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Optimization is very site specific. Optimization goes well beyond the

centrifuge performance. Generally the plant is able to recoup my fee in

savings with in a few months. The following is actual data, and is typical

of an optimization report. I have not deleted the site name to protect the

owner's privacy. In this case, as with most others, the plant is able to

recoup my fee in savings with in a few months. 
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Summery and Conclusions.

While the centrifuges at this plant are older models, the centrifuges themselves contain all of the current dry solids technology.  It is the controls that are not so current. With modest changes they will perform as well as new centrifuges.  

· This work demonstrated a 21% reduction in disposal cost, with a resulting saving of $71,000 per year
Areas for additional savings.. 
· The polymer system is not very good.  We were able to demonstrate that simple changes would reduce polymer costs by about 15%.  Replacing the system with a better one including an aging tank will result in further savings

· Purchasing polymer in drums is generally more expensive than in Totes

· The polymer now in use is fine for 15-20% cake, but is not suited for drier cake.  The polymer vendor can help in this matter. 

· Several safety issues were found.  We were able to correct the most serious one.    
Reason for the call:

The persons who received the original centrifuge training 12-15 years ago have moved on.  The Centrifuge School program included one day of classroom training, followed by three days of hands on optimization with a lot of time for one on one discussion.  We had operators from several departments and other plants onsite for much of the schooling   the students learned:
1. How the centrifuge works

2. Learned how to do basic polymer jar tests and polymer evaluation.
3. Learned how the polymer mixing system functioned, and witnessed its shortcomings.   
4. Developed operating curves of polymer dosage vs. cake dryness for the PM 35000 Centrifuges
5. Discussed operation goals of the dewatering, and the information needed to lower costs
6. Discussed several modest up-grades to the controls. Generated the data needed for this report

Suggestions for Future Work
Further Optimization 

The optimization covered in this report, profitable to the plant as it is, is but a start.  We demonstrated the value of deeper pond with hand made temporary dam plates.  The plant should have several sets of plates made up including still deeper dams.  This work can be done locally, and is modest in cost.
Change Polymers   The present polymer does not react at the higher dosages used to obtain drier cake.  This is reasonable, because when the polymer was selected, 15% cake solids were the norm.  Now that the centrifuge is capable of 20-24% cakes, the standard for polymer selection needs to be changed to require drier cakes.
Repair and Modernization of the controls.  The Excitation meter has two high torque shutdown safety switches.  The switches on both centrifuges were non functional.  These need to be addressed ASAP.  The controls are not very suitable to operate at high torques as is. Replacing the speed pot with a ten turn pot, and replacing the analog backdrive speed read out with a digital read out are inexpensive improvements.  In the long run, it is worthwhile to experiment with operation with very high torque which should give cake dryness as high as 22-24% solids.  Alfa Laval makes a load controller that would allow continuous operation at very high torques.  
Results of the Optimization
1)
Polymer Make Up  The polymer make up system has one Strandco mixer for each centrifuge.  When we increased the polymer rate above 60% stroke, the polymer made up a very poor solution, with visible globs of un-reacted polymer.  When we allowed the polymer to age for 30 min, and compared it with freshly made polymer, the aged polymer had 15-20% higher activity.  This proved that the polymer system is inadequate, and is costing the plant money. 

 4)
Pond Change  The dams now in the centrifuges are fine for truckable cake (15-17%), but are too low to generate dry cake.  Temporary ones were made from plastic laminate purchased from Home Depot.  The first set was about 1/8" higher that the "A" dams in centrifuge #2, and the second set about 1/4" above the A dams.  Deeper dams are necessary for drier cake solids.  A complete set should be made up out of stainless steel which are 1/8", 1/4", 3/8", and 1/2" deeper than the "A" dams. The centrifuge operator will then be able to experiment to select the best dam for the sludge and the polymer.
5)
Polymer  The present polymer is not effective at the higher doses needed to obtain drier cakes.  The polymer supplier can no doubt supply a more effective polymer for drier cake.    
6)
Definition of Costs.  The most difficult cost to quantify the hauling cost.  At Monthly costs for landfill disposal are given 


A
Fuel

$255



B
Maintenance
$80



C
Labor

$1100



D
Capital

$5,000

The total monthly cost to dewater, haul and tip the sludge is $$20,300.  Monthly tonnage is estimated at 387
 tons per month, so hauling amounts to a total disposal cost of $52.50/ton.  
The plant has an alternate disposal method, hauling to land application which is reported to cost $27/ton, hauling and tipping.  There is a section of the spread sheet that calculates these costs.  Enter any changes, and the spread sheet recalculates the net cost 
The plant, should consider the dewatering operation as having two products, one to landfill, and one to land application, each with a different costing.

6  Polymer Cost The polymer is supplied by, designated CS-308.  The cost is $1.32/pound as is.  Aurora refused to say what the active content is.  Emulsion polymers typically range from 33% to 50%.  If it is 33% active, probably a good guess, then the cost per pound active is $4.00 per pound.    

7  Protection against Over Torque   In the event that the centrifuge encounters a problem, and the scroll is about to lock up with the bowl, the controls have two safety shut downs.  At 90% torque (Excitation), the feed pump shuts off, but the centrifuge continues to run and hopefully empty itself out, thus clearing the torque.  This alarm point is for the convenience of the operator.   At 100% torque, the control assumes big trouble, and pulls the plug, shutting off the drive motor and backdrive motor, and the centrifuge coast down full of sludge. The second alarm point is a safety alarm, as it protects against catastrophic failure. The trip points are readily adjustable by the operator.  We tested each trip point on both centrifuges, and neither had any effect.  These controls are relay logic, so they are easy to trouble shoot. My best guess is the contacts are corroded. 

1 Check the wiring diagram marked on the top of the excitation meter.  See if moving the set point needles closes (or opens) a contact.  If not, the contacts on the API meter are bad.  You may be able to disassemble the meter and clean the contacts.
2 If the API meter contacts close, then the problem is likely bad relays in the panel.  Check the relays connected to the API meter.  Determine that these are good.  I did not see PF 3439.15, the wiring diagram listed in the able of contents.  This drawing should identify what relay does what.  If it's not on site, Alfa Laval charges a nominal fee for a replacement.

3 If the API meter is bad, I think the company is still in business and may be able to supply a new one.   Another source of electrical information is XXXXX who can be reached at t XXXXX 
8 Protection against vibration  Generally high vibration is caused by sludge distribution, but there is a possibility that bearing failure or movement of metal can cause a high vibration.  Therefore the vibration switch is a critical safety device which shuts the centrifuge down when the vibration exceed one g (32 ft/sec2).  We found the switches on both centrifuges set for 5 g, effectively eliminating them as a safety device.  We reset it per the instructions given in the instruction book, and tested them to confirm that they worked.
Investigations to reduce costs.
1 Polymer Addition Point.  Alfa Lava recommends four polymer addition points, Internal, just ahead of the centrifuge, 30' ahead, and 50' ahead.  In preparation for the training program, the plant added two more addition points, giving them three out of four.  Showing good initiative, they proceeded to test the new polymer additions points, and raised the cake dryness from15% to 17.5%!  This reduces the volume of sludge hauled by 17%, saving about $49,000 per year!   
2 Polymer System.  A good part of the class room portion of the school concerns the application and purchase of polymers.  The #1 Strandco polymer makeup system produced a very poor blend at rates at higher make up rates.  At present, the two makeup systems cannot easily be interconnected.  The piping should be rearranged to allow both units to draw from the same polymer drum.  This will avoid having to shift the drum mixer each time another centrifuge goes on line, and allow both centrifuge to run at the same time.  Also, it's better if polymer solution from dither make up assembly can go to either centrifuge.  In the long run, it would be better to have an aging tank and a day tank to allow the polymer to fully dissolve.

3 Polymer Cost.  Most emulsion is sold in tote packs (about 350 gallons each) or in bulk.  Fifty five gallon drums are an expensive option.   Enquire from several polymer vendors as to the cost difference, and consider modifications to the building to handle totes.
4 Load control  This report showed the benefits of operating at greater backdrive torque settings. The controls at Reed Creek label the scroll torque as Excitation.  In Graph 1, we have a typical graph (although with more data spread than we like to see) showing that as the torque increases, the cake becomes drier.  Load control is an excellent method of operating the plant because it assures that the cake solids will meet the plant's dryness requirements.  On the last day, the feed solids dropped, resulting in wetter cake until such time as the operator recognizing the problem and raised the backdrive speed.  Had the system had load control, the controller would have raised the backdrive motor speed automatically, thus maintaining the desired cake solids.  Load control can be simulated by an operator making slight adjustment to the backdrive motor speed, so as to maintain a given torque set point. There are several ways load control can be programmed.



a)  Add a small process PLC to the existing controls




b)  Duplicate the Andritz controls, but use the existing centrifuge.

5 Sludge Disposal  The plant has several drying beds not in use.  The reasons for abandoning the drying beds haven't changed, but technology has.  In recent years, Reed beds have been developed that mimic wetlands, and they are a great improvement over drying beds.  The reed beds rely upon evaporation and expiration of the plants to remove water from the sludge, while anaerobic digestion reduces the organic portion of the sludge.  The digestion of solids greatly reduces amount of solids that will ultimately leave the plant, plus at the end of the process, they will be class A solids.  Converting a bed from air drying to reeds is something the plant personnel can do themselves.  I have attached information about this technology.

6 Surplus Equipment  One of the PM35000 centrifuges will be made redundant by the new centrifuge.  Options are:



a)  Move it to another plant




b)  Use it for parts




c)  Sell it to used equipment dealers




d)  Hire a broker who will market it for you

The first two options are obvious.  The centrifuge should bring $4-5,000 if sold to used equipment dealers.  The dealer takes the risk, puts money up front, and stores the centrifuge until he finds a buyer.  This has the advantage to you of money up front, when you wish to dispose of the centrifuge.  Brokerage works much like selling your house.  You set the price, probably $15-20,000, and the broker agrees to bring you a buyer, typically within one year.  He pays for all of the marketing expenses, and you only pay him after the buyer's check clears the bank.  You get a lot more money for the centrifuge, but you have to store the centrifuge, and wait a year or so for your money.
Explanation of the data sheet 
	Typical operation
	15% cake
	$332,000
	Annual savings

	Improved poly addition
	17.5% cake
	$289,000
	$43,000

	Improved pond setting
	20.5%
	$261,000
	$28,000

	Resulting in a 21% drop in disposal costs!                           $71,000


We have included a "live data sheet" so that the operators can try different scenarios.  It consists of three sheets, going form left to right.  The first is columns A-W; the second are columns Y to RL, and the third columns AP-AV.  In the heading, we include both centrifuge information as well as most of the cost data.  Changing the basic data in this section will change the basis of the data sheet.  For example, typing a new polymer price of $1.05 in place of the present $1.32 changes the polymer cost in $/ton for the whole report.  The data sheet lays out the test data collected during our stay.  The first data line represents "typical" operation prior to our input.  The subsequent line of actual data shows the immediate benefits of the change in polymer addition, before my on site optimization began.  The next page of the data sheet contains the calculated total disposal cost.  The last four columns give the economic results for each run both a cost per ton and an annual cost basis for the two disposal options.  THE land application disposal cost was $27/ton, and the landfill option $52/ton. We used the land fill disposal option, and setting aside those runs where the capture was below 90%, as a result of the training and optimization, we have demonstrated a reduction in dewatering costs of $71,000 per year, with every confidence that the plant personnel will follow the training program with continued efforts, and will lower the cost still more. 
The last page of the data sheet shows the disposal cost calculations.  For example, should the interest rate used to calculate the monthly capital cost be different, simply type in the new number, and the program recalculates the monthly cost to reflect the new data 

Reed Beds.
Reed drying beds attempt to replicate natural systems where reeds stabilize biosolids, and also provide an environment for worms and bacteria to further break down the Biosolids
.  The reeds absorb water through their roots, and release it to the air through expiration.  To the casual observer, reed beds look like a marsh, and thus a natural area.  Reed beds are lined with a flexible membrane, followed by an under drain system set in sand and gravel. The reeds used are usually Phragmites Comminus reeds which can be purchased commercially or available for the digging at other wastewater plants. Biosolids stabilized by aerobic or anaerobic digestion is periodically pumped into the bed, several inches deep.  Some water drains through the sand into the under drains, some water evaporates, and some is taken up by the reeds.  Reeds grow best if the roots are wet.  A good under drain design allows water to pond in the bottom of the bed, where the roots can reach it, rather than draining or pumping the under drains dry.  Presence of other plants in the red bed suggests the reeds are stressed and not getting a continuous supply of water.  During a dry period, it may be necessary to pump plant effluent to water the beds.  The transpiration of water by the reeds is one of the many advantages of this process.  Another is that the biosolids stays in the beds for six to ten years, resulting in less volume to dispose of.  Water that reaches the underdrains is returned to the plant as influent, but the drainage from reed beds is of better quality than the drainage from the other systems, and will therefore have less impact on the plant. Biosolids are fed batch wise to the beds to a depth of 7- 15 cm (3-5 inches) every1-3 weeks.  The reeds are harvested at the end of the growing season, they can be raked away form the edges and burned in place where such practices are allowed, or removed, chopped and composted, or land filled.  Unfortunately reporting requirements for re-use makes recycle of the harvested reeds an unattractive option.  After several years, when the beds are 1 meter (40 inches) deep, the top 78-80% is removed, and process begun again.  The harvested material is land is usually land applied.  The reeds are not competitive with other plants outside of a wet marshy area, so reed growth in agriculture re-use has not a problem.  Some operators screen the reeds out, which results in a higher grad product.  Reed bed construction is very nearly a do it your self dewatering operation.  Reed beds typically require less capital, less land and have much lower operating costs than the alternatives discussed below. 

Operation and Maintenance

A typical operating procedure
 for reed beds is hugely simpler than other systems.  Little is done from month to month.  Once a year the reeds are harvested, and after six to ten years of accumulation, about two to three feet of accumulated biosolids are removed with an excavator.   Polymers are usually not used.

· A new reed bed must be planted with Rhizomes, and kept wet until they sprout.  Biosolids can be used, to a depth of 25 mm (1 inch).  Keep the rhizomes damp while they sprout. When the reeds sprout, the beds can be flooded with biosolids to a depth of 75-100 mm (3-4 inches).  Do not submerge the shoots. 

· Biosolids are reapplied applied every 2-3 weeks, depending upon the weather.

· The beds simulate wetlands, and the plant roots must be kept wet by drainage from the Biosolids or by adding plant effluent.  Presence of weeds is an indication that the reeds are stressed.   

· Red worms, among other types, are helpful in reducing the organic material

· The reeds are usually harvested once per year in the late winter.  A cycle bar mower is excellent, but if the bed is too soft to support the machinery, a Weed Wacker fitted with a blade (rather than string) is used.

· The reeds should be removed from the bed, either by raking back from the edges (only for rubber lined beds) and burning them where allowed, or by physically removing them
.  

The beds ability to accept biosolids is much reduced during cold weather, and during wet weather.  After several years, the solids level in the bed will have risen, and the beds must be emptied.  The full bed should lie fallow for four-six months.  The Biosolids do not normally support heavy equipment unless it is frozen.  If heavy equipment bogs down, it can damage the under drain system and the liner, an excavator on the edge or the reed bed can easily dig the sludge, purposely leaving the lowest six inches.  The point is to leave sufficient solids in the bed so that the reeds can sprout and grow without the need for further planting.

The residual biosolids can be screened for a high quality soil amendment, or spread on agricultural land.  Reeds are a marsh dwelling plant, and do not grow when spread on farm land. 

Reed beds require less capital cost, less land area, and are much less labor intensive that other evaporative systems.  In addition to such budget friendly attributes, they blend in with the natural landscape.  As to capital cost, everything that is needed is available as generic items, usually available locally.  As a result of all of these features, they are becoming much more common.

Polymer calculations

Definition:

The term "Neat" refers to polymer as received.  

The term solution refers to neat polymer that has been diluted with water

Water entering the Strandco unit is Primary dilution

Water added after the Strandco unit is Post dilution

We calibrated Strandco Unit #1

The operator, XXXX, connected the graduated cylinder to the inlet line of the Milton Roy metering pump, and filled the cylinder with neat polymer.  When the pump was primed, we ran we were ready to go. The stroke length was 100%, and the stroke speed 50%.   Based upon the pump rating of 24 gallon/day, and at half speed, the pump should put out:
At full speed:

· 4.5 gallons/hr x (1 hr/60 min) = 0.075 gpm
· 0.075 gal/min x (3785 cc/gal) = 284 cc/min

At 50% speed, this should be 142 cc/min
The pump actually put out:
Time zero,      0 ml

Time 3 min 390 ml =390/3 = 130 cc/min

Time 5 min 660 ml = 660/5= 132 cc/min
Which is 2.01gallons per hour at 50%, therefore 4.02 gph at 100%? 

About 10% less than nameplate 
Polymer concentration calculation

Assume the neat polymer is 33% active

Primary dilution 2.8 gpm

Post dilution 0.75 gpm

Therefore the total dilution is 2.8 gpm +0.75 gpm = 3.55 gpm

We need to convert the neat emulsion feed rate to gpm

132 cc/min x3785 cc/gal = 0.0349gpm
So:  
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If the polymer is 33% active, the active concentration of the polymer is 

        0.972% x 0.33 = 0.32% active
Polymer dose calculation:
Assume:

Feed concentration 
2.0%
Feed rate


52 gpm

Poly concentration
33% neat

Poly rate


0.0349 gpm neat

Poly dose active basis =
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Poly dose, neat basis=
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Correlation of Lab and Calculated dosage.
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1  Torque vs. Cake Dryness





#





We calculated the polymer concentrations based upon one calibration of one pump.  We have six lab analysis to compare with the calculated.  The first three of the analysis are very close to the calculated.  The last three are wide of the mark.  


This is very unusual.  The ratio between the lab and the calculation is usually similar.  The simplest explanation is that the dilution water was not what we have in our notes during the last three runs.    
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Centrifuge Training and Optimization
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� Assuming two trucks@$50,000 ea, 15 year life, 5% interest, 


� 53 gpm @ 2% 70 hr/week, 4 weeks per month 17.5 cake


� Diane D Garvey, Keystone Water Quality Manager, November-December 2002


� Telephone interview with Dan Fleurial, Shelburne Falls WWTP, Shelburne Falls MA  August 2003
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