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US Standard Units
Ohm's Law

E = IR ;= E R =
R

E
R
="ourrent (amps ) 1

E

R=—
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E = Voltage (volts) E
I = Current (amps) 1
R = Resistance ( ohms) R

1000.00 V
100.00 Q
10.00 A

1000.00 V
10.00 A
100.00 Q




Area of a Circle

2 2
D 7D
A=aR>=rn| = | ="
2 4
D = Diameter of Circle (in) D = 10.00 in
R = Radius of Circle (in) R = 5.00in
A = Area of Circle (in?) A = 78.54 in?

Area of Pipe Cross-Section

in
in
4.88in
3.88 in2

10.00 in
300.00 in
9424.78 in?

which is 0.9425 ft2

Power Actual Number Abbrev. | Name

102 0.000,000,000,000,000,000,000,000,1 |y yocto
1n-21 0.000,000,000,000,000,000,000,1 z zepto
1018 1E-18 0.000,000,000,000,000,001 a atto
1015 1E-15 0.000,000,000,000,001 f femto
10712 1E-12 0.000,000,000,001 P pico
10~° 1E-9 0.000,000,001 n nano
0= 1E-6 0.000,001 L micro
1072 1E-3 0.001 m milli
1072 1E-2 0.01 C centi
10 1E-1 0.1 d deci
10° 1ED 1
10 1E1 10 D deka
10? 1E2 100 horH hecto
10? 1E3 1,000 kor K kilo
10° 1E6 1,000,000 M mega
10° 1E9 1.000.000,000 G giga
10*2 1E12 1,000,000,000,000 T tera
10%? 1E15 1.000,000,000,000,000 P peta
10% 1E18 1,000,000,000,000,000,000 E exa
1o 1E21 1.000,000,000,000,000,000,000 Z zeta




o= 1E21 1,000.000,000,000,000,000,000 z zeta
103 1E24 1.000,000,000,000,000,000,000,000 Y yotta
Series Circuit
R, =R, +R, +R,
R, = Resistance of Resistor # 1 ( ohms ) 100.00 Q
R, = Resistance of Resistor # 2 ( ohms ) 200.00 Q
R, = Resistance of Resistor # 3 ( ohms ) Q
R, = Total Resistance ( ohms) Q

Parallel Circuit

\ o)
.ance (ohms)

P = Power (watts )

o

10.00 V
20.00 A
200.00 W

20.00 A
0.50 Q
200.00 W




Color Code For Resistors

2

1
First
Slgnlflcant Toleronce

Flogure, IFf

double wide,
resistar is
wlre waund.

Second Significant

A =Orange =3 C = Red =100
B =Blue=6 D = Silver = £ 10%
Resistance Value = 3600 Q + 10%, or between 3240 Q and 3960 Q.

Resistor Calculator

Band A = 3 Orange

Band B = 6 Blue Resistor Value= 3,600Q =10%
Band C = 100 Red

Band D = +10% Silver or between 3,240 Q and 3,960 Q

et P




Reference Electrode Conversion
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Sacrificial Anode Efficiency and Utilization Factor

Magnesium :

nate? Common Consumption  Current Utilization
Rates Used? Efficiency? Factor?

( Ib/amp-yr) ( Ib/amp-yr)
Magnesium (F=i Alloy) 15.0-35.0 25 0.50 0.85
Magnesium (High Potential) 16.0-19.0 17 0.50 0.85
Zinc 23.7 23.7 0.90 0.85

'Anodes installed in suitable chemical backfill.

2Current efficiency with current density. The shown efficiency, and the resulting consumption rate,
are at approximately 30 mA/ft? of anode surface. Efficiencies are higher at higher current densities
and lower at lower current densities.

8The Utilization Factor for all Galvanic Anodes is 85% ( 0.85 ).




Dwight's Equation for Single Vertical Anode Resistance to Earth - inches

8L
R, =L m2=]-1
27L d
P = Soil Resistivity (ohm-cm ) P = 10,000 Q-cm
L = Length of Anode (in) L = 472.44 in
which is L = 1200.00 cm
d = Diameter of Anode (in) d = 7.99in
which is d = 20.30 cm
R, = Resistance of Single Vertical Anode to Remote Earth ( ohms) R = 84 Q

Dwight's Equation for Distributed Multiple Vertical Anode

o=+.00 in
'13.36 cm
118.11 in
00.00 cm
umber of 0 des

eter o 37 in
) cm
7 Q

- inches

P = Soil Resistivity (ohm-cm ) P = 10,000 Q-cm
L = Length of Anode (in) L = 84.00 in
which is L 213.36 cm
S = Twice the Depth of Anode (in) S = 145.67 in
which is S 370.00 cm
d = Diameter of Anode (in) d = 8.00.in
which is d n

0

~

R, = Resistance of Multiple Vertical Anodes to Remote Earth ( ohms ) | |



Dwight's Equation for Distributed Multi




R 3 Kiiometer ( ohm/mi)
Leoe of Cable - Sum of Positive and Negative Leads ( ft )
R, = Resistance of Cable ( ohms)

Rectifier Total Circuit Resistance
R; = Rgppy + Re + Ry

R;,.. = Ground Bed Resistance ( ohms )

R. = Resistance of Cable (ohms)
R, = Structure/Pipeline-to-Earth Resistance ( ohms )
R, = Total Circuit Resistance ( ohms)

Rectifier Efficiency Formula

Current Output Calculator

IOut - VaccrossSfactor
shunt
smunr . = Voltage Reading Measured Across Shunt ( mV )
S acior = Shunt Factor from Chart (amp/mV')
i = Current Output of Rectifier (amps )

Out

=

———

1.341 Q/mi

383.50 ft
0.097 Q

3.08 Q

05
4
3C
W

2.00V
1.00 A
2.00 W

27.78 %

25 mV
0.10 A/mV
250 A




Faraday's Law
W, = KIT

K = Consumption Rate - Electrochemical Equivalent ( Ib/amp-yr )
I = Current (amps)
T =Time (yrs)

=N~

W, = Weight Loss of Product ( Ib) :
Consumption Rate K for Various Metals'
Metal kag/A-yr Ib/A-yr
Carbon 1.30 2.86
Aluminum
Magnesium
Iron/Steel
High Silicon/C

K
LDesired
I I ( amps ) Re quired
U, -atiori Factor Uiiror
W 4ode veight per Anode (Ib) W aode
# = # of Anodes to Use #
Anodes rounding Up - use Anodes
- #Am)des
# of Anodes Required Based on Current Discharge
# _ IRe quired
Anodes ~ *
MD
IRequired = Current Requ|red ( amps ) IRequired
MD™ = Maximum Discharge per Anode ( amps ) MD"
* From Anode Manufacturer Data
# 4 00es = # Of Anodes to Use # ppodes

rounding up - use —» Anodes

20.10 Ib/A-yr

0.875 A
4.0 yrs
70.4 b

0.75 Ib/A-yr
20 yrs
15.00 A
0.60

60.0 Ib

6.25 anodes
7 anodes

14.70 A
250 A

5.88 anodes
6 anodes

10




Coating Resistance Calculations

R = ASRP/S

where

Ag =Drl

1 >V
EOFF, ‘ ; -0.850 V

_ 1 0.850 V
2.800 A
0.100 A
2.700 A
0.975V
st ( amps ) 0.100 A
P/S A 10 - Soil ( ohms ) P/S 9.750 Q
7e Coating Resistance of Pipe Test Span ( ohm-ft2) 323,296.65 Q-ft?

=
[

11




2-Wire Current Test over Pipe Test Span

Pipe size and
wall thickress or
weight per foot
must be known

\

\

Wires must be
color coded

r~

A\
5 Pipeline

D
t

LPS
RP
RPS

AE
1

PS
PS

Pipe Siz
(in)
2
4
6
8
10

e ; Pipe Span in Feet

2-wire Line Current Test
Cathodic Protection Level 2 Training Manual - NACE pg. 4:58

AE
Ry

Iy =

where RPS = LPSRP

= Diameter of Pipe (in)

= Thickness of Pipe Wall (in)
= Length of Pipe Test Span ( ft)
= Resistance of Pipe per meter from Ta
= Resistance of Pipe Test Span (
= Measured Voltagedd r Pip
= Cg 2ted Curre 2 Te

12

14

16 .

18 4.09 13.42
20 116.97 3.68 12.07
22 86.60 128.88 3.34 10.96
24 . L0 94.60 140.78 3.06 10.04
26 0 0.575 0.148 102.60 152.69 2.82 6.25
28 119825 0.375 0.148 110.60 164.59 2.62 8.60
30 11.811 0.375 0.148 118.70 176.65 2.44 8.01
32 32.00 12.598 0.375 0.148 126.60 188.41 2.28 7.48
34 34.00 13.386 0.375 0.148 134.60 200.31 2.15 7.05
36 36.00 14.173 0.375 0.148 142.60 212.22 2.03 6.66

' Conversions based on 1in = 2.54cm and 1ft = 0.3048m.
2 Based on steel density of 489 Ibs/ft® ( 7832 kg/m? ) and steel resistivity of 18 uQ/cm.
3 R =16.061 x resistivity in uQ/cm = Resistance of 1 ft of Weight per foot of pipe in Q.
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4-Wire Current Test over Pipe Test Span

c.uu017 V
10.00 A
2.037 A/mV
0.00017 V
0.346 A

13




IIIIIIlAw-lII..-_rV

l units are in Siemens ( S ') or microSiemens ( uS)
R i

units of Siemen (S ) = o

C =

R = Resistance ( ohms)
C = Conductance (S)

0Q
3S

a=

Resistivity Calculations

* Area may be Cross -
* For Soil B

in2
m?2
)Q
) in

tre.44 cm
423.332 Q-cm

Resistivity Test

‘/Instrlurlr:’ér):t =

Four-Pin (Wenner) Method of Measuring Soil Resistivity
Cathodic Protection Level 1 Training Manual - NACE 2000 pg 4:28
P =2maR

a = Spacing of the Pins (iin) a = 1.58 in
which is a = 4.00 cm
R = Resistance Measured - shown on Instrument ( ohms)) R = 450.00 Q
P = Resistivity of Measured Medium ( ohm-cm) P = 11309.734 Q-cm

14




S

p2layer

Sy

R3
pSavg

3layer

3layer

Layer Resistivity Calculations

Priayer

| e

A verage and Lavcr Resrmut\,

Cathodic Protection Level 2 Training Manual - NACE 2000 pg 4:67

Parallel Resistance Formula
RaRb
c -

Ra - Rb

R =

= Layer 2 Parallel Resistance ( ohms)
= Layer 2 Resistivity ( ohm-cm)

= Layer 3 Spacing - Total Depth Measured ( in

or 2 Spacing - Layer Depth Measured ( cm

)

)

which is

which is

which is

= Layer 3 Resistance Measured - shown on Instrument ( ohms))

= Layer 3 Average Resistivity (ohm-cm )

= Layer 3 Spacing - Layer Depth Measured ( cm

= Layer 3 Parallel Resistance ( ohms)

)

which is

tiayer

pllayer

62 64 in
10.00 Q
9996.90 O-cm

125.28 in

318.21 cm

7.40 Q

5824.97 Q-cm
159.11 cm
62.64 in

28.46 Q
28452.714 Q-cm

187.92 in
477.32 cm
3.10 Q
9297.12 Q-cm
159.11 cm
62.64 in
5.33Q

15




~ “dlayer

Py = Layer 3 Resistivity ( ohm-cm )

~ “dlayer

Piiayer = 5333.230 Q-cm

Shunt Types and Values

Shunt Rating

Shunt Shunt
Value Factor

SW or CP

Amps | mV Ohms A/mV
Holloway Type
RS 5 50 0.1
SS 25 25
SO 50 50
SW or CP

16
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Zenberg Formula

0.0381p y+4 > +x°
V. =———log,,

X




. Celi Electrode Potential - from table ( volts )
Gas Constant = 8.31434 ( J/mol-K))
= fammriie Temperature (K) 1
Number of Valence Electrons Transferred - from table
= Faraday's Constant = 96,485.309 ( C/g-mol )
a, " = Activity of Metal lons in Solution 2
a,, = Activity of the Metal ( 4, =1 forpure metal)
E = Electrode Potential in Existing Solution ( volts)

NI N X
|

Ni/Ni++
Fe/Fe++
n/Zn++

-0.763 V

8.31434 J/mol-K
298.15 K

2

96485.31 C/g-mol
0.71

1

\'







