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1. EXECUTIVE SUMMARY

The primary purpose of this technical memorandum (TM) is to evaluate the opportunity of upgrading the
existing dissolved air flotation thickening (DAFT) system operation through the use of polymer and through
simultaneously co-thickening both primary and secondary sludge, and to recommend alternatives for the
DAFT system using a business case evaluation (BCE) process.

Based on pilot testing conducted by the WPCP staff and operations from across the industry, Brown and
Caldwell recommends assuming an average co-thickening DAFT solids loading rate of 50 pounds per day per
square foot (ppd/sq ft) for this evaluation. This loading rate is viewed as being conservative, given the higher,
more aggressive range of loadings than traditional that are now being discussed and tested in the industry.
Testing and future experience may allow taking advantage of even higher loading rates. Current peak day
conditions can be accommodated with just 5 tanks under this loading criterion.

The alternatives in this BCE are as follows:

= Alternative 1 — Thickening status-quo. No upgrades or changes to the thickening facilities are included in
this alternative. There is no reduction in required digester volume.

= Alternative 2 — Status-quo with polymer. No modifications to primary sludge thickening facilities are
included but polymer facilities are added to the DAFT area. There is some reduction in required digester
volume due the improvements in waste activated sludge (WAS) thickening performance.

= Alternative 3 — Co-thickening without odor control - Modifications to the DAFT area are included to
allow for co-thickening. There is a reduction in required digester volume due the improvement in
thickening performance.

= Alternative 4 — Co-thickening with odor control - Modifications to the DAFT area are included to allow
for co-thickening and odor containment and treatment. There is a reduction in required digester volume
due the improvement in thickening performance. There are two sub alternatives in Alternative 4.

e Alternative 4a includes odor containment and stack discharge only.

e Alternative 4b includes odor containment and treatment.
In all alternatives, digester upgrades are necessary at the level required to support associated 15-day hydraulic
retention time (HRT) for maximum two-week flows. By improved thickening, the number of required

digesters requiring modification is reduced and this results in a net cost benefit to the City. The life cycle cost
analysis is summarized in Table 1-1.

Table 1-1. Life Cycle Cost Analysis Results

Alternative 15 yr NPV Benefit | 30 yr NPV Benefit
1 - Thickening Status Quo (700,000) (1,100,000)
2 — Status Quo with Polymer 11,700,000 16,000,000
3 - Co-Thickening without Odor Control 18,600,000 27,100,000
4a — Co-Thickening with Odor Containment 17,100,000 25,600,000
4h — Co-Thickening with Odor Containment and Treatment 16,600,000 25,100,000

The results from the life cycle cost analysis show that there is significant economic benefit to improvements
in thickening. By simply adding polymer to existing WAS thickening, multiple digesters can be eliminated
from service. Further upgrading the system to co-thickening brings additional benefit in cost savings. Within
the three co-thickening alternatives, the one with no odor control brings the highest benefit. However, this
alternative also bears the highest odor risk. Based on the results of the BCE, Brown and Caldwell
recommends Alterative 4b. This alternative maximizes the cost savings while minimizing the odor risk.

Brown»-Caldwell
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In addition, pilot testing is recommended to confirm DAFT solids loading, air-to-solids ratio, polymer dose,
inlet baffles, nitrogen purge, and skimmer speed. Pilot testing is also recommended to confirm performance
of the optimized saturation system concept discussed in Section 6.1.

2. INTRODUCTION

This TM is one in a series of TMs to be provided under Service Order No. 1for the WPCP Fats, Qils, and
Grease (FOG) Program Evaluation and Enhancement Study, Pre-design Study of Digester Rehabilitation,
Modifications and Gas Line Replacement, and Implementation Plan. This TM represents work under Task 7
of that Service Order Number 1, authorized by Amendment on July 20, 2010. The primary goal of Service
Order No. 1 is to evaluate the 16 existing digesters and develop an implementation plan for digester
modifications that rehabilitates digesters needed for reliable service through the 2030 planning period in a
way that will not limit long-term options for future digestion processes that may be used at the WPCP.

The primary purpose of this TM 7.1 is to evaluate the opportunity of upgrading the existing DAFT system
operation through the use of polymer and through simultaneously co-thickening both primary and secondary
sludge, and to recommend alternatives for the DAFT system using a BCE process. Currently, primary sludge
is thickened in primary sedimentation tanks and waste activated sludge is thickened in dissolved air flotation
thickeners without the use of polymers. Historically, this practice has resulted in digester process combined
sludge feed at solids concentrations in the range of 3 to 4 percent. Industry experience with co-thickening of
primary and waste activated sludge has shown that thickened sludge feed solids concentrations in the range of
5 to 7 percent are achievable with a DAFT. Many aspects of anaerobic digester operations are optimized with
the thickening of feed sludge. Lower digester volume requirements, reduced heating energy, and reduced
sludge pumping and mixing costs are among the benefits that can be realized through thicker digester
feedstocks.

For details of digester design criteria to be used for analysis in Task 7 of Service Order No. 1, TM 3.3, Design
Criteria for Digester Modifications and Gas System Improvements should be referenced.

2.1 Purpose and Scope of TM 7.1

The scope of this TM is to evaluate and compare alternatives for DAFT thickening. Alternatives defined in
the scope of work include polymer enhanced thickening and co-thickening. The purpose of this TM is to
define and compare alternatives that improve thickened digester feed with reduced anaerobic digestion
facilities requirements against the status-quo alternative of improving anaerobic digestion facilities with
capacities sufficient to process the thinner digester feed sludge produced from the existing thickening
practices.

3. EXISTING SYSTEM AND DESIGN CRITERIA

This section presents an overview of the existing system and the design criteria used in the evaluation of the
DAFT system.

3.1 Existing System

Primary sludge and WAS are thickened prior to being pumped to the anaerobic digester. The primary sludge
is thickened in the primary clarifiers to approximately 3.5 percent. The WAS is thickened in the DAFT tanks
to approximately 3.5 percent. No polymer is used in the thickening process. A schematic of the existing
system is shown in Figure 3-1. The major components of the DAFT system are summarized in Table 3-1.

Brown»-Caldwell
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Figure 3-1. Schematic of existing sludge thickening prior to digestion.

Table 3-1. DAFT System Components

Parameter Unit Data
Number of DAF tanks 16
Surface area, each sf 1640
Number of saturation pressure tanks 16
Capacity, each cu ft 190
Operating pressure psi 45
Number of pressurization pumps 4
Type Centrifugal
2 @ 7000
Capacity, each gpm 1 @ 4000
1 @ 2000
Number of float pumps 6
Type Progressing Cavity
. 3@ 700
Capacity, each gpm 3@ 400

Note: Not all equipment is in service currently.

3.2 Design Criteria

Traditionally, thickening DAFTSs have been designed with conservative, low solids loading rates. Typical
design values for average annual conditions range from 25 ppd/ sq ft to 30 ppd/sq ft. The upper loading in
peak conditions is around 40 ppd/sq ft. However, in recent years, plant staff and design engineers have been
able to achieve excellent thickening performance while loading DAFTS at rates two to three times these

traditional loading rates.

Brown~-Caldwell
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Loading rate values for selected plants are shown in Figure 3-2 (for WAS only thickening) and Figure 3-3 (for
co-thickening). Comparison of the two figures shows better thickening performance with co-thickening
systems. It should be noted that in recent bench scale pilot testing, the San Jose DAFTS continued to
perform at loading rates as high as 94 to 174 ppd/sq ft. A recent co-thickening design for Tacoma,
Washington is based on a loading rate of 90 ppd/sq ft for peak day at 5 percent TS and 46 ppd/sq ft under
average loading.
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Figure 3-2. DAFT performance for selected plants — WAS only with polymer.
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Figure 3-3. DAFT performance for selected plants - co-thickening with polymer.

In August 2010, San Jose staff conducted a bench scale study on DAFT co-thickening. The solids loading
rates and air-to-solids ratios use in this study are summarized in Table 3-2. This study also confirmed better

Brown~-Caldwell
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thickening of float sludge (higher total solids concentration) achieved with primary sludge and WAS as

Table 3-2. Bench Scale Study Parameters

compared to WAS only.

Air-to-Solids
(Ib/lb)

Solids Loading
Rate

(ppdisq ft)

0.008

94

0.015

174

Brown and Caldwell recommends assuming 50 ppd/sq ft as the average solids loading rate for this evaluation.
This loading rate is viewed as being conservative, given the higher, more aggressive range of loadings than
traditional that are now being discussed and tested in the industry. Testing and future experience may allow
taking advantage of even higher loading rates, thus requiring operation of fewer DAFTs. With current
primary and secondary sludge loads from the plant, even at peak day conditions, only 5 DAFT tanks would
need to be in service to meet the 50 ppd/sq ft criterion (Figure 3-4).
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Figure 3-4. Number of tanks required in service at stated solids loading (co-thickening with current loads).

The DAFT loading rates with 2030 primary and secondary sludge loads are shown in Figure 3-5. In 2030 the
average annual loading will be less the 50 ppd/sq ft with 5 tanks in service. Peak day conditions at 60 ppd/sq

ft can be met with 6 tanks in service.

Brown~-Caldwell
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Figure 3-5. Number of tanks required in service at stated solids loading (co-thickening with 2030 loads).

4. DAFT ALTERNATIVES

The four DAFT alternatives that were developed for this evaluation are presented in this section.
Improvements to the DAFT system focus on achieving the following objective: improving thickening
performance to reduce digester volume needs. The principal assumptions used for the evaluation, leading
from the discussion in the previous section include:

Existing thickened sludge is 3.5 percent TS
Polymer enhanced WAS thickening achieves 5.0 percent TS (4.1 percent TS total with primary sludge)
Co-thickened (primary sludge and WAS) sludge achieves 5.5 percent TS
DAFT loading criterion is 50 ppd/sf
Operating A/S ratio of 0.008 Ib/Ib based on bench-top study and existing system operation

4.1 Alternative 1 - Thickening Status Quo

Alternative 1 is the thickening status-quo alternative. No upgrades or changes to the thickening facilities are
included in this alternative. There is no reduction in required digester volume. Digester upgrades are necessary
at the level required to support associated 15-day HRT with 3.5 percent feed solids for maximum two-week
flows. The schematic and major components of this alternative are the same as those for the existing DAFT
system, previously shown in Figure 3-1 and summarized in Table 3-1.

9
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4.2 Alternative 2 - Status Quo with Polymer
In Alternative 2 there are no modifications to primary sludge thickening facilities but polymer facilities are
added to the DAFT area. There is some reduction in required digester volume due the improvements in WAS
thickening performance. Digester upgrades are necessary at the level required to support associated 15-day
HRT with 5 percent feed solids for maximum two-week flows. A schematic of the system with polymer
addition is shown in Figure 4-1. The major components of the DAFT system are summarized in Table 4-1.
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Figure 4-1. Schematic of alternative 2 - DAFT system with polymer addition.
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Table 4-1. Alternative 2 - DAFT System Components

Parameter Unit Data
Existing tanks/equipment
Number of DAFT tanks 16 (6 in service)
Surface area, each sf 1640
Number of saturation pressure tanks 16 (6 in service)
Capacity, each cu ft 190
Operating pressure psi 45
Number of pressurization pumps 4
Type Centrifugal
2 @ 7000
Capacity, each gpm 1 @ 4000
1@ 2000
Number of float pumps 6
Type Progressing Cavity
Capacity, each gpm 2 g 188
New tanks/equipment
Number of polymer blending units 6
Polymer flow, each gallhr 27
Dilution water flow, each gallhr 1330
Number of polymer storage tanks 4
Capacity, each gal 5700
Diameter, each ft 10
Height, each ft 10

4.3 Alternative 3 — Co-Thickening without Odor Control

Alternative 3 includes modifications to the DAFT area to allow for co-thickening. The modifications include
new DAFT feed pumps, new float pump stations, retrofits for a blend tank system, new polymer system,
saturation system upgrades and piping modifications associated with all upgrades. There is a reduction in
required digester volume due the improvement in thickening performance. Digester upgrades are necessary at
the level required to support associated 15-day HRT with 5.5 percent feed solids for maximum two-week flows.

A schematic of Alternative 3 is shown in Figure 4-2. The major components of the DAFT system are
summarized in Table 4-2. In this Alternative, the saturation system upgrades include a cost for 6 new
saturation pressure tanks. This is conservative. A lower cost option would be to re-use a saturation pressure
tank from one of the decommissioned DAFT systems. There are 16 existing tanks, 10 of which could
potentially be reused.

Brown»-Caldwell
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Figure 4-2. Schematic of Alternative 3 — co-thickening.
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Table 4-2. Alternative 3 - DAFT System Components

Parameter Unit Data
Existing tanks/equipment
Number of DAFT tanks 6
Surface area, each sf 1640
Number of saturation pressure tanks 12 (2 per tank, 6 existing, 6 new)
Capacity, each cu ft 190
Operating pressure psi 45
Number of pressurization pumps 4
Type Centrifugal
2 @ 7000
Capacity, each gpm 1 @ 4000
1@ 2000
Number of float pumps 6
Type Progressing Cavity
Capacity, each gpm 2 g Zgg
New tanks/equipment
Number of polymer blending units 6
Polymer flow, each gallhr 27
Dilution water flow, each galfhr 1330
Number of polymer storage tanks 4
Capacity, each gal 5700
Diameter, each ft 10
Height, each ft 10
Number of blend tanks 1
Retrofit an existing DAFT tank for
Type primary sludge equalization and
blending with WAS
Number of blend tank mixing pumps 2
Type
Capacity, each gpm 1000
Number of DAFT feed pumps 2
Type Screw centrifugal, variable speed
Capacity, each mgd 4.95
Number of float pumps 4
Type Progressing cavity
Capacity, each gpm 800

Brown~-Caldwell
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4.4 Alternative 4 — Co-Thickening with Odor Control

Alternative 4 includes modifications to the DAFT area to allow for co-thickening and odor containment and
treatment. The thickening modifications include new DAFT feed pumps, new float pump stations, retrofits for
a blend tank system, new polymer system, saturation system upgrades and piping modifications associated with
all upgrades. There is a reduction in required digester volume due the improvement in thickening performance.
Digester upgrades are necessary at the level required to support associated 15-day HRT with 5.5 percent feed
solids for maximum two-week flows. The odor containment modifications include covers for DAFT tanks, air
ducting and fans. The odor treatment includes addition of a biofilter.

Odor control is necessary when foul odors affect those that work in the process area or when neighbors are a
concern. At the WPCP, the concern with DAFT odors lies primarily with workers in the process area.
Therefore, a viable option may be to capture the foul area with covers and fans and vent to a stack to take
advantage of dispersion effects. This is less expensive than treatment through a biofilter; however, a detailed
dispersion model should be developed to determine the effects on neighbors and the surrounding plant area.
For this alternative, costs have been developed for the option of odor containment only as well as the option of
odor containment and treatment.

A schematic of Alternative 4 is shown in Figure 4-3. The major components of the DAFT system are
summarized in Table 4-3. In this alternative, the saturation system upgrades include a cost for six new
saturation pressure tanks. This is conservative. A lower cost option would be to re-use a saturation pressure
tank from one of the decommissioned DAFT systems. There are 16 existing tanks, 10 of which could
potentially be reused.
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Figure 4-3 Schematic of Alternative 4 — co-thickening with odor control.
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Table 4-3. Alternative 4 — DAFT System Components

Parameter Unit Data
Existing tanks/equipment
Number of DAFT tanks 6
Surface area, each sf 1640
Number of saturation pressure tanks 12 (6 existing, 6 new)
Capacity, each cu ft 190
Operating pressure psi 45
Number of pressurization pumps 4
Type Centrifugal
Capacity, each gpm 2 @ 7000, 1 @ 4000, and 1 @ 2000
Number of float pumps 6
Type Progressing Cavity
Capacity, each gpm 3 g Zgg
New tanks/equipment
Number of polymer blending units 6
Polymer flow, each gallhr 27
Dilution water flow, each gallhr 1330
Number of polymer storage tanks 4
Capacity, each gal 5700
Diameter, each ft 10
Height, each ft 10
Number of blend tanks 1
Retrofit an existing DAFT tank for
Type primary sludge equalization and
blending with WAS
Number of blend tank mixing pumps 2
Type
Capacity, each gpm 1000
Number of DAFT feed pumps 2
Type Screw centrifugal, variable speed
Capacity, each mgd 4.95
Number of float pumps 4
Type Progressing cavity
Capacity, each gpm 800
Number of tank covers 6
Length, each 85
Width, each 20
Number of fans 2
Capacity, each cfm 5000
Area of biofilter sq ft 1220

Brown~-Caldwell
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The tank covers for the odor control system will be aluminum panels that are easy to remove for tank
maintenance purposes. Appropriate spacing will be allocated to allow for operators to move between tanks.
An example of the panels is shown in Figure 4-4.

Figure 4-4. Typical aluminum tank covers.

5. BUSINESS CASE EVALUATION

The BCE evaluation is presented in this section.

5.1 Project Costs

Cost estimates for each of the alternatives were prepared. The detailed cost estimates can be found in
Appendix A. The project capital costs for the DAFT upgrades are summarized in Table 5-1.

aple ary of Proje apital Co or DA pgraae
Alternative Description Capital Cost, $

1 - Status Quo Existing saturation system and power

2 — Status Quo with Polymer Alt 1 + Polymer system 680,000
Expanded saturation system

T Polymer system

3 — Co-Thickening without Odor Control Blend system 2,510,000
New float pump station

4a - Co-Thickening with Odor Containment Alt 3 + Odor containment 3,920,000

4b — Co-Thickening with Odor Containment and Treatment Alt 3 + Odor containment and treatment 4,410,000
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5.2 Operations and Maintenance Costs

The major cost items associated with operation and maintenance (O&M) were quantified for each alternative.
Cost assumptions include;

= Power cost — 10.5 cents/kW-hr

= Polymer cost - $1.75/active Ib polymer

The O&M cost items included for each alternative are summarized in Table 5-2. Details on the DAFT power
calculations and polymer usage calculations are presented in Appendix B. Details on the distribution of O&M
costs over the 30 year planning period are presented in Appendix C.

Table 5-2. Summary of Operation Cost ltems

Alternative Operation Cost Items

1 - Thickening Status Quo - Saturation system power

Saturation system power

2 — Status Quo with Polymer
Q y Polymer

Saturation system power
Polymer

Blend tank transfer pumping
Blend tank mixing pumping

3 - Co-Thickening without Odor Control

Saturation system power
Polymer

4a - Co-Thickening with Odor Containment - Blend tank transfer pumping
Blend tank mixing pumping
Odor control fan power

Saturation system power
Polymer

4h — Co-Thickening with Odor Containment and Treatment - Blend tank transfer pumping
Blend tank mixing pumping
Odor control fan power

5.3 Life Cycle Costs

The life cycle cost analysis includes project capital costs, O&M costs, and any cost savings over the analysis
period. The life cycle cost analysis was done for two time periods, 15 years and 30 years. Previous TMs have
included discussion on solids processing capacity in 2030. However, due to design and construction time, an
analysis that concludes in 2030 is only over a 15-year period. The analysis was also done for a 30-year period
to reflect a more traditional life cycle analysis.

In Alternatives 2, 3 and 4, the thickening performance is improved resulting in a reduction in needed digester
capacity. The total number of digesters needed and the reduction in number of digesters at the end of both
analysis periods is summarized in Table 5-3. The estimated savings from the reduced number of digester
upgrades is shown in Table 5-4. All alternatives assume required digesters are upgraded with submerged fixed
covers and mixing upgrades.

There are O&M cost savings associated with the reduction in digester capacity as well. These savings include
maintenance to covers, maintenance to mixing equipment, power associated with heating, and power
associated with mixing. The results from the life cycle cost analysis are summarized in Table 5-5.

Brown»-Caldwell
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Table 5-3. Reduction in Number of Digesters with Thickening Alternatives

Upgraded | Upgraded | Upgraded | Upgraded
Alternative Diges_ters Digesters Diges_ters Digesters
Required Saved Required Saved
(2030) (2030) (2044) (2044)
1 - Thickening Status Quo 13 17
2 — Status Quo with Polymer 11 2 14 3
3 - Co-Thickening without Odor Control 9 4 11 6
4a — Co-Thickening with Odor Containment 9 4 11 6
4h — Co-Thickening with Odor Containment and Treatment 9 4 11 6

Note: Assume npgraded digester are Submerged Fixced Cover Digesters.

Table 5-4. Capital Savings Over 30 Years from Reduction in Digester Upgrades

Alternative Capital Saved

1 - Thickening Status Quo

2 - Status Quo with Polymer $17.3M

3 - Co-Thickening without Odor Control $34.5M

4a - Co-Thickening with Odor Containment $34.5M

4h - Co-Thickening with Odor Containment and Treatment $34.5M

Alternative 15 yr NPV Benefit 30 yr NPV Benefit

1 - Thickening Status Quo (700,000) (1,100,000)
2 — Status Quo with Polymer 11,700,000 16,000,000
3 - Co-Thickening without Odor Control 18,600,000 27,100,000
4a - Co-Thickening with Odor Containment 17,100,000 25,600,000
4h - Co-Thickening with Odor Containment and Treatment 16,600,000 25,100,000

5.4 Non-Economic and Risk Factors

The main infrastructure for DAFT co-thickening or polymer-enhanced thickening of WAS is already in place.
The alternatives presented here reuse existing DAFTSs tanks, pressurization pumping, some saturation
pressure tanks and much of the existing piping. This helps to reduce the risk associated with converting to
enhanced thickening. The risk lies in the performance assumptions made in this TM. If the thickening
performance, air/solid ratio, and loading assumptions do not hold, additional tanks will be needed. This does
not add significant cost compared to the savings in digester capacity. Therefore, this risk is minimal. Further
discussion on performance optimization is included in Section 6.

Another risk associated with the alternatives is the choice in level of odor control. Some level of odor control
is typically applied to co-thickening DAFTS, making the risk level high for Alternative 3, where no odor
containment or treatment is included. Dispersion modeling could reduce the uncertainty associated with
Alternative 4a, where contained odor would be discharged through a stack. Furthermore, with Alternative 4a,
a biofilter could be added at a later stage if odor treatment is found to be necessary.
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6. FUTURE CONSIDERATIONS AND CONCLUSIONS

Future optimization considerations and the recommended alternative are presented in this section.

6.1 Operational Considerations and Future Pilot Studies

The benefits of co-thickening depend on the performance of the DAFT system. A well performing DAFT
will maximize float concentration, minimizing underflow concentration and minimize power consumption.
The underflow concentration and the power consumption depend heavily on the air-to-solids ratio and the
efficiency of the saturation system. The ability to thicken float depends on the sludge itself, the sludge volume
index (SVI), and the operation of the float collection system. A discussion on several ways to optimize DAFT
performance is included here.

6.1.1 Maximizing Float Thickness

The mechanism of thickening by DAFT is essentially drainage of interstitial water from the part of the float
that extends above the water level. At lower solids loading rates, the float accumulates at a lower rate and the
passage of the float above the water level proceeds at a lower rate of rise, thereby providing more opportunity
for drainage before the thickened float is removed by the float scrapers.

Usually the DAFT system cannot control the amount of solids processed and thereby the solids loading rate.
But the operator can control the amount of float accumulation and the degree of drainage from the float.
This is done by the speed of the float scraper and/or intermittent operation of the scraper. By reducing the
speed of the float scraper, more opportunity is allowed for the float to rise further and increase drainage,
between passes of the scrapers.

One limitation on allowing the float to extend above the water level is the depth of float below the water level
that is required to support the float layers above the water level. Therefore, there is a lower limit to the float
scraper speed below which the float will accumulate and be swept down with the underflow, thereby
inordinately increasing underflow solids concentrations. Usually this is controlled by the operator by using a
bottom-of-float level detector, such as a sludge judge or, more effectively, by a specifically adapted Raven
sludge blanket probe.

However, Brown and Caldwell has devised an automatic control approach that detects the transition from
normal underflow solids to incipient float failure. By coupling this with the speed of the scraper, operation of
scraper speed can be automated. This can be tested on an experimental basis and, if successful, can be
implemented to maximize thickening performance of the DAFTS.

6.1.2 Direct Air Saturation Pumps

Some recent DAFT systems have used direct air saturation pumps as a means of dissolving air in place of
pressure vessel based saturators. These systems are a simplification of the more formal, mass transfer reactor
based solution to air saturation. A direct air saturation pump is typically a high pressure (regenerative turbine
multi-stage) centrifugal pump where compressed air is added to the suction side of the pump. The action of
the pump impeller and the sudden pressure increase in the pump are the drivers to dissolve air into solution
(along with micro-sized air bubbles). Optimized pump design is employed to allow as much suction side air
injection as possible without “air binding” the impeller of the pump. These systems generally use discharge
pump pressures in the 70 to 100 psi range, whereas systems with saturation tanks are generally run in the 40
to 70 psi range. There is little specific information available that allows a direct comparison of electric power
to air dissolution efficiency between these systems and traditional mass transfer reactor systems.
Manufacturer’s claim actual to theoretical saturation efficiencies of 100 percent or more, often owing to the
entrainment of microscopic sized bubbles in the pressurization flow stream that may have never been
dissolved but may be, nonetheless, available for attachment to solids. The direct air saturation pumps are
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generally favored for the simplicity and capital cost savings that they lend to, typically, smaller sized DAFT
systems. A system the size of San Jose (1,500 to 3,250 gpm pressurized water) is economically sensitive to the
specific saturation efficiency and the investment in the more complex saturation vessel systems has already
been made. Further, these pumps are not available in sizes large enough (available pumps <250 gpm) to
replace the “central” pressurization water supply scheme already in place. Therefore, there is little driver to
consider this class of pumping equipment for application at the WPCP.

6.1.3 Saturation System Optimization

There are two common reasons for low observed saturator efficiencies, physical damage within the tank and
accumulation of nitrogen in the headspace of the saturators. The saturation pressure tanks at the WPCP have
been replaced in recent years so the physical damage is not likely. None of the tanks have nitrogen purge
systems, which could lead to future inefficiencies in the system. Further testing should be conducted to
determine the efficiency of the current tanks. If low efficiencies are found, addition of a nitrogen purge
system is a likely recommendation. Another concept for minimizing power consumption by the saturation
system is discussed in the next section.

6.1.4 Low Energy Saturation Overview and Pilot Testing

DAFT systems operate by the precipitation of air that has been dissolved at high pressure. Typically,
pressures in DAFT saturation systems may be from 50 psi to 80 psi. The energy expended in DAFT systems
arises principally from the pressurization pump that lifts recycled water typically from about atmospheric
pressure to saturation pressure. Therefore, the pumping head of these pumps can be from 125 to 200 feet.

Recognizing the significant amount of energy expended for waste sludge thickening by conventional DAFT
systems, the concept introduced here is to significantly reduce the pumping energy for saturation by recycling
water under pressure by having the suction and discharge sides of the pump at essentially the same pressure.
Figure 6-1 is a schematic representation of the low energy saturation concept.

The concept involves two interconnected loops, operated intermittently. During an initial cycle, the first loop
operates under pressure and water is cycled around the loop into a retention vessel where compressed air is
injected. After saturation, a switchover allows the pump to convey and displace the air-saturated water in the
loop to the DAFT unit.

During the displacement operation, the second loop repeats the saturation cycle until it too is discharged to
the DAFT unit. Operation is such that saturated and pressurized flow to the DAFT is uninterrupted. It is
estimated that this low pressure concept has a total energy requirement of approximately one-third that of a
conventional DAFT system.
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Figure 6-1. Schematic of low pressure saturation system concept operating in two modes.
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This concept has been tested successfully on a bench-scale experimental basis. However, there are no known
full scale applications. However, since each application is unique and there has been a significant time lag
since previous tests, specific pilot trials are recommended. The equipment requirements to conduct this pilot
testing include the following:

= An internal recycle pump with pumping head of approximately 5 psig (for saturation);

= A transfer pump to convey air-saturated water to the DAFT (also approximately 5 psig);
= A gas transfer chamber connected to existing compressed air source;

= Two automatically operated 4-way valves to switch flow between pressurized loops.

= Electrical and control system to operate the intermittent cycles.

This San Jose pilot test would be the first full scale test of the concept. There is always risk of new concepts
in not being successful at full scale application. Therefore, it is recommended that the tests be conducted
prior to full scale implementation of co-thickening modifications. It may be prudent to first repeat bench
scale tests to prove the concept. The benefit of proceeding with this test is the potential for saving two thirds
of the otherwise required saturation power.

6.2 Conclusions

The results from the life cycle cost analysis show that there is significant economic benefit to improvements
in thickening. Co-thickening can save as much as 30 percent of overall project costs over upgrading digesters
without DAFT upgrades. By simply adding polymer to existing WAS thickening, multiple digesters can be
eliminated from service. Further upgrading the system to co-thickening brings additional benefit in cost
savings. Within the three co-thickening alternatives, the one with no odor control brings the highest benefit.
However, this alternative also bears the highest odor risk.

Based on the results of the BCE, Brown and Caldwell recommends implementing Alterative 4b, upgrading to
co-thickening with odor containment and treatment. This alternative maximizes the cost savings while
minimizing odor risk. Pilot testing is recommended to confirm DAFT solids loading, air-to-solids ratio,
polymer dose, inlet baffles, nitrogen purge, and skimmer speed. Testing is also recommended to confirm
performance of the optimized saturation system concept discussed in Section 6.1.
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