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Abstract 

Department of Defense (DoD) installations have many steel structures in 
the base infrastructure that encounter problems with atmospheric corro-
sion. Maintenance and repair costs due to the damage from corrosion are 
costly to the DoD. Paint systems are the first line of defense for protecting 
structures from the effects of corrosion. These structures are typically 
painted with the high-performance coating systems that include epoxies 
and polyurethanes. This demonstration utilized a two-coat high-perfor-
mance system to achieve performance standards similar to the conven-
tional high-performance three-coat system using zinc primer, while also 
comparing cost effectiveness. The two-coat high-performance paint system 
consisted of an epoxy barrier coating and a fluoropolyurethane topcoat. 
These coatings were applied to selected diesel fuel storage tanks and static 
lift cranes at Fort Bragg, NC.  

The demonstrated two-coat system performed very well over 12 months, 
and proved to be effective, faster to apply, and more environmentally 
friendly than the three-coat control system. The project return on invest-
ment was calculated to be 7.03. The demonstrated system is recommended 
for incorporation into applicable DoD guidance for coating steel structures 
and equipment in atmospheric exposure.  

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. Ci-
tation of trade names does not constitute an official endorsement or approval of the use of such commercial products. All 
product names and trademarks cited are the property of their respective owners. The findings of this report are not to be 
construed as an official Department of the Army position unless so designated by other authorized documents. 

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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Executive Summary 

This OSD Corrosion Prevention and Control project demonstrated the use 
of a two-coat high-performance system for corrosion protection of steel in-
frastructure. The objective of this project is to show that savings can be re-
alized by reducing labor and the time required for its application verses 
the traditional three-coat zinc primer system. The elimination of the appli-
cation time and curing time of the intermediate coat of the three-coat zinc 
primer paint system should be significant. The coatings were manufac-
tured by Premier Coating Systems, Inc. of Jacksonville, FL. The coating 
system utilizes off-the-shelf paint specifically designed for exterior use that 
has been formulated to prevent corrosion and to be long lasting. The Fort 
Bragg Directorate of Public Works (DPW) support contractor, Old North 
Utility Systems, contracted the preparation and application of the coatings 
on the fuel tanks and cranes to a subcontractor. Some of the tanks and 
cranes that were in better condition were scuff sanded and repaired, then 
over coated, and the others were abrasive blasted and repainted. 

The performance of this coating system is compared to the epoxy polyam-
ide system that currently exists in Unified Facilities Guide Specifications 
(UFGS) 09 97 13.27. The two-coat high-performance coating system 
showed no deterioration or evidence of corrosion on any of the tanks and 
cranes that were refinished.  

The results of this project demonstrated the benefits for using the two-coat 
high-performance paint system in selected applications. The 20-year pro-
ject return on investment was calculated to be 7.03.The coating system re-
quires fewer coats. This will result in significant savings by decreasing the 
coating project duration. Additionally, this system is much more environ-
mentally friendly with no volatile organic compounds (VOCs) and no zinc 
content. In areas of environmental concern, this system should be used 
over the existing system. It is recommended that this paint system be 
added to the applicable UFGS documents for new construction or struc-
tures with a long life span remaining.  
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Unit Conversion Factors 

Multiply By To Obtain 

degrees Fahrenheit (F-32)/1.8 degrees Celsius 

feet 0.3048 meters 

gallons (U.S. liquid) 3.785412 E-03 cubic meters 

inches 0.0254 meters 

mils 0.0254 millimeters 

square feet 0.09290304 square meters 
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1 Introduction 

1.1 Problem statement 

According to the Herzberg et al. (2007) report on the cost of corrosion to 
Department of Defense (DoD) facilities and infrastructure, the annual cor-
rosion cost attributable to “General Building Maintenance” is $627 mil-
lion. This represents the DoD’s greatest corrosion-related cost. Included in 
general building maintenance cost is the repair, refurbishment, and re-
placement of steel infrastructure equipment and structures that degrade 
due to corrosion. Many of these steel buildings and equipment are tradi-
tionally painted with an alkyd enamel or waterborne coating for a top coat. 
These paint systems are low cost, are usually applied over a red oxide pri-
mer, and have only limited durability. They also perform very poorly in 
corrosive environments when used on steel buildings and equipment. 
High-value assets (e.g., water towers, bridges) are typically protected with 
the high-performance three-coat paint system that utilizes an inorganic 
zinc-rich epoxy primer, epoxy intermediate coat, and polyurethane topcoat 
that provides superior corrosion protection.  

The three-coat paint system that uses an epoxy zinc-rich primer to provide 
corrosion protection to the substrate steel building, equipment, or facility 
infrastructure is among the best corrosion-protection paint systems that 
can be provided. An epoxy intermediate coat is used to seal the porous 
zinc-rich primer, and a urethane topcoat protects the intermediate coat 
from ultraviolet (UV) degradation. Use of the intermediate-coat represents 
a significant but necessary material cost for the three-coat system. Utiliz-
ing a two-coat high-performance system should reduce application time 
and labor costs required for painting and protecting steel infrastructure on 
U.S. military facilities versus the three-coat system. It could also poten-
tially reduce coating system material costs by eliminating the intermediate 
coat. 

1.2 Objective 

The objective of this project was to demonstrate a selected high-perfor-
mance two-coat paint system and validate its corrosion-protection capabil-
ities and cost benefits as compared with an industry-standard high-perfor-
mance three-coat system using an organic zinc-rich primer. 
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1.3 Approach 

The site selected for the demonstration was Fort Bragg, NC, and the coat-
ings were applied to equipment supporting the wastewater treatment sys-
tem. Six diesel fuel storage tanks and two jib cranes that were corroded 
and located at lift stations within the sewer system were selected to be 
painted with the two-coat high-performance system. The Fort Bragg Direc-
torate of Public Works (DPW) was responsible for having the equipment 
prepared and painted. This work was done by their support contractor, 
Old North Utility Systems, who subcontracted the work. The equipment 
with the most severe corrosion was sandblasted to bare metal. The re-
maining areas were spot-prepared using hand tools. The coatings used in 
this project were provided to the Fort Bragg DPW by ERDC-CERL through 
a support contractor, MEC Development LLC. (MDV). The coatings used 
were environmentally preferred over traditional systems (zero VOCs). 

1.4 Metrics 

The performance assessments of the two-coat high-performance coating 
system were made at the 6-month and 12-month points, following the 
coatings application. Performance of the two-coat system was compared to 
the traditional system in the UFGS with the zinc-rich epoxy primer, epoxy 
intermediate coat, and the high solids polyurethane topcoat. ASTM D1654 
“Standard Test Methods for Evaluation of Painted or Coated Specimens 
Subjected to Corrosive Environments” was the established criteria used for 
the evaluation of both the exposure coupons and the fuel tanks and jib 
cranes that were painted. The scribed exposure coupons were evaluated 
using procedure A, Method 2 of ASTM D1654. The coating on the equip-
ment was evaluated using Procedures B and D of ASTM1654, which refer-
ence the use of ASTM D714 and ASTM D610.  

SSPC surface preparation standards were used. For areas in decent shape, 
SSPC SP-3 was used (power-tool cleaning). In more corroded areas, abra-
sive blasting was done to SSPC SP-10, which is a near white metal blast.  
SSPC VIS 1 was used as a visual guide for the contractor to gauge the level 
of surface preparation. 
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2 Technical Investigation 

2.1 Technology overview 

The two-coat high-performance coating system is an advanced-technology 
coating system that combines a 100% solids (zero VOCs) modified epoxy 
primer barrier coat with a fluoropolyurethane topcoat.  

The modified 100% solids epoxy primer barrier coat provides corrosion 
protection to substrate steels by isolating them from the environment, ra-
ther than providing a sacrificial material as the zinc-rich primers do for 
corrosion protection. To provide corrosion protection, the barrier coat pri-
mer must be able to remain intact and resilient through its intended ser-
vice life to prevent corrosion to the substrate steel. The Premier Coating 
Systems epoxy barrier coat, PCS #1111, has the capability of high build 
coating protection in a single coat or in multiple coats. It has good flexibil-
ity and elongation for bridging minor cracks or for surfaces that have vi-
bration and/or movement. These qualities are necessary in a barrier coat-
ing primer for it to remain intact throughout the coating’s service life. The 
epoxy barrier coat has excellent adhesion, high build capability, and a 
short cure time that facilitates top coating and shortens the paint process 
time. 

A Premier Coating Systems topcoat, PCS #4300, was used to provide an 
extended service life for the coating system for this industrial coating ap-
plication. The topcoat is a two-component fluoropolyurethane that is an 
exempt solvent-based coating (less than 50 g/l VOC). It is also an aliphatic 
polyisocyanate-cured paint. The fluorocopolymer has a proven history in 
applications on many structural and commercial uses. It develops full cure 
and chemical resistant capabilities in seven days at 70°F. This fluoropolyu-
rethane has an expected service life in excess of 20 years, while providing 
resistance to UV degradation and corrosion resistance. The coating has ex-
cellent impact and abrasion resistance qualities as well. 

Technical data sheets and materials safety data sheets (MSDSs) were pro-
vided by Premier Coating Systems of Jacksonville, FL, and are included in 
Appendix C. These sheets provide the chemical makeup of the coatings, in-
cluding that they are 100% total solids (zero VOCs). 
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2.2 Application 

The two-component high-performance coating system was procured by 
support contractor MDV from Premier Coating Systems, Inc. and provided 
to the Fort Bragg DPW contractor, Old North Utility Services (ONUS),1 
which in turn subcontracted the painting process.  

The two-component high-performance coating system demonstrated in 
this project was applied to six fuel storage tanks (e.g., Figure 1) and two jib 
cranes at Fort Bragg (e.g., Figure 2). The fuel tanks support generators lo-
cated at sanitary sewer lift stations, and the cranes are also used for sup-
port at the lift station sites. For the purpose of this project, two surface 
preparation processes were used on the fuel tanks and cranes. The first 
process was to pressure wash only (Figure 3) and then use hand power 
tools to remove all corrosion to bare metal (Figure 4). The second process 
was abrasive blasting (Figure 5), utilizing The Society for Protective Coat-
ing (SSPC) VIS 1 “Guide and Reference Photographs for Steel Surfaces by 
Dry Abrasive Blast Cleaning” to determine the level of cleaning. The goal 
with both processes was to reach SSPC SP 10 “Near White Blast Cleaning.” 

                                                                 
1 A subsidiary of American States Utility Services, Inc. of San Dima, CA. 
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Figure 1. Corroded fuel storage tank.  
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Figure 2. Corroded jib crane. 

 

 

Figure 3. Pressure washing. 
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Figure 4. Hand tool corrosion removal. 

 

To accomplish the abrasive blasting, temporary containment structures 
were placed over adjacent buildings and equipment to protect them during 
the operation, which can be seen in Figure 5. These coverings were then 
left in place during the painting operations to protect surrounding facili-
ties from paint overspray. 

Figure 5. Abrasive blasting of jib crane. 

 

The epoxy barrier coat is a 100% solids coating that is best applied with a 
plural component spray system. However, it can be mixed and applied 
with an airless sprayer. When premixed and sprayed with an airless paint 
system, the pot life is relatively short (90 minutes). To use this technology 
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on larger structures (jobs over 200 gallons of paint) or on projects where 
mobilization is more complex and requires more time between mixing and 
application of the coatings, plural component equipment is required due 
to the short pot life. Plural component equipment costs at least $35,000–
$50,000 for a commercial-grade system. By contrast, airless units can be 
obtained for commercial systems under $5,000. Additionally, plural com-
ponent application requires a higher-skilled, properly certified worker for 
coating application, which significantly increases the cost of labor. The 
SSSPC offers a hands-on skills workshop titled “Plural Component Appli-
cation for Polyureas and High Solid Coatings” that should be required of 
all persons using the plural component equipment. The cost of the training 
is $795 for the 2-day class for non-members and $595 for members. For 
certification, the students must pass a written exam. This certification 
should be included as a contract requirement to ensure the coating is 
properly applied. 

For this project, however, the tanks and cranes were not large enough to 
need the plural component equipment, and the equipment could be 
painted within the short pot life. 

The A and B components of the epoxy barrier coat in the two-coat high-
performance paint system require mechanical agitation prior to mixing 
due the high viscosity of the coatings. The two components of the epoxy 
are mixed at a 1:1 ratio, and then they require mechanical agitation for 3–5 
minutes. Once mixed, the coating must be applied immediately due to the 
short pot life (Figure 6). As stated previously, the small size of the fuel 
tanks and cranes allowed them to be painted within the pot life of the coat-
ing. 
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Figure 6. Applying epoxy barrier coat. 

 

The fluoropolyurethane topcoat is designed for spray application and with 
both component A and B mixed, the topcoat has a low viscosity for con-
ventional or HVLP (high volume low pressure) spray application. The top-
coat is mixed at a 7:1 ratio of base component A to activator component B. 
Component A should be agitated prior to mixing. This coating is designed 
to be a multiple-coat finish application to achieve the required dry film 
thickness. The coating went on well and produced an excellent finish 
(Figure 7). While fewer coats means quicker application and less down 
time, it also reduces the amount of times the structure is coated, providing 
less chance for tight or hard-to-reach areas to be coated. In general, apply-
ing more coats leads to better, more uniform coating of a structure. 

Figure 7. Finished fuel storage tank at Lift Station 7. 
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2.3 Performance monitoring 

Preparation for painting was monitored to insure all tanks and cranes 
were thoroughly pressure washed. Tanks which did not receive abrasive 
blasting had all corrosion removed with hand power tools. The remaining 
tanks and all cranes were abrasive blasted, and the blasting was evaluated 
using SSPC VIS 1 (Figure 8) to ensure the surfaces were properly prepared 
and free of corrosion. The visual standard in the image below is a guide for 
contractors to use to determine if the level of desired surface preparation 
has been achieved. For this work, all surfaces were hand power tool 
cleaned or abrasive blasted to SSPC SP 10. 

Figure 8. SSPC VIS 1 visual guide and reference photographs to determine level of 
steel surfaces prepared by dry abrasive blast cleaning. 

 

When all tanks and cranes were painted, the contractor prepared 3 x 6 in. 
cold-rolled steel coupons for field evaluation. The coupons were abrasive 
blasted to SSPC SP 10 (Figure 9). The coupons were then painted with the 
two-coat high-performance paint system (Figure 10). Three coupons were 
primed and scribed (Figure 11) and placed on an exposure test rack at Fort 
Bragg for evaluation per ASTM Test Method D1645 at 6 and 12 months 
(Figure 12).  
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Figure 9. SSPC VIS 1 comparison with coupon. 

 

Figure 10. Primed coupons. 
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Figure 11. Scribed coupon. 

 

Figure 12. Scribed coupon after 12-months of exposure. 

 

At the six-month and twelve-month inspections of the coupons on the ex-
posure rack, all of the fuel storage tanks and jib cranes were also in-
spected, and the condition of the coating system was assessed on the 
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equipment. Details and more photographs of the 6-month and 12-month 
evaluations are in Appendix A and B, respectively. 
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3 Discussion 

3.1 Results 

3.1.1 Six-month inspection 

The test coupon on the exposure rack was evaluated in accordance with 
ASTM D1654 on 18 February 2014, with approximately six months of ex-
posure. Prior to exposure, the coupon was scribed and placed on an expo-
sure rack at Fort Bragg, NC. The exposure rack position was 45 degrees 
from horizontal, facing south. Procedure A, Method 2 was used to evaluate 
the scribe. The unscribed areas were evaluated using ASTM D1654 Proce-
dure B as well as ASTM D714 and ASTM D610 by reference.  

The performance of the coatings on the structures was evaluated in ac-
cordance with ASTM D1654, Procedures B and D, as well as ASTM D714 
and ASTM D610 by reference.  

The results of the evaluation are listed in Table 1. It was observed that no 
creep existed from the scribed coupons (rating of 10 per ASTM D1654), 
and there was no failure of the coating in terms of rust or blisters on either 
the coupon or the structures. 

Related photos are shown in Appendix A.  

Table 1. Ratings of failure at scribe and unscribed  
areas in accordance with ASTM D1654. 

Area 

ASTM D 1654 
Procedure A Procedure B Procedure D 

  
ASTM 
D714 

ASTM 
D610 

ASTM 
D714 

ASTM 
D610 

Field Coupon 10 10 10 N/A N/A 
Lift Station 1 Tank N/A 10 10 10 10 
Lift Station 7 Tank N/A 10 10 10 10 
Lift Station 9 Tank N/A 10 10 10 10 
Lift Station 6 Tank N/A 10 10 10 10 
Lift Station 8 Crane N/A 10 10 10 10 
Lift Station 8 Tank N/A 10 10 10 10 
Lift Station 11 Crane N/A 10 10 10 10 
Building C2517 Tank N/A 10 10 10 10 
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3.1.2 Twelve-month inspection 

The test coupon on the exposure rack was evaluated in accordance with 
ASTM D1654 on 6 August 2014, with approximately 12 months of expo-
sure. Prior to exposure, the coupon was scribed and placed on an exposure 
rack at Fort Bragg, NC. The exposure rack position was 45 degrees from 
horizontal facing south. Procedure A, Method 2 was used to evaluate the 
scribe. The unscribed areas were evaluated using ASTM D1654 Procedure 
B as well as ASTM D714 and ASTM D610 by reference.  

The performance of the coatings on the structures were evaluated in ac-
cordance with ASTM D1654, Procedures B and D as well as ASTM D714 
and ASTM D610 by reference.  

The results of the evaluation are listed in Table 2. It was observed that ap-
proximately 0.5 mm of creepage existed from the scribe on the coupon 
(rating of 9 per ASTM D1654), and there was no failure of the coating in 
unscribed areas in terms of rust or blisters on either the coupon or struc-
tures. 

Related photos are shown in Appendix B. 

Table 2. Ratings of failure at scribe and unscribed 
areas in accordance with ASTM D1654. 

Area 

ASTM D 1654 
Procedure A Procedure B Procedure D 

 

ASTM 
D714 

ASTM 
D610 

ASTM 
D714 

ASTM 
D610 

Field Coupon 9 10 10 N/A N/A 
Lift Station 1 Tank N/A 10 10 10 10 
Lift Station 7 Tank N/A 10 10 10 10 
Lift Station 9 Tank N/A 10 10 10 10 
Lift Station 6 Tank N/A 10 10 10 10 
Lift Station 8 Crane N/A 10 10 10 10 
Lift Station 8 Tank N/A 10 10 10 10 
Lift Station 11 Crane N/A 10 10 10 10 
Building C2517 Tank N/A 10 10 10 10 
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3.2 Lessons learned 

There were no significant issues or problems involved with the coating of 
the fuel storage tanks and jib cranes. All sites were not closely located to 
facilities that would have required special protections or other special 
measures during abrasive blasting or painting. All work was conducted 
without incident. 
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4 Economic Summary 

4.1 Costs and assumptions 

Total project costs were $280,900, as shown in Table 3. A rough break-
down of project expenses is presented in Table 4. Note that in the original 
Project Management Plan (PMP) for Project F12-AR06, the project total 
was $510,000. Due to budget constraints, the project’s scope was subse-
quently reduced to the final $280,900. 

Table 3. Breakdown of total project costs. 

Description Amount, $K 
Labor 96.1 
Contracts 129.8 
Travel 30 
Reporting 20 
Air Force and Navy participation  5 
Total 280.9 

 
The field demonstration contract costs for this CPC project are shown in 
Table 4. 

Table 4. Project field demonstration costs. 

Item Description Amount, $K 
1 Labor for project management and execution 73.0 
2 Travel for project management 21.0 
3 Cost for paint and test coupons 9.9 
4 Cost of surface preparation and coating application 25.9 
 Total 129.8 

 

4.1.1 Costs for smaller jobs (less than 200 gallons of paint) 

A total of six fuel storage tanks and two jib cranes were painted for this 
project. The cost of the paint was $7,880, and the contractor cost for pre-
paring and painting the tanks and cranes was $25,890 (labor and materi-
als other than paint) for a total of $33,770. There was considerable size 
variation between the tanks and cranes, which did not allow for breaking 
the costs down by the piece. The cost comparison is between the per-
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square-foot materials cost of the demonstrated paint system and the or-
ganic zinc primer three-coat paint system for a small job using 200 gallons 
or less (Table 5). The demonstrated two-coat system cost $98 per gallon 
for the epoxy primer and $230 per gallon for the fluoropolyurethane top-
coat. The three-coat system cost would have been $89 per gallon for MIL-
DTL-24441C Formula 159 Type III (zinc primer), $45 for MIL-DTL-
24441/31 Formula 152, Type III (intermediate primer), and $79 for MIL-
PRF-85285e Type II (topcoat).  

Table 5. Comparison of material costs for two-coat and three-coat systems  
for projects using less than 200 gallons.* 

Layer Demonstrated Two-Coat System Existing Three-Coat System 

Ba
se

 P
rim

er
 

Co
at

 

PCS-#1111 Epoxy Barrier 
Coating 
 
$98/gallon 
Cost per square foot: $0.68 

MIL-DTL-24441/19C, Epoxy 
Polyamide, Zinc-Rich Primer 
 
$89/gallon 
Cost per square foot: $0.59 

In
te

rm
ed

ia
te

 
Pr

im
er

 C
oa

t n/a MIL-DTL-24441/31, Epoxy 
Polyamide, White 
 
$45/gallon 
Cost per square foot: $0.31 

To
pc

oa
t 

PCS-#4300 
Fluoropolyurethane, White 
 
$230/gallon 
Cost per square foot: $1.09 

MIL-PRF-85285e, 
Polyurethane, White 
 
$79/gallon  
Cost per square foot: $0.27 

 TOTAL SYSTEM 
Cost per square foot: $1.77 

TOTAL SYSTEM 
Cost per square foot: $1.17 

*This table includes only the cost of the coating materials, and all numbers were provided by the manufacturer and are 
calculated to accommodate the blast profile, the required dry film thickness, and 25% waste. 

 

4.1.2 Costs for larger jobs (more than 200 gallons of paint) 

Although this demonstration project was relatively small, the two-coat sys-
tem’s material is more cost effective when used on larger projects (over 
200 gallons). Table 6 is set up to make the same comparisons as Table 5, 
but a per-gallon price savings is noted for larger projects using more than 
200 gallons of coating. For larger projects, however, the need for plural 
component spray equipment as well as highly skilled workers to operate it  
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for the two-coat system would negate any cost benefit (refer to Section 
2.2).  

Table 6. Comparison of material costs for two-coat and three-coat systems  
for projects using more than 200 gallons of paint.* 

Layer Demonstrated Two-Coat 
System 

Existing Three-Coat System 

Ba
se

 P
rim

er
 

Co
at

 

PCS-#1111 Epoxy Barrier 
Coating 
 
$93/gallon 
Cost per square foot: $0.64 

MIL-DTL-24441/19C, Epoxy 
Polyamide, Zinc-Rich Primer 
 
$79/gallon 
Cost per square foot: $0.52 

In
te

rm
ed

ia
te

 
Pr

im
er

 C
oa

t  MIL-DTL-24441/31, Epoxy 
Polyamide, White 
 
$36/gallon 
Cost per square foot: $0.25 

To
pc

oa
t 

PCS-#4300 
Fluoropolyurethane, White 
 
$220/gallon 
Cost per square foot: $1.04 

MIL-PRF-85285e, 
Polyurethane, White 
 
$69/gallon  
Cost per square foot: $0.24 

 TOTAL SYSTEM 
Cost per square foot: $1.68 

TOTAL SYSTEM 
Cost per square foot: $1.01 

*This table includes only the cost of the coating materials; all numbers were provided by the manufacturer and are 
calculated to accommodate the blast profile, the required dry film thickness, and with 25% waste. 

 
In comparing these two paint systems, the surface preparation cost would 
be the same, and the difference in coating application labor cost would in-
volve the need for applying the additional intermediate primer only for the 
three-coat system. This difference was estimated to be about 15% of the to-
tal labor or $3,000 (total labor being $20,000). This time savings would 
increase as the job size increases. Additionally, the new system is signifi-
cantly more environmentally friendly, making it a better choice in some 
cases. 

Alternative 1 (Baseline Scenario). The baseline costs will consider 
use of the zinc-rich primer, epoxy intermediate coating, and the urethane 
topcoat (three-coat system). It is reasonable to assume that the three-coat 
system (or one equivalent to it being used for corrosion protection of steel 
tanks and cranes) will be applied annually on 50 small painting projects 
across the Army. The cost of each application is $34,099 ($5,209 for the 
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coatings, $5,890 for surface preparation, and $23,000 labor), or 
$1,704,950 total for 50 projects. This Army-wide 50 project painting pro-
cess will continue for 10 years. After 10 years, the coatings will need 
maintenance recoating at one-third the initial cost ($11,366 per job, or 
$568,300 total for 50 projects). After year 20, the costs and benefits re-
peat so no further analysis is needed. These costs are included in the Base-
line Costs column of the ROI spreadsheet in Table 7 below. Periodic in-
spections will be the same for both Alternative 1 and Alternative 2 (below), 
so their cost is not included.  

Alternative 2 (Demonstrated Technology). As stated earlier in this 
Chapter, the cost for applying the two-coat system that was demonstrated 
in this project was $33,770 ($8,330 for the coatings, $5,890 for surface 
preparation, and $19,550 for labor). This cost is included in the Project In-
vestment Costs, so the cost is not shown in year one of the New System 
Costs. Starting in Year 2, it is assumed that the demonstrated two-coat sys-
tem will be used on 50 painting projects Army-wide at a total cost of 
$1,688,500. As with the three-coat system, maintenance recoating is per-
formed after 10 years of service at one-third the initial cost. The cost is 
$11,257 per job, or $562,850 for 50 projects. (Note that $11,257 is shown 
for Year 11 since only one painting job was completed in Year 1.) These 
costs are included in the New System Costs column of the ROI spreadsheet 
in Table 7 below. As in the Baseline Scenario, after Year 20, the costs and 
the benefits repeat so no further analysis is needed. Costs for inspection 
are not included because they would be the same for both Alternative 1 
and Alternative 2. 

4.2 Projected return on investment (ROI) 

The return on investment (ROI) for this technology was computed using 
methods prescribed by Office of Management and Budget (OMB) Circular 
No. A-94, Guidelines and Discount Rates for Benefit-Cost Analysis of Fed-
eral Programs. Comparing the costs and benefits of the two alternatives, 
the 20-year ROI after implementing the new technology (Alternative 2) is 
projected to be 7.03 as shown in Table 7.  

This ROI calculation is based solely on coating tanks and equipment as 
was done under this demonstration, which was a relatively small job (less 
than 200 gallons). The ROI would be expected to increase somewhat if it 
compared use of the systems on larger steel structures. Intangible environ-
mental benefits for using the zinc-free and low-VOC two-coat system over 
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the three-coat system were not factored in, nor were benefits of the two-
coat system relative to time savings. For certain types and sizes of facili-
ties, the time savings of not having to apply an additional coat could be 
significant for labor as well as infrastructure downtime and associated 
costs. 

Table 7. ROI analysis.  

 

The original ROI estimate (from the original Project PMP) was 9.24. How-
ever, that estimate was developed using annual inspection and mainte-
nance/repair costs of $100,000 per year that were determined to be unre-
alistic per the executed demonstration project.  
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5 Conclusions and Recommendations 

5.1 Conclusions 

The two-coat high-performance paint system used on the fuel storage 
tanks and jib cranes was easy to apply and eliminated the intermediate 
coat required when the typical three-coat with zinc-based primer paint 
system is used. Evaluation of the performance of the paint system showed 
it was effective in preventing the onset of corrosion and showed no degra-
dation during the monitoring period. The 20-year project return on invest-
ment was projected to be 7.03. 

Surface preparation and the coating work were done properly and accord-
ing to schedule. Utilizing this paint system instead of the zinc primer paint 
system on static equipment and facility infrastructure will reduce both the 
time and environmental hazard to repaint. It also reduces the paint con-
sumables that are required for accomplishing this work. The projected ser-
vice life of this environmentally friendly paint system will extend service 
life of the equipment and infrastructure as well as extend the repaint cycle 
time. Additionally, the paint system should offer sufficient corrosion pro-
tection so that spot corrosion repair would only be necessary instead of 
complete abrasive blasting for paint and corrosion removal. The paint sys-
tem also provides for spot corrosion removal and recoat when applying 
over an existing paint system, something that can’t be done with the three-
coat zinc-based primer paint system. Any coating containing zinc has trace 
amounts of other potentially harmful metals such as lead. Removing the 
zinc from the coating process eliminates any other trace metals that exist 
with it.  

5.2 Recommendations 

5.2.1 Applicability 

The demonstrated coating system is applicable for specialized require-
ments, but it is not a recommended replacement for three-coat system cur-
rently found in the guidance criteria. Critical high-value steel infrastruc-
ture such as water towers and bridges should continue to be maintained 
using the zinc-based primer three-coat system, because Paint Lab experi-
ence and current guidance show that it provides the maximum corrosion 
protection. However, there is a large amount of steel infrastructure and 
equipment that would benefit from the excellent performance of the two-
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coat high-performance paint system in lieu of the three-coat high-perfor-
mance paint system. For example, high UV exposures and areas of envi-
ronmental concern would be good targets for this system. 

The assessment performed on this project was not sufficient to base a con-
clusive determination on the applicability of the two-coat system over the 
three-coat system, and long-term evaluation and validation would be nec-
essary before a definitive determination of superior performance could be 
made. 

5.2.2 Implementation 

The two-coat high-performance paint system should be implemented as 
one of the choices for a performance-based paint system in UFGS 09 97 
13.27, Exterior Coating of Steel Structures. Section 2.2 of the UFGS should 
be appended to incorporate the two coat system. The two-coat system 
should not replace the coatings currently in the document, but should ap-
pear alongside them. The current zinc system will perform better in highly 
corrosive or impacted areas due to the galvanic protection. However, it is 
believed that the fluoropolyurethane topcoat will perform better in high-
UV environments. The higher cost of the new system would not be logical 
for maintenance of older structures nearing the end of their life span, but 
it would be a logical choice for new construction or in areas of environ-
mental concern. 

5.2.3 Further study 

It is also recommended that the fluoropolyurethane topcoat of the two-
coat high-performance system be further evaluated to determine if it pro-
vides a longer service life than the standard MIL-PRF-85285e polyure-
thane used with the three-coat high-performance paint system. Evaluation 
of the manufacturer’s technical literature industry knowledge on fluoro-
polyurethane and its performance indicates that it may be superior to the 
MIL-PRF-85285e as a topcoat for static steel facilities and structures used 
in military base infrastructure.  
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Appendix A: Six-Month Evaluation of Two-Coat 
High-Performance Coating System 

A test coupon on the exposure rack was evaluated in accordance with 
ASTM Test Method D 1654 on 18 February 2014, with approximately six 
months of exposure. Prior to exposure, the coupon was scribed and placed 
on an exposure rack at Fort Bragg, NC. The exposure rack is position 45 
degrees from horizontal. Procedure A, Method 2 was used to evaluate the 
scribe. The unscribed areas were evaluated using procedure B which refer-
ences ASTM D714 and ASTM D610. The performance of the coatings on 
the structures were evaluated in accordance with ASTM D1654, Proce-
dures B and D. The results of the evaluation are listed in Table A1 and 
shown in Figures A1–A13. It was observed that no creep existed from the 
scribed coupons, and there was no failure of the coating in terms of rust or 
blisters on either the coupon or structures. 

Table A1. Ratings of failure at scribed and unscribed areas  
in accordance with ASTM D1654. 

 ASTM D1654 

Procedure A Procedure B Procedure D 

 ASTM 
D714 

ASTM 
D610 

ASTM 
D714 

ASTM 
D610 

Coupon 10 10 10 N/A N/A 
Lift Station 1 Tank N/A 10 10 10 10 
Lift Station 7 Tank N/A 10 10 10 10 
Lift Station 9 Tank N/A 10 10 10 10 
Lift Station 6 Tank N/A 10 10 10 10 
Lift Station 8 Crane N/A 10 10 10 10 
Lift Station 8 Tank N/A 10 10 10 10 
Lift Station 11 Crane N/A 10 10 10 10 
Lift Station C2517 Tank N/A 10 10 10 10 
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Figure A1. Scrape (top) and scribe (bottom) tools. 

 

 

Figure A2. Scribed test coupons after 6 months of exposure. 
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Figure A3. Scribed test coupons prior to exposure. 

 

 

Figure A4. Scribed test coupons after 6 months of exposure, prior to evaluation. 
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Figure A5. Scribed test coupons after 6 months of exposure, after evaluation. 
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Figure A6.  Lift Station 8 fuel tank after 6 months of exposure. 

 



ERDC/CERL TR-16-27  30 

 

Figure A7. Lift Station 8 crane after 6 months of exposure. 

 

Figure A8. Lift Station C2517 fuel tank after 6 months of exposure. 

 



ERDC/CERL TR-16-27  31 

 

Figure A9. Lift Station 11 crane after 6 months of exposure. 
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Figure A10. Lift Station 1 fuel tank after 6 months of exposure. 

 

Figure A11. Lift Station 6 fuel tank after 6 months of exposure.  
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Figure A12. Lift Station 9 fuel tank after 6 months of exposure. 

 

 

Figure A13. Lift Station 7 fuel tank after 6 months of exposure. 
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Appendix B: Twelve-Month Evaluation of Two-
Coat High-Performance Coating System 

A test coupon on the exposure rack was evaluated in accordance with 
ASTM Test Method D 1654 on 6 August 2014, with approximately 12 
months of exposure. Prior to exposure, the coupon was scribed and placed 
on an exposure rack at Fort Bragg, NC. The exposure rack was positioned 
45 degrees from horizontal. Procedure A, Method 2 was used to evaluate 
the scribe. The unscribed areas were evaluated using procedure B which 
references ASTM D714 and ASTM D610. The performance of the coatings 
on the structures were evaluated in accordance with ASTM D1654, Proce-
dures B and D. The results of the evaluation are listed in Table B1 and Fig-
ures B1–B13. It was observed that approximately 0.5 mm of creepage ex-
isted from the scribed coupons, and there was no failure of the coating in 
terms of rust or blisters on either the coupon or structures. 

Table B1. Ratings of failure at scribe and unscribed areas  
in accordance with ASTM D1654.  

Area 

ASTM D1654 

Procedure A Procedure B Procedure D 

 ASTM  
D714 

ASTM  
D610 

ASTM  
D714 

ASTM  
D610 

Coupon 9 10 10 N/A N/A 
Lift Station 1 Tank N/A 10 10 10 10 
Lift Station 7 Tank N/A 10 10 10 10 
Lift Station 9 Tank N/A 10 10 10 10 
Lift Station 6 Tank N/A 10 10 10 10 
Lift Station 8 Crane N/A 10 10 10 10 
Lift Station 8 Tank N/A 10 10 10 10 
Lift Station 11 Crane N/A 10 10 10 10 
Lift Station C2517 Tank N/A 10 10 10 10 
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Figure B1. Scribed test coupons after 12 months of exposure.  

 

 

Figure B2. Close-up of scribed test coupon after 12 months of exposure. 
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Figure B4. Lift Station 1 fuel tank after 12 months of exposure. 
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Figure B5. Lift Station 6 fuel tank after 12 months of exposure. 

 

Figure B6. Lift Station 7 fuel tank after 12 months of exposure. 
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Figure B7. Lift Station 8 fuel tank after 12 months of exposure. 
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Figure B8. Lift Station 8 jib crane after 12 months of exposure. 

 

 

Figure B9. Lift Station 9 fuel storage tank after 12 months of exposure. 
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Figure B10. Lift Station 11 jib crane after 12 months of exposure. 
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Appendix C: Technical Data Sheets and MSDS 
for Two-Coat High-Performance Coating 
System  

The following pages include Technical Data Sheets and Materials Safety 
Data Sheets (MSDS) for the coating products used in the two-coat high-
performance system demonstrated with this work. The documents were 
provided by the manufacturer. 
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