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ABSTRACT 
 
The operation of the Hall Street wastewater treatment plant (WWTP) in Concord, NH has caused 
the emission of objectionable odors from various liquid and solids treatment processes resulting 
in periodic odor complaints from its neighbors.  The City of Concord retained Fay, Spofford & 
Thorndike (FST) to conduct a comprehensive odor emissions study at the Hall Street WWTP and 
to recommend appropriate corrective measures. 
 
An on-site sampling program was developed to quantify and characterize odor emissions from 
known or potential odor sources at the WWTP.  The program involved the sampling and analysis 
of off-gases from various odor sources in four different sessions.  The gas samples were analyzed 
for odor concentrations, H2S and other reduced sulfur compounds and ammonia 
 
The assessment of the impact of odors from the WWTP on the community was accomplished by 
community involvement program and modeling. 
 
Several odor control alternatives were evaluated for the treatment of odorous emissions from the 
liquid and solids treatment trains.  These alternatives were compared based on detailed technical 
and cost factors.  Under the recommended alternatives, the influent channels and screw pump 
channels in the influent pump station, the primary clarifiers, the biotowers and the biotower 
effluent channels will be covered using low profile aluminum covers.  The odorous air from 
beneath the proposed covers in the influent pump station and primary clarifiers will be conveyed 
to the biotowers.  The odorous emissions from the top of the covered biotowers and the biotower 
effluent channel will be collected and transferred to an engineered biofilter. 
 
In the solids treatment train, the odorous air from the RDP process and the associated enclosed 
conveyors will be conveyed to a dust scrubber followed by an ammonia scrubber.  The outlet air 
from the ammonia scrubber together with the exhaust air from beneath the covered BFPs, 
BFP/RDP room and sludge loading area will be treated in a multi-stage chemical scrubber. 
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INTRODUCTION  
 
The Hall Street Wastewater Treatment Plant (WWTP) in Concord, NH was designed in the late 
1970’s and went on-line in 1981 to provide secondary treatment for the City of Concord using a 
biofilter activated sludge treatment system.  The process was designed for an average daily flow 
of 10.1 million gallons per day (mgd) with a peak hourly flow of 25 mgd.  In addition to the 
wastewater flow, the facility receives waste activated sludge (WAS) from two nearby treatment 
plants as well as significant quantities of septage and leachate from the local landfill.  These 
additional loadings are introduced to the treatment facility at the influent pump station.  Figure 1 
shows the layout for the Hall Street WWTP. 
 
Figure 1 – Hall Street WWTF Layout 
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Existing WWTP 
 
The existing WWTP consists of liquid and solids treatment trains.  The liquid treatment train 
includes preliminary treatment units in the form of influent screw pumps, mechanical screening, 
flow measurement, and an aerated grit removal system all of which are located within the 
influent pump station building.  Following preliminary treatment, the wastewater undergoes 
primary clarification to remove suspended solids and floating scum.  Intermediate pumping 
facilities lift the combined primary effluent and the recycled activated sludge flows to the 
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biotowers.  From the biotowers, wastewater flows by gravity to the aeration tanks and on to the 
secondary clarifiers.  The effluent from the secondary clarifiers is then conveyed to chlorine 
contact tanks for chlorination and dechlorination prior to discharged to the Merrimack River. 
 
The solids treatment train consists of waste activated sludge (WAS) thickening, sludge storage 
and blending, sludge dewatering and stabilization systems.  These systems are all located at the 
control building.  The gravity belt thickeners (GBT) are used to thicken the WAS from the 
secondary clarifiers.  It is then blended with the primary sludge in the aerated sludge holding 
tanks prior to being dewatered by two belt filter presses (BFP).  After dewatering, the sludge is 
directed by a series of screw conveyors to a proprietary RDP sludge stabilization process 
designed to produce a Class A biosolid end product.  The RDP stabilization system is a 
pasteurization process in which lime is added to the dewatered sludge.  In addition, wood ash is 
added to increase the solids content.  Following the pasteurization vessel, the mixture is 
discharged via a reversing screw conveyor to one of the two truck-loading bays also located in 
the Control Building.  From there, the stabilized sludge is transported off-site for final disposal. 
 
Existing Odor Control Facilities 
 
The operation of the WWTP has caused the emission of objectionable odors from various liquid 
and solids treatment processes, resulting in periodic odor complaints from its residential and 
commercial neighbors.  The City has conducted several odor investigations to evaluate the odor 
problems at the WWTP and has undertaken several corrective measures including the installation 
of a two-stage chemical pack-bed scrubber, a bioscrubbing system and an ammonia scrubber.  
The two-stage chemical scrubber provides effective treatment for the odorous air from the sludge 
holding tanks.  The odorous emissions from the influent channels at the headworks, aerated grit 
chambers and the primary clarifiers effluent launders are diffused into the aeration tanks for 
bioscrubbing.  A packed-bed scrubber is installed to reduce the ammonia concentration from the 
RDP process.  However, due to the excessive lime dust produced by the RDP system, the 
scrubber does not effectively remove ammonia (NH3). 
 
Although the implementation of the above-mentioned odor control facilities have reduced the 
odor emissions from the WWTP, complaints from the nearby neighborhoods remain at an 
unacceptable level. 
 
The City of Concord retained Fay, Spofford & Thorndike, Inc. (FST) to conduct a 
comprehensive odor emissions study at the Hall Street WWTF and to recommend appropriate 
corrective measures. 
 
OBJECTIVES 
 
The overall objectives of this study were to identify the major odorous air streams emanating 
from the WWTP, determine their impact at and beyond the WWTP fence line and recommend 
appropriate odor control systems.  The specific objectives were: 
 

• Provide a high level of community input and involvement. 
• Identify and qualify all remaining odor sources. 
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• Determine the impact of all odor sources on the surrounding area and on indoor work 
environment. 

• Establish a fence line criteria for odor emissions that will eliminate neighborhood odor 
issues. 

• Identify appropriate remediation measures for all significant odor sources. 
• Develop budgetary costs for proposed odor remediation measures. 
• Develop a phase plan for implementation of proposed remediation measures. 

 
ODOR IDENTIFICATION AND CHARACTERIZATION 
 
An on-site sampling program was developed to quantify and characterize odor emissions from 
known or potential odor sources at the WWTP.  The program involved the sampling and analysis 
of odorous air streams from various odor sources in four different seasons, fall of 2004, and 
winter, spring and summer of 2005 as well as a concurrent liquid sampling and analysis program.  
Gas samples were analyzed for odor detectability/concentration, reduced sulfur compounds 
including hydrogen sulfide (H2S), methyl mercaptan (MM), dimethyl sulfide (DMS), dimethyl 
disulfide (DMDS) and ammonia.  Bowker and Associate, Inc. of Portland, ME conducted off-gas 
sampling.  St. Croix Sensory, Inc. of Lake Elmo, MN performed odor panel analysis for odor 
detectability and analysis for reduced sulfur compound was conducted by Mayfly Laboratory, 
Mystic, CT. 
 
In addition, liquid samples of the wastewater influent and primary and secondary clarifier 
effluents were taken and analyzed for pH, oxidation-reduction potential (ORP), dissolved oxygen 
(DO), temperature, and sulfide content. 
 
Results of the gaseous stream sampling events, conducted in September 2004, March, June and 
July 2005, are presented below in Table 1. 
 
A review of Table 1 shows that high concentrations of odor and/or H2S were detected in the 
influent pump station, headworks, primary clarifier, biotower, and dewatering/RDP room.  High 
ammonia levels were also detected in the dewatering/RDP room, the sludge truck bay and at the 
outlet from the ammonia scrubber.  The aeration tank surface, GBT room and the outlet from the 
sludge holding tank scrubber were found to be less problematic.  The odor emissions from the 
aeration tank surface and GBT were musty in nature that usually does not cause odor complaints.  
The odor at the sludge holding tanks scrubber outlet was due to chlorine that can be optimized.  
The concentrations of the reduced sulfur compounds from all sources were not significant, 
except for the ammonia scrubber outlet. 
 
COMMUNITY ODOR IMPACT ASSESSMENT 
 
The assessment of the impact of odors from the Hall Street WWTP on the community was 
accomplished by two methods:  (1) community involvement program and (2) dispersion 
modeling program.  Smith-Philips of Concord, NH, a public relation company, assisted FST in 
conducting the community involvement program.  TRC Environmental Solutions of Windsor, 
CT conducted dispersion modeling. 
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Table 1 – Summary of Odor Panel and Reduced Sulfur Data (Sept. 2004 to July 2005) 
Odor 

Concentration H2S  MM DMS DMDS NH3 Date Sample Location 
(D/T) (ppm) (ppb) (ppb) (ppb) (ppm)

9/21/04 Influent Pump Station Interior1 3,300 12         
3/9/05 Influent Pump Station Interior1 2,500 0.3         
6/2/05 Influent Pump Station Interior1 4,300 3.5         
7/26/05 Influent Pump Station Interior1 11,000 5.3         
9/21/04 Headworks Building Exhaust Fans2 2,200 4.15 0.8 22 4.3   
3/9/05 Headworks Building Interior1 430 0.1 0.5 0.4 <3   
6/2/05 Headworks Building Exhaust Fans2 2,200 0.8 <3 0.7 <3   
7/26/05 Headworks East Exhaust Fan3 8,500 3.5 16.2 12.7 17   
9/21/04 Primary Clarifier A Quiescent 1,800 1.2 <3 1.6 0.5   
3/9/05 Primary Clarifier A Quiescent 190 0 0.3 0.1 0.3   
6/2/05 Primary Clarifier A Quiescent 350 0.3 <3 <3 <3   
7/26/05 Primary Clarifier A Quiescent 5,200 4.5 3.8 3.8 4.3   
9/22/04 Biotower Surface 3,300 5.5 0.8 19 6.4   
9/22/04 Biotower Effluent Channel 2,200 0.1 <3 7.6 2.4   
3/9/05 Biotower Surface 2,200 0.2 1.9 2.7 4.4   
3/9/05 Biotower Effluent Channel 1,400 0.1         
6/2/05 Biotower Surface 1,300 0.1 <3 2.1 <3   
6/2/05 Biotower Effluent Channel 1,300 0.1         
7/26/05 Biotower Surface 3,700 0.7 10.4 5.9 8.6   
7/26/05 Biotower Effluent Channel 1,700 0.2         
9/22/04 Aeration Basin Surface 1,400 0.1         
7/26/05 Aeration Basin Surface 600 0.2 0.4 8.2 <3   
9/21/04 Roof fans above BFPs  1400 0.5       8.5 
9/21/04 Roof fans above RDP4 2400 0.9 0.53 16 <3 8 
3/9/05 Roof fans above BFPs  3,100 0.6 1.9 0.4 7.1 6 
3/9/05 Roof fans above RDP 3,100 0.8       17 
6/2/05 Roof fans above BFPs  2,300 0.5 <3 1.8 <3 6 
6/2/05 Roof fans above RDP 3,100 0.7       11 
7/27/05 Roof fans above BFPs  2,800 0.9       23 
7/27/05 Roof fans above RDP 2,400 0.5 0.4 0.3 7.4 9 
9/21/04 RDP - Ammonia Scrubber Outlet4 1,700 0.1 <3 2.3 9.2 55 
3/9/05 RDP - Ammonia Scrubber Outlet 3,300 0       480 
6/2/05 RDP - Ammonia Scrubber Outlet 2,700 0       80 
7/27/05 RDP - Ammonia Scrubber Outlet 6,100   784 45 505 120 
6/2/05 GBT Room - Interior 5,000 4         
7/27/05 GBT Room - Exhaust Fan 1,600 0.1 0 0.2 3.2   
9/22/04 Sludge Holding - Scrubber Outlet 790 0.1 <3 <3 0.9   
3/9/05 Sludge Holding - Scrubber Outlet 3,3005 0         
7/27/05 Sludge Holding - Scrubber Outlet 2,100 0 <3 <3 2   
9/21/04 Sludge Truck Bay – Interior1 1,500 0.1       33 
7/27/05 Sludge Truck Bay – Interior1 2,600 0.6 3.4 0.3 13 50 

1 No exhaust fan was operational. 4 Characterization: rancid, garbage, putrid. 
2 Composite of east and west exhaust fans.  5 Moderate medicinal/chlorine odor. 
3 West exhaust fan was not operational.                 
 

4452

WEFTEC®.06

Copyright     2006 Water Environment Foundation. All Rights Reserved©



Community Involvement 
 
Under the community involvement effort, a public participation program was developed to 
inform the community of the comprehensive odor emissions study at the Hall Street WWTP and 
its progress through public presentations and the news media.  This program interviewed with 
local residents and subsequently 
recruited and trained 19 local 
residents and business people 
as volunteer odor observers 
who monitored the odorous 
emissions from the WWTP 
and kept records indicating 
the date and time of each 
odor incident, as well as the 
severity and nature of each 
incident.  The monitoring 
period extended from April 
through October 2005. 
 
During this period, a total of 
85 odor events were observed 
while the number of odor 
events reported by a single 
participant ranged from 0 to 
43.  The level of odor 
intensity observed ranged 
from 1 to 5, with 1 indicating 
very faint odors and 5 
indicating very strong odor.  
The odor incidents were 
reported as far as 3 miles 
from the WWTP.  However, 
the majority of odors were 
observed within 1,000 feet 
north-northwest of the plant.  
Figure 2 shows the location 
of observed odor reported by the odor observers.  
 
Dispersion Modeling 
 
As part of the dispersion modeling effort, calculations were performed to predict the impact of 
the odorous emissions at downwind locations using Industrial Source Complex Short Term 
Dispersion Model (ISCST3) Version 02035.  Using the emission rates, the predicted odor 
concentrations were calculated for a downwind receptor located 1,000 feet from the source.  The 
predicted maximum and minimum odor impacts were calculated based on one-hour averages and 
peak concentrations.  A peak to mean ratio of 2 was used in this study.  Maximum and minimum 

Figure 2 – Observed Odor Location Map 
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odor impacts were calculated from a set of highest and lowest odor emissions determined during 
four sampling events to provide two extremes for comparison. 
 
Sources modeled included roof exhaust fans and stacks as point sources and tank surfaces as area 
sources.  Point sources were subject to building downwash. 
 
Since the exhaust fans have rain caps, the exit velocity and stack diameters were adjusted to 
account for horizontal release with minimal vertical momentum.  The exhaust temperature of the 
sources were modeled as 2 degrees Celsius above ambient air temperature to also represent 
minimal thermal buoyancy since the sources did not involve combustion. 
 
Odor Impact From Individual Sources 
 
The impact of high and low emissions from each of the four major sources (control building, 
biotower, including the biotower effluent channel, primary clarifiers and headworks) on the 
WWTP borders is presented in Table 2.  Figure 3 shows the WWTP borders including the 
Merrimack River. 
 
As can be seen from Table 2, the high emission impact from the Control Building, biotower and 
primary clarifiers on all WWTP borders is significant.  Due to the proximity of residential and 
businesses, it was assumed that the odor concentration greater than 5 D/T at the WWTP borders 
will result in odor complaints. 
 
Table 2 – Odor Impacts from Individual Sources (Uncontrolled) 

River’s Edge Estates Northern Border Western Border Southwest Border Other Side of River

Low High Low High Low High Low High Low High Description 

Emission Emission Emission Emission Emission Emission Emission Emission Emission Emission

Control Bldg 16.73 27.12 38.64 62.43 38.50 62.25 31.89 51.77 9.24 14.98 
Biotower and 
Effluent Channel 7.21 17.29 7.89 18.92 8.21 19.68 17.22 41.30 7.52 18.02 

Primary Clarifers 1.58 29.04 1.69 31.06 1.23 22.56 3.30 60.74 1.08 19.92 

Headworks 5.27 5.27 5.69 5.69 3.45 3.45 3.54 3.54 2.16 2.16 

 
Maximum Odor Impact From Combined Sources 
 
Table 3 presents the combined impact of odor emissions from all four major sources with and 
without the control scenarios on the WWTP borders.  Under this scenario five cases were 
investigated: 
 

• Case 1: No new control 
• Case 2: #1 with 90% control for control building 
• Case 3: #2 with 90% control for biotower 
• Case 4: #3 with 90% control for primary clarifier 
• Case 5: #4 with 90% control for headworks (influent pump station) 
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As shown in Table 3, with no control, the predicted impact of the combined emissions from all 
major sources on the WWTP borders is significant.  The concentration of the predicted high 
emissions varied from 38 D/T on 
the other side of the river to as high 
as 78 D/T on the western border.  
Figure 4 graphically depicts high 
odor concentrations in relation to 
the WWTP with no odor control 
system (Case 1).  When 90 percent 
of the emissions from the control 
building is reduced, there was a 
significant reduction on the overall 
odor impact on the northern and 
western borders.  There was little, 
if any, impact on the southwest 
border and the other side of the 
river.  Additional benefits obtained 
by controlling 90 percent of 
emissions from the biotower, 
primary clarifiers and, to a lesser 
extent, from the headworks 
building. 
 
A review of the results of 
dispersion modeling and the odor 
observers’ survey indicates that the 
operation of the plant results in 
odorous emissions beyond the 
WWTP borders.  The impact of 
odor emissions extends 
approximately 3 miles from the WWTP.  The most significant impact occurs n the northern, 
western and southwest borders of the WWTP.  Providing controls for all major sources will 
reduce the predicted odor impacts on the WWTP borders to within the acceptable level. 
 
Table 3 – Maximum Impact from Combined Sources 

River’s Edge 
Estates Northern Border Western Border Southwest Border Other Side of River

Low High Low High Low High Low High Low High 
Description Emission Emission Emission Emission Emission Emission Emission Emission Emission Emission

CASE 1   No new control 16.90 43.75 38.64 62.43 44.88 78.31 31.89 62.36 9.89 38.42 
CASE1 + 90% control for 
Dewater Bldg 8.86 43.75 10.12 49.82 10.23 27.13 17.22 62.36 9.89 38.42 

CASE2 + 90% control for 
Biotower 5.34 30.41 5.75 33.08 7.88 24.22 4.92 62.36 3.12 22.20 

CASE3 + 90% control for 
Primary Clarifers 5.32 5.43 5.74 7.19 7.57 10.90 3.68 7.69 2.69 5.05 

CASE4 + 90% control for 
Headworks 1.69 4.37 3.87 6.24 4.49 7.83 3.19 6.24 0.99 3.84 

Figure 3 – Hall Street WWTP Borders 
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ODOR CONTROL ALTERNATIVES 
 
The odor control alternatives that were 
evaluated for mitigating odorous 
emissions include the following: 
 

• Operational control 
• Chemical addition 
• Add-on controls 
• Dilution/dispersion 

 
The WWTP personnel have 
continually made efforts to optimize 
the operation of various treatment 
processes with respect to minimizing 
offensive odor emissions.  Although 
these efforts have resulted in 
improvements, they have not 
effectively solved the odor 
problems. 
 
The use of add-on controls was 
determined to be the most effective 
method of mitigating odors 
emanating from the identified 
sources.  Chemical addition to the 
liquid phase was also recommended 
under certain operating conditions.  
Evaluation of add-on odor control 
technologies was based on the 
characteristics of odorous emissions, 
available odor control technologies, 
the level of odor treatment required 
and FST’s experience. 
 
Odor Control Alternatives, Liquid Treatment Train 
 
For the liquid treatment train including the influent pump station, headworks, primary clarifiers, 
and biotowers, we evaluated three odor control alternatives (L-1, L-2 and L-3), for confinement 
and treatment of the odorous emissions.  To minimize the volume of odorous air requiring 
treatment, each alternative for the liquid treatment train assumes that the influent channel and 
screw pump channels in the Influent Pump Station; the quiescent area of the two primary 
clarifiers and the biotowers and the biotower effluent channel will be covered using low profile 
aluminum covers. 
 

Figure 4 – Maximum Odor Impact From Case 1 
(High Emissions) 
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Alternative L-1 
 
Under this alternative, the odorous airflow from beneath the proposed covers in the influent 
pump station, along with airflow from the area beneath the existing influent channel covers in the 
headworks, will be combined with the airflow from the covered quiescent area of the primary 
clarifiers.  This combined airflow will be conveyed to the bottom of the biotowers where some 
degree of bioscrubbing is expected to occur within the biotowers.  The odorous air will be 
withdrawn from the top of the two covered biotowers, as well as from the covered biotower 
effluent channel, and transferred to a 6000 scfm engineered biofilter located to the east of the 
biotower (Figure 5). 
 
Alternative L-2 
 
Under this alternative, the odorous airflow from beneath the proposed covers in the influent 
pump station, along with airflow from the area beneath the existing influent channel covers in the 
headworks, will be combined with the airflow from the covered quiescent area of the primary 
clarifiers.  The airflow from these sources together with airflow from the covered biotower and 
the biotower effluent channel will be transferred to two 6000 scfm engineered biofilter located to 
the east of the biotower (Figure 6). 
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Figure 5 – Proposed Odor Control Alternative L-1 
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Alternative L-3 
 
This alternative is similar to alternative 2, except that odor treatment is provided by a 
conventional biofilter located to the north of the influent pump station building.  Airflow from 
the biotower is combined with the airflow from the influent pumping station and headworks prior 
to combining with airflow from the primary clarifiers.  This alternative utilizes a portion of the 
existing conveyance system from the primary clarifiers to the headworks.  The conventional 
biofilter would be sized to handle 12,000 scfm of odorous air (Figure 7). Odor Control 
Alternatives, Solids Treatment Train 
 
Odor Control Alternatives, Solids Treatment Train 
 
For the biosolids treatment systems in the control building, two types of odor control treatment 
alternatives were evaluated.  Each of these odor treatment alternatives requires that the odorous 
emissions in the Control Building be contained and transferred from the site of the emission to 
the site of the odor treatment equipment.  Therefore, each alternative has the following in 
common: 
 
A new lime dust scrubber consisting of a venturi followed by dust “knock-down” channels and 
mist eliminator will be installed upstream of the existing ammonia scrubber.  The new dust 
scrubber equipment will be designed to match the airflow capacity of the existing ammonia 
scrubber (5,000 scfm) and provide for a minimum overall lime dust removal efficiency of 95 
percent for particles greater that 5 microns. 

Figure 6 – Proposed Odor Control Alternative L-2 
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New odor control ductwork will be installed in the BFP/RDP Room to collect odorous air from 
within the room.  This new odor control ductwork serving the room will then be connected to the 
existing odor control ducts serving the two covered belt filter presses and sludge transfer 
conveyors on the second floor, the amendment hopper on the ground floor, as well as the exhaust 
from the relocated ammonia scrubber serving the RDP system.  Odor control ductwork would 
also be provided to collect the odorous emissions from within the shrouded areas over the east 
and west truck loading conveyors.  The total airflow rate from all these sources estimated at 
20,000 cfm will be transferred to an odor control system. 
 
FST evaluated two alternatives for the treatment of the odorous air from the biosolids processing 
and the biosolids truck loading area including a multi-stage chemical backed-bed scrubber and a 
biofilter. 
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Comparison Of Alternatives 
 
Odor control alternatives for the liquid and solids treatment trains were compared based on 
technical and cost factors.  Technical factors included effectiveness to consistently produce the 
desired odor concentration, compatibility with the WWTP processes/operation, compatibility 

Figure 7 – Proposed Odor Control Alternative L-3 
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with the WWTP layout, equipment complexity, reliability, ease of operation and maintenance 
(O&M), safety and chemical and power use.  The cost factors included capital, O&M and present 
worth costs. 
 
The capital costs have been estimated based on the Engineering New Records (ENR) Index of 
7562 for October, 2005 and include the construction costs for equipment, installation, civil, 
foundation, structural, architectural, electrical, instrumentation and controls, heating and 
ventilation, piping, and painting, as well as indirect costs, including contractor’s overhead and 
profit (20%) and engineering and contingencies (40%). 
 
The O&M costs were estimated on the basis of power consumption, materials and chemical use.  
Labor costs were not considered since it is assumed that the existing staff at the Hall Street 
WWTP will be able to operate the odor control facilities. 
 
The present worth costs, including capital and O&M costs, have been estimated based on a 20-
year facility life and a 5 percent discount rate. 
 
The summary of capital, O&M and present worth cost estimates for the odor control alternatives 
for the liquid and solids treatment trains, including odor confinement, conveyance and treatment, 
are presented in Tables 4 and 5 below: 
 
Table 4 - Odor Control Alternatives, Liquid Treatment Train 
 

Alternative Capital Costs O&M Costs Present Worth 
Costs 

Alternative L-1 – 6,000 scfm 
Engineered Biofilter 
 

$2,550,000 $23,300 $2,840,000 

Alternative L-2 – 12,000 scfm 
Engineered Biofilter 
 

$2,736,000 $31,100 $3,124,000 

Alternative L-3 – 12,000 scfm 
Conventional Biofilter $2,603,000 $25,500 $2,921,000 

 
Table 5 - Odor Control Alternatives, Solids Treatment Train 
 

Alternative Capital Costs O&M Costs Present Worth 
Costs 

Alternative S-1 – 20,000 scfm 
Chemical Scrubber 
 

$1,206,000 $22,500 $1,486,000 

Alternative S-2 – 20,000 scfm 
Engineered Biofilter  $1,836,000 $27,000 $2,173,000 

 
Based on the technical and cost comparison, an engineered biofilter with a capacity of 6,000 cfm 
(Alternative L-1) was selected for the treatment of odorous air emanating from the liquid 
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treatment.  A multi-stage chemical packed-bed scrubber (Alternative S-1) was selected for the 
treatment odorous emissions from the solids treatment train. 
 
Odor Impact Following the Installation of Recommended Odor Control Systems 
 
Using the recommended odor control alternatives for the liquid and solids treatment trains, the 
impact of the combined odor sources on the community was calculated using the dispersion 
modeling.  As shown in Figure 8, following the installation of the recommended odor control 
systems, the concentrations of odor emissions at the WWTP borders are reduced to within the 
acceptable limits (5 D/T).  In these calculations, the concentration of odor at the scrubber and 
biofilter outlet was assumed to be 500 D/T. 

 
 

 Figure 8 – Maximum Odor Impact After Scrubber/Biofilter Installation 

4461

WEFTEC®.06

Copyright     2006 Water Environment Foundation. All Rights Reserved©



SUMMARY AND CONCLUSIONS 
 

The operation of the Hall Street WWTP in Concord, NH has caused the emission of 
objectionable odors from various liquid and solids treatment processes resulting in periodic odor 
complaints from its neighbors.  The City of Concord retained FST to conduct a comprehensive 
odor emissions study at the Hall Street WWTP and to recommend appropriate corrective 
measures. 
 
The results of an on-site sampling and analysis program in four seasons showed high 
concentrations of both odor and H2S in the liquid treatment processes.  In the solids treatment 
train, high concentration of odor and ammonia were detected. 
 
The assessment of the impact of odors from the WWTP on the community was accomplished by 
community involvement program and dispersion modeling.  It was determined that the influent 
pump stations primary clarifiers, biotowers and the biotower effluent channels in the liquid 
treatment train and biosolids dewatering and stabilization (RDP) in the solids treatment train 
constitute the major sources of odor emissions.  Several control scenarios were modeled in order 
to reduce the predicted odor impact on the WWTP borders to within the acceptable level (5 
DIT). 
 
Several odor control alternatives were evaluated.  These alternatives were compared based on 
detailed technical and cost factors.  Under the recommended alternative for the liquid train, the 
influent channels and screw pump channels in the influent pump station, the primary clarifiers, 
the biotowers and the biotower effluent channels be covered using low profile aluminum covers.  
The odorous air from beneath the proposed covers in the influent pump station and primary 
clarifiers will be conveyed to the biotowers.  The odorous emissions from the top of the covered 
biotowers and the biotower effluent channel will be collected and transferred to an engineered 
biofilter. 
 
In the solids treatment train, the odorous air from the RDP process and the associated enclosed 
conveyors will be conveyed to a dust collection scrubber followed by an ammonia scrubber.  The 
outlet air from the ammonia scrubber together with the exhaust air from beneath the covered 
BFPS, BFP/RDP room and sludge loading area will be treated in a multi-stage chemical 
scrubber. 
 
Following the installation of the recommended odor control alternatives, the impact of odor 
emissions at the WWTP borders will be reduced to within an acceptable level. 
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