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SECTION 1

Project Overview
1.1 Background
The Dublin San Ramon Services District (DSRSD) operates the DSRSD Wastewater
Treatment Plant in Pleasanton, California. In 1998, the District developed its initial Odor
Control Master Plan (OCMP) with the goal to provide information, supply technical
support, and set direction for future odor control actions in support of the positive
relationship that DSRSD has with the surrounding community regarding odors.
In the OCMP, completed in 1999 by CH2M HILL, DSRSD set as its primary goal to maintain
odors under a specific threshold, defined as 4 dilutions to threshold (DT) within the plant
boundary for 99 percent of the year. The 1999 OCMP determined that the plant exceeded
this threshold, and CH2M HILL recommended ways to best achieve compliance with the
goal. Many of the 1999 OCMP recommendations were incorporated, and in 2003 DSRSD
contracted CH2M HILL to update the OCMP and determine whether the DSRSD odor goal
was being met; sampling and dispersion modeling demonstrated compliance with the goal.
The 2003 OCMP update also identified six focus areas that would produce the greatest
additional reduction in offsite odors. CH2M HILL completed field testing in 2005 in support
of the odor control focus areas work. Since then some plant processes have changed as a
result of the plant’s Phase 4 improvements program. These and other improvements have
affected offsite odor impacts.

1.2 Objectives
This 2008 Update to WWTP Focus Areas assesses the current odor situation and prioritizes
alternatives to further reduce offsite odors. Its objectives are to:
•
•
•

Assess the current status of odor emissions at the DSRSD plant through sampling
Determine through dispersion modeling if the DSRSD odor control goal is still being
met
Provide a prioritized list of recommendations, if needed, to allow DSRSD to meet the
odor control goal

The basis for this odor investigation will be the focus areas identified in the 2005 Odor
Control Focus Areas report that remain potential offsite odor sources. These remaining
focus areas include: the headworks biofilter, the odor reduction tower, the aeration basins,
and the dissolved air flotation thickener biofilter. Other sources that could result in offsite
odor impacts will also be identified and assessed.

1.3 Report Outline
This Update to WWTP Odor Control Focus Areas report is organized as follows:
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•

Section 2 presents background information on the wastewater treatment processes at the
DSRSD plant.

•

Section 3 summarizes the 2008 odor assessment (plant survey and field sampling), with
updated emission rates for the process tanks and odor control equipment.

•

Section 4 ranks the emission sources, presents the odor dispersion model results, and
predicts offsite odor impacts.

•

Section 5 lists recommendations for further odor control at the plant.

•

Appendix A is a copy of the 2008 sampling report.

•

Appendix B is a set of cost estimates for the projects described in Section 5.
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SECTION 2

Treatment Processes
The DSRSD Wastewater Treatment Plant is an activated sludge secondary treatment plant
with anaerobic digestion of biosolids, treating 17 million gallons per day (mgd) average dry
weather flow (ADWF). The ultimate buildout capacity of the plant is 20.7 mgd ADWF.
The plant serves the Cities of Pleasanton, Dublin, and a portion of San Ramon. The plant
treats wastewater from commercial, industrial and residential sources.
Commercial, residential, public recreational and transportation uses border the plant:
Interstate 680 is located adjacent to the western plant boundary; commercial users border
the northern boundary; a recreational soccer complex, children’s play area and picnic area
are adjacent to the eastern and southern boundaries with homes immediately beyond these
facilities.
Liquid phase, solid phase, and vapor phase treatment processes are described below. Figure
21 is a site plan.

2.1 Liquid Phase Treatment Processes
Raw wastewater entering the plant undergoes preliminary, primary, and secondary
treatment. The treated wastewater is disinfected before being pumped to the outfall.

2.1.1

Flow Equalization

In the past, influent wastewater was sometimes equalized in the No. 1 holding basin.
DSRSD has ceased using this basin, however, except for storage during storm events. Three
additional holding basins operate seasonally during wet weather to equalize or store raw
sewage, primarytreated wastewater, and secondary effluent flows. The four basins have a
combined capacity of 16 million gallons.

2.1.2

Preliminary Treatment (Headworks)

Recently upgraded screens remove inert material from the raw wastewater. The screenings
are washed and compacted prior to being disposed of at a landfill. The headworks are
enclosed, and odorous air is treated in the headworks biofilter.

2.1.3

Influent Pumping

Following the screenings removal, wastewater is pumped to the grit removal area. Odorous
air from the wet well, located upstream of the influent pumps, is conveyed to the odor
reduction tower (ORT) for treatment.

2.1.4

Grit Removal

Wastewater is pumped into three covered and aerated grit removal tanks for fines and
particulate removal. The grit is further treated in a separator and classifier. Exhaust from the
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common grit chamber inlet and outlet channels at grit chamber tank 1 is conveyed to the
ORT. The grit chamber inlet and outlet channels at grit chamber tanks 2 and 3 are not
individually connected to the ORT at this time. Instead, the headspace common to all grit
tanks connects tanks 2 and 3 to tank 1. The grithandling building exhaust is also conveyed
to the ORT.

2.1.5

Primary Sedimentation Tanks

After grit removal, wastewater flows into four primary sedimentation tanks through the
east, central, and west primary influent channels. Within these basins, solids settle and scum
is collected and removed. Ferric chloride is added at the front end of each clarifier to reduce
odors in the primaries and to help reduce sulfide levels in the digester gas.

2.1.6

Primary Effluent Weirs

Modulating gates downstream of the primary effluent weirs are intended to maintain
sufficient water levels below the effluent weirs to minimize fall distance. The gate level
control system does not work as designed, however. As a result, the gates tend to remain
fully open. Plant personnel are testing improvements to the level control system to reduce
the hydraulic drop at the primary effluent weirs and minimize the potential for odor
stripping.

2.1.7

Settled Sewage Channel

Primary effluent flows through an uncovered channel and into the aeration basin. Return
activated sludge (RAS) is pumped into the settled sewage channel. At the time of sampling,
RAS was discharged through a temporary pipe that creates significant turbulence at the
beginning of the long, narrow channel.

2.1.8

Aeration Tanks

The settled sewage channel conveys wastewater into multipass aeration tanks for biological
treatment. Both anaerobic and aerobic (aerated) zones exist. The tanks are uncovered.

2.1.9

Secondary Clarifiers

From the aeration tanks, mixed liquor flows to the secondary clarifiers, where solids,
microbes, and other particulates settle to the bottom. Secondary clarifier center wells
occasionally emit odors due to turbulence created when mixed liquor enters the clarifier.
The center well of clarifier 1 is currently covered and vented to the dissolved air flotation
treatment (DAFT) biofilter. The center well of clarifier 2 was covered prior to the
replacement of the mechanism; the cover is currently not in place but will be replaced in the
near future.

2.1.10 Chlorine Contact Tank
Secondary effluent is disinfected using sodium hypochlorite. One chlorine contact tank is
currently used, and one additional tank is planned for ultimate buildout. After disinfection,
the effluent is pumped into the LivermoreAmador Valley Water Management Agency
(LAVWMA) export pipeline.
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FIGURE 21

Wastewater Treatment Plant Site Plan
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2.2 Solid Phase Treatment Processes
Solids handling processes at the DSRSD plant include dissolved air flotation thickening,
anaerobic digestion, facultative sludge lagoons, and a dedicated land disposal site.
Descriptions of the solid phase treatment unit processes follow. Odor control details are
provided as appropriate.

2.2.1

Dissolved Air Flotation Thickener (DAFT)

Solids removed from the primary sedimentation tanks and the secondary clarifiers (as
wasteactivated sludge) are thickened in a DAFT, which is covered and ventilated to a
biofilter.

2.2.2

Anaerobic Digesters

DSRSD operates three fixedcover anaerobic digesters for stabilizing thickened primary and
waste activated sludge. Anaerobic bacteria stabilize the sludge and form methane and
carbon dioxide. Under normal operating conditions, fixedcover digesters are not a notable
odor source.

2.2.3

Facultative Sludge Lagoons

Sludge storage lagoons detain the biosolids generated in the anaerobic digestion for
approximately 4 years prior to ultimate disposal. The sludge is kept covered with at least 6
feet of water, which is aerated to promote algal growth and therefore reduce the potential
for odors. Owing to the large surface area and the fact that these lagoons further stabilize
digested sludge, there is an odor potential associated with this process, especially if there is
a biological upset in either the aerobic or the facultative processes of the ponds.
Algae live in the aerobic layer of the facultative sludge lagoons (FSLs). During seasonal
weather changes (spring and fall turnover), algae blooms are possible. If the population
exceeds the food supply, algae dieoff occurs, and odors can be emitted. DSRSD plant
operators attempt to control odor generation by monitoring the conductivity of the FSL
algae layer and operating masking agents along the perimeter of the lagoons.
Additionally, odors are lowered when sludge is evenly distributed to all lagoons and no
single lagoon is overloaded. The construction of two new lagoons since the 1999 OCMP, and
the planned construction of one more, has allowed for a much more even distribution of
sludge. FSL odor emissions no longer impact the surrounding community in a significant
fashion.

2.2.4

Dedicated Land Disposal

DSRSD harvests lagoon sludge by dredging. The harvesting operation consists of pumping
lagoon sludge to a header pipe on a levee. The header pipe is connected to a distribution
system, consisting of risers located at regular intervals across the entire dedicated land
disposal (DLD) area. A tractor connects a hose to a riser and discharges the sludge through an
injection unit pulled by the tractor. The sludge injection unit is composed of tines, with small
hoses immediately infront of each tine. As sludge discharges from the hoses, the tines
immediately follow and cover the discharged sludge, resulting in subsurface injection. The
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subsurface injection minimizes contact time between air and the sludge, thus reducing odor
generation.

2.3 Vapor Phase Treatment Processes
DSRSD has taken steps to eliminate and control odors from the plant. Odor control
strategies have included both modifying operations and retrofitting process units with odor
control equipment. Following is a summary of existing odor control methods and devices.

2.3.1

Odor Reduction Tower (ORT)

The DSRSD plant uses a biological ORT (a packed tower scrubber) for odor control of three
locations; influent pumping channel, grit building, and aerated grit tanks. Improvements
had been incorporated into the ORT system prior to the time of odor sampling and report
documentation. However, system air balancing had not been completed. Previous ORT
capacity was set at 17,460 cfm (based on Stage IV design drawings). A flow breakdown by
area for this ORT capacity is summarized below.
Location

Exhaust Fan

Approx. Flow Rate* (cfm)

Influent pumping channel (screening room)

F-2204

5,880

Grit building (grit classifier and grit dumpster)

F-2503

9,250

Aerated grit tanks

F-2701

2,330

*As a result of Phase 4 improvements.

As previously noted, changes to the ORT system were made as a result of a recent ORT
rehabilitation and redundancy project; changes included adding dampers, upsizing
ductwork, adding duct branches, and rebalancing air flows. At the time of odor sampling,
air flow balancing had not been completed and total ORT capacity was 21,360 cfm. When air
flow balancing is complete, air volumes will be 6,800 cfm from the screening room,
3,100 cfm from the grit building, and 1,200 cfm from the grit tanks, for a total ORT capacity
of 11,100 cfm. This reduced overall ORT capacity reflects the current projected plant
configuration and will increase gas residence time and potentially improve treatment
efficiency. For this report all analyses will be performed based on the unbalanced total ORT
capacity of 21,360 cfm since all odorsampling data are based on this condition. As such, it
should be noted that predictions related to emissions and offsite odors associated with the
ORT are considered conservative herein since future reduced capacity should result in
improved ORT performance.
A masking odorant system is located at the ORT discharge to alleviate odorous emissions
that may pass through the ORT during highodor days. The system is operated
intermittently, based on odor complaints and plant staff observations.

2.3.2

Biofilters

Two biofilters were built with the desired goal of relieving pressure on the ORT, which had
been determined in the original 1999 OCMP to be overloaded. Additionally, experience has
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shown that biofiltration processes are better than chemical or biological scrubbing towers at
capturing complex odorous compounds such as methyl mercaptans and dimethyl disulfide,
which can travel offsite. These types of compounds are often formed or released in solids
processing units such as the DAFT at the DSRSD plant.

Headworks Biofilter
The headworks biofilter was installed as part of the Phase 4 improvements project; it
includes two (one duty and one standby) exhaust fans on the lower level of the headworks
building, a single atgrade soil media bed, and an irrigation system. The biofilter is a Bohn
soilbased biofilter with a 20year guarantee.

DAFT Biofilter
The DAFT biofilter is covered and vented to a Bohn soilbased media biofilter installed in
1999. The biofilter includes a 1,000cfm exhaust fan, a single abovegrade soil media bed, and
an irrigation system. The DAFT biofilter has a 20year guarantee.

2.3.3

Fence Line Odorant or Masking Agent

Nozzles spray a masking agent or odorant at the ORT discharge and along the treatment plant
eastern fence line. The system is operated intermittently, based on odor complaints and plant
staff observations.

2.3.4

Digester Gas Flare

Digester gas is scrubbed to remove sulfides, siloxanes, and other contaminants and is no
longer considered an odor source.
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SECTION 3

Odor Assessment
This section details the development and results of the odor assessment portion of this
WWTP Odor Control Focus Areas Update. Included are explanations of sampling locations,
testing methods, survey results, and applications to development of emission rates for odor
dispersion modeling.
FIGURE 31

Sampling Locations

3.1 Sampling Plan and Locations
A 2day sampling event was conducted on September 10–11, 2008. Five previous odor
sampling events have been completed at the DSRSD plant: July 9, 1998 (event 1), August
25–26, 1998 (event 2), November 10–11, 1998 (event 3), March 23, 1999 (event 4), September
17, 2003 (event 5). The detailed 2008 sampling plan can be found in Appendix A.
Sampling locations were selected to align with the 2005 odor control focus areas that remain
in service following the Phase 4 plant improvements as well as other areas of potential odor
concern. Sampling locations were selected by a plant walkaround survey on August 1,
2008. Figure 31 shows the sampling locations. The sampling team matched the
approximate sampling locations in process units as sampled during previous events.

3.2 OdorSampling Procedures
CH2M HILL conducted a field sampling survey at the DSRSD plant on September 10 and
11, 2008, with the goal of evaluating previous odor control improvements and determining
the status of present odorous emissions at the plant. Odor samples were collected from all
odorous areas of the plant using a flux chamber and other devices and methods.

3.2.1

Liquid Phase Dissolved Sulfide Concentration Measurements

Dissolved sulfide concentrations were measured twice at each location (once per day). These
data were be used to quantify the potential for hydrogen sulfide (H2S) offgassing from the
plant. Dissolved sulfide analyses were performed using adsorption tubes (Gastec liquid
phase sulfide tubes, part number 211L for 0.5–20 ppm). Liquid samples were drawn by
plant staff and placed in 1L sample bottles for analysis.

3.2.2

Dilution to Threshold (DT) and Emissions Rates from Liquid Surfaces

Sampling for DT was performed at the locations indicated in Figure 31. The results of the
analysis were used for model inputs. A flux FIGURE 32
hood and vacuum sampling pump along
Vacuum Sampling Pump (left) and Flux Hood (right)
with 10L Tedlar bags were used for air
sample collection (Figure 32) from liquid
surfaces. At solid surfaces, a flux box was
used (Figure 33).
The samples were shipped the same day to
St. Croix Sensory, Inc., with nextmorning
delivery to ensure that the samples were
tested within 24 hours of being obtained.
The basic procedure employed by a flux
chamber uses an enclosure to isolate a
surface emitting a gaseous species. The
chamber must be well characterized. The
vacuum pump used during the odor
sampling work was calibrated at 2.2
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L/min. The emission flux of the species, ERi,
reported in milligrams per minute per square
meter, is calculated using the following equation:

FIGURE 33

Flux Box Connected to Vacuum Pump

ERi = QYi/A
where:
Q = sweep air flow rate (m3/min)
Yi = species concentration (mg/m3)
A = exposed chamber surface area (m2)
The general methodology followed for collecting
odor samples from liquid surfaces is summarized
as follows:
1. Select the appropriate sample location.
2. Place flux hood on water surface and connect Teflon tubing to sample pump.
3. Place 10L Tedlar bag in vacuum pump chamber and connect appropriate tubing.
4. Using valves on the sample pump device, purge the sample tubing, fill 10L Tedlar bag
approximately 25 percent to condition bag, deflate Tedlar bag, and then fill Tedlar bag
approximately 75–80 percent full.
5. Equalize vacuum pump chamber and
remove bag sample.

FIGURE 34

H2S Analyzer Connected to Tubing from Flux Hood

6. Decontaminate the chamber prior to
further sampling.

3.2.3

Hydrogen Sulfide

Hydrogen sulfide was measured in real time
using a Jerome 631X gold film analyzer. The
instrument was regenerated and zeroed prior
to use per manufacturer’s recommendations.
The unit has a working range of 3 to 50,000
parts per billion by volume (ppbV). The
analyzer measures H2S but also detects other
reduced sulfur compounds at about 10 percent
of the sensitivity to H2S in the measurement.
At liquid surfaces, the Jerome analyzer was
used in conjunction with the flux hood by
attaching the inlet of the instrument to the
outlet of the flux hood sample tubing
(Figure 34).
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3.2.4

Reduced Sulfur Compounds

Hydrogen sulfide and total reduced sulfur (TRS) compounds were analyzed from 1L
Tedlar bag samples using gas chromatography/sulfur flame photometric detector
(GC/FPD) as stipulated in ASTM D5504. A total of 20 gaseous compounds were analyzed
under this procedure. Of these, only a small percentage is normally found at wastewater
treatment plants. These moreprevalent compounds, along with their detection limits, are
provided in Table 31.
In most cases, Tedlar bags were placed
within the vacuum pump assembly as with
the DT sampling. In some instances where
positively pressurized foul air was
available, such as at fan discharge ducts,
the vacuum pump was not required. At
these locations, the Tedlar bag was
connected directly to the sample probe at
the ductwork.

TABLE 31

Total Reduced Sulfur Analysis Prevalent Compound List and
Detection Limits
Compound

Detection Limit, ppbV

Hydrogen sulfide

6.0

Carbonyl sulfide

4.0

Methyl mercaptan

4.0

Dimethyl sulfide

4.0

The samples were shipped the same day to
Carbon disulfide
5.0
Air Toxics LTD for nextmorning delivery
Dimethyl disulfide
4.0
to ensure that the samples were tested
within 24 hours of collection. For the day 1 samples, a courier was used for delivering the
samples same day to the Air Toxics’ Sacramento laboratory.

3.2.5

Ammonia

Field ammonia measurements were taken using Draeger 2 to 30ppm colorimetric tubes
along with a Draeger hand pump. The sample is collected by breaking off the ends of the
tube, attaching the tube to the hand pump, and then compressing the hand pump handle a
set number of times and reading the color change on the tube.

3.2.6

Duct Velocity/Flow Rate and Pressure

Duct velocity measurements were taken at the headworks biofilter exhaust fan discharge
duct, the DAFT biofilter exhaust fan discharge duct, and the ORT exhaust fan F2204
discharge duct. Pressure across the headworks biofilter fans was also measured. The TSI
Velocity Calc Plus was used for both velocity and pressure measurements. Flows were
measured at straight duct lengths, where possible, to ensure accuracy. Pressure was
measured as close as practical to the headworks fan outlet. Findings are listed in Table 32.
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TABLE 32

Duct Velocity, Flow, and Pressure Findings
Location

Measurement

DAFT Biofilter Fan
Measured velocity, fpm

80

Duct size diameter, inches

12

Estimated flow, cfm

60

a

b

ORT F-2204

c

Measured velocity, fpm

2,400

Duct size, inches

18 × 26

Estimated flow, cfm

7,000

d

Headworks Biofilter Fan
e

Measured velocity, fpm

2,000

Duct Size, inches

34 × 22

Estimated flow, cfm

10,400
f

Measured discharge pressure, inches –WC (west fan)

6.1

f

5.8

Measured discharge pressure, inches –WC (east fan)
a

Design air flow rate is 1,000 cfm. Measured flow is only 6% of design. Fan
maintenance issues have since been resolved and the fan is performing as
designed.
b
Flows were not measured from fans F-2503 or F-2701 since ductwork had
recently been modified and system air flow balancing had not been completed.
System air flow balancing is scheduled for completion in the near future.
c
Range of flows measured was 2,000–3,400 fpm.
d
Design air flow rate is 6,800 cfm.
e
Range of flows measured was 1,200–4,000 fpm.
f
Only the west fan was operating. East fan was idle.

3.2.7

Smoke Testing

The headworks biofilter and the DAFT biofilter were both smoke tested with 2minute
smoke emitters in order to observe biofilter performance and identify any shortcircuiting.
For the headworks biofilter it was difficult to locate an appropriate location for placing the
smoke emitters since significant openings at screens and open manways prevented good
smoke capture. The ideal location would have been at the fan inlet downstream of all branch
connections. However, due to ductwork restrictions, this was not possible. A final location
was selected at a snorkel hose adjacent to the screens, as shown in Figure 35. However, no
smoke was observed at the biofilter media.
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FIGURE 35

Headworks Biofilter System Smoke Emitter Location

Smoke testing at the DAFT biofilter system revealed that odor containment below the DAFT
cover is minimal due to negligible biofilter system air flows. It is likely that the biofilter
media was plugged or that the drain system was not performing adequately, resulting in the
lower plenum zone filling with water. Exacerbating the problem is the fact that the large idle
DAFT building ventilation fan, which is connected into the same odor ductwork as the
biofilter fan, is believed to have a nonfunctioning discharge backdraft damper (a damper
stuck in open position). This is resulting in a direct path for DAFT tank odors to escape to
the atmosphere. Figure 36 shows
FIGURE 36
smoke originating from the
Smoke Exiting DAFT Ventilation Fan Discharge Stack
underside of the DAFT tank cover
exiting the idle ventilation fan
discharge.
The discharge fan to the biofilter
has been repaired and is operating
as intended. Additionally, it was
discovered that the humidification
system in the influent ductwork to
the biofilter was not functioning
and will be repaired.

3.2.8
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Odor Panel Analysis

Odor samples were analyzed using an olfactory panel and butanol calibration as stipulated
in ASTM E679 and EN13725. Once gas samples arrive at the lab, they are diluted to below
olfactory detection limits and then introduced to a gas delivery system. A panel of eight
members trained in odor response serves as the odor “detectors.” Panel members are asked
to smell air samples delivered to three nose cones, one of which has the diluted sample (the
other two nose cones have clean air). The concentration of the odorous sample is increased
until onehalf of the odor panel members—four of eight—can detect the odor. The odor
concentration is expressed as the number of dilutions that were required for onehalf of the
panel members to record detection, or number of dilutions to threshold (DT). It is generally
recognized that approximately 0.5–1 ppbV of hydrogen sulfide is equivalent to 1 DT.

3.3 Climatic Conditions
The weather on September 10–11, 2008, was warm (between 80° and 90°F). Winds were out
of the west on the first day of sampling and out of the east on the second day of sampling;
on both days, winds were mild in the morning and picked up throughout the day.
Precipitation, wind, temperature, and other climatic factors can significantly impact odor
generation and subsequent offsite odor impacts. Higher temperatures generally result in
greater potential for odor generation. Precipitation can suppress odor migration. Wind
magnitude and direction have a profound effect on offsite odor impacts. A strong wind will
tend to disperse odors, resulting in dilution, and therefore reduce offsite impacts.
Conversely, a light wind or unstable meteorological condition (inversion) will tend to
reduce dispersion and therefore increase the potential for offsite odor impacts.
The Dublin San Ramon area is characterized by warm dry summers and temperate winters.
Winds are typically light and can vary in direction but generally come out of the south or
west.

3.4 Sampling Results
3.4.1

Liquid Dissolved Sulfide

Dissolved sulfide concentrations measured on September 10 and 11, 2008, are summarized
in Table 33.
TABLE 33

Liquid Dissolved Sulfide Concentrations
Sulfide Level (mg/L)

Location
Raw influent

Sept. 10, 2008

Sept. 11, 2008

0.5

0.5

Primary sedimentation
influent

< 0.5

a

Aeration basin influent

< 0.5

a

< 0.5

a

< 0.5

a

a

Unable to accurately measure levels below 0.5 mg/L due to low limit of
colorimetric tube.
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3.4.2

Hydrogen Sulfide

H2S concentrations measured on September 10 and 11, 2008, using the Jerome analyzer are
summarized in Table 34. See Figure 31 for sample locations.
TABLE 34

Hydrogen Sulfide Concentrations
Sept. 10, 2008
Location

Sept. 11, 2008

Time

H2S (ppm)

Time

H2S (ppm)

Headworks screen conveyor

9:20 a.m.

0.35

10:20 a.m.

0.61

Headworks biofilter (inlet)

9:35 a.m.

1.2

10:20 a.m.

2.4

a

—

—

Headworks biofilter (discharge)

10:00 a.m.

0.01

Open grating (headworks inlet)

10:03 a.m.

0.018

—

—

10:25 a.m.

9.6

8:30 a.m.

0.61

Influent wet well room

10:25 a.m.

1.8

8:30 a.m.

0.16

ORT (inlet)

10:35 a.m.

3.1

8:35 a.m.

0.35

ORT (discharge)

10:55 a.m.

0.5

8:35 a.m.

0.082

Grit basin

11:08 a.m.

11

10:15 a.m.

12

—

—

10:15 a.m.

7.6

11:30 a.m.

0.42

8:45 a.m.

0.35

Aeration basin (anoxic zone)

12:05 p.m.

2.2

9:05 a.m.

2

Aeration basin (inlet box)

12:05 p.m.

0.71

9:05 a.m.

0.15

—

—

9:05 a.m.

0.012

Secondary clarifier

12:15 p.m.

0.004

—

—

DAFT biofilter (inlet)

12:35 p.m.

0.002

—

—

DAFT biofilter (discharge)

1:15 p.m.

0.006

—

—

DAFT (room)

12:35 p.m.

0.081

—

—

DAFT (below cover)

1:45 p.m.

13.5

—

—

Primary effluent weir gates

1:30 p.m.

0.6

Primary effluent channel (settled
sewage channel)

—

—

11:15 a.m.

7

East fence line

—

—

9:50 a.m.

0.00

Facultative sludge lagoons (near
aerator)

—

—

12:30 p.m.

0.18

Facultative sludge lagoons (quiescent
zone)

—

—

12:30 p.m.

0.00

Influent wet well

b

Grit channel checker plate
Primary sedimentation basin

c

Aeration basin (aerobic zone)

a

Average of four measurements at various locations at the biofilter bed.
Noticeable diurnal fluctuation of odor levels with higher odor levels later in the morning. This is likely a result of higher
plant loadings in the morning coupled with the hydraulic residence time due to collection system travel distance.
c
Measured at quiescent zone.
b
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In general, it was found that hydrogen sulfide levels as measured by the Jerome analyzer
were higher than the total reduced sulfur analysis results. This was likely due to the fact that
the Jerome analyzer is also affected by other sulfur compounds.

3.4.3

Ammonia

Ammonia concentrations measured on September 10 and September 11, 2008, using the
Draeger pump and Draeger colorimetric tubes are summarized in Table 35. See Figure 31
for sample locations.
TABLE 35

Ammonia Concentrations
Sept. 10, 2008
Location

Sept. 11, 2008

Time

NH3 (ppm)

Time

NH3 (ppm)

Headworks screen conveyor

9:20 a.m.

<2

10:20 a.m.

<1

Headworks biofilter (inlet)

9:35 a.m.

<2

—

—

Headworks biofilter (discharge)

10:00 a.m.

0

—

—

Influent wet well

10:25 a.m.

2

8:30 a.m.

<2

ORT (inlet)

10:35 a.m.

<2

—

—

ORT (discharge)

10:55 a.m.

0

—

—

Grit basin

11:08 a.m.

<2

10:15 a.m.

<1

Primary sedimentation basin

11:30 a.m.

<2

8:45 a.m.

1

Aeration basin (anoxic zone)

12:05 p.m.

<2

9:05 a.m.

<2

Aeration basin (aerobic zone)

—

—

9:05 a.m.

0

Secondary clarifier

12:15 p.m.

2

—

—

DAFT biofilter (inlet)

12:35 p.m.

<2

—

—

DAFT biofilter (discharge)

1:15 p.m.

0

—

—

Primary effluent weir gates

1:30 p.m.

0

—

—

12:30 p.m.

10

Facultative sludge lagoons (quiescent
zone)

3.4.4

Dilutions to Threshold

The results of the DT analysis are summarized in Table 36. Bag samples were taken on
September 10 and September 11, 2008, and results were obtained from St. Croix Sensory,
Inc.
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TABLE 36

Odor Dilutions to Threshold for Detection and Recognition
Sept. 10, 2008
Location

Sept. 11, 2008

Detection
Threshold

Recognition
Threshold

Detection
Threshold

760

460

380

250

—

—

—

—

Headworks screen conveyor
Headworks biofilter (inlet)

2,900

Headworks biofilter (discharge)

830

1,600
a

450

a

Recognition
Threshold

Influent wet well

5,700

3,300

2,600

1,800

ORT (inlet)

4,700

2,700

—

—

ORT (discharge)

1,700

1,100

—

—

11,000

6,100

15,000

8,300

Primary sedimentation basin

2,600

1,700

2,000

1,600

Primary effluent weir gates

3,000

1,900

—

—

Aeration basin (anoxic zone)

5,000

3,300

5,300

3,200

—

—

330

210

Secondary clarifier

330

180

—

—

DAFT biofilter (inlet)

190

130

—

—

DAFT biofilter (discharge)

100

60

—

—

Primary effluent channel (settled sewage
channel)

—

—

9,600

5,700

Facultative sludge lagoons (quiescent
zone)

—

—

60

40

Grit basin

Aeration basin (aerobic zone)

a

Measurement was taken at a “hot spot” location. Based upon measured hydrogen sulfide measurements,
appropriate H2S to D/T correlations, as well as expected removal efficiencies from actual similar biofilter
installation performance data, the expected biofilter discharge D/T value of 300 D/T is used herein for emissions
and offsite odor predictions.

3.4.5

Total Reduced Sulfur

The results of the TRS analysis are summarized in Tables 37 and 38. Bag samples were
taken on September 10 and September 11, 2008, and results were obtained from Air Toxics
LTD.
TABLE 37

Total Reduced Sulfur Compounds: September 10
Constituent Concentration (ppbV)
Hydrogen
Sulfide

Location
Headworks screen conveyor
Headworks biofilter (inlet)
Headworks biofilter (discharge)
Influent wet well

310

a

Carbonyl
Sulfide

Methyl
Mercaptan

Dimethyl
Sulfide

Dimethyl
Disulfide

ND

ND

9

5.4

12

820

5.1

35

130

8.8

3,800

ND

6.7
120

4.8
6.4
ND

ND
8.7
ND

TABLE 37

Total Reduced Sulfur Compounds: September 10
Constituent Concentration (ppbV)
Location
ORT (inlet)

Hydrogen
Sulfide

Methyl
Mercaptan

Dimethyl
Sulfide

Dimethyl
Disulfide

ND

ND

2,100

8.8

67

340

5.9

28

ORT (discharge)
Grit basin

Carbonyl
Sulfide

9,000

ND

ND

1,100

100

ND

140

15

ND

Primary sedimentation basin

630

Primary effluent weir gates

880

11

68

1,800

ND

300

26

ND

Aeration basin (anoxic zone)

9.1

4.4

6.7

ND

Secondary clarifier

6.2

7.9

ND

ND

ND

DAFT biofilter (inlet)

8.6

8

ND

ND

ND

DAFT biofilter (discharge)

6.5

5.2

ND

ND

ND

ND, non-detect (below reporting limits).
a

Bag sample was taken at a “hot spot” location. Therefore, these values are considered “worst case”.

TABLE 38

Total Reduced Sulfur Compounds: September 11
Constituent Concentration (ppbV)
Location

Hydrogen
Sulfide

Headworks screen conveyor

9.8

Carbonyl
Sulfide
7.7

Methyl
Mercaptan

Dimethyl
Sulfide

Carbon
Disulfide

ND

ND

5

Influent wet well

1,400

ND

36

ND

ND

Grit basin

9,400

ND

870

89

ND

93

14

Primary sedimentation basin

450

Aeration basin (anoxic zone)

1,800

ND

250

32

ND

12

ND

17

4,800

ND

280

ND

ND

ND

ND

ND

ND

ND

Aeration basin (aerobic zone)
Primary effluent channel (settled
sewage channel)
Facultative sludge lagoons
(quiescent zone)

7.2

5.2
ND
6.8

ND, nondetect (below reporting limits).

3.5 Emissions Comparison to Previous Sampling Events
Emissions from currently used process units that existed during the production of the 1999
OCMP and 2003 OCMP Update were compared for this WWTP Odor Control Focus Areas
Update. This section summarizes emissions rate changes that have occurred since the
completion of previous OCMPs. A comparative summary of mass emission rates for H2S
process units, along with the emission rates of new process units, is provided in Table 39.
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TABLE 39

Comparison to Previous Sample Events
H2S Emission Rate (mg/hr)
Odor Source
Sampling Point

1998

2003

2008

Screenings screw-feed

NS

140

37

Primary sedimentation

414,000

2,783

563

Settled sewage channel

569

3,171

1039

Aeration basin (anaerobic
zone)

NS

NS

746

6,120

1,986

184

86

5,148

3

20,520

1,026

NS

NS

85

246

258,840

1,709

25,233

344

NS

NS

Aeration basin (aerated
zone)
Secondary sedimentation
Digesters
Headworks Biofilter
Odor reduction tower
Waste gas flare
NS, not sampled.
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SECTION 4

Dispersion Modeling
Dispersion modeling was completed as part of this project to predict offsite impacts
associated with odor emissions from wastewater treatment and existing odor control
processes. Specifically, current conditions were first modeled to understand current, or
baseline, offsite impact conditions associated with measured emissions. Upon establishment
of the baseline condition, “whatif” control scenarios were then developed to facilitate an
understanding of offsite improvements associated with the individual source control
options. These results were then used to develop an odor control implementation plan that
could be phased in over time.

4.1 Methodology
The model predicts dispersion over a land area, based on emission rates, local
meteorological data, and surface parameters. The model inputs are emission rates from
odorous processes as well as local meteorological and terrain data. The model output
predicts variations in odor concentration as a function of distance from the source.
Previous OCMP updates have used hydrogen sulfide as the surrogate compound to
represent odor. At the time, H2S was an appropriate indicator of offsite nuisance odors.
Given the substantial reduction in H2Srelated odors that has been achieved by DSRSD,
hydrogen sulfide emissions may be low while other odorous compounds, e.g., methyl
mercaptans, may be predominant. Modeling for H2S can result in predicted impacts
potentially being lower than those actually occurring. For this update, total odor as DT has
been used throughout the modeling to more conservatively predict offsite odor impacts.

4.1.1

Dispersion Model Description

CH2M HILL used the Industrial Source Complex Short Term (ISCST3) dispersion model, an
EPAapproved computer model widely used to model air concentrations from wastewater
treatment and industrial facilities. ISCST3 was used for the 1999 OCMP and all updates. It
considers multiple sources, plume rise, building downwash, and terrain effects.
Meteorological data from the Oakland airport were used. The results of the model—hourly
concentrations at each receptor—were used to generate a series of “odor contours” to
delineate areas in which the odor threshold (4 DT for 99 percent of the year) is exceeded a
certain number of times. Odor contours were plotted both within the DSRSD plant property
and the areas surrounding the plant. A postprocessor translated the odor contours to an
electronic aerial photograph, which shows the extent of odor impact on surrounding
communities.
The ISCST3 dispersion model predicts 1hour average ground level pollutant
concentrations. That is, the model indicates whether a specified odor threshold is exceeded
during the course of a given hour over the course of a year’s time. However, odor nuisances
can be associated with exposure times on the order of minutes rather than one hour.
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Averaging over an hour has the effect of
smoothing out the peaks in concentration.
Therefore, the CH2M HILL modeling team
converted the 1hour concentrations predicted by
ISCST3 to peak 3minute concentrations using
the following power law:

⎛ 60 min ⎞
χ s = χ1− hour ⎜
⎟
⎝ ts ⎠

p

Where χs is the shortterm concentration, χ1hour is
the modelpredicted 1hour concentration, ts is
the desired short term averaging time (in
minutes), and p is the powerlaw exponent. The
value of the p varies by atmospheric stability
class, which tends to vary over the course of a
year at a given location.

TABLE 41

Odor Emission Rates Used in the 2008 Odor
Dispersion Modeling

Odor Source
ORT

Emission Rate
3
(DT-m /s,
or “Odor
Unit/Second”)
17,137

Headworks biofilter

1,472

Aeration basin (aerated
zone)

1,012

Primary sedimentation

625

Aeration basin (anaerobic
zone)

354

Settled sewage channel

289

DAFT biofilter

236

Secondary sedimentation

54

DT ratios can be backcalculated to determine
Screenings screw feed
7
odor emissions for individual process units
within the plant by using standard correlations of detection threshold concentrations to DT
values.
Air dispersion models routinely estimate air quality impacts from both point and fugitive
area sources. The most common air dispersion model is a straightline Gaussian plume,
which uses mathematically and statistically averaged approximations of plume rise and
downwind dispersion behavior to estimate downwind impacts.

4.1.2

Dispersion Modeling Objectives

The objectives of the dispersion modeling analysis are to determine the following:
•
•

Area impacted by individual and combined plant total odor emissions
Frequency (number of hours per year) emissions are greater than 4 DT beyond the plant
boundary

4.2 Dispersion Model Input
The data below were input to the dispersion model; ammonia was not modeled because site
sampling detected no ammonia concentrations above 1 DT:
•
•
•

Process unit emission rates (hydrogen sulfide or total odor)
Meteorological data applicable to the DSRSD plant and surrounding area
Universal Transverse Mercator (UTM) coordinates of each odor source

4.2.1

Odor Emission Rates

The odor panel source data were used to develop an odor emission rate (OER) estimate for
each odor source sampled. Table 41 presents the OER estimates used as input to the
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dispersion modeling. The OER estimate is based on the DT values measured during the
source sampling multiplied by the volumetric emission of odorous air from each source. For
point sources, the air volume is the measured or design value of the associated fans. For
area sources, it is based on either the sampling flux chamber sampling rate or process
driven aeration effects, if present.
The product (multiplication) of the source concentration in DT values and the volumetric
emission rate provides an initial estimate of the relative odor emission contribution from
each source.

4.2.2

Meteorological Data and UTM Coordinates

Meteorological data such as wind speed, wind direction, atmospheric stability, air
temperature, and humidity were collected for the 1999 OCMP from a weather station at the
Oakland airport. Data from the meteorological station was deemed to be suitable for the air
dispersion model in the OCMP and for this update. Figure 41 shows the wind rose plot for
the Oakland airport weather station. The prevailing wind blows from the west, and the
wind speed ranges from 3.6 to 5.7 m/s most of the year.
UTM coordinates for each odor emission source were determined using DSRSD site plans
and U.S. Geological Survey maps. Compound release points were determined using the
height of the stack relative to the ground and a sea level datum. A Cartesian receptor grid
was used in the dispersion model, with receptors spaced at 100m intervals out to a distance
of 200 m from the center of the plant. Receptors following that radius are then spaced at 200
m intervals to a distance of 1 km from the plant and at 500m intervals thereafter to a
distance of 5 km. Actual terrain elevations were not assigned to the receptor points, since
the terrain is relatively flat.

4.3 Dispersion Model Results
DSRSD has implemented significant odor control projects since the 1998 OCMP. Of the
facilities that were uncontrolled at that time, most have either been fitted with odor control
equipment or operational practices have been implemented to significantly reduce the
impact to offsite odors. Based on the 2008 odor emission source testing, specific remaining
uncontrolled facilities were categorized as primary odor sources; i.e., sources representing
significant offsite impacts. These sources were further modeled to confirm the effect of
implementing associated odor improvements for each. The existing (baseline) condition was
also modeled to allow comparison to previous modeling work.
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FIGURE 41

Wind rose Plot for the Oakland Airport Weather Station
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The following odor sources, considered primary odor sources, were specifically modeled in
order to provide a comparative ranking, compare predicted offsite odor impacts for each,
and make a recommendation regarding effectiveness of any associated future
improvements:
•
•
•
•

ORT
Primary sedimentation basins
Settled sewage channel and anaerobic basin
Headworks biofilter

Other odor sources at the plant, including the headworks screen conveyor, secondary
clarifiers, and DAFT biofilter have less relative impact regarding offsite odors and are
therefore considered secondary odor sources at this time. As such, these sources are not
targeted herein as candidates for future improvements. It should be noted that these odor
sources could become elevated in odor ranking in the future due to process changes or if
more stringent offsite odor criteria are implemented once primary odor sources are
mitigated.
The dispersion model plots contours of equal exceedance at the established odor threshold
of 4 DT. Contours can be expressed in either the number of hours of exceedance of the
threshold or the percentage of the year in which the threshold has been exceeded. The
primary goal of DSRSD is to keep odorous emissions within the plant boundary 99 percent
of the year. This is equivalent to having emissions exceed 4 DT beyond the plant boundary
for no more than 90 hours in any given year.

4.3.1

Existing Conditions

Figure 42 depicts the 2008 WWTP Odor Control Focus Area Update’s annual odor
exceedance odor contours. This condition is based upon recent 2008 odor panel source data
without any proposed improvements and is therefore considered the “baseline” case. As
illustrated in Figure 42, odor exceedances greater than the 4 DT threshold exist offsite for a
significant number of hours per year. The 450 hour per year exceedance contour line falls
just beyond the plant fence line to the west and south but extends further to the east. This
450hour contour line represents 95 percent compliance, well below the 99 percent goal put
forth by DSRSD to be maintained within the plant fence line.
The 4 DT, 90 hour contour line (1 percent annual exceedance) , as illustrated in Figure 42,
falls well outside the plant fence line, impacting nearby neighborhoods to the west, south,
and east. These odor contour predictions are confirmed in that increased odor complaints
have been received from adjacent neighborhoods in recent years.

45

FIGURE 42

2008 Annual Offsite Exceedances of 4 DT
“Baseline” Case

4.3.2

Primary Odor Source Evaluation

As indicated previously, odor sources at the plant considered to be most significant have
been ranked as primary odor sources. These include the ORT, primary sedimentation
basins, settled sewage channel and anaerobic basin, and headworks biofilter. The predicted
maximum 3minute peak odor (DT) offsite ground level concentrations for all primary odor
sources are tabulated below in Table 42.
TABLE 42

Predicted Maximum 3Minute Peak Odor Concentrations Offsite for Primary Odor Sources
Odor Source
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Maximum 3-Minute Offsite
Odor Concentration (DT)

All odor sources combined

27.6

ORT

27.2

Primary sedimentation basins

12.2

Settled sewage channel

20.2

Aeration basin (anaerobic zone)

23.4

Headworks biofilter

22.1

As indicated in Table 42, all primary odor sources contribute relatively equally to offsite
odors from an orderofmagnitude standpoint. In other words, there isn’t one odor source
that jumps out as the obvious most significant odor source.
In order to further quantify offsite odor impacts for all primary odor sources, and to
facilitate odor ranking and comparison, isopleths for each primary odor source are shown in
Figures 43, 44, 45, and 46.
FIGURE 43

Predicted Annual Offsite Exceedances of 4 DT
ORT

Figure 43 illustrates the predicted offsite annual odor exceedances associated with the ORT.
The 90hour exceedance contour line extends beyond the fence line to the east. This
prediction is further confirmed by previous offsite odor survey work to the east, which has
revealed detectable odors of a nonhydrogensulfide nature similar to what one would
expect exiting an underperforming biotower. Note that predicted offsite odor impacts
associated with the ORT should be considered somewhat conservative since at the time of
sampling the total ORT capacity was high at 21,360 cfm, resulting in reduced gas residence
time and subsequent reduced performance. The ORT system has since been balanced such
that capacity is now reduced. Furthermore, it is believed that the future target ORT capacity
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is 13,875 cfm. This reduced flow should result in improved odor removal performance.
However, due to the relative importance of this odor treatment system, the fact that the unit
has historically underachieved performance combined with the unknown condition of
system internals, this odor source should be considered a primary candidate for future
improvements.
Figure 44 illustrates the predicted offsite annual odor exceedances associated with the
primary sedimentation basins. Note that the predicted 90 hour exceedance contour line falls
generally within the plant fence line. However, the cumulative effect of this odor source
when added to other odor sources will result in offsite odor impacts exceeding the DSRSD
odor goal of 4 DT at 99 percent compliance. In addition, as indicated in Table 42, the
maximum predicted peak 3minute ground level odor concentration offsite associated with
this odor source alone is 12.2 DT. This fact along with the additive effect with other odor
sources categorizes this odor source as a primary odor source. Since offsite impacts
associated with this odor source are lower than the ORT, this odor source is given a lower
ranking when compared to the ORT odor source.
FIGURE 44

Predicted Annual Offsite Exceedances of 4 DT
Primary Sedimentation Basins
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Figure 45 illustrates the predicted offsite annual odor exceedances associated with the
settled sewage channel and anaerobic basin. These odor sources are grouped together due
to their close proximity and interconnecting nature. Similar to the primary sedimentation
basins, the predicted 90 hour exceedance contour line falls generally within the plant fence
line. However, the cumulative effect of these odor sources when added to other odor
sources will result in offsite odor impacts exceeding the DSRSD odor goal of 4 DT at 99
percent compliance. In addition, as indicated in Table 42, the maximum predicted peak 3
minute groundlevel odor concentration offsite associated with these odor sources is 23.4
DT. This fact along with the additive effect with other odor sources categorizes these odor
sources as primary odor sources. Since offsite impacts from these odor sources are greater
than the primary sedimentation basin, these odor sources are given a higher ranking when
compared to the primary sedimentation basin odor source.
FIGURE 45

Predicted Annual Offsite Exceedances of 4 DT
Settled Sewage Channel and Anaerobic Basin

Figure 46 illustrates the predicted annual odor exceedances associated with the headworks
biofilter. The main reason the biofilter is considered an odor source is due to its low
discharge velocity and large area. Even though the biofilter performance was measured and
confirmed to be excellent with the exception of a few “hot spots,” the nature of an open
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biofilter as an area source along with the headworks biofilter’s close proximity to the fence
line makes it more prone to offsite odor impacts, especially in light of the stringent DSRSD
odor goal of 4 DT at 99 percent compliance. Note that the predicted 90 hour exceedance
contour line falls outside the plant fence line to the west. Also, as indicated in Table 42, the
maximum predicted peak 3minute ground level odor concentration offsite associated with
this odor source alone is 22.1 DT. Since offsite impacts associated with this odor source are
approximately equivalent to the ORT and settled sewage channel and anaerobic basin, this
odor source is given an equivalent ranking to the ORT and settled sewage channel and
anaerobic basin odor sources.
FIGURE 46

Predicted Annual Offsite Exceedances of 4 DT
Headworks Biofilter

Primary odor sources including the ORT, primary sedimentation basins, the settled sewage
channel and anaerobic basin, and the headworks biofilter all contribute to offsite odor
impacts and as a group cause exceedances beyond the DSRSD odor goal of 4 DT at 99
percent compliance. The primary sedimentation basins are believed to contribute to a lesser
degree to offsite odors when compared to the other primary odor sources and therefore are
given a lower ranking.
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4.3.3

Future Odor Improvements

This section considers odor control improvements attributed to the previously identified
primary odor sources for meeting the DSRSD offsite odor goal of 4 DT with 99 percent
compliance. Since, as mentioned previously, all primary odor sources are quite similar for
individual offsite odor impacts, their cumulative or additive effects are considered here. In
addition, since all primary odor sources are considered to be relatively equivalent, any
single odor source improvement that is predicted to be less costly than any other odor
source improvement is ranked higher and therefore recommended for early
implementation.

4.3.4

Odor Improvement Package 1

Figure 47 illustrates the predicted offsite odor improvements for annual exceedances of 4
DT for Odor Improvement Package 1. This package includes modifying or replacing the
ORT and a total odor (DT) removal efficiency of 90 percent and a maximum ORT discharge
odor concentration of 500 DT. This maximum discharge concentration and removal
efficiency is considered appropriate based experience with wellfunctioning biotowers.
FIGURE 47

Predicted Annual Exceedances of 4 DT
2008 Existing Conditions and Modification of the ORT—Odor Improvement Package 1
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As indicated in Figure 47, the 90hour annual exceedance contour line (99 percent
compliance isopleth) is pulled in closer to the plant boundary for Odor Improvement
Package 1 than for the 2008 baseline condition (see Figure 42). However, the DSRSD odor
goal of 4 DT with 99 percent compliance is exceeded around the plant. Odor impacts are
predicted to the south, across the freeway to the west, and to a lesser degree to the east.

4.3.5

Odor Improvement Package 2

Figure 48 illustrates the predicted offsite odor improvements for annual exceedances of 4
DT for Odor Improvement Package 2. This package includes the following odor
improvements:
•

Modify or replace the ORT (same as Odor Improvement Package 1).

•

Cover the settled sewage channel and the anoxic zone of the aeration basin. Pull odors
off the headspace of these processes and treat in a new odor control system consisting of
twostage biotowers or singlestage biotowers followed by carbon.

FIGURE 48

Predicted Annual Exceedances of 4 DT
2008 Existing Conditions and Modification of the ORT with Cover and Treatment of the Settled Sewage Channel and
Anaerobic Basin—Odor Improvement Package 2
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As indicated in Figure 48, the 90hour annual exceedance contour line (99 percent
compliance isopleth) is pulled in closer to the plant boundary for Odor Improvement
Package 2 than during the 2008 baseline condition (see Figure 42) and Odor Improvement
Package 1 (see Figure 47). However, the DSRSD odor goal of 4 DT with 99 percent
compliance is still exceeded around the plant. Odor impacts are predicted in neighborhoods
to the south and to a lesser degree across the freeway to the west.

4.3.6

Odor Improvement Package 3

Figure 49 illustrates the predicted offsite odor improvements for annual exceedances of 4
DT for Odor Improvement Package 3. This package includes the following odor
improvements:
•

Modify or replace the ORT (same as Odor Improvement Package 1)

•

Cover and treat odors from the settled sewage channel and the anoxic zone of the
aeration basin (same as Odor Improvement Package 2)

•

Cover the headworks biofilter and route the biofilter discharge through a stack

FIGURE 49

Predicted Annual Exceedances of 4 DT
2008 Existing Conditions and Modification of the ORT with Cover and Treatment of the Settled Sewage Channel and
Anaerobic Basin Plus Cover and Provide Discharge Stack for Headworks Biofilter—Odor Improvement Package 3
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As indicated in Figure 49, the 90hour annual exceedance contour line (99 percent
compliance isopleth) is pulled in closer to the plant boundary than during the 2008 baseline
condition (see Figure 42) , Odor Improvement Package 1 (see Figure 47), and Odor
Improvement Package 2 (see Figure 48). However, the DSRSD odor goal of 4 DT with 99
percent compliance is still exceeded, primarily south and east of the plant. Odor impacts are
predicted primarily at the neighborhood south of the plant.

4.3.7

Odor Improvement Package 4

Figure 410 illustrates the predicted offsite odor improvements for annual exceedances of 4
DT for Odor Improvement Package 4. This project includes the following odor
improvements:
•

Modify or replace the ORT (same as Odor Improvement Package 1)

•

Cover and treat odors from the settled sewage channel and the anoxic zone of the
aeration basin (same as Odor Improvement Package 2)

•

Cover the headworks biofilter and route the biofilter discharge through a stack (same as
Odor Improvement Package 3).

•

Cover the primary sedimentation basins. Pull odors off the headspace of this process
and treat in a new odor control system consisting of two stage biotowers or single stage
biotowers followed by carbon.

As indicated in Figure 410, the 90hour annual exceedance contour line (99 percent
compliance isopleth) is pulled in closer to the plant boundary when compared to the 2008
baseline condition (see Figure 42) , Odor Improvement Package 1 (see Figure 47), Odor
Improvement Package 2 (see Figure 48), and Odor Improvement Package 3 (see Figure 49).
However, the DSRSD odor goal of 4 DT with 99 percent compliance is still exceeded slightly
to the south and east of the plant. Odor impacts, if any, are predicted primarily at the
neighborhood to the south of the plant.
Odor Improvement Packages 1, 2, 3, and 4 represent the most logical sequence of packages
for improving offsite odors at the DSRSD WWTP and approaching the DSRSD odor goal of
4 DT with 99 percent compliance. Package 1 would be implemented first because its
predicted cost is lowest. Packages 2 through 4 would follow, with lower cost improvements
implemented prior to higher cost improvements. The next section provides additional
information for each of these projects, including technical details and criteria along with
estimated costs.
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FIGURE 410

Predicted Annual Exceedances of 4 DT
2008 Existing Conditions and Modification of the ORT with Cover and Treatment of the Primary Sedimentation Basins,
Settled Sewage Channel and Anaerobic Basin, plus Cover and provide Discharge Stack for Headworks Biofilter – Odor
Improvement Package 4
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SECTION 5

Odor Control Alternatives and
Recommendations
5.1 Summary of Odor Improvement Projects
Specific odor improvement packages were identified in the previous section and are
presented as individual projects in this section. It should be reiterated that predicted
individual odor sources are considered to be approximately equivalent for offsite odor
impacts. In other words, implementing improvements to any one primary odor source
would provide relatively the same offsite odor benefit as implementing improvements to
any other primary odor source. Therefore, additive effects of multiple improvements result
in a greater offsite odor benefit.
Individual improvement components are further detailed in this section along with
pertinent design criteria and estimation of costs. Recommended odor improvement projects
are developed on the basis of predicted improvement costs, with lowercost improvements
implemented first. This takes into account available funding limitations and allows DSRSD
the flexibility to implement projects based on a phased approach and when funding
becomes available. Any one odor source improvement identified herein can be added with
any other odor source improvement component to form projects different from those
identified here to meet DSRSD special needs or requirements related to coordination with
other plant improvements, schedule constraints, or other considerations.

5.1.1

Odor Improvement Project 1

The ORT is not functioning as designed and is about 20 years old, currently removing 84
percent of the inlet hydrogen sulfide and 64 percent of the inlet odor (DT). Odor
Improvement Project 1 would achieve 90 percent odor removal from the ORT by either (1)
refurbishing the existing ORT or (2) replacing the ORT with a singlestage or twostage
packaged biotower.
Adding a secondstage carbon polishing unit to the existing ORT is also possible. However,
the fact that the condition of the existing ORT is suspect (due to age of the media and
structure) coupled with the fact that carbon media replacement frequency can be excessive if
the first stage ORT underperforms makes this option riskier, and therefore it is not carried
forward.
Refurbishing the ORT also poses some challenges since finding a media supplier willing to
guarantee system performance of a preexisting tower may be difficult. As such, the most
likely option for this improvement component would be to demolish the existing ORT and
replace it with a packaged biotower system. That being said, work is currently underway at
the Orange County Sanitation District for the installation of multipleownerdesigned
biotowers. This would likely be the first project of its kind of this scale: one in which
biotower system components are provided by multiple vendors (as opposed to a packaged
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system). The success of this approach cannot be confirmed until the beginning of 2010, when
performance testing is completed. However, if implementation of this improvement
component at DSRSD is delayed until 2010, then data that could justify confidently
refurbishing the ORT with new internals, system components, and controls may be
available.

5.1.2

Odor Improvement Project 2

Odor Improvement Project 2 would be implemented after Odor Improvement Project 1 and
would involve covering and treating odorous air from the settled sewage channel and
anaerobic basin. Odor Improvement Project 2 would include adding FRP covers over the
settled sewage channel and anaerobic basin and adding ducting to a new, singlestage
bioscrubber followed by a carbon polishing stage or, alternatively, a twostage bioscrubber.
Because the settled sewage channel is near the primary sedimentation basins, the
bioscrubber system could be sized to also treat the foul air from Odor Improvement Project
4.

5.1.3

Odor Improvement Project 3

Odor Improvement Project 3 would be implemented after Odor Improvement Projects 1 and
2 and would include covering the headworks biofilter and routing the biofilter discharge air
through a stack.
The headworks biofilter is believed to be performing well, with the exception of a few “hot
spots.” Those areas were identified as possible low spots where some shortcircuiting was
taking place. Once these areas are leveled and weeds are pulled, the headworks biofilter
odor treatment system will be assumed to be maximized for performance. However, the
inherent nature of an open biofilter with a low loading rate means that biofilter discharge
bed velocities are low and the biofilter area is large. These combined features mean that a
biofilter discharge plume with any residual odor will tend to drift offsite with minimal
dilution. This fact, combined with the fact that the headworks biofilter is near the plant’s
west fence line and coupled with a strict odor goal, means that odor goal compliance may
not be possible, even with a properly performing biofilter.
The biofilter cover would be an aluminum cover or a flexible membrane cover. Ductwork
would be routed from the headspace of the cover to a stack structure, which would consist
of a 15foottall stack, inline stack booster fan, and any structural steel framework for stack
support. The stack would be sized for a minimum 3,000 feet per minute stack exit velocity.

5.1.4

Odor Improvement Project 4

Odor Improvement Project 4 would be implemented after Odor Improvement Projects 1, 2,
and 3 and would include covering the primary sedimentation basins, ventilating the
headspace, and treating odorous air in a new, singlestage bioscrubber followed by a carbon
polishing stage or twostage bioscrubber. This improvement also includes covering and
ventilating the Pleasanton Junction structure and treating the odorous air in the same
bioscrubber system.
The primary sedimentation basins would be covered with FRP covers mounted flush with
the top of the existing structure to minimize headspace and thus minimize treatment
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requirements. Due to the close proximity between the settled sewage channel and the
primary sedimentation basins, the bioscrubber system from Odor Improvement Project 2
could be sized to also treat the foul air from this improvement as well.

5.2 Costs Assessment
5.2.1

Individual Odor Improvement Component Capital Costs Assessment

Capital costs were developed for each odor improvement component to include the
following:
•
•

Line item costs for all readily identifiable items
Percentage markups for unknown costs such as demolition, site work, instrumentation,
electrical, and yard piping

Line item costs are based on recent cost quotes for similar systems as well as quotes
obtained specifically for this project. Additional project costs were developed by escalating
the equipment cost by the factors illustrated in Table 51. Detailed cost spreadsheet print
outs for each option are included in Appendix B.
TABLE 51

Cost Estimate Assumptions

Category

Percent of
Equipment
Subtotal

Basis of Assumption

Applied to Equipment Subtotal
Demolition

5–12

Specific to each improvement

Overall site work

2–8

Specific to each improvement

Plant controls

2–8.5

Specific to each improvement

Yard electrical

3.5–7.3

Specific to each improvement

Yard piping

2

Similar for all improvements

Contractor Markups (Applied to Equipment Subtotal + Project Costs)
Overhead

10

Typical value

Profit

10

Typical value

MOB/bonds/insurance

10

Typical value

Contingency

30

Planning level cost estimate

Location adjustment

17

Bay Area

Market adjustment
factor

10

Additional escalations

Nonconstruction Costs (Applied after Contractor Markups)
Permitting

1

Previous project experience
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TABLE 51

Cost Estimate Assumptions

Category

Percent of
Equipment
Subtotal

Basis of Assumption

Engineering

12

Previous project experience

Services during
construction

5

Previous project experience

Commissioning/startup

2

Previous project experience

Owner legal/admin/engr

5

Previous project experience

Table 52 summarizes the installed total capital cost of each improvement project. The cost
opinion shown has been prepared for guidance in project evaluation from the information
available at the time of preparation. The final costs of the improvement projects will depend
on actual labor and material costs, actual site conditions, productivity, competitive market
conditions, final project scope, final project schedule and other variable factors. As a result,
the final improvement costs will vary from the cost presented below. Because of these
factors, funding needs must be carefully reviewed prior to making specific financial
decisions or establishing final budgets.
TABLE 52

Individual Project Capital Cost Summary
Improvement Component

1 Rehabilitate ORT (without carbon polishing)

Total Capital
a
Cost ($)
760,000

b

2 Cover settled sewage channel and anaerobic basins

1,900,000

3 Cover headworks biofilter

1,930,000

4 Cover primary sedimentation basins and treat

4,000,000

a

Costs are in December 2008 dollars and do not include future escalation.

b

Costs for additional carbon stage not included. Addition of a polishing
carbon stage increases cost to $1,560,000.

5.2.2

Odor Improvement Project Capital Costs Assessment

The improvement packages presented in Section 4 were built using a sequential
combination of individual improvement components. Table 53 summarizes the total capital
cost for each odor improvement package.
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TABLE 53

Odor Improvement Project Capital Cost Summary
Individual
Improvement
Components
Included

Total Capital Cost ($)

1

1

760,000

2

1,2

2,660,000

3

1,2,3

4,590,000

4

1,2,3,4

8,590,000

Odor
Improvement
Package

a

a

Costs for additional carbon stage not included. Addition of a polishing
carbon stage increases cost to $1,560,000.

5.3 Recommendations
Future odor control improvements should be implemented to address the sources of offsite
odor impacts in order of priority. Prioritizing improvements should also address available
funding and ease of implementation. Improvements are listed below in the order
recommended for implementation as follows:
1. Continue to maintain open, effective communications with neighboring residents
regarding nuisance odors. The District is in the process of implementing improvements
identified during the 2008 public outreach process that, when complete, are expected to
achieve some level of nuisance odor reduction. The following improvements were
identified to be performed by the District:
−

Reinstall the secondary clarifier center well cover that was removed during
mechanism replacement and install covers on the remaining secondary clarifier
center wells.

−

Perform maintenance to restore the DAFT biofilter to its preexisting performance.
(This was completed Winter 2009.)

−

Perform maintenance on the headworks biofilter to reduce shortcircuiting. (This
was completed Winter 2009.)

−

Make permanent the temporary flow control to reduce fall over the primary
sedimentation basin effluent weirs; this will reduce turbulence in the effluent
launder and thus the opportunity for release of odors.

−

Rebalance the ORT fans following completion of the headworks improvements.
(This was completed Spring 2009.)

2. Implement Odor Improvement Project 1, Rehabilitate or Replace ORT. This is the least
costly of the Odor Improvement Projects and would result in improved offsite odor
levels, as illustrated in Figure 47. In order to ensure a system is provided with a
performance guarantee, the existing ORT may need to be replaced with a package
biotower system. Alternatively, if the District desires to retain the existing ORT
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structure, the structure should be inspected to verify structural integrity and expected
useful life and biotower media manufacturers should be engaged to confirm the
potential benefits of this alternative. Once the decision is made regarding rehabilitation
or replacement, the estimated project cost should be refined and then proceed with
implementation.
3. Implement Odor Improvement Project 2, Cover and Treat Settled Sewage Channel and
Anaerobic basins. This is the second leastcostly odor improvement project and, when
coupled with Odor Improvement Project 1, would result in improved offsite odor levels,
as illustrated in Figure 48.
4. Implement Odor Improvement Project 3, Cover Headworks Biofilter. This would
include covering the headworks biofilter with an aluminum flexible membrane cover
and routing the headspace discharge air through a stack booster fan and discharge stack
structure. This project, coupled with Odor Improvement Projects 1 and 2, would result
in improved offsite odor levels as illustrated in Figure 49.
5. Implement Odor Improvement Project 4, Cover and Treat Odors from Primary
Sedimentation Basins. This project would include covering the primary sedimentation
basins and routing the headspace foul air through a bioscrubber odor control system.
This project, when coupled with Odor Improvement Projects 1, 2, and 3, would result in
improved offsite odor levels as illustrated in Figure 410.
6. Perform Scheduled Monitoring of Specific Odor Sources and Odor Control Equipment
Performance. This is recommended for DSRSD to quantify and detect odor issues before
they become offsite nuisances and to prevent “backsliding” due to equipment
performance issues. This Monitoring can be achieved by using several types of
equipment:
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•

Odalog (Detection Instruments Corporation) model OL50 lowrange hydrogen
sulfide logger. This unit can be hung at fence lines, the ORT stack, and biofilter
discharge locations in order to provide continuous odor monitoring. Detection limit
is 10 ppbV to 2 ppmV; battery life is 10 days. Approximate cost is $,3700 (includes
stainless steel enclosure); software is $275.

•

Nasal Ranger. This unit is utilized for measuring total odor. The Nasal Ranger is a
field olfactometer that is operated by an individual who draws in a gas sample of
ambient air through the device and determines if he or she can detect the odor at
various dilution settings. The dilution settings are modified by rotating a dial that
allows more or less air to pass through an activated carbon filter which blends with a
nondiluted portion of the sample air. This device is not overly accurate since winds
can interfere with the device and therefore is not recommended for use by DSRSD.

•

Jerome meter (hydrogen sulfide meter) model 631X. This unit measures gasphase
H2S. The Jerome meter provides onetime measurement (as opposed to continuous)
of H2S along with approximately 10 percent of other reduced sulfur compounds. The
range of the instrument is 1 ppbV to 50 ppmV. This unit does not provide
continuous monitoring and can be damaged by high odors.

DSRSD has procured a Jerome meter and begun monitoring of H2Srelated odors onsite.
Should DSRSD decide to monitoring additional onsite odors, a recommended
monitoring plan utilizing the Odalog model OL50 is as follows:
•

•

Monitor specific odor control equipment:
−

Headworks Biofilter Discharge. DSRSD should construct a small flux chamber
for housing the Odalog model OL50. The flux chamber should be provided with
a 2 to 3inchdiameter vent to prevent buildup of biofilter discharge odors. The
Odalog unit should remain in place to provide continuous monitoring for 2 to 3
days.

−

ORT. The Odalog unit can be hung so that the unit measures stack discharge
odors upstream of the odormasking spray system. The Odalog unit is
susceptible to moisture saturation, which can cause inaccurate readings, so the
unit should not be exposed to masking agent spray. The Odalog unit should
remain in place to provide continuous monitoring for 2–3 days.

Monitor specific odor sources and fence line locations:
−

Primary Sedimentation. Locate the Odalog unit at handrailing for continuous
monitoring over a 2 to 3day period.

−

Aeration Basins. Locate the Odalog unit at handrailing for continuous
monitoring over a 2 to 3day period.

−

Fence Line Locations. Locate the Odalog unit at random fence line locations for
continuous monitoring over a 2 to 3day period.

Data from continuous monitoring can be used to correlate the various parameters that
can influence odor events such as meteorological conditions and processrelated
operational issues. Additionally, it will provide additional data for subsequent
sampling and dispersion modeling updates.
7. Perform source sampling and dispersion modeling on a 2 to 3year cycle or following
the implementation of each improvement project. This will provide ongoing
confirmation of gains made by each project, identify any new odor sources that may
emerge, confirm effective operation and maintenance practices as pertaining to odor
control, and confirm the need for further odor control projects. This recommendation is
consistent with that voiced by plant neighbors. Additionally, regular updating of odor
control needs will allow DSRSD to proactively manage its capital improvements
program to optimize odor control.
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Introduction
The purpose of this technical memorandum (TM) is to provide a summary along with
findings related to odor site survey and sampling efforts recently undertaken in support of
the 2008 Update to WWTP Odor Control Focus Areas for the Dublin San Ramon Services
District (DSRSD). The purpose of the odor survey and sampling effort was to (1) assess
existing odor control systems, (2) provide necessary model inputs for both emission and
dispersion modeling efforts, and (3) prioritize odor sources. Sampling was conducted on
September 1011, 2008.

Background
CH2M HILL completed an Odor Control Master Plan (OCMP) for the DSRSD in June of
1999. In the OCMP, DSRSD set as its primary goal to maintain odors under a specific
threshold, defined as 4 dilutions to threshold (D/T) within the plant boundary for
99 percent of the year. The 1999 OCMP determined that the plant was exceeding this
threshold, and CH2M HILL provided recommendations on how to best achieve this goal.
Many of the OCMP recommendations were incorporated and in 2003 DSRSD contracted
CH2M HILL to provide an OCMP update in order to ascertain whether the DSRSD odor
goal was being met. The update indicated that the goal set forth by DSRSD of keeping
exceedance of the 4 D/T threshold limited to 1 percent of the year was being met (as proved
by dispersion modeling). In addition, the updated OCMP indicated six focus areas to which
DSRSD could direct their resources that would produce the greatest additional advances in
odor control. CH2M HILL completed field testing in 2005 in support of the odor control
focus areas work. Since then some plant processes have been changed and improvements
implemented that affect offsite odor impacts.
DSRSD has contracted with CH2M to update its Odor Control Master Plan Focus Areas
following completion of odor control improvements implemented since the 2005 Odor
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Control Focus Areas study. The 2008 Update will assess the existing odor control systems,
confirm future odor mitigation alternatives, and prioritize recommended improvements to
reduce offsite odors. Site odor survey and sampling efforts were completed in support of
this 2008 Update effort. This report summarizes results and findings associated with the site
odor survey and sampling.

Wastewater Treatment Processes
A summary of the WWTP focus areas related to odor control as described in the 2003 OCMP
Update and 2005 field testing include:
•

Odor Reduction Tower (ORT): The DSRSD plant uses a biological odor reduction tower
(a packed tower scrubber) for odor control at the influent pumping channel (screen
room), grit building (grit classifier floor and grit dumpster floor), and aerated grit tanks.
These three areas are ventilated by exhaust fans F2204, F2503, and F2701, respectively.
The approximate flow rates from these three areas as a result of Phase 4 plant
improvements are 5,880 cubic feet per minute (cfm), 9250 cfm, and 2,330 cfm,
respectively, for a total ORT capacity of 17,460 cfm. A recent project titled WWTP ORT
Rehabilitation and Redundancy made various changes to the ORT system including
addition of dampers, upsizing ductwork, addition of duct branches, and rebalancing of
air flows. At the time of odor sampling, modifications had been made to the system but
air flows had not been balanced. Air flow balancing will be 6,800 cfm from the screening
room, 3,100 cfm from the grit building, and 1200 cfm from the grit tanks for a total ORT
capacity of 11,100 cfm. This reduced overall ORT capacity is hoped to improve ORT
performance by increasing gas residence time.

•

Aerated Grit Chamber: Following physical removal of screenings, the wastewater is
pumped into three covered and aerated grit removal tanks for fines and particulate
removal. The grit is further treated in a grit separator and grit classifier. Exhaust from
the common grit chamber inlet and outlet channels at Grit Chamber Tank 1 is conveyed
to the ORT. The grit chamber inlet and outlet channels at Grit Chamber Tanks 2 and 3
are not separately connected to the ORT at this time. The grit handling building exhaust
is also conveyed to the ORT.

•

Aeration Tanks: The settled sewage channel conveys wastewater into multipass
aeration tanks for biological treatment. Both anoxic and aerobic (aerated) zones exist.
These tanks are not covered.

•

Headworks Biofilter: The Headworks biofilter was installed as part of the Stage 4
Improvements project and includes two (one duty and one standby) exhaust fans
located on the lower level of the headworks building, a single atgrade soil media bed,
and irrigation system. The biofilter is a Bohn biofilter with 20 year guarantee and treats
foul air from the screen channels and upper enclosed dumpster area.

•

DAFT and DAFT Biofilter: Solids removed from primary sedimentation tanks and
aeration tanks (as waste activated sludge) are thickened in the dissolved air flotation
thickener (DAFT). This tank is covered and vented to a soil media biofilter installed in
1999. The biofilter includes a 1,000 cfm exhaust fan, a single abovegrade soil media bed,
and irrigation system. The biofilter is a Bohn biofilter with a 20 year guarantee.
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•

Primary Effluent Channel (Settled Sewage Channel): Exiting the primary sedimentation
tanks, the wastewater is conveyed through an uncovered settled sewage channel and
into the aeration tanks.

•

Primary Sedimentation Tanks: After grit removal, wastewater flows into four primary
sedimentation tanks through the east, central, and west primary influent channels.
Within these basins, solids settle and scum is collected and removed. Effluent weirs
control effluent flows.

In addition to the focus areas summarized above, potential odor sources include:
•

Preliminary Treatment (Headworks): Includes three (3) mechanical bar screens and
screenings conveyor sluices, washers, and compactors. There is also a bypass channel
that has a manually cleaned bar rack.

•

Influent WetWell: Following the screenings removal in the headworks, the influent
wastewater is pumped to the grit removal area. This is an important process because
foul air from the pumping area headspace is directly conveyed to the odor reduction
tower (ORT) for treatment.

•

Secondary Clarifiers: From the aeration tanks, wastewater flows to four secondary tanks
where solids, microbes, and other particulates are allowed to settle and are removed.
The centerwell of tank no. 1 is currently covered and vented to the DAFT biofilter. The
centerwell on the No. 2 clarifier was covered prior to the replacement of the mechanism,
and the cover is currently not in place but it is planned to be replaced and installed. At
this time there are no plans to cover the centerwells on the remaining two tanks.

•

Flow Equalization: In the past influent wastewater was sometimes equalized in the No. 1
holding basin. However, DSRSD has ceased using this basin except for storage during
storm events. Three additional holding basins operate seasonally during wet weather to
equalize or store raw sewage, primarytreated wastewater, or secondary effluent flows.
The four basins with a combined capacity of 16 million gallons were empty and not in
operation during the odor survey and therefore were not sampled.

•

Anaerobic Digesters: DSRSD operates three fixed cover anaerobic digesters for
stabilization of thickened (via DAFT) waste activated sludge (WAS); reducing solids and
forming useful methane gas. Dissolved sulfides found in WAS will be converted to
hydrogen sulfide during the digestion process which can exit out any leaking roof
mounted PRV’s. All of the digester gas produced is now scrubbed prior to use to
remove sulfides, solixanes, and other contaminants. DSRSD doses ferric chloride near
the front end of the plant to reduce odors in the influent sewage, and to help reduce
sulfide levels in the digester gas.

•

Facultative Sludge Lagoons: Sludge storage lagoons detain the biosolids generated in the
anaerobic digestion for approximately four years prior to ultimate disposal. The sludge
is kept covered with at least six feet of water, which is aerated to promote algal growth
and therefore to reduce the potential for odors. Due to the large surface area and the
fact these lagoons further stabilize digested sludge, there is an odor potential associated
with this process; especially if there is a biological upset in either the aerobic or the
facultative processes of the ponds.
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•

Primary Effluent Weirs: Modulating weir gates are located downstream of the primary
sedimentation basin effluent weirs and are designed to maintain sufficient water levels
in the effluent weirs so that fall distance over the weirs is minimized. The gate level
control system has not worked as designed, and as a result the gates have remained
fully open. As described herein, plant personnel recently began testing improvements
to the level control system to reduce the hydraulic drop at the primary sedimentation
basin effluent weirs to minimize the potential for odors to be released.

Operating Conditions
At the time the odor survey took place, several plant activities were occurring that may have
affected odor sampling. These included the following:
•

Headworks Improvements – New Screens: A previous project included the replacement
of outdated screens with new screens. Openings around the new screens had not been
sealed, resulting in reduced odor containment and higher dilution air at the screens. This
likely had the result of causing system air flow imbalances as well as higher dilution air
into the headworks biofilter.

•

Headworks Improvements – Screenings Conveyance: At the time of odor sampling, a
new screening conveyance system was being installed. This required the removal of a
portion of the foul air ductwork within the screenings loadout bay. Therefore, it can be
assumed that during odor sampling the headworks system air flows were significantly
out of balance. In addition, in order to facilitate equipment installation, the loading bay
rollup doors were kept open during sampling, resulting in reduced odor containment
and increased dilution air from outdoors via rollup door openings. This likely had the
effect of lowering inlet odor levels to the headworks biofilter.

•

Primary Sedimentation Basin Weirs: Just days before the odor sampling took place,
plant personnel installed small fixed weirs and partially closed the effluent weir gates,
which raised the water level in the effluent weirs and reduced the hydraulic drop
(cascading effect) and subsequent offgassing at the effluent weirs.

•

Ferric Chloride Dosing: DSRSD doses ferric chloride at the influent wetwell (just
downstream of the headworks) under normal operations. Ferric is a precipitant that
reacts with dissolved sulfides to create either elemental sulfur or iron sulfide precipitate.
This liquid phase dosing approach reduces hydrogen sulfide offgassing downstream
and also reduces hydrogen sulfide levels in digested sludge gas. At the time of odor
sampling, ferric dosing was occurring and therefore sampling results at processes
downstream of the dosing point should be considered representative of normal plant
operation.

•

RAS Temporary Piping: Due to damage found in a buried RAS pipe that is now under
repair, plant staff have routed a temporary RAS line to the aeration basin influent
channel. Since RAS was previously added to this channel in approximately the same
location, it is not believed that this temporary configuration impacted odor levels.
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Climatic Conditions
On the two sampling days the weather was warm (between 80 and 90 degrees Fahrenheit).
Winds were out of the west on the first day of sampling and out of the east on the second
day of sampling and were mild in the morning and picked up throughout the day.
Precipitation, wind, temperature, and other climatic factors can significantly impact odor
generation and subsequent offsite odor impacts. Higher temperatures generally result in
greater potential for odor generation. Precipitation can suppress odor migration. Wind
magnitude and direction have a profound effect on offsite odor impacts. A strong wind will
tend to disperse odors, resulting in dilution, and therefore reduce offsite impacts.
Conversely, a light wind or unstable meteorological condition (inversion) will tend to
reduce dispersion and therefore increase potential for offsite odor impacts.
The Dublin San Ramon area is characterized by warm dry summers and temperate winters.
Winds are typically light and can vary in direction but generally come out of the south or
west.

Odor Survey and Sampling
Overview
Odor samples were taken on two days, September 10 and September 11, 2008. Multiple
sampling from a specific location was performed on many locations. This gives a better
understanding of daily odor concentration fluctuations from a specific odor source. Sample
results were used to develop an average and range, e.g., minimum and maximum value, for
each parameter to be used in modeling. Figure 1 herein provides a map showing the various
odor sample locations. Table 1 herein lists the type, location, and number of samples.
Sampling and analysis for each parameter is discussed in the following section.
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FIGURE 1

DSRSD Sample Location Map

A detailed description of the specific procedures, equipment and methodology is included
in Attachment A, Sampling Plan.
TABLE 1

Sampling Summary Table
Parameter
Liquid Dissolved
Sulfides

H2S

Sample
Type
Grab

Grab

Location

Frequency

•

Influent Influent

2 samples (one per day)

•

Primary Treatment (influent)

2 samples (one per day)

•

Aeration Basins (influent)

2 samples (one per day)

•

Screenings Conveyor

2 samples (one per day)

•

Headworks Biofilter Inlet

2 samples (one per day)

•

Open Grating Adjacent to Headworks

1 sample

•

Influent WetWell

2 samples (one per day)

•

Influent WetWell Room

2 samples (one per day)

•

ORT Inlet

2 samples (one per day)

•

ORT Outlet

2 samples (one per day)

•

Grit Basin

2 samples (one per day)
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TABLE 1

Sampling Summary Table
Parameter

H2S

H2S
Sulfur Compound
Analysis (ASTM
D-5504)

Sulfur Compound
Analysis (ASTM
D-5504)

Sample
Type

Flux
1
Hood

2

Flux Box
Grab

Flux
1
Hood

Location

Frequency

•

Grit Channel Checkerplate

1 sample

•

Primary Effluent Weir Gates

1 sample

•

Aeration Basin (inlet box)

2 samples (one per day)

•

DAFT Biofilter Inlet

1 sample

•

DAFT Room

1 sample

•

DAFT Room (center)

1 sample

•

DAFT (under cover)

1 sample

•

East Fenceline

1 sample

•

Facultative Sludge Lagoon (liquid surface)

1 sample

•

Facultative Sludge Lagoon (at aerator)

1 sample

•

Primary Sedimentation Basin (at liquid
surface)

2 samples (one per day)

•

Aeration Basin Anoxic Zone (at liquid
surface)

2 samples (one per day)

•

Aeration Basin Aerobic Zone (at liquid
surface)

1 sample

•

Secondary Clarifier (at liquid surface)

1 sample

•

Primary Effluent Channel (settled sewage
channel)

1 sample

•

Headworks Biofilter Outlet

1 sample

•

DAFT Biofilter Outlet

1 sample

•

Screenings Conveyor

2 samples (one per day)

•

Headworks Biofilter Inlet

1 sample

•

Influent WetWell

2 samples (one per day)

•

ORT Inlet

1 sample

•

ORT Outlet

1 sample

•

Grit Basin

2 samples (one per day)

•

Primary Effluent Weir Gates

1 sample

•

DAFT Biofilter Inlet

1 sample

•

Blank

2 samples (one per day)

•

Primary Treatment (at liquid surface)

2 samples (one per day)

•

Primary Effluent Channel/Settled Sewage
Channel (at liquid surface)

1 sample

•

Aeration Basin – Anoxic Zone (at liquid
surface)

2 samples (one per day)

•

Aeration Basin – Aerobic Zone (at liquid
surface)

1 sample

•

Secondary Clarifier (at liquid surface)

1 sample

•

Facultative Sludge Lagoon (at liquid
surface)

1 sample
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TABLE 1

Sampling Summary Table
Parameter

Sample
Type
2

Sulfur Compound
Analysis (ASTM
D-5504)

Flux Box

Odor D/T (ASTM
E679 &
EN13725)

Grab

Odor D/T (ASTM
E679 &
EN13725)

Flux
1
Hood

2

Odor D/T (ASTM
E679 &
EN13725)

Flux Box

Ammonia

Grab

Ammonia

Ammonia

Flux
1
Hood

2

Flux Box

Location

Frequency

•

Headworks Biofilter Outlet

1 sample

•

DAFT Biofilter Outlet

1 sample

•

Screenings Conveyor

2 samples (one per day)

•

Headworks Biofilter Inlet

1 sample

•

Influent WetWell

2 samples (one per day)

•

ORT Inlet

1 sample

•

ORT Outlet

1 sample

•

Grit Basin

2 samples (one per day)

•

Primary Effluent Weir Gates

1 sample

•

DAFT Biofilter Inlet

1 sample

•

Blank

2 samples (one per day)

•

Primary Treatment (at liquid surface)

2 samples (one per day)

•

Primary Effluent Channel/Settled Sewage
Channel (at liquid surface)

1 sample

•

Aeration Basin – Anoxic Zone (at liquid
surface)

2 samples (one per day)

•

Aeration Basin – Aerobic Zone (at liquid
surface)

1 sample

•

Secondary Clarifier (at liquid surface)

1 sample

•

Facultative Sludge Lagoon (at liquid
surface)

1 sample

•

Headworks Biofilter Outlet

1 sample

•

DAFT Biofilter Outlet

1 sample

•

Screenings Conveyor

2 samples (one per day)

•

Headworks Biofilter Inlet

1 sample

•

Influent WetWell

2 samples (one per day)

•

ORT Inlet

1 sample

•

ORT Outlet

1 sample

•

Grit Basin

2 samples (one per day)

•

Primary Effluent Weir Gates

1 sample

•

DAFT Biofilter Inlet

1 sample

•

Primary Treatment (at liquid surface)

2 samples (one per day)

•

Primary Effluent Channel/Settled Sewage
Channel (at liquid surface)

1 sample

•

Aeration Basin – Anoxic Zone (at liquid
surface)

2 samples (one per day)

•

Aeration Basin – Aerobic Zone (at liquid
surface)

1 sample

•

Secondary Clarifier (at liquid surface)

1 sample

•

Facultative Sludge Lagoon (at liquid
surface)

1 sample

•

Headworks Biofilter Outlet

1 sample
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TABLE 1

Sampling Summary Table
Parameter

Sample
Type

Location
•

DAFT Biofilter Outlet

1

For calculating odor emissions rates from liquid surfaces

2

For measuring odor levels from biofilter surface

Frequency
1 sample

Sampling and Analysis Methods
LiquidPhase Dissolved Sulfide Concentration Measurements
Dissolved sulfide concentrations were measured twice at each location (once per day). This
data will be used to quantify the potential of H2S offgassing from the plant. Dissolved
sulfide analyses were performed using adsorption tubes (Gastec Liquid Phase Sulfide tubes,
Part number 211L for 0.520 ppm). Liquid samples were drawn by plant staff and placed
into 1liter sample bottles for the analysis.

Dilution to Threshold (D/T) and Emissions Rates From Liquid Surfaces
Sampling for D/T was performed at the locations indicated in Table 1. The results of the
analysis will be used for model inputs. A flux hood and vacuum sampling pump along with
tenliter tedlar bags were utilized for air sample collection (Figure 2) from liquid surfaces. At
solid surfaces, a flux box was utilized (Figure 3). In some instances where positively

pressurized foul air was available, the vacuum pump was not required. This was the case at
fan discharge duct locations. At these locations, the tedlar bag was connected directly to the
sample probe at the ductwork.

FIGURE 2

Vacuum Sampling Pump (left) and Flux Hood (right)
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FIGURE 3

Flux Box Connected to Vacuum Pump

The samples were shipped the same day to St. Croix Sensory, Inc. with overnight morning
delivery to ensure that the samples were tested within 24 hours of being obtained.
The basic procedure employed by a flux chamber utilizes an enclosure to isolate a surface
emitting a gaseous species. The chamber must be well characterized. The vacuum pump
utilized during the odor sampling work was calibrated at 2.2 liters per minute. The emission
rate of the species, ERi, reported in milligrams per minute per square meter, is calculated
using the following equation:
ERi = QYi/A
where:
Q = sweep air flow rate (cubic meters/minute)
Yi = species concentration (milligrams/cubic meter)
A = exposed chamber surface area (square meters)
The general methodology followed for collecting odor samples from liquid surfaces is
summarized as follows:
1. Select the appropriate sample location.
2. Place flux hood on water surface and connect Teflon tubing to sample pump.
3. Place 10 liter tedlar bag in vacuum pump chamber and connect appropriate tubing.
4. Utilizing valves on the sample pump device, purge the sample tubing, fill 10 liter tedlar
bag approximately 25 percent to condition bag, deflate tedlar bag, and then fill tedlar
bag approximately 75 – 80 percent full.
5. Equalize vacuum pump chamber and remove bag sample.
6. Decontaminate the chamber prior to further sampling.
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Hydrogen Sulfide
Hydrogen sulfide was measured realtime using a Jerome 631X gold film analyzer. The
instrument was regenerated and zeroed prior to use per manufacturer’s recommendations.
The unit has a working range of 1 to 50,000 parts per billion by volume. The analyzer
measures H2S but also detects other reduced sulfur compounds at about 10 percent of the
sensitivity to H2S in the measurement.
At liquid surfaces, the Jerome meter was utilized in conjunction with the flux hood by
attaching the inlet of the instrument to the outlet of the flux hood sample tubing (Figure 4).

Reduced Sulfur Compounds
Hydrogen sulfide and total reduced sulfur (TRS) compounds were analyzed from one liter
tedlar bag samples using GC/sulfur flame photometric detector (GC/FPD) as stipulated in
ASTM D5504. The analysis should be started within 24 hours after a sample is taken. A
total of 20 gaseous compounds are analyzed under this procedure. Of the 20 compounds
analyzed, only a small percentage is normally found at wastewater treatment plants. These
more prevalent compounds along with their detection limits are provided in Table 2 below.

FIGURE 4

H2S Analyzer Connected to Tubing from Flux Hood
TABLE 2

Total Reduced Sulfur Analysis Prevalent Compound List and Detection Limits
Compound

Detection Limit, ppbV
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Hydrogen Sulfide

6.0

Carbonyl Sulfide

4.0

Methyl Mercaptan

4.0

Dimethyl Sulfide

4.0

Carbon Disulfide

5.0

Dimethyl Disulfide

4.0

In most cases, Tedlar bags were placed within the vacuum pump assembly similar to the
D/T sampling. In some instances where positively pressurized foul air was available, the
vacuum pump was not required. This was the case at fan discharge duct locations. At these
locations, the tedlar bag was connected directly to the sample probe at the ductwork. At
liquid surfaces, the flux hood described herein was utilized for capturing the sample. At
solid surfaces, a flux box was utilized (Figure 2).
The samples were shipped the same day to Air Toxics LTD. with overnight morning
delivery to ensure that the samples were tested within 24 hours of being taken. For the day
one samples, a courier was utilized for delivering the samples same day to the Air Toxics
Sacramento laboratory.

Ammonia
Field ammonia measurements were taken using Drager 2 – 30 ppm colorimetric tubes along
with Drager hand pump. The hand pump is utilized by breaking off the ends of the tube,
attaching the tube to the hand pump, and then compressing the hand pump handle a set
number of times and reading the color change on the tube.

Duct Velocity/Flow Rate And Pressure
Duct velocity measurements were taken at the headworks biofilter exhaust fan discharge
duct, DAFT biofilter exhaust fan discharge duct, and ORT exhaust fan F2204 discharge
duct. Pressure across the headworks biofilter fans was also measured. The TSI Velocity Calc
Plus was utilized for both velocity and pressure measurements. Flows were measured at
straight duct lengths, where possible, to ensure accuracy. Pressure was measured as close as
practical to the headworks fan outlet. A summary of findings is tabulated in Table 3 below.
TABLE 3

Duct Velocity, Flow, and Pressure Findings
Location

Measurement

DAFT Biofilter Fan
Measured Velocity, fpm

80

Duct Size Dia., inches

12

Estimated Flow, cfm

60

ORT (F-2204)

1

5
2

Measured Velocity, fpm

2,400

Duct Size, inches x inches

18 x 26
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TABLE 3

Duct Velocity, Flow, and Pressure Findings
Location

Measurement

Estimated Flow, cfm

7,000

6

Headworks Biofilter Fan
3

Measured Velocity, fpm

2,000

Duct Size, inches x inches

34 x 22

Estimated Flow, cfm

10,400
4

Measured Discharge Pressure, inches –WC (west fan)

6.1

4

5.8

Measured Discharge Pressure, inches –WC (east fan)
1

Design air flow rate is 1,000 cfm. Measured flow is only 6% of design.

2

Range of flows measured was 2000 – 3400 fpm.

3

Range of flows measured was 1200 – 4000 fpm.

4

Only the west fan was operating. East fan was idle.

5

Flows were not measured from fans F-2503 or F-2701 since ductwork had
recently been modified and system air flow balancing had not been completed.
System air flow balancing is scheduled for completion in the near future.

6

Design air flow rate is 6,800 cfm.

Smoke Testing
The headworks biofilter and DAFT biofilter were both smoke tested utilizing 2 minute
smoke emitters in order to observe biofilter performance and identify any shortcircuiting.
For the headworks biofilter it was difficult to locate an appropriate location for placing the
smoke emitters since significant openings at screens and open manways prevented good
smoke capture. The ideal location would have been at the fan inlet downstream of all branch
connections. However, due to ductwork restrictions, this was not possible. A final location
was selected at a snorkel hose adjacent to the screens (see Figure 5). However, no smoke
was observed at the biofilter media. This was probably due to significant dilution at
downstream branch connections.
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FIGURE 5

Headworks Biofilter System Smoke Emitter Location

Smoke testing at the DAFT biofilter system revealed that containment of odors below the
DAFT cover is minimal due to negligible biofilter system air flows. It is likely that the
biofilter media is plugged or that the drain system is not performing adequately resulting in
the lower plenum zone filling with water. Exacerbating the problem is the fact that the large
idle DAFT building ventilation fan, which is connected into the same odor ductwork as the
biofilter fan, is believed to have a nonfunctioning discharge backdraft damper (damper
stuck in open position). This is resulting in a direct path for DAFT tank odors to escape to
the atmosphere. Figure 6 shows smoke originating from the under side of the DAFT tank
cover exiting out the idle ventilation fan discharge.

PAGE 14 OF 20

2008 UPDATE TO WWTP ODOR CONTROL FOCUS AREAS
SAMPLING REPORT

FIGURE 6

Smoke Exiting DAFT Ventilation Fan Discharge Stack

Odor Panel Analysis
Odor samples were analyzed using an olfactory panel and butanol calibration as stipulated
in ASTM E679 & EN13725. Once gas samples arrive at the lab, they are diluted to below
olfactory detection limits and then introduced to a gas delivery system. A panel of eight
members trained in odor response serves as the odor “detector”. Panel members are asked
to smell air samples delivered to one of three nose cones (the other nose cones have clean
air), one of which has the diluted sample. The concentrations of sample are increased until
onehalf of the odor panel members can detect the odor. The odor measurement is
concluded when detection by four of the eight panel members is recorded. The odor
concentration is expressed as the number of dilutions that were required for onehalf of the
panel members to record detection: dilutiontothreshold (D/T) level. Generally it is
recognized that approximately 0.5 – 1 ppbV of hydrogen sulfide is equivalent to 1 D/T.

Sampling Results
Liquid Dissolved Sulfide
Dissolved sulfide concentrations measured are summarized in Table 4. Samples were taken
on September 10 and 11, 2008.
TABLE 4

Liquid Dissolved Sulfide Concentrations
Location

Day

Sulfide Level

Day

Sulfide Level

Raw Influent

September 10, 2008

0.5 mg/L

September 11, 2008

0.5 mg/L

Primary Clarifier Influent

September 10, 2008

< 0.5 mg/L

1

September 11, 2008

< 0.5 mg/L

1

Aeration Basin Influent

September 10, 2008

< 0.5 mg/L

1

September 11, 2008

< 0.5 mg/L

1

1

Unable to accurately measure levels below 0.5 mg/L due to low limit of colorimetric tube.
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Hydrogen Sulfide
H2S concentrations measured using the Jerome meter are summarized in Table 5. Refer to
Figure 1 for a map of the exact sample locations. Samples were taken on September 10 and
September 11, 2008.
TABLE 5

Hydrogen Sulfide Concentrations
Time on
September 10,
2008

Headworks Screen Conveyor
Headworks Biofilter (Inlet)

Location

H2S ppm

Time on
September 11,
2008

H2S ppm

9:20 AM

0.35

10:20 AM

0.61

9:35 AM

1.2

10:20 AM

2.4

1

-

-

Headworks Biofilter (Discharge)

10:00 AM

0.01

Open Grating (Headworks Inlet)

10:03 AM

0.018

-

-

10:25 AM

9.6

8:30 AM

0.61

Influent Wet Well Room

10:25 AM

1.8

8:30 AM

0.16

ORT (Inlet)

10:35 AM

3.1

8:35 AM

0.35

ORT (Discharge)

10:55 AM

0.5

8:35 AM

0.082

Grit Basin

11:08 AM

11

10:15 AM

12

-

-

10:15 AM

7.6

11:30 AM

0.42

8:45 AM

0.35

Aeration Basin (Anoxic Zone)

12:05 PM

2.2

9:05 AM

2

Aeration Basin (inlet box)

12:05 PM

0.71

9:05 AM

0.15

-

-

9:05 AM

0.012

Secondary Clarifier

12:15 PM

0.004

-

-

DAFT Biofilter (Inlet)

12:35 PM

0.002

-

-

DAFT Biofilter (Discharge)

1:15 PM

0.006

-

-

DAFT (Room)

12:35 PM

0.081

-

-

DAFT (Below Cover)

1:45 PM

13.5

-

-

Primary Effluent Weir Gates

1:30 PM

0.6

Primary Effluent Channel (Settled
Sewage Channel)

-

-

11:15 AM

7

East Fenceline

-

-

9:50 AM

0.00

Facultative Sludge Lagoons (Near
Aerator)

-

-

12:30 PM

0.18

Facultative Sludge Lagoons
(Quiescent Zone)

-

-

12:30 PM

0.00

Influent Wet Well

2

Grit Channel Checkerplate
Primary Sedimentation Basin

3

Aeration Basin (Aerobic Zone)

1

Average of four measurements at various locations at the biofilter bed.

2

Noticeable diurnal fluctuation of odor levels with higher odor levels later in the morning. This is likely a result
of higher plant loadings in the morning coupled with the hydraulic residence time due to collection system
travel distance.

3

Measured at quiescent zone.
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In general it was found that hydrogen sulfide levels as measured by the Jerome meter were
higher than the total reduced sulfur analysis results. This was likely due to the fact that the
Jerome meter is impacted by other sulfur compounds as well.

Ammonia
Ammonia concentrations measured using the Jager pump and Jager colorimetric tubes are
summarized in Table 6. Refer to Figure 1 for a map of the exact sample locations. Samples
were taken on September 10 and September 11, 2008.
TABLE 6

Ammonia Concentrations
Time on
September 10,
2008

NH3 ppm

Time on
September 11,
2008

NH3 ppm

Headworks Screen Conveyor

9:20 AM

<2

10:20 AM

<1

Headworks Biofilter (Inlet)

9:35 AM

<2

-

-

Headworks Biofilter (Discharge)

10:00 AM

0

-

-

Influent Wet Well

10:25 AM

2

8:30 AM

<2

ORT (Inlet)

10:35 AM

<2

-

-

ORT (Discharge)

10:55 AM

0

-

-

Grit Basin

11:08 AM

<2

10:15 AM

<1

Primary Sedimentation Basin

11:30 AM

<2

8:45 AM

1

Aeration Basin (Anoxic Zone)

12:05 PM

<2

9:05 AM

<2

Aeration Basin (Aerobic Zone)

-

-

9:05 AM

0

Secondary Clarifier

12:15 PM

2

-

-

DAFT Biofilter (Inlet)

12:35 PM

<2

-

-

DAFT Biofilter (Discharge)

1:15 PM

0

-

-

Primary Effluent Weir Gates

1:30 PM

0

Facultative Sludge Lagoons
(Quiescent Zone)

-

-

12:30 PM

10

Location

Dilutions to Threshold (D/T)
The results of the D/T analysis are summarized in Table 7. Bag samples were taken on
September 10 and September 11, 2008 and results were obtained from St. Croix Sensory, Inc.
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TABLE 7

Odor Dilutions to Threshold for Detection and Recognition
September 10, 2008

September 11, 2008

Detection
Threshold

Recognition
Threshold

Detection
Threshold

Recognition
Threshold

760

460

380

250

2,900

1,600

-

-

830

450

-

-

Influent Wet Well

5,700

3,300

2,600

1,800

ORT (Inlet)

4,700

2,700

-

-

ORT (Discharge)

1,700

1,100

-

-

Grit Basin

11,000

6,100

15,000

8,300

Primary Sedimentation Basin

2,600

1,700

2,000

1,600

Primary Effluent Weir Gates

3,000

1,900

-

-

Aeration Basin (Anoxic Zone)

5,000

3,300

5,300

3,200

Aeration Basin (Aerobic Zone)

-

-

330

210

Secondary Clarifier

330

180

-

-

DAFT Biofilter (Inlet)

190

130

-

-

DAFT Biofilter (Discharge)

100

60

-

-

Primary Effluent Channel (Settled
Sewage Channel)

-

-

9,600

5,700

Facultative Sludge Lagoons (Quiescent
Zone)

-

-

60

40

Location
Headworks Screen Conveyor
Headworks Biofilter (Inlet)
Headworks Biofilter (Discharge)

Total Reduced Sulfur
The results of the total reduced sulfur analysis are summarized in Tables 8 and 9. Bag
samples were taken on September 10 and September 11, 2008 and results were obtained
from Air Toxics LTD.
TABLE 8

Total Reduced Sulfur Compounds – September 10
Constituent Concentration, ppbV
Hydrogen
Sulfide

Carbonyl
Sulfide

Methyl
Mercaptan

Dimethyl
Sulfide

Dimethyl
Disulfide

9

5.4

12

ND

ND

Headworks Biofilter (Inlet)

820

5.1

35

4.8

ND

Headworks Biofilter (Discharge)

130

8.8

6.7

6.4

8.7

Influent Wet Well

3,800

ND

120

ND

ND

ORT (Inlet)

2,100

8.8

67

ND

ND

340

5.9

28

4.4

ND

Location
Headworks Screen Conveyor

ORT (Discharge)
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TABLE 8

Total Reduced Sulfur Compounds – September 10
Constituent Concentration, ppbV
Hydrogen
Sulfide

Carbonyl
Sulfide

Methyl
Mercaptan

Dimethyl
Sulfide

Dimethyl
Disulfide

9,000

ND

1,100

100

ND

Primary Sedimentation Basin

630

9.1

140

15

ND

Primary Effluent Weir Gates

880

11

68

6.7

ND

1,800

ND

300

26

ND

Secondary Clarifier

6.2

7.9

ND

ND

ND

DAFT Biofilter (Inlet)

8.6

8

ND

ND

ND

DAFT Biofilter (Discharge)

6.5

5.2

ND

ND

ND

Location
Grit Basin

Aeration Basin (Anoxic Zone)

ND = Non-detect (below reporting limits)

TABLE 9

Total Reduced Sulfur Compounds – September 11
Location

Constituent Concentration, ppbV
Hydrogen
Sulfide

Carbonyl
Sulfide

Methyl
Mercaptan

Dimethyl
Sulfide

Carbon
Disulfide

9.8

7.7

ND

ND

5

Influent Wet Well

1,400

ND

36

ND

ND

Grit Basin

9,400

ND

870

89

ND

Primary Sedimentation Basin

450

7.2

93

14

5.2

Aeration Basin (Anoxic Zone)

1,800

ND

250

32

ND

Aeration Basin (Aerobic Zone)

ND

12

ND

17

6.8

4,800

ND

280

ND

ND

ND

ND

ND

ND

ND

Headworks Screen Conveyor

Primary Effluent Channel
(Settled Sewage Channel)
Facultative Sludge Lagoons
(Quiescent Zone)

Results and Findings
The following summarizes general findings and results from the odor survey work
documented herein. These findings will be incorporated into the Odor Control Focus Areas
Master Plan Update.
1. The DAFT biofilter appears to be completely plugged. This conclusion was confirmed
since air flows were measured as negligible, smoke testing indicated minimal odor
containment, and odors measured within ductwork were significantly lower than those
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found in the DAFT headspace (below the cover). If not rectified, potential for both
corrosion and fugitive odors are possible. Corrosion would be due to microbiological
corrosion (MIC) resulting from high odors trapped below the DAFT cover. Fugitive
odors can occur at the large DAFT ventilation fan discharge duct opening since a direct
path exists between the DAFT tank headspace and this opening with what appears to be
a malfunctioning backdraft damper. Even though odors in the vicinity of the large DAFT
ventilation fan did not appear excessive during the odor survey, wind forces can draw
odors out of this opening and cause downwind odor impacts.
The most likely cause of the plugged biofilter is a malfunctioning biofilter drain system.
Other Bohn soil media biofilter installations (e.g.; Corvallis, Oregon) have experienced
similar failures whereby the drain system becomes inoperative and the plenum zone
becomes filled with biofilter leachate; preventing air flow from entering the biofilter.
Other causes are also possible including compacted media due to initial improper media
selection. It should be noted that CH2M HILL performed a performance test on this
biofilter shortly after installation and it was proved to be performing successfully. It is
recommended that the District contact Bohn Biofilter and request that they rectify the
problem. The system is under a 20 year special guarantee with Bohn.
2. The Headworks biofilter has some minor shortcircuiting but is generally performing
well with removal rates of 84 – 99.6 percent for hydrogen sulfide and approximately
71 percent for odor (D/T) at the worst location. It is recommended that additional media
be added at low spots and that weeds be pulled to prevent any possible shortcircuiting
due to root bridging.
3. The ORT unit is not performing well. This unit is a biotower with media that should be
inspected and may be in need of replacement. Performance is low at a removal rate of
only 84 percent for hydrogen sulfide and 64 percent for odor (D/T). Flows to the ORT
are to be reduced per the recent WWTP ORT Rehabilitation and Redundancy project.
Once air flows are balanced, the total ORT capacity will be reduced to 11,100 cfm from
17,460 cfm (a 36 percent reduction). This should improve the ORT performance by
increasing gas residence time. It is recommended that the biotower be performance
tested once air flows are balanced.
4. The anaerobic zones at the aeration basins exhibit higher than anticipated odors with
levels significantly higher than the immediately upstream primary sedimentation tanks
and effluent weir gates. This finding agrees with previous odor sampling results.
5. The recent reduction of the primary sedimentation basin effluent weir hydraulic drops
appears to be successful in reducing odor offgassing. There were no significant
detectable odors around these weirs due to the turbulence caused by the weir drops.
6. In general, methyl mercaptan levels were higher than anticipated.
7. No perceived odors were detected around the anaerobic digesters.
8. The facultative sludge lagoons are not considered a significant odor source.
9. The highest measured odors at the site were found at the grit basins with 1112 ppmV
hydrogen sulfide. The only exception to this was the measured 13.5 ppmV hydrogen
sulfide below the DAFT cover. However, since the DAFT biofilter is currently believed
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to be plugged, this level is considered to be abnormal. These levels are high and
represent a significant concrete corrosion concern due to MIC. It is unknown if these
process areas are installed with concrete coatings or lining systems. Assuming the DAFT
biofilter plugged condition is rectified, it is recommended that ventilation flow rates
from the grit basin be increased to reduce concrete corrosion concerns.
10. It is understood that DSRSD desires to uncover the DAFT tank in order to improve
access to the mechanism for inspection and maintenance. This will pose an odor
containment challenge since removal of the cover will mean dependence on access door
tightness for containment. In addition, with the removal of the cover the required
ventilation rate from this process will have to increase in order to meet turn over rate
criteria. The associated biofilter is sandwiched between two secondary clarifiers and
cannot be expanded. Additional odor control capacity will have to come from a separate
vapor phase odor treatment system or by replacing the existing soil media biofilter with
a system of similar size (e.g. biotowers).
11. Settled Sewage Channel: High odor levels are still being measured at the Settled Sewage
Channel. This may be due to leakage at air valves from a discontinued aeration process,
which was evidenced from general surface turbulence observed in the tank. Surface
turbulence would tend to exacerbate odorous emissions from the liquid to gas phase.
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SAMPLE PLAN
Dublin San Ramon Services District
2008 Update to WWTP Odor Control Focus Areas
Sample Plan
PROPOSED SAMPLE PLAN
A sample plan matrix indicating proposed sample locations, sample types, and number of
samples are provided in Table 1.
TABLE 1

Sample Matrix
2008 Update to WWTP Odor Control Focus Areas
Field Samples
Type

H2S
Jerome

NH3
Tube

ORT In

DT

2

ORT Out

ST

Aeration Basin

FH

Plant Influent

GS

Primary
Sedimentation Tanks

FH

2

1

Primary Effluent
Channel

GS

2

Grit Chambers

FH

Headworks Biofilter
In

Sample Location

2

S
Tube

Lab Samples
Air
Flow

Odor

ORS

1

1

NM

1

2

1

1

NM

1

4

1

NM

1

1

NM

1

NM

1

1

NM

1

2

1

NM

1

DT

2

1

1

NM

1

Headworks Biofilter
Out

FB

10

1

1

NM

1

Headworks
Screenings ScrewFeed Conveyor

GS

2

1

NM

1

DAFT Biofilter In

DT

2

1

1

NM

1

DAFT Biofilter Out

FB

10

1

1

NM

1

Blank

1
Total

40

11

2

6

0

FH = Flux Hood, FB = Flux Box, ST = Stack, DT = Duct, GS = Grab Sample, NM = Not Measured
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SAMPLING AND ANALYSIS METHODS
Parameters
The following parameters will be measured:
•
•
•
•
•
•

Liquidphase dissolved sulfide concentration;
Hydrogen sulfide;
Other Reduced Sulfur Compounds (ORS);
Odor emissions rates from liquid surfaces;
Air flow rates from vapor phase treatment systems.
LiquidPhase Dissolved Sulfide Concentration Measurements

Dissolved sulfide concentrations will be measured at locations indicated in Table 2. This
data will be used to quantify potential of H2S offgassing from the plant and inputted to the
BASTE model. Dissolved sulfide analyses will be performed using adsorption tubes (Gastec
Liquid Phase Sulfide tubes, Part number 211L for 0.520 ppm).
Ammonia Measurements
Ammonia concentrations will be measured at locations indicated in Table 2. This data will
be used for model inputs and model calibration. Ammonia measurements will be
performed using detection tubes (Drager tubes, 230 ppm) with Drager vacuum pump.
Hydrogen Sulfide
H2S will be measured at locations indicated in Table 2. This data will be used for model
inputs and model calibration. A hand held analyzer such as the Jerome 632X H2S Meter (1
50,000 ppbv range) will be utilized. This unit can be rented from Arizona Instruments (1
8005287411).
Reduced Organic Sulfur Compound Analysis
Sampling of reduced organic sulfur compounds shall be performed at the locations
identified in Table 2. At the time the bag sample is taken, process operating parameters shall
be identified and noted.
One liter tedlar bags shall be utilized for sampled air and shipped the same day to an air
quality laboratory for analysis of 20 reduced sulfur compounds per ASTM D5504. A
“blank” sample shall also be obtained. All sample bags shall be placed in a cooler and
shipped to the following:
Air Toxics Ltd.
180 Blue Ravine Road, Suite B
Folsom, CA 95630
(916)9851000
Attn: Kelly Buettner @ X1025
Emissions Rates from Liquid Surfaces
Sampling from liquid surfaces will be performed from processes exhibiting large liquid
surface areas where offgassing can occur. A Flux hood will be utilized in conjunction with
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an air sampling pump to determine the emissions rate. The Flux Hood can be rented from
St. Croix Sensory, Inc. (18008799231).
Vapor Phase Odor Control Air Flow Measurement
Pressure across fans and fan flows will be measured using the TSI Velocity Calc Plus . Flows
will be measured at straight duct lengths to ensure accuracy. Pressure will be measured as
close as practical to the fan inlet and outlet. Air flows from biofilter media will be measured
using a flux box assembly along with the TSI Velocity Calc Plus unit.
Preparation
Before sampling all instruments will be calibrated per manufacturer’s recommendations.
Equipment will be checked for proper operation and batteries charged the day before
sampling.
Photo Log
A photographic record of the sampling/testing technique and sampling/testing locations
will be completed using a digital camera.
Sampling Log
A sampling log will be maintained that will include:
•
•
•
•
•

A hand drawn map showing locations of sampling/testing locations
Sample data including date, time, location, instrument, and results.
A description of each photo
Weather conditions on the test day
A description of any atypical system operations

EQUIPMENT
The following equipment will be utilized for performance testing:
•

Jerome 631 H2S Meter (350,000 ppbv range)

•

Vacuum pump, 1 liter tedlar bags, and cooler

•

Anemometer/Pressure Sensor; TSI Velocity Calc Plus (rented from Ashtead Technology
Rentals; 18002423910)

•

Gastec Liquid Phase Sulfide tubes, Part number 211L for 0.520 ppm

•

Flux Box: For use on biofilter media surface, 17inch x 30inch box with 2inch stack

•

Flux Hood: For use on liquid surfaces (stainless steel hood with flotation tube)

•

Digital Camera.

REPORTING
The final odor sampling results memorandum will provide a narrative of the sampling
activities, findings, results, and any optimization recommendations. Included in the report
will be a copy of the original sample logs, and a tabular summary of the data.
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SAMPLE PHOTOGRAPHS

Gathering 10 Liter Tedlar Bag from ORT Fan

Misting Nozzles at ORT Discharge Stacks
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ATTACHMENT B SAMPLE PHOTOGRAPHS

Pulling Sample from Primary Sed Tank with Flux Chamber

View of Construction Activities at Headworks
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Appendix B
Cost Estimates

Odour Improvement Component 2a

Dublin San Ramon Services District
2008 OCMP Update
Cost Estimate
12/8/2008

Refurbish ORT, install new fan, salvage exisiting ductwork

Equipment components (Vendor Quotes):
Fan
ORT Media

$0 Hartzell 10,000 cfm FRP fan, 14 inches w.c.
$256,795 Based on vendor quote for new biotower. Assumed
media cost was 2/3 of new biotower cost.
$0
$0
$256,795

Carbon Vessel
Carbon
Total Equipment
Equipment Components (estimated)
Ductwork for new biotower

$0
Percent of
Equipment Cost Cost
12%
2%
0%
0%
0%

Additional Project Costs
Demolition
Overall Sitework
Plant Controls
Yard Electrical
Yard Piping
Additional Project Costs:

10%

Subtotal
Subtotal After Contractor Markups

$506,539

10%
Subtotal

MOB/Bond/Insurance

10%
Subtotal

Contingency

48 inch duct, installed

$30,815 10% assumed for removing media & fan, 2% for disposal
$5,136
$0
$0
$0

$29,275
$322,021
$32,202
$354,223
$35,422
$389,645
$116,894
$506,539

Subtotal
Profit

feet of

$35,951
$292,746

Subtotal
Contractor Markups
Overhead

100

30%

Location Adjustment Factor
Subtotal with location adjustment

17%

Market Adjustment Factor

10%

$86,112
$592,651
$59,265

$652,000

Construction Cost (w/market adjustment factor)
Non Construction Costs
Permitting
Engineering
SDC
Commisioning & Startup
Contingency
Owner Legal/Admin/Engineering
Subtotal Non-Construction Costs

Total Capital Cost (Rounded)

1%
5%
3%
2%
0%
5%

$6,520
$32,600
$19,560
$13,040
$0 included in Contractor markups above
$32,600
$104,320

$760,000

Rounded

NOTE: ADD THE FOLLOWING DISCLAIMER TO ANY SUBMITTAL OF THESE ESTIMATES TO THE CLIENT
The attached cost opinion is in December 2008 dollars and does not include future escalation.
Estimate does not include any costs associated with the potential discovery of hazardous materials.
The cost opinion shown has been prepared for guidance in project evaluation from the information
available at the time of preparation. The final costs of the project will depend on actual labor and
material costs, actual site conditions, productivity, competitive market conditions, final project scope,
final project schedule and other variable factors. As a result, the final project costs will vary from
the cost presented above. Because of these factors, funding needs must be carefully reviewed
prior to making specific financial decisions or establishing final budgets.

Odor Improvement Component 4

Dublin San Ramon Services District
2008 OCMP Update
Cost Estimate
4/8/2009

Cover Settled Sewage Channel and Anaerobic Zone. Treat with bioscrubber and carbon.
Equipment components (Vendor Quotes plus 25% for installation):
Covers
Fans
New Biotower

$193,516 Enduro FRP covers - C&T number - primary number + 25% accessories
$9,969 Hartzell 3,200 cfm FRP fan, 14 inches w.c.
$162,315 Siemens 3,200 cfm biotrickling filter with 95% H2S
removal and 70% odor removal
$25,204
$15,123
$406,126

Carbon Vessel
Carbon
Subtotal
Equipment Components (estimated)
Ductwork for new biotower

Ductwork Subtotal

$95,220
$14,950
$11,500
$14,145
$12,466
$148,281

Subtotal

$25,294
$29,027
$54,321

Tank Lining
Basin Prep for Covers

Total Equipment - Installed

230
5
5
3
10

feet of
tees
elbows
dampers
flanges

36 inch duct

$608,728

Percent of
Equipment Cost Cost
2%
2%
2.0%
4.0%
2%

Additional Project Costs
Demolition
Overall Sitework
Plant Computer System
Yard Electrical
Yard Piping
Additional Project Costs:

$73,047
$681,776

Subtotal
Contractor Markups
Overhead

10%
Subtotal

Profit

10%
Subtotal

MOB/Bond/Insurance

10%
Subtotal

Contingency

$12,175
$12,175
$12,175
$24,349
$12,175

30%
Subtotal

Subtotal After Contractor Markups

$68,178
$749,953
$74,995
$824,949
$82,495
$907,444
$272,233
$1,179,677
$1,179,677

Location Adjustment Factor
Subtotal with location adjustment

17%

Market Adjustment Factor

10%

$200,545
$1,380,222
$138,022

$1,518,000

Construction Cost (w/market adjustment factor)
Non Construction Costs
Permitting
Engineering
SDC
Commisioning & Startup
Owner Legal/Admin/Engineering
Subtotal Non-Construction Costs

Total Capital Cost (Rounded)

1%
12%
5%
2%
5%

$15,180
$182,160
$75,900
$30,360
$75,900
$379,500

$1,900,000

Rounded

NOTE: ADD THE FOLLOWING DISCLAIMER TO ANY SUBMITTAL OF THESE ESTIMATES TO THE CLIENT
The attached cost opinion is in December 2008 dollars and does not include future escalation.
Estimate does not include any costs associated with the potential discovery of hazardous materials.
The cost opinion shown has been prepared for guidance in project evaluation from the information
available at the time of preparation. The final costs of the project will depend on actual labor and
material costs, actual site conditions, productivity, competitive market conditions, final project scope,
final project schedule and other variable factors. As a result, the final project costs will vary from
the cost presented above. Because of these factors, funding needs must be carefully reviewed
prior to making specific financial decisions or establishing final budgets.

Odour Improvement Component 1

Dublin San Ramon Services District
2008 OCMP Update
Cost Estimate
8-Apr-09

Upgrade Headworks Biofilter
add cover, new stack booster fan, and new stack structure
Equipment components (Vendor Quotes):
Fan
Cover
Stack Structure
Perimeter Wall Concrete
Stack Concrete Footings
Ductwork

$15,000 10,000 cfm FRP axial fan, 1.5 inches w.c.
$575,000 aluminum cover (10,000 sq ft at $50/cu yd) plus 15%
install.
$20,000 steel support structure
$30,000 assume 50 cuyrds @ $600/cuyrd
$20,000
$20,000

Total Equipment

$680,000

Percent of
Equipment Cost Cost
0%
0.5%
0.5%
1.0%
0%

Additional Project Costs
Demolition
Overall Sitework
Plant Controls
Yard Electrical
Yard Piping
Additional Project Costs:

10%

Subtotal

$69,360
$762,960
$76,296
$839,256
$83,926
$923,182
$276,954
$1,200,136

Subtotal After Contractor Markups

$1,200,136

Subtotal
Profit

10%
Subtotal

MOB/Bond/Insurance

10%
Subtotal

Contingency

No demolition required
Reduced percentage due to large cover cost
Reduced percentage due to large cover cost
Reduced percentage due to large cover cost
No yard piping

$13,600
$693,600

Subtotal
Contractor Markups
Overhead

$0
$3,400
$3,400
$6,800
$0

30%

Location Adjustment Factor
Subtotal with location adjustment

17%

Market Adjustment Factor

10%

$204,023
$1,404,159
$140,416

$1,545,000

Construction Cost (w/market adjustment factor)
Non Construction Costs
Permitting
Engineering
SDC
Commisioning & Startup
Owner Legal/Admin/Engineering
Subtotal Non-Construction Costs

Total Capital Cost (Rounded)

1%
12%
5%
2%
5%

$15,450
$185,400
$77,250
$30,900
$77,250
$386,250

$1,930,000

Rounded

NOTE: ADD THE FOLLOWING DISCLAIMER TO ANY SUBMITTAL OF THESE ESTIMATES TO THE CLIENT
The attached cost opinion is in December 2008 dollars and does not include future escalation.
Estimate does not include any costs associated with the potential discovery of hazardous materials.
The cost opinion shown has been prepared for guidance in project evaluation from the information
available at the time of preparation. The final costs of the project will depend on actual labor and
material costs, actual site conditions, productivity, competitive market conditions, final project scope,
final project schedule and other variable factors. As a result, the final project costs will vary from
the cost presented above. Because of these factors, funding needs must be carefully reviewed
prior to making specific financial decisions or establishing final budgets.

Odor Improvement Component 3

Dublin San Ramon Services District
2008 OCMP Update
Cost Estimate
4/8/2009

Cover Primary Clarifiers & Treat with a bioscrubber and carbon to achieve 90% odor reduction
Equipment components (Vendor Quotes plus 25% for installation):
Covers
Fans
New Biotower

$278,125 Enduro FRP covers - Primaries + 25% accessories
$20,931 Hartzell 6,800 cfm FRP fan, 14 inches w.c.
$340,810 Siemens 6,800 cfm biotrickling filter with 95% H2S
removal and 70% odor removal
$52,921
$31,752
$724,539

Carbon Vessel
Carbon
Subtotal
Equipment Components (estimated)
Ductwork for new biotower

Ductwork Subtotal

$289,800
$35,880
$36,800
$47,150
$12,466
$422,096

Subtotal

$93,750
$41,719
$135,469

Tank Lining
Basin Prep for Covers

Total Equipment - Installed

700
12
16
10
10

feet of
tees
elbows
dampers
flanges

36 inch duct

$1,282,104

Percent of
Equipment Cost Cost
2%
2%
2.0%
4.0%
2%

Additional Project Costs
Demolition
Overall Sitework
Plant Computer System
Yard Electrical
Yard Piping
Additional Project Costs:

$153,852
$1,435,956

Subtotal
Contractor Markups
Overhead

10%
Subtotal

Profit

10%
Subtotal

MOB/Bond/Insurance

10%
Subtotal

Contingency

$25,642
$25,642
$25,642
$51,284
$25,642

30%
Subtotal

Subtotal After Contractor Markups

$143,596
$1,579,552
$157,955
$1,737,507
$173,751
$1,911,258
$573,377
$2,484,635
$2,484,635

Location Adjustment Factor
Subtotal with location adjustment

17%

Market Adjustment Factor

10%

$422,388
$2,907,023
$290,702

$3,198,000

Construction Cost (w/market adjustment factor)
Non Construction Costs
Permitting
Engineering
SDC
Commisioning & Startup
Owner Legal/Admin/Engineering
Subtotal Non-Construction Costs

Total Capital Cost (Rounded)

1%
12%
5%
2%
5%

$31,980
$383,760
$159,900
$63,960
$159,900
$799,500

$4,000,000

Rounded

NOTE: ADD THE FOLLOWING DISCLAIMER TO ANY SUBMITTAL OF THESE ESTIMATES TO THE CLIENT
The attached cost opinion is in December 2008 dollars and does not include future escalation.
Estimate does not include any costs associated with the potential discovery of hazardous materials.
The cost opinion shown has been prepared for guidance in project evaluation from the information
available at the time of preparation. The final costs of the project will depend on actual labor and
material costs, actual site conditions, productivity, competitive market conditions, final project scope,
final project schedule and other variable factors. As a result, the final project costs will vary from
the cost presented above. Because of these factors, funding needs must be carefully reviewed
prior to making specific financial decisions or establishing final budgets.

