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fo INTRODUCTION

The Distrlict VIII Maintenance and Shop
Plant at San Bernardino was completed in June 195i.
Subsequently a serious corrosion problem devel oped
in the underground utility lines. By September 1955
there were 12 leaks in the water lines. The hose
bib water service line at Building 3 was disconnected
and ls not at present in service because of the
corrogion of the line.

After numerous repairs of the water lines,
preliminary corrosion tests were made by the Divislon
of Architecture. These tests indicated that the corrosicn
of the water lines was not "normal® soil corrosion,

on august 31, 1955, Jdr. F. #. Reynolds,
Princlipal lighway ungineer, reguested by letter that
the liaterials and Research Department perform a corrcsion
investi ation at the site and forward the findings and
recoumendations to him.

During the week of September 12, 19,5, rep-
resentatives of the .Jaterials and Besearch Deparitment
carried out the requested corrosion survey of the utillitvy
piping, the purpose being to determine the probable cause
of the corrosion, and to determine an effective and econom-
ical amethod of dealing with the problent.

This report covers the findings of the survey
and includes recomendations for inhibiting the corrosion.
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1I. OSUMMARY

The field corrosion survey of tae
underground pipe network in the San Bernardino
daintenance and lquipment Yard which included
visual examination and measurements of pipe to
soll potential and resistivity, led to ths
follaving conclusions:

The corrosion of the water lines is
probably caused by galvanic corrosion., This
type of corrosion 1s the result of plpes of
dissimilar metals bein; connected in a similar
electrolyte or similar metals in a dissimilar
electrolyte.

The rapid fallure in this case
apparently has been caused by the concentration
of galvanic current at sli;ht imperfections in
the field wrapped jolnts. Out of 12 leaks, only
one leak occurred in a factory wrapped section
of pipe.

Generally, it is recommended to insulate
the contact points of pipes of dissimilar metals
and coatings, and pl.ce a mugnesium anode to
partially protect euch insulated section of plpe.
Detailed recommendatlons are on page 8.
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ITI. OSSLRVATIONS

A, It was found that one out of twelve leaks occurred in the
factory wrapped pipe. The remainin; leaks occurred in trield
wrapp.d joints. It is obvious that the field wrapplng was
not of the same gaality as tne factory wrappin;.

B, rom the amount of metal lost due to pipe perforation, it is
estimated that the corrosion current was agproximately 10 to
50 milliamperes. .f the pipe hud not been wrapped, this would
mean a general yearly corrosion loss of approximately 0.2 to
1.0 pounds of steel. Since tne pilpe was wrapped, thls corrosion
attac was focused ut pin holes in the pipe wrapping. This
resulted in rapld perforation of the pipe at these pin hole areas.

C. The exact cause of tre corrosion of the water lines was not
determined. lowever, the possibility that the cause of the
corrosion wus stray urrents, or "electrolysis", was eliminated
when m king pipe to t0il potential measurements.

D. The elgetrical resistince of the original groand In the area
ranges from 600 to 1230 ohm ceutimeters :nd averages 1000 ohm
centimeters. Soils iun this runge are generally classed as
being moderately corrcaive.

B, The potential measuremants lndicated, Iln one cuse, that corrosion
was belng caused by th: electrical link of an old existing and s
newly placed pipe. Tho measurements indicatec that the new pipe
was corroding. a8 the presence of stray currents was not indicated
by potentlal measuremc:ts, the apparent cause f corrosion is
galvanic corrosion.

F. The galvanic cells csusing the corrosion are appsrently caused
by the following, or 1 comb_navion of the following factors:

l. HElectrical coanection of steel pipe to cwat iron pipe.

2. Electrical cornection ¢f steel pipe to copper plpe.

3. Electrical conasction ol galvanized pipe to black pipe.

. Eleetrical connsction of nes pipe to old pipe.

5. Pipe placed in a soil of variable aeration, noistare,
electrical resistivity or type.

From the loregoing, it is obvious that muny factors can affect
the probability of corrosioci. The exact cause ol the corrosion of the
water system can be determined. Howevsr, the cost ol such an inves-
tigation would probably excced the cost ofaruplxcing the system. The
general method used for coriosion alleviation in all c.ses would
generally be the sane.
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Iv., TESY

A. Plpe to Soil

Potential meusuremsnts were made of the w.ter lines
with reference to a copper s.lfate half cell.

The stability of the readings at each point of
measurement indicated that stray electrical currents
were not affecting the pipe system.

Yhe mousurements indicated that the corrosion
currents were a rusult of a corroslion systeax set up
within the pipe network itself.

ihe measurements are snown on bxhibit ;1,
Iquipotential Contours.

B. &lectrical Resistivity

Electrical resistivity measurements were nade
with a single probe vibroground. These measurements
required the breaking of the pavement and pushing
the "resistance probe" by hand from one to 2 1/2 feet
below grround.

The electrical resistivity measurements indicuted
that the soil should be generally cl .ssed us "moderately
corrocive”,

It may be of interest to note thut durin; the
reglativity tests the steel resistivity probe, at
pluces, could be pushed tarourh tho scil with such
easge that the physical resistance of the so0il indicated
taat it ls swamp land. Uften thoe probe was coversd
with free moisture.
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3

V. DISCJSSICN

The electrical resistance of the soil in the ground ares
indicates that the so0il should be claszsed as "moderately corrosive”.

From the August 1931 issue of lestern Gas, the following
are soll corrosion classifications based upon its specific elsctrical
resistance:

Resistivity-chm=centimeter Corrosivity
0 - 00 Severely corrosive
400 - 1200 loderately corrosive
1200 = L0000 Mildly corrosive
4000 = 10000 S1ightly corrosive
Registivity~ochm~centimeter Probable lif'e of bare steel
pipe in years
0 - 1000 0 =9
1000 - 2500 9 = 15
2500 -« 10000 15 or wore

The specific electrical resistance of the soll at ths
fan Sernardino Maintenance and Shop Plant varied betwsen 600 and
2000 ohm centimeters, and averaged 1000 ohm centimeters. In soils
of this electrical resistance range it is good practice to electrically
insulate pipes of different materials and old pipes from new pipes
to prevent galvanic corrosicn.

There are two basic methods to alleviate the corrosion
problemn.

1. Insulate all lines on State property from private
lines and apply complete cathodic protection.

2. Insulate all lines on State property froa private
lines and electrically insulzte all galvanle pipe
couples. Place galvanic anodes at all lnsulated
lines to supply partial protection oif' the lines.

The cost comparisons in the ippendix indicate that
Method number 2 wo 4ld be the most economical method for corrosion
alleviation. This msthod insures protection of the lines from
soil corrosion. Soll tests were not made beyond State property to
indicate if the soll 1s similar turoughout the area. If the soll is
similar in the peneral area, then this method of protection shoild be
practical. The maintenance forces stated that the utility lines to
adjacent homes have lasted 20 yeurs without perforation.

flo matter which method of correction ls used, au few leaks
in the water lines should show up in the near future. Thls is becauss
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there arc areas of plpe which have su fered {rom corrosion and are
probably being stopped from leaking by the presence of corrosion
oroducts. Jhen cuthodic protection 1s applied, these corrosion
products will be lifted from the pipe surface, and the remaining
thin metal wall may be fractured by w.ter pressurs.

The potentlisl measurements meade at the site indicate that
the lines in the vicinity of Building 5-A (Shop Gas Station) and
Office #1 (Shop Office) are corroding. The hose bib lines at Bullding
#11 (Warehouse) and the lines in the vicinity of Building 5-B (Main-
tenance Gasg Station) are corroding.

As a matter of pgeneral interest, there is approximately
10,500 lineal fest of assorted plpe buried at thls Maintenance and
Shop Plant.
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VI. CONCLUSLONS

The corrosion of the w ter lines
apparently is the res.ult of galvunic couples
of pipes oi different metals or envircmments.
#0 stray electricul currents were discovered.

Complete protection of thwe plping
system could be mude econo.ilcally by ths use
of impressed currents. Huwewver, there is o
dan; er tnat stray elsctrical current froan the
protection system may adversely affect the
underground pipes of udjacent properties.

A8 other 1tility lines in this
same geaeral «nd adjacent locations have
been reported to last at least 20 years without
perforation, it is recommended that the use of
minimum protective measures would be the most
practical to use. This metnod muy not complstely
stop the corrosion, nut it should inhibit the
corrosion of the lines suffTiciently to obtain
satisfactory service., Tiis minimum metaod of
correction is outlined in the rueconmendations.
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The Following minimum correciive sensirus @ Poéomiendsd:

1. That all pipe lines bve eliscbrically insalated at the meters or
at the State property line.

2. .11 lines of dissimilar actal be electrically disconnected und
ingilated.

3. 411 connections of couted and uncoated livnes be electric.lly
insulated,

. All connections of originil and new pios be eluctrically insulated.

S, All outside lines that electrically connect within buildings are
to be slectrically insulated outside the building.

6. 'That type 32~D galvo~oak magnesium anodes be placed in the follouving

JANNeY 3
Anode dlistance Length of pipe
Pipe Size rrom plpe protected, ax.
g: bare 5; 1,20:
coated 10 150
ﬁ: goated %?- gg:
are
3" coatved 10° 2001
3" bare 5¢ 100°
2 142" coated 10t 200°
2 1/2" or less 10¢ 200¢

7. That each storage tank huve one Type 32-D magnesium anocde placed
10t beyond eacn end of the tank. Yhis will be a total of' two
anodes per tank.

The estimated cost of the above work is €2049.60. & detalled ,
cstimate 1s inecluded in the uppendix uvnder "linimum Protective lsasures.
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VIII., APPuiblX

Exhibit I

Exinibit i1
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BXIT31T IX

COST ANALYSIS

IHPRESSED CURRENTS = COMPLLTE PROTECTION

3 rectifiers at $95.00 ea,

3 current reﬁulators at $60.00 ea.
1 - 3" x 60
Cost of placing anodes at #10,00 ea.
Wiring 1000 L.F. L.S.

Insulating existing pipes
Bngineering

Prorated yearly cost for 25 years
Yearly power consumption
Approximate yearly cost

GALVANIC ANODES - COMPLETE PRCTECTION

160 Type 32-D magnesium galvopak anodes
at $16.05 ea.

Cost of placing ea. at $7.00 ea.
Insulating existing pipes L. 3.
Ingineering L. S,

Total

Yearly cost for 12 years
Approximate yearly cost

wINIHUM PROTECTIVE MinSURES

Galvanic 'Anodss

65 Type 32-D magnezium galvopak anodes

at $16.8) ea.

Cost of placing €5 anodes at 47.00 ea,

Insulate existing pipe L. S
Bngineering

kstimated yearly cost at 9 years

Approximate yearly cost

graphite anodas at u»15.00 ea,

285,00
240.00
210,00
140,00
750,00
200,00

00,00

212500

85.00
130,00

$ 2568,00
1120.00
400,00
00,00

. 00

$ _374.00

:

% 1094 .60
1155.00
L00.00
100,00

$ 20L9.60

$ 2213

$265.00

#374.00

ClPRFE=yrrrw-tastiocom


http://www.fastio.com/

	E:\images\000001\00000195.tif
	image 1 of 13
	image 2 of 13
	image 3 of 13
	image 4 of 13
	image 5 of 13
	image 6 of 13
	image 7 of 13
	image 8 of 13
	image 9 of 13
	image 10 of 13
	image 11 of 13
	image 12 of 13
	image 13 of 13


