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o JHIIEIM i I Applied Test Current =1
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TS

TR FE

AMPP [ R = CAZImcP3
AMPP [l R TR ITiCP2
AMPP [ LR A CP1

HEFF A ) TR

aik

Peabody, A. W. (2001). Peabody's control of pipeline corrosion (No. Ed. 2). NACE.

AMPP Cathodic Protection Technologist—CP 3 course material

It

NACE ISP 0207 (2007). “Performing Close Interval Potential Surveys and DC Surface Potential
Gradient Surveys on Buried or Submerged Metallic Pipelines.”

NACE SP 0169 (2013). “Control of External Corrosion on Underground of Submerged Metallic Piping
Systems.”

NACE SP 0177 (2014). “Mitigation of Alternating Current and Lightning Effects on Metallic Structures
and Corrosion Control Systems.”
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TS

FECBT XM a) 2 AE rT LA FHT] Standarda(11 FHE0H5L8E

Stalldalld Calculator

Scientific Calculator

Numeric Notation

Stalndard {floating Decimal)

Add
Subtract
Multiply
Divide
Negative
Percentage
Square Root

Reciproc.al (Inverse}

Store value to variable

Acces.s variable
Clear variable

Multiply
Divide
Negative
Percentage
Square Root

Reoip:rocal Onverse)

Access. variable

Notation (digitsto the left and right of decimal

Sciienitlifrc Notation

(1 digit to the left of decimal and approp:riate

power of 10)

Elnglineening Notation

(numer from 1 to 999 times10to an integer

power tnat is.a multiple of 3)

Standard Mode Fulldiolls

Example: 45”
X Example: 1E]2 8l
Example: 3rj5E]

IMRCI
IM-IIMRCI

Sdentifi.c Mode Functions
Add
Sublract

DmEo®E

[%%]
@ Example:dienteij
Example: 2 | nterj

Store value to variable Example:3E]Slenterlisto...Jlxmilenterl
Example: 7E] nd I [recall] jenberllenter!

or
ecall]

mode menu options
NORM SCIENG
FLOATO12345._

e g_ 123456-78
e_g_ 123456-7800

mode menu options
NORM S:CIIENG e.g.1.2345678i.105

mode menu options
NORM SCI ENG e.g.123.45678i.103

CP 3 Case
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Fractions
Simple fractions
Mixed numbers
Conversion b/w simple fraction and mixed number

Conversion b/w fraction and decimal

Powers, roots, and inverses

Square a value

C1EX

Cube a value

Raise value to specified power

B

o

Pnd|[V]

Square root

Reciprocal <]
Pi

Pl (n)
Toggle

[Un/d]
[n/d «4» Un/d]

Pnd|if4» 4]

Example (2%)
2[n4

Example (+/16):

BRd]iv 16

Example (n™ root):
5" root of 8:

spndlevi 8

The scientific calculator might show the results of certain calculations as a fraction - possibly involving
pi or a square root. To convert this kind of result to a single number with a decimal point, you will need
to use the “toggle answer” button circled in the picture below. Pressing this button will change the

display from a fractional to a decimal format.

Answer Toggle

Press the B key to toggle the display result between fraction
and decimal answers, exact square root and decimal, and

exact pi and decimal.
Example

Answer (-18 e g

toggle ‘ |

o &l

T 2um2eazm1as |

TER: QORISR L e T A R, B2 TR R I B o R PR RS W

RATVARI U, A TR NGRS — DRI BEER A TSRS . BEAGIE H QRS A E .

CP 3 Case &% ER—Sept. 2020 14



PRI S H R
YERE: AL TRAIE N T 255 ORI E RAGTER, TTR SHAIR MR TR 5 B NOR H 5 26 SO TR

AR % FUr R B B
0.00521 aL 2L
87 S SR BEAR s —[ 2201 [1n [ | -1 +[ | in(0.66m)]
Ry = [*2728] [m [ 1]
Hr

Hr Rv = Hi[Hresistance in

Rv = Hi[Hresistance in ohms

ohms p = HBH X resistivity in

p = HBH X resistivity in ohm-cm

ohm-cm L= PHAK K fEanode

L= FH# K fEanode length in feet

length in feet N = FH R Enumber of

d = fH# B 4£anode anodes

diameter in feet S = FH#[A] ¥Eanode spacing in feet center to center

d = fHH H 4% anode diameter in feet
s
B
8l
R, = ][ln[ ]—1] p
2wl — —_
Ry = || [n[2] - 1+ %] n(0.66m)]

Hr

Rv = HiBHresistance in ohms i

p= EEBE%reSiStiVity in ohm-m a Rv =Hi[H resistance in ohms

L = FA# K FFanode length in m p = HLFH Kresistivity in ohrTi-m

d = Pt H4fanode diameter in Lif;éﬁﬁi:?;ﬁ:smm

m S =[f] #ianode spacing center-to-center in
m

d = fI#% H #£anode diameter in m

L R A 5 ) AT

CP 3 Case &% faF—Sept. 2020| 15



B KT B A% B2 i e L
0.00521 4L2+4LVSE+L2 5  WsZygz
Ry = [ P]Pn[ . |+—~— -1
L ds L L
Where

Ru = resistance in ohms

p = resistivity in ohm-cm

L = anode length in feet

S = twice the anode depth in feet
d = anode diameter in feet

OR
412 +aLV 52412 s V52412
Ry = i%ln : +-— -1
2nlL ds L L

Where
Ry = resistance in ohms
p = resistivity in ohm-m
L = anode length in m
S = twice the anode depth in m
d = anode diameterin m

2 FUKT PR ) e b L

Where

Rt = resistance of multiple horizontal anodes in ohms
F = Anode Interference or Crowding Factor

Ru = resistance of single horizontal anode in ohms

N = number of anodes

FHAR B ART-30 (3R %) ANODE INTERFERENCE
BETWEEN ANODES (Crowding Factor)

F=1+ [n0.66N

SRy

Where
F = Anode Interference or Crowding Factor
p = resistivity in ohm-m
Ru = resistance of single horizontal anode in ohms
N = number of anodes
S = distance between anodes in m

CP 3 Case
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4% 1 5%, B8 45 1) FE P CALCULATE PIPE OR CABLE
RESISTANCE FROM RESISTIVITY

(Pouillet’s Law)

R= pL/A
Where

R =resistance in ohms

p = resistivity in ohm-cm

A = cross-sectional area in cm?
L=lengthincm

B H% % WENNER SOIL RESISTIVITY

p =21 AR

Where
p = soil resistivity in ohm-cm
A = distance between probes in cm
R = soil resistance in ohms {instrument reading}

OR

p=191.5AR

Where
p = soil resistivity in ohm-cm
A = distance between probes in feet
R = soil resistance in ohms {instrument reading}

I
ATTENUATION
a = \."ITQ
Where
a = attenuation constant
r = longitudinal resistance of structure in ohms
g = conductance to earthin S
r = RLAS
Where
r’ = specific leakage resistance in ohm-m? (ohm-ft?)
R L= average total leakage resistance in ohms
As= total surface area in m? (ft?)
R; =
Where

R¢ = characteristic resistance
r = longitudinal resistance of structure in ohms
g = conductance to earthin S

CP 3 Case
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R HE I ZE E AC CURRENT DENSITY 7R 7] P BEL EiL S %l 8 B £ [958 IEINPUT IMPEDANCE MEASUREMENT CORRECTION

7 V(1 -K)
AC prd Etrue - I
1-K-t
Vi
Where Where -

iac = AC current density in A/ m?
Vac =ACVoltsinV
p = soil resistivity in ohm-m
d = holiday diameter in m Ri = lowest input resistance in chms
Rn = highest input resistance in ohms
V| = voltage measured with lowest input resistance in V

1R FE ¥ ¥ TEMPERATURE Vh = voltage measured with highest input resistance in V
CONVERSION

Etrue = true potential in V

. . . R
K = input resistance ratio =

o = > (°F 370 BB MY EY B KE T HLENGTH OF BARE
c= ; ( - ) STRUCTURE RECEIVING PROTECTION

9 o .
F= (0 +32 L = 2d tan 60°

Where
d = perpendicular distance between anode
2 I MR B #5 3 REFERENCE ELECTRODE and structure
TEMPERATURE CONVERSION

. _ . L = length of structure receiving protection
E - EZSDC}[.‘)‘HE + !I\'t(T - 25 c)

E B4 BT BARNES LAYER
Where
R _ RIRZ
K¢ = temperature coefficient in mV/(°C) L2 — (R;—R,)
E:=reference potential at temperature T in °C (SHE)
Where

EZDSDC;,SHE = reference potential at 25°C
R12 = resistance of layer 2 in ohms
R1 =resistance measured to depth S; in ohms
R2 =resistance measured to depth S2in ohms
LL=5-5%

CP 3 Case &% feF—Sept. 2020| 18



SRR
KIRCHHOFF’S LAW

Im

1i";rm — R_t

X E,

Where

Vm = voltage drop across the voltmeter
Rm = voltmeter input resistance

Rt = total resistance

E: = true potential

B4 A X, NERNST EQUATIONS

; . RT!I aM™
M — M? — - .'HT
Where nr @

Em = metal potential

Ev°= metal potential at standard conditions
R = universal gas constant (J/mol-°K)

T = absolute temperature in kelvin

F = Faraday’s Constant (96,500 coulombs)
@™ = metal ion activity

M’ = metal activity

n = number of electrons transferred

7 # 45 CONVERSIONS

EMF electromotive force - any voltage unit
Eore any voltage unit

\ volts

mV millivolts

uv microvolts

| any amperage unit

mA milliamperes or milliamps
pA microamperes or microamps
RorQ Resistance

1,000,000 volts 1 megavolt

1,000 volts = 1 kilovolt

1.0 volt = 1000 millivolts

0.100 volt = 100 millivolts

0.010 volt = 10 millivolts

0.001 volt = 1 millivolt

0.000001 volt = 1 microvolt

1,000,000 amperes
1,000 amperes

1.0 ampere

0.100 ampere
0.010 ampere
0.001 ampere

0.000001 ampere

1,000,000 ohms
1,000 ohms

1.0 ohms

0.100 ohm
0.010 ohm
0.001 ohm

0.000001 ohm

1 meter
1 meter
1 inch

1 foot

1 mega-ampere
= 1 kiloampere
1000 milliamperes
100 milliamperes
10 milliamperes
1 milliampere

1 microampere

1 mega-ohm
1 kilo-ohm
= 1000 milliohms
= 100 milliohms
10 milliohms
1 milliohm

1 micro-ohm

100 cm
= 1000 mm
2.54 cm

30.48 cm

CP 3 Case
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1 A/ft2

1 acre

1 Ah/lb

1 bbl (oil, U.S.)
1 bpd (oil)

1 Btu

1 Btu/ft2

1 Btu/h

1 Btu/h+t2

1 Btu/hft2°F
1 Btuin/hft2-°F
1 cfm

1 cup

1 cycle/s

1ft

1 ft2

1f3

1 ftibf (energy)
1 ftlbf (torque)
1ft/s

1 gal (Imp.)

1 gal (U.S.)

1 gal (U.S.)/min (gpm)
1 gal/bag (U.S.)

1 grain

1 grain/ft3

1 grain/100 ft3
1 hp

1 microinch (pin)

1in

1in2

1in3

1 inlbf (torque)
1 inHg

FEJR P AH < HH AR P 3 L ISR 15 A il AL B 6t

=10.76 A/m2

=4,047 m2=0.4047 ha
=2.205 Ah/kg
=159L=0.159 m3

=159 L/d =0.159 m3/d
=1,055)

=11,360 J/m2

=0.2931 W

= 3.155 W/m2 (K-factor)
=5.678 W/m2K

=0.1442 W/mK

=28.32 L/min = 0.02832 m3/min
=40.78 m3/d

=236.6 mL=0.2366 L
=1Hz

=0.3048 m

=0.0929 m2 =929 cm?2
=0.02832m3=28.32L
=1.356J

=1.356 Nm

=0.3048 m/s

=4.546 L =0.004546 m3
=3.785L=0.003785 m3
=3.785 L/min =0.2271 m3/h
= 89 mL/kg (water/cement ratio)
=0.06480 g = 64.80 mg
=2.288 g/m3

=22.88 mg/m3

=0.7457 kW

=0.0254 ym =25.4 nm
=0.0254 m =254 cm =25.4 mm
=6.452 cm2 = 645.2 mm?2
=16.387 cm3=0.01639 L
=0.113 Nm

= 3.386 kPa

1 inH20

1 knot

1 ksi

11b

1 Ibf/ft2

1 Ib/ft3
11b/100 gal (U.S.)
1 1b/1,000 bbl
1 mA/in2

1 mA/ft2

1 Mbpd (oil)

1 mile

1 square mile

1 mile (nautical)
1 mil

1 MMcfd

1 mph

1 mpy

1oz

1 oz fluid (Imp.)
1 oz fluid (U.S.)
1 oz/ft2

1 o0z/gal (U.S.)

1 psi

1 gt (Imp.)
1qt(U.S.)

1 tablespoon (ths)
1 teaspoon (tsp)
1 ton (short)

1 U.S. bag cement
1yd

1 yd2

1 yd3

=249.1 Pa

=0.5144 m/s

= 6.895 MPa

=453.6 g = 0.4536 kg
=47.88 Pa

=16.02 kg/m3
=1.198 g/L

=2.853 mg/L

=0.155 mA/cm?2
=10.76 mA/m?2

=159 kL/d = 159 m3/d
=1.609 km

= 2.590 km?2

=1.852 km

=0.0254 mm =25.4 ym
=2.832 x 104 m3/d
=1.609 km/h

=0.0254 mm/y = 25.4 um/y
=28.35¢g

=28.41mL

=29.57 mL

=2.993 Pa

=7.49 g/L

=0.006895 MPa = 6.895 kPa
=1.1365L

=0.9464 L

=14.79 mL

=4.929 mL

=907.2 kg

=42.63 kg (94 Ib)
=0.9144 m

=0.8361 m2

=0.7646 m3
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Rt 52 L BREHRR

2 AR AL AR IR R E

L B @ BEERY
SR 25°C (mV/°C)
(V/ske)

Cu / CuSO4 (CSE) Sat. CuSO4 +0.316 0.9
Ag / AgCl (S)) (SSC) 0.6M NaCl (3%:%) +0.256 -0.33
Ag / AgCl (LJ) (SSC) Sat. KCl +0.222 -0.70
Ag / AgCl (LJ) (SSC) 0.1N KCI +0.288 -0.43
Sat. Calomel (SCE) Sat KCl +0.244 -0.70

Zn (ZRE) Saline Solution -0.79 -

Zn (ZRE) Soil -0.80

SJ — solid junction LJ — liquid junction
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e
A
CSE +0.316 = a =
0.06V
SSC(S) T~ 0.256-1- 2072y
SCE + 0.244 = £
(SJ) = only solid silver chloride (AgCl)
SSC(U) + 0.222 over the silver wire.
0.80V
0.740V 0.728V (L) = a silver wire surrounded by a
SHE T 0.0 concentrated solution of KCl.
1.116V
X© / xn+ S| F—— Yy _ ! ______ \ 4 A
A
0.316V
ZRE | 0.80 A/ X
v
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Theoretical Consumption Theoretical Typical
Rate Capacity Efficiency (1)
kg [ A-y Ib. / A-y Ay [ kg A-y [ Ib. %
Magnesium 3.98 8.76 0.250 0.114 50
Galvanic Anode
. Zinc 10.76 23.50 0.093 0.042 90
Material
Aluminum 2.94 6.49 0.340 0.155 B83-95
.
Graphite / Carbon 0.1to 1.0 0.22 to 2.2 10.1 to 1.0 4.5 to 0.45
Impressed Current - —
High Silicon Iron 0.25to 1.0 0.55to 2.2 4.0to 1.0 1.8 to 0.45
Anode
Steel 9.1 20 0.11 0.05 90

MNote: Platinum clad and mixed metal oxide coated anodes are quantified by thicknass of the surface film rather than by weight.

(1) Efficiency of galvanic anodes is dependent on the anode current density.
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TYPICAL POTENTIAL-pH (POURBAIX) DIAGRAM IRON
IN WATER AT 25°C
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IONIC SPECIES ARE AT ACTIVITIES OF 10 AND 10-6
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