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Wastewater treatment plant components generally 

experience both atmospheric and immersion corrosion. 

Hydrogen sulfi de (H
2
S), which is usually present, has 

wide-ranging eff ects in wastewater systems, most notably 

causing corrosion and odor problems. T e corrosion 

problems can be mitigated by a combination of strategies 

including judicious selection and implementation of 

emerging corrosion-resistant coatings.

S
everal large military installations 

operate their own potable water 

treatment plants (WTPs) and waste-

water treatment plants (WWTPs). 

Another article about remedial efforts at 

a WTP was recently published.1 The 

components requiring attention were the 

concrete tanks for the three basic water 

treatment steps, the associated submerged 

and outdoor exposed piping and mani-

folds, as well as electrical control enclo-

sures. Many of these plants were con-

structed in the 1940 to 1950 time frame 

and a wide variety of more modern main-

tenance and repair materials are now 

commercially available. In addition to 

new, fast-curing concrete patching and 

rebuilding materials, new complex ver-

sions of coal tar epoxy coatings as well as 

polyurethane topcoats can be applied. 

Normally the only concern with corro-

sion in WPTs is the use of disinfection 

agents in the fi nal water processing step, 

the more popular agent being chlorine gas. 

Dissolved in bulk water in low parts per 

million by weight (ppmw) levels and avail-

able for absorption on above-waterline wet 

metal surfaces, chlorine can accelerate the 

steel corrosion process signifi cantly. Prop-

erly applied coating systems have success-

fully protected steel and other basic metals 

from this corrosion process.

Wastewater treatment plants have an 

additional problem. The wastewater 

treatment process occurs in roughly four 

steps. First the sewage stream, consisting 

of grey water (laundry, shower, and gal-

ley rinse waters), black water (toilet 

“fluids” and residual garbage collec-

tions), and runoff waters (storm sewer 

collections), fl ows into the primary treat-

ment area, also called the “headworks.” 

Here, the stream is screened or fi ltered 

to remove rags, sticks, and other large 

debris that would damage the equipment 

or otherwise interfere with the main 

treatment process. The screened waste 

water then fl ows through a grit removal 
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system that allows sand, gravel, or other 

particles to settle, while dissolved and 

suspended organic matter as well as dis-

solved inorganics (salts) remain. The 

waste water then fl ows into the secondary 

treatment area where it comes into con-

tact with injected, stirring air and acti-

vated sludge, mainly aerobic bacteria 

and other microorganisms that oxidize/

decompose the organic materials. This 

process causes agglomeration of some of 

the solid reaction products. The fl uid 

then passes into secondary clarifiers 

where sludge settles. Some of the sludge 

is recirculated to the treatment tank. The 

nearly clean water continues to the next 

(tertiary treatment) process where the 

remaining bacteria and viruses are 

eliminated by disinfection (usually via 

chlorine injection) before being dis-

charged into a nearby waterway. Sludges 

removed from the clarifi er are sent to an 

aerobic digester where the glop is heated 

to 50 to 55 °C (122 to 131 °F) for several 

weeks to destroy any remaining patho-

gens.2 These biosolids can then be used 

by the local community as fertilizer for 

decorative landscaping projects.

Metallic equipment and other compo-

nents at WWTPs are subjected to corro-

sion conditions in a uniquely corrosive 

environment. Components are corroded 

by microbiologically infl uenced corrosion 

(MIC), and by anaerobic, Thiobacillus 

bacterial action on sulfur-containing 

chemicals in the stream that produces 

hydrogen sulfi de (H
2
S).3-4 In addition, 

dilute sulfuric acid (H
2
SO

4
) produced by 

sulfur oxidizing bacteria (SOB) acting on 

the dissolved H
2
S (as well as chlorine used 

to treat the waste water before it is re-

leased as “clean” effl uent into creeks and 

rivers) can accelerate the corrosion pro-

cesses. High ambient temperatures, 

sunlight energy, and humidity play ad-

ditional roles in corroding outdoor metal-

lic components. Nonmetallic compo-

nents, such as concrete, are also subject 

to degradation by erosion and by chemi-

cal dissolution in damp upper areas 

where H
2
SO

4
 can concentrate. Immersed 

components experience corrosion in the 

waste streams and water. Other compo-

nents such as valve hand-wheels and 

electrical boxes are corroded by the cor-

rosive atmosphere.

Recent studies at two wastewater 

treatment plants, located within U.S. 

Army installations, led to identifi cation of 

the components that are most susceptible 

to corrosion, and presented an opportu-

nity to identify ways of mitigating those 

corrosion problems by proper selection 

of materials. The fi rst Army installation 

studied was located in the Northwestern 

part of the United States, where the an-

nual rainfall (930 mm [36.5 in]) is slightly 

above the national average, the average 

annual temperature (18.7 °C [65.7 °F]) is 

slightly lower than normal,5 and even 

non-immersed components are often wet 

for long periods. The second Army instal-

lation was located in the southeastern 

part of the United States, where the rain-

fall is similar but the temperature range 

is considerably wider, and there is high 

summer humidity. These facilities are 

identifi ed as WWTP-1 and WWTP-2, 

respectively. Both WWTP systems were 

built in the 1940 to 1950 time frame with 

many components now nearing the end 

of their service life.

The preliminary site inspection showed 

that several components were experienc-

ing both atmospheric and immersion 

corrosion in many different areas. It was 

found that the majority of the construc-

tion materials were performing as ex-

pected. The areas of concern were deg-

radation of the concrete tank walls and 

corrosion of clarifi er rake arms, above-

ground piping, pipe fl anges, handrails, 

gratings, ladders, electrical junction 

boxes, etc. 

Corrosion problems at WWTP-2 were 

similar to those at WWTP-1. The con-

crete primary clarifier structure itself 

showed signs of deterioration. Severe im-

mersion corrosion was identified on 

components in and around the primary 

and secondary clarifi ers. The corroding 

components again included rake arms, 

weir, and other metallic components, 

such as skimmers and valve handles. 

WWTP-2 had also encountered problems 

with corrosion of lamp posts within the 

confi nes of the plant. The four main re-

habilitation efforts discussed here are 

associated with ancillary components 

including hand wheels for valves, valve 

operator stands, control boxes, and light 

poles. Results from uncoated steel test 

coupons placed in four unique locations 

are presented and discussed.

Diagram of ceramic anode ICCP system.

FIGURE 1
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Experimental Procedures

Materials

All repair and coating materials were 

obtained from one manufacturer.1 These 

materials included two types of concrete 

repair remedies, three types of coal tar-

based and conventional epoxy-based 

coatings, and a urethane topcoat system. 

A general description of the materials 

used in the WWTP effort is as follows.

Severely corroded valve handle on clarifi er.

Hand wheels and operator stands (a) before and (b) after refurbishment at a 
wastewater treatment plant.

FIGURE 3

(a) (b)

All components to be recoated were 

blasted to a near-white metal surface 

preparation per NACE No. 2/SSPC-SP 

10.6 The primer layer, a 100% solids, 

chemically modifi ed coal tar epoxy, was 

then applied at a 600-µm (0.025-in) dry 

fi lm thickness (DFT). This was followed 

by application of a 50-µm (0.002-in) top-

coat of a white pigmented urethane. The 

coal tar epoxy used had superior ultra-

violet (UV) and sunlight resistance, with 

no chalking, checking, or embrittlement 

problems.

Coupon Testing

Uncoated carbon steel (CS) samples 

(coupons) were exposed at four areas 

within WWTP-2. The 50 by 230 by 3.2 

mm (2 by 9 by 0.125 in)-thick, commer-

cially available, ASTM A285 plain CS 

coupons (equivalent to AISI-SAE 1030 

steel), were positioned on a wall near inlet 

pumps, in the primary clarifi er, outdoors 

near the sludge storage, and on a pole 

near the effluent pumps. One set of 

samples per position was removed every 

three to four months and returned to the 

commercial vendor for cleaning and de-

termination of the extent of corrosion.

Results and Discussion
As WWTP-1 is located in an area with 

very high rainfall, somewhat cool tem-

peratures, and with high humidity, all 

ferrous metal surfaces in the atmosphere 

needed to be isolated from these condi-

tions either by coating them with a UV-

resistant paint or wrapping them with an 

aboveground UV-resistant tape. In some 

cases, related corrosion issues could be 

resolved by eliminating “dissimilar metal 

corrosion cells” where possible.7 This was 

done by 1) installing the same kind of metal 

components together and 2) coating all 

metal components with a material that is 

compatible with the environment in which 

the items are to be installed. The before 

and after photo documentation was in-

cluded in the previous publication.7

Some textbook examples of dissimilar 

metal corrosion cells8 were observed. For 

example, a bronze water valve had a 

galvanized steel pipe fi tting screwed into 

it. Exposed threads were corroding badly 

where the zinc galvanizing had worn 

away. The corrosion was worst where the 

steel threads entered the bronze valve. In 

fact, the steel nipple in the thread area 

had practically rusted through. Since steel 

FIGURE 2
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becomes anodic to bronze and many 

other metals, it is recommended to avoid 

galvanic coupling by using similar mate-

rials wherever possible.

A wire ceramic anode impressed cur-

rent cathodic protection (ICCP) system 

was installed in the 70-ft (21-m) diameter 

secondary clarifi er. The anode consisted 

of a 1.5-mm diameter mixed metal oxide 

(MMO) wire and was installed as a cir-

cumferential ring to protect the 7,000 ft2 

(650 m2) of steel surfaces of the clarifi er and 

launder trough, including the trough’s 

support arms. The 1,400 ft2 (130 m2) of the 

central hub and rake arm were protected 

with four tubular anodes. For each case, 

the current density of 1 mA/ft2 (10.76 

mA/m2) is provided and is adequate to 

protect the steel components while allow-

ing an anode life of 20 years. Figure 1 

shows the configuration of this anode 

system. The WWTP-1 supervisor reported 

that the new CP system not only solved 

corrosion problems, but also cleared up 

algae that had been growing in the tank. 

There were three unique areas in 

WWTP-2 relative to WWTP-1. These 

were mainly associated with the valving 

components. Three of the valve handles 

were so severely damaged that they were 

replaced with cast aluminum alloy (B26-

535) handles. Figure 2 shows the extent 

of the corrosion problem on one of these 

valve handles. The remaining 16 steel 

handles were all abrasively cleaned to a 

NACE No. 2/SSPC-SP 10 fi nish and 

were coated with 625-µm (0.025-in) DFT 

100% solids coal tar epoxy.

Figure 3(a) shows the general condi-

tion of 11 steel valve-operator stands. In 

addition to the initial abrasive cleaning to 

a NACE No. 2/SSPC-SP 10 fi nish, and 

coating with 625 µm DFT of the 100% 

solids coal tar epoxy, a 50-µm (0.002-in) 

DFT topcoat of urethane was applied. 

Figure 3(b) shows the general appearance 

of the refi nished stands.

One component not discussed in the 

FIGURE 4

(a) Severely corroded lamp post within confi nes of WWTP-2. (b) Steel light pole 
after refurbishment.

(a) (b)

Graph of coupon corrosion rates at the WWTP.

FIGURE 5

previous summary of the WWTP-1 refur-

bishment was the corrosive state and 

aesthetic condition of 17 40-ft (12-m)-

high steel light poles positioned through-

out the WWTP-2 area. Figure 4(a) shows 

the general condition of the poles. The 

refurbishment was the same as that for 

the valve stands, and Figure 4(b) shows 

the improvement. 

Finally, to attempt to establish the 

corrosion severity of the “local” environ-

ments, bare, mild (low carbon) steel 

coupons were positioned at four WWTP-

2 sites. Exposures were initiated on Oc-

tober 25, 2005. Coupons were removed 

for metal loss determinations at approxi-

mately four, eight, and 12 months expo-

sure, and the analysis was performed by 

the sample supplier. The thickness losses9 

normalized to equivalent annual loss 

rates, are summarized in the bar graph 

shown in Figure 5. 
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For comparison purposes, rural corro-

sion rates average 4 to 65 µm/y (0.2 to 

2.6 mils/y), urban corrosion rates average 

23 to 71 µm/y (0.9 to 2.8 mils/y),10 and 

marine or tropical Asian Island corrosion 

rates average 38 µm/y (1.5 mils/y).11

There are three signifi cant points that 

can be drawn from the corrosion rate 

data. 1) The outdoor atmospheric expo-

sure samples corroded at approximately 

the same rate regardless of the presence 

of sulfi de air contamination. These corro-

sion rates were reasonably close to those 

summarized by Mattsson for steel in out-

door rural and urban-suburb atmospheric 

environments.10 2) The lower corrosion 

rate values from the WWTP samples “on 

a wall near the inlet pumps” were some-

what surprising and apparently not infl u-

enced by any unusual air fl ow differences. 

No particular reason can be determined 

for these results. 3) The “aqueous” corro-

sion rates of the coupons placed into the 

presumed corrosion enhancing, sewage 

contaminated fl uid stream were lower 

than expected and were much lower than 

exhibited by the immersed coupon corro-

sion rates, obtained from coupons placed 

in a sand fi lter in the WTP at the same 

army installation.1 

The WTP sand fi lter coupons showed 

corrosion rates of 125 µm/y (4.9 mils/y) 

to 142 µm/y (5.6 mils/y). A plausible 

explanation for this lower rate may be 

associated with the biologically active 

incoming sewage stream having a sig-

nifi cantly lower dissolved oxygen (DO) 

content than the inlet fresh water stream 

in the WTP. 

Summary
Severe corrosion of metallic compo-

nents and deterioration of nonmetallic 

components at wastewater treatment 

plants on two U.S. Army installations in 

the northwest and southeast part of the 

United States was identifi ed. The com-

ponents of particular interest were sludge 

scrapers, gratings, ladders, and electrical 

junction boxes that have been exposed to 

high humidity and corrosive atmospheres 

containing H
2
S as well as corrosive aque-

ous environments. Selection of new cor-

rosion-resistant coatings and alternative 

materials for tank and machinery com-

ponents was necessary to restore the facil-

ity to satisfactory operation. 

WWTP corrosion problems at both 

installations were evaluated and the fol-

lowing advanced materials selection guide-

lines were selected:

1) The use of modern coal tar epoxy 

and/or petrolatum tape coatings 

for exposed pipes/valves

2) Restoration materials and protec-

tive coatings for deteriorated con-

crete

3) Corrosion-resistant steels and poly-

mers for electrical junction boxes

4) Polymeric gaskets not susceptible to 

embrittlement

5) CP for selected immersed steel 

components

In the case of WWTP-1, these recom-

mendations were used to write specifi ca-

tions for contracts for repair/improve-

ment projects and to provide corrosion 

control products and measures that were 

applied by the staff or contractors. 

Specifications were also provided to 

WWTP-1 for the implementation of a 

ceramic anode ICCP system in one of the 

secondary clarifi ers. This CP system not 

only solved corrosion problems, but has 

also mitigated the growth of algae that 

was previously present in the clarifi er. 

At WWTP-2, the following additional 

corrosion prevention measures were im-

plemented: 

1) Corrosion-resistant stainless steel 

or aluminum alloys for valve han-

dles

2) Restoration coatings for deterio-

rated concrete

3) Corrosion-resistant steels and poly-

mers for electrical junction boxes 

4) 100% solids, non-volatile, environ-

mentally compatible coal tar epoxy 

coatings for steel lamp posts

5) Fiberglass-reinforced plastic doors 

Bare, low-carbon steel coupon testing 

at the WWTP facilities indicated that the 

corrosion rate of atmospherically exposed 

steel was similar to values reported by 

other investigators10 for rural or urban 

(minimally contaminated) environments. 

As expected, the testing did show the im-

mersed steel corrosion rates were ap-

proximately three times higher than those 

exhibited by the outdoor atmospheric 

exposed coupons. 

The benefi ts of the implementation of 

the corrosion control technologies at the 

wastewater treatment plants are the res-

toration of the plant to an optimum op-

erating condition, an increased WWTP 

service life, lower maintenance costs, and 

increased safety. 
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