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CHAPTER (6)

CONCLUSIONS AND
RECOMMENDATION

6-1 Conclusions

From above mentioned results it can be concluded that:

Steel pile sheets immersed in sea water or in similar
environment must be cathodically protected from both
sides. Moreover, one side protection may initiate parasitic
corrosion cells on either side. This point needs further
investigation.

Metal loss from coupons fixed on the sheet surface can
monitor its corrosion pattern.

The unprotected sheet side behaves not better — if not worse
— than the surfaces of unprotected sheet because of induced
corrosion cells

Cathodic protection of steel sheet piles from one side only
could be worse than no protection at all.

Electronic photography and components spectrum using X-
ray have been used to determine the effects of the cathodic
protection on the surfaces of the three plates at the end of

the experimental work.
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6-2 Recommendation

= ]t is highly recommended to protect sheet metal piles from
both sides.

» The solar photovoltaic system has to be examined as a
reliable source of the required power supply needed for the

cathodic protection in remote areas.

100



REFERENCES

h & W N

10

11

REFERENCES

G. Fontana and Norbert D. Greene, "Corrosion Engineering",
2™ Edn. McGraw-Hill International Book Company, 1982

Davy, H., Phil, Trans. Royal Soc. London, Vol. 114, 1824, p 151.
Davy, H., ibid, Vol. I 14, 1824, p 242.
Davy, H., ibid, Vol. 115, 1825, p 328.

W. H. Hartt, "Marine Cathodic Protection - Historical Trends
and Recent Accomplishments", Center for Marine Materials
Florida Atlantic University - Sea Tech Campus 101 North Beach
Road Dania Beach, Florida 33004

Uhlig, H. H. and Revie, R. W., "Corrosion and Corrosion
Control", Third Ed., J. Wiley and Sons, New York, pp. 223-228,
1985.

“Corrosion Control of Steel-Fixed Offshore Platforms Associated
with Petroleum Production”, NACE Standard RP 01 76-94,
NACE International, Houston, 1994.

Tamada-Akihiro, "Development on Super Heavy Duty
Corrosion Protection Measures and Factors Affecting Endurance
of Them for Marine Structures", Cairyo to Kankyo, Corrosion
Engineering, v 45, n 4, pp 244-255, Apr, 1996.

Balakrishnan K., "Trends in Corrosion Protection of Materials",
Bulletin of Materials Science, v 17,n 7, pp 1331-1339, Dec 1994.

Abe-Masami, Ueda Shigeru and Shimizu Kazuo, "Protective
Effectiveness of Cathodic Protection for Sand Erosion in Waves
Sea", Zairyo to Kankyo Corrosion Engineering, v47,n 1, pp 36-
41, Jan 1998.

Honda Masaharu, Hattori Tadashi, Okumura Taketo, Okada
Minoru, Yamada Michimasa, and Sugimoto Hironori,
"Application of the Corrosion Resistant Clad Steel Plates for the
Hull Structures of the Huge Floating", ASME, MAE, New York,
NY, USA, v 6, pp 285-291, 1997.

101



REFERENCES

12

13

14

15

16

17

18

19

20

Krasnoyarskii V. V,, Usachev I. N, Petrova L. M., Strugova
Yu N., Dorofeev A. S., and Zhukova T. L., "Corrosion
Protection of Reinforced-Concrete and Metallic Structures in
Tidal Power Plants", Prot Met. v 25, n 5, pp 688-689, May 1990.

Venkatesan P., Rajendran A., Srinivasan S., and Kannan S.,
"Corrosion of Reinforced Concrete Exposed to Marine
Atmosphere", Transactions of the SAEST (Society for
Advancement of Electrochemical Science and echnology), v 38, n
2, pp 53-56, April/June 2003.

Iwata M, Wu Q., Huang Y., and Yajima H., "Study on the
Inverse Analysis Method for Cathodic Protection Problems",
Proceedings of the International Offshore and Polar Engineering
Conference, v 1, 1997.

Aoki Shigeru, Takahashi Toru, Uragou Masataka, Amaya
Kenji, and Nishikawa-Akinobu, "Boundary Element Analysis of
Galvanic Corrosion of Long Structure Buried in Soil with
Gradient Electrical Conductivity", Zairyo Journal of the Society
of materials Science, Japan, v 46, n 2, Feb 1997,.

Dickie Neil, "Corrosion Monitoring in Remote or Hostile
Locations", Pipes and Pipelines International, v41,n 5, pp 16-17,
Sep-Oct 1996.

Anon, "Computer Aids Cathodic Protection Monitoring", Gas Ind
(Park Ridge IL), v35,n 5, pp 18-19, Mar 1991.

Maynard, R. J., "Cathodic Protection Current Testing for Large
Plant Structures", Materials-Performance, v 35, n 7, p 22-28, Jul
1996.

Russell William B., "Safe Electrical Isolation of Cathodically

Protected Pipe", pipe Line and Gas Industry, v 80, n 6, pp 35-37,
Jun 1997.

Krivian L., "Cathodic Protection Criteria", Prot Met, v 22, n 5, pp
586-588, Sep-Oct 1986.

102



REFERENCES

21

22

23

24

25

26

27

28

Thomason W. H., and Schmauch E. H., "Optimization of
Sacrificial Anode Cathodic Protection Design", Proceedings of
the International Off shore Mechanics and Arotic Engineering
Symposium -6", v 3, Published by ASME, New York, NY, USA,
pp 409-418.

Turnipseed Stephen P., and Nekoksa George, "Potential
Measurement on Cathodically Protected Structures Using an
Integrated Salt Bridge and Steel Ring Coupon", Materials-
Performance. v 35, n 6, pp 21-25, June 1996.

Leask Linden J., "Cathodic Protection Survey of Deep-Water
Structures and Sub-sea Installations”, Mater Perform, v 28, n 11,
pp 21-24, Nov 1989.

D 1125 Test Methods for Electrical Conductivity and Resistivity
of Water'

G 1 Practice for Preparing, Cleaning, and Evaluating Corrosion
Test Specimens®

G 102 Practice for Calculation of Corrosion Rates and Related
Information from Electrochemical Measurements’

1 Annual Book of ASTM Standards, Vol 11.01.

2 Annual Book of ASTM Standards, Vol 03.02.

Osvoll Harald, Gartland Per-Olav, and Thomason William
H., "Computer Modeling of Cathodic Protection on
Risers/Tendons", Materials Performance, v 34, n 2, pp 35-41, Feb
1995.

Haruyama Shiro and Sudo Shirohi, "Electrochemical
Impedance for a Large Structure in Soil", Electrochimica-Acta, v
38, n 14, pp 1857-1865, Oct 1993.

Robinson Ronald C., "Expert Computer Systems for Corrosion
Control of Metallic Structures", Mater-Perform, v 28, n 5, pp 13-
17, May 1989.

Wrobel L. C., Telles J. C. F., Mansur W. J., Azevedo J. P. S.,
Meniconi L. C. M., and Farias F. M., "Boundary Element
System for Cathodic Protection Design", Offshore Engineering,
Volume 5, Proceedings of the 5™ International Symposium on
Offshore Engineering. Rio de Janeiro, Braz, Publ by Pentech
Press, London, Engi, pp 753-768.

103



REFERENCES

29

30

31

32

33

34

35

36

37

38

39

Wu Joe Y., and Liu W. T., "Numerical Modeling of Cathodic
Protection", MRL-Bull-Res-Dev. v 1, n 1, pp 41-47, Mar 1987.

Wrobel Luiz C., and Miltiadou Panayiotis, "Genetic
Algorithms for Inverse Cathodic Protection Problems",
Engineering Analysis with Boundary Elements, v 28, n 3, pp 267-
277, March 2004.

Anis Wagdy R., and Alfons Hany A., "Photovoltaic Powered
Regulated Cathodic Protection System", Solar Energy, Ain Shams
University, v 53, n 2, pp 211-214, Aug 1994.

Hemmingham C., "Intelligent Controller for Cathodic
Protection", Commission of the European Communities, (Report)
EUR. 1002, 5 EN. Publ by D. Reidel Publ Co, Dordrecht, Neth
and Boston, MA, USA pp 361-365.

Katsukiyo Marukawaa, Kevin L. Edwards, "Development of
iron and steel into eco-material”, Materials and Design 22, pp
133-136, 2001.

Brady G.S,, Clauser H.R., and Vaccari J. A., Materials
Handbook, 14™ Ed., McGraw-Hill, 1997.

Helen Lewis and John Gertsakis, "Design + Environment",
Greenleaf Publisher, 2001.

K. R., Trethewey and J. Chamberlain, "Corrosion for Science
and Engineering", Longman, group Itd. 1995.

D. ZABOWSK], C. L. HENRY, Z. ZHENG and X. ZHANG, "
Mining Impacts on Trace Metal Content of Water, Soil and
Stream Sediments in the Hei River Basin", CHINA, Water, Air,
and Soil Pollution 131, pp 261-273, 2001.

Homma, S., "The Yoneshiro River Basin: Soil Pollution by
Heavy Metals Discharged from Various Mines", Heavy Metal
Pollution in Soils of Japan, Japan Sci. Soc. Press, pp. 137-148,
1981.

Morishita, T., "The Jinzu River Basin: Contamination of Soils
and Paddy Rice with Cadmium Discharged from Kamioka Mine",
Heavy Metal Pollution in Soils of Japan, Japan Sci. Soc. Press, pp
107-124, 1981.

104



REFERENCES

40

41

42

43

44

45

46

47

48

49

S0

Schintu, M., Kudo, A., Sarritzu, G. and Contu, A., Water, Air,
and Soil Pollut, pp 57-58, 329, 1991.

Zabowski, D. and Everett, R. L., "Extractable Metals and Plant
Uptake with Amelioration and Revegetation of Abandoned
Copper Mine Tailings", Remediation of Soils Contaminated with
Metals, Science Reviews, Northwood, U.K., pp 111-122, 1997.

Harmsen, K., "Behavior of Heavy Metals in Soils", Centre for
Agricultural Publ. And Doc., Agric. Res. Rep. 866. Wageningen,
The Netherlands, 1977.

McBride, M. B., "Environmental Chemistry of Soils", Oxford
Untversity Press, Oxford, p 406, 1994.

Thomas Kemper and Stefan Sommer, "Estimate of Heavy
Metal Contamination in Soils after a Mining Accident Using

Reflectance Spectroscopy, Environmental Science & Technology,
Vol. 36, No. 12, 2002.

U.S. Bureau of Mines. Proceedings of the International Land
Reclamation and Mine Drainage Conference and 3" International
Conference on the Abatement of Acidic Drainage; U.S. Bureau of
Mines Special Publication SP 06D-94; pp 1-4, 1994.

Runnels, D. D., Shepherd, T. A., and Angino, E. E., Environ.
Sci. Technol., 26 (12), pp 2316-2323, 1992.

Nordstrom, D. K., "Acid Sulfate Weathering", Soil Science
Society of America Special Publication No. 10; pp 37-56, 1979.

Nordstrom, D. K., and Alpers, C. N., Proc. Natl. Acad. Sci.
U.S.A. 96, pp 3455-3462, 2000.

Grimalt, J. O., Ferrer, M., and Macpherson, E., Sci. Total
Environ., 242 (1-3), pp 3-11, 1999.

European Commission 2000. Communication from the
Commission, Comm2000 664 final, 23.10.2000.

105



REFERENCES

31

52

33

54

S35

56

57

S8

Everett J.E., "Development and Application of Computer
Techniques to Environmental Studies", Environmental Studies,
v11, Development and Application of Computer Techniques to
Environmental Studies X, pp 53-62, 2004,

Roussel, Christophe, "Arsenic speciation: involvement in
evaluation of environmental impact caused by mine wastes",
Journal of Environmental Quality, v 29, n 1, pp 182-188, Jan,
2000.

Victoria Tkatcheva, Heikki Hyvarinen, Jussi Kukkonen,
Leonid P. Ryzhkov, and Ismo J. Holopainen. "Toxic effects of
mining effluents on fish gills in a subarctic lake system in NW
Russia", Ecotoxicology and Environmental Safety 57, pp 278-
289, 2004.

Lozovik, P. A., Markkanen, S. L., Morozov, A. K., Platonov,
AV,

Potapova, L. J., Kalmikov, M. B., Kurinnaja, A. A.,
Efremenko,

N. A,, and Regerand, T. L., "Surface Waters of the Kalevala and
Kostomuksha Areas Under Anthropogenic Influence", Karelia
Science Center RAN, Petrozavodsk, pp 13-34, 2001.

Morozov, A., "General Description and Chemical Composition of
Water", Result of Monitoring, Karelian Research Centre of
Russian,

Academy of Sciences, Northern Water Problems Institute, 1992—
1997. Petrozavodsk, Chapter 7, pp 122-134, 1998.

Virtanen, K., and Markkanen, S.L., "Monitoring The
Kostomuksha Mining Combine Waste Waters And Water Quality
In The Receiving Water System, 1990-1998". Kainuu Regional
Environment Centre 6, pp 1-28, 2000.

Holopainen, L. J., Holopainen, A. L., Ha" ma" la” inen, H.,
Rahkola-Sorsa, M., Tkatcheva, V. G., and Viljanen, V.,
"Effects of Mining Industry Waste Waters on a Shallow Lake
Ecosystem in Karelia, North-West Russia". Hydrobiologia, in
press, 2003.

Miller, Chaz, "Recycling's Impact", Waste Age, v 35, n 3, March,
p 22, 2004.

106



REFERENCES

59

60

61

62

63

64

65

66

67

68

P. D. Osborn, "The Engineers' Clean Air Handbook", Publisher:
Butterworth, 1989.

Ignacio Hidalgo, Laszlo Szabo, Juan Carlos Ciscar and
Antonio Soria. "Technological Prospects and CO, Emission
Trading Analyses in the Iron and Steel Industry: A Global
Model". Energy 30, pp 583-610, 2005.

Grubb M., "The Kyoto Protocol": an Economic Appraisal
Working Paper 30-00",. Milan, Italy: Fondazione Eni Enrico
Mattei; 2000.

Levine MD, Martin N, Price L, and Worrell E., "Energy
Efficiency Improvement Utilizing High Technology - an

Assessment of Energy Use in Industry and Buildings". London,
UK: World Energy Council; 1995.

EUROSTAT, New Cronos Database:
http://europa.eu.int/comm/eurostat

Norgate, T. E. and Rankin, W. J., "The Role of Metals in
Sustainable Development". International Conference on the
Sustainable Processing of Minerals, pp 49-55, 2002.

De Benedetti, Baldo, Gian Luca; Del Carlo, A. and Maglioni,
A. Bruno, "Environmental Sustainability of Steel Active

Corrosion Protection Processes", Materials Transactions, v 44, n
7, pp 1262-1265, July, 2003.

Raggio, Carlo, "Clean Technologies for a Sustainable Steel
Industry”, MPT Metallurgical Plant and Technology
International, v 27, n 3, pp 54-59, June, 2004.

"Energy Awareness in the Steel Industry" AISE Steel
Technology, v 80, n 2, pp 48-51, February, 2003.

Shibata, Kiyoshi and Hayashi, Jun-Ichi, "Steel Making
Technology for Environmental Protection". The Second

International Conference on Processing Materials for Properties,
Nov 5-8, pp 501-506, 2000.

107



REFERENCES

69

70

71

72

73

74

75

76

77

78

Emi, T. and Min, D. J. "Strategies and Achievements for Moving
Towards Minimum Wastes and Emissions in the Asian Steel
Industry”. 2™ International Conference on the Sustainable
Processing of Minerals, pp 27-34, 2004.

Buttiens, K.; De Lassat de Pressigny, Y.; and De
Quievrecourt, B. "Technologies to reduce environmental
burdens. Evolutions in Europe”, Revue de Metallurgie. Cahiers
D'Informations Techniques, v 100, n 3, pp 271-279, March, 2003.

Camci, Ladin, Aydin Suheyla and Arslan Cuneyt, "Reduction
of Iron Oxides in Solid Wastes Generated by Steelworks".
Turkish Journal of Engineering and Environmental Sciences, v
26, n 1, pp 37-44, 2002.

Guglielmini, andrea, Chiappelli, Lisa; Fontana, Piergiorgio,
Bertossi, Paola, and Degel, Rolf, "New Redsmelt NST process
improves environmental impact on iron and steelmaking", Stahl
und Eisen, v 124, n 1, pp 33-38, Jan 19, 2004,

Dolf Gielen, and Yuichi Moriguchi, "CO; in the iron and steel

industry: an analysis of Japanese emission reduction potentials",
Energy Policy 30, pp 849-863, 2002.

Brooks, G. and Pan, Y. "Developments in Steel Recycling
Technology", 2™ International Conference on the Sustainable
Processing of Minerals, pp 65-72, 2004.

Wright, S., Jahanshahi, S., Jorgensen, F., and Brennan, D., "Is
Metal Recycling Sustainable?", International Conference on the
Sustainable Processing of Minerals, pp 335-341, 2002.

Bruckard, W.J., and Woodcock, J.T., "Characterisation of
Metal-containing Waste Products in Relation to Retreatment
Methods for Metal Recovery and Recycling", 2" International

Conference on the Sustainable Processing of Minerals, pp 217-
224, 2004.

Fitzgerald, F., "Global warming: A cool view", Ironmaking and
Steelmaking, v 31,n 3, pp 191-198, June, 2004.

A. B. Antonsson, S. Runmark and J. Mowrer, "Dioxins in the
Work Environment in Steel Mills", Chemosphere, Vol.19, Nos.1-
6, pp 699-704, 1989.

108



REFERENCES

79
80

81

82

83

84

85

86

87

88

89

Nordiska Radet, Nordisk dioxinriskbedomnina, 1988.

Ulrich Quab, Michael Fermann, Glinter Broker, "The European
Dioxin Air Emission Inventory Project - Final Results",
Chemosphere 54, pp 1319-1327, 2004.

Kasai, E., Dioxin "Emissions from Metallurgical Processes and
Their Reduction", International Conference on the Sustainable
Processing of Minerals, pp 343-350, 2002.

Hsi-Hsien Yang, Soon-Onn Lai, Lien-Te Hsiech, Hung-Junt
Hsueh, and Tze-Wen Chi., "Profiles of PAH emission from steel
and iron industries", Chemosphere 48, pp 1061-1074, 2002.

Internal Agency for Research on Cancer, IARC, "Monographs
on Evaluation of Carcinogenic Risks to Humans, Overall
Evaluation of Carcinogenicity": An updating of monographs.
IARC Monogr. Eval. Carcinog. Risk Chem. Hum., Lyon. 1987.

Bjerseth, A., and Ramdahl, T., "Sources and Emissions of PAH.
In: Emission Sources and Recent Progress in Analytical
Chemistry", Handbook of Polycyclic Aromatic Hydrocarbons,
vol. 2. Marcel Dekker, New York and Barcel. 1985.

Nelson, D., Scheff, P.A., and Keil, C., "Characterization of
Volatile Organic Compounds Contained in Coke Plant
Emissions". In: The 84™ Annual meeting & Exhibition of Air &
Waste Manage. Assoc., Vancouver, BC, vol. 6, pp. 79-91, 1991.

Internal Agency for Research on Cancer, IARC monographs
on evaluation of polynuclear aromatic compounds, Part 1,
chemical, environmental and experimental data. IARC Monogr.
Eval. Carcinog. Risk Chem. Hum., Lyon, 1983.

Lloyd, W.L., "Long-term study of steelworkers-respiratory
cancer in coke plant workers. J. Occup. Med. 13, 1971, pp 53-68.

Gibson, E.S., Martin, R.H., and Lockington, J.N., "Lung
Cancer Mortality in a Steel Foundry". J. Occup. Med. 19, pp 807-
812, 1977.

Van Brummelen, T.C., Verweil, R.A., Wedzinga, S.A., and
Van Gestel, C. A. M., "Enrichment of Polycyclic Aromatic
Hydrocarbons in Forest Soils Near a Blast Furnace Plant".
Chemosphere 32 (2), pp 293-314, 1996.

109



REFERENCES

90

91

92

93

94

95

96

97

98

929

100

Nif, C., Broman, D., Rolff, C., Pettersen, H., and Zebuhr, Y..,.
"Flux Estimates and Pattern Recognition of Particulate Polycyclic
Aromatic Hydrocarbons, Polychlorinated Dibenzop-Dioxins, and
Dibenzofurans in The Waters Outside Various Emission Sources
on The Swedish Baltic Coast". Envion. Sci. Technol. 26, pp1444-
1457, 1992.

Kirton, P.J., Ellis, J., and Crisp, P.T., "The Analysis of Organic
Matter in Coke Oven Emissions". Fuel 70, pp 1383-1389, 1991.

Khalili, N.R., Scheff, P.A., and Holsen, T.M., "PAH Source
Fingerprints for Coke Ovens, Diesel and Gasoline Engines,
Highway Tunnels, and Wood Combustion Emissions", Atmos.
Environ. pp 29, 533-542, 1995.

Tsai, J.H., Jenq, F.T.,and Lee, C.C., PAH characteristics in
ambient air within a steel industrial complex. Toxicol. Environ.
Chem. 53, pp 127-136, 1996.

Daisey, J.M., Cheney, J.L., and Lioy, P.J., "Profiles of Organic
Particulate Emissions From Air Pollution Sources: Status and
Needs for Receptor Source Apportionment Modeling". Air Pollut.
Control Assoc. 36 (1), pp 17-33, 1986.

Cheng, K.I., and Richard, M.K., "The Use of Polycyclic
Aromatic Hydrocarbons as Source Signatures in Receptor
Modeling". Atmos. Environ. 27A, pp 523-532, 1993.

M. Hutton, "Sources of Cadmium in the Environment",
Ecotoxicology and Environmental Safety, Volume 7, Issue 1, pp
9-24, February 1983.

J. J. Emery and D. B. Matchett, "A Waste Management
Strategy for Major Industries", Conservation & Recycling,
Volume 3, Issues 3-4, pp 439-446, 1979.

Dolf Gielen, "CO; Removal in the Iron and Steel Industry”,
Energy Conversion and Management 44, pp 1027-1037, 2003.

IEA. "Coal Information". Paris: International Energy Agency;
2000.

WRI. World Resources 2000-2001. Washington, DC: World
Resources Institute; 2000.

110



REFERENCES

101

102

103

104

105

106

107

108

109

110

111

National Energy Technology. First National Conference on
Carbon Sequestration. Proceedings, 2001.

Farla JC, Hendriks CA, Blok K. "Carbon Dioxide Recovery
from Industrial Processes"”, Climatic Change, pp 29: 439-461.
1995.

Gretz, W. Korf and R. Lyeons, "Hydrogen in the Steel Industry",
International Journal of Hydrogen Energy, Volume 16, Issue 10,
pp 691-693, 1991.

Dell' Amico, M. Fung, P.; Lovel, R.; Manuel, J.; and
O'Connor, M., "Green Iron Ore Sintering", 2™ International

Conference on the Sustainable Processing of Minerals, May 10-
12, 2004

Yeonbae Kim, and Ernst Worrell, "International Comparison of
CO;, Emission Trends in the Iron and Steel Industry”, Conferences
and legislations, Energy Policy 30, pp 827-838, 2002.

UN, United Framework Convention on Climate Change. United
Nations, Geneva, 1992.

IISI, 2000. "The Steel Industry’s Position in Climate Change:
Meeting the Challenge tf The 21* Century". International Iron and
Steel Institute

Price, L., Worrell, E., and Phylipsen, D., "Energy Use and
Carbon Dioxide Emissions in Energy-Intensive Industries in Key
Developing Countries", paper presented to the 1999 Earth
Technologies Forum, Washington, DC, 27-29 September, 1992.

Jyri Seppala, Sirkka Koskela, Matti Melanen, and Matti
Palperi, "The Finnish Metals Industry And The Environment",
Finnish En_ironment Institute, PB 140, FIN- 00251 Helsinki,

Finlan Resources, Conservation and Recycling 35, pp 61-76,
2002.

Oosterhuis F., Rubik F., and Scholl G,. "Product Policy in
Europe: New Environmental Perspectives. Kluwer Dordrecht:
Academic Publishers, 1996.

OECD. Eco-efficiency. Paris, 1998.

111



REFERENCES

112

113

114

115

116

117

118

119

120

121

122

123

ISO 14040. "Environmental Management-Life Cycle
Assessment-Principles and Framework", 1997.

ISO 14041. "Environmental Management-Life Cycle
Assessment-Goal and Scope Definition and Inventory Analysis",
1998.

CA. "Ecoprofile of Primary Copper Production". A report by
Boustead Consulting Ltd. for the International Copper
Association, 1998.

IZA. "Ecoprofile of Primary Zinc Production". A report by
Boustead Consulting Ltd. for the International Zinc Association,
1998.

Melanen M., Palperi M., Viitanen M., Dahlbo H., Uusitalo S.,
Juutinen A., Lohi T. K., Koskela S., and Seppa“la” J., "Metal
Flows and Recycling of Scrap in Finland", The Finnish
Environment 401. Helsinki: Finnish Environment Institute, 2000.

A. W. Peabody, "Control of Pipeline Corrosions". National
Association of Corrosion Engineers, NACE, 1967,

D. A. Tefankjian, "Application of Cathodic Protection". National
Association of Corrosion Engineers, 1991,

Herbert H., Uhlig and R. Winston Revie, "Corrosion and
Corrosion Control”. 3™ Edn. John Wiley & Sons, 1971.

Goran Camitz, "Corrosion and protection of steel piles and sheet
piles in soil and water". Report 93, Swedish Commission on Pile
Research, 2005.

"Steel Pile'",
http:/www.geoforum.com/info/pileinfo/view.asp?ID=49

John Morgan, "Cathodic Protection”, 2" Edn. National
Association of Corrosion Engineers, 1993.

Zheng Jian Hua, "Electrochemical Techniques for Corrosion
Testing and Monitoring", METALogic n. v. Belgium, for PLAN
HT6, Dec. 2000.

112


http://www.geoforum.com/info/pileinfo/view.asp?ID=49

REFERENCES

124

125

126

127

128

"Corrosion Control in Petroleum Production'', National
Association of Corrosion Engineering, NACE, Publication TPC
5, 1979.

"Technical Report on the Application and Interpretation of
Data from External Coupons Used in the Evaluation of
Cathodically Protected Metallic Structures', NACE
Publication 35201, February 2001.

In-Dong Kim and Eui-Cheol Nho, "Module Type Switching
Rectifier for Cathodic Protection of Underground and Maritime

Metallic Structures", IEEE Transaction on Industrial Electronics,
Vol. 52, No. 1, February 2005.

""Cathodic Protection Manual, Design and Engineering
Practice'', Companies of the Royal Dutch/Shell Group, DEP
30.10.73.10-Gen, June 1983.

V. V. Krasnoyarskii, "Parameters of Cathodic Protection —
development of the Theory", Protection of metal, Vol. 38, No. 2,
pp157-160, 2002

113



dgal) ciliial) JSU L8 asadl)
aad) 3 el gudal Al o U g

OAL&AMMJ

(A peal) Cpdll S dadea Cladl /Aidiga
AV AAMA (5 5B Aals — LalSuall (o RN At (g ga ) S0S;
¥ v o ¥ Guad (e Amala - bl Eigaall g ilead pal Sgaa — Latl diaaigh o gle a gt

oftalall daja o Jpuaal) cilathia Jlesind
(Rutin) Aial) aghalf

i) ddigh aud
Aindl & gall g il Al Agaa
e (e dnala

‘a“~n°



Al o A3d) gal) Aada
Al o 0 g dpdamal) cLEial JSU B asal)
aall SJM.ES&NM
Cpa Aadia Al
o el Gl s deaa Glay [Auadiga

2Y AN G2 318 30 i — 4SS Auarigh s 051,

Ll daaigh B tiealadl 4 3 o J gaandl cilllate Jlasind
(56 Anala — Al &gl g il jall dgae — Al darigll and

Agale 88 gall g Al )t AiBlia coad 88 g

. iall

Cate )
T Fea . jaal agasapiha /84 S

48 ) dralad) — LSlSpall (o gl dunia Sl

- ...... I, ST Ju Lana /¢3S NI
e gf‘j*“ Candl g aaleilh 5 ) 59— J g il i gan Sgaan o LaasSll S

e g I T— u.ii.!l s ‘_A | gk daal / Jgasall AL

,J‘jw ,.-i’“:/w “ - . . .
M@om\éﬁmu&ws*&p YW

3 - J&uéwwﬁ‘wluﬁd
gajajluaﬂ\éu‘\gu‘aj)}—djﬂ‘up% AGLMJLJM!

@Y.nb



Aana) L) IS 3 asas
Gaad) 3 AUl gudat il 5 U

QA:\.AﬁA :\'“*"’J
(o Al Al M daana e /Adudiga
oV AAA (508 3 At — ASilSall (g g8l Awutin gy ) NS
oY ¢ ¥ Guad e dmaly <Al & gandl g bt Al Sgaa — Liadl daigll agle a gl

iluatall E\QJJUJG Jaaad cilillaia Jlasiud
(it i D

Al daigh and

il ] ca
) e (2 g daal [udiga HgiSa

Ouadh e daaly - daigll A0S L LA (o g8l Auain anadly £ 5% S

g:‘.uud dadua ) e [ udiga 9383
(alad) Gaadl g el aaleill 3 ) 59— Jo il igag dgaa - 30 Luse Miud

EPROIER
e"a.@/ / :@J@M@J‘Gﬂjﬁi
daalad) 438 ga agaall Culae 438) ga

?*Qt°/ / ?‘uuﬁl /



kil

leadl 71 51V 4 SN Alaall Ay g Al M odn B Caad Gaaa
5o LiS Al 50 a3 (L3 sal (3 Aeadiunal) dinaad) Caliall il 31Skas) Apaedl)
Al et rigal) (e o 8aad 5 dga (e Alaall pladiud Ala 8 4laal
AUl ot Alasiud dabiaall 8 juall Al Y1 o o gl 218 (ad
apal) s e palanl AE . Y Ayl Clall g a el delia 8
LIS

4 Jee oy ol s liall rlia (e Alilaia ) 5l €8 e JSUD) ) 53
Basl ydea A0 S Alen Sae a0 Ly 4 jlEall e S (X) Jg¥ sl Ales
Lalial) a3 cpigal) (e (Z) Sl = ol dles o5 (e 8 () (S0 - ol Lai
Adleal) (g s 358 im0 S B(V,)-) Mo Aleall agn B8 e
(A0 g ganle Gl xd)

A IS (X) sl Of 3 g9 SO =100 Ganadl (59 (A 8N
(Z) ¢ sV W dda gale An yy ST (Y) 55 a8 e o0 LS Alle 4 ST
(Y & Z) o 50 Gkl e caaalls plla e jels ISl e Gy 56 (S8
(e Aidna gy 6S i By sl o Ay ) g9 3588l ()51 A lEa Jae S
ZH IS A
o idi o) oW Caaa udl e il 535S alatinly arall 8 Jane Gl
05 5 AN 21 ) s o JSE a3 5 IS8 Gl 2 o IS (o
Jogdad g Sa ¥ AED daud g Baae] cilpiniar 2 s W) mdad e ST
O3l e Y sl g pellall oLl s o el g a8 Ol IS 4 g
(S 48e

Al aiiuly X Aadd aladindy CuS) fipana g (59 S 5t Jue o8
DAY #1 s e sdsale clie et mhan¥ (g SY Sy Spe
2N pdand S i e 40 gilS) dlaal) 5l aaal



Al i (adla

Basl g dga (w0 cabuall &1 5V 45 iKY dleal) S g0 Cunyy (Blaii AL
Chally apal deliva 8 48U Ca iKW aan WU s jlall Al U
Al claid) cililia e galadh JSLia
Agallall by ) 50l g gum sl (B0 i Baos Lal (lasiine 5 Jalh s A0 1y
Ales il gy 3 b ple da s U e culiin) Agles (ody Lo Adadll
dlaall el shis areasd RS § Gala 4 g ST e Apasld) coliia)
Lgialin 4488 5 40 Sl

Gy 5 Apianall il JSH Al 5530 Alals 4 50 Laad Al L
e Alu i 5 500 LS liad) g aoad) deliany 4k jall g 4l 5 Ll
= el coliid) ST e paldl yue 98 pudlaall il HUDU (Bastia Jidas
SO e Slaadt 30h ) (e duals A8l dlesy dalatal) A ool LEEDT 3 HLEY)
Jadl Ganad peatie Gl @3S 5 ) jall (ulaad¥ 5 jalla g (552 SH 20
Aadaill AU e asinY da il

Leliy a8 Al Adanall & jagatll Jnalicaiay Ao dllu )l g 60a3
Cre ) ol A3 dae o A0 fSD dAland) Sl A Al Adenal) o jladl o) jaY
PIA LISE gas (bl (ae),0xA ¢ xA e o) sl 8 Alilaie caliall i
o300 %Y50 5SS rlln ola (f Lguant o gedl A (M s At 8
plg a3 ABLaie ADAY Lol gl g Jusiia paga B Claz f S g
Jo¥) 25 poas AL g plal i (333 g3 g0 g olaall o pud pial g Je
L saal g Aga O S 75U e Do JISY Aleal) i Loy Bbea (5
G e il a3 cieall (o N Sl e Ao SISH Lleal i Laiy
i —iall Alaall (5 glne (358 iny g2 gl 8 (V,12) die djleall g
Lld(v,A00) s gale



5 ey ey Al ol 58 PUS aeall (8 (uld gl 5 Ol @
Aglard) gl e Jguandl 8 Lgadastind &5 Al gl

)zl el g 21 ) e agadl (5 il 2t e Al g gias
o 0 A ool o yaf Bae oL ol 8 NS 5 Fpa g 40 35 ey il
QA 4y il ol ) Y o il ) i g bl 1l a Jst
Jare s A1 g Canll 3 538 dlgs die Ao gall Alandl kel 8 JSU e
Lgidilio g Leliat ae Aduadi cilinieg Jolan 3 ga B il Jiay JSUY
Lile 5 21 31 o o S 05 5 il Cayelil A Rade 3 ) gumy
Jaghiay ala¥l A0G, A Clyiate ciled Ay 568 el a5
Ay S

Sl g (5 FSI sy Sae pladiuly g peadl il Al
33230 Y &1 1 e 83 ke e (ued el X Anidl pladinly e
il JSEN sy Al g o) s e S 5 e A SIKY Al i
gedond JSUH 5 dleall e Bakai ol (3 liall & (s (o 58139 g5
) CB - Sl dasial Laigsasd g dga e dgleall e ciiila 53 & Sl
datais e 810 g are g chulall JSUIL Gligad) (e

Ol Baal g dga (e Ay G Llaall o cty A DAL Canl g1
bl Qe ISl Ledl 9 40818 1o ()50 (30 geall djlan 8 Addionall Aiaadl
Tl 050 8 JrAsens yal





