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1/ INTRODUCTION

The wastewater treatment plant BIOCLAR B6 serves for the biological treatment of domestical sewage from a family house. The treatment process is based on biological processes using a modified activated sludge process with biological nitrogen and phosphorus removal. 

2/ DESCRIPTION OF SYSTEM

The raw wastewater flows into the mechanical pretreatment. The mechanical pretreatment consists of a  screening basket, which is palced in the  biological reactor B6. It has to be periodically cleaned by emptying the basket. 

The pressurized air for the biological treatment is provided with a blower, which is placed in a vessel or in a shade, and well ventilated place. In this vessel, there is also the electric panel with the control unit. The pressurized air is conducted to the air register, and through the air register via valves and hoses to fine-bubble diffusers and air-lifts. The air flow can be regulated by valves to the each diffuser and air-lift. 

The biological reactor BIOCLAR B6 comprises a cylinder-shaped plastic vessel integrating an activation area and settling area in a single compact reactor.  The biological reactor is divided by inside vertically inclined partition into three zones:

· non-aerated zones (anaerobic fermentation and denitrification zone, “AF-D zone”)

· aerated zone           (nitrification zone, “N zone”)

· settling zone           (“S zone”)

The non-aerated anaerobic fermentation and denitrification zone  (AF-D zone) is separated from the aerated zone by a cylindrical partition wall. It is subdivided in an alternating manner by  underflowed and overflowed baffles, creating 4 upflow and downflow chambers. 

The wastewater flows into the 1th  (central) chamber of AF-D zone with the screening basket. In this chamber, the pretreated wastewater is mixed with the recirculated activated sludge from the bottom of the 4th chamber of the AF-D zone (internal recirculation by air-lift pump No2). The recirculated activated sludge from the bottom of the settling chamber (return sludge by air-lift pump No1) is pumped into the 2nd  chamber of AF-D zone. The hydrodynamic effect of the recirculated flow of the activated sludge disintegrates the coarse substances and guarantees the forced circulation of the wastewater-activated sludge mixture through all chambers of the AF-D zone. 

The alternating arrangement of the underflowed and overflowed baffles in the AF-D zone and provides for an ascending and descending flow of the wastewater and activated sludge mixture and ensures that the AF-D zone is mixed, resulting in the fermentation and dissolving of the organic substances and an effective denitrification. The wastewater-activated sludge mixture from the last  4th chamber of the AF-D zone flows over the overflow barrier into the aerated zone.  

In the aerated nitrification zone take place the activation of the sludge, nitrification and biological combining of phosphorus in the activated sludge and a simultaneous sludge stabilization. The aeration and the maintaining of the activated mixture in suspension within the  zone is ensured by fine-bubble diffusers. 

The wastewater-activated sludge mixture flows from the nitrification zone to the settling zone over the connecting gap in the partition wall between the nitrification zone and settling zone. The connecting gap is situated above the bottom of the reactor. The suction aperture of the air-lift pump No1 is situated on the bottom of the settling zone and ensures the recirculation of the settled activated sludge to the 2nd  chamber of the AF-D zone. In the settling zone, there is an coarse-bubble aeration system in the form of an air-lift pump No3, which guarantees the separating of the floating, suspended substances from adhering air bubbles. 

The biologically treated wastewater flows into the outlet pipeline from the settling zone.

The necessary amount of compressed air is introduced by a blower into every part of the system via conduits, it being possible to regulate the flow of compressed air. The operation of the individual air-lift pumps and the aeration is guaranteed by a control unit.

The removal of excess activated sludge is effected through withdrawal using the air-lift pump No4 from the N-zone into the sludge tank. The removed excess sludge is settled and thickened in this tank and the separated sludge liquor is brought back into the same chamber of N- zone. There is also a fine-bubble diffuser in this tank for aeration of the thickened sludge.

 The thickened sludge is pumped away from the sludge tank by a lorry or sludge pump. The aerobically stabilized sludge can be used for land application.

3/ THE BASIC TECHNOLOGICAL PARAMETERS OF THE TREATMENT PLANT

3.1/ DESIGN PARAMETERS

Type of biological reactor: BIOCLAR B 6 

Capacity:


4-6 PE

Hydraulic daily flow:

0,6-0,9 m3/d

Dimensions of the biological reactor:

Diameter


1,34 m

Height



1,55 m

Water level


1,26 m

Volume total
 

1,8 m3

Volume of AF-D zone
0,7 m3


Volume of N zone

0,9 m3

Volume of S zone

0,2 m3

(AF-D – Anaerobic-fermentation and denitrification zone

N – nitrification zone

S – settling zone)

Technological parameters:

Daily load (BOD5)

0,24 kg/d

Sludge loading

0,02 kg/kg

Concentration of sludge
6,5 kg/m3

Sludge age


>30 d

Excess sludge production
1,2 m3/year, 0,45% SS

Air supply


2,8 m3/h

Power consumption

420 kWh/year

Settling zone:

Surface of the separation
0,17 m2

Maximal hydraul.load
0,06 m3/h

Sludge volume index 

100 ml/g

Retention time in the S zone
3,4 h

Surface loading

0,17 m3/m2,h

Sludge handling:

Volume of sludge tank
1,5 m3

Suspended solids content of the thickened sludge: 3%

Aerobically stabilized sludge, non-restricted use in agriculture

3.2/ TECHNOLOGICAL PARAMETERS OF THE MECHANICAL EQUIPMENT

	POSITION
	1

	NAME
	LINEAR AIR PUMP

	FLOW


	3,6 m3/h

	PRESSURE


	150 mbar

	INSTALLED POWER INPUT


	0,07 kW

	VOLTAGE


	230 V

	NOISE LEVEL


	33 dB(A)

	SHIELDING


	IP54

	WEIGHT


	8,5 kg

	NUMBER


	1 pc

	INLET PORT


	19 mm


3.3/ THE GUARANTEED QUALITY OF TREATED WASTEWATER

The following are 30 days average performance parameters for BIOCLAR operated and/or maintained according to the manufacturer's instructions.  

	Parameter
	 Average Values
	Maximal Values

	BOD5
	[mg/l]
	10
	15

	TSS                             
	[mg/l]
	10
	20

	COD
	[mg/l]
	50
	90

	N-NH4                           
	[mg/l]
	 1
	5


4/ INSTALLATION OF SYSTEM
In general, the System’s installation is comprised of the following phases:


• Identifying and preparing the site for the System


•
Off loading the System, handling and installation


•
Connecting sewage inflow and outflow pipe


•
Locating the installation of air blowers, submersible pumps and control unit


•
Securing installation for safety, and against 


 
accidental damage and vandalism. 

4.1/ Identifying and Preparing Site for the System

The treatment tanks are installed partly above and partly below ground. As the installation details largely depend on the local conditions, the design should always be performed, or reviewed by an engineer. Factors to consider when locating the unit include:

· High water table: High water table may complicate below ground installations. Engineer must be consulted; anchoring system or installation in underground concrete enclosure may be required. 
· CAUTION: Incorrectly designed installations in high water table conditions can result failure of the walls. Avoid emptying the unit during high water table conditions. BIOCLAR will not be responsible for any direct or consequential damages due to improper installation design.
· Security of unit: For outdoor installations, the wooden or plastic enclosure or shelter should be constructed to prevent intrusion or accidental or willful damage. If the upper edge of the open tank is not higher than 1.1 meter above the ground level, a guard railing has to be installed around the reactor. CAUTION: The density of aerated water with fine bubbles is thinner as normal water without bubbles and from this reason the content of aeration tank is totally unsuitable for swimming. There is great DEATH RISK in a case downfall into aeration tank (for good swimmer too)!  
· Sunlight and thermal stability: As no plastic is totally UV resistant, the tanks for above ground installations should be insulated and shielded from sunlight to block UV rich sunlight from degrading the plastic and shortening the service life of the unit.

· Air delivery pressure drop: The site should be within reasonable distance (less than 5 m) from where the air blower system will be installed. 

4.2/ Off Loading the System, Handling and Installation
· Prior to off loading the unit, inspect it carefully to determine whether any damage occurred during transportation. If damage has occurred, request an inspection from the carrier and take photographs of the damaged area. The new owner should file a claim for transportation damages with the shipping company.  

· Inventory all materials to ensure that all items specified on the packing slip are included.

4.3/ PLACING OF THE PLASTIC VESSELS

The vessels has to be placed to a flat and firm concrete plate with an appr. 1 cm thick sand layer CAUTION! The surface of the concrete plate must be plain with maximal declination (1 mm from water level in 1 m2! On the concrete plate (basement) there may not be any sharp objects, gravels! After placing the reactors will be turned into the desired position. 

4.4/ Connecting Sewage Inflow and Outflow Pipes and Air Tubing
The units are delivered with standard pipe stub connections. Standard flexible plastic transition couplings (optional) are required to connect to the pipes. Ensure that the pipes are protected from excessive cold and from damage by domestic animals and wildlife.

Air tubing is required to connect the air blower to the unit. To prevent against damage, the line should be buried or it can be installed in a protective shield pipe (optional). Air piping should be as short and straight as possible. The total length of air piping should be shorter than 5 m. Take sure that no particles of soil etc are left in the piping under its construction!

4.5/ BACKFILLING

For backfilling sand or gravel with maximum particel size 9 mm without sharp particles has to be used. CAUTION! The backfilling can be made only when the reactor is filled with water! The backfilling has to be provided by 30 cm layers with compacting. The compacting has to be provided manually, the use of  heavy mechanical equipment has to be avoided! 
4.6/ INSTALLATION OF THE AIR PUMP

Installation of the air pump (including wiring and piping should be done by a specialist. Improper installation done by yourself will cause air leak, electric shock or fire! D not install the air pump in a place where it can be submerged by rain or snow. Set the air pump above the water level! Set the air pump away fro places like bed rooms, reception rooms. Noise may bother in the quiet nightime etc. The air pump has to be installed in a dry place without dust and in a place where working space for maintenance can be secured. 

5/ SYSTEM START-UP
Efficient treatment of wastewater requires that all biological processes are fully started and run-up. Since no two plants loads are ever exactly the same, it is not possible to preset the plant at the time of its installation. The Systems start-up and run-up is an act of balancing the variables to reach optimum performance. Qualified representatives of the distributor perform the start-up and run-up.

Normally, the Systems are started up using seed activated sludge. The start-up is performed by inoculation the plant with activated sludge from a well-operating biological treatment plant. Ideally, the seed sludge will be taken from another BIOCLAR plant. It may, however, be taken from other extended aeration suspended biology treatment plant, sludge index of which is no higher than 150 ml/kg, or sludge age is higher than 20 days. Improper seed sludge may significantly increase start-up time. 

The seed sludge should be taken from the separation zone and thickened (as much as possible) by mechanical dewatering process prior to transportation. The more seed activated sludge the better; settled sludge volume (SSV) after seeding should be 200 to 400 ml/l. The plant wills start-up with less sludge, however, the run-up will be slower as the onset of the processes of nitrification and denitrification will be delayed. 

Seed activated sludge must be fresh. Ensure that sludge is used within 24 hours of collection or aeration is supplied to the transport containers.

Unless initially seeded with sludge from another BIOCLAR System, it may take as long as two months for the plant to reach optimum performance.

	
	System Start-Up Procedure

	1
	Open the bottom slide gate and fill the plant with clear water. Pour water into activation/ nitrification zone. 

	2
	Start the air blower and open and adjust airflow to airlift pumps and aeration elements.

	3
	Dilute thick seed sludge and gradually pump to the activation/nitrification zone.

Ensure that the sludge does not overflow from the plant. 

	4
	At this stage denitrification zone may also be aerated for approximately 1 to 2 weeks (if there is any possibility). Turn off immediately if sludge floating in the separation zone. 

	5
	Immediately start loading the plant with wastewater.


Note: 


The Systems like to be (and must be) fully loaded. Undernourished plants will take much longer to start-up and will not operate optimally. Avoid using chlorinated water for initial fill-up. 

6/ SYSTEM OPERATIONS 
The Systems operation is fully automatic; however, occasional walk-around visual inspection is recommended. To ensure trouble free operation, it is essential that the following materials are not present in the influent wastewater:

· Oil and fat (in concentrations higher than 50 mg/l)

· Paints and paint thinners

· Acids and alkalis

· Antiseptic agents in high concentration. 

To reduce the frequency or eliminate the need for cleaning of pumping station, it is recommended that the following materials be kept out of the influent wastewater:

· Plastic materials

· Rubber materials

· Textiles

· Sanitary napkins.

6.1/ MECHANICAL PRETREATMENT 
In the screening basket the coarse debris is captured. The basket should be checked (ones per month) and emptied if necessary, the frequency depending on the amount of incoming mechanical debris.

6.2/ BIOREACTOR
The bioreactor consists of three interdependent zones; anaerobic fermentation and denitrification zone  (AF-D zone) ,  nitrification zone  and settling zone. 
The content of dissolved oxygen in the nitrification zone should be maintained at 2 to 3 mg/l. Regulating air input into the bioreactor controls it. It is done in two ways; minor air input adjustments are made by regulating the air distributor valves; larger adjustments can be made by setting the timer controlling the air blower to operate intermittently. A 24-hour programmable timer is provided for this purpose. When well adjusted, the incoming air will ensure good mixing and uniform roll of the content of activation/nitrification zone content. 

After any adjustment to air input (or sludge recycle) has been made the System must be permitted to run 24 to 48 hours before any further adjustments are made. It is only then that it will become evident whether the adjustments have been sufficient.

In the anaerobic fermentation and denitrification zone  (AF-D zone) oxygen is removed from nitrate and nitrite to form nitrogen gas and water is in the process of denitrification. Low dissolved oxygen concentrations (less than 0.4 mg/l) and adequate mixing are required to ensure denitrification occurs. This again may be controlled if needed by intermittent aeration, in which the programmable timer stops the air supply at regular intervals throughout the day. 

To ensure complete nitrification and subsequent denitrification the fixed design conditions (aeration volume, sludge age, etc.) must be supplemented by the correct amount of supplied air, or correct periodic oxic and anoxic conditions. Too little air will result in incomplete nitrification; too much air will inhibit denitrification. (In general though, anoxic conditions should be kept as short as possible as long as they do not adversely affect denitrification). Two to three months after the plant start-up the content of dissolved oxygen in the denitrification should be less than 0.4 mg/l.

Note: 
The function of nitrification and denitrification processes is indicated by the liquor pH. Generally, increased pH indicates lower nitrates content due to denitrification; lowered pH indicates increased nitrates content due to nitrification.

In the settling zone the flocs of sludge are separated from the mixed liquor by sludge blanket filtration. There should be a very distinct interface between the effluent water and the sludge blanket. At peak flows the interface should never rise above 10 cm below the effluent level. 

Located in the settling zone is a device to skim and remove flocs of sludge occasionally breaking away and floating on the surface of the settling zone. Normally, only sporadic break away should be present and it is alleviated by recycling the flocs to the top of aeration zone by means of an airlift pump. The flow in the air hose should be "gurgling" slow so as not to create any stirring action in the settling zone. 

If excessive break away of flocs is present it is not a normal occurrence and it is indicative of some form of process upset - see Problem Solving Table. 

Also located on the bottom of the settling zone is the activated sludge recycle line suction. Care must be taken to ensure that excessive flow does not create stirring action in the separation zone and the sludge flocks break away and floatation on the effluent surface. 

6.3/ EFFLUENT DISCHARGE
The quality of the effluent allows its discharge into a recipient or storm sewerage or a reduced size absorption field. After disinfections the effluent can be reused for irrigation of trees, bushes and lawns or for flushing of toilets.

6.4/ EXCESS SLUDGE
The activated sludge treatment relies on converting organic matter in the wastewater to living matter in the form of bacterial growth or sludge. The sludge age affects the plant's demand for oxygen, and it has consequences with regard to the type of bacteria present and the settling characteristics of the sludge.

Since the System's sludge age is at least 30 days, the sludge is fully aerobically stabilized and not subject to further odor-causing biological degradation. 

A small amount of excess sludge is periodically pumped out. The frequency of removal will depend on the plant loading and it is determined by the staff of wastewater treatment plant based on measurement of sludge concentration or sludge volume.

The sludge is disposed of in accordance with the applicable local sludge management by-laws.

IMPORTANT: For below ground-installed units, where conditions of high groundwater or unstable soil bank exist, ensure that the tank is not inadvertently emptied when removing excess sludge. The tank may lift out of the ground or the walls may collapse.

6.5/ OPTIMUM OPERATING PARAMETERS
Organic matter in wastewater is converted by microorganisms to carbon dioxide, water and nitrogen gas. Since microorganisms do not need organic matter in the wastewater only, but also oxygen dissolved in the activated sludge liquor for their survival, raw wastewater must be continually mixed with activated sludge liquor and it must be kept in suspension. Maintaining the correct balances is important to ensure successful functioning of the System. 

After 1 to 2 months of initial operation the sludge characteristics (sludge volume index and sludge concentration) will adjust and the plant will perform to within optimum parameters. A very definite interface between sludge and effluent should be visible in the settling zone.

Optimum Operating Parameters Table:

AF-D zone: Anaerobic fermentation and denitrification zone. 

AF zone: Anaerobic fermentation zone.
D zone: Denitrification zone.

N zone : Nitrification zone.

	Parameter
	Optimum Range

	Mixed Liquor Suspended Solids (MLSS) in AF-D zone [kg/m3]
	7- 8

	Mixed Liquor Suspended Solids (MLSS) in N zone [kg/m3]
	4 - 5

	Mixed Liquor Dissolved Oxygen in N zone [mg/l]
	2- 3

	Mixed Liquor Dissolved Oxygen in AF-D zone [mg/l]
	< 0.1

	Mixed liquor pH
	6.5 – 8.0

	Redox potential in AF zone
	-150 up to  -200 mV

	Redox potential in D zone
	0 up to –50 mV

	Settled Sludge Volume (SSV) à 30 min. in AF-D zone [ml/l]
	800 - 900

	Settled Sludge Volume (SSV) à 30 min. in N zone [ml/l]
	500 - 600

	Sludge Volume Index (SVI) à 30 min. [ml/kg]
	100 - 120


Settled Sludge Volume (SSV): SSV or settlebility of mixed liquor is determined by recording the volume occupied by the sludge in 1000 ml sedimentation Imhoff´s cone or test cylinder after allowing it to settle for 30 minutes. (If the sludge does not settle in the sedimentation test tube it may be due to inflow of toxic substances into the plant or low dissolved oxygen content)


Mixed Liquor Suspended Solids (MLSS): Rough MLSS can be calculated from the SSV by multiplying the value for SSV by ten (10).

Sludge Volume Index (SVI): SVI is a further measure of the settling characteristics of the sludge. It is defined as the volume occupied by 1 gram, dry weight, of sludge after settling for 30 minutes in a 1000 ml Imhoff´s cone or test cylinder. If mixed liquor suspended solids concentration (MLSS) has been determined by a laboratory it can be calculated as follows:


      

SVI = SSV x 1000 / MLSS 

7/ MAINTENANCE OF SYSTEM 
It is recommended that exclusively staff qualified representative of the distributor performs the maintenance of System. To ensure the System's continuing treatment efficiency the representative shall perform the following:

1
inspect influent and effluent flows,

2
inspect and clean if needed the inflow basket,

3
inspect air pump operation,

4
inspect airlift pumps operation,

5
inspect and clean if needed, air pump intake filter

6
measure activated sludge 
- settled sludge volume (SSV),

- dissolved oxygen content,

- pH,

7
determine sludge inventory and recommend excess

 
sludge removal if needed.

Encountered problems may include:

· Blocked pump piping. (Rapid closing/opening of valves may dislodge blocking particles. Use plumber’s snake for more troublesome blockages).

· Blocked diffusers. (The diffusers can be raised by pulling the air supply tubing. Install new diffuser socks).

· Bacteria kill. (Toxic material inflow may kill the bacteria. Before re-starting the System the tank must be washed down and re-started).

IMPORTANT: For below ground installed units, where conditions of high groundwater or unstable soil bank exist, do not empty the tank. The tank may lift out of the ground or the walls may collapse. The tank may be partially emptied to a safe level; however, the remaining liquor must be removed while simultaneously replacing it with incoming water.

Recommended Tools:
1
Dissolved oxygen meter

2
Thermometers

3
pH - meter

4
Imhoff´s cones or test cylinders - 1000 ml

5
Rubber gloves

6
Safety glasses


7
Brush with long handle

8
Small shovel

9
Activated sludge collector

10
Effluent sample collection kit

11       Disinfecting soap

8/ PERSONAL HYGIENE
Raw sewage and sewage from various stages of sewage treatment plant prior to disinfections can contain human pathogenic organisms. Without limiting the forthcoming, it is essential that anyone coming into contact with sewage from any stage of the process take precautions to prevent exposure to any human pathogenic organism present in the sewage:

· Wash hands with disinfectant soap before eating, drinking, smoking etc.

· Wear long-sleeved shirts and trousers to prevent sewage contact with skin

· Avoid immersing hands by using gloves and collectors

· Wear eye glasses

· Never store or consume food or drink in close proximity to sewage or sewage samples (never store sewage samples in the same refrigerator as foodstuffs or drinks).

· Remove clothing splashed or wet with sewage and exchange for clean as soon as possible. Wash with disinfectant soap. 

· Ensure that cuts and abrasions are always treated with antiseptic and suitably covered.

9/ WARRANTY
BIOCLAR warrants that the goods supplied will be free from defects for a period of one (1) years from the date of shipment, excepting the machines and equipment, which manufacturer warrants for shorter period (pumps, blowers, electric motors. BIOCLAR does not warrant and shall have no liability whatever for defects in goods manufactured by third parties except only to assign to Buyer any warranty which BIOCLAR may have with respect to such goods to the extent that such warranty is assignable by BIOCLAR. 

10/ Trouble-shooting

	Problem
	Possible cause
	Action required

	Foaming of liquor in activation/ nitrification zone
	Low activated sludge inventory
	Hose of the foam down with water. Remove persisting foam.

Add activated sludge. Self-correcting in time.

	
	High dissolved oxygen content
	Hose the foam down with water. Remove persisting foam.  

Reduce air supply to air diffusers. Reduce blower total time by timer

controlled operation.

	Sludge floating on the surface of the separation zone or escaping with effluent
	High dissolved oxygen content
	Reduce air supply to air diffusers. Reduce blower total time by timer controlled operation.

	
	High activated sludge inventory
	Remove sludge.

	
	Hydraulic overload of the bioreactor
	Check why inflow into the reactor is high (possible infiltration or inflow).

	
	High sludge volume index
	Seed with activated sludge with lower index. Self-correcting in time.
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