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Study Purpose

The seminal report, Corrosion Costs and Preventive Strategies in the United States,1 
released by the U.S. Federal Highway Administration in 2002, estimated annual costs at 
the time to be $276 billion, and recent adjustments to that figure now place those costs 
at more than $450 billion. Those costs represent nearly 3.4% of the national GDP and 
cut across practically all sectors of the US economy and touch every state in the nation. 
 
The costs of corrosion are startling enough to capture the attention of government 
decision makers and regulators, industrial mangers, and even the public. NACE 
International, a professional society with more than 35,000 members from across the 
world, has been a consistent and persistent resource to enable the reduction in the 
costs of corrosion through activities in standards development, education and training, 
publications, as well as policy development. As the leading international corrosion 
authority, NACE established a panel of government and industry experts to conduct an 
international assessment of the economic benefits of implementing sound corrosion 
prevention and management policies, management plans and technologies. The 
results, published in the 2016 International Measures of Prevention, Application, and 
Economics of Corrosion Technologies (IMPACT)2 study, demonstrated that the 
implementation of existing best practices and technologies can result in between  
15 and 35% reduction of the cost of corrosion. Additionally, the often-cited costs of 
corrosion typically do not include the costs associated with individual safety or 
environmental consequences. 

Industry studies and cost assessments have typically focused on the budget 
expenditures necessary to prevent and mitigate corrosion, and those studies have also 
focused at the national level. Conversely, this report recognizes that corrosion and its 
related costs are also state and local issues of concern, and that the companies and 
technologies that are the greatest weapons in addressing these costs are state and 
local assets that are often unrecognized by both policymakers and the public alike. 
Thus, this report represents NACE’s effort to understand and measure the economically 
positive aspects of preventing and mitigating corrosion by assessing the impact of the 
corrosion-related industries on a state economy. In this report, NACE and its research 
contractor, Foresight Innovation Partners, have developed a study methodology that 
can be replicated in other states. It was agreed, due to its position among the industry 
and academic leadership in the corrosion control field, and because of its ongoing 
Congressional attention to the subject of corrosion, that Ohio would be the appropriate 
state to serve as the model.

Baseline Data Collection And Refinement

Because corrosion cuts across nearly the entire U.S. economy, it is difficult to identify an 
appropriate scope of criteria for identifying those companies involved in the industry. 
For example, in looking at the comprehensive impact of corrosion-related activities, it is 
necessary to look at multiple aspects of the industry, including: asset owners/
managers, service providers, equipment manufacturers, researchers, engineering 
service experts, materials suppliers and distributors, and the list goes on. 

While this task may at first seem overwhelming, the study team gradually and 
methodically developed a process for collecting and refining the relevant industrial 
data. This process included the following tasks:
• Task 1: Identifying and Analyzing Existing Data Sources 
• Task 2: Collecting and Refining Relevant Data 
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Task 1: Identifying and Analyzing Existing Data Sources

NACE International
As the world’s leading professional association in the field of corrosion prevention and 
control, and the sponsor of this study, NACE provided data and expertise to support the 
development of an initial search profile as well as support throughout the project review 
process. NACE International contracted with Foresight Innovation Partners to
develop a research methodology, assimilate data and develop content for this report. 
The association provided access to membership lists, professional staff, and member 
experts from numerous industry sectors. Most importantly, it conducted a short 
corporate member survey to assist with efforts to refine the employment and revenue 
projections cited in the study.

Hoover’s Business Information
Hoover’s Inc., a subsidiary of the Dun & Bradstreet Corporation, offers proprietary 
business information through an online platform and integrated workflow solutions. Its 
platform offers data on more than 85 million corporations, 100 million people, and 1,000 
industries. In 2003, Hoover’s became part of Dun & Bradstreet, expanding the breadth 
of its information to more than 265 million business records through access to Dun & 
Bradstreet’s global database, the largest single source of business information 
anywhere.

The research team relied extensively upon this source to generate company lists based 
upon queries utilizing the State of Ohio, North American Industry Classification System 
(NAICS) codes, and key words as the search criteria. While Hoover’s is a well-regarded 
tool for collecting data, and it is arguably the best source available for the type of 
research being conducted for this study, it does have limitations. The primary limitation 
is that it relies upon data that is self declared and reported by the companies. For 
example, the NAICS codes are often broadly defined and a company self-identifies its 
primary and secondary NAICS codes. Depending upon who completes the enrollment 
process, the selected code is sometimes only vaguely related to the organization’s 
activities or applies only to a portion of its activities. Thus, the method of data 
collection cannot rely solely upon utilization of the codes. Likewise, the data often 
includes gaps in key fields such as website, revenue, and direct employment. To 
address these weaknesses, the study team supplemented this exercise with several 
other useful and recognized tools as described in the following paragraphs.

Company Websites
In an effort to offset some of the limitations of the Hoover’s data, an extensive review of 
company websites was conducted to identify key words for search criteria, confirm 
company activities, and determine the relevance of specific companies to the project. 

Other Web Resources
Even in today’s electronic age, many businesses do not have company websites. When 
this occurred, the researchers investigated other business listing sites and chamber of 
commerce sites. If data could be found that showed that the company was clearly not 
involved in corrosion-related activities, it was removed from the list. If the research did 
not provide a clear indication, the lead researcher made a judgment call based on 
expertise in the corrosion industry and/or experience in conducting similar studies in 
high tech industries.

Bureau of Labor Statistics
The on-line databases produced and maintained by the Federal Bureau of Labor 
Statistics were used to obtain median wage data for both management and non-
management workers for each industrial code. Specifically, the researchers referred to 
the organization’s Occupational Employment Statistics home page.3 
This resource allowed the researchers to identify median wage estimates by four-digit 
NAICS codes.
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Task 2: Collecting and Refining Relevant Baseline Data 

Once Hoover’s was determined to be the preferred business information database, the 
data collection and refinement task was divided into critical subtasks: 

Subtask 2.1: Creating a Corrosion Industry Profile
According to the U.S. Census Bureau, the NAICS codes are the standard used by federal 
statistical agencies in classifying business establishments for the purpose of collecting, 
analyzing, and publishing statistical data related to the U.S. business economy. As such, 
it was determined early in the study that utilizing this system would be the best way to 
collect data on the relevant industry sectors. However, in order to establish a scope for 
the effort, it was first necessary to establish a profile of the corrosion industry and to 
determine the NAICS codes that made up that profile.

As a first step in this process, NACE supplied the researchers with a list of all of the 
organization’s corporate members. This enabled the team to conduct a research task to 
identify the primary NAICS codes for the member entities. Because it was assumed that 
the NACE corporate membership list would constitute a representative “profile” of the 
corrosion industry, the results of this task provided a concise list of industrial codes to 
be included in the study. To further validate the “profile,” NACE assembled a panel of 
member experts to provide feedback on the methodology used in the effort and to 
provide input on ways to refine the search criteria. The consensus of the team and the 
advisors was that this model, although perhaps not perfect, was the only and best 
model currently available.

Based upon the derived list of NAICS codes, the research team was able to begin the 
data collection process. The final list included 101 NAICS codes. For a complete listing 
of these codes, see Table 1: NAICS Codes Included in the NACE Corporate Member/
Corrosion Industry Profile included in Appendix A: Search Criteria.

Subtask 2.2:  Hoover’s Data Collecting 
The collection of data was a complex and iterative process that was focused on refining 
the data results to a point where it would most accurately reflect the breadth and depth 
of the corrosion industry while avoiding unintended inflation of the overall impact of the 
industry. To better explain this complex process, the effort can be broken into multiple 
steps.

Step 1:  Utilizing the Hoover’s Business Information search engine and database, the 
team began the process by establishing a baseline of all companies located in 
Ohio. By utilizing Ohio as the only search criteria, it was determined that there 
are approximately 560,000 business entities (company headquarters and all 
branch locations) listed in the state. 

Step 2:  Next, the team refined the search to filter out companies with NAICS codes not 
identified in the comprehensive list developed through the profile refinement 
process previously described. From this process, it was determined that 
31,578 companies/locations met the search criteria. However, upon review of 
the data, the research team determined that the results included too many 
companies that fit the NAICS code, but were not necessarily relevant to the 
corrosion industry. 

Step 3:  The researchers undertook an effort to further refine the search criteria by 
adding key words to the equation. Like most of the steps in this study, this was 
an iterative process. The team started by adding key words drawn from the 
NACE corporate membership enrollment form. These key words primarily 
described the industries served and the types of products manufactured or 
sold. For the initial refinement, the results were narrowed to 12,100 companies/
locations. Although the picture of the corrosion industry in Ohio was beginning 
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to become more clearly defined, there were a number of companies included 
in the results that were obviously irrelevant to the study parameters. For 
example, general plumbing and HVAC contractors, gas stations, and other 
general services contractors were determined to have primary businesses 
activities other than corrosion. Thus, it was determined that the best way 
forward would be to conduct refined searches for each of the relevant NAICS 
codes to eliminate such companies from the data set. Throughout this 
process, the two basic search criteria included the state and the industrial 
code. However, for each code, the key word process started with a basic list of 
key words and was then modified to add additional words garnered from the 
websites of NACE corporate members operating under that code to better 
target the specific industry. Although this process was quite labor intensive 
and heavily dependent upon the expert knowledge of the lead researcher, the 
methodology was consistent and the key words for each code were archived 
for future reference and validation. Utilizing this process, the list of relevant 
entities/locations was narrowed to 9,591.

 The complete list of key words can be found in Appendix A.

Step 4:  Based upon the results of the final key word search results, the relevant 
company files were exported from Hoover’s and compiled into code-specific 
Microsoft Excel files for manual review and validation. Each company was 
reviewed for its relevance to the industry. When available, websites were 
reviewed to verify corrosion-related activities. When a company did not list a 
website, a web search on the company name was completed. Generally, a 
listing in a business index or chamber of commerce directory would provide 
enough information upon which to base a “keep” or “delete” decision. 

Similarly, certain categories of companies were predetermined for elimination. Included 
in this list were:

• Gas stations, automobile oil service stations, and automobile repair centers. These 
entities were determined to have an interest in corrosion, but not viewed as a part of 
the core industry.

• Home services such as plumbers, painters, construction contractors, landscapers, 
electricians, heating and cooling contractors, roofers, water delivery and water 
system maintenance, etc. Again, these organizations were determined to have an 
interest in corrosion, but not viewed as part of the core industry.

Following the conclusion of the expert review process, the final number of entities 
determined to be both corrosion-related and relevant to the scope of the study was 
narrowed to 7,566. Based upon the data that are publicly available and the methodology 
utilized to refine the search results, the research team has a defendable degree of 
confidence in the validity of the results as a representative estimate of the corrosion 
industry in the State of Ohio.

Data Analysis And Reporting

The study team determined that the focus of the effort should be on four key indicators 
of the state of the industry: 

Focus 1:  Individuals or companies residing in Ohio with expressed interest in corrosion 
as demonstrated by some affiliation with NACE

Focus 2:  Numbers of relevant companies and/or branch locations located in Ohio
Focus 3:  Direct employment generated by the relevant companies/branches 
Focus 4:  Wages earned by employees of the relevant companies
Although many readers might question why the team did not focus on an analysis of the 
revenues generated by the organizations included in the industry, the research team 

“Following the 

conclusion of the 

expert review process, 

the final number of 

entities determined to 

be both corrosion-

related and relevant to 

the scope of the study 

was narrowed to 7,566.”
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determined that the data on revenues was too vague for meaningful analysis. First, 
most companies listed in the Hoover’s database choose not to report revenues as part 
of their profile. Additionally, for those entries where revenues are reported, it is difficult 
to determine the process used by the company to develop the reported number. For 
these reasons, the focus was limited to the four areas itemized in the previous bullets. 
Analyzing each of these indicators became four separate tasks and the results of each 
of these efforts will be discussed in the following sections of this report. 

Task 3: Determining Individuals and Organizations Having an Affiliation with NACE

Although the focus of this study is on the impact of corrosion-related employment and 
wages as viewed through company and wage statistics, the study team believed that a 
summary of individuals and companies with an established relationship with NACE 
would provide another interesting perspective of the corrosion industry in Ohio. 

As the leading professional society associated with the corrosion prevention and 
control industry, NACE has a broad and diverse membership profile. Membership 
enrollment options include both individual memberships and corporate memberships. 
When a company purchases a corporate membership, it has the opportunity to name a 
prescribed number of employees (ranging from 2 – 20) as members under the 
organization. Individuals not covered under a corporate membership purchase an 
individual membership and students are offered a discounted rate on individual 
memberships. 

In addition to NACE members located in Ohio, many nonmember individuals have 
customer relationships with NACE in order to access corrosion-related training courses, 
research reports, standards, conferences, or other items demonstrating their interest 
in, or affiliation with, the corrosion prevention and mitigation community.

The data in Table 1 were provided by NACE and summarize the number and depth of 
companies and individuals from Ohio that have an established relationship with the 
association.

Table 1: NACE Relationships in Ohio

NACE Corporate 
Memberships

NACE Members
Individuals Affiliated with 

NACE (Nonmember)

9 1,320 1,064

Task 4: Identifying Numbers of Relevant Companies and/or Branch Locations 
Located in Ohio

As discussed in Subtask 2.1 of the Baseline Data Collection and Refinement section of 
this report, the research team developed a Corrosion Industry Profile that enabled 
gathering detailed information on each Ohio-based company that was returned and 
verified as being relevant to one of the specific NAICS codes. From the exported and 
aggregated Excel spreadsheets that were generated from Hoover’s, the researchers 
were able to determine the total number of corrosion-related companies/branch 
locations that are doing business in the State of Ohio. 

Based upon the previously described methodology, the team estimates that there are 
approximately 7,600 companies that qualify as relevant to one of the NAICS Codes that 
comprised the Corrosion Industry Profile. Figure 1 is a scatter map that illustrates the 
dispersion of these companies across the state. Figure 2 is an alternative view of the 
concentration of these companies by county.
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Task 5: Estimate the Direct Employment Generated by the 
Relevant Companies/Branches 

For each of the companies downloaded from the Hoover’s 
database, the profile included an entry of employment at the 
specific location. Additionally, as the company was linked to a 
specific NAICS code, the research team was able to compile 
aggregate spreadsheets for each industrial code that listed the 
employment data for each company affiliated with that code. 
Later, in alignment with the industry and services codes utilized 
in the NACE corporate criteria to the membership database, the 
industry sector and company role tags were applied to each of 
the NAICS codes. 

In an effort to determine the extent of the employment related to 
corrosion from the identified companies, NACE conducted a 
survey of the organization’s corporate members. Each member 
was asked to identify the percent of the company’s workforce 
that is dedicated to corrosion-related activities. The respondents 
were given the following options for their responses: 0-25%, 
25-50%, 50-75% and 75-100%. The results of the survey 
enabled the study team to develop a model for adjusting the data 
to avoid over projecting the employment impact on the state 
economy. Just as the NACE corporate membership NAICS codes 
were assumed to be a reasonable representative sample of 
codes to comprise a Corrosion Industry Profile, the team also 
assumed that the real data gathered through a membership 
survey would result in a reasonable profile of the percentage of 
the workforce dedicated to corrosion-related activities. However, 
in this case there was a scattering of data points across a range 
of possible effort levels and the research team determined that 
the best approach to developing sound estimates was to create 
a bracketed system based on the number of responses for each 
category and the median percentage of each category 
representing employment levels of full (87%), high (62%), medium 
(37%), and low (12%) corresponding to the level of workforce 
dedication to the corrosion industry. The process for developing 
and applying these bracketed estimates to the various NAICS 
codes, industry sectors, and industry roles came to be called the 
Corrosion Employment Model and is fully described in Appendix 
B to this report.

Using this analytical tool, the team was able to generate direct 
employment estimates, or jobs that can be directly attributed to 
corrosion-related activities, from various perspectives, including: 
Total Corrosion-Related Direct Employment, Direct Employment 
Breakdown by Industry, Corrosion Employment by Industry 
Sector, Total Direct Employment Numbers by Industry Sector, 
Corrosion Direct Employment by Industry Role, and Total Direct 
Employment Numbers by Industry Role.

Table 2 illustrates the raw direct employment numbers for the 
state of Ohio. By applying the Corrosion Employment Model to 
the total employment number generated from the raw data of all 
NAICS codes, the team was able to establish a range of total 
employment that is likely to be attributable to corrosion-related activities. Assuming 
that the responses from the NACE survey represent a reasonable profile of the 
corrosion industry, it would be expected that 33% of companies in the research results 
would fall within the full employment category, 17% would identify with the high 

Figure 1: Ohio Corrosion Industry Distribution

Figure 2: Ohio Corrosion Industry by County
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employment category, 14% would rank in the medium category, and 36% would be 
within the low category. However, without having individual company information or 
estimates by NAICS code of the respondent companies, a reasonable way to form a 
final conclusion regarding direct corrosion employment is to present a range of 
employment levels that might occur if all 7,600 companies were included in the 
category and then calculate the median employment rate from the corrosion total 
columns. As shown in Table 2, the median corrosion-related direct employment in the 
State of Ohio is 106,385. Based upon the latest data, it was determined that the direct 
corrosion-related jobs represent approximately 2% of the state’s workers.

Utilizing a pie chart like the one shown in Figure 3 is another useful way to look at the 

Table 2: Total Private Sector Direct Corrosion Employment (State of Ohio)

Hoover’s Total 
Employment 

(Baseline)

Corrosion Total 
Employment (Full 

- 87%)

Corrosion Total 
Employment (High 

- 62%)

Corrosion Total 
Employment 

(Medium – 37%)

Corrosion Total 
Employment (Low 

– 12%)

Total Corrosion 
Employment 

(Median)

214,920 186,980 133,250 79,520 25,790 106,385

corrosion-related direct employment where the focus is on the 
distribution of employment across key industrial sectors. Given 
the strong presence of metal production and metal working 
companies in Ohio, it is not surprising to see this sector as the 
largest producer of corrosion-related jobs. Some of the major 
companies included in this sector include steel producers like 
TimkenSteel, Republic Steel, and AK Steel as well as aluminum 
producers such as ALCOA and many companies involved in 
rolling, drawing, cold finishing, and other processes related to 
metals and specialty metals.

The second largest sector producing corrosion-related jobs in 
Ohio is the coatings industry. This is to be expected as Ohio is 
home to industry giants such as RPM International (parent 
company of Rust-Oleum, Carboline and other painting and 
sealing companies) and Sherwin-Williams as well as extensive 
manufacturing locations for Pennsylvania-based PPG 
International. In addition to these well-known coatings 
companies, Northeast Ohio houses two start-up companies 
that are beginning to impact the corrosion world with advanced 
coatings products. TESLA Nanocoatings has introduced a new 
nanocoating that has been demonstrated by the U.S. Army 
Corps of Engineers for infrastructure projects and several oil 
and gas companies have adopted this product for some of their 
more advanced platforms. MESOCOAT has also made an 
entrance to the corrosion market with a new powder coating 
that combines its patented nanocomposite microstructured 

materials with its high-energy density fusion cladding process to 
provide high value, environmentally friendly metal coating/cladding solutions. Finally, 
there is a strong presence of galvanizing, plating, and anodizing companies located 
across the state.

Given the size of the polymer industry in the State of Ohio, an initial review of the data 
reveals a somewhat surprising finding that polymers constitute only 7% of the 
corrosion industry. However, the most likely explanation for this smaller than expected 
representation is that the polymer-related NAICS codes identified in the Corrosion 
Industry Profile (based upon NACE corporate memberships) were concentrated on a 
selection of specialized end products rather than the manufacture of polymeric 
materials that are often imbedded in the products of other industry sectors such as 
chemical manufacturing, electronics and instruments, and wholesaler/distributor. 

Figure 3: Percent Direct Corrosion Employment by Industry 
Sector (State of Ohio)
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Electric Power Generation 8%
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Similarly, the growing oil and gas industry 
in Ohio is certainly likely to have a greater 
impact on the corrosion industry than is 
revealed by the 7% share that was derived 
through the relevant NAICS codes. 
Undoubtedly, the surge in oil and gas 
activities spilled into many of the other 
industry sectors and is counted in the 
totals. 

Figure 4 provides a detailed breakdown of 
the number of direct jobs that are 
represented by each industry sector.

Another interesting perspective of the 
industry can be obtained by breaking the 
direct employment down by the roles that 
companies play in the corrosion field as 
illustrated in figure 5. A classification 
system that is in place to categorize NACE 
corporate members was built upon to 
obtain a relevant set of classifications. The 
final set of roles defined for this study 
includes manufacturing, asset owner/
maintainer, service provider and supplier. 
Although the NACE corporate membership system allows for companies to self identify 
with multiple roles, the data in this study were assigned by NAICS code. Therefore, a 
company would only appear in separate roles if there were multiple branches of the 
company operating under unique NAICS primary codes.

Task 6: Determine Direct Wages Earned by Employees of the Relevant Companies

Wages are a critical indicator for assessing economic impact. Much like the 
employment indicator, this information provides several interesting facts. First, a 
snapshot of wages being generated demonstrates the importance of the sector to the 
tax base of a state. Second, the wage information helps to demonstrate the ability of 
the industry to provide employees/state residents with living wages or better. Finally, 
after determining the relevant direct employment data for each NAICS code utilizing the 
Corrosion Employment Model, it was then possible to establish wages for those 
positions. This was accomplished by searching the May 2016 National Industry-Specific 
Occupational Employment and Wage Estimate4 on the Bureau of Labor Statistics 
website to identify median wages for management and nonmanagement job 
classifications by 4-digit NAICS codes as well as the percentage of the industry’s 
workforce that is management or nonmanagement. Those two pieces of information 
were then integrated into a formula that was applied to the total number of jobs and 
median management and non-management wages for individual NAICS codes to 
establish a range of salary potential using the full, high, medium, and low designations 
from the Corrosion Employment Calculator. Finally, those ranges were converted into 
median salaries for each individual NAICS code and the outcomes were tallied to 
establish the median wage estimates that are displayed in Table 3. This process is 
thoroughly described in Appendix B.

It is interesting to note that the average management wage in the corrosion industry is 
$124,886 and the average non-management wage is $57,300. Furthermore, the wages 
calculated for the corrosion industry represent approximately 3% of the state’s total 
direct non-agricultural, private wages. 

Figure 4: Corrosion Employment by Industry Sector (State of Ohio)

Figure 5: Percent DirectCorrosion 
Employment by Industry Role  
(State of Ohio)
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Water/Wastewater >1%

Marine >1%

Metals 19%

Power 
Generation 11%

Coatings 10%

Technical Solutions 9%Construction 9%

Oil and Gas 9%

Wholesaler/
Distributor 9%

Electronics/
Instruments 8%

Chemical 5%

Polymers 4%

Supplier 9% Manufacturer 53%

Service Provider 20%

Asset Owner/
Maintainer 18%

Machinery/Parts 4%

Table 3: Total Direct Corrosion Wages (2016 USD) (State of Ohio)

Employment 
Category

Corrosion Wages 
Full (87%)

Corrosion Wages 
High (62%)

Corrosion Wages 
Medium (37%)

Corrosion Wages 
Low (12%)

Total Corrosion 
Wages (Median)

Corrosion 
Management

$1,645,579,284 $1,172,711,674 $699,844,063 $226,976,452 $936,277,868

Corrosion 
Non-Management

$9,847,861,251 $7,018,016,064 $4,188,170,877 $1,358,325,690 $5,603,093,471

Total $11,493,440,535 $8,190,727,738 $4,888,014,940 $1,585,302,142 $6,539,371,339

As was the case with employment 
numbers, it is a useful exercise to observe 
the impact of corrosion wages by 
industrial sector (Figure 6) and company 
roles within the industry (Figure 7).

It is interesting to note that the pie chart 
virtually mirrors the distribution of employ-
ment with both manufacturing and asset 
owner/manufacturing carrying slightly higher 
percentages of wages than employment.

STATE AND LOCAL 
GOVERNMENT EMPLOYMENT

State and local government employees 
play a critical role in maintaining key public 
infrastructure assets. Thus, although the 
primary focus of this study was to deter-
mine the impact of private sector employ-
ment and wages on the state’s economy, 
the study team determined that it would 
also be relevant to take a cursory look at 
the level of public employment generated 
by corrosion-related activities.

Utilizing the same research methodology 
that was applied to the private sector, the 
team determined that there are approxi-
mately 5,000 government employees 
engaged in corrosion-related activities. 
The vast majority of these positions are 
related to maintaining and operating the 
public water systems and the balance are 
spread across transportation and agricul-
tural activities.

POLICY CONSIDERATIONS

The primary purpose in assessing the 
economic data presented earlier in this 
report was to develop a reasonable, 
high-level picture of the overall impact of 
the corrosion-related industry on the state 
and local economy of the State of Ohio. 
Having accomplished this task, it is evident 
that the industry plays a major role in the 
state’s economy. 

Figure 6: Percent Direct Wages Generated by Industry Sector (State of Ohio)

Figure 7: Percent Direct Wages Generated by Industry Role (State of Ohio)
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Although the employment and wage impacts on the economy represent a major 
incentive for sound corrosion policies, policymakers should also take into consideration 
the impact of the state-specific issues that are driving the local costs of corrosion and 
develop holistic public policies that address both the economic gains and costs. 

Transportation: Undoubtedly the most notorious corrosion-related failure in the State 
of Ohio was the collapse of the Silver Bridge in December 1967. Although 
advancements have been made as a result of lessons learned from that event, the risks 
of such failures continue to exist today due to the aging of the nation’s bridge 
infrastructure and the harsh winter environments of the northern-tier states. To see the 
modern-day costs associated with corrosion-related problems in Ohio’s bridges, one 
need only look to the 2008 closure of the I-90 Inner Belt Bridge outside of Cleveland. 
According to early Ohio Department of Transportation estimates, initial repairs were to 
create a 20-year life extension for the structure at a cost of nearly $150 million and that 
long-term solutions could cost up to $400 million.5 In 2016 the Federal Highway 
Administration’s National Bridge Inventory reported that of Ohio’s more than 28,000 
bridges there are nearly 2,000 that are structurally deficient.6

Water Systems: The Ohio EPA estimates that there are around 4,800 public water 
systems serving approximately 11 million people daily. Although they report that more 
than 95% of community water systems meet all health-based standards, these systems 
remain vulnerable to corrosion-related failures that could place in jeopardy the safety of 
the water delivered, the loss of water resources, and the costs associated with repairs.7 
Because the primary concerns related to this aging infrastructure are lead 
contaminants that could be released from aging distribution lines and in-home 
plumbing, the State of Ohio enacted in June 2016 a law requiring that communities 
work with the state to enable the mapping of lead lines so that they can be appropriately 
remediated in the future.8 

Energy Distribution:  According to a 2014 article published by Midwestern Energy, 
Ohio’s natural gas utilities were approximately a quarter of the way through a 20-25 year 
plan to replace more than 11,000 miles of the state’s aging gas pipe mains in an effort 
to reduce the risks for catastrophes.9 According to the current website of Ohio’s Public 
Utilities Commission (PUCO), the state has approved long-term plans by four major 
energy companies (Duke Energy, Columbia Gas, Dominion East Ohio, and Vectren) 
totaling more than $6 billion.10 

Based upon the potential gains and losses, it follows that state and local decision 
makers should be encouraged to explore opportunities to enhance, promote, and grow 
this industry as a critical economic asset as well as leverage it as a means of addressing 
the local cost of corrosion. The following public policy recommendations are presented 
as examples of such types of policy actions. 

Establishing a Coordinated State Policy for Corrosion Prevention and Control

After the publication of the Department of Transportation Report titled Corrosion Costs 
and Preventive Strategies in the United States in 2002, the economic impact of the 
costs associated with mitigating the effects of corrosion began to be taken seriously by 
members of the U.S. Congress. It also took notice of the report’s conclusion that 
significant reductions in the cost of corrosion were possible if only current practices 
and technologies were appropriately applied. Furthermore, the report showed that 
corrosion-related damage consumed a substantial portion of the U.S. Department of 
Defense (DoD) budget for maintenance in both the facilities and weapon system 
categories. Thus, in 2003, Congress directed the Office of the Secretary of Defense to 
establish a dedicated Office of Corrosion Policy and Oversight (CPO). This specialized 
office was tasked with establishing a comprehensive strategy across all military 
departments for existing assets as well as new acquisition programs. Over the years, 
this office has been heralded by both lawmakers and the Government Accountability 

“In 2016, the  

Federal Highway 

Administration’s 

National Bridge 

Inventory reported that 

of Ohio’s more than 

28,000 bridges there 

are nearly 2,000 that 

are structurally 

deficient.”
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Office (GAO) for its progress in establishing and executing a 
sound strategic plan that has demonstrated among the highest 
rates of return on investment of any government entity or 
project. 

As momentum around the DoD’s corrosion program began to be 
observed by other agencies, the CPO began to develop 
interagency working groups to help share the successes of its 
model with other agencies and to begin collaborative efforts on 
research and development, technology insertion, corrosion 
planning for acquisition programs and the development and 
adoption of industry standards. In addition to these voluntary 
efforts to collaborate, legislators and industry advocates have 
discussed the merits of establishing some form of interagency 
coordinating body to ensure that corrosion prevention and 
control become a priority across multiple federal agencies.

Given the success that has been demonstrated at the federal 
level, it is highly recommended that state governments consider 
adopting similar strategies. Having an overarching corrosion 
prevention and control strategy would result in significant 
monetary savings related to the numerous assets that states 
own, maintain, and operate. Simultaneously, such a strategy 
would support the growth of the corrosion-related activities of 
numerous critical industrial sectors, help to sustain the critical 
workforce that is engaged in these activities, and promote 
greater safety and welfare across the state.

Although for the program at the DoD, the Congress authorized 
and later codified a specified position for the Director of the CPO 
office and a small support staff emerged around that individual; it 
is less important that states follow that staffing model than it is 
that they emulate the intent of the office and that the resulting 
individual, commission, board, or taskforce have a clearly 
articulated mission that is credibly backed by legislative authority 
or gubernatorial mandate to be sufficiently positioned to cross 
organizational silos and bureaucratic barriers.

As each state is uniquely structured, the critical players in the 
formation and sustainment of the effort will vary. For the State of 
Ohio, the research team identified a minimum of 18 entities that 
would have a stake in some portion of an overarching strategy. 
They are listed in Tables 4-6. From cabinet-level departments to 
commissions and boards, the role for each will have to be 
considered. 

Adoption and Promotion of Corrosion Prevention and Control Standards

Like most industries, the corrosion industry is heavily reliant upon technical standards 
to ensure that work processes and products achieve and maintain the highest level of 
quality. Although people in the industry draw upon the standards from a cross section 
of trades, there are also a number of corrosion-specific standards written and 
maintained by organizations such as NACE. Utilizing a uniform and structured approach, 
NACE draws upon the expertise and applied knowledge of member-driven committees 
to write, review, approve, and maintain standards for a variety of industry sectors. With 
more than 160 standards in its publication list, NACE has developed an arsenal of 
materials that address both sector-specific topics as well as topics that cut across 
sector boundaries. Table 7 lists the industry sectors served and the number of NACE 
standards that apply to each.

Table 4: State of Ohio Departments and Agencies With 
Corrosion Interests

Departments/Agencies Interest

Dept. of Commerce Industrial compliance

Dept. of Transportation

Infrastructure projects, 
facilities & infrastructure 
maintenance, research & 
development

Dept. of Administrative 
Services

Workforce training

Dept. of Natural Resources Regulatory

Adjutant General
Facilities and equipment for 
Ohio Military Reserves & Ohio 
National Guard

Environmental Protection 
Agency

Environmental safety and 
permitting

Table 6: State of Ohio Boards and Authorities With Corrosion 
Interests

Boards and Authorities Interest

State Controlling Board Project budget approval

Building Standards Board Regulatory

Architects Board Licensing

Ohio Construction Industry 
Licensing Board

Licensing

State Board of Registration for 
Professional Engineers and 
Surveyors

Licensing

Ohio Water Development 
Authority

Financing for water 
infrastructure improvements

Table 5: State of Ohio Commissions With Corrosion Interests

Commissions Interest

Ohio Facilities Construction 
Commission

Infrastructure projects

Ohio Turnpike Commission Infrastructure projects

Ohio Rail Development 
Commission

Infrastructure projects

Public Works Commission Infrastructure projects

Public Utilities Commission Infrastructure projects
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The State of Ohio should take actions to 
ensure that corrosion-specific standards 
are integrated into state-funded 
acquisition programs, building projects, 
and maintenance activities. To maintain 
the consistent integration of these 
standards into projects, all state workers 
engaged in the supervision of the design, 
bid, and execution of a funded project 
should have a basic knowledge of the 
standards and be prepared to enforce 
quality control throughout the project.

State regulatory agencies should also be encouraged or directed to educate their 
workforce on the technical standards that are available to enhance the safety, security, 
and performance of regulated activities. Based upon that knowledge, the agency should 
then integrate the standards into their permitting, licensure, and compliance 
requirements.

Education, Training, and Certification

As is the case with most industries, the corrosion industry is facing a growing demand 
for skilled workers and this demand is likely to grow as the current workforce ages and 
high numbers of employees prepare to retire. The problem is also exacerbated by the 
increasing demand for corrosion services to support the oil and gas industry and as the 
nation looks to launch a major reinvestment in infrastructure development and 
rehabilitation.

The State of Ohio has programs in place to assist with worker training and those 
agencies have shown an interest in working with specific industries to support their 
specialized workforce development needs. The Governor’s Office of Workforce 
Transformation as well as the Ohio Means Jobs program could serve as platforms for 
supporting corrosion-specific training programs. NACE and the NACE International 
Institute (NII) have portfolios of stand-alone training courses and industry recognized 
certification programs. The extensive catalog of classes and certifications ranges from 
general corrosion topics to industry-specific subjects and service all aspects of the 
corrosion industry. It is strongly suggested that exploratory discussions between the 
Governor’s Office of Workforce Transformation and the leadership of NACE be initiated 
to develop pathways for offering such courses through those state-sponsored 
assistance programs.

The Ohio Department of Education has a distinguished cadre of Career Technical 
Education and Ohio Technical Centers. These programs are available to high school 
students, high school graduates and adult learners. The programs offered take 
approximately 18 months to complete and offer students the ability to gain knowledge 
and skills required to launch their career in a technical field. In some cases, these 
programs are awarded credit toward a college or technical college program. Once 
again, it seems that there is good alignment between the types of programs offered 
through these programs and the certifications offered through the NIIS. As such, it is 
recommended that the Ohio Department of Education and NACE investigate 
opportunities to collaborate on course delivery or the development of a new technical 
career track that could be piloted at one or two Ohio Technical Centers.

Ohio has been a leader in offering higher education courses and programs related to the 
corrosion industry. The Ohio State University (OSU) has long been recognized as a global 
leader in graduate education for corrosion engineering. Through its Department of 
Materials Science and its Mars G. Fontana Corrosion Center, OSU has made significant 
contributions to the field of corrosion science and engineering. The Ohio University (OU) 

Table 7: NACE Standards for Corrosion Industry Sectors

Industry
Number of 
Standards Industry

Number of 
Standards

Maritime/Marine 3 Power & Utilities 13

Coatings 92
Cathodic 
Protection

68

Water/Wastewater 47 Tanks 118

Oil & Gas 82 Research & Testing 8

Highways & Bridges 16
Department of 
Defense

5
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has also been actively engaged in the corrosion industry. Through the Institute for Corrosion and 
Multiphase Technology, OU has provided graduate education and training as well as significant research 
contributions to the worldwide oil and gas industry. The University of Akron (UA) in 2006 launched a 
strategic initiative to develop the nation’s first baccalaureate degree in corrosion engineering. This 
unique education program launched in 2010 and graduated the nation’s first class of corrosion engi-
neers in 2015. In 2010, UA was also funded by the U.S. Congress and the Department of Defense to 
launch the National Center for Education and Research on Corrosion and Materials Performance. 
Additionally, Stark State Technical College has a unique certificate program tailored to the needs of the 
emerging energy sector. The achievements of all of these universities, as well as others that are not 
specifically mentioned here, should be considered a unique gem to the State of Ohio and the state 
should take great care to nurture these resources.

Acquisition Policy

Although the importance of having educated personnel within the various agencies and departments was 
discussed briefly in a previous section, it is worth having a short section dedicated to the special attention 
that should be given to ensure that corrosion prevention and mitigation practices, standards, and technolo-
gies are integrated into the state’s overall acquisition policies.

The acquisition process for most programs, especially those related to infrastructure, include major 
sections in the request for proposals (RFP), request for quote (RFQ) or other funding announcement 
mechanisms. It is important that relevant corrosion prevention and mitigation standards, such as those 
published by NACE and identified in the earlier discussion, be integrated into future project specifications. 
ASM International, the international society for materials that is housed in Materials Park, Ohio, also 
publishes relevant standards, as does SSPC, the Society for Protective Coatings that is housed in Pitts-
burgh, Pennsylvania, and ASTM International (formerly the American Society of Testing and Measurement), 
also located in Pennsylvania. Because these standards are very specialized, it is critical that acquisition 
professionals be adequately trained to understand their use.

Another tool that can be very helpful is a Corrosion Prevention and Control Plan (CPCP). This is a document 
that forces the end user, designer and acquisition professional to identify all of the corrosion-related risks 
associated with a project or product from design through the life-cycle of the asset and to develop plans 
for how to prevent and mitigate those risks. The CPO office within the DoD has developed useful resources 
that explain a proven method of developing these plans. One particularly effective element of a successful 
CPCP is to require the involvement of a demonstrated or certified corrosion expert at all levels of the 
project review process so that risks might be identified and addressed at the earliest possible opportunity.

Finally, although it was mentioned earlier in the report that the costs of corrosion can be significantly 
reduced through the application of existing technologies, this does not mean that the development and 
application of new technologies cannot provide additional cost reductions or other environmental and 
safety performance enhancements. Thus, design and contracting professions must be encouraged to 
think more broadly about the concept of acceptable risk so that new technologies can be introduced and 
demonstrated in actual projects. In discussions with government agencies around the world, this is 
consistently raised as a barrier to the insertion and diffusion of promising technologies.

Research and Technology Development

Ohio is home to some of the world’s leading research organizations and several of these organizations 
contribute significantly to the advancement of science and technology relevant to the corrosion 
industry. In addition to the universities mentioned under the education section of this report (OSU, OU, 
and UA), several other universities including the University of Dayton and its University of Dayton 
Research Institute (UDRI) and Case Western Reserve University also conduct research in this field.

In the private sector, the Battelle Memorial Institute maintains a strong research presence in the field 
of materials science, materials performance testing and corrosion science. In the public sector, the 
Materials Directorate at Wright Patterson Air Force Base is among the world’s leading materials 
research center and houses the majority of the corrosion-related research for the United States Air 
Force.
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With all of these resources located in the state, policy makers in Ohio are encouraged to explore 
opportunities to provide additional state research and development funds to these activities. A program 
of particular success in supporting research for other critical topics is the Ohio Third Frontier Program. 
However, as corrosion cuts across multiple industry sectors and is often misperceived as not being 
cutting edge, corrosion topics have been part of a thrust for this program. Given that the research and 
technology developments are in fact resulting in breakthrough advancements, and because the 
corrosion-related industry is critical to the state economy, it is recommended that this program explore 
opportunities to include corrosion-related topics in their future research and development 
opportunities. Likewise, as these projects also hold great promise for the Ohio Department of 
Transportation, it is suggested that these research interests be supported through that agency.

Tax Credits

Taxes and tax credits are always topics of great debate. However, tax credits are also effective tools for 
supporting and growing a critical industry. For many years, the corrosion industry and NACE have 
worked to develop a tax credit policy to support private industries that invest in corrosion prevention 
and mitigation measures to enhance the sustainability, increase the production capability, and enhance 
the safe operations of company assets. This initiative has taken many forms over the years and 
continues to be analyzed and revised in the federal budget scoring process. It seems that this type of 
policy discussion would also be relevant at the state level. Therefore, it is recommended that 
discussions be initiated with representatives of the Governor’s Office, the relevant legislative 
committees, and the Office of Budget Management. 

CONCLUSION

The purpose of this study was to collect and analyze data that would demonstrate the economic impact 
of the corrosion industry on the economy of the State of Ohio. Through an assessment of the 
employment and wage data associated with specific companies identified as matching a representative 
model of the overall corrosion industry, the key Ohio-specific statistics for employment and wages 
confirm the hypothesis that the industry and its employees play a critical role in the Ohio economy. 
From that data, the team then developed a set of policy recommendations that could be used by Ohio’s 
decision makers and government administrators to promote, protect, and grow these economic assets. 
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Appendix A: 

Table A1: Corrosion Industry Profile by NAICS Code

NAICS Description

211111 Crude Petroleum and Natural Gas Extraction

213112 Support Activities for Oil and Gas Field Operations

221118 Other Electric Power Generation

221210 Natural Gas Distribution

221310 Water Supply and Irrigation Systems

236210 Industrial Building Construction

236220 Commercial and Institutional Building Construction

237110 Water and Sewer Line and Related Structures Construction

237120 Oil and Gas Pipeline and Related Structures Construction

237130 Power and Communication Line and Related Structures Construction

237990 Other Heavy and Civil Engineering Construction

NAICS Description

238120 Structural Steel and Precast Concrete Contractors

238320 Painting and Wall Covering Contractors

238910 Site Preparation Contractors

238990 All Other Specialty Trade Contractors

313320 Fabric Coating Mills

322219 Other Paperboard Container Manufacturing

322220 Paper Bag and Coated and Treated Paper Manufacturing

324110 Petroleum Refineries

324191 Petroleum Lubricating Oil and Grease Manufacturing

325180 Other Basic Inorganic Chemical Manufacturing

325194 Cyclic Crude, Intermediate, and Gum and Wood Chemical Manufacturing

NAICS Description

325211 Plastics Material and Resin Manufacturing

325510 Paint and Coating Manufacturing

325520 Adhesive Manufacturing

325998 All Other Miscellaneous Chemical Product and Preparation Manufacturing

326113 Unsupported Plastics Film and Sheet (except Packaging) Manufacturing

326122 Plastics Pipe and Pipe Fitting Manufacturing

326199 All Other Plastics Product Manufacturing

326299 All Other Rubber Product Manufacturing

327120 Clay Building Material and Refractories Manufacturing

327320 Ready-Mix Concrete Manufacturing

327910 Abrasive Product Manufacturing

NAICS Description

327993 Mineral Wool Manufacturing

331110 Iron and Steel Mills and Ferroalloy Manufacturing

331210 Iron and Steel Pipes and Tubes Manufacturing from Purchased Steel

331221 Rolled Steel Shape Manufacturing

331313 Alumina Refining and Primary Aluminum Production
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331491 Nonferrous Metal (Except Copper and Aluminum) Rolling. Drawing, and Extruding

331513 Steel Foundries (except Investment)

331529 Other Nonferrous Metal Foundries (Except Die-Casting)

332312 Fabricated Structural Metal Manufacturing

332313 Plate Work Manufacturing

332322 Sheet Metal Work Manufacturing

NAICS Description

332420 Metal Tank (Heavy Gauge) Manufacturing

332722 Bolt, Nut, Screw, Rivet, and Washer Manufacturing

332811 Metal Heat Treating

332812 Metal Coating, Engraving (except Jewelry and Silverware), and Allied Services to 
Manufacturers

332813 Electroplating, Plating, Polishing, Anodizing, and Coloring

332919 Other Metal Valve and Pipe Fitting Manufacturing

332996 Fabricated Pipe and Pipe Fitting Manufacturing

333132 Oil and Gas Field Machinery and Equipment Manufacturing

333318 Other Commercial and Service Industry Machinery Manufacturing

333515 Cutting Tool and Machine Tool Accessory Manufacturing

333611 Turbine and Turbine Generator Set Unit Manufacturing

NAICS Description

333618 Other Engine Equipment Manufacturing

333911 Pump and Pumping Equipment Manufacturing

333999 All Other General Purpose Machinery Manufacturing

334416 Electronic Coil, Transformer, and Other Inductor Manufacturing

334418 Printed Circuit Assembly (Electronic Assembly) Manufacturing

334511 Search, Detection, Navigation, Guidance, Aeronautical, and Nautical System and 
Instrument Manufacturing

334513 Instruments and Related Product Manufacturing for Measuring, Displaying, and 
Controlling Industrial Process Variables

334515 Instrument Manufacturing for Measuring and Testing Electricity and Electrical Signals

334519 Other Measuring and Controlling Device Manufacturing

335932 Noncurrent-Carrying Wiring Device Manufacturing

335999 All Other Miscellaneous Electrical Equipment and Component Manufacturing

NAICS Description

336611 Ship Building and Repairing

336612 Boat Building

423490 Other Professional Equipment and Supplies Merchant Wholesalers

423510 Metals Service Centers and Other Metal Merchant/Wholesalers

423690 Other Electronic Parts and Equipment Merchant Wholesalers

423710 Hardware Merchant Wholesalers

423830 Industrial Machinery and Equipment Merchant Wholesalers

423840 Industrial Supplies Merchant Wholesalers

424610 Plastics Materials and Basic Forms and Shapes Merchant Wholesalers

424690 Other Chemical and Allied Products Merchant Wholesalers

424710 Petroleum Bulk Stations and Terminals
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NAICS Description

424720 Petroleum and Petroleum Products Merchant Wholesalers (Except Bulk Stations and 
Terminals)

424950 Paint, Varnish and Supplies Merchant Wholesalers

483211 Inland Water Freight Transportation

486110 Pipeline Transportation of Crude Oil

486210 Pipeline Transportation of Natural Gas

486910 Pipeline Transportation of Refined Petroleum Products

486990 All Other Pipeline Transportation

532412 Construction, Mining and Forestry Machinery and Equipment Rental and Leasing

532490 Other Commercial and Industrial Machinery and Equipment Rental and Leasing

541310 Architectural Services

541330 Engineering Services

NAICS Description

541370 Surveying and Mapping (Except Geophysical) Services

541380 Testing Laboratories

541511 Custom Computer Programming Services

541512 Computer Systems Design Services

541611 Administrative Management and General Management Consulting Services

541618 Other Management Consulting Services

541620 Environmental Consulting Services

541690 Other Scientific and Technical Consulting Services

541712 Research and Development in the Physical, Engineering, and Life Sciences (Except 
Biotechnology)

541910 Marketing Research and Public Opinion Polling

541990 All Other Professional, Scientific and Technical Services

NAICS Description

561210 Facilities Support Services

611710 Educational Support Services
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Table A2: Corrosion Industry by Sectors

NAICS Description Industry

324191 Petroleum Lubricating Oil and Grease Manufacturing Chemical

325180 Other Basic Inorganic Chemical Manufacturing Chemical

325194 Cyclic Crude, Intermediate, and Gum and Wood Chemical 
Manufacturing

Chemical

325998 All Other Miscellaneous Chemical Product and Preparation 
Manufacturing

Chemical

313320 Fabric Coating Mills Coatings

322220 Paper Bag and Coated and Treated Paper Manufacturing Coatings

325510 Paint and Coating Manufacturing Coatings

332812 Metal Coating, Engraving (except Jewelry and Silverware), and 
Allied Services to Manufacturers

Coatings

NAICS Description Industry

332813 Electroplating, Plating, Polishing, Anodizing, and Coloring Coatings

236210 Industrial Building Construction Construction

236220 Commercial and Institutional Building Construction Construction

237110 Water and Sewer Line and Related Structures Construction Construction

237120 Oil and Gas Pipeline and Related Structures Construction Construction

237130 Power and Communication Line and Related Structures 
Construction

Construction

237990 Other Heavy and Civil Engineering Construction Construction

238120 Structural Steel and Precast Concrete Contractors Construction

238320 Painting and Wall Covering Contractors Construction

238910 Site Preparation Contractors Construction

238990 All Other Specialty Trade Contractors Construction

532412 Construction, Mining and Forestry Machinery and Equipment 
Rental and Leasing

Construction

NAICS Description Industry

334418 Printed Circuit Assembly (Electronic Assembly) 
Manufacturing

Electronics/Instruments

334511 Search, Detection, Navigation, Guidance, Aeronautical,  
and Nautical System and Instrument Manufacturing

Electronics/Instruments

334513 Instruments and Related Product Manufacturing for 
Measuring, Displaying, and Controlling Industrial  
Process Variables

Electronics/Instruments

334515 Instrument Manufacturing for Measuring and Testing 
Electricity and Electrical Signals

Electronics/Instruments

334519 Other Measuring and Controlling Device Manufacturing Electronics/Instruments

335932 Noncurrent-Carrying Wiring Device Manufacturing Electronics/Instruments

335999 All Other Miscellaneous Electrical Equipment and 
Component Manufacturing

Electronics/Instruments

332722 Bolt, Nut, Screw, Rivet, and Washer Manufacturing Machinery/Parts

333318 Other Commercial and Service Industry Machinery 
Manufacturing

Machinery/Parts
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NAICS Description Industry

333515 Cutting Tool and Machine Tool Accessory Manufacturing Machinery/Parts

333611 Turbine and Turbine Generator Set Unit Manufacturing Machinery/Parts

333618 Other Engine Equipment Manufacturing Machinery/Parts

333911 Pump and Pumping Equipment Manufacturing Machinery/Parts

333999 All Other General Purpose Machinery Manufacturing Machinery/Parts

334416 Electronic Coil, Transformer, and Other Inductor Manufacturing Machinery/Parts

322219 Other Paperboard Container Manufacturing Manufacturing

325520 Adhesive Manufacturing Manufacturing

327120 Clay Building Material and Refractories Manufacturing Manufacturing

327320 Ready-Mix Concrete Manufacturing Manufacturing

327910 Abrasive Product Manufacturing Manufacturing

327993 Mineral Wool Manufacturing Manufacturing

332996 Fabricated Pipe and Pipe Fitting Manufacturing Manufacturing

336611 Ship Building and Repairing Marine

336612 Boat Building Marine

483211 Inland Water Freight Transportation Marine

NAICS Description Industry

331110 Iron and Steel Mills and Ferroalloy Manufacturing Metals

331210 Iron and Steel Pipes and Tubes Manufacturing from Purchased 
Steel

Metals

331221 Rolled Steel Shape Manufacturing Metals

331313 Alumina Refining and Primary Aluminum Production Metals

331491 Nonferrous Metal (Except Copper and Aluminum) Rolling. Drawing, 
and Extruding

Metals

331513 Steel Foundries (Except Investment) Metals

331529 Other Nonferrous Metal Foundries (Except Die-Casting) Metals

332312 Fabricated Structural Metal Manufacturing Metals

332313 Plate Work Manufacturing Metals

332322 Sheet Metal Work Manufacturing Metals

332420 Metal Tank (Heavy Gauge) Manufacturing Metals

332811 Metal Heat Treating Metals

332919 Other Metal Valve and Pipe Fitting Manufacturing Metals

211111 Crude Petroleum and Natural Gas Extraction Oil/Gas

213112 Support Activities for Oil and Gas Field Operations Oil/Gas
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NAICS Description Industry

221210 Natural Gas Distribution Oil/Gas

324110 Petroleum Refineries Oil/Gas

333132 Oil and Gas Field Machinery and Equipment 
Manufacturing

Oil/Gas

424710 Petroleum Bulk Stations and Terminals Oil/Gas

486110 Pipeline Transportation of Crude Oil Oil/Gas

486210 Pipeline Transportation of Natural Gas Oil/Gas

486910 Pipeline Transportation of Refined Petroleum 
Products

Oil/Gas

486990 All Other Pipeline Transportation Oil/Gas

325211 Plastics Material and Resin Manufacturing Polymers

326113 Unsupported Plastics Film and Sheet (Except 
Packaging) Manufacturing

Polymers

326122 Plastics Pipe and Pipe Fitting Manufacturing Polymers

326199 All Other Plastics Product Manufacturing Polymers

326299 All Other Rubber Product Manufacturing Polymers

221118 Other Electric Power Generation Power

541310 Architectural Services Technical Solutions/Professional 
Services

NAICS Description Industry

541330 Engineering Services Technical Solutions/Professional 
Services

541370 Surveying and Mapping (Except Geophysical) 
Services

Technical Solutions/Professional 
Services

541380 Testing Laboratories Technical Solutions/Professional 
Services

541511 Custom Computer Programming Services Technical Solutions/Professional 
Services

541512 Computer Systems Design Services Technical Solutions/Professional 
Services

541611 Administrative Management and General 
Management Consulting Services

Technical Solutions/Professional 
Services

541618 Other Management Consulting Services Technical Solutions/Professional 
Services

541620 Environmental Consulting Services Technical Solutions/Professional 
Services

541690 Other Scientific and Technical Consulting 
Services

Technical Solutions/Professional 
Services

541712 Research and Development in the Physical, 
Engineering, and Life Sciences (Except 
Biotechnology)

Technical Solutions/Professional 
Services

541910 Marketing Research and Public Opinion Polling Technical Solutions/Professional 
Services

541990 All Other Professional, Scientific and Technical 
Services

Technical Solutions/Professional 
Services

561210 Facilities Support Services Technical Solutions/Professional 
Services
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NAICS Description Industry

611710 Educational Support Services Technical Solutions/
Professional Services

221310 Water Supply and Irrigation Systems Water/Wastewater

423490 Other Professional Equipment and Supplies Merchant 
Wholesalers

Wholesaler/Distributer

423510 Metals Service Centers and Other Metal Merchant/
Wholesalers

Wholesaler/Distributer

423690 Other Electronic Parts and Equipment Merchant 
Wholesalers

Wholesaler/Distributer

423710 Hardware Merchant Wholesalers Wholesaler/Distributer

423830 Industrial Machinery and Equipment Merchant  
Wholesalers

Wholesaler/Distributer

423840 Industrial Supplies Merchant Wholesalers Wholesaler/Distributer

424610 Plastics Materials and Basic Forms and Shapes  
Merchant Wholesalers

Wholesaler/Distributer

424690 Other Chemical and Allied Products Merchant  
Wholesalers

Wholesaler/Distributer

424720 Petroleum and Petroleum Products Merchant  
Wholesalers (Except Bulk Stations and Terminals)

Wholesaler/Distributer

NAICS Description Industry

424950 Paint, Varnish and Supplies Merchant  
Wholesalers

Wholesaler/Distributer

532490 Other Commercial and Industrial Machinery and  
Equipment Rental and Leasing

Wholesaler/Distributer

Table A3: Corrosion Industry by Roles

NAICS Description Role

324191 Petroleum Lubricating Oil and Grease Manufacturing Manufacturer

325180 Other Basic Inorganic Chemical Manufacturing Manufacturer

325194 Cyclic Crude, Intermediate, and Gum and Wood  
Chemical Manufacturing

Manufacturer

325998 All Other Miscellaneous Chemical Product and  
Preparation Manufacturing

Manufacturer

313320 Fabric Coating Mills Manufacturer

322220 Paper Bag and Coated and Treated Paper Manufacturing Manufacturer

325510 Paint and Coating Manufacturing Manufacturer

332812 Metal Coating, Engraving (Except Jewelry and Silverware), 
and Allied Services to Manufacturers

Manufacturer

NAICS Description Role

324191 Petroleum Lubricating Oil and Grease Manufacturing Manufacturer

325180 Other Basic Inorganic Chemical Manufacturing Manufacturer

325194 Cyclic Crude, Intermediate, and Gum and Wood  
Chemical Manufacturing

Manufacturer

325998 All Other Miscellaneous Chemical Product and  
Preparation Manufacturing

Manufacturer

313320 Fabric Coating Mills Manufacturer

322220 Paper Bag and Coated and Treated Paper Manufacturing Manufacturer

325510 Paint and Coating Manufacturing Manufacturer
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NAICS Description Role

332812 Metal Coating, Engraving (Except Jewelry and Silverware), and 
Allied Services to Manufacturers

Manufacturer

332813 Electroplating, Plating, Polishing, Anodizing, and Coloring Manufacturer

334418  Printed Circuit Assembly (Electronic Assembly) Manufacturing Manufacturer

334511 Search, Detection, Navigation, Guidance, Aeronautical, and 
Nautical System and Instrument Manufacturing

Manufacturer

334513 Instruments and Related Product Manufacturing for Measuring, 
Displaying, and Controlling Industrial Process Variables

Manufacturer

334515 Instrument Manufacturing for Measuring and Testing Electricity 
and Electrical Signals

Manufacturer

334519 Other Measuring and Controlling Device Manufacturing Manufacturer

NAICS Description Role

335932 Noncurrent-Carrying Wiring Device Manufacturing Manufacturer

335999 All Other Miscellaneous Electrical Equipment and Component 
Manufacturing

Manufacturer

332722 Bolt, Nut, Screw, Rivet, and Washer Manufacturing Manufacturer

333318 Other Commercial and Service Industry Machinery 
Manufacturing

Manufacturer

333515 Cutting Tool and Machine Tool Accessory Manufacturing Manufacturer

333611 Turbine and Turbine Generator Set Unit Manufacturing Manufacturer

333618 Other Engine Equipment Manufacturing Manufacturer

333911 Pump and Pumping Equipment Manufacturing Manufacturer

NAICS Description Role

333999 All Other General Purpose Machinery Manufacturing Manufacturer

334416 Electronic Coil, Transformer, and Other Inductor Manufacturing Manufacturer

322219 Other Paperboard Container Manufacturing Manufacturer

325520 Adhesive Manufacturing Manufacturer

327120 Clay Building Material and Refractories Manufacturing Manufacturer

327320 Ready-Mix Concrete Manufacturing Manufacturer

327910 Abrasive Product Manufacturing Manufacturer

327993 Mineral Wool Manufacturing Manufacturer

332996 Fabricated Pipe and Pipe Fitting Manufacturing Manufacturer

336611 Ship Building and Repairing Manufacturer

336612 Boat Building Manufacturer
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NAICS Description Role

331110 Iron and Steel Mills and Ferroalloy Manufacturing Manufacturer

331210 Iron and Steel Pipes and Tubes Manufacturing from Purchased 
Steel

Manufacturer

331221 Rolled Steel Shape Manufacturing Manufacturer

331313 Alumina Refining and Primary Aluminum Production Manufacturer

331491 Nonferrous Metal (Except Copper and Aluminum) Rolling. 
Drawing, and Extruding

Manufacturer

331513 Steel Foundries (except Investment) Manufacturer

331529 Other Nonferrous Metal Foundries (Except Die-Casting) Manufacturer

332312 Fabricated Structural Metal Manufacturing Manufacturer

332313 Plate Work Manufacturing Manufacturer

332322 Sheet Metal Work Manufacturing Manufacturer

332420 Metal Tank (Heavy Gauge) Manufacturing Manufacturer

NAICS Description Role

332811 Metal Heat Treating Manufacturer

332919 Other Metal Valve and Pipe Fitting Manufacturing Manufacturer

333132 Oil and Gas Field Machinery and Equipment Manufacturing Manufacturer

424710 Petroleum Bulk Stations and Terminals Manufacturer

325211 Plastics Material and Resin Manufacturing Manufacturer

326113 Unsupported Plastics Film and Sheet (Except Packaging) 
Manufacturing

Manufacturer

326122 Plastics Pipe and Pipe Fitting Manufacturing Manufacturer

326199 All Other Plastics Product Manufacturing Manufacturer

326299 All Other Rubber Product Manufacturing Manufacturer

211111 Crude Petroleum and Natural Gas Extraction Owner/Asset 
Manager

221210 Natural Gas Distribution Owner/Asset 
Manager

324110 Petroleum Refineries Owner/Asset 
Manager

NAICS Description Role

486110 Pipeline Transportation of Crude Oil Owner/Asset 
Manager

486210 Pipeline Transportation of Natural Gas Owner/Asset 
Manager

486910 Pipeline Transportation of Refined Petroleum Products Owner/Asset 
Manager

221118 Other Electric Power Generation Owner/Asset 
Manager

236210 Industrial Building Construction Service Provider

236220 Commercial and Institutional Building Construction Service Provider

237110 Water and Sewer Line and Related Structures Construction Service Provider

237120 Oil and Gas Pipeline and Related Structures Construction Service Provider

237130 Power and Communication Line and Related Structures 
Construction

Service Provider

237990 Other Heavy and Civil Engineering Construction Service Provider
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NAICS Description Role

238120 Structural Steel and Precast Concrete Contractors Service Provider

238320 Painting and Wall Covering Contractors Service Provider

238910 Site Preparation Contractors Service Provider

238990 All Other Specialty Trade Contractors Service Provider

483211 Inland Water Freight Transportation Service Provider

213112 Support Activities for Oil and Gas Field Operations Service Provider

486990 All Other Pipeline Transportation Service Provider

541310 Architectural Services Service Provider

541330 Engineering Services Service Provider

541370 Surveying and Mapping (Except Geophysical) Services Service Provider

541380 Testing Laboratories Service Provider

541511 Custom Computer Programming Services Service Provider

NAICS Description Role

541512 Computer Systems Design Services Service Provider

541611 Administrative Management and General Management 
Consulting Services

Service Provider

541618 Other Management Consulting Services Service Provider

541620 Environmental Consulting Services Service Provider

541690 Other Scientific and Technical Consulting Services Service Provider

541712  Research and Development in the Physical, Engineering, and Life 
Sciences (Except Biotechnology)

Service Provider

541910 Marketing Research and Public Opinion Polling Service Provider

541990 All Other Professional, Scientific and Technical Services Service Provider

561210 Facilities Support Services Service Provider

NAICS Description Role

611710 Educational Support Services Service Provider

532412 Construction, Mining and Forestry Machinery and Equipment 
Rental and Leasing

Supplier

423490 Other Professional Equipment and Supplies Merchant 
Wholesalers

Supplier

423510 Metals Service Centers and Other Metal Merchant/Wholesalers Supplier

423690 Other Electronic Parts and Equipment Merchant Wholesalers Supplier

423710 Hardware Merchant Wholesalers Supplier

423830 Industrial Machinery and Equipment Merchant Wholesalers Supplier

423840 Industrial Supplies Merchant Wholesalers Supplier

424610 Plastics Materials and Basic Forms and Shapes Merchant 
Wholesalers

Supplier

NAICS Description Role

424690 Other Chemical and Allied Products Merchant Wholesalers Supplier

424720 Petroleum and Petroleum Products Merchant Wholesalers 
(Except Bulk Stations and Terminals)

Supplier

424950 Paint, Varnish and Supplies Merchant Wholesalers Supplier

532490 Other Commercial and Industrial Machinery and Equipment 
Rental and Leasing

Supplier

221310 Water Supply and Irrigation Systems Supplier
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Table A4: Key Words Used for Searches

Abrasives Energy distribution

Adhesives Energy transmission

Aerospace Engineered equipment

Aerospace industry Engineering testing

Agricultural industry Environmental

Airports Failure analysis

Analytical testing Fatigue

Anodic protection FERC

Architectural design Field service

Bridges Flow studies

Bulk terminal Forensic investigation

Catholic protection Formulation

Chemical industry Foundry industry

Chemical process Gas

Chemical processing Gas industry

Chemical processing industry Gas processing

Close interval potential surveys Hazardous materials storage

Commercial flooring Heavy industry

Compounding Highways

Consultants Hydro-electric

Controls Impact testing

Corrosion Industrial

Corrosion control Industrial coatings contractor

Corrosion studies Industrial insulation

Creep Industrial plant maintenance

Design Industrial process

Domestic wastewater Industrial roofing

Domestic water Industrial wastewater

Downstream Industrial water

Energy Inhibitors

Inspection services Railroads

Linings Railways

Maintenance Refinery

Material testing Regulatory

Materials selection Reliability

Mechanical testing Remote monitoring

Metal pipeline engineering Renewable energy

Metal tank engineering Roads

Metallographic services Sandblast

Metals Spectroscopy

Military facilities maintenance Spray bed liner

Mining Steel industry

Non-destructive testing Strength

Nuclear Structural

Nuclear industry Structural steel

Nuclear waste storage Subsea

Oil Surface preparation
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Oil industry Technical specification compliance

Operating processes Technology qualification

Optimization Tensile testing

Parking structure Transportation industry

Petrochemical Underground storage

Pipeline Upstream

Polymers Wastewater

Ports Wastewater industry

Power distribution Water

Process control Water blast

Process solutions Water industry

Product development Water treatment plants

Quality assurance Waterways

Appendix B: Corrosion Employment and Wage Calculation Models

CORROSION EMPLOYMENT CALCULATOR

Although total employment numbers for each relevant company were available from the Hoover’s database, 
claiming all of those jobs as related to the companies corrosion business would have created an inaccurate 
picture of the industry. Thus, once again, the Foresight Innovation Partners (FIP) research team turned to the 
staff at NACE International to conduct a survey of the corporate membership list to determine a representative 
model for employment calculations. 

Using a web-based tool for conducting surveys, the staff asked the following questions with broadly 
categorized response options.

Q: Approximately what percentage of your employees are engaged in corrosion-related work activities?

A1: 0-25%
A2: 25-50%
A3: 50-75%
A4: 75-100%

Of the 434 NACE corporate members, the survey received a total of 83 responses for a response rate of 19%. 
Thus, the survey results were based upon a statistically defensible response rate to allow for utilization in data 
analysis.

The response distribution is illustrated in Table B1.

Table B1: NACE Corporate Member Employment Survey 
Q: Approximately what percentage of your employees are engaged in corrosion-related work activities?

Answer Choices Number of Responses Distribution of Responses (%)

0-25% 30 36

25-50% 12 14

50-75% 14 17

75-100% 27 33

As the survey responses were presented in ranges, the FIP research team elected to establish and utilize the 
median percentage for each range. Thus, the employment numbers generated from the Ohio data are based 
on a median of potential employment in each range and are categorized as full, high, medium, and low as 
illustrated in Table B2.
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Table B2: Employment Ranges for Ohio Data Interpretation

Range Median Percentage for Each Range

Full 87

High 62

Medium 37

Low 12

Utilizing the parameters discussed in this summary, the FIP team applied the formulas to the State of Ohio 
company and employment details. The formula for these calculations was: Total Employment * Range 
Percentage = Total Employment per Range and is illustrated in Table B3. This formula was applied to each 
North American Industrial Classification System (NAICS) code, resulting in an estimated number for each level. 
Next, the range estimates were aggregated to calculate a new median for the combined ranges. From the new 
median estimates for each code, it was possible to determine the total median corrosion-related employment, 
the median employment by industry sector, and the median employment by role within the industry. The 14 
categories for industry sector and 5 categories for industry role are illustrated in Table B3 and Table B4.

Table B3: Total Employment per Range Formulas

Range Formula

Full Total Employment * .87 = Total Employment (Full Range)

High Total Employment * .62 = Total Employment (High Range)

Medium Total Employment * .37 = Total Employment (Medium Range)

Low Total Employment * .12 = Total Employment (Low Range)

The FIP research team and staff from NACE met to review the comprehensive set of State of Ohio data. Based 
upon a consensus understanding of both the NACE corporate membership profile and an expert assessment 
of industries that could logically be grouped together, the combined gathering of experts determined that the 
categories listed in Table B4 would be appropriate for the study model. Please note that these categories are 
summarized here and further identified in Appendix A.

Table B4: Industry Sector Categories

Industry Sector Industry Sector

Chemicals Marine

Coatings Metals

Construction Oil and Gas

Electric Power Generation Polymers

Electronics and Instruments Technical Solutions/Professional Services

General Materials Manufacturing Water/Wastewater (Industrial Only)

Machinery and Parts Wholesaler/Distributor

Likewise, the assembled experts also determined that the following roles that companies 
play in the corrosion industry could be utilized to make general observations on the particu-
lar function that a cluster of industries played within the large corrosion prevention and 
mitigation industry. These categories are summarized in Table B5 and identified in detail in 
Appendix A.

Table B5: Industry Role Categories

Asset Owner/Manager

Manufacturing

Service Provider

Wholesaler/Distributor
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CORROSION WAGE CALCULATOR

Unlike employment numbers, wage numbers were not available through the Hoover’s database. Therefore, the 
FIP research team utilized the May 2015 National Industry-Specific Occupational Employment and Wage 
Estimate published by the U.S. Bureau of Labor Statistics (BLS) index of wages to identify management and 
nonmanagement wages for each of the relevant NAICS codes. This on-line report is searchable by NAICS 
codes and provides a wealth of wage-related information, including median wages for both management and 
nonmanagement positions. 

Utilizing the employment data calculated using the Corrosion Employment Calculator, the FIP team developed 
a formula to calculate wage estimates for the full, high, medium, and low employment categories. The formulas 
for these calculations are listed in Table B6. 

Table B6: Total Wages by Range Formulas

Range Formula

Full Total Employment x .87 x Median Wage = Total Median Wages (Full Range)

High Total Employment x .62 x Median Wage = Total Median Wages (High Range)

Medium Total Employment x .37 x Median Wage = Total Median Wages (Medium Range)

Low Total Employment x .12 x Median Wage = Total Median Wages (Low Range)

This formula was applied to each NAICS code, resulting in estimated wages for each level. Next, the range 
estimates were aggregated to calculate a new median for the combined ranges. From the new median 
estimates for each code, it was possible to determine the total median corrosion-related wages, the median 
wages by industry sector, and the median wages by role within the industry. 
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