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ABSTRACT 
 
Odor causing compounds, like H2S (Hydrogen Sulfide) are a significant problem for odor control 
in wastewater collection systems.  However, the deterioration of wastewater collection pipes and 
systems, due to sulfide-induced corrosion is a much bigger, but less visible problem.  Even low 
levels of H2S can drastically reduce the life expectancy of wastewater infrastructure, giving way 
to catastrophic sewer main breaks, bad press, and costly repairs.  The Environmental Protection 
Agency published a report to congress highlighting LA County Sanitation District, which 
showed $130 million was budgeted to repair 25 miles of a large diameter gravity interceptor, 
which is $5,200,000/mile (EPA 1991).  The same EPA report estimated then-current damage to 
U.S. wastewater collection systems at $6 billion (with 80% of that due to H2S corrosion). 
 
Several pipe rehabilitation techniques exist, but a collapsed interceptor can potentially create 
disastrous traffic, social, safety, and financial issues due to pump-around and construction.  
Similarly, multiple technologies exist for reducing dissolved sulfide levels for odor control (i.e. 
chemical feed) but are cost-prohibitive for impacting corrosion rates and are unable to achieve 
dissolved sulfide levels near zero to stop corrosion.  For example, the addition of liquid calcium 
nitrate is a convenient way to reduce odors; however, nitrates cannot economically reduce 
dissolved sulfides in the water below about 0.5 mg/L – which is in equilibrium with about 20 
ppm H2S gas in the head space.  At 20pmm of gaseous H2S, corrosion still proceeds at near 
maximal rates.   
 
SuperOxygenation (a process to completely dissolve pure oxygen in raw wastewater) has been 
successfully proven to eliminate dissolved sulfides in force mains which flow completely full 
and have some head pressure.  Research by R. E. Speece (2008) shows that SuperOxygenation is 
also a possible solution for odors and corrosion in large-diameter, gravity-flowing, partially-full 
interceptors.  This involves pumping a sidestream from the gravity main through the 
SuperOxygenation system to raise the dissolved oxygen (D.O.) level in the bulk flow at a 
strategic distance upstream of a “problem area” so that anaerobic conditions do not exist, and all 
dissolved sulfides are completely oxidized prior to said problem area.  
 
Computer models will be presented showing that SuperOxygenation makes it possible to 
maintain aerobic conditions in large diameter gravity sewers for a distance of up to four (4) 
miles, without loss of D.O. to the headspace, while maintaining gaseous oxygen levels in the 
headspace well below the lower explosive limit.  Questions based on effervescence, solubility, 
reaeration and stripping rates, as well as headspace gas concentrations will be explored, with 
computer-based theoretical models presented. 
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INTRODUCTION 
 
An insidious microbial process is occurring in sewer systems around the world even as we 
consider this topic.  Taking place quietly below ground the process often is detectable because of 
foul odors produced.  In the absence of adequate available dissolved oxygen (D.O.) in the 
systems, organically polluted wastewaters are being metabolized by sulfate reducing bacteria and 
the relentless problems of hydrogen sulfide (H2S) gas generation are proceeding apace 
underneath us. (Speece 2008) 
 
Wastewaters often spend long times in the collection system, where all available dissolved 
oxygen is consumed, and hydrogen sulfide gas is formed – which is highly odorous and 
corrosive, and poses a human health hazard. 
 
The detection limit for hydrogen sulfide by the human nose is approximately 1 ppb (0.001 ppm). 
It is not uncommon for the hydrogen sulfide concentration in the air in contact with wastewater 
to be in excess of 100 ppm.  Hydrogen sulfide gas concentrations above 100 ppm can be lethal; 
OSHA states a level of 800-1000 ppm causes instant death if inhaled.  Thus, the health hazard 
and odor potential of these wastewaters flowing in the collection system and to the wastewater 
treatment plant is exceptionally high.   
 
The other unfortunate consequence of hydrogen sulfide generated in wastewater collection 
systems is corrosion. Concrete corrosion occurs when H2S gas is emitted from wastewater into 
the headspace above the flow, where bacteria then convert the H2S gas to sulfuric acid, causing 
severe corrosion and rapid deterioration. 
 
The concrete assets in a sewer collection system represent a large investment for a municipality 
and normally are expected to last for 50-100 years.  However, in the case of high H2S 
concentrations brought about by long detention times in the collection system and exacerbated 
by warmer temperatures the rate of concrete corrosion has been such that sewers and other 
concrete structures have failed in under 10 years instead of lasting the projected 50-100 years. 
 
Many large sewer interceptors are constructed below streets. They are considered primary assets 
by the municipality and collapsed interceptors can create catastrophic social and financial issues 
to deal with sewer spills, public relations, traffic interruptions, pump-around and reconstruction. 
 
Additionally, treatment plant headworks and primary clarifiers are two of the largest contributors 
to odor problems in typical municipal wastewater treatment plants.  Due to the long transit times 
in the collection system, the influent wastewater often has zero D.O. and a dissolved sulfide 
concentration of 2 to 10 mg/L, with H2S levels in the headspace often in the range of 50 to 200 
ppm.  
 
Therefore, sulfides generated in the incoming wastewater create very serious odor and corrosion 
problems at the headworks, requiring costly control measures.  Elimination of sulfides in the 
wastewater flowing to the treatment plant may avoid or reduce these measures. 
 
 



 
 

METHODOLOGY 
 
There are two approaches to control odors caused by H2S: 

1. Allow them to form and then treat them – in the vapor phase 
2. Remove dissolved sulfides or prevent H2S from forming – in the liquid phase. 

 
H2S levels can be reduced with vapor phase treatment; however, corrosion persists with exposure 
to even low levels of H2S gas.  In order to prevent corrosion, H2S gas must be maintained below 
2.0 mg/L which can only be achieved with liquid phase treatment technologies. 
 
The current liquid phase treatment technologies include those listed below, and may often be 
ineffective or cost prohibitive for corrosion control: 
 1)  Precipitants - heavy metals such as iron salts, 
 2)  Oxidants - such as nitrate salts, hydrogen peroxide, and chlorine, 
 3)  pH Elevators - (MgOH) elevate pH to keep sulfides in solution. 
   
Due to the low cost of pure oxygen, and the effectiveness of D.O. as an alternative to traditional 
liquid phase technologies, SuperOxygenation is a possible new solution for odors and corrosion 
in large-diameter gravity mains and interceptors.   
 
This involves pumping a sidestream of wastewater from the gravity main through the 
SuperOxygenation system and blended with pure oxygen gas to raise the D.O. level in the bulk 
flow.  This process requires all oxygen gas to be completely dissolved to ensure no undissolved 
gases are added to the sewer lines, and or the hydraulic conditions of the system are not 
negatively impacted.   
 
The elevated D.O. in wastewater collection systems is consumed two ways:  

1. Oxidation of any dissolved sulfides present in the wastewater, 
2. Satisfy the oxygen demand of the bacteria on the pipe wall and in the bulk flow. 

 
In the presence of D.O., sulfide is biochemically oxidized.  Sulfide is a preferred microbial 
electron donor for bacterial metabolism and is metabolized more rapidly than organic BOD (i.e. 
short chain fatty acid fermentation products: acetate, propionate, and hydrogen).  Thus D.O. is 
used for the oxidation of sulfides before (faster than) it is used for the oxidation of other 
compounds.  This reaction requires 15 to 30 min. once dissolved oxygen is added, for 95-100% 
sulfide removal.  To achieve the required reaction time, the D.O. must be supplemented prior to 
the targeted point of odor or corrosion prevention.  On average, it requires 2 pounds of dissolved 
oxygen to oxidize one pound of sulfides. 
 
Dissolved sulfides are oxidized to sulfur and sulfate according to the following reactions: 
 

2 H2S + O2 → 2 H2O + 2 S      Eq. 1.0 
 
H2S + 2 O2 → 2 H + SO4      Eq. 2.0 

 
 
 



 
 

The oxidation of sulfides by dissolved oxygen follows a first order reaction rate according to the 
following equation: 
 

C At  =  C A0  e –kt
      Eq. 3.0 

 
  C At   =  Sulfide concentration at time t; 
  C A0   =  Initial sulfide concentration at time t=0; 
  T       =  Time, minutes;   and 
  K       =  Sulfide oxidation rate, min -1 
 
According to this equation and field experience, 80% of the sulfides are reduced within the first 
15-30 minutes. Within 1 hour of reaction time, even high concentrations of 100 mg/L dissolved 
sulfides are oxidized to below 1 mg/L as shown in the graph below. 
 

 
Figure 1.0 – Sulfide Oxidation Rate 

 
For sulfide removal prior to a targeted area, D.O. should be added at a strategic distance 
upstream of a targeted “problem area” (approximately ½ mile) so that all dissolved sulfides are 
completely oxidized prior to said problem area.  The oxygen usage rate for sulfide oxidation is 
roughly 2 mg/L D.O. per 1 mg/L dissolved sulfides.  Minimum HRT required is 30 minutes. 
 
For additional treatment and prevention of sulfide formation along a greater distance of sewer 
pipe, the oxygen demand for sulfide oxidation must be added to the oxygen demand to maintain 
aerobic conditions for that distance of pipe (HRT * OUR).   
 
For example, the total oxygen demand to eliminate H2S in a 3-mile length of gravity sewer is 
shown below: 
 1.5 mg/L of dissolved sulfides present at location of D.O. increase 



 
 

 OUR of 10 mg/L per hour (industry standard for municipal sewer collection systems) 
 Distance of 3 miles (or 3 hours of HRT) to be aerobic 
 Total Oxygen Demand = (1.5 mg/L S * 2.0 mg/L O2:S) + (10 mg/L/hr * 3 hrs) 

           = 3 + 30  
           = 33 mg/L initial D.O. required 

 
RESULTS 
 
Despite the prolific use of SuperOxygenation in force mains and the desperate need for corrosion 
protection in gravity mains and interceptors, two common misconceptions have kept it from 
becoming widely adopted for H2S control in gravity sewers.  These two common 
misconceptions, or false “myths” are shown, with the evidence to disprove (“bust”) each of 
them.   
 
Myth #1: Any D.O. above 8-9 mg/L will rapidly come out of solution.   
 
The saturation level of D.O. in water is dependent several factors including the concentration of 
oxygen in the gas, and the observed system pressure.  Since air contains only a fraction of 
oxygen gas (21% oxygen and about 79% nitrogen) the D.O. saturation level with air is 9 mg/L.  
Alternatively, using pure oxygen gas, the D.O. in wastewater can be raised to about 45 mg/L, 
which is the saturation level with pure oxygen with zero head pressure. 

 
Water with a D.O. level below saturation have zero potential for rapid loss of D.O. due to 
effervescence.  Field data from a primary clarifier in Maine shows D.O. levels in excess of 60 
mg/L can be sustained at atmospheric pressure with no rapid D.O. loss due to effervescence.   

 
In fact, for spontaneous effervescence to occur, the D.O. level must be raised to over 200% of 
saturation. The graph below shows the results from a lab experiment to evaluate effervescence of 
D.O. from water due to exceeding the saturation level at atmospheric pressure.  In this 
experiment, 200 mg/L of oxygen was dissolved into water in a pressurized vessel using pure 
oxygen.  The vessel was then depressurized and mixed vigorously to observe the rate of D.O. 
loss and evaluate potential effervescence. The results show that in the first 2 minutes at 
atmospheric pressure, the D.O. dropped precipitously due to effervescence, reducing the level 
from 200 mg/L to 65 mg/L.   
 
After the first two minutes, the rate of D.O. lost to the atmosphere was dramatically slowed, 
indicating effervescence had stopped although the D.O. level was still super-saturated. This 
linear behavior indicates that DO loss was only occurring at the water interface with the air. The 
slope of the linear portion is a function of the reaeration/stripping or mixing intensity. The y axis 
intercept would indicate the concentration below which effervescence does not spontaneously 
occur. Lower the mixing and the slope of the line lowers also. However, the y axis intercept will 
not change. From this it could be concluded that the DO in a gravity sewer can be raised to at 
least 60 mg/L with no rapid loss of D.O. (proven with field data).  Despite this evidence, super-
saturation is not recommended in a gravity pipe, which limits the D.O. capacity to 45 mg/L D.O. 
at atmospheric pressure. 



 
 

 
Figure 2.0 – Experimental Data Showing Rate of D.O. Loss in Super-Saturated Water 

 
In the absence of effervescence, the only loss of D.O. to the headspace is defined as the stripping 
rate (k2) across the water surface.  The rate of D.O. gas transfer into or out of wastewater with an 
air interface is proportional to the surface turbulence and the degree of super saturation.  With a 
low reaeration rate for undersaturated flows, there is a low rate of stripping for supersaturated 
flows.  The stripping rate of D.O. in a gravity sewer (k2) can be calculated using the equation 
developed for wastewater reaeration rates (r2), as shown below (Jensen 1995). 
 

𝑘𝑘2(20℃) = 0.86(1 + 0.20 𝐹𝐹2)(𝑠𝑠 𝑢𝑢)
3
8𝑑𝑑𝑚𝑚

−1     Eq. 4.0 
 
F = Froude number F=u/(gdm)0.5 

u = mean velocity m/sec  
s = slope m/m 
dm = hydraulic mean depth (water cross section in m2/width of water surface-m) 

 
The graph below shows the stripping coefficient (K2) for saturated D.O. in a gravity sewer, as a 
function of water depth and velocity. 

 

 
Figure 3.0 – D.O. Stripping Coefficient in a Gravity Sewer  

 



 
 

Large diameter gravity sewers, (i.e. above 4-5 ft diameter) have stripping rates (k2) that are low 
enough to retain a positive D.O. level for several miles/hours.   
 
The behavior D.O. in a gravity sewer has been modeled for a variety of conditions, incorporating 
the D.O. stripping rate and the oxygen uptake rate (OUR) of the system.  For these models, an 
industry standard OUR, of 10 mg/L per hour has been used.  This rate indicates that 10 mg/L of 
D.O. is consumed by the bacteria in the sewer, per hour of retention time under aerobic 
conditions.  Since most gravity sewers flow at a velocity of roughly 1 mile per hour, this 
indicates that 10 mg/L of D.O. is consumed per mile of gravity sewer. 
 
Based on this information, raising the D.O. to 45 mg/L can effectively eliminate H2S for 
approximately 4 miles of gravity sewers.  Additionally, gravity pipes larger than 4-5 ft diameter 
are good candidates for SuperOxygenation to control H2S odor and corrosion. 
 
Myth #2 
The loss of elevated D.O. can result in gaseous oxygen levels in the headspace that will exceed 
the lower explosive limit (LEL) of 23.5% 02, where methane may be present. 
 
The process of SuperOxygenation requires that entrained gaseous oxygen is not added to the 
collection system, but that all oxygen is completely dissolved.  However, with elevated D.O. 
levels, some D.O. may be lost to the headspace due to the oxygen concentration differential of 
the air in the headspace and in the water.  As with the previous myth, the stripping rate of 
elevated D.O. levels in the wastewater, and the resultant oxygen gas concentration in the 
headspace is predictable and is dependent on the pipe and flow characteristics.   
 
The calculated stripping rates, and corresponding oxygen gas concentration in the headspace of a 
5 ft diameter gravity pipe resulting from varying elevated D.O. concentrations and water depth, 
are compiled in the tables below.   
 

Table 1.0 – Gravity Sewer, 5 ft diameter pipe, flowing 50% full (k2=1.6/day) 
 Initial D.O. Till zero D.O.       D.O. stripped to air (% Lost)  O2 Conc. In head gas 
 30 mg/L DO 13,000 feet      2.5 mg/L DO lost to air (8%) 21.0% 02 in head gas 
 40 mg/L DO 17,000 feet   4.9 mg/L  DO loss to air (12%)  21.2% 02  in head gas 
 50 mg/L DO 21,000 feet   8.0 mg/L DO lost to air (16%) 21.4% O2 in head gas 
 60 mg/L DO  25,000 feet   11.6 mg/L DO lost to air (19%) 21.6% O2 in head gas 
 
              Table 2.0 – Gravity Sewer 5 ft. diameter, flowing 70% full (k2=1.0/day) 
Initial D.O. Till zero D.O.  D.O. stripped to air (% Lost)  O2 Conc. In head gas 
30 mg/L DO  13,000 feet  1.6 mg/L DO loss to air (5%) 21.2% 02 in head gas 
40 mg/L DO   18,000 feet  3.3 mg/L DO lost to air (8%)  21.5% O2 in head gas 
50 mg/L DO   23,000 feet  5.4 mg/L DO lost to air (11%)  21.9% 02 in head gas 
60 mg/L DO  27,000 feet  8.0 mg/L DO lost to air (13%) 22.3% 02 in head gas 
 
For every 5 mg/L of DO stripped to the head space:  

• an increase of 0.1% oxygen in the head space will occur in a sewer flowing 30% full,  
• an increase of 0.3% oxygen in the head space will occur in a sewer flowing 50% full,  
• an increase of 0.9% oxygen in the head space will occur in a sewer flowing 70% full.   



 
 

 
For example, if 10 mg/L of DO is stripped in a sewer flowing 50% full, the maximum head space 
composition will reach 20.9+0.6 = 21.5%. 
 
Even at very high initial D.O. concentrations of 60 mg/L, the maximum head gas composition is 
well below the 23.5% explosive limit. 
 
The figures below show the projected D.O. loss from 3 ft, 5 ft, 8 ft, and 10 ft diameter gravity 
sewers, each with initial D.O. ranging from 10 to 50 mg/L, zero head pressure, and flowing half 
full. 
 

 
 Figure 4 – 3ft Pipe, 50% Full    Figure 5 – 5ft Pipe, 50% Full 
 
 

 
 Figure 6 – 8ft Pipe, 50% Full    Figure 7 – 10ft Pipe, 50% Full 
 
These graphs show that water with elevated initial D.O. levels will lose only a small portion of 
D.O. to the headspace, which is insignificant as compared to the rate of D.O. consumption 
(OUR).   
 
For example, the following can be interpreted from Graph 6, shown above: 
 
 10 ft diameter pipe 
 Flowing at half full 
 Zero head pressure (gravity) 
 Initial D.O. raised to 50 mg/L 
 Pipe-Length/Distance of 17,000 ft of aerobic conditions maintained before zero D.O. remains 



 
 

 8-10 mg/L of D.O. is lost to the headspace at a consistent rate along the 17,000 ft pipe length, 
resulting in a 0.6% increase in the oxygen gas concentration in the headspace (increasing the 
oxygen level to 21.9%, which is well below the LEL). 

 All existing dissolved sulfides are completely removed within the first half-mile of the 
gravity pipe. 

 
CONCLUSION: 
 
SuperOxygenation can be used to maintain aerobic conditions in a large diameter gravity sewer 
for a distance up to 4 miles without exceeding the LEL for oxygen gas where methane may be 
present. 
 
Thus, SuperOxygenation of these larger diameter interceptors is a possible new solution for odor 
and corrosion in these primary assets of a municipal sewer collection system. 
 
Although the data presented here for gravity sewers are only mathematical models, the initial 
positive results indicate the feasibility of SuperOxygenation in gravity sewers. 
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