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CASE HISTORY

Hot Oil 
Aboveground 

Storage Tank Bottom 
Corrosion Failure and 

Cathodic Protection 
Upgrade—Part 1

KEVIN C. GARRITY AND PHILIP D. SIMON, CC Technologies, Inc.

 There are several types of anode installations that
 distribute protective current to a tank bottom. In 
some cases, however, the methods selected do not always 
produce the desired results. This two-part article 
discusses a case history in which existing cathodic 
protection (CP) was ineffective and the methods used to 
verify the performance of CP did not identify system 
defi ciencies. This led to the premature failure of a tank 
bottom. Part 1 covers the fi ndings of an investigation 
conducted to identify the cause of the corrosion. Part 2, to 
be published in the May 2006 issue of MP, will discuss the 
remedial approach taken to enhance the CP for effective 
corrosion control.

T
his article discusses a tank 
that was constructed in 
1969. It is 150 ft (46 m) in 
diameter and 48 ft (15 m) 
high, constructed entirely 
of carbon steel (CS). It rests 
on a 5-ft (1.5-m) high, 

1 1/2-ft (0.46-m) thick reinforced con-
crete ringwall with sand padding under 
the tank fl oor. Approximately 2 ft (0.61 
m) of the ringwall is below grade. T e 
tank bottom was originally uncoated and 
had no cathodic protection (CP).

Two-in. (51-mm) diameter telltale 
holes had been drilled in the ringwall, 
such that any leaking product might drain 
out, indicating leakage. T e tank stored 
hot hydrocarbon product at ~260°F 
(127°C). T e outside shell of the tank is 
thermally insulated.

In 1985, product was discovered leak-
ing from the tank bottom because of un-
derside pitting corrosion of the tank fl oor. 
T e tank bottom was replaced in 1985 
with welded CS of nominal 0.250-in. 
(6.4-mm) thick fl oor plate and impressed 
current was installed to mitigate future 
corrosion. T e CP consisted of 10-ft (3-m) 
long prepackaged canister anodes installed 
vertically around the perimeter of the 
tank. T e anodes were connected to a 
common header cable to the rectifi er. T e 
system was designed to deliver ~1 mA/ft2 
of protective current to the bottom metal-
lic surface. An oil-immersed, explosion-
proof rectifier rated for 48 V and 
34 A direct current (DC) output was used.

In 1989, product was detected seeping 
through telltale holes, indicating a failure 
in the recently replaced tank bottom. Be-
cause of concern that corrosion caused 
these leaks, a detailed study was con-
ducted to determine the eff ectiveness of 
the existing CP.

Data obtained on an annual basis be-
tween 1985 and 1989 indicated that CP 
was in continuous operation during that 
time. Tank to copper/copper sulfate (Cu/
CuSO4) reference electrode (CSE) mea-
surements were being obtained around 
the perimeter of the tank with the rectifi er 
energized. In all cases, the potential mea-
surements were well in excess of the –0.85 
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V criterion. T e rectifi er was never inter-
rupted to obtain “instant off ” measure-
ments or to verify polarization. Because 
of the leaking product, it was decided to 
drain the tank and conduct a detailed 
ultrasonic and internal inspection of the 
tank fl oor to ascertain if the leaking prod-
uct was from the failure of welds or inter-
nal or external corrosion pitting.

CP performance data were obtained 
prior to taking the tank out of service. Ex-
perience has shown that potential measure-
ments obtained around the perimeter of 
the tank may not be truly indicative of the 
conditions occurring underneath the tank, 
particularly when anodes are installed ver-
tically around the perimeter of the tank.

For this reason, a 3-in. (76-mm) diam-
eter perforated polyvinyl chloride (PVC) 
pipe was installed through the ringwall at 
three locations underneath the tank bot-
tom for data collection underneath the 
storage tank (Figure 1). T e perforated 
pipes were installed by core drilling the 
ringwall, waterjetting a 3-in. diameter 
hole horizontally underneath the tank 
fl oor, and feeding in the perforated PVC 
pipe. T e PVC pipe was terminated out-
side the ringwall. T e pipe could then be 
fi lled with water and a portable CSE at-
tached to a flexible polyethylene pipe 
passed from the ringwall under the tank 
fl oor. Readings were recorded with the 
rectifi er cycling on and off .

With the rectifi er operating at 44 V 
and 20 A DC, potential measurements 
were obtained around the perimeter of the 
tank and in the perforated pipes under the 
tank. T e data from the perimeter of the 
tank indicated very high “on” potentials; 
in most cases, in excess of –2.00 V CSE. 
Upon interrupting the rectifier, many 
“instant off ” potentials were found to be 
less negative due to the large IR drop with 
the rectifi er energized. Testing conducted 
with the CSE passed underneath the tank 
indicated a substantial reduction in the 
level of protection as the CSE was passed 
from the ringwall toward the center of the 
tank. T is reduction occurred at 5 to 6 ft 
(1.5 to 1.8 m) from the ringwall as the 
reference electrode was moved out of the 
gradient of the anodes.

Increasing protection was observed as 
the CSE was passed further toward the 
center of the tank. T is increased level of 
protection is undoubtedly a function of 
better current distribution away from the 
areas being shielded by the ringwall, as 
well as an overall reduction in oxygen, 
yielding higher levels of protection. Table 
1 shows the “on” and “off ” potential mea-
surements obtained around the perimeter 
of the tank. Table 2 shows the “on” and 
“off ” potential measurements obtained 
underneath the tank using the perforated 
PVC pipes.

In many cases, the levels of protection 
are not consistent with industry criteria 
for CP. Upon completion of this study, the 
tank was completely drained to allow for 
a more in-depth corrosion investigation.

Corrosion Investigation
To determine if the product releases 

came from mechanical failures of the tank 
fl oor or internal or external corrosion, the 
tank was completely drained and cleaned 
for internal inspection and testing to de-
termine the cause of the problem. Ultra-
sonic scanning, conducted on the entire 
tank fl oor, showed only minimal corro-
sion at the annular ring around the pe-
rimeter of the tank, and minimal corro-
sion on the long plates toward the center 
of the tank. Signifi cant corrosion was, 
however, observed on the sketch plates 
immediately adjacent to the annular 
rings. T irty-two penetrations of the tank 
fl oor were found by testing and visual 
inspection. All of the penetrations were 
caused by external corrosion on the un-

Perforated pipe under tank for CP monitoring.

TABLE 1

CP POTENTIAL DATA AROUND PERIMETER OF TANK

   

  Location On Off

  A –2.662 –0.691
  B –2.706 –0.495
  C –3.320 –0.770
  D –2.890 –0.811
  E –3.400 –0.784
  F –3.800 –0.865
  G –3.350 –0.784
  H –2.870 –0.677

CP operating data, 150-ft diameter tank, system output—44 V, 20 A DC.

T/CuSO
4
 (V)

FIGURE 1
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derside. Little or no internal corrosion 
was observed.

Because of these fi ndings, and since the 
complete tank bottom was replaced in 
1985 and CP installed at that time was 
maintained in continuous operation, a 
further investigation into the cause of the 
corrosion was made. T e fl oor plate was 
cut and removed in various locations, in 
both corroded and uncorroded areas, to 
determine if the cause lay in the sand un-
derneath the tank or if during tank bot-
tom replacement a dielectric membrane 
had been installed, thereby acting as a 
shield to the CP current.

Testing included as-found and satu-
rated resistivity measurements, chloride 
content, pH, bacterial activity for the 
sand, CP measurements, metallurgical 
analysis for alloy composition, and electri-
cal laboratory tests for the annular ring 
and sketch plate materials. T e tank fl oor 
plate was removed from nine locations, 
four toward the center of the tank and fi ve 
around the circumference.

Visual inspection and pit depth testing 
confi rmed the pattern of the ultrasonic 
thickness tests. T e corrosion product was 
reddish-brown and the type of pitting 
indicated dissimilar cell corrosion. At each 
of the fl oor plate removal locations, sam-
ples of the sand were collected. Each ex-

cavation was examined for dielectric 
membranes, organic matter, or other for-
eign materials, which might have pre-
cluded successful CP. None was found.

T e moisture content of the sand was 
visibly high at the circumferential loca-
tions, with standing water at two loca-
tions. T e source of the water was not 
readily apparent. Each sample was ana-
lyzed for as-found and saturated resistiv-
ity. Signifi cant sand variation of the sur-
face resistivities in contact with the tank 
bottom and an extreme decrease in resis-
tivity when the sand was saturated were 
noted. As-found resistivity of the sand in 
contact with the fl oor ranged from a low 
of 3,700 Ω·cm to a high of 780,000 
Ω·cm. Saturated sample resistivity ranged 
from 770 to 14,000 Ω·cm. T e pH of the 
samples in contact with the fl oor ranged 
from 7.2 to 9.9. T e pH of all samples 
obtained ranged from 6.5 to 9.9. T e 
majority of samples were alkaline, which 
would not contribute signifi cantly to cor-
rosion of CS. Areas of high surface pH in 
intimate contact with the fl oor plate and 
adequate levels of polarization correlated 
with areas of no corrosion.

Tests to determine if sulfate-reducing 
bacteria (SRB) were present and possibly 
contributing to corrosion yielded data 
below the detectable limit for SRB.

T e surface and 36 in. (0.9 m) and 
deeper depth samples were tested for chlo-
ride ion concentration. Concentrations 
ranged from below 5 to 46 ppm at the 
surface, and from 5 to 23 ppm in the 36 
in. or deeper samples. T ese chloride ion 
concentrations are considered relatively 
low and are not considered a signifi cant 
factor in the corrosion.

Because of the nature, location, and 
concentration of corrosion at sketch plates 
adjacent to the annular ring, samples of 
both the sketch plates and annular ring 
were obtained and analyzed metallurgi-
cally for composition and electrochemi-
cally for corrosion characteristics. T e 
alloy composition varied slightly, but no 
signifi cant diff erences were found.

Samples of the annular ring and sketch 
plate were surrounded in laboratory test 
cells with sand from under the tank. T e 
samples were heated to the operating 
temperature of 260°F. Potential vs a CSE 
and current fl ow between electrically con-
nected samples were measured for as-
found and polished samples. In the as-
found state, the potential difference 
between the annular ring and the sketch 
plate was 52 mV. T is potential diff erence 
does indicate a possibility of corrosion 
with the sketch plate being anodic to the 
annular ring, but this potential diff erence 
is attributed to the diff erent surface con-
ditions of the two samples. Polished 
samples exhibited nearly identical poten-
tials. Electrically coupled as-found an-
nular ring and sketch plate samples ex-
hibited current flow of 0.8 µA/cm, 
indicating a potential corrosion rate of 
0.4 mpy (10 µm/y). T is corrosion rate 
is signifi cantly less than the actual corro-
sion rate necessary to consume a 0.250-
in. plate in a four-year time frame. T e 
0.4 mpy pitting rate is calculated based 
on uniform corrosion of equal area spec-
imens. Based on these fi ndings, however, 
the alloy composition of the annular ring 
in the sketch plate was not deemed to be 
the cause of the corrosion.

Testing conducted on the reinforcing 
steel in the concrete ringwall showed 
that the reinforcing steel was electrically 

TABLE 2

CP POTENTIAL DATA UNDER TANK—EAST AND NORTH 

ACCESS PIPE

   

  Distance On Off

  Ringwall –2.609 –0.513
  4 ft –1.874 –0.476
  8 ft –0.736 –0.348
  12 ft –0.630 –0.351
  26 ft –0.526 –0.423
  30 ft –0.848 –0.793

      

  Distance On Off

  Ringwall –2.833 –0.662
  4 ft –1.465 –0.489
  8 ft –0.969 –0.319
  12 ft –1.063 –0.312
  20 ft –0.469 –0.401

CP operating data, 150-ft diameter tank, system output—44 V, 20 A DC.

T/CuSO4 (V)

East Pipe

T/CuSO4 (V)

North Pipe



April 2006 MATERIALS PERFORMANCE 21

continuous throughout the ringwall, 
but electrically discontinuous with the 
tank floor. Therefore, the corrosion can-
not be attributed to a galvanic couple 
between the reinforcing steel and the 
CS floor plate.

Conclusions
Based on this investigation, the pre-

mature failure of the fl oor plate was at-
tributed to a combination of corrosion 
mechanisms, including a potential dif-
ference between the sketch plate and the 
annular plate, diff erential aeration, and 
most signifi cantly, the nonhomogeneous 
sand. T e diff erential aeration corrosion 
mechanism is caused by the fact that 
the annular ring toward the exterior of 
the tank is resting on a more porous ma-
terial (gravel) vs the sketch plate, which 
is in toward the center of the tank and 
on a less porous material. Although 
the lower resistivity sand beneath the 
sketch plate is considered corrosive, the 
large variation in its resistivity contrib-
uted to the establishment of a stronger 
corrosion cell.

T e lower resistivity material beneath 
the sketch plates, probably infl uenced by 
the high moisture content in this area, led 
to the development of anodic areas with 
respect to the adjacent areas closer to the 
center of the tank. T e absence of corro-
sion on the long plates toward the center 
of the tank is also a function of the drasti-
cally reduced oxygen in this area and the 
lack of oxygen replenishment to support 
the corrosion process. It is also felt that a 
better distribution of CP current was be-
ing obtained in the areas away from the 
annular ring where the reinforced con-
crete ringwall shielded the CP current.

T e existing CP system was not eff ec-
tive in the mitigation of corrosion for the 
following reasons: 1) the current supplied 
was insuffi  cient, and 2) the distribution 
to all areas of the tank bottoms was inad-
equate because of the external location of 
the anodes. T e overall protective current 
density (CD) was ~1 mA/ft2. T is is in-
consistent with the current requirements 
necessary to achieve protection on a tank 

that contains product at a temperature of 
260°F. More typically, the necessary CD 
would be 3 to 5 mA/ft2.

T e correlation between the observed 
corrosion and the “instant off ” potential 
measurements indicate minimal polariza-
tion of the tank bottom in the corroded 
area, supporting the need for additional 
current. T e corrosivity of the sand and 
wide variation in resistivity can be attrib-
uted to exposure to moisture from im-
poundment area flooding and water 
seeping through the telltale holes drilled 
through the concrete ringwall, and the 
proximity to a marine environment. 
T ese factors allowed a constant replen-
ishment of atmospheric humidity and 
hence, moisture to the sand in close prox-
imity to the annular ring and the concrete 
ringwall. T e placement of the anodes on 
65-ft (20-m) centers did not provide ad-
equate distribution of CP current. T e 
selection of vertically installed anodes 
outside the ringwall led to shielding of 
protective current in the areas of the 
sketch plate where the corrosion was 
observed.
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