


Amendment to the “Transportation Equity Act for the 21st Century (TEA-21)”

in 1998 led to this project
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• Study Goals

• Previous Studies

• Current Study

• Method 1 – Corrosion Control Methods & Services

• Method 2 – Industry Sector Analysis

• Highlights of Selected Sectors

• Extrapolation to Total Corrosion Cost

• Preventative Strategies

Cost of Corrosion – Presentation Outline



• Determines the cost of corrosion control methods and services

• Determines the cost of corrosion for specific industry sectors

• Extrapolate individual sector costs to a national total corrosion cost

• Assess barriers to progress and effective implementation

• Develop strategies for realizing cost savings

Cost of Corrosion – Study Goals



• 1950 H.H. Uhlig – US Study: 2.1% of GNP

• 1970 T.P. Hoar – UK Study: 3.5% of GNP

• 1974 Japan Study: 1.2% of GNP

• 1975 Battelle/NBS – U.S. Study: 4.5% of GNP

Cost of Corrosion – Previous Studies



• All costs are direct corrosion costs

• Disadvantage: many costs are missed

• Costs of labor attributed to corrosion management activities

• Cost of the equipment required because of corrosion-related activities

• Loss of revenue due to disruption in supply of product

• Cost of loss of reliability

Cost of Corrosion – Method 1 – Methods & Services



Protective Coatings B$ 108.6

Corrosion Resistant Alloys B$ 7.7

Corrosion Inhibitors B$ 1.1

Engineering Plastics/Polymers B$ 1.8

Cathodic & Anodic Protection B$ 1.0

Corrosion Control Services B$ 1.2

Research & Development B$ -

Education & Training B$ -

TOTAL: B$ 121.41

Cost of Corrosion – Method 1 – Methods & Services



• For each sector, details of analysis are different

• Government Reports

• Publicly Available Documents

• Industry Experts

• U.S. Department of Commerce Bureau Census

• Existing Industrial Surveys

• Trade Organizations 

• Industry Groups

• Individual Companies

Cost of Corrosion – Method 2 – Industry Sector Analysis



• 26 Sectors in 5 Categories

• Infrastructure

• Utilities

• Transportation

• Production & Manufacturing

• Government

Cost of Corrosion – Method 2 – Industry Sector Analysis



Cost of Corrosion – Method 2 – Industry Sector Analysis



Highway Bridges B$ 8.3

Gas & Liquid Transmission Pipelines B$ 7.0

Waterways & Ports B$ 0.3

Hazardous Materials Storage B$ 7.0

Airports B$ -

Railroads B$ -

TOTAL: B$ 22.6

Cost of Corrosion – Category: Infrastructure



Gas Distribution B$ 5.0

Drinking Water and Sewer Systems B$ 36.0

Electrical Utilities B$ 6.9

Telecommunications B$ -

TOTAL: B$ 47.9

Cost of Corrosion – Category: Utilities



Motor Vehicles B$ 23.4

Ships B$ 2.7

Aircraft B$ 2.2

Railroad Cars B$ 0.5

Hazardous Materials Transport B$ 0.9

TOTAL: B$ 29.7

Cost of Corrosion – Category: Transportation



Oil & Gas Exploration & Production B$ 1.4

Mining B$ 0.1

Petroleum Refining B$ 3.7

Chemical, Petrochemical, & Pharmaceutical B$ 1.7

Pulp & Paper B$ 6.0

Agricultural Production B$ 1.1

Food Processing B$ 1.1

Electronics B$ -

Home Appliances B$ 1.5

TOTAL B$ 17.6

Cost of Corrosion – Category: Production & Manufacturing



Defense B$ 20.0

Nuclear Waste Storage B$ 0.1

TOTAL B$ 20.1

Government



Infrastructure B$ 22.6

Utilities B$ 47.9

Transportation B$ 29.7

Production & Manufacturing B$ 17.6

Government B$ 20.1

TOTAL B$ 137.9

Cost of Corrosion – Summary of Sector Analyses





Highlights of 
Selected Sectors

Highways & Bridges
Transmission Pipelines

Drinking Water & Sewer Systems
Oil & Gas Exploration & Production



Highways & Bridges

$8.3 Billion Per Year



National Bridge Inventory Database

•Approximately 600,000 bridges in the U.S
Half were built between 1950 and 1994

•The materials of construction
Concrete, steel, timber, masonry, 
timber/steel/concrete combinations, & aluminum

•This sector focused on reinforced concrete and steel  bridges; they make up 
the vast majority of highway bridges



Highway Bridges – Trends

•Reported downward trend in the % structurally deficient bridges -
decrease from 18 % to 15 % between 1995 to 1999

•However, costs to replace aging bridges increased by 12 % during the 
same period.

•In addition, there has been a significant increase in the required 
maintenance of the aging bridges



Replace structurally deficient bridges B$ 3.79

Maintenance and capital cost
For concrete bridge decks 2.00
For concrete sub- and superstructures       2.00

Maintenance painting cost for steel bridges              .5

Total : B$ 8.29

Sector Summary: Highway Bridges



Indirect corrosion costs:

•Estimated from life-cycle analysis

•Costs to user due to traffic delays & lost productivity

•More than ten times the direct cost of corrosion

Highway Bridges - Findings



Gas & Liquid
Transmission Pipelines

$7 Billion Per Year



• Over 480,000 Miles of Gas and Liquid Transmission Pipelines

• Gas Transmission

• Natural Gas Lines – 328,000 Miles

• Liquid Transmission Lines

• Crude Oil Lines – 74,000 Miles

• Liquid Product Lines – 82,000 Miles

• 60% of These Lines Are Over 40 Years

Gas & Liquid Transmission Pipelines



Gas & Liquid Transmission Pipelines
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Oil & Gas



• Typical Corrosion Related Costs

• Annual ICCP System Investment - $40 Million

• Annual Sacrificial CP Investment - $9 Million

• Annual O&M Costs - $2.4 Billion - $4.8 Billion

• Certification

• 30% of Companies has personnel dedicated to Corrosion Control

• Regulations require Certification of Corrosion Control Staff

• Annual Cost $32.4 Million

Gas & Liquid Transmission Pipelines



Low
Estimate

High
Estimate

Average

($ x M) ($ x M) ($ x M) %

Cost of Capital 2,500 2.840 2,670 38

Operations & Maintenance (O&M) 2,420 4,840 3,630 52

Cost of Failures (Non-Related O&M) 471 875 673 10

TOTAL COST DUE TO CORROSION 5,391 8,555 6,973 100

Sector Summary: Transmission Pipelines



Drinking Water &
Sewer Systems

$36 Billion Per Year



• Two Separate Systems

• Drinking Water

• Sewage Water

• Costs in Operation, Maintenance, Finance, Capital Investments

• Maintenance crews find and repair leaks, but the number of leaks

increases with system age.

Drinking Water & Sewer Systems



• System Size

• 550 liters of water consumption per person per day

• 56.7 Billion m3 / year in the U.S.

• 1.4 Million km of municipal water pumping

• A major barrier to progress in corrosion management is the absence

of complete and up-to-date information on all water systems.

Drinking Water & Sewer Systems



• There are only 2 reasons why utilities replace or change water systems:

• Pipes are considered broken,

• Leaking water

• Corrosion products in the water

• Capacity too small for the area

• Assume 50% of all operation and maintenance costs are corrosion-related

Operation & Management Costs





• 1997 EPA: B$6.9 per year

•Drinking water system maintenance only

•1998 AWWA: B$16.3 per year

•Drinking water transmission – maintenance only

• 2000 WIN: B$51 per year for Drinking Water

B$45 per year for Sewer Systems

• Includes Operation, Maintenance, Finance, Capital

Three Reports on Water System Costs



• Nationwide, 15% of treated water is lost

• Loss of revenue: B$3.0 per year

• More than 90% of lost-water cost is corrosion-related, because of leaking systems

• Underground leaks go unnoticed: Therefore low cost awareness

Cost of Lost Water



• Operation, Maintenance, Finance, Capital

•Drinking water systems B$19.25

•Sewer systems B$13.75

•Cost of Lost water B$3.0

TOTAL B$36.0  

Sector Summary: Drinking Water & Sewer Systems



Oil & Gas
Exploration Production 

$1.4 Billion Per Year



• Significant available onshore oil & gas reserved have been explored

• U.S. 1998 Oil Production – 3.04 Billion Barrels

• Recoverable Reserves

• Deep Waters Offshore

• Remote Arctic Locations

• Reservoirs with Unconsolidated Sands

Background



• Relative High Costs of Oil & Gas Production in the U.S.

•Maintenance Costs Must be Kept to a Minimum

•Emphasis on Controlling Internal Corrosion with Corrosion Inhibitors

Background



• Operation, Maintenance, Finance, Capital

•Surface Piping & Facility Costs M$589

•Downhole Tubing Expenses M$463

•Capital Expenses M$320

TOTAL B$1.36  

Sector Summary: Oil & Gas



How to Extrapolate
the

Total Cost of Corrosion 







• Estimated Cost B$138

• Extrapolated Cost B$276

• Actual Cost >B$550

• Bridges >5 times

• Electric Utilities >3 times

Total Cost of Corrosion



 
  

  

   
  
 

Total Direct Cost of Corrosion in the U.S.
B$276 / year = 3.1% of GDP

1998 U.S. GDP
B$8,790
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Corrosion Costs: 


$276 billion, 3.1%


1998 U.S. Gross 


Domestic Product 


($8,790.1 billion)






Extrapolated Corrosion Costs: $276 billion, 
3.1% of GDP

State and Local 
Government, 3.0%

$8.3 Billion

Transportation and 
Utilities, 34.9%

$96.2 Billion

Construction, 18.1%
$50.0 Billion

Federal Government, 
7.3%

$20.1 Billion

Services, 5.2%
$14.3 Billion

Manufacturing, 
31.5%

$86.8 Billion


SECTORS

		Table X - Industrial Sectors.

		Category		26 Industrial Sectors

		Infrastructure		Highway Bridges

				Gas and Liquid Transmission Pipelines

				Waterways and Ports

				Hazardous Materials Storage

				Airports

				Railroads

		Utilities		Gas Distribution

				Drinking Water and Sewer Systems

				Electrical Utilities

				Telecommunication

		Transportation		Motor Vehicles

				Ships

				Aircraft

				Railroad Cars

				Hazardous Materials Transport

		Production and Manufacturing		Oil and Gas Exploration - Production

				Mining

				Petroleum Refining

				Chemical, Petrochemical, Pharmaceutical

				Pulp and Paper

				Agricultural

				Food Processing

				Electronics

				Home Appliances

		Government		Defense

				Nuclear Waste Storage





APPENDICES

		Category		26 Industrial Sectors		Appendix		Estimated Direct Cost of Corrosion								INDUSTRIAL SECTORS		Estimated Cost Of Corrosion				INDUSTRIAL SECTORS		Estimated Cost Of Corrosion

								$ x billion		Percent						Highway Bridges		$   8.3				Drinking Water and Sewer Systems		$   36.0

		Infrastructure		Highway Bridges		D		8.3		37%						Gas and Liquid Transm. Pipelines		$   7.0				Motor Vehicles		$   23.4

				Gas and Liquid Transmission Pipelines		E		7.0		31%						Waterways and Ports		$   0.3				Defense		$   20.0

				Waterways and Ports		F		0.2934		1%						Hazardous Materials Storage		$   7.0				Highway Bridges		$   8.3

				Hazardous Materials Storage		G		7.0		31%						Airports		$   - 0				Gas and Liquid Transm. Pipelines		$   7.0

				Airports		H		no estimate made		-						Railroads		$   - 0				Hazardous Materials Storage		$   7.0

				Railroads		I		no estimate made		-						Gas Distribution		$   5.0				Electrical Utilities		$   6.9

						SUBTOTAL		22.5934		100%		16.4%		15.9%		Drinking Water and Sewer Systems		$   36.0				Pulp and Paper		$   6.0

		Utilities		Gas Distribution		J		5.0		10%						Electrical Utilities		$   6.9				Gas Distribution		$   5.0

				Drinking Water and Sewer Systems		K		36.0		75%						Telecommunication		$   - 0				Petroleum Refining		$   3.7

				Electrical Utilities		L		6.889		14%						Motor Vehicles		$   23.4				Ships		$   2.7

				Telecommunication		M		no estimate made		-						Ships		$   2.7				Aircraft		$   2.2

						SUBTOTAL		47.889		100%		34.8%		35.0%		Aircraft		$   2.2				Food Processing		$   2.1

		Transportation		Motor Vehicles		N		23.4		79%						Railroad Cars		$   0.5				Chem., Petrochem., Pharm.		$   1.7

				Ships		O		2.7		9%						Hazardous Materials Transport		$   0.9				Home Appliances		$   1.5

				Aircraft		P		2.225		7%						Oil and Gas Expl.and Production		$   1.4				Oil and Gas Expl.and Production		$   1.4

				Railroad Cars		Q		0.504		2%						Mining		$   0.1				Agricultural		$   1.1

				Hazardous Materials Transport		R		0.887		3%						Petroleum Refining		$   3.7				Hazardous Materials Transport		$   0.9

						SUBTOTAL		29.716		100%		21.6%		21.7%		Chem., Petrochem., Pharm.		$   1.7				Railroad Cars		$   0.5

		Production and Manufacturing		Oil and Gas Exploration - Production		S		1.372		8%						Pulp and Paper		$   6.0				Waterways and Ports		$   0.3

				Mining		T		0.093		1%						Agricultural		$   1.1				Mining		$   0.1

				Petroleum Refining		U		3.692		21%						Food Processing		$   2.1				Nuclear Waste Storage		$   0.1

				Chemical, Petrochemical, Pharmaceutical		V		1.7		10%						Electronics		$   - 0				Airports		$   - 0

				Pulp and Paper		W		5.928		34%						Home Appliances		$   1.5				Railroads		$   - 0

				Agricultural		X		1.123		6%						Defense		$   20.0				Telecommunication		$   - 0

				Food Processing		Y		2.1		12%						Nuclear Waste Storage		$   0.1				Electronics		$   - 0

				Electronics		Z		no estimate made		-						TOTAL		$   137.9				TOTAL		$   137.9

				Home Appliances		AA		1.5		9%

						SUBTOTAL		17.508		100%		12.7%		12.8%

		Government		Defense		BB		20.0		100%

				Nuclear Waste Storage		CC		0.042		0%

						SUBTOTAL		20.042		100%		14.5%		14.6%

						TOTAL		137.7484				100.0%		100.0%
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BEA-chart (6)
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GDP

		Table XXX - Average Corrosion Cost for BEA Industry Categories as a Percentage of the 1998 Gross Domestic Product Using Corrosion Cost Data from Sector Analysis

		Bureau of Economic Analysis  Industry Categories, [ Ref….]		GDP     1998           $ x billion		Corrosion		Sector Appendix		GDP Category Amount            $ x billion		Average Corrosion    Cost                 $ x billion		Percent of GDP Category Amount										Bureau of Economic Analysis           Industry Categories, [ Ref….]		GDP 1998		Corrosion		Sector Appendix		Average     Corrosion          Cost

		Private Industries		7,684.3														87.42%		0.00%						$ x billion						$ x billion

		Agricultural, Forestry and Fishing		127.3														1.45%		0.00%				Electric, Gas and Sanitary Services		206.0		+		32% E (****),J,K,L		50.089

		Farms		80.8		+		X		127.3		1.123		0.88%				0.92%		1.45%				Motor vehicles and equip., auto repair serv. & parking		188.1		+		N		23.4

		Agricultural services		46.5		+												0.53%		0.00%				General government, Federal & Gov. Enterprises		360.7		+/-		Z,AA		20.042

		Mining		105.6														1.20%		0.00%				Chemicals and allied products		168.4		+		G,87.5% OF V (***)		8.4875

		Metal mining		5.1		+		33% of T (*)		5.1		0.031		0.61%				0.06%		0.06%				General government, State and Local & Gov. Enterprises		745.1		+/-		D		11.4

		Coal mining		11.3		+		33% of T (*)		11.3		0.031		0.27%				0.13%		0.13%				Paper and allied products, printing, publishing		149.1		+		W		5.928

		Oil and gas extraction		77.4		+		S		77.4		1.372		1.77%				0.88%		0.88%				Pipelines, except natural gas		6.1		+		68% of E (****)		4.8

		Nonmetallic minerals, except fuels		11.8		+		33% of T (*)		11.8		0.031		0.26%				0.13%		0.13%				Petroleum and coal products		32.9		+		U		3.692

		Construction		378.1		+		-										4.30%		0.00%				Water transportation		14.1		+		O & F		2.9934

		Manufacturing		1,435.9														16.34%		0.00%				Transportation by air		88.2		+		H,P		2.225

		Durable Goods		833.4														9.48%		0.00%				Food and kindred products		124.8		+		Y		2.1

		Lumber wood products		41.4		+		-										0.47%		0.00%				Miscellaneous manufacturing industries		25.7		+		CC		1.5

		Furniture and fixtures		24.1		+/-		-										0.27%		0.00%				Oil and gas extraction		77.4		+		S		1.372

		Stone clay and glass products		38.2		-		-										0.43%		0.00%				Agricultural, forestry and fishing		127.3		+		X		1.123

		Primary metals industry		54.1		+		-										0.62%		0.00%				Trucking and warehousing		109.3		+		R		0.887

		Fabricated metals products		102.2		+		-										1.16%		0.00%				Railroad transp. & Local and interurban pass. transit		41.6		+		I,Q		0.504

		Industrial machining and equipment		150.8		+		-										1.72%		0.00%				Rubber and miscellaneous plastics products		55.1		+		12.5% OF V (***)		0.2125

		Electronic and other electric equipment		172.8		+		Z		172.8		no estimate made		-				1.97%		1.97%				Metal, coal and nonmetallic mining, except fuels		28.2		+		T		0.093

		Motor vehicles and equipment		107.2		+		72% of N (**)		107.2		16.8		15.72%				1.22%		1.22%				Electronic and other electric equipment		172.8		+		BB		no estimate made

		Other transportation equipment		59.2		+		-										0.67%		0.00%				Communication		234.1		+		M		no estimate made

		Instruments and related products		57.7		+		-										0.66%		0.00%				Construction		378.1		+		-

		Miscellaneous manufacturing industries		25.7		+		AA		25.7		1.5		5.84%				0.29%		0.29%				Industrial machining and equipment		150.8		+		-

		Nondurable Goods		602.5														6.85%		0.00%				Fabricated metals products		102.2		+		-

		Food and kindred products		124.8		+		Y		124.8		2.1		1.68%				1.42%		1.42%				Amusement and recreation		72.2		+		-

		Tobacco products		16.8		-		-										0.19%		0.00%				Other transportation equipment		59.2		+		-

		Textile mill products		25.4		+/-		-										0.29%		0.00%				Instruments and related products		57.7		+		-

		Apparel and other textile products		25.8		+/-		-										0.29%		0.00%				Primary metals industry		54.1		+		-

		Paper and allied products		55.1		+		W		149.1		5.928		3.98%				0.63%		1.70%				Membership organizations		54.0		+		-

		Printing and publishing		94.0		+												1.07%		0.00%				Lumber wood products		41.4		+		-

		Chemicals and allied products		168.4		+		G		168.4		7.0		5.04%				1.92%		1.92%				Miscellaneous repair services		24.5		+		-

						+		87.5% OF V (***)				1.4875						0.00%		0.00%				Private households		14.0		+		-

		Petroleum and coal products		32.9		+		U		32.9		3.692		11.22%				0.37%		0.37%				Leather and leather goods		4.2		+		-

		Rubber and miscellaneous plastics products		55.1		+		12.5% OF V (***)		55.1		0.2125		0.39%				0.63%		0.63%				Hotels and other lodging places		76.0		+/-		-

		Leather and leather goods		4.2		+		-										0.05%		0.00%				Apparel and other textile products		25.8		+/-		-

		Transportation and Utilities		727.9														8.28%		0.00%				Textile mill products		25.4		+/-		-

		Transportation		287.8														3.27%		0.00%				Furniture and fixtures		24.1		+/-		-

		Railroad transportation		25.4		+		Q		41.6		0.504		1.21%				0.29%		0.47%				Finance, Insurance and real estate		1,689.4		-		-

								I				no estimate made		-				0.00%		0.00%				Retail Trade		796.8		-		-

		Local and interurban passenger transit		16.2		+		-										0.18%		0.00%				Wholesale Trade		610.9		-		-

		Trucking and warehousing		109.3		+		R		109.3		0.887		0.81%				1.24%		1.24%				Health services		492.6		-		-

		Water transportation		14.1		+		O & F		14.1		2.9934		21.23%				0.16%		0.16%				Business services		447.1		-		-

		Transportation by air		88.2		+		P		88.2		2.225		2.52%				1.00%		1.00%				Other services		251.5		-		-

						+		H				no estimate made		-				0.00%		0.00%				Legal services		116.4		-		-

		Pipelines, except natural gas		6.1		+		68% of E (****)		6.1		4.8		78.03%				0.07%		0.07%				Educational services		66.7		-		-

		Transportation services		28.5		-		-										0.32%		0.00%				Social services		57.1		-		-

		Communication		234.1		+		M		234.1		no estimate made		-				2.66%		2.66%				Personal services		55.4		-		-

		Telephone and telegraph		173.9														1.98%		0.00%				Stone clay and glass products		38.2		-		-

		Radio and TV		60.2														0.68%		0.00%				Motion pictures		28.8		-		-

		Electric, Gas and Sanitary Services		206.0		+		32% E (****)		206.0		2.2		24.33%				2.34%		2.34%				Transportation services		28.5		-		-

						+		J				5.0						0.00%		0.00%				Tobacco products		16.8		-		-

						+		K				36.0						0.00%		0.00%				Statistical Discrepency		(24.8)		-		-

						+		L				6.889						0.00%		0.00%

		Wholesale Trade		610.9		-		-										6.95%		0.00%

		Retail Trade		796.8		-		-										9.06%		0.00%

		Finance, Insurance and Real Estate		1,689.4		-		-										19.22%		0.00%

		Depository institutions		292.7		-		-										3.33%		0.00%

		Nondepository institutions		48.4		-		-										0.55%		0.00%

		Security and commodity brokers		135.3		-		-										1.54%		0.00%

		Insurance carriers		154.4		-		-										1.76%		0.00%

		Insurance agents, brokers and service		52.6		-		-										0.60%		0.00%

		Real estate		969.2		+		-										11.03%		0.00%

		Nonfarm housing services		714.6				-										8.13%		0.00%

		Other real estate		254.6				-										2.90%		0.00%

		Holding and other investment offices		36.8		-		-										0.42%		0.00%

		Services		1,837.2														20.90%		0.00%

		Hotels and other lodging places		76.0		+/-		-										0.86%		0.00%

		Personal services		55.4		-		-										0.63%		0.00%

		Business services		447.1		-		-										5.09%		0.00%

		Auto repair services and parking		80.9		+		28% of N (**)		80.9		6.6		8.10%				0.92%		0.92%

		Miscellaneous repair services		24.5		+		-										0.28%		0.00%

		Motion pictures		28.8		-		-										0.33%		0.00%

		Amusement and recreation		72.2		+		-										0.82%		0.00%

		Health services		492.6		-		-										5.60%		0.00%

		Legal services		116.4		-		-										1.32%		0.00%

		Educational services		66.7		-		-										0.76%		0.00%

		Social services		57.1		-		-										0.65%		0.00%

		Membership organizations		54.0		+		-										0.61%		0.00%

		Other services		251.5		-		-										2.86%		0.00%

		Private households		14.0		+		-										0.16%		0.00%

		Statistical Discrepency		(24.8)		-		-										-0.28%		0.00%

		Government		1,105.8														12.58%		0.00%

		Federal		360.7		+/-												4.10%		0.00%

		General government		298.6				BB		298.6		20.0		6.71%				3.40%		3.40%

								CC				0.042						0.00%		0.00%

		Government enterprises		62.1				-										0.71%		0.00%

		State and Local		745.1		+/-												8.48%		0.00%

		General government		680.7				D		680.7		8.3		1.22%				7.74%		7.74%

		Government enterprises		64.4				-										0.73%		0.00%

				TOTAL GDP						COVERED GDP		TOTAL COC		COVERED COC

				$   8,790.1						$   2,828.5		$   137.7484		4.87%				100.00%		32.18%

										COVERED %		Linear Extrap. COC		COC % OF GDP

										32.18		$   428.08		4.87%

		(*) For calculation purposes, the corrosion costs are distributed as one-third for each category of mining.

		(**) Based on the estimated Cost of Corrosion of Motor Vehicles found in the sector analysis, 72% is assigned to Manufacturing Motor Vehicles and Equipment, while 28% is assigned to Autorepair Services and Parking.

		(***) 12.5% of the total value of shipments in the Chemical, Petrochemical, and Pharmaceutical industry is for Plastics Material and Resin Manufacturing (11.0%) and Synthetic Rubber Manufacturing (1.5%).

		(****) Based on the mileage of transmission & gathering pipelines (328,000 km gas and 154,000 km oil), 32% of the corrosion costs of transmission pipelines is assigned to liquid lines, and 68% to gas lines.





GDP-BEAcategories

				actual				Extrapolated												Cumulative		Cumulative

				GDP				Corrosion Costs												Corrosion Costs		Covered %GDP

				$ x billion		percentage		$ x billion		percentage						percentage				$ x billion		percentage

		Services		$   1,837.2		20.90%		$   14.3		0.78%				Services, 20.9%		20.90%				$   14.3		0.16%

		Finance, Insurance and Real Estate		$   1,689.4		19.22%		$   - 0		0.00%				Finance, Insurance and Real Estate, 19.2%		19.22%				$   14.3		0.16%

		Manufacturing		$   1,435.9		16.34%		$   84.2		5.86%				Manufacturing, 16.3%		16.34%				$   98.5		1.12%

		Retail Trade		$   796.8		9.06%		$   - 0		0.00%				Retail Trade, 9.1%		9.06%				$   98.5		1.12%

		State and Local Government		$   745.1		8.48%		$   8.3		1.11%				State and Local Government, 8.5%		8.48%				$   106.8		1.22%

		Transportation and Utilities		$   727.9		8.28%		$   96.2		13.22%				Transportation and Utilities, 8.3%		8.28%				$   203.0		2.31%

		Wholesale Trade		$   610.9		6.95%		$   - 0		0.00%				Wholesale Trade, 7.0%		6.95%				$   203.0		2.31%

		Construction		$   378.1		4.30%		$   50.0		13.22%				Construction, 4.3%		4.30%				$   253.0		2.88%

		Federal Government		$   360.7		4.10%		$   20.1		5.57%				Federal Government, 4.1%		4.10%				$   273.1		3.11%

		Agriculture		$   127.3		1.45%		$   1.1		0.86%				Agriculture, 1.5%		1.45%				$   274.2		3.12%

		Mining		$   105.6		1.20%		$   1.5		1.42%				Mining, 1.2%		1.20%				$   275.7		3.14%

		Extrapolated Corrosion Costs		$   274.9										Extrapolated Corrosion Costs: $276 billion, 3.1%		3.17%				$   275.7		3.14%

				$   (24.8)		-0.27%

		TOTAL GDP		$   9,065.0		100.28%		$   275.7		3.14%

														1998 U.S. Gross Domestic Product ($8,790.1 billion)		96.90%

				$   8,790.1		GDP								Extrapolated Corrosion Costs: $276 billion, 3.1%		3.10%
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BEA-chart (3)
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BEA-chart (4)
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cost Of Corrosion, $ x billion

Cost Of Corrosion Per BEA Industry Category, (% of GDP of BEA category)

Cost Of Corrosion, (% of GDP of BEA category)
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Corr%GDP

		Services, 20.9%

		Finance, Insurance and Real Estate, 19.2%

		Manufacturing, 16.3%

		Retail Trade, 9.1%

		State and Local Government, 8.5%

		Transportation and Utilities, 8.3%

		Wholesale Trade, 7.0%

		Construction, 4.3%

		Federal Government, 4.1%

		Agriculture, 1.5%

		Mining, 1.2%

		Extrapolated Corrosion Costs: $276 billion, 3.1%



Extrapolated Corrosion Costs: $276 billion, 3.1%
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Corr%GDP (2)

		1998 U.S. Gross Domestic Product ($8,790.1 billion)

		Extrapolated Corrosion Costs: $276 billion, 3.1%



Extrapolated Corrosion Costs: $279 billion, 3.2%
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Extrapolated Corrosion Costs: $276 billion, 3.1% of GDP

Transportation and Utilities, 34.9%
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Manufacturing, 31.5%
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Control$121
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		Education and Training



Cost of Corrosion Control Methods: $121 billion

Metals and Alloys,6%

Polymers, 1%

Metallic Coatings, 1%

Services, 1%

Corrosion Inhibitors,
1%

Anodic and Cathodic Protection, 1%

Research and Development, 0%

Education and Training, 0%
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GNP-Cost-75-98

		1975		1975

		1998		1998



GNP/GDP

CorrosionCost

$ x billion

Comparison of GNP/GDP and Cost of Corrosion in 1975 and 1998.
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$8,790 GDP
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GNP-Cost-75-98-2
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		1998		1998



GNP/GDP

CorrosionCost

$ x billion

Comparison of GNP/GDP and Cost of Corrosion in 1975 and 1998.
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$8,790 GDP
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ManipulateDATA-2

		Bureau of Economic Analysis  Industry Categories, [ Ref….]		GDP     1998           $ x billion		Corrosion		Sector Appendix		GDP Category Amount            $ x billion		%GDP		Average Corrosion    Cost                 $ x billion		Percent of GDP Category Amount														%GDP		Average Corrosion    Cost                 $ x billion

		Private Industries		7,684.3																										- 0		$   - 0

		Agricultural, forestry and fishing		127.3																						0.2755		$   - 0		0.27550		$   137.9

		Farms		80.8		+		X		127.3		1.45%		1.123		0.88%										0.2755		$   550.0		1.00000		$   500.5

		Agricultural services		46.5		+																				0.27550		$   - 0

		Mining		105.6																						0.27550		$   137.9

		Metal mining		5.1		+		T		28.2		0.32%		0.093		0.33%										- 0		$   137.9

		Coal mining		11.3		+																				0.27550		$   137.9

		Oil and gas extraction		77.4		+		S		77.4		0.88%		1.372		1.77%

		Nonmetallic minerals, except fuels		11.8		+																		GDP		GDP		CorrosionCost		Cumulative		Cumulative						CorrosionCost

		Construction		378.1		+		-																$ x billion		%		$ x billion		%GDP		$ x billion						$ x billion

		Manufacturing		1,516.8																ANALYZED		Agricultural, Forestry, and Fishing		127.3		0.01448		$   1.1		1.45%		$   1.10				Transportation and Utilities		$   96.20		34.9%

		Durable Goods		914.3																		Mining		105.6		0.01201		$   1.5		2.65%		$   2.60				Manufacturing		$   86.80		31.5%

		Lumber wood products		41.4		+		-														Manufacturing		663.2		0.07545		$   38.9		10.19%		$   41.50				Construction		$   50.00		18.1%

		Furniture and fixtures		24.1		+/-		-														Transportation and Utilities		465.3		0.05293		$   61.5		15.49%		$   103.00				Federal Government		$   20.10		7.3%

		Stone clay and glass products		38.2		-		-														Services		80.9		0.00920		$   6.5		16.41%		$   109.50				Services		$   14.30		5.2%

		Primary metals industry		54.1		+		-														Federal Government		298.6		0.03397		$   20.1		19.81%		$   129.60				State and Local Government		$   8.30		3.0%

		Fabricated metals products		102.2		+		-														State and Local Government		680.7		0.07744		$   8.3		27.55%		$   137.90						$   275.70		100.0%

		Industrial machining and equipment		150.8		+		-												EXTRAPOLATED		Manufacturing		772.7		0.08791		$   45.3		36.34%		$   183.20

		Electronic and other electric equipment		172.8		+		Z		172.8						-						Transportation and Utilities		262.6		0.02987		$   34.7		39.33%		$   217.90

		Motor vehicles and equipment + REPAIR SERVICES		188.1		+		N		188.1		2.14%		23.4		12.44%						Services - Misc. repair		24.5		0.00279		$   2.0		39.61%		$   219.90

		Other transportation equipment		59.2		+		-														Services - Amusement and Recr.		72.2		0.00821		$   5.8		40.43%		$   225.70				Organic Coatings		$   107.20		88.3%		Organic Coatings		107.20

		Instruments and related products		57.7		+		-														Services - Other		1,659.6		0.18880		$   - 0		59.31%		$   225.70				Metals and Alloys		$   7.70		6.3%		Metals and Alloys		7.70

		Miscellaneous manufacturing industries		25.7		+		AA		25.7		0.29%		1.5		5.84%						Construction		378.1		0.04301		$   50.0		63.61%		$   275.70				Polymers		$   1.80		1.5%		Anodic and Cathodic Protection		1.80

		Nondurable Goods		602.5																		Wholesale Trade		610.9		0.06950		$   - 0		70.56%		$   275.70				Metallic Coatings		$   1.40		1.2%		Other		4.71

		Food and kindred products		124.8		+		Y		124.8		1.42%		2.1		1.68%						Retail Trade		796.8		0.09065		$   - 0		79.62%		$   275.70				Services		$   1.20		1.0%				121.41

		Tobacco products		16.8		-		-														Finance, Insurance, and Real Estate		1,689.4		0.19219		$   - 0		98.84%		$   275.70				Corrosion Inhibitors		$   1.10		0.9%

		Textile mill products		25.4		+/-		-														Statistical Discrepancy		(24.8)		(0.00282)		$   - 0		98.56%		$   275.70				Anodic and Cathodic Protection		$   0.98		0.8%

		Apparel and other textile products		25.8		+/-		-														Federal Government		62.1		0.00706		$   - 0		99.27%		$   275.70				Research and Development		$   0.02		0.0%

		Paper and allied products		55.1		+		W		149.1		1.70%		5.928		3.98%						State and Local Government		64.4		0.00733		$   - 0		100.00%		$   275.70				Education and Training		$   0.01		0.0%

		Printing and publishing		94.0		+																		8,790.1				$   275.7										121.41		100.0%

		Chemicals and allied products		168.4		+		G		168.4		1.92%		7.0		5.04%

						+		87.5% OF V (***)						1.4875																								GNP/GDP		CorrosionCost

		Petroleum and coal products		32.9		+		U		32.9		0.37%		3.692		11.22%																						GNP/GDP		CorrosionCost

		Rubber and miscellaneous plastics products		55.1		+		12.5% OF V (***)		55.1		0.63%		0.2125		0.39%																				1975		$   1,677		$   70.0

		Leather and leather goods		4.2		+		-																												1998		$   8,790		$   275.6

		Transportation and Utilities		727.9

		Transportation		287.8

		Railroad transportation		25.4		+		I,Q		41.6		0.47%		0.504		1.21%

																-

		Local and interurban passenger transit		16.2		+		-

		Trucking and warehousing		109.3		+		R		109.3		1.24%		0.887		0.81%

		Water transportation		14.1		+		O & F		14.1		0.16%		2.9934		21.23%

		Transportation by air		88.2		+		P,H		88.2		1.00%		2.225		2.52%

						+										-

		Pipelines, except natural gas		6.1		+		68% of E (****)		6.1		0.07%		4.8		78.69%

		Transportation services		28.5		-		-

		Communication		234.1		+		M		234.1						-

		Telephone and telegraph		173.9

		Radio and TV		60.2

		Electric, Gas and Sanitary Services		206.0		+		32% E (****),J,K,L		206.0		2.34%		50.089		24.32%

						+

						+

						+

		Wholesale Trade		610.9		-		-

		Retail Trade		796.8		-		-

		Finance, Insurance and real estate		1,689.4		-		-

		Depository institutions		292.7		-		-

		Nondepository institutions		48.4		-		-

		Security and commodity brokers		135.3		-		-

		Insurance carriers		154.4		-		-

		Insurance agents, brokers and service		52.6		-		-

		Real estate		969.2		+		-

		Nonfarm housing services		714.6				-

		Other real estate		254.6				-

		Holding and other investment offices		36.8		-		-

		Services		1,756.3

		Hotels and other lodging places		76.0		+/-		-

		Personal services		55.4		-		-

		Business services		447.1		-		-

		Miscellaneous repair services		24.5		+		-

		Motion pictures		28.8		-		-

		Amusement and recreation		72.2		+		-

		Health services		492.6		-		-

		Legal services		116.4		-		-

		Educational services		66.7		-		-

		Social services		57.1		-		-

		Membership organizations		54.0		+		-

		Other services		251.5		-		-

		Private households		14.0		+		-

		Statistical Discrepency		(24.8)		-		-

		Government		1,105.8

		Federal		360.7		+/-

		General government		298.6				BB,CC		298.6		3.40%		20.042		6.71%

		Government enterprises		62.1				-

		State and Local		745.1		+/-

		General government		680.7				D		680.7		7.74%		8.3		1.22%

		Government enterprises		64.4				-

				TOTAL GDP						COVERED GDP				TOTAL COC		COVERED COC

				$   8,790.1						$   2,828.5				$   137.7484		4.87%

										COVERED %						COC % OF GDP

										32.2						0.44%
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Cost Of Corrosion Total, 1 Datapoint

Cost Of Corrosion, Individual Data For 22 of 26 Sectors

% Of GDP

Cost Of Corrosion, $ x billion

B$137.9 at
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Linear Extrapolation:
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100% GDP
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State Government

Federal Government

Electric, Gas, Sanitary Services

Cars: New & Repairs

HAZMAT Storage

Pulp & Paper

Cost Of Corrosion Total, 1 Datapoint

Cost Of Corrosion, Individual Data For 22 of Sectors

% Of GDP

Cost Of Corrosion, $ x billion
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TOTAL-COC-3
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B$137.9 at
27.55% of GDP

Linear Extrapolation:
B$500.5 at
100% of GDP

Cost Of Corrosion Total, 1 Datapoint

% Of GDP

Cost Of Corrosion, $ x billion

Linear Extrapolation of Direct Corrosion Costs

0

0

137.9

137.9

137.9

137.9

500.5444646098



TOTAL-COC-4

		0		0.0144822016		0.2755

		0.2755		0.0264957168		0.2755

		1		0.1019442327

				0.1548787841

				0.1640823199

				0.1980523544

				0.2754917464

				0.3633974585

				0.3932719764

				0.396059203

				0.4042729889

				0.5930763017

				0.6360906019

				0.7055892424

				0.7962366754

				0.9884301658

				0.9856088099

				0.992673576

				1



Non-Linear Extrapolation:
B$275.7 at
100% of GDP

B$137.9 at
27.55% of GDP

Extrapolated

Analyzed

Manufacturing

Transportation and Utilities

Construction

Manufacturing

Transportation and Utilities

Federal Government

Mining

Agriculture

Services

State and Local Government

Services

Services - Misc.

Retail Trade

Wholesale Trade

Finance, Insurance, 
Real Estate

Government - Misc.

Cost Of Corrosion: Linear Extrapolation

Cost Of Corrosion: Non-Linear Extrapolation

% Of GDP

Cost Of Corrosion, $ x billion

Non-Linear Extrapolation of Direct Corrosion Costs

0

1.1

0

137.9

2.6

550

500.5444646098

41.5

103

109.5

129.6

137.9

183.2

217.9

219.9

225.7

225.7

275.7

275.7

275.7

275.7

275.7

275.7

275.7



CompareExtrap.

		Cost of Corrosion Calculations		$ x billion		percent of GDP

		Direct Cost, Determined From Sectors		$   137.9		1.569%

		Direct Cost, Non-linear Extrapolation		$   275.7		3.136%

		Direct Cost, Linear Extrapolation		$   500.5		5.694%

		Direct Costs (Non-linear) + Indirect Costs (Same as Direct)		$   551.4		6.273%

				$   8,790.1





Extrap.Compare

		Direct Cost, Determined From Sectors

		Direct Cost, Non-linear Extrapolation

		Direct Cost, Linear Extrapolation

		Direct Costs (Non-linear) + Indirect Costs (Same as Direct)



1.57%
of
GDP

6.27%
of
GDP

5.69%
of
GDP

3.14%
of
GDP

$ x billion

Total U.S. Cost Of Corrosion in 1998, ($ x billion)

Total Cost Of Corrosion Calculations

137.9

275.7

500.5

551.4



CompareExtrap. (2)

		Cost of Corrosion Calculations		$ x billion		percent of GDP

		Analyzed Sectors		$   137.9		1.569%

		Extrapolated		$   275.7		3.136%

				$   8,790.1

		Cost of Corrosion Calculations		$ x billion

		Agriculture, Forestry, Fishing, Mining		$   2.6





Extrap.Compare (2)

		Analyzed Sectors

		Extrapolated



1.57%
of
GDP

3.14%
of
GDP

$ x billion

Total U.S. Cost Of Corrosion in 1998, ($ x billion)

Total Direct Annual Cost Of Corrosion

137.9

275.7
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SECTORS

		Table X - Industrial Sectors.

		Category		26 Industrial Sectors

		Infrastructure		Highway Bridges

				Gas and Liquid Transmission Pipelines

				Waterways and Ports

				Hazardous Materials Storage

				Airports

				Railroads

		Utilities		Gas Distribution

				Drinking Water and Sewer Systems

				Electrical Utilities

				Telecommunication

		Transportation		Motor Vehicles

				Ships

				Aircraft

				Railroad Cars

				Hazardous Materials Transport

		Production and Manufacturing		Oil and Gas Exploration - Production

				Mining

				Petroleum Refining

				Chemical, Petrochemical, Pharmaceutical

				Pulp and Paper

				Agricultural

				Food Processing

				Electronics

				Home Appliances

		Government		Defense

				Nuclear Waste Storage





APPENDICES

		Category		26 Industrial Sectors		Appendix		Estimated Direct Cost of Corrosion								INDUSTRIAL SECTORS		Estimated Cost Of Corrosion				INDUSTRIAL SECTORS		Estimated Cost Of Corrosion

								$ x billion		Percent						Highway Bridges		$   8.3				Drinking Water and Sewer Systems		$   36.0

		Infrastructure		Highway Bridges		D		8.3		37%						Gas and Liquid Transm. Pipelines		$   7.0				Motor Vehicles		$   23.4

				Gas and Liquid Transmission Pipelines		E		7.0		31%						Waterways and Ports		$   0.3				Defense		$   20.0

				Waterways and Ports		F		0.2934		1%						Hazardous Materials Storage		$   7.0				Highway Bridges		$   8.3

				Hazardous Materials Storage		G		7.0		31%						Airports		$   - 0				Gas and Liquid Transm. Pipelines		$   7.0

				Airports		H		no estimate made		-						Railroads		$   - 0				Hazardous Materials Storage		$   7.0

				Railroads		I		no estimate made		-						Gas Distribution		$   5.0				Electrical Utilities		$   6.9

						SUBTOTAL		22.5934		100%		16.4%		15.9%		Drinking Water and Sewer Systems		$   36.0				Pulp and Paper		$   6.0

		Utilities		Gas Distribution		J		5.0		10%						Electrical Utilities		$   6.9				Gas Distribution		$   5.0

				Drinking Water and Sewer Systems		K		36.0		75%						Telecommunication		$   - 0				Petroleum Refining		$   3.7

				Electrical Utilities		L		6.889		14%						Motor Vehicles		$   23.4				Ships		$   2.7

				Telecommunication		M		no estimate made		-						Ships		$   2.7				Aircraft		$   2.2

						SUBTOTAL		47.889		100%		34.8%		35.0%		Aircraft		$   2.2				Food Processing		$   2.1

		Transportation		Motor Vehicles		N		23.4		79%						Railroad Cars		$   0.5				Chem., Petrochem., Pharm.		$   1.7

				Ships		O		2.7		9%						Hazardous Materials Transport		$   0.9				Home Appliances		$   1.5

				Aircraft		P		2.225		7%						Oil and Gas Expl.and Production		$   1.4				Oil and Gas Expl.and Production		$   1.4

				Railroad Cars		Q		0.504		2%						Mining		$   0.1				Agricultural		$   1.1

				Hazardous Materials Transport		R		0.887		3%						Petroleum Refining		$   3.7				Hazardous Materials Transport		$   0.9

						SUBTOTAL		29.716		100%		21.6%		21.7%		Chem., Petrochem., Pharm.		$   1.7				Railroad Cars		$   0.5

		Production and Manufacturing		Oil and Gas Exploration - Production		S		1.372		8%						Pulp and Paper		$   6.0				Waterways and Ports		$   0.3

				Mining		T		0.093		1%						Agricultural		$   1.1				Mining		$   0.1

				Petroleum Refining		U		3.692		21%						Food Processing		$   2.1				Nuclear Waste Storage		$   0.1

				Chemical, Petrochemical, Pharmaceutical		V		1.7		10%						Electronics		$   - 0				Airports		$   - 0

				Pulp and Paper		W		5.928		34%						Home Appliances		$   1.5				Railroads		$   - 0

				Agricultural		X		1.123		6%						Defense		$   20.0				Telecommunication		$   - 0

				Food Processing		Y		2.1		12%						Nuclear Waste Storage		$   0.1				Electronics		$   - 0

				Electronics		Z		no estimate made		-						TOTAL		$   137.9				TOTAL		$   137.9

				Home Appliances		AA		1.5		9%

						SUBTOTAL		17.508		100%		12.7%		12.8%

		Government		Defense		BB		20.0		100%

				Nuclear Waste Storage		CC		0.042		0%

						SUBTOTAL		20.042		100%		14.5%		14.6%

						TOTAL		137.7484				100.0%		100.0%





BEA-chart (5)
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BEA-chart (6)
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GDP

		Table XXX - Average Corrosion Cost for BEA Industry Categories as a Percentage of the 1998 Gross Domestic Product Using Corrosion Cost Data from Sector Analysis

		Bureau of Economic Analysis  Industry Categories, [ Ref….]		GDP     1998           $ x billion		Corrosion		Sector Appendix		GDP Category Amount            $ x billion		Average Corrosion    Cost                 $ x billion		Percent of GDP Category Amount										Bureau of Economic Analysis           Industry Categories, [ Ref….]		GDP 1998		Corrosion		Sector Appendix		Average     Corrosion          Cost

		Private Industries		7,684.3														87.42%		0.00%						$ x billion						$ x billion

		Agricultural, Forestry and Fishing		127.3														1.45%		0.00%				Electric, Gas and Sanitary Services		206.0		+		32% E (****),J,K,L		50.089

		Farms		80.8		+		X		127.3		1.123		0.88%				0.92%		1.45%				Motor vehicles and equip., auto repair serv. & parking		188.1		+		N		23.4

		Agricultural services		46.5		+												0.53%		0.00%				General government, Federal & Gov. Enterprises		360.7		+/-		Z,AA		20.042

		Mining		105.6														1.20%		0.00%				Chemicals and allied products		168.4		+		G,87.5% OF V (***)		8.4875

		Metal mining		5.1		+		33% of T (*)		5.1		0.031		0.61%				0.06%		0.06%				General government, State and Local & Gov. Enterprises		745.1		+/-		D		11.4

		Coal mining		11.3		+		33% of T (*)		11.3		0.031		0.27%				0.13%		0.13%				Paper and allied products, printing, publishing		149.1		+		W		5.928

		Oil and gas extraction		77.4		+		S		77.4		1.372		1.77%				0.88%		0.88%				Pipelines, except natural gas		6.1		+		68% of E (****)		4.8

		Nonmetallic minerals, except fuels		11.8		+		33% of T (*)		11.8		0.031		0.26%				0.13%		0.13%				Petroleum and coal products		32.9		+		U		3.692

		Construction		378.1		+		-										4.30%		0.00%				Water transportation		14.1		+		O & F		2.9934

		Manufacturing		1,435.9														16.34%		0.00%				Transportation by air		88.2		+		H,P		2.225

		Durable Goods		833.4														9.48%		0.00%				Food and kindred products		124.8		+		Y		2.1

		Lumber wood products		41.4		+		-										0.47%		0.00%				Miscellaneous manufacturing industries		25.7		+		CC		1.5

		Furniture and fixtures		24.1		+/-		-										0.27%		0.00%				Oil and gas extraction		77.4		+		S		1.372

		Stone clay and glass products		38.2		-		-										0.43%		0.00%				Agricultural, forestry and fishing		127.3		+		X		1.123

		Primary metals industry		54.1		+		-										0.62%		0.00%				Trucking and warehousing		109.3		+		R		0.887

		Fabricated metals products		102.2		+		-										1.16%		0.00%				Railroad transp. & Local and interurban pass. transit		41.6		+		I,Q		0.504

		Industrial machining and equipment		150.8		+		-										1.72%		0.00%				Rubber and miscellaneous plastics products		55.1		+		12.5% OF V (***)		0.2125

		Electronic and other electric equipment		172.8		+		Z		172.8		no estimate made		-				1.97%		1.97%				Metal, coal and nonmetallic mining, except fuels		28.2		+		T		0.093

		Motor vehicles and equipment		107.2		+		72% of N (**)		107.2		16.8		15.72%				1.22%		1.22%				Electronic and other electric equipment		172.8		+		BB		no estimate made

		Other transportation equipment		59.2		+		-										0.67%		0.00%				Communication		234.1		+		M		no estimate made

		Instruments and related products		57.7		+		-										0.66%		0.00%				Construction		378.1		+		-

		Miscellaneous manufacturing industries		25.7		+		AA		25.7		1.5		5.84%				0.29%		0.29%				Industrial machining and equipment		150.8		+		-

		Nondurable Goods		602.5														6.85%		0.00%				Fabricated metals products		102.2		+		-

		Food and kindred products		124.8		+		Y		124.8		2.1		1.68%				1.42%		1.42%				Amusement and recreation		72.2		+		-

		Tobacco products		16.8		-		-										0.19%		0.00%				Other transportation equipment		59.2		+		-

		Textile mill products		25.4		+/-		-										0.29%		0.00%				Instruments and related products		57.7		+		-

		Apparel and other textile products		25.8		+/-		-										0.29%		0.00%				Primary metals industry		54.1		+		-

		Paper and allied products		55.1		+		W		149.1		5.928		3.98%				0.63%		1.70%				Membership organizations		54.0		+		-

		Printing and publishing		94.0		+												1.07%		0.00%				Lumber wood products		41.4		+		-

		Chemicals and allied products		168.4		+		G		168.4		7.0		5.04%				1.92%		1.92%				Miscellaneous repair services		24.5		+		-

						+		87.5% OF V (***)				1.4875						0.00%		0.00%				Private households		14.0		+		-

		Petroleum and coal products		32.9		+		U		32.9		3.692		11.22%				0.37%		0.37%				Leather and leather goods		4.2		+		-

		Rubber and miscellaneous plastics products		55.1		+		12.5% OF V (***)		55.1		0.2125		0.39%				0.63%		0.63%				Hotels and other lodging places		76.0		+/-		-

		Leather and leather goods		4.2		+		-										0.05%		0.00%				Apparel and other textile products		25.8		+/-		-

		Transportation and Utilities		727.9														8.28%		0.00%				Textile mill products		25.4		+/-		-

		Transportation		287.8														3.27%		0.00%				Furniture and fixtures		24.1		+/-		-

		Railroad transportation		25.4		+		Q		41.6		0.504		1.21%				0.29%		0.47%				Finance, Insurance and real estate		1,689.4		-		-

								I				no estimate made		-				0.00%		0.00%				Retail Trade		796.8		-		-

		Local and interurban passenger transit		16.2		+		-										0.18%		0.00%				Wholesale Trade		610.9		-		-

		Trucking and warehousing		109.3		+		R		109.3		0.887		0.81%				1.24%		1.24%				Health services		492.6		-		-

		Water transportation		14.1		+		O & F		14.1		2.9934		21.23%				0.16%		0.16%				Business services		447.1		-		-

		Transportation by air		88.2		+		P		88.2		2.225		2.52%				1.00%		1.00%				Other services		251.5		-		-

						+		H				no estimate made		-				0.00%		0.00%				Legal services		116.4		-		-

		Pipelines, except natural gas		6.1		+		68% of E (****)		6.1		4.8		78.03%				0.07%		0.07%				Educational services		66.7		-		-

		Transportation services		28.5		-		-										0.32%		0.00%				Social services		57.1		-		-

		Communication		234.1		+		M		234.1		no estimate made		-				2.66%		2.66%				Personal services		55.4		-		-

		Telephone and telegraph		173.9														1.98%		0.00%				Stone clay and glass products		38.2		-		-

		Radio and TV		60.2														0.68%		0.00%				Motion pictures		28.8		-		-

		Electric, Gas and Sanitary Services		206.0		+		32% E (****)		206.0		2.2		24.33%				2.34%		2.34%				Transportation services		28.5		-		-

						+		J				5.0						0.00%		0.00%				Tobacco products		16.8		-		-

						+		K				36.0						0.00%		0.00%				Statistical Discrepency		(24.8)		-		-

						+		L				6.889						0.00%		0.00%

		Wholesale Trade		610.9		-		-										6.95%		0.00%

		Retail Trade		796.8		-		-										9.06%		0.00%

		Finance, Insurance and Real Estate		1,689.4		-		-										19.22%		0.00%

		Depository institutions		292.7		-		-										3.33%		0.00%

		Nondepository institutions		48.4		-		-										0.55%		0.00%

		Security and commodity brokers		135.3		-		-										1.54%		0.00%

		Insurance carriers		154.4		-		-										1.76%		0.00%

		Insurance agents, brokers and service		52.6		-		-										0.60%		0.00%

		Real estate		969.2		+		-										11.03%		0.00%

		Nonfarm housing services		714.6				-										8.13%		0.00%

		Other real estate		254.6				-										2.90%		0.00%

		Holding and other investment offices		36.8		-		-										0.42%		0.00%

		Services		1,837.2														20.90%		0.00%

		Hotels and other lodging places		76.0		+/-		-										0.86%		0.00%

		Personal services		55.4		-		-										0.63%		0.00%

		Business services		447.1		-		-										5.09%		0.00%

		Auto repair services and parking		80.9		+		28% of N (**)		80.9		6.6		8.10%				0.92%		0.92%

		Miscellaneous repair services		24.5		+		-										0.28%		0.00%

		Motion pictures		28.8		-		-										0.33%		0.00%

		Amusement and recreation		72.2		+		-										0.82%		0.00%

		Health services		492.6		-		-										5.60%		0.00%

		Legal services		116.4		-		-										1.32%		0.00%

		Educational services		66.7		-		-										0.76%		0.00%

		Social services		57.1		-		-										0.65%		0.00%

		Membership organizations		54.0		+		-										0.61%		0.00%

		Other services		251.5		-		-										2.86%		0.00%

		Private households		14.0		+		-										0.16%		0.00%

		Statistical Discrepency		(24.8)		-		-										-0.28%		0.00%

		Government		1,105.8														12.58%		0.00%

		Federal		360.7		+/-												4.10%		0.00%

		General government		298.6				BB		298.6		20.0		6.71%				3.40%		3.40%

								CC				0.042						0.00%		0.00%

		Government enterprises		62.1				-										0.71%		0.00%

		State and Local		745.1		+/-												8.48%		0.00%

		General government		680.7				D		680.7		8.3		1.22%				7.74%		7.74%

		Government enterprises		64.4				-										0.73%		0.00%

				TOTAL GDP						COVERED GDP		TOTAL COC		COVERED COC

				$   8,790.1						$   2,828.5		$   137.7484		4.87%				100.00%		32.18%

										COVERED %		Linear Extrap. COC		COC % OF GDP

										32.18		$   428.08		4.87%

		(*) For calculation purposes, the corrosion costs are distributed as one-third for each category of mining.

		(**) Based on the estimated Cost of Corrosion of Motor Vehicles found in the sector analysis, 72% is assigned to Manufacturing Motor Vehicles and Equipment, while 28% is assigned to Autorepair Services and Parking.

		(***) 12.5% of the total value of shipments in the Chemical, Petrochemical, and Pharmaceutical industry is for Plastics Material and Resin Manufacturing (11.0%) and Synthetic Rubber Manufacturing (1.5%).

		(****) Based on the mileage of transmission & gathering pipelines (328,000 km gas and 154,000 km oil), 32% of the corrosion costs of transmission pipelines is assigned to liquid lines, and 68% to gas lines.





GDP-BEAcategories

				actual				Extrapolated												Cumulative		Cumulative

				GDP				Corrosion Costs												Corrosion Costs		Covered %GDP

				$ x billion		percentage		$ x billion		percentage						percentage				$ x billion		percentage

		Services		$   1,837.2		20.90%		$   14.3		0.78%				Services, 20.9%		20.90%				$   14.3		0.16%

		Finance, Insurance and Real Estate		$   1,689.4		19.22%		$   - 0		0.00%				Finance, Insurance and Real Estate, 19.2%		19.22%				$   14.3		0.16%

		Manufacturing		$   1,435.9		16.34%		$   84.2		5.86%				Manufacturing, 16.3%		16.34%				$   98.5		1.12%

		Retail Trade		$   796.8		9.06%		$   - 0		0.00%				Retail Trade, 9.1%		9.06%				$   98.5		1.12%

		State and Local Government		$   745.1		8.48%		$   8.3		1.11%				State and Local Government, 8.5%		8.48%				$   106.8		1.22%

		Transportation and Utilities		$   727.9		8.28%		$   96.2		13.22%				Transportation and Utilities, 8.3%		8.28%				$   203.0		2.31%

		Wholesale Trade		$   610.9		6.95%		$   - 0		0.00%				Wholesale Trade, 7.0%		6.95%				$   203.0		2.31%

		Construction		$   378.1		4.30%		$   50.0		13.22%				Construction, 4.3%		4.30%				$   253.0		2.88%

		Federal Government		$   360.7		4.10%		$   20.1		5.57%				Federal Government, 4.1%		4.10%				$   273.1		3.11%

		Agriculture		$   127.3		1.45%		$   1.1		0.86%				Agriculture, 1.5%		1.45%				$   274.2		3.12%

		Mining		$   105.6		1.20%		$   1.5		1.42%				Mining, 1.2%		1.20%				$   275.7		3.14%

		Extrapolated Corrosion Costs		$   274.9										Extrapolated Corrosion Costs: $276 billion, 3.1%		3.17%				$   275.7		3.14%

				$   (24.8)		-0.27%

		TOTAL GDP		$   9,065.0		100.28%		$   275.7		3.14%

														1998 U.S. Gross Domestic Product ($8,790.1 billion)		96.90%

				$   8,790.1		GDP								Extrapolated Corrosion Costs: $276 billion, 3.1%		3.10%





BEA-chart
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		Finance, Insurance and Real Estate

		Manufacturing

		Retail Trade

		State and Local Government

		Transportation and Utilities

		Wholesale Trade

		Construction

		Federal Government

		Agriculture

		Mining



GDP, $ x billion

1998 U.S. Gross Domestic Product, ($ x billion)
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BEA-chart (3)
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cost Of Corrosion, $ x billion

Cost Of Corrosion Per BEA Industry Category, ($ x billion)

Cost Of Corrosion, ($ x billion)
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BEA-chart (4)
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		Finance, Insurance and Real Estate

		Manufacturing

		Retail Trade
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cost Of Corrosion, $ x billion

Cost Of Corrosion Per BEA Industry Category, (% of GDP of BEA category)

Cost Of Corrosion, (% of GDP of BEA category)

0.0077835837

0
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0
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0
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Corr%GDP

		Services, 20.9%

		Finance, Insurance and Real Estate, 19.2%

		Manufacturing, 16.3%

		Retail Trade, 9.1%

		State and Local Government, 8.5%

		Transportation and Utilities, 8.3%

		Wholesale Trade, 7.0%

		Construction, 4.3%

		Federal Government, 4.1%

		Agriculture, 1.5%

		Mining, 1.2%

		Extrapolated Corrosion Costs: $276 billion, 3.1%



Extrapolated Corrosion Costs: $276 billion, 3.1%

0.209

0.1922

0.1634

0.0906

0.0848

0.0828

0.0695

0.043

0.041

0.0145
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Corr%GDP (2)

		1998 U.S. Gross Domestic Product ($8,790.1 billion)

		Extrapolated Corrosion Costs: $276 billion, 3.1%



Extrapolated Corrosion Costs: $279 billion, 3.2%

0.969

0.031



Cost$276

		Transportation and Utilities

		Manufacturing

		Construction

		Federal Government

		Services

		State and Local Government



Extrapolated Corrosion Costs: $276 billion, 3.1% of GDP

96.2

86.8

50

20.1

14.3

8.3



Control$121

		Organic Coatings

		Metals and Alloys

		Polymers

		Metallic Coatings

		Services

		Corrosion Inhibitors

		Anodic and Cathodic Protection

		Research and Development

		Education and Training



Cost of Corrosion Control Methods: $121 billion

Metals and Alloys,6%

Polymers, 1%

Metallic Coatings, 1%

Services, 1%

Corrosion Inhibitors,
1%

Anodic and Cathodic Protection, 1%

Research and Development, 0%

Education and Training, 0%

107.2

7.7

1.8

1.4

1.2

1.1

0.98

0.02

0.01



GNP-Cost-75-98

		1975		1975

		1998		1998



GNP/GDP

CorrosionCost

$ x billion

Comparison of GNP/GDP and Cost of Corrosion in 1975 and 1998.

$1,677 GNP

$8,790 GDP

$70.0
4.2% of GNP

$275.7
3.1% of GDP

1677

70

8790.1

275.6



GNP-Cost-75-98-2

		1975		1975

		1998		1998



GNP/GDP

CorrosionCost

$ x billion

Comparison of GNP/GDP and Cost of Corrosion in 1975 and 1998.

$1,677 GNP

$8,790 GDP

$70.0
4.2% of GNP

$275.7
3.1% of GDP

1677

70

8790.1

275.6



ManipulateDATA-2

		Bureau of Economic Analysis  Industry Categories, [ Ref….]		GDP     1998           $ x billion		Corrosion		Sector Appendix		GDP Category Amount            $ x billion		%GDP		Average Corrosion    Cost                 $ x billion		Percent of GDP Category Amount														%GDP		Average Corrosion    Cost                 $ x billion

		Private Industries		7,684.3																										- 0		$   - 0

		Agricultural, forestry and fishing		127.3																						0.2755		$   - 0		0.27550		$   137.9

		Farms		80.8		+		X		127.3		1.45%		1.123		0.88%										0.2755		$   550.0		1.00000		$   500.5

		Agricultural services		46.5		+																				0.27550		$   - 0

		Mining		105.6																						0.27550		$   137.9

		Metal mining		5.1		+		T		28.2		0.32%		0.093		0.33%										- 0		$   137.9

		Coal mining		11.3		+																				0.27550		$   137.9

		Oil and gas extraction		77.4		+		S		77.4		0.88%		1.372		1.77%

		Nonmetallic minerals, except fuels		11.8		+																		GDP		GDP		CorrosionCost		Cumulative		Cumulative						CorrosionCost

		Construction		378.1		+		-																$ x billion		%		$ x billion		%GDP		$ x billion						$ x billion

		Manufacturing		1,516.8																ANALYZED		Agricultural, Forestry, and Fishing		127.3		0.01448		$   1.1		1.45%		$   1.10				Transportation and Utilities		$   96.20		34.9%

		Durable Goods		914.3																		Mining		105.6		0.01201		$   1.5		2.65%		$   2.60				Manufacturing		$   86.80		31.5%

		Lumber wood products		41.4		+		-														Manufacturing		663.2		0.07545		$   38.9		10.19%		$   41.50				Construction		$   50.00		18.1%

		Furniture and fixtures		24.1		+/-		-														Transportation and Utilities		465.3		0.05293		$   61.5		15.49%		$   103.00				Federal Government		$   20.10		7.3%

		Stone clay and glass products		38.2		-		-														Services		80.9		0.00920		$   6.5		16.41%		$   109.50				Services		$   14.30		5.2%

		Primary metals industry		54.1		+		-														Federal Government		298.6		0.03397		$   20.1		19.81%		$   129.60				State and Local Government		$   8.30		3.0%

		Fabricated metals products		102.2		+		-														State and Local Government		680.7		0.07744		$   8.3		27.55%		$   137.90						$   275.70		100.0%

		Industrial machining and equipment		150.8		+		-												EXTRAPOLATED		Manufacturing		772.7		0.08791		$   45.3		36.34%		$   183.20

		Electronic and other electric equipment		172.8		+		Z		172.8						-						Transportation and Utilities		262.6		0.02987		$   34.7		39.33%		$   217.90

		Motor vehicles and equipment + REPAIR SERVICES		188.1		+		N		188.1		2.14%		23.4		12.44%						Services - Misc. repair		24.5		0.00279		$   2.0		39.61%		$   219.90

		Other transportation equipment		59.2		+		-														Services - Amusement and Recr.		72.2		0.00821		$   5.8		40.43%		$   225.70				Organic Coatings		$   107.20		88.3%		Organic Coatings		107.20

		Instruments and related products		57.7		+		-														Services - Other		1,659.6		0.18880		$   - 0		59.31%		$   225.70				Metals and Alloys		$   7.70		6.3%		Metals and Alloys		7.70

		Miscellaneous manufacturing industries		25.7		+		AA		25.7		0.29%		1.5		5.84%						Construction		378.1		0.04301		$   50.0		63.61%		$   275.70				Polymers		$   1.80		1.5%		Anodic and Cathodic Protection		1.80

		Nondurable Goods		602.5																		Wholesale Trade		610.9		0.06950		$   - 0		70.56%		$   275.70				Metallic Coatings		$   1.40		1.2%		Other		4.71

		Food and kindred products		124.8		+		Y		124.8		1.42%		2.1		1.68%						Retail Trade		796.8		0.09065		$   - 0		79.62%		$   275.70				Services		$   1.20		1.0%				121.41

		Tobacco products		16.8		-		-														Finance, Insurance, and Real Estate		1,689.4		0.19219		$   - 0		98.84%		$   275.70				Corrosion Inhibitors		$   1.10		0.9%

		Textile mill products		25.4		+/-		-														Statistical Discrepancy		(24.8)		(0.00282)		$   - 0		98.56%		$   275.70				Anodic and Cathodic Protection		$   0.98		0.8%

		Apparel and other textile products		25.8		+/-		-														Federal Government		62.1		0.00706		$   - 0		99.27%		$   275.70				Research and Development		$   0.02		0.0%

		Paper and allied products		55.1		+		W		149.1		1.70%		5.928		3.98%						State and Local Government		64.4		0.00733		$   - 0		100.00%		$   275.70				Education and Training		$   0.01		0.0%

		Printing and publishing		94.0		+																		8,790.1				$   275.7										121.41		100.0%

		Chemicals and allied products		168.4		+		G		168.4		1.92%		7.0		5.04%

						+		87.5% OF V (***)						1.4875																								GNP/GDP		CorrosionCost

		Petroleum and coal products		32.9		+		U		32.9		0.37%		3.692		11.22%																						GNP/GDP		CorrosionCost

		Rubber and miscellaneous plastics products		55.1		+		12.5% OF V (***)		55.1		0.63%		0.2125		0.39%																				1975		$   1,677		$   70.0

		Leather and leather goods		4.2		+		-																												1998		$   8,790		$   275.6

		Transportation and Utilities		727.9

		Transportation		287.8

		Railroad transportation		25.4		+		I,Q		41.6		0.47%		0.504		1.21%

																-

		Local and interurban passenger transit		16.2		+		-

		Trucking and warehousing		109.3		+		R		109.3		1.24%		0.887		0.81%

		Water transportation		14.1		+		O & F		14.1		0.16%		2.9934		21.23%

		Transportation by air		88.2		+		P,H		88.2		1.00%		2.225		2.52%

						+										-

		Pipelines, except natural gas		6.1		+		68% of E (****)		6.1		0.07%		4.8		78.69%

		Transportation services		28.5		-		-

		Communication		234.1		+		M		234.1						-

		Telephone and telegraph		173.9

		Radio and TV		60.2

		Electric, Gas and Sanitary Services		206.0		+		32% E (****),J,K,L		206.0		2.34%		50.089		24.32%

						+

						+

						+

		Wholesale Trade		610.9		-		-

		Retail Trade		796.8		-		-

		Finance, Insurance and real estate		1,689.4		-		-

		Depository institutions		292.7		-		-

		Nondepository institutions		48.4		-		-

		Security and commodity brokers		135.3		-		-

		Insurance carriers		154.4		-		-

		Insurance agents, brokers and service		52.6		-		-

		Real estate		969.2		+		-

		Nonfarm housing services		714.6				-

		Other real estate		254.6				-

		Holding and other investment offices		36.8		-		-

		Services		1,756.3

		Hotels and other lodging places		76.0		+/-		-

		Personal services		55.4		-		-

		Business services		447.1		-		-

		Miscellaneous repair services		24.5		+		-

		Motion pictures		28.8		-		-

		Amusement and recreation		72.2		+		-

		Health services		492.6		-		-

		Legal services		116.4		-		-

		Educational services		66.7		-		-

		Social services		57.1		-		-

		Membership organizations		54.0		+		-

		Other services		251.5		-		-

		Private households		14.0		+		-

		Statistical Discrepency		(24.8)		-		-

		Government		1,105.8

		Federal		360.7		+/-

		General government		298.6				BB,CC		298.6		3.40%		20.042		6.71%

		Government enterprises		62.1				-

		State and Local		745.1		+/-

		General government		680.7				D		680.7		7.74%		8.3		1.22%

		Government enterprises		64.4				-

				TOTAL GDP						COVERED GDP				TOTAL COC		COVERED COC

				$   8,790.1						$   2,828.5				$   137.7484		4.87%

										COVERED %						COC % OF GDP

										32.2						0.44%





TOTAL-COC

		0.2755

		1
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				0.0032081546

				0.0088053606

				0.021399074

				0.0029237438

				0.0141977907

				0.0169622644

				0.0191579163

				1.4875

				0.0037428471

				0.0062684156

				0.0047325969

				0.0124344433

				0.0016040773

				0.0100340155

				0.0006939625

				0.0234354558

				0.0339700345

				0.077439392



Cost Of Corrosion Total, 1 Datapoint

Cost Of Corrosion, Individual Data For 22 of 26 Sectors

% Of GDP

Cost Of Corrosion, $ x billion

B$137.9 at
27.55% GDP

Linear Extrapolation:
B$500.5 at
100% GDP
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8.3



TOTAL-COC-2
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State Government

Federal Government

Electric, Gas, Sanitary Services

Cars: New & Repairs

HAZMAT Storage

Pulp & Paper

Cost Of Corrosion Total, 1 Datapoint

Cost Of Corrosion, Individual Data For 22 of Sectors

% Of GDP

Cost Of Corrosion, $ x billion
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500.5444646098
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1.5

2.1

5.928

7
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0.504

0.887

2.9934

2.225

4.8

50.089

20.042

8.3



TOTAL-COC-3

		0		0.2755		0

		0.2755		0.2755		0.2755

		1



B$137.9 at
27.55% of GDP

Linear Extrapolation:
B$500.5 at
100% of GDP

Cost Of Corrosion Total, 1 Datapoint

% Of GDP

Cost Of Corrosion, $ x billion

Linear Extrapolation of Direct Corrosion Costs

0

0

137.9

137.9

137.9

137.9

500.5444646098



TOTAL-COC-4

		0		0.0144822016		0.2755

		0.2755		0.0264957168		0.2755
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				0.6360906019
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Non-Linear Extrapolation:
B$275.7 at
100% of GDP

B$137.9 at
27.55% of GDP

Extrapolated

Analyzed

Manufacturing

Transportation and Utilities

Construction

Manufacturing

Transportation and Utilities

Federal Government

Mining

Agriculture

Services

State and Local Government

Services

Services - Misc.

Retail Trade

Wholesale Trade

Finance, Insurance, 
Real Estate

Government - Misc.

Cost Of Corrosion: Linear Extrapolation

Cost Of Corrosion: Non-Linear Extrapolation

% Of GDP

Cost Of Corrosion, $ x billion

Non-Linear Extrapolation of Direct Corrosion Costs

0

1.1

0

137.9

2.6

550

500.5444646098

41.5

103

109.5

129.6

137.9

183.2

217.9

219.9

225.7

225.7

275.7

275.7

275.7

275.7

275.7

275.7

275.7



CompareExtrap.

		Cost of Corrosion Calculations		$ x billion		percent of GDP

		Direct Cost, Determined From Sectors		$   137.9		1.569%

		Direct Cost, Non-linear Extrapolation		$   275.7		3.136%

		Direct Cost, Linear Extrapolation		$   500.5		5.694%

		Direct Costs (Non-linear) + Indirect Costs (Same as Direct)		$   551.4		6.273%

				$   8,790.1





Extrap.Compare

		Direct Cost, Determined From Sectors

		Direct Cost, Non-linear Extrapolation

		Direct Cost, Linear Extrapolation

		Direct Costs (Non-linear) + Indirect Costs (Same as Direct)



1.57%
of
GDP

6.27%
of
GDP

5.69%
of
GDP

3.14%
of
GDP

$ x billion

Total U.S. Cost Of Corrosion in 1998, ($ x billion)

Total Cost Of Corrosion Calculations

137.9

275.7

500.5

551.4



CompareExtrap. (2)

		Cost of Corrosion Calculations		$ x billion		percent of GDP

		Analyzed Sectors		$   137.9		1.569%

		Extrapolated		$   275.7		3.136%

				$   8,790.1

		Cost of Corrosion Calculations		$ x billion

		Agriculture, Forestry, Fishing, Mining		$   2.6





Extrap.Compare (2)

		Analyzed Sectors

		Extrapolated



1.57%
of
GDP

3.14%
of
GDP

$ x billion

Total U.S. Cost Of Corrosion in 1998, ($ x billion)

Total Direct Annual Cost Of Corrosion

137.9

275.7





• Increase awareness of the large corrosion costs and potential savings

• Change the misconception that nothing can be done about corrosion

• Change policies, regulations, standards, and management practices to increase corrosion savings

• Improve education and training of staff

Non-Technical Preventive Strategies (4)



• Advance design practices for better corrosion management

• Advance life prediction and performance assessment methods

• Advance corrosion technology through research, development, and implementation

Technical Preventive Strategies (3)



• FHWA – RD-01-156 – Full Report

• FHWA – RD-01-157 – Tech Brief

• Contact:

•Federal Highway Administration

•Y. Paul Virmani (202) 493-3052

• Web Site:

• http://www.corrosioncost.com

Further Information
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