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Components of water treatment plants (WTPs) are 

susceptible to corrosion from constant immersion in water 

and proximity to chlorine. A case history of corrosion 

problems and their treatment at an Army WTP is 

presented. Solutions included using high micro-silica 

restoration mortar and advanced coal tar epoxy coatings. 

M
any of the structures at an 

Army installation freshwater 

treatment plant have been 

experiencing corrosion attack, 

caused primarily by the breakdown of 

coating systems over years of exposure to 

both indoor and outdoor high humidity, 

combined with airborne chemicals. Dete-

riorating components include concrete 

and metallic structures, and metallic 

equipment. Water treatment plants 

(WTPs) at ~20 other Army installations 

also face these corrosion problems. The 

WTPs were constructed from 1940 to 

1950, and many components may be 

nearing the end of their design lives. 

Water treatment at these plants is 

normally a relatively simple chemical 

process. Near-potable water is brought to 

the surface from a drilled well and 

pumped to two sequenced levels of fi ltra-

tion. The fi rst level removes insoluble 

debris such as sand, soil, or organic 

“dust.” In many cases, this processing can 

be as simple as moderating water fl ow in 

a settling tank with the size of the smallest 

remaining particles dependent on Stokes 

Particle Settling Law. Following that, the 

second fi ltration through a sand (bed) 

fi lter removes smaller particles including 

some bacteria. 

Depending on the general level of 

turbidity in the raw well water, the sand 

fi lter may be preceded with a fl occulation 

step. This involves the addition of alum 

[KAl(SO
4
)
2
], which precipitates and as-

sists by accumulating debris by surface 

adhesion. Following the addition of a low 

level of disinfectant (in the United States, 

normally chlorine [Cl
2
] gas), the water 

may be passed through a bed of activated 

charcoal for the removal of dissolved 

odiferous organic compounds. At this 

point, the water is normally safe for hu-

man consumption or storage. 

The corrosion rate of low carbon steel 

(CS) or mild steel (<0.2% C) in the atmo-

sphere depends principally on the time 
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the exposed steel is wet or at a relative 

humidity (RH) >65%. The addition of 

pollution/acidic gases, such as sulfur di-

oxide (SO
2
), the oxides of nitrogen, and 

Cl
2
, as well as airborne water-soluble 

salts, normally cause an increased corro-

sion rate. The corrosion rate of low CS 

in aerated potable water ranges from 50 

to 150 µm/y (2 to 6 mpy).1 The corrosion 

rate range of steel in full-strength seawa-

ter is from 125 to 250 µm/y (5 to 10 mpy). 

Assuming that this WTP has been opera-

tional for at least 55 years, one can see 

that structural steel members, nominally 

between 6- and 9-mm (1/4- to 3/8-in) 

thick, will need initial protection (coat-

ings) and then maintenance/repairs. 

While coatings and maintenance had 

been provided, after essentially 50 years 

of life, a refurbishment of the WTP sys-

tem with appropriate advanced materials 

was in order.

The objectives of this restoration proj-

ect were to:

• Restore the water treatment plant 

to optimum operating conditions 

using advanced materials selec-

tions.

• Demonstrate proper selection and 

implementation of corrosion-resis-

tant materials to replace low-alloy 

steel components where necessary.

• Select and implement corrosion-

resistant coatings for metallic com-

ponents and restoration coatings for 

concrete fl occulation and sand fi lter 

tanks.

• Develop industry or government 

specifications and standards and 

implementation guidance for other 

Department of Defense (DoD) in-

stallations.

To accomplish these objectives, the 

work was broken down into seven tasks:

1. Refurbish the concrete wall/coat-

ing in the single-style sand fi lters. 

2. Refurbish the concrete in the dual-

style sand fi lters (two cells/fi lter). 

3. Refurbish the coating on the metal 

troughs in the single fi lters and on 

the wash piping.

4. Replace and coat the new wash 

piping in the dual fi lters. 

5. Refurbish the coating on the piping 

and valves in 19 below-ground pits.

6. Refurbish the coating on a large, 

aboveground piping manifold.

7. Refurbish the coating and enclo-

sure seals on the outdoor electrical 

panel box.

Repair and Coating 
Materials

All repair and coating materials were 

obtained from one manufacturer. These 

materials involved two types of concrete 

repair remedies, three types of epoxy-

based coatings, and a urethane topcoat 

system. A general description of the ma-

terials is as follows.

For concrete repairs, System A, termed 

as a sprayable or trowelable, microsilica-

based (Portland) cement restoration 

mortar per manufacturer’s data sheet, 

was applied at thicknesses between a 

minimum of 13 mm (1/2 in) to a normal 

thickness of ~25 mm (1 in). It could be 

coated after becoming firm or when 

maintained in a wet condition for no 

more than three days (72 h). System B, 

an alternative to System A for concrete 

repair, is termed a 100% solids, two-

component, thixotropic, epoxy putty/

“surfacer” and void fi ller. It can be trow-

eled into/onto a cleaned concrete surface 

mainly to fi ll surface voids or bug-eyes. 

Cure time is “overnight”; pot life is stated 

to be ~45 min at 38 °C (100 °F).

System D, a 100% solids coal tar ep-

oxy, was the fi rst coating applied over the 

repaired concrete. It was sprayed on at a 

thickness of ~635 µm (0.025 in) and cured 

overnight. System E, a two-layer, 100% 

solids coal tar epoxy, was then applied as 

the topcoat. It was applied at a 200-µm 

(0.008-in) layer dry fi lm thickness (DFT); 

the fi rst thickness cured for 24 h and then 

the second coat cured for one to three 

days. The manufacturer’s data sheets 

indicate this coal tar epoxy system is ap-

proved for potable water service per 

National Sanitation Foundation (NSF) 

Standard NSF-61.2 

Components in the below-ground pits 

as well as the aboveground distribution 

manifold were coated with two DFT lay-

ers, 200 µm (0.008 in) each, of System D 

following surface preparation to NACE 

No. 2/SSPC-SP 10.3 

Metal wash piping (new and reworked) 

were cleaned via NACE No. 2/SSPC-SP 

TABLE 1

Coating summary

System Description Attributes Thickness

A Microsilica restoration mortar High strength, low shrinkage, and low permeability 12 mm

B Thixotropic epoxy putty two-component 
product 
Can be applied by trowel or squeegee

Absence of solvents reduces shrinkage, cracking, 
and disbonding

As needed

C 100% solids two-component epoxy Resists moisture, chemical, and bacteria penetration 250 µm

D 100% solids, chemically modifi ed coal tar 
epoxy

Superior UV and sunlight resistance, no chalking, 
checking, or embrittlement

500 µm

E 100% solids, chemically modifi ed coal tar 
epoxy

Toughness, permanent fl exibility, improved chemical 
and temperature resistance

400 µm

F Urethane 50 to 75 µm
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(a) (b)

(a) (b)

Concrete surface in single-cell water fi lter, (a) before refurbishment and (b) after refurbishment.

Concrete surface in dual-cell water fi lter, (a) before refurbishment and (b) after refurbishment. 

FIGURE 1

FIGURE 2

FIGURE 3

(a) (b)

Metal troughs and wash piping in single fi lter cells, (a) before coating refurbishment and (b) after refurbishment.
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10 and then coated with two layers of 

System E, for a total DFT of 400 µm 

(0.016 in).

Metal troughs, following surface 

preparation via NACE No. 2/SSPC-SP 

10, were coated fi rst with 500 µm (0.020 

in) of System D coal tar epoxy followed 

by two 200-µm layers of System E, for a 

total DFT of 400 µm (0.016 in).

Finally, the steel electrical panel boxes 

were abrasively cleaned to a NACE No. 

2/SSPC-SP 10 fi nish, prime coated with 

250 µm (0.01 in) of the System C, 100% 

solids “conventional” epoxy, followed by 

a 50- to 75-µm (0.002- to 0.003-in) top-

coat of System F, a white pigmented 

urethane. Corrosion-resistant nitrile or 

buna-N rubber gaskets were used to re-

place missing or damaged gaskets.

A return on investment analysis was 

made based on the coating manufactur-

er’s statement that the expected life is a 

minimum of 15 years. To substantiate 

this assumption, bare, uncoated CS cou-

pons were exposed to four areas within 

the WTP. These coupons represented a 

worst case corrosion rate scenario for this 

project and also provided realistic atmo-

spheric corrosion rates for this environ-

ment. The commercially available 

ASTM A2854 plain CS coupons (equiva-

lent to AISI-SAE 1030 steel) were posi-

tioned a) indoors above the sand fi lter 

basins, b) submerged in a sand fi lter, c) 

outdoors near the chlorination facility, 

and d) outdoors near the outlet pump. A 

set (one per position) of coupons was 

removed every three to four months and 

returned to the commercial vendor for 

cleaning and determination of the extent 

of corrosion.

Table 1 is a summary of the materials 

used in this project.

Results and Discussion

Tasks 1 and 2: Refurbish the 
Sand Filter Building Concrete 
Wall(s) and Apply the Coal Tar 

Epoxy Coatings

The photographs in Figures 1 and 2 

show conditions before and after refur-

bishment. Quarterly visual examinations 

during the initial 18 months showed no 

change in appearance, as expected.

Task 3: Refurbish the Coating 
on the Metal Troughs and Wash 
Piping in the Single Filters Area

Figure 3 shows the before and after 

conditions. Again, no signifi cant change 

was observed during the initial 18 

months with respect to the boldly ex-

posed areas. 

Certain unforeseen fi eld conditions 

ultimately led to premature corrosion in 

some areas (estimated to be <1% of the 

total trough surface area). These prema-

ture corrosion areas were all concentrated 

in tight, diffi cult-to-access spots such as 

FIGURE 4

(a) (b)

Newly installed wash piping in dual fi lter cells, (a) before refurbishment and (b) after refurbishment.

segments of angle iron mounted back-to-

back; bearing plates attached directly to, 

and in intimate contact with, the angle 

iron; bolted connections through both the 

angle iron and bearing plates; and over-

lapping joints in each of the segmented 

steel trough sections. As previously indi-

cated, the metal troughs, following sur-

face preparation, were coated fi rst with 

500 µm (0.020 in) of System D coal tar 

epoxy followed by two, 200-µm layers of 

System E, for a total DFT of 400 µm 

(0.016 in). Spot repairs of each of the af-

fected areas were made, fi rst by power 

tool cleaning in accordance with SSPC 

SP-3,5 then followed by a hand-applied 

application of the System B to fi ll/seal off 

the crevices before fi nally hand-applying 

additional System E. 

Task 4: Coat the New Wash 
Piping in the Dual Filters

The successful application of the Sys-

tem E coal tar epoxy system appears in 

Figure 4.

Task 5: Refurbish the Coating on 
the Piping and Valves in 

Below-ground Pits

The piping and valve surfaces were 

prepared and recoated with two 200-µm 

DFT layers of the System D coal tar 

epoxy. After 18 months, the coating ap-

pearance had not visually changed 

(Figure 5).  
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TABLE 2

ASTM A285 uncoated steel coupon corrosion rates around 

the WTP area

Location

120 Days

µm/y (mils/y)

255 Days

µm/y (mils/y)

372 Days

µm/y (mils/y)

1 2.5 (0.1) 7.5 (0.3) 10 (0.4)

2 125 (4.9) 140 (5.5) 142 (5.6)

3 23 (0.9) 20 (0.8) 18 (0.7)

4 20 (0.8) 15 (0.6) 15 (0.6)

Location 1 = atmosphere in building above sand fi lter; 2 = submerged in sand fi lter; 
3 = outdoors near chlorination; 4 = outdoors near outlet pump house.

FIGURE 5

FIGURE 6

New coating system on one of 19 underground valve pits.

Electrical boxes (a) before refurbishment and (b) after refurbishment.

Task 6: Refurbish the Coating on 
Large, Aboveground 

Piping Manifold

The same System D coating used in 

Task 5 was applied, and the 18-month 

appearance was visually the same as the 

below-ground, atmospheric environ-

ment-exposed coated pipes/valves. 

Tasks 5 and 6 will also provide a partial 

comparison and, therefore, a validation 

test of the manufacturer’s claim of this 

version of coal tar epoxy being stable in 

ultraviolet (UV) exposure(s), since the 

below-ground pipes will receive an esti-

mated 35% UV exposure relative to the 

aboveground manifold.

Task 7: Refurbish the Coating 
and Enclosure Seals on the 

Electrical Panel Box

The coating system here was the more 

conventional System C epoxy primer/

System F urethane topcoat, which should 

be stable in these 100% UV conditions. 

The nitrile rubber seals used here are 

more common than all other elastomers 

combined and are not as likely to fail from 

normal stressing. At 18 months exposure, 

the visual evaluation was satisfactory. 

Figure 6 shows a typical electrical panel 

box after refurbishment. 

Metrics
For the non-military reader of this 

article, metrics is a buzz word related to 

measuring relevant parameters for the 

project. The exposure of uncoated 

ASTM A285 CS samples in four loca-

tions was intended for that purpose. Table 

2 presents the results from the fi rst three 

samplings. The indoor atmospheric cor-

rosion rates are roughly half of those seen 

in the outdoor exposures. A higher out-

door rate from sun warming is possible. 

The samples closest to the chlorination 

installation are seen to be corroding at 

roughly a 10% higher rate than the out-

door samples. The water submerged rate 

(a)

(b)
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is roughly as expected for “low-carbon” 

steels in aerated, neutral pH, aqueous 

solutions. 

The coupon supplier also commented 

that the non-immersed coupons exhibited 

general pitting as the overall corrosion 

mechanism whereas the immersed cou-

pons corroded in a (nearly) uniform 

fashion.

Summary
Corrosion prevention and control 

technologies using advanced materials 

and coatings were demonstrated and 

implemented at the freshwater treatment 

facility at a U.S. Army installation. This 

project demonstrated that: 

1. Microsilica cement mortar and

epoxy-based coatings approved for 

potable water according to NSF

Standard 61, applied to the fi lter

tanks, forms a high-strength mois-

ture barrier with extremely low

permeability and a strong chemi-

cal/mechanical bond to cementi-

tious substrates.

2. Coal tar epoxy coatings are effec-

tive in the presence of the moderate

concentrations of airborne chlorine 

gas that is routinely found in water

treatment plants.

3. These technologies are applicable

to other freshwater treatment

plants within the Tri-Services com-

munity, and can be expected to

permit restoration of the plants to

optimum operating conditions at a

signifi cant cost avoidance.

4. It is planned to modify existing

relevant DoD Unified Facilities

Guide Specifications (UFGS) to

include the industry and govern-

ment specifi cations and instruc-

tions for implementing the cor-

rosion prevention and control

materials selection and coatings

technologies demonstrated under

this project.
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