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5han cast iron, and that bronze splice cases with bronze connecting hardware
experienc, little corrosion. The interconnection of dissimilar metals (graphite
and splice case) resulted in the surface potential criteria being significantly
different from the standard CP criteria of either a —.85 volt surf acs potential
or a negative 300 millivolt shift. The revised criteria for an a1’ 4~~~ splice
case called for a surface potential of —.55 volt or a negative 409 millivolt V
shift, whereas the cast iron splice case required a surface potential of —.34
volt or a negative 510 millivolt shift. The revised surface potential criteria
and the procedure developed to determine the degree of corrosion can be used
on any underground metallic system with dissimilar metals.
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PREFACE

Thi. report wa, prepared by the Air force Civil Znqth..ring Center
(APCIC) , Tyndall APE FL 32403, under Job Order N~mbsr 20544C1S. Fi~a1technical review was acc~~~ 1i.h.d by DetactSRent 1 (cUDO) ADTC, Tyndall
APE FL 32403.

Effective 1 March 1979 CREDO and APCEC became directorates of the Air
Force Engineering and Service s Center , located on Tyndall APE FL 32403.
CREDO becam. the Engineering and Services Laboratory and AFCEC became the
Directorat e of Operation . and Maintenance.

This report s~~~ ar i.e. work done between November 1975 and March 1979
by Kr. Thomas P. Lewicki (APCEC) . Lt Robert 3. Gunning and Maj Roger 3.
Girard (CREDO ) assisted him with preparation of th. final report.

Thi. report has been r.vi.wod by the Information Office (OX ) and is
releasable to th. National Tscbnical Information Service (NTIS). At NTIS
it will be availabl, to th. general public, including forsige nations.

Thi. technical report has been revieved end is approved for publica-
tion.
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SECTION I

IHTRODUCTIOII

BAcKGROUND

Several thousand cast iron splice cases were used when the Hardened
Intersite Cable System (HICS ) was installed between the Minuteman silos
during the l960s . Since then , several hundred splice cases premature ly
failed due to corrosion and were r.p lac.d with aluninun splice cases. The
alueinue splice cases also corroded , so bronze splice cases were used with
significantly better results. Howev•r , several thousand cast iron and
a]t inue splice cases are sti3~. in use and these will fail pr ematurely
unless a method is found to mitigate their corrosion.

me splice case corrosion failure, occurred because the graphite
iapregsat.d, polyethylene cable sheath on the MICE was electrically con-
tinuous with th . splice case . This interconnection of dissimilar
materials resul ted in severe galvanic corrosion of the splice case , since
th . cable sheath acted as a very larg e cathode . The only feasible solu-
tions to this problem would be to apply cathodic protection and to replace
the failed cast iron and alusinus splice cases with a more corrosion
resistant splice case , such as a fiberglass reinforced plastic splice
case .

Therefore , IIQ SAC requested that the APCEC conduct research to meet
the following test objectives :

a. Develop a procedure to determine the magnitude of corrosion
for cast iron and alusinus splice cases .

b. Deter mine th . surface potential criteria required to obtain
adequate cathodic protection for these splice cases.

Laborato ry tests were conducte d to determine th. magnitude of corro-
sion and to develop a techni que for determing the surface potent ial cri-
teria . The tests were ccopleted at Tyndell API FL using actual splice
cases furnished by NQ SAC. Sobsequent field tests were then conducted at
a Minuteman missile c~~~ 1ex near Whiteman APE NO to verify the laboratory
rasults.
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SECTION XI

LABORATORY TESTS

A. ANALYSIS

The degre. of galvanic corrosion occurring on th . splice cases d.pend s
on several variables , such as electrical potential between the anod e
(splic, case) and cathode (graphite ispregnated cable), soil resistivity ,
proximity of anode to cathode , and relative surface areas of anode and
cathode . In most cases the cathode area is at least 3000 times greater
than the anode (Figure 1) so the splice case will be subject to a high
density Cf current discharge . The majority of this current discharge
would logically occur where the cable enters the splice cas. which further
accelerates corrosion failure. Finally, the amount of current flow is
directly proportional to the electrical potential difference between the
splice case and the graphite ispregnated cable . Based on this, the alusi-
nus splice case should fail much quicker than the bronze splice case .

B. TEST OBJECTIVES

Several laboratory tests were conducted to verify the above analysis
and to meet the following test objectives for each type splice case:

a. Determine magnitude of corrosion.

b. Locate areas of mazimus current discharge.

c. Develop a method for determining the minim~a cathodic protec-
tion required. The method should be field usab le to determine sur face
potential criteria.

C. TEST APPARATUS

Field conditions were simulated by placing each splice case in a larg e
steel trough . The inside of the troug h was well coated to insulate the
splice case and cable from the steel , so that galvanic corrosion would be
confined to just the splice case and th. cable. The troughs were filled
with approximately 330 gallons of Water which’ was chemically altered to
represent the corrosive environeent for splice cases near Whiteman APR NO
(pM of 6 and soil resistivity of 1160 abe-cm) .

2
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SPLICE 19,646 s ft SPLICE 7,457 sq ft SPLICE
CASE A CASE B CASE C

29,766 ft 10, 653 ft
(8 inch circumference) (8½ inch circumference)

Notes:

1. Assume that Splice Case B is a 2 foot diameter ball whose surface
area is 12.56 sq ft.

2. If one half of each cable affects Splice Case B, then the surface
area of cable involved is:

19,646 sq ft + 7,457 sq ft 
— 13,551 sq ft

3. The ratio of graphite area to splice case area in this example is:

1,080 or 1100 to 1

4. In this case, the splice case will be subject to a high density of
current discharge.

Figure 1. Surface Area Ratio Example - Cable/Splice Case
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TABLE 1. OPEN CIRCUIT DR!VING POTENTIAL

Metal Volts Driving Potential with
________________ 

Respect to Graphite (Volts)

Aluminum -1.01 1.01 to 1.11
(Alciad 35)

Cast Iron -.68 .68 to .79

Bronze — .38 .38 to .48
(Composition G)

Graphite not listed, but 0.0
usually 0 to +.l

Note : Typical open-circuit potential measured with copper sulfate
reference electrode. (from AFM 88—9 , Chapter 4 , Table 4—2)
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The graphite impregnated cables were cur~ed around inside the trough
and kep t beneath the water surface as much as possible . Although this did
not provide th. same anode to cathode surface area ratios found in the
field, it was still considered sufficient to meet the test objectives
since mor. representative data would be available from the field tests.

The aluninun and bronze splice cases furnished for this test were new
and had two cables attached to them . In addition, the aluninue splice case
had an epoxy resin coating which appeared to be in good condition . The
cast iron splice case provided was used and had three cables . Figure 2
shows a typical test set-up using an aluninum splice case.

D. TESTS TO DETERMINE MAGNITUDE OF CORROSION

The cable sheath on the HICS consists of a copper shield covered with
graphite impregnated polyethylene. This sheath is normally electrically
continuous with the splice case but for this test the sheath was insulated
from the splice case. The cable sheath and the splice case were then
connected by a wire to regain continuity , and to permit measurement of the
galvanic corrosion current on each cable . The total corrosion current was
then calculated, as the sun of the currents from each cable returning
through the wires to the splice case . Figure 3 graphically shows the
galvanic corrosion current flow and measurement technique . Tables 2 , 3
and 4 show a sampling of the galvanic corrosion currents which were
measured for each of the three different splice cases. 1T may not exactly
be the total of I~~, I2~ 

and 13 because of internal resistance of the
a asmeter.

1. Cast Iron Splice Case. The corrosion current steadily
increased over a 90 day period from 3.25 to 5.23 milliampers (ma) where it
remained relatively constant. Corrosion damage consisted of generally
uniform surface corrosion with some isolated pitting.

2. Aluminum Splice Case. A startling result of the lab test was
the fact that the initial corrosion current for the coated splice case was
so high , since corrosion can only occur at holidays in the coating. The
initial corrosion current was 4.99 ma but it rapidly decreased to a steady
.10 ma within 20 days. Corrosion damage was confined to holidays in the
epoxy resin coating as evidenced by the white tubercule formations of
aluminum oxide which ar. visible in Figure 4. The high resistanc e of this
aluminum oxide is probably what caused the significant reduction in corro-
sion current . However , even this corrosion current caused substantial
damage , since all of the corrosion current was concentrated at the holi-
days . Figure 5 shows a pit 40 mils deep after only 60 days exposure .

3. Bronze Splice Case. Corrosion Current from the bronze splice
cas• was high.r than expected. The corrosion Current be tween the splice
case and cable sheeth started at 0.96 ma , increased to 1.99 me , and
settled down to 1.6 ma. Corrosion damag. to the bronze was not expected
to be significant since the galvanic potential between bronze and graphite
ii small.
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Figure 2. Aluminum Splice Case and Two Graphite Impregnated
Cables Positioned Inside a Coated Steel Trough
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MILLIAMMETER

A
- +

BOND WIRE
(See Note 2)

(See Note l)-~--...~~~ 
- -: 

...~_I3 CABLE #3

CABLE #1 I ~~~~~ 
CAST .IRON

~ 
SPLICE CASE

~~~~~~ CABLE #2

, -A
—~~~~~~,— —

Lêg~nd:

—0-h — Direction and magnitud. of corrosion current in Cable #1.
— Galvanic corrosion current from anode (splice case) to

cathode (cable).

• ‘T — Total corrosion current is 11+12+13
.

Notes:

• 1. Cable sheath is insulated from the splice case.
2. External bond wire electrically connects cable sheath to the splice

case and permits measurement of corrosion current . Other bond wires
were shorted to the case while current was being measured.

Figure 3. Test Set-up For Measuring Galvanic Corrosion Current
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TABLE 2. GALVANIC CUUZET MZA$VL TS_— CAST 1101 SPLICE CASE

Date of test I~ (ma) 12 (ma ) 13 (mm) L1~ (ma) Temp* (‘1

17 May 76 1.280 0.725 1.245 3.245 72

18 May 76 1.350 0.742 1.286 3.378 69

19 May 76 1.377 0.769 1.283 3.429 70

20 May 76 1.387 0.786 1.271 3.444 71

21 May 76 1.380 0.780 1.281 3.441 73

24 May 76 1.450 0.874 1.345 3.669 70

25 May 76 1.438 0.859 1.306 3.603 68

26 May 76 1.426 0.857 1.264 3.547 70

27 May 76 1.455 0.910 1.306 3.671 72

29 June 76 1.524 1.095 1.396 4.015 75

9 July 76 1.559 1.086 1.429 4.074 73 V

10 August 76 1.550 1.293 1.485 4.328 70

11 August 76 1.551 1.291 1.481 4.323 70

12 August 76 1.527 1.273 1.375 4.175 69

16 August 76 1.509 1.280 1.386 4.175 68

18 August 76 - 1.511 1.268 1.390 4.169 67

23 August 76 1.443 1.250 1.227 3.920 77

24 August 76 1.475 1.247 1.246 3.968 79

25 August 76 1.520 1.324 1.396 4.240 80

14 September 76 1.910 1.130 1.590 5.230 72

*Average temperature was 71.67’F.
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TABLE 3. GALVA1SIC CURRENT MEASUREMENTS - ALUMINUM SPLICE CASE

a

TEMP *
DATE OF TEST Ii (515) 12 (mm) ‘T ~~~~

3 Septe~~er 76 . 2.56 2.34 4.99 79

7 Septeober 76 1.13 1.10 2.23 62

8 Septeober 76 1.40 1.24 2.64 67

9 Septeober 76 1.46 1.29 2.75 68

13 Septeober 76 0.64 0.73 1.37 75

16 Septeober 76 0.99 0.86 1.85 75

20 Septeober 76 0.030 0.027 0.057 70

23 Septe~~er 76 0.051 0.053 0.104 74

*A,erage texperature was 71.25°F.
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TABLE 4. GALVANIC CURRENT MEASUREMENTS - BRONZE SPLICE CASE

DATE OF TEST I (ma) I (ma) I (ma) TD4P1 2 T (°F)

17 November 76 0.431 0.535 0.966 70

18 November 76 0.530 0.578 1.108 70

19 November 76 0.535 
1 

0.580 1.150 71

30 November 76 0.659 0.732 1.391 71

2 December 76 0.817 0.713 1.530 71

3 December 76 0.950 0.845 1.800 70

14 December 76 1.050 0.936 1.990 71
a

20 December 76 0.830 0.799 1.630 70

27 December 76 0.684 0.783 1.467 70

4 January 77 0.720 0.820 1.540 69

17 January 77 0.763 0.865 1.628 70

24 January 77 0.771 0.871 1.640 69 -

*Average temperature was 70.170F.
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- Figure 4. Corroded Aluminum Splice Case After 60 Days Exposure 
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Figure 5. Close—up of Corrosion Damage to Aluminum Splice Case
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However , bronze splice cases have failed in the field when the stainless
steel bolts sustained severs corrosion damage . This proble. of bolt
failure appeared peculiar to bronze splice cases only so additional
testing, as described in paragraph o, •.ction II , was acceeplished with
the fol lowing results

a. Most of the stainless steel bolts used on the first bronze
splice cases were anodic to both the splice case and the graphite ixpreg-
nated cable .

b. Bronze bolts were subsequently used but these had stain-
less steel washers and nuts which were anodic to th~ bolt and thus sus-
tained severe corrosion damage.

c. The bolts , washers , and nuts should be of similar material
and have a natural galvanic potential eithe r equal to or slightly more
positive than the splice case in order to minimize corrosion .

E. TEST TO LOCATE AREAS OF MAXIMUM CURRENT DIS~~1ARB

*The Earth Current Meter principle was used to measure current leaving
the splice case and flowing into the electrolyte . Although an earth
current meter was not available for the lab tests, the principle was used
by measuring two copper-copper sulfate half cell electrode s in the elec-
trolyte . one placed close to the splice case and one placed four inches
away . These electrode position s were moved radially around the splice -

case to find the area of greatest potential drop . In all three splice
cases , the point of maximum corrosion turned out to be the end of the
splice case close to a cable . Also , in every case , the direction of the
current flow in the electrolyte was away from the splice case , indicating
corrosion of the splic, case .

F. TESTS TO DEVELOP A METHOD P0k DITERMING THE MINIMUM CATHODIC
PROTECTION REQUIRED

The most accurate way of determining when splice cases az. protected
is to use earth current electrode s against the splice case at every splice
case location . Since these splice cases are deep , a surface potential
measurement above ground over th . splice case would save an enormous
amount of tim,, labor and equipment. This method was used both in the lab
and doring the field tests to develop surface potential criteri a for
splice cases. It should be recoquised that when this technique is used in
the field, the surface potential criteria will be valid only for splice
cases of the same material , buried at the same depth , and tied to the same
size , graphite- ispreganted cabl. sheath.

*Practical Applications of the Earth Current Me te r , by Burton
McCollum and K. H. Logan, Department of Co erce , Bureau of Standards ,

• Washington DC, Paper No. 351.

13

- . ~~~~~~~~~~~~~~~ ~~~j i~~
r- - - - - --- —~~~

,— .~ — -—  - — 
-
— ——-- 

* ~~~~~~~~~~~~~~~~~~~~Iq_ .T_ _
~~~ ._ . v—._~~

-.--------—- —— .---_-.._ - —



In the lab , cathodic protection was used to reduce the corrosion
current to zero at the point of maximum corrosion. Table 5 shows the
currents of the splice case , the cables , and the rectifier with the recti-
fier on and off. Also shown is the potential between I and 1

2 
and the

structure-to-earth potentials of the splice case , close inch above the
splice case ) and at the surface of the electrolyte (5 inches above the
case). Figure 6 shows the test set-up. Figure 7 shows the circuitry used
to measure the rectifier current.

Re ferring to Table 5 and Figure 7 , without cathodic protection the
galvanic corrosion current (i~ ) is equal to the sum of currents in each
cable (I ). When cathodic p~otection is applied , the polarity of
will rev~~se before the potential between the electrodes becomes zero.
Therefore, I is negative when corrosion of the splice case is stopped by
cathodic pro%ection, and I~ is aauch greater with cathodic protection
current flowing. When the re~tifier is off , the structure-to-earth poten-
tial decreases as the electrode is moved fart her away from the splice
case . This is because the potential is influenced more by the graphite
when the electrode is furthe r away from the splice case . The structure-
to-earth potential, 14? is greater than E3 when the rectifier is on ,
because the potential is influenced more by the ispressed current anode
when the electrod e is farthe r away from the splice case . Also , a poten-
tial drop caused by rectifie r current flowing throug h the electroly te
between the electrode and the splice case will add to the potential I4.

Influence from an anode bed will not be a proble m in the field since
the anode bed will be thousands of feet to miles away from the splice
cases. However, potential drop through the electrolyte (IR drop) is
always a problem when measuring structure-to-earth potentials, especially
on bare struc tures (req uiring high current ) in high resistivity soils .
The potentials measured in the field to develop the criteria will include
1k drop , these criteria will be valid only for the same type , size and
depth of splice cas~ in similar soil resistivity .

G. BOLT TESTS FOR BRONZE SPLICE CASES

Althoug h corrosion damage to bronze splice cases was insigaificant in
the laboratory , they have failed in the field when the stainless steel
bolts sustained severs corrosio n damage . This problem of bolt failure
seams limited to bron ze splice cases only , so additiona l laboratory
testing, as described in this section , was acccsplished.

Table 6 shows the structure-to-electrolyte potentials for the bronze
splice case , the cables , and each bolt . The set-up used to make these
measurements is shown in Figure 8. With the cables isolated from the
splice case (open circuit), the potentials of the cables with rsspect to a
C1~~o~ electrode were -0.038 volts and -0.040 volts and the potential of
the bronze splice case , with the electrode held at the center of the case
(away from any bolts), was -0 .085 volts . Potentials of the splice case
with the CuSo4 electodss positioned close to each bolt are listed in Table
6. These potentials indicate that , with the exception of bolts 2, 7, 9,
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TABLE 6. STRUCTURE TO ELECTROLYTE PCY1~~ITIAL MEASUREMENTS - BRONZE
SPLICE CASE , CABLE SHEATH , AND EACH BOLT

.

NEGATIVE OF METER CONNECT- POTENTIAL (VOLTS)
ED TO / ELECTRODE POSITION ________________________

CABLE SHORTED TO CASE CABLE ISOLATED FROM CASE

Splice Case! A —0.108 —0.085

Cable 1/ B —0.097 —0.038

Cable 2/ C -G.098 -0.040

Bolt 1/ Splice Case - -0.200

Bolt 2 (clean)/Splice Case -0.080

Bolt 3/ Splice Case —0.170

Bolt 4/ Splice Case -0.179

Bolt 5/ Splice Case -0.150

Bolt 6/ Splice Case -0.120

Bolt 7 (clean)/Splice Case -0.095

Bolt 8/ Splice Case —0.250

Bolt 9 (clean)/Splice Case -0 .091

Bolt lO(clean)/Splice CasE —0.086

Notes:

1. Negative of meter was connected to each individual bolt and the electrode
placed adjacent to the bolt for these measurements.

2. The surface of bolts 2 , 7, 9, and 10 were clean, while the other bolts had
a thin film of corrosion products on them.

3. These measurements were taken before the aix-month exposure test (Table 7).
4. See Figure 8 for the lab set-up used to obtain these measurements .
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and 10, the bolts are anodic to the splice case and the cables. Poten-
tials of bolts 2 , 7 , 9 , and 10 were very close to the potential of the
bronze case (-0.080 to -0.095 volts). Although thi, test does not give
the open circuit potential of each bolt, it does show whether the bolt is
anodic or cathodic to the splice case and the cables .

An exposure test was then conducted with the resistivity of the water
maintained at 1400 ohe-cm . After 155 days in the trough , visua l observe-

L. tion showed that the nuts or bolts 1, 3, 4, 5, 6, and 8 were badly cor-
roded and that bolts 2 , 7 , 9 , and 10 were clearly not corroded. Figure 9
shows the difference between a corroded nut (rnaber 1) and a noncorroded
nut (number 10).

Although the earth current meter requisitioned for this project did
not arrive in time for the active Lield tests conducted near Whi tman Afl
NO, it was used to detect which bolts were anodic and which were cathodic
around the bronz e case in the lab after the field tests were com-
pleted. The results of these tests show that although corrosion of the
bronze case will not be a problem , corrosion of the bolts de f initely will
be. Table 7 shows the voltage drop (I. ’) in the electrolyte adjacent to
the bolts . These volta gs drops are directly proportional to the corrosion
current that causes them . Only bolts 2 . 7 , 9 , and 10 were left uncorroded
after the splice case had been i eraed in water for six months . Both the
struc ture-to-electrolyte potentials (Table 6) and the earth current meter
readings (Table 7) could have predicted this . After 1½ years, the trough
was drained and the splice case was photographed. Figures 10 and 11 show
that corrosion caused coxplete disintegration of nuts 1, 3 , 4 , and 8.
Nuts 5 and 6 were also cospletely corrode d away.

HQ SAC has begun to specify bronze bolts with their bronze splice
cases to avoid the corrosion problem with stainless steel bolts. Two
bronze bolts from HQ SAC were lab tested for their corrosion resistance
with bronze splice cases . These bronze bolts were placed into an elec-
trolyte that was adj usted to a resistivity of 1000 obe—c.. Two sta inless
steel bolts from the bronze splice case (one corroded and one not ) were
also placed in the electrolyte . Potentials were measured between the
bolts , nuts , and washers to determine if galvanic corrosion could be
expected and which ones would corrode . Figure 12 shows the tests set-up
and Table 8 shows the results .

A corrosion problem should not be expected when bronze bolts are used
on a bronze splice case , but the nuts and washers that come with the
bronze bolts are stainless steel and will corrode.
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TABLE 7. EARTH CUU~~IT ~~~~~ TESTS AT BOLTS - BRONZE SPLICE CASE

BOLT NUMBER Ee ’ (volts)

1 +.240

2 +.010

3 +.240

4 +.162

5 +.340

6 +.090

7 -.007

8 +.2l5

9 +.OlS

10 -.006

Notes:

1. The Earth Current Meter Principal was used to determine which
bolts were anodic and which were cathodic.

2. Se ’ is the voltage drop between electrodes P and P . These
voltage drops are directly proportional to tile corr~sion currant
that causes them. For Example :

(R)(Ee’)(Icorrosion current (i) — SC

For Bolt *5, Se’ — +.340 volts
- E  — 1.15 volts

— 17.5 ma
R — 6.6 (constant)

Corrosion Current For Bolt *5 — (6.6) ( .340) (17.5) 
~~ ma/sq ft

3. See Figure 8 for the test sat—up used to get the data in this
table.

24

_ / 
- - ____



_ _ _ _ _ _ _ _ _ _  

I
H

4”llh/I/l/I////E . 4 1

0

‘iiiih//////iL iii j

I
e w e

0~~~~~~4 0
1 1 0 0  0 0 —4

.111 Il
ill/I/Ill/Ill/iC ~ I ~114~ O 0___ _., 1 1 M Wp

~I~~
a 0 . . .,

~2 — ri 5.

25

___________________ _______ ~ hL- - - - ---- — — -_na_p__ ___. ” - - - - -- - - - - .~~~ -~~~

—
~~ —- 

~
— — --- — — —-—— -.--—-— _____ —

~~~~~ 
—y----

~
---— - —‘.

~~~~~~~~~~
.— ---_ - 

~
-.— 

~ —-‘~~~~
--,l, --

~ 
---—-- — —. _~~~~

-. -.
~~~

-..-...- ---—- —--- _ _  — - — — -



TAILS 8 • 001108108 USISTANCE OF h ONES BOLTS
FOR 550HZ! SPLICE CASES

Mete: Connections 
— 

Potential (Volts)

a 0.0005
c a —0.380
c b -0.400
d a —0.0160
e a —0.006
d e 

- 
40.013

d b -0.001
a b .0.042
d (nut) e (nut) —0.4810
c (nut) e (nut) -0.0280
d (bolt) e (bolt) —0.1601
b b1 (washer) +0.1520
b b2 (washer) —0.3000
b - b

3 (washer) +0.2900
b b

4 (washer) 40.1880

Notes:

1. Electrol yte was formualted by adding chlorides to
water until 1000 ohm- cm was obtained.

2. Potentials were measured using a Digital Muliti—Meter
(polarity as indicated).

3. See Figure 12 for the set—up used to measure the corrosion
resistance of bronze bolts for bronze splice eases.

Legend:

a & b — bronze bolts
c • stainless steel nut from booze bolt (anode)
d — corroded stainless steel bolt fro. bronze splice case
e • non—corroded stainless steel bolt fro. bronze splice case

_ _ _ _ _  - - 
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SECTION III

FIELD TESTS

A. GENERAL

The earth current meter principle, which was proven in the lab , was
used to detect anodic areas along two splice cases in the field . Two
copper-copper sulfate electrode s were used to make measure ments on an
alusthus and a cast iron splice case at a missile complex near Whitsman
UB , M O. Figure 13 shows a portion of the hard ened intersit . cable
system. The outer cable circle has a diameter of about 10 miles . £11 of
the cable sheaths are electrically connected to themselves and to the
underground steel structures at the missile sites. Therefore, any catho-
dic protection applied to the missile structures will spill over onto the
cables and the splice cases. Figure 13 also shows the location of the
splice cases on the cable between B-l and B-2 . Cathodic protection recti-
fiers are located at site LCF B-i and site LI B-2. These rectifiers are
designed to protect the underground metallic facilitie s at these two
sites.

A cast iron splice case at site K and an alusin~~ splice case at site
L were excavated and tested. It was determined that the alusin*a splice
case at site L is affected only by the rectifyer at LI B-2. The magnitude
of the corrosion currents leaving the splice cases was detecte d by placing
two electrode s close to the splice case and moving them radially around
the case as shown in Figure 14. The potentials measured are shown in
Table 9 and Table 10.

B. ALUMINUM SPLICE CASE

The a1usin~~ splice case was tied to one 7½ inch circusference
graphite-impregnated cable at a depth of four feet. Maximus corrosion on
the alusi.nus splice case occurred at position 10 (Table 9 and Figure 14).
The corrosion current leaving the splice case and traveling to the cable
sheath caused a potential drop in the earth of 38.4 millivolts .
Structure-to-earth potentials were measured with the electrode positioned
as shown in Figure 15. Structure-to-earth poter tial n~~~er 19 was the
highest negative leading indicating the strongest anodic area.
Structure-to-earth potential reading n~~~er 18 was taken at the top of the
bank . All other readings at site “L” were taken wi thin the ditch . For
this reason, location rn~~ er 18 was used to determine the surface poten-
tial at which the al~~inus splice case was adequately protected.

With the rectifier at LI B-2 set at 10.5 amps output , it can be seen
from Table 9 that the corrosion curr ent at the two-electrode position
n1~~ er 10 was redeced to a level that caused a potential drop between the
electrode s of only 8.4 millivolts and a surface potential at structure-
to-earth potential location nt~~er 18 of -502 millivolts . Since
there was a na tural potential difference of 4 millivolts between the two
electrodes, the potential drops at position 10 were corrected to 34.4
millivolts with the current off *nd 4.4 millivolts with the current on.
Th. potential required at the surface of the ground (at position 18) was
calculated by the expression :
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Figure 15. Set-up to Measure Structure-to-Earth Potentials (Single
Electrode)
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V

two electrode change obtained surface potential change obtaine d
two electrode change needed surface potential change needed

38.4 my - 8.4 my -502 my - (-143 my)Therefore : 3 4 4  X

Solving for X; the surface potential change needed for adequate protection
of the aluminum splice case is -409 millivolts. This change added to the
original surface potential of -143 millivolts gives a surface potential of
-552 millivolts. The structure-to-earth potential required for adequate
protection of this aluminum splice case ii -552 millivolts measured at the
surface of the ground .

C. CAST [RON SPLICE CASE

Similar tests were conducted at site K on a cast iron splice case .
The data taken is shown in Table 10. A review of the data for the cast
iron splice case will show that the potential drop readings do not all
logically become more negative as the rectifier output increases . Inves-
tigation of this illogical phenomenon revealed that readings could not be
duplicated because once moved , the two electrodes could not be put back in
the exact same spot - In addition , it was difficult to maintain the eza~tsame spacing between the two electrodes (see Figure 16). Time did not
permit repeating all the measurements which would involve keeping the
electrodes in the same position while the outputs of the two recifiers
were changed through the six different values for each of the ten sets of
readings. It can also be seen from the data that the potential drop
caused by corrosion current could not be reduced substantially with both
recti Ciers turned all the way up and so ther e was no reason to repeat all
of these readings.

Apparently the rectifers were located too far away. For this reason a
temporary ground bed and rectifier was set up approximately 400 feet from
the splice case . The water was pumped out of the hole and the potential
drop test was repeat ed using two electrodes at 10 different positions
(Figure 14). The highest corrosion current was detected at position 10.
The potential drop at position JO caused by this current , without moving
the two electrodes , was 58.4 millivolts . The two electrode s wer e left in
the same position while the temporary rectifier was cycled on and of f.
The current output from the temporary rectifier was increased until the
potential drop between the two electrodes was reduced to zero. At this
point all corrosion was stopp ed or nullified by cathodic protection .
While the temporary rectifier was cycled on and off at this level of
current , structure-to-earth surface potential was measured at the top of
bank (position number 18). This surface potential was -170 millivolts
with the temporary rectifier off and was -340 millivolts with the tem-
porary rectifier on. Both B-i and 1-2 rectifiers were off .  The original
potential of +170 my subtracted fr - -340 my gives a required change in
potential of 510 millivolts for this cast iron splice case.
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Figure 16. Measuring Potential Drop in Electrolyte (Two Electrode Method)
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SECTION IV

CAThODIC PROT1CTI~~I SURVEY PROCEDURES FOR SPLICE CASE

A. SURVEY PROCEDURE

The earth current meter principle is the most accurate method of
determining when splice cases are protected; howeve r , use of this method
as a routine survey procedure would require excavation of every splice
case in question .

Splice casco of the seam material, buried at the same depth , and tied
to the s size cable sheath as those tested at Whiteaan API can be
surveyed without any costly excavation . This survey uses an 113)1 multi-
meter and the standard structure -to-earth potential proce dure to measure
the surface pot sutial at ground level above the splice case . This meas-
urement is then c~cmpare d with the criteria developed during this effort to
determined how much cathodic protection is needed for adequate corrosion
resistance . 

-

Splice cases not conforming to the same conditions as those tested at
Wbit an All will have to be surveyed by the earth current mater
principle. Once criteria is developed for each different splice case
configu re*tion, than the ~~oltimeter technique can be used to survey every
splice case .

B. SURFACE POTENTIAL CRITERIA

An aluminum splice case buri ed at four feet deep and tied to one 7½
inch circumference gr aphite impregnated polyethyelene cable sheath
requires a structure-to-earth potential of -552 millivolts or more nega-
tive (with respect to a copper-capper sulfate reference electrode placed
over the splice case at the surface of the earth) or a change in potential
of 409 millivolts in the negative direction for adequate cathodic protec-
tion.

For adequate cathod ic prote ction of a cast iron splice case buried at
four feet and tied to one 8 inch circumference graphite impregnated poly-
ethyel.ne cable sheath , a structure-to-ear th potential of -340 millivolts
or more negative (with respect to a capper-copper sulfate re ference d cc-
trade placed over the splic, case at the surface of the earth) or a change
in potential of 510 millivolts in th. negative direction is req uired.

As a general rule , if th. surface area of the cable is greate r or the
depth is greater , then the req uired potential will be less negative and
vice versa .
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SECTION V

RECOISIENDATIONS

1. Bronze splice cases will not require cathodic protection , but all
bolts , nuts, end washers used in repair work or new installatio n should
also be bronze .

2. Many missile installation s do not have cathodic protection . Those
that have rep orted failed and replaced splice cases should have first
priority for installation of cathodic protection.

3. A follow-on study to categori ze splice cases as they are now used in
the field should be initiated. Sp .ice casss should be qro~~ed according
to the splice case material , the depth buried , and the size , types , and
number of cables connected to it. Surface potential criteria for each
category should be developed using the earth current meter . The degree of
variation in the first few criteria should indicate whether or not each
splice case configuration req uires a different set of surface potential
criteria . An earth current meter and consultant services are available at
the Air Force Engineering and Services Center, Tyndall API , Florida.

___  

_ _ _ _ _ _ _ _ _  
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INITIAL DISXRIBUTION

IIQ APRSC/DUII 15
HQ IDcGN/DU1US 2
HQ A?SC/DENU 2
IIQ APLC/DEIIU 2
JIQ ATC/ IU 2
NQ AAC/DENUC 2
HQ MAC/DIIIP 2
HQ PACAP/DINU 2
HQ SAC/Du ll
HQ TAC/DIMU 2
}~~ USAPI/DEIO 2
NQ US1IU/DIMU 2
HQ APP.IS/DEPJJI 2
IIQ USAPA/DIVCT 2
APRCE—IR/54 2
URcI-WR/PRIIIW 2
AP’RCE-cR/cRPlI 2
AlIT/OuT 2
)IGB/AJIG/ FSC/DE 2
HQ AF~ S/DEI 2
HQ APRSC/TST 1
HQ AFESC/RDCF 10
DDC/DDA 2
HQ AUL/LSE 71-249 1

~
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