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3.4 West Cary Regional Pump Station - Phase I  
 
This phase will operate until the year 2011 when the Phase II/III pumping station is brought 
online.  As discussed above, based on the recommended phased construction this will include 
installing the wet well and pumps within the future screening area.  In 2011, flow will be 
diverted around the wet well via the manual bar screen channel, pumps and piping removed, wet 
well grouted in to match screening channel depth and flow restored to channel.   Its main design 
features are planned to be similar to the Cary Park Pump Station and the Morris Branch Pump 
Station, and as generally described below. 
 
Pumping Equipment.  In order to deliver the range of flows estimated for the Phase I pumping 
station, three submersible sewage pumps will be provided (two duty and one standby).  The 
pumps will each be rated for 1.5-mgd (1,041 gpm) at approximately 155 feet of total head.  Table 
3.5 provides a summary of design flows and additional preliminary design information for the 
pumps. Candidate manufacturers for these pumps include ABS, Ebara, Fairbanks Morse, 
Floserve, Flygt, KSB, Pumpex, USFilter/EMU, and Yeomans.  This list will be refined during 
final design based on input from the Town staff and the availability of suitable pumps from each 
manufacturer for this application.  
  
Wet Well.  The pumping station wet well will consist of a 12-foot by 8-foot square, precast 
concrete box.  The bottom of the wet well will be grouted to form a narrow trench with sloping 
sides around the three pumps in order to facilitate the removal of solids from the wet well by the 
pumping system. 
 
Valve Vault.  Each pump will be supplied with 8-inch discharge piping, a spring-loaded swing 
check valve, and plug-type isolation valve.  The discharge lines will connect into a common wall 
mounted manifold inside the screenings room that connects to the 16-inch force main.  
 
Solids Grinding. A channel mounted grinder will be provided in a separate manhole located 
upstream from the wet well.  The grinder will be sized for peak design flow to the pumping 
station and will include an immersible motor. 
 
Odor Control System.  An odor control system consisting of chemical storage and metering 
equipment will be provided at the pumping station.  The objective of this system will be to 
minimize the amount of Hydrogen Sulfide compounds released from solution in the force main, 
minimizing odors escaping to the atmosphere from air release valves along the force main and 
the force main discharge location.  The selection of appropriate chemical and metering 
equipment will be done during final design.  A more in depth description of the odor control 
system is discussed in Section 3.8. 
 
Instrumentation and Telemetry Systems.  The pumping equipment will be operated using a 
LEAD-LAG control sequence based upon level in the wet well.  The selection of level sensing 
equipment and other control equipment/strategies will be made during final design.  Equipment 
status and trouble alarm indication will be terminated in a common communications panel.  
Initially, alarm indications will be communicated remotely through a telephone dialer system.  It 
will be suitable for connection to a future utility wide telemetry system.  All major pumping 
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station equipment (pumps, generator, odor control system, etc.) status and alarms and flow meter 
readings will be made available at the communications panel.  No communication for automatic 
control is planned from other facilities or sites to this station. 
 
Electrical Systems.  All electrical switchgear, motor starters, pump control panel, and other 
electrical systems will be installed inside the main Phase II/III building.  The station will be 
provided with an initial three-phase 480-volt power supply which will later be upgraded to 
supply the Phase II/III pumping station.  The pump motor starters will be the “soft start” type to 
provide controlled acceleration and deceleration of the pumps.  This feature will reduce surge 
related concerns during normal pump operation.  As an alternative, variable frequency drives 
(VFDs) could also be provided to operate the pumps.  VFDs could reduce odor generation from 
the pumping station wet well and provide a more controlled discharge to the downstream 
collection system.  The cost of VFDs is approximately 33 percent higher than that for soft start 
motor starters. 
 
Emergency Power.  A diesel engine driven standby generator will be provided to operate the 
duty pumping equipment, odor control equipment, HVAC, and other critical pumping station 
systems if the main electrical power service to the station is lost.  The generator will be provided 
with a base-mounted fuel tank. 
 
 
3.5 West Cary Regional Pump Station - Phase II/III 
 
The primary factor in selection of proposed pumping equipment for the Phase II/III pumping 
station is the operating envelope of discharge flow and head conditions that the pump will see 
over the life of the facility.  Of particular concern are extreme conditions of sustained (2-3 hour) 
daily low flow experienced at project start-up and peak wet-weather flow at buildout.  However, 
optimum operation should be at the operating point where the pump will run for most of its 
useful life.  These sometimes competing requirements must be balanced for optimum pump life 
and power efficiency. 
 
For the projected build-out flows, six duty pumps rated for 7.5-mgd (5,208-gpm) will be 
provided.  For initial Phase II construction, a total of five pumps (four duty and one standby) are 
recommended.  Table 3-7 provides a summary of the design flow and additional preliminary 
design information for the pumps.  Candidate manufacturers for these pumps include Cornell, 
Ebara, Fairbanks Morse, FlowServe, Morris, and Patterson.  This list will be refined during final 
design based on input from the Town staff and the availability of suitable pumps from each 
manufacturer for this application. 
 
Heavy duty vertical wastewater pumps in a dry pit will provide outstanding service life and 
accessibility for maintenance but with a slightly smaller building footprint than comparable 
horizontal equipment.  A mezzanine-level would be needed to support motors and flywheels. 
Although submersible equipment in the proposed size may be available, the pumps would be at 
the larger end of available equipment and pose some reliability concerns. 
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Table 3-6.   Preliminary Design Data for Phase I Pumping Station 
 

Design Criteria Pump Attributes 

Design Flows Conditions:  

Initial min. flow to pump station 0.2 mgd 

Peak design flow to pump station 3.0 mgd 

Pumping Equipment:  

Type Submersible, non-clog type 

Quantity of pumps 3 (2 duty, 1 standby) 

Rated flow  1.5-mgd, each pump 

Static head  110 feet 

Total dynamic head 155 feet 

Discharge piping size  8 inches 

Drive 100 Hp Submersible electric motors 

Motor speed, maximum 1,800 rpm 
 
Screening.  Flow enters the wet well through an open channel with a proposed chain and flight 
screen with ¾-inch openings to collect construction debris and larger material.  A manual bypass 
trash rack is provided for maintenance.  Experience has shown that neither screen is absolutely 
necessary for performance with a properly designed trench wet well with confined pump inlets.  
However, maintenance staff has raised a valid concern with respect for the potential of excess 
oversized debris because of heavy construction anticipated during early years of operation.  The 
Town may wish to remove the screen from the channel in the future depending on how the 
nature of the debris varies as the service area matures.  High level bypass will provide relief if 
the screen fails or is blinded.  As depicted, screenings would discharge directly to a compactor 
which in turn would discharge to a dumpster.  For conceptual purposes, a three to four foot wide 
screen is anticipated.  This area will be enclosed/covered to control odors. 
 
Wet Well.  The wet well is shown as a trench wet well with acceleration ramp set up for self-
cleaning operation.   The Town may wish to consider an earthen spill protection area that could 
provide more emergency storage at a lower cost.  Connections to the influent sewer and the 
discharge force main provide for installation of temporary pumping to bypass the screenings area 
and wet well for emergency operations 
 
Pump Room.  The proposed pumps and motors are located in a center open room with stair 
access and bridge crane.  All isolation valves are accessible and operable from the pump room.  
For the submersible pump configuration, pumps will be located in the trenched portion of the wet 
well with stair access and a bridge crane.  All isolation values and flow meters are accessible in a 
below grade pipe galley.  The capability to drain the force main to the wet well will be provided.  
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In order to deliver the range of flows estimated for the Phase II/III pumping station, the station 
will be designed to accommodate up to seven pumps.  Whether the pumps are wet pit/dry pit or 
submersible, each pump will be supplied with a variable frequency drive so the station may be 
operated to match the instantaneous pumping rate with the influent flow to the pumping station.   

 
During the initial years of Phase II operation, the minimum flows to the pumping station will be 
very low relative to the rated pumping capacity given above.  The preliminary hydraulic analysis 
indicates that it may not be able to reduce the speed sufficiently while maintaining satisfactory 
pump operation to achieve these minimum flows.  Potential solutions to this issue include:  1) 
providing smaller pumps during the initial construction, or 2) selecting pumping equipment that 
can accommodate smaller impellers initially.  The latter option is preferred, since it does not 
require new pumps to be installed at a later date, and the initial review of available pumping 
equipment for this application indicate that pumps can be selected that offer a satisfactory range 
of impeller diameters.  However, this issue will be investigated in more detail during final design 
as the pumping conditions are refined and the flow projections can be refined based on actual 
development within the service area. 
 
Instrumentation and Controls.  For the configuration enclosing the wet well within the utility 
building, a control room will be located in the center of the station with windows on all sides to 
allow viewing of major operation areas (i.e., wet well/screening, pump/motors).  For the 
configuration with a separate utility building the control room will be incorporated into the 
building floor plan.  Pump operations will be controlled to maintain a normal wet well operating 
level, adjusting speed and starting and stopping additional pumps as necessary.  Manual controls 
will be provided for wet well cleaning cycles.  
 
Discharge flow rates from the station are planned to be measured with instrumentation mounted 
in the force main.  Meters will be provided with a bypass.  Gas detection devices will be 
provided in classified areas. 
 
Alarms and status indications for all major mechanical systems will be connected to a central 
communications panel.  Initially alarms will be relayed to remote facilities through a telephone 
dialer.   
 
Electrical System.  The electrical service installed to meet the Phase I Pump Station power 
requirements will be upgraded to supply required power.  Three-phase 480-volt power is 
planned.  All pumps will be provided with variable speed drives. 
 
Emergency Power. A single 1750-kW diesel-engine driven generator is planned for the initial 
installation (Phase II) with the capacity to supply backup power to the future Phase III 
expansion, as well.  An above-ground, double-walled, bullet-proof fuel storage tank is depicted 
that could serve emergency temporary pumps as well. 

 
Odor Control.  A chemical feed area will be provided for the addition of a variety of chemicals 
to the wastewater for odor control at the force main discharge.  A truck bay with containment 
will be provided for chemical delivery and loading/offloading of mechanical equipment. A 
complete discussion of the necessary odor control measures is in Section 3.8.  
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Table 3-7.   Preliminary Design Data for Phase II/III Pumping Station-Comparing 
Submersible Pumps to Vertical Wet Pit/ Dry Pit Pumps 

 

Design Criteria Submersible       
Pump Attributes 

Dry Pit/Wet Pit      
Pump Attributes 

Design Flows Conditions:   

Initial minimum flow to pump 
station - Phase II (2011) 1.4-mgd 1.4-mgd 

Peak design flow to pump station - 
Phase II (2022) 33-mgd 33-mgd 

Initial minimum flow to pump 
station - Phase III (2022) 2.7-mgd 2.7-mgd 

Peak design flow to pump station - 
Phase III (Build-out) 

45-mgd 45-mgd 

Pumping Equipment:   

Type Submersible Vertical, non-clog 

Quantity of pumps – Phase II 5 (4 duty, 1 standby) 5 (4 duty, 1 standby)     

Quantity of pumps – Phase III 7 (6 duty, 1 standby) 7 (6 duty, 1 standby) 

Rated flow  7.5-mgd, each pump 7.5-mgd, each pump 

Static head – ATT FM Route 60 feet 60 feet 

Static head – Roadway FM Route 135 feet 135 feet 

Total dynamic head – Phase III – 
ATT FM Route 165 feet 165 feet 

Total dynamic head – Phase III –  
Roadway FM Route 

235 feet 235 feet 

Pump suction size 14 inches 14 inches 

Pump discharge size 12 inches 12 inches 

Discharge piping size  18 inches 18 inches 

Drives - ATT FM Route 385 horsepower 300 horsepower  

Drives – Roadway FM Route 500 horsepower 500 horsepower  

Motor speed 1,200 rpm, maximum 1,200 rpm, maximum 
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Large air handling units with power intake and power exhaust will be necessary for the wet 
well/screening area to keep the facility accessible and limit explosion hazard classification.  The 
exhaust blower discharge will convey vented air to biofilters for odor control. 
 
Architectural Features.  The pump station super structure, or if selected the separate utility 
building, will be of masonry construction, with split face masonry block exterior walls.  Roof 
construction will be metal framed with preformed metal decking or precast concrete with 
membrane waterproofing.  
 
 
3.6 Northern Force Main 
 
Pumping stations and force mains operate together as a complete system.  As such, the design 
objectives for each must be considered together since the design of one can directly impact the 
other.  For this reason, a complete hydraulic and transient analysis was conducted for the Phase I 
pumping station and force main to 1) determine the recommended sizing for force main, and 2)  
evaluate hydraulic transient (surge) conditions and determine the appropriate surge control 
strategy for the pumping station and force main system. 
 
Force Main Sizing.  An hydraulic analysis of the pumping station and force main system was 
conducted in order to determine the most appropriate pipe size for the force main.  As discussed 
in Section 1, the peak design flow rate for the Phase I pumping station is 3.0-mgd.  The primary 
considerations in the analysis were 1) force main velocity, and 2) total dynamic head 
requirements for the pumping station equipment.   On one hand, sufficient flushing velocity must 
be provided in the pipeline to convey solids from the pumping station to the force main discharge 
point.  On the other hand, however, increased headloss along the force main associated with 
higher velocities directly impacts the horsepower requirements of the pumping equipment.   For 
general design purposes, pipeline velocities between three and six feet per second (fps), typically 
provide a good compromise between flushing velocity and headloss. 
 
Based on the criteria above, 14-inch and 16-inch pipe diameters were considered in the hydraulic 
analysis.  Table 3-8 below compares the calculated velocity, headloss and associated pumping 
requirements for each pipe size. 
 

Table 3-8.   Comparison of Force Main Pipe Diameters for Phase I Pumping Station 
 

 14-inch 16-inch 

Velocity1, fps 4.5 3.4 

Total dynamic head for pumping equipment2, feet 195 to 210 155 to 165 

Required pump horsepower3 125 to 150 100 to 125 
Notes: 

1.   Velocities shown are based on an inside pipe diameter of 14-inch and 16-inch, respectively.  
2.   The range of total dynamic head values shown include estimations for minor losses at the 

pumping station and along the force main and an assumed range of minimum C values from 
110 to 120. 
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3.  Since the force main material selected will have an impact on the total dynamic head for the 
pumps, an anticipated horsepower range is given. 

 
Based on the analysis above, a 16-inch force main is recommended for Phase I facilities for the 
following reasons: 

• While pumping equipment is available for head requirements associated with the smaller 
force main, the lower horsepower requirements will result in lower capital and operating 
costs for the station 

• Since 14-inch diameter is not a standard pipe size, it is not anticipated that significant 
cost savings, if any, would be realized over the larger diameter pipe 

• Generally speaking, the lower operating pressure for the system associated with the larger 
pipe diameter will result in lower surge-related pressures 

• The larger pipe diameter will provide additional capacity for future uses of the pipeline 
when the Phase I pumping station is decommissioned.  Possible future uses include a 
proposed reuse water pipeline or a sewage force main (flowing the opposite direction) to 
deliver flows from the northern areas of the county to the Phase II/III pumping station 

 
Surge Control Design Considerations.  In addition to the general hydraulic analysis discussed 
above, a preliminary hydraulic transient (surge) analysis was conducted to determine the 
magnitude of surge related pressures in the proposed system and evaluate measures to mitigate 
them, if necessary.  The analysis was conducted using LIQT®, a proprietary software package 
developed by Stoner and Associates.   Hydraulic transients are caused by a wide range of events, 
including pump starts and stops, valve closures, and loss of power to pumping equipment.  For 
the purposes of this analysis, power failure was modeled as the transient source since it 
represents the worst case condition for this system. 
 
Model Setup and Assumptions.  Since pipe material can have a dramatic impact on surge related 
pressures primarily due to the elastic properties of the material, both ductile iron (DIP) and high 
density polyethylene (HDPE) pipe were considered in the analysis.  Both materials are 
commonly used in force main applications such as this and are commonly available in the pipe 
diameters evaluated for this project.  Figure 3-16, shows a general ground surface profile for the 
recommended force main route as discussed in Section 2.  Also shown on the figure is the 
preliminary vertical alignment assumed for the purposes of the analysis.  Note that several areas 
of deep pipe installation were assumed in order to maintain full pipe (pressurized) flow 
conditions up to the force main highpoint at approximately station 140+00.  After this point, flow 
in the pipeline transitions to gravity flow and, as such, this section was not included in the 
transient analysis. 
 

The following scenarios were considered in the analysis.  Note that separate model runs were 
made for each scenario for ductile iron and HDPE. 

• Scenario 1 – No surge protection at the pumping station or along the force main 

• Scenario 2 – Installation of combination air release/vacuum relief valves (A/V) at various  
    locations along the force main 
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Other common surge control devices include flywheels, surge tanks, and surge anticipating 
valves; however, these devices were not considered viable for this project.  As discussed in the 
following section, submersible pumps are preferred for the Phase I pumping station to minimize 
capital costs.  Flywheels cannot be installed on submersible pumps.  Surge tanks were not 
considered due to the heavy maintenance requirements associated with them and the large 
amount of ancillary equipment needed.  Surge anticipating valves were also not recommended 
since their reliability can also be problematic in sewage applications. 
 
Model Results.  A series of model runs were conducted for each of the scenarios described 
above.  In each model run, all duty pumps were assumed to be operating to deliver the design 
flow for Phase I.   The model results for Scenario 1 showed maximum surge pressures of 260 
psig and 110 psig for ductile iron and HDPE, respectively.  While the ductile iron force main 
exhibited significantly higher surge pressures, full vacuum conditions (and associated vapor 
cavity formation) were found to occur over nearly the entire length of the force main for both 
pipe materials. 
 
For Scenario 2 model runs, combination A/V valves were modeled at each of the intermediate 
highpoints (three total) along the force main route to mitigate the negative (vacuum) pressures 
shown in Scenario 1 results.  For both ductile iron and HDPE, the results showed that negative 
pressures could be controlled effectively by installation of the A/V valves at these locations 
(vacuum pressures were not completely eliminated but they could be reduced to less than one-
half atmosphere, an acceptable design practice).  In addition, maximum pressures along the 
pipeline were controlled to approximately 85 psig for both materials. 
 
Recommendations.  Based on the model results presented above, the following recommendations 
are made for the design of the Northern Force Main. 

• Pipe Material – Either pipe material will satisfy the design requirements for this 
project.  The use of HDPE could reduce the potential maximum pressures (110 psig 
vs. 260 psig); however, DIP has a proven record of long-term reliability.  Since 
combination A/V valves are prone to plugging (see discussion below), however, full 
vacuum conditions could still occur along the pipeline, particularly at the highpoints.  
As such, consideration for vacuum pressures must be considered when determining 
the required SDR for this pipe.  Class 350 DIP pipe may be used in conjunction with 
valves rated to 250 psi and increased surge suppression systems at the pump station.  
This could include pressure anticipator valves, pressure release valves, or a surge 
tank.  Selection of the force main surge protection system is dependent on the amount 
of acceptable risk and the planned frequency of O&M of the air release valves.  To 
reduce corrosion of the pipe at highpoints, it is recommended DIP pipe be ceramic 
lined a minimum of 100-feet on either side of each air release valve.              

• Combination A/V Valve Placement – One or more combination A/V valve 
installations are required at each of the three highpoints.  The number of installations 
at each highpoint will depend upon the final vertical alignment of the pipeline but the 
preliminary analysis (based on the preliminary profile) indicated that a total of five 
installations would be required to effectively control negative pressures.  Note that it 
may be possible to eliminate one or more of these installations by eliminating or 
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reducing highpoints by deeper installation of the force main.  This will be evaluated 
in more detail during final design. 

• Combination A/V Valve Installation Requirements – It is important to realize that 
combination A/V valves are prone to plugging in sewage applications and, therefore, 
require an aggressive maintenance program to maintain proper operation.  In order to 
provide a measure of redundancy and facilitate maintenance, each installation will be 
provided with two valves (2-inch orifice) connected to the force main by a three-way 
valve in between the two A/V valves). This design ensures that one valve is in 
operation at all times and allows for one valve to be removed for maintenance without 
jeopardizing the pipeline. 

• Pumping Station Considerations – Since surge conditions associated with routine 
pump starts can be similar to those under power failure conditions, “soft start” type 
motor starters or VFD’s are recommended for the pumping equipment.  These starters 
allow for controlled acceleration and deceleration of the pumps which will eliminate 
the adverse surge conditions under normal operating conditions. 

 
Other Northern Force Main Design Features.  

• Force Main Odor Control – Chemical feed facilities will be provided at the Phase I 
Pump Station to reduce hydrogen sulfide dissolution and release.  In addition, all 
air/vacuum release stations will be provided with carbon canisters to treat air for 
odors before its discharges to the atmosphere. 

• Future Use of Force Main – Since the Northern Force Main will be in service only 
until 2011, it would be beneficial if it could be utilized for another purpose afterward.    
Some ideas considered practical are:  1) part of the wastewater pumping system that 
in 2011 will convey waste from the Western Cary service area south, 2) incorporated 
in to a reclaimed water transmission main from the Cary/Apex WRF or from a 
possible reuse water scalping plant located at the WCRPS site, and 3) separated into 
gravity interceptors.  Providing flexibility so the pipeline could be used in a number 
of ways is important.  Because of this, the Northern Force Main downhill section of 
the pipeline near the Panther Creek Interceptor interconnection is planned to be 
engineered so that it could be used as a 24-inch force main in the southerly direction.  

 
 
3.7 Southern Force Main 
 
Similar to that discussed for the Phase I facilities, hydraulic analysis of the Phase II/III pumping 
station and force main system was conducted in order to determine the most appropriate pipe 
size(s) for the force main.  The analysis was conducted using the design flow data from Section 1 
and the two proposed force main routes discussed in Section 2.  Due to the wide range of flows 
projected over the life of the pumping station (1.4-mgd minimum flow at start-up to 45-mgd 
peak flow at buildout), the analysis considered multiple force mains of various sizes in parallel.  
As before, velocity and total head loss over the length of the force mains were the primary 
criteria used in the evaluation. Since the length of the force mains for each route were 
approximately the same (i.e. discharging/changing-to-gravity approximately 16,000 feet from the 
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pumping station), the evaluation assumed that the selected force main size(s) would be used for 
both routes. 
 
The results of the analysis indicated that a combination of parallel 24-inch and 36-inch pipelines 
provides the best service conditions (adequate transport velocities without incurring excessive 
head loss) over the range of projected flows for the pumping station.  The proposed mode of 
operation for the parallel force mains would be as follows: 

• All flows up to approximately 15-mgd would be routed through the 24-inch force 
main 

• Once flows to the station exceed 15-mgd, all flows would then be routed through the 
36-inch force main up to approximately 32-mgd 

• For flows above 32-mgd, both force mains would be placed into service 
 
With this combination of force main sizes, velocities will remain acceptably high over the 
projected range of flows, thereby reducing the risk of solids deposition that would otherwise be 
more difficult to remove with peak flows.  Nonetheless, the projections for the early years of 
operation indicate that the service area will not generate sufficient peak flow rates on a daily 
basis to cause re-suspension of material.  Therefore, pigging will likely be needed to keep the 
system in efficient operation and reduce the generation of odors and toxic compounds during the 
initial years of operation.  
 
Further analysis will be conducted during final design to determine the optimal operating criteria 
for the force main combination based on the final pumping equipment selection and force main 
routing. 
 
Surge Control Design Considerations.  In addition to the general hydraulic analysis discussed 
above, a preliminary hydraulic transient (surge) analysis was also conducted for the Phase II/III 
Pump Station and Force Main.  This section provides a summary of that analysis, including 
separate results for each of the two alternative force main routes discussed in Section 2. 
 
Model Setup and Assumptions.  Figure 3-17, on the following page, provides a vertical profile 
comparison of the two force main routes.  Also shown on the figure are the preliminary vertical 
alignments assumed for the purposes of the analyses.   
 
In each case, it was assumed that the depth of the force main was increased at one or more 
locations in order to eliminate intermediate highpoints between pumping station and proposed 
discharge location at approximately station 160+00. After this point, flow in the pipeline 
transitions to gravity flow and, as such, this section was not included in the transient analysis. 
 

The following scenarios were considered in the analysis.  As with the analysis for the Phase I 
facilities, both ductile iron and HDPE were considered. 

• Scenario 1 – No surge protection at the pumping station or along the force main 

• Scenario 2 – Installation of combination air release/vacuum relief valves (A/V) at 
highpoints along the force main 
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• Scenario 3 – Installation of flywheels on the individual pumping equipment at the 
pumping station 

 
For this analysis, flywheels were included in the analysis since dry-pit type centrifugal pumps 
are recommended.  Flywheels typically consist of a large iron disk coupled between the pump 
and motor to increase the rotational inertia of the pumps.  For the same reasons discussed for the 
Phase I analysis, surge tanks, surge anticipating, and surge relief valves were not considered 
viable surge suppression solutions for this project and were not included in the analysis. 
 
Model Results – ATT Force Main Route.   A series of model runs were conducted for each of the 
scenarios described above.  For each scenario, model runs were made for 1) the 24-inch force 
main only, 2) the 36-inch force main only, and 3) the combined 24-inch and 36-inch force main 
system.  In each case, the maximum flow for each operating mode was modeled to determine the 
associated worst case surge conditions for design purposes (refer to the next section for a 
discussion of the recommended pumping equipment used in the analysis). 
 
The model results for Scenario 1 showed maximum surge pressures of 350 to 400 psig for both 
the 24-inch and 36-inch force mains using ductile iron.  If HDPE is used for the pipe material, 
these maximum pressures are reduced significantly to 100 to 125 psig for both force mains.  
However, full vacuum conditions were found to occur over nearly the entire length of both force 
mains for both pipe materials.  Significant vapor cavity formation was also predicted at the 
primary highpoint in the system (located approximately 12,000 feet from the pumping station).  
There is limited static head available between this highpoint and the discharge elevation to 
suppress a column separation at this location.   
 
For Scenario 2 model runs, combination A/V valves were modeled at the main highpoint along 
the force main route to mitigate the negative (vacuum) pressures shown in the Scenario 1 results.  
For both ductile iron and HDPE, the results showed that negative pressures could be controlled 
effectively by installation of A/V valves at this location.  Due to the length of the highpoint (refer 
again to Figure 3-17), multiple A/V valve installations were required to reduce the vacuum 
conditions to within an acceptable design range.  Based on the preliminary pipeline profile 
assumed, it was determined that up to three installations would be required.  For all model runs, 
maximum pressures along the pipeline were controlled to approximately 60 psig for both 
materials with the installation of A/V valves. 
 
For Scenario 3 model runs, flywheels were simulated for the pumping equipment by 
incrementally increasing the rotational inertia of the pumping units.  Subsequent model runs 
were made for each incremental flywheel size to determine required rotational inertia to reduce 
vacuum pressures to within acceptable limits (one-half atmosphere as discussed in the Phase I 
analysis results).  The results showed that by increasing the rotational inertia to approximately 
4,000 to 5,000 ft-lb2, maximum pressures on the force mains were reduced below 200 psig for 
ductile iron and less than 100 psig for HDPE, significant improvement over the Scenario I 
results.  However, rotational inertias greater than 10,000 ft-lb2 were required to eliminate the full 
vacuum conditions with the assumed force main profile. Practical limits for flywheel 
construction for pumps of this size are 4,000 to 6,000 ft-lb2.  As such, flywheels alone do not 
present a suitable solution for the Phase II/III facilities. 
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Recommendations.  Based on the model results presented above, the following recommendations 
are made for the design of Southern Force Main. 

• Pipe Material – Either pipe material will satisfy the design requirements for this 
project. With HDPE, the potential maximum pressures are dramatically reduced; 
however, DIP has a proven record of long-term reliability.  In addition, the reduced 
frictional properties of the material will reduce the overall horsepower and operating 
pressure requirements for the system. As discussed in Phase I analysis 
recommendations, the potential for full vacuum conditions along the length of the 
force main, particularly near the highpoints, must be considered when determining 
the required SDR for this pipe.  Class 350 DIP pipe may be used in conjunction with 
valves rated to 250 psi and increase surge suppression systems at the pump station.  
This could include pressure anticipator valves, pressure release valves, or a surge 
tank.  Selection of the force main surge protection system is dependent on the amount 
of acceptable risk and the planned frequency of O&M of the air release valves. To 
reduce corrosion of the pipe at highpoints, it is recommended DIP pipe be ceramic 
lined 100-feet on either side of each air release valve.          

• Combination A/V Valve Placement – Up to three combinations of A/V valve 
installations are required at the main highpoint to fully control vacuum conditions.    
However, depending upon the final vertical alignment of the pipeline, it may be 
possible to eliminate one or more of these installations by reducing the breadth of the 
highpoint or increasing the available static head at the highpoint by deeper installation 
of the force main.  This will be evaluated in more detail during final design. 

• Combination A/V Valve Installation Requirements – The requirements discussed 
under the Phase I also apply to the Phase II/III facilities. The recommended 
preliminary A/V valve sizes are 2-inch and 4-inch for the 24-inch and 36-inch force 
mains, respectively. 

• Pumping Station Considerations – Since variable speed pumping equipment has been 
recommended for the pumping station (see discussion in the following section), there 
will be no surge related issues associated with normal operation of the pumping 
station.  Under power failure conditions, however, the installation of flywheels was 
found to reduce maximum pressures appreciably and contribute to the reduction of 
vacuum conditions.  As such, flywheels (providing approximately 5,000 ft-lb2) are 
recommended for the pumping equipment since they will reduce the design pressure 
requirements for the force main and appurtenances. 

 
As discussed above, the recommended surge control strategy will include both flywheels on the 
pumping equipment and combination A/V valves installed on the force mains.  During final 
design the number of A/V valve installations and required rotational inertia for the pumping units 
will be refined, based on the final force main alignment and pumping requirements for Phase 
II/III facilities. 
 
Preliminary Plan and Profile.  A preliminary plan and profile was completed for the Southern 
Parallel Force Main and Interceptor Sewer from the WCRPS site to the intersection of the 
interceptor with Olive Chapel Road.  This profile was determined assuming a minimum cover of 
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4-feet  and maximum cover of 20-feet to top of pipe.  The gravity line was designed as a 48-inch 
pipe to match diameter to the Western Wake Study’s pipe diameter that this pipe will tie in to on 
the north side of Olive Chapel Road.  The gravity pipe was designed to convey the pump station 
design peak flow of 45-mgd flow at less than 80 percent full pipe and achieve a minimum  
velocity of 2 ft/s at the initial 2011 average flow of 5.6-mgd.  For clarity, the 24-inch force main 
is not shown on the plan and profile.  The offset distance to install the 24-inch force main from 
the 36-inch line will be determined during design.  The plan and profile sheets, Figures 3-18 
through 3-22, are located at the back of this section.  
 
 
3.8  Collection System Sulfide and Odor Assessment 
 
Pipelines conveying wastewater tend to produce dissolved sulfides, hydrogen sulfide gas, and other 
odorants. Sulfuric acid is also produced and is a result of hydrogen sulfide gas reactions with 
moisture on exposed portions of sewer pipes.  The acid on the pipe crown consumes the alkaline 
cement causing loss of aggregate and eventual pipe failures.  In new systems, if the potential for 
corrosive conditions is high, then the pipe is often lined to provide a corrosion resistant barrier.  
Sulfide production, odor release, and acid corrosion is highly variable depending on pipeline 
conditions such as wastewater velocity, biological oxygen demand, and wastewater temperature.   
 
Conveyance System Odor Characterization 
 
Problems associated with sulfide, odor, and corrosion are manifested in several different ways, 
depending on flow conditions and specific physical characteristics in the system.  In general, three 
distinct areas produce widely different problems and issues.  These are: 

1. Gravity flow interceptors 

2. Pump Stations 

3. Force mains and inverted siphons 
 

Corrosion problems arise primarily from sulfide production in the liquid and the level of H2S off-
gasing due to turbulence in downstream gravity sections.   Corrosion is minimized when sulfides are 
treated and the conveyance system promotes very little turbulence.  Odor problems are more closely 
associated with H2S concentration in the interceptor headspace, air pressurization of interceptor 
pipes and structures, and whether pump stations or other emissions points are close to sensitive 
areas.  A discussion of each element of the system follows. 
 
Gravity Flow Interceptors.  Sulfide production in gravity flow portions of the interceptor is 
dependent on the propensity for sulfide production in the liquid phase, countered by flow velocity 
and conditions that are conducive to air exchange from the headspace to the liquid.  Well-aerated 
wastewaters typically stay “fresh” and produce little sulfide and few odors.  The appropriate design 
practice for a large interceptor is to insure a minimum velocity of four to five feet per second.  This 
velocity is generally thought to effectively scour sulfide producing slime layers from the pipe walls 
and provide better interchange of air from the headspace into the wastewater.  However, the 
propensity for sulfide production is difficult to control.  Two parameters that have a significant 
effect on sulfide production are Biological Oxygen Demand (BOD) and temperature.  Sulfide 
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production tends to increase exponentially above temperatures of about 25 degrees centigrade.  At 
these temperatures and typical BOD found in wastewater, dissolved oxygen in the wastewater is 
depleted quickly and sulfide production increases regardless of flow velocity.  As sulfide production 
increases, hydrogen sulfide gas is evolved from the liquid to the headspace.  Once H2S is in the 
headspace, the potential for odor and corrosion exists. 
 
Until recently, the primary concern of H2S within interceptors was related to corrosion.  However, a 
number of agencies have experienced odor “out-leakage” from interceptor manholes and laterals 
that have produced complaints and required implementing odor abatement measures.  Brown and 
Caldwell has studied interceptor odors and headspace pressurization tendencies in detail, in the 
Phoenix area.  The work has shown that interceptor flow conditions tend to induce airflow and 
cause headspace pressure to develop within the sewer.  Pressure conditions are dependent on the 
size, depth of flow, changes in slope, and configuration of the interceptor.  If  the sewer is allowed 
to “breathe”, pressure development in the headspace is relatively lower (about 0.00 to 0.02 inches 
water column).  However, when the sewer passively “breathes”, outflow of odorous gases may 
produce odor complaints.  Some agencies respond to complaints by sealing manholes and other 
structures.  However, this only serves to contain the gases which causes both the concentration of 
H2S and pressure in the headspace to rise. 
 
If conditions reach a point in which odors must be addressed, most agencies will typically provide 
some type of chemical treatment to reduce sulfide production or sulfide in the wastewater.  Several 
chemicals are available, and are discussed in a subsequent section.  In some cases, agencies are 
examining headspace air extraction as an alternative to chemical treatment.  This air phase treatment 
option is becoming increasingly viable since some treatment systems, such as bulk media biofilters, 
can provide effective treatment without the need and expense of chemicals. 
 
Pump Stations.  Pump station wet wells are typically a source of odor emissions.  When wastewater 
reaches the pump station, headspace airflow “dead-ends” and pressurizes the headspace.  Air 
pressure and out-leakage from the wet well can be quite pronounced.  For most sizeable pump 
stations, air treatment of the wet well is required – even when sulfide production in the wastewater 
is relatively modest.  Air phase treatment systems typically range from a few hundred to a few 
thousand cfm.  If the wet well is designed to be enterable, then air requirements may increase to 
assure a safe atmosphere is maintained in the wet well.  Current designs tend to favor higher 
capacity systems as these have the capability to draft from the interceptor headspace, upstream of 
the pump station.  This may alleviate odor out-leakage from areas near the pump station. 
 
In some cases, pump stations may be designed with screening and grit removal systems.  In these 
situations the entire enclosed process is typically ventilated to an odor treatment unit.  The 
ventilation rate is usually determined by personnel safety considerations and Nation Fire Protection 
Association 820 minimums. 
 
Operation of the pump station can have a significant impact on sulfide production.  Systems with 
large pumps that cycle infrequently during low flow conditions, tend to promote sulfide production 
from the wastewater sitting in the wet well.  It is appropriate to utilize variable frequency drive 
equipment to better match the incoming flow to the lift station pumping rate. 
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Force Mains and Inverted Siphons.  Force mains and inverted siphons produce the highest amount 
of dissolved sulfide in the system.  Under full-pipe conditions, there is no air headspace to add 
oxygen to the wastewater.  Once the available dissolved oxygen is consumed, sulfide production 
begins.  Some force mains conveying relatively warm sewage have been known to produce over 10 
mg/l of sulfide and cause headspace H2S concentrations of several hundred ppm of H2S in 
downstream gravity interceptors. 
 
Force mains represent full-pipe flow, and therefore, H2S related corrosion in the force main itself is 
not normally expected.  However, some force mains, particularly those with downhill sections 
following uphill sections, can develop gas pockets on the crown of the pipe and near air relief vents 
on the pipeline.  Appropriate corrosion protection is required for these areas of the pipeline. 
 
Since sulfide production is high in force mains, many agencies elect to add chemical treatments to 
the lift station wet well.  If chemical treatments are not utilized, the discharge point of the force 
main will release a great deal of H2S.  However, the H2S released at the manhole may not cause an 
odor problem at that point.  However, as liquid and induced air flow travels downstream from the 
discharge point, odor and corrosion problems are much more likely. 
 
Inverted siphons can also be significant sulfide sources.  It is very common for inverted siphons that 
have little flow during the night to produce a large H2S spike when flow starts increasing the 
following morning.  This phenomena is very common even in systems without inverted siphons.  It 
can be readily monitored using continuous data-logging H2S monitors that are hung in manholes. 
 
Sulfide Generation Model 
 
When a conveyance system is in the planning stages, the most appropriate method of estimating 
sulfide production potential and subsequent odor problems is to model the system.  The Pomeroy-
Parkhurst sulfide generation model is used to evaluate pipeline, flow, and wastewater conditions and 
determine the areas of the pipeline with the greatest sulfide generation, areas with greatest estimated 
corrosion, areas with solids deposits, and areas that would need further investigation.  The work 
done in the early implementation and development of the model has shown reasonably good 
accuracy for dissolved sulfide predictions.  However, each system is unique, and routine issues, 
such as daily flow variation, BOD variations due to industrial dischargers, and even daily 
temperature swings, can have an impact on the accuracy of the results.  Work with the model in 
predicting corrosion rates has been less accurate and is not typically used.  In most cases, if H2S 
production is such that corrosion is likely to occur, the design of the pipeline incorporates the 
appropriate protection measures.   
 
Analysis Criteria.  Wastewater characteristics and sewer hydraulics are the basic data used in 
assessing sulfide production and predicting corrosion rates.  The two wastewater characteristics 
most influential for sulfide production in the Cary system are temperature and BOD.  Wastewater 
pH also has a significant impact relating to conversion of sulfide to H2S.   However there is usually 
no evidence of a wide variation from neutral pH in most municipal wastewater treatment systems.  
An important consideration for the Cary system is near term and long term wastewater flow 
estimates.  Since sulfide increases relative to time, flow and pipeline residence time are extremely 
important parameters in sulfide production.   
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Wastewater velocity effect arising from flow quantity is also important, because the lower the flow 
velocity, the higher the potential for grit and solids deposition in the pipeline.  These deposits 
usually aggravate sulfide conditions.  Most force mains are designed for peak wet weather flows 
and significant future community growth.  This results in very low wastewater velocities during 
non-peak or even normal dry weather flows.   
 
In low velocity conditions, grit is less likely to be moved along in wastewater flow even with 
generally adequate velocities.  Accumulation of grit can produce shoals which increase friction, 
slowing the wastewater flow.  The slower the flow, the more grit accumulates, and organic solids 
will begin to settle and accumulate, leading to higher sulfide production.  
 
It is impossible to change velocity parameters once a pipeline has been designed and constructed.  
However, if the pipeline is prone to grit settling or excessively deep slime layers on the pipe walls, 
the pipeline should be manually “flushed” at periodic intervals, if possible. 
In this investigation, we assumed there is no reaeration in force mains, and that any oxygen in a pipe 
will be rapidly consumed by wastewater organisms.  As long as there is significant sulfate or other 
reducible sulfur compounds available, then sulfide production will occur.  The amount of sulfide 
production will principally depend on temperature, time, and wastewater strength.  Detention time 
in a force main is a function solely of pipe length and velocity as follows: 
 

  where:  t  = detention time, hours 
    L  = pipeline length, feet 
    V  = flow velocity, fps 
    1/3600   = conversion factor from seconds to hours 
 
For gravity sections, we assume minimum pipe slopes of 0.005 and wastewater depth ranging from 
0.25 to 0.5 of total pipe diameter. 
         
This study used the following assumptions to input to the model. 

 1. Average winter conditions 
  BOD = 250 milligrams per liter (mg/L) 
  T(average winter) = 18 degrees C 

 2. Average summer conditions ("worst case") 
  BOD = 250 mg/L 
  T = 28 degrees C 
 
The worst case characteristics are likely to occur in late summer when wastewater temperature is at 
a maximum.  Since the system will be new, any BOD reduction due to Inflow and Infiltration is 
considered minimal. 

 
3600

1 x 
V
L = t  
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Gravity Mains.   In a sewer flowing partially full, the higher the velocity of flow, the lower will be 
the generation of sulfide.  Velocities higher than three feet per second generally provide efficient 
solids transport, moving solids along with the flow.  Slime layer on the pipe walls remains thin, and 
more oxygen tends to diffuse into the wastewater at these higher wastewater velocities.  Even if 
sulfide is present already in a wastewater stream, the higher velocities will tend to cause it to be 
released into the air.  Once it reaches the air space above the wastewater, it is oxidized to sulfuric 
acid and causes corrosive attack on pipes and structures. 
 
There are two assumptions and limitations considered in the our evaluation of the Cary system:   

1. The proportion of hydrogen sulfide released into the sewer headspace atmosphere is 
small compared to the sulfide within the wastewater solution.  

2. No chemicals are being employed to control sulfides. 
 
Sulfide Control Measures 
 
Physical and/or chemical methods for control of dissolved sulfides rely on one or more of three 
principles:  inactivation of sulfide-producing bacteria, oxidation, or precipitation.  Because sulfides 
are produced bacteriologically in the slime layer on the sewer wall, sulfide formation can be 
prevented by creating conditions which are adverse to bacterial metabolism.  Extremes in pH, 
addition of strong oxidants or caustics, and physical sewer cleaning can achieve bacterial 
inactivation. 
 
Addition of chemical oxidizing agents or injection of oxygen or air increases the 
oxidation/reduction potential, which maintains aerobic conditions in the wastewater and limits 
sulfide production.  Oxidants also promote chemical and biochemical oxidation of sulfides to 
thiosulfate, sulfites, and sulfates.  Addition of metal solutions, such as ferric (iron) chloride, 
precipitates dissolved sulfides to insoluble forms of sulfide that remain in suspension in the 
wastewater. 
 
Physical Control Methods 
 
Physical methods include ways to disrupt the biological process of sulfide production.  Primarily, 
physical methods include sewer cleaning, aeration, and ventilation of gravity lines. 
 
Physical Cleaning and Pigging.  Periodic cleaning of gravity sewer pipelines will achieve a 
significant reduction in formation of sulfides.  Cleaning removes the slime layer responsible for 
sulfide production and also removes debris and deposits in sewer reaches where velocity is 
sometimes insufficient to prevent deposition.  Pigging force mains as a means of sulfide control is 
somewhat problematic.  Some benefit can be expected due to scouring the walls of anaerobic 
bacteria populations.  However, much of the sulfide production is simply related to low dissolved 
oxygen conditions in the force main.  Typically, force main cleaning is not considered a viable 
sulfide control method.   
 
Aeration.  Aeration introduces oxygen into wastewater.  In the presence of adequate oxygen, sulfide 
is oxidized to sulfite, sulfate, or thiosulfate (S2O3

-) in chemical or biological reactions.  This reaction 
proceeds at a rate between 2 and 15 mg/L of oxygen per hour, depending on oxygen and sulfide 
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concentrations and other factors.  Therefore, an important consideration with oxygen or air addition 
is the time available for the reaction to proceed. 
 
Aeration can be accomplished by direct air injection or pure oxygen addition to the wastewater.  
This control option is typically applicable only to force mains.  Compressed air addition is not 
typically effective in long force mains, due to the limited oxygen availability in the gas in 
wastewater.  Pure oxygen addition is far more effective because the achievable dissolved oxygen 
level is approximately five times higher than air.  Depending on the oxygen uptake rate, the sewage 
can be kept “fresh” for several hours.   
 
Oxygen addition can be a very cost effective sulfide control.  However, this approach requires 
facilities for either oxygen production or liquid oxygen storage. On-site oxygen production is 
typically accomplished by pressure swing absorption equipment. With either system, a good 
diffusion and mixing structure is required to dissolve the gas in the wastewater.  A significant 
drawback to oxygen addition is the potential to form corrosive gas bubbles on the pipe crown.   
 
In gravity sewers, air can be added through high velocity and turbulent movement of wastewater 
through sewers.  Drop or fall structures are means of aerating wastewater.  However, these 
structures also serve to strip hydrogen sulfide from the wastewater, and therefore, are often counter- 
productive to good odor control and minimal corrosion.  
 
Chemical Control Methods 
 
Numerous chemical compounds have been marketed over the years for control of odors and sulfide.  
Many of these were inadequately tested and proven to be ineffective.  Table 3-8 provides a listing of 
the most common control methods that have legitimate track records.  Oxidation, precipitation, and 
bacterial inactivation are described here. 
 
Oxidation of Sulfide.   Injection of chlorine solutions, hydrogen peroxide, pure oxygen, or various 
other chemicals will oxidize sulfide to various compounds which are non-odorous.  These oxidants 
are readily consumed by other constituents in the wastewater so that the full dosage added is not 
available to control sulfides.  Oxidation is widely practiced as a sulfide control technique, although 
most oxidants, other than chlorine gas, are relatively expensive. 
 
Precipitation of Sulfide.  Dissolved sulfide will precipitate in the presence of free metal ions, 
particularly heavy metals.  Solutions of these metals react with dissolved sulfide to form insoluble 
metal sulfides.  Iron, zinc, copper, and others are chemically capable of these reactions.  Iron 
solutions (ferrous and ferric chloride and ferrous sulfate) are normally the most feasible and cost-
effective controls and are the least restrictive in the amount that can carryover to the treatment plant 
biosolids. 
 
Iron solutions are typically liquid, between 25 and 45 percent in strength.  In order to solubilize the 
metal, the solutions are kept at a pH below two.  Therefore, these compounds are corrosive and 
considered hazardous for shipping and handling purposes.  In most cases, the dosages are so low 
that there is no pH impact to the wastewater.  Iron solutions are widely used for sulfide control, 
primarily because of their low cost. 
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Table 3-9.   Evaluation of Chemical Sulfide Control Methods 
 

Method/Chemical Advantages Disadvantages 

Sulfide oxidation 
 
C12 

 
 
• Readily available, moderate 

chemical cost 
• Suitable for continuous sulfide 

control 

 
• Gas dissolution 
• Non-selective oxidant 
• High capital costs 

O2 • Effective for both prevention of 
sulfide formation and sulfide 
destruction 

• Suitable for continuous sulfide 
control 

Very economical 

• Non-selective oxidant 
• High capital costs 
 
Gas bubbles and corrosion potential 
in FMs 

KMnO4 • Suitable for continuous sulfide 
control 

• Non-selective oxidant 
• High chemical costs 
Seldom used in interceptor or FM 
applications 

Metal 
precipitation 
 
FeC13 
(also ZnSO4 and 

CuSO4 

 
 
• Moderate to low chemical costs 
• Suitable for continuous sulfide 

control 
Benefits WWTP digesters 

 
 
• Excess iron dosages required for 
removal below 0.5 mg/L 

• Low pH liquids are hazardous to 
handle 

• Adds metals to treatment plant 
sludge 

Bacterial 
inactivation 

  
 

   

NaNO3 • Effective for both prevention of 
sulfide formation and sulfide 
destruction 

• Suitable for continuous sulfide 
control 

Non-hazardous chemical 

• Higher chemical costs 

NaOHa Relatively low cost. 
Avoids continuous chemical 
dosing 

• Shocking procedure is difficult 

Downstream pH problems 

 
aInactivation through high pH treatment. 
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Bacterial Inactivation.  Bacterial inactivation includes a broad category of products. One procedure 
within this category is “caustic shocking”.  This is a single 30 to 60 minute application of sodium 
hydroxide (caustic soda) to a section of gravity interceptor.  This approach is generally not used in 
full flowing force mains.  The quantity of caustic is calculated to provide a pH of 12 to 12.5 for a 
period of at least 30 minutes.   This treatment kills the slime layer,  temporarily suppressing sulfide 
production between three and seven days.  During that time, bacterial re-growth occurs, thereby 
requiring another shock as sulfide levels begin to increase.  This method avoids continuous 
chemical addition; however, it creates downstream pH control problems in treatment plants, and 
therefore, is seldom used on large interceptors.  Relatively small flows can be treated in this manner 
provided the treated stream experiences good downstream dilution. 
 
 
Nitrate addition is a highly effective sulfide control mechanism.  Nitrates are preferentially reduced 
by anaerobic bacteria instead of sulfates.  Thus, odorless nitrogen gas is produced rather than 
sulfides and hydrogen sulfide.  Bioxide is the most common nitrate additive.  One of the major 
selling points of Bioxide is that it is a non-hazardous chemical; however, it is more costly than other 
chemicals such as iron solutions.  One agency we work with reports the equivalent sulfide control 
with Bioxide is about 50 percent more costly than ferrous chloride. 
 
Chemical Costs for Sulfide Control 
 
The most feasible chemicals for sulfide control are listed in Table 3-10 along with their approximate 
dosages to react with one pound of sulfide.  Dosage information is footnoted.  Chemical costs may 
vary significantly from this table, depending on production sources and shipping distances.  The 
table shows a comparison of chemical costs to control each pound of sulfide.   
 
Air Phase Treatment 
 
Air phase treatment involves extracting the sewer headspace gas and treating it prior to discharge.  
Several treatment technologies are available that provide highly efficient odor treatment.  Air 
treatment may have significant advantages over chemical addition.  Since air treatment systems 
maintain the sewer headspace pressure under negative pressure, fugitive odor emissions are fully 
contained.  The foul air exhaust system enhances air changeover in the sewer headspace, which 
produces somewhat lower humidity, and H2S concentrations, and therefore, has less propensity for 
serious corrosion.  However, since foul air extraction treats the “symptom” of the problem (H2S) 
and not the “cause” of the problem (dissolved sulfide), foul air extraction cannot be considered a 
corrosion mitigation measure.  Another major issue with sewer headspace gas extraction is that foul 
air typically high in H2S and odor concentration must be treated effectively to avoid odor 
complaints when it is discharged.  Unless there is a major buffer zone between the treatment system 
and potential odor receptors, two-stage treatment systems are usually recommended.  
 
Oxygen is the lowest cost option, although its use is normally restricted due to limitations on the 
quantity which can be dissolved and the geometry of the system.  Chlorine and ferric chloride are 
the next least costly options from a chemical standpoint.  Potassium permanganate (KMnO4) is the 
most costly of these chemicals. 
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Table 3-10.   Chemical Costs for Sulfide Control 
 

Chemical Pounds of chemical 
per pound of sulfide 

removed 

Chemical cost, dollars 
per pound 

Chemical cost range, 
dollars per pound of 

sulfide removed 

C12 8 to 15a $ 0.25 $ 3 to 5 

Bleach 5 to 10 $ 1.00 $ 5 to 10 

KMnO4 6 to 12b $ 2.40 $ 15 to 30 

H2O2 4 to 8c $ 1.50 $ 6 to 12 

O2 6 to 10d $ 0.10 $ 0.60 to 1.0e 

FeC13 6 to 9f $ 0.50 $ 3.00 to 4.50 

Bioxide Variable $2/gal $ 5 - 10 
 
aVarious studies and performance place it in this range. 
bThis range is based on limited data. 
cBased on previous studies. 
dTheoretically, 1 pound of O2 per pound of sulfide is needed.  In reality, several times this is needed. 
eThere can be substantial power costs for O2 injection which are not included here.  Also, O2 injection is limited in its 
application. 

fThis range is based on limited data. 
 
Airflow requirements for sewer headspace gas extraction is not a well-defined science.  Brown and 
Caldwell has done detailed studies on sewer pressurization and gas extraction.  These studies show 
that no single factor in a large interceptor system dictates the exact flow rate that moves through the 
sewer headspace along with the wastewater.  However, a rough rule of thumb is that for wastewater 
flowing at three to five feet per minute, airflow velocity in the headspace is approximately one half 
to two thirds  the wastewater velocity, assuming the sewer is flowing half full.   In pipes set at a 
steep slope with wastewater flowing at high velocity, airflow increases considerably.  Pipeline 
configuration is important to the natural airflow in a headspace.  Changes in flow or flow depth that 
reduces the headspace area tend to cause pressurization at those points.  Inverted siphons, even 
when provided with air jumpers, are also bottlenecks for headspace airflow.  Pump stations almost 
always require some type of air treatment, since the induced air flow in the headspace can only be 
released to atmosphere.  If adequate airflow capability is provided in the foul air extraction system, 
headspace pressurization can be reduced to zero or slightly negative pressures for several miles 
from the extraction point. 
 
Several air treatment technologies are available that provide excellent odor treatment.  Most of these 
are well-proven technologies that have been in use for years.  The primary technologies are 
chemical wet scrubbers, biotrickling filters, bulk media biofilters, and activated carbon.  Some other 
technologies, such as ozone sprays and ionization devices, are on the market but do not have the 
track record of other technologies.  The following is a brief description of the air phase treatment 
technologies that are appropriate to consider. 
 



3-31 

  
 
P:\127472 - Cary-West Cary PS & FM\WP\PER\Section 3\Section 3 - Conceptual Pumping Station Design-Final.doc 

Wet Chemical Scrubbing.  Wet scrubbers have been used for odor control for decades.  The 
technology is well known and the performance usually exceeds 99 percent odor reduction.  The 
major drawbacks are that the systems are somewhat involved in that they require chemicals, 
chemical handling, pumps, pH, and ORP controls, and completely corrosion-proofed equipment.  
Calcium carbonate scaling is sometimes a problem, as well a sulfur deposition in the scrubber.  If 
the units are carefully operated and maintained, they provide extremely good and reliable service. 
 
Bulk Media Biofilters.   The Town of Cary operates package, bulk media biofilters at the North 
Cary Water Reclamation Plant influent pump station.  The prime advantage of biofiltration is the 
control of odors without the need for chemicals.  This results in much simpler systems that are 
easier to operate.  The only significant performance variable is adequate humidification of the air 
stream and media.  The disadvantages of bulk media biofilters are their requirement for additional 
footprint area, and potentially lower efficiency – particularly on reduced sulfur compounds.  If the 
biofilter is heavily loaded, and performance is critical, Brown and Caldwell prefers to have second 
stage treatment behind the biofilter.  In most cases, we would select a specialty activated carbon, 
specific for acid gas treatment. 
 
Biotrickling Filters.  Biotrickling filters (BTFs) offer many of the advantages of bulk media 
biofilters without requiring a great deal of space.  These filters are similar to wet scrubbers; 
however, they operate at slightly lower air throughput.  They rely on a nutrient-rich source of 
makeup water, to insure the biological population is active.  This technology also may exhibit 
slightly lower efficiency than other technologies.  Thus, second stage backup equipment is often 
included in the design. 
 
Activated Carbon.  Activated carbon is considered a good, all purpose, odor control device.  In odor 
applications, it is important to obtain a specific specialty carbon that is effective on low molecular 
weight acid gas odorants.  High humidity can also be a factor in activated carbon performance.  
Activated carbon is relatively expensive and may be costly to dispose of.  Therefore, the best 
application for carbon is typically as a second stage polishing unit, located after another control 
device. 
 
Air Phase System Costs.   Air phase control costs vary considerably.   Total costs for odor systems 
are usually in the $100 to $150 per cfm range for smaller systems up to about 3000 cfm.  A two- 
stage system would incur costs between $200 and $250 per cfm.  Costs per cfm decrease as system 
size increases.  Larger systems (greater than 30,000 cfm) can potentially cost as low as $30 to $40 
per cfm for a single stage system.  Our most recent projects suggest that biotrickling filters or bulk 
media biofilters are less expensive than wet scrubbers in sizes less than 5000 cfm.  As capacity 
increases, wet scrubbing becomes more competitive.  Since wet scrubbing carries a chemical 
operating cost, it is normally advantageous to consider biotrickling filters and bulk media biofilters 
for lowest life cycle costs. 
 
The White Oak Creek, Batchelor Branch, and the unnamed tributary interceptors conveying flow to 
the WCRPS are all 48-inch-diameter or less.  For these interceptors, we anticipate any pump station 
air treatment systems would be between 1500 and 3000 cfm, and also serve pump station wet well 
ventilation/treatment.  These airflows are ideal for packaged biofilteration systems.  If a buffer can 
be maintained between these systems and nearby roads, residences, and commercial facilities, this 
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strategy should be suitable to minimize any off-site odor detection.  If this arrangement is not 
feasible, then the treatment system design should incorporate activated carbon polishing.     
 
Summary of Odor and Corrosion Assessment Findings and Recommendations 
 
The West Cary Interceptor System includes several miles of force mains, interceptors, and several 
pump stations.  Flow conditions through most of this system, whether the flow is taken north or 
south, is relatively low compared to the pipe sizes provided.  As a result, relatively high sulfide 
concentrations can be expected in the wastewater.  Modeling indicates that at Phase I, flowrates 
projected for this system, sulfide generation may exceed 10 mg/l in the absence of any chemical 
treatment.  This level of dissolved sulfide will likely produce at least 100 ppm in the downstream 
Panther Creek Interceptor headspace. Ultimately, this may cause odor problems along the 
interceptor alignment and at downstream pump stations.  The predicted level of sulfides and H2S 
indicate that the pipeline should be protected from acid corrosion. 
 
The sulfide modeling indicates that 200 to 500 pounds per day of sulfide production may occur 
when flows are pumped south through the Southern Force Main (Phase II conditions – 2011 
through approximately 2022).  In reality, it is expected that much of this sulfide will stay in 
solution and potentially be oxidized.  Therefore, the daily sulfide load may be overstated by the 
model.  However, it is clear for the velocity and pipeline residence time that sulfide production will 
be very high.  Other force mains we have studied, with similar characteristics, do produce over 10 
mg/l of dissolved sulfides.  Therefore, it is appropriate that the pump stations incorporate chemical 
feed systems as well as air phase equipment for gas extraction and treatment. 
 
Costs for sulfide and odor treatment depend on a number of factors, including the sulfide levels 
that are tolerable in the interceptor to avoid odors and the amount of sulfide ultimately treated as 
H2S in the headspace at pump stations.  The following table summarizes approximate annual costs 
based on assumed average annual sulfide production and different assumed chemical costs. 
 

Table 3-11.  Annual Sulfide and Odor Control Costs 
 

Average Daily 
Sulfide Load 
(annualized)1 

Assumed chemical 
cost of $1/lb. sulfide 

(Liquid Oxygen) 

Assumed chemical cost 
of $3/lb. sulfide 
(Ferrous/Ferric 

Chloride) 

Assumed chemical 
cost of $5/lb. sulfide 

(Bioxide) 

50 $18,000 $54,000 $90,000 
100 $36,000 $108,000 $180,000 
200 $72,000 $216,000 $360,000 
300 $108,000 $324,000 $540,000 
500 $180,000 $540,000 $900,000 

 
Costs associated with air phase biofiltration odor control are primarily capital costs.  Order of 
magnitude costs at each pump station should average $300,000 for the equipment and supporting 
systems for units in the size range of 1500 to 3000 cfm.  Operating costs at each odor control unit 
should be less than $5000 per year, primarily for power and water.  If activated carbon is included 
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in these odor control systems, then carbon replacement costs are estimated at $30,000 per system, 
once every three years.     
 
Specific recommendations for the Western Cary service area infrastructure include the following:  
 
Phase I 

1. Provide provisions for interceptor and pump station wet well gas extraction and treatment 
through a biofilter system.  Maintain suitable buffers to property boundaries. 

2. Construct interceptors with corrosion resistant materials at least in the crown space to 
prevent deterioration, including manholes.  Provide for smooth junctions with other 
interceptors to minimize turbulence and odor generation. 

 

3. Provide chemical feed facilities at the WCRPS to inject nitrates (Bioxide) for bacterial 
inactivation or iron compounds for sulfide precipitation to reduce the odor releases in the 
Northern Force Main as part of the corrosion control strategy. 

4. Construct the Northern Force Main with corrosion resistant materials at locations where 
gas buildup could occur, such as air release valve locations and similar high spots, and for 
the down hill gravity section prior to discharge to the Panther Creek Interceptor, at a 
minimum.  Construct the structure at the transition to gravity with corrosion resistant 
materials.  Provide air release valves with carbon filters. 

5. Construct the junction of the Northern Force Main gravity section to the Panther Creek 
Interceptor with a smooth transition to minimize odor release.  Line the structure with 
corrosion resistant material, and provide a gas extraction system/treatment system, keeping 
the gravity section of the Northern Force Main under slight negative pressure. 

6. Consider lining the Panther Creek Interceptor (at a minimum, its crown) for corrosion 
resistance.   

 

Phase II/III 

1. Assess the sulfide generation potential wastewater flowing from Kit Creek and Morris 
Branch Pump Stations to the unnamed tributary, the force main alignment and discharge 
locations, and the planned unnamed tributary interceptor for corrosion protection, chemical 
addition, and gas extraction/treatment to minimize odor nuisances along the route and at the 
WCRPS. 

2. Continue chemical feed system and gas extraction/treatment system operations at the 
WCRPS.  

3. Construct the Southern Force Main with the same design features as the Northern Force 
Main, including corrosion resistant materials at high spots, carbon filters at air release 
valves, and corrosion resistant smooth transition junctions to gravity sections and 
interconnections with other interceptors (i.e. Reedy Branch and Beaver Creek), provide gas 
extraction/treatment at junction structure or at the Beaver Creek Pump Station.  Construct 
down-sloping gravity segment with corrosion resistant materials. 

 



3-34 

  
 
P:\127472 - Cary-West Cary PS & FM\WP\PER\Section 3\Section 3 - Conceptual Pumping Station Design-Final.doc 

4. Optimize standard operating procedures for the dual force main to maintain maximum 
velocities.  For times when the second force main is not used for extended time intervals 
(i.e. more than a daily occurrence) drain the force main back to the pump station wet well.  
When both force mains are routinely used on a daily basis, draining may not be necessary 
and odor control releases at force main startup can be treated with gas extraction systems at 
discharge locations. 
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SECTION 4 
 

COST ESTIMATES 
 
 
Developed in Section 3 are three alternative pump station configurations to meet the needs of the 
Western Cary service area from 2006 through buildout.  The station is planned to be constructed 
in phases, generally described as follows. 
 

Phase Operational 
Period 

Pump Station’s 
Firm Capacity Discharge Direction 

Phase I December 2006 
until January 2011 3.0-mgd Northern Force Main to 

Panther Creek Interceptor 
Phase II – Coinciding with Phase I 
of the Western Wake County 
Wastewater Facilities Planning 

January 2011 until  
Approximately 
2020 

33-mgd 
Southern Force Main to 
Proposed Beaver Creek Pump 
Station  

Phase III - Coinciding with Phase II 
of the Western Wake County 
Wastewater Facilities Planning 

Approximately 
2020 through 
buildout (2030) 

45-mgd 
Southern Force Main to 
Proposed Beaver Creek Pump 
Station 

 
This section presents preliminary opinion of construction costs for each of the alternative pump 
station configurations including the planned upgrades (Tables 4-1, 4-2, and 4-3), preliminary 
opinion of construction cost for the Northern and Southern Force Mains (Tables 4-4 and 4-5), 
and a preliminary opinion of annual operation and maintenance cost (Tables 4-6, 4-7, and 4-8).  
Cost opinions are used to estimate the present worth of each alternative for comparison.  The 
results are summarized below.   
 

Facility Cost Type 
Phase I 

2006 to 2011 
3.0-mgd 

Phase II 
2011 to 2020 

33-mgd 

Phase III 
2020 to 2030 

45-mgd 

Present 
Worth  

Capital  $4,630,000 $4,440,000 $720,000 $8,060,000 Wet Pit Submersible 
with separate utility 
building Operation and 

Maintenance $200,000 $375,000 $575,000 $5,293,000 

Capital $5,600,000 $4,100,000 $670,000 $8,770,000 Wet Pit/Dry Pit with 
separate utility 
building Operation and 

Maintenance $201,000 $275,000 $432,000 $4,135,000 

Capital  $6,630,000 $4,400,000 $670,000 $10,010,000 Wet Pit/Dry 
Pit/Utilities enclosed 
in one structure Operation and 

Maintenance $201,000 $275,000 $432,000 $4,135,000 

Northern Force Main Capital  $3,100,000 

Southern Force Main Capital  $11,200,000 
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Capital Cost.  Preliminary opinions of cost are based on the conceptual designs of the West 
Cary Regional Pump Station (WCRPS) and the Northern and Southern Force Mains developed 
through work of this Preliminary Engineering Report.   This is considered a Class 4 estimate.  
Class 4 estimates are generally prepared at the feasibility level or pre-design level in order to get 
a generalization of the project budget and scope direction.  For owners and engineers, this class 
of estimate is often used as the “concept evaluation” estimate to establish the scope prior to 
design.  Typically, engineering is from one percent to 15 percent complete.  Typical accuracy 
ranges for Class 4 estimates are -15 percent to -35 percent on the low side, and +20 percent to 
+50 percent on the high side, depending on the technological complexity of the project, 
appropriate reference information, and the inclusion of an appropriate contingency 
determination.  Ranges could exceed those shown in unusual circumstances.   
 
This opinion of cost was prepared using parametric factors, with scaled detailed item pricing for 
equipment and specifically known linear quantities. This estimate includes direct labor costs, 
bulk purchased materials, pumping, screening and odor control equipment, and construction 
equipment.  When used, construction labor crew hours were calculated from production rates 
contained in documents and/or electronic databases published by R.S. Means, Mechanical 
Contractors Association (MCA), National Electrical Contractors Association (NECA), Rental 
Rate Blue Book for Construction Equipment (Blue Book), and Richardson Engineering Services.  
The estimate was prepared using Brown and Caldwell’s Material and Labor database, modified 
to include historical project data and the latest vendor and material cost information, and other 
costs specific to the locale of the project.  
 
The following assumptions were considered in the development of the cost opinion. 

1. Bidders must hold a valid, current General Contractor's License. 

2. Bidders will develop estimates with a competitive approach to material pricing and 
labor productivity, and will not include allowances for changes, extra work, unforeseen 
conditions, or any other unplanned costs. 

3. Estimated costs are based on a minimum of four bidders. Actual bid prices may 
increase for fewer bidders or decrease for a higher number of bidders. 

4. Bidders will account for General Provisions and Special Provisions of the contract 
documents and will perform all work except the Jack and Bore, which will be 
performed by traditional specialty subcontractors. 

5. Contractor markup is based on conventionally accepted values, and then adjusted for 
project-area economic factors. 

6. Contractors perform the work during normal business hours of 7 a.m. to 5 p.m., 
Monday through Friday.  No allowance has been made for shift work or weekend work. 

7. Contractors have total access for lay-down areas and mobile equipment. 

8. Major equipment costs are based on scaled historical pricing of like equipment. 

9. Clean trench spoil can be disposed of without dump fees within ten road miles. 

10. Removal of soil/debris contaminated by hazardous material is not required 
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11. All costs are presented in 2005 dollars 
 

The cost estimates shown, and any resulting conclusions on project financial feasibility or 
funding requirements, are prepared from available information at the time of the estimate for 
guidance in project evaluation or implementation.  Final project costs will depend on actual labor 
and material costs, competitive market conditions, actual site conditions, final project scope, 
implementation schedule, continuity of personnel and engineering, and other variable factors.  
As a result, final project costs may vary from the preliminary opinions of cost presented herein. 
 
Operations and Maintenance Costs - Each of the pump station configurations will have 
different operations and maintenance costs that will change for Phase I, Phase II, and Phase III.  
Many of the costs will remain the same for the three pump station configuration options; 
however, certain items (e.g., pump electricity, pump maintenance) will change for the dry pit 
versus submersible pumps.  It is expected that there will be an insignificant difference in O&M 
costs between the wet pit/dry pit pump station with the utility building versus the wet pit/dry pit 
with a separate utility building, and no comparison has been made between those two 
alternatives. 
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Table 4-1.  Preliminary Opinion of Cost 
Wet Pit Submersible Pump Station with Separate Utility Building 

 
Construction Element Phase I Phase II Phase III 
General Conditions $160,000 $150,000 $20,000 

Erosion Control  $40,000   
Clearing and Grubbing $50,000   
Dewatering $20,000   
Excavation $230,000   
Backfill $80,000   
Yard Piping    

White Oak Creek Interceptor $90,000   
Northern Force Main - 16"  $20,000   
Southern Force Main - 24" $120,000   
Southern Force Main - 36"  $180,000   

Paving $200,000   
Restoration $50,000   
Landscaping $50,000   

Si
te

w
or

k 

Fencing $50,000   
Trench Wet Well $480,000   
Valve Slab $100,000   
Screenings channels $150,000   
Screenings Building with Dumpster Enclosure $170,000   
Support Building Slab $120,000   
Super-Structure $310,000   
Slab for Generator Enclosure $15,000   
Chemical Delivery Containment $100,000   

St
ru

ct
ur

al
/A

rc
h 

Slab for Fuel Tank $15,000   
Inside Piping $50,000 $210,000 $50,000 
Main Sewage Pumps / Spare pump $60,000 $750,000 $300,000 
Valves $20,000 $340,000  
Chemical Feed System - Bioxide $30,000 $30,000  
Odor Control - Biofilter System $60,000 $200,000  
Sump Pumps  $20,000  
Grinder / Manual $35,000   
Mechanical Bar Screen/Screenings Press  $350,000  
Slide Gates $60,000   
Sampling $10,000   
Monorail  $150,000  
Variable Frequency Drives $45,000 $100,000 $50,000 
Standby Generator System $50,000 $400,000  
Influent/Discharge Flow Metering  $40,000 $60,000  

M
ec

ha
ni

ca
l 

SCADA/Remote Telemetry $5,000 $100,000 $20,000 
 General Construction  $3,300,000 $2,900,000 $440,000 
 Electrical $400,000 $800,000 $160,000 
 HVAC $100,000 $0 $0 
 Plumbing $30,000 $0 $0 
 Subtotal $3,830,000 $3,700,000 $600,000 
 Contingency $800,000 $800,000 $120,000 
Preliminary Opinion of Construction Cost $4,630,000 $4,440,000 $720,000 
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Table 4-2.  Preliminary Opinion of Cost 
Wet Pit/Dry Pit Pump Station with Separate Utility Building 

 
Construction Element Phase I Phase II Phase III 
General Conditions $190,000 $150,000 $20,000 

Erosion Control  $40,000   
Clearing and Grubbing $50,000   
Dewatering $30,000   
Excavation $370,000   
Backfill $250,000   
Yard Piping    

White Oak Creek Interceptor $90,000   
Northern Force Main - 16"  $20,000   
Southern Force Main - 24" $120,000   
Southern Force Main - 36"  $180,000   

Paving $200,000   
Restoration $50,000   
Landscaping $50,000   

Si
te

w
or

k 

Fencing $50,000   
Wet Pit/Dry Pit Structure and Entrances $1,100,000   
Screenings Building/Dumpster Enclosure $170,000   
Support Building Slab $120,000   
Support Building Super-Structure $310,000   
Slab for Generator Enclosure $15,000   
Chemical Delivery Containment $100,000   St

ru
ct

ur
al

/A
rc

h 

Slab for Fuel Tank $15,000   
Inside Piping $50,000 $310,000 $50,000 
Main Sewage Pumps/Spare pump $60,000 $650,000 $260,000 
Valves $20,000 $440,000  
Chemical Feed System - Bioxide $30,000 $30,000  
Odor Control - Biofilter System $200,000   
Sump Pumps  $20,000  
Grinder/Manual $35,000   
Mechanical Bar Screen/Screenings Press $5,000 $350,000  
Slide Gates $60,000   
Sampling $10,000   
Monorail  $150,000  
Variable Frequency Drives $45,000 $100,000 $50,000 
Standby Generator System $50,000 $400,000  
Influent/Discharge Flow Metering  $40,000 $60,000  

M
ec

ha
ni

ca
l 

SCADA/Remote Telemetry $5,000 $100,000 $20,000 
 General Construction  $4,140,000 $2,660,000 $400,000 
 Electrical $420,000 $670,000 $160,000 
 HVAC $100,000 $0 $0 
 Plumbing $30,000 $0 $0 
 Subtotal $4,680,000 $3,430,000 $560,000 
 Contingency $920,000 $670,000 $110,000 
Preliminary Opinion of Construction Cost $5,600,000 $4,100,000 $670,000 
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Table 4-3.  Preliminary Opinion of Cost 
Wet Pit/Dry Pit Pump Station and Utilities Enclosed in One Building 

 
  

Phase I Phase II Phase III 
General Conditions $240,000 $150,000 $20,000 

Erosion Control  $40,000   
Clearing and Grubbing $50,000   
Dewatering $30,000   
Excavation $370,000   
Backfill $250,000   
Yard Piping    

White Oak Creek Interceptor $90,000   
Northern Force Main - 16"  $20,000   
Southern Force Main - 24" $120,000   
Southern Force Main - 36"  $180,000   

Paving $200,000   
Restoration $50,000   
Landscaping $50,000   

Si
te

w
or

k 

Fencing $50,000   
Wet Pit/Dry Pit Substructure $1,100,000   
Screenings Dumpster Building $30,000   
Building Super-Structure  $1,400,000   St

ru
ct

. 

Slab for Fuel Tank $15,000   
Inside Piping $50,000 $310,000 $50,000 
Main Sewage Pumps/Spare Pump $60,000 $650,000 $260,000 
Valves $20,000 $440,000  
Chemical Feed System - Bioxide $30,000 $30,000  
Odor Control - Biofilter System $200,000   
Sump Pumps  $20,000  
Grinder/Manual $35,000   
Mechanical Bar Screen/Screenings Press  $350,000  
Slide Gates $60,000   
Sampling $10,000   
Bridge Crane - Pump Room and Generator Room  $300,000  
Variable Frequency Drives $45,000 $100,000 $50,000 
Standby Generator System $50,000 $400,000  
Influent/Discharge Flow Metering  $40,000 $60,000  

M
ec

ha
ni

ca
l 

SCADA/Remote Telemetry $5,000 $100,000 $20,000 
 General Construction  $4,900,000 $2,900,000 $400,000 
 Electrical $400,000 $730,000 $160,000 
 HVAC $200,000 $0 $0 
 Plumbing $30,000 $0 $0 
 Subtotal $5,530,000 $3,630,000  
 Contingency $1,100,000 $770,000 $110,000 
Preliminary Opinion of Construction Cost $6,630,000 $4,400,000 $670,000 
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Table 4-4.  Preliminary Opinion of Project Cost 
Northern Force Main 

 
Construction Element Preliminary Opinion of Cost 

Site Wide Work  
Clearing and Grubbing $10,000 

Force Main – 14,000 lf 16-inch diameter  
General requirements $6,000 
Backfill $8,000 
Bedding $160,000 
Compaction $20,000 
Excavation $20,000 
Spoils Disposal $90,000 
Structures $60,000 
Piping and Fittings $840,000 
Odor Control $30,000 
Air/Vacuum Valves $20,000 
Tunneling $120,000 

Gravity Section – 4400lf 24-inch diameter  
General Requirements $6,000 
Backfill $8,000 
Bedding $50,000 
Compaction $10,000 
Excavation $16,000 
Spoils Disposal $40,000 
Structures- Transition to Gravity $12,000 
Connection to Panther Creek  

Dewatering $50,000 
Sheeting $18,000 
Excavation/Backfill/Compaction $6,000 
Structure $60,000 
Odor Control $20,000 

Piping and Fittings $430,000 
Tunneling $40,000 
Dewatering $50,000 

Traffic Control  $20,000 
General Conditions $160,000 
Insurance and Bonds $100,000 
Subtotal $2,480,000 
Contingency $620,000 
Preliminary Opinion of Project Cost $3,100,000 
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Table 4-5.  Preliminary Opinion of Cost 
Southern Force Main 

 
Construction Element Preliminary Opinion of Cost 

Site Wide Work  
Clearing and Grubbing $20,000 

Force Main – 16,000 lf 24/36-inch diameter  
General Requirements $20,000 
Backfill $35,000 
Bedding $700,000 
Compaction $80,000 
Excavation $85,000 
Spoils Disposal $370,000 
Structures $30,000 
Piping and Fittings $3,600,000 
Odor Control $12,000 
Air/Vacuum Valves $12,000 
Tunneling $1,420,000 

Gravity Section – 5,500lf 48-inch diameter  
General Requirements $14,000 
Backfill $20,000 
Bedding $125,000 
Compaction $30,000 
Excavation $37,000 
Spoils Disposal $110,000 
Structures- Transition to Gravity $50,000 
Junction with Reedy Branch Interceptor $50,000 
Piping and Fittings $1,070,000 
Odor Control $40,000 
Structures - Manholes $100,000 

Traffic Control  $10,000 
General Conditions $640,000 
Insurance and Bonds $350,000 
Subtotal $9,030,000 
Contingency $2,170,000 
Preliminary Opinion of Project Cost $11,200,000 
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Table 4-6 below shows the breakdown of operations and maintenance costs that are similar for 
the dry pit pump configuration and the submersible. 
 

Table 4-6.  Preliminary Opinion of General Operations and Maintenance Costs 
 

Phase I Phase II Phase III 
Item Description \ Period of Cost Annual Cost for 5 

Years 
Annual Cost for 12 

Years 
Annual Cost for 8 

Years 
General Building Maintenance (Paint, 
Plumbing, Electrical) $20,000 $20,000 $20,000 
Screen/Grinder/Press Maintenance $1,000 $5,000 $ 7,000 
Screen/Grinder Electricity Cost $1,000 $1,000 $1,000 
Screenings Disposal  $3,000 $6,000 
Generator Fuel $5,000 $48,000 $48,000 
Generator Maintenance $2,000 $10,000 $10,000 
Chemical Cost $110,000 $45,000 $152,000 
Chemical System Maintenance $5,000 $10,000 $15,000 
Odor Control System Maintenance $10,000 $15,000 $15,000 
VFD/Switchgear Maintenance $2,300 $5,000 $ 7,500 
Bridge Crane Maintenance  $1,000 $1,000 
PLC/Controls Maintenance $2,000 $5,000 $5,000 
General Building Electricity Costs/Heating $5,000 $10,000 $10,000 
Annual Costs $163,000 $178,000 $298,000 
Annual Costs in Future Dollars (2% Increase) $163,000 $196,000 $416,000 
Present Value of Annual Costs $690,000 $1,230,000 $960,000 

Present Value $ 2,880,000 
 
The costs in Table 4-6 are shown as an annual expenditure in 2005 dollars.  The annual costs 
have been inflated based on an estimated two percent index growth per year to the adjusted value 
shown as Annual Costs in Future Dollars.  These annual costs were then translated based on a six 
percent interest rate to a Present Value for each phase.  The total Present Value of the fixed 
O&M costs is approximately $2,880,000. 
 
By far, the largest component of the General O&M Costs is Chemical Cost which amounts to 
more than 50 percent of the total annual cost.  As described in Section 3, the costs of chemicals 
to control sulfide gas generation and odor can vary widely, as can the costs based on the 
chemical used.  The basis for the cost is the sulfide load modeling for each flow rate and 
considering seasonal temperature fluctuations.  The cost reduces from Phase I to Phase II as the 
pipe velocities increase with higher flow rates and the sulfide load decreases.  However, the costs 
increase again in Phase III as the average flow must be switched to the larger 36-inch force main 
and pipe velocities are reduced. 
 
Another cost of note is the generator fuel cost which was calculated based on an assumption of 
four hours of testing per month and one full week of 24 hour operation.  The remaining costs 
were estimated based on typical utility O&M costs and include the operations staff labor. 
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Tables 4-7 and 4-8 below show an estimated O&M cost comparison between the dry pit pump 
installation and the submersible pump installation. 
    
Table 4-7 shows estimated O&M costs for the wet pit/dry pit pump station configuration. 
 

Table 4-7. Operations and Maintenance Costs for Wet Pit/Dry Pit Pump Station 
 

Phase I Phase II Phase III 
Item Description \ Period of Cost Annual Cost for 5 

Years 
Annual Cost for 12 

Years 
Annual Cost for 8 

Years 
Pump Electricity $23,000 $67,000 $104,000 
Pump Maintenance $12,000 $25,000 $25,000 
Valve/Pipe/Meter Maintenance $1,000 $5,000 $5,000 
Annual Costs $36,000 $97,000 $134,000 
Annual Costs in Future Dollars (2% Increase) $36,000 $107,000 $188,000 
Present Value of Annual Costs $152,000 $671,000 $433,000 
Present Value   $ 1,255,000 
 
Table 4-8 shows the estimated O&M costs for the submersible pump station configuration. 
 

Table 4-8. Operations and Maintenance Costs for Submersible Pump Station 
 

Phase I Phase II Phase III 
Item Description \ Period of Cost Annual Cost for 5 

Years 
Annual Cost for 12 

Years 
Annual Cost for 8 

Years 
Pump Electricity $23,000 $90,000 $138,000 
Pump/Wet Well Maintenance $12,000 $95,000 $127,000 
Valve/Pipe/Meter/Pump Lift Maintenance $1,000 $7,000 $7,000 
Surge Control $1,000 $5,000 $5,000 
Annual Costs $ 37,000 $197,000 $277,000 
Annual Costs in Future Dollars (2% 
Increase) $ 37,000 $218,000 $388,000 
Present Value of Annual Costs $156,000 $1,363,000 $894,000 
Present Value   $ 2,413,000 

 
The difference between the two options has a Present Worth of approximately $1,158,000.  The 
major contributor to this difference is the maintenance cost for the submersible pumps which we 
project for rebuild on a two year cycle, as well as the costly failure potential.  The dry pit pumps 
are recommended for service after five years; however, they have a longer replacement period 
and failure is not as severe. 
 
Based on the capital cost differences and the operation and maintenance cost difference, 
combined with the inherent advantages (see Section 3), the Pumping Station configuration using 
horizontal or vertical centrifugal pumps is recommended.  The actual station design will be 
developed through final design phase of the project. 
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SECTION 5 
 

APPROVALS AND PERMITTING PLAN 
 
 
The purpose of this section is to present a preliminary plan for gaining the necessary approvals 
and permits to construct Phase I of the West Cary Regional Pump Station (WCRPS) and its 
associated force main and gravity interceptors.  Geographically the plan covers the sanitary 
sewer infrastructure from the Fieldstone Pump Station near Batchelor Branch and the White Oak 
Pump Station, south and westward along those creeks to the location of the new WCRPS, and 
then north to the Panther Creek Interceptor (see Figure 5-1).  The plan addresses the period 
between now and the design and permitting of a southern flowing force main that would take 
flows from the WCRPS to the future Western Wake Water Reclamation Facility (WWWRF).  
The goal is to obtain approvals and permits for the first phase of construction and operations, 
which entails the pump station and Northern Force Main, while ensuring that the selected pump 
station site is acceptable for future expansion.  Since the recommended alternative is to build the 
entire pump station exterior structure during Phase I, the only remaining environmental impact 
and permitting issues will be limited to the direct impacts of the construction and operation of the 
south flowing force main and the secondary and cumulative impacts of the overall operation after 
2011.  This plan does not cover environmental assessment and permitting of the south flowing 
force main and its receiving wastewater treatment plant.  The environmental and permitting 
aspects of those issues will be addressed in an Environmental Impact Statement and subsequent 
project plan under preparation for the WWWRF.  
 
The scope of the items addressed in this section range from scheduling the initial State review of 
the draft Environmental Assessment (EA) through obtaining necessary approvals from the North 
Carolina Division of Water Quality’s Non-Discharge Permitting Unit.  
 
 
5.1 Overview 
 
Figure 5-2 presents specific tasks to be completed between December 1, 2004 and a planned 
project deadline for advertising of bids no later than August 18, 2005, a milestone date 
established in the project plan in order to have the Phase I WCRPS operational by the end of 
2006.   In order to meet that deadline, an aggressive schedule has been developed, and holding to 
that schedule will require a great deal of coordination with, and cooperation from, the approving 
agencies, Town of Cary, and Brown and Caldwell.  Some of the key milestones and issues 
associated with the schedule are: 

• Holding a December 2004 meeting with North Carolina Division of Water Quality’s 
(NCDWQ) State Environmental Policy Act (SEPA) coordinator to review the project 
prior to submission of the EA for DENR Completeness Review 

• Submission of the draft EA for Completeness Review no later than December 20, 2004 

• Submitting a complete Pre-Construction Notification (PCN) to the U.S. Army Corps of 
Engineers covering all elements of the proposed infrastructure construction (including the 



5-2 
 

  
 
P:\127472 - Cary-West Cary PS & FM\WP\PER\Section 5\Section 5 - Approvals and Permitting Plan-Final.doc 

sections of the White Oak Creek and Batchelor Branch Interceptors that are the design 
and permitting responsibility of the Town of Cary) no later than February 15, 2005 

• Following design criteria for the project that are fully consistent with the U.S. Army 
Corps of Engineer’s Nationwide 12 Permit, specific Regional Conditions, and NCDENR 
Minimum Design Criteria for Fast-Track Permitting of Pump Stations and Force Mains.  
Note that it is important to follow the Fast-Track Criteria even though the Fast-Track 
permitting process will not be used 

• Submission of a final revised EA to the State Clearinghouse before February 5, 2005 

• Submission of a permit application to the NCDENR Non-Discharge Permitting Unit no 
later than May 10, 2005 

 
The schedule presented in Figure 5-2 presents each approval and permitting task by a bar 
indicative of the minimum number of working days that the task is expected to take.  Meeting the 
August 18, 2005 target to advertise bids for this project is certainly feasible.  Permitting will be 
facilitated if the sewer and greenway design teams can strictly adhere to the minimum design 
criteria presented in the appendices.  
 
The remainder of this section addresses the necessary approval and permitting tasks in detail and 
presents strategies that can enable keeping the entire process on schedule.  
 
 
5.2  Environmental Assessment (EA) and Finding of No Significant Impact (FONSI) 
 
Preparation of a draft EA is underway.  The scope of that assessment includes: 

• Evaluation of the direct impacts of the construction of the White Oak Creek Interceptor 
from the White Oak Pump Station to the WCRPS 

• Selection of a preferred alignment and evaluation of the direct impacts of the construction 
of the Batchelor Branch Interceptor from the Fieldstone Pump Station to the WCRPS 

• Assessment, site selection, and minimization of adverse impacts of the construction and 
operation of the WCRPS 

• Assessment, alignment selection, and minimization of adverse impacts of the 
construction and operation of a force main from the WCRPS to the Panther Creek 
Interceptor 

• Examination of the secondary and cumulative impacts of the overall project 
 
The draft EA is scheduled for completion and for submission to NCDWQ completeness review 
no later than February 15, 2005.   
 
In order to make NCDWQ aware of the upcoming submittal of the EA, a pre-submission meeting 
should be held with the NCDWQ SEPA Coordinator as early in February as possible. 
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There are a number of specific questions about construction impacts of the sanitary interceptors 
(and the concurrently constructed greenway trails) that will not be fully addressed in the draft 
EA.  In order to keep both the design and permitting on schedule, the EA will commit to 
interceptor design consistent with U.S. Army Corps Nationwide Permit 12 (NW12) and to 
meeting or exceeding the Minimum Design Criteria for Fast-Track Permitting of Pump Stations 
and Force Mains.  In addition, the EA will note that the greenway trail design will be consistent 
with U.S. Army Corps Nationwide Permit 14 (NW14).  Consideration should be given to 
whether agency approval may be more easily obtained by committing the greenway design to 
Nationwide Permit 42 (NW42) criteria.  NW42 criteria requires greenway design impacting 
jurisdictional waters conform to the current contours of the land to the maximum extent 
practicable.  That requirement is consistent with the criteria of a NW12 Permit.  The NW12, 
Fast-Track, NW14, and NW42 criteria and conditions are detailed in Appendix F. 
 
When the EA is submitted to the State Clearinghouse (SCH), a number of State and Federal 
agencies will have the opportunity to review and comment on the EA.  It is recommended that 
meetings be scheduled with representatives of the U.S. Fish and Wildlife Service and the North 
Carolina Wildlife Resource Commission while the EA completeness review is underway.  Those 
meetings should focus on identifying specific areas of concern that can be addressed in the 
revised EA prior to submission to the SCH.  
 
The strategy for obtaining a FONSI revolves around adherence to design criteria that will ensure 
that minimum direct impacts occur from the construction and operation of the facilities.  Issues 
of Secondary and Cumulative Impacts (SCI) will still be of concern to several agencies and, 
potentially, to other third parties.  Cary should continue to make obvious and aggressive progress 
on its comprehensive Secondary and Cumulative Impact Mitigation Plan (SCIMP) throughout 
the fall of 2004.  Evidence of that progress is a likely component of obtaining a FONSI for this 
project early in 2005.  
 
 
5.3  Wake County Special Use Permit, Zoning Compliance Permit, and Building Permit 
 
Candidate parcels for the construction of the WCRPS are all within Wake County jurisdiction 
and are all currently zoned Residential 40 Watershed (R-40W).   Discussions with Wake County 
Permitting and Inspections previously indicated that a Special Use Permit (or other Board of 
Adjustment action) would be required before applying for a building permit.   However, the 
Wake County Zoning Office and County Attorney’s Office have stated that the proposed facility 
is exempt from the Wake County Zoning Ordinance requirements, but that it will be necessary to 
submit a site plan for Wake County Zoning staff and building plans for Wake County Fire 
Marshall review.  
 
As can be noted by the schedule presented in Figure 5-2, submission of the site documents to 
Wake County Planning and Permitting staff, and submission of building plans to the Wake 
County Fire Marshall, should occur no later than April 1, 2005.  
 
State law requires that any agency or person authorized by law to plan or erect a building 
comprising 10,000 square feet or more for the use of a city, county, or school district shall 
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submit plans and receive approval from the State’s Commissioner of Insurance.  Even if the 
buildings making up the final design for the WCRPS do not encompass 10,000 square feet, it is 
recommended that the City submit plans for the Commissioner’s review no later than April 1, 
2005.  
 
 
5.4  U. S. Army Corps of Engineers - Section 404 Permit 
 
Review and permitting of this project by the U.S. Army Corps of Engineers is required under 
Section 404 of the Clean Water Act (33 USC 1344) and Section 10 of the Rivers and Harbors 
Act (33 USC 403).  In order to begin that review, it is recommended that a draft Pre-
Construction Notification (PCN) Application Form be completed and a pre-application meeting 
be held with U.S. Army Corps of Engineer representatives in early January of 2005.  By that date 
the project design team should have verified any unavoidable difficulties of complying with 
Nationwide Permit 12 conditions and individual wetland and stream impacts should have been 
quantified.  In addition, the steps that have been taken to avoid and minimize impacts should 
have been documented.  
 
A copy of the PCN application form, USACOE applications for permits, and supporting 
materials are contained in Appendix H.  Reference should also be made to the Nationwide permit 
materials provided in Appendix F.  The PCN should be submitted to the USACOE no later than 
February 11, 2005 and should be submitted earlier if design progress allows.  During the 
USACOE review of the PCN and NW12 permit application, preparations should be made for 
completing compensatory mitigation so that it does not delay consideration of the Non-Discharge 
Permit application.   
 
Assuming that the USACOE agrees that the project should be permitted under NW12, or jointly 
under NW12 and either NW14 or NW42 for the greenway project, a notification of that 
determination will be provided to NCDWQ.  Unless NCDWQ determines that some special 
conditions exist that would warrant their involvement, further action to obtain an individual 
Section 401 Water Quality Certification will not be required. Again, for overall project 
scheduling it is important that Section 404 permitting and, if required, Section 401 certification 
be completed by mid-May, 2005.  
 
 
5.5  North Carolina Division of Water Quality – Section 401 Certification 
 
As stated above, if the permitting of this project is done completely under Nationwide permits 
and if the NCDWQ Minimum Design Criteria for Fast-Track Permitting of pump stations and 
force mains are followed, this project will not require individual Section 401 certification.  If 
some unexpected issues are raised during the EA review or the USACOE PCN review that result 
in Section 401 review, it will be necessary to address the 401 issues concurrently with the 
ongoing Section 404 reviews.   
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5.6  North Carolina Division of Water Quality – Non-Discharge Permit 
 
A Non-Discharge Permit (NDP) must be issued by NCDENR-DWQ prior to contracting this 
project for construction.  The application form (PSFMGSA 10/99) and supplemental information 
are contained in Appendix I.  Typically the NDP application is considered incomplete and is put 
on administrative hold for projects requiring an EA until a FONSI has been issued.  As shown in 
Figure 5-2, the project will remain on schedule if the FONSI is received and the NDP application 
is submitted in early May, 2005.  If there is a delay in receiving the FONSI, the NDP unit can 
begin its review process as soon as a draft FONSI is submitted to the State Clearinghouse.  This 
need should be discussed with the NDP unit during a pre-application meeting to be held as early 
in the project as is feasible.  However, for that meeting to be productive, the design must have 
progressed such that detailed plans and specifications, engineering calculations, and other 
materials that must be submitted with the PSFMGSA form are available.  The latest possible date 
for the pre-application that will keep the project on schedule is early May 2005.  
 
 
5.7  North Carolina Division of Air Quality (NCDAQ) 
 
The emergency generation and/or power equipment required for Phase I operations of the 
WCRPS is small enough (1750kw, stand-by use only) to be exempt from NCDAQ emissions 
permitting.  For reference purposes, a copy of the General Permit Application Form for 
Emergency Generators and a copy of 15A NCAC 2Q .0102(b)(2)(E)(i) are included in Appendix 
J.  An emissions permit may be required for backup power for the Phase II operations.  
 
 
5.8  North Carolina Division of Land Quality (NCDLQ) Erosion and Sediment Control 

Plan 
 
Submission and approval of an Erosion and Sediment Control (ESC) plan is required for all of 
this project’s construction activities.  Requirements for obtaining ESC plan approval are 
presented in Appendix K, along with the ESC Plan Approval Request Form.   ESC plan approval 
can be sought as soon as design and construction plans can be produced.  Because of the 
concurrent construction of the White Oak, and potentially Batchelor Branch, greenways and 
gravity sewers, it is important to coordinate those designs and construction plans so that a 
comprehensive ESC plan can be produced.  Since the WCRPS site requires a Wake County 
Special Use Permit, it is important to meet Wake County ESC criteria where they exceed State 
requirements.  Details of Wake County requirements are included in Appendix K.  The 
permitting schedule targets ESC plan approval to be completed in late April 2005.  Meeting that 
schedule will keep ESC issues from delaying the NDP unit’s review. 
 
 
5.9  Apex and Cary Courtesy Reviews 
 
It is recommended that project plans, particularly the Phase I and Phase II site plans for the 
WCRPS, be submitted to appropriate Apex staff for their courtesy review.  Town of Cary staff 
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will see that the plans are reviewed by the Town’s departments at appropriate stages of the 
project.  
 
 
5.10  NCDENR Authorization to Construct 
 
Because no NCDENR administered grant or loan programs are to be used for this project, and 
because no additional components at any wastewater treatment plant are needed to receive the 
additional flow, it is not necessary to separately obtain an Authorization to Construct (ATC) 
from NCDWQ Construction Grants and Loans Unit.  If any of those conditions change, it could 
become necessary to obtain an ATC.  Under typical circumstances, that review would start after 
issuance of the FONSI and after approvals have been obtained from the NDP unit and could take 
up to 90 additional days.  However, given the nature of this project, it may be possible to obtain 
concurrent reviews.  Application forms and supplemental information about obtaining ATC are 
contained in Appendix L.  
 
 
5.11  Summary 
 
In order to have the Phase I WCRPS operational by the end of 2006, it is necessary to advertise 
for construction bids of all the necessary project components on or about August 18, 2005 and to 
complete contractor selection and contracting within the following 60 days.  This section has 
presented a feasible permitting plan to accomplish that goal. However, it must be recognized that 
the plan requires: 

• An accelerated design schedule having the majority of the sewer interceptor, pump 
station, and force main designs substantially complete by early April, 2005 

• Adoption of design criteria that demonstrably minimize adverse impacts of the project 
construction and operation 

• Close cooperation between the project staff, Town of Cary, and the approving and 
permitting agencies 

 
There are two identified options where it is feasible to make up time lost in completing other 
activities.  One option requires the cooperation of the NCDWQ Non-Discharge Permitting Unit 
by waiving the requirement for issuance of a final FONSI prior to submission of an NDP 
application.  The NDP permit cannot be issued until the FONSI is finalized.  The second option 
is to advertise for bids prior to receipt of the NDPU permit and associated Authorization to 
Construct.  Such an approach is legal and does not expose the Town to undue financial risk as 
long as the advertisement for bids does not constrain the Town into entry into a contract for 
construction.  




