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What Do These Things Have In Common?



Project Team

Design-Build Team Program 
Management Team



Agenda

• Overview
• Digestion Decisions

• Tank Construction
• Mixing Technology
• Digestion Volume and Tank Configuration

• RVE Containment
• Digested Sludge Storage 

• Conclusions and Next Steps

Detailed Design
Basis of Design



Project Overview



WSSC Bioenergy Project

• Sludge will be 
screened and 
dewatered at each 
plant

• Haul pre-dewatered 
cake from four 
remote plants to 
Piscataway WRRF









Project Goals

• Create valuable Class A biosolids

• Reduce overall operating costs for WSSC

• Produce renewable natural gas

• Reduce greenhouse gas emissions

$



Current Status

• Phase 1 underway
• Facility demolition
• Utility relocation

• Phase 2
• Approaching final 

design
• GMP under 

development



Solids Process Flow Diagram
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Solids Mass Balance (2040 Annual Average)

Western 
Branch

23.4 dtpd

Seneca
19.7 dtpd

Damascus
0.93 dtpd
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5.3 dtpd
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23.5 dtpd
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68.3 
dtpd
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6.7 dtpd

Converted to 
Biogas

23.9 dtpd
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42.2 dtpd

4.5 dtpd

2.2 dtpd
19 dtpd

~72 dtpd



Site Rendering (60% Design)



Let’s Focus on the Digesters…



Tank and Cover 

Construction



Tank/Cover Alternatives

Tank
Cast-In-Place

Post-Tensioned 
(like Dutchland)

Pre-Stressed 
(like Crom)

Cover
Fixed Steel

Fixed 
Concrete*

* = not viable for post-tensioned



Five Size Under Consideration

• 72-ft ID x 50-ft Sidewall

• 74-ft ID x 50-ft Sidewall

• 76-ft ID x 50-ft Sidewall

• 78-ft ID x 50-ft Sidewall

• 81-ft ID x 50-ft Sidewall

Maximum 50ft sidewall to 
stay under Mt. Vernon 

viewshed restrictions with top 
of dome.





Notes on Digester Cost Estimates

Common Elements
x   Mixing: not included (assumed equivalent)
x   Foundations: not included (assumed equivalent)
✓ Gas Appurtenances: included
✓ Wall Coating: included

Differentiating Element
• HDPE liner: only for concrete cover



Estimated Construction Cost ($M/tank)
72-ft x 
50-ft

74-ft x 
50-ft

76-ft x 
50-ft

78-ft x 
50-ft

81-ft x 
50-ft

Cast-in-Place
Steel Cover $4.05 $4.15 $4.20 $4.378 $4.53

Cast-in-Place
Concrete Cover $3.15 $3.23 $3.25 $3.45 $3.60

Post-Tensioned 
(Dutchland)
Steel Cover

$3.05 $3.15 $3.23 $3.28 $3.40

Pre-Stressed 
(CROM-type)
Steel Cover

$3.45 $3.55 $3.60 $3.68 $3.83

Pre-Stressed 
(CROM-type)
Concrete Cover

$2.50 $2.55 $2.58 $2.65 $2.75



Mixing Approach



Qualitative Comparison of Mixing

Draft Tube Mixing Pumped Mixing

Pros

• Higher energy efficiency • Lower capital cost 
• Easier at-grade maintenance
• Standby pump increases mixing 

redundancy
• Chopper pump reduces nozzle 

clogging potential
• Allows variable level

Cons

• Higher capital cost
• Large crane for maintenance
• Requires constant level
• Ragging and clogging on draft 

tube impeller and entrance/exit 
of tube

• Lower energy efficiency



Where Would the Huge Crane Go?



Pumped Mixing Is A Better Value for WSSC

Draft Tube Pumped

Cost of Work (CAPEX), $ $750,000 $583,000

Operating Power Consumption, HP 46.5 75.0

20-year Energy Net Present Cost $534,000 $859,000

20-year Maintenance Net Present 
Cost $551,000 $113,000

Total 20-year Net Present Cost 
(CAPEX + Maintenance + Energy) $1.84 M $1.56 M



Digestion Volume



Design Digester Loading Conditions

→12 day SRT under peak loading conditions (MAX14)



Digester Sizing Considerations

RVE containment = ??% of volume

Active digestion volume = defined 
based on mass loads and desired SRT

Grit and mixing inefficiencies = 5% 
of volume

NOT TO SCALE



Continued Study of Volume Expansion

Reference: Moline, C., Higgins, M., Selock, K., Belschner, D., Hentz, L., 
and Balchunas, B., Centralized Biosolids Processing with Thermal 
Hydrolysis and Anaerobic Digestion, Proceedings 2018 Water 
Environment Federation Residuals and Biosolids Conference, Phoenix, 
AZ, May 2018

Basis of Design Allowance for Volume Expansion
• Primary Digesters = 5%
• Secondary Digester = 15%



Continued Study of Volume Expansion

Reference: Moline, C., Higgins, M., Selock, K., Belschner, D., Hentz, L., and Balchunas, B., 
Centralized Biosolids Processing with Thermal Hydrolysis and Anaerobic Digestion, 
Proceedings 2018 Water Environment Federation Residuals and Biosolids Conference, 
Phoenix, AZ, May 2018

Based on this work, the project 
team selected to design the 

digestion system to accommodate 
up to 30% total volume expansion.



Digester 

Configuration



Is there value in a 2-tank Solution?

Basis of Design 2-Tank Solution

1° DIG

1° DIG

2° DIG
1° DIG

1° DIG

DSST?



2-Tank solution is the best value for WSSC

72-ft x 50-ft 74-ft x 50-ft 76-ft x 50-ft 78-ft x 50-ft 81-ft x 50-ft

In-Tank RVE 7% 13% 19% 26% 36%

3rd Tank Required 
for RVE? Yes No

Total Tank Cost* $7.5M $7.65M $5.16M+ $5.30M+ $5.5M

*With the 2-tank solution, additional savings 
can be realized from less mixing, building, 

pumps, and piping/valves.



Digestion Configuration Selected

Top of Sidewall   50.0ft
Overflow 49.0 ft

Normal WSEL 40.25ft

Grit and mixing inefficiencies = 5% 
of volume

NOT TO SCALE



RVE Containment 

Approach



Rapid volume expansion (RVE) can be more 
problematic in THP+MAD systems

• Impacts can be exacerbated in tall 
tanks with limited headspace.

• Typical causes:
• Digester startup

• Stopping digester mixing

• Changing mixing intensity

• Poor mixing/inconsistent mixing

• Sudden temperature/pressure changes



Rapid Volume Expansion

37



What Does a RVE Event Look Like?

38



What Does a RVE Event Look Like?



What Does a RVE Event Look Like?



26% In-Tank RVE…where does the rest go?

In the bathtub!



60% Design
Digester Containment for 26-30% RVE



Digester Overflow and Containment



Balancing Risk and Investment…

• Do we need full volume containment?
• What are the maintenance impacts?
• What are the cost impacts?
• Can we contain the excess liquid from leaking 

but not all of the volume?

→Resulting solution to convey the excess RVE 
but not contain the full volume





Conclusions and 

Next Steps



Conclusions and Next Steps
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Questions?

Matt Van Horne, PE
mvanhorne@hazenandsawyer.com

703-267-2738


