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LITTLETON/ENGLEWOOD WASTEWATER TREATMENT PLANT

D E – W A T E R I N G   F A C I L I T Y

During the Phase 1B design, a team of Littleton/Englewood Wastewater Treatment Plant staff and Brown and Caldwell Engineers examined the operational needs of the plant in order to address as many of those needs as possible in the design of the de-watering facility.  The team had one clear goal: remove all barriers to the proper operation of the process.  The team was committed to an effective, efficient design.  By incorporating what the plant staff learned during fifteen years of operating the original De-watering facility, combined with the expertise of the project engineers, the goal was achieved.  This paper demonstrates how the new de-watering facility made it from the concept stage to a successful operating process area. 

The Phase 1B de-watering facility has opened up a whole New World of challenge and opportunity for the Operations and Maintenance divisions.  The impact of 9 months of operation is substantial.  The overall impact, financially and operationally, should be ongoing for the next couple of years.  

DESIGN PROCESS 

COLLABORATIVE DESIGN

NEEDS ASSESMENT BRAINSTORMING

Key personnel from the plant were assembled into a team that would be involved through the entire design.  The plant team was comprised of upper level management, mid management, and plant staff.  The plant team was selected from personnel that were able to brainstorm, free thinkers (every plant has them.)   This team was charged with collecting opinions and ideas from the entire staff, a wish list approach to gathering information for design.  The plant staff was very clear on what was not working. This made the first step easy, identify every aspect of solids handling operation and maintenance that was not working.  As we all know everyone loves to complain so we had more feedback than we could process.  The information was documented and became the project objectives which were the source of the design meetings.

MEETING FACILITATION.

Part of the design process was to establish the guidelines for the design meetings. The outcome of this process was a combination of the plants management objectives and the Engineering firms management objectives and design philosophy.  The guidelines were applied to all phases of the design.  It is imperative to have a meeting facilitator that is strong in leadership skills to maintain focus and keep the sessions within the established guidelines.

DESIGN GUIDELINES

· PERMIT LIMITATATIONS

Compliance with all regulatory requirements and permit conditions to ensure that the effluent limitations and other permit conditions are maintained in accordance with the law, and protect the environment and the public health.

· SAFETY AND HEALTH

Take appropriate action to minimize worker contact with wastewater and hazardous conditions, ensure safety, communicate safety information and safety concerns, participate in safety programs and training, utilize proper procedures and safety equipment in the performance of activities.

· ODOR CONTROL

Eliminate, where practical and treat where necessary, odors generated by the treatment plant. Effectively operate and maintain odor control equipment, identify odor sources, respond to odor complaints, and effectively communicate odor concerns and issues. In our work, whenever practical, eliminate odors generated in the treatment plant.

· RESOURCE OPTIMIZATION

Optimize capital, operating, and maintenance costs over the useful life of the plant facilities and related components.  Avoid short-term savings that result in higher long-term costs or create safety, health, odor, or process problems.  Maximize the reliability and effectiveness of the process and facility components, and in the performance of the objectives, do not place unwarranted financial burdens on the ratepayers.

· ORGANIZATIONAL CULTURE

Actively participate in programs and projects specifically developed to meet the needs of the plant and surrounding community.  Maintain high quality in the service provided to the ratepayer and the plant work environment.  Provide a quality service that exceeds the expectations of our customers by researching and adapting the best technology, programs and procedures to maintain the highest standard of operation and public perception possible.

· PROCESS AND EQUIPMENT RANKING SYSTEM.

In the plant design and maintenance activities, we will strive to create zero class A ranking situations.   If needed, we will accept B rankings, and whenever practical strive for C rankings working within the management objectives.

A
= 
Equipment that if a failure occurs, would cause immediate violation of permit or management objectives.

B
= 
Equipment that if a failure occurs, poses no immediate threat of violation of permit or management objectives but while down creates an A ranking situation in the area.

C
= 
Equipment that if a failure occurs, poses no threat of violation of permit or management objectives through redundancy.

· PROJECT SCOPE

Maintain the focus on the project as defined by the project objectives. Use equipment and process that have proven themselves to be effective.  Use unproven equipment after extensive research indicates positive reliability and performance. 

· COST CONTAINMENT

Stay within the limits of the construction cost estimate. Stay on design schedule meeting project milestones 30%-60% and 80% review.

· PARTICIPATION

Design Team Members must be able to attend all and come prepared to design meetings and must perform assigned research within the deadlines.

By combining the objectives, 

the platform for a quality project was established.

KEY PROBLEM AREAS DEFINED DURING DESIGN

These issues often caused the plant to violate key management objectives:

· Process area

1. Overall the entire staff reported needs in maintaining a clean process area.  

2. Polymer mixing areas easily threatened worker safety and health issues

3. The sludge areas were difficult to maintain,

4. The building had inadequate drainage capability.

· Centrifuge
1. The plant’s solids loading requires six days per week operation of one centrifuge to maintain the sludge inventory in the digesters and one unit in standby for process reliability.  The building had two unreliable operating systems.  This often placed the machines in a repair and maintenance category “ A” operational position defined as: “if a failure occurred it would cause a violation of permit or management objectives.”   Such failures did occur.

2. Obsolete ancillary control repair parts were becoming difficult to find.

3. Frequent system shutdowns, nuisance alarms, and constant calibrations were commonplace.  This required a high level of staff involvement to keep the system operating.

4. Often only one unit was available for process service while another was being repaired.

5. Production was sporadic and operational target parameters could not be consistently maintained. Because of the inconsistency, sludge trucks were often loaded with wet loads and centrate returned to the plant had high solids content.

6. A centrifuge process flow capacity of 140>160 GPM required operating the centrifuge for 14.5 Hrs. to achieve the 120,000 gallons per day required to maintain the sludge inventory parameters.  This required operating the system from 10:00AM to 1:00 AM the following day.  When there was a 3rd shift staffing shortage, operators were brought in on overtime to subsidize the system shortfall.

7. Centrate flow characteristics severely limited the operation of the machines and made it impossible to run more than one unit at a time. The Centrate storage tank was located a significant distance from the process area which caused the line to foul with struvite and had to be cleaned every six months.

8. The units were interconnected with one screw conveyor and inadequate centrate line isolation and ventilation.  This allowed Hydrogen sulfide gases into the work areas during service of the centrifuges.  The maintenance staff could not work on the units with the cover open while the  another unit was running, thus causing overtime or lost runtime.

9. Having only one screw conveyor placed this equipment in a repair and maintenance category “ A” operational position: “if a failure occurred it would cause a violation of permit or management objectives.”  Such failures did occur.
· Sludge storage and loading 

1. The system required that a truck be under the centrifuge discharge in order to run the unit.

2. Trucks would not arrive at the plant until 10 AM to be filled.  This combined with the low centrifuge feed capacity required operating the system from 10AM to 1 AM the following day.  When there was a 3rd shift staffing shortage, operators were in on overtime to subsidize this system shortfall.

3. Trucks were loaded and parked outside through the night, which caused odor problems.

4. Trucks parked outside in the winter caused the sludge to freeze to the beds of the trailers making unloading difficult and sometimes damaging the equipment.

5. When poor weather conditions caused the Bio-solids application program to fall behind, it was impossible to make up loads without truck driver overtime or storing sludge outside and double handling. 

6. Storing sludge outside on the plant site was a considerable odor source.
7. Trucks were loaded by a benchmark measurement on the sidewall of the trailer that had been weighed previously. The trucks were often cited for overweight that resulted in under loading to avoid problems with the DOT.
· Polymer system

1. The system was installed with two dry feeder units designated to one-day tank the facility had insufficient area for two day tanks. The dual system exhibited many flaws, but did provide an element of redundancy

2. The system incorporated dry polymer bins that were manually loaded with 80# polymer bags creating dust problems and worker safety and health issues.

3. In operation the system often was in a repair and maintenance category “ A” operational position (if a failure occurred it would cause a violation of permit or management objectives). 

4. The mix system often had fish eye in the mixer pump, incomplete wetting, and long aging times. 

· De-Watered Sludge Pumps
1. During the Phase 1B design meetings the team investigated alternatives in conveying the cake solids produced by the centrifuge (de-watered sludge).  The equipment available to convey 18% solids up two stories to a storage tank was expensive, a maintenance problem, and increased the size of the building substantially.  The design team decided on a Schwing hydraulic piston pump and a screw conveyor system to move the solids. This was an expensive but proven technology for sludge conveyance that did not increase the building size.  The choice was not popular with the design team for the following reasons:

· The centrifuges had to be interconnected with a screw conveyor system to distribute sludge from each machine to the pump units.  

· Using two pump units and the screw conveyor as a system made the operation and maintenance costs high.

RE-USE and RESEARCH

Our commitment to an effective and efficient design started at the very beginning by establishing what components of the existing facility could be utilized in the new application.

· The location of the new de-watering building was greatly influenced by reuse. An old process area solids contact tank and pump station became the centrate storage and return. This process area was constructed in 1985 as an interim process to enable our old treatment plant to be activated.  The tank was an aeration basin and the pump station provided return activated sludge.  The tank was adequate in size to store three days of centrate return and the pump station could effectively return the centrate to the plant during low ammonia periods.

· The new de-watering facility location was further enhanced by the ability to route the de-watering process foul air to the existing NTF odor control system.

· It also freed up the existing centrate tank which was covered with an aluminum dome.  This dome was utilized in covering a new Trickling Filter, saving approximately $250,000 in purchasing a new cover.

Equipment for reuse was selected on the basis of maintenance confidence and research into the equipment’s ability to effectively contribute to the process.

· Centrifuges:  there was a concern about the feasibility of refurbishing machines that were approaching twenty years old. Plant staff visited other facilities, component manufacturing plants, and repair facilities. The research information gathered proved that as long as a centrifuge can meet the process requirements, it is viable and can be remanufactured indefinitely.  Also, many of the older machines utilize components that are of a significantly higher quality than newer machines.

· Polymer system had been continually refined since the original purchase in 1990 due to the in-house modifications and increased reliability included in the project.  Research found that often the water supply was at 40o F causing incomplete chemical mixing. A pilot test was conducted adding tempered water to the system, although the temporary supply was inadequate the test indicated that it would have an impact on the process.  The manufacturer also confirmed that cold water was detrimental to the mixing and aging process of polymer.  Other plants have added tempered water to their polymer system with successful results.

· De-Watered Sludge Pumps Plant staff investigated the use of progressive cavity pumps in lieu of a hydraulic pumping system.  The only progressive cavity pump that professed capabilities in pumping solids in the range of our de-watered sludge was a new progressive cavity pump made by Seepex, Incorporated.  At that time the company and its technology was new and unproven in the United States but was being used throughout Europe and at an installation in Canada.  A staff representative went to Canada to observe the facility pumping 23%+ solids with the pumps.  A pump was set up on the plant site as a pilot test pumping de-watered sludge on site.  The research indicated that the pumps would perform well and meet the needs at the new facility.  This less expensive alternative was incorporated in the final design.

COST CONTAINMENT

When issues in design and construction came up, the design team went to work brainstorming solutions and avoided blamestorming.  Working together, they saved the cities considerable monies and provided the staff an effective efficient process area that is easily operated and maintained.

PROCESS AREA HISTORY

The existing process area was a hodgepodge of process renovations some good some bad. The building had inadequate storage, process space, and the structure was not designed for large rotating equipment.  Four centrifuges were installed in 1983 as surplus from the New York City sanitation district and installed in place of a vacuum belt filter press sludge de-watering process.  The centrifuge installation designated two units for de-watering and two for thickening waste activated sludge.  In 1992, the two thickening centrifuges were replaced with dissolved air floatation thickening (DAFT) process.  The remaining de-watering units remained in operation.

During the years of centrifuge operation, the maintenance staff learned all the tricks in repair, modification, and maintenance of the units and was able to extend the interval between major overhauls from the manufacturer’s recommended annual overhaul to a five years of service overhaul program.  The maintenance staff was confident in the mechanical reliability of these centrifuges; however, maintaining consistent product output was a challenge.  Over the years the ancillary equipment and system controls became obsolete and unreliable.

Rationale against new centrifuge purchase:

· Typical costs for new units ranged from$400,000 to$600,000 per unit installed.

· Many new installations incorporated system controls and ancillary components that the staff found undesirable.

· Many of the new machines are high solids machines.  In the L/E WWTP bio-solids program, solids above 22% are undesirable.

· The maintenance staff would loose the repair experience and expertise developed through the years.

The benefits of re-use

· The re-use would save the project $1,200,000 

· Because of the lowered costs, the design team could reuse three units. 

· The reuse changes the maintenance category from the “ A” category to a “ C”, which represents a piece of “equipment that poses no threat if failure occurs because it has redundancy in the process area.”

· Using three machines extends the process areas ability to handle plant solids loading well through 2015.

Benefits of design process area

· The process area was located as close as possible to the centrate system, with the shortest possible line to the centrate return system, which improved the flow characteristics.

· The centrate system vent lines were equipped with isolation valves to eliminate common connections.

BID PREPERATION AND SELECTION

The Littleton/Englewood Maintenance Division partnered with Brown and Caldwell (B&C) to implement the centrifuge reuse project.  The Maintenance Division provided the equipment specifications sections and scope of work to be performed and B&C provided the contractual portion for the agreement.  This project was managed internally by Maintenance Division staff, independent from the Phase 1B construction project.

An independent contractor was awarded the bid to refurbish the two thickening centrifuges to de-watering units.  This allowed the two existing de-watering centrifuges to be run at old facility until the new facility came became operable.

Working with an independent contractor provided the opportunity to custom design the machines.  The project was not limited by equipment supplier’s corporate philosophies.  This enabled the selection of ancillary components, and controls that enhanced the mechanical performance of the machines.  State of the art computerized monitoring, digital controls, vibration control dampening, high efficiency motors and other top quality ancillary equipment were included in the scope of work. 

CENTRIFUGE PROJECT OUTCOME

In December 1998, two refurbished machines were placed in service and in February 1999 the third and final unit was placed on-line.  The sludge output is consistently within the target and operational parameters are easily maintained.  

Working with the independent contractor the maintenance staff decided to use a hydraulic backdrive with a CVC-410 backdrive control system.

Benefits Of The Viscotherm CVC-410:

This computer controlled back-drive system controls the sludge output percent solids.  The system is programmed to control to a set parameter based on hydraulic pressure generated by solids concentration and detention time in the machine.  The system automatically makes adjustments to maintain consistent product output.  The system controls are working exceptionally well.

· Average cake solids output is 20.50%,Target is 18.00% 

· Average centrate is 800 Mg/l Total Suspended Solids target is 1200. 

· The operational efficiency rate is 95% or better.

Benefits of the Improved centrate flow characteristics:

· Sludge through put has increased from 160 GPM to 200 GPM plus.  With the 200 GPM capacity, 9.5 hrs are required to achieve 120,000 gallons per day, easily fitting into first and second shift hours.  This leaves room to exceed the minimums and process up to 180,000 gallons per day with one machine, and with no operational overtime.   

· The average polymer usage is 22.25 pounds per dry ton sludge down from the average 25 pounds per dry ton sludge posted in 1998 a 2.75 pound savings.

DE-WATERED SLUDGE PUMPS OUTCOME

The Seepex system is working well, and it appears that should the plant have to go to a high solids operation, the system will handle at 23% or better.  As of this report, the pump is pumping 19 to 24% solids to the storage tank at a 110 to 140-PSI discharge pressure.  The pump will operate at pressures up to 250 PSI, should this be necessary.  A polymer injection ring can be installed downstream of the sludge pump if the pressures become to high.   This has been shown to substantially reduce friction loss at a minimal cost.

· Because each pump is dedicated to a centrifuge, the maintenance category changes from the “A” category to a “ C” which is defined as: “equipment that poses no threat if failure occurs because it has redundancy in the process area.”

· Each pump is dedicated to a centrifuge and not interconnected in any way.  The centrifuges can be opened and closed at anytime, enabling quality maintenance service with no safety risks.

The projected costs for the piston pumps were $364,000.

The progressive cavity pump costs were $140,000 for cost savings of $224,000.

POLYMER SYSTEM RE USE

The polymer process system was designated for re-use in the new de-watering facility with modifications using the big bag system and dual process tanks.  After designing the structure for modifications to this system, the project was managed internally by maintenance division staff and not incorporated into the Phase 1B construction costs.  

· The refurbished polymer system included a radical modification to a modular component rack system.  

· A big bag adapter replaced the dry polymer bins, and the system has dedicated one feeder to a day tank.  This greatly simplified the installation and has brought this system up to a state-of-the-art chemical preparation system.  

· In the redesign, all remaining problem areas were addressed or removed from the process.

POLYMER SYSTEM RE USE OUTCOME

· The system has processed over 2000 batches or one million five hundred thousand gallons of polymer with one minor electrical failure.  

· Redundant systems have lowered the maintenance category from the “A” category to a “ C” (equipment that poses no threat if failure occurs because it has redundancy in the process area).  

· This installation also supports the process area ability to handle plant solids loading well through 2010

· The big bag system has allowed us to save ten cents per pound in polymer costs and greatly enhanced worker health and safety.

· The system redesign allows operators and maintenance to easily repair and clean components.

· The average overall polymer usage in 1998 (old system) 25.00 pounds per dry ton production.  Increased efficiency of the centrifuges has produced a 2.75-pound per dry ton polymer savings.  The bio-solids production during 1998 was 3,363 tons dry weight solids.  Assuming the same tonnage in 1999, the savings will be approximately $54,480 in this area.

OUTCOME SLUDGE STORAGE AND LOADING FACILITY

The design team incorporated a sludge handling system into the design. 

· The new sludge hopper allows the centrifuge to be started early in the morning, making operation hours between 8AM to 5PM each day.  Extended operation through second shift enables 180,000 gallons per day to be processed with no overtime.

· The storage hopper holds two days sludge production which allows storage without double handling and controls odor.

· Utilizing the truck trailers for storage inside the garage area provides another day of storage with the high capacity ventilation system.  This is odor free as well.

· The system incorporates a state certified truck scale and computer controlled loading interface which loads each truck/trailer to specification. 

· In 1998, 156 hours of overtime were used to operate the centrifuge during third shift.  Eliminating this saves the plant $4,000 annual overtime.

The following tables break out costs and benefits in Capital, Operation and Maintenance:

Capital Outlay:  Centrate Tank reuse

Design & Construct new Tank
Design & Construct new Pump Station
Dome Savings
Project savings from re-use.

$450,000
$300,000
$250,000
$1,000,000

Capital Outlay:  Centrifuges

Original purchase four units 1983
Re-use & refurbish units 1998
Total outlay 16 year
Purchase price three new machines
Project savings from re-use.

$726,000
$592,000.
$1,318,000
$1,775,000
$1,200,000

Capital Outlay:  De-watered sludge pumps

Schwing pumping and screw conveyor system.
Seepex pumping system
Project savings

$364,000
$140,000
$224,000

Capital Outlay:  Polymer system

0riginal purchase price 1988
Re-use & refurbish system 1998
Total outlay: 10 years
Purchase price new units
Project savings from reuse

$158,000
$52,000
$210,000
$225,000
$173,000

TOTAL Capital Savings
$2,597,000

Annual Maintenance & Operations Savings:  De-watering Facility

Chemical
Maintenance  labor
Overtime    operation
Contract services
Annual savings

$54,000.
$8,000.
$4,000.
$8,000
$74,000

S U M M A R Y

PROJECT RESULTS

The City has realized the following with this new facility:

· Capital savings of $2.6 million in modifying equipment and reuse of existing facilities.

· Lower polymer consumption equating to $4,500 per year.

· Reduced dewatering shift from 16.5 hours to 9.5 hours.

· Truck load out from 7 hours to 15 minutes.

· Consistent truck load out, saving transportation costs.

· Obtained consistent solids output in the dewatered sludge.

· Operational process parameters easily maintained.

· O & M costs have been reduced by $75,000/year, with more to come.

· Automation reduced the need for 2 operators to 1, during a shift.

· A clean operation and very easy to maintain.

The result of this collaborative design which utilized wastewater staff expertise partnered with Engineering design experience added up to a highly effective, easy to maintain, state of the art facility.  The cost for the new dewatering facility was less than $2 million in Design and Construction costs.
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