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3.1 INTRODUCTION 

For the USAF, and most other western nations, new aircraft are becoming very rare and extremely expensive 
to acquire. As a result, nations of the NATO alliance have the choice of fulfilling their missions with 
increasingly older aircraft, or reducing the military commitments. Given that military commitments are 
generally a political decision of the civilian governments, only one option remains open to military planners. 
Corrosion control maintenance is an important driver of the costs of maintaining aircraft and an ever more 
important component of maintenance as air vehicles become older. This chapter is a compilation and 
analysis of results from Cost of Corrosion Studies conducted in 1990, 1997, 2001 and 2004 [1],[2],[3],[4], 
[10]. (References [1],[2], [4], and [10] can be found at the Documents tab at http://c2techinc.com/.) Each of 
those studies was conducted for the US Air Force Corrosion Prevention and Control Office, and the primary 
authors of those studies were Garth Cooke and Rob Cooke. Back in the 1988/89 time frame corrosion was a 
recognized driver of maintenance actions and costs, but there was no way to quantify the level of corrosion 
control activities throughout the USAF. Several databases existed that purported to offer a partial picture,  
but many activities, and generally the most expensive and important at that, fell well outside any accessible 
system. The authors of this chapter, whose members include a former director of the USAF Corrosion 
Program Office, undertook the task of quantifying the total cost of corrosion maintenance to the USAF.  
The definition and methodology developed in that first study were primary drivers of all subsequent Cost of 
Corrosion Studies. Each of the individual studies addressed only direct corrosion maintenance costs,  
and excluded from consideration classified systems, indirect costs, corrosion costs for classified systems, and 
real property costs such as those associated with corrosion control facilities. The first study was conducted to 
obtain the total costs of corrosion control activities throughout the USAF, and underlying data were used for 
study only subsequent to the original collection. The information obtained proved extremely useful for 
planning purposes and for directing R&D efforts effectively. As the detailed costs underlying the total cost of 
corrosion maintenance proved to be useful and important, the subsequent studies were conducted to obtain 
more complete underlying data, particularly those that could prove useful for comparison of costs over time. 
References 1 through 4 can be consulted for a complete enumeration of maintenance actions included or 
excluded from the corrosion cost studies. Bearing in mind its dependence on the data generated by the four 
studies, this chapter is a stand-alone analysis of the data from those studies. 

3.2 ANALYSIS OF USAF DIRECT CORROSION MAINTENANCE COST  

The purpose of the four Cost of Corrosion Studies (2004, 2001, 1997 and 1990) was to quantify the total 
annual cost of direct corrosion maintenance to the US Air Force. Each of the studies was performed by the 
same people and followed largely the same methodology, thus the results from the different studies are 
directly comparable, particularly the three most recent studies. Wherever any question of the comparable 
methodology is known, that instance is documented and this article attempts to present the associated costs 
from both the new methodology and the costs which would have resulted under a previous methodology. 
Given that the goal of each study was to determine the total annual costs of direct corrosion maintenance, 
it naturally follows that the first element to be analyzed is the total annual costs for all of the four study 
years. In this section, it is to be emphasized that these studies were an examination of the total USAF 
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corrosion maintenance cost not just that for aircraft related corrosion. They were an attempt to look at all 
USAF weapon systems, sub-systems, and support equipment and included aircraft, munitions, support 
equipment, and communications/electronics equipment; in fact, everything except Real Property and Real 
Property Installed Equipment (air conditioning equipment, back-up generators, etc.). 

The following table, Table 3-1, presents the total annual costs of direct corrosion maintenance in then-year 
dollars (the costs as reported in the respective studies) and then presents the costs in (the more appropriate 
for comparison) constant 2004 dollars. 

Table 3-1: Total Annual Costs of Direct Corrosion in  
Then Year Dollars and ‘04 Dollars (in Millions). 

Total Costs, Then Yr Dollars, in Millions 
1990 1997 2001 2004 

$720 $795 $1,139 $1,497 

Total Costs, Adjusted to Constant 2004 Dollars 
1990 1997 2001 2004 

$926 $857 $1,175 $1,497 

As Table 3-1 clearly demonstrates, costs have not remained constant, neither in absolute dollar terms, nor 
in constant dollar terms. From 1990 to 1997 the total annual cost of corrosion maintenance increased 
slightly in absolute dollars, but actually decreased in constant dollars. The total costs for 2001, however, 
showed a sharp increase in both absolute as well as constant dollars, and 2004 again showed a sharp 
increase in costs. In fact, from 1990 to 2001 the annual cost of direct corrosion maintenance increased 
27% faster than the inflation rate (using the O&M, non-pay, non-fuel, inflation indices), and the 2004 
report shows that the increase was even greater – with corrosion costs increasing 60% in constant dollars 
from 1990 to 2004. From 1997 to 2001 the annual cost of direct corrosion maintenance increased 37% 
faster than the inflation rate, and the cost from 2001 to 2004 showed an increase that was 27% greater than 
the inflation rate. The inflation adjusted costs for corrosion maintenance decreased from 1990 to 1997,  
but this decrease was related more to force structure changes than to a decrease in the expenses of direct 
corrosion maintenance (see the 1997 corrosion report [2], for further discussions on this subject). 

Perhaps of more interest than simply comparing the changes in total annual corrosion costs from study year 
to study year, is a comparison of the change in direct corrosion maintenance costs as an element in the 
overall Air Force Operations and Maintenance (O&M) budget. Table 3-2 provides both the total annual costs 
for direct corrosion maintenance as presented in Table 3-1, and the relative role of corrosion in the respective 
O&M budgets. As the table indicates, the AF O&M budget was reduced, in constant dollars, from 1990 
through the 2001 study, but increased substantially in the three years leading up to 2004. Table 3-2 also 
indicates that the corrosion maintenance costs have grown sharply since 1997, rising 27% since 2001, after a 
slight decline in total constant costs between 1990 and 1997. In fact, even when the corrosion costs were 
shrinking in constant dollars (-7%) the reduction was far less than the reduction in the AF O&M budget  
(-24%). Therefore, direct corrosion maintenance has required a growing share relative to the AF O&M 
budget. Even in 1997, when the cost of corrosion maintenance decreased in constant dollars, the proportion 
of the O&M budget required for corrosion maintenance increased. Between the 1990 Cost of Corrosion 
study and the 2001 study, the corrosion maintenance share of the AF O&M budget grew from 2.86% of the 
budget to 3.88%. For the current study, the corrosion maintenance portion of the overall O&M budget 
remains 3.88%. The steady corrosion maintenance proportion does not, however, reflect a static situation 
over the past three years, rather the costs of corrosion maintenance and the overall USAF O&M budget have 
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both increased dramatically in recent years with the O&M budget rising from $29B to $38B in just three 
years between 2001 and 2004. 

Table 3-2: Total Corrosion Costs vs. USAF O&M Budget, in ‘04 Dollars (in Millions). 

Total Costs, Then Yr Dollars AF O&M Budget, Then Yr Dollars 

1990 1997 2001 2004 1990 1997 2001 2004 

$720 $795 $1,139 $1,497 $25,160 $22,728 $29,328 $38,406 

Total Costs, Adjusted to 2004 $’s AF O&M Budget, Adjusted to ‘04 $’s 

1990 1997 2001 2004 1990 1997 2001 2004 

$926 $857 $1,175 $1,497 $32,342 $24,512 $30,246 $38,406 

Percentage Change in Adjusted Costs (Growth 
in Total Corrosion Costs Above Inflation) 

Percentage Change in Adjusted  
AF O&M Budget 

90 to 04 97 to 04 01 to 04 90 to 04 97 to 04 01 to 04 

61.0% 73.8% 27.4% 18.7% 56.7% 27.0% 

Depot Corrosion Maintenance Dollars in 
Constant 2004 $’s (in Millions) 

Corrosion Proportion of  
AF O&M Budget 

1990 1997 2001 2004 1990 1997 2001 2004 

$736 $713 $854 $1,053 2.86% 3.50% 3.88% 3.90% 

90 to 04 97 to 04 01 to 04 90 to 04 97 to 04 01 to 04 

36.1% 40.4% 17.2% 36% 11% 0% 

Fleet Size During  
Study Year 

Corrosion Cost Growth ‘90 to 04 as a  
Constant Compounding Annual Rate 

8,722 5,991 6,075 6,066 5.23% 

Figure 3-1, Role of Direct Corrosion Maintenance in AF O&M Budget, graphically illustrates the impact 
of corrosion maintenance on the budget. It shows quite clearly that the reduction in corrosion maintenance 
expenditures in the 1990 – 1997 period of shrinking defence budgets was slower than the drop in the 
overall budget, and once the budgets started to recover, the corrosion maintenance costs grew quickly and 
have remained a cost driver within the O&M Budget. 
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Figure 3-1: Role of Direct Corrosion Maintenance in the AF O&M Budget (in Millions). 

3.3 SPECIFIC COST ANALYSIS 

Whereas the previous section provided total USAF direct corrosion maintenance costs for everything 
except Real Property and Real Property Installed Equipment and its impact within the total USAF budget, 
the remainder of this paper addresses aircraft related corrosion maintenance, the main driver of corrosion 
costs and the main concern of the Air Force. First, we shall discuss methodologies and results for each of the 
individual studies, specifically examining the reasoning supporting certain key decisions in establishing 
methodologies and the results achieved. Then, we shall focus on two means of evaluating the costs of aircraft 
corrosion maintenance:  

• Overall (aggregate) weapon system wide (fleet) corrosion maintenance costs; and  

• The per-aircraft corrosion maintenance costs within a weapon system type. 

3.3.1 Developing a Cost Analysis Methodology 
In developing a cost analysis methodology, it was apparent that two key goals had to be met. First, we had to 
capture costs associated with all aspects of corrosion maintenance; and second, we had to ensure that we 
captured all of the costs associated with each aspect consistently across the entire USAF. (The discussion 
which follows applies, in most part, to all of the different systems and sub-systems considered throughout the 
four studies, but for the purposes of this chapter we shall limit the discussion to aircraft.) Since we were 
limited to examination of “direct corrosion maintenance” the corrosion prevention activities and their costs 
which have to be considered so carefully and thoroughly during the design and manufacturing phases of an 
aircraft’s life were not considered during these cost studies. Nor were the engineering and management 
activities involved in ensuring that a thorough and effective corrosion prevention and control program is in 
effect for each weapon system in the USAF. Finally, the Real Property and Real Property Installed 
Equipment which are needed to establish effective corrosion prevention and control programs were excluded 
from these studies because the Military Construction Program and the Civil Engineering programs that create 
these entities are totally separate from the aircraft maintenance communities. 
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3.3.1.1 Aspects of Corrosion Maintenance 

Corrosion maintenance whether performed at the depot or the field level, can be considered as a cyclic 
process, and can be visualized as a continual circle containing three essential elements: Clean, Inspect, and 
Repair. 

The clean aspect is essentially concerned with two crucial elements of a corrosion program. The first is to 
periodically remove atmospheric or environmental contaminants – which are frequently hygroscopic – 
from the surface thus hoping to prevent the formation of an electrolyte which is essential to creation of a 
corrosion cell. The second is to provide a clean surface so as to enhance the ability to perform the next 
essential element, inspection. In some instances, this cleaning process may include the removal of protective 
coating systems so that the inspection can take place. 

The inspection requirement for corrosion control is simply to ensure, via whichever inspection method is 
most appropriate to the problem at hand, that corrosion is (or is not) present in or on the surface of interest.  

Finally, the third aspect of the maintenance program is repair of corrosion damage. This is easily the most 
complex of the three. It includes rectification of the corrosion damage through either replacement of the 
corroded part or removal of the corrosion from the metal part. If necessary, faying surface sealant or 
sealant for wet installation of fasteners or some similar method for isolation of dissimilar metals must be 
applied. Then the protective coating system (which probably includes surface etch, primer, and top-coat 
application) must be renewed.  

All of the above assume that one has gained access to the surface under consideration, so that a final step 
is required in that the aircraft must be returned to an operational configuration after the maintenance is 
completed. 

3.3.1.2 Capturing All Related Costs 

This section describes the analysis process employed to ensure that all appropriate data were collected and 
analyzed properly. A multi-dimensional cost database was built, as the data for these studies were collected. 
The dimensions were weapons system, cost category, and location. This allowed the database to be used to 
answer corrosion cost questions for specific weapons systems, locations, or cost categories. The cost 
categories included on-equipment maintenance, off-equipment maintenance, washing, painting, spares, 
inspections, hazardous material handling and disposal, and special facilities and processes. Figure 3-2 is a 
graphic representation of this database. The multi-dimensional database was used to develop the cost model 
matrix. Along the system axis are shown the weapons systems or sub-systems that are accumulating 
corrosion-related maintenance costs. Along the location axis are the geographic or functional places where 
the costs are accrued, and along the cost category axis are the corrosion-related maintenance process 
elements that account for the cost. 
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Figure 3-2: Three-Dimensional Data Base Illustration. 

Figure 3-3 (below) illustrates the methodologies that were used to fill the individual cells of the cost 
model matrix. Starting at the bottom of the figure, the man-hours consumed in painting F-16 aircraft in 
each of the commands that operate F-16s are collected from each base. The man-hour total for each base is 
multiplied by the appropriate dollars per man-hour figure, obtained from AFI 65-503, U.S. Air Force Cost 
and Planning Factors, and placed in the cell for that base. We used the summary cost for all grades from 
Table A33-1 for extracting the labor hour costs from AFI 65-503. When all bases have been analyzed for 
all operating commands, the figure will be entered in the F-16 “command” cell of the slice in the matrix 
labeled “paint hours”. When the costs of painting for F-16s at depot and contractor repair facilities are 
calculated, they will also be added to the appropriate cells. After all paint hours accumulators are entered, 
the total labor cost associated with painting F-16s can be obtained from summing the three location axis 
cells for F-16 paint hours. 
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Figure 3-3: Methodology Illustration. 

The cost matrix developed for these studies lends itself to ready feedback to the data collection system.  
If any cell in the matrix is empty, that cell must be individually analyzed to determine what pre-planned 
cost element has not been completed. It is entirely possible that some of the cost elements will be empty; 
however, this methodology ensures that only cost elements that are appropriately empty will be so. That is, 
no cost element cell can inadvertently be left empty. Additionally, any element of the cost of corrosion 
that is gathered by some methodology not directly recorded in dollars will be an empty cell until it has 
been analyzed and an appropriate dollar figure applied. This methodology ensures that man-hour figures 
or number of spares, for instance, are not entered inadvertently instead of the applicable dollar figure. 

3.3.1.3 Corrosion Maintenance Definition 

In establishing the data collection methodologies for the four studies, it was apparent that everyone 
responding to a request for data had to consider the same elements in the corrosion process as had been 
agreed to. Accordingly, the following definition of the elements of the USAF corrosion prevention and 
control program were adopted and employed in all four of the Cost of Corrosion studies: 
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• Cleaning to remove surface contaminants or to facilitate inspection. 

• Stripping of protective coatings (regardless of purpose).  

• Inspection to detect corrosion or corrosion related damage. 

• Treatment of corrosion damage (corrosion removal, sheet metal or machinist work, replacement, 
etc.). 

• Application of surface treatment (Alodine, other surface etch). 

• Application of faying surface sealant (or similar sealing for corrosion protection). 

• Application of protective coatings (regardless of reason). 

• Time spent gaining access to and closure from parts requiring any of the above activities. 

• Preparation and clean-up activities associated with any of the above.  

All time and materials consumed in performing any of these activities were considered to be “direct 
corrosion maintenance” for the purposes of the Cost of Corrosion studies. 

3.3.1.4 Obtaining Data to Complete the Studies 

Virtually all of the data required to complete the studies were obtained through interviews with appropriate 
personnel at the various bases, depots, and contractor sites where USAF equipment is maintained.  

The field level maintenance data were collected in a worksheet that was sent to every field maintenance 
base (except Air National Guard bases which were handled in a different way due to the exceptionally 
large number of such bases) by their respective major command corrosion manager. We had an amazing 
response rate of almost 100% on the questionnaires prepared and sent out in this manner (the actual 
questionnaire used in the 2004 study is available at an appendix to Reference [1]). In the 1990 study,  
we had not used the questionnaire – instead attempting to rely on REMIS data as the source of field level 
data. Subsequent studies used the questionnaire, and it was shown that this resulted in data at least twice as 
extensive as had been collected with the automated system. 

Depot data were collected solely by interviews. Most of these data were based on discussions with depot 
engineers regarding the Maintenance Requirements Review Board (MRRB) documentation for their weapon 
system. The MRRB documents are based on an annual review of all of the actions completed on a particular 
aircraft type during the preceding year. The actions are then recorded in the brochure and, for the most part, 
projected as the requirements for the next review. This analysis, as it becomes the basis for all of the 
approved actions for the upcoming year within the depot maintenance community, contains the best possible 
identification of all of the actions completed during the immediately prior year. The discussions with the 
depot engineers then became one of identifying the tasks which involved corrosion maintenance. Obviously, 
there was more to it than that, but these reviews identified the majority of the costs associated with depot 
corrosion maintenance on aircraft. 

3.3.2 Fleet Corrosion Costs 
Figure 3-4 presents the total fleet costs for various weapon systems for each of the four Cost of Corrosion 
Studies. The aircraft fleets are grouped by the managing Air Logistics Center. 
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Figure 3-4: Total Costs for Fleets in ‘04 Dollars (in Thousands). 

Obviously, when examining the corrosion costs of a particular weapon system fleet there are two driving 
factors, namely the corrosion maintenance cost per aircraft, and the size of the aircraft fleet. Table 3-3, 
Total Aircraft Costs by Weapon Systems Fleet, on the following page, presents the data from Figure 3-4 in 
table format and presents not just the total fleet cost for each study but also the fleet size for each study 
[5],[6],[7],[8]. 

Six of the bottom seven aircraft on the list have been retired from the USAF operational fleet altogether, and 
the C-141 costs had dropped so dramatically with the curtailment of Programmed Depot Maintenance due to 
its ongoing retirement, that the corrosion maintenance costs have essentially gone to zero. It is important and 
useful to examine the changes in the total corrosion maintenance costs of the weapon system fleets that are 
still active within the Air Force. It is very clear that the costs for corrosion maintenance on the C-135 fleet 
are the most important driver of total costs, making up 35% of the total costs attributable to aircraft. This is 
actually a drop from the 2001 study, where the C-135 fleet accounted for 40% of the total costs. Even with 
the portion down to 35%, this at first seems an extremely high percentage of the overall aircraft corrosion 
costs. However, the C-135 is in fact the oldest fleet in the Air Force, which as of September 2003 had an 
average age of 42.4 years, and the C-135 fleet is six times the size of the B-52 fleet, the next oldest fleet,  
at an average age of 41.8 years.  

It is of note, however, that, because the B-52 fleet is still operated by the USAF, the corrosion costs 
associated with it are included in Table 3-4, which suggests that the B-52 is essentially unchanged from 
study to study after 1990. However, the B-52 fleet has experienced significant change in the force structure. 
That is, the B-52 fleet was dramatically reduced in size after the 1990 study; and the retired aircraft were,  
in fact, the oldest and most expensive to maintain. 
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Table 3-3: Total Corrosion Costs by Weapon Fleet, in ‘04 Dollars (in Thousands). 

In 04 $’s, in Thousands 
Aircraft  
Type 

Total Costs by Fleet Fleet Size by Year 

1990 1997 2001 2004 1990 1997 2001 2004 

C-135 $122,459 $220,670 $324,334 $351,070 731 602 582 576

B-1 1,366 7,870 10,106 17,047 96 95 93 67

B-2   1,805 1,016  21 21

B-52 103,221 42,453 31,502 45,174 254 94 94 94

E-3 3,988 21,307 24,001 35,096 34 32 32 32

CLS 4,263 14,911 17,428 31,070 180 380 236 199

Misc   9,827 3,872  343 530

A-10 27,619 4,655 16,476 75,365 644 375 366 359

F-16 18,345 16,899 39,371 61,885 1433 1513 1381 1361

F-117   498 1,202  55 55

T-37 2,457 1,431 2,466 1,907 606 420 415 333

T-38 14,133 25,653 21,073 16,401 807 451 490 489

C-5 18,354 112,294 118,738 109,215 127 126 126 126

C-17   7,351 19,662  76 109

C-130 148,781 55,117 84,985 120,388 737 694 691 672

F-15 25,154 35,560 45,896 74,999 877 737 737 734

Helo’s 5,235 2,709 6,666 24,086 233 215 205 200

U-2   1,381 2,540  35 34

J-Stars   5,850 2,765  9 16

      

A-7 1,726    365  

A-37 372    67  

F-4 28,974    906  

F-5 78    7  

OV-10 3,709    78  

F-111 45,054 8,339   270 37 

C-141 74,002 110,134 28,413 2,622 270 220 102 59

Totals with 
Retired Fleets 

$649,292 $680,002 $792,318 $997,382  

Totals ‘04 
Active Fleets 

$495,376 $561,529 $763,905 $991,995 8722 5991 6075 6007
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Table 3-4: Per Aircraft Costs for All Aircraft Types in ‘04 Dollars (in Thousands). 

In 04 $’s, in Thousands 
 Per AC Costs Fleet Size by Year 

 1990 1997 2001 2004 1990 1997 2001 2004

C-135 $168 $367 $557 $609 731 602 582 576

B-1 14 83 109 254 96 95 93 67

B-2   86 48  21 21

B-52 406 426 335 481 254 94 94 94

E-3 117 666 750 1,097 34 32 32 32

CLS 24 39 74 156 180 380 236 199

Misc   29 7  343 530

A-10 43 12 45 210 644 375 366 359

F-16 13 11 29 45 1,433 1,513 1,381 1,361

F-117   9 22  55 55

T-37 4 3 6 6 606 420 415 333

T-38 18 57 43 34 807 451 490 489

C-5 145 891 942 867 127 126 126 126

C-17   97 180  76 109

C-130 202 79 123 179 737 694 691 672

F-15 29 48 62 102 877 737 737 734

Helo’s 22 13 33 120 233 215 205 200

U-2   39 75  35 34

J-Stars   670 173  9 16

A-7 5  365   

A-37 6  67   

F-4 32  906   

F-5 11  7   

OV-10 48  78   

F-111 167 225 270 37  

C-141 274 501 279 44 270 220 102 59

All Fleets $74 $114 $131 $164   

‘04 Active 
Fleets 

$57 $94 $126 $164 8,722 5,991 6,075 6,007
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3.3.3 Per Aircraft Corrosion Cost Comparisons 
The section that follows further develops the costs of corrosion maintenance related to aircraft, and examines 
the corrosion maintenance costs on an individual aircraft basis. As can be seen from the figure below (Figure 
3-5), there is a significant difference in the costs for bomber, cargo, and tanker aircraft types and for the 
attack and fighter aircraft types. When data is presented in table format all the data is included, but when the 
costs per aircraft are presented in chart formats, they will often be separated into these groupings. 
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Figure 3-5: Per Aircraft Cost Comparison, ‘04 Dollars (in Thousands). 

It is worth noting that while the C-135 fleet accounts for roughly 35% of the total USAF aircraft fleet 
corrosion costs, it is not the most expensive aircraft to maintain on a per aircraft basis. The most expensive 
to maintain on a per aircraft basis is the E-3, followed by the C-5. The E-3 fleet is much younger than the 
C-135, at an average age of 23.8 years, but as a 707 airframe, it has many of the problems associated with 
the C-135, plus the added burden of the large radome attached, and while the C-5, like the E-3, is about 
half the age of the C-135, at an average age of 23.56 years, it is also the larger aircraft with an empty 
weight over 3.5 times that of the C-135. 

3.3.4 USAF Depot Costs 
Table 3-5 presents total depot costs by study year. The first column is an identifier for each of the USAF 
aircraft major maintenance depots (OC – Oklahoma City, OK; OO – Ogden, UT; SM – Sacramento, CA; 
SA – San Antonio, TX; and WR – Warner Robins, GA. Due to internal USAF reorganizations, depot 
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operations at San Antonio and Sacramento were closed after the 1997 study). It is quite obvious from the 
magnitude of these numbers that the cost of corrosion maintenance at the depots is the main driver for 
corrosion maintenance costs overall and in particular for aircraft. 

 Table 3-5: Total Depot Costs in ‘04 Dollars (in Thousands). 

Total Depot Costs 
 1990 1997 2001 2004 

OC $220,441 $295,539 $398,297 $454,765 

OO 92,809 44,107 158,076 323,018 

SM 130,205 28,639   

SA 46,773 129,697   

WR 221,603 191,936 271,583 249,182 

Totals $711,832 $689,917 $827,955 $1,026,965 

The figure below (Figure 3-6) makes very plain in a graphical format the changes, not only in overall cost, 
but also in the structure of the depot maintenance. The Air Force has gone from five depots to only three, 
but the corrosion work requirements remain, and despite dropping from five ALCs to three, the overall 
costs have increased.  

OC OO SM SA WR

1990
1997

2001
2004

$0
$50,000

$100,000
$150,000
$200,000
$250,000

$300,000

$350,000

$400,000

$450,000

$500,000

Depot Costs Per Study

1990
1997
2001
2004

 

Figure 3-6: Depot Costs in ‘04 Dollars (in Thousands). 

The following table, Table 3-6 Detailed Depot Costs, provides the depot costs by more detailed cost 
elements from study to study. Overall these costs have increased 43% since 1990 – that despite significant 
decreases in forces. Costs have increased 23% at the depots between 2001 and 2004. Most of the increase 
from the previous study has been in depot paint costs. See Section 3.4 for a discussion of why costs have 
increased as they have. 



ANALYSIS AND COMPARISON OF 
COST OF CORROSION MAINTENANCE RESULTS 

3 - 14 RTO-AG-AVT-140 

 

 

Table 3-6: Detailed Depot Costs in ‘04 Dollars (in Thousands). 

Depot Cost, Detailed 1990, 1997 
 1990 1997 

 Repair Paint Total Repair Paint Other Total 

OC $179,674 $40,767 $220,441 $220,482 $67,290 $7,766 $295,539

OO 90,283 2,526 92,809 7,001 9,569 27,537 44,107

SM 122,318 7,888 130,205 4,438 1,652 22,549 28,639

SA 43,497 3,276 46,773 80,035 46,868 2,795 129,697

WR 203,573 18,030 221,603 148,187 15,064 28,685 191,936

Total $639,334 $72,488 $711,832 $460,143 $140,441 $89,332 $689,917
 

Depot Cost, Detailed 2001, 2004 
 2001 2004 

 Repair Paint Total Repair Paint Total 

OC $305,2691 $93,036 $398,297 $132,788 $321,977 $454,765

OO 143,190 14,885 158,076 65,780 257,237 323,018

WR 299,688 41,895 271,583 43,953 205,229 249,182

Total $678,138 $19,816 $827,955 $242,521 $784,444 $1,026,965

The non-depot costs increased 38% from 2001 to 2004, and part of that increase in maintenance cost can 
be attributed to improvements in data collection methodologies and command personnel cooperation. 
However, unlike the changes in methodology between 1997 and 2001 when the study changed from using 
on-line databases as a data source for organizational maintenance costs, to command generated responses, 
there were very few changes in methodology between the current study and the 2001 study. The majority of 
the vast increase in costs can be attributed to the sharp increase in labor costs for Blue Suit maintenance, 
which increased from roughly $25 per hour to $37 per hour. (See the 2004 Cost of Corrosion Final Report, 
[1], for a discussion of the source of these rates.) 

3.4 EXAMINATION OF COST DRIVERS 

The data collected over the course of four Cost of Corrosion Studies and the results presented in this report, 
have painted a largely unambiguous picture of rapidly increasing corrosion maintenance costs. In fact,  
a fortune teller would have a clear picture of future cost growth based on the data thus far presented. 
However, to thoroughly cloud the clarity, one need only attempt to explain why corrosion maintenance costs 
have grown as rapidly as they have. Namely, have the costs for corrosion maintenance grown due to an 
increased need for the maintenance itself, driven perhaps by the effects of age and environment, or are other 
explanations required? Has the need for corrosion maintenance grown? It is reasonable to observe the clearly 
increasing costs for corrosion maintenance and conclude that age and use and environment have led to an 
ever increasing need for corrosion control maintenance, and the ever increasing level of maintenance 
required has led to the observed increasing costs. But, does the data collected support this interpretation?  
As the previous sections have made clear, the majority of the costs for corrosion maintenance are related to 
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Programmed Depot Maintenance (PDM) costs, thus, answers to the nature of the increasing costs will be 
sought via an examination of depot aircraft corrosion maintenance costs. 

3.4.1 Examination of Depot Cost Drivers 
The data collected over the three most recent Cost of Corrosion Studies were examined to determine if it 
were possible to identify an increasing maintenance requirement. This set of data was chosen because: 

1) The 1990 study did not provide the same level of detail as the subsequent studies (the goal of 
determining the total cost of corrosion maintenance for the first time ever rather than developing the 
detailed cost elements in a consistent manner); and  

2) The vast change in force structure between 1990 and 1997 would skew the examination.  

Two maintenance elements were examined, addressing the main cost drivers in every corrosion cost study 
– depot level paint and repair. The following figures, Figure 3-7 and Figure 3-8, present the work load 
associated with painting and repairing aircraft at the depots for the years 1997, 2001, and 2004. 

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

KC-135 R/T B-1 B-52 E-3
A-10 F-16C C-5 A C-5 B
C-130 E F-15 A C-141 Full

 

Figure 3-7: Paint Man-Hours.  
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1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

KC-135 R/T B-1 B-52 E-3
A-10 F-16C C-5 A C-5 B
C-130 E F-15 A C-141 Full

 

Figure 3-8: Repair Labor. 

3.4.2  Paint 
The following figure presents an examination of depot paint man-hours – that is the hours for the “strip 
and repaint” or the “scuff sand and repaint” tasks for each aircraft type. The conclusion to this chart is that 
there is no obvious growth in the level of effort necessary to paint aircraft at the depots over the course of 
the past three studies, but in fact the labor requirements for painting has remained amazingly stable. 

3.4.3  Repair 
The steady labor requirement for painting aircraft at the depots is perhaps not a surprise, once the requirement 
to strip and repaint most aircraft has been levied and a process developed, there is no real requirement for 
increasing labor hours to accomplish this activity. If there is an age, mission, and environmental driver for 
rapidly growing corrosion maintenance, it should appear in the repair aspect of depot maintenance.  
The following figure presents the labor associated with corrosion repair. 

Again, Figure 3-8 appears to present a picture of fairly consistent corrosion repair labor requirements. 
Figure 3-9 below presents the reported/calculated corrosion percentage of depot effort over time, again 
suggesting a picture of steady corrosion work requirements, rather than a continuously growing proportion 
of the overall depot maintenance requirement. 
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1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

KC-135 R/T B-1 B-52 E-3
A-10 F-16C C-5 A C-5 B
C-130 E F-15 A C-141 Full

 

 Figure 3-9: Corrosion Percentage of Depot Maintenance. 

3.4.4  Labor Rates 
What then explains the rapid increase in corrosion maintenance costs, if the amount of actual labor fails to 
explain the rapid cost growth? The following chart presents the changes in the depot labor rates from study 
to study, and a clear upward trend in the rates is very evident.  

It is clear from Figure 3-10, that depot labor rates are increasing sharply, while corrosion maintenance 
measure in hours is largely constant. The increase in labor rates is clearly the major driver of the sharp 
increase in corrosion maintenance costs.  
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 Figure 3-10: Depot Sales Rates Trend Over Time. 

The fact that costs have risen sharply, not due to increased workload, but due to increasing depot sales 
rates, does not preclude an aging and environmental corrosion effect on costs. The depot sales rate 
includes the costs for materials and supplies, and the nature of aging aircraft – old parts with changing 
manufacturers, etc., can mean that at least part of the increase in rates is a function of the aging fleets. 

A further concern is the methodology of the study and the effect rising rates can have. That is, the depot 
costs for the studies are dependent on the hours allocated to tasks via the MRRB process. With the Depot 
Sales Rates rising rapidly, it is reasonable to expect pressure to control the hours for repairs. It is further 
possible to envision greater hours being necessary to accomplish a task on the depot floor than are approved, 
but with the increasing rates making up the difference between the hours expended and the hours charged. 
As very anecdotal evidence, at least one corrosion manager was told by a contractor (off the record) that they 
(the aircraft management) can scrutinize the package of hours, but if the hours are cut the rates will rise to 
compensate. Thus, in contradiction to much of this section, it is possible, despite the evidence to the contrary, 
that corrosion work is increasing and that that work is reflected in the costs, and the interaction between rates 
and hours yields a true cost picture; but a confusing one when either is examined independently. On the other 
hand, the increasing sales rate might be driven by health care costs, previous year cost overruns, etc. –  
all beyond the purview of the corrosion maintenance costs study.  

3.5 CONCLUSIONS 

Having now had four separate cost of corrosion studies accomplished over a fourteen year span and 
performed using essentially the same techniques has allowed the generation of a number of comparative 
analyses [9],[10]. The more significant among these were: 

• Over the fourteen-year period, the cost of corrosion maintenance has grown more than 25% above 
the cost of inflation. Most of this cost growth has occurred in the aging aircraft fleets.  

• Corrosion maintenance has consumed an ever-increasing amount of the USAF O&M budget 
(2.86% – 3.88%). 
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• For corrosion cost trends to be most meaningful, Force Structure changes must be considered. 

• Corrosion prevention activities consumed 27% of corrosion maintenance dollars. 

• The depot level Paint and Repair man hours have remained essentially constant over the timeframe 
1997 – 2004. 

• The corrosion percentage of the total depot repair hours has remained essentially constant over the 
last seven years. 

• The depot labor rate has escalated dramatically since 1997, and especially since 2001. 

• The depot labor rate increase is not a result of a dramatic increase in direct labor cost; rather it 
appears to be a result of greatly increased overhead costs. Causes of these increases were not a 
specific data collection goal of the present study; however, the authors would speculate that there are 
two significant causes of this growth. The cost of replacement parts for aging aircraft has increased a 
great deal as the Original Equipment Manufacturers have moved on to other projects, and the parts 
now have to be provided by second tier suppliers at greatly increased cost. In addition, the costs of 
processes of corrosion maintenance have increased dramatically with the advent of increased 
demand for environmental and OSHA compliance.  
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