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Elucidation of Comrosion and Failure of Stainless Steel Tubing buried
in Soil for Potable Water
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Since buried pipes contact the soil directly, corrosion by the soil could be occurred. Recently, some stainless
steel pipes after 8 years burial at G area were corroded and leaked. In order to elucidate highly corroded phenomenaits
rate was about 0.175 mm/y) of these pipes, the investigation for corrosion environment, soil, stray current's effect,
and chemical analysis on the pipes were performed. Most of investigated sites were close to traditional water-closet
and showed high moisture and thus those areas could be highly corrosive. In the investigation by two kinds
of soil evaluation methods, it was revealed that the soils at G areas were highly corrosive, and moreover the
contents of sulfate reducing bacteria in the soils were high. Also, open circuit potentials of many pipes showed
different values and its potentials were high positive. Therefore, it was considered that corrosion of buried pipes
at G area could be affected by high corrosive soil's environment and stray current corrosion.
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ELUCIDATION OF CORROSION AND FAILURE OF STAINLESS STEEL TUBING BURIED IN SOIL FOR POTABLE WATER

Table 1. Soil evaluation metnod(1) by ANSVAWWA C105/A21.5"

Evaluation items Points* Evaluation items Points*

Soil Resistivity Oxidation reduction potential (mV)

>100 0
< 700 10 50 - 100 3.5
700 - 1000 8 0 - 50 4
1000 - 1200 5 <0 5
1200 - 1500 2 Sulfide
1500 - 2000 1 positive 35
> 2000 0 trace 2
pH negative 0
0-2 5
2 -4 3 Moisture
4 -6.5 0 bad drainage, always wetted 2
6.5 - 75 0** fair drainage, generally wetted 1
7.5-8.5 0 good drainage, generally dried 0
> 8.5 3

* If the summation of all point is over 10, the corrosivity of soil can be evaluated as severe condition. Cast iron pipes should

be protected.

** If sulfide was present and redox potential was low and negative value, add 3 points.

Table 2. Soil evaluation methods(2) proposed by W. Baeckmann and W. Schwenk”

+2 +1 0 -1 2 -3 -4
Soil Calcareous i roam sand ) .mud ) mud
Sand clay sand Soil humus
Soil Und‘c:/rai(;und Nothing present
condition Soil natural soil Substit.ution
soil
Soil Resistivity(% - cm) >10000 10000-5000 | 5000-2300 | 2300-1000 <1000
Water content (%) <20 >20
pH >6 <6
Oxligi‘:n"t?alre(‘:r‘l‘\c;)i"n >400 200-400 0-200 <0
H>S or Sulfide . trace positive
(S”, ppm) negative <0.5 >0.5
Calcareous/coaks nil Exist
CI' content (ppm) <100 >100
SO4” content (ppm) <200 200-500 500-1000 >1000
Total points Corrosivity
<0 Negative
0~ -4 mild corrosive
-5 ~ -10 medium corrosive
> -10

strong corrosive

CORROSION SCIENCE AND TECHNOLOGY Vol.11, No.1, 2012

21



YOUNG SIK KIM, SOOJIN PARK, DEOK HWANGBO, AND MINCHEOL SHIN

Fig. 1. Corroded and failed pipes of stainless steel buried in
soil at G area.
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ELUCIDATION OF CORROSION AND FAILURE OF STAINLESS STEEL TUBING BURIED IN SOIL FOR POTABLE WATER

Table 3. Total evaluation points for the soils of 6 sites at G area by method”

Sites pH Humidity, % lzg‘sncvr‘;)y lg)’t‘elgzz;’“(nii,d(‘;ﬁ;’) Sulfides Total
#1 0 1 0 5 0 6
#2 0 1 0 5 0 6
#3 3 1 0 5 2 11
#4 0 1 0 5 0 6
#5 0 1 0 5 0 6
#6 0 1 0 5 2 8
Table 4. Total evaluation points for the soils of 6 sites at G area by method”
sie | ot | M| g | RO | Ol e oy | ot 07 <ot s T
#1 2 2 -1 0 -4 -1 0 0 -10
#2 0 -2 0 0 -4 0 0 0 -6
#3 -2 -2 -1 0 -4 0 0 0 2 -11
#4 2 2 -1 0 -4 0 0 0 -9
#5 2 -2 -1 0 -4 0 0 0 -9
#6 2 2 -1 0 -4 0 0 0 -2 -11
g ) RAKEE 0175 mm/yE AT o sk 4 Hojgke Aejolm, 91 B4 A4 kg
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Fig. 2. pH of the soils in 6 sites at G area.

100

5.4

#6

Humidity, %

40

20

#1

Fig. 3. Relative humidity of the soils in 6 sites at G area.
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Fig. 4. Resistivity of the soils in 6 sites at G area.
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Fig. 5. Oxidation reduction potential of the soils in 6 sites at
G area.
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Table 5. Total organic carbon contents of the soils in 6 sites
at G area

#1 #2 #3 #4 #5 #6

Total Organic

Carbon. % 1.09 | 0.68 | 0.96 | 0.88
, 70

0.84 | 0.55
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Table 6. Number value obtained to conversion table to determine the acid producing bacteria counts/square inch

Interpretation Chart Value 0 1

2 3 4 5

Bacterial Count/ml - Undiluted Less than 100 100

1,000 10,000 100,000 1 million or more

Bacterial Count/ml - 1:10 Dilution Less than 1,000 1,000

10,000 100,000 1 million | 10 million or more

Bacterial Count/ml - 1:100 Dilution | Less than 10,000 | 10,000

100,000 | 1 million | 10 million |100 million or more

Bacterial Count/ml - 1:1000 Dilution|Less than 100,000| 100,000 | 1 million | 10 million | 100 million | 1 billion or more
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Fig. 9. Information summary to convert number values on chart
to total acid producing bacteria counts of the soils.

Table 7. Calculation of sulfate reducers grade using anaerobic
plate counts and a pure culture of Desulfovibrio desulfuricans
by Biosan Laboratories [ATCC #7757]

Sulfate Reducers/ml
Days of Incubation| 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5

TUBE
APPEARANCE

completely black | >10° | >=10° | >10* | =10’ | =10

narrow zone of
black around | >10° | >=10* | =10’ | =10° | =10’
applicator center

no reaction <10° <10

Convert number values

0
#1 #2 #3 #4 #5 #6

Fig. 10. APB convert numbers of the soils in 6 sites at G area.
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Sulfate reducers /ml

Fig. 12

Table 8. Chemical composition analyzed for stainless steels buried in soils at G area

10°

10°

48h - max.10’

72h - max.10*

96h - max.10°

120h - max.10°

Fig. 11. Typical test result to determine SRB content of the soil in #1 sites at G area.
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. SRB contents of the soils in 6 sites at G area.

Potential, mV(Cu/CuS0,)

300
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—140.5

—223.0

2415

Fig. 13. Potentials of buried stainless steel pipes in soil at G

area.

Component, wt% C Si Mn P S Ni Cr Cu Mo Fe

Pipe 1 0.06 0.52 1.13 0.03 0.009 8.17 18.56 0.25 0.18 Bal.

Pipe 2 0.06 0.41 1.06 0.03 0.01 7.97 18.23 0.29 0.13 Bal.
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