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GENERAL INFORMATION 

Installation: Howard F. Curren Advanced Wastewater Treatment Plant 
Tampa, FL 

Test Dates: 03/18/2013 - 03/22/2013 

Plant Contact: Timothy Ware 

Centrisys Site Personnel: Nick Flomp, Patrick Johnson, and Michael Sargent 

Report Author: Michael Sargent       
mike.sargent@centrisys.us 

Centrifuge Model: CS18-4 

Job Number: 5426 

Polymer: Ashland's K148L, K290FLX, and K295FL; Polydyne's EM 
840LOB and EM 840CT; BASF's 8819 

Feed Material Description: Sludge Mixture: 50% primary & 50% waste activated 
sludge (WAS) 
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INTRODUCTION 

The Howard F. Curren wastewater treatment plant (WWTP) of Tampa, Florida is currently dewatering 
thickened sludge with a collection of belt filter presses (BFPs).Each BFP operates at approximately 120 -
140 gpm. Sludge is dosed with approximately 60 lb./ton of polymer prior to dewatering. Cake produced 
varies between 15 – 16% TS. This moist cake is conveyed and discharged into trucks where it is 
eventuallyhauled and disposed off-site. This is currently considered inefficient because of the high 
moisture content of the cake and the costs associated with transportation.  

Subsequently, it has been determined that purchasing more efficient dewatering equipmentis the best 
alternative for achieving a drier cake. Tampa is also open to the possibility ofutilizinga new polymer with 
their equipment. 

During this unique side-by-side test a variety of dewatering manufacturers and technologies were invited 
to demonstrate on site: Alfa Laval a dewatering centrifuge, Huber a screw press, FKC a screw press, and 
Prime with a fan press. Centrisys was also selected to demonstrate the strong dewateringcapabilities of the 
CS18-4 centrifuge. This report will assess the initial trial of the CS18-4 centrifuge with sludge feed 
shared by all dewatering technologies.  

Centrisysgreatly appreciates the opportunity to showcase our equipment for the City of Tampa. Our 
strong site performance and thissubsequent assessment report will undeniably prove that Centrisys 
dewatering equipment can and will excel in thisTampa dewatering application.  

PILOT TEST PROCESS 
9586 58th Place 

Kenosha, WI 53144 
Phone: (877) 339-5496 

Fax: (262) 764-8705 
www.centrisys.us 

An ISO 9001:2008 Company info@centrisys.us 
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Pilot testing was completed at the Howard F. Curren Wastewater Treatment Plant in the City of Tampa, 
Florida the week of March 18th, 2013. 

Figure 1: CS18-4 Trailer and Cake Collection 

Feed samples received and tested by Centrisys lab personnel in Kenosha, Wisconsin indicated Ashland’s 
K148L, K290FLX, and K295FL ideal polymers for field testing. In order to expand the scope of testing 
BASF’s 8819 and Polydyne’s EM840CT & EM840LOB were tested per vendor recommendations. 

Site connections are pictured in Appendix C: Figure 2. Sludge was fed the Centrisys centrifuge from a 
feed line shared by the Alfa Laval dewatering test trailer. The sludge source was the same every day and 
feed total solids (TS) content ranged from 1.68 - 2.05%. 

Centrate was drained to a collection basin near the rear of the trailer and returned to the plant headworks. 
Samples were collected from a centrate relief valve on the trailer. Also, cake was discharged into a 
dumpster managed by Tampa (Figure 1). Cake samples were collected at the end of the cake discharge 
conveyor. All cake and centrate samples were collected and processed by an independent laboratory. 

During trial testing allpolymers were initiallyinjected directly at the sludge feed pump creating the most 
turbulent mixing. However, the best performance was observed with polymer dosed directly into the 
sludge feed pipe on the centrifuge. The various polymer injection points and description of mixing can be 
seen in Appendix B: Figure 4. 

Testing continued for four days. The mobile test unit was dismantled and removed from siteon 
March22nd.   

OBSERVATIONS & RESULTS 
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Figure 2: Cake Discharge 

Centrisys was able to operate the centrifuge and perform this test with minimal interruption. Both cake 
and centrate quality remained consistent throughout testing. Any shifts in cake dryness or centrate quality 
should not be inferred as machine malfunction. This is merely a sign Centrisys is performing an objective 
analysis of our equipment and trying to optimize machine performance for our client.  

The varied results this test yielded have demonstrated a variety of options for running our dewatering 
centrifuge. Final installation recommendations will depend on any plant design modifications made to 
Tampa and a further assessment of the plant’s long and short-term process goals. Whether it is an effort to 
reduce polymer consumption, increase cake dryness, reduce energy consumption, etc. the machine 
settings can be easily modified to best suit most dewatering needs.  

Applied Torque 

The Viscotherm hydraulic scroll drive system allows Centrisys centrifuges to apply higher torque per 
installed horsepower than any other scroll drive system. By controlling the scroll speed via hydraulic 
valving the torque can easily be adjusted from the control panel. This is displayed in terms of hydraulic 
system pressure in units of Bar in the control system(See Appendix A: Table 1). 

The scroll drive installed on the CS18-4 pilot unit applies 29.7Nm of torque per 1 Bar ofhydraulic system 
pressure (1 Nm = 0.737562149 ft·lb.). In theory, a higher torque will produce a drier cake. However, 
Centrisys has found this rule does not necessarily apply to all municipal sludges. Furthermore, a higher 
torque is oftenachieved by increasing the bowl speed and/or polymer dose. These factorsmay directly 
correlate to an increase in energy and/or polymer consumption which are monitored throughout testing 
and noted for every cake sample collected (See Appendix A: Table 3). 
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Figure 3: Centrate 

The torque was varied on the first day of testing with polymers K148L and EM 840CT. From Figure 4 
below it is clear that with both polymers the higher applied torque to the sludge the better cake produced. 
Subsequently, it is recommended the machine be operated at 100% bowl speed upon final installation to 
achieve the highest applied torque.  
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Figure 4: Torque Effects on Cake Solids 

Feed Sludge Loading 

Sludge pump speed was varied while testing to demonstrate the dryness of cake against the capacity of 
our CS18-4 centrifuge (see Figure 4 above). Sludge and the solids volume processed directly correlate to 
the changes in pump speed. This data is assessed against our wide range of centrifuge models and allow 
Centrisys to meet Tampa dewatering needs with the best product. 

Power Analysis 

Power was analyzed for the full startup, running, and shut down cycle of the centrifuge on the fourth day 
of testing. Voltage, Current, Total Active Power, and Total Average Power Factor readings were recorded 
every minute and logged digitally. A kWh was derived from this information and is outlined in Table 1 
below.  

The relationship between energy consumed and solids processed is also pictured in Figure 5 below. It 
should be noted that there is negligible consumption during shutdown of the machine. 

Hour kWh 
Solids 

Processed 
Start 0.00 0.000 

8:00 AM 22.56 0.247 
9:00 AM 39.16 0.530 
10:00 AM 56.91 0.880 
11:00 AM 74.47 1.247 
12:00 PM 92.02 1.557 
1:00 PM 107.00 1.873 

Shutdown 108.44 1.873 

Table 1: Power Consumption 
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Figure 5: Solids Processed vs. Energy 

Polymer  

The relationship between polymer dose and cake dryness will vary from polymer to polymer. In 
generating test data for the polymer curve, the polymer application rate was dropped until centrate 
visually changed significantly for the worse. When you have solids carryover in the centrate it can be 
assumed the polymer feed flocculation is insufficient. This is considered the dosage breaking point. 
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Figure 6: Polymer – Cake Dryness Relationship 

The optimal low dose/high solids samples were produced with K148L, EM 840CT, EM 840LOB, and 
8819.  

If polymer conservation is the primary focus for Tampa, the BASF 8819 is most likely the polymer of 
choice. The final sale of polymer and cost is dependent on arrangements Tampa makes with a polymer 
vendor. Centrisys does not sell or manufacture polymer, however traditionally Ashland’s 148L is a very 
inexpensive polymer compared to the others because of it’s linear quality and may fit the City’s needs 
better from a total cost comparison standpoint. 

Furthermore, projections of polymer consumption have been based on the observed feed concentration 
and flow during testing. Changes in plant operations may cause polymer dose to increase and/or decrease 
over time.  However under the conditions experienced during pilot testing, Centrisys can conclusively 
guarantee the performance of our CS26-4 sized units to achieve a minimum of 22% dewatered cake using 
no more than 40 lbs/ton of polymer with a minimum centrate quality of 95% (this value is our absolute 
minimum on any installed unit we have which must be assumed here due to missing centrate TS samples 
from the lab, however based on the samples we took this value should be able to be achieved at closer to 
98-99% capture). 
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RESULTS OVERVIEW 

POLYMER DOSAGE G-Force 
[Gs] 

Torque 
[Nm] 

Solids 
Processed 
[lb. / hr] 

Cake Solids 
[% TS] 

Centrate 
TSS 

[mg/L] 

Recovery 
of 

Insolubles Neat [lb. 
/ dry ton] 

Active [lb. 
/ dry ton] 

K148L 
Min: 77.5 35.6 3,007 2,438 633 20.6% 249 97.84% 
Max: 92.0 42.3 3,010 3,152 634 22.4% 427 98.73% 
Avg: 84.8 39.0 3,008 2,795 633 21.6% 335 98.30% 

K290FLX 
Min: 125.9 55.4 3,009 3,122 419 23.4% 64 98.68% 
Max: 142.0 62.5 3,010 3,122 432 24.5% 238 99.66% 
Avg: 135.9 59.8 3,010 3,122 427 23.8% 124 99.32% 

K295FL 
Min: 138.0 55.2 3,010 2,974 453 22.2% 46 97.72% 
Max: 144.9 58.0 3,010 3,330 506 22.5% 417 99.77% 
Avg: 141.5 56.6 3,010 3,152 479 22.4% 231 98.74% 

EM840CT 
Min: 74.5 30.6 3,010 2,884 619 18.6% 138 97.82% 
Max: 103.0 42.2 3,010 3,568 718 23.9% 417 99.30% 
Avg: 93.3 35.6 3,010 3,216 645 21.8% 338 98.32% 

EM840LOB 
Min: 88.7 37.2 3,010 2,557 466 19.9% 226 92.02% 
Max: 124.1 52.1 3,010 2,825 579 21.4% 1,550 98.86% 
Avg: 113.6 47.7 3,010 2,726 518 20.6% 743 96.16% 

8819 
Min: 88.1 35.2 3,009 3,093 427 22.7% 417 97.74% 
Max: 153.7 61.5 3,010 3,449 717 23.2% 417 98.19% 
Avg: 132.3 52.9 3,010 3,256 551 23.0% 417 97.99% 

ALL 
SAMPLES 

Min: 74.5 30.6 3,007 2,438 419 18.6% 46 92.02% 
Max: 153.7 62.5 3,010 3,568 718 24.5% 1,550 99.77% 
Avg: 111.5 46.7 3,010 3,031 555 22.0% 417 97.88% 

Table 2: Polymer Dose and Output Overview 

Response to Request for Qualifications (RFQ) 

The following information has been requested per RFQ sections 3.5-PROCESSING and 3.7-SUMMARY 
REPORT. 

Flow rate of sludge to pilot unit (gpm): 
• Varied between 60 – 70 gpm for scale-up purposes. See Appendix A: Table 1 for verification. 

Average polymer usage (gpm) and (lb./dry ton) based on the recorded polymer used divided by the 
calculated dry tons of solids processed: 

• The average polymer flow was 0.0599 gpm, Neat and average dose was 46.7 lb./ton, Active.  
Polymer cost ($/lb.) of selected polymer: 

• This will ultimately depend upon final contract arrangements with a polymer vendor. For 
estimation purposes costs are assumed $1.27/lb. at approximately 8.516 lb./gallon polymer. 

Activity of emulsion polymer (%): 
• Polymer activity varied from 40 – 46%. See Appendix A: Table 1 for activity and subsequent 

dosage verification.  
Dilution water used (gpm): 

• Varied from 6 – 12 gpm depending on polymer utilized. See Appendix A: Table 1 for verification. 
Electrical power consumption (kWh/dry ton) based on total power used by the centrifuge divided by the 
calculated dry tons of solids processed: 

• On day four of testing the power was continuously recorded using a data logger. The centrifuge 
consumed 108.444kWh/1.873 tons solids processed or 57.898 kWh/ton. 

Dewatered cake solids content (%) as measured by City Laboratory: 
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• See Appendix A: Table 2 
Solids capture efficiency (TS, %) based on dry tons of solids in dewatered cake divided by calculated dry 
tons of solids processed: 

Solids Capture Efficiency = C (F-E) / F (C-E) x 100: 
C = Cake Solids (% Total Solids) 
F = Feed Solids (% Suspended Solids) 
E = Centrate Solids (% Suspended Solids) 

• See Appendix A: Table 3 
Total and volatile suspended solids of feed sludge (mg/L) as measured by City Laboratory: 

• See Appendix A: Table 2 
Total suspended solids content of centrate (mg/L) as measured by City Laboratory: 

• See Appendix A: Table 2 
Chemical oxygen demand in centrate (mg/L) as measured by City Laboratory: 

• See Appendix A: Table 2 
Total nitrogen concentration in centrate (mg/L) as measured by City Laboratory: 

• See Appendix A: Table 2 
Total phosphorous concentration in centrate (mg/L) as measured by City Laboratory: 

• See Appendix A: Table 2 
Washwater quantity (gal/dry ton) based on total washwater used divided by the calculated dry tons of 
solids processed: 

• Assuming a 2 week run-time and an average of 630 lb./hour solids processing, and 110 – 170 
gal/day washwater required there would be a ratio of approximately 1,540 gal/254,840 lb. to 
2,380 gal/lb. required or 12.18 gal/ton to 18.82 gal/ton. 

Fecal coliform density of sludge feed, MPN /dry gram biosolids (tested on Tuesday and Wednesday 
only): 

• Not reported by independent laboratory analysis. 
Fecal coliform density of dewatered cake, MPN /dry gram biosolids (day of test run): 

• Not reported by independent laboratory analysis.  
Fecal coliform density of dewatered cake, MPN /dry gram biosolids (24 hours after day of test run): 

• Not reported by independent laboratory analysis.  
Fecal coliform density of dewatered cake, MPN /dry gram biosolids (48 hours after day of test run): 

• Not reported by independent laboratory analysis. 
Estimated maintenance hours per hour of operation: 

• The machine is assumed to operate continuously with a shutdown every two weeks for 
maintenance. This would equate to one hour per two weeks (336 hours). Otherwise put as 3 hours 
maintenance per thousand hours of operation. 

Suggested preventative maintenance hours per hour of operation: 
• Every two weeks it is recommended the machine be shut down, bearings greased, and conduct a 

brief visual inspection of gaskets, hoses, etc. to ensure integrity. This should take approximately 
one hour.  

Suggested operator hours per hours of operation: 
• A Centrisys centrifuge will operate continuously without operator monitoring. However, it is 

recommended an operator physically observe machine centrate and cake output occasionally to 
ensure all systems are satisfactorily functioning. 

Total connected horsepower: 
• The CS26-4 (proposed for installation) features a Standard Main Motor HP: 125 and Scroll HP: 

40. The test unit (CS18-4) features a Standard Main Motor HP: 40 and Scroll HP: 10. 
Daily washwater requirement: 
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• Washwater is only required for one half hour during machine shutdown. During this time 
approximately 50 – 80 gpm is sufficient for flushing. Assuming continuous operation with a two 
week shutdown period, approximately 110 – 170 gallons of washwater is required per day. 

Dimensions, weights, and structural design forces: 
• See Appendix D 

Supplemental Equipment Information 

An independent analysis was conducted by engineers with CDM Smith in March of 2012 for the New 
York City Department of Environmental Protection (NYCDEP). This study compared centrifuges from 
several manufacturers weighing similar centrifuge models on the following parameters: 1) Centrifuge 
Features 2) Centrifuge Performance 3) Installation issues 4) Operations + Maintenance Issues 5) Capital 
and Operations Cost. 

The conclusion of the study found the Centrisys CS26-4 the optimum dewatering centrifuge for New 
York. The CS26-4 is also recommended for Tampa’s dewatering application. Information used for the 
study is as follows: 

• The CS26-4 centrifuge beach angle is 15 degrees. 
• The bowl diameter/solids discharge diameter/bowl cylinder length is 26/15.3/89.6 inches. 

The CS26-4 bowl length is the longest of the units evaluated. 
• The scroll is a closed flight design near the feed section to maximize solids transport and open 

near the centrate end to promote settling/capture, as indicated by Centrisys.  
• The scroll is cast duplex and 316 SS to protect against corrosion and wear protection is provided 

by tungsten on the full length of the flights, using tiles in the feed zone and spray applied tungsten 
in the effluent zone. Replaceable tungsten carbide inserts are provided at the feed and discharge 
ports. 

• The scroll design does not use a separator disc to raise the pond depth but incorporates a solids 
baffle on the beach which Centrisys claims affects the driest solids to be discharged from the 
machine.  

• The main drive system consists of a VFD controlled main motor that rotates the bowl via an in-
line belt and pulley arrangement. The scroll drive is a radial piston motor, manufactured by 
Viscotherm AG. This hydraulic conveyor drive has several differences from the hydraulic drives 
installed on the original NYCDEP centrifuges. The new piston motor and oil pump unit are more 
compact than the components of the original drives. The radial piston motor is of smaller 
diameter and weighs less than the planetary and cyclo boxes utilized by other manufacturers, 
while producing more torque at the scroll. 

• The scroll speed is controlled by a gear pump remotely located in an oil reservoir driven by a 
variable speed AC motor. Changing the motor speed changes the oil flow, directly affecting scroll 
speed. This provides for an extremely controllable differential speed not affected by variations in 
load on the conveyor. In addition, unlike a sealed, oil filled speed reducer, the hydraulic oil 
flowing to the motor is constantly filtered to remove contamination from machine wear or 
condensation. This prolongs the life of the drive system. An external cooling water flow of 3 gpm 
is required to cool the hydraulic oil. Air cooling is also an option. Centrisys indicates the water 
supply can be plant effluent. 
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• The radial piston hydraulic motor is mounted outboard of the main bearings. The motor is bolted 
to the scroll and the output shaft is connected to the scroll shaft, rotating the scroll at a low rpm 
independently of the bowl speed. This arrangement allows the motor to drive the scroll whether 
the bowl is rotating or not, and has advantages of cleaning solids out of the bowl. 

• The bearings are oil lubricated using an air conveyed single pass oil system. This system is 
simple in that oil drips from a reservoir into an air stream and sprays into the bearing. This is a 
favored method of lubricating high speed bearings from a bearing life standpoint, in that the oil is 
not recycled, there no potential for contamination and viscosity break-down.  
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CONCLUSIONS& RECOMMENDATIONS 

The following has been identified through analysis of the pilot testing data collected at the Tampa 
Wastewater Treatment Plant: 

• Centrisys centrifuge systems are capable of achieving a dewatered cake of potting soil 
consistency. An increased dryness of cake will enable Tampa to minimize cost associated with 
cake disposal.  

• Cake dryness over the course of the pilot test ranged from 18.6 to 24.5%TS with an average of 
22.0%. 

• Upon final installation cake output can be expected to be consistently above 22.0% TS and 
sludge dosed below 40 lb. /ton, Active polymer. 

• Centrate quality was maintained for the entirety of the pilot test. Given the strong results 
observed it is believed this should not be of concern when our centrifuge is placed in its final 
application and can be guaranteed at a minimum of 95% capture, however based on the few 
sample results we do have results on should be expected in the 98-99% capture range. 

A Centrisys centrifuge will dewater the feed sludge from Tampa while maintaining strong dry cake, low 
polymer dose, and clean centrate. Four CS26-4 centrifuges should satisfy the current and projected 
dewatering needs for Tampa with three machines operating on an 8-hour operating cycle per day 
processing 32 dry tons per day with 2% influent feed and one as a stand-by to meet future peak flows.    

The recommended amount of machines to handle 32 dry tons per day on a 24 hour operating cycle would 
be a total of two CS26-4 centrifuges with one machine as a stand-by to meet future peak flow under the 
same 2% influent feed condition listed above. 

o The estimated maintenance hours from equipment failures/scheduled replacements based on actual 
data from the CS26-4 unit we have installed and running for the last 7 years in Lee County, FL 
would be 24 hours/year. 

o The estimated preventative O&M hours based on actual data from the CS26-4 unit we have 
installed and running for the last 7 years in Lee County, FL would be 68 hours/year. 

o The estimated operator hours per hour of operation of the unit would be 5-10 min/operating hour 
depending on whether it runs for (1) 8 hour shift or runs 24 hrs/day. 

o The total connected Hp of (1) CS26-4 unit is 165 Hp 

o The washwater requirement for the CS26-4 unit is 100 gpm @ 60 – 80 psi for a 20 min cycle at 
startup, shutdown and clean in place as needed only. 

If you have any questions regarding the pilot test or this report please feel free to contact your local 
Florida Centrisys sales representative, Cory Peavy at cp@tomevans.com, our regional sales manager for 
the southeast US Patrick Johnson at Patrick.Johnson@centrisys.us, or Michael Sargent at 
Mike.Sargent@centrisys. Dimensional drawings are attached below for your review. 
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APPENDIX A: 
Additional Data& Analysis 
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A

 
70 

1 
4.9 

K
295FL 

40%
 

0.0699 
10.0 

3432 
22.4 

1.0 
100 

1.4 
105 

6.5 

C6 
3/21/13 2:00 PM

 
A

 
60 

1 
4.6 

8819 
40%

 
0.0656 

10.0 
3432 

22.3 
1.0 

104 
1.2 

110 
6.5 

D
1 

3/22/13 9:00 A
M

 
A

 
60 

1 
5.4 

8819 
40%

 
0.0759 

6.0 
3432 

22.7 
1.2 

116 
1.2 

120 
6.5 

D
2 

3/22/13 10:00 A
M

 
A

 
60 

1 
5.4 

8819 
40%

 
0.0759 

6.0 
3432 

22.6 
1.2 

108 
1.2 

110 
6.5 

D
3 

3/22/13 11:00 A
M

 
A

 
70 

0 
4.6 

8819 
40%

 
0.0631 

6.0 
3431 

23.2 
1.2 

110 
1.2 

110 
6.5 

D
4 

3/22/13 12:00 PM
 

A
 

70 
0 

4.1 
EM

 840CT 
41%

 
0.0552 

10.0 
3432 

24.3 
1.2 

97 
1.2 

110 
6.5 

D
5 

3/22/13 1:00 PM
 

A
 

70 
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4.1 
EM

 840CT 
41%

 
0.0552 

10.0 
3432 

24.0 
1.2 

114 
1.2 

120 
6.5 

D
6 

3/22/13 2:00 PM
 

A
 

70 
0 

3.6 
EM

 840CT 
41%

 
0.0472 

10.0 
3432 

25.1 
1.0 

108 
1.0 

115 
6.5 

ii 



 

  
 

 

   

 
 

 

Table 1: Test Data 

LAB ANALYSIS 
LOGISTICAL FEED CAKE RETURN 

Sample Date & Time 
TSS 

[mg/L] 
TS 

% Solids 
VS 

% Volatile 
Lab 
% TS 

TSS 
[mg/L] 

COD 
[mg/L] 

TN 
[mg/L] 

TP 
[mg/L] 

A1 3/19/13 9:00 AM 18,109 1.81% 74.87% 20.6% 427 

1,340 1,210 68.1 

A2 3/19/13 10:00 AM 18,109 1.81% 74.87% 21.7% 330 
A3 3/19/13 11:00 AM 18,109 1.81% 74.87% 22.4% 249 
A4 3/19/13 12:00 PM 18,109 1.81% 74.87% 20.7% 306 
A5 3/19/13 1:00 PM 18,109 1.81% 74.87% 22.8% 337 
A6 3/19/13 2:00 PM 18,109 1.81% 74.87% 23.9% 138 
B1 3/20/13 9:00 AM 18,109 1.81% 74.87% 20.5% 855 

647 1,050 42.5 

B2 3/20/13 10:00 AM 18,040 1.80% 74.06% 20.0% 226 
B3 3/20/13 11:00 AM 17,920 1.79% 75.89% 21.2% 1550 
B4 3/20/13 12:00 PM 17,680 1.77% 75.11% 21.4% 905 
B5 3/20/13 1:00 PM 17,760 1.78% 75.45% 20.7% 279 
B6 3/20/13 2:00 PM 17,040 1.70% 75.35% 19.9% 643 
C1 3/21/13 9:00 AM 16,760 1.68% 73.51% 23.4% 238 

2,830 1,080 69.9 

C2 3/21/13 10:00 AM 17,240 1.72% 74.71% 24.5% 71 
C3 3/21/13 11:00 AM 17,280 1.73% 74.77% 23.5% 64 
C4 3/21/13 12:00 PM 18,109 1.81% 74.87% 22.5% 46 
C5 3/21/13 1:00 PM 16,880 1.69% 74.88% 22.2% 417 
C6 3/21/13 2:00 PM 17,080 1.71% 73.77% 23.0% 417 
D1 3/22/13 9:00 AM 18,280 1.83% 74.40% 23.2% 417 

1,830 1,300 226.0 

D2 3/22/13 10:00 AM 21,000 2.10% 74.86% 23.2% 417 
D3 3/22/13 11:00 AM 20,480 2.05% 76.17% 22.7% 417 
D4 3/22/13 12:00 PM 20,520 2.05% 75.05% 22.1% 417 
D5 3/22/13 1:00 PM 17,680 1.77% 75.11% 22.7% 417 
D6 3/22/13 2:00 PM 18,109 1.81% 74.87% 18.6% 417 

Table 2: Lab Data (processed by independent laboratory) 
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DATA ASSESSM
ENT 

SAM
PLE 

FEED 
PO

LYM
ER FLO

W
 &

 D
O

SAG
E 

BO
W

L 
O

UTPUT 
EN

ERG
Y 

M
eter 

Feed 
Rate 

[gpm
] 

Solids 
%

 D
S 

Sludge 
Flow

 
[gpm

] 

D
ilution 

H
2 O

 Flow
 

[gpm
] 

N
eat 

Rate 
[gpm

] 

Polym
er 

C
onc. 
[%

] 

N
eat 

[lb. / dry 
ton] 

Active
 [lb. / dry 

ton] 

G
-Force 
[G

] 
Torque 
[N

·m
]

Solids 
Processed 
[lb. / hr] 

D
aily Total 
Solids 

Processed 
[ton] 

C
ake 

Solids 
[%

 TS] 

C
entrate 

TSS 
[m

g/L] 

Recovery of 
Insolubles 
[%

 w
/w

] 

M
ain 

D
rive 

[kW
] 

Backdrive 
[kW

] 

Total 
Energy 
Usage 
[kW

]

kW
/gpm

A
1 

70 
1.81%

 
70 

10 
0.049 

0.49%
 

77.5 
35.6 

3007 
2438 

633.2 
0.317 

20.6%
 

427 
97.8%

 
20.1 

8.5 
28.57 

0.41 
A

2 
70 

1.81%
 

70 
10 

0.054 
0.54%

 
84.7 

39.0 
3007 

2795 
633.6 

0.633 
21.7%

 
330 

98.3%
 

19.6 
8.8 

28.41 
0.41 

A
3 

70 
1.81%

 
70 

10 
0.058 

0.58%
 

92.0 
42.3 

3010 
3152 

633.6 
0.950 

22.4%
 

249 
98.7%

 
19.5 

9.1 
28.67 

0.41 
A

4 
70 

1.81%
 

70 
10 

0.054 
0.54%

 
84.7 

34.7 
3010 

3003 
633.6 

1.267 
20.7%

 
306 

98.5%
 

19.5 
9.0 

28.53 
0.41 

A
5 

70 
1.81%

 
70 

10 
0.058 

0.58%
 

92.0 
37.7 

3010 
3241 

633.6 
1.584 

22.8%
 

337 
98.3%

 
19.5 

9.2 
28.75 

0.41 
A

6 
70 

1.81%
 

70 
10 

0.065 
0.65%

 
103.0 

42.2 
3010 

3568 
633.6 

1.901 
23.9%

 
138 

99.3%
 

19.5 
9.6 

29.07 
0.42 

B1 
64 

1.81%
 

64 
10 

0.051 
0.51%

 
88.7 

37.2 
3010 

2557 
579.3 

0.290 
20.5%

 
855 

95.7%
 

18.6 
8.6 

27.24 
0.43 

B2 
64 

1.80%
 

54 
10 

0.060 
0.60%

 
124.1 

52.1 
3010 

2706 
486.9 

0.533 
20.0%

 
226 

98.9%
 

17.6 
8.7 

26.34 
0.49 

B3 
64 

1.79%
 

52 
12 

0.053 
0.44%

 
113.1 

47.5 
3010 

2795 
465.7 

0.766 
21.2%

 
1550 

92.0%
 

18.0 
8.8 

26.82 
0.52 

B4 
72 

1.77%
 

60 
12 

0.063 
0.53%

 
118.8 

49.9 
3010 

2825 
530.2 

1.031 
21.4%

 
905 

95.3%
 

19.5 
8.8 

28.36 
0.47 

B5 
72 

1.78%
 

60 
12 

0.062 
0.51%

 
115.9 

48.7 
3010 

2706 
532.6 

1.297 
20.7%

 
279 

98.6%
 

19.5 
8.7 

28.25 
0.47 

B6 
72 

1.70%
 

60 
12 

0.062 
0.51%

 
120.8 

50.7 
3010 

2765 
511.0 

1.553 
19.9%

 
643 

96.5%
 

19.4 
8.8 

28.15 
0.47 

C1 
60 

1.68%
 

50 
10 

0.059 
0.59%

 
139.7 

61.5 
3010 

3122 
418.8 

0.209 
23.4%

 
238 

98.7%
 

18.2 
9.1 

27.28 
0.55 

C2 
60 

1.72%
 

50 
10 

0.054 
0.54%

 
125.9 

55.4 
3009 

3122 
430.8 

0.425 
24.5%

 
71 

99.6%
 

17.9 
9.1 

27.04 
0.54 

C3 
60 

1.73%
 

50 
10 

0.061 
0.61%

 
142.0 

62.5 
3010 

3122 
431.8 

0.641 
23.5%

 
64 

99.7%
 

18.0 
9.1 

27.12 
0.54 

C4 
60 

1.81%
 

50 
10 

0.066 
0.66%

 
144.9 

58.0 
3010 

3330 
452.6 

0.867 
22.5%

 
46 

99.8%
 

17.8 
9.3 

27.09 
0.54 

C5 
70 

1.69%
 

60 
10 

0.070 
0.70%

 
138.0 

55.2 
3010 

2974 
506.2 

1.120 
22.2%

 
417 

97.7%
 

17.8 
9.0 

26.82 
0.45 

C6 
60 

1.71%
 

50 
10 

0.066 
0.66%

 
153.7 

61.5 
3010 

3093 
426.8 

1.334 
23.0%

 
417 

97.7%
 

17.8 
9.1 

26.86 
0.54 

D1 
60 

1.83%
 

54 
6 

0.076 
1.26%

 
153.7 

61.5 
3010 

3449 
493.4 

0.247 
23.2%

 
417 

97.9%
 

18.1 
9.4 

27.52 
0.51 

D2 
60 

2.10%
 

54 
6 

0.076 
1.26%

 
133.8 

53.5 
3010 

3211 
566.8 

0.530 
23.2%

 
417 

98.2%
 

18.0 
9.2 

27.21 
0.50 

D3 
70 

2.05%
 

70 
6 

0.063 
1.05%

 
88.1 

35.2 
3009 

3271 
716.5 

0.888 
22.7%

 
417 

98.1%
 

18.5 
9.3 

27.74 
0.40 

D4 
70 

2.05%
 

70 
10 

0.055 
0.55%

 
76.8 

31.5 
3010 

2884 
717.9 

1.247 
22.1%

 
417 

98.2%
 

19.4 
8.9 

28.26 
0.40 

D5 
70 

1.77%
 

70 
10 

0.055 
0.55%

 
89.2 

36.6 
3010 

3390 
618.6 

1.557 
22.7%

 
417 

97.8%
 

19.1 
9.4 

28.50 
0.41 

D6 
70 

1.81%
 

70 
10 

0.047 
0.47%

 
74.5 

30.6 
3010 

3211 
633.6 

1.873 
18.6%

 
417 

97.9%
 

20.0 
9.2 

29.20 
0.42 

Table 3: Data Assessment 
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Figure 1: Daily Polymer Pump Dose Calibration 
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APPENDIX B: 
Additional Test Trailer Information 
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Figure 1: Key components of the pilot test trailer 
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Figure 2: Various polymer injection points 

Figure3: Sludge Feed Flow 
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APPENDIX C: 
Howard F. Curren Site &Process Information 
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 Figure 1: Howard Curren Process Flow 
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 Figure 2: Site Connections 
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Summary 

On-site pilot testing was performed by Prime Solution, Inc. the week of March 18th, 2013 at the 
Howard F. Curren Advanced WWTP in Tampa, FL. The purpose of the pilot test was to 
determine the dewaterability of the noted material and to obtain processing information so as to 
be able to size equipment that will meet the needs of the Plant. Sludge from the plant digester 
was tested. For this pilot two (2) polymers were selected based on previous experience with 
similar sludge. 

A formal budget proposal for capital purchase of the unit will be provided to the City of Tampa, 
FL at a later date.  

The mobile pilot unit used for this test was the full scale Prime Solution Rotary Fan Press® 
model #RFP36D including all of the necessary ancillary equipment to condition the sludge, 
pump the filtrate back to the plant and transfer the cake solids for disposal. 

-RFP36D Rotary Fan Press - Inline Grinder 
- Emulsion Polymer PrimeBlend System - Flocculator Assembly 

- Rotary Lobe Feed Pump - Folding Cake Conveyor 
- Water Boost Pump - Control Panel 

- Filtrate Pump - Chemical Feed System 

Equipment Description 

The Rotary Fan Press operates using the low differential pressure between the incoming 
conditioned sludge and the outgoing sludge cake combined with the very slow (< 1 rpm) 
rotational motion of the filter screens to advance the 
sludge through the press. As the conditioned sludge enters 
the annular space between the two wedgewire filter 
screens a pressure differential develops within the press 
where the liquid portion of the conditioned sludge seeks 
to the path of least resistance through the filter screens.  
The remaining solids are collected inside the two filter 
screens traveling towards the solids discharge of the press.  
At the discharge of the press an adjustable restrictor arm 
slows down the solids forming a “cake” plug. As the plug 
builds within the restriction discharge area it pushes 
towards the inside walls of the filter screens  and the slow 
rotation/friction of the filter screens continuously moves the cake solids pass the restrictor arm to 
be discharged for disposal or further processing. Operation of the Rotary Fan 

Howard F. Curren Advanced WWTP 4 



 

  

 

  

 

 
 

 
 

  

 

 

 
 

Equipment Description 

Press can either be continuously or intermittent depending on your application. Clean-up is a 
simple push of a button, which will automatically run the wash cycle. Four sizes (18, 24, 36 and 
48) are available with the 24 unit expandable to two dewatering channels and the 36 and 48 units 
expandable up to four dewatering channels. Units ordered with one dewatering channel can add 
on the additional dewatering channels in the future for additional capacity. The slow moving, 
small footprint, totally enclosed design with the lowest maintenance of any mechanical 
dewatering technology provides for long sustainable dewatering. 

Figure 1 – Basic Construction of the Prime Solution Rotary Fan Press® 

The Rotary Fan Press has very few mechanical parts as illustrated above in Figure 1.  The simple slow moving dewatering 
channel assembly provides for a clean enclosed working environment, long service life and with standard tools any adjustments 

and/or repairs can be completed simply and quickly. 

The unit is controlled by a touch screen/PLC which 
provides for fine adjustments of the system. This system 
gives infinitesimal control of the unit and allows for 
accurate detailed refinement of the operating parameters 
of the unit. From the touch screen the operator has the 
option to control the dewatering process from the sludge 
feed all the way through to sludge cake transfer, thus 
interlocking the entire system for semi-automatic 
operation. 

Howard F. Curren Advanced WWTP 5 



 

  

 

 

 
 

 
 

 
 

  

 

 
 

  
  

          

       
 

  
   

            

             

            

   
         

    
          

              

              

              

              

              

              

              

              

              

              

              

              

              

             

             

             

              

              

              

Pilot Testing Results 

Pilot Information 
Sludge 
Feed 
Rate 

(gpm)

Polymer Rotary Fan Press Performance 

Run 
# Date Time 

Channel 
Used 

 GPH Type 
Act. 
% 

Dil. 
H2O 
(gpm) 

Dosage 
(lbs./d.t.) 

Speed 
(rpm) 

kW 
(press) 

Inlet  
PSI 

Gate 
PSI 

Feed 
(% TS) 

Cake 
(% TS) 

Sludge 
lbs./hr. 

Capture 
Rate  

(% TSS) LH RH LH RH LH RH 

1 3/19/13 9:00 X X 6 0.25 8848 40% 1.10 32.1 0.30 1.7 0.00 0.48 19 20 1.8% 9.5% 54.0 98.9% 

1 3/19/13 10:00 X X 5 0.70 8848 40% 2.70 114.2 0.35 1.7 0.25 0.48 14 15 1.7% 12.1% 42.5 96.5% 

1 3/19/13 11:00 X X 7 0.25 8848 40% 0.75 29.1 0.40 1.8 0.57 0.97 15 15 1.7% 9.1% 59.6 92.9% 

1 3/19/13 12:00 X X 5 0.31 8848 
Ferric 40% 1.05 50.6 0.30 1.7 0.00 0.68 15 15 1.7% 9.7% 42.5 98.8% 

1 3/19/13 13:00 - X 7 0.23 8848 
Ferric 40% 0.90 41.4 0.65 1.8 - 1.70 - 30 1.1% 13.0% 38.5 98.2% 

1 3/19/13 14:00 - X 7 0.23 8848 40% 0.85 28.5 0.65 1.8 - 0.71 - 30 1.6% 15.2% 56.0 93.8% 

2 3/20/13 9:00 - X 7 0.31 279 46% 0.95 41.5 0.65 1.8 - 0.63 - 30 1.7% 12.9% 59.6 98.8% 

2 3/20/13 10:00 X X 11 0.40 279 46% 1.10 36.2 0.65 1.7 2.34 1.86 30 30 1.6% 23.3% 88.1 97.5% 

2 3/20/13 11:00 X X 11 0.50 279 46% 1.50 45.3 0.65 1.7 0.00 1.56 30 30 1.6% 14.5% 88.1 98.8% 

2 3/20/13 12:00 X X 13 0.55 279 46% 1.80 45.0 0.65 1.7 1.60 1.65 30 28 1.5% 15.1% 97.6 98.7% 

2 3/20/13 13:00 X X 12 0.58 279 46% 1.70 48.2 0.60 1.7 0.90 1.16 30 28 1.6% 15.3% 96.1 98.8% 

2 3/20/13 14:00 X X 13 0.58 279 46% 1.65 44.5 0.60 1.7 0.75 0.80 30 28 1.6% 18.0% 104.1 98.8% 

3 3/21/13 9:00 X X 16 0.72 279 46% 2.00 47.8 0.65 1.7 1.70 1.62 30 28 1.5% 16.8% 120.1 98.7% 

3 3/21/13 10:00 X X 15 0.78 279 46% 2.55 51.8 0.65 1.7 1.70 0.48 40 40 1.6% 17.6% 120.1 97.5% 

3 3/21/13 11:00 X X 20 0.95 279 46% 2.85 47.3 1.00 1.7 0.00 0.61 59 50 1.6% 12.9% 160.1 97.5% 

3 3/21/13 12:00 X X 21 0.98 279 46% 3.25 41.3 0.85 1.7 0.00 0.74 59 50 1.8% 14.0% 189.2 98.9% 

3 3/21/13 13:00 X X 10 0.54 279 46% 1.80 50.6 0.75 1.7 0.05 0.59 59 50 1.7% 16.3% 85.1 98.8% 

3 3/21/13 14:00 X X 10 0.54 279 46% 1.60 53.8 0.45 1.7 0.40 0.50 30 28 1.6% 13.4% 80.1 98.8% 

4 3/22/13 8:00 X X 6 0.65 279 46% 2.10 95.9 0.45 1.7 2.50 2.80 30 28 1.8% 11.8% 54.0 98.9% 

4 3/22/13 9:00 X X 6 0.48 279 46% 1.65 63.8 0.55 1.7 0.39 0.56 30 30 2.0% 12.3% 60.1 99.0% 

4 3/22/13 10:00 X X 7 0.48 279 46% 1.65 54.7 0.75 1.7 0.51 0.46 30 30 2.0% 15.4% 70.1 98.0% 

4 3/22/13 11:00 - X 4 0.48 279 46% 1.80 100.7 0.90 1.7 - 1.92 - 27 1.9% 12.2% 38.0 89.5% 

4 3/22/13 12:00 - X 6 0.28 279 46% 0.90 43.8 0.90 1.7 - 1.90 - 26 1.7% 15.1% 51.0 95.3% 

4 3/22/13 13:00 - X 5 0.28 279 46% 0.85 49.6 0.90 1.7 - 1.05 - 27 1.8% 14.6% 45.0 95.6% 
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Pilot Testing Results 
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Howard F. Curren Advanced WWTP 

8848 Run #1 

279 Run #2 

279 Run #3 

279 Run #4 

The dewatering rate is scalable by using the hydraulic throughput (listed in gpm) per square foot 
of screen area by the square foot of filtration area per dewatering channel of each of the Rotary 
Fan Press sizes listed:   

RFP18 2.52 sq. ft./ch. 
RFP24 4.28 sq. ft./ch. 
RFP36 10.32 sq. ft./ch. 
RFP48 18.82 sq. ft./ch. 

Testing Overview: 

The intent of the pilot test was to determine the dewaterability of the anaerobically digested 
wastewater treatment plant sludge that is produced at the Howard F. Curren Advanced WWTP. 
Flow rates were adjusted to achieve the driest cake possible prior to sample collections which 
began at 9:00 a.m. the first three days of testing and 8:00 a.m. the last day of testing. Once all 
adjustments were made and the unit was dialed in, the unit was allowed to produce material for a 
period of six hours. Samples for each of the streams (Feed, Cake and Filtrate) were taken every 
hour for six hours per testing day. 

Howard F. Curren Advanced WWTP 7 



 

  

 

 
 

 

 

 

 

 

 

Pilot Testing Results 

Testing Results: 

The Rotary Fan Press operated very consistently over the trial period with samples taken every 
hour for six hours/day and stored in a cooler for the City of Tampa to collect at the end each 
testing day. The feed solids ranged from 1.1 - 2.0% solids. Average capture rates for the pilot 
were greater than 97%. Cake dryness for the sludge ranged from 9.1 – 23.3%.  

Daily Testing Log: 

3/18/2013 
Day 1 was spent setting up the unit for pilot testing the next four consecutive days. Setup went 
smooth without any hiccups and we were given the directions of how the testing was to go for 
the rest of the week. We were to be on-site ready to collect samples beginning at 9:00 a.m. 
Tuesday thru Thursday and 8:00 a.m. on Friday.   

3/19/2013 
Day 2 (run #1) began the first day of testing with six (6) samples of each stream (Feed, Cake and 
Filtrate) being collected beginning at 9:00 a.m. and ending at 2:00 p.m. For the first day of 
testing we tried a BASF cationic polymer with an emulsion activity of 40% which produced 
lower than expected results. The sludge seemed to be “tacky” so we tried an addition of Ferric 
Chloride for the 12:00 p.m. and 1:00 p.m. sample collections. The Ferric did not seem to have a 
great significance in cake dryness or lowering polymer consumption.  

3/20/2013 
Day 3 (run #2) was the first day we utilized an Ashland cationic polymer with an emulsion 
activity of 46% which produced better results than the polymer tried the previous day. The press 
ran consistently with visibly greater cake dryness than the previous day of testing.  

3/21/2013 
Day 4 (run #3) continued with the Ashland polymer for testing. We pushed the flow rate up on 
the machine this day compared to the previous days. The machine ran consistent again without 
any hiccups and produced cake which was visibly relatively dry. 

3/22/2013 
Day 5 (run #4) was the final day of testing with sample collections beginning at 8:00 a.m. and 
ending at 1:00 p.m. We dialed the flow rate back down due to the sludge not reacting as well 
with the polymer as the previous days, we stuck with the Ashland polymer but the polymer 
consumption seemed to spike considerably from the days before. The last day saw many groups 
of people visiting the plant to see all the technologies at work. After the last sample was 
collected we ran the automatic wash cycle while we cleaned the outside of the machine and 
inside of the trailer then shut down the machine which takes no time at all and got everything 
wrapped up for departure. 
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On-Site Pictures 
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Conclusion 

Pilot testing was performed at the Howard F. Curren Advanced WWTP in Tampa, FL the week 
of March 18th, 2013. The piloting trial presented in this report clearly demonstrates the capability 
of the Prime Solution Rotary Fan Press® dewatering technology to effectively dewater the 
WWTP sludge. The simple easy automatic operation of the Rotary Fan Press was demonstrated 
along with the consistency to produce cake solids while using low energy and washwater. The 
slow moving (< 1 rpm), small footprint, totally enclosed design with the lowest maintenance of 
any mechanical dewatering technology provides for long sustainable dewatering.   

It has been represented to Prime Solution that a pumping rate of 278 gpm is the requirement for 
the project. With average feed solids of 2.0% the loading requirements for the press will be 2,782 
dry lbs./hr. Based on the testing performed with the anaerobically digested sludge containing 
struvite, data obtained from the pilot, and information provided by the City of Tampa & Hazen 
and Sawyer, it is estimated that three (3) Prime Solution Rotary Fan Press® Model #RFP48Q’s 
are a fit for the processing needs estimated by the Howard F. Curren Advanced WWTP. 

Prime Solution, Inc. would like to express its gratitude to the City of Tampa, FL & Hazen and 
Sawyer for the opportunity and for their support during the piloting test. This report is not to be 
shared in whole or in part with third parties outside of Hazen and Sawyer or the City of Tampa, 
FL without the express written consent of Prime Solution, Inc. 

Regards,    

Greg Slohoda 
Regional Sales Manager 
Prime Solution, Inc. 
PH: (269) 355-3616 
greg@psirotary.com 
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     BUDGETARY PROPOSAL 
Date:  June 13, 2013  Number: P-130613GS1    Page No. 5 of 5 Pages 

arbitrator selected by the American Arbitration Association.  This Proposal shall be governed and controlled in all respects by the laws 
of the State of Michigan, USA, and any arbitration shall resort only to the laws of the State of Michigan, USA.  The Arbitrator shall 
give effect to statutes of limitation in determining any claim.  Any controversy concerning whether an issue is subject to arbitration 
will be determined by the arbitrator.  The arbitration shall be conducted in the County of Allegan, State of Michigan, USA.  Any 
arbitration award may be entered in any Court having jurisdiction.  Jurisdiction and venue of any proceeding to enter the arbitration 
award or to otherwise enforce the arbitration award shall lie in Allegan County, Michigan, USA, and shall be binding on the 
Purchaser/Customer no matter the location of the Purchaser/Customer. 

Receipt of a purchase order relating in any way to this Proposal from the Purchaser/Customer is deemed the same as signing this 
Acceptance of Proposal, agreeing to all terms and limitations included herein. 

Prepared By:  Mr. Greg Slohoda 

NOTE:  This proposal is valid for Sixty (60) days. 

Acceptance Of Proposal: - The above prices, specifications and conditions are satisfactory and are accepted. You are authorized to do the 
work as specified and payments will be made as outlined above. 

Signature: ___________________________ Date of Acceptance: ______________________ 

Print: ____________________________ Title: ________________________________ 

This proposal is not to be shared in whole or in part with third parties outside of Hazen and Sawyer, PC or the City of 
Tampa, FL without the express written consent of Prime Solution, Inc. 

Thank you for your interest in Prime Solution and our Rotary Fan Press and we look forward to talking with you in the 
near future. 

Regards, 

Greg Slohoda 
Greg Slohoda 
Regional Sales Manager 
Prime Solution, Inc. 
PH:  (269) 355-3616 
greg@psirotary.com 

Prime Solution, Inc. – 610 S. Platt Street – Otsego, MI 49078 USA – PH: (269) 694-6666 – FX: (269) 694-1298 – www.psirotary.com 
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B 
48.09  (D/E) 

57.06 (B) 

67.75 (J) 67.75 (I) 

5.16 (A) 

21.25 (A) 

107.00 (I) 

24.98 (A) 

117.63 (H) 

TYPICAL STANDARD SKID SYSTEM.  ALL VALUES ARE REFERENCE ONLY UNTIL FINAL APROVAL 
A SPECIFICATIONS: 

SUPPLY VOLTAGE:  208v 3 PHASE 60 HZ 80.05 FULL LOAD AMPS (16.10KW)
                                240v 3 PHASE 60 HZ 69.50 FULL LOAD AMPS (16.10KW)
                                480v 3 PHASE 60 HZ 34.75 FULL LOAD AMPS (16.10KW) 
SUPPLY WATER:      PRIME BLEND POLYMER SYSTEM
                                35 GPM AT 45 PSI (RECOMMEND FRESH WATER) 
INTERMITTENT:      INNER WASH 20 GPM @ 45 PSI PER CHANNEL (FILTRATE REUSE WATER ACCEPTABLE)
                                OUTER WASH 20 GPM @ 45 PSI PER CHANNEL (FILTRATE REUSE WATER ACCEPTABLE) 
CONNECTIONS:       SLUDGE FEED 6" FNPT                    SLUDGE BYPASS 4" FNPT
                                FILTRATE DISCHARGE 4" FNPT        SUPPLY WATER 2" FNPT 

2 
MAIN COMPONENTS 

ITEM DESCRIPTION 
1 ROTARY FAN PRESS  
2 

MAT'L 

MAIN FLOW METER 
3 SLUDGE RETENTION ASSY 
4 AIR COMPRESSOR  
5 SLUDGE SAMPLING VALVE 
6 CONTROL PANEL NEMA 4X 
7 SLUDGE PUMP ASSY 
8 POLYMER FEED/BLEND SYSTEM 
9 SIGHT TUBE CLEAN OUT 

1 
CONECTIONS 

ITEM DESCRIPTION 
A 

MAT'L 
CAKE DISCHARGE CHUTE 

B SLUDGE BYPASS 4" FNPT 
C SLUDGE INLET 4" #150 FLANGE 
D REUSE WATER 2" FNPT 
E FRESH WATER 2" FNPT 
F RFP MAIN POWER SUPPLY 
G POLYMER FEED TUBE 
H FILTRATE DISCHARGE 4" FNPT 
I PRESS SKID  

B J UTILITY SKID 

34.75 (E) 

21.13 (D) POLYMER SYSTEM 
11.96 (B) REMOVED FOR CLARIFICATION 

DRAWN The attached documents include information of a proprietary and confidential nature.  
Recipient of the attached documents agrees that such documents are proprietary and  11/20/2012J. HILESKI confidential to Prime Solution Inc. and recipient may not disclose such documents or the  A CHECKED information contained therein without the express authority of Prime Solution Inc.
   TITLE 

48" QUAD ROTARY FAN PRESS SKID 
SYSTEM 

REV SIZE DWG NO Dewatering Performance ‐ Simplified 
B RFP48Q-SKE 610 S. PLATT ST., OTSEGO, MI 49078 

SCALE T:(269) 694‐6666   F:(269) 694‐1298 NTS SHEET 3  OF 3 
4 3 2 1 



 

 

 

 
 
 
 
 

 

APPENDIX D 
OPINION OF CAPITAL AND CONSTRUCTION 

COSTS 



______________________________________________________________________________________________________________________________________ 

Cost Estimate for New Belt Filter Press Dewatering to Land Application Disposal 

ITEM NO. DESCRIPTION QUANTITY UNIT UNIT PRICE FACTOR TOTAL 
General/Civil 

C1 Site Work 1 LS $0 1.00 $0 
Structural 

S1 Building Improvements/Maintenance 1 LS $700,000 1.00 $700,000 
S2 Bridge Crane 0 EA $40,000 1.25 $0 

Mechanical 
M1 Belt Filter Press (2 duty, 2 future*, 1 backup) 5 EA $475,000 1.25 $2,968,750 
M2 Grinders 4 EA $20,000 1.00 $80,000 
M3 Feed Pump 5 EA $20,000 1.00 $100,000 
M4 Conveyors 1 LS $1,200,000 1.00 $1,200,000 
M5 Replace boost water pumps 2 EA $20,000 1.00 $40,000 
M6 Piping 1 LS $0 1.00 $0 
Polymer System 
M7 Bulk Tanks 2 EA $5,000 1.00 $10,000 
M8 Polymer Activation Units and Pumps 5 EA $20,000 1.00 $100,000 
M9 Aging Tanks 2 EA $5,000 1.00 $10,000 
M10 Polymer Transfer Pumps 5 EA $2,000 1.00 $10,000 

Electrical 
E1 Electrical 1 LS $300,000 1.00 $300,000 

Instrumentation 
I1 Instrumentation 1 LS $400,000 1.00 $400,000 

SUBTOTAL $5,918,750 
20 % Overhead, Profit, General Conditions $1,183,750 

30% Management and Engineering $2,130,750 
30% Contingency $1,775,625 

PROJECT TOTAL $11,000,000 

This cost estimate includes replacing five belt filter presses, the belt conveyors with screw conveyors, five feed pumps, and 
the polymer system in the existing dewatering building. The building will also require improvements to the metal framing, 
piping, etc. as noted in the BPAR. 
* Future meaning to meet plant capacity sludge production 

Pilot Testing Report 
October 2013 



________________________________________________________________________________________________________________________________________ 

Cost Estimate for Screw Press Dewatering to Land Application Disposal 

ITEM NO. DESCRIPTION QUANTITY UNIT UNIT PRICE FACTOR TOTAL 
General/Civil 

C1 Site Work 1 LS $20,000 1.00 $20,000 
Structural 

S1 Building (200' x 60') 12,000 SF $200 1.00 $2,400,000 
S2 Bridge Crane 1 EA $40,000 1.25 $50,000 
S3 Existing Dewatering Building Maintenance 0 LS $400,000 1.00 $0 

Mechanical 
M1 Screw Press (4 duty, 4 future*, 1 backup) 9 EA $300,000 1.25 $3,375,000 
M2 Feed Pump 9 EA $20,000 1.00 $180,000 
M3 Conveyors 1 LS $180,000 1.00 $180,000 
M4 Piping 1 LS $100,000 1.00 $100,000 
Polymer System 
M5 Bulk Tanks 2 EA $5,000 1.00 $10,000 
M6 Polymer Activation Units and Pumps 9 EA $20,000 1.00 $180,000 
M7 Aging Tanks 2 EA $5,000 1.00 $10,000 
M8 Polymer Transfer Pumps 9 EA $2,000 1.00 $18,000 

Electrical 
E1 Electrical 1 LS $300,000 1.00 $300,000 

Instrumentation 
I1 Instrumentation 1 LS $400,000 1.00 $400,000 

SUBTOTAL $7,223,000 
20 % Overhead, Profit, General Conditions $1,444,600 

30% Management and Engineering $2,600,280 
30% Contingency $2,166,900 

PROJECT TOTAL $13,400,000 

This cost estimate includes a new elevated screw press building over a truck loading station. The building will consist of 
metal framing, roof, partial sidewalls, platforms for operations and maintenance, bridge crane, and truck loading conveyors 
to distribute dewatered cake uniformly in each truck. Feed pumps, grinders, and polymer components will be located an 
open space within the new building. 
* Future meaning to meet plant capacity sludge production 

Pilot Testing Report 
October 2013 
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Cost Estimate for Centrifuge Dewatering to Land Application Disposal 

ITEM NO. DESCRIPTION QUANTITY UNIT UNIT PRICE FACTOR TOTAL 
General/Civil 

C1 Site Work 1 LS $20,000 1.00 $20,000 
Structural 

S1 Building (120' x 60') 7,200 SF $200 1.00 $1,440,000 
S2 Bridge Crane 1 EA $40,000 1.25 $50,000 
S3 Existing Dewatering Building Maintenance 0 LS $400,000 1.00 $0 

Mechanical 
M1 Centrifuge (2 duty, 2 future*, 1 backup) 5 EA $588,000 1.25 $3,675,000 
M2 Grinders 4 EA $20,000 1.00 $80,000 
M3 Feed Pump 5 EA $20,000 1.00 $100,000 
M4 Conveyors 1 LS $100,000 1.00 $100,000 
M5 Piping 1 LS $100,000 1.00 $100,000 
Polymer System 
M6 Bulk Tanks 2 EA $5,000 1.00 $10,000 
M7 Polymer Activation Units and Pumps 5 EA $20,000 1.00 $100,000 
M8 Aging Tanks 2 EA $5,000 1.00 $10,000 
M9 Polymer Transfer Pumps 5 EA $2,000 1.00 $10,000 

Electrical 
E1 Electrical 1 LS $300,000 1.00 $300,000 

Instrumentation 
I1 Instrumentation 1 LS $400,000 1.00 $400,000 

SUBTOTAL $6,395,000 
20 % Overhead, Profit, General Conditions $1,279,000 

30% Management and Engineering $2,302,200 
30% Contingency $1,918,500 

PROJECT TOTAL $11,900,000 

This cost estimate includes a new elevated centrifuge building over a truck loading station. The building will consist of metal 
framing, roof, partial sidewalls, platforms for operations and maintenance, bridge crane, and truck loading conveyors to 
distribute dewatered cake uniformly in each truck. Feed pumps, grinders, and polymer components will be located an open 
space within the new building. 
* Future meaning to meet plant capacity sludge production 

Pilot Testing Report 
October 2013 



 

________________________________________________________________________________________________________________________________________ 

Cost Estimate for Rotary Fan Press Dewatering to Land Application Disposal 

ITEM NO. DESCRIPTION QUANTITY UNIT UNIT PRICE FACTOR TOTAL 
General/Civil 

C1 Site Work 1 LS $20,000 1.00 $20,000 
Structural 

S1 Building (160' x 60') 9,600 SF $200 1.00 $1,920,000 
S2 Bridge Crane 1 EA $40,000 1.25 $50,000 
S3 Existing Dewatering Building Maintenance 0 LS $400,000 1.00 $0 

Mechanical 
M1 Fan Press (3 duty, 3 future*, 1 backup) 7 EA $590,000 1.25 $5,162,500 
M2 Grinders 4 EA $20,000 1.00 $80,000 
M3 Feed Pump 7 EA $20,000 1.00 $140,000 
M4 Conveyors 1 LS $140,000 1.00 $140,000 
M5 Piping 1 LS $100,000 1.00 $100,000 
Polymer System 
M6 Bulk Tanks 2 EA $5,000 1.00 $10,000 
M7 Polymer Activation Units and Pumps 7 EA $20,000 1.00 $140,000 
M8 Aging Tanks 2 EA $5,000 1.00 $10,000 
M9 Polymer Transfer Pumps 7 EA $2,000 1.00 $14,000 

Electrical 
E1 Electrical 1 LS $300,000 1.00 $300,000 

Instrumentation 
I1 Instrumentation 1 LS $400,000 1.00 $400,000 

SUBTOTAL $8,486,500 
20 % Overhead, Profit, General Conditions $1,697,300 

30% Management and Engineering $3,055,140 
30% Contingency $2,545,950 

PROJECT TOTAL $15,800,000 

This cost estimate includes a new elevated rotary fan press building over a truck loading station. The building will consist of 
metal framing, roof, partial sidewalls, platforms for operations and maintenance, bridge crane, and truck loading conveyors 
to distribute dewatered cake uniformly in each truck. Feed pumps, grinders, and polymer components will be located an 
open space within the new building. 
* Future meaning to meet plant capacity sludge production 

Pilot Testing Report 
October 2013 
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SUBJECT: State of Knowledge of Pathogen Reactivation and Regrowth 

1.0 INTRODUCTION 

Under some conditions, anaerobically digested and centrifuge dewatered biosolids have been 
shown to contain concentrations of indicator organisms (generally fecal coliforms and E. coli) 
that exceed the Class B standards of 2,000,000 Most Probable Number (or Colony Forming 
Units) per gram of total dry solids. The increase in pathogen density is divided into two 
components: “sudden increase” (also sometimes called “reactivation”) and “regrowth”. Sudden 
Increase (SI) refers to the increase in density immediately following the dewatering process and 
regrowth refers to the increase in density during cake storage. The SI component of the 
increase in indicator bacteria tended to take place more frequently at facilities with thermophilic 
digesters (127oF – 140oF) as compared to those with mesophilic digesters (86oF – 104oF) and 
only at those facilities that utilize centrifuge dewatering equipment. 

2.0 SUDDEN INCREASE 

As summarized in Higgins et al. (2008) five general theories have emerged to potentially explain 
the SI phenomenon: 

1. Statistical variability in the sampling 
2. False positives associated with enumeration techniques 
3. Contamination from the centrifuge 
4. Regrowth of bacteria after dewatering 
5. Improved culturability after dewatering, possibly due to: 

a. Floc breakup due to shear 
b. Removal of growth inhibitors during dewatering 
c. Protozoan grazing 
d. Reactivation of non-culturable bacteria followed by regrowth 

A review of the literature by Higgins et al. (2008) eliminated statistical variability and false 
positives as viable causes of SI. Centrifuge contamination is maintained as a possible cause, 
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and would need to be addressed on a site-by-site basis, but may be unlikely as a significant 
increase in indicator organism density was observed at lag times of less than one hour following 
centrifuge dewatering and again at approximately 4 hours (attributed to regrowth). If a bacterial 
population was growing in the centrifuge a steady population growth would be anticipated as 
opposed to the observed step increase at the longer lag time. 

An additional possibility for contamination is the polymer addition. Higgins (2010) identified 
polymer make-up water, dilution water and carrier water as possible sources of contamination 
for the dewatering process. One facility in the United Kingdom used non-disinfected plant 
effluent as polymer make-up water and saw their SI measurements eliminated after a switch to 
potable water for polymer make-up. The facility still experienced a significant regrowth 
component despite this change. Polymer systems have been sampled at other facilities and 
been found to not be sources of contamination but the dewatered cake still showed significant 
SI. Site specific assessments are also required to identify if this is a possible contributing factor. 

Regrowth of the bacteria during and immediately after centrifuge dewatering is also an unlikely 
candidate since the residence time in a centrifuge is typically on the order of 20 minutes. Under 
the most ideal conditions, E. coli will double in population every 20 minutes, however, analysis 
of cake samples show an actual E. coli doubling time on the order of 2-4 hours, reflecting the 
non-ideal conditions present in the cake. Therefore regrowth during and immediately following 
centrifuge dewatering is an unlikely explanation for the entire 1+ order of magnitude increase 
observed in bacterial populations. 

The elimination or minimization of those four possible causes leaves improved culturability as 
the probable remaining cause for the SI phenomenon. Higgins et al. (2008) reviewed the four 
sources of improved culturability as follows: 

� Floc breakup – This option was generally dismissed as a significant factor in the 
observed SI. The addition of polymer to the digested sludge has the effect of further 
aggregating the solids particles and flocs into larger agglomerations, able to retain the 
grouped characteristics despite the shear applied by the centrifuge. Particle size 
assessments of digested liquid sludge and dewatered cake support this assertion 
showing a transition to larger particles sizes for the dewatered cake as compared to the 
liquid digested sludge. This aggregation may also lend itself to underestimation of 
indicator organism densities in the cake due to the increased potential for inadequate 
homogenization of the cake sample, possibly resulting in the observed readings actually 
being lower than the actual densities. Additionally, DNA evaluations were performed as 
another means of measuring bacterial populations, including non culturable populations, 
and these showed that not all bacterial species increased in population following 
dewatering as would be expected if the floc breakup theory was correct. 

� Growth inhibitor removal – The removal or modification of a growth inhibitor from the 
biosolids, either by centrate removal or modification from polymer addition, did not 
appear to be a significant factor as lab centrifuged solids that had the centrate added 
back in (theoretically returning the inhibitor to the cake) exhibited the same 
characteristics as the cake alone. There may be some specific sites where this could be 
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a portion of the cause, but would need to be assessed on a site-by-site basis. One such 
assessment was performed by Gardner and Omeci (2008) and is discussed in the 
following section. The Gardner and Omeci study also identified potential limitations in the 
potential comparison of lab centrifugation processes and full scale equipment, possibly 
rejuvenating this option as a possible explanation. 

� Protozoan grazing – Bacteria could be ingested by protozoa during the anaerobic 
digestion process and later released by the protozoa, while still remaining viable, from 
the shear effects of the centrifuge process. This might explain some non-culturability of 
the bacteria in the liquid phase and some observed SI effects. To date, this has not yet 
been studied in detail and more research is needed on this topic. 

� Reactivation of non-culturable bacteria – The concept of non-culturable bacteria is 
not a new concept and variations on this state are possible, however both the sub-lethal 
injury and viable but not culturable (VBNC) mechanisms are manifested similarly so 
distinguishing the two is not critical to understanding the SI process. A quantitative 
polymerase chain reaction (qPCR) DNA quantification compared to standard culturing 
method (SCM) quantification would yield the following results if this pathway was the 
primary culprit of the SI phenomenon: 

1. qPCR results would be greater than the SCM results for the liquid digested 
sludge 

2. qPCR results should not change significantly through the dewatering process 
3. qPCR results and SCM results would be in agreement in the dewatered cake 

Based on experiments by Higgins et al. (2008) it was found that approximately 80% of 
the reactivation potential (defined as the difference between the qPCR and SCM results 
prior to dewatering; the quantity of non-culturable bacteria) was realized following 
dewatering. This also allows for the possibility that a portion of the bacteria in the 
digested sludge, 20% in this case, are non-viable or irreversibly non-culturable. The 
drawback to the qPCR method is its inability to distinguish between “live” and “dead” 
cells. These results appear to provide evidence that reactivation is a key component of 
SI however the method by which the reactivation occurs is still not understood. 

3.0 REGROWTH 

Distinguishable from SI, regrowth is observed after a longer time period following dewatering. 
Regrowth is generally attributed to the availability of substrates and ideal growing conditions for 
organisms in the dewatered cake (Higgins 2010). Regrowth has been found to be relatively 
independent of reactivation but tends to be a function of the total solids concentration in the 
cake. This increase in solids concentration as a result of centrifuge dewatering is greater than 
that resulting from belt filter press dewatering, lending more credence to the observed 
differences between the two processes. According to Qi (2008), higher solids concentrations 
generally will reduce the activity of methanogenic bacteria (relative to the activity of coliform 
bacteria), like those found in large populations in anaerobic digesters. The difference in activity 
level is possibly the result of the coliform bacteria’s decreased sensitivity to available free water.  
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As the activity level of these bacteria are reduced, their substrate usage levels would also be 
reduced, resulting in less competition for available substrate with indicator organisms such as 
fecal coliforms and E. coli. As these indicator organisms utilize a larger portion of the substrate, 
they will experience population increases, possibly accounting for the regrowth observed in 
centrifuge dewatered biosolids. 

Chapman and Krugel (2008) theorized that the specific composition of the methanogenic 
population in an anaerobic digester may play a role in the level of activity of competing 
organisms in the dewatered cake. There are approximately 18 identified methanogenic bacteria 
genera, of which two are generally identified as the primary acetate-utilizers (converting 
aceteate to methane and carbon dioxide) in anaerobic digestion, Methanosaeta and 
Methanosarcina. This pathway for methane production is thought to produce approximately 70% 
of the methane produced in anaerobic digestion, with the remaining 30% produced by 
combining hydrogen and carbon dioxide. In addition to aceteate conversion, these genera also 
have the ability to metabolize volatile organic sulfur compounds (VOSCs; such as methanethiol, 
dimethyl sulfide and dimethyl disulfide), generally identified as major odor sources in dewatered 
biosolids, to less offensive metabolites. 

Methanosaeta and Methanosarcina each have different shapes and cell wall compositions 
which impact their durability when exposed to physical disruptions that may cause cell lysing, 
such as extreme shear as found in centrifuge dewatering. The rod shaped fibrous cells of 
Methanosaeta are thought to be less able to survive the shear forces of the centrifuge process 
than the coccoidal shaped Methanosarcina that also have thick and rigid outer cell envelopes. 
Determining the dominant acetate-using genera in a given digested sludge sample can be 
achieved by observing the acetate concentrations in the digester. For concentrations below 200 
mg/L (low organic loading), Methanosaeta appear to be the dominant species while 
Methanosarcina would dominate at concentrations exceeding 200 mg/L (high organic loading). 
Typical mesophilic digesters operate below the 200 mg/L threshold, leading to the assumption 
that Methanosaeta would dominate, while thermophilic digesters typically exceed that 
concentration, leading to the assumption that Methanosarcina would dominate. Acetate 
concentrations in an anaerobic digester vary with the organic loading, and as the HRT of a 
digester decreases (organic loadings increase) the acetate concentration would increase, 
presumably resulting in an increase in Methanosarcina populations. Conversely, higher digester 
HRTs would tend to select more for Methanosaeta as the organic loading and acetate 
concentration would drop. 

Consolidating the observations of Chapman and Krugel (2008), it would seem to indicate that 
thermophilic anaerobic digesters with shorter HRTs would have higher organic loadings and 
therefore higher Methanosarcina populations, which are more resistant to lysing from the shear 
forces in centrifuges, and therefore would have provide more competition for organic substrates 
in the dewatered cake, thereby decreasing the regrowth potential of the cake sample. 
Conversely, lower organic loadings would have higher Methanosaeta populations and higher 
regrowth potential, which generally follows observed regrowth in thermophilic digesters but does 
not address mesophilic digesters where Methanosaeta is projected to dominate but regrowth is 
not as significant of an issue. 
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The data collected by Higgins et al. (2008) somewhat supports this conclusion as thermophilic 
anaerobic digesters with HRTs ranging from 15-24 days (generally long compared to a typical 
12-14 day HRT) experienced fecal coliform regrowth. However, no data was provided to 
analyze the regrowth impacts from shorter HRT installations. Table 1 summarizes the 
connection between organic loading, methanogen genera and regrowth potential in dewatered 
cake based on the observations made by Chapman and Krugel (2008). 

Table 1: Methanogen Genera Impact on Regrowth 

Criteria Comparative Analysis 
Hydraulic Residence Time Short Long 
Organic Loading High Low 
Acetate Concentration High Low 
Dominant Methanogen Genera Methanosarcina Methanosaeta 
Durability of Bacterial Cell High Low 
Viable Population in Dewatered Cake High Low 
Level of Substrate Utilization Competition High Low 
Regrowth and Odor Generation Potential Lower Higher 

Another theory for the base cause of regrowth was put forth by Gardner and Ormeci (2008) 
focusing on the role of the centrate in the regrowth phenomenon. They hypothesized that the 
centrifuge action removed a growth inhibitor from the digested sludge that would allow fecal 
coliforms and other bacteria species to grow. This study utilized an adenosine triphosphate 
(ATP) measurement to provide an assessment of the total number of bacteria in a sample. This 
measurement can also distinguish between “live” ATP and “dead” ATP to account for the ATP 
found in the sludge following cell lysing. Comparing these results to fecal coliform culturing 
methods allows the comparison of total bacterial counts to culturable fecal coliform counts. The 
study only assessed two facilities so the large scale applicability of the results may be limited 
however some significant insight into analysis methodology and bacterial activity was 
generated. 

The main conclusion from this study was that for the one of the two facilities analyzed, the 
centrate appeared to have an inhibiting effect on bacterial growth. The removal of the centrate 
from the digested sludge enabled regrowth of all types of sludge bacteria, including fecal 
coliforms, to some extent. Based on chemical analysis of the centrate, sulphide was identified 
as a possible inhibitory compound. Removal of the centrate showed increases in regrowth of all 
types of bacteria although on varying time scales. Fecal coliforms tended to increase in 
population and peak after approximately 8-10 days of storage. Following that point, the 
concentrations tended to return to levels approximately equivalent to, or less than the initial 
concentrations. Total bacterial concentrations tended to show a steep reduction over the first 8-
10 days then a gradual increase as time continues. These variations in behavior cast some 
doubt on the suitability of fecal coliforms to serve as an accurate indicator species for the overall 
bacterial activity of biosolids. 

01/12/2011 5 of 9 



 Village Creek WWTP 
 

 

 

 

  

 

  

 
 

 

 
 

 
 

Technical Summary Document 
State of Knowledge of Pathogen Reactivation and Regrowth 

The final conclusion that was reached was the difference in cake and centrate characteristics 
between full scale centrifuges and lab scale centrifuges. The observations that were made using 
samples from an operating wastewater treatment facility were not able to be reproduced using 
lab scale equipment. The main location this difference was observed was in the toxicity of the 
centrate. The lab scale centrate was found to be less toxic than its full scale counterpart, 
possibly a result of the differences in applied shear between the two sets of equipment, which 
may also explain the tendency of the regrowth phenomenon to occur with high-solids 
centrifuges as opposed to low-solids centrifuges. 

4.0 MANAGEMENT ALTERNATIVES 

In general there are two classifications of solutions to the SI/regrowth issues: systematic and 
chemical. 

Systematic solutions would require changes in plant operations or processes to utilize a 
different process to treat the biosolids. Multiple sources have identified high solids centrifuges 
as a main culprit for initiating SI and regrowth, so one alternative would be to use a belt filter 
press instead to reduce the SI/regrowth potential. Several other sources have identified multi-
stage thermophilic anaerobic digestion as having the ability to reduce regrowth potential 
regardless of the dewatering process used. Alternatively, mesophilic anaerobic digestion has 
not typically been observed to result in SI/regrowth issues, however this type of sludge 
stabilization would require additional processes beyond digestion and dewatering to meet Class 
A biosolids standards.  

High levels of shear from centrifuges, as summarized previously, have been identified as a 
significant physical pathway resulting in SI and regrowth. Another location where shear is 
imparted to the dewatered cake is in screw conveyors. According to Erdal et al. (2003), in 
addition to the shear impacts (which are still not fully understood as to their exact mechanism 
for promoting the pathogen regrowth), screw conveyors also promote certain conditions that 
may also play a role in regrowth and odor generation: 

� Improved binding action of polymers 
� Provide a homogeneously mixed environment with a consistent substrate concentration 

throughout the cake that allows for better dispersion of bacterial populations throughout 
the cake 

� Changes the physical characteristics of the cake into a very viscous paste that reduces 
the ability of air to penetrate the cake and correspondingly can enhance growth rates of 
certain bacteria, including fecal coliforms 

One option for mitigating additional shear and the other complications of screw conveyors would 
be to use belt conveyors or other low shear sludge conveyance methods. 

The temperature drop in the biosolids following a thermophilic process has also been thought to 
be a cause of observed SI and regrowth (Iranpour et al., 2003). To mitigate this at the Hyperion 
Treatment Plant in Los Angeles, the biosolids handling equipment and piping were insulated to 
maintain temperatures through the on-site storage facilities. The effectiveness of this 
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improvement alone was difficult to assess as it occurred at the same time as plant modifications 
to implement two-stage thermophilic digestion, and the combination of these two improvements 
resulted in no observed regrowth through the point of land application. 

Chemical solutions were most thoroughly discussed by Erdal et al. (2003 and 2004) in the work 
done at the Charlotte-Mecklenburg Utilities McAlpine Creek Wastewater Treatment Plant. 
Testing was performed to determine the possible cause of observed odor generation and fecal 
regrowth. The release of proteins by high shear forces imparted on the sludge by the centrifuge 
and their subsequent use as a substrate for fecal regrowth were cited as the main reasons. To 
address these issues ferric chloride, sodium hypochlorite and liquid lime were tested and it was 
found that ferric chloride and sodium hypochlorite provided some level of protection against 
regrowth. The lime dosages tested resulted in significant odor generation despite its control of 
fecal regrowth. A brief summary of the pilot-scale results include: 

� A 47% lime solution at dosing of 1% (by weight) or greater can control fecal regrowth to 
Class B standards, however at higher doses the resulting pH increase resulted in 
significant ammonia releases and odor generation 

� A 33% ferric chloride solution at doses of 6.5% (by weight) can control fecal regrowth, 
however the odor control effectiveness of these doses decreased as the cake aged 
possibly due to the slow increase in pH from the initial dosing 

� A 6.15% sodium hypochlorite solution at doses between 1% and 10% (by weight) 
showed good control of fecal regrowth in fresh cake samples, however the results after 
10 days of storage of the treated cake were not conclusive 

A combination of ferric chloride and sodium hypochlorite addition was identified in preliminary 
trials as a possible method to control both odors and regrowth in the dewatered cake. Overall, 
the liquid lime feed, at low to moderate dose rates, was identified as providing the best 
combination of odor and regrowth control (Erdal et al. 2003). This was further investigated by 
Erdal et al. (2004) for lime addition only and lime addition with ferric chloride for additional odor 
control. An optimum dose of 5% (by weight) of lime was identified to provide effective fecal 
regrowth control while maintaining the pH below 11 to avoid “alkaline stabilization” of the cake. 
Ferric chloride was also added for some of the tests at a dose of 2% (by weight). Both the lime 
and lime/ferric chemical treatment regimes provided regrowth and odor control through 
conveyance, storage and land application. 

Hendrickson et al. (2004) found that a continuous feed of 15 ppm of sodium hypochlorite into 
the dewatered cake produced Class B compliant biosolids. This alternative would need to be 
monitored for the generation of objectionable byproducts from the use of the chlorine-based 
disinfectant. 

5.0 IMPACT OF COLIFORM REACTIVATION AND REGROWTH ON PATHOGENS 

As some of the previously cited studies have shown, there is some concern that fecal coliform 
and E. Coli may not provide the most accurate view of overall pathogenic activity in biosolids 
due to the differences in behavior and growth patterns. Higgins et al. (2008) performed sampling 
for Salmonella in the digested sludge and in the dewatered and stored cake for both Class A 
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and Class B facilities and also for mesophilic and thermophilic anaerobic digesters. For Class A 
processes the sampling found that Salmonella was not present in either the digested or 
dewatered biosolids and no evidence of SI or regrowth was observed for Salmonella. Some of 
the facilities sampled, however, did show evidence of indicator organism SI or regrowth. For the 
Class B processes, regrowth was observed in two mesophilic digester systems but not in the 
thermophilic digester system. 

Overall this evidence supports the following conclusions: 

� Thermophilic anaerobic digestion appears to effectively manage Salmonella pathogens 
without SI or regrowth 

� The EPA time/temperature regulations appear to effectively manage Salmonella 
populations while indicator organisms may be in excess of numerical standards 

� Class B biosolids may contain pathogens, as expected, and the public access 
restrictions and exposure limitations will provide the necessary public safety for land 
application disposal, not a limit on microbial densities 

� Fecal coliforms and E. coli are generally conservative indicators of the pathogenic 
activity of biosolids 
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