that all other defects can also 

be measured using PAUT. Therefore, the smallest AR and the maximum D/t that PAUT could 

detect are equal to 0.24 and 0.95, respectively. 

There were three types of results when using PAUT to find defects over locations where 

defects were known to exist. The first was a confident result, where the returned signal strength 

was strong enough to be easily distinguished from background noise. The second was a less 

confident result that returned weaker signal strength but still was distinguishable from 

background noise. The third and final possible test result was a returned signal strength 

indistinguishable from background noise. A skilled, trained operator can still distinguish a return 

signal from a defect in the third result type. When the phased array probe is moved back and 

forth over the location of a small defect, the return signal behaves differently from background 

noise, which is how it can be distinguished. Examples of confident and less confident results are 

shown in Figure 45 and Figure 46, respectively. An example of a signal indistinguishable from 

the background is shown in Figure 47. 
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Figure 44. The wavy wall inside a High-Density Polyethylene Above-Ground Storage Tank 

Figure 45. An example of a confident signal return (note: 1 mm = 0.039 in) 

51 



 

 

 

 
          

 

 
        

 

 

 

 

Figure 46. An example of less confident signal return (note: 1 mm = 0.039 in) 

Figure 47. Return signal indistinguishable from background noise (note: 1 mm = 0.039 in) 

Field Experiments 

The goal of the field investigation was first to estimate the time needed to complete the 

evaluation of a single AST and, secondly, to identify the field testing challenges. The information 

on each AST is previously shown in Table 8. The wall thickness of the ASTs were measured 

using PEUT. It took around 2.5 minutes to measure the thickness. The first AST was empty, 

while the second one was full. Both ASTs were visibly in good condition and were in service. 

Since the first AST was empty, the ∆T was assumed to be ∆T = 0°C = 0°F, and therefore, the 

heating-cooling cycle of 60-60 was chosen for this AST. For the second AST, the external wall 
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temperature was 86°F (30˚C), and the brine inside the AST had a temperature of 79.0°F 
(26.11˚C); therefore, the ∆T > 7.2°F (4˚C) and the heating-cooling cycle of 40-120 was chosen to 

do IRT. For both ASTs, the bottom 4.27 ft (1.3 m) all around the ASTs were examined. The 

battery life was about 100 minutes, so the investigation was performed for over 200 minutes by 

having two batteries. Due to the hoses connected to the fittings and outlets, it was impossible to 

heat up the fittings and evaluate them in one step. Therefore, fittings were heated up twice: once 

from the left side and once from the right side. In total, the circumference of the AST was 

divided into nine segments, as shown in Figure 48, with each segment consisting of four spots. 

While the first spot was in cooling, the second spot was heated for 60 seconds on the first AST to 

complete 60-60 cycles. On the second AST, when the first spot was cooling, the second, third, 

and fourth spots were heated for 40 seconds each to complete 40-120. Each segment had an 

average size of 13.5 ft2 ± 2.4 ft2 (1.25 m2 ± 0.22 m2). 

Figure 48. The configuration of one segment consisted of four heated spots 

For the first AST, each segment took 20 minutes to finish. Therefore, theoretically, 180 

minutes were needed to investigate the first AST but in practice took 375 minutes. The reason for 

the longer time required in the field to evaluate the AST raised from the time needed to move the 

heating source, move the extension cables, switch the laborers and inspectors, and replace the 

battery. The longer time of evaluation in the field necessitates more batteries to evaluate only one 

AST, which can be one disadvantage of using IRT in the field. 

For the second AST, each segment took around 13.3 minutes to finish. Therefore, 

theoretically, 120 minutes is needed to investigate the second AST, but in practice, it took 285 

minutes. Comparing the time recorded for both ASTs shows that completing the IRT on a full 

AST reduces the time needed for evaluation by 24%. The long practical time required to finish 

53 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IRT on a single AST shows that it is better to start the evaluation from the east side in the 

morning and finish it on the west side in the afternoon. 

Future Research Needs 

According to the findings discussed above, the authors identified future research needs 

that would further improve the inspection procedure for ASTs. These research needs are listed 

below: 

1. A follow-up implementation study geared toward improving both the methods and 

guidance documents associated with these inspection procedures based on user feedback. 

A select set of AST inspectors should be trained on the methods developed in this study 

and then allowed to put them into practice for at least one inspection cycle. Following 

the end of this cycle, feedback from these inspectors will be collected. 

2. While it is believed that the inspection schedule for ASTs should be updated, additional 

data is needed to determine 1) if IRT and UT need to be performed on every tank yearly 

or biyearly; 2) if there is a tank age threshold for IRT and UT inspection (e.g., do new 

ASTs require yearly inspections); and 3) if ASTs always need to be inspected after an 

incident (e.g., impact from debris, minor abrasion from a vehicle, etc.) 

3. To account for variability between the resolution of IR camera models/manufacturers and 

heating sources, an implementation study using the specific heating source and IR 

camera likely to be widely used by VDOT is needed. This would allow for fine-tuning 

aspects of the inspection procedure, like durations of heating-cooling cycles. 

4. Currently, the only data collected regarding the service life of HDPE ASTs is the 

installation date of the tank. While this is important information, it is not sufficient to 

develop a threshold value for when a given tank should be decommissioned. To achieve 

this, further research and data collection is needed relating to the weather conditions, 

maintenance procedures experienced by these tanks, and better records of the number of 

filling-emptying cycles, etc. 

5. While the primary focus of this research effort was on the inspection of single-walled 

ASTs, it is understood that these tanks are being phased out and replaced with double-

walled tanks. Because of this, additional research is needed to determine how or if the 

methods developed during this study can be adapted for application on these tanks. For 

example, it is believed that the void space between the inner and out tanks could be 

filled with water to allow for passive IRT inspection. However, this theory has yet to be 

tested. 
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Guidelines for Field Implementation 

Practical Guidelines for HDPE AST Integrity Evaluation 

The performance of the HDPE AST depends on many parameters, such as the location 

and environment (e.g., weather conditions, the number of freezing cycles experienced during 

winters), the brine (e.g., solution concentration, salt type), the frequency of the filling-emptying 

cycles, maintenance program, etc. Therefore, the frequency and interval between inspections of 

an HDPE AST should be determined by its service history unless unique circumstances call for 

an earlier inspection. The service history of one tank can be estimated by reviewing the 

performance of a similar tank. Ideally, the tanks would store the same material at the same 

location, be made of the same material, and have the same capacity. The AST owner should 

develop detailed checklists that identify, record, and document all aspects of each inspection. To 

evaluate an HDPE AST, the authors recommend the following inspection procedures: 

1. Review prior formal and periodic inspections, and identify the locations that need closer 

examination. 

2. Visually inspect the AST and look for any abnormality or unusual signs, such as cracking, 

crazing, brittle appearance, holes, dents, and abrasions.  

3. Visually check around the fittings, mainly focusing on the areas around the steel bolts. Check 

fittings, hoses, gaskets, and all connections for any signs of general corrosion (in steel bolts 

and gaskets), deterioration, or leaks. Note changes from the original design and installation 

information, if available. 

4. Walk around the AST and look for any deformation, buckling, or distortion. Pay attention to 

where the upper section of the wall meets the lower section, which is usually waist height. 

This connection separates the thicker wall in the lower section from the thinner wall in the 

upper section. Compare changes from the current inspection with the last inspection report. 

5. Look closely for signs of brittleness in the tank’s dome. Chemicals that produce fumes can 

cause the dome to oxidize and embrittle without being in direct contact with the brine 

solution. To avoid walking or standing on the dome surface, the evaluation of the dome 

should be completed by safety-certified personnel using lift equipment. 

6. Investigate the AST’s base to ensure it rests on a firm and even base. Animals can burrow 
underneath the AST, causing the base to settle unevenly. Note changes from the original 

design and installation information if available. 

7. Use the IR camera without the external heat source and walk around the AST to check for 

any anomalies that may interfere with the defect detection. If something is on the external 

wall, wipe off the AST wall to remove any moisture. Wait for at least 10 minutes until a 

uniform temperature forms in that area before starting the evaluation. In addition, pay 

attention to see if there is any leakage from the AST, especially close to fittings. 

8. Power on the external heat source and allow it to reach maximum power. Record the ambient 

temperature, relative humidity, and wind speed. Measure the temperature of the liquid inside 

the AST, and measure the AST wall temperature at different spots to calculate a 

representative ∆T (ΔT = Twall_surface – Tliquid). 
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a. If ∆T > 0, then IRT can be conducted. If the AST is located outdoors, the best time 
frame for conducting the IRT evaluation is between 9:00 AM and 6:00 PM, preferably 

between 2:00 PM and 6:00 PM. ASTs located indoors can be inspected using IRT at 

any time of day. 

b. If ∆T < 0, then do not proceed with IRT investigations. 

9. Start the IRT experiment by selecting the heating-cooling combination according to the 

recommendations provided in Table 10. 

10. Heat the first area, and move to heat the next area. Heating successive areas limit downtime. 

While one area is in the cooling phase, perform IRT. When the cooling cycle is complete for 

the first area, return to it and begin heating it again. Repeat this procedure for five cycles in 

each area, and perform an IRT observation during each cooling phase. Mark areas that have 

potential subsurface defects based on the IRT inspection. 

11. Use ultrasonic instrumentation over the marked areas for a more detailed investigation. Move 

the PAUT probe vertically and diagonally at 15º angles left and right along the surface of the 

AST to detect subsurface defects. Measure the defect size and depth from the external 

surface. 

12. Based on the data collected on any present defects, develop an inspection report and schedule 

to re-inspect the tank and monitor the potential for degradation or failure. 

Table 10. Guideline for selecting the heating-cooling durations 

Wall thickness (in. (mm)) ∆T (˚F (˚C)) Heating-cooling durations (s) 

0.5 (12.7) ∆T > 10.8 (6) 30-90 

0.5 (12.7) 10.8 (6) > ∆T > 0 (0) 60-20 or 60-60 

0.5 (12.7) ∆T < 0 (0) Do not do the evaluation 

0.75 (19.1) ∆T > 7.2 (4) 40-40 or 40-80 or 40-120 

0.75 (19.1) 7.2 (4) > ∆T > 0 (0) 60-20 or 60-60 

0.75 (19.1) ∆T < 0 (0) Do not do the evaluation 

IRT Challenges for the Field Evaluation of HDPE ASTs 

Although IRT is an excellent technique for defect detection in many industries, it has 

some challenges, specifically regarding the inspection of HDPE ASTs. Some of the challenges 

found during this study are listed below: 

 IRT can be used only as an indicator of the defect’s existence and does not provide 

information about the location and depth of the defects. Supplementary evaluation with UT 

can further assess the location and depth of defects. 

 Defect detection accuracy highly depends on the weather conditions. 

 IRT cannot detect small defects (AR < 0.3) or very deep defects (D/t > 0.83). 

 IRT cannot detect non-leaking cracks propagated from the internal side of the AST toward 

the surface. 

 IRT is labor-intensive and requires personnel to heat areas in different cycles. 

 IRT is time-consuming for HDPE ASTs due to the material’s low thermal conductivity. The 
operator should be prepared with multiple charged batteries for the equipment. 

56 



 

 

 

 

 

 

 

 

 

 

  

 

  

 

  

 

 

 

 

  

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 Using various IR cameras from various manufacturers or models produced by the same 

manufacturer could affect defect detection accuracy. 

 Water droplets due to rain, fog, or other activities close to the AST can interfere with defect 

detection. 

 Because many sites will contain several ASTs that need to be inspected, this task can become 

tedious. Therefore, to expedite the evaluation process, the inspection can be limited to the 

lower sections of the AST (i.e., waist-high and below), where failures are most frequently 

reported. 

 IRT can be completed on the AST’s lower (i.e., waist-high and below) sections without 

needing additional equipment. If there is an accident or a concern close to the top of the AST, 

the evaluation process may be challenging without hydraulic lifters or cranes. 

 The IRT equipment needs to have access to electrical power. A portable generator is helpful 

in the field. 

 Appropriate electrical access for IRT is challenging to obtain. The heaters recommended for 

IRT have a large current draw and will trip most conventional circuits. It is recommended to 

either use two separate electrical sources or to use a sufficiently capable portable generator. 

 The heaters used for IRT can reach extremely high temperatures. Careful consideration must 

be taken to ensure that the operator is adequately insulated from the heat generated by the 

infrared heaters. 

 To prevent fire or electrical hazards, it is recommended to turn off the heaters for 10 minutes 

every 20 minutes or for 15 minutes every 30 minutes. Aside from proper insulation, this is 

the best way to keep the heaters within a comfortable heat range for the operators. The 

authors recommend using stacked infrared heaters, like those used for paint curing, to reduce 

these hazards, keep the operator safe, and deposit a more uniform temperature on the area 

under study. 

 Heating around the fittings is challenging and causes non-uniform heat deposits. Hoses 

connected to the outlets prevent heat application on the surface behind them. Moreover, 

heating these hoses may inadvertently cause damage to the hoses and gaskets. 

 Since an operator is moving the heater, it is not guaranteed that the same area heated during 

one cycle will be heated in the next. Therefore, there is likely to be a gap between the heated 

spots, as shown in Figure 48. Therefore, some sections of the tank may be missed during 

inspection. 

 Discolorations, stains, superficial scratches, and information tags interfere with defect 

detection, which may reduce the speed of evaluation by numerous false detection. 

UT Challenges for the Field Evaluation of HDPE ASTs 

While UT techniques are beneficial for steel infrastructure inspection, using PAUT in the 

field for evaluating HDPE ASTs has some challenges, as listed below: 

 Due to the AST wall curvature, all sides of the probe cannot be in contact with the AST wall, 

and therefore, the water leaks from the water wedge probe. This can be solved by using a 
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more powerful water pump. Note that the pump used in this study had an uninhibited flow 

rate of 6 gallons per minute (gpm); however, when tubing was used to attach the pump to the 

water wedge probe, the flow rate fell to 0.25 gpm. To overcome this issue, a pump with a 

minimum uninhibited flow rate of 10 gpm is recommended to fill the water probe reservoir 

faster than the leakage discharge. 

 Completing the PAUT on the upper section of the AST is difficult and requires a more 

powerful water pump to pump up the water to that elevation. 

 The water pump requires electricity so that a portable generator may be required in the field. 

 The water pump requires a consistent source of water, which can be accomplished by using a 

5-gallon bucket, although larger volumes of water may be needed for longer inspections. 

 Measure by moving the probe up and down or at an angle of 15º compared to the vertical 

line. This reduces the water leaks from the water probe and helps obtain better results. 

Moving the probe at angles greater than 15º from the vertical line will result in more leakage 

due to the AST wall curvature. 

 Completing PAUT on the cone-shaped outlets is impossible. In such cases, using traditional 

pulse-echo ultrasonic testing (PEUT) is recommended. 

 While manufacturing some HDPE ASTs, the interior of the AST can have a wavy texture, as 

shown in Figure 44. This texture will increase the background noise and can interfere with 

the results. High amounts of waviness inside the AST may reduce the effectiveness of UT 

techniques since the wavy texture will scatter the ultrasonic waves. If the investigator does 

not have enough experience evaluating the HDPE ASTs, the waviness could mistakenly be 

reported as a defect. In such cases, the UT is still beneficial since it can detect areas where the 

wall thickness is less than the thickness mentioned in the AST specifications. 

 UT methods, PEUT and PAUT, depend on the temperature of the inspected element. If UT is 

performed after IRT, the UT equipment must be recalibrated to the new material temperature 

to generate accurate results. If it is desired to avoid recalibration, then UT can be performed 

either before IRT or after sufficient time has elapsed to allow the material to return to 

ambient temperature. Likewise, UT could be performed on a different day than IRT. 

 The liquid inside the AST causes background noise in the returned signals, which may block 

some defect signal peaks. However, a skilled UT operator can read through the background 

noise to detect defects as small as 0.17 in (4.4 mm). 

CONCLUSIONS 

 In general, it is concluded that IRT and UT methods can be employed for the NDE of HDPE 

ASTs. However, the inspector must understand the limitations of these techniques and how to 

perform the inspection to optimize data collection. 

 The interaction of sample geometry, initial thermal gradient, defect location, and defect 

aspect ratio all impact the accuracy of IRT in detecting subsurface defects. The results 
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showed that specimen size, the distance of the camera to the object, the angle of view, 

heating source power, and the distance of heating power to the object also impact the 

accuracy of IRT measurements. 

 The best time for conducting IRT inspections is on sunny days between 9:00 AM and 6:00 

PM. Since the AST evaluation is time-consuming, it can be started on the east side of the AST 

in the morning and finished on the west side of the AST in the afternoon. 

 If the temperature difference (ΔT) between the exterior surface of the tank and the liquid 

inside the tank is < 0ºF (0ºC), the accuracy of the defect detection provided by IRT decreases 

dramatically. Therefore, if this condition exists, it is not recommended to perform the 

evaluation. 

 When the thickness of the AST is 0.5 in (12.7 mm) and ∆T > 10.8ºF (6ºC), 30 seconds of 

heating for five consequential intervals should be sufficient to allow the applied heat to 

penetrate deep into the AST wall. Therefore, the combination of 30-90 (30 seconds heating, 

90 seconds cooling) was the best choice when the thickness of the AST is 0.5 in (12.7 mm). 

 When the thickness of the AST is 0.75 in (19.1 mm) and ∆T > 7.2ºF (4ºC), a heating-cooling 

combination of 40-40, 40-80, or 40-120 was optimal. 

 A distance between 1.6 ft (0.5 m) to 4.9 ft (1.5 m) and a viewing angle between 0˚ and 30˚ 

perpendicular to the AST wall were optimal for IRT analysis of HDPE ASTs. 

 In addition to IRT, UT can be utilized to examine HDPE ASTs in greater detail. UT is 

accurate at locating flaws and estimating their size and shape. However, UT’s detection 

limits depend on the condition of the tank under study and the experience of the UT operator. 

Using a Proceq Flaw Detector 100, the experienced users in this study were able to detect 

defects as small as 0.17 in (4.4 mm), but a less experienced user was only able to detect 

defects as small as 0.25 in (6.4 mm). The difference in performance between skilled UT 

operators and less-skilled UT operators is being able to read defects through background 

noise. To read defects through background noise, present in most field conditions, the UT 

probe cannot be static and must be carefully moved over the right spot to identify the peak 

corresponding to the defect. 

 Both the liquid stored inside the AST and the waviness of the interior surface of the AST can 

increase the background noise, which may make UT interpretation difficult.   

 The methods developed during this research, while applicable to single-walled tanks, cannot 

be directly applied to double-walled tanks. 
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RECOMMENDATIONS 

1. VDOT’s Environmental Division and Maintenance Division (in collaboration with VTRC 

scientists) should initiate an implementation study to identify and contract with a private 

sector tank inspection company to conduct inspections of HDPE AST in VDOT’s inventory 

using the guidelines presented in the section of this report titled “Practical Guidelines for 

HDPE AST Integrity Evaluation.” The focus of these inspections should be to refine these 

guidelines further and to collect the information needed to develop threshold criteria that will 

inform when and what actions should be taken based on the number, size, and location of 

defects identified on a given HDPE AST when using these inspection procedures. 

2. VDOT’s Environmental Division and Maintenance Division, in collaboration with VTRC 

scientists, should share the refined inspection methods referred to in Recommendation 1 with 

relevant technical standards organizations, such as ASTM International, and request their 

feedback. Specifically, feedback should be requested regarding the identification of relevant 

technical committees within the organization and how these methods could be modified to 

ensure their applicability to a broader range of stakeholders.  

IMPLEMENTATION AND BENEFITS 

Researchers and the technical review panel (listed in the Acknowledgments) for the 

project work together to craft a plan to implement the study recommendations and to determine 

the benefits of doing so. This ensures that the implementation plan is developed and approved 

with the participation and support of those involved with VDOT operations. The implementation 

plan and the accompanying benefits are provided here. 

Implementation 

For Recommendation 1, contract language, including required equipment, inspection 

procedure, and number and location of inspections, will be advertised by VDOT’s Environmental 

Division by June 30, 2024. Final contractor selection by the Environmental Division will be 

based on the company’s familiarity with the basic concepts of IRT and UT testing, their 
application in other types of non-destructive testing scenarios (i.e., fiberglass and steel tanks), 

their familiarity with VDOT operations as they pertain to facilities inspections, and their access 

to or ability to procure the necessary equipment to conduct these inspections. Once selected, 

Environmental and/or Maintenance Division staff and VTRC scientists will coordinate with the 

contracted company to conduct these inspections. 

The number and location of these inspections will be determined through a collaborative 

effort between VTRC and VVDOT Environmental Division and Maintenance Division staff 

based on the information available. This information includes age, geographic location, previous 
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inspection data (including incidences of accidental impact), degree of sun exposure, and the 

number of tanks at a given location. Particular attention will be placed on selecting tanks with a 

distribution of these characteristics so that correlations can be made between them and the 

defects identified using the IRT and UT methods developed during this study. These correlations 

would allow for the development of the aforementioned threshold values. Because these methods 

are currently limited to application on single-walled tanks, double-walled tanks will not be 

included in this effort. Assuming a sufficient number of tanks with a representative distribution 

of the selected characteristics are available, it is envisioned that these correlations can be made 

with one round of inspections. However, if not, follow-up inspections will be conducted annually 

until sufficient data is collected. Funding and documentation for this effort, including site 

identification, contractor costs, and development of updated methods and threshold values, will 

be allocated through the initiation of a VTRC implementation project. Staffing for this 

implementation project will consist of two scientists from VTRC from the Environmental, 

Planning, and Economics team and the Structures team. 

For Recommendation 2, engagement with technical standards organizations will be 

initiated by VTRC scientists within six months of the completion of the implementation project 

noted in Recommendation 1. For instance, using ASTM International’s guidance as an example, 

the Staff Manager of the most relevant ASTM Technical Committee will be contacted with the 

expressed interest of collecting feedback from the members of that committee and requesting aid 

in identifying other relevant stakeholders. These other stakeholders will then be contacted to 

request feedback regarding the need for this method and what modifications should be made.  

If the responses from the given technical standards organizations and the other 

stakeholders indicate interest in these methods, then a formal request to consider the formation of 

a new task group or subcommittee will be made to the organization.   

Benefits 

Qualitative Benefits 

Implementation of Recommendation 1 will allow these methods to be further refined to 

increase their accuracy and ease of use. Additionally, the development of threshold values will 

enable inspectors to make recommendations to VDOT on when a given tank should be taken out 

of service or is nearing that point based on the testing results. Not only will this allow better 

planning and budgeting decisions at the area headquarters level, but it will also reduce the 

chances of sudden tank failures and the associated risk to human life and adverse impacts on the 

environment. 

Implementation of Recommendation 2 will benefit VDOT and the larger community of 

HDPE AST users by providing them with a standardized and fully vetted inspection method. 

While several other inspection methods were identified throughout this research, many of them 

either lacked the necessary level of detail, did not apply to this use case, or required the use of 

chemical dyes that, on their own, would require additional containment and cleanup. Using 

ASTM International’s existing framework would not only allow the standardization of these 
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methods, but it would also function as the vehicle for distributing this knowledge to these other 

stakeholders. 

Quantitative Benefits 

Recommendations 1 and 2 are incremental steps that can lead to a nondestructive 

inspection program.  To monetize the potential benefits of a non-destructive inspection program, 

there are two types of costs that such a program could potentially eliminate:  cleanup costs 

(assuming no environmental damage) and tank replacement costs. Both costs are highly variable 

as they depend on site specific conditions and thus the costs presented here should only be 

viewed as an order of magnitude estimate. 

Cleanup Costs (Assuming no Environmental Damage) 

To estimate the costs of the cleanup, VTRC staff contacted by phone the Virginia 

Department of Environmental Quality, where a representative noted DEQ did not have costs 

available for cleanup but suggested that staff contact two firms that might provide this service. 

The representative at one firm noted that it did not perform brine cleanups. The representative at 

the other firm was able to provide a rough cost, explaining that costs depend on a variety of site-

specific factors, such as the presence of groundwater or utilities, whether permitting is required, 

and whether sampling or testing is needed. Under a somewhat benign scenario (e.g., no 

groundwater is encountered, no permitting is required, no utilities are present, and no testing is 

needed), a rough cost for a 6,000-gallon tank spill might be, based on three hours for a project 

manager, 4 technicians present for an eight hour day, two drivers present for an eight hour day, 

and other costs such as trucks and equipment, around $8,000 for a single failure assuming no 

substantial environmental damage. 

The above figure does not indicate the frequency of failures. One state DOT survey 

respondent, when later asked for additional information, noted that over the past two years their 

state DOT had had four fitting failures and three tank failures (two of those three failures were 

structural and one failure was due to an accident where the tank was hit by a piece of equipment). 

The total cost, not including the cost of replacing the tank nor the cost of disposal, was around 

$90,000. Treating these seven events as being equal in terms of cost, the mean failure cost is 

around $13,000 per tank event (and these are 10,000-gallon tanks rather than 6,000-gallon tanks 

used in the above paragraph). This figure includes the cost of product replacement. 

Thus one way to estimate the benefits of a non-destructive inspection program is, in terms 

of elimination of cleanup costs, around $8,000 - $13,000 per tank failure avoided. This benefit 

does not include the cost of the tank replacement and it presumes no substantial environmental 

damage. If like the respondent, Virginia had two structural tank failures in two years, this would 

suggest a benefit of $8,000 - $13,000 per year in terms of cleanup costs, assuming the failures did 

not have environmental damage. One might select $10,000 per year as a middle figure. 
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(If environmental damage were sustained, then the cleanup costs would be higher than 

those shown above, however, staff do not have a good way of estimating those cleanup costs and 

thus they are not included here.) 

Tank Replacement Costs 

The aforementioned respondent noted that the cost of a 10,000-gallon tank is around 

$14,000. If the nondestructive inspection program did not yield any changes in the tank’s service 
life beyond the use of age, then the monetized benefit based on tank replacement would be $0. 

Suppose, however, a nondestructive inspection program was able to extend the life of each tank 

by one year. With a 14-year service life, then the value of this benefit is very roughly $1,000. 

With about 400 above-ground storage tanks, an extra year of life for each tank is 400×$1,000 = 

$400,000. 

Total Potential Benefits 

A successful nondestructive inspection program thus could have the potential to yield an 

annual benefit in excess of $400,000. Implementation of Recommendations 1 and 2 does not 

necessarily mean this benefit will be realized, however. Instead, the implementation of 

Recommendations 1 and 2 would give VDOT sufficient information to determine the value of a 

non-destructive inspection program. If, for example, Recommendation 1 is successful, then 

VDOT would know how much service life is added by having an inspection and thus could 

determine whether the aforementioned estimate of one year is too high or too low. 

In sum, the monetized benefits of Recommendations 1 and 2 are that VDOT can then 

determine whether an inspection program would yield substantial cost savings. Using the 

assumptions presented in this case study, such cost savings could be in the neighborhood of 

$400,000 annually. However, Recommendations 1 and 2 would give an opportunity to test the 

validity of those assumptions. 
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