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Technical Memorandum 14 

SOLIDS TREATMENT ALTERNATIVES 

Background 

The Durham Advanced Wastewater Treatment Facility (AWWTF) currently ferments and 
thickens the primary sludge (PS) in two gravity thickeners (GTs) in series. The waste activated 
sludge (WAS) along with the chemical sludge (CHS) are pre-thickened in another GT to produce 
thickened WAS (TWAS). Phosphorous from this TWAS is removed during the subsequent 
WASSTRIP process. WASSTRIP effluent is post-thickened using centrifuges and the resulting 
twice thickened WAS (TTWAS) is combined with the thickened primary sludge (TPS) and 
primary scum in digester feed tanks prior to anaerobic digestion. External fats, oils, and 
grease (FOG) is also fed to the anaerobic digesters.  

Two Digester Complex 2 (DC2) digesters are the main anaerobic digesters used at the AWWTF. 
Redundancy is provided in two existing Digester Complex 1 (DC1) digesters. Additionally, DC1 
also contains a digested sludge storage tank which holds all the digestate generated on site prior 
to dewatering. Digestate is dewatered in dewatering centrifuges and the resulting dewatered 
biosolids are hauled off-site for Class B land application. The thickening centrate and the 
dewatering centrate generated during solids treatment are both stored prior to being fed to the 
Ostara process.  

Finally, the AWWTF captures, conditions, and beneficially uses the biogas generated through 
digestion. This biogas is fed to two cogeneration engines that produce power and heat as well as 
boilers that provide supplemental heat. Any excess biogas that cannot be beneficially used is 
flared.  

Technical memorandum (TM) 12 – Solids Capacity Analysis, walks through each of the solids 
processes identified above and provides their existing capacity. This TM uses that information, 
as well as additional drivers identified by plant staff to develop and assess alternatives for future 
solids treatment processes at the AWWTF. The main capacity deficits through the year 2040 was 
found in the digestion process. In addition, the biogas conditioning and end use system could be 
expanded to increase the beneficial use of the digester gas. Thus, this TM focuses on those two 
process areas. Additionally, areas for process optimization were also identified and discussed in 
this TM.  

Summary 

The first portion of this TM focuses on process optimization opportunities. These opportunities 
include primary sludge screening as well as near term options to increase capacity and 
performance of the existing digestion system. 

The second portion of this TM focuses on identifying the best approach for digestion expansion. 
This was conducted in two steps. The first step was a pre-screening evaluation that reviewed a 
number of pre-digestion, digestion, and post-digestion alternatives. The second step was a 
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detailed alternatives evaluation. This step focused on the most promising alternatives evaluated 
in the pre-screening step and compared them on both a capacity and cost basis.  

With the results of this detailed alternatives evaluation, potential future FOG loading and 
subsequent biogas generation was then determined. Additional FOG loading may be possible 
within the existing FOG receiving station capacity, albeit with a shorter retention time. However, 
biogas generation was found to be above the existing system capacity for beneficial use. Thus, 
alternatives for beneficial use of this excess biogas are also discussed in this TM. Based on 
expected future incentives for cogeneration and plant preference, pipeline injection was chosen 
as the recommended optional alternative. With this information and the results of the detailed 
digestion alternatives analysis, a recommended scenario was proposed. A summary of this 
recommended scenario is shown in Table 14.1. A site layout of this recommended scenario is 
presented in Figure 14.1. 

Table 14.1 Recommended Improvements Through 2040 

Recommended Improvement Mid-Point of Construction 
Total Project Cost 

(current dollars) 

Add a Third DC2 Digester 2027 $9,700,000 
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Criteria 

All of the solids treatment alternatives considered in this TM are considered because they meet 
one or more of the Durham AWWTF’s drivers for solids treatment. Additionally, all of the 
alternatives considered follow a consistent set of assumptions. Both these drivers and 
assumptions are outlined in the sections below. 

14.3.1   Drivers 

The AWWTF identified four drivers that informed the alternatives development process. These 
drivers include: 

1. Capacity.
2. Regulations.
3. Improving existing process performance.
4. Maximizing resource recovery.

The first driver identified, capacity, is imperative for the AWWTF to be able to successfully 
process wastewater through 2040 and buildout. Existing plant solids capacity is discussed in 
detail in TM 12 – Solids Capacity Analysis. As described in this TM, the primary capacity limited 
process is digestion. Additionally, the plant is projected to generate more digester gas than the 
existing biogas conditioning and cogeneration systems can utilize. Furthermore, while the 
existing gravity thickening/UFAT process is out of solids thickening capacity, it is not included in 
this alternatives analysis because there is a current project for capacity expansion of this system 
to be completed by 2022. Figure 14.2 presents a timeline for when these capacity limits are 
reached. 

Figure 14.2 Capacity Limited Solids Processes 

As shown in this figure, it is projected that anaerobic digestion will reach capacity in 2027 if the 
solids processes are operated optimally. As described in TM 12, operating the solids processes 
optimally means: 

1. Maintaining the sludge thickness fed to the digesters such that the combined sludge
feed is maintained at 6 percent solids. This necessitates consistently thickening the
TTWAS to 7 percent solids by 2027. Operating at these higher sludge percent solids may
affect the performance of the sludge recirculation pumps. It is recommended that the
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plant experiment in the near term with operating at higher sludge percent solids and see 
if new sludge pumps are needed. 

2. Operating at a volatile solids loading rate (VSLR) of 0.17 pounds volatile solids per 
cubic foot per day (lb VS/cf-d). Historically the VSLR has not been maintained above 
0.16 lb VS/cf-d for sustained periods of time. Thus, it is recommended that the plant 
start operating at these higher loading rates to ensure digester capacity to confirm that 
the process is stable.  

If a thicker sludge feed cannot be maintained, digester capacity could be reached as 2021 for the 
design criteria case as presented in TM 12. Additionally, if a VSLR of 0.17 lb VS/cf-d cannot be 
maintained, digester capacity will be reached in 2024 for the design criteria case. Note, though, 
that the design criteria case assumes maximum month (MM) flows occur when the largest 
digester is out of service. This is a conservative scenario unlikely to occur on a regular basis. 

For additional conservatism, the plant could also consider decreasing the current FOG addition. 
This would reduce both the flow and load to the digesters, gaining additional capacity in the 
system. It is understood that FOG is a major revenue source for the plant, so avoiding a reduction 
in FOG additional is optimal. However, this is one quick way to gain digester capacity if 
necessary. Finally, the plant could bring a DC1 digester online to process indigenous sludge (IS). 
This additional digester would provide additional capacity. However, this option would decrease 
the amount of redundancy available at the plant and may necessitate immediate rehabilitation 
of the DC1 digester to provide more reliable operations. Recent experience with the DC1 
digesters has illustrated existing operational issues with the digesters’ mixing systems. These 
short-term options provide ways for the AWWTF to delay the need for additional digestion 
volume until 2027. However, ultimately more capacity will be needed.  

The second driver for the AWWTF is meeting current and potential future regulations. While 
regulations are covered in TM 4 and the AWWTF is meeting all current regulations, long-term 
solids process planning requires the AWWTF to consider potential future regulations. This helps 
set the plant up well for adapting to these regulations if they are enacted in the future. Two 
potential regulations in particular are worth mentioning in the context of solids treatment. The 
first is achieving Class A biosolids. This higher quality biosolids may be more widely accepted for 
land application in the future.  

The second potential future regulation is the amount of per- and polyfluoroalkyl substances (PFAS) 
in biosolids. This long-lived class of chemicals are not removed in typical wastewater treatment 
plants and thus pass through into the effluent and biosolids. Exposure to PFAS are known to have a 
number of negative effects in humans. Testing completed by the District in 2019 detected the two 
most watched PFAS compounds, Perfluorooctanesulfonic acid (PFOS) and Perfluorooctanoic 
acid (PFOA), at levels of 7.8-9.1 nanograms per gram (ng/g) and 4.1-7.3 ng/g. While these levels are 
typical for plants that have low impacts from industry, it is possible that future regulations may 
require wastewater treatment plants to treat to lower levels. For instance, Maine has screening 
levels of 5.2 ng/g for PFOS and 2.5 for PFOA. Thus, if investing in a new solids treatment process it 
would make sense to consider one that has the potential to remove PFAS, or at least doesn’t 
preclude it. 

The third driver identified is improving existing process performance. Per plant staff, this driver 
primarily relates to primary sludge operation and maintenance (O&M) and dewatering. From an 
O&M perspective, ragging in the existing solids processes has become an issue. Upstream 
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removal of this large debris would reduce downstream O&M costs. Regarding dewatering, 
producing a biosolids cake that is easier to dewater and requires less polymer is a driver for the 
plant. Thus, alternatives that might achieve these goals are included in this TM. 

The final driver for the AWWTF is to continue expanding as a resource recovery facility. To the 
District, this means producing higher value products from existing biosolids and biogas while 
also reducing the volume of low-value products leaving the plant. While this driver is secondary 
to the other three drivers, it is still worth considering as the alternatives below are evaluated.  

14.3.2   Assumptions 

The following assumptions were used for all alternatives considered: 

1. TTWAS concentration of 7 percent total solids. 
2. The limiting operational scenario evaluated was the largest unit out of service (LUOOS) 

during MM flows and loads. 
3. FOG loading would be limited to 30 percent of total loading on a volatile solids (VS) 

basis. 
4. Additional capacity would not be added just to accommodate FOG. 

Pre-Digestion Process Optimization 

This alternatives analysis first focuses on ways the AWWTF can optimize their existing solids 
treatment process. One need identified by the plant was the desire for primary sludge screening 
to prevent large objects from collecting in the primary sludge treatment system and subsequent 
digestion process. The sizing, costs, and layouts for this improvement are discussed in the 
sections below.  

14.4.1   Primary Sludge Screening 

The current digester overflow pipe regularly collects rags, and their removal has become a 
routine. In some cases, the digester contents have overflowed into the plant’s drainage system 
due to the buildup of rags. While there are plans to add a screening system to the FOG 
discharge, another source of the rags is the plant influent An evaluation was performed (see 
Appendix A) that used three different methods to estimate the mass of screenings that may be 
removed if primary sludge screens are installed. Based on the evaluation, it is estimated that 
between 1,100 and 2,100 dry pounds of screenings could be removed per day with primary 
sludge screens in place. Therefore, adding a screening system for the primary sludge would 
further reduce the risk from rags and other clogging solids. 

For screening primary sludge, it is recommended that inline pressurized primary sludge 
screening technology (e.g. Huber’s Strainpress or Hydro International’s Hydro-Sludge Screen) be 
used due to operational familiarity and its success at the Rock Creek AWWTF. Because the 
District has also expressed preference towards in-line pressurized sludge screen technology, 
alternative technologies were not evaluated.  

The screening system would be situated just downstream of the primary clarifiers and upstream 
of the GTs. This location allows for removal of rags and other screenings before they were to 
enter any other processes solids handling process. The screening system details discussed below 
are relative to the screening of primary sludge. FOG and primary scum will not be processed 
through these screens.  
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Assuming an average screened solids density similar to water, approximately 130 to 250 gallons 
per day (gpd) of screened solids would be expected. At this rate, screened solids would 
accumulate at a rate of approximately 4.5 to 9 cubic yards per week. A 10 cubic yard dumpster is 
recommended to allow screened solids hauling once per week. Two dumpsters would be needed 
to ensure the screening system can continue to operate while the other is being hauled.  

The design primary sludge flow conditions are presented in Table 14.2. Sludge screens were sized 
using projected 2040 primary sludge maximum week (MW) parameters. This projected measure 
provides the most conservative sizing and ensures demands in 2040 will be met by the equipment 
selected. Primary sludge pumps will also be sized to accommodate this 2040 MW projected flow. 
Based on historical data from January 2016 to December 2019, the average total solids as a 
percentage of the primary sludge was calculated to be 1.3 percent. Assuming this percent solids 
value, the projected flows of primary sludge were calculated and are shown in Table 14.2.  

Table 14.2 Primary Sludge Screening Design Criteria 

Primary Sludge Screening 
Design Criteria 

2020 
 (Wet Weather) 

2040 Projected  
(Wet Weather) 

AA MM MW AA MM MW 

PS, ppd 35,000 40,800 54,700 47,000 55,300 74,000 

PS, gpd 
(assuming 1.3% solids) 

323,000 376,000 504,000 434,000 510,000 683,000 

Note:  
Abbreviation: AA = annual average. 

Assuming 24 hours per day of operation with 683,000 gpd of primary sludge expected for 2040 
MW projections, this equates to approximately 475 gallons per minute (gpm) of primary sludge 
that must be screened.  

The District has Hydro International Hydro-Sludge Screens at the Rock Creek AWWTF. 
Hydro-International only offers one size of screens which has a capacity of approximately 
600 gpm (864,000 gpd) at 1.3 percent solids The Huber StrainPress Screening system is similar 
and is available in multiple sizes. A StrainPress SP 430 unit has a capacity of up to 925 gpm 
(1.3 million gallons per day [mgd]) at 1.3 percent solids. Huber also offers a smaller unit, the 
SP 290, which has a capacity of approximately 600,000 gpd, which is slightly less than the 
projected MW flow. However, the difference in cost is only approximately $20,000 for each unit. 
For cost estimating purposes, it is assumed that the larger Hydro International unit would be 
installed. 

With either the larger or the smaller units, at least two units would be needed for full 
redundancy. As it is not critical that there is a redundant unit readily available, a more cost 
effective approach is to bypass around the single sludge screen when required for maintenance 
or repair. This strategy will reduce project costs and can be built to allow for a second sludge 
screen to be added in the future.  

As shown in Figure 14.3, the StrainPress Screening system is a horizontal, pipe-shaped, in-line 
screening system. This system is compact, requiring only a small footprint for installation and is 
enclosed, facilitating odor control. The enclosure houses sections for the inlet, a screenings zone, 
a press zone, and a discharge section with pressure regulating device. The Hydro-Sludge Screens 
have a similar configuration. 
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Figure 14.3 Huber StrainPress Screening System 

Screenings collected in the screenings zone are transported to the press zone for dewatering by 
a screw mechanism, allowing screenings removal and dewatering within one system without the 
need for a washwater system. The screen requires a defined pressure differential to operate and 
typically requires the installation of a pumping system upstream for feeding the sludge. 
Numerous installations of inline pressurized sludge screens are currently in place in the US for 
sludge and scum screening applications. 

The sludge screens will likely be located between Primary Clarifiers 3 and 4. This location would 
be beneficial due to the available open space and its proximity to the primary sludge pumps. The 
primary sludge pumps for Clarifiers 1 and 2 are in the Headworks building, and the primary 
sludge pumps for Clarifiers 3 and 4 are in the sludge pump station building adjacent to Clarifier 3.  

All primary sludge pumps are currently scheduled to be replaced due to age and operations and 
maintenance issues. If the District implements primary sludge screening, the replacement 
primary sludge pumps need to be designed to work with the new screens. It is recommended 
that the existing primary sludge pumps be replaced with new pumps sized for 2040 MW 
projected flow, which would result in a total firm capacity of approximately 480 gpm. Pump 
selection will also need to be coordinated with operational strategies (i.e. whether sludge from 
all clarifiers is pumped simultaneously or cycled such that each operates without others pumps 
operating. Primary sludge would be routed from all four primary clarifiers to the new screening 
system, then south to the solids handling building. This configuration would require a building to 
house the sludge screening equipment. Currently, the recommended area does not have any 
existing buildings but is above the underground gallery. Placing a building in this location would 
require further evaluation to avoid any conflicts with the gallery or existing piping, shown in 
Figure 14.4.  
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Figure 14.4 Potential Location of Sludge Screening Building 

The sludge screening building location shown in the figure above is preliminary and would 
require further evaluation to confirm its feasibility, and further optimization to meet the needs of 
Facility operations. This optimization should consider utilizing the existing conduit tunnel; 
combined, screened primary sludge may be able to be sent to the GTs using piping located 
partially in the conduit tunnel. The optimization should also include the building’s distance from 
the paved roadway and access for trucks to haul off the screened solids. In this case, roadway 
access would need to be built between Primary Clarifiers 3 and 4 to allow trucks to access the 
sludge screening building. A potential configuration for this access roadway is shown in 
Figure 14.5.  
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Figure 14.5 Potential Access Way to Sludge Screening Building 

Since the building will need to accommodate the sludge screens and the hoppers or roll-off bins 
for discharged screenings, it will require a 2-story structure or a raised platform if the structure is 
single-story. Further evaluations will need to be conducted regarding the building’s layout, 
features, and potential secondary uses, such as storing other equipment or dedicating space for 
an electrical room. These factors will determine the scope of the building and its cost. For the 
purposes of this evaluation, it is assumed that the building will be only used to house the sludge 
screen system and associated equipment. Therefore, a single-story, prefabricated metal building 
was assumed. Additional assumptions include a 50 ft by 60 ft layout (which may be further 
optimized in the future), no heating, ventilation, and air conditioning (HVAC), no odor control 
system, and a single metal platform for the sludge screening equipment. If warranted, odor 
control may be addressed by installing a bagging system between the sludge screen and the 
dumpster, such that the screenings are contained and bagged as they fall into the dumpster. 
Additionally, the layout assumes that intermediate storage and pumping of screened solids will 
be housed in the gallery below. With these assumptions, the building is expected to cost 
approximately $800,000.  

An example of a prefabricated metal building with a platform for screening equipment is shown 
in Figure 14.6. This photo is shown for reference and is not a layout recommendation. 
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Figure 14.6 Example a Two-Story Sludge Screening Building 

An initial evaluation of site hydraulics shows that intermediate pumping and storage between 
the sludge screens and the GTs may be necessary due to the head loss caused by the screening 
system. Two 15,000-gallon plastic tanks were assumed for 30 minutes of holding time at 
475 gpm. One duty and one standby progressive cavity pump were assumed to send flow to the 
solids handling building, through the heat exchanger, and into the GTs. The tanks and pumps 
would likely be placed in or near the prefabricated metal building. During design, if the final 
placement of the building and the specifications of the sludge screening system suggest that 
intermediate pumping and storage is not required, the project cost may be reduced by 
approximately $500,000.  

Table 14.3 presents for the estimated costs for implementing all of the improvements associated 
with adding sludge screening including: the sludge screens, four new primary sludge pumps, the 
single-story prefabricated building, ancillary equipment, pipe routing, and intermediate pumping 
and storage This estimate does not include additional odor control provisions beyond a bagging 
system, the paved roadway leading to the building, or any potential costs associated with 
modifying existing pipe routing due to potential conflicts with the building, as the price of these 
items may change depending on the final building design.  
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Table 14.3 Primary Sludge Screening Estimated Capital Costs 

Description %  Total 

One Hydro-Sludge Screen Unit   $300,000 

Pipe routing   $200,000 

New Primary Sludge Pumps (replacement of 4 current PS pumps) $420,000 

Excavation   $350,000 

Building (assuming 3000 sf)   $762,000 

Intermediate pumping and tanks (if applicable)   $500,000 

Electrical, Instrumentation and Controls Allowance   $970,000 
Total Direct Cost   $3,600,000 

Contingency 30.0% $1,080,000 
Subtotal   $4,680,000 

General Conditions (mobilization, permits, 
bonds/insurance, etc.) 

10.0% $470,000 

Subtotal   $5,150,000 
General Contractor Overhead and Profit 15.0% $770,000 

Subtotal   $5,920,000 
Total Estimated Construction Cost   $5,920,000 

Engineering, Legal & Administration Fees 25.0% $1,480,000 
Total Estimated Project Cost   $8,000,000 

Note:  
Abbreviations: sf = square feet. 

Based on the overall estimated project cost for implementing sludge screening, it may not be 
cost effective for the District to implement unless the ragging issues in the digesters become a 
significant issue. However, as discussed above, the primary sludge pumps are scheduled to be 
replaced due to condition. As adding primary sludge screening would affect the design criteria of 
the primary sludge pumps as well as optimal location, it is recommended that the District 
complete a more detailed preliminary design of primary sludge screening concurrently with the 
primary sludge replacement pre-design. The preliminary design of the sludge screening should 
focus on the following: 

• System hydraulics including the need for a second pump station. Optimizing the 
hydraulics may be able to eliminate the second pump station, significantly reducing 
costs. Hydraulic evaluation should include detailed pipe routing and evaluation of 
hydraulics of heat exchangers and other downstream equipment that were outside the 
scope of our evaluation. 

• Preferred size and operational strategy for the screens. Costs in table X reflect installing 
a larger Huber unit. Some cost savings may be realized by moving to a smaller unit, 
however based on preliminary quotes the cost savings will be minor and the added 
complications to controls due to the reduced capacity may make the larger unit the 
preferred option. 

• PS pump size and control strategy based on the final sizing and design of the screen. 
• Electrical improvements associated with the improvements as well as other electrical 

improvements that may be completed simultaneously such as relocation of electrical 
gear from the gallery. 
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• Building design and location. The construction of the building is a significant cost that 
may be optimized to reduce costs based on the final screen selection, the need to leave 
space for a redundant unit, and the size and type of construction. Additionally, the 
proposed location for the structure is in an area that may require relocation of 
underground utilities or modifications to the gallery below. 

Prescreening of Solids Stabilization Alternatives 

Before a detailed alternatives analysis was developed, an initial screening of potential solids 
stabilization alternatives was conducted. This prescreening considered pre-digestion, digestion, 
and post-digestion options relative to the AWWTF’s drivers. Table 14.4 summarizes the solids 
options considered and identifies which drivers they meet. The sections that follow provide more 
detail on each of these options considered in this prescreening step. 

Table 14.4 Solids Processes Included in Prescreening 

Process 

Driver 

Capacity 
Regulations 

(Class A) 
Regulations 

(PFAS) 
Performance 

Improvements 

Increase 
Resources 
Recovered 

 Pre-Digestion Processes 

High Temperature 
Thermal Hydrolysis 

         

Low-Temperature 
Thermo-Chemical 
Hydrolysis 

 (1)       

 Alternative Digestion Processes 

Additional Digesters       

High Solids Digestion        

Acid Phase Anaerobic 
Digestion 

       

Temperature Phased 
Anaerobic Digestion 

         

 Post-Digestion Processes 

Hydrothermal 
Liquefaction 

   ~(2)    

Pyrolysis    ~(2)    

Gasification    ~(2)    

Thermal Drying        

Low-Temperature 
Thermo-Chemical 
Hydrolysis 

       

Notes: 
(1) CNP, the PONDUS system manufacturer, offers an option that could meet Class A requirements. However, no such 

Class A systems are installed in the US currently, and the most typical option that focuses on hydrolysis of secondary 
sludge only was considered here. 

(2)  ~ indicates more research is needed to confirm if these processes achieve the stated plant driver. 
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14.5.1   Pre-Digestion Alternatives 

Two pre-digestion alternatives were considered in the prescreening analysis: thermo-chemical 
hydrolysis and thermal hydrolysis. Both alternatives have the potential to improve existing 
treatment performance. Thermal hydrolysis can also help increase capacity and produce a Class 
A product. Each of these options are described in further detail below.  

14.5.1.1   Thermal Hydrolysis 

Thermal hydrolysis processes (THP) are high temperature and pressure systems that generally 
operate between 285 to 355 degrees Fahrenheit (°F) and 90 to 220 pounds per square inch (psi). 
Some of these processes are batch and some are continuous, but all have the potential to 
produce Class A biosolids if all digester feed is processed through THP.  

The goal of THP is to lyse cells to release their contents and make the solids easier to digest and 
dewater. Additionally, because the solids are lysed, digester throughput can be increased and 
the amount of biogas generated can increase while at the same time decreasing the amount of 
biosolids produced.  

There are a number of vendors for THP including Cambi, Kruger/Veolia BioThelys and Exelys, 
Haarslev, Eliquo, and others. Figure 14.7 shows a typical process flow diagram for Exelys. 

  

Figure 14.7 Typical Process Flow Diagrams for THP (Exelys) 

While the benefits of THP are promising, the system is not without its disadvantages. One main 
disadvantage is the technology’s mechanical intensity and higher operation and maintenance 
costs. Additionally, this technology is less mature than other technologies in this industry. For 
example, there are only 50 plus Cambi systems worldwide and even fewer installations for other 
vendors. Specifically, in the United States (US) the longest operating facility has been running 
since 2014 at DC Water (Cambi). In addition to this facility, there are also a couple of facilities that 
have just started up or are about to startup as well as three facilities in construction. Another 
disadvantage of THP is high ammonia loading in the digesters, dewatering centrate, and 
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potentially in the biogas. Higher ammonia in the biogas impacts the NOx content and may require 
additional treatment. Furthermore, THP is an additional process with additional equipment that 
needs to be operated, maintained, and powered. 

While THP was initially considered because it addresses capacity, performance, and resource 
recovery goals, it was eliminated from subsequent evaluation because it does not address PFAS 
concerns and is likely only cost effective if the main driver is producing a Class A product. In 
reviewing all these alternatives with plant staff, producing a Class A product was identified as a 
driver only if the process also removed PFAS. 

14.5.1.2   Thermo-Chemical Hydrolysis 

The second pre-digestion alternative considered is thermo-chemical hydrolysis. This process is 
similar to THP, however, it is a lower temperature and pressure option that instead uses caustic 
for cell lysis and is mainly focused on WAS pre-treatment. The process works by adding 
50 percent caustic at 1,500 to 2,000 parts per million (ppm) and increasing the temperature of 
the sludge to 150 to 160 °F. While this process has a lower energy demand than THP, it does not 
produce a Class A biosolids without further treatment or a modified configuration. 

The main vendor for thermo-chemical hydrolysis is Centrisys who markets their PONDUS 
system. A process flow diagram for this system is shown in Figure 14.8. Like THP, PONDUS 
improves the digestibility of WAS, can increase biogas production, and improves dewaterability 
of the digestate. Figure 14.9 shows how PONDUS can impact cake dryness and polymer dosage.  

 

Figure 14.8 Typical Process Flow Diagrams for PONDUS 
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Figure 14.9 Impact of PONDUS on Cake Dryness and Polymer Dosage 

However, also like THP there are a number of disadvantages to PONDUS that should be 
considered. The first disadvantage is again technology maturity. There is only one facility in the 
US which has been operating since 2016. Furthermore, there are only 5 installations worldwide 
that have been operating since 2005, with two more in design or construction. Other 
disadvantages of PONDUS include that this process uses caustic, only processes WAS, and does 
not produce Class A biosolids in their typical configuration.  

While PONDUS is a newer technology on the market it will be considered further in the detailed 
alternatives analysis because of its potential to reduce polymer usage and increase cake dryness.  

14.5.2   Anaerobic Digestion Alternatives 

Four anaerobic digestion alternatives were considered in this prescreening analysis: continue 
current digestion operations, high solids digestion (HSD), acid phase anaerobic digestion (APAD), 
and temperature phased anaerobic digestion (TPAD). All four of these options would increase 
digestion capacity and all but continuing current operations have the potential to optimize current 
process performance. Finally, TPAD has the potential to produce Class A biosolids. Each of these 
options are described in further detail below.  

14.5.2.1   Continue Current Operation 

The first long term option considered for anaerobic digestion was to continue and expand the 
plant’s current operations. As described above, the AWWTF currently anaerobically digests TPS, 
TTWAS, and FOG in two DC2 digesters. For redundancy, the AWWTF can also treat TPS and 
TTWAS in up to two DC1 digesters. As flows and loads increase at the plant, it is anticipated that 
one additional DC2 digester would be needed in 2027. These three DC2 digesters could then 
treat flows and loads through 2040. This option will be carried forward into the detailed 
alternatives analysis as the base case. 
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14.5.2.2   High Solids Digestion 

High solids digestion was the second anaerobic digestion option considered for the AWWTF. 
HSD increases the solids loading to the digesters and thus intensifies the digestion process, 
increases digester capacity, and reduces required tank volume. This is achieved either through 
pre-thickening or recuperative thickening of the digestate. Figure 14.10 shows a process flow 
diagram for recuperative thickening.  

 

Figure 14.10 Anaergia’s Omnivore HSD Process with Recuperative Thickening 

The main vendor for this technology is Anaergia who markets their Omnivore process for HSD. 
This Omnivore system includes the thickeners as well as high solids mixers mounted on top of 
the digesters with a service box for easy maintenance. Figure 14.11 shows a photo of these 
mixers.  

  

Figure 14.11 Anaergia’s Omnivore High Solid Mixers and Service Boxes 

While there are a number of capacity advantages to the Omnivore process, there are also a few 
disadvantages to be aware of. These disadvantages include first and foremost technology 
maturity. In the US, Victor Valley, CA is the only Omnivore system operating on municipal solids. 



TM 14 – SOLIDS TREATMENT ALTERNATIVES | EAST BASIN 2019 MASTER PLAN PROJECT | CLEAN WATER SERVICES 

 FINAL | JUNE 2021 | 14-19 

However, two other Omnivore systems are under construction at South San Francisco, CA and 
Camden, NJ. These limited installations mean that the Omnivore high solids mixer technology is 
relatively unproven so the longevity, ragging, etc. is fairly unknown. Another disadvantage of 
HSD is the need for additional processing equipment that needs to be operated, maintained, and 
powered. Furthermore, this packaged system has limited competition.  

Because of the potential to eliminate the need for additional digesters with this process, 
Omnivore will be carried forward into the detailed alternatives analysis.  

14.5.2.3   Acid Phase Anaerobic Digestion 

APAD is another anaerobic digestion configuration considered for the AWWTF. APAD is a 
two-step anaerobic digestion process that produces Class B biosolids. The first step optimizes for 
fermentation and thus has a short solids retention time (SRT) – typically 3 days – and is highly 
loaded. This step is also acidic with a pH of around 5.2. Acid forming microorganisms thrive in 
this environment and produce volatile fatty acids which are consumed in the second step of the 
process. This second step is optimized for methanogens with a longer SRT – typically 12 days – 
and a higher pH of around 7.8. This step is where the majority of biogas is produced. Figure 14.12 
shows a typical acid phase digestion set up.  

 

Figure 14.12 Typical APAD Configuration 

The advantages of APAD is that it can accommodate a higher VS loading rate (up to 2.5 lb VS/cf-d), 
thus decreasing the volume required for digestion. Additionally, the process stability of the 
methane phase is significantly improved, is easier to feed, and is more robust for FOG and other 
organic shock loads. Finally, APAD also can improve biogas production and biogas quality from the 
methane phase digester as well as reduce solids sent to dewatering.  

However, there are a number of disadvantages to APAD as well. Firstly, it can become unstable if 
insufficiently loaded and mixed or if the SRT is too long. Secondly, the biogas quality from the 
acid phase has a low British thermal unit (BTU) content and elevated hydrogen sulfide levels. 
Additionally, there can be high ammonia loads in the recycle and the sludge produced is more 
odorous than conventional mesophilic digestion. Finally, it is more complex to operate because 
of its staged approach.  

While APAD was initially considered because of existing excess DC1 capacity, the location of DC1 
relative to DC2 makes APAD operation more difficult than originally intended. For this reason 



CLEAN WATER SERVICES | EAST BASIN 2019 MASTER PLAN PROJECT | TM 14 – SOLIDS TREATMENT ALTERNATIVES 

14-20 | JUNE 2021 | FINAL  

and because APAD does not produce a Class A product or remove PFAS, it is not considered 
further. 

14.5.2.4   Temperature Phased Anaerobic Digestion 

TPAD was the final digestion configuration considered for the AWWTF. Similar to APAD, TPAD 
also operates in a two-step process. However, this process is optimized differently with 
thermophilic digestion as the first step and mesophilic digestion as the second step. 
Thermophilic digestion operates at a temperature range of 122 to 133 °F. This first step increases 
hydrolysis and the digestion rate while the second mesophilic step reduces VFAs and odors. The 
SRT for the first TPAD step is around 5 days and for the second step, around 10 days. Unlike 
APAD, TPAD produces Class A biosolids. Figure 14.13 shows a typical TPAD configuration. 

 

Figure 14.13 Typical TPAD Configuration 

Some advantages of TPAD include increased VS loading rates (up to 0.3 ppd/cf), increased 
volatile solids reduction (VSR) and shorter SRTs. Additionally, this process decreases odors and 
reduces solids sent to dewatering. However, TPAD also has a number of disadvantages. These 
disadvantages include increased energy demand for the thermophilic stage, high ammonia in 
the thermophilic phase sludge, potential for struvite and vivianite formation, and poor digestate 
dewaterability. Additionally, there can be issues with the moisture content in the biogas. Finally, 
like APAD, this process is more complex to operate because of its staged approach. 

Like APAD, TPAD was originally considered because of existing excess DC1 capacity. However, 
the relative locations of DC1 and DC2 make implementing a two-stage digestion process difficult 
and expensive to implement. For this reason, TPAD is not considered further in this analysis.  

14.5.3   Post-Digestion Alternatives 

Five post-digestion alternatives were considered in the prescreening analysis. These options 
include hydrothermal liquefaction, pyrolysis, gasification, thermal drying, and thermal 
hydrolysis. All five of these options produce a Class A product and help achieve the facility’s 
driver of increasing resource recovery opportunities. Furthermore, there is some preliminary 
indication that hydrothermal liquefaction, pyrolysis, and gasification can help reduce PFAS in 
biosolids. Each of these options are described in further detail below.  
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14.5.3.1   Hydrothermal Liquefaction 

The first post-digestion alternative considered was hydrothermal liquefaction. This is a high 
temperature (660 °F) and high pressure (2,900 pounds per square inch gauge [psig]) process in 
the presence of oxygen. There are two stages: the hydrothermal liquefaction (HTL) stage and 
the catalytic hydrothermal gasification (CHG) stage. The first stage can be operated by itself to 
produce biocrude oil, solid precipitate high in phosphorous, and a liquid “tea” that can be added 
to the digesters to increase biogas production. If the second stage is added, this stage converts 
the liquid “tea” into biogas and effluent water high in ammonia. See Figure 14.14 for a typical 
process flow diagram.  

 

Figure 14.14 Hydrothermal Liquefaction Process Flow Diagram (Genifuel) 

There are two main vendors for this process: Genifuel and Algae Systems. However, there are 
currently no full-scale facilities running on biosolids from either vendor. There are two facilities in 
design: one in Canada and one in California. Based on conversations with Genifuel, it is 
understood that PFAS destruction through their process has been studied at Pacific Northwest 
National Lab. These studies indicate many PFAS species are destroyed by the first phase of the 
process. According to Genifuel these studies also indicate that “PFAS destruction is assured” if 
the second stage is added. However, we have not seen the raw data or peer-reviewed papers to 
support these claims. 

Thus while, PFAS treatment may be proven in the near future for Genifuel and other 
hydrothermal liquefaction processes, at this time the degree to which PFAS is removed through 
this process is unknown. For this reason, and because there is no immediate regulatory driver to 
produce a Class A product, hydrothermal liquefaction will not be considered further. 
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14.5.3.2   Pyrolysis 

The second post-digestion process considered for the AWWTF was pyrolysis. This process 
operates at temperatures above 800 degrees Fahrenheit in the absence of oxygen. It produces 
syngas, biochar, and pyro oil. Prior to pyrolysis, the biosolids need to be dried. There are a few 
vendors that produce pyrolysis units for biosolids. These vendors include BioforceTech, KORE, 
and Anaergia. Of these three vendors only BioforceTech has a facility in operation. This facility 
has been in operation since 2017 in California. The other two vendors have pilot facilities 
planned. One unique feature of BioforceTech is the biodryer they couple with their pyrolysis unit. 
These biodryers, while they take up a large footprint, can run on the heat produced in the 
pyrolysis units. A process flow diagram for the pyrolysis portion of the process is shown in 
Figure 14.15.  

 

Figure 14.15 Pyrolysis Process Flow Diagram (BioforceTech) 
Note: This diagram does not include the required drying step that occurs prior to pyrolysis.  

Like hydrothermal liquefaction, there has been some preliminary studies done by pyrolysis 
vendors to assess the removal of PFAS through their processes. For example, BioforceTech 
conducted an internal study of 38 PFAS compounds and found all were non-detect in the biochar 
after treatment in their pyrolysis system. Additionally, Anaergia has found no PFAS in their 
biochar. Instead it is present in the bio-oil. Thus, the bio-oil may require disposal or could be 
recycled back to the digester for additional treatment. Again, like hydrothermal liquefaction, we 
have not seen any raw data or peer-reviewed papers on the PFAS analyses described above.  

Thus while, PFAS treatment may be proven in the near future for pyrolysis, at this time the 
degree to which PFAS is removed through this process is unknown. For this reason, and because 
there is no immediate regulatory driver to produce a Class A product, pyrolysis will not be 
considered further. 
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14.5.3.3   Gasification 

The third post-digestion option considered was gasification. This process operates at a 
temperature range between 1,500, and 1,600 °F in the presence of limited oxygen. There are two 
types of gasification: fluidized bed and downdraft. Fluidized bed gasification is more common 
for municipal sludge gasification. Like pyrolysis, gasification produces a syngas and biochar and 
is typically preceded by a dryer. There are three main vendors for municipal sludge gasification. 
These vendors include Aries, Element Carbon, and Ecoremedy. Aries has a facility that has been 
operating since 2016 in Tennessee, Ecoremedy has a facility under construction in Pennsylvania, 
and Element Carbon has a demonstration facility in Nebraska. Figure 14.16 shows a typical 
process flow diagram for gasification. 

 

Figure 14.16 Gasification Process Flow Diagram (Aries) 
Note: This diagram does not include the drying step that typically occurs prior to gasification.  

There has been some preliminary work done by Aries to determine what happens to PFAS in 
their gasification system. Specifically, Aries conducted testing through the University of North 
Dakota on their gasifier at 950 °F. The feed material was not municipal solids, but results showed 
99.5 percent removal in the biochar. However, no testing of syngas was done. Aries states that it 
is “unlikely” that any PFAS would survive the high temperatures of the thermal oxidizer. While 
this preliminary work is promising, we have not received any raw data or peer-reviewed papers 
on the PFAS analysis described above. 

Thus while, PFAS treatment may be proven in the near future for gasification, at this time the 
degree to which PFAS is removed through this process is unknown. For this reason, and because 
there is no immediate regulatory driver to produce a Class A product, gasification will not be 
considered further. 

14.5.3.4   Thermal Drying 

Thermal drying is the most mature post-digestion process considered, with many vendors 
providing thermal drying options (e.g. Andritz, Huber, Komline Sanderson, NEFCO, Suez, Wright 
Tech, etc.). Thermal drying uses thermal energy to evaporate moisture from digested, 
dewatered biosolids, resulting in a Class A product. Thermal drying operates at a temperature 
between 700 and 1,000 °F in the presence of excess oxygen. The product is dried biosolids. The 
two common drying processes are direct drying (convective) and indirect drying (conductive). 
Direct drying is typically done in either a drum dryer or belt dryer while indirect drying is typically 
done in either a paddle dryer or fluidized bed dryer. The main disadvantage of thermal drying is 
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its high energy demand. Additionally, preliminary work done to evaluate PFAS concentrations in 
dried biosolids indicate that thermal drying does not remove PFAS (Lazcano et al., 2019).  

For this reason, and because there is no immediate regulatory driver to produce a Class A 
product, thermal drying will not be considered further. 

14.5.3.5   Thermo-Chemical Hydrolysis 

The final post-digestion process considered was thermo-chemical hydrolysis. Lystek is the main 
vendor for this process. This process operates at a temperature of 167 °F and a pH of 9.5. Like 
pre-digestion thermo-chemical hydrolysis, an alkali chemical is added to the biosolids. Steam is 
also added to the Lystek reactor and the alkali, biosolids, and steam are mixed. The product is a 
liquid fertilizer. A typical process flow diagram for the Lystek process is shown in Figure 14.17. 

 

Figure 14.17 Post-Digestion Thermo-Chemical Hydrolysis Process Flow Diagram (Lystek) 

Lystek has multiple facilities in operation in Canada as well as one facility in California and one 
facility on Minnesota. Two potential downsides to the Lystek process are the need to establish a 
liquid fertilizer market and preliminary evidence that the Lystek process does not remove PFAS 
(Lazcano et al., 2019). 

For these reasons, and because there is no immediate regulatory driver to produce a Class A 
product, the Lystek process will not be considered further. 

Detailed Solids Stabilization Alternatives Evaluation 

Based on the results of the solids stabilization prescreening, Table 14.5 shows which alternatives 
were carried forward into the detailed alternatives evaluation. The sections that follow describe 
each of these alternatives in more detail. 
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Table 14.5 Solids Processes Included in Alternatives Evaluation 

Process Capacity 
Regulations 

(Class A) 
Regulations 

(PFAS) 
Performance 

Improvements 

Increase 
Resources 
Recovered 

Pre-Digestion Processes 

Thermo-Chemical 
Hydrolysis (PONDUS) 

        

Alternative Digestion Processes 

Additional Digesters       

High Solids Digestion        

14.6.1   PONDUS 

The first alternative considered is the only pre-digestion alternative. This alternative could be 
coupled with either of the digestion alternatives that follow. As described above, PONDUS is a 
pretreatment for WAS that lyses the cells to make them easier to digest and dewater as well as 
produce more biogas. Quantitatively, per the vendor, PONDUS can: 

• Decrease polymer usage by up to 20 percent. 
• Produce a dryer cake by 3 to 6 percent. 
• Increase the VSR and biogas production by up to 6 percent. 
• Decrease sludge viscosity reducing pumping issues and heating / pumping / mixing 

energy usage. 

To determine if PONDUS makes sense for the AWWTF, a two-step approach was taken. First, we 
confirmed if there was sufficient space for this system. Then we conducted a high-level 
economic analysis to determine if the operational benefits offset the cost of the facility. 

There is available space at the AWWTF for a PONDUS facility in the existing Solids Building as 
shown in Figure 14.18. This provides around 2,700 sf for the PONDUS system. Based on 
preliminary estimates from the vendor, by 2040 three cell lysis reactors and associated heat 
exchangers and pumps would be needed. Each reactor system requires approximately 1,000 sf. 
Thus, it would be tight to fit all three reactors in the available 2,700 sf space. However, it may be 
possible. 

 

Figure 14.18 Space at the Existing Solids Building for PONDUS 
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Additionally, the PONDUS system requires a sodium hydroxide storage and metering system to 
dose around 54 gpd of caustic in 2040 to the reactors. The AWWTF has an existing caustic 
storage tank that could potentially be used. If there is available capacity in the existing caustic 
storage tank, it is possible that a PONDUS system would fit onsite. With this information we 
moved on to a high-level economic analysis.  

An initial quote for the PONDUS system equipment was provided. This quote indicates that the 
equipment alone would cost roughly $3.6 million. Converting this to a high-level construction 
cost, the full PONDUS system would likely cost around $10 million. We compared this capital 
cost to the expected annual savings from decreased polymer consumption and disposal of dryer 
cake. We found that it would take roughly 50 years to pay back the PONDUS capital cost alone. 
For this reason, we do not recommend adding PONDUS at the AWWTF and did not consider it 
further. 

14.6.2   Conventional Digestion 

Continuing with conventional digestion is the first detailed digestion alternative considered. 
With this alternative, conventional digesters would be added as needed to DC2 to accommodate 
flows and loads through 2040 and buildout. To determine the number of digesters needed, we 
looked at the limiting case described in the assumptions section above. Namely, we assumed 
that one DC2 digester was offline during MM flows and loads. In this case, the plant will bring the 
two DC1 digesters online to accommodate TPS and TTWAS flows not treated in the online DC2 
digester. Figure 14.19 shows how much of the MM flow cannot be treated in the two DC1 
digesters and thus what must be accommodated in the online DC2 digester. The three colored 
lines represent the IS only, the IS plus a moderate amount of FOG, and IS plus the maximum 
amount of FOG flows over time. The horizontal dotted black lines indicate the capacity of the 
DC2 complex for various numbers of digesters (2 DC2 digesters, 3 DC2 digesters, and 4 DC2 
digesters). The vertical black lines indicate when an additional digester is needed. As shown in 
this figure, in 2027 a third DC2 digester is needed. This figure also shows that sometime between 
2053 and 2073 a fourth DC2 digester will be needed. The timing of this fourth digester will 
depend on how much FOG the plant wishes to accept during this limiting case (MM flows and 
loads with the LUOOS). Note that only the flow limiting graphs are shown. Solids limiting graphs 
were also developed. However, the years the solids limiting graphs trigger a new digester is the 
same year the flow limiting graphs trigger a new digester when following the moderate FOG 
projection. 
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Figure 14.19 Base Case Flow Projections for Flow Sent to DC2 during MM Conditions with the LUOOS  
Note that the yellow line matches current FOG flows except around 2020 – 2030 where FOG flows are 
decreased to maintain a maximum VS ratio of 30 percent FOG VS to total VS during this limiting LUOOS 
case. Also note that this graph shows flows to DC2 digesters only. As described in the text above, the 
remaining flow / load not shown on this graph is sent to 2 DC1 digesters to max out DC1 digester capacity 
when one DC2 digester is out of service. 

Whether a DC2 digester could be taken out of service during AA flow without having to rely on 
DC1 was also considered. The green highlighted years in Figure 14.20 shows when this is 
possible. Namely, for the first 10 years after a third DC2 digester is built and through buildout 
once a fourth DC2 digester is constructed.  

Figure 14.21 shows a proposed site layout for these two additional digesters.  
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Figure 14.20 Base Case Flow Projections for Flow Sent to DC2 during AA Conditions with the LUOOS 

 

Figure 14.21 Base Case Proposed Site Layout 
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Capital, O&M, and equivalent uniform annual costs (EUAC) were also developed for this 
alternative. EUAC costs are similar to life cycle costs and represent the annualized construction 
cost plus the cost of O&M. These costs, along with the amount of FOG that could be processed 
with this alternative are presented in Table 14.6. A more detailed capital cost spreadsheet can be 
found in Appendix 14A. Note that for the O&M costs developed, only digestion costs were 
included. These costs include:  

• Digester Mixing. 
• Digester Heating. 
• Digester Operation and Maintenance. 
• HSD Screw Thickeners. 
• HSD Thickening Polymer Consumption. 
• HSD Operation and Maintenance. 

Between the digestion alternatives considered, costs associated with dewatering and hauling 
had minimal impact on differentiating the alternatives. Furthermore, O&M revenue from biogas 
use was not included as biogas use is discussed in subsequent sections and is dependent on how 
much FOG the AWWTF is able to bring to the plant for processing. Additionally, FOG tipping 
revenue is also not included. However, as stated above, Table 14.6 does show how much FOG 
could be processed at the plant if additional FOG sources are identified in the future.  

Table 14.6 Configuration and Cost of the Base Case Digestion Alternative 

 Base Case 

Number of DC2 Digesters Needed Before 2040 3 Conventional 

Number of DC1 Digesters Needed Before 2040 2 Conventional 

AA FOG Flow w/ AUIS (gpd)(1) 45,300 

MM FOG Flow w/ AUIS (gpd) 52,800 

MM FOG Flow w/ LUOOS (gpd) 37,600 

Total Project Cost (current dollars) $9,700,000 

O&M Cost at 2040 Flows (Digestion Only) $253,000 

EUAC Cost(2) $588,000 
Notes: 
Abbreviation: AUIS = all units in service. 
(1) Used to develop O&M costs. 
(2) EUAC cost represents the annualized construction cost plus expected 2040 O&M costs. 

14.6.3   High Solids Digestion 

The second digestion alternative considered was high solids digestion. Before sizing and costing 
this alternative, it is important to first discuss the digester capacity limits for HSD. While the 
15-day SRT is still applicable, HSD can potentially operate at higher VSLRs. This allows for 
operating the digesters at a thicker percent solids thus gaining SRT capacity as well. The sections 
that follow will first discuss what VSLR was chosen for HSD at the AWWTF and why and then 
discuss the sizing and costing of this alternative.  
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14.6.3.1   Volatile Solids Loading Rate 

As described in TM 12, we established an upper limit for VSLR with conventional digestion of: 

• 0.17 lb VS/cf-d for IS only digestion. 
• 0.24 lb VS/cf-d for IS & FOG digestion. 

There is limited data for acceptable VSLRs with HSD. Two data sources were provided by Anaergia 
for HSD of IS and IS plus FOG. The first data source is operating data from Victor Valley where 
municipal solids were co-digested with organic waste. This data is presented in Figure 14.22. As 
shown in this figure, the maximum VSLR consistently observed was around 0.28 lb VS/cf-d.  

The second data source was from a treatment plant in Singapore that also co-digested municipal 
solids with organic waste. This data set, shown in Figure 14.23, also had limited VSLR data for 
municipal solids only digestion. As shown in this figure, the maximum 30-day average VLSR for 
co-digestion with organic waste was around 0.28 lb VS/cf-d, similar to Victor Valley. 
Furthermore, the limited VSLR for municipal solids only was around 0.20 lb VS/cf-d (ppd VS/cf).  

 

Figure 14.22 Victor Valley HSD Data (Anaergia) 
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Figure 14.23 Singapore PUB HSD Data (Anaergia) 

Table 14.7 includes assumed loading rates for HSD and the loading rates to VSLRs for 
conventional digestion in both DC1 and DC2. Note that only DC2 is able to accept FOG. As 
shown in the table, we see that adding HSD to DC2 only gains an additional 17 percent capacity 
in the existing digesters. Furthermore, if it is assumed that the HSD VSLR for municipal solids 
only is around 0.2 lb VS/cf-d, as the limited data above suggests, HSD would only add an 
additional 17 percent capacity in the existing DC1 digesters. These capacity gains do not justify 
the costs of HSD. However, if HSD is added to DC1 and HSD is able to achieve a VSLR of 
0.28 lb VS/cf-d, adding HSD would increase existing DC1 capacity by 65 percent. This capacity 
gain merits further investigation. Thus, adding HSD to DC1, assuming an HSD VSLR of 
0.28 lb VS/cf-d, is further explored in the subsequent analysis.  

Table 14.7 VSLRs and Capacity Gained from HSD 

 DC1 DC2 

Conventional VLSRIS (lb VS/cf-d) 0.17 0.17 

Conventional VLSRIS+ FOG (lb VS/cf-d) NA 0.24 

HSD VLSRIS (lb VS/cf-d) 0.20 0.28 0.20 – 0.28 

HSD VLSRIS+ FOG (lb VS/cf-d) NA NA 0.28 

Capacity gained from HSD 17% 65% 17% 
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14.6.3.2   High Solids Digestion in Digester Complex 1 

For this alternative it was assumed both DC1 digesters would be converted to HSD. This provides 
the needed redundancy if one of the DC1 digesters is offline. Figure 14.24 shows how this 
alternative would operate during normal conditions when all units are in service at 2040. 
Figure 14.25 shows how this alternative would operate during conditions with the LUOOS at 
2040. Both of these figures assume pre-thickening, however, the recuperative thickening option 
would look similar. As shown in these figures, it is assumed that as much TPS and TTWAS as 
possible is sent to DC2 to ensure FOG can be maximized by maintaining at 30 percent VS ratio of 
FOG VS loading to total VS loading. The remaining IS is then sent to the DC1 digesters.  

 

Figure 14.24 2040 HSD Process Flow Diagram with AUIS 
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Figure 14.25 2040 HSD Process Flow Diagram with LUOOS 

With these assumptions, we then looked at the limiting case described in the assumptions section 
above (LUOOS at MM flows and loads). Like the base case, the largest unit is still a conventional 
DC2 digester. During this limiting case we’re assuming that as much IS as possible is sent to DC1 
to avoid triggering an additional DC2 digester sooner than needed. Figure 14.26 shows how much 
of the MM load cannot be treated in the DC1 HSDs. As shown in this figure, no additional 
digesters are needed by 2040. One additional DC2 digester will be needed in 2055. Note that we 
are only showing the solids limiting graph. Flow limiting graphs were also developed. However, 
they were found not to govern when triggering the need for an additional digester. 

Figure 14.27 shows a proposed site layout for HSD by 2040.  
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Figure 14.26 HSD Flow Projections for Load Sent to DC2 during MM Conditions with the LUOOS  
Note that this graph shows flows to DC2 digesters only. It assumes remaining flow / load is sent to 2 DC1 
digesters to max out DC1 digester capacity. 

 

Figure 14.27 HSD Proposed Site Layout 
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Capital and O&M costs along with EUAC were also developed for this alternative. These costs, 
along with the amount of FOG that could be processed with this alternative are presented in 
Table 14.8. A more detailed capital cost spreadsheet can be found in Appendix 14A. Like the 
base case above, only digestion O&M costs are included. Note that costs were developed for 
both pre-thickening and recuperative thickening HSD.  

Table 14.8 Configuration and Cost of the HSD Alternative 

 Pre-Thickening 
Recuperative 

Thickening 

Number of DC2 Digesters Needed Before 2040 2 Conventional 2 Conventional 

Number of DC1 Digesters Needed Before 2040 2 HSD 2 HSD 

AA FOG Flow w/ AUIS (gpd)(1) 37,600 

MM FOG Flow w/ AUIS (gpd) 37,600 

MM FOG Flow w/ LUOOS (gpd) 18,800 

Total Project Cost (current dollars) $14,100,000 

O&M Cost at 2040 Flows (Digestion Only) $403,000 $399,000 

EUAC Cost(2) $960,000 $930,000 
Notes: 
(1) Used to develop O&M costs. 
(2) EUAC cost represents the annualized construction cost plus expected 2040 O&M costs. 

14.6.4   Recommended Alternative for Digestion Expansion 

Table 14.9 compares the anticipated capital and O&M costs along with the EUAC for the 
digestion expansion using conventional digestion and the two HSD alternatives in DC1. As is 
shown in Table 14.9, both the estimated project cost and the O&M costs are lower for 
conventional expansion than for either HSD alternative. For these reasons, we recommend 
expansion with conventional digestion.  

Table 14.9 FOG Capacities with Each Digestion Alternative 

 
Conventional 

Digestion 
HSD 

Pre-Thickening Recuperative Thickening 

Number of DC2 Digesters Needed 
Before 2040 

3 
Conventional 

2  
Conventional 

2  
Conventional 

Number of DC1 Digesters Needed 
Before 2040 

2 
Conventional 

2 HSD 2 HSD 

AA FOG Flow w/ AUIS (gpd)(1) 45,300 37,600 

Total Project Cost $9,700,000 $14,100,000 

O&M Cost at 2040 Flows 
(Digestion Only) 

$253,000 $403,000 $399,000 

EUAC Cost(2) $588,000 $960,000 $930,000 
Notes: 
(1) Used to develop O&M costs. 
(2) EUAC cost represents the annualized construction cost plus expected 2040 O&M costs. 
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FOG Receiving 

The two digestion alternatives, base case and HSD, each can accommodate a different amount 
of FOG. Table 14.10 summarizes these FOG amounts for each scenario under both AA and MM 
conditions. The current FOG receiving facility is designed with two FOG tanks, each with a 
volume of 37,500 gallons. Table 14.10 also summarizes the number of days of storage the 
existing FOG receiving facility would provide for each alternative’s FOG capacity.  

Table 14.10 Maximum FOG Capacities with Each Digestion Alternative 

 
Base Case 

HSD (Pre- and Recuperative 
Thickening) 

2040 Buildout 2040 Buildout 

AA w/ AUIS     

FOG Flow (gpd) 45,300(1) 75,600 37,600(1) 56,500 

FOG Storage Time (days) 1.7 1.0 2.0 1.3 

MM w/ AUIS      

FOG Flow (gpd) 52,800 75,300 37,600 56,500 

FOG Storage Time (days) 1.4 1.0 2.0 1.3 

MM w/ LUOOS      

FOG Flow (gpd) 37,600 56,500 18,800 37,600 

FOG Storage Time (days) 2.0 1.3 4.0 2.0 
Note: 
(1) 2040 AA w/ AUIS were used to develop O&M costs. 

In addition to considering storage time at the existing FOG receiving facility, the potential 
revenue from this FOG was calculated for each alternative. Annual revenues for 2040 FOG flows 
during AA conditions with AUIS are shown in Table 14.11. As shown in this table the base case 
has a higher revenue potential than the HSD alternatives. 

Table 14.11 Maximum Potential 2040 Revenues from FOG for Each Digestion Alternative 

Alternative Tipping Fee Revenue at 2040 AA Flows(1) 

Base Case $1,141,000 

HSD (Pre- and Recuperative Thickening) $948,000 
Note: 
(1) A tipping fee unit cost of $0.069 per gallon was assumed. 

While this potential revenue is promising, a market study should be done to evaluate the ability 
of the surrounding area to supply the projected FOG amounts. Furthermore, operating with 
these larger FOG volumes is dependent on the comfort level of staff to operate with shorter 
detention times in the FOG receiving facility.  

Biogas Utilization 

Because each digestion alternative can accommodate different amounts of FOG, the amount of 
biogas generated for each alternative is different. Table 14.12 shows the expected biogas 
generation for each alternative for both AA and MM conditions in 2030, 2040, and buildout, 
assuming maximum FOG loading.  
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Table 14.12 Biogas Generated with Each Digestion Alternative 

 
Base Case 

HSD (Pre- and Recuperative 
Thickening) 

2030 2040 Buildout 2030 2040 Buildout 

AA w/ AUIS       

Total Biogas Flow (scfm) 720 830 1,390 700 760 1,200 

MM w/ AUIS        

Total Biogas Flow (scfm) 840 970 1,440 760 820 1,260 

MM w/ LUOOS        

Total Biogas Flow (scfm) 760 820 1,260 570 640 1,070 
Note:  
(1) Abbreviation: scfm = standard cubic feet per minute.  

A process flow diagram of the current biogas conditioning system is shown in Figure 14.28. 
Under normal conditions, the hydrogen sulfide vessels are operated in parallel, the 
moisture/particulate filters are operated in parallel, one gas booster blower is running, and the 
siloxane removal vessels are operated in series. Each compressor has a capacity of 460 scfm. The 
moisture removal system also has a capacity of 460 scfm. The hydrogen sulfide and siloxane 
removal vessels have a firm capacity of 690 scfm. Additionally, the existing cogeneration system 
(two 848 kilowatt [kW] engines) has the capacity to combust 430 to 550 scfm of biogas, 
depending on the observed electrical efficiency. Because projected digester gas production rates 
exceed the firm capacity of both the digester gas conditioning and digester gas beneficial use 
systems, additional biogas conditioning and beneficial use capacity could be added before 2040 
if the AWWTF wishes to beneficially use all the biogas generated.  

When the cogeneration engine was constructed, the AWWTF made an agreement with the 
Energy Trust of Oregon (ETO) to provide incentive money for constructing the cogeneration 
engine in exchange for the Renewable Energy Certificates (RECs) generated from producing 
renewable electricity. Based on conversations with plant staff, this agreement ends in 
approximately ten years. Thus, plant staff would like to continue operating the existing 
cogeneration system at capacity for the next ten years to payback their cogeneration incentive 
agreement with the ETO. After this time, the AWWTF is freer to explore other biogas end uses 
and more interested in exploring compressed natural gas (CNG). In general, current economics 
tend to favor conversion of biogas to CNG for pipeline injection due to credits and the market for 
renewable fuels for the transportation sector. This revenue tends to be higher than the relatively 
inexpensive power costs in this region of the country. Additionally, the plant would like to 
explore CNG alternatives to beneficially use the excess biogas generated within the next ten 
years that cannot be utilized in their existing cogeneration system. The sections that follow 
discuss potential CNG end uses for this excess biogas as well as the conditioning capacity needed 
to utilize this additional biogas. 
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Figure 14.28 Existing Biogas Conditioning System Process Flow Diagram  
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14.8.1   Vehicle Fueling 

The first alternative considered for CNG end use was vehicle fueling. Use of biogas for the 
production of CNG for vehicle fuel has gained increasing interest over the past decade due to the 
economic benefit of offsetting vehicle fuel rather than producing electricity. CNG fueling stations 
are becoming increasingly common, especially along highway corridors. Figure 14.29 shows the 
existing natural gas fueling stations in the continental US.  

 
https://afdc.energy.gov/fuels/natural_gas_locations.html#/find/nearest?fuel=CNG 

Figure 14.29 Natural Gas Fueling Locations in United States  

Additionally, on-site vehicle fueling for an existing municipal fleet (e.g., buses or waste collection 
fleets) is also a common way to beneficially use CNG for vehicle fuel. However, the AWWTF does 
not have an existing municipal fleet that could benefit from this CNG and thus there is not a 
significant immediate demand for CNG fueling. For this reason and because this alternative has 
been looked at previously for the AWWTF, this alternative is not recommended for further 
considerations at this time.  

14.8.2   Pipeline Injection 

Another use of CNG is direct injection into a pipeline for third party use. This alternative requires 
additional cleaning of the biogas beyond cogeneration standards. However, this end use can 
generate renewable identification number (RIN) credits for the AWWTF through the 
Environmental Protection Agency’s (EPA’s) Renewable Fuel Standard (RFS) Program. These 
credits as well as the additional biogas conditioning requirements are discussed in the sections 
that follow.  

14.8.2.1   Environmental Protection Agency's Renewable Fuel Standard Program 

With increasing public pressure to reduce the country's reliance on non-renewable vehicle fuels, 
several programs and incentives have been designed to offset fossil fuel use and decrease 
greenhouse gas emissions. The EPA's RFS Program was created under the Energy Policy Act 

https://afdc.energy.gov/fuels/natural_gas_locations.html#/find/nearest?fuel=CNG
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of 2005, (https://www.epa.gov/renewable-fuel-standard-program), and established the first 
renewable fuel volume mandate in the United States. The program requires oil and gas 
producers to purchase specified amounts of fuel credits each year to increase the amount of 
renewable fuel used. Each 77,000 BTU lower heating value (LHV) of gas used for vehicle fuel 
generates a renewable credit with a specific identification number, named the RIN. 

The RFS program defines four types of renewable fuels: cellulosic biofuel, biomass-based 
diesel, advanced biofuel, and renewable fuel. As of 2014, the RFS program allows digester gas 
from municipal wastewater treatment facility digesters as a transportation fuel. If the gas is 
produced from digestion of municipal sludge only, it is designated as a "cellulosic" (D3) fuel, 
which carries the greatest RIN value of the four categories. Digester gas produced through co-
digestion of sludge and organic wastes (e.g., food wastes) or dedicated digestion of organic 
wastes is assigned D5 RINs under current EPA administration of the program. Because the 
AWWTF co-digests FOG the biogas produced would be eligible for D5 RINs. CNG produced 
through pipeline injection can qualify for D5 RINs if the credits are traded through a carbon 
broker to offset vehicle fuel. 

The mandated quantities of renewable fuel volumes have been set through 2022, as shown in 
Figure 14.30. Beyond 2022, fuel volume mandates will be set by the EPA administrator. 

 
Figure 14.30 Renewable Fuel Volume Mandates 

RINs are traded on the open market, and their value is dependent upon the price of oil and the 
renewable volume obligation, which is the amount of RINs obligated parties have to purchase. 
Figure 14.31 presents the historical average RIN value for the years 2019 - 2020. The yellow line 
represents D5 RIN values, while the blue line represents D3 RINs. Historically, D3 RINs have 
provided considerably more value than D5 RINs.  

To become a RIN producer, the AWWTF must be certified with the EPA. This is typically done by 
a third-party carbon offset broker. Carbon offset brokers can provide RIN registration and 
ongoing reporting and management. The carbon offset brokers also handle the sale of RINs to 
producers. In exchange, they receive a management fee based on an agreed upon percentage of 
the RIN value. For pipeline injection projects, the carbon offset brokers also manage the sale of 
the injected CNG. Based on past projects, the typical cost for carbon brokerage services is 
typically 2 to 3 percent of the revenue generated.  

https://www.epa.gov/renewable-fuel-standard-program
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Figure 14.31 2019 and 2020 RIN Values 
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14.8.2.2   Gas Conditioning 

Biogas used for cogeneration requires gas conditioning to remove impurities such as hydrogen 
sulfide (H2S) and siloxane compounds. Conversion of biogas for pipeline injection usually 
requires a two-step carbon dioxide (CO2) removal system, the first step removing the majority of 
the CO2, resulting in greater than 95 percent methane in the gas. The second step removes 
additional CO2, resulting in greater than 99 percent methane (CH4) in the gas. Typical biogas 
quality requirements for pipeline injection are shown in Table 14.13. 

Table 14.13 Typical Pipeline Injection Quality Requirements 

Constituents/Properties Limit Units 

Higher Heating Value 950-1,100 BTU/scf 

CO2 3.0 mol % 

Oxygen 1.0-2.0 mol % 

H2S 2-5 ppmv 

Hydrocarbon Dew Point Cricondentherm 15 °F 

Water Vapor Content 3 lb/MMscf 

Dust, Dirt, Scum, and Other Solids Free of  

Water and Hydrocarbons in Liquid Form Free of  
Note: 
Abbreviations: BTU/scf = British thermal units per standard cubic foot; lb/MMscf = pounds per million standard cubic feet; 
mol = mole; ppmv = parts per million volume. 

The AWWTF currently has a digester gas conditioning system to remove H2S, moisture, and 
siloxanes, so the added component required for pipeline injection is CO2 removal. In addition, 
the system’s current outlet condition of 3 psig is insufficient to inject produced CNG into a 
pipeline. Therefore, a new compression step is anticipated. A typical gas treatment schematic 
for pipeline injection is presented in Figure 14.32. 

 

Figure 14.32 Typical Treatment Skid for Pipeline Injection 

The most commonly used and recommended CO2 removal treatment is a membrane separation 
system. The gas is pressurized and the CH4 is retained on the membrane while the CO2 passes 
through as tail gas. Some CH4 also passes through into the tail gas, which means the gas needs 
to be flared. A second membrane step can be added to retain more of the CH4 and create a more 
pure product (required for pipeline injection). This process requires a thermal oxidizer since the 
waste gas does not have a high enough BTU value to be burned in a traditional flare. 

As mentioned above, the current biogas conditioning system has a capacity of 460 scfm. This 
capacity is currently used to treat biogas for use in the existing cogeneration system. If capacity 

Digester 

H2S Removal 

Compression 

Moisture 
Removal 

Siloxane Removal 

CO2 Removal 

Additional Compression  

Pipeline  
Injection 

Required appurtenances by gas utility 
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upgrades to the existing chiller and gas booster blowers are made, the existing biogas 
conditioning system would have a capacity of 690 scfm. Based on this information and the 
projected biogas flows for the Base Case in Table 14.12 above, Figure 14.33 shows a potential 
biogas conditioning expansion scheme based on average annual gas flows. If such a biogas 
expansion project is considered further, refinement of the design criteria could be considered. It 
was assumed that additional gas conditioning and CO2 removal equipment could be staged in 
overtime as gas production increases and CHP is decommissioned.  

 

Figure 14.33 Potential Biogas Conditioning Expansion Scheme 

As shown in this figure, it was assumed that the existing biogas conditioning system will 
continue to be used for cogeneration through 2030. If the AWWTF is ready to pursue pipeline 
injection within the next ten years, it is recommended that a new biogas conditioning system 
with a capacity of 300 scfm be put in place to treat the excess biogas not processed in the 
existing cogeneration system. Figure 14.33 assumes pipeline injection will begin in 2023. Once 
cogeneration is phased out in 2030 and if the plant wants to beneficially use all of the biogas 
generated, it is recommended that the existing 460 scfm biogas treatment system used to treat 
biogas for cogeneration be upgraded to produce pipeline quality gas and upgraded to process 
690 scfm. This upgraded system plus the added 300 scfm system would provide sufficient 
capacity through 2040. After 2040, if the AWWTF wants to continue pipeline injection of all the 
biogas generated, it is recommended that either two additional 200 scfm biogas conditioning 
systems or one additional 400 scfm biogas conditioning systems be added before buildout. 
Staging additional capacity into the existing digester gas conditioning and treatment systems 
will need to be evaluated in future design stages. For instance, it may be easier to stage 
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additional carbon dioxide removal capacity if membranes are used, but water scrubbing systems 
may be more difficult to expand.  

When cogeneration is discontinued, it is worth evaluating the heating demands at the plant, 
existing boiler infrastructure, and cost of natural gas to determine if additional heating capacity 
is merited and if biogas or natural gas should be used for onsite heating. This analysis assumes 
that all biogas generated is used for pipeline injection.  

Figure 14.34 shows a proposed site layout for biogas conditioning and pipeline injection by 2040 
and buildout.  

 

Figure 14.34 Pipeline Injection Proposed Site Layout 

Capital costs were also developed for pipeline injection. These costs are presented in 
Table 14.14. A more detailed capital cost spreadsheet can be found in Appendix 14A.  

Table 14.14 Capacity and Cost of Pipeline Injection 

 
Pipeline Injection 

Total Project Costs 
(current dollars) 

Biogas Conditioning Capacity by 2040 (scfm) 990 

Add New 300 scfm Biogas Conditioning System Total Project Cost(1) $8,800,000 

Upgrade Existing Biogas Conditioning System Total Project Cost(2) $7,000,000 
Notes: 
(1) Includes full biogas treatment system to produce pipeline quality gas: H2S removal, moisture removal, compression, 

siloxane removal, and CO2 removal. 
(2) Includes increasing the capacity of the existing chiller and gas booster blowers from 460 scfm to 690 scfm. Also includes 

adding 690 scfm of CO2 removal capacity.  

Key: 
Before 2040 
Before Buildout 
Exist. NG Pipe 



TM 14 – SOLIDS TREATMENT ALTERNATIVES | EAST BASIN 2019 MASTER PLAN PROJECT | CLEAN WATER SERVICES 

 FINAL | JUNE 2021 | 14-45 

Recommended Improvements  

Based on the analysis presented above and the capacity limitations occurring between the year 
2040 and buildout discussed in TM12, this section describes recommended and optional 
improvements and their layout through buildout along with the associated capital costs and the 
recommended timing of the projects triggered prior to the year 2040. Recommended 
improvements include: 

• Primary Sludge Thickening: The District currently has four GTs. GT1 acts as a primary 
sludge fermenter and GT3 acts as a primary sludge thickener. GT2 and GT4 are currently 
used for WAS storage and thickening. The existing primary sludge thickening process, 
consisting of two GTs, is currently out of capacity. The District has begun design on a 
project that will provide mechanical thickening for WAS. This project will free up GTs 2 
and 4 and allow for four GTs to be used to ferment and thicken the primary sludge. This 
project will provide sufficient primary sludge fermentation and thickening capacity 
through the year 2040. By buildout, one additional fermenter and thickener pair will be 
required assuming one GT acts as a fermenter and one as a thickener based on a 
thickening MW solids loading rate of 25 pounds per day per square foot (ppd/sf). 

• Secondary Sludge Post-Thickening: The existing thickening centrifuges provide 
sufficient capacity though the year 2040. Between the year 2040 and buildout it is 
anticipated that the post thickening process will need to be expanded either with one 
additional thickening centrifuge or replacing the existing centrifuges with larger units. 

• Anaerobic Digestion: During the design criteria case of MM flows with one unit out of 
service, to avoid exceeding the capacity of the AWWTF’s digestion process prior to 2027 
when a more permanent digestion capacity solution is developed, the following is 
recommended: 
- Maintaining the thickness of the sludge sent to the digesters at 6 percent to increase 

digester SRT. This may necessitate sludge pump replacement and may increase the 
risk of foaming.  

- Investigate running at higher VSLRs in the digesters over a sustained period of time. 
For added conservancy if needed, the following additional measures could also be taken 
in the interim to ensure digestion capacity is not exceeded during the design case prior 
to 2027: 
- Decrease FOG addition to increase digester SRT and decrease digester VSLR. 

However, this would decrease FOG revenue. 
- Bring a DC1 digester in service. However, this would decrease digester redundancy 

capacity and may not be allowed by DEQ. 
To address capacity concerns at the plant it is recommended that an additional 
conventional anaerobic digester be added by 2027. Additionally, to maximize revenue 
from FOG addition, it is recommended that the plant consider increasing FOG loading in 
the digesters to 30 percent of the total VS loading as capacity allows. This FOG increase 
could start now, with staff understanding that FOG loading would have to be decreased 
if a digester is offline due, for example, to a catastrophic failure. More increases in FOG 
loading should be considered once a third DC2 digester is built in 2027. Between 2040 
and buildout, it is anticipated that one additional DC2 anaerobic digester will be required 
to meet the expected growth. 
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• Dewatering: The plant’s two current dewatering centrifuges provide sufficient 
dewatering capacity through the year 2040. Between the year 2040 and buildout, 
additional capacity will be required. Based on the age of the equipment when additional 
capacity will be needed, it is assumed that the existing units will be replaced with higher 
capacity units in the same location. 

In addition to the recommended improvements listed above, the following improvements were 
evaluated: 

• Primary Sludge Screening: There have been issues to the digesters related to rags. A 
project is currently being implemented that will include screening of the FOG. Additional 
rags can come from unscreened primary sludge. Based on the preliminary evaluation, 
screening of the primary sludge may be required. However further investigation is 
needed to confirm costs for implementation to ensure that it is a cost-effective solution. 

• Digester Gas Utilization: If the plant decides to fully utilize the biogas generated it is 
recommended that the plant consider pipeline injection. It is understood that the plant 
wishes to continue cogeneration through 2030. Since the existing cogeneration engines 
are at capacity, any additional biogas generated could be injected into the pipeline. To 
inject this excess biogas into the pipeline additional biogas conditioning capacity and an 
increased level of treatment would be needed. To beneficially use all biogas generated 
in 2030, a new 300 scfm biogas conditioning system designed to treat biogas to pipeline 
quality could be constructed as soon as the plant is ready to pipeline inject. Additionally, 
once cogeneration is phased out in 2030, the plant could then upgrade the 460 scfm 
biogas conditioning system to produce 690 scfm of pipeline quality gas.  

A proposed layout showing the recommended improvements needed by 2040 and buildout is 
shown in Figure 14.35. Table 14.15 presents the capital costs and timing of these improvements.  

Table 14.15 Recommended and Optional Improvements Through 2040 

Improvement 
Mid-Point of 
Construction 

Estimated  
Construction Cost 

(current dollars) 

Total  
Project Cost 

(current dollars) 

Recommended Improvements   

Add a third DC2 Digester 2027 $7,700,000 $9,700,000 

Optional Improvements    

Add Primary Sludge Screens 2023 $5,900,000 $8,000,000 

Add 300 scfm of Biogas 
Conditioning Capacity 

2023 $7,100,000 $8,800,000  

Upgrade the Existing Biogas 
Conditioning System 

2030 $5,600,000 $7,000,000 







TM 14 – SOLIDS TREATMENT ALTERNATIVES | EAST BASIN 2019 MASTER PLAN PROJECT | CLEAN WATER SERVICES 

FINAL | JUNE 2021

Appendix 14A  
CAPITAL COST ESTIMATES 

pw:%5C%5CIO-PW-INT.carollo.local:Carollo%5CDocuments%5CClient%5COR%5CClean%20Water%20Services%5C10538E00%5CDeliverables%5CEast%20Basin%202019%20MP%20Proj.%5CTM15%20-%20Solids%20Tmt%20Alt.%5CAppendix%20A%20Capital%20Cost%20Estimate.pdf




              PROJECT SUMMARY Estimate Class: 5

Project: East Basin 2019 Master Plan PIC: Jeff McCormick

Client: Clean Water Services PM: Jeff McCormick

Location: Durham, OR Date: 2/11/2020

Zip Code: 97224 By: Tyler Kane

Carollo Job # 10538E.00 Reviewed: Cameron Clark

NO. DESCRIPTION TOTAL

1 One StrainPress SP 430 Unit $300,000

 

2 Pipe routing $200,000

 

3 New Primary Sludge Pumps (replacement of 4 current PS pumps) $420,000

3 Excavation $350,000

4 Building (assuming 3000 sqft) $762,000

5 Intermediate pumping and tanks (if applicable) $500,000

6 Electrical, Instrumentation and Controls Allowance $970,000

 

TOTAL DIRECT COST $3,600,000

Contingency 30.0% $1,080,000

Subtotal $4,680,000

General Conditions (mobilization, permits, bonds/insurance, etc.) 10.0% $470,000

Subtotal $5,150,000

Sales Tax   (Applied to 50% of Total Direct Cost) 0.0% $0

Subtotal $5,150,000

General Contractor Overhead and Profit 15.0% $770,000

Subtotal $5,920,000

TOTAL ESTIMATED CONSTRUCTION COST $5,920,000

Engineering, Legal & Administration Fees 25.0% $1,480,000

TOTAL ESTIMATED PROJECT COST $8,000,000

The cost estimate herein is based on our perception of current conditions at the project location.  This estimate reflects our professional 
opinion of accurate costs at this time and is subject to change as the project design matures.  Carollo Engineers have no control over 

variances in the cost of labor, materials, equipment; nor services provided by others, contractor's means and methods of executing the work or 
of determining prices, competitive bidding or market conditions, practices or bidding strategies.  Carollo Engineers cannot and does not 

warrant or guarantee that proposals, bids or actual construction costs will not vary from the costs presented as shown.



              PROJECT SUMMARY Estimate Class: 5

Project: East Basin 2019 Master Plan PIC: Jeff McCormick

Client: Clean Water Services PM: Jeff McCormick

Location: Durham, OR Date: 8/21/2020

Zip Code: 97224 By: Elizabeth Charbonnet

Carollo Job # 10538E.00 Reviewed: Rashi Gupta

Digestion Base Case

NO. DESCRIPTION TOTAL

1 One New 80' (1.3 MG) Anaerobic Digester w/ Fixed Flat Reinforced Concrete Cover $4,600,000

 

2 Adder for Submerged Cover Design $100,000

TOTAL DIRECT COST $4,700,000

Contingency 30.0% $1,410,000

Subtotal $6,110,000

General Conditions (mobilization, permits, bonds/insurance, etc.) 10.0% $611,000

Subtotal $6,721,000

Sales Tax   (Applied to 50% of Total Direct Cost) 0.0% $0

Subtotal $6,721,000

General Contractor Overhead and Profit 15.0% $1,008,150

Subtotal $7,729,150

TOTAL ESTIMATED CONSTRUCTION COST $7,730,000

Engineering, Legal & Administration Fees 25.0% $1,933,000

TOTAL ESTIMATED PROJECT COST $9,660,000

The cost estimate herein is based on our perception of current conditions at the project location.  This estimate reflects our professional opinion of 
accurate costs at this time and is subject to change as the project design matures.  Carollo Engineers have no control over variances in the cost of 

labor, materials, equipment; nor services provided by others, contractor's means and methods of executing the work or of determining prices, 
competitive bidding or market conditions, practices or bidding strategies.  Carollo Engineers cannot and does not warrant or guarantee that 

proposals, bids or actual construction costs will not vary from the costs presented as shown.



              PROJECT SUMMARY Estimate Class: 5

Project: East Basin 2019 Master Plan PIC: Jeff McCormick

Client: Clean Water Services PM: Jeff McCormick

Location: Durham, OR Date: 8/21/2020

Zip Code: 97224 By: Elizabeth Charbonnet

Carollo Job # 10538E.00 Reviewed: Rashi Gupta

High Solids Digestion

NO. DESCRIPTION TOTAL

1

Anaergia PSM 1500 Mixers 
(3 mixers per digester; includes hoist cable, mounting and 

support equipment, service box, and automatic positioning 

system) $1,260,000

 

2

2 Anaergia SST 400 Thickening Systems
(Includes flocculation Tank, Polymer Dispersion Valve, Discharge 

Hopper, Pneumatic Cylinder Valves, and LCP) $770,000

 

3

Digester Mixer Control Panels 

(1 control panel per digester; includes dynamic mixing control 

VFD, HMI, network connection, mixer relays, and PLC) $862,500

 

4

Commissioning 
(15 days on site) $210,000

 

5

Additional Required Anaergia Compontents 

(Includes pumps, compresssors, valves, instruments, chemical 

feed system, crushers/choppers/grinders, heat exchangers, 

labor, fees, CFD modeling, and freight) $900,000

 

6 Building $1,500,000

 

7 DC1 Digester Roof Retrofit Costs $400,000

 

8 Electrical, Instrumentation and Controls Allowance $950,000

 

TOTAL DIRECT COST $6,850,000

Contingency 30.0% $2,055,000

Subtotal $8,905,000

General Conditions (mobilization, permits, bonds/insurance, etc.) 10.0% $890,500

Subtotal $9,795,500

Sales Tax   (Applied to 50% of Total Direct Cost) 0.0% $0

Subtotal $9,795,500

General Contractor Overhead and Profit 15.0% $1,469,325

Subtotal $11,264,825

TOTAL ESTIMATED CONSTRUCTION COST $11,260,000

Engineering, Legal & Administration Fees 25.0% $2,815,000

TOTAL ESTIMATED PROJECT COST $14,080,000

The cost estimate herein is based on our perception of current conditions at the project location.  This estimate reflects our professional opinion of 
accurate costs at this time and is subject to change as the project design matures.  Carollo Engineers have no control over variances in the cost of 

labor, materials, equipment; nor services provided by others, contractor's means and methods of executing the work or of determining prices, 
competitive bidding or market conditions, practices or bidding strategies.  Carollo Engineers cannot and does not warrant or guarantee that 

proposals, bids or actual construction costs will not vary from the costs presented as shown.



              PROJECT SUMMARY Estimate Class: 5

Project: East Basin 2019 Master Plan PIC: Jeff McCormick

Client: Clean Water Services PM: Jeff McCormick

Location: Durham, OR Date: 8/21/2020

Zip Code: 97224 By: Elizabeth Charbonnet

Carollo Job # 10538E.00 Reviewed: Cameron Clark

New 300 scfm Biogas Conditioning

NO. DESCRIPTION TOTAL

1

One New 300 SCFM Biogas Conditioning System with CO2 

Removal For Pipeling Injection $3,540,000

 

2 Pipeline $90,000

 

3 Interconnect Facility $670,000

 

TOTAL DIRECT COST $4,300,000

Contingency 30.0% $1,290,000

Subtotal $5,590,000

General Conditions (mobilization, permits, bonds/insurance, etc.) 10.0% $560,000

Subtotal $6,150,000

Sales Tax   (Applied to 50% of Total Direct Cost) 0.0% $0

Subtotal $6,150,000

General Contractor Overhead and Profit 15.0% $920,000

Subtotal $7,070,000

TOTAL ESTIMATED CONSTRUCTION COST $7,070,000

Engineering, Legal & Administration Fees 25.0% $1,770,000

TOTAL ESTIMATED PROJECT COST $8,840,000

The cost estimate herein is based on our perception of current conditions at the project location.  This estimate reflects our professional opinion of 
accurate costs at this time and is subject to change as the project design matures.  Carollo Engineers have no control over variances in the cost of 

labor, materials, equipment; nor services provided by others, contractor's means and methods of executing the work or of determining prices, 
competitive bidding or market conditions, practices or bidding strategies.  Carollo Engineers cannot and does not warrant or guarantee that 

proposals, bids or actual construction costs will not vary from the costs presented as shown.



              PROJECT SUMMARY Estimate Class: 5

Project: East Basin 2019 Master Plan PIC: Jeff McCormick

Client: Clean Water Services PM: Jeff McCormick

Location: Durham, OR Date: 8/21/2020

Zip Code: 97224 By: Elizabeth Charbonnet

Carollo Job # 10538E.00 Reviewed: Cameron Clark

Upgrade Existing Biogas Conditioning

NO. DESCRIPTION TOTAL

1

Add a second chiller and gas booster blower to increase capacity 

from 460 scfm to 690 scfm $440,000

 

2 Add 690 scfm of CO2 removal and compression $2,910,000

 

3 Pipeline $40,000

 

TOTAL DIRECT COST $3,390,000

Contingency 30.0% $1,020,000

Subtotal $4,410,000

General Conditions (mobilization, permits, bonds/insurance, etc.) 10.0% $440,000

Subtotal $4,850,000

Sales Tax   (Applied to 50% of Total Direct Cost) 0.0% $0

Subtotal $4,850,000

General Contractor Overhead and Profit 15.0% $730,000

Subtotal $5,580,000

TOTAL ESTIMATED CONSTRUCTION COST $5,580,000

Engineering, Legal & Administration Fees 25.0% $1,400,000

TOTAL ESTIMATED PROJECT COST $6,980,000

The cost estimate herein is based on our perception of current conditions at the project location.  This estimate reflects our professional opinion of 
accurate costs at this time and is subject to change as the project design matures.  Carollo Engineers have no control over variances in the cost of 

labor, materials, equipment; nor services provided by others, contractor's means and methods of executing the work or of determining prices, 
competitive bidding or market conditions, practices or bidding strategies.  Carollo Engineers cannot and does not warrant or guarantee that 

proposals, bids or actual construction costs will not vary from the costs presented as shown.
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