
EN380 Homework #4 Solution

1. You are to design an impressed current cathodic protection (CP) system for the steel legs of an oil

processing platform located in the Persian Gulf (treat these waters as tropical with temperatures of

30◦C and [Cl−] = 18ppt through all depths). The legs are coated with one layer of primer coat and one

layer of intermediate top coat (assume the coating system life exceeds the DL of the system). The total

water depth is 40m. The design life of the platform is 25 years. The structure has a total submerged

area of 85,000m2, with area distributed uniformly throughout the water column (i.e. the same amount

of area is in the first 10m, 10−20m, 20−30m, and 30−40m). The CP system will use an 18V power

supply with flush mount Platinized Tantalum anodes with planar dimensions 0.60m× 0.25m (L×W )

you may ignore the anode thickness contribution to the area. How many anodes are needed to properly

protect the structure? Solve for the number of anodes placed to protect the structure shallower than

30m, placed to protect the structure deeper than 30m, and the (sum) total.

Step < 30m > 30m

1.

Find iF and fc (final)

From table 5.1: (tropical, < 30 m water

depth)

From table 5.1: (tropical, < 30 m water

depth)

iF = 0.090 A
m2 iF = 0.080 A

m2

k1 = 0.05 k1 = 0.05

k2 = 0.03 k2 = 0.02

fc(final) = k1+k2·tr = 0.05+0.03·25 = 0.80 fc(final) = k1+k2·tr = 0.05+0.02·25 = 0.55

2.

Find II

II = if ·Astruct · fc (final)

II = 0.090 A
m2 · 85,000m2 · 75% · 0.80 II = 0.080 A

m2 · 85,000m2 · 25% · 0.55

II = 4590A II = 935A

3.

Find anode resistance, R

Aanode = L×W = 0.6m · 0.25m = 0.15m2

From Table 7.5, using T = 30◦C; [Cl−] = 18 ppt→ g = 0.049677 Ω−1cm−1

ρ = 1
g = 1

0.049677 Ω−1cm−1 = 20.130 Ω · cm

L is not larger than 4×W ⇒ use McCoy

R = 0.315ρ√
Aanode

= 0.315·20.130 Ω·cm√
0.15m2·104 cm2

m2

= 1.637× 10−1 Ω
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Step < 30m > 30m

4.
Driving potential, VI , is given:

VI = 18 V

5.
Find current generated per anode, Ianode

Ianode = VI

R = 18 V
1.637×10−1 Ω = 109.942A

6.

Check the current density on the anode, ianode

ianode = Ianode

Aanode
= 109.942 A

0.15m2 = 732.945 A
m2

Which lies within the limits on Table 7.1 for Platinized Tantalum

7.

Calculate #anodes for initial polarization

#anodes, IP = II
Ianode

= 4590 A

109.942 A per anode
#anodes, IP = II

Ianode
= 935 A

109.942 A per anode

#anodes, IP shallow = 41.749 anodes #anodes, IP, deep = 8.504 anodes

→ 42 anodes. → 9 anodes.

For a total of 51 anodes
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