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ABSTRACT 

High levels of hydrogen sulfide in the Milford sanitary sewerage system had caused serious 

damage to the sewer system, to a key pump station and to the wastewater treatment plant itself.  

The hydrogen sulfide created hazardous conditions in the pump station and was the source of 

continual odor complaints.  The cause of the problem was isolated to dual force mains carrying 

sewage flow from the Gulf Pond Pump Station 4.0 km (2.5 mi) to a major interceptor sewer and 

to the West Avenue Pump Station.  Measurements of atmospheric hydrogen sulfide in one of the 

manholes downstream from the force main discharge were as high as 900 ppm.  A two pronged 

approach was utilized to eliminate the generation of hydrogen sulfide.    The first part consisted 

of installation of motorized valves and magnetic flow meters on each force main leaving the Gulf 

Pond Pump Station. A PLC in the pump station control panel controls the usage of force mains to 

match the demand in the system, thus reducing the detention time in the force mains.  The 

second part consisted of introducing a sidestream flow saturated with pure oxygen to satisfy the 

oxygen demand in the force main.  The system has been successful in eliminating odors in the 

downstream sewer system and has eliminated hydrogen sulfide in the West Avenue Pump 

Station wet well. The design, implementation and operation of the modifications to the Gulf 

Pond Pump Station are presented. 
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INTRODUCTION 

The City of Milford has an extensive sewerage system which includes two wastewater treatment 

plants, forty-two pumping stations and an extensive system of sanitary sewers.   For many years, 

the system had been plagued with odor complaints and had experienced severe corrosion 

problems caused by hydrogen sulfide. Three major pumping stations were suspected of being the 

source of the hydrogen sulfide: the Gulf Pond Pump Station, the East Broadway Pump Station 

and the Rock Street Pump Station.  Refer to Figure 1 for the location of these pump stations. 



The Gulf Pond Pump station discharges through 4.0 km (2.5 mi) long dual 50.8 cm (20 in) and 

61 cm (24 in) force mains into the East-West Interceptor.  Both force mains are necessary to 

carry peak flows, however either one of the force mains has sufficient capacity to carry average 

flow.  The East-West Interceptor is approximately 1.6 km (1 mi) in length and discharges to the 

West Avenue Pump Station, the largest pump station in the City.  The West Avenue Pump 

Station discharges through a 1.6 km (1 mi) long – 76.2 cm (30 in) force main into an interceptor 

sewer which carries the flow to the Housatonic Wastewater Treatment Plant.   

The Rock Street Pump Station discharges through a 40.6 cm (16”) force main 1,067 m (3,500 ft) 

to a sewer system which discharges to the Welches Point Pump Station which in turn is tributary 

to the Gulf Pond Pump station.  The East Broadway Pump Station at that time discharged 

through a 45.7 cm (18”) force main 1,853 m (6,080 ft) to a sewer system tributary to the lower 

portion of the East-West Interceptor. 

Odor and corrosion issues were most evident in the East/West Interceptor and at the West 

Avenue Pump Station.  All of the manholes on the East West Interceptor were badly 

deteriorated.  The City started a program of manhole rehabilitation using various types of 

manhole liners.  It was then learned that the 91.4 cm (36 in) ductile iron sewer had developed 

perforations along the spring line of the pipe.  At that point the City let a sewer contract to 

completely replace the interceptor, which at that time was slightly more than 20 years old. 

 

Corrosion damage in the West Avenue Pump Station wet well was severe.  Concrete in the 

channels carrying flow into the wet well was crumbling and reinforcing steel was exposed in 

many areas.  All of the electrical conduit and fixtures and all of the HVAC ductwork in the lower 

level of the wet well were damaged beyond repair and no longer functional.  The effects of the 

hydrogen sulfide at the Housatonic Wastewater Plant were not as severe as at the West Avenue 

Pump station, but still noticeable, including metal corrosion and persistent odors. 

 

THE INVESTIGATION 

The investigation began in 1998, before the full extent of the damage to the sewerage system was 

known.  The investigation focused on the discharges from the Rock Street, East Broadway and 

Gulf Pond Pump Stations.  Measurements of hydrogen sulfide in the atmosphere of key 

manholes downstream from these three discharges were made during August 1998 and August 

2001.  These measurements confirmed the presence of hydrogen sulfide in varying degrees.  

Table 1 is a tabulation of the measurements taken in the air within the manholes. 

These measurements were isolated measurements made with a hand held hydrogen sulfide 

sensor.  The variability of the results is indicative of the various factors that influence hydrogen 

sulfide generation, including factors such as temperature, flow rates and detention time in the 

force main.  Table 2 is a tabulation of predicted dissolved sulfide in the force mains from the key 

Milford pump stations. 
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TABLE 1 

HYDROGEN SULFIDE MEASUREMENTS 

 

 

 

TABLE 2 

PREDICTED SULFIDE GENERATION 

IN MILFORD FORCE MAINS 

 

 

Force Main Length 

(m) 

Diameter                   

(cm) 

Avg 

Flow 

(ML/d) 

Detention 

Time 

(hr) 

Predicted 

(mg/l) 

Sulfide 

(kg/day) 

West Ave 1,768 76.2 22.7 0.85 0.81 18.5 

Gulf Pond  
a) one 20” 

b) one 24” 

c) both 20” & 24” 

 
4,023 

4,023 

4,023 

 
50.8 

61.0 

50.8 & 61.0 

 
11.2 

11.2 

11.2 

 
1.74 

2.51 

4.25 

 
2.3 

2.9 

5.2 

 
25.9 

32.2 

58.5 

East Broadway 1,853 45.7 3.6 2.05 3.0 10.6 

Rock Street 1,067 40.6 2.6 1.27 2.0 5.3 

Assumptions: 1) BOD = 200 mg/L, 2) Maximum Temperature = 25oC, 3) M = 0.5 x 103 

 

 

A decision was made to replace the existing East Broadway Pump Station with a new pump 

station at a different location, which resulted in a force main of approximately one half of the 

original length.  Based on this, the East Broadway Pump Station and force main were removed 

from further consideration. 

 Samples were taken from the liquid streams at key wet well and manhole locations, during the 

period July 27 through July 29, 2004.  These samples were analyzed for sulfides, sulfates, pH, 

ORP, temperature and oxygen uptake rate.  Table 3 is a tabulation of average liquid stream 

sampling data taken from the Gulf Pond Pump Station wet well and force main discharge during 

Location 8/20/1998 

(ppm) 

8/21/1998 

(ppm) 

8/24/1998 

(ppm) 

8/29/2001 

(ppm) 

West Ave near pump station 88 25 4 0 

Vicinity of Gulf Pond FM discharge 22 19 0 18 

Vicinity of East Broadway FM discharge 7 101 1 27 

Vicinity of Rock Street FM discharge    15 



July 27 and 28, 2004.  Table 4 is a tabulation of average liquid stream sampling data taken from 

the West Avenue Pump Station wet well and force main discharge during July 27 and 28, 2004.  

Table 5 is a tabulation of average liquid stream sampling data taken from the Rock Street Pump 

Station wet well and force main discharge during July 29, 2004.   

Referring to Table 3, the sulfide concentration at the discharge of the Gulf Pond Pump Station 

force main is in the range of the sulfide generation prediction in Table 2.  The negative ORP and 

the increased oxygen uptake rate are indications that the sewage is in an anaerobic state. 

Referring to Table 4, data for the West Avenue Pump Station, a negative ORP indicates that the 

sewage in the wet well is anaerobic; however the force main discharge appears not to be.  Again, 

the sulfide seems to be in the range of that predicted in Table 2.  Referring to Table 5, data for 

the Rock Street Pump Station, the sulfide in the force main discharge appears to be lower than 

predicted in Table 2, however the negative ORP indicates anaerobic conditions in the force main. 

 

 

TABLE 3 

AVERAGE VALUES OF LIQUID STREAM SAMPLING DATA 

GULF POND PUMP STATION 

JULY 2004 

Parameter Wet Well Force Main 

Sulfide (mg/l) 0.0 2.9 

Sulfate (mg/l) 160.0 164.0 

pH 6.72 6.66 

ORP (mv) 19.0 -109.2 

Temperature (
o
C) 20.2 20.1 

O2 Uptake Rate (mg/l/hr) 10.0 13.0 

 

 

TABLE 4 

AVERAGE VALUES OF LIQUID STREAM SAMPLING DATA 

WEST AVENUE PUMP STATION 

JULY 2004 

Parameter Wet Well Force Main 

Sulfide (mg/l) 0.6 0.5 

Sulfate (mg/l) 168.0 164.0 

pH 6.75 6.70 

ORP (mv) -62.4 39.2 

Temperature (
o
C) 20.0 20.0 

O2 Uptake Rate (mg/l/hr) 6.6 10.4 

 

 



 

 

TABLE 5 

AVERAGE VALUES OF LIQUID STREAM SAMPLING DATA 

ROCK STREET PUMP STATION 

JULY 2004 

Parameter Wet Well Force Main 

Sulfide (mg/l) 0.0 0.1 

Sulfate (mg/l) 50.0 50.0 

pH 6.9 6.9 

ORP (mv) 32.7 -30.0 

Temperature (
o
C) 23.1 23.3 

O2 Uptake Rate (mg/l/hr) 12.0 11.3 

 

 

Hydrogen sulfide meters with dataloggers were installed in key manholes and wet wells during 

the same period that the liquid samples were obtained.  Concentrations of H2S in the Gulf Pond 

Pump Station wet well ranged between 2 and 4 ppm with one spike as high as 6 ppm.  Referring 

to Figure 2, concentrations of H2S in a manhole just below the discharge of the Gulf Pond force 

mains were extremely high with peaks as high as 900 ppm.  Downstream in the same system, 

concentrations of H2S in the wet well of the West Avenue Pump Station (See Figure 3) were still 

very high, peaking at 250 ppm, a potentially lethal dose.  Concentrations of H2S in the discharge 

of the West Avenue force main were comparatively very low, with infrequent peaks of 

approximately 1 ppm.  Referring to Figure 4, concentrations of H2S at the discharge from the 

Rock Street force main peaked at about 10 ppm.   

Note that in all cases the hydrogen sulfide concentrations peaked during the early morning hours, 

when the flows would have been the lowest and the detention time in the force mains the longest.  

In the case of the Rock Street system, the hydrogen sulfide concentrations dropped off to zero 

during the daytime hours, while concentrations remained at high levels downstream from the 

Gulf Pond force main discharge throughout the day.  This is consistent with observations of 

odors in the vicinity of the West Avenue Pump Station, which were persistent throughout the day 

and very noticeable even during the winter months. 

Both Gulf Pond force mains were in use during the period of the study, which presented a worst 

case scenario.  Some effort had been made by City crews to close off one of the force mains 

during the hottest, driest periods of the year using manual gate valves in the Gulf Pond Pump 

Station.  This was a hit or miss solution to the problem.  Both force mains are required to carry 

peak pump station flows, so that both force mains would need to be open if there were a chance 

of a significant rain event.  In addition, the opening and closing of these valves was a labor 

intensive operation, which could not be expected to be done with any frequency. 

 

 



 

 

 

FIGURE 2 

GULF POND FORCE MAIN 

July 27 -29, 2004 

 

 

 

 



 

FIGURE 3 

WEST AVENUE PUMP STATION 

July 27 -29, 2004  



 

FIGURE 4 

ROCK STREET PUMP STATION 

July 28 -29, 2004 

 

Based on the findings of the investigation, it was clear that the Gulf Pond Pump Station force 

mains were the source of the majority of the odor and corrosion problems experienced in the 

Milford sewerage system.  While the East Broadway Pump station also contributed a significant 

sulfide loading, demolition of this facility and replacement with a new pump station with a much 

shorter force main eliminated the problem.  The hydrogen sulfide downstream from the 

discharge of the Rock Street Pump Station, while measureable, was low in comparison to the 

H2S from the Gulf Pond system.  The decision was thus made to concentrate the efforts on 

eliminating the problem created by the Gulf Pond Pump Station and re-examining the Rock 

Street system at a later date. 

 

CONTROL OF HYDROGEN SULFIDE CORROSION AND ODORS 

Hydrogen sulfide is formed by the anaerobic action of bacteria found in the submerged slime 

layer of sewer pipes in the absence of dissolved oxygen.  This occurs in force mains or in slow 

moving flat sewer lines where the sewage undergoes long detention times.  As the dissolved 

oxygen is depleted, the bacteria will utilize any nitrates in the wastewater for metabolism, and 



after the nitrates are depleted, they will reduce sulfates which are commonly present in 

wastewater, to sulfides.  The sulfide ions then combine with hydrogen ions in the wastewater to 

form hydrogen sulfide, in the form of gas dissolved in the wastewater.  Hydrogen sulfide gas is 

released into the sewer atmosphere at any point of turbulence, such as may be found at the 

discharge of a force main.  Once released the hydrogen sulfide gas combines with moisture and 

air on the non-submerged surfaces of the pipe, where it is oxidized to sulfuric acid.  The sulfuric 

acid attacks metal and concrete and is capable of causing severe damage to the sewer pipes, 

manholes and downstream pump stations as was experienced in the Milford sewerage system.    

Hydrogen sulfide is extremely odorous and is toxic in relatively low concentrations. 

 

Control Methodologies 

There are two general ways to approach control of sulfides in sewers.  The first is to prevent the 

formation of sulfides by providing sufficient oxygen to the wastewater to keep it fresh.  The 

second is to utilize chemical addition to oxidize the sulfide after it has formed.  The second 

approach had been utilized at various locations in the Milford system with limited success.  

Chemicals which are commonly utilized include potassium permanganate, sodium hypochlorite, 

iron salts, and hydrogen peroxide.  Potassium permanganate and sodium hypochlorite were both 

utilized in Milford.  Activated carbon canister systems were also deployed at key locations in 

Milford to absorb hydrogen sulfide; however the large quantities of hydrogen sulfide generated 

rendered these systems useless in a relatively short period of time.   

Oxygen may be added to the raw wastewater simply by utilizing an air compressor to inject air 

into the system, usually at a point some distance downstream from the pump station.  However, 

as pure oxygen is five times more soluble than air in water, it is possible to maintain a higher DO 

in the force main with a much lower volume of gas by introducing pure oxygen into the system.  

Another approach to preventing the formation of sulfides is the addition of a commercial form of 

nitrate such as Bioxide into the force main to satisfy the oxygen demand of the wastewater.  

A study prepared for the City of New Haven by Bowker et al, (1995), determined that pure 

oxygen had the lowest cost per pound of hydrogen sulfide removed, while sodium hypochlorite  

was approximately ten times more expensive and potassium permanganate was eighteen times 

more expensive.  A recent comparison of various commercial processes utilizing nitrate to 

control hydrogen sulfide indicates operating costs seven to ten times greater than the cost of pure 

oxygen. 

A pure oxygen injection system was chosen for installation at the Gulf Pond Pump Station 

because of its relatively low operating cost, proven effectiveness, and simplicity. 

 

THE GULF POND PUMP STATION 

The Gulf Pond Pump Station is located at the site of an abandoned wastewater treatment plant.  It 

services the Eastern portion of the City of Milford, pumping the collected sewage through 4.0 

km (2.5 mi) of dual 50.8 cm (20 in) and 61.0 (24 in) force mains to the East-West Interceptor 

Sewer which discharges to the West Avenue Pump Station.  The West Avenue Pump Station 



then carries the flow to the Housatonic Wastewater Treatment Plant through a 1.6 km long force 

main and a final run of interceptor sewer.  The Gulf Pond Pump Station is the second largest 

pump station in Milford, with a capacity of 61.3 ML/d (16.2 MGD) at a total dynamic head of 

48.8 m (160 ft).  Average flow at this facility is 11.4 ML/d (3.0 MGD).  While either force main 

alone has sufficient capacity to carry average flow, both force mains are required to carry peak 

flows.   

The pump station includes four 250 HP raw sewage pumps, driven by variable frequency drives.  

The motors are located on a mid level floor and drive the vertical solids handling pumps through 

drive shafts.  The pumps discharge into a common header connected at either end to the two 

force mains.  Prior to upgrade of the pump station, the force mains were controlled by manual 

gate valves located in the pump station.  Opening or closing these valves was a labor intensive 

operation.   

Pump Station Modifications 

The Gulf Pond Pump Station was recently upgraded for the purpose of increasing its capacity, 

improving its reliability and reducing or eliminating the generation of hydrogen sulfide in its 

dual force mains. It was possible to increase capacity by simply replacing the impellers with 

larger diameter impellers.  The original motors were sufficiently large to accommodate the 

change.  The original relay based pump control system was replaced with a PLC based system 

which had considerably more flexibility in programming.  A photo of the Gulf Pond Pump 

station is included as Figure 5. 

A pure oxygen system was installed to saturate a sidestream flow of sewage with sufficient 

oxygen to satisfy the oxygen uptake in the force main.   

By matching force main usage to pump station flow, detention time in the force mains is 

reduced.  While this does not completely eliminate the generation of hydrogen sulfide, it does 

reduce it and reduces the amount of oxygen needed.   Piping changes included adding a magnetic 

flowmeter and motorized isolation valve at each force main.  The new PLC based control system 

made it possible to control the force main valves in response to pump station flow.   The control 

functions for the force mains in response to total pump station flow are tabulated in Table 6.  

Normal operation of the station is between 7.6 ML/d (2.0 MGD) and 18.9 ML/d ( 5.0 MGD).  

The force mains are programmed to alternate while the pump station is operating in this range to 

prevent sewage in the inactive force main from becoming septic.  

 

 

 

 

 

 

 

 



 
 

FIGURE 5 

THE GULF POND PUMP STATION 

 

 

 

TABLE 6 

FORCE MAIN USAGE IN RELATION TO TOTAL  

PUMP STATION FLOW 

 

Total Flow 

(ML/d) 

Force Main 

In Use (cm) 

Remarks 

0 to 7.6 50.8  

7.6 to 18.9 50.8 or 61.0 Alternate on 2 hr. cycle 

18.9 to 26.5 61.0  

Over 26.5 50.8 and 61.0 Both Force Mains in Use 

 

 

The Oxygen System 

The oxygen system selected for the Gulf Pond Pump Station in Milford is simple yet very 

effective.  A sidestream wastewater flow is taken from the discharge header of the sewage pumps 

and is supersaturated with pure oxygen before being reintroduced to the force main.  The oxygen 

is stored in a cryogenic liquid oxygen storage tank and is converted to gaseous oxygen in an 

evaporator.  Figure 6 is a photo of the liquid oxygen storage tank and evaporator at the Gulf 

Pond facility,   



The system utilized to dissolve the oxygen in the wastewater stream is the ECO2 system, 

furnished by ECO Oxygen Technologies.  The heart of the system is the Speece Cone, which 

dissolves the oxygen into the wastewater.  (See Figure 7) The wastewater flow is introduced at 

the top of the cone, and the oxygen is introduced just below the top of the cone.  The high 

velocity of the wastewater at the top of the cone keeps the oxygen from escaping. As the 

wastewater and oxygen travel down through the cone, the area of the cone gets progressively 

larger, reducing the velocity of the flow and providing sufficient area and contact time for 

absorption of the oxygen into the wastewater.   The solid surface at the bottom of the cone with a  

 

 

 

 

 

 
 

 

 

FIGURE 6 

GULF POND OXYGEN STORAGE SYSTEM 

 

 

 

 

 

 

 
 



 

 

FIGURE 7 

“SPEECE CONE”  

 



relatively small outlet for the flow does not provide an avenue for the oxygen to escape.  Testing 

done during startup of the system indicated 95% to 98% transfer efficiency of the oxygen.  The 

ECO2 system also includes a PLC based control panel which controls the sidestream pumps, the 

oxygen flowrate, sidestream valves and other system variables.  A second control panel includes 

control valves, an oxygen flow meter and a rate controller which controls the rate of the oxygen 

flow.  The control panels may be seen in Figure 8. 

 

 

 

 

FIGURE 8 

OXYGEN SYSTEM CONTROL PANELS 

 

 

Two dry pit submersible wastewater pumps are utilized to provide the sidestream flow, with one 

active pump and one reserve pump.  The pumps take suction from the discharge header from the 

main raw sewage pumps.  Each pump is sized to provide a flowrate of 3,785 L/min (1,000 gpm) 

at a TDH of 15.2 m (50 ft).  Although the pumps operate at a much higher head, they need only 

be sized to overcome the friction head in the piping and the vertical head built into the system.  

The pumps are controlled by VFD’s which are adjusted manually to maintain the desired 

flowrate.  A magnetic flow meter on the discharge from the oxygen cone is used to verify the 

sidestream flowrate.  Should the flowrate vary outside of a preset range the system will sound an 

alarm and shut down.  The sidestream flow exits the cone at the bottom and splits in two 

directions to each of the two force mains.  Each branch is equipped with a motorized valve which 

works in synchronization with the valves on the pump station force mains.  The oxygen system is 

shown schematically in Figure 9. 



 

FIGURE 9 

OXYGEN SYSTEM SCHEMATIC 

 

 

 

Oxygen System Design 

The basic concept of the oxygen system for the Gulf Pond Pump Station  is that it is only 

required when flows are at or below average flow, when detention time in the force main is 

approaching two hours or more.  An estimated value of 18.9 ML/d (5.0 MGD) was chosen as the 

break point, with the oxygen system turned off for flows above this value.  This value is operator 

adjustable in the oxygen system control panel; however it has proven to be acceptable so far in 

practice.  As may be seen in Table 6, the pump station control panel will keep only one of the 

two force mains in service for flows below 26.5 ML/d, so the system has been designed to 

provide oxygen to only one force main at a time.  



The oxygen system is sized to provide sufficient dissolved oxygen to satisfy the oxygen uptake 

of the sewage in the force main during its travel to the point of discharge.  Oxygen uptake rates 

were measured in the liquid stream in the Gulf Pond wet well and force main discharge during 

studies done in July 2004 (See Table 3).  The highest oxygen uptake rate measured at that time 

was 13.0 mg/l/hr.  The oxygen uptake rate assumed for design of the Gulf Pond oxygen system is 

15.0 mg/l/hr.  The time of travel through the force main is a function of velocity and length of 

the force main (See Equation 1).  The concentration of oxygen required in the force main at the 

pump station is computed from the oxygen uptake rate and the time of travel, with the goal of 

providing sufficient dissolved oxygen to satisfy oxygen demand during the time that the sewage 

travels through the force main (See Equation 2).    

Equation 1:   T (h) = L (m) / v (m/sec) / 3600 (sec/h) 

Where T = Time of travel; L = length of FM; v = velocity 

Equation 2:   DO (mg/l) = OUR (mg/l/h) X T (h) 

  Where DO = DO in force main; OUR = oxygen uptake rate 

The mass of oxygen required to satisfy the oxygen demand of the sewage is a function of the 

concentration of oxygen required and the flowrate (See Equation 3).  Table 7 is a tabulation of 

the oxygen system design for the Gulf Pond system.   

Equation 3: O2 (kg/d) = DO (mg/l) X Q (ML/d) 

  Where O2 = Daily oxygen usage; Q = flowrate 

Note that the quantity of oxygen required is only a function of the size and length of the force 

main and is not dependent on the flowrate.  Another way to calculate the oxygen required is to 

calculate the mass of oxygen required to satisfy the oxygen demand of the volume of sewage 

contained in the force main for a 24 hour period (See Equation 4) 

Equation 4: O2 (kg/d) = V (ML) X OUR (mg/l/h) X 24 (h) 

  Where V = volume of force main 

The sizing of the cone and the magnitude of the sidestream flow were determined by the system 

supplier based on the concentration of oxygen required in the force main and the pressure in the 

system.  The oxygen system was designed to deliver 454 kg/d (1,000 lb/d) to the 61.0 cm (24”) 

force main and 294 kg/d (650 lb/d) to the 50.8 cm (20”) force main. 

 

  



TABLE 7 

OXYGEN SYSTEM DESIGN 

 

    Force Main Oxygen Uptake 

Design Condition Q Dia Area Velocity Length Travel  Rate FM  DO O2 

  (ML/d) (cm) (m
2
) (m/sec) (m) (hr) (mg/l/hr) (mg/l) (kg/d) 

Low Flow – 50.8 cm FM 3.78 50.8 .202 .216 4,023 5.17 15 78 293 

                    

Low Flow – 61.0 cm FM 3.78 61.0 .292 .149 4,023 7.44 15 112 422 

                    

Existing Average – 50.8 
cm FM 11.24 50.8 .202 .643 4,023 1.74 15 26 293 

                    

Existing Average – 61.0 
cm FM 11.24 61.0 .292 .445 4,023 2.51 15 38 422 

                    

1 pump max - – 50.8 cm 
FM 21.27 50.8 .202 1.21 4,023 0.92 15 14 293 

                    

1 pump max - 61.0 cm 
FM 21.27 61.0 .292 .844 4,023 1.32 15 20 422 

                    

2 pump - 61.0 cm  FM 
Max  28.39 61.0 .292 1.12 4,023 0.99 15 15 422 

                    

2 pump - 2 FM 12.19 50.8 .202 .695 4,023 1.61 15 24 293 

  16.20 61.0 .292 .643 4,023 1.74 15 26 422 

                    

                    

                    

Low range  61.0 cm FM 7.57 61.0 .292 .302 4,023 3.72       

                    

Limit of Oxygen injection 18.93 61.0 .292 .750 4,023 1.49       

                    

 

 

 

PERFORMANCE TESTING 

Performance testing of the oxygen system installed at the Gulf Pond Pump Station was done 

during a one week period in June 2012.  Testing included wastewater sampling and analysis at 

key locations for several parameters including ORP, DO, pH, temperature and total sulfide.  It 

also included continuous sampling of the headspace of the sewer for H2S.  For comparison, 

testing was done while the oxygen system was in use and also while the oxygen system was 

turned off.  The oxygen system was turned off from June 18 through June 21.  The oxygen 

system was then turned on and testing continued until June 25
th
.  During the week of sampling, 

typical wastewater flows at the Gulf Pond PS were 14.4 to 16.6 ML/d.  This is  higher than what 



would be expected under dry, summertime conditions.  As a result, wastewater sulfide 

concentrations and headspace H2S levels are expected to be lower than under peak, summer 

conditions.  During the testing, all flows from the Gulf Pond PS were directed through the 61.0 

cm force main and while oxygen was in use it was added at the design rate of 19 kg/hr (454 

kg/d).   

 

Wastewater Sampling and Analysis 

 

Wastewater was sampled from 3 to 4 times per day from the Gulf Pond wet well and from the 

Gulf Pond force main discharge.  Sampling was done for two days with the oxygen system off 

and for one day with the oxygen system on.  All analyses were conducted in the field.  The pH, 

oxidation-reduction potential  (ORP) and temperature were measured using a Myron L Model 6P 

analyzer.  Sulfide was measured using a Chemetrics sulfide test kit with a range  of 0 to 1 mg/L 

by 0.1 mg/L and 0 - 10 mg/L by 1 mg/L.  In addition, dissolved oxygen (D.O.) was measured 

using a YSI Model 550A D.O. analyzer. 

 

Table 8 summarizes the average values measured at the Gulf Pond wet well and the force main 

discharge for the condition of the oxygen system off and the oxygen system on. 

 

 

 

 

TABLE 8 

AVERAGE VALUE OF LIQUID STREAM SAMPLING DATA 

JUNE 20 – 22, 2012 

 

 

Location Oxygen 

System 

pH ORP 

(mv) 

Temp 

(
o
C) 

DO 

(mg/l) 

Total 

Sulfide 

(mg/l) 

Gulf Pond Wet Well Off 6.4 +80 19.6 1.4 0.1 

 On 6.6 +70 19.6 1.3 0.1 

Gulf pond FM Discharge Off 6.4 +8 19.1 1.3 0.7 

 On 6.6 +123 18.9 8.3 0.0 

       

 

 

 

The data shows the wastewater entering the Gulf Pond station was relatively “fresh” with a 

positive ORP of 70 to 80 mV, a dissolved oxygen concentration of 1.3 to 1.4 mg/L, and a total 

sulfide concentration of 0.1 mg/L.  The contents of the wet well are not affected by the 

oxygenation system. 

 

At the discharge of the force main without oxygen, oxidation-reduction potential ranged from -

80 to 120 mV, with an average of only 8 mV.  (Negative values indicate reducing or anaerobic 



conditions, while positive values indicate oxidizing or aerobic conditions).  With the addition of 

oxygen, ORP increased to an average of 123 mV, with a range of 100 to 150 mV.  Without 

oxygen, sulfide levels at the force main discharge ranged from 0.1 to 1.0 mg/L, and averaged 0.7 

mg/L.  With the oxygenation system in operation, no sulfide was detected at the force main 

discharge.  Dissolved oxygen concentration increased from an average of 1.3 mg/L without 

oxygen to 8.3 mg/L with oxygen.  The 1.3 mg/L D.O. measured in the FM discharge prior to 

starting the oxygen is likely the result of air entrainment during sampling, since the D.O. within 

the force main should be very close to zero if sulfide is being generated 

 

 

Atmospheric Testing 

Hydrogen sulfide was continuously monitored in the headspace of a sewer manhole just 

downstream from the discharge of the Gulf Pond force mains and in the headspace of a sewer 

manhole just upstream from the West Avenue Pump Station.  Odalog H2S dataloggers were 

utilized to monitor the H2S.   Figure 10 is a graph of hydrogen sulfide measured at the discharge 

from the Gulf Pond force mains.  Figure 11 is a graph of hydrogen sulfide measured in the sewer 

just upstream from the West Avenue pump Station. 

Both figures demonstrate that when oxygen was added to the force main at the Gulf Pond PS, 

sulfide generation in the force main was eliminated.  At the FM discharge prior to oxygenation, 

H2S peaks of close to 90 ppm were recorded, with an average H2S of 3.8 ppm.  At the West Ave 

manhole, peaks were over 40 ppm H2S with an average of 7.3 ppm.  As shown in Figure 11, a 

small peak of H2S was noted on June 22 after the oxygenation system had been operating.  This 

was due to a brief outage of the system caused by a “communication failure”.  Oxygen flow was 

re-established within one hour of the shut-down and the H2S concentrations returned to zero. 

 

The oxygenation system has proven to be highly effective in preventing the generation of 

hydrogen sulfide in the Gulf Pond force main.  At the design oxygen dosage of 19 kg/hr (454 

kg/d) at a wastewater flow rate of approximately 15 ML/d, the dissolved oxygen concentration at 

the end of the force main increased by an average of 7 mg/L over background levels without 

oxygen.  With the oxygenation system operating, no sulfide was detected in the force main 

discharge, and hydrogen sulfide levels in the headspaces of two downstream manholes were 

reduced to 0 ppm. 

 

 

 

 

 



 

 

FIGURE 10 

HYDROGEN SULFIDE IN SEWER HEADSPACE NEAR 

GULF POND FORCE MAIN DISCHARGE 
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FIGURE 11 

HYDROGEN SULFIDE IN SEWER HEADSPACE NEAR 

WEST AVENUE PUMP STATION  

 

 

 

 

 

SUMMARY 

 

Prior to the installation of the oxygen system at the Gulf Pond Pump Station, the odors along the 

downstream sewer route were pervasive, particularly in the vicinity of the West Avenue Pump 

Station.  Odors were worse in the summer, but were present year round.  The odors from the 

West Avenue Pump Station were noticeable to cars driving by on the nearby interstate highway, 

and odors limited any outdoor activities in the adjacent senior condominium complex. 

 

When the oxygen system was turned on for the first time in April 2012, the change was 

immediate.   An area known for its sickening odor now had clean air, with no hint of hydrogen 

sulfide.  Additionally the best testament was hearing comments from the neighbors that the odors 

were suddenly gone!  The West Avenue Pump Station wet well, previously a dangerous work 
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environment now had zero levels of hydrogen sulfide.  Work is presently underway to repair the 

damage done to the concrete structure in the West Avenue Pump Station wet well and to replace 

electrical and HVAC systems there.  The East-West Interceptor was replaced after it was 

severely damaged by acid resulting from hydrogen sulfide.  The usage of the oxygen system will 

prevent damage to these systems in the future as well as damage to the downstream wastewater 

treatment facilities. 

 

The City of Milford has found that operation of the system is very economical, approximately 

$60/d at its maximum oxygen usage. In the future as they gain experience with the system it is 

expected that they will be able to fine tune the process by varying the oxygen feed rates, perhaps 

on a seasonal basis.  They will also be able to better determine the range of flows where oxygen 

usage is not necessary. 

 

Minimal maintenance of the system is required.  Maintenance of the liquid oxygen storage tank 

and vaporizer is the responsibility of the oxygen supplier.  There is no maintenance required for 

the oxygen cone since there are no moving parts.  Maintenance of the oxygen control system will 

need to be performed by the system supplier should it be required.  Maintenance of the 

sidestream pumps, VFD’s and control valves will be a City responsibility.  

 

 

Bowker, R., (1995) Identification and Control of Hydrogen Sulfide Corrosion in Sewers, New 

England Water Environment Association Meeting, Boston  

 

 

 

 


