
LISTEN TRANSCRIPT

EC-003 · Voltage, Current, and Resistance in
DC Systems
External Corrosion track  ·  Foundation tier  ·  ~20–22 min spoken

A written companion to the audio narration for this module. The text below matches the

spoken audio word-for-word, so you can listen and read along, or revisit the lesson on the

page after you've heard it. Audio narrated by Mike Roberts. 

Welcome to EC-003 from Roberts Corrosion Services. I'm Mike Roberts. This is

the third module in the EC track — Electrical Basics for CP — and over the next

twenty minutes or so, whether you're in the truck between test stations or out in

the field with your meter and a half-cell, we're going to walk through the three

quantities that every CP measurement is built on. Voltage, current, and resistance

— what each one is, where each one shows up in a real CP system, and how each

one is read in the field.

Picture this. You're at a test station, kneeling next to the post. The pipe header

lead is in your left hand. In your right, a copper rod sits inside a small clear

cylinder filled with bright blue saturated copper sulfate solution — a copper-

sulfate half-cell, the standard portable reference for cathodic protection work.

You push the half-cell's porous tip down into the moist soil right next to the pipe.

Multimeter set to volts DC. Black lead from the meter to the half-cell, red lead to

the pipe header. The display settles at negative point nine four volts.

That number is what every CP system on every pipeline is ultimately judged

against. It's how we answer the only question that matters. Is the pipe protected?

In this case, the answer is yes. But the reading itself isn't current, isn't resistance,

isn't a calculation. It's a voltage. A voltage between the pipe and the soil,

referenced through the half-cell. To read it correctly — to know what the meter is

actually telling you — you have to know what voltage is in this context, where it

lives in the CP circuit, and what makes it different from current and resistance.
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That's what this module is for. EC-001 named the shapes of the circuit. EC-002

walked the math that runs inside those shapes. This module is about the three

quantities themselves.

One way to think about the trio. Voltage is the electrical pressure that drives the

system. Current is what does the actual job — current onto the pipe is what

protects it. Resistance is what stands between the source and the work, setting

the budget for how much current any given voltage can deliver. Three quantities,

three roles. Each one tells you something different about the system.

Let's take them one at a time.

Voltage. Electrical pressure. It pushes current through a circuit the way water

pressure pushes water through a pipe. The unit is the volt.

Here's the thing about voltage that makes it different from current or resistance.

Voltage is always measured between two points. There's no such thing as the

voltage at this spot. A voltmeter has two leads for a reason — it reads the

difference in electrical potential between wherever you put the red lead and

wherever you put the black lead. Move either lead and the reading changes.

For most CP voltages, both points are obvious. Rectifier output — between the

positive and negative terminals at the cabinet. Cable IR drop — between the two

ends of the cable. Junction box voltage — between the positive bus and the soil-

side return. Easy enough. Two physical points you can clip leads to.

The one CP voltage that needs more explanation is structure-to-soil potential —

the canonical reading the field uses to judge whether a pipe is protected. The two

points being measured are, one, the structure — the pipe — and two, the soil

right next to the pipe. The pipe end is easy — clip a lead to the test station

header. But the soil isn't a wire you can clip to. It's a volume of dirt with electrical

potential that varies from place to place. So we use a half-cell to give us a defined,

repeatable contact with the soil at one specific point.

A copper-sulfate half-cell is a small portable cell built around three things. A

copper rod. A saturated solution of copper sulfate. And a porous plug at the

bottom that lets the solution make ionic contact with whatever the cell is
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touching. Press the plug into moist soil and the half-cell becomes a defined

electrical contact — its own potential is fixed, within a few millivolts, by the

chemistry inside the cell.

The half-cell is portable, repeatable, well-understood. Two CP techs walking the

same line on the same day with the same kind of half-cell will read the same

potential at the same spot within a few millivolts. That repeatability is why it's the

standard. Copper sulfate is the practical default for buried pipelines in soil

because it's stable, inexpensive, easy to maintain, and well-correlated with

decades of accumulated CP criteria. Other reference electrodes exist — silver-

silver-chloride for seawater work, zinc and others for specific applications — but

for buried-pipeline CP in soil, copper sulfate is the one.

The classic CP criterion for a buried steel structure. A structure-to-soil potential

of negative point eight five volts, or more negative, measured against a copper-

sulfate reference, is considered evidence of cathodic protection. That's the

number on the wall. The reading from the hook — negative point nine four volts

— is more negative than negative point eight five volts. So it meets the criterion.

The negative sign isn't optional. CP makes the structure the cathode of a

deliberate electrochemical circuit, which means the structure ends up at a more

negative potential than the surrounding soil. We measure that negativity by

putting the half-cell at a defined potential and reading the difference. A pipe

sitting in moist soil with no CP applied typically reads somewhere between

negative point four zero and negative point six five volts. With CP working, that

reading drives more negative — past negative point eight five — and stays there.

Current. Rate of electrical charge flow through a circuit. The unit is the ampere,

or amp.

If voltage is the pressure, current is the water actually moving through the pipe.

In CP work, current is what does the protective job — current entering the

structure surface from the surrounding soil drives the electrochemical reaction

that prevents corrosion. No current, no protection. The voltage criterion is how

we confirm that enough current is flowing.
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Current shows up in three places in a CP system. Three different stories about the

same circuit.

First, rectifier output current. What the impressed-current power supply is

putting into the system. Measured at the rectifier with the cabinet's internal

shunt, or a portable shunt across the output terminals. Reads in amps — often

five to fifty amps on typical impressed-current systems.

Second, bond shunt current at a test station. What's flowing through a galvanic

anode bond, a foreign-line bond, or a test connection. Measured in millivolts

across a calibrated shunt and converted to amps via Ohm's Law — the move you

walked through in EC-002. Reads from a few milliamps up to several amps.

Third, current entering the structure surface. What's happening at the metal-soil

interface itself — the current density that determines whether enough current is

reaching the pipe to maintain the criterion. Measured indirectly via current

density coupons or polarization techniques, which we'll cover in later modules.

The three are connected. The rectifier sources the current. The cable, groundbed,

and soil deliver it to the structure. The interface is where it does the work. A

failure at any one of those points shows up as a different reading at a different

place. Which is why a CP tech walks all three.

A quick note on current density. The reason it matters more than total current

alone — a thirty-amp system on a fifty-mile pipeline is delivering one current

density. The same thirty amps on a five-mile pipeline is delivering ten times more.

The CP criterion isn't really about total amps. It's about whether enough current

per unit of bare-steel surface is reaching the structure to drive the cathodic

reaction. Coating quality, structure geometry, and groundbed placement all show

up as differences in current density delivered, even if the amperage stays the

same. The actual current density numbers, the polarization technique, and

current density coupons live in later modules.

Resistance. Opposition to current flow. The unit is the ohm.

Resistance in a CP circuit isn't one thing. It's a stack of different resistances in

different places, each measured differently, each contributing to how much
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current the rectifier has to push to deliver enough protective current at the pipe.

The budget framing matters here. The source can only push so much voltage, and

Ohm's Law says I equals V divided by R. Total resistance sets the ceiling on

current at any given source voltage.

The four resistances every CP tech meets. In rough order of how big each one

tends to be in a typical impressed-current installation.

One. Anode-to-soil resistance. The contact resistance between each anode and the

soil it's buried in. Usually the largest single component. Climbs as anodes

consume and as soil dries. Calculated from anode dimensions and surrounding

soil resistivity. Measured indirectly by reading rectifier V and I and applying

Ohm's Law.

Two. Soil resistivity. A property of the soil itself, expressed in ohm-centimeters.

Not a circuit resistance you can measure with a regular ohmmeter — it's an

intrinsic property measured with a four-pin Wenner test. Drives anode-to-soil

resistance directly.

Three. Cable resistance. The resistance of the conductor between the rectifier

and the groundbed. Usually fractions of an ohm, but at high current it eats

meaningful voltage as IR drop — EC-002 worked the math on this.

Four. Coating resistance. The resistance of the pipe coating itself, expressed per

unit area. The whole reason coating exists from a CP perspective. High coating

resistance means most of the current goes around the coating, through coating

defects called holidays, which is exactly where the protection needs to land.

Each one is measured differently and reported in different units. None of them

are read with a generic ohms setting on a multimeter applied at the rectifier

output. The multimeter's internal ohmmeter circuit isn't built for the scales

involved or the soil-electrochemistry effects. The R you read in the field is almost

always backed out from V and I using Ohm's Law — the diagnostic rearrangement

R equals V divided by I from EC-002 — or measured with a purpose-built

instrument like a soil resistivity meter using the Wenner four-pin setup.
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Three more to lock this in. Three problems. Each one a different shape of CP

measurement work.

Problem one. Identify the quantity. A junior tech walks up to three different

instruments at the same site. Setup A — copper-sulfate half-cell pressed into

moist soil next to a buried pipe. Multimeter on volts DC. Black lead to the half-

cell, red lead to a header bond at the test station. Display reads negative one

point zero five volts. Setup B — multimeter on millivolts DC, leads across a

calibrated point-zero-one ohm rectifier shunt. Display reads one hundred eighty

millivolts. Setup C — soil resistivity meter, four-pin Wenner, four pins driven five

feet apart in a line. Display reads four thousand eight hundred ohm-centimeters.

Three readings, three different quantities. Setup A is a voltage — structure-to-soil

potential. The pipe is at negative one point zero five volts against the copper-

sulfate reference. More negative than negative point eight five. The pipe meets

criterion at that location.

Setup B is a current — measured indirectly via a voltage drop across a known

resistance. Ohm's Law from EC-002. One hundred eighty millivolts is point one

eight volts. Point one eight divided by point zero one is eighteen amps. The

rectifier is putting eighteen amps into the system.

Setup C is a resistance — specifically soil resistivity, an intrinsic property of the

soil. Four thousand eight hundred ohm-centimeters at five feet of pin spacing. Sits

in the middle of the typical pipeline-corridor range. A design input, not a direct

measure of system health. Drives anode-to-soil resistance calculations and

groundbed sizing.

Three setups, three different quantities, three different stories. The instrument

and the test setup tell you what's being measured before the number does.

Voltage requires a reference. Current needs a known resistance to be inferred

from a voltage drop. Resistance demands a purpose-built tool — you don't

measure soil resistivity with a regular ohmmeter.

Problem two. Read and diagnose. You're walking a section of pipeline that the

design report shows is well-coated with two galvanic anode groups serving the
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section. At one test station the structure-to-soil reading is negative point seven

eight volts copper-sulfate. The system criterion is negative point eight five volts or

more negative. What does that reading mean and what should you do?

First — read the number against the criterion. Negative point seven eight is less

negative than negative point eight five. So this location does not meet criterion.

The structure is under-protected at this point. That doesn't automatically mean

corrosion is occurring — the criterion includes safety margin — but it does mean

the system isn't delivering the protective state the design intended, and that's

worth resolving.

What could cause it. Several possibilities, none mutually exclusive. No CP

installed or disconnected at this section — a negative point seven eight reading

sits close to the natural-state range for unprotected steel in moist soil. Worth

verifying the system is actually energized and the bond to this section is intact

before chasing other causes. Galvanic anode consumption — the anodes serving

this section are doing the work; as they consume, their output drops and the

structure drifts toward less-negative readings. The most common cause on long-

served galvanic systems. Drier soil than design assumed — higher resistivity

means more anode-to-soil resistance, less current onto the structure, less

negative readings. Coating damage near this test station — a localized defect

means more current is needed than the original design budgeted for. Other test

stations might still meet criterion while this one drifts. Foreign-line interference

or stray current — less common but possible.

What to do next. Read more locations. Is this isolated or widespread? Check the

anode bond currents. If a galvanic group is putting out less current than

commissioning recorded, that's a strong signal toward anode consumption. Check

the trend. A single reading is one data point; six months of progressively less-

negative readings is a story. Document and elevate. Not protected today doesn't

mean abandoned today — it means we know something we didn't know yesterday

and we have a plan.

Roberts Corrosion Services EC-003 · Listen Transcript

Page 7 of 9



The reading is just a number until you put it next to the criterion. The criterion

turns the number into a status. The status turns into the next action. Number,

criterion, status, action. That chain is the work of CP.

Problem three. Synthesize. Three readings at one site, one health picture. One CP

system on a twelve-mile section of distribution. Three readings on a routine bi-

monthly check. Reading A — structure-to-soil at the mid-line test station, copper-

sulfate half-cell in moist soil, multimeter on volts DC — negative point eight six

volts. Reading B — rectifier output. Your multimeter on volts DC at the output

terminals reads twenty-six volts. Across the rectifier's fifty-millivolts-equals-ten-

amps shunt, your multimeter on millivolts DC reads thirty-six millivolts. Reading

C — design baseline from the commissioning report. Design voltage twenty-two.

Design current eight amps. Design total resistance two point seven five ohms.

Structure-to-soil at the mid-line test station at commissioning was negative point

nine five volts.

Step one — convert the shunt reading to current. The shunt rating is fifty

millivolts equals ten amps. That's a point-zero-zero-five ohm shunt. Today's

reading — thirty-six millivolts is point zero three six volts. Point zero three six

divided by point zero zero five is seven point two amps. Today's rectifier output.

Step two — back out today's total circuit resistance. R equals V divided by I.

Twenty-six divided by seven point two is about three point six one ohms.

Compare to design. Design total R was two point seven five. Today's is three point

six one. That's about point eight six ohms higher than design — roughly thirty-one

percent. Meaningful climb.

Step three — read structure-to-soil against criterion. Negative point eight six at

the test station today. The criterion is met — barely. At commissioning the same

test station read negative point nine five. Today's reading is point zero nine volts

less negative than at commissioning. The system is meeting criterion but trending

in the wrong direction.

What the three readings together say. Source side — rectifier voltage has climbed

from twenty-two to twenty-six. The system is auto-tapping up to compensate for
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something. Current has dropped from eight amps to seven point two. That

combination is the signature of rising total circuit resistance. Resistance side —

total R has climbed from two point seven five to three point six one. Anode

consumption, drier soil, or a connection drift on the series side. Protected side —

structure-to-soil at the test station has drifted from negative point nine five at

commissioning to negative point eight six today. Still meeting criterion, but the

headroom is shrinking. The rectifier has been compensating — but most rectifiers

max at twenty-four, thirty-six, or fifty volts, and twenty-six volts says we're well

into the output range.

This is a system that's still working but is slowly losing margin. Not an

emergency. Definitely a flag for follow-up. Pull the last six to twelve months of

rectifier V and I logs. Walk more test stations to see if this one is the worst or if

the whole line is drifting. Inspect the groundbed. Plan ahead, not in panic.

Three readings, three different jobs the same trio of quantities does. Identify the

measurement. Read the value against criterion. Synthesize across multiple

readings into a system picture.

One reading tells you status at a point. Three readings tell you the source state,

the resistance state, and the protective state. Ohm's Law lets you derive a fourth

piece — total R — from two of them. None of that synthesis happens unless you

can name what each reading is.

Voltage requires a reference. Current does the work. Resistance sets the budget.

Three quantities, three jobs, three different ways to read them.

That's EC-003 from Roberts Corrosion Services. From here, head to the quiz to

lock V, I, and R in. We'll see you in EC-004, where we cover AC versus DC — and

why CP runs on the one it does.
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