
https://inspectapedia.com/septic/Hydrogen-Sulfide-Concrete-Corrosion.php
Copy at InspectApedia.com


CLICK ANYWHERE on THIS PAGE to RETURN to SEPTIC ODORS & HYDROGEN SULFIDE
ISSUES at InspectApedia.com



832R92001

U.S. ENVIRONMENTAL PROTECTION AGENCY. '.
OFFICE OF WASTEWATER ENFORCEMENT AND COMPLIANCE

WASJ!lNGTON, D.C. 20460

DETECTION, CONTROL, AND
CORRECTION OF HYDROGEN ,

SULFIDE CORROSION IN EXISTING
WASTEWATER SYSTEMS

September, 1992



NOTICE

Mention of trade names or commercial products does not constitute aD; endorsement by
EPA. Omission of certain products from this document does not reDect a position of
EPA regarding product effectiveness or applicability.



ACKNOWLEDGMENTS

This document was prepared by J.M. Smith & Associates, PSC, Consulting Engineers•
.. Administrative and techniCal support was provided by the EPA Office of Water, Office of

Wastewater Enforcement and Compliance

Authors:

Reviewers:

Robert P.G. Bowker, J.M. Smith & Associates
Gerald A. Audibert, J.M. Smith & Associates
Hemang J. Shah, J.M. Smith & Associates
Neil A. Webster, Webster Environmental Associates

Lam K. Lim, EPA Office of Water
Robert E. Lee, EPA Office of Water
John A. Redner, County Sanitation Districts of Los Angeles County
Perry L. Schafer, Brown and Caldwell Consulting Engineers
Mike Bealey, American Concrete Pipe Association

i



TABLE OF CONI'ENTS

DETECTION, CONTROL, AND CORRECTION OF
HYDROGEN SULFIDE CORROSION

IN WASTEWATER SYSTEMS

ACKN'OWLEDGEMEN'I'S ...........0............... '.. . . . . . ..1 1

1. IN'IRODUCflON. . . . .. . .. . . . .. . . .. . .. . . . . . . .. . . . . .. . . . .. . . . .. . .. .. 1-1

1.1 Significance of Hydrogen Sulfide Corrosion 1-1
1.2 Purpose of Handbook .. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . 1-1

2. PROCESS OF HYDROGEN SULFIDE CORROSION 2-1

2.1 Basic Mechanism of Hydrogen Sulfide Corrosion 2-1
2.2 Factors Affecting Corrosion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-4
2.3 Effects of Industrial Pretrea1ment 2-7
2.4 References. " . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . .. .. .. . . .. . . .. . 2-9

3. MAJOR HYDROGEN SULFIDE CORROSION TARGET ARE.AS ••• 3-1

3.1 Gravit}' Sewers "'.... '" .. • • "" .. .. • .. . .. . . .. .. .. .. .. . .. .. .. .. ... .. '" .. .. .. .. ... . .. .. .. 3",,1
3.2 Pump Stations and Force Mains ........................• 3-3
3.3 Trea1ment Facilities 3-4
3.4 References. " . .. . . .. .. . . .. .. . . . .. . . . . .. .. . . . . .. .. . .. . .. . .. .. .. " . .. .. . 3-7

4. DETECl10N AND MEASUREMENT OF HYDROGEN
SULFIDE CORROSION 4-1

4.1 Approach for Identifying Existing or
Potential Corrosion Problems 4-1

4.2 Identifying Potential Problem Areas . . . . . . . . : . . . . . . . . . . . . . . 4-1
4.3 Preliminary Inspection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-4
4.4 Measurement of Corrosion ' 4-14
4.5 Comparing Measured and Predicted Corrosion . . . . . . . . . . . . . . . 4-19
4.6 References 4-25

ii



TABLE OF CONfENTS (cont.)

5. ALTERNATIVES FOR CONTROLLING HYDROGEN
SULFIDE CORROSION IN SEWERS 5-1

5.1 Prevention of Hydrogen Sulfide
Corrosion in Existing Sewer Systems 5-1

5.2 Sulfide Control Systems Used in the United States 5-13
5.3 Procedure to be Followed in Selecting

Corrosion Control Method(s) ~ 5-21
5.4 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-24 .

6. AL'IERNATIVES FOR CONTROLLING HYDROGEN SULFIDE CORROSION
AT PUMP STATIONS AND TREATMENT FACILITIES 6-1

6.1 Control of Hydrogen Sulfide 6-1
6.2 Protective Coatings and Linings 6-5
6.3 Replacement with Corrosion-Resistant Materials 6-13
6.4 Case Studies 6-17

. 6.5 References 6-23

7.0 REHABILITATION OF CORRODED SEWERS 7-1
7.1 Rehabilitation and Repair Techniques 7-1
7.2 Approach to Selecting a Rehabilitation Technique 7-22
7.3 References 7-25

APPENDIX A: CASE STUDIES

Al Sewer Systems
A2 Wastewater Treatment Facilities

iii



UST OF TABLES

2-1 Factors Affecting Sulfide Generation and Corrosion in Sewe~s 2-5

2-2 Beneficial Impacts of Controlling Industrial Discharges
on Hydrogen Sulfide Corrosion ............................•.. 2-8

5-1 Summary of Hydrogen Sulfide Control Techniques .........'........ 5-3

5-2 Hydrogen Sulfide and Corrosion Control Systems Used
by Selected Cities in the U.S. 5-14

6-1 Instrument Society of America Classification of
Reactive Environments Based on HzS Concentrations . . . . . . . . . . . . . . . 6-3

6-2 Los Angeles County Sanitation Districts Coating
Study: Coating Test Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-9

6-3 Summary of Corrective Actions to Combat Hydrogen
Sulfide Corrosion at Hooker's Point WWTP . . . . . . . . . . . . . . . . .' . . . .. 6-19

6-4 Summary of Corrective Actions to Combat Hydrogen
Sulfide Corrosion at Hyperion WWfP ..... .'.... . . . . . . . . . . .. . . . .. 6-20

6-5 Summary of Corrective Actions to Combat Hydrogen
Sulfide Corrosion at Terminal Island WWTP 6-21

7-1 Summary of Applicable Pipe Rehabilitation Methods
for Pipe Damaged by Hydrogen Sulfide Corrosion 7-2

7-2 Advantages and Disadvantages of Sliplining 7-3

7-3 Advantages and Disadvantages of Cured-in-Place Lining 7-11

7-4 Advantages and Disadvantages of Internal Lin~rs ~ 7-15

7-5 Advantages and Disadvantages of Specialty Concretes 7-17

7-6 Advantages and Disadvantages of Coatings 7-21

7-7 Factors to Evaluate for Selection of Rehabilitation
Me'th.od. •............................................... 7-23

iv



UST OF FIGURES

2-1 Mechanism of Sulfide Generation and Corrosion in Sewers . . .'. : . . . . .. 2-3

4-1 Approach to Identifying Existing and Potential
Corrosion Problems 4-2

4-2 Sewer Map Showing Locations of Potential Corrosion Problems 4-5

4:3 Corrosion Inspection Checklist 4-7

4-4 HzS ProbelLiquid Sensor Device 4-9

4-5 Quick Method of Inspecting Sewer Lines .. . . . • . . . . . . . . . . . . . . . . .. 4-11

4-6 Sewer Crown pH Probe . . . . . . . . . . . . . . . . . . . ~ . . . . . . . . . . . . . .. .. 4-13

4-7 Typical Sonic Caliper Longitudinal Plot 4-17

4-8 Relationship of Dissolved Sulfide Equilibrium to pH 4-21

4-9 Hydraulic Elements of Circular Sewers Running Partly Full 4-22

5-2 Ventilation Problems of Filled Sections of Sewers. . . . . . . . . . . . . . . . .. 5-11

5-4 Map Showing Locations of HzOz Dosing Stations 5-17

5-5 Dissolved Sulfide Levels (Using Caustic Slugging), Main
Interceptor - Cedar Rapids, Iowa . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. 5-19

7-1 Examples of Basic Sliplining Techniques . ~ . . . . . . . . . . . . . . . . . . . . .. 7-6

7-2 Example of Deformed Pipe Insertion Technique 7-9

7-3 Cured-In-Place Method 7-12

v



1. INTRODUCTION

-

1.1 Significance of Hydrogen Sulfide Corrosion in Wastewater Systems

Hydrogen sulfide corrosion is a well known and documented problem in wastewater

collection and treatment systems throughout the world. The presence of hydrogen sulfide

. can lead to rapid and extensive damage to concrete and metal sewer pipe and tanks,

mechanical equipment used in the transport and treatment of wastewater, and electrical

control and instrumentation systems. Unfortunately, such problems are rarely brought to

the attention of the municipality until a catastrophic failure occurs such as street collapses

or sewer blockages resulting from sewer pipe failure, or complete deterioration of structural

and mechanical components at wastewater treatment facilities. Wastewater systems

suffering from hydrogen sulfide corrosion often require costly, premature replacement or

rehabilitation of pipes, manholes, tanks, pump s~tions and other mechanical equipment.

Electrical components, instrumentation systems, and ventilation units are particularly

vulnerable to attack by hydrogen sulfide.

1.2 Purpose of Handb90k

This handbook provides a comprehensive guide to detecting and monitoring corrosion,

controlling corrosion rate, and rehabilitating pipes or structures damaged by corrosion. The

handbook is intended for use by municipalities as well as engineers faced with existing or

potential corrosion problems. Techniques are presented to allow determination ofwhether

a corrosion problem exists, and the severity of the problem.

Subsequent chapters of this handbook are organized as follows:

Chapter 2:

Chapter 3:

Chapter 4: ,

.' Process of Hydrogen Sulfide Corrosion

Major Hydrogen Sulfide Corrosion Target Areas

Detection and Measurement of Hydrogen Sulfide Corrosion
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Chapter 5:

Chapter 6:

Chapter 7:

Altematives for O:>ntrollingHydrogen Sulfide Corrosion in

Sewers

Altematives for Controlling Hydrogen Sulfid~~ Corrosion at

Pump Stations and Treatment Facilities

Rehabilitation of Corroded Sewers

Case studies are included as Appendix A
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2.0 PROCESS OF HYDROGEN SULFIDE CORROSION

2.1 Basic Mechanism of Hydrogen Sulfide Corrosion

2.1.1 Sulfuric Acid Corrosion

Hydrogen sulfide corrosion occurs in sewers, tanks, and equipment conveying or treating

wastewater that contains dissolved sulfide. The biological activity of anaerobic bacteria

results in the formation of sulfide which is released to the surrounding atmosphere as

hydrogen sulfide gas. In the presence of moisture, the hydrogen sulfide gas is biologically

converted to sulfuric acid. The sulfuric acid attacks exposed concrete and unprotected

surfaces of iron, steel and copper, resulting in corrosion and deterioration of the exposed

wlnerable materials. The process of sulfide generation and sulfuric acid corrosion is as

follows(1):

• In aquatic environments lacking dissolved oxygen, strict anaerobic bacteria colonize

the slime layer that coats the sUbmerged surfaces ofpipes and tanks. These bacteria

reduce sulfate (SOl'), one of the most common anions in water and wastewater, to

sulfide (S2-).

• The sulfide ion combines with hydrogen ions in the wastewater to form hydrogen

sulfide. Depending on pH, the hydrogen sulfide dissociates to dissolved hydrogen

sulfide gas (HzS), hydrosulfide ion (HS'), and sulfide ion (S2-).At neutral pH of 7,

the distribution is approximately 50 percent HzS and 50 percent HS·. At pH 6, the

distribution is approximately 90 percent dissolved hydrogen sulfide gas and 10

percent hydrosulfide ion.

• Dissolved hydrogen sulfide gas is the only form of dissolved sulfide which can be

released from the wastewater to the atmosphere. The HzS produces the "rotten egg"

odor characteristics of stagnating sewage. The release of HzS from solution is
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accelerated under turbulent conditions. Since equilibrium conditions are rarely·

observed, it is often difficult to predict atmospheric H2S concentratio:n based on the

quantity of sulfide in solution.

• The released H2S combines with moisture on the non-submerged S1llrfaces of pipe,

tanks and other non-submerged surfaces and is biologically oxidized 1~0 sulfuric acid.

Progressively acid-tolerant species of aerobic bacteria will succes:sively colonize the

surfaces as additional sulfuric acid is produced and the pH drops. While new

concrete has an alkaline surface pH, weathered concrete has a surfalce pH of about

6, and concrete which is subject to active sulfuric acid corrosion may have a surface

pH of 1 to 3.

• The hydrogen ions of the acid attack the calcium hydroxide in the hydrated Portland

cement of concrete sewer pipes, channels and tanks while the sulfate combines with

the calc~um ions to form gypsum (CaS04), a soft corrosion product In the early

stages of corrosion, the concrete swells, making it difficult to measure concrete loss

due to corrosion.

Figure 2-1 sUmmarizes the corrosion process which occurs in concrete sewers and structures

(2).

2.1.2 Direct Hydrogen Sulfide Attack of Metals

Another significant mechanism of corrosion is direct attack of metals such as iron, steel,

and copper by hydrogen sulfide gas. Electrical and instrumentation systems are particularly

wlnerable to low levels of hydrogen sulfide gas. H2S readily attacks copper contacts to

form copper sulfide, a poor conductor of electricity. This can cause equipment failure or

poor reliability of control systems. In addition, hydrogen sulfide attack can result in

substantial damage to wastewater processing equipment, steel structures a:nd components,

and iron and steel pipe.
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2.2 Factors Affecting Corrosion

The rate of hydrogen sulfide corrosion is affected by the characteristics of the wastewater,

the collection system, the type of unit processes used in the transport and treatment of

wastewater, and materials of construction. Many variables directly or indirectly affect

sulfide generation, HzS release, and sulfuric acid corrosion. The factors that affect corrosion

are indicated in Table 2-1. Odor and corrosion problems associated with the collection,

handling and treatment of domestic wastewater is primarily due to the result of the

reduction of sulfate to HzS under anaerobic conditions, as shown by the follo1wing equation

(1):

SOl + organic matter
anaerobic .
----> S2- + H20 + CO2
bacteria

Biological activity within wastewater results in the formation of a slime: layer on the

submerged walls of pipes or tanks. The slime layer need only be a few cell diameters thick

to support bacterial colonization. That portion of the slime layer furthest from the liquid

becomes increasingly devoid of dissolved oxygen. Within a dissolved oxygen range of 0.1

to 0.5 mgll, anaerobic bacteria utilize sulfate and organic matter present in the wastewater,

at an approximate ratio of 2 to 1, respectively, to f"rm sulfide. The thickne:ss of the slime

layer is controlled by velocity, which in tum is governed by pipe diameter, flowrate, and

energy gradient. The proliferation of sulfate-reducing bacteria is dependent on dissolved

oxygen concentration, temperature, humidity, sulfate content and availability of organic

matter. The formation and release of hydrogen sulfide gas to the atniosphere is dependent

primarily upon the pH of the wastewater and the degree of turbulence.

For sewer systems having low velocities, pump station wet wells, treatment tanks and other

quiescent wastewater environments, deposition of organic solids may oo~ur, promoting

anaerobic conditions. Also, as the depth of flow in sewers increases, so does the surface
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TABLE 2-1

FACIURS AFFECIlNG SULFIDE GENERATION
AND CX>RROSION IN SEWERS(2)

FAcrOR EFFEcr

Wastewater Characteristics

Dissolved oxygen

Biochemical oxygen demand
(organic strength)

Temperature

pH

Presence of sulfur compounds

Humidity of sewer atmosphere

Sewer System Characteristics

Slope and velqcity

Turbulence

Intermittent surcharging

Force main discharges

Sewer pipe materials

Concrete alkalinity

Accumulated grit and debris

Low DO favors proliferation of anaerobic
bacteria and subsequent sulfi4e generation

High BOD encourages microbial growth and
DO depletion, and increases sulfide generation in
proportion to BOD concentration

High temperature increases microbial growth
rate and lowers DO solubility

Low pH favors shift. to dissolved HzS gas

Sulfur compounds required for sulfide generation

Biological growth requires high humidity level

Affects degree of reaeration, solids deposition,
HzS release

Same effect as slope/veJocity

Reduces oxygen transfer and promotes sulfide
generation. May inhibit acid production by
flushing and dilution.

HzS generated under anaerobic conditions in the
force main is released from solution at the
discharge.

Corrosion resistance of pipe materials varies
widely

Higher alkalinity reduces corrosion rate

Slows wastewater flow, traps organic solids and
increases sulfide generation
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area available for the development of a· slime layer below the water sulface. As the

detention time increases, oxygen consumption also increases, organic matter becomes

increasingly solubilized and the oxidation-reduction potential (ORP) decreases. These

conditions favor the sulfate-reducing organisms.

The presence of dissolved oxygen in the wastewater stream encourages growth of an

aerobic portion of the slime layer. In such cases sulfide produced in the al:laerobic

portion of the slime layer is likely to be oxidized in the aerobic zone.

Temperature also has a significant impact on the biological activity of the sulfate reducing

bacteria. Ithas been reported that the rate of sulfide production is increased seven percent

for every Celsius degree increase up to 40°C (4). This is equivalent to doubling the

reaction rate for every 10°C increase in temperature.

Atmospheric hydrogen sulfide gas concentrations appear to, be proportional to the rate of

sewer corrosion that occurs. The proportionality may not be linear, hOWeVel", as there may

be a limiting hydrogen sulfide level above which the oxidation reaction rate does not

increase. At that point, sulfur is stored as yellow deposits (3).

Finally, pH of the sewage governs the ratio of HzS gas and HS' ions in solution. This is

important in determining the potential for HzS gas release into the atmosphere, and,

consequently, the potential for the formation of sulfuric acid and corrosion. The .CSDLAC

study also found the pH of the concrete surlace to increase as relative humidity of the

sewer atmosphere dropped below 80 - 90 percent indicating that thiobacilli need moisture

to biologically convert hydrogen sulfide to sulfuric acid.

The CSDLAC study found that even when sewage contains oxygen, and di:ssolved sulfide

levels are less than 0.1 mgll, there still remains a significant concentratio:li of hydrogen

sulfide in a sewer atmosphere. As a result, concrete corrosion can be expected to continue

even when dissolved sulfide levels are quite low (3).
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23 Effects of Industrial Pretreatment

- Another factor which may affect the rate of corrosion is the concentration of metals and

other wastewater constituents resulting from industrial discharges. S~dies conducted by

the County Sanitation Districts of Lo~Angeles County (CSDLAC) have demonstrated.that

the reduction in metals and other industrial constituents has apparently caused an

acceleration in corrosion rate, possibly due to biological inhibition of sulfate-reducing

. bacteria and/or chemical precipitation by iron and other metals (2)(3). The compounds

which showed the highest correlation between reduction in concentration and an increase

in dissolved"sulfide included nickel, chromium, zinc, cadmium, copper, cyanide, lead, and

iron (5). The CSDLAC study also noted that detergent manufacturers have made changes

over the past 20 years in the sulfonated compounds which occur in surfactant and

brightener formulations. .These changes may allow for easier biodegradation of the sulfur

compounds. This same study cites a 1,000% increase in dissolved sulfide when comparing

1987 to 1971-1974 data. However, site visits conducted by EPA to compare corrosion in

residential versus industrial sewers were inconclusive regarding the impacts of metals and

other industrial constituents on hydrogen sulfide corrosion. No wastewater systems other

than CSDLAC have been found to have sufficient historical data to establish a relationship

between industrial pretreatment and hydrogen sulfide corrosion.

It should be noted that there are several aspects of industrial pretreatment that can lead

to reduced sulfide generation. A reduction in certain industrial discharges can directly

impact sulfide generation and corrosion. These are listed in Table 2-2.
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TABLE 2-2

BENEFICIAL IMPAcrs OF <X>NIROILING
INDUSTRIAL DISCHARGES ON HYDROGEN SULFIDE <X>RROSION

Type of Discharge ControIled

Sulfide-bearing wastes

High organic strength
wastes

High temperature wastes

Wastes containing fats,
,oils, and grease

Acidic wastes

2-8

Benefit

Lowers sulfide levels, corrosion
potential

Sulfide generation rate
proportional to or!!:anic strength;
reduction in organic strength
reduces oxygen uptake and
depression of dissolved oxygen in
wastewater

Lower temperatu're :reduces sulfide
generation rate; increases solubility
of H2S, reducing n~lease of H2S;
increases solubility of oxygen

Reduces potentiall for sewer
clogging, reduced velocities, solids
deposition, and sulfide generation

Maintaining pH at or above
neutral decreases amount of H2S
available for releasle to the sewer
atmosphere
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3. MAJOR HYDROGEN SULFIDE CORROSION TARGET AREAS

Hydrogen sulfide corrosion can damage pipes, structures, ~d equipment used in the

collection and treatment of wastewater. The degree of corrosion that t:esults is impacted

by the design and construction of the facilities, existing loading conditions, and operation

and maintenance practices. Certain unit processes are more susceptible to corrosion

damage than others, generally due to the condition of the wastewater or sludge and the

characteristics of the process. For example, even ifwastewater entering a treatment facility

is aerobic and devoid of hydrogen sulfide, sulfide generation can occur in a primal}' clarifier

due to the quiescent conditions and long detention times. The HzS gas can be readily

released from solution at the turbulent effiuent weirs. Hydrogen sulfide which is generated

in primal}' clarifiers, sludge thickeners, and sludge holding taJiks is typically released in

significant quantities during sludge dewatering operations.

Turbulence is a major factor in the generation and release of HzS from solution. In cases

where dissolved sulfide is not present, turbulence can be beneficial in promoting the

. transfer of oxygen into solution, maintaining aerobic conditions. However, if dissolved

sulfide is present in concentrations as low as 0.1 to 0.2 mg/l, turbulence can dramatically

increase the rate at which the dissolve~hydrogen gas is released to the atmosphere to cause

potential corrosion problems.

This chapter describes the various components of a wastewater collection and treatment

system which are most likely to result in generation and release of hydrogen sulfide gas.

Upon release from solution, the hydrogen sulfide can cause odor and/or corrosion

problems.

3.1 Gravity Sewers

Gravity sewers form an integral part of the entire wastewater collection infrastructure and,

3-1



as such, are generally designed to accommodate growth well into the future (50 years is not

an uncommon design practice). Often, sewer designers will utilize larger piIte at shallower

slopes to minimize the sewer depth and construction cost. Both of these l)ractices often

result in lower wastewater velocities during the initial years when, the sewer carries

substantially lesser volumes.

Wastewater velocity directly impacts wastewater detention time within the sewer, the

amount of grit and organic solids deposition (both of which tend to further reduce

wastewater velocity and increase depth of flow), and the extent of slime layer buildup

within the submerged portion of the sewer. Velocity thus affects formation of dissolved

sulfide and also the release of hydrogen sulfide gas into the sewer atmlosphere. The

hydrogen sulfide gas is biologically converted to sulfuric acid in the presence of moisture

and oxygen and attacks cementitious materials such as concrete pipe anid mortar. In

addition, hydrogen sulfide gas and sulfuric acid directly attack ferrous meltal and copper

surfaces. The most wlnerable pipe areas prone to sulfide corrosion are thle crown of the

~ pipe and wall areas normally above the wastewater level. If allowed to continue over a long

period of time, the hydrogen sulfide corrosion can eventually lead to pipe failure and

trench collapse.

Other gravity sewer components affected by sulfide corrosion are sewer manholes, junction

chambers, metering vaults, and other structures. Manholes often serve as junctions for two

or more sewers. Typically, the smaller sidestream sewer will enter the manhole at an

elevation higher than the mainline sewer invert. This is to prevent surcharging of the

smaller sewer during periods of sustained high flow in the larger sewer. There can also be

substantial elevation differences in deep sewer situations, where, due to JP'ound surface

topography, the sidestream sewer does not need to be installed as deeply as the mainline

sewer. These vertical drops can cause significant turbulence. A drop connc~ction installed

upstream of the connecting manhole will help minimize hydrogen sulfide release. Also,

unless manhole inverts are properly formed to promote smooth hydraulic conditions,

excessive turbulence can occur due to abrupt changes in horizontal or vertical alignment.
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While turbulence allows introduction of air (oxygen) into the wastewater, it also causes the .

release of hydrogen sulfide gas. The hydrogel sUlfide corrosion process can then

deteriorate manhole walls, ladder rungs and any other corrosion-prone material. Some

manholes are being provided with corrosion-resistant ladder rungs rath~r than iron and

steel used in past decades, but the inserts can potentially become structurally deficient if

the surrounding concrete is allowed to con:-ode.

3.2 Pump Stations and Force Mains

Pump station wet wells can Contribute to sulfide corrosion problems by promoting the

generation of sulfide within the wet well itself. Further, hydrogen sulfide gas from the

upstream sewer atmosphere may enter the wet well. Excessive turbulence in the wet well

caused by vertical drops from the influent pipe to the wastewater surface causes release of

hydrogen sulfide gas from the solution. This release of hydrogen sulfide gas to the

atmosphere likely will lead to odor complaints in populated areas.

Influent sewers at wastewater treatment plants may become surcharged if inlet screens or

comminutors are present but not properly maintained. Sewers discharging to a pump

station may also be surcharged if the wet well level is allowed to rise above the influent

sewer.

As with sewers, pump station wet wells are normally designed for future flows. While this

practice makes economic sense, it does allow for excessive detention times during the ·initial

years of operation. The longer the detention time, the greater the likelihood that organic

matter will settle to the wet well bottom, and the wastewater will become septic. Unless

the pump suction pipes and wet well geometry are appropriately designed, the accumulation

of organic matter will aggravate the generation of dissolved sulfide and hydrogen sulfide

gas. Options to consider in reducing the long detention times in wet wells include utilizing

a smaller portion of the wet well, adjusting the "pump,-on" and "pump-off' levels, or using

variable speed pumps. Wet well cleaning should be performed on a routine basis.
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Wet well corrosion can include the concrete or masomy structure, access c::overs, ladders

and stairs, bar racks and comminutors, control devices such as sluice gates, slide gates and

weirs, heating and ventilating systems, and electrical components. Electriccl1.contacts are

particularly susceptible to corrosion failure.

Force mains, inverted siphons and other surcharged pipes are normally completely full of

wastewater, and because this condition does not allow reaeration, frc»m the sewer

atmosphere, dissolved oxygen levels in the wastewater become depleted, and significant

quantities of dissolved sulfide can be generated. Since the pipes are generally full of

wastewater, corrosion will not occur within surcharged pipes unless they contain an air

pocket. If an air pocket exists, corrosion may occur very quickly. This situation has been

reported at several locations throughout the U.S.. Upon reentry to a gr,avity sewer or

treatment plant headworks, an immediate release of hydrogen sulfide gas occ:mrs due to the

high level of turbulence. Force main and inverted siphon terminus locatiom; are therefore

highly susceptible to hydrogen sulfide corrosion and should be routinely monitored. Other

areas of concern with regard to hydrogen sulfide corrosion include special structures such

as those utilized for flow measurement, and valves used for flow isolation and air release.

3.3 Treatment Facilities

Corrosion damage can be extensive at the headworks of wastewater treatment facilities,

particularly if long influent force mains or large diamet~f gravity sewers constructed at flat

slopes discharge to the facility. These influent sources typically convey wastewater which

is septic and already has a significant dissolved sulfide concentration. Headwor~ areas

most suscept:J.ole to corrosion attack include influent channels, flow measurement facilities,

comminutors and bar racks, grit chambers and areas where vertical drops occur. All of

these components promote turbulent conditions and the resultant release of hydrogen

sulfide gas. In addition, septage or other high-strength wastewater and sidestream returns

may contnoute to the generation and release of hydrogen sulfide. All components used

in headworks areas should be inspected regularly due to the high potential for hydrogen
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sulfide corrosion.

Septic conditions are likely to occur in primary clarifiers due to the quiescent conditions

and long detention times. The most critical areas with regard to the release of hydrogen

sulfide are launders, troughs, emuent weirs and outlet channels, especially where large

drops in elevation occur. Because these components are normally open to the atmosphere,

the corrosion potential is lessened somewhat, though the odor potential remains very high.

Secondary biological treatment processes are not normally considered to be sources of

sulfide generation due to the presence of aerobic conditions. Localized problems can

develop, however, in areas having either poor wastewater distribution or poor air

distribution, which results in anaerobic zones. Also, trickling filters which are heavily

loaded can generate sulfide. Secondary clarifiers and subsequent downstream facilities

normally are not areas of hydrogen sulfide corrosion due to the aerobic conditions and high

wastewater quality at these stages. Enclosed secondary clarifiers should be monitored,

however, due to the minimal ventilation provided. Catwalks, railings and other structural

elements and fasteners should be constructed of corrosion-resistant materials.

Sludge storage tanks, sludge thickeners, sludge dewatering systems, and solids processing

operations in general are particularly susceptible to hydrogen sulfide corrosion. This is due

to the rapid generation of hydrogen sulfide in sludge storage tanks and gravity thickeners.

Introduction of turbulence, such as from dewatering equipment, can substantially increase

HzS release and corrosion potential.

Within any enclosed space containing HzS, most concrete and metallic surfaces are

susceptIble to corrosion, particularly in poorly ventilated areas. Structural elements such

as gratings, railings, platforms, structural inserts, clamps and beams are prone to hydrogen

sulfide attack, either directly by chemical reaction, or by acid attack. In addition, electrical

components are particularly'sensitive to hydrogen sulfide corrosion, because copper, iron

and silver are all directly attacked by hydrogen sulfide gas. Other affected processes
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include heating and ventilating SYStems and wastewater processing equipment.

Appendix A includes case studies descnbing hydrogen sulfide corrosion problems at

wastewater collection and treatment facilities.
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4. DETECTION AND MEASUREMENT OF HYDROGEN SULFIDE CORROSION

4.1 Approach for Identifying Existing or Potential Corrosion Problems

Figure 4-1 shows a flow diagram of the basic steps involved in identifying existing or

potential corrosion problems. These steps are:

1. Reviewing existing information to identify potential problem areas.

2. Conducting preIiminaIY inspection· of potential· problem areas.

3. Conducting detailed inspections and measuring corrosion at known problem

areas.

4. Estimating corrosion rates and prioritizing areas for further monitoring

and/or correction.

These four steps are discussed in subsequent sections of this chapter.

4.2 Identifying Potential Problem Areas

A review of the layout and design of the existing collection and treatment system and other

information is useful to identify areas that are suscepnble to corrosion problems. These

areas should be highlighted on sewer maps and other available plans for subsequent

inspections in the field.

Areas where septic wastewater conditions are likely to develop are also areas with corrosion

potential. Force mains are a major source of sulfide generation. Where force mains

discharge into gravity sewers, wet wells, or junction chambers, substantial quantities of H2S

can be released due to turbulent conditions, creating conditions ripe for corrosion. Force

main discharges and inverted sewer ("siphon") outlets should receive priority for inspection.

Gravity sewers with low velocities or long detention times should also be identified as
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FIGURE 4-1
.

APPROACH TO IDENTIFYING EXISTING
AND POTENTIAL OORROSION PROBLEMS

REVIEW EXISTING INFORMATION
10 IDENTIFY POlENTIAL

PROBLEM AREAS

- Sewer maps
- Records of pipe manufacture
- Locations of pipe

replacement/rehabilitation
- Odor complaints
-lV logs
- 0 & M personnel interviews

CONDucr PRELIMINARY INSPECI10N
AT POlENTIAL PROBLEM AREAS

- Visual inspection
- Atmospheric H 2S
- Wastewater sulfide
- pH of pipe crowns. channels, tank waIls

above sewage level

MEASURE CORROSION AT KNOWN PROBLEM
AREAS

- Depth of penetration estimates
- Core sampling
- Sonic caliper inspection
- lV inspection

ESTIMAlE CORROSION RAlES AND
PRIORITIZE AREAS FOR FURmER

MONI1ORING AND/OR CORRECI10N
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potential problem areas due to the possibility of sulfide generation. Problems often occur

in pipes sized for future development that has not yet occurred. Pipes installed at flat

slopes with low sewage velocities are subject to potential corrosion problems.

Pumping stations should be earmarked for inspection, since hydrogen sulfide is often

generated in wet wells. Septic wastewater entering metering stations, junction chambers,

drop manholes, and wet wells may be subjected to sufficient turbulence to release HzS that

has formed upstream. In general, any areas of high turbulence in the collection system

. should be targeted for inspection.

Locations where odor complaints have originated should be identified on the map. Odor

complaints often result from hydrogen sulfide gas escaping from manholes or vents.

Hydrogen sulfide gas is responsible for the "rotten egg" odor associated with septic sewage.

Records of pipe manufacturers should be reviewed. For instance, the corrosion rate of

spun concrete pipe can be as little as one-third of that found in cast concrete pipe, given

the same HzS level and acid production rate. This phenomenon occurs due to the presence

of an alkali-rich layer on the spun pipe. Once this layer is lost to corrosion, however, the .

corrosion rate increases. Slower initial rates of corrosion can be similarly expected with

concrete pipe containing calcarious aggregate or sacrificial layer. Without information

pertaining to pipe manufacture, it is extremely difficult to predict corrosion rates..

Alternatively, .if no records exist, core samples can be taken to determine the materials of

construction.

Sewer maintenanC?e staff should be consulted to help identify potential trouble spots in the

system. Such discussions can be very valuable. Records of sewer and treatment facility

rehabilitation or replacement should be reviewed to determine if corrosion was a factor in

requiring rehabilitation work. If TV tapes and/or logs are available for a portion or all of

the system, these should be reviewed to determine if corrosion was noted. Poor resolution

with early generation TV systems may make identification of corrosion difficult, especially
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to the untrained obselVer.

Corrosion at the headworks of the wastewater treatment plant may be: indicative of

upstream corrosion problems. Bar screens, concrete channels, grit ch~bers and electrical

equipment at the headworks should be jdentified for subsequent inspection. Primary

clarifiers, sludge handling systems and other unit processes discussed in Chapter 3 should

also be evaluated.

Figure 4-2 shows a typical sewer map with potential corrosion problem areas, targeted for

inspection.

4.3 Preliminary Inspection

A preliminary inspection of areas having the potential for corrosion problems can

determine 1) the presence or absence of corrosion, 2) the extent of the problem, and 3) the

severity of the problem. The inspection will also indicate the need for further inspections

and/or corrective actions, and may lead to a regular program of inspection and monitoring.

Because the preliminary inspection involves measurement of certain parameters that are

affected by wastewater temperature, it is recommended that the inspection be conducted

during. summer months when hydrogen sulfide is most likely to be present,

The preliminary inspection generally involves the following elements:

• Measurement of atmospheric HzS

• Visual inspection

• Measurement of temperature and pH in wastewater

• Measurement of total and dissolved sulfide in wastewater

• Measurement of crown pH
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A preliminary inspection checklist is shown in Figure 4-3. Each of themajcJr elements of .

the inspection are descnDed below.

4.3.1 Atmospheric HzS

An electrochemical HzS analyzer or simple detector tubes can be used to detect and

measure hydrogen sulfide gas in the atmosphere of manholes, junction chambers, metering

stations, headworks structures, etc. This technique can and should be used without

entering the structure. (Measurement of HzS, lower explosive limit, and percent oxygen is

standard procedure before entering a confined space).'

With electrochemical sensors, internal or external sampling pumps in combination with an

extension hose should be used to allow measurement of HzS near the watelr surface, since

HzS is heavier than air. Detector tubes can use either a manual or electric plUmp which can

be fitted with an extension hose.for remote sampling. Such hoses can be lowered through

the pickboles of manholes or through access hatches in junction chambers and other

structures without significantly disturbing the conditions in the sewer atmosphere. Opening

a manhole or structure cover completely will often destroy the ambient atmospheric

conditions in the sewer gas space, thus providing inaccurate HzS measurements.

It is critical that HzS is measured within 6 to 12 inches of the liquid surface, and that the

wastewater atmosphere not be disturbed. A simple battery-powered sensor can be

fabricated to serve the purpose of locating the liquid level without removing manhole

covers, as depicted in Figure 4-4.

4.3.2 Visual Inspection

A visual inspection of the condition of manholes, metering st;ations, wet w(~lls, headworks,

and other structures is essential to identify corrosion problems. Areas that are accessible

should be viewed without entering the structure. Hazardous atmosphere· ,ean exist in
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FIGURE 4-3

CORROSION INSPECTIO}ll CHECKLIST

Type of Structure: Manhole____ Other _ Structure No., _

Date: _

Location: _

Pipe Orientation
and Sizes:

Manhole
D

Structure

Age of Pipe/Structure:

Pipe Material:

Structure Material:

Approx. Depth of Flow:

-----Jyr

___________.-in.

____________ppmHeadspace H2S:

Sewage pH:

Temp:

Turbulence:

_____units

°CfF-----

___Quiescent

__.....Moderate

______High
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Total Sulfide:

Dissolved Sulfide:

_____ mgll

_____ mgll



General conditions -

Structure:, , _

Pipe:

Evidence of corrosion -

Manhole barrel:, _

Pipe crown:

Other:

Bottom debris: _

COmments:, _

Signature
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sewers, manholes and other confined spaces. Workers entering such area:s must receive

safe~ training. Proper safe~procedures for confined space entry must be s1rictly followed

(6)(7).

Items noted in a visual inspection include:

1. Condition of ladder rungs, bolts, conduit, and other metal components.

2. Presence of protruding concrete aggregate.

3. Presence of exposed. reinforcing steel.

4. Development of black coating (copper sulfide) on copper pipes and electrical

contacts.

5. Evidence of loss of concrete from pipe crown or walls.

6. Condition of equipment such as bar screens, grit removal systems, sludge

thickening and, dewatering equipment

A quick method of inspecting the general condition of sewers can be peJformed with a

telescoping rod onto which are attached a halogen light and adjustable mir:ror at one end,

and a 4x sight scope at the other end, as indicated in Figure 4-5. The rod is inserted into

a manhole, and by slightly tilting the rod and flashing the light beam down the sewer, its

condition can be observed. This procedure is useful when small-diameter sewers are

involved. Also, because entry into a confined space is not required, there is minimal risk

of being overcome by potentially harmful sewer gas.

4.3.3 Measurement of Sulfide

For screening purposes, wastewater sulfide can be estimated using .field test kits. Although

dissolved sulfide is the best indicator of potential corrosion problems, it requires an

additional flocculation and decant step prior to analysis for sulfide. For purposes of

preliminaty inspection, total sulfide determinations are adequate, although both total and

dissolved sulfide should be determined for several samples to show the relationship between
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FIGURE 4-5. QUICK METHOD OF INSPECTING SEWER LINES
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the two. Dissolved sulfide normally comprises 70 to 90 percent of total sulfide.

4.3.4 Measurement of Surface pH

One of the most useful indicators in the determination of the potential for hydrogen sulfide

corrosion problems is the pH of the pipe crown or structure walls and roof. A simple test

using color-sensitive pH paper is applied to the moist crown wall or roof to measure the

pH. New concrete has a pH of 11. After aging, the pH under non-corrosive conditions

may drop to near neutral, though the presence o~ carbon dioxide in the sewage atmosphere

can further reduce surface pH below 7. Concrete experiencing severe hydrogen sulfide

corrosion may have a pH of 2 or lower. Color-sensitive pH paper is available for many

ranges of pH to yield fairly accurate remIts. Ranges should be selected to allow accuracy

to ± 0.5 pH unit. Figure 4-6 shows a simple device for obtaining surface pH without

entering a confined space.

4.35 Measurement of Sewage Temperature and pH

Sewage temperature and pH should also be measured during the preliminary survey. pH

can be measured using a laboratory pH meter, or using a simple, hand-held probe.

4.3.6 Review of Data

Data from the preliminary inspection program should be tabulated and reviewed to gain

perspective on the overall magnitude of the problem. H corrosion appears severe or was

identified at most sites inspected, further inspections may be justifiedfor other areas of the

collection and treatment system, and a more detailed physical measurement of the extent

of corrosion should be performed.
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4.4 Measurement of Corrosion '

Measuring the relative extent of corrosion is useful to 1) quantify the severity of the

problem, 2) estimate the rate of corrosion, 3) project the remaining use,ful llifetime of the

structure, and 4) develop a database to calibrate predictive corrosion rate models.

Measuring corrosion depth and estimating corrosion rate are often difficult and not highly

accurate due to the variation in corrosion rate within a system. Consc;~quently, data

collected as part of an assessment of corrosion should be carefully reviewed, and sufficient

data should be collected to allow reasonable assessments to be made.

The following are several techniques used to estimate the depth of corrosion penetration.

4.4.1 Manual Methods

The simplest but least accurate technique is to remove the soft corrosion product using a

.' screwdriver or sharp tool until sound, uncorroded concrete is reached, and directly measure

the depth of penetration. Obviously, this method has substantial limitations, since the

depth is measured from a point where concrete loss has likely already occurred. Often,

depth of penetration is measured from the top of protruding aggregate to exposed

uncorroded concrete.

Another technique is to use extendable rods to effectively measure insidl~ diameter of

corroded pipe and compare this with the measured inside diameter of an uncorroded

section. Diameters can be measured horizontally (parallel to the waterline), vertically

(from crown to invert), and at various angles to yield a range of values. As with the

manual technique, corrosion product must first be removed where the measurements are

being taken. The problem with this approach is that pipes are likely to be slightly out-of

round, making it impossible to get accurate measurements of corrosion depth,. In addition,

the depth of concrete over reinforcing steel may vary within the same pipe.
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Both of these techniques are most applicable to large diameter, man-entry size sewers. To

estimate "average" corrosion penetration, corrosion measurements should be taken away

from manholes or structures where turbulence could result in higher, localized corrosion

rates. The most severe corrosion obserVed in gravity sewers will typically be within a

distance of three to ten feet from manholes and other turbulent areas.

4.4.2 Concrete Coring

Taking a concrete core of a pipe or concrete tank wall can be useful for close examination

of corrosion damage, and for estimating the depth of corrosion penetration. For measuring

corrosion, coring is beneficial only if the original thickness of concrete is known. Cores can

be taken from uncorroded sections or from other locations in the same structure or pipe

for comparison. Cores are especially helpful when attempting to determine remaining

concrete cover over reinforcing steel, which can be used to determine the remaining

effective life of the pipe·or structure.

Any pipe in an area with corrosion potential may be fitted with non-corroding vitrified clay

plugs or stainless.steel rods to establish a reference point from which future corrosion can

be measured. The plugs or rods can be installed at any time, regardless of the current

stage of corrosion.

4.4.3 Sonic Caliper

A recent development in remote sewer inspections is the use of "sonic caliper" technology

to detect and measu~e the internal conditions of pipes. The sonic caliper technique uses

the travel-time measurement of a sonic signal to determine the distance from the sonic

transmitter to the target. The sonic caliper operates in the pulse-echo-sonar mOde. Each

sonic transducer acts as both a transmitter and a receiver of sonic signals. Distance

measurements are made from the transducer to the walls of the pipe. The distances to the

walls and the position of the transducer on a floating raft are used to calculate the vertical
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diameter of the pipe (1).

The sonic caliper system is comprised of an instrument raft inserted into thc;~ sewer line, a

computer at the surface which controls the system and displays data, and.a ..cc,nductor cable

which connects the two.

Figure 4-7 shows a typical sonic caliper plot. In the plot the crown loss averages two

inches, and the depth of bottom debris varies from three to six inches. The actual crown

loss may be somewhat greater than reported because the signals will be reflected from the

first surface that they strike. This may be a corrosive cru~t, protruding aggregate, part of

the reinforcing cage, or in some cases roots or gaskets hanging below the crc)wn. Studying

the overall trend of the longitudinal plots and also TV inspection of the line prior to sonic

investigation can help to resolve any uncertainties.

In Tampa, approximately 40,000 feet of line were surveyed using this technique as part of

an equipment development and demonstration project. The Tampa proje~ct yielded the

following results and conclusions:

1. The equipment developed during the project was able to read dimensions in

pipes from sizes 36" to 60".

2. Accuracy of the equipment was within one-half inch of the actual pipe wall

thickness.

3. Completed dimension surveys were used to identify those l:ines in critical

condition and assist in prioritizing which lines should be rehabilitated,

replaced or continued in service UJ:i.til rescheduled for inspection.

4. The bottom transducers are useful in determining cleaning requirements for

either restoration of original capacity or providing information for
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rehabilitation by sliplining.

4.4..4 Television Inspection

Television inspection of a sewer line is not a true means ofmeasuring corrosion. However,

it can provide a -relative indication of how rapidly corrosion is progressing by comparing

conditions in the same line over a period of several years. It is also useful in identifying

problem areas between physical access points.

TV inspection involves use of a closed-circuit television camera to obselVe the conditions

in the sewer lines. The results are shown on a monitor, and documentation can be made

by a videotape. The cameras used to inspect sewers are specially designed for sewer

conditions. The camera is mounted in a casing and is pulled or pushed thro1ugh the sewer

with cables. Light sources are provided for illumination.

4.4.5 Other Techniques

In cases of severe corrosion and subsequent loss of portions of the pipe clrown, soil and

backfill may wash into the pipe, creating a void. Such conditions may eventually lead to

pipe collapse.

The identification of voids can be made using infrared thermographic inspection. This

thermographic system produces a temperature map displayed on a porulble computer

monitor. The voids show up as different colored areas on the ~reen, a,nd allows the

inspection crew to locate the problem areas. Concurrent with the infrared inspection, a

standard visual from a video camera is recorded. This identifies any obvious deterioration

(2).

The technique is useful for identifying areas where sewer collapses are likely. However, it

is applicable only after substantial damage has been done to the pipe, and the subsurface
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void is large. For instance, work performed by the County Sanitation Districts of Los

Angeles County found that upon excavation, none of the anomalies (temperature variations

suggested as being possible voids) obselVed were related to actual sewer deficiencies.

Rather, it was determined that the voids were generally within one foo~ of ground sw:tace

and reflected backfill density variatio~ of little or no significance to sewer system structural

integrity. The technology is, however, in its infancy and improvements may lead to a

reliable means of locating sewer problems.

4.5 Comparing Measured and Predicted Corrosion

4.5.1 Introduction

The ability to identify, locate and define areas susceptible to· corrosion is necessary for

effective corrosion control. This ability can be enhanced through the use of predictive

models. Equations have been developed to allow prediction of both sulfide generation rate

and corrosion rate. Because it is imperative that reasonable assumptions be made in order

to accurately predict rates of corrosion throughout a system, it is recommended that actual

sulfide concentrations be obtained at all points of interest Once this information is

available, corrosion rates can be predicted. It is important to remember, however, that the

predictive corrosion rates thus determined must be verified with field monitoring where

possible to confirm the accuracy of the results.

4.5.2 Model for Predicting Corrosion Rate

The model for predicting corrosion rate consists of two basic equations w~ich determine

1) the rate of flux of hydrogen sulfide to sewer walls, and 2) average and peak rates of

corrosion. Based on predicted corrosion rate, a third equation predicts anticipated service

life of the sewer or structure being investigated. These empirical equations are addressed

in greater detail in publications by the U.S. Environmental Protection Agency, the

American Society of Civil Engineers, and the American Concrete Pipe Association
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(3)(4)(5).

The rate of flux of hydrogen sulfide to the sewer pipe wall can be calculated by the

following equation:

0w - 0.45 (SV)3/8 j [OS] blp'

where: 0 w = rate of flux of hydrogen sulfide to the sewer wall, nil glmz-hr

0.45 - conversion factor from meters to feet

s - energy grade line slope of the stream

v :: stream ~elocity, in ftlsec

j = factor relating the fraction of dissolved sulfide present as HzS to
pH (see Figu!e 4-8)

[OS] - dissolved sulfide concentration, in mg/l

b - surface width of stream, in feet

p' = perimeter of pipe exposed to atmosphere, in feet

Refer to Figure 4-9 for relationships of band p' with sewers flowing partly full.

Once the rate of HzS flux is known, the average rate of corrosion can bc~ estimated as

follows:

0.45 k 0.w
A

where:

CAVI - average corrosion rate of exposed pipe perimeter, in incheslyear

0.45 - conversion factor from meters to feet

k - incomplete acid reaction factor, ranging fro~ 0.3 to 1.0. The k

factor estimates'the efficiency of the acid reaction c:onsidering the

estimated fraction of acid remaining on the wall. 'The k factor
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approaches unity for complete acid reaction.

A - concrete alkalinity, expressed as calcium carbonate, equivalent

decimal fraction. For granitic aggregate concrete, A is 0.17 to 2.0.

For calcareous aggregate, A is 0.9 to 1.1. The ~ value for mortar

lining is 0.4, and 0.5 for asbestos cement. For ferrous pipe, a value

of 0.5 should be used to account for direct attack by H2S (4).

It must be'stressed that the value obtained in the above-noted equation results in an

average value for the corrosion rate. Studies indicate that peak corrosion rates up to 1.5

to 2.0 times the average rate may occur at the sewer crown. High turbulence ,levels

increase the release of H2S and subsequent corrosion rate. The "crown corrosion factor"

and "turbulence corrosion factor", are used to account for these conditions. The peak rate

is determined by the following equation:

Cmu - Cavs x CCF x TCF

where:

Cmu - Maximum rate of corrosion, in inches/year

CaYs - Average rate of corrosion, as previously determined

CCF - Crown corrosion factor, ranging from 1.5 to 2.0

TCF - Turbulence corrosion factor, which typically varies from 1.0 to 2.5

for well-designed junction structures or other areas with .

nonuniform flow conditions, to 5.0 to 10.0 for drops and other

turbulent junctions.

Finally, the useful life expectancy of the sewer can be approximated by the equation:

L=Z
C

where:

L - useful services life, in years
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Z ::= thickness of allowable concrete loss over the reinfo1rcing steel, in

inches

C - corrosion rate, in incheslyear. The maximum value should be

used.

In pipe systems where corrosion has already occurred, the value for Z should be diminished

to indicate actual allowable concrete loss. When dealing with other pipe materials, such

as asbestos cement, non-reinforced concrete pipe, or ferrous pipe, the estimate of useful

life should be based on the amount of remaining pipe wall which can be corroded before

failure occurs. It is important to remember that all pipe is designed to support the soil load

plus a live load and an appropriate factor of safety. Rigid pipe such as asbestos cement,

reinforced concrete, non-reinforced concrete, cast iron and vitrified clay does not require

side support, but flexible pipe such as ductile iron,· steel, polyvinyl chloride, polyethylene,

fiber reinforced plastic and reinforced plastic mortar pipe do require laterall soil support.

As with other types of failure analysis, suitable factors of safety should be utilized in

determining useful life expectancy prior to failure.

4.5.3 Reliability of Predictive Models

1\vo studies were reviewed to assess the accuracy of corrosion modeling: tbe San Diego 

West Point Loma interceptor in the City of San Diego, California, and the Sacramento

Central Trunk Sewer in Sacramento County, California (4). The results. of these two

studies are indicative of the current status of the Pomeroy predictive model equations: The

San Diego - West Point Lama analyses estimated the reinforcing steel in the 114-inch

diameter sewer pipe would be exposed in six years, and the reinforcing stec~1 was actually

exposed in a period of seven years; for the Sacramento Central Trunk Sewer, however, the

actual maximum crown corrosion was two to five times less than the model predicted in the
. .

upper reaches, but only one to two times less in the lower sewer reaches.

Predictive models have been found to be accurate in. some cases, particularly when peak
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corrosion and turbulence factors are utilized and the effect of sidestreams are considered.

A factor of safety may also be incorporated.

Due to the possibility of several factors which can compound the ~culty in predicting

sulfide generation, such as sewer blockages, grit and slime layer buildup, only actual

measured sulfide concentrations should be used as input· to the model to estimate the

corrosion rate. As with all predictive models, actual measurements ofcorrosion penetration

. should be taken to confirm and cahbrate corrosion model equations over time for any area

under investigation.
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5. AL'IERNATIVES FOR CONIROUJNG HYDROGEN SULFIDE CORROSION

IN SEWERS

5.1 Prevention of Hydrogen Sulfide Corrosion in Existing ~er Systems

5.1.1 Introduction

This chapter presents the available techniques for controlling sulfide in sewage collection

systems. A step-by-step approach .to the analysis of alternatives is sugg~sted in this

document for a municipali1}" experiencing corrosion or odor problems in the wastewater

collection system. Hydrogen sulfide corrosion problems in wastewater treatment plants are

addressed in Chapter 6. Control techniques presented in these two chapters may be

applicable to either collection systems or treatment plants.

In sewer system~ hydrogen sulfide corrosion control can be achieved by the following

techniques:

1. Oxidation of hydrogen sulfide in the wastewater, involving air or oxygen

injection or addition of oxidizing chemicals such as hydrogen peroxide

(HzOz), chlorine (Clz) or potassium permanganate (KMn04).

2. Precipitation with metallic salt, such as ferrous chloride (FeClz) ferrous

sulfate (FeSO.). The dissolved sulfide is converted to an insoluble

precipitate, thus preventing release of HzS gas.

3. Elevation of pH through shock treatment with caustic to inactivate the

sulfate-reducing bacteria in the slime layer.

.The mechanisms of hydrogen sulfide corrosion were described in Chapter 2. Most control

methods presented in this chapter are oriented toward reducing dissolved sulfide in

solution, and therefore, minimizing· the release of hydrogen sulfide gas into the sewer

atmOSphere. It is important to understand that reducing dissolved sulfide levels by some
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percentage does not necessarily reduce the rate of corrosion by the same proportion.

No single control system is the most cost-effective in all situations. Selection of a sulfide

control technology for a particular collection system depends upon site ~ecific conditions,

such as dosage rate, availability of chemical, wastewater characteristics, and[ sewer system

characteristics. In fact, multiple types of control processes are often usc~d within one

collection system.

Basic goals and treatment levels for any collection system should be established after

identify.ing the extent of the problem. Treatment objectives may be developed for each

system, but from experience, these guidelines are offered:

1. Maintain dissolved oxygen greater than 0.5 mgll.

2. Keep dissolved sulfide less than 0.1 to 0.3 mgll. While 0.1 mgll is preferred,

it may be difficult and costly to achieve.

3. Maintain hydrogen sulfide in the air at less than 3 to 5 ppm.

4. Increase pipe crown pH to 4.0 or higher.

Techniques available to control hydrogen sulfide corrosion have been (~tegorized as

follows:

• Oxidation Systems

• Precipitation Systems

• pH Elevation

• Other Methods

These techniques are summarized in Table 5-1, and are discussed below (1):
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TABLE 5-1

SUMMARY OF HYDROGEN SULFIDE CONTROL TECHNIQUES

Frequency Cost
Technique of Use f!S.2t! Advantages Disadvantages

I. OXIDATION

Air injection Low; limited Paweronly Low cost. adds Applicable only to
byapp1ication DO to wastewater force mains; potential

to prevent further for air binding. Umited
sulfide generation rate of O2 transfer

Oxygen injection Low in U.s.; Liquid oxygen and 5 times solubility of Applicable only to force mains;
high in U.K.. storage air; high DO possible; achieving good O2 transfer may
Australia ecooomical in force be difficult

mains

Hydrogen peroxide High Dosages for Effective for odor! Costs can be high if
oxidation of all sulfide control in dosases much greater
components gravity sewers or _ than stoichiometric amount

force mains; simple for sulfide oxidation
installation

Chlorine High Dosases for Applicable to gravity Safety considerations
oxidation sewers or force mains

Potassium Low C1emical cost Effective. powerful High COlt. difrlCUlt to
permanganate oxidant to handle

II. PRECIPITATION

Iron salts High Availability .of Economical for Does not control non-HzS
law cost material; sulfide control in odors; sulfid,e control to
freight charges gravity sewers or law levels may be difficult;

force mains dosases variable

Zinc salts Low C1emical avaiI- Lower solubllity Zinc discharge is regulated

III. pH ELEVATION

Sodium hydroxide Medium - Olemical cost Intermittent appl. Special handling of high
(shock dosing) - Storage may be ~ptable. pH slug may be required

• Frequency of use Very simple. little at treatment plant.
equipment required

IV. 01HERS

Nitrate formulations Low' C1emical cost Provides source of O2

Sewer ventilation Very law Pawer Helps maintain a safe. May not be practical except on
Odor Control sewer environment interceptors; not proven
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5.1.2 Oxidation Systems

5.1.2.1 Air Injection

As discussed in Chapter 2, sulfide is produced by anaerobic bacteria that red1llce the sulfate

which is normally present in sewage. Dissolved oxygen levels above 0.5 mgll can generally

prevent sulfide formation. Sulfide can still be produced within the slime layer, but if

dissolved oxygen is present, sulfide will be oxidized as it passes into an aerobic

environment If dissolved oxygen is not present, dissolved sulfide will emter the bulk

wastewater where it can be present as dissolved hydrogen sulfide gas (H2S).

Aeration can be a cost effective method for controlling sulfide generation, but unless air

is introduced by passive means, such as the presence of turbulent conditions in the system,

equipment must be provided to compress and to introduce it into thesewagc~. Advantages

include a reduction of BOD in sewage and non-toxicity. In pressurized line:s, a gas pocket

may develop and cause localized problems if inadequate oxygen transfer has occurred, even

when well-protected by air release valves. Air injection is most commonly applied to force

mains and wet wells.

When using an air injection system, it is necessary to:

1. Estimate the oxygen required for the bulk wastewater (mgll of O2) by

measuring oxygen uptake rate in the laboratory at the expected detention

times.

2. Estimate oxygen required for the slime layer.

3. Determine air flow needed.

4. Select type of air injection, such as direct injection into the force main or

dissolution in aU-tube.
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5.1.2.2 Oxygen Injection

Because pure oxygen is five times more soluble in water than air, it is possible to achieve

higher DO levels in sewage by injecting pure oxygen instead of air.. Pure oxygen may

therefore a more effective method of sulfide control for cases where the total oxygen

requirement exceeds that which can be transferred using air injection. Use of pure oxygen

.as a sulfide control measure is particularly advantageous in pressurized systems, because

dissolution of oxygen is greater at higher pressures. Since less oxygen gas is required than

air to achieve the desired DO levels, the potential for gas pockefgeneration in force mains

is substantially reduced.

Pure oxygen systems typically include a liquid oxygen storage vessel, vaporizer, pressure

regulator, oxygen feed and injection systems, and a control system. Most of these

components can be leased from an oxygen supplier. Oxygen can be injected: 1) in a

pressurized side stream, which is mixed with the main flow; 2) through a U-tube oxygen

dissolver which increases dissolution of oxygen at the greater pressures; or 3) directly at a

pump discharge or force main.

Studies have shown that oxygen will oxidize dissolved sulfides (DS) depending on the

dosage. For example, a typical design guide is to provide 5 mg OJmg DS for oxidation and

then enough additional oxygen to meet the oxygen uptake rate of the wastewater and slime

layer (2). The location of oxygen injection systems is usually at the pump discharge.

5.1.2.3 Addition of Hydrogen Peroxide

When hydrogen peroxide (HzOz) is added to wastewater, it oxidizes dissolved sulfide and

decomposes to water and oxygen, thus keeping conditions aerobic. Dosage rates range

from 1 to 5 lb HzOJIb sulfide, depending upon degree of control, wastewater

characteristics, sulfide levels and length of time involved between the injection and sulfide

control point (3).
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Equipment used for HzOz addition is relatively simple, consisting mainly of storage and feed

components. It must be made of co~osion-resistantmaterial since HzOz will react

vigorously with contaminants such as iron and organic materials. It is usuallly fed from 50

gallon drums or from bulk storage tanks directly into the sewage and is.typically available

as 35% and 50% solutions. It may be necessary to add the chemical at sever;lL1 points along

the sewer. Generally more HzOz is required if sewage remains in the line for more than

90 minutes. Time required for reaction with dissolved sulfide is about 15-30 minutes alld

is slower at lower sulfide concentrations, particularly below 1 mg/l. Protective gear must

be worn when handling hydrogen peroxide.

5.1.2.4 Addition of Potassium Permanganate

Potassium permanganate is a strong oxidizing agent which oxidizes sulfide. It is normally

supplied in a dry state, and is fed as a 6% solution in water. Therefore, c~quipment for

dissolving and feeding it must be supplied. Protective gear must be worn by personnel

handling the material. Because it is a strong indiscriminate oxidizing chemical, the dose

ratio required to achieve sulfide control can be higher than the stoichiometric weight ratio

of 6.5:1.

5.1.25 Addition of Chlorine

Chlorine will oxidize sulfide to sulfate or to elemental sulfur, depending on pH. It is added

at a dosage rate of 10 to 15 lb Cl2 per lb HzS removed (3). Its effectiveness is frequently

reduced because of reactions with other components in sewage. It may be added as an

aqueous solution (sodium hypochlorite) or directly as a gas, using equipment similar to that

installed in wastewater treatment plants for effluent disinfection.

Wastewater treatment personnel are well acquainted. with chlorine, and since it is already

being purchased, there may be a tendency to use it in collection systems, as well as in the

wastewater treatment plant However, application sites will often need to be located in
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residential or commercial areas; therefore, safety in these areas should be considered.

5.1.3 Precipitation Systems

5.1.3.1 Iron Salts

Iron salts such as ferrous chloride and ferrous sulfate react with sulfide to produce an

insoluble precipitate, and are ad!led to wastewater to prevent the release of HzS into the

sewer atmosphere. Dosages are usually dependent on initial sulfide levels, but will

generally range from 4 - 15 lb Fellb sulfide (4). Iron salts may be received as dty chemicals

and dissolved in water for ease of injection, but more commonly they are' purchased as a

solution.

Ferrous chloride and ferrous sulfate are often purchased in bulk, usually in a 40% solution,

and being acid in nature, they must be stored in corrosion resistant tanks and fed through

corrosion resistant lines. A typical feed system involves feeding the iron solution at

multiple rates in relation ~o diumal fluctuations in dissolved sulfide and flow rate.

Ferrous salts will also precipitate phosphorus compounds. When used in sewage systems,

the insoluble phosphates will be removed in the treatment plan~ settling tanks. Use of iron

salts may be particularly suitable for those systems where limitations exist for phosphorous

discharged in the plant emuent.

5.1.3.2 Other Metallic Salts

Other metallic salts will also produce insoluble sulfides. In general they are more costly

than iron saltS. Zinc salts have been used, but since emuent standards and sludge disposal

regulations frequently include zinc limitations, these salts are not usually recommended.
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5.1.4 pH Elevation

The amount of hydrogen sulfide gas in solution is negligIble at a pH above 9.0, since the

sulfide present is nearly entirely in its ionic form (HS"). However, continuous feeding of

sodium hydroxide (NaOH) to maintain an elevated pH is expensive and may disrupt

downstream treatment processes.

The most effective use of sodium hydroXide (caustic soda) is shock treatment of sewers to

produce a pH of 12.5 to 13.0 in the wastewater for a period of 20 to 30 minutes (3). Such

a high pH inactivates sulfate reducing bacteria in the slime layer for a period of a few days

to one to two weeks. The high pH slug may0have to be isolated at the 'VWTP and fed

slowly into the system if it is not diluted in the collection system.

Shock treatment with sodium hydroxide requires little equipment. It is nec~essary only to

send a tank truck to the injection point (upstream as far as possible) from which liquid

caustic soda is added by gravity over a short period of time at a rate sufficie:nt to keep the

pH elevated. As with acidic materials, protective gear should be worn by personnel

handling sodium hydroxide to avoid skin and eye contact.

In some cases, it may be important to mechanically scrape the slime layer in the sewer

before performing the first treatment. The caustic slugging method of treatment usually

provides less direct control of HzS because of the cyclic build-up and destruc:tion of sulfide,

but can be cost-effective.

Another apprC?ach to corrosion control using NaOH is one developed by the County

Sanitation Districts of Los Angeles County. This involves direct spraying of the pipe crown

with caustic soda to neutralize the sulfuric acid. The process, which was stilll experimental

at the time this document was prepared, consists of a floating raft to which is mounted a

spray head. Caustic soda is pumped from a truck though a hose to the spr.ay head, which

applies the chemical to the pipe crown. Preliminary data indicate that the process is
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effective and economical. After application of caustic, pH of the crown surface decreased .

by an average of 0.1 pH unit per day. The Districts are proceeding with procurement of

a trailer-mounted, self-contained caustic spray delivery system (5).

5.1.5 Other Methods

5.1.5.1 Chemical and Physical Techniques

Use of sodium nitrate and formulations containing nitrate have been successfully used for

sulfide control. The presence of nitrate suppresses sulfide generation because anaerobic

bacteria preferentially use the nItrate ion before sulfate as a source of oxygen (1). A

proprietary formulation containing nitrate has been shown to be a cost-effective alternative

for sulfide control at several locations in the United States (6).

Treatment with special bacteria may suppress the action of sulfate reducing bacteria or may

promote the destruction of the slime layer. While successful in the laboratory, such

cultures have shown only limited success in the field.

Limited success has been reported in physically removing the slime layer. At high flowsJ

the slime layer erodes, but this is seldom relied upon as a practical control method in

existing sYstems. Likewise, submerging sewers may prevent corrosion in the submerged

reaches, but generation of sulfide is likely to increase due to increased detention times and

less opportunity for reaeration.

5.1.5.2 Sewer Ventilation

Two of the requirements for hydrogen sulfide corrosion to occur are the presence of

hydrogen sulfide within the sewer atmosphere and damp conditions along the sewer walls

to support microbiological activity.· Sewer ventil:ation can minimize the potential for

hydrogen sulfide corrosion in two ways:

5-9



1. Ventilation can reduce hydrogen sulfide concentrations in the sewer

atmosphere by dilution of the sewer air.

2. Ventilation can reduce humidity levels along sewer pipe and structure walls.

Natural sewer ventilation is provided in all gravity sewer systems, whether the ventilation

mechanism is through house vents, as is prevalent in the United States, or when building

sewers contain house traps, through special ventilation stacks as in the. United Kingdom

and Australia (7)(8). Provisions for separate venting must also be provided for inverted

siphons and often flooded sewer sectio~s (Refer to Figure 5-2). Natural sewer ventilation

occurs through any of the mechanisms listed below.

• Relative difference in air density between the sewer atmosphere and outside

air.

• Frictional drag of the wastewater at the airlliquid interface.

• Rise and fall of wastewater level within the sewer .

•
•

Changes in barometric pressure along the sewer.

Induced air currents caused by wind velocity past vents.

The extent of natural ventilation available within a given sewer is difficult to predict and

highly variable due to the number of factors which can affect it. ThistIethwayte has

recommended a minimum of 0.05 cubic feet per minute of natural air flow for each square

foot of sewage surface to control sewer ambient humidity levels to less than 85%, though

he states that ventilation alone may not prevent corrosion (8). In addition,. the discharge

of hydrogen SUlfide-laden sewer air will likely lead to complaints unless significant odor

treatment is provided. For these reasons, natural ventilation is not a likely means by which

to effectively control either hydrogen sulfide concentration or humidity within a given

sewer.

Mechanical ventilation has been used with claims of at least some succ:ess at various

installations, including Austin, Texas (9), Los Angeles, California (10) and Sydney,
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Australia (7). At the Hyperion wastewater treatment facilities in Los Ange~les, an 8-mile

long sewer was provided with fans to provide 17,000 cfm air flow to control corrosion and

maintain negative pressure within the sewer. The Austin, Texas sewer system originally

contained two separate mechanical ventilation systems which were installed in 1965; one

system serviced approximately 19,600 ft of a 42-inch influent gravity sewer to a pump

station, and the other system serviced an inverted siphon. The air from both systems was

originally discharged into aeration tanks at the treatment facilities.

Subsequent discussions with City of Austin staff indicated that th.e gravity sewer system was

abandoned many years ago. The siphon, commonly referred to as the Walnut Creek/Cross

Town Thnnel, was recently discovered to have severe corrosion problems, likely as the

result of the installation of several large interceptors within the past few years. The

successful results reported prior to that may have been more the result of good engineering

practice than due to forced ventilation. The tunnel project was bored; consequently, any

dips in grade or changes in alignment were gradual. In addition, the upper reaches 'of the

sewer contained a cunette for self-cleansing velocities at low flow. The sewer was also lined

for a distance of 200 feet each way from drop shafts. Finally, energy diissipators were

installed at major intersections, along with air exclusion gates in combination with

adjustable air orifices.

Mechanical ventilation may have a limited effect in sewers which contain numerous house

vents, influent sideline sewers or other air sources. Also, as fresh air travels along a sewer

and becomes saturated, the rate of absorption will become less and deposition of moisture

will occur. Properly sized, a mechanical ventilation system might be capable of reducing

the relative humidity to less than 85%, but if the humidity of the outside fresh air source

is greater than 70%, more frequent air changes will be required to attain 1he same result

(8).
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5.2 Sulfide Control Systems Used in the United States

5.2.1 Summary of Control Systems Used by Selected Oties

. The sulfide control techniques used by selected communities in the U.S. are listed in Table

5-2. In most cases, personnel in these cities are willing to provide more information to

another community to help them solve their hydrogen sulfide corrosion problems, or, to

better understand the available technologies.

5.2.2 Case Histories

1. Sulfide Control with Ferrous Chloride (FeCl2) in Large Diameter Sewers 

Coun1N Sanitation Districts of Los Angeles Coun1N (4)

Ferrous chloride addition was partially effective in reducing corrosion in large diameter (54

144 in.) sewers based on full scale testing and an interim installation for three outfalls

leading to the Joint Water Pollution Control Plant in Los Angeles County, California.

,FeClz dosages varied for each outfall, depending on the concentration of dissolved sulfide

present as shown below:

FeClz Dosage for 90% Dissolved Sulfide Removal

(November. 1988)

Estimated Ratio of
Dissolved Sulfide Level Ferrous Chloride to Dissolved Sulfide

4 mgll or greater

1- 4 mgll

less than 1 mgll

7:1

15:1

100:1

Testing performed during full scale demonstrations included monitoring dissolved sulfide,

pH, temperature, dissolved oxygen and iron. Hydrogen sulfide levels in the sewer

atmosphere were reduced, but not in proportion to dissolved sulfide removals.
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TABLE 5-2

HYDROGEN SULFIDE AND CORROSION CONTROL SYSTEMS
USED BY SELECTED CITIES IN THE U.S

CITY CONTROL METHOD USED REFERENCE·

'.
AI .NM C12 Inject., H202 Inject., 02 inject., KMN04 Inject. 3
Altamonte Springs. FL FeS04 Injection 11
Antioch. CA 02 Injection 12
Austin. TX Sewer Ventilation 9
Baton Rougc, LA C12 Injection 3
Battle Creek, MI Air Injection, KMn04 Injection 3
Bayvillc. NJ Air injection, C12 Injection
Broward County, FL C12 13
Casper, WY NaOH Injection 3
Cedar Rapids.1A NaOH Injection 20
Charlotte, NC H202 Injection 3
Colorado Springs, CO H202 Injection
Dallas, TX Min. Pipe Slope. Corr. Resist. Mat'Is. 3
Denver, CO H202 Injection 3
Duluth, MN Corr. Resist. Materials 3
EI Paso, TX 02 Inject., KMn04 Inject., Corr. Resist. Mat'ls 3
Farifax, VA H202 Injection

, Fayetteville, AR NaOH Addition, FeC12 Injection 14
Fort Lauderdale, FL Air Injection, H202 Injection
Fort Worth, TX H202 Injection, KMn04 Injection 3
Greensboro. NC Air Injection
Hilton Head Island, SC FeS04 Injection 11
Honolulu, HI Corr. Resist. Materials, C12 &H202 Injection 3
Indianapolis, IN FeS04 3
Jefferson Parish. LA 02 Injection
Keene, NH 02 Injection (U-tube)
Knoxville, TX C12 Injection
Lake Worth, FL FeS04 Injection 11
Lakeland, FL Corr. Resistant Materials 15
Little Ferry, NJ H202 Injection
Los Angeles, CA Air Inject., NaOH Slugging, FeC12 Inject.,Sewer Ventilation 4,10,12
Louisville. KY FeC12 lIijection
Mesa, AZ FeC12 Injection 12.16
Milwaukee. WI NaOClInjection 3
Mineola. NY Flooding lines
Myrtle Beach, SC Ozone Injection
Nashville. TN Corr. Resistant Materials. FeS04 Injection 3
Om!ha. NE FeC13 Injection, NaOH Slugging 3
Orlando, FL H202 Injection 3
Phoenix. AZ C12 Injection, H202 Injection, Air Injection 3
Pine Bluff, AR Unspecified Chemical 3
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TABLE 5-2 (Cout.)

CITY CONTROL METHOD USED REFERENCE·

Raleigh, NC C12 Inject., Corr. Resist. Mat'ls. 3
Sacramento, CA C12 Injection, H202 Injection, Air Injection - 12
San Antonio, TX Air Injection, H202 Injection 3
San Diego, CA Corr. Resist. Materials 3
Seattle, WA H202 Injection, Air Injection, Corr. Resist. Mat'ls. 3,17
St. Louis, MO Air Injection, H202 Injection 3
Tampa, FL Upspecified Chemical 3
Tempe, AZ Caustic slugging
Virginia Beach, VA C12 Inject., NaOH Inject., H202 Inject., Corr. Resist. Mat'ls. 3
West Palm Beach, FL H202 Injection 12

.Yuma, AZ FeC12 Injection 18

1;-'-,

I-P;

)* REFERENCES - AT CONCLUSION OF THIS CHAPTER
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The District measured a one unit increase in pH on the pipe crown lilnd estimated

corrosion at the rate of 0.2 in/yr, which was a three fold decrease in corrosion rate due to

FeCI2 addition. The District also estimated that dissolved sulfide was reduc:ed by 70-90%

to a range of 0.2-0.5 mgll, and H~S was reduced by 50-70% in the sewer .atmosphere.

A cost of $700,000 was estimated for three installations to cover 75 miles of sewer. An

annual cost of $2.5 million was projected for 90% sulfide control.

Sulfide Control with Hydrogen Peroxide - City of Clearwater. Florida (19)

The City of Clearwater, Florida uses hydrogen peroxide (H20 Z) in the collection system to

control odor and corrosion. The long force mains from the beach area to the main pump

station and wastewater treatment plant have a detention time of greater than four hours.

HZ0 2 is dosed at three locations as shown on Figure 5-3.

H20 Z has been used in this system since 1984. The long force mains allowed significant

amounts of dissolved sulfide (8.5 mg/l) to be generated. Corrosion also occurred in

sections of the force mains that were not flowing completely full.

The results of the sulfide control system have been to maintain dissolved sulfide at 0.4 - 0.8

mgll over the past several years (1986 - 1989) and HzS in atmosphere of the Bay Front

Pump Station at about 1 ppm. Dosages are reported to be averaging 1.5-1.6 lb

HzOJlb dissolved sulfide.

Sulfide Control with Pure Oxygen - Jefferson Parish. Louisiana

Jefferson Parish uses direct oxygen injection systems in a large collection system comprised

of over 500 pump stations. The oxygen is injected to maintain aerobic conditions in the

system tributary to the treatment plant, to reduce sulfide levels, and .. to control HzS at the

plant to 5 ppm as inlet air to the odor control scrubbers.,
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Each direct injection installation includes a liquid oxygen storage tank, vapc)rizer, control

unit and injection diffusers in the force mains. Oxygen is fed continuously, based on the

pumps running, and the dosage is increased using a timer to meet peak demands. The

systems were started up in 1988 and 1989 and are still being tested and optimized. The

current cost (August, 1990) for liquid oxygen is about $0.03/lb and the City spends about

$200,OOO/year on oxygen for the entire system. The largest installation is bE~ing expanded

from a 600 cfm to a 1200 cfm oxygen injection rate. One problem currently experienced

is diffuser plugging.

In the upstream areas of the collection system, ferrous chloride is.added to rc:~move existing

sulfide to supplement the control program using pure oxygen. Other corrosion control

techniques used at this location include corrosion-resistant liners in the collection system.

Sulfide Control with Caustic Slugging - Cedar Rapids. Iowa (12)

The City initiated caustic slugging in 1985 on the 5.9 mile, 84 in. and 94 in. gravity

interceptor sewer to the Cedar Rapids Water Pollution Control Facility, and has continued

with the operation through 1990. A tanker load of 50% caustic is dumped during a 20 -30

minute period in the early morning at a point well upstream of the plant

The objective is to inactivate the slime layer in the pipe to reduce sulfide levels. The pH

is elevated to about 12.5 and arrives as a slug at the plant During the early years, of

operation, a primary clarifier was set aside to receive and store the material. However, now

only the pH through the plant is monitored and no negative effects have been reported.

In 1985, data were collected on the sulfide levels at the plant. The cyclic nature of the

sulfide reductionlbuild-up is seen in Figure 5-4. Currently, the operation is repeated every

2..3 weeks or is slugged with caustic when sulfide levels reach 2 mgll at the treatment plant.

The City reports that the cost of caustic has doubled since 1985 (current price is $0.19/lb
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as 100% NaOH), and ~erefore, it is considering other sulfide control strategies in

conjunction with caustic slugging, or in place of slugging. The City will initiate field

inspections for corrosion in the collection system in 1991 but reports that corrosion is not

a significant problem. The City does not store NaOH because of th~ ~eed to control

temperature to prevent crystallization of the product, which occurs at appro~dmately40oP.

S.2.3 Chemical Costs

Range of 1990

Costs for

Chemicals ($L!h)Chemical

The following are typical costs for chemicals commonly used for sulfide control:

Range of Reported

Dosage Rate: (lb

Chemil:al per lb

H2S Rc~moved)

Ferrous Chloride

Pure Oxygen

Hydrogen Peroxide

Potassium Permanganate

Chlorine

Sodium Hydroxide

0.08 - 0.36(a)

0.03 - 0.12(b)

0.34 - 0.75(c)

1.23 - 1.28(d)

0.20 - 0.33(e)

0.18 :. 0.25(1)

4-15

5-10

1-5

6-7

10-15

pH = 12.5

NOTES

(a) Costs are per lb as FeCl2 which will vary from 25-35% (specific gravity 1.3 - 1.44)
and iron content will vary from 10-15%. The range in prices is due to freight
charges as a commodity chemical. Costs will be quoted from suppliers by iron
content or per gallon.

(b) Costs are per Ib of pure oxygen. Prices are quoted per 100 cu ft and there are 8.28
Ibs O2/100 cu ft. The range of prices is from very large to very small quantity of
purchases. Rental of liquid oxygen storage tanks can cost from about $500 
S2,ooo/mo. (1,500 - 13,000 gal. storage tanks).
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(c) Reported as 100% HzOz, but is purchased as 35 or 50% solution. Cost range iS,due
to freight charges.

(d) Reported per lb ofKMnO.. and is based on 24,000 lb minimum annual usage. Costs
do not include freight charges which are variable.

(e) Reported' per lb of chlorine for one ton cylinders, depending on quantity purchased
,and freight. Chlorine costs are very low in some states.

(f) Costs are per Ib 100% NaOH, but is delivered as 50% solution. Range is dependent
upon freight charges, and is reported for bulk deliveries. Fifty-five gallon drums cost
about $0.40-$0.50Ilb as NaOH.

It must be emphasized that material cost is only one element of total treatment cost. It is

necessary to add labor, capital costs, utilities and maintenance to determine total treatment

cost.

5.3 Procedure to be Followed in Selecting Corrosion Control Method(s)

5.3.1 Bench Scale Testing and Preliminary Cost Analysis of Alternatives

Using actual wastewater samples containing typical sulfide levels, jartests can be conducted

in the laboratory to estimate pounds of chemical needed per pound of HzS removal. Such

results will not always correspond to quantities needed in the field because other reactions

are taking place, such as natural introduction of oxygen. Moreover, the slime layer which

exists in a sewer cannot be reproduced accurately in the laboratory. The laboratory tests

will serve to eliminate candidates which perform poorly and will help in sizing equipment

to be used in field tests.

As mentioned previously, reviewing control methods used in similar collection systems is

a good start for evaluating control alternatives. In discussing the problem with personnel

from other facilities, or in reviewing the literature, some systems may be initially eliminated.

Selection of viable alternatives will then depend on cost, unless other factors such as
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introduced hazards may eliminate others.

While some chemical costs are listed in Section 5.2.3, actual cost in a partic:ular location

depends upon such factors as quantity required, distance from a sour~e" of supply, etc.

Chemical supply representatives should be contacted for current quotations. The supplier

can often provide information on the type of equipment recommended for storage and

feeding of chemicals. A rough estimate of investment costs should be m~de which should

include chemical cost, capital canying charges, labor, miscellaneous supplies, utilities, and

an allowance for maintenance.

5.3.2 Field Demonstration of Best Control and Lowest Cost .Alternatives

A field test of likely alternatives is generally mandatory. Frequently, suppliers can advise

on how their product can be tested economically, and they will lease equipment. A test

site(s) should be selected for an injection point upstream of a section of the system where

hydrogen sulfide corrosion is known to be taking place.

The reaction time required for the chemical should be estimated. For example, FeClz
requires about 20 minutes and HzOz about 30 minutes. Select the location for chemical

addition and assess if two or more points of injection are required, because of downstream

distances or sulfide generation that is occurring downstream. Add more chemicals to

account for predicted downstream generation.

The full scale tests should be set up to provide sufficient monitoring of performance.

Therefore, analyses of dissolved sulfide, total sulfide,DO, pH, temperature, and

atmospheric HzS should be tested. In some cases, such as when using iron salts, the

wastewater should be tested for residual iron levels. Offset testing can be considered where

a theoretical slug of sewage is, monitored as it travels between test locations to get a

"snapshot" of the effectiveness of the product over time and distance. Dyt~S are used to

verify that a sample is taken of the same slug as it travels downstream.
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Record dosages of the chemical, and using the data, prepare tables that relate each location

on the reach to (1) the dosage ratio of product to dissolved sulfide, (2) dissolved sulfide

without treatment, (3) dissolved sulfide with treatment, and (4)' sulfide reduction. Assess

the dissolved sulfide:total sulfide ratio before and after treatment. Plot d.issolved sulfide

and atmospheric H2S for each location with and without treatment.

Perform tests of crown pH after one week to determine any changes to background levels.

Consider follow-up testing to assess rates of corrosion (in/yr) by the sampling techniques

previously presented.

5.3.3 System Selection

Performance criteria need to be established, but are sometimes difficult to achieve or verify.

For example, to control hydrogen sulfide corrosion, the following objectives may apply to

a particular system or sulfide control program:

• Maintain DO greater than 0.5 mgll to eliminate sulfate reduction, or increase

ORP to + 100 mv

• Reduce dissolved sulfide to 0.1 to 0.3 mgll.

• Reduce H2S (in sewer air) to less than 3 to 5 ppm to reduce corrosion rate.

• Increase crown pH to 4.0 or greater.

Field tests of dosages and local chemical costs are used to determine the cost per pound

of dissolved sulfide removed. Also, the performance of each product, according to the

desired performance standard, is required in this evaluation. The selection of a

performance standard is site specific.
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6. ALlERNAnvES FOR CONfROLLING HYDROGEN SULFIDE CORROSION

AT PUMP STATIONS AND TREATMENT FACll.JTIES

There are primarily three methods by which hydrogen sulfide corrosion cap be controlled;

by minimizing the generation and release of hydrogen sulfide, by the lise of paints and

. other protective eoaungs and linings and by the use of corrosion-resistant materials. These

al~matives and some of the more common examples which fall under each categoIY are

descnoed in the following sections.

6.1 Control of Hydrogen Sulfide

Control of hydrogen sulfide can be accomplished by chemical addition as discussed in

Chapter S. This consists primarily of introducing materials to the wastewater to prevent

sulfide generation, to oxidize or precipitate existing sulfide compounds, or to temporarily

adjust pH to discourage sulfide generation.

Ventilation of corrosive atmospheres is generally not practiced on gravity sewer systems

(except in the case of inverted siphons). However, ventilation is common in pump station'

wet wells, covered tanks and channels, though it is normally provided to minimize the

potential buildup of flammable gases and to ensure a safe working environment for human

exposure rather than for protection from hydrogen sulfide corrosion. Many of these

systems are not of sufficient capacity to maintain a fresh air supply on a continuous basis,

because human activity within the confined area is minimal and infrequent. Often, only a

vent stack or pipe is provided for release of noxious gases, and no positive air inlet is

provided other than from the sewers entering and exiting the tank. In other cases where

forced mechanical ventilation is provided, the equipment operates only when a door is

opened. Even though ventilation (and particularly forced mechanical ventilation) can offer

an effective method-to minimize hydrogen sulfide accumulation, this is rarely practiced, and

excessive corrosion may occur along the walls, and ceilings of these structures. Ventilation

systems should be provided to ensure positive air changes occur continuously and at a
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moderate rate. The air flows collected m~y in tum be treated to reduce offsite odor

impacts. In addition to providing adequate ventilation within enclosed area$, measures

should be taken to minimize turbulence by providing drop pipes or other means for

obtaining submerged inlets, thus preventing vertical liquid free fall.. To prevent

accumulation of grease and scum, outlets should not be submerged iD qu:iescent tanks

without skimmers. Grease is particularly offensive in odor, ~d some floating solids can

contribute to the generation of hydrogen sulfide gas. Steps should'also be taken to limit

the amount of solids and debris allowed to collect on bar racks, screens, in wet wells, tanks,

and channels, as discussed in Chapter 3.

Electrical enclosures can become severely corroded by hydrogen sulfide, eilther by virtue

of their presence in a corrosive atmosphere, or by hydrogen sulfide migrating to the

enclosures via unsealed electrical conduit. AcCording to the Instrument Socie:ty ofAmerica

(ISA), active sulfur compounds rank with inorganic chlorides as the predomiinant cause of

atmospheric corrosion in the process industries (7). ISA has classified gaseous airborne

contaminants based on the rate at which corrosive contaminates react with copper. The

ISA Classification of Reactive Environments is presented in Table 6-1. The ISA

classification indicates ·that only the Gl - Mild rating for contaminant leve:1s (less than 3

ppb HzS) presents an environment sufficiently well-controlled to preclude c:orrosion from

affecting equipment reliability. It should be noted that the classifications alre listed based '.

on less than 50 percent relative humidity. The classification should be increased one

severity level for each a) 10 percent increase in relative humidity over 50 percent, or b)

relative humidity rate of change greater than 6 percent per hour.

Four methods are frequently utilized to minimize corrosion within electrical enclosures; 1)

using gasketed enclosures to prevent ently of corrosive gases, 2) maintaining positive air

pressure within the enclosures, 3) purging with nitrogen gas, and 4) using vapor corrosion

inhibitors.

Gasketed electrical enclosures, such as NEMA 4X, which are rated watertiight, dust tight
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TABLE 6-1

INSTRUMENT·sdcml'Y OF AMERICA
CLASSIFICAnON OF REACI1VE ENVIRONMENTS

BASED ON HzS CONCENTRAnONS

Severity Level 01 (H2S < 3ppb)

Mild • An environment sufficiently well-eontrolled such that corrosion is not a factor in
determing equipment reliability.

Severity Level 02 (H2S < 10 ppb)

Moderate • An environment in which the effects of corrosion are measurable and may
be a factor in'determing equipment reliability.

Severity Level 03 (H2S < SO ppb)

Harsh • An environment in which there is a high probability that corrosive attack will
occur. These harsh levels should prompt further evaluation resulting in environmental
controls or specially designed and packaged equipment.

Severity Level OX (H2S ~ SO ppb)

Severe - An environment in which only specially designed and packaged equipment
would be expected to survive. Specifications for equipment in this class are a matter of
negotiation between user and supplier.
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and corrosion-resistant, are commonly used in corrosive areas. NEMA 4X enclosures

require the use of conduit hubs or equivalent provision for watertight connection at the

conduit entrance, and mounting provisions external to the equipment cavity. The

enclosures must be closed properly in order to retain their rating. Co~on1y due to

personnel inattention, the enclosure doors are not properly secured and internal corrosion

results.

In order to offset the potential for leakage due to inattention or for added precaution, fans

with an external clean air source can be used to maintain a positive air pressure within the

enclosure. In this manner corrosive substances are much less likely to enter the enclosure.

The key elements of this type of electrical enclosure corrosion protection include a constant

power supply to ensure positive pressure is maintained by the fan, and a fresb air supply.

At wastewater treatment facilities, air free from hydrogen sulfide may not be available.

As an alternative to maintaining pressure with clean air, nitrogen gas can be used. With

this option, each panel, enclosure, or instrument case is connected to a low-pressure

nitrogen supply, which serves to maintain positive pressure within the enclosures and thus

minimizes exposure of the electrical equipment to corrosive ambient air.

Vapor corrosion inhibitors (Vel) consist of fogs, sprays, impregnated f(,ams, plastic

emitters, strips, powders and other vehicles by which ions are dispensed to create a

molecular corrosion inhibition film. The va dissolves in the presence ofmoisture to form

a water electrolyte. It vaporizes and condenses on exposed metal surfaces, alild is claimed

to be self-healing and self-replenishing. By effectively coating exposed metal surfaces

through ionic attraction, the VCI protects metals from corrosive attack. The VCI are

stated to have a useful life of up to 24 months, are comp~ct and require no special

installation tools or activation procedures. Data on their effectiveness against hydrogen

sulfide attack is limited to case studies provided by the manufacturer. In OJi1e instance, a

wastewater pump station was experiencing monthly call-outs to a sewage pumping station

due to corrosion occurring on the contactor armatures. Upon installing VCI, the corrosion



stopped, provided the cabinet doors were properly closed, as protection depeIlds on vapor

being trapped within the cabinet.

6.2 Protective Coatings and Linings

Protective coatings include p~ts, sacrificial coatings and chemical conversion coatings,

while linings consist of polymeric materials (usually pre-eured) physically attached to the

material being protected.

6.2.1 Protective Coatings

Protective coatings can be subdivided into three generic types:

'.

1.

2

3.

Metallic Coatings

Non-Metallic Coatings

Chemical Conversion Coatings

All paint and coating systems require care in the selection of type of coating system to be

used, surface preparation requirements, methods of application, wet film thickness, curing

requirements and total dry film thickness. Of particular importance with pailtlt systems are

curing temperature and curing time prior to immersion.

All paint and coating systems are susceptible to corrosion attack. Paint and coating systems

can be attacked by any of the mechanisms listed below.

• Water, in the presence of salts, is an electrolyte and hydrolyzes certain paint

components. The paint strength and adhesive properties are reduced.

• Oils, greases and soaps contain solvents which can soften the paint or make

it more susceptible to abrasion.
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• Physical forees such as alternate wetting and dtying, heating and cooling and

freezing and thawing, especially at the water surface.

• Sunlight and abrasion can similarly degrade coating surfaces.

• Hydrogen sulfide gas may be able to penetrate paints and protective coatings

which have been partially eroded by the wastewa~r stream and biological

activity.

• Once hydrogen sulfide gas reaches steel, the buildup of corrosion products

and gas can form blisters which rupture~ thus providing a larger area for

corrosion attack.

• Hydrogen sulfide in moisture can be biologically oxidized to sulfuric acid,

which can attack through pinholes and other surface defects.

6.2.1.1 Metal Coating Systems

Metallic coating systems can be subcategorized further into galvanizing and electroplating

systems. Galvanizing provides sacrificial protection of the base metal and is commonly

performed by dipping the metal to be protected into a molten zinc or cadmium bath. The

effective service life of zinc galvanizing is directly proportional to the thickness of the

galvanized coating.. Inorganic zinc coatings.have also been developed and include sodium

silicate, which provides good bonding with the base metal while producing stable insoluble

corrosion byproducts.

Other metallic coating systems fall under the electroplating sub-category, whereby a th~

copper layer is first applied to the base metal, and an impetvious physical barrier is

electrically bonded to the copper. Metals used in the electroplating process include

aluminum,· tin, lead, nickel/copper alloys, stainless steel, nickel, chromium and silver. Of.
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these, nickel, chromium and silver coatings are frequently used for corrosion protection.

6.2.1.2 Non-Metallic Coating Systems

Non-metallic coating systems consist of vinyl, epoxy and silicone resin primers and paints.

Paints can be further classified as either 1) thermQplas~c, ~cluding asphaltic/coal tar and

polyethylene, which are applied hot and cure by cooling, and 2) thermosetting, such as,

polyurethane and epoxy, which set by chemical reaction caused by a separate curing agent.

All painting systems require great care in selection of paint type, surface preparation, wet

film and total dry :film thicknesses, and curing requirements (particularly temperature and '

time prior to immersion). In addition, recent volatile organic compound (Voe) regulations

have been promulgated by the Clean Air Act amendments for 1992 and beyond. This has

resulted in the modifications of paint and primer formu~as. Its effect on corrosion

protection, if any, likely will not be known for several years.

The most common painting systems used for submerged environments and corrosive

atmospheres are coal tar epoxies and epoxy paints. There are probably more coal tar epoxy

coatings on concrete at wastewater treatment facilities than any other c:oating system

currently available. However, the County Sanitation Districts of Los A1i1geles County

(CSDLAC) experience has been that coal tar epoxy coatings fail within a few years when

subjected to sulfuric ~~id attack (5). Some have argued that the reason for failure of coal

tar epoxies are twofold: 1) that microorganisms utilize the organic sulfur within the coal

tar epoxy itself, and 2) that because coal tar epoxy has a significantly greate:r coefficient of

thermal expansion, high induced stress in the concrete lead to premature failure (6).

Epoxy paint systems have been shown to be effective for submerged applications on steel

and concrete. They are durable and provide excellent resistance to acids, aUcalis, solvents,

abrasion and impact. Upon exposure to sunlight, epoxy coatings chalk, but the integrity of

the coating system is unaffected. Epoxies can be cured by heat e)r by internal

polymerization with amines. Polyamides are more frequently used as a curing agent,
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however. They provide better adhesJo~ moisture tol~rance and flexibility, and have a

higher solids content than do the amines. A disadvantage of the polyamides is less

chemical resistance than provided by the organic amine curing agents.

CSDLAC is conducting continuing studies to evaluate the effectiveness of various coating

used for protecting concrete from sulfuric acid attack. The pilot scale study involves

subjecting the coating, which is applied by the vendor to damp concrete, to a solution of

10 percent sulfuric acid. The study cited several formulations of polyester resin, vinyl ester,

coal tar epoxy, epoxy and specialty concrete as having excellent bonding characteristics to

both corroded and uncorroded concrete, as well as to themselves, and also excellent

resistance to sulfuric acid attack (5). It must be noted that all of the successful coating

systems consisted of sand-extended resin systems (polyester, vinyl ester, epoxy and coal tar

epoxy) that were applied as a three-step process (primer, sand-extended thickened coating

and top coat) to a thickness of 120 - 150 mils. For instance the same product which scored

an excellent rating when used as. an extended sand system scored very poorly when used

without the sand (reference test numbers 17 and 57 in Table 6-2.) Table 6-2 summarizes

the coating ~tems evaluated by CSDLAC, and their performance.

When dealing with metals, consideration of coating systems must also include proper

selection of primers. Two basic types of primers exist; 1) inhibitive primers and 2) barrier

primers. Inhibitive primers include zinc chromate and red lead. Zinc chromate is not

recommended for use in acidic or immersed environments. Red lead primers are alkaline

and thus can neutralize acid agents. They also react with oils to form dense, low

permeability films. Inorganic zinc primers are very effective and an excellent choice for use.

in immersion service.

6.2.1.3 Chemical Conversion Coatings

Chemical conversion coatings cause a chemical reaction to occur between the coating

material and the base metal such that the coating becomes an integral part of the metal.
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TABLE 6-2

LOS ANGELES COUNTY SANITATION DJSTJUcr8 COATING STUDY (5)

COATING TEST PERFORMANCE

PERFORMANCE ItATINO

!!ASBOP . CORROSION BONDINO CUMULATIVB

STATUS TESTIOI!NBRIC TYPB BRANDNAMB APPLICATION RESISTANCE PERFORMANCE COMMI!NTS TOTAL

CS 17 POLYBSTBR QUANTUM I I I NO PROBLllMS 5

CS 44 POLYBSTBR I. B. T. SYSTEM 5 2 I I 4

CS sa VINYL ESTER 120 VINESTER I I I BXTI!NDBD CURB 5

CS 57 COAL TAR EPOXY MAINSTAY Ds-4 I I I 5

CS <40 LINER VlNYLmANB (pVC) I I 2 4

CS 28 EPOXY CONCRBSlVB 1305 I 2 I NO PROBLIlMS 4

CS 45 EPOXY CHESTERON 791 POLYMER QUARTZ I 2 I CORROStoH BUBBLES 4

CS 25 EPOXY AQUATAPOXY 2 I I SURFACE REPAIR RfQ 4

TOS 55 EPOXY .. P. I. CRYSTAL QUARTZ I I I NO PROBLIlMS 5

TBS 50 EPOXY MAOMA QUARTZ 2 I I 4

TOS 49 EPOXY SEMSTONB 1<405 I I 1 5

9' TOS 59 SPECIALTY COHCRBTB HORTONCRETB 126-6200 I 2 NO'ROBLEM S

\0 TBS 58 SPECIALTY CONCRBTB HORTONCRETB 126-6200 2 2 NO PROBLEM 4

TOS 61 EPOXY RESIN SAUBRBISI!N 210 2 I

TESTINO CONTINUI1S

66 SPECIALTY COHCRBTB CHEMPRUP (NOT A COATING) TEST CONTINUes

65 URETHANB POAM • PVC LINER ALLIED POAM • PVC I TEST CONTINues

64 URETHANB ALLIEDPOAM I TEST CONTINUes

6S PVCLlNBR DANBY PVC-T-LOCIt I I TEST CONTINUes

62 PVCLlNBR PVC-T-LOCIt I I TI!ST CONTINUes

PAlLED SYSTEMS

52 URETHANB CRANDALSHBIOOO I I 2 DELAMINATION 4

42 EPOXY mRElCRBTE 204 2 2 I JOINT WIlAINI!SS . 5

10 URETHANB PR475 2 2 I SURFACE REPAIR R!Q 5

II SPECIALTY COHCRBTB PCM505 I 4 I ACID REACTION 6

51 EPOXY CRBARRIBR 2 S I PINHOLES 6

20 COAL TAR PARBERTITB I 4 I ACID AnAClt 6

21 EPOXY IPANOLCH I 4 I ACID AnAClt 6

I URETHANB SI!NOTEX SOlI5 2 I 5 IMP. PIUMBIl RfQ·D. 6



TA.IIU!~2 (CONT.)

LOS ANO'!Lm COUNT'{ SANtrAnoN DtsnJCI'S COATlINO STUDY (5)

COAnNGTESTPfllPOlUfANC!!

PEIU'OMrfAN'CE JtA.noo
!!ASEOF CO'IUlOSifON ~DJN(J , CUMUI.ATtVB

STATUS TEST/OENEIUC TYPE !lUND NAME APPUCATJON WI5TANC! P!!JtPOItMANCE cow.mns TOTAL

2 SPecIALTY CONCRETB SILOSEAL I 4 I ACID lI!ACTION 6

35 LINER URETH\'U!NB LINER I 2 3 POOR I()tfI)!NO 6

6 SPI!ClALTY CONCRETE mOROSEAL I 4 I ACID REACTION ,
3 URBTHANB ZEBRON 2 I 3 PRIMa N1!I!DI!D 6

47 URBTHANB SANCON 100 2 2 2 POOR CURINCJ AUJJW 6

33 URBTHANB Lt304-261 3 3 I PINHOLES 1

56 EPOXY' NU-KLA.O lOOA 2 4 I ACID IU!ACTION 1

~I URBTHANB Sl!NOTEX 3013 3 I S PINHOLES 1

~I EPOXY' OVERKOTBV .. 2 I ACID REACTION 7

22 EPOXY' FOSROC EPOXY' LINER 3 S I >30 MILS lBQ'O. 1

26 URBTHANE! vmRABONO SOO 4 I 2 POOR IIOHDINO 1

Cj" II' EPOXY' SIKAGARD62 2 4 I ACID REACTION 1...
0 16 EPOXY' CONCRESIVE-I30S 2 4 I PINHOLES 7

12 SPECIALTY CONCRETB POLYMER CONCRETE 3 S I . ACID REACTION 7

55 COAL TAR URETllANB BITUMAmc COAL TAR URETHANB 3 2 3 PINHOLES •
54 VINYLESTl!R PLAStrB 4300 3 3 2 ACID REACTION •
32 URETHANE! SANCON-IOO 4 2 3 PINHOLES 9

I~ EPOXY' SlUOARD61 2 4 3 ACID REACTION 9

57 POLYI!STI!R QUANTUM 2 4 4 PINHOLES 10

31 sn.ICONB BUTEC 165-205 4 4 2 PINHOLES 10

13 SPI!ClALTY CONCRETB ALL-cRETE MP 4 OFPMAUBI'

29 LINER PVC 3 I POOR JOINTS

34 SPI!ClALTY CONCRETB ACID-PROOP CEMENT NO. 54 2 2 CEMENT POROUS..

1 EPOXY EHGARD«O I 4 ACID REACTION

~3 CONCRETE SEALANT CRYSTAL-LOIC I 4 ACID REACTION

9 URETHANB PR319 I 4 ACID 1U!ACTION

39 URETHANE! ZEBRON 38619000 4 I PINHOLES

30 COAL TAR EPOXY' CI'E-200 4 • ACID REACTION

•1 CONCREfE SEALANT SINAlC SEALER, SIOI cl SI02 I 4 ACID REACTION



TABU! 6-i (CONT.)

LOS ANOI!LI!S COUNTY SANrrATION DISTRICfS COATINO STUDY (5)

COATINO TEST PERFORMANCE

STATUS TESTIOENERIC TYPB BRANDNAMB

PERFORMANCE RATINO

EASE OP CORROSION BONDING

APPUCATION RESISTANCE PERFORMANCE COMMENTS

CUMULATIVB

TOTAL

• URETHANE PR311 1 4 ACID REACTION

15 EPOXY CONCRESIVE AI!IH513 3 , POOR BOND

46 SPECIALTY CONCRETE HORTONCRETEl26-6200 3 4 AIRPOCmI'S

36 URETHANE OS 1490 4 , POOR BOND

4 URETHANB TORBON 4 , PINHOLES

fiG UREI'HANB P. R. -2331 4 , POOR BOND

5 URETHANE DURATHANE 4 , PINHOLES

23 EPOXY PLASITB 5301 1 NO TEST

24 PHENOLIC PHENOLINE 3111 , OPPMARItET

'17 SPECIALTY CONCRETE SWlNDRBSS BOND 110 3 ACID A1TACK-NO TEST

~....------------------------------------------------------
~NOTES POR STATUS:

CS INDICATES THAT THE CSDLAC CURlU!NTLY SPECIPII!S THE COATINO SYSTEM.

TBS INDICATES THAT THE CSDLAC INTENDS TO SPECIPY THE COATINO SYSTEM IN THE NEAR FUTURE.

NOTES POR PERFORMANCE RATlNOS:

I. NO PROBLEMS DURINO APPUCATION; EXCELLENT RESISTANCE TO ACID SOLUTION: OOOD BOND TO CONCRETE SUBSTRATE.

2. SOME APPUCATION PROBLEMS. BUT NOT ATTRIBUTABLE TO MATERIAL: SOME REACTION WITH ACID. BUT NO COATINO PAD.URE; ADEQUATE

BUT NOT TENACIOUS BOND TO CONCRETE SUBSTRATE. PROBLEMS ARE NOT SIONJPlCANT.

3. SIONIPtCANT PROBLEMS DURINO APPUCATlON: POOR CORROSION RESISTANCE; MATERIAL Dm NOT BOND PROPERLY TO THE SUBSTRATE.

4. PAD.URE AS A RESULT OP SERIOUS ApPLICATION PROBLEMS: REACTION OP ACID WITH THE COATlNO; PAR-URB OP THE COATINO TO PROTI!CI' THE CONCRETE

DURING THE TEST PERIOD.



Phosphate coatings are produced by reactlon of the base metal with a pho:sphoric acid

solution containing iron phosphates and zinc, hon or manganese. These coatings are

normally used to provide better adhesion of paint

6.2.2 .T.jujngs

Linings typically consist of pre--eured polymeric materials such as polyethylene, polyvinyl

chloride, polypropylene and glass-reinforced plastic. Liners generally can bl~ supplied in

either 'of two forms; sheet goods or thin-walled forms.

Segmented polyvinyl chloride, polyethylene, fiberglass-reinforced plastic~, fiberglass

reinforced cement and interlocking polyvinyl chloride strips are all fully descnoed in

Chapter 7.

According to a study performed by the County Sanitation Districts of Los Angeles County,

one polyvinyl chloride sheet liner demonstrated no reaction to acid, but the non-welded

jointing systems allowed acid to seep behind the liners and corrode the concrete. Where

this type of liner is to· be used, the CSDLAC recommends the use of welded ,PVC joints,

detailed construction inspection and spark testing (5).

As an altemative to mechanically anchoring liners to concrete and relying on :suitable joints,

the use'of an acid resistant mastic that bonds the liner material to concretc~ can be used.

This type of system was tested by CSDLAC and is now specified by the Sanitation Districts

for rehabilitation projects. It has also been test applied in a gravity sewer by the Seattle

Metropolitan Sewer District

New construction or replacement allows for the use of PVC liners that are formed in place

with the concrete. Proper welding of the liner joints is critical in eliminatin.g the potential

for seepage to occur between the liner and concrete. The use of PVC liners is more fully

discussed in Chapter 7.
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6.3 Replacement with Corrosion-Resistant Materials

Materials often found in wastewater treatment facilities and pump stations that are prone

to hydrogen sulfide corrosion include cast iron, ductile iron, steel, copper, ~estos cement

and concrete. Section 6.2 discussed the types of protective coatings and liners available to

extend the useful life·.of materials subject to corrosion. . However, many of these

components will eventually fail or otherwise require rehabilitation or total replacement.

When replacement does occur, the use of corrosion-resistant materials should be strongly

considered. The use of such materials will likely increase the beneficial life of these

components substantially. The following paragraphs descnoe the types of corrosion

resistant materials available.

6.3.1 Corrosion-Resistant Metals

Several metals are available that can provide effective corrosion-resistant service. These

metals range from coated materials such as are obtained by galvanizing and electroplating

(see Section 6.2.1.1), to stainless steel, aluminum and more exotic metals.

6.3.1.1 Copper Alloys

Copper can be readily.attacked by HzS, which turns the surface of the metal black (copper

sulfide). However, copper alloys, such as brass and bronze, can offer good protection.

Brass is a copper alloy containing from 5 to 45 percent zinc, and protects the copper by

selective corrosion of the zinc. However, this leads to increased porosity and a loss of

structural strength of the alloy.

Bronze can contain either tin (up to 12%), aluminum (up to 10%), or silicon (up to 4%).

Because bronze does not undergo selective corrosion, it is generally stronger and harder

than brass. Aluminum bronze is the most resistant to HzS and acid attack, and silicon
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bronze is resistant, particularly to hydrochloric and sulfuric acid, alkalies and :some organic

compounds.

6.3.1.2 Nickel Alloys

Nickel and nickel alloys provide superior resistance to corrosion, and are stronger and

harder than copper or aluminum alloys. Depending on desired properties ~md corrosion

resistance, nickel alloys may contain other metals such as copper, silicon, chlromium, iron,

and molybdenum.

6.3.1.3 Stainless Steel

Stainless steels are alloys containing over 11.5 percent chromium and possibly nickel (6 to

22 percent). They provide excellent corrosion resistance as well as resistallce to organic

and inorganic acids and alkalies. Stainless steels are susceptible, however, to halides,

seawater and oxidizing chlorides. Stainless steels are classified by three: basic CJYStal

structures; martenistic, ferretic and austenitic.

Of the three CJYStaIline structures, austenitic stainless' steel is used in corrosive

environments. More specifically, Type 304L and Type 316L are low carbon steels (less than

0.03 percent carbon) routinely used in corrosion applications. The main diffe:rence between

these two stainless steel types is that Type 316L contains 2 - 3 percent each of molybdenum

and nickel, and has less chromium than 304L Type 316L is more resistlnt and better

suited to sulfuric acid environments.

6.3.1.4 Aluminum

Aluminum is used widely in the wastewater treatment field because of its light weight,

strength and resistance to hydrogen sulfide corrosion. It is not affected by methane, carbon

dioxide or sulfur dioxide. However, aluminum is susceptible to galvanic cc)rrosion, and

6-14 .



must be physically separated from dissimilar metals and concrete. Frequently the physical

separation consists of an asphaltic coating, stainless steel or neoprene washers. Aluminum

is also subject to attack by acids, salts and aggressive water.

6.3.2 C'4rrosion-Resistant Concrete

Concrete can be rendered more resistant to sulfide corrosion attack in the following ways:

1. through the use of high alumina or silica cements in lieu of Portland cement,

or

2. through the use of calcareous aggregate instead of granitic aggregate.

When cements containing aluminum are used instead of the more common calcium

hydroxide, the alumina gels and coats the hydrates. The alumina does not dissolve readily

until pH drops below 4.0, so a concrete mixed with high alumina cement can provide an

increased level of sulfuric acid.corrosion protection in those instances where the pH will

Dot be too acidic. However, pH of concrete walls may often drop to 1.0 or 2.0 in enclosed

and unventilated areas, such as sewers and enclosed tanks. High alumina cement content

concrete can actually be attacked more quickly than Portland cement at these very low pH

.levels.

Sodium silicate has also been used as an inorganic cement substitute. These are presumed

to fail under two conditions. First, the sodium, which is alkaline, reacts with acidic sulfur

compounds to form sodium sulfate. Upon hydration, the cement expands and failure

occurs. Secondly, when used as a coating over Portland cement concrete, microorganisms

enter the porous lining and continue to attack the original concrete substrate (6).

Potassium silicate is claimed to be superior to other inorganic cements due to its resistance

to acids and its resistance to spalling in the presence of suIfuricacid. Surface preparation

consists of water or abrasive blasting, application of a moisture-tolerant primer (if the
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concrete cannot be dried sufficiently), crack repair by epoXy injection, and pH analysis of

the original concrete surface by petrographic examination. pH adjustment of the <:oncrete

may be required prior to application of the new coating system (the pH (llf unattacked

concrete should be 11 or greater). Fresh concrete can be applied to o~UUn a good base,

and then top coated. Anchors are preferred over wire mesh for the new cancr,ete substitute

onto which two coats of a urethane-based membrane is applied. The 100% potassium

silicate-bonded concrete is then usually applied by the gunite method. The urethane-based

membrane wet film thickness should be in the range of 63 to 130 mils (60 to 125 mils dry),

applied by airless spray at a pressure of approximately 4,000 psi. The potassium silicate

cement concrete consists of a binder, a catalyst and the aggregate. Some suppliers provide

the binder and catalyst combined as a powder. Because the dried potassium silicate powder

is very slowly soluble in water, concrete from these one-part mixes are geDc~rally of a low

strength. Application thi~kness is generally 1* to 3 inches. Rate of appliccltion is on the

order of 1,000 square feet per g-hour shift, and curing time can be as short as 24 hours

(when temperature is in excess of saOf'). The cities of Orlando and Jacksonville have

" utilized this concrete product for a period of up to 7 years in grit chambers, as has Tampa,

Florida for a junction chamber (6). It should be noted that potassium silicate concrete is

actually quite porous, and that the corrosion protection may be fro~.the urethane coating

rather than the concrete itself.

Changing the aggregate from granitic to calcareous can also be used as a deterrent to

hydrogen sulfide corrosion by providing additional alkalinity of the concrete in order to

neutralize the sulfuric acid formed.

6.3.3 Corrosion-Resistant Synthetic Liners

Synthetic materials generically include plastics, ceramics and elastomers. Many of these

products are unaffected by sulfuric acid.

Plastics are identified as either thermoplastics or thermosetting plastics. Thermoplastics
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can be heated to a plastic state, molded, cooled, reheated and remolded. Thermoplastics

are not normally used at temperatures greater than 65°C (1500F). Polyvinyl chloride,

polyethylene and vinyl are all thermoplastics. Unlike thermoplastics, thermosetting plastics

cannot be remolded due to the chemical reactions that occur upon initial heating.

Polyesters, epoxies and phenolics are all considered thermoplastics. Some thermoplastics

can be used at temperatures up to 1500C (3000F).

Fiberglass reinforce plastic (FRP) is fabricated by impregnating interwoven continuous glass

filaments with a thermosetting resin, and heat curing. Typical FRP uses at wastewater

treatment facilities are piping, grating and stair treads. In addition fiberglass reinforced

with a thermosetting polyester or vinyl ester resin is manufactured to produce numerous

corrosion-resistant, non-conductive structural shapes and sheets. These materials are

actually stronger on a pound-for-pound basis than is structural steel. Uses include

structural elements, railings, weirs and baffles.

Ceramics are also excellent for use in corrosive areas, but they remain brittle.

Elastomers such as neoprene, butyl, isoproprene and others are commonly used as sealants.

Neoprene is resistant to oils, grease and other contaminants, and is often used at

wastewater treatment facilities.

6.4 Case Studies

The following paragraphs illustrate corrective actions taken at several wastewater treatment

facilities. Refer to Appendix A2 (case studies) for more information concerning

rehabilitation/replacement techniques employed at selected wastewater treatment facilities.

The Hooker's Point Wastewater Treatment Plant, located in Tampa, Florida, currently

processes 54 mgd and has a design flow of 60 mgd. The facility was expanded in 1978, and

a sludge cbyer and pelletizer were started up in 1990. The treatment plant has experienced

6-17



severe corrosion and expends significant resources to combat hydrogen sulfide corrosion,

including a fine-mist scrubber installed to treat H2S-1aden air emissions at the influent

junction box. The scrubber was installed at a capital cost of $1,000,000, and annual

operating cost is estimated at $400,000. Table 6-3 summarizes the CQrrective actions taken

by the City of Tampa to combat corrosion at the Hooker's Point WWTP.

The Hyperion Wastewater Treatment Plant, which selVes the City of Los Angeles,

California, is designed for 150 mgd through secondary treatment and 400 mgd through

primary treatment The treatment facility is approximately 40 years old and is currently

undergoing massive reconstruction due to changes in regulations which have eliminated

ocean sludge disposal and mandated secondaty treatment Many of the facility's unit

processes are being upgraded or replaced, but severe corrosion remains evident in several

areas. The corrective actions at Hyperion are summarized in Table 6-4.

The Terminal Island Wastewater Treatment Plant, which also serves the City of Los

Angeles, provides secondary treatment for 30 mgd. This facility was constructed in 1935

and upgraded in 1977. Its flows and loads are 50 percent and 70 percent industrial,

respectively. Similar to the Hyperion facility, most of the preliminaty treatment area is

covered and not easily observable. The corrective actions taken to combat corrosion at

Terminal Island are summarized in Table 6-5.
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TABLE 6-3

SUMMARY OF OORRECl1VE ACTIONS TO OOMBAT
HYDROGEN SULFIDE OORROSION AT HOOKER'S POINT WWIP

ITEM

INFLUENT JUNCTION BOX
Concrete walls

Carbon steel parts

Electrical components, outlets

Aluminum parts

Atmospheric H:zS

PRIMARY CLARIFIERS
Moving parts, including scraper
mechanism

Electricallmechanical components

Concrete walls

SLUDGE HANDLING
Metals

INSTRUMENTATION & CONTROLS
Instruments

Cabinets

Control Rooms

Contacts and Relays

Transformer housings
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CORRECTIVE ACTION

Plastic liner

Replaced with stainless steel where
possible

Covered or replaced with plastic

Replaced with fiberglass

Installed scrubber

Replaced with plastic

Covered with corrosion-resistant materials

No action yet, but considering plastic liner

Replaced with galvanized and stainless
steel

Covered

Purged with clean air

Air conditioned

Cleaned regularly

Periodically replaced



TABLE 6-4

SUMMARY OF CORRECTIVE ACI10NS 10 COMBAT
HYDROGEN SULFIDE CORROSION AT HYPERION WWfP

ITEM

HEADWORKS TANKS &. CHANNELS
(COVERED)

Concrete covers and waIIs above
waterline

Building enclosures

Piping

Electrical conduit

PRIMARY CLARIFIERS (COVERED)
Upper concrete walls

Channels

Steel chains

Wood sludge rake boards

INSTRUMENTATION &. CONTROLS
Field-mounted instrumentation

Control room atmosphere
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CORRECI1YE ACTION

Channels to be rehabilitated or replaced
using PVC liners. Tanks will be coated
with coal tar epoxy or other material.

Negative pressure maintained by fans and
discharged to the secondary process
blowers.

Mostly PVC; air handling ducts are
fiberglass

PVC or aluminum

Grouting only (earlier epoxy coatings have
failed)

Walls to be lined with PVC. Covers are
aluminum plate

Replaced with plastic

Replaced with fiberglass

Purged with nitrogen

Scrubbed, filtered and air conditioned



TABLE ~S

SUMMARY OF CORRECTIVE ACI10NS TO COMBAT
HYDROGEN SUI.FIDE CORROSION AT 1ERMINAL ISLAND WWI'P

ITEM

HEADWORKS
Concrete walls

Metallic covers

Handrails

Conduit

Bar screen sheet metal

Steel bar screen frame

Building enclosures

Piping

Electrical conduit

PRIMARY CLARIFIERS
Carifier covers

InfIuent/effiuent channel cover plates

Steel chain

Wood sludge rake boards
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CORRECTIVE ACI10N

No action (negligible corrosion)

Aluminum deck plate

Aluminum

Aluminum

Replaced with sheet PVC

To be replaced with stainless steel

Negative pressure maintained by suction
through the secondary process blowers
and discharge to aeration basins

Mostly PVC; air handling ducts are
fiberglass

Aluminum or PVC

Aluminum

Aluminum

Replaced, with plastic, but due to
problems with chain jumping sprockets,
reverting back to steel

Replaced with fiberglass



TABLE 6-5 (cont.)

SUMMARY OF OORRECI1VE AcnONS 10 OOMBAT
HYDROGEN SULFIDE OORROSION AT TERMINAL ISLAND WWI'P

ITEM

ANAEROBIC DIGESTERS
External gas collection pipe

Motorized valves, coppergrounding wire
(bare) and elevator

INSTRUMENTATION & CONTROLS
Field-mounted instrumentation

Control room atmosphere
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CORRECI1VE ACfION

Replaced with welded stainless steel

Corrosion may be due to salt air

Purged with nitrogen

Scrubbed, filtered and air conditioned

.'
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7. REHABn.rrAnON OF OORRODED .SEWERS

7.1 Rehabilitation and Repair Techniques

Rehabilitation of corroded sewers can be implemented by many techniques. This chapter

examines each of the generic methods and provides guidance on the conditions under

which each method is applicable. For each rehabilitation method, a general description is

provided, and procedures and equipment are discussed. -It should be noted that new

techniques for sewer rehabilitation are continually being developed. While all major

generic rehabilitation techniques have attempted to be included, specific proprietary

systems have not been evaluated.

Table 7-1 lists common corrosion problems in sewer pipes and applicable rehabilitation

method(s) for each.

7.1.1 Insertion Renewal (SlipIining)

7.1.1.1 Description

Insertion renewal, or sliplining, is used to rehabilitate sewers by pushing or pulling a

fleXible liner pipe of slightly smaller diameter into an existing. circular pipeline and then

reconnecting the service connections to the new liner. By fusing sections together during

installation, the liner forms a continuous, water tight length within the existing pipe.

Pipe insertion techniques can be used to rehabilitate sewer, water and other lines that may

have severe structural problems such as extensively cracked lines, lines in unstable soil

conditions, deteriorated pipes in corrosive environments, and pipes with massive and

destructive root ·intrusion problems. Advantages and disadvantages of sliplining as a

method of rehabilitation can be found in Table 7-2 (1).
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TABLE 7-1

SUMMARY OF APPUCABLE PIPE REHABn.ITAnON MElHODS
FOR PIPE DAMAGED BY HYDROGEN SULFIDE CORROSION

1. Pipe is seriously damaged or collapsed

2. Poor structural integrity caused by
corrosion

3. Severe corrosion but reinforcing stecH
not exposed

4. Damaged pipes under structures, large
trees, or busy streets

s. Severe corrosion in noncircular pipes

6. Mildly deteriorated structure

Rehabilitation Methqd

a. Excavation and .replaCement

a. Excavation and replacement
b. Insertion renewal
c. Some specialty concretes

a. Insertion renewal
b. Cured-in-place inversion lining
c. Excavation and replacement

a. Insertion renewal
b. Cured-in-place inversion. lining

a. Cured-in-place inversion lining
b. Excavation and replacement

a. Insertion renewal
b. Cured-in-place inversion lining
c. Liners
d. Specialty concrete

Note: When replacement is the only feasible option, consideration of new alignment may
be warranted to avoid excavation of existing utilities.
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TABLE 7-2

ADVANTAGES AND DISADVANTAGES OF SIJPLlNING (1)

ADVANTAGES .

Minimal disruption to traffic and urban
activities (as compared to replacement)

Minimal disturbances to other
underground utilities; affects only.those in
the vicinity of access pits

Less costly than replacement

Rapid installation

Good protection against acid corrosion

May not require bypassing

Wide. range of pipe sizes (i.e., 3 to 144
inches)

Can be used'to rehabilitate pipelines with
severe corrosion .

Stops leaks and root intrusion
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DISADVANTAGES

Possible reduction in pipe capacity,
depending on wall thickness required

Requires excavation o( an access pit

Not applicable to sewers with numerous
curves, bends, offset joints or protruding
service taps .

Requires obstruction removal prior to
sliplining

Grouting of annular space may be
required



Materials frequently used to slipline sewers include polyethylene, thermoset plastic,

polyvinyl chloride and ductile iron pipe.

Non pressure-rated polyethylene pipe is primarily used for sewer relining, appJlications. PE

pipe is avallable in sizes ranging from 4 through 48 inch diameter, and joiliting is comtiJ.only

by butt-fusion, though fittings can be used.

Thermoset plastic pipe, which includes reinforced thermosetting resin (RTR) and

reinforced plastic mortar (RPM), is manufactured with reinforcement such as fiberglass

embedded in a thermosetting resin. Thermoset plastic pipe is available in sizes ranging

from 8 through 144 inches, and a number of jointing methods are available..

Polyvinyl chloride pipe is manufactured by extrusion of plastic. PVC pipe is available in

sizes ranging from 4 thorough 27 inch diameter, and jointing is common)y.el;lStomeric seal

gasket with bell-and-spigot connection.

Ductile iron pipe is manufactured by adding cerium or magnesium to cast iron prior to

casting. DIP is available in sizes ranging from 3 through 54 inch diamete:r, and various

jointing methods are available. Interior and exterior coatings are available.

7.1.1.2 Procedures and Equipment

Prior to sliplining, the sewer or water main should be first be inspected b)r closed circuit .

TV to identify all obstructions such as displaced joints, crushed pipes and protruding service

laterals. The inspection also should locate all service connections' that will need to be

connected to the new liner pipe. The pipe must be thoroughly cleaned. PI·oof testing the

existing pipe by pulling a short piece of liner through the sewer section should be

performed prior to· sliplining. Sliplining generally will require excavation of an access pit

from which to work from, though some sliplining techniques can operate from a manhole.

Protection of sJiplining access pits is critical to prevent trench collapse whiich could occur
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as a result of sewage flooding or groundwater pressure.

Sliplining is performed by either a push or a pull technique; both methods are illustrated

in Figure 7-1. In the pull method a pulling head is attached·to the end ,of the pipe. A

cable is run from the termination point to the access point and is connected to the pulling

head. The slipline pipe is then pulled through the existing pipe with the cable by a truck

mounted winch assembly.

The push technique is similar, except a backhoe or other suitable equipment is used to push

the liner through the pip,e. For most insertion projects it is not necessary to eliminate the

entire flow stream within the existing pipe structure. Actually, some amount of flow can

assist positioning of the liner by providing a lubricant along the liner length as it moves

through the deteriorated pipe structure. The inSertion procedure should be timed to take

advantage of cyclic periods of low flows that occur during the operation of most gravity

piping systems. During the insertion process, which often takes a period of 30 minutes or

less per length of pipe, the annular space between the sliplining pipe and the existing pipe

can usually carty sufficient flow to maintain a safe level in the operating section of the

system being rehabilitated during low flow periods (2). Sewer flow gauging and a

calculation of the hydraulic capacity of the annular space should be performed to ensure

that no upstream flooding will occur during the insertion process.

Once the slipline pipe has been installed in the existing deteriorated pipe, it is grouted in

place. Grouting at each manhole connection is required, and grouting of the entire length

of the pipe may be required if the liner cannot support loads resulting from the collapse

of the original pipe. The severity of structural deterioration and anticipated hydrostatic and

structural loadings must be considered in evaluating the need for grouting. Grouting

provides the following advantages:

- provides structural integrity

- increases hydrostatic and structural loading capacities of the pipe
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"PULL" INSERTION TECHNIQUE

BLE ATTACHED
TO GUIDE CONE

"'PUSH" INSERTION TECHNIQUES

EXISTING PIPE

WINCH ASSEMBLY

LINER PIPE
ROLLER

PIPE
SUPPORT

CAlLE PASSING
THROUGH LINING
PIPE ANCHORED
10 flUSH PLATE

I
MINIMUM OF STANDARD PIPE LENGTH. 'I

PUSH PLATE _q1r

I===~~IC;;~::::S;~==-==-~-!.§.==::l

REMOTE MANHOLE
OR ACCESS PIT

FIGURE 7-1. EXAMPLES OF BASIC SLIPLINING TECHNIQUES
(from Reference 2)
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- prevents liner from moving

- locks in service connections

- extends life of pipe from uncertain to 50 years plus

- provides support to liner when cleaning

Equipment required for the insertion of the sliplining pipe are: joining equipment, pulling

or pushing head, winch, rollers, proofing tool, grout tank and pump. The joining

equipment is used to join segmented pipe length to a continuous pipe of desired length.

This is done by aligning the two pipes· together,- heating the ends and butting the ends

together. The pulling head is used to facilitate the pulling of the pipe into the sewer. One

end of the pulling head is attached to the pipe to be pulled while the other end is attached

to the pulling cable. The winch, consisting of a power operator and a pulling cable, is used

to pull the pipe. The rollers are used to hold the liner in place in order to grout the

annular space between the pipe and manhole connections.

7.1.2 Deformed Pipe Insertion

This technique involves use of a thermoplastic polyethylene pipe extruded as a round pipe.

Using a thermochemical deforming process, the liner, which is manufactured in various wall

thicknesses, is deformed into a U-shape. The deformed pipe is then pulled through the

existing sewer pipe with minimal friction. Once the liner has been set in place, a patented

process involving use of heat and pressure restores the liner to its original round shape for

tight fit, leaving no annular space. Virtually all of the original pipe's flow capacity is

restored (1)(4)(5).

The liners can be installed in continuous lengths. Lateral connections are cut from within

the pipe using a video-monitored milling apparatus. The operation of inserting the liner

is as follows:

First the corroded line is cleaned, then the deformed line is pulled inside the
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pipe.

The liner is cut at such a length that it can be shaped to form its own integral

seal at each manhole joint or terminal.

A thermomechanica1 process is used to reform the compr~d liner to its

original round extruded shape. This may be done with heated liquid or in

combination with a thermally controlled pig. .

Once in place and properly reexpanded and flanged, the inserted liner is

tested in conformity with A.P.I./D.N.V. standards.

The following advantages are offered by the use of deformed pipe insertion techniques:

Long continuous sections are possible (lengths may ran~e up to 1,000 feet).

No annular spaces are formed; no grouting is required.

Fast installation and thus minimum downtime.

Improved hydraulic characteristics possible.

A variety of wall thicknesses are available to suit differing neleds.

Figure 7-2 indicates a typical deformed pipe insertion technique.

7.1.3 Cured-in-Place Inversion Lining

7.1.3.1 Description

Inversion lining is fomed from a resin-impregnated felt tube which is inverted under

pressure against the inner wall of an existing sewer and allowed to cure. The pliable nature

ofthe resin-saturated felt prio;r to curing allows installation around curves, filling ofcracks,

bridging ofgaps, and maneuvering through pipe defects. After installation, the fabric cures

to form a new pipe of slightly smaller diameter, but of the same shape as the original pipe.

The new pipe has no joints or seams and has a veJY smooth interior surlace which may

actually improve flow capacity despite the slight decrease in diameter (1)(2)(3)(6).
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FIGURE 7-2. EXAMPLE OF DEFORMED PIPE INSERTION TECHNIQUE
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Two resin types (polyester and epoxy) are widely used in this method ofpipe rehabilitation.

Both these resins are liquid thermosetting resins, and have excellent resistanCf~ to domestic

sewage and sewage gases.

Inversion lining is successful in dealing with a number of structural problems, particularly

in sewers needing minor structuraJ reinforcement. Inversio~ lining can be llccomplished

relatively quickly and generally witholit excavation, though insertion pits may be required

for larger pipe sizes. This method of pipeline rehabilitation is thus particulal'1y well suited

for repairing pipelines located under existing structures, large trees, or busy streets or

highways where traffic disruption must be minjmjzed. This method is also effective in

correcting corrosion problems and can be used for misaligned pipelines or in pipelines with

bends or non-uniform cross sections. Table 7-3 provides a summaI)' of the advantages and

disadvantages of sewer rehabilitation by cured-in-place lining (1).

7.1.3.2 Procedures and Equipment

Installation of cured-in-place inversion lining is carried out by i,nsertJing the resin

impregnated fabric tube (turned inside out) into the existing pipe line. It is then cured in

place through the use of heated water or air/steam. Prior to the installation of the liner,

the pipeline section must be cleaned to remove loose debris, roots and solids. The

installation procedures are illustrated in Figure 7-3. The pipeline segment must be isolated., ,

from the system by bypassing flows during the installation of the inversion lining. The

inversion felt tube liner is usually inserted from existing manholes and valve structures, but

for larger pipe sizes, insertion pits may be required. Following curing of the liner, the ends

are cut and sealed. Service connections are restored by a remotely-operated cutting tool

and video camera (1)(2).
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Table 7-3

ADVANTAGES AND DISADVANTAGES OF CURBD-IN-PLACE LINING (1)

ADVANTAGES

Applicable to all shapes

Rapid installation

,

Minimum· traffic disruption

Excavation normally not required

In-line lateral reconnections can be made
without excavation

Improved hydraulics

Bridges gaps and misaligned joints

Custom designed wall thickness

Adds some structural integrity

Stops leaks and root intrusion

Pipe grouting not required

7-11

DISADVANfAGES

Bypassing required

Post-installation remoteCamerainspection
required

Largest size pipe rehabilitated to date is
96"

Maximum unrestrained pressure of 7S psi

Not recommended for pressure gas
applications using current material and
designs

Curing time can approach or exceed 24
hours
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FIGURE 7-3. CURED-IN-PlACE METHOD

7·12 .



7.1.4 Liners

7.1.4.1 DescIipuon

Liners include prefabricated panels or flexible sheets fastened to existing structures with

anchor bolts or concrete pene~ting nails, continuous plastic strips which interlock to form

a liner, or liners which are applied to the external portion, of the pipe and then encased in

concrete. The following types of liners are available for rehabilitation purposes

(1)(2)(3)(6):

• Segmented PVC liners

• Segmented PE liners

• Segmented fiberglass reinforced plastic liners

• Segmented fiberglass reinforced cement liners

• Continuous interlocking PVC strips

PVC liners are manufactured from acid-resistant, rigid unplasticized PVC which has

excellent resistance to acids and better hydraulic characteristics than concrete. The liners

are pin-hole free, forming an effective bamer to gaseous penetration. PE liners are also

similar to PVC liners but are made of polyethylene resins. Fiberglass reinforced plastic

liners consist of a composite of fiberglass and acid-resistant resin. The resins are specified

according to the degree of acid resistance required. Polyethylene liners are tough, rigid,

acid-resistant, smooth and relatively inexpensive, and are manufactured in a wide range of

wall thicknesses.

A relatively new development in liner technology for small diameter «30 inch) pipe

involves use of a winding machine to interlock continuous PVC strips into a circular -tube.

The winding machine is positioned in a manhole or other access point and the tube is

inserted directly into the pipe. The annular space is then grouted.
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Liners do not provide any structural support ~ut they provide an adequate corr()sion barrier

and smooth lining for structurally sound sewerS. These liners have little absorption

capability and n~ apparent permeability. These types of liners can be used in non-circular

sewers and can be segmented to fit the diameter required. Advantages and disadvantages

of intemalliners as a sewer rehabilitation technique are listed in Table 7-4 (1).

7.1.4.2 Procedures and Equipment

After a thorough line cleaning and dewatering, segmented liners are installed in four foot

lengths which overlap at the joints. The flanges on the segments may be I)redrilled for

screws or concrete nails. Space is allowed between the existing surface and the liner for

grouting. Joints are coated with an adhesive, and sealed with an acid resistant resin. After

all the panels are set in place, the entire section is cement pressure grouted in place to

prevent sagging and deformation.

<, Another lining technique involves excavation to the damaged pipe, application of external

PVC sheets around that portion of the pipe above the waterline, and encasement of the

liner and upper portions of pipe in concrete. This approach allows the eJlisting pipe to

remain in service during rehabilitation. However, excavation requirements may be

significant.

Installation of strip-type liners requires a manhole to accommodate an. access pit that would

fit the special winding machine that joins a male and female PVC strip wi1hin the access

pit to form the liner pipe. Another liner installation method uses an acid resistant mastic

to fasten the sheets directly to the sewer concrete surface. This technique does not require

grouting but requires through cleaning prior to installation (4)(5).
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TABLE 7-4

ADVANTAGES AND DISADVANTAGES·. OF IN'IERNAL LINERS (1)

ADVANTAGES

Material cost inexpensive

Linear materials have very good acid
resistance

No disruptions to traffic as installation is
performed entirely in-line

. Smooth surfaces provide good hydraulics
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DISADVANTAGES

Applicable only to man entry size sewers
(i.e., 2.5 feet or greater) .

Susceptible to leakage due to number of
joints

Timely to install. Thus total project cost
maybe uneconomical because of
installation

Prolonged bypass required

Surface preparation required

PE can crack in areas of turbulent flow



7.1.5 Specialty Concrete

7..1.5..1 Description

Specialty concretes containing additives such as potassium silicate have sbown greater

resistance to acidic attack on sewer pipes and manhole structures than standard concrete

mixes. Specialty concrete is used to repair deteriorated concrete pipes and structures by

applying an acid resistant coating over the original surface. Concretes containilng potassium

silicate are unique in that their matrix is not formed by a hydration reaction. Rather, they

are the result of the reaction of an acid reagent with an alkaline solution of a ceramic

polymer of potassium silicate (7). Specialty cements can resist attack by many substances

like mineral salts, mild solutions of organic and mineral acids, sugar solutions, fats and oils.

Applicability of specialty concrete depends on the degree of corrosion-related deterioration

'. and the structural integrity of the unit in question. Thin film special~ concrete is

applicable to mildly deteriorated pipes or structure, whereas an elastic membrane concrete

system is applicable to all cases. After curing, the specialty concrete bonds firmly to the

original surface. The new acid-resistant layer, if applied and cured propedy, extends the

useful life of the structure. Advantages and disadvantages of specialty concretes are listed

in Table 7-5 (1).

7..1.5.2 Procedures and Equipment

Specialty concretes are available in three types: cement mortar, shotcrete, and cast

concrete. These are briefly descn"bed below (2)(6).

Acid resistant mortars have been used in industries as linings in tanks or as mortar bricks.
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TABLE7-S

ADVANTAGES AND DISADVANtAGES OFSPBclALTY CONCRETES (1)

ADVANTAGES

Mortar Linina

Minimal service interruption

Improved structural integri1¥

Applicable for wide range of pipe sizes

May improve flow capaci1¥

Shotcrete '

Minimal'excavation required.

Can restore structural integri1¥ to a pipe
that might otherwise require replacement

Minimum traffic interruptions

Applicable to all shapes ofman-entry size
pipes
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DISADVANTAGES

Excavation required for sharp bends or
curves

Bypass required

Extensive surface preparation required

May' not provide adequate corrosion
resistance

Requires complete diversion of flow and
interruption of service

Extensive surface preparation required

Extended downtime period of 3 to 7 days
or longer required for cleaning,
application, and curing,

Some reduction in hydraulic capacity

Limited to man-entry size structures

May not provide adequate corrosion
resistance



TABLE 7-5 (cant.)

ADVANTAGES AND DISADVANTAGES OF SPECIALTY OONCRBTBS

ADVANTAGES

Otst Concrete

Established procedure

Simple to design

Applicable to all shap~ of pipes
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DISADVANTAGES .

'Surface preparation requirecl

Bypass required

Seldom applicable to pipes less than 48
inches in diameter

May not provide adequate corrosion
resistance



Development of mechanical in-line application methods (centrifugal and mandrel) has

established mortar lining as a successful and viable rehabilitation technique for sewer lines,

manholes and other structures. Mortar lining is applied using a centrifugal lining machine.

The machine has a revolving, mortar-dispensing head with trowels on the .back to smooth

the mortar immediately after application. A variable speed winch pulls the lining machine

by its supply hose. Reinforcement can also be added to the mortar with a reinforcing

spiral-wound rod. The reinforcing rod is inserted into the fresh mortar and a second coat

is applied over it. For man entry structures the mortar can be applied manually with a

trowel.

Shotcrete is used in man entry size sewers (30 inches or greater) and manholes. Prior to

shotcreting, reinforcing steel is set into place. The shotcrete lining machine is self

propelled and controlled by a person riding it. An electrically driven supply cart conveys

mortai' from the access hole to the feeder, which is attached to the lining machine. The

dry cement and aggregate is mixed with water in a specially designed spray nozzle, and the

resulting mixture is shot into place under pressure. Curing occurs under moist conditions

for the first 24 hours and an additional six days at a temperature above 4O"F.

Cast concretes such as potassium silicate are bonded, cast or hand placed structural

concretes. They typically have half the in..place density, or strength value, of shotcrete..

Solids to liquid mix ratios are generally 2:1, similar to cement mortar.

Cast concrete is placed over prefabricated or custom built interior pipe forms that can be

removed and reused section by section. Reinforcing steel is added between the original

surface and the form, setting within the cured thickness.

Each of the three application techniques require prior cleaning to remove oils, greases,

foreign objects, ~d loose materials, as well as sewage bypass during application and initial

curing.
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7.1.6 Coatings

7.1.6.1 Description

Coatings include a myriad of proprietary materials such as coal tar epoxy, concrete sealers,

epmy, polyester, silicone, urethane, and vinylester. These ~ateria1s, can be applied by

spray machine or brush to concrete surfaces. They are intended to form an acid resistant

layer that protects the substrate concrete from corrosion.. Coatings have be:en applied to

sewer pipes and manholes since the 1960's, with mixed success. The incons~ncyofsuccess

is largely due to the specification of coating materials based on manufa.cturer claims

without actual field testing (8). As a result, engineers are recommending :standard field

testing of new products prior to the~ inclusion in specifications. Some of tJlle advantages

and disadvantages associated with the use of coatings are listed in Table 7-6 (1). Further

discussions of coatings as a means of preventing hydrogen sulfide corrosictD is found in

Section 6.2.

7.1.6.2 Procedures and Equipment

Application of coatings usually includes the folloWing steps:

1. Bypassing of sewage

2. Preparation and cleaning of concrete surface

3. Allowing concrete surface to dry

4. Application of coating by brush or spray

s. Allowing the coating to cure

6. Resuming sewage flow

Most coatings can be brush or spray applied. Spray application requires J,ressures of up

to 3,000 psi, which is double the pressure used for conventional airless spraying. Spraying

is excellent for coating uneven surfaces and is much faster than brush applil::ation methods

for some products.

7-"JJJ



TABLB7-6
'!'<., . ~:t.~....h{~

ADVANTAGES AND nISAJ)VA.NTAGES OF OOATINGS

ADVANTAGES .

Economical

DISADVANTAGES

Applicable only to man-entry sewers and
manholes

No disruption to traffic or other utilities 
work is pet:formed in-line

Bypassing required

Application difficulties
blowholes

pinholes,

Most are fast curing, some cure in less
than one hour

Quick to apply

Can be applied to uneven surfaces
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Poor bonding to vertical or overhead
surfaces

Surface preparation required

Contractor inexperience with products

Surface repairs often required prior to
application

Developing technology, with histol)' of
failure under corrosive conditions



7:1. Approach to Selecting a Rehabilitation Technique

Selection of a proper sewer rehabilitation technique is very important for tJbe successful

rehabilitation of corroded sewers. The methods employed for repairing Qr liehabilitating

a corroded or failing pipe are contingent upon several parameters. The type of application

or service also has an impact on procedures and/or methodology employed in doing the

repair. The correct interpretation of the cause of the problem is imperative. Some of the
- .

base parameters that must be considered in selecting the right approach 1tor the sewer

rehabilitation program are listed ~elow and in Table 7-7 (9):

Site Conditions

Location

State roads, arterial roads, or similar high volume thoroughfares frequently

have construction permit time restrictions and stringent restoration

requirements. These conditions favor trenchless, short wrm reconstruction

techniques such as cured-in-place and other lining systems using existing

manhole access. Backyard locations frequently require techniques that utilize

remote reopening of lateral connections due to inaccessibility for excava~on

equipment

Surface Cover

High costs associated with paving restoration favor trencble:ss techniques.

Rigid pavement replacement becomes even more cost pl'ohibitive. In

contrast, pipes in the shoulder of roads or turf covered rights of way tend to

minimize potential cost savings of trenchless techniques.

PiPe Condition

Diameter

In their current state of development, some technologies arf~ applicable for

only a limited range of diameters. Knowing these limitatioDJS allows for the

proper selection of method and specifications for the scope of work. Policy

7-12



TANGIBLE

TABLE 7-7

FACIORS 10 EVAtUAlE FOR
oo

SELECI10N
OF REHABILITATION METIlOD (6)

INTANGIBLE

1Dspection

Engineering

Rights-of-way

Easements

Other Utilities

Business Cost

Government Costs

Construction Time

Construction Cost

° Business Disruption

Mobilization

o &. M Savings

Detour Costs .

Flow Bypassing Cost

As-Bullt Drawings

Existing Mapping

Rehabilitation Options

Service Laterals

Dewatering Cost

Material Storage

7-'13

Noise

Dust· Dirt

Bus Rerouting

Parking

Pedestrian Inconvenience

Road Settlement &. Potholes

Bidding Environment

Safety (pedestrians and Auto)

Road Surface Replacement

Oty Reputation

Traffic Inconvenience

Complaints

Liability



and technical decisions can ,also pre-determine allowable reconstruction

techniques. For instance, it may be preferable to upsize deteriorated 6"

sewers to 8" sewers for future maintenance and inspection. Likewise,

sliplining techniques may also be eliminated from 6", 8", and, 10" sewers due

to hydraulic and access consideration.

Pipe ConditioDs.
Severely damaged pipe or pipes with protruding connections may require

significant line preparation (excavation), thus minimizing the economic

advantages of trenchless methods. This has little to no impact on techniques .

where excavation is already required. Areas of soil voids can be a concern

where adequate soil support is required for proper performance of flexible

pipe. Slope, alignment or offsets also have an impact.

Adjacent UtUities

Minimum clearance between water, sewer andlor gas pipes :may rule out

sewer replacement or encasement in concrete.

Rehabilitation Design Life

Pipeline' insertion with materials that are also used for replalcement pipes

should last as long as a new pipe installation, and perhaps longer because the

old pipeline soil environment has usually stabilized.

Cured-in-place-pipe should last as long or longer than new I)ipe when the

resin characteristics have been properly identified and utilized in the design.

Procedures that coat the pipe, such as cement mortar linillg, cannot be

expected to last as long as a new pipe but can have a significant useful life

when the design compensates for the corrosive conditions in the pipe.

These are some of the criteria and conditions to be evaluated in selecting an approach to

identify appropriate reconstruction methods. The final objective is to se:lect a method

which appropriately addresses the problems in a cost-effective manner for the life of the

facilities.
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Appendix A.t includes Case Studies which descnbe rehabilitation/replacement techniques

employed in wastewater collection systems.
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CASE STUDIES

Several wastewater collection, conveyance and treatment systems were~ted to document

the location, nature and extent of hydrogen sulfide corrosion. These facilities were pre

selected based on earlier surveys conducted by the Water Pollution Control Federation and

County Sanitation Districts of Los Angeles County, both in 1984, and a 1987 survey

conducted by the Association of Metropolitan Sewerage Authorities. Of the 131 candidate

cities compiled, 66 reported sewer corrosion problems. From this, those communities

showing the greatest potential for significant corrosion problems were selected and visited.

The following sections summarize the information thus obtained.

A.1 Sewer Systems

Eight cities were visited to gather specific information regarding the extent of sewer

corrosion. High-rate corrosion was observed in six of these cities (Charlotte, NC and

Milwaukee, WI did not). A summary of the conditions observed in each city is listed in

Table A-I.

A.1.1 Albuquerque, New Mexico

The City of Albuquerque maintains approximately 1,400 miles of sewer which serve

approximately 450,000 people and transport an average of49 million gallons per day (mgd)

of wastewater to the city's treatment facility. Separate stOnD sewers are used throughout

most of the city, but some combined systems do exist.

Albuquerque experiences 90 to 100 collapses per year that are attributed to

hydrogen sulfide corrosion in i~ approximately 400 miles of 8-inch-diameter concrete pipe.

These collapses are mostly in residential areas, and each typically involves two to four pipe

sections (20 feet).· The problem of pipe collapse is widespread in the city, but seems

concentrated in North Valley, an older part of town that has the most concrete pipe, and

in pipe 40 to 60 years old. The rest of the collectors are mostly clay pipe.
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Taqle A-l

1!L!cr£lII JII'FOMATI())( OOtl lIn yJtUTI

S·uface ,,\II !,U••td
E,U••tel Ceuolh"

Seller Sewer Upltre•• DOItIlI t rei'. ",uGlle Concrete • Jlte
Ale IUaaeter Crova iW'J Crolll:l ",.U Ii.II 1100' lOll (llIIcllel Corudo,.

tit, a.' Slate (yeara) Ulllcllea) (a.IiI.) (1.1iI.) (a.14.) (a.IiI.) (1.1iI.) (..•. ) Ulllcllu) ',ear) Stat\l,'

Albu/ilrluqlle. 1m
Arno .. 72 :I :I 2.5 2.5 5•• :J•• I .. lenr•
UuqueUe Ave••a' EefUb tit. .. 54 .- .. .- .. _. .. .- .. _.
hOIl Ave. 'AeI 14th"St. .. 60 4 .. 4 .. -. .. Z .. Sever•
C.ou Ilvel. anel C:bllrcllUI Rei. 25 30 fa. 36 alit .- .- _. .. 2.0 1.0 I 0.0' Bevere
Atrlaco Dr. 'I 54 I've 5 .- Z .. 1.0 .. I (tIIIl) 0.14 Bevere
1101111001' Rei. 32 'I. .. .- -- .- 4.0 2.5 0-0.25 <0.01 He,lI,lble

lIatoll lOUie. LA
P.S. 10. 5' 27 II! NA II! IIA NA 6.0 6.0 0.25-0.50 0.01-0.02 ShaUoII
front St. aAeI North St. ~30 30 4.5 6.0 4.0 6.0 4.5 .. 0.25-0.58 <0.02 ShaUoII
bevIl1 St. and Iiount St. , ~30 20 III. 42 out 2.5 2.5 5.0 5.5 2.0 .. 1.0-1.5 <0.05 Bevere
Hardin, St••nd Geor,la Bt. UO 30 la. 36 out 6.0 6.0 5.5 6.0 6.0 .- 0.25-0.50 <0.02 Shalloll
"Illbourne Ave••nd UO 36 5.0 5.0 6.0 -- 6.0 .. 1.0-1.5 <0.05 Severe

E. Brook.toRe Dr.
E. Contour .nd 8. Contour no 54 3.5 -- 2.5 -- -- 4.0 '.25-0.50 <0.02 Shalloll
BUrdn. lane ~30 60 2.5 .- 5.0 -- 3.0 3.5 0.5-1.0 <0.03 Severe

lohe. ID

~
'rote.t Inel federel 14 21 -- -- _. -- -- .. 1.0-2.0 0.14-0.2' Severe
".ra Sprlnl' .nd £1. UO 10 ve 4.0 .- 3.0 .- 2.0 .. J.0-2.0 Out) <0.06 Severe

N ".ra Sprln•••n' H. Strlulh•• !30 JO PVC 4.0 _. 3.0 _. 5.0 -- o (tnl) Irlc. IlII IIA
IIrur, .n' Jefferaon/llnnoc. .. .. 6.5 -- 6.5 -- .- .- IIA Une. Hli HA
North Oar, anel lI.ron 12 .- 6.0 -- . 6.0 -- 1.0 -- 0.5-1.0 0.04-0.01 Severe
Bluebird Ind G.r, 12 . .. 3.0 -- 3.0 -- 1.0 -. 0.5-1.0 0.04-0.0a Bevere
Glenwood and St.te 12 -. .- .- -- -- 3.0 .- -- -- Severe
Glenwood and CblndoD . 12 -- -- .- -- -- .. .- 1.0-1.5 0.05-0.1 Severe



Table A-l (cont. )

Surface pH E.ltM.tell
l.tlM.led CorrodoA

Sewer Sewer Up.heaM DowA.hea. U'Ahole Coauete R.le
Ale DIa.eter Crown Wall Crown w.h 11.11 ' Roof 1.0" UacheJ Corrodon

Cit, anll Sllte (yeau) (lnchel) (I.U.) (I.u.) (•• u.) (a.u.) (I.U.) (a ••• ) (lacbea) trear) Btatul

Cllper, '"
It Street 29 36 5.0 5.0 4.0 5.0 3.0 -- 1.0-1.5 0.04-0.01 SeYere
C Ind Center St. 7 41 -- -- .- -- 2.8 -- -- Sb.llow
101 II. fellow.tone ' 7 'I 4.0 5.0 3.0 .- 2.0 -- 0-0.25 0.01-0.04 Shallow
ralr,rounll. ROlli 7 36 5.0 5.0 5.0 5.0 6.0 -- 0-0.25 0.01-0.04 Shillow
Uldlll' Drive 7 30 6.0 6.0 6.0 6.0 1.0 -- 0-0.25 0.01-0.04 Shallow
HIIII Cut-Off Road 7 30 5.0 5.0 5.0 5.0 5.0 -- 0-0.12 0.01-0.02 Shallow
A.ter Ind Daffodil 7 21 la, 24 out 6.0 -- 6.0 -- 6.0 -- 0-0.12 0.01-0.02 Sballow

Cf.arlotte, He
CI.nlon St •• t 1. Creek -- 36 6.0 6.0 6.0 6.0 6.0 -- -- -- Ab.ent
RellOuot St. -- 36 6.0 6.0 6.0 6.0 6.0 -- 0-0.12 -- Sh.llow
freedoM Dr••nd thrift Rd. -- 36 6.0 6.0 6.0 6.0 6.0 -- -- -- Abaeot
E. 12th St••ad He,er. -- 3D 6.0 6.0 6.0 6.0 6.0 -- -- -- Ab.eDt
D.vlllaon .nll I. 22nll -- 3D 6.0 6.0 6.0 6.0 6.0 -- -- -- Could aot obaerYe
Old Providence Rd. aelr

Sbaronvlew -- 42 5.0 5.0 4.5 5.0 6.0 -- 0-0.25 -- Shillow
Arborll" ne.r Sedle, Roall -- 24 6.0 6.0 6.0 6.0 6.0 -- -- -- Ab.eDl.,
'.r. Road end Honcure -- 54 6.0 6.0 6.0 6.0 6.0 -- -- -- Altaeat

~
Old N.tlon. Forll near Eryln' L.ne -- 54 6.0 6.0 6.0 6.0 6.0 -- -- -- Ab..nl
Crlnlte St. ne.r Contlaental Ilvll. -- 21 6.0 6.0 6.0 6.0 6.0 -- 0-0.12 -- Sh.llow

Co)
Fort lIorth, tX

ROIeIl.1e St. )30 36 6.0 6.0 6.0 6.0 -- -- 2.0-3.0 <0.1 Severe
If.bo St. 31 12 5.0 -- 5.0 -- 5.0
JU.bo St. 31 • 6.0 -- 6.0 -- 4.0 6.0 1.0 0.03 Severe (ffJI)
'harr St. 31 54 4.0 -- -- -- 4.0 -- 0.75 0.02 Shallow
lour St. 65 54 6.0

_.
6.0 -- 6.0 -- 2.0-4.0 0.03-0.06 Severe

~.,.



Table A-l (cant.)

Sudlte p,1 E.Uutd
E.U..tel Cerred••

'eller Sewer --!1I!!trel'. JQVllltru. tta,Yole ClII.,crete .. Jlte
Ale Db.eler CUII1II---vii. CrO\IJI "d. VI11 iDOl tau Unel1u

Cit, 111I4 'tate (yeara) (fnehea) Ca.u.) (I.u.) (I.U.) Ca.u.) (I.U.) _ (,~_.)_~_~ncllel) [year}
Con.dc/III
Itatv'l

"IIvlulte, W.
_••,pton Ind 32d
t,ere II 111I4 eflltellol
Greenlree R4. 'u., StltloD
Vlennl It. '
It. V,ter St. IDei Hnlhln
N. Vlter St. Inel PlerloD
V. Florlla St. aD' Forth St.
Inch, anel "dleoD
35th an. klnDleUDlIIle
116th IRI O'.ahoal

5

50

36
42

72 fa, f1t out
60
36
36
54
60
36
48

6.5
6.5
6.5

'.5

6.0
6.5

6.5
6.5
6.5

6,5

6.5
6.5
6.5

6.5

6.0
3.5
6.5

6.5
6.5
6.5

6.5
I

Alllent
Ahent
Alllent
Abient
Abient

COlli. Rol oblerYe
COllld DOt o"lerYe

Abient
0.12 SeYefe

Abient

>J:,.

Seattle, VA
E. "'f,lnll Va, .nel 112th It.
V. 15th Ave. and V. RI,e St.
15 Ave." IN .nd Illth St. NIl
ME Union Hill Inel A,ondlle

..RolJrvoocf. IS JUDe. Strue.

24
~21
~-

14
15

2x12 In. 42 olll
2130 In. 9' out

15 In, II out
54

1.0

1.0

3.0 2.1 2.0 I
1.5

0.25-0.50
0-0.25

0.25-0.50

0.04
<0.01

1.11-0.02
0.02-1.04

Severe
Severe.
Shillow
Shillow
Shillo~ (till)



Corrosion seems to be worst at locations where a force main discharges to a manhole, at

lift stations in gravity sewers (the city is beginning:to use polyvinyl chloride [pvq liners

at those locations), near interceptors where hydrogen sulfide moves back into laterals, and

at locations midway between manholes. Albuquerque does not have $uch industrial

discharge, and pipe failures are not related to the presence of industrial discharges. There

are only about three small electroplaters in the area.

In the past, Albuquerque has not had a formal program to identify corrosion. The city now

has a television inspection program for small-diameter sewers (8 inches). The city replaces

about 18,000 feet per year of 8- to lo-inch pipe. The goal is to replace 30,000 feet per

year. The city has replaced up to 12-inch concrete lines with clay or PVC to prevent

further corrosion. A total of about 40 miles of mostly 8-inch-diameter pipe has been

sliplined since 1978.

Albuquerque experiences a summertime odor problem, and injects chlorine· gas and

hydrogen peroxide at several locations for odor control during the summer. Untreated

wastewater has had total sulfide concentration of up to 4.3 mgll. The city will be switching

some of the chlorine units to hydrogen peroxide in the future, because of longer lasting

effects and safety concerns.

Sewers 24 inches or less in diameter are cleaned at intervals ranging from three months to

two years. Larger sewers are not cleaned.

Corrosion at the wastewater treatment facility is limited primarily to metal components.

Ventilation is used to help control corrosion inside the treatment buildings.

The city identified six sites scattered throughout the area to exemplify the corrosion

problem in Albuquerque: Arno and Wesmeco streets; Marquette Avenue and Edith Street;

Iron and 14th streets; Coors Boulevard and Churchill Road; Atrisco Street; and Rossmoor

Street.
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An example of high-rate corrosion exists at the Atrisco Street site. The site iis seven years

old and near the upstream end of the system. The slope in this reach of pipe is very flat,

and sewage velocity was estimated to be 0.5 feet per second (fps). Themanh()le at this site

was installed with a bituminous coating that has separated almost entirely from the

concrete. In seven years, the concrete on the waIls and soffit of the manhole has corroded

up to an estimated depth of 1.0 inch. The inlet and outlet pipes at this manbole are PVC

lined and in good condition. Measurements of pH on the manhole and pipc~waIls ranged

from 1 to S.

Three other sites (i.e., Arno and Wesmeco streets, Iron and 14th streets, a.nd Coors and

Churchill streets) have experienced severe corrosion. Measurements of pH on the walls

of manholes and pipe ranged from 2 to 5 at Arno Street, and from 1.to 2 at Coors Street,

and were 4 at Iron Street. Depth offriable concrete or corrosion product ranged from 0.50

to 2 inches. However, the pipe and manholes at these sites are considerably older than the

Atrisco Street site, reflecting a lower rate of corrosion over the life of the in!itallation. The

current rate of corrosion at these sites Cannot be determined from available information.

The manhole at Marquette Avenue and Edith Street has experienced sc)me corrosion;

however, manhole access problems prevented quantification. The flow in this manhole is

turbulent The Rossmoor Street site is not corroded badly, although pH rnnged from 2.5

to 4 at this site.

Except for the Marquette Avenue and Edith Street site, release of bydrogcm sulfide gas is

not believed to be accelerated by turbulence or drops at the Albuquerque sites. Long

detention times, flat slopes, and warm sewage temperatures are thou!~ht to promote

hydrogen sulfide corrosion of concrete system-wide in Albuquerque, •as reflected by low pH

readings at all sites.
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A.l.2 Baton Rouge, Louisiana

The City of Baton Rouge maintains approximately 250' miles of sewer which transport an

average of 3~ mgd of wastewater to the city's three treatment facilities. The sewer system

selVes the entire East Baton Rouge Parish except for two smaIl communities. The system

selVes 375,000 people. Baton Rouge officials estimate that ~ey have approximately 75

miles of unlined reinforced concrete pipe larger than 24 inches in diameter.

Industry contributes less than 5 percent of the total sewered flow. The major industries,

including a large oil refinery, treat their own waste and do not discharge industrial effluent

to the sewers. Those industries that do discharge to the Baton Rouge system are generally

in compliance with the established pretreatment program. Industry is not concentrated in

anyone area of the system, and city engineers do not correlate corrosion in their system

with industrial discharge.

The Baton Rouge sewer system is completely separate. Corrosion of concrete pipe is

system-wide. Baton Rouge experienced its first sulfide-related pipe collapse about five

years ago. This collapse was the first indication to the city of the severity of its corrosion

problem. A consultant's report to the city on preventative maintenance of the system made

reference to odor control, but did not focus on corrosion. The city did try chlorine addition

in the mid-1970s, but ~1?andoned the program in less than one year because of high costs~

The city does some television inspection of the system, but does not have a system-wide

hydrogen sulfide corrosion prevention program.

The city has experienced multiple problems in some pipe reaches. Repairs made with

fiberglass or plastic pipe appear to be holding up well; however, one repair done with

concrete pipe experienced corrosion and needed subsequent replacement. Baton Rouge

acknowledges that turbulent flow conditions due to changes in grade or direction, pump

station discharges, or drop connections are usually prevalent at problem areas.

A·'



Baton Rouge selected eight sites for EPA to obselVe: a pump station, the Central

Treatment Plant, and six manholes located throughout the sewer system (two in the north

subsystem, one in the central subsystem, and three in the south subsystem). The sites. '

ranged in location from one within approximately 1 mile of a treatment plant and 10 miles

from the upstream end of a reach, to one located near the upstream end of a reach.

Corrosion was obselVed at each site, with varying degrees of severity. All site:; visited were

constructed in the early 1960s. Pipe slopes ranged from 0.003 ft/ft to 0.00015 ftlft.

Pump Station No. 59, a 27-year-old structure, which is located 1 mile upstrc~ from the

Central Treatment Plant and collects wastewater from about 10 miles upstream, was the

first site visited. A pH of 6 was measured on the wet well walls; shallow con'osion, 0.25 to

0.5 inches deep, was observed. The wet well often surcharges, washing the walls.

The Central Treatment Plant had shallow corrosion of some concrete structures. The force

main discharge structure at the plant headworks was corroded, and aggregate was exposed

in both the primary clarifier influent and emuent channels. Some corrosion of metal had

also occurred at the plant headworks. A 0.6 parts per million (ppm) total ~'Ulfide content

was measured in wastewater at the plant headworks. Plant influent pH was 6.

The first manhole visited is located at Front and North streets in the central District, about

0.75 miles downstream of a pump station and within 1 mile of the Central TJ'eatment Plant.

Measurements of pH in the manhole and the 30-inch-diameter pipe rangf~d from 4 to 6.

Large aggregate, indicating up to 0.5 inches of pipe loss, was visible in the pipes above

normal water line. Flow at this location was turbulent due to the pump station upstream,

a change in slope about 100 feet downstream, and a 12-inch-diameter inlet with to 2- to 3

foot drop. The wastewater had a trace of sulfide and pH of 6.

The next two sites are in the North District: Devall Lane off Blount Road, and Georgia

Street at Harding Boulevard. The Devall Lane site is directly downstream of a pump

station, and flow is made more turbulent by a 1.5-foot drop across the manhole. The site
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is located at the midpoint of a 12-mile-long drainage area. A total sulfide concentration

of, 0.05 mg/l and a pH of 6 were mc!asured in the wastewater. Pipe surface pH

measurements ranged from 2 to 5.5. The pipe at this location was severely corroded above

the normal 'water surface (during pump discharge). Some mortar is .missing between the

bricks in the manhole and some bricks were observed on the floor of the downstream pipe.

Observations revealed that as much as 1.5 inches of concrete may be corroded.

The Georgia Street site is in the upstream third of the same drainage area. The wastewater

had a sulfide concentration of 0.08 mg/l and pH'of 6.5. Pipe pH measurements ranged

,from 5.5 to 6. Although this site is also less than 0.25 miles downstream of a pump station,

pipe corrosion was estimated to be minor. Only small aggregate was exposed, indicating

0.25 to 0.50 inches of concrete loss. Two drop pipes enter this manhole, and the pipe

changes direction about 100 feet downstream.

, The final three sites visited are in the South District: Winboume Street at East Brookstown

Drive, East Contour Drive, and Staring Lane. The Winboume Street site had a wastewater

pH of 7 and sulfide of 0.17 ppm. Pipe surface pH measurements ranged from 5 to 6. The

36-inch pipe at this location is corroded severely and corrugations were visible at

reinforcing steel locations. There is a 2-foot drop across the manhole. Winboume Street

is located near the upstream end of a 15-mile-long drainage reach.

The Contour Drive and Staring Lane sites are on the same 54-inch pipe in the middle and

near the downstream end of the reach, respectively. Wastewater sulfide content Was 1.1

ppm at the Contour Drive site; wastewater pH averaged 6 at the two sites. Pipe surface

pH measurements were between 2.5 and 4 at the Contour site, and 2.5 and 5 at Staring

Lane. Corrosion at these sites was limited to about 0.50. to 1 inch of concrete loss,

exposing only the first layer of aggregate.

Hydrogen sulfide gas levels of 3 to 4 ppm were measured at the Contour Drive site. The

Staring Lane site is just downstream from a 36-incb-diameter force main terminus. In
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addition, the downstream pipe at the Staring Lane site had a broken invlert near the

manhole, which has created a backwater condition and turbulence at the manhole.

A.l.3 Boise, Idaho

The Ci~ of Boise maintains approximately 325 miles of sewe~which transport an average

of 24 mgd of wastewater to the ci1}"s three treatment facilities. Boise pl'ovides sewer

service to three sewer districts and to Garden Ci~. Boise has recognized a hydrogen

sulfide corrosion problem in its system since 1983. Concrete sewers and manholes in at

least four areas have experienced severe corrosion. Some of their most 'seriously damaged

manholes have been coated recently with materials to resist further sulfide ,attack.

Hydrogen sulfide corrosion in Boise is system-wide. Boise officials feel tlleir corrosion

problem can be correlated to low flows in hydraulically oversized sewers and to turbulent

flows created by force main discharges and drops in manholes. There is very little industry

" in the area, and Boise operates a completely separate sewer system.

Boise, in consultation with CSDLAC, has tried Polymorphic resin and Zebron coatings and

Chrystallok and fiberglass liners in several of their manholes. Insituform and sliplining

have been and are presently being used in Boise to rehabilitate corroded sewers.

After Boise discovered its problem in 1983, it realized that the 1977televisiion monitoring

tapes indicated previously overlooked signs of corrosion such as concrete swelling and

spalling. During the visit, Boise displayed over 15 samples of 4-inch-diameter cores,

recovered from a 1984 coring program, which showed the extent ofcorrOSlion in different

pipe sizes, ages, and areas of the system.

Based on measurements of core thickness and the known age of the ,lipe, Boise has

calculated that lifetime corrosion rates are as high as 0.12 inches per year in the sewer pipe

at Glenwood and Chinden streets, and 0.15 inches per year in the sewer pipe at Canal and
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Columbus streets. Corrosion rates calculated similarly for pipe in the warm springs area

was 0.03 inches per year over a 37-year period, an4. 0.06 inches per year at Protest and

Federal streets.

About 30 homes in the Warm Springs area use a geothermal water Source for home

heating. The water is extracted from the ground at about· l7S0F and discharged from

homes to the sewer at about l30°F. The sewage in this area of town averages between 90

and l000F. The sulfate concentration of this water source is about 23 mgll. Corroded

manholes were obselVed in this area.

The maintenance supervisor from the neighboring West Boise Sewer District (West Boise)

descnoed a serious problem in his system. West Boise replaced six manholes after a S-year

old sewer collapsed due to hydrogen sulfide corrosion/in 1983. There were lO-foot-drop

laterals at some of these spun concrete, Type 2 concrete manholes. West Boise feels that

hydrogen sulfide conditions are worse at turbulent flow areas (e.g., drop manholes). In

addition, the supervisor cited uneven slope during installation of the system as contnDuting

towards solids deposition in the lines.

West Boise previously used chlorine and hydrogen peroxide dosing and experimented

unsuccessfully with bacterial seeding to control sulfide generation. The chemical treatment

program was Successful once the proper dosing was defined, but very expensive. The West

Boise maintenance supervisor also feels that hydrogen sulfide conditions are worse at

turbulent flow areas resulting from drop manholes. He noted that Garden City, a nearby

area with high infiltration and inflow, has little corrosion.

The West Boise Sewage Treatment Plant, owned and operated by Boise City, has had air

scrubbing equipment installed to reduce odor emissions.

A tour of Boise's treatment plant revealed some concrete corrosion. Influent channels

covered for three years at the plant's headworks have experienced corrosion, particularly
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the channel that formerly carried sludge. The covered wet wells had no corrc)Sion, but the

air has been scrubbed since the 1970s to redu~ odor complaints. The remainder of the

process tanks at the plant are not covered (except for the anaerobic digesters), and are not

experiencing any concrete corrosion.

The field team members made, observations at 12 sites in Boise. Of these, five sites (i.e.,

one at Prote$t Avenue and Federal Way, and four along a segment of another sewer

between North Gary Street at West Baron Street and Glenwood Street at Chinden

Boulevard) showed a high rate of corrosion. The remaining sites, although tlley often have

acidic pH levels on walls, do not yet show evidence of corrosion.

The Protest Avenue site is located only 2 miles from the upstream. end of the collection

area and has a lO-foot-drop inlet. The long drop creates turbulence that is believed to

accelerate release of hydrogen sulfide 'and corrosion. A screwdriver could be pushed up

to 2 inches into the remaining concrete· of the manhole wall. Measurements of pH were

2 on the manhole wall. This site is 14 years old.

Four sites along a single 12-year-old line between North Gary Street at We:;t Baron Street

and Glenwood Street at Chinden Boul~vard also have high-rate corrosiolll. Pipe at the

downstream end (Glenwood Street at Chinden Boulevard) showed deep corrugations at

reinforcing steet indicating that corrosion had penetrated deeper than the reinforcement.

Surface pH levels were 6 in the pipe and 1 in the manhole at North Gray Street, 3 in the '

pipe and 1 in the. manhole at Bluebird, and 3 in the manhole at State Street. The

wastewater sulfide concentration was 2.25 mgll near the upstream end.

A brick manhole and a previously conoded concrete manhole coated wi.th Polymorphic

resin were inspected in the,Warm Springs area of Boise. The surface of the brick manhole

had a pH of 5, and the coated concrete manhole had a pH of 2.0 - 3.0. Both the brick

manhole and the resin cOating appeared to be in good condition.
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Additional observations at one unlined and two lined manholes did not reveal corrosion.

ShallowcorrosioD; zero to 0.50 inches deep, was obServed at a pump station wet well.

A.I.4 Casper, Wyoming

Casper officials feel that a severe hydrogen sulfide corrosion problem exists in that city.

The problem first came to light in 1975 during reconstruction of the wastewater treatment

facility when a severely corroded influent line to the primary clarifier needed replacement.

Since that time, the city has begun looking for corrosion in manholes as part of its manhole

inspection program. In addition, the city tried sodium hydroxide dosing once in 1986 and

once in 1987 to control the slime layer inside sewer pipes and has added clean water to

upstream portions of the system to increase flow rates and decrease detention times. The

sodium hydroxide treatments were effective for approximately three-week periods.

Generation of hydrogen sulfide is only a problem during summer months. Casper also has

a problem with hydrogen sulfide corrosion of the engines being fueled with digester gas in

its cogeneration plant. A $16,000 rebuild was recently completed. Oty staff reported that

this digester gas cogeneration problem is shared with Billings, Montana, and Boulder,

Colorado.

Casper officials identified seven manholes for the visit. The first observation was in a

manhole on a 29-year-old 36-inch sewer line about 0.75 miles from the wastewater

treatment facility. The remaining observations were along a 10-mile segment of a 6- to 7

year-old sewer that transports wastewater from the e western side of Casper to the

wastewater treatment facility.

.Corrosion is clearly evident in the 29-year-old manhole. Aggregate is exposed and loose

in some instances. Up to 1.5 inches of pipe wall may have washed away. Corrosion.

product was not- observed at this location; however, a pH of 3 was measured on the

manhole wall and a pH of 4 to 5 was measured in the croWD of the downstream pipe.

Corrosion is evident at all the manholes observed on the 6- to 7-year-old sewer.
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Furthermore, corrosive conditions appear to worsen the farther downstream that

observations were made. The farthest upstream observation was at a manhole located

about 200 feet below a force main river crossing. The sewer pipe appeared in very good

condition, except for 0.125 inch of erosion evident along the side of the, o~t1et Pipe and

manhole surface pH was 6 at this location; there was no corrosion product.

As the observers progressed to downstream locations, the presence of corrc)sion product

increased and pH levels on pipe and manhole surfaces decreased. Measurements at three

downstream locations showed pH levels of 2 or less. At the farthest downstream location,

Center and G St, approximately 1.5 inches of soft, mushy corrosion product was evident

on the walls of the manhole. Because of the short length of time that this sewer segment

had been installed, it was difficult to estimate the amount of concrete that bad corroded.

However, corrosion was clearly occurring.

The effluent channel of the primary clarifiers at the wastewater treatment fac:ility at Casper

had severe corrosion. Up to 2 inches of concrete may be missing from parts c)f the channel.

The facility superintendent believes that a major contributing factor to sulfide generation

in that city is excessive sewage detention time. This results from hydraulic:aUy oversized

sewers constructed in anti~ipation of growth that did not occur because of a regional

economic downturn. In addition, high sulfate concentrations in the local drinking water,

180 to 200 mg/1, may aggravate the problem.

A.l.5 Fort Worth, Texas

The City of Fort Worth maintains approximately 2,000 miles of sewer which transport

wastewater to a single treatment facility located adjacent to Village Creek., a tributary of

the Trinity River. A second facility, the Riverside facility, us~d to treat wa.-;tewater for the

city; however, flow to that facility was diverted to the Village Creek facility several years

ago.
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Fort Worth experiences hydrogen sulfide odor problems during warm weather and has had

a pipe collapse that is attributed to hydrogen sulfidtfcorrosion. In particular, one of the

Village Creek collectors collapsed. The city now injects chlorine into the two main

interceptors (90 and 96 inches) to control sulfide and odor. The closing of the Riversi4e

'Trea1ment Facility and concomitant shifting of flow to Village Creek' have decreased

detention time and hydrogen sulfide levels in these two interceptors.

The industrial contribution of wastewater is a fairly uniform 10 to 20 percent throughout

.the collection system. The major sources are from' electroplating, brewing, food processing,

and aircraft manufacturing.

The levels ofmetals in the wastewater have declined,dramatically during the past five years.

However, levels of aluminum and iron are high because of the discharge of drinking water

trea1ment sludge to the wastewater collection system at severallocatioDS.

A pipe collapse was reported to have occurred at the end of a force main in the

neighboring City of Grand Prairie. The City of Pantego, also a neighbor, was said to have

a major problem.

Field team members entered five manholes in Fort Worth to assess the presence and

effects of corrosion in the city sewer system. The manholes are spread out across the city

and represent several sewer main subsystems. Two manholes manifested severe corrosion.

At Rosedale Street, a section from the crown of a 36-inch pipe is clearly visible lying on

the pipe floor. The pipe walls have corrugations 1.S to 2 inches deep; an estimated 2 to

3 inches of pipe is missing. The city is aware of problems in this 3O-plus-year-old line and

bas rerouted wastewater to allow replacement of this sewer. This sewer bas a steep, easily

observable slope that increases sewage velocity and could accelerate the release ofhydrogen

sulfide gas. The' pH of the pipe surface at this manhole was approximately 6, indicating

that conditions were not as corrosive at the time of the visit as in the past, probably

because of the rerouting of the wastewater.



The second location with severe corrosion was a 65-year-old, 54-inch pipe·on Bomar Street.

At this location, the pipe upstream and downstream of the manhole had corrugations 1 to

2 inches deep. In addition, a section of pipe wall approximately 1 foot· high by 6 feet long

is missing from the right side of the pipe approximately IS feet downstream,. An estimated

2 inches of concrete has eroded from the lower portion of the manhole, lind the joint

between the manhole and outlet· pipe has deteriorated. Two IS-inch laterals enter this

manhole, but do not appear to be very active. The upstream manhole has an active drop

lateral, and flow in the downstream manhole is very turbulent. In both instances, these

factors could have contributed to release of hydrogen sulfide gas and an increased

corrosion rate. The pH of the pipe surface at this manhole was approximately 6. There

is no apparent indication of current or ongoing corrosion.

The other three manholes obselVed in Fort Worth are approximately 30 ye:ars old. Even

though these locations had lower pH levels of 4 to 5, corrosion is not as severe as at the

other two locations. Drop laterals were not obselVed at or near these three locations.

A.l.6 Seattle, Washington

The Municipality of Metropolitan Seattle (Metro) maintains approximateXy 247 miles of

sewer which transport 186 mgd of wastewater to Metro's treatment faciliti.es. Metro has

had a hydrogen sulfide odor problem for many years. A large number of its concrete

sewers and sewage structures have experienced extensive corrosion damage. The most

serious identified cases of hydrogen sulfide corrosion have been replaced or repaired by

coatings or liners.

Construction ofMetro's interceptor facilities began in 1963; corrosion is widespread in this

relatively new system. Local municipalities provide smaller-diameter sewage collection

systems which were not, investigated during 'this study~ The Seattle area is heavily

industrialized, and industrial flow represents about 2S percent of the total flOW; however,

industrial discharges have not been correlatedwith sulfide generation or COll1Crete corrosion.
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Areas served by Metro to the east and north of Lake Washington have separate sewer

systems for stormwater transport Areas to the w~st of Lake Washington are served

predominantly by a combined sanitary-stormwater sewer system.

Metro has an extensive sulfide monitoring program, and has had full-time staffworking on

the problem since early 1987. Metro personnel look for hydrogen sulfide damage as part

of sewer inspections during which headspace hydrogen sulfide concentrations and pipe

surface pH levels are also measured. Hydrogen sulfide concentrations from 0.1 to over 50

ppm have been found along with pH readings as low as 2. Metro's records indicate lower

pH readings occur at sites with higher hydrogen sulfide gas concentrations.

Metro has tried various concrete liners and coatings in pipes and on structures to control

corrosion as well as chemical addition to control sulfide. Sliplining, epoxy, polyethylene

(PE), PVC, UPC (a polyurethane polyethylene copolymer), Ameron lining, polyurethane

(Sancon), C.T.E. coating, and Aquatapoxy all are being or have been tested by Metro since

1974. Both satisfactory and unsatisfactory performances have been observed. For example,

the PE liner on the East Bay Interceptor - Section 8 is in good shape and is protecting the

concrete behind it, but the UPC coating on the Lake Sammanisb Interceptor failed and is

peeling off. Hydrogen peroxide addition to control sulfide was tried but abandoned for

monetary reasons. However, Metro did find that once a large shock dose of peroxide was

added, subsequent dosages could be reduced to control·sulfide.

Metro has been involved in other activities related to hydrogen sulfide corrosion control.

Power cleaning of sewers, use of sacrificial concrete in its sewers, and sonar, radar and

ultrasonic measurement of pipe wall thickness have been tried. Metro has also tried to

monitor corrosion rate with concrete coupons and copper shavings hanging in pipes; but

found reactions too slow to provide useful data. In addition, the Renton Treatment Plant

has a $5,000,000 odor-control system employing scrubbers, activated carbon, impregnated

carbon, and chlorine addition. A facilities plan study by a consultant included sulfide

control recommendations. Concrete corrosion at Metro's treatment plants is not a
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problem.

Seattle Metro personnel recommended five sites for observa~on. The site:s are widely

distributed throughout the system and in parts of different subsystems. Three sites are

directly downstream offorce main discharges: a manhole at East MargimlI Wuyand South

112th Street; downstream of the Renton sludge force main;·a manhole near 15th Avenue

W and W Raye streets, downstream. of tb~ Interbay Pump Station force main; and the

Hollywood Pump Station discharge structure. One of the remaining sites, a manhole at

15th Avenue NW and 188th Street NW, is·a few blocks downstream. from a force main.

The fifth site, a manhole on the Lake Sammanish Interceptor at NE Union Hill and

Avondale roads, is not downstream of a force main..,

Concrete pipe downstream. ofboth the Renton and the Interbay force main discharges has

experienced severe corrosion. Corrosion appears to have penetrated the second layer of

aggregate (I-inch loss) leaving only a short distance to reinforcing steel in the pipe

downstream of the Renton force main. The surface pH averaged 1.8.. The sewer

downstream of the Interbay force main carries combined flow and occasionally surcharges.

The 21-year-old sewer pipe was PVClined in 1978 for about 200 feet downstream of the

Interbay force main; however, severe corrosion begins where the liner ends. Assuming that

the corrosign all occurred in the seven years following the lining, the corrosion rate at the

Interbay site is over 0.2 inches per year. Rust spots are visible aD the unlined concrete pipe

wall, indicating that reinforcing steel wiIllikely be exposed soon. One and one-half inch

is estimated to be missing. Measurements of surface pH average 1.3 at In'terbay.

Exposed aggregate- and corrosion were observed around the flap gates at the Hollywood

Pump Station disc~arge and on concrete not ~~otected by a PVC lining. However, most

of this structure is PVClined. The exposed portions are probably exposed to erosional

forces when the pumps discharge.

- -
The manhole at Union Hill and Avondale roads showed shallow corrosion, zero to 0.50
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inches deep, and had a surface pH of 3. The inlet and outlet pipes to this manhole were

in good condition, even though the UPC lining wd in poor condition. The site at 15th

Avenue and 188th Street NW also showed only shallow corrosion, which was limited to the

outlet pipe. This sewer carries combined sanitaty-stormwater flows. The $Urface pH level

,averaged 1.2 at this site. A wastewater total sulfide concentration of0.6 mg/l was measured

at the Union Hill Road site.

The frequent presence of force mains, required to overcome topographic barriers, appears

to increase the hydrogen sulfide corrosion problem in Seattle. Seattle feels industrial metal

bearing discharges have no correlation with corrosion, since that industry has always had

pretreatment standards.

A.l.7 Charlotte, North Carolina

In the Charlotte-Mecklenburg Utility District (CMUD) system, EPA compared corrosion

conditions in purely domestic sewers with conditions in sewers that carry industrial flow.

Approximately 15 metal finishers and a large foundry are permitted for discharge into the

CMUD sewer system. The field team entered six sewers with a large flow contribution

from industry and four sewers with only domestic flow.

CMUD personnel were not aware of system-wide hydrogen sulfide corrosion problems,

although a failure occurred in the Briar Creek sewer sometime prior to 1973. Since that

time, CMUD has been specifying tricalcium pJtosphorus as an additive to its concrete pipe.

CMUD also currently specifies a I-inch sacrificial layer of concrete in its pipe. In the late

1960s, CMUD had an odor study done on the Briar Creek Sewer; it implemented a

program of hydrogen peroxide addition for odor control in 1974. The hydrogen peroxide

was added to a point about 3 miles upstream of the Sugar Creek Treatment Plant to which

the Briar Creek' sewer is tnbutary. This action was unrelated to the prior Briar Creek

failure. Strong odors at the Sugar Creek treatment facility prompted another odor study

in the late 1970s. The second study lead to the injection of hydrogen peroxide at a location
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0.50 miles upstream in both 54-inch influent lines to the plant.

The Charlotte water supply is categorized as "soft" by CMUD and has a 8.0- to 9.o-ppm

total sulfate concentration.

Two of the domestic sites (Davidson Stre~t at East 22nd Str~et, and Myers Street at East

12th Street) are in the Sugar Creek drainage area and two (Arborway near Sedley Road,

and Old Providence Road near Sharonview Road) are in the McAlpine Cr'eek drainage

area. The Sugar Creek sites are 7 and 6 miles from the treatment plant, and 5 and 6 miles

from the upstream end of the same drainage area, respectively. The McAlpule Creek sites

are 7 and 8 miles from the treatment plant, and 3 and 10 miles from the Upl;tream end of

their respective drainage areas. All pipe observed in the CMUD system is 20 to 2S years

old. Wastewater sulfide concentrations at the four sites ranged from O.=~ to 0.6 mg/l.

Wastewater pH measurements were 6 at three sites, and 5.5 at the Old Providence Road

site. It was the only site in Charlotte with pipe and manhole surface pHllJleasurements

'. below 6. Pipe surface pH measurements were 4.5 to 5. Corrosion product e:uended about

0.25 inches deep, exposing "peastone" aggregate at this site.

Two ofthe four domestic sites experience turbulent flows due to a bend and liln obstruction.

Although the wastewater contained measurable concentrations of sulfide at each site (0.6'

mgll and 0.4 mgll), tltere was no measurable headspace hydrogen sulfide. The Old

Providence Road site has a 42-inch pipe and was flowing half full ~t about 2 fps when

observed. The three clean pipes ranged in size from 24 to 54 inches in diameter.

Three of the industrial sewers (Clanton Road at the Irwin Creek Bridge, Remount Road

at the municipal park, and Freedom'Drive at Thrift Road) are in the Irwin Creek drainage

area, 1 to 6 miles from the treatment plant, and 5 to 10 miles from the u,pstream end of

the same drainage area. Two of the industrial sewers (Old Nations Ford Road near Ervin

Lane, and Granite Street near Continental Boulevard) are located in the McAlpine Creek

drainage area. The remaining industrial site is located next to Park Road near Moncure
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Drive in the Sugar Creek drainage area. The McAlpine Creek sites are located approxi

mately 10 and 7 miles, respectively, from the farthest upstream points in their drainage

areas. The Granite Street site is about 1 mile downstream of a 12,OOO-foot, 24-inch

diameter foree main; the wastewater pH was 5.5 at this site. The Park Roa4 site is located

about 7 miles from the farthest upstream point in its drainage area.

1\vo of the six industrial sites showed signs ofvery shallow-hydrogen sulfide corrosion. The

Remount Road site had lost just enough concrete to expose aggregate and also had

turbulent flow. The Granite site had turbulent flow and an observed veloci1)' of

approximately 10 ips. This site also had four consecutive drop manholes upstream. Pipe

wall and manhole surface pH measurements were pH 6, and some corrosion product was

pbserved. Wastewater pH measurements were 6 at ,four of the industrial sites, 5.5 at one

site, and 10 at the remaining site. Wastewater sulfide ranged from 0.0 to 0.3 mgll. The

wastewater sulfide level was 0.05 mgll at the site where wastewater pH was 5.5, and 0.0 mgll

at the site where wastewater pH was 10. There was no measurable headspace hydrogen

sulfide gas at any of the six industrial sites.

Pipe diameter at the industrial sites ranges from 21 to 54 inches, and all pipes are

approximately 20 years old. The observed flows range from one-third to two-thirds full,

from smooth to extremely turbulent, with velocities typically 2 to 4 fps.

A.l.8 Milwaukee, Wisconsin

The Milwaukee Metropolitan Sewerage District (MMSD) maintains apprOximately 305

miles of sewer and two treatment facilities which selVe approximately one million people

in the Milwaukee area. The average daily wastewater flow is 190 mgd, of which industrial

flows represent over 2S percent. MMSD estimates that 15 percent of the area selVed by

its system contributes storm flow. Wet weather flows at both treatment plants double dry

weather flows. The average biochemical oxygen demand (BOD) is 200 mg/l, and total

susp~nded solids (TSS) is 250 mgll at the two plants.
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In the MMSD system, EPA compared corrosion conditions in purely domestic sewe~ to

conditions in sewers that carry industrial flow. Approximately 90 electroplaters and metal

finishers and about 15 tanneries are permitted for discharge into the MMSD sewer under

its pretreatment program. Some of the permitted tanneries have waiv~rs to discharge

wastewater without pretreatment for sulfide, making data obtained from the Ml\tfSD system

particularly pertinent to this study. Observations covered five sewers with onl;y residential

flow and five sewers with a heavy industrial' contribution to the flow.

1vfMSD personnel were not aware of any hydrogen sulfide corrosion problems. The District

recently inspected (by television) 20 percent of its large-diameter pipe. Annually, it inspects

an additional 40,000 feet. MMSD also manually inspects manholes, and sewers during a

standard manhole step replacement program and a seasonal manhole cleaning program.

MMSD has some odor problems; however, these are located in parts of the system where

the odors do not generate public complaints.

Three of the residential sites are in the northern part of the service area, 4 tC) 6 miles from

the Jones Island Treatment Plant, and 3 to 5 miles from the upstream end of the system.

Pipe ages at these sites range from SO to 70 years old. None of the three site:s revealed any

wastewater sulfide. Wastewater pHs were all 6.5, and pipe and manhole surface pHs were

all 6.5. (According to carbonate chemistry, one would expect weathered c:oncrete to be

about pH 6.3.) No corrosion or signs of corrosion of pipe or manhole concrete were

observed at these sites, even though one site is a junction structure and another site is

located just downstream of a pump station. In both cases, these locations often experience

turbulent flow and potential release of hydrogen sulfide gas.

The other two residential sites, located in the South Shore Treatment Plalllt basins, are 8

to 10 miles from the treatment plant, and 3 to 5 miles from the upstream end of the basin.

The first site is less than 20 years old, and the second site, Kinnickinnic, is SO years old.

Observations at the 20-year-old site were similar to those at the first three residential sites.

However, a wastewater sulfide content of 0.5 mgll was found at the Kinnickinnic site and
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pH of 3.5 was measured on the crown of the downstream pipe. Kinnickinnic had severe

corrosion from the water line up the pipe ,thout 1 foelt Up to 1 inch of concrete appeared

lost as estimated by aggregate exposure in this 36-inch-diameter pipe. A black slime growth

was observed from 1 inch above the normal water line to 2 inches below..

Five sites had large amounts of industrial flow. Three sites· are about 2 to 3 miles north

of the Jones Island Treatment Plant and two are immediately upstream .of the plant. All

five sites are at least six miles from the upstream end of the system and are at least 40

years old. Corrosion was not observed at any of these sites.

TWo of the industrial sites had measurable sulfide in the wastewater: 0.18 and 0.40 mg/J.

Wastewater pH ranged between 6.5 and 7.5. Pipe aJ)d manhole surface pH measurements

ranged between 6.0 and 7.0. One of the industrial sites was located less than 0.5 miles

downstream from a tanneIY. Two sites had initial hydrogen sulfide gas concentrations of

between 0.5 and 0.6 ppm in the 'pipe headspace. ~ One site located in the downtown

industrial area could not be entered because of a photoionization meter reading of greater

than 1,000 ppm. Two sites had abrupt changes in direction 20 to 30 feet upstream from

the manhole and 6 to 8 inches of bottom debris. lYPica1 at these sites was a grease buildup

on pipe and manhole walls, calcium buildup, and slime, but solid concrete pipe underneath.

A2 Wastewater Treatment Plants and Pump StatioDS

Site investigations were conducted at five wastewater treatment plants in three cities. The

purpose of these investigations was to dOCUiDent the location, nature and severity of

hydrogen sulfide corrosion problems at these facilities. The wastewater treatment plants

included the Hookers Point facility in Tampa, FL, the East Bank and West Bank plants in

New Orleans, LA, and the Hyperion and Terminal Island plants in Los Angeles, CA

Pump station corrosion was also investigated as part of these site visits.
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The type and extent of information available from the various cities varied widely. Some

cities closely monitored hydrogen sulfide levels mthe wastewater and in the atmosphere,

and maintained detailed records of corrosion repair and rehabilitation efforts. Others had

done little to monitor or control .corrosion.

The following provides a SUDlDlmy of the information ~llected from the site visits to cities

where corrosion was believed to be a problem in the wastewater treatment plant and pump

stations.

A.2.1 Tampa, Florida

The Hooker's Point Advanced Wastewater Treatment Plant was expanded in 1978 to

handle a design flow of 60 mgd. The plant is averaging approximately 57 mgcl, and employs

advanced waste treatment (AWf) for biological nitrogen removal.. Unit pl'ocesses at the

plant include influent screens and grit chambers, primaty clarification, two stage activated

sludge treatment, secondaty clarification, denitrifying filtration, ch1c)rination and

dechlorination. The plant achieves nitrification/denitrification before it discharges to

Tampa Bay. Sludge handling processes are varied, and consist of.gravity, dissolved air

flotation, or belt filter thickening of waste activated sludge, anaerobic or aerobic digestion,

and belt press or drying bed dewatering. A new sludge dtyer and pelletizer will come on

line in the fall of 1990.

Hydrogen sulfide corrosion at the wastewater treatment plant is vety severle. The walls of

the influent junction box were constructed with a corrosion-resistant plastic liner. H2S

corrosion is also severe in the screen and grit building and in the effluent chamber in the

grit building. Dissolved sulfide is approximately 10 mgll in the influcmt wastewater.

Concrete on the roof of the junction box had also corroded to an extent th;it the aggregate

was exposed. All mechanical equipment showed mild to severe corrosic)D. Hand rails,

platform, and other structures at the primaty clarifiers were corroded.
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The plant expends significant resources to combat ,hydrogen sulfide corrosion. All carbon

steel parts have been replaced by staUiless steelparts wherever possible. Electrical

components have been covered and electrical sockets replaced using plastic materials. A

very rigorous painting schedule is maintained on all equipment and parts. at the junction

chamber. HzS levels in the atmosphere of the screen and grit building are as high as 20

ppm. A fine-mist scrubber was installed to treat the HzS-I~den air emissions from the

junction box. Although designed to handle SO ppm of HzS, levels entering the scrubber

range from 400 to over 1000 ppm. The capital cost of the scrubber system was

approximately $1,000,000. Annual operating cost is estiInated to be $400,0001yr.

The primary clarifiers at the wastewater treatment plant are also at an advanced stage of

corrosion. Some clarifiers are 40 years old and the others were built during the expansion.

There is little corrosion at the influent end of the clarifiers but severe corrosion at the

effluent end. The wastewater has a fall of fOUf feet in the effluent channel thereby creating

turbulence and releasing H2S to the atmosphere with the result that the concrete structure

at ~e effluent channel is severely corroded.

Most of the moving parts on the clarifiers have been replaced by plastic, including the'

scraper mechanism. Gear motors and electricaVmechanical components are covered with

corrosive-resistant materials. Approximately 2 to 4 inches of the side walls at the effluent

channel in the primary clarifiers have been lost due to corrosion. At some locations,

reinforcing steel was visible. The rehabilitation of the clarifiers is now under contract and

includes the installation of a plastic liner on the walls. Hydrogen sulfide corrosion

downstream of the clarifiers is very limited. There is very little hydrogen sulfide corrosion

found at other treatment processes and sludge handling facilities.

Hydrogen sulfide corrosion of instrumentation and controls at the wastewater treatment

plant was severe at the transformer cabinets. All copper tubing and wiring corrodes

rapidly: Corrosion of electrical contacts was widely obselVed. Switchgear at· the influent

junction chamber also corrodes rapidly. Corrosion prevention measures for instrumentation
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and control equipment includes covering the instruments, purging with clean air, and air

conditioning control rooms. All electrical equipment at the plant is on a preventative

maintenance and painting schedule. Contacts and relays are cleaned regularly.

Transformer housings must be replaced periodically.

Although corrosion of sludge handling components and structures has been a problem in

the past, such problems have largely been eliminated through gradual replacement with

corrosion resistant materials such as galvanized and stainless steel. Spare pm1s are stored

in an air-conditioned warehouse to prevent corrosion. Minor corrosion problems are still

evident where components such as conduit fittings are not available in corrol;ion resistant

materials.

There are 160 lift stations in the sewer system that collect and transport wastewater to the

treatment plant. The more recent pump lift stations are built of concrete.

Medium to very high rate corrosion was found at many of the lift stations. Most of the

manholes, wet wells and interior control room walls in lift stations have S1l1lfur (yellow)

deposits. There was severe corrosion near turbulent areas of the lift stations. The concrete

was corroded and reinforcing steel was visible. Most of the lift stations have mild to severe

corrosion present. Steel sound enclosures over wet wells had to be replaced by fiberglass

buildings. Most of the larger pump stations have fine-mist scrubber systems. The City

tried a hydrogen peroxide dosing system, but it was judged to be too expensive to operate.

A few lift stations have used a ferrous sulfate dosing system to control HzS. The. City also

tried packed toWer air scrubbers. They were very high in maintenance. Carbon adsorption

systems were also installed on some lift stations.

Corrosion of instrumentation and control systems at the lift stations was not quite as severe

as at the plant. This was primarily due to the active preventative maintenance program

imposed by the City. Copper tubing and exposed wiring were seen to be corroded. All

motor control centers and electrical equipment were covered.
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A.2.2 New Orleans

The East Bank and West Bank wastewater treatment plants of the City of New Orleans

.were visited to document the extent of hydrogen sulfide corrosion at the, facilities. The

East Bank plant treats the sanitary flows from downtown and the northeast 'part of the City.

The plant was originally built in 1963 for primary treatment and was later expanded for

secondary treatment in 1980. The original design flow at the plant was 30 mgd but the

facility has been expanded to handle 122 mgd.. A total of 1500 miles of collection system

comprised of gravity and force mains collect and convey sewage to the plant The

treatment plant consist of screens and grit removal, pure oxygen activated sludge system

and secondary settling. Effluent is discharged to the Mississippi River. Secondary sludge

is dewatered and then incinerated. The ash, along with screenings and grit, are disposed

of in a sanitary landfill.

Plant headworks at the East Bank. plant had severe corrosion in the screen and grit basins.

Some parts of the grit basins were built in 1963 and were then expanded to meet the new

design flows. Three force mains feed wastewater to these grit basins. One force main

conveying flows from the City has long detention times, and hence the wastewater is v.ery

septic when it reaches the plant. 'The color of the wastewater was very dark (black) and

was deficient in D.O.

The side walls of the grit chamber were severely corroded. Approximately 1 to 1~ inches

of concrete w~. corroded away at some locations. Severe corrosion was also observed at

the effl~ent end of the grit box where the wastewater spills into a channel which led it to

the pure oxygen activated sludge tanks. The grit chambers were installed with screens on

each pass. These screens were in a deteriorated condition. Many of the components of

the screens had rusted and the metal frames on which they were attached were corroded

along with the concrete below the frames.

Corrosion of instrumentation and controls was found to be severe at the East Bank plant.
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Contacts on electrical equipment were oxidized. The plant personnel replace small items

and clean contacts and equipment on an annual basis. They sometimes must take

equipment off-line for service and maintenance. As preventative maintenance, they use a

light coating of oil, and cabinets purged with cleaned air. The plant has ~ntered into an

annual preventative maintenance contract. They allocate tWo men 1 to i-112 dayslwk for

electrical equipment maintenance. The electrical contacts on indicator lights, pump relays,

and contacts operate intermittently because of oxidation problems at the colntacts. The

instrument control room is fully, air, conditioned. Air cleaning is dcme through

permanganate beads which are replaced every month. The plant expends significant effort

for replacement and maintenance of the electrical and instrumentation comJ)onents.

The plant does not have any control measures to prevent future corrosion. Nc) efforts have

been made to rehabilitate the corroded structures. The plant has a limited budget and does

not plan to employ rehabilitation of structures as a corrective action until there is a failure.

The West Bank plant serves the population of the western side of the City of New Orleans.

The plant was originally built in 1971 for a design maximum flow of 15 mgd. The average

dry weather flow (ADF) to the plant is approximately 7 to 8 mgd. The plant is now under

design for expansion to 40 mgd. The treatment plant consists of influent bar screens, grit

removal, primary sedimentation, high rate trickling filters, secondary !iedimentation,

chlorine contact and final discharge to the river. The sludge from the clarifiers goes to a

thickener and a vacuum filter and is then incinerated. The ash from the incinerator is

disposed of in a locallandfil1.

The West Bank plant also has severe corrosion at the influent head box where the screens

and grit chamber are located. Corrosion has degraded the sidewalls on the grit chamber,

to a depth of 1 ton~ inches. Again, corrosion was found to be severe at areas of high

turbulence i.e. at the influent and emuent end of the grit basins. The metal grating and

handrails on the grit basins were also corroded. The wastewater entering the plant was
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septic and the dissolved oxygen was always found tobe 0 mgIJ except during heavy rainfa])s

when the D.O. would increase to 0.2 mjll. Astbe plant is located adjacent to a golf

course, there are plans to cover the plant headworts, the sludge thickener and some other

tanks to control odor emissions.

There are no efforts being taken to rehabilitate th~ degraded structures. No rehabilitative

techniques have been employed to correct the odor and corrosion problems.

The vacuum filters at the West Bank Plant are located in a building that is equipped with

a passive air ventilation system. The mechanical and support parts of the vacuum filters

are in a severely corroded state. The plant had to replace grating over the filter supports.

When the filters are operating, high H2S, levels are"reported in the building. There is no

corrosion reported at other parts of the plant. Corrosion at instrumentation and controls

is minimal. Corrective action at this plant is based primarily on minimizing odors which

are affecting the neighboring golf course.

There are a total of 87 lift stations and 1500 miles of sewerS that serve both the East and

West Bank Treatment' Plants in the City of New Orleans. The lift station wet wells are

made of brick and concrete. Force mains range in size from 42 to 52 inches and are

constructed of cast iron, steel or concrete. Ninety to 95 percent of the collection system

is 8 to 10 inch diameter pipes. Concrete pipes were laid in late 1930's. There are a few

older pipes made of clay. Since the 1970's, plastic pipe has been used where possible.

All of the 87 lift stations employed in the collection systems for the East Bank and West

Bank plants are in some stage of corrosion. The older lift station wet wells were built of

brick and are severely deteriorated. The pump base and supports have corroded and at

some places are on the verge of falling down into the wet well. Rehabilitation of brick wet

wells consists ofcoating by gunite. The New Orleans Sewage Board experimented with

pump cycle times to minimize detention times and decrease H2S levels. Continuous

ventilation is provided in the lift stations at six air changes per hour. At some places the
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Board has tried adding ferric chloride but found that it forms clinkers in the incinerator at

the plant. HzS levels in the atmosphere of the wet wells average approximately 100 ppm.

The Board spends around $5.2 million per year for lift station maintenanCE:. About 30

percent of total man hours is utilized for lift station maintenance. . ElIectrical and

instrumentation equipment have minor corrosion problems. New electrical eCluipment has

been installed with clean air supplied by treatment through potassium permanganate.

There is reported to be more corrosion in lift station wet wells at the e~t side of town.

A.2.3 City of Los Angeles

A.2.3.1 Hyperion Wastewater Treatment Plant

The plant is designed for 400 mgd through primaty treatment and 150.mgd through

secondary treatment. Present day flows are 370 mgd and 200 mgd, respective:ly. The ability

of the secondaty process to handle the additional flow is attributed to the addition of fine

bubble diffusers. The headworks, primaries, secondaries and anaerobic digesters are

approximately 40 years old. Regulations eliminating ocean sludge disposal and requiring

full secondaty treatment, along with population growth, have resulted in 10 years of

construction at the plant. The City foresees at least another 5 to 10 years at the same pace.

The latter includes replacement of the existing secondaty process with a pure oxygen

process.

With the exception of the gravity degritter in the east headworks, all trash and grit removal

tankage are under cover, making direct observation of corrosion on these processes difficult

without considerable expenditure of staff manpower. The covers on the west aerated grit

chamber effiuent channel were small enough to be manag~d.by one person and were lifted

for observation. Corrosion of the concrete sewer at those points was observed to be severe,

with penetration' to at least 12 inches at the water line dim~hing to 1 to 2 inches in the

closed channel and 0 to 1 inch at ground level of the open tank. The plant carpentty

superintendent in charge' of all in-house concrete repair indicated the observed areas were
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typical of all headworks tankage of the same age. The cost of these repairs are not

segregated from general plant maintenance costs.:'

The extent of corrosion below the water line in both tanks and channels was descnoed as

minor (less than 1 inch) even in the oldest tankage. All covers (tank and channel) and

deck plates are made of aluminum, as were handrails, conduit and other hardware (some

stainless steel). No corrosion of these materials was apparent

The headworks processes are all cOntained in buildings. The ambient atmosphere of the

buildings is swept by fans and discharged to a collection point at the suction of the

secondal)' process blowers. Thus a slight negative pressure is maintained in each building.

This prevents noxious odors from escaping the plant and with normal infiltration plus some

- outside air intakes, avoids the build up of corrosive gases in the atmosphere of the process

buildings. All windows in the aerated grit chamber building were sealed in order to reduce

escape of hydrogen sulfide, even though the tanks are covered. The few pieces of carbon

and galvanized steel found in the buildings were severely corroded. This was especially true

of steel doors. No maintenance program is in force for the doors other than repainting

when scratched or chipped. The ambient air removal system piping is fiberglass and most

other piping is PVC. Conduit is aluminum or PVC.

A sh~rt section of the force main entering the plant collapsed and was replaced in 1987.

The collapse was attributed to corrosion-weakened concrete/pipe combined with the ground

Vloration caused by heavy construction equipment.

The decision to rehabilitate or replace all or part of theheadworks has yet to be made.

There is obvious structural damage in some places and some doubt in the mind of staff as

to the structural integrity of a rehabilitation effort given the frequency of earthquakes in

the area. In either 'case, PVC liners with concrete slabs will be used in all channels and the

inside of all tankage will be at least coated with coal tar or an altemative coating material.

A-31



The primary clarifiers are covered with concrete slabs so casual inspection was not possible.

The influent and effluent channels are covered by aluminum plates which can be easily

removed for inspection. Like the beadworks, concrete exJnbited deep corrosion penetration

from the water line to the surface, with some of the deepest penetration. (~.tl;) 8 inches) at

the surface adjacent to the channel covers. Most of the corrosion at the top has been

repaired by cutting back to good concrete, reforming to the original geometly and grouting.

These repairs are recent, and are not covered by any protective coating. An epoxy..type

coating had been applied to the early patches and began peeling almost immediately, so

coating was discontinued. The channels will be covered with PVC .liners. The type of

coating for the inside of tank walls and covers is as yet undetermined. TIley are in the

process of converting from steel to plastic chain and from wood to fiber gl;ass boards for

the sludge rakes. The existing primaries will be rehabilitated once new primary

construction is complete.

With the exception of anaerobic digestion, the sludge handling processes ec-une on..line in

1985..1986. Ocean disposal of sludge ceased in 1987, and digested sludge is now either

dried and applied to power generation (Carver..Greenfield process) or dewatered by

centrifuges and transported to a Yuma, AZ land application site. Due to safety regulations

for construction at the site, the sludge handling facility was off-limits to visitors. The

addition offerrous chloride (280 mg/l) for hydrogen sulfide reduction after sludge digestion

is to control sulfur emissions as opposed to corrosion control.

All instrumentation and control electronic equipment is conformably coated (a thin lacquer..

like coating applied to circuit boards and components to seal them from tbe atmosphere)

in the manufacturing process. This is standard practice in the industry for wastewater

treatment equipment suppliers. In addition, all field mounted instrumentation (sensors,

transmitters, etc.) are nitrogen purged. The case of each instrument is coJlnected to a low

pressure nitrogen' supply which maintains a slight positive pressure in the instrument

housing to prevent exposure of the components to ambient air. Im»pection of the

equipment disclosed no sign of corrosion. All circuit boards, contacts, wire terminations
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and other exposed metal was bright and shiny. Th~ annual cost of nitrogen is estimated

at less than $3,000. The only sensing elem~nts imm~ited in liquid process streams are DO

probes. These are newly installed and as yet have DO track record. The control room is

isolated from ambient atmosphere by scrubbing, filtering, and air conditioning. No

problems were reported or apparent with these systems.

Although not as severe, there is ample evidence of concrete corrosion in secondary

treatment The worst is at the aeration basin influent mixing.channel where corrosion has

penetrated to the reinforcing steel (2 inches).' Other areas of the reactors have exposed

aggregate. Steel hand rails and steel plate on the side of the reactors are pitted and rusted

where chipped 0t: peeled paintaDowed exposure to atmosphere.

Since a new oxygen activated sludge system is planned, only those repairs necessary for the

existing system- to remain operational will be made.

The scavenged air recovered from buildings and below tank covers is ducted to the aeration

basin blowers for scrubbing in the activated sludge mixed liquor. This air is not cleaned

by other than conventional blower inlet air filters, nor are the blowers constructed of

special corrosion resistant materials. This has not caused any additional blower

maintenance or reduced the useful life of the blowers. The only impact is on the carbon

steel linkage that moves the internal guide vanes and this impact is considered minor by

the maintenance staff.

A.2.3.2 Terminal Island Wastewater Treatment Plant

The original plant was constructed in 1935 and completely rehabilitated in 1977. The plant

is designed for full secondary treatment of 30 mgd. Present day dry weather diurnal flow

ranges were modified from 5 to 35 mgd, a 7:1 ratio, to 10 to 30 mgd, a 3:1 ratio, by

requiring (as part of pretreatment enforcement) local industries to shift discharges to off

peak hours. Over 50 percent of the flow and 70 percent of the load is of industrial origin.
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With the exception of the bar screen, all trash and grit removal tankage is under cover,

making direct observation of corrosion on these processes difficult without considerable

expenditure of staffmanpower. Corrosion of the concrete at the bar screens was negligible

at those points obselVed, with penetration barely to the aggregate at the ~ter line. The

extent ofcorrosion below the water line in both tanks and channels was described as minor

(less than 1 inch) in the oldest tankage; All covers (tank and channel) and deck plates are

made of aluminum, as were handrails, conduit and other hardware (soD:1e stainless steel).

No corrosion of this material was apparent. The bar screen frame and sheet metal is of

coated (coal tar) carbon steel, which was severely corroded. Most of the sheet metal has

been replaced with sheet PVC. The frame (1;4 inch angle iron) will probably be replaced

with stainless steel.

The headworks processes are all contained in buildings. The ambient atmosphere of the

buildings is collected by the suction of the secondary process blowers (no fans). Thus a

slight negative pressure is maintained in each building. This prevents noxious odors from

escaping the plant and with normal infiltration plus some outside air intakes, avoids the

build up of corrosive gasses in the atmosphere of the process buildings. The few pieces of

carbon steel found in the buildings were severely corroded including galvanized steel

hardware. This was especially true of steel doors. No maintenance program is in force for

the doors other than repainting when scratched or chipped.

The ambient air removal system piping is fiberglass and most other piping is PVC. Conduit

is aluminum or PVC.

The primary clarifiers are fitted with aluJDinum covers. The influent and emuent channels

are also covered by aluminum plates which can be easily removed for inspection. Plant

staff had previously converted from steel to plastic chain and from wood to fiberglass

boards for the sludge rakes. Because of problems with the plastic chain jumping the

sprockets, they are converting back to steel chain.
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The egg shaped anaerobic digesters appear to be ~ good condition externally. An external

pipe that collects gas for mixing has been replace4 With a welded stainless steel pipe. The

sacrificial anodes are replaced routinely as part of the maintenance program. The

motorized valves located on top of the digesters are also.being replaced, b~t this is because

theydo not have weather proofhousings, although the problem may have been exacerbated

by hydrogen sulfide. The earth gr~und bonding wire (bar~ copper) in this location has

almost turned to dust and is being replaced with an insulated wire. This location is also

exposed to winds from the sea, and the corrosion observed may be the result of salt air.

The elevator at this location is a high maintenance item, since it is exposed to both Sea air

and ambient hydrogen sulfide.

The addition of ferrous chloride (450 mg/l) for hy?rogen sulfide reduction (10 fold) after

sludge digestion is to control sulfur emissions as opposed to corrosion control.

All instrumentation and control electronic equipment is conformably coated. In addition,

all field mounted instrumentation (sensors, transmitters, etc.) are nitrogen purged. The

case of each instrument is connected to a low pressure in the instrument housing to prevent

exposure of the components to ambient air. Inspection of the equipment disclosed no sign

of corrosion. All circuit boards, contacts,. wire terminations and other exposed metal was

bright and shiny. The annual cost of nitrogen is estimated at less than $2,000. The only

sensing elements immersed in liquid process streams are DO probes. These are relatively

new yet have performed well to date. The control room is isolated from ambient

atmosphere by scrubbing, filtering, and air conditioning. No problems were reported or

apparent with this system.

The scavenged air recovered from buildings and below tank covers is ducted to the aeration

basin blowers for scrubbing in the activated sludge mixed liquor. This air is not cleaned

by other than conventional blower inlet air filters, nor are the blowers constructed of

special corrosion resistant materials. This has not caused any additional blower

maintenance or reduced the useful life of the blowers. The only impact is on the carbon
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steel linkage that moves the internal vanes and this impact is considered minor by the

maintenance staff.
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[ ] researcher
[ ] student
[ ] teacher

In order for the Municipal Technology Branch to be effective in meeting your
needs, we need to understand what your needs are and how effectively we are
meeting them. Please take a few minutes to tell :LiS if this document was helpful in
meeting your needs, and what other needs you have concerning wastewater
treatment, water use efficiency, or. reuse.

Indicate how you are best described:
[ ] concerned citizen [ ] local official
[ ] consultant [ ] state official
[ ] other [ ] Federal official
Name and Phone No. (optional) _

[ ] This document is what I was looking for.
[ ] I would like a workshop/seminar based on this document.
[ ] I had trouble [ ]finding [ ]ordering [ ]receiving this document.
[ ] The document was especially helpful in the following ways:

[ ] The document could be improved as follows:

[ ] I was unable to meet my need with this document. What I really need is:

[ ] I found the following things in this document which I believe are wrong:

[ ] What other types of technical assistance do you need?

We thank you for helping us serve you better. To return this questionnaire, tear
it out, fold it, staple it, put a stamp on it and mail it. Otherwise, it may be faxed to 202-
260- 0116 .

.Mrs ~
OffICe d WastINIat1!S Enl'OICelil5lt &~
MUNICIPAL TECHNOLOGY BRANCH

DETECTION, CONTROL, AND
CORRECTION OF HYDROGEN
SULFIDE CORROSION IN
EXISTING WASTEWATER
SYSTEMS
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