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The Polarization Potentials, the Required Electric Power and
the Optimum Condition of the Steel Piping To Be Protected
by the Cathodic Protection Method

Kim Wonyeong
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Abstract

In the cathodic protection method, the arrangement of anodes should be made so that polari-
zation potentials lower than protection potential may be maintained uniformly if available on
the surface of the whole metal to be protected. To do so, it is desirable to increase the number
of anodes. The number of anodes, however, is to be limited due to the cost of anodes and
their installations. Especially, the polarization potential distributions under the impressed current
method using several number of large capacity anodes are less uniform than that of the galvanic
anode method, Therefore, the polarization potential distributions and the required electric power
for corrosion prevention are more affected by the anode location in the impressed current method
compared with the galvanic anode method.

In this paper, for the cathodic protection of a steel piping in water by the imp‘ressed current
method installing two insoluble anodes, the author has interpreted theoretically and experimen-
tally the effect of the anode location on the polarization potential distributions and on the requi-
red electric power for corrosion prevention. The author also has obtained the empirical formulae,
determining the optimum condition of cathedic protection.

The results of this research are as follows:

(1) In the range of specific resistance of water 960~4800 Q-cm, the cathodic polarization
potentials on the steel pipe surface can be calculated by

E:=E’.cos ha(50 - —-slq—x)/cos h50

= Elscos h{[2/ PD7ID' = D-2071/ v B |(50-L-+)}

+cos h(100v/P.D/{D*—-(D-2¢)*}/vR] (mV)
EJ =[1.7667/{log (50k) }******]{, — {146. 4624/ (50 h)"5%¢}
+0.0083433(p—1950) (mV)

v R x10%= (1. 38694 + 0. 1306) '—5?—x+ 629. 7737 h+156.1420 (Q'*-cm)

(2) The required voltage of power source for cathodic protection can be determined by
Vo.=1I1.(1. 3531444 — 2. 3980884 log log I.) x {0. 0723 +0. 0144 log (504) }
xpx10-*+1.8 (V)
L.=42Dli,x10-* (mA)
and the required electric power for cathodic protection becomes
P=V.I,=1*(1.3531444 — 2. 3980884 log log I.)
x {0.0723+0.0144log (50 A)} X px10-*+1.85L (mW)
«3) The higher the specific resistance of water is, the greater is the effect of anode location
on the required electric power for cathodic protection.
(4) In the range of 960~4800 Q-cm, the higher the specific resistance of water, and the
smaller the protected area is, the greater is the height rate of anodes for the required

minimum power.
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Nomenelature

X =distance from drainage point to measuring point (cm)
D =outside diameter of test pipe (cm)
t =thickness of test pipe (cm)
L, =total length and a quarter of it of test pipe (cm)
E., E', =pclarization potential at drainage pcint under specific resistance of weter,

1970 Q-cm and arbitrary specific resistance of warer (mV)
E« E: or E =polarization potential at distance x and / (mV)
B =e¢xzernal current {mA)
1. =cC.rrent in test pipe at distance x (mA)
iLoor J verage current density on test pipe fmA/m?)
Tx =current density at distance x {mA/m")
A =current density at center between anodes on test pipe (mA/m?)
R =surface resistance of test pipe (Q-cm)
w =surface resistivity of test pipe (Q-cm)
7 =resistance of metallic pipe per unit length (Q2/cm)
O =resistivity of test pipe : (Q2-cm)
a =attenuation constant (cm-1)
H, h =distance from centar line of test pipe to anode and its height(distance)

rate(H/!) (cm)
Ve =vcltage of electric power source (V)
o =specific resistance of water (Q-cm)
R,u =total circuit resistance Q)
i =protzcted area coefficient
P =celectric power for corrosion prevention (mW)
P omin. =minimum electric power for corrosion prevention (mW)
Toomin, =minimum current density for corrosion prevention (mA/m-)
R, =resistivity of pipe coating of test pipe (Q-cm)
R, =leakage resistivity of test pip: (Q-cm)
r: =radius of test pip: (cm)

7, = imaginaryv effective distance of resistance under water (cm)
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Fig. 1. Polarization potential on the pipe protected by cothodic protection
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M =
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FUHEIITS w(Q-cm) el Syl
dl:jdx= - E:/w (2+2)

w=R/zD (2-3)

¢ weh B2l R L(mA) = dx el 4 dE:-(m\V) & GrsEE 47
W FEE AR RIS p(Q-om), 1 B Aelie] HHIEIHE r(Q/cm)et =

dE.= ~Lf:dx /T (D'~ (D-21)") @4
r=0./7 D'~ (D28 2-5)

o] H=, wehA
dE:= —Lrdx (2-6)
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ol K=t (2-0)RT 2 B Ay

@’E:/dx- = —rdl:/dx 27

ol Hx (2:2)#% 2-NRAA g RE A&},
d'E:/dx = (r/w)E:=a’E: (2-8)
%, v r/w=a 29
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E.=Acoshax+Bsinhax (2-10)

Peviro o LR Eo, ¥ PHETRIS sBi(x=09) WLV E Eo 2t sk

BigE I

(1) x=IlelA E:=FE., dE:/dx=0

(2) x=00lA E:=E, }0“4

A=FE.coshal, B=—E:sinhal
E.=E:.cosh(i-x) (2-11)
o &k, (209 £ $1 KA
E.=E.,/cosh al
ol =, wiebA F GRS S BEMLAMK-S
E:=E,cosha({l—x)/coshal (2.12)
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Fig. 2. Polarization potential on the pipe protected by cothodic protection
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Fig.3. Schematic drawing of experimental equipment( 1)
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Table 1. Qualities of water used for the experiments

Water Total hardness [Total alkalinity{ Chloride Specific Specific
temp. pH pPpPm as ppm as ppm as resistance gravity
C CICO3 C;CO; Cl- Q-cm
25
28 6.2 66 ’ (p=0) 106.5 ‘ 1950 4 1. 0015
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& PAgaEtelch. o =9 REME HAEME —680mV(SCE)ol sl
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2.8 sq gREM7H -680mV(SCE)HA ot ARBEA HHMENRE 125mA/m = EES)
a8 2058 ¥ SEEMT RED F £%Y HEELE MEHADL AE] B Td: BEL
¥ BY HEHE A

£ WG #K(10°CAA 28 Q-cm) ¢} ik (10°Cel 4 7000 Q-cm) & FEE BEAAA 28~
4800 @-cm FEES) BFEY Ftol SA MEIS S, R & KERKY KA RREEY HRE
fiz7h —680mV(SCE) = M= A B4 71dal & BESI 20 ool £WY LEEMLE WE
3o,

33 XBER(D N XBAZE

3-3-1 BHEKE

BRER (DS (D), (DA #FY8 XKERRY WES mostn, HHnmEY #mmd =
2 WREEY HEEEY BBRAS ME] 48 £Ed. o BHdA: BHR(])AA FES
ARME o] BEAHMY T RBBE S RiBNJons AL BEEEASE EAE (Bm
Zel x12m #Ex2m Zo] ) FAS L.

REMEFe s EARTEOIA AF 3.4cm, $7 0.32cmo]l 2 do] 2400cm(ERBH) & 2
< AW Fo] 1200 cm(HEIARA )Y BE I KAEHE (KS D 3507-SGP)2 iRiBs o REME
< ML REEEE RREBE()AAG o] gk,

o] KRB E FHEMHBES RBMEY 1/4 0% 2 34204 WEY hLES e 2ol (%
el A A WEY F JUEE REIG D, AETES ABRPETN Bd Fo] HALE B
BAZ 5 JES Sod ATHEE BR(DAA FAT AS3 2oy £ETES AH ffust
ZAERS FAS Y.

@ Water tank @ Test piece
® Pt-insoluble electrode @ Electric power source
® Reference electrode(SCE) ® Potentiometer

Fig.5. Schematic drawing of experimental equipment( 1)
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Table 2. Cathodic palarization potentials?i =150 mA/m "
i HZL OB Ly pxlo o x 0 10 20 30 10 50
| Lo o0g 171 151 136 128 TS
025 8 15681183 10 !
| U7 208 o 207.0005  207.099% | 2079301 207,901 | 207.990
: M s 159 T 135 130 120
0,577 7 058 [10w 9 <10 ‘ 1
! ¢ 180 179.00996] 1790901 {79.9992  170.4990 | 179. 9989
N 170 155 145 [ 28 134 134
o [ T O TRUN |
v 170 169, 9995 160.9991 | 169.9997 14,9990 169. 9989
' 149 R I N 1y 124
oG 6270 G2 6 o ‘
¢ 160 3000005 1 17000993 179 9907 1509930 159, 9989
‘ A 155 15 150 135 1 133
L 600 0L 310
! ¢ 153 152.9906 13200991 200992 152 9990 152.9990
A 144 129 135 133 R 132
P0 5T G310 ; i : : 3
Cool Mt | 1430095 | 13,9991 143.9992 1439990 | 143.9990

* M: Measured polarization potentialy (-mV) C: Calculated polarization
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v E x10°= (1.3869 & +0.1306) —slo—x+629. 7737k +156.1420 (Q/*-cm) (4-11/)
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HBRADAA EhEf7F 320.28mA (=125 mA/m*) € = % F9 Hifitel =9 #TmEMe
REPMWRES WL BEEIHS 9 HRR o2 T S nE 13 Table 49 Firsh
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Vo=LR,xx1074+1.85 (V) (5:1)
Ron={(V.—1.85)/L} x10° (Q) (5-2)
RO AN Fistebnie] Eolot 2PipEHel o st FIELIEL Table 35 gorz o
(5:2) el RAZHS RPPREIFIKHI 1 FI(EE kshel Tableds) 7o) ok, Fig. 16> Table
4 H54¢ BRE Aol
Table 3. Relations of V., to /& and I,

oo lmA) 17.08 21.35 25.62 29.89 34.16
12.5 18V 5.6 6.3 6.8 7.7
18.75 1.9 5.65 6.35 7.0 8.0
25 1.92 5.7 6.45 7.2 81
37.5 5.0 5.9 6. 48 7.3 8.3
50 5.1 5.95 6.5 7.4 8.5

Table 4. Relations of R,x to # and I. .
o —mB 17,08 2135 2562 2089 3416 Mean Ron REY
125 | 127 wse 36 s 1712 1717 | 109
1875 | 1.z 177 1756 122 180.0 176.9 [ 1.273
5o | e s i 5 1789 1829 1802 | L7
7.5 | 1844  189.6  180.7  1s2.3 1888 1851 | 1574
5.0 1902 1920  18L4 1856 1946 1887 1698

Fig. 16 ol 93t R.u & log(50h)o] Hfistrm s
R,n={A+Blog(50k)}p=Ap+Bplog (50 )
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=C+D log(50hk) (5-3)
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=(C/p=141.03987/1950=0. 0723 (5-4)
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Table 5. Relations of V, to L(p=19500-cm, h=0.5)

main T.P.

test piece of exp. (1) ’ aux, T.P. of exp. (1) &_j main T. P, of exp. ()
i,(mA/m?) 125 l 50 75 100 125 : 75 100 125 175
I,(mA) 21.35 64.05 96.08 128.11 160.14 " 192.2  256.2 320.28 448.38
Va(V) 5.8 10.5 12.8 15 17 | 19.5 22 25 28.5
prot.area(m?) |  0.1708 | 1.28112 | 2. 56224
\.
1.0}
o.8}
0.6- ~.
- : ~.. ]
| s
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- \‘\
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T N T - R S R X R v P
— loglog L,

Fig.17. Relaticns of f to log log I.
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rET. olAL RPHEKLLE ke
f=—2.3980884 log log I -+ 1. 3531444 (5-11)
B, (6-1DKE (5-10)Kei LA BEEEY FiETEY ®HA-S s 2ol HEL.
Ve=1,(1.3531444 — 2. 3980884 log log I.,)
% {0.0723+0.0144 log (50 1)} x px 10-*+1.85 (V) (5-12)
p=1950Q-cm & = ¢ JFEERES FPEel N (5-12)R S FEIMEY £ [ Table 73 2
ol Z3% LIAY-E vebiieh. =& 0=1050, 1400 ¥ 1950Q-cm 9 % A9, MR ERE
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b

weta WEEES FIEGHIP)Y BRALS (5-12)K3 (5-8) e 4]
P=V.L=1(1.3531444— 2. 3980884 log log I.)

x {0.0723+0. 0144 log (50 k) } x pX 10~ +1.85L, (mW) (5-13)

L=4zDlisx 107 (mA) (5-14)



Rl AR MEES VBB FE BMEM 2 REHEGES BT BR 25

6. WaEPH MY
4wl werd MY BASD A UmwnE db e %
f})}(\}ﬂ’m?ﬁ? ]

Ely] st e 2 Kol A+

NG BRI & el A
Ol b,

17

E}U{ L}lnL ’1"] Uf"ln&k-f I}
A pipdskis ¢ iBEsl = PiRL T
P (77 — 680 mV (SCE)o] @ Arjigivel Bifgd ] $lsl A& Hel= T

JE R kel et S8R T

R M P U Sc i g B e

~770 mV** =" (SCE) o] 31
WS ABRATS rjutio]l Thast Aol Bagrtus ook T
==-770—(-680)=-90 (mV) (6-1)

(4-17) el x=1-5% fLAsHH
= E',/cos h(100V p:D/{D*=(D=28)1/v'R] (mV) (6-2)

kel A HE S (1)Kl x=1-5 (AR A
v R x10°= (1.3869 2+ 0. 1306) 50
(6-3)

+629. 7737 h+156.1420 (Q*/:-cm)
o] H I ES - (4-18) 1A T
E./ =[1.7667/{log (50 A) }***% Jio— {146. 4624/ (50 ) ****)
(6-4)

+0.0083433(p—~1950) (mV)
9= Y Foldke Kb AHAE

(5-13)itoﬂ*1 P g pS RS KT
iR T o7 s P R R )

e s e (6-1)~ (64, L1 A
0o b S k3T GORAA LE KT HE
P _ o yiaiEikl A RS p KTEHES

oLoegd o
figh < o) = PHES] Fol o] ®lwh. o] & e Vool I & kb ool Eops s (BEHEE i
W & pifasilES fUASES Bl A i

< gEHIE

2 Aojeh, e rp o) GHIL-X H AR

R L R i

ol & NI ITE

i htol
ek (5-14)30 ¥ (5-13)AE WA i P SE B2/l A A

l.u\rmn)g}"c"] j}ﬂ'ﬂ I\.
iy = (47D 1o X 10797 {1, 3531444 — 2. 3980884
log 10g (4 7D1 ioimn, x 107)} + [0. 0723 + 0. 0144 log (50 )
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Fig. 20. Relations of P to h(p=2000 Q-cm, T.P.:2.72cmD. x0.28cmt x4/cmL.)
0.28cm 9 fEA&S A% L=200m HELITFol=Z o g AT MBS g A& BERY
AEE 100m LTE dtdeof o,

2 BB FIYECl Y Wikl 2 AshdlA REAI(B0EM) peass & HAde HME
BRI EEE BiEhTe] 1000~5000Q-cm 3 & T ()Y HMEd A4 E 10~20mA/m?
(o] & BeEA ] ZRMMREE H)olx e HIEHHE(1000~50002-cm) 8 Kol A& 30
~60 mA/m! FBEE BT gk 2 KARAAEL 10 ALF 2BREE e uk!
A BHEREEE £6 LR 39 6~1259 2~4 157 £ 125mA/m* 2 FAFG LR o R
BEEE RRHEY MEER HTHEEEL 35 6~1247 2, 2182 KP#EL A+e 2~
4157F £ RERME/HA @0 I 2, MTERERE Fohas) 2o+ EztaE Hol=E
T A% FEMBREE- 2mA/m W TFolne REMES HEE 60 £ES & BEM.
Hol AR FRAAA 5 oz 441,
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7. EFGFERT FRRRBRA LE
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Fig. 21, Polarization potential on the pipe protected by Cathodic protection
o pEHEHLE 2 sk wh el A M 2R YA GLAF AEe LHOErEESE o
o] sAYe ARel AA —gehdT HES F ol 3 oo ydtelm ok
ol Al it Fig. 215 el FRS 1/44ELSH 37443 hel o (RIS HESEL [k
L=41%2 51 geehnel Hle x=0d = E.=E,0l T x=09 ® E:=E (dE</dx)i=0 %] i¥fi
oA ohgst el FnE T
E:=E,cosha(l=x)/coshal (71

Ie=(E./ v ruw)sinha{l—=x)/cos hal (7-2)
o= FE. covhal (7.2)
o= lE. . wanhal T4
4
joo= Ly ruw cut h af {7+
il ts T4
gl Y [N e T g R 10700 enn, et
& 1880 i1-on o SEARED RO -om
P K i
T
of @ 7 My mellomn UL VEL NEBEUID
13 5 10‘“
bl e =4 302201077 Qe
v (1.7, - (1.38)°} ’
ol Hluh WEEGHL 6 Aon LTS WUER L.=5367 0 () Plelerd

Rs=(p/2=)In(7./7,) Sp(Q-cm) = 1950 (2 -cm)
el A3, Y GEESH R, - AR 50-m U EEe BE By dol (em) i BBUEHL
R.=(5%10")//3.14x3.4)=4683.4 ‘Q-cm)
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o=, =e}ha
w=R,+R:=4683.4+1950=6633.4 (Q-cm)

ol=}. Efy Zeo](cm)Y MPFEHEHE
a=yr/w=y (€ 3622%10~)/6633.4=2.564x 10~° (cm-1)

o] I

Vrw=/ 6633.4x 4. 3622 X 10°=0. 170106 (Q)
ol RE BiMERBEEL 125mA/m° @ o o] FsFe] wHA (7-5)K 2 E & H5% Table 63 2
o},

Table 6. Polarization potential at the drainage point calculated by the
already-accepted former formula,

#(cm) +LmA) | a¢ | cothat Eo(mV) Remark
50 6.6725 0.00128 781.25 886. 74 -
100 13.345 0.00256 |  390.63 886.75 -
! measured E,=120~
600 80. 07 0.0 6501 885. 46 o)
2000 266.9 0.05128 | 19.52 886. 23 -

10000 1334.5 0.2564 | 3.99 905.75 -

of Kol & E 9 RMfEE BES Tolzkd =} 120-~170 (mV) <l 5] 3k Table 6 & -
T a5~ B2EClY 1¥EE B9 HES 9% ERR((7-5)R) L REETL A9 BE
RiTe] AmUEM RAES] 359 o] MEVMBRBE 10~20mA/m’ UXY ezt BHT
A< ¢ 5 de
e (T-DRY Eool RRUEE EAsS BUAME SHEn AFiwel 98 BRafigBLl
S3tel WUATE HHT A& W3 Kk Table 991 2ok, o] Kisk Table 9] < 3hl HpIfH
AR XA BREAMHERCDL %3 BHANY APE BHXd J8 R BLH
fic el golFe] 1.0 Aol AY Ax WMBMAHIE A9 o, kil gopiss
ARG EA A% e HAfE] Hohel 2R 238 ANG. zznz ERHERS A7 1.0,
REZ T F 5o Rt HRE E/ ¥ FAYA FIAYE $ ooz e 425
C.L. Wilson'e] 9 3l5d [R@E Lol MAE BEHEE BEoZ LN A 35k KHA
Fotn BEsd HEERRE R e BEY BBAEE KT oo, ol oy BE@Le
2E BEAA Y RIGEREE a2t 3, F BEMS A LE 24 @ o PHBREE T S
T IBERY RREEY BREE Iv o & oS B Razdtn ®EHs 9o
4/du=+1")31/21 77
(TDRA 47469 B2 1=1/V7Q Helx o A e folFe vZE Hd,
4/ 9 3tel Bbhzte AL 2AMEKY BIE Fie KF%EY P= Vil ol X9 L9 &g .
g A7edA Lot g o = Pl BhE SAE g0 KA SR &3 o,

+
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S mmThE el fpdEse] WA S el B 2 AE ol fpiitel o F 2 Eefell i A
¢ —5% et

Sl REIEe] € &b (PRI EO (pachToshh whE Epe) mom e Eold Bl m AT i
SiwEel webel gpias el vE7RS BRATAE] kLT, AMETarai B ow VAES @EYLHA

EA N e . o) o ooruly R=S 4 3
= ,5"4".—:} T S/]f?f - OF ]"}‘ FT IR

S. #5 =
shEpildiol o1& ke g Palabh piel A b (A sk BTALTE L) B i@kl i vel et
figeel A &8 fifme of o
D HEFS 2 MY R Ee R T S GiTEREIE oo FS AU 960~4800Q-cm

el A e e w QR o ole,

E:=FE.J/cosh a(SO — 579 x) © ¢cos had0

507 N

= E/ cosh{c2y ZD/{D— (D-28)-1/+ R2|50- x))

+cos h{100+/ @D/ (D~ D=2¢) j/~' R (mV)
E/=(1.7667/{log (50 k) ) *" o (146. 4624/ (500) " ")
+0.0083433(p—1950)  (m\)

v R %107 = (1. 38694 +0.1306) * ”5'/0 x

+629.7737h+156.1420 (Q*/'-cm)
2) EbhfN UWERES FIEWEEES MRS e e R RE S ol
Vo=1(1. 3531444 — 2. 3980884 log log I.)
x {0.0723+0.0144 log (50 /1)) x p > 107"+ 1.85 (V)
P=V.,=L(1.3531444 - 2. 3980884 log log I.)
% {0.0723+0.0144 log (50 2)} x px 10" +1.85L, (mW)
=4azDli.x 107" (mA)
3) s SrEiGE7E BE e Rl G 2 KRl ¥5% An, Wl 3. A
Fole 2oA aA et
4) BpENeL P 5 & BEY Bl €4 HiEHe] 960~4800Q-cm o iilel 4 &+
HARHTS @ hnel = Bindhs fmel Y =¥ mbREE R BingS #W s ol &‘D}.
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Appendix

Table 1. (Calculated potential/Measured potential) and the ratio(%)
[Protected area: (. 1708 m"’

L 10 | 20 u 30 40 ‘ 50
i1 106. 13 91.75 . L 77.78 76. 88
- (9. 1) ==ty LRt LB 000 3) - - (103,
‘ (99. 1) 105 (101. 1, 91 75 102. 3, o (103.9)
~- 11254 . 19935 80. 1 , &4.15 . 81.1 . &0. 62
el 1 2 y ) I ~ 4 , , A ; .
0.2375 11 [ TR 100 (991, s 92.9 &7 QU 50 98. 9, ) 1021,
)4, 6 93,57 80012 | & » 0D 8 0,62
s ORI s BT e nn S g [ B gy gy SRR gg g BRE2 g )
o ORTE g - 900R0 o WTUT LAY 8368 . 8L57
0.75 96 a9 7 1 99. 6 - ';\9 97, K i T68. 6, R (98,1 84 199.5)
90. 49 .. &7 oo 5 S 0T L “ 8364 L L . 82,43 .. 8u.88
10 af 0005 g8 a9 2 e Sy - g7 9% - 97 5 - o 98,6
L MBIE . L 10757 179 46 161,46 15212 150.36 o0
n o a9 G & TPt gy o LAY ag [ 0 40 06y
) 5 100. 7 78 100, & o1 (9] 4 1=0 (101, 40 118 (01,6
0. 375 L0 g 62T g o D568 0 o TIOR8 )y
N\ / 164 Y] 153
17 0= J170.95 oo 18308 o 1500 N LY ‘100 2
' ‘i 98" e (98,8 160 199.30 g (1003
075 CIRST6 oo 16082 o0 15866 o o TS o0
168 ‘A’9.ml 163 (98.6)! 160 (97. 9 161 98. 4,
10 (98 7 [GURIR - . 157. 34 o1 156,02 S i55.91 97, 4
U 169 JL(;/: 160 ur.]/} 161 3{).\,i 160 i
Table 2. [Calculated potential/Meusured potential) and the ratiol %)
Secondury experiment ([} protected area: 0.2135m
(1) protectad area: .1362m
l“\ RSN ¢ . "\' ! K ) i - -
P vemy o CT 0 10 20 20 40 50
™ i
. 1125 100072 0‘7_;1’: o 87 0‘; o HlAT?’;‘;AiW” L 83,94 .W.
U375 - (107 4 R 128 U g gy SR 20 r1an gy OF NG .
. ; i1 1.4 49 02,7 29 03,8 5 104. 9, 30 (105, A (106. 2.
P 95 8 91 36 ‘ 83,20 . 86. 19 85. 18 85,09 .
0 Wy LY . - 881 b 19, RN 2. ; . (100 e
B 05 10000, 90 1()1.0,; 4 101 4. 84 croz. Vg3 102. 6, g (103.7;
L1476 t129. 91 117. 49 109.53 '105. 43 104.79 ]
0.375-=22 0101 15 =0 2T (qom 95, 11749 15,1 109.58 , 105.43 10479, s
L ] O Y (102.3) 114 (103.0) 106 (103.3,‘ 105 (103. 37 08 (106.9
0. TO6. 45 Hi2sg oo 3&9_83 ¢ . _108.3 B 108. 15 99 0
96.1/3 116 k)..3,i o 98.0) 116 (98. 4. 109 £99. 2,

Table 3. Calculated polarization potential for the drainage point and the ratio of (E.'/E,)

[y - ‘ - ——— .. e

. 470 0 800 1000 - 1200 1950 2700 | 2800 \ 3000 | 3200 | 3400
.05 19490 15770 1593 1610 167.3| 173.5! 1743 1760 1777 1793
! 9250 (912 (95.2)  (95.2) (100) | (103.7) (1042) (105.2) (106.2), (107.2)
05 | 12435 1271 1287 1304 136.7] 1429 143.7| 145.4| 147,11 148.7

£90.9) (92,95  (94.2)  (95.4) (100) (104.5)° (105.1), (106.4)] (107.6), (108.8)

0.75 © 1205 1148, 11647 11814 1244  120.6  131.4 1 13311 1348|1364
(0.0 92.2); (93.6)  (94.9)) (100)  (105.0) (105.7)) (107.0) (108.3)] (109.7)
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. Calculated polarization potential ot
Table 4. Measured polarization potential and the ratio
(i»=125mA/m?, protected area; 2.56224 m®)
’ x(cm)
p(Q-cm) 0 300 600
. h
_159.8 113.8 102 7
0.25 155 ——(103.1) 110 €103.5) (104.8)
0.5 182 (95.7) 1096 (g6.1) 1‘1’300 (105.0)
1050 114
116.8 106.2 103.7_,
0.75 123 (95.0) 113 (94.0) 107 (96.9)
'109. 6 103.0 _101.5_
1.0 12 - (97.9) 109 (94.5) i oo (93.1)
162.7 115.9 104 6
0.25 165 (98.6) 113 -(102. 6) 103 ~—=-(101. 6)
0.5 1321 (g57) UZ.1 (191 9) 1074 (149, 3)
1400 138 110 105
119.8 108.9 106.4 4
0.75 120 (99. 8) 110 (99.0) ~108 (98.5)
112.5 105.7 /4= 104.2
1.0 {15 (97.8) i1 (95.2) 11 93.9)
167.3 119.1 /0 1075
0.25 170 (98.4) 118 (100.9) 05 (102. 4)
0.5 1367 (o7.6) 16.0_149 ) AL (101.0)
1950 : 116 0
124. 4 , 113.1 110.5
0.75 125 (99.5) 115 (98.3) | 113 (97.8)
117.1 3 110. 1 b 108.5
1.0 120 (97.6) 116 (94.9) 1 115 (94 3)
. . Calculated voltage
Table 5. The calculated voltage and ““Measured votlage x100( %
) ) In(mA):
h \ L1700 l 21.35 25. 62 29. 89 34.16°
lh=H(cm) .
{
0.25 12.5 4.78 (99.6) i 5.52 (98.6) i’ 6.25 (99.2) 6.98(102.6) _ 7.720100. 3,
0.375 1£.75 4.87 (99.4) 5.62 (99.5) | 6.38(100.5) | 7.13(101.9) . 7.83 (98.6,
0.5 25 4.93(100. 2) : 5.70(100.0) : 6.47(100.3) 7.24(100.6) ! 8.04 .(98.9,
0.75 37.5 5.01(100. 4) ' 5.80 (98.3) I| 6.59(101.7) 7.39(101. 2) ' 8. 18 €98. 6,
1.0 50 5.07 (99.4) ! 5.88 (98.8) | 6.68(102.8) | 7.49(101.2) ' 830 (97.6)
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Table ¢ (Calculated Veliaze/Mearurad ‘v’nlra‘:') and the ruriae
Sacendary ~xoeransal (4 ) pruieclea area; 9. 2125w
%) " v 01362 m
. ! - o e
experlment 0. 375 \ 6.5 ! 4.75
fs(mA/m?) o e o
| 5. 62 | 5.7 5.8
’ 100 ‘ 57 (98.6) i ”57."8' (98.3) 50 (98. 3)
! | i | 0 ]
\ A5 (90.2) 1 aon (98 2 2 s
) 4.9 5.0 5.1
6. 06 6. 14 6. 26
- ( 247 00 220 rgg
1 6.1 (99. 3) 50 {102. 3) i 63 99, 4)
Calculated voltage e
Table 7. \'ﬁéguriedﬁmigéﬁ and the ratio(%
(p=1950 Q-cm, k=0.5)
P _ e el
L(mA) { 21.35 | 64. 05 j 128.11 192.2 | 448. 38
Voo 5.92 10.36 15.1 18.93 L 29, 13 )
Vo QD] ! 5 8 (102.06) 10. 5 (98. 67 ———15 (101.13) 195 (97.07) . 98 ¢ (102. 21)
Table & %?l%g?::: \"Ooli:jj: and the ratio’ %
1 ‘320 ’B'nA proxeued area: 2. 56‘224 )
SmEm— e e - D .
Q.25 0.5 ; 0.75
pIQ cm) - | . B
13. 60 14.18 14. 51 PN
49. 0V IS i o A% 9 T3
1050 S (96.45) T (96,46 [ (95.73.
11..5Lr 3 ' _1_8 28 _JSA’T} ne
1400 182 196. 21 - (96. 21 195 (96. 10
9 oF o7
1950 07 108 3. 2474 195 95 ‘ -2l (g7 58)
24 25 26
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Table 9 Calculuted polarization potential and hieasured polarizatien potestial
) (fe=125 mA/m’, p=1950Q-cm,
T.P.:3.4cm D. 0.32cmt, 2400 cm L)

N 0 150 a0 l 600
TN .
Cr 170 ! 169.992 |- 169.085 ’ 169. 980
0.25 | C 1673 , B.7 L 191 | 107.5
M 170. . . 138 . 118 | 105
c | w 139. 993 . ' . 139.988 ! 139. 983
0.5 | C 136.7 124.0 B 116.0 : 111.12
M| 140 125 116 S 110
Cr 125 f 124, 994 124.989 ) 124. 985
0.75 | C 124.4 | 117.5 113.1 ! 110.5
M 125 120 115 ’! 113
Cr | } 120 AQ 119.994 119. 989 ‘ 119. 986
L0 | G 117.1 112.8 110.1 . ©108.5
M 120 117 116 f 115

¥ GCy: calculated polar. roten, ﬁy the alrezdy-accepted furmér fcrmulae,
C.: calculated polar. poten., by the empirical fomu!lae,
M: measured polarization potential,



