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PHORGOTTEN PHENOMENA

Check Solar 
Weather Before 

Performing 
Pipeline CP 
Evaluation

STEPHEN R. JOHNSON, South Jersey Gas Co., Millville, New Jersey

After experiencing severe telluric current activity on 

a pipeline, the author researched the subject. T e 

causes and eff ects of telluric currents are explained 

and precautions for obtaining data on forecast 

telluric activity are given.

I
f you work in the underground cor-

rosion field, you have most likely 

experienced, or at least have an 

awareness of, telluric earth currents, 

and how they affect measurement of ca-

thodic protection (CP) levels on under-

ground structures. Not long ago, I had 

the opportunity to experience the adverse 

effects that solar activity can have on the 

CP of underground pipelines.

I had recently installed a new deep 

anode bed at an existing rectifi er on a 

section of 20-in. (508-mm) natural gas 

pipeline. I wanted to determine the CP 

levels on the pipeline at the end of this 

pipeline circuit. I installed my current 

interrupter at the rectifi er and drove to 

the test station, where I intended to con-

nect the thin copper “drag” line.

Upon arriving at the test station, I set 

up and connected the equipment and 

began obtaining sample readings to en-

sure that the equipment was working 

properly and that I had a fi rm electrical 

connection with the pipeline. I then no-

ticed that the pipe-to-soil (P/S) potentials 

were at unprotected levels, with “on” and 

“off” potentials in the range of –0.50 and 

–0.30 V direct current (DC), respectively. 

This line had always exhibited excellent 

CP levels, so my fi rst reaction was that 

the equipment was not operating prop-

erly or that my electrical connection with 

the structure was poor. I checked all the 

equipment and connections and deter-

mined that everything was set up cor-

rectly. I then connected my multimeter 

to the structure to verify the  P/S poten-

tials. I obtained similar readings, but now 

I noticed severe fl uctuations in the poten-

tials, and even polarity reversals, which 

appeared to be indicative of severe dy-

namic stray currents.  

I drove back to the rectifi er to confi rm 

that the interrupter was still functioning 

and still properly connected—it was. I 

then drove to several other pipelines, 

which were part of different electrical 
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circuits, to obtain random P/S potentials. 

They all exhibited the same severe stray 

current indications, even lines that were 

remote from the normal stray current 

sources and normally do not exhibit stray 

current effects. I then obtained some 

random potentials on the pipelines of a 

couple of the big transmissions companies 

in our area, and they too exhibited this 

severe fl uctuation in potentials. At this 

point, I became convinced that there was 

no problem with my equipment, my con-

nections, or even the pipeline itself for 

that matter. This widespread fl uctuation 

in CP levels on just about every pipeline 

in the region could be caused only by 

severe dynamic stray currents, or telluric 

currents. 

Research 

I had an awareness of the ability of the 

sun and its solar wind to affect the earth 

and its magnetic fi eld, so when I arrived 

home that afternoon, I connected to the 

Internet and performed some research 

into the solar activity for that day. Sure 

enough, I discovered that the earth was 

experiencing the second strongest geo-

magnetic storm ever recorded on that 

very day, which was the result of a giant 

solar fl are. 

The intensity of a solar fl are is mea-

sured according to its x-ray intensity or 

“brightness” and is classifi ed with an A, 

B, C, M, or X, with each category having 

subdivisions between 1 and 9 (e.g., C1 

through C9). X-class solar fl ares are huge 

and can cause severe geomagnetic storms 

that can adversely affect radio communi-

cations, the electric power grid, and even 

pipelines. M-class flares are medium-

sized and cause moderate effects, and 

C-class fl ares are small with only mini-

mally noticeable effects. On this particu-

lar day, the earth was undergoing the 

effects of an X17 fl are, which is above the 

highest limit of the scale. Only one stron-

ger fl are had ever been recorded, which 

was an X20 in February 2001.

The earth is continuously being bom-

barded by the solar wind and a stream of 

high-energy ionized (charged) particles, 

or plasma, that is constantly being spewed 

into space by the sun. This plasma also 

pulls solar magnetic fi eld lines along with 

it. Although the solar wind travels very 

fast at well over 1 million mph (1.6 million 

km/h), it is normally relatively calm and 

not very dense, with a density of only 

about 3 to 6 atoms/cm3. The earth is 

normally protected from the solar wind 

by its magnetic fi eld. Most solar wind 

energy is normally defl ected around the 

earth by the magnetic fi eld (magneto-

sphere) and only a small percentage of the 

plasma particles actually penetrate the 

“funnels” in the magnetic fi eld at its poles 

because of its dipole shape. As the solar 

wind fl ows around the magnetosphere, it 

can produce millions of amps of electrical 

current, and the energy that does enter 

the upper atmosphere gives us the aurora 

(Northern and Southern Lights) at the 

poles. This “normal” solar wind produces 

negligible effects on the earth (Figure 1). 

The sun is not always so calm, how-

ever, and is sometimes riddled with solar 

fl ares and coronal mass ejections (CMEs). 

These phenomena are huge eruptions of 

energy that normally occur around sun 

spots and are called solar storms. A solar 

fl are is an explosion on the sun that occurs 

when energy that is stored in a twisted 

magnetic flux is suddenly released. It 

C A T H O D I C  P R O T E C T I O N

FIGURE 1

Normal DC potential recording profi le for pipeline solar “quiet” periods.
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releases radiation across the electromag-

netic spectrum. A CME occurs from 

“holes” in the corona—the outer layer of 

the sun—and allows the escape of high-

energy solar particles in the form of 

plasma (ions). A CME increases the den-

sity and speed of the solar wind. Solar 

fl ares and CMEs both lead to the massive 

release of magnetism, mass, and energy 

from the surface of the sun. When an 

earth-facing eruption occurs, the electro-

magnetic radiation reaches earth in only 

8 min because it travels at nearly the 

speed of light. The solar wind and ener-

getic plasma from the CME reaches earth 

in about one to four days, however. The 

wind can distort, compress, and stretch 

our magnetic fi eld during its collision, the 

effects of which can be felt and observed 

on the earth at ground level as a geomag-

netic storm (Figure 2). 

During a strong solar storm, the mag-

netic fi eld of the earth is “pushed” out 

into space in the direction opposite the 

sun, forming a magnetotail and causing 

it to resemble a comet. In this region of 

the magnetic fi eld, it is thought that the 

magnetic fl ux lines reconnect and the 

charged particles can accelerate to higher 

energy levels and “inject” themselves into 

the atmosphere. This plasma causes mil-

lions of amperes of electrical current, not 

only setting up its own electromagnetic 

fi eld, but forcing the magnetic fi eld of the 

earth to fluctuate, causing large-scale 

electromagnetic induction. This is called 

a geomagnetic storm. These constantly 

changing magnetic fi elds lead to a ground 

level event and cause large-scale DC in-

duction in the earth, called ground-

induced currents (GIC). These currents 

fl ow as ionic current in the earth through 

rocks, soil, and water, and can cause 

electron current fl ow in long man-made 

structures such as pipelines, communica-

tions cables, and even electric transmis-

sion lines. 

The GICs from geomagnetic storms 

can cause over-voltage and over-current 

conditions in electrical power systems, 

especially transformers. They cause trans-

formers to heat up as they cycle in and 

out of saturation at 60 Hz. As a result, the 

winding insulation breaks down and 

windings short together. In fact, during 

predicted geomagnetic storms, power 

companies will reduce output levels to 

compensate for the induced currents. 

These GICs can cause strong dynamic 

stray currents on underground pipelines, 

causing extreme “swings” in  P/S poten-

tials, even polarity reversals. The good 

news is that these storms, and associated 

induced currents, are transient and usu-

ally very short lived—about a day—and 

don’t exist long enough to actually cause 

any appreciable metal loss. The main 

dilemma arises when performing CP test-

ing such as obtaining P/S potential mea-

surements or performing current fl ow 

measurements and current mapping. A 

ground level event during a geomagnetic 

storm can cause erroneous measurements 

that can baffl e even the most seasoned 

corrosion technician and engineer if not 

aware of the condition.

Conclusions

Fortunately, the plasma and magnetic 

fl ux of the solar wind travels relatively 

slowly, taking anywhere from one to four 

FIGURE 2

DC potential recording profi le of same pipeline during medium geomagnetic ground level event.
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days to reach earth. We now have a bet-

ter understanding of this phenomenon, 

as well as the ability to better predict its 

occurrence through the use of the Solar 

and Heliospheric Observatory (SOHO) 

satellite. There are now several free Web 

sites that give real-time data from the 

SOHO satellite, and warn of an immi-

nent solar event. This gives us ample time 

to become aware of the event so that we 

do not fi nd ourselves surprised, baffl ed, 

and/or frustrated during fi eld testing. 

The sun has been relatively “quiet” since 

the last active period in 2003, but scien-

tists now believe that we can expect an-

other active solar period around the year 

2010 or 2011. 

So, what is the moral of this story? 

Check solar activity before performing 

any critical CP testing, and choose solar 

“quiet” periods to obtain the most accu-

rate test results. 
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