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DESIGN REPORT 


10 MLD WWTW Plant at Burgersfort

	
Introduction

This report is drafted to have the following outcomes:

1. To provide process design and process outcomes of the installed 10 MLD plant at Burgersfort
2. A process Audit to determine if the installed plant will work and how it will perform
3. Identifying shortcomings on the existing works as left by the previous contractor, with engineering solutions.
4. Detailed process description of additional features required in order to utilize two of the three trains installed together with the existing works.

 1  [bookmark: _Toc434296780]DESIGN FLOWS AND WASTEWATER CHARACTERISTICS
 1.1  [bookmark: _Toc434296781]Waste Water Characteristics and Organic Loads 


The plant is already installed, and thus assessed the existing infrastructure in terms of its capability to handle both its original hydraulic design capacity (3.3 MLD per train) and to see how the existing infrastructure will perform under certain effluent compositions. 

Raw sewage results were supplied by Lepelle water. The samples were taken over 7 days between 15 May 2021 and 4 June 2021. 

The results are attached as Appendix A. 

From these results the designer calculated the flow averaged loads and worked back from that to obtain the concentration of the various pollutants for each day. 

Table 1 shows the measured flow averaged loads and concentrations. 


Table 1: Flow averaged loads and pollutant concentrations measured during raw sewage sampling period 15 May to 4 June 20201

	Parameter
	Day1
	Day2
	Day3
	Day 4
	Day 5
	Day 6
	Day 7

	Daily average flow (m3/h)
	3357
	3326
	2691
	2527
	2052
	2689
	

	Peak flow factor (m3/h)
	1.7
	1.6
	1.5
	1.1
	2
	1.4
	

	Peak Dry Weather flow (m3/h)
	5702
	5011
	3024
	2851
	4061
	3888
	 4118

	Daily kg COD (kg/d)
	45637.71
	42452.96
	41702.40
	35360.74
	22374.00
	49116.86
	35473.37

	Daily flow-averaged COD (mg/l)
	240.65
	264.14
	276.98
	248.32
	275.41
	408.63
	217.79

	Daily kg TKN (kg/d)
	7565.76
	5444.07
	4522.99
	6161.35
	2969.13
	4321.59
	4401.31

	Daily flow-averaged TKN (mg/l)
	39.90
	33.87
	30.04
	43.27
	36.55
	35.95
	27.02

	Daily kg P (kg/d)
	564.59
	775.95
	564.59
	793.63
	424.89
	1029.12
	575.65

	Daily flow averaged P (mg/l)
	5.42
	4.83
	3.75
	5.57
	5.23
	8.56
	3.53

	Daily TSS (kg/d)
	24251.19
	8316.00
	13083.43
	28675.54
	13459.89
	34438.63
	17702.23

	Daily flow-averaged TSS (mg/l)
	127.88
	133.99
	86.90
	201.37
	165.68
	286.51
	108.68

	Daily kg PO4 (kg/d)
	481.41
	378.67
	356.79
	704.86
	456.87
	1500.94
	476.51

	Daily flow averaged PO4 (mg/l)
	2.54
	2.36
	2.37
	4.95
	5.62
	6.24
	2.93

	 
	 
	 
	 
	 
	 
	 
	 

	Ratio's
	 
	 
	 
	 
	 
	 
	 

	TKN:COD
	0.17
	0.13
	0.11
	0.17
	0.13
	0.09
	0.12

	P:COD
	0.02
	0.02
	0.01
	0.02
	0.02
	0.02
	0.02




The Table below shows the highest flow over the 6 days as well as the maximum concentration for which the plant will have to cater;


Table 2: Max Design values for flow averaged pollutant levels measured in May/June 2021

	COD (mg/l)
	408.63

	TKN (mg/l)
	43.00

	Total P (mg/l)
	8.56

	Orto-P
	6.24

	TSS (mg/l)
	286.51

	ADWF (m3/d)
	3357

	PDWF (m3/d)
	5702

	TKN:COD
	0.11

	P:COD
	0.02




The major components of the raw sewage were as follows:

COD: 150-1300. There were only 5 analyses with COD > 1000. On observation it is clear that these high value are attributed to the dumping of tankers. Each day between 10 and 20 tankers are dumped. To alleviate this, the design will incorporate a night soil handling and balancing system. The average COD value as indicated above will be the realistic values that is going into the works. 

TKN: The TKN value represents the organically bound nitrogen and ammonia. Presence of nitrates in raw sewage indicates that the raw sewage has been in the system for a while. None of the results indicated nitrates > 1 ppm and for this reason the only value that has to be taken in consideration for process design is the TKN values (which is the sum of organically bound nitrogen plus ammonia). The value of 46 mg/l in Table 2 was the highest measured on daily basis. 
  

Total P and Ortho-phosphate: This is the phosphate that is available for use by the organisms. The value is low enough to expect that biological phosphate removal will be adequate to reach general standards without the need for metal coagulants – see design modelling later. 

TKN:COD ratio: The ratio is generally above 0.11 and this means that the process most suitable will be the Johannesburg configuration instead of the 3-stage Bardenpho configuration. 


As mentioned before, the plant is already constructed and in terms of the process design, all we can do is to model the plant for the above values to predict the performance. Where possible, modifications will be incorporated to increase the plant effectivity. 


In Table 3 below, the design parameters originally used for this plant design are given.

[bookmark: _Toc434296952]Table 3: Wastewater Characteristics
	Parameter
	Value

	Average Dry Weather Flow (Ml/day)
	10

	Total COD concentration (mg/l)
	650

	TKN concentration (mgN/l)
	65

	Total Phosphorus concentration (mgP/l)
	11

	Readily Biodegradable COD fraction (fbs)
	0.2

	Non-biodegradable soluble COD fraction (fus)
	0.06

	Non-biodegradable particulate COD fraction (fup)
	0.13

	Ammonia fraction of TKN (fna)
	0.83

	Non-biodegradable nitrogen fraction (fnu)
	0.03

	Alkalinity (mgCaCO3/l)
	300

	Mixed liquor VSS to TSS ratio
	0.75

	Design COD load (kgCOD/day)
	6 500

	Design Population at per capita load of 120 gCOD/day
	Approx . 55 000



It can be seen that the recently measured values (Table 1 and 2) shows lower pollutant loads the Table 3 (plant design figures)

The designer then used the above raw water composition in various process simulations to assess the performance of the works in the process configurations installed on the works.

These are attached as Addendums:

· Addendum 2: Process simulation in Joburg mode with the original design figures
· Addendum 3: Process simulation in 3-stage Bardenpho process with original figures
· Addendum 4: Process simulation in Joburg mode with the actually measured design figures
· Addendum 5: Process simulation in 3-stage Bardenpho process with the actual measured values

Table 4 below is a summary of the predicted performance of each of the above scenario’s:

	Parameter
	Simulation 1
	Simulation 2
	Simulation 3
	Simulation 4

	COD (mg/l)
	< 75
	< 75
	< 65
	< 65

	Nitrate (mg/l)
	15
	14
	15
	13

	Ammonia
	< 1
	< 1
	< 1
	< 1

	Phosphate as P
	6
	3.5
	3
	2

	Sludge age (d)
	18
	18
	18
	18

	MLSS (mg/l)
	4000
	4500
	3200
	3200

	
	
	
	
	

	
	
	
	
	


· Sim1 = Original Design parameters with 3-stage Phoredox configuration
· Sim 2 = Original Design parameters with Johannesburg process configuration
· Sim 3 = Newly measured raw effluent parameters with 3-stage Bardenpho configuration
· Sim4 = Newly measured raw effluent parameters with Johannesburg configuration

It can be seen that the original design parameters will result in effluent with nitrates possibly above general standards, if chemicals are not used.

The newly measured results will all result in treated effluent adherence to general standards, without the use of chemicals

The Johannesburg process configuration will result in the best effluent results (based on the above raw composition) and it is recommend to operate  the plant in this configuration. 

The parameters that will be difficult to achieve special standards with the existing plant are COD, TSS and nitrate. If special standards are required, the following will be required:

a) Permanent dosing of ferric chloride or flocculant at the clarifiers will ensure phosphate removal (to special standards if required) and it will also improve the settler performance with TSS then lowered to < 10 mg/l. Note that the plant is designed for biological P removal, and if achieved, ferric dosing is not necessary, and this facility can be used for polymer dosing to enhance settling in the clarifier. These dosing systems will be manual. 

b) The reason for this plant not being able to achieve nitrate special standard is that the COD:TKN is too low. This is an inherent characteristic of the raw sewage and not much anybody can do. If special standards are to be met, a high carbon containing substance like methanol or molasses must be added to the raw influent. This is most of time unpractical or completely impossible or too expensive. An alternative is to utilize a natural reed-bed, but there is no space for this. We recommend Methanol if dosed at all. 

c) Tertiary drum filtration as the existing inclined plate clarifiers are not really suitable for activated sludge plants. 






 1.2  [bookmark: _Toc434296782]Hydraulics Flows and capacities

The existing (old) plant is designed for 1.5 MLD. The current sewage flow from the town is approximately 4-6 MLD. This means that the new plant must at least be able to take 6 MLD. 

The design only considers adding a minimum capacity of 6,6 MLD. This will be enough to properly treat all of the incoming waste water volume, without the need to by-pass to the old works. 

In the following parts of the report, the designer will address existing infrastructure both in terms of what will be done to get two trains functional, and what the status of the existing infrastructure is should it be required to refurbish the additional train to get to the original design capacity of 10 MLD. 

The specified ADWF capacity of the constructed works as is, (consisting of all three trains each with 3.3 MLD capacity) has been checked  and it is 10 Mℓ/day. The hydraulic capacity of the plant needs special comments and each process unit is addressed separately:


1. The screw pumps can each pump 7500kl/day, resulting in a combined screw pump capacity of 15MLD (instantaneous flow of 313m3/h or 87l/sec).
2. Each individual screen can handle the same flow as above.
3. The splitter box can handle the peak flow, with some modification: The outlet pipes to the three treatment trains are all sized for only 3333kl/d per train, with no additional capacity to handle any more flow. The level in the splitter box will be controlled by the level in the first stage round reactors. This requires that a hydraulic overflow be constructed in the splitter box to handle all excess flows beyond a certain rise in the splitter box level. This is only required when the third train is  commissioned in the current bid and only when peak flows exceed 10 MLD 
4. The connection pipes between the process units are only able to handle an incoming flow of 10 MLD. Anything above this will result in the splitter box overflowing due to hydraulic back pressure.
5. The existing clarifiers are each only suitable for a maximum flow of 3330kl/d at max TSS of 3900kg/m3. It will not be able to contain any solids required for the process in excess of 10 MLD (i.e. too much sludge will be lost that should be returned to the reactors), resulting in complete process failure: In an activated sludge works, the clarifier is the primary phase separation process unit that determines if the plant can operate at its design MLSS. Any loss of solids in the clarifiers will result in sub-optimal process performance.

Flow Capacities using the “Red Book”:

In general, the Peak Dry Weather Flow (PDWF) associated with a population of 55 000 people based on the Harmon formula is 2.3. Allowing for an amount of storm water ingress of 15%, the hydraulic flows eventually expected at this works can be estimated as follows:

ADWF: 10 MLD

PWWF: 1.8 x PDWF = 18 MLD

NOTE: The flow measurements on site indicated a peak Dry weather flow of 1.5, so 2,3 is probably not far off for PWWF. 

HOWEVER: During flow measurements the peak flow was about 6.5MLD and the average flow about 4,5 MLD. 

Recommended solution to handle the above (Future) Peak flows at the inlet works

1. The new inlet works (where the screw pumps start) has a maximum hydraulic capacity of 15 MLD (or 625m3/h or 174 l/sec). This is due to the limitation in the screw pump capacity, the grit removal and screening and the splitter box.
2. All flows up to 15 MLD can be handled through the new inlet works. Due to the state of the old inlet works, we suggest that all the sewage be then diverted to the new sewage works. 
3. Initially the design was for a new splitter box up-stream of the old inlet works to split to the flow between the old and new works. From this splitter box, it was envisaged to have a new inlet channel and flume feeding into the existing screw pump box.
4. Just before construction commenced, the designer had the site levels surveyed. It was found that there was not enough available hydraulic head between the current inlet sewer pipe and the current screw pump box to construct a splitter box, feed channel and flume. 
5. A decision was therefore made to use the existing split in the 400mm inlet sewer line.
6. This line splits between the old and new works with a Y and hand wheel operated knife gate valve in each line. 
7. This allows the operator to feed either the old works, or the new works. 
8. The new inlet works is fed via a 600NB PVC pipe. Its max capacity is 15 MLD or 625m3/h or 174l/s. 
9. At the splitter box after the inlet works, all excess flow above 10 MLD must be diverted to the old works (or other future balance tank) as the rest of the plant can only handle 10 MLD (if all 3 trains are running. In this phase only two trains will be repaired and commissioned). This is critical because inadequate screening and grit removal is highly detrimental to the long term operation and cost of any wastewater treatment plant. The fact the client selected these type of tanks with liners, makes it even more critical to remove as much as possible grit and screenings in the inlet works, and for this reason, it must never be overloaded.  
10. In this project phase, the overflow to the old plant will however not be utilised and the outlet to the third reactor train will also be blocked off.  
11. In the future, this will require a modification to the existing post inlet works splitter box to include a variable level overflow in order to fine tune the hydraulic operation of this box after commissioning. This will require careful consideration to the hydraulic profile on site. Note that this will not be done in this project. 

12. Immediate future of the old works: It must be noted that the old works can be used to handle any flows up to 1.5MLD. Thus, until the need arises for the old plant main reactor to be converted to a balancing facility (i.e. when the full PWWF of 23 MLD is realised), the old plant will be used to support the new plant. This will require cleaning of the main reactor (expected to be full of grit and thus the poor performance) and other superficial repair work.  

13. Once the new plant is commissioned, it will be possible to divert all incoming sewage through the new inlet works while refurbishment and repairs are going at the old works. 

 1.3  [bookmark: _Ref399753325][bookmark: _Toc434296783]Treated Effluent Quality Objectives

The effluent quality objectives given in terms of the General Authorisations of Section 39 of the National Water Act of 1998 are tabled below for reference purposes.
	
[bookmark: _Toc434296954]Table 2: Effluent Quality Objectives
	SUBSTANCE/PARAMETER
	GENERAL LIMIT
	SPECIAL LIMIT

	Faecal Coliforms (per 100 mℓ)
	1 000
	0

	Chemical Oxygen Demand (mg/ℓ)
	75 *
	30 *

	pH
	5,5-9,5
	5,5-7,5

	Ammonia (ionized and un-ionised) as Nitrogen (mg/ℓ)
	3
	2

	Nitrate/Nitrite as Nitrogen (mg/ℓ)
	15
	1,5

	Chlorine as Free Chlorine (mg/ℓ)
	0,25
	0

	Suspended Solids (mg/ℓ)
	25
	10

	Electrical Conductivity (mS/m)
	70 above intake, to a maximum of 150 mS/m
	50 above background receiving water, to a maximum of 100 mS/m

	Ortho-Phosphate as phosphorous (mg/ℓ)
	10
	1 (median) and 2,5 (maximum)

	Soap, oil or grease (mg/ℓ)
	2,5
	0

	Dissolved Arsenic (mg/ℓ)
	0,02
	0,01

	Dissolved Cadmium (mg/ℓ)
	0,005
	0,001

	Dissolved Chromium (Vi) (mg/ℓ)
	0,05
	0,02

	Dissolved Copper (mg/ℓ)
	0,01
	0,002

	Dissolved Cyanide (mg/ℓ)
	0,02
	0,01

	Dissolved Iron (mg/ℓ)
	0,3
	0,3

	Dissolved Lead (mg/ℓ)
	0,01
	0,006

	Dissolved Manganese (mg/ℓ)
	0,1
	0,1

	Mercury and its compounds (mg/ℓ)
	0,005
	0,001

	Dissolved Selenium (mg/ℓ)
	0,02
	0,02

	Dissolved Zinc (mg/ℓ)
	0,1
	0,04

	Boron (mg/ℓ)
	1
	0,5



*After removal of algae


The treatment facility, once it has been refurbished, will be able to reach the General Limit. Please see the Simulated computer design attached as Annexures. 

It will also be seen that in none of the simulations the plant will be able to reach specials standards. This is due to the inherent low COD:N:P ratios. 

It is however our professional view that after implementing all the recommendations on this design report, the plant will perform as good as any design with the raw sewage composition going into the works. If special limits are required, it can be done with the addition of additional carbon source. But this is not often done in SA due to cost.

· COD: Biological treatment systems can only remove the biodegradable COD present in the waste water. All raw sewage contains a portion non-biodegradables and in the process of bio-oxidation, a portion recalcitrant biological by-products are formed as well that will add to the COD that remains in treated effluent. The treatment works can be expected to meet the general standard of 75 mg/l. To get to 30mg/l with the current plant is not possible, and it is not achieved in any large scale plant in SA, using the same process configuration and loads as for Burgersfort. The best that this plant can do is 50-60mg/l. For improved COD removal, a further treatment system needs to be in place, this will be filtration/activated carbon/RO.  

· Ortho-phosphate: The works is expected to reduce the ortho-P concentration to approximately 1 mgP/ℓ, but metal coagulant might required before the clarifiers to improve P-removal and also to improve solids settling. 

· Total Phosphate: The process will be able to reach < 2 mg/l total P

· Nitrate: Nitrate removal is strongly influenced by the TKN to COD ratio of the incoming waste water. High TKN to COD ratios result in elevated effluent nitrate concentrations and the reactor temperature influences the amount of nitrate removal that can be achieved. The general nitrate standard of less than 15 mgNO3-N/ℓ will be possible. Under the best circumstances this current design will reach the 10 mg/l value, but not 2 mg/l. To reach 2 mg/l, the following conditions must be met:

The total COD: TKN ratio must be > 15x. Saying this, note that the maximum COD removal efficiency is 92-95%, meaning that if the raw COD increases, the final COD also increases. In practice this means that (using the design as is) for a COD as 650mg/l, the maximum incoming TKN must be < 40 mg/l in order to get below 3 mg/l TKN.

The new results indicate that the TKN is lower than the original design figures indicated and it might be very well possible that < 10 Nitrates will be reached most of the time.  The important aspect to emphasize again, is that it is dependent on the raw sewage composition. 


 2  [bookmark: _Toc434296784]TREATMENT WORKS OVERVIEW

The plant, after refurbishment, will be able to treat 10 Mℓ/day in three treatment lanes each capable of treating 3.3 Mℓ/day to General Standards. If our recommendations are applied, then it will be able to perform better than General Standards, but there are definitely limitations to reaching Special Standards. The 3rd train can be refurbished should the need arise for bigger capacity. 

  
The process flow diagram of the works as we found it is as follows:
Wastewater
Splitter box
1.5 MLD to Existing Inlet Works
New Inlet Works

New Division Box
1.5 m wide weir
1.5 m wide weir
1.5 m wide weir
Un-aerated Reactor
Un-aerated Reactor
Un-aerated Reactor
Aerated Reactor
Aerated Reactor
Aerated Reactor
Existing Treatment Train
Lamella Plate Clarifier
Lamella Plate Clarifier
Lamella Plate Clarifier
2 No Pumps
2 No Pumps
2 No Pumps
1 No Pump
1 No Pump
1 No Pump
Chlorination. Or Ultra Violet Disinfection
Sludge Dewatering
Final Effluent
Sludge Disposal
Dewatering Liquors to works
0.3m wide weir (not in place)
[bookmark: _Toc434296934]Figure 1: Overall Process Block Flow Diagram

 3  [bookmark: _Toc434296786]PROCESS 
 3.1  [bookmark: _Toc434296787]Inlet Works

An inlet works at a WWTW is required to remove screening material and grit from the influent wastewater and measure the inflow. 

Wastewater entering the works will flow through the inlet works designed to pass max 15 Mℓ/day. Any excess flow of this must be diverted up-stream of the screw pumps to the old works. No provision is made for this 

The current incoming pipe is connected to the screw pumps inlet box via a 600mm PVC pipe. The flow can be diverted between the old/new inlet works by opening and closing of valves. 
Nightsoil dumping structure: The current broken concrete slab and drain will be refurbished. At the early staged of the design, the objective was that the plant had to produce special standards. For this reason a nightsoil handling facility was considered that included a balancing and nightsoil screen. However, after the DWA gave a directive for the plant to adhere to general standards, this facility is not required anymore.  


PLANT RISK: In case of power failure, the new inlet works will not work as the screw pumps will be able to pump the effluent up. This will result in an overflow through the emergency overflow in the screw pump inlet box, to the old plant. This is a situation that should be prevented as far as possible as it will lead to unscreened raw sewage and grit. going to the old works. Although not part of this project, this is problem and it must be considered to build a new grit channel and manual screen on this by-pass line to prevent future problems in the old works. 

For this reason, it was decided that a 100KVA standby Generator will be installed that will supply the inlet works with power and prevent flooding of the area. 
Power will also be provided from this Genset to the control system to ensure that the operators can always see the plant condition, even when there is a power failure. 
It will be critical to ensure that the Generator is filled with Diesel as it forms a critical part of the operations. It can be considered to build a 2500 litre diesel tank on site to make the logistics easier.









Raw sewage Flow measurement:

During an investigation it was discovered that the ultrasonic flow meters after the screw pumps will not work as the pipe on which they are installed are not full all the time, which will result in inaccurate readings. 

The bidder will thus be required to installed ultrasonic flow meters on each of the outlet lines downstream of the Division box 2 so that flow to each train is measured and the total incoming sewage flow will be the sum of these measurements. 

The Existing package inlet works

The new inlet works as it is, comprise of a package system and include the following components:

· Two Archimedean screw pumps 
· Two mechanical screens.
· A belt conveyor to collect and treat material removed from the screens.
· A grit removal system and classifier
· Flow meters

Grit and screenings removed from the influent waste water must be discharged into skips and disposed of to an approved landfill site in the short term. Consideration will need to be given to future disposal as these materials may be considered to be hazardous and notice may be given that alternative disposal routes need to be investigated. At the design loads given in the sections above, it is anticipated that approximately 0,4 m3 of grit and 0,8 m3 of screenings will require disposal on a daily basis when the works is operating at its ultimate ADWF capacity of 10 Mℓ/day. At 6 MLD is will be 60% of this. 

One skip is required for the grit and one for the screenings. Two skips are to priced.

The client is responsible for providing suitable skip trailers and a tractor.

[bookmark: _Toc434296788]3.2 Division Box 2

After passing through the inlet works, screened and de-gritted wastewater gravitates to a division box to split the flow between the treatment lanes. The division box accommodates four weirs and the details of the arrangement are given below. The division weirs to the new reactor lanes are 1,5 m long and a fourth weir with a length of 0.3 m (or similar structure to allow 17.4 l/s (1.5MLD) of screened sewage back to the old plant) will also be provided to feed wastewater to the existing works. The depth of flow over the weir at peak inflow will be approximately 120 mm. Freeboard of 150 mm will be provided at the weir to ensure that the weir flows free at all flows to ensure that the desired flow division will take place. A baffle will be provided in the division box to dissipate the energy of the incoming flow. 

Since the new works is only designed to take a maximum flow of 3.3MLD per train, any excess flow has to be diverted to the old plant. The level of the small weir to the old plant will thus be set so it starts to overflow the moment the new plant flow reached 3.3MLD (38l/s). Thus, for a flow of up to 10 MLD, only the new works will receive effluent. When the flow exceeds 10MLD, it will feed the old reactor as well. 

The small weir should be made adjustable so that it can be lowered to receive more flow or lifted for less flow. 
  

The following modifications are required:

The one side of the splitter box must have an adjustable weir that can divert some of the flow to the old plant (with isolation) and another adjustable weir that diverts the remaining effluent to the new works. The outlet box from the splitter box and the pipe line to the old works must be sized for 17.5 l/sec, (In future it can be increased to cater for the 5 000kl in excess of the plant capacity of 10MLD).

These 4 new sluice gates shall be manually operated. If the sluices are changed remotely by electronic level control, it may lead to floods in case of power failure. 

The outlet to the old plant can be connected down-stream of the current old plant inlet works. This will leave the old plant inlet works open to handle the night other diverted flows upstream of the screw pumps. PLEASE NOTE: The pipe that connects this flow to the old plant was not done in the  in the terminated  Project, but it is necessary in this bid. 


3.3 Raw water feed pipes to each of the unaerated tanks

There is a 350NB feed pipe from the splitter box that stops short of connecting to the unaerated tanks. In this bid, the connections should be completed for the three trains.


· Open and Cut existing at the T piece 
· install a splitter valve arrangement so that influent can enter the plant either in the anaerobic section, or in the pre-anaerobic tank – therefore allowing process flexibility at little cost), with two selection valves
· Modify inlet pipe and mixer placement to prevent short-circuiting.
· After the tank lining has been replaced, the new inlets into the tanks shall be sealed. 

A further explanation of the need for three raw water inlets at each train is explained later.  

4.4 [bookmark: _Toc434296789]Biological Treatment of Sewage
4.4.1 [bookmark: _Toc434296790]Background to Biological Nutrient Removal 

Biological nutrient removal systems designed to reduce the nitrogen and phosphorus concentrations in the effluent all include un-aerated anaerobic (deficient in oxygen and nitrate), anoxic (deficient in oxygen with nitrate present) zone as well as an aerated (nitrate and oxygen present) environments within the biological reactor.

The function of each of these zones in the treatment works in terms of biological nutrient removal is described in simplified broad terms below:

1. Anaerobic: An environment deficient in oxygen and oxidised nitrogen which creates the environmental conditions that promote the growth of Phosphate Accumulating micro-Organisms (POA). This environment is required in a process configuration for the removal of phosphorus. 
2. Anoxic: An environment in which micro-organisms use the oxygen attached to the nitrogen (nitrate NO3) formed under aerated environmental conditions for respiration purposes, liberating nitrogen gas to the atmosphere. This environment is required to reduce the nitrogen concentration in effluent..
3. Aerobic: A environment in which oxygen is present and micro-organisms attach oxygen to nitrogen reducing the ammonia concentration leaving the biological reactor to form nitrate (NO3).   
 
Several conventional Biological Nutrient Removal (BNR) process configurations have been developed in South Africa over the years and are currently in use. South Africa took the lead in the development of nutrient removal process configuration due to the limited water resources and the protection of these water resources from eutrophication (prolific algal growth). The process configurations include; the three and five stage Phoredox configurations, the University of Cape Town (UCT) and Modified UCT configurations; as well as the Johannesburg and Modified Johannesburg configurations.

Effective phosphorus removal depends on the concentration of Readily Biodegradable Chemical Oxygen Demand (RBCOD) and Volatile Fatty Acid (VFA) available to the Phosphate Accumulating Organisms (PAO) in the anaerobic environment. 

The RBCOD and VFA will be used by non-PAO micro-organisms if nitrate and oxygen enter the anaerobic environment resulting in a decline in phosphorus removal. The nitrate and oxygen concentration in the raw wastewater entering the works will be insignificant and recycled nitrate formed in the treatment works is the main area of concern in biological phosphorus removal plants.

This works has been designed to remove both nitrogen and phosphorus from the treated effluent and key components of the reactor design is described in the section below. Flexibility has been included in the process design to enable the following two nitrogen and phosphorus removal configurations to be operated in the works:

· Johannesburg process configuration
· Three Stage Phoredox process configuration

The process controller will be able to select either of these process configurations by simply opening and closing the raw water inlet valves to divert and re-route internal recycles and influent inflows within the reactor. The advantages of including process flexibility into the design are as follows:
· The operating process configuration can be changed to accommodate changes in influent characteristics over time.
· Since there are three new treatment lanes, the most effective process configuration can be selected by comparing the results achieved by the two process configurations provided.
· In general: Since optimal nitrate removal and optimal phosphate removal require somewhat contradictory process set-ups, the Joburg process gives better phosphate removal and the Phoredox process (bigger denitrification volume) better nitrate removal (in this setup).   

4.4.2 [bookmark: _Toc434296791]Biological Nutrient Removal

The biological reactor has been designed to include flexibility in the process configurations available. The operating process configurations provided are described in the sections below.
4.4.3 [bookmark: _Toc434296792]Three Stage Phoredox Process Configuration

A block process flow diagram of this process configuration is shown in the figure below. The configuration is used when the TKN:COD ration is 0.07-0.09
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[bookmark: _Toc434296935]Figure 2: Three Stage Phoredox Process Configuration


4.4.4 [bookmark: _Toc434296793]Johannesburg Process Configuration

The Johannesburg process configuration is similar to the Three Stage Phoredox process configuration described above but includes an anoxic compartment on the sludge recycle from the clarifier to protect the anaerobic compartment from the return of nitrate from the sludge returned from the clarifier. The function of this additional stage is to reduce oxygen introduction into the anaerobic zone. A process flow block diagram of the system is shown the figure below. This configuration is used when the TKN:COD is 0.09-0.12.

This process (because of the additional secondary denitrification stage) generally have a higher denitrification potential (due to additional nitrate removal in the secondary denitrification reactor). Since bound oxygen is removed in the same reactor, it can also be expected that phosphate removal will be better. 





 [bookmark: _Toc434296936]Figure 3: Johannesburg Process Flow Block Diagram
[bookmark: _Toc434296937]Figure 4: Three Stage Phoredox Process Configuration
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4.5 [bookmark: _Toc434296794] Burgersfort 10 MLD Biological Reactor 

4.5.1 [bookmark: _Toc434296795]Design Parameters

The designer audited the installed reactor systems and we calculated that the plant operating parameters must be as follows to be able to work sufficiently for the given flow and sewage composition.


· Sludge Age (Solids Retention Time)		16-20 days
· Maximum mixed liquor concentration		4 000 mg/l
· Maximum Temperature				24 C
· Minimum Temperature				14 C.

Based upon the design criteria listed above the reactor volumes of each of the three new treatment lanes required is as given in the table below.

By choosing where the inlet of the raw sewage is (See Figure 6 below), the process configuration can be toggled between the Johannesburg and Bardenpho processes. This is explained in more detail later.

It can be seen from the Table below that the only variations are in the ratios between the anaerobic and anoxic fractions in the first round reactor. 

The change between the two processes will simply require closing one raw water inlet and opening the other inlet. A T is already installed. Suitable 350 mm valves Have to be installed. These inlet pipes then have to be extended to the start of each of the zones.

[bookmark: _Toc434296955]Table 3: Reactor Volumes and Mass Fractions per Reactor Lane (Three Lanes Provided)

	Process Configuration
	Johannesburg System
	Three Stage Phoredox

	Parameter
	Volume (m3)
	Mass Fraction (%)
	Volume (m3)
	Mass Fraction (%)

	Anaerobic
	410
	12
	500
	15.5

	Primary Anoxic 
	790
	24
	790
	24.5

	Aerobic
	1 930
	59
	1 930
	60

	Secondary Anoxic
	90
	5
	0
	0

	Total
	3 220
	100
	3 220
	100



Three biological reactor lanes are installed provided with the above volumes. The tanks installed are close to the process requirements and can be taken as acceptable. 

Again we have to note that in this project work will only be done on two trains. 

4.5.2 [bookmark: _Toc434296796]Compartmentalization of Un-aerated Reactor

The circular un-aerated reactor is compartmentalised to enable both the 3-stage Phoredox and Johannesburg process configurations to be operated by simply selecting the compartment into which the influent is fed by manually opening and closing valves. The arrangement is shown schematically in the figures below.


[bookmark: _Toc434296938]Figure 5: Three Stage Phoredox Compartments


[bookmark: _Toc434296939]Figure 6: Johannesburg Compartments

The choice of process configuration is influenced by the TKN to COD ratio of the influent and if the ratio changes then the process configuration can be changed.



Unaerated tank dividers: 
These dividers are in very poor state: They are too flexible and made of poorly galvanized mild steel. These dividers must preferably be replaced with structurally sound stainless steel dividers. As there is a budget constraint, these frames will be re-galvanized with heavy duty galvanizing which should give them a 10 year life span, but not much more. The steel frames must then be covered with HDPE sheeting to provide the physical barriers. The frames must be properly anchored and the new lining be properly sealed around these new concrete anchors.  

It is not cost effective to build these walls to handle a full hydraulic pressure of 4m water. For this reason, “leakage” holes or openings around the ens shall be provided below the walls to allow even hydraulic pressure either side of the walls. In conventional plants all the division walls between reactor modes are concrete with overflow weirs to ensure proper division between the different reactors. In this case it will not be possible. The flow will be between the tank wall and the end of the dividers. This will result in a little bit of backflow, affecting process performance, but there is not much one can do about this at this stage. The effect on process must thus be assessed. In our view, since there is a continuous forward hydraulic pressure due to the RAS and incoming raw flow, the effect will be negligible. 

It is also very important to ensure that the A-recycle return stream does not enter the anoxic reactor at the wall between anoxic and anaerobic zone as this will lead to short-circuiting. It must be directed away from this opening and thus limiting backflow to the anaerobic zone as far as possible. 

During construction it has to be ensured that recycle streams and inlets/overflows are positioned so as to eliminate short-circuiting as far as possible.

Completing Unaerated tanks raw sewage inlet pipes

The designer had a complete site survey done with new reference beacons marked on site. Various discrepancies were found that would influence the hydraulic profile through the works. A new hydraulic profile has been done and submitted in the Project Dropbox. 

The current inlet pipes will be left as is and then extended to allow raw sewage to enter the first round tanks over the walls.

[bookmark: _Toc434296797]3.5.3 Aerobic – Anoxic (A-recycle)

Recirculation of nitrate formed in the aerated zone of the activated sludge reactor back into the un-aerated (anoxic) is required to reduce (de-nitrify) the nitrate concentration leaving the reactor. Two axial flow pumps each capable of pumping approximately 275 m3/hour for each reactor to give a total recycle rate of 4 times ADWF against a head of 0.8 m will be provided. Control of the recycle rate will be done by selecting the number of duty pumps, adjusting the weir height and manually turning the pumps on and off. 

The axial flow pumps shall be installed on a steel structure at the end of the aerobic zones (aerated tanks). The inlet of the A-recycle pumps shall enter the anoxic tanks, near the inlet point. The pipe size for each anoxic line shall be 350NB. The required A-Recycle flow is 412m3/h (subsequent line velocity is 1.2m/s which is fine). These pipes are partially installed. The completed A-recycle pump system mechanical GA drawings have been submitted to the Project Dropbox for approval. 

3.5.4 [bookmark: _Toc434296798]Mixing of Un-Aerated Compartments

The un-aerated compartment must be fitted with mechanical mixers to keep the activated sludge in suspension with an energy density input of approximately 10-12 W/m3. 

The submersible mixers already on site. It is assumed what they will be free issued to the contractor in good working condition and including all attachments and guides and rails. We do recommend that new seal kits be installed for these mixers as they have been standing for a long period. 

The recommend mixer size for the anaerobic and primary anoxic tanks is 1.5 and 5.5 kW respectively. The secondary anoxic reactor at 790 m3 needs absorbed power of 8.5kW to satisfy 10W/m3 power input. The 7kW mixer that is in stock with the client, seems border line too small (only absorbing 7-8W/m3) considering the shape of the reactor. It is recommended that a second 5.5kW mixer be installed. Alternatively the one 7kW mixer must be replaced with a 11kW mixer. For the purpose of this contract, we will install one 7kw mixer only (due to budget constraints). If the mixing is too little, one of the existing mixers for train 3 which are not to be refurbished under this contract, can be utilised as additional mixers. This means one 5.5kW and the 7kW mixers will be used. The 2nd 7kW mixer must be equipped with VSD then to reduce the mixing power (too much mixing will introduce unwanted oxygen into the anoxic reactor). Two 5.5kW mixers will give 13W.m3 and one 5.5 and one 7kW mixer will give 15W/m3.  

These mixers require guide rails to lift them up and down for maintenance. None of these are installed and new ones will be supplied. We assumed that the stainless steel guides and guide rails are 100% in working order and must just be installed. If items are short, these will have to be extra. 


 
3.5.5 Aerated Reactors

There are three aerated reactors, each with volume of 1930m3. 

[bookmark: _Toc434296799]Diffused aeration system : Fine Bubble Diffused Air Aeration

Fine bubble diffused air aeration has been provided in each reactor. Some of the PVC header piping will have to be discarded and replaced due to sun damage.

Only two trains will be refurbished under this project. 

The Diffusers were found to be in re-usable condition and the supplier extended a warranty on them until end 2023. The diffusers were all found in boxes, and not used. 

For this reason a decision was made in conjunction with the client that these diffusers would be re-used. Despite the best intention of all parties involved, none of us can give additional guarantees on these, beyond end 2023. 

It is also noted that there are spare diffusers, (the ones not now used for train 3) and these can be kept as spares for replacement, should such be required. 

Process Oxygen requirements. The process AOR as per the original design figures is 65kg/h for 3.3 MLD. (System operating at maximum sludge age of 18 days) . It is good practice to add additional safety of 10%, bringing the AOR to 74kg/h. 

The following design criteria were used in calculating the peak standard oxygen requirements:

Elevation					750 m AMSL
α coefficient					0.6
β coefficient					0.95
Dissolved Oxygen concentration	2.0 mgO2/ℓ
Water quality as per this report
Sludge age used for aeration calculation: 18 days				

The estimated required air flow for the specified AOR is 3900 m3/h as follows:  


	AOR/SOR
	0.45
	(This is typical. Range is 0.31 for fine to 0.5 for coarse)

	AOR
	80.00
	kg/h

	AOR
	176.80
	lbs/h

	Thus SOR:
	177.78
	kg/h

	SOR
	392.89
	lb/h

	Submergence
	3.75
	M

	OTE
	5.5%
	Eff per m immersion (get from supplier: range is 2.4 to 7). See Sanitaire below. Depends also on final selected flow per diffuser

	SOTE (percentage per m immersion)
	20.63%
	

	Air
	1824.6
	CFM

	Air
	3101.9
	Nm3/h air 



The above airflow adjusted site conditions is then 3600m3/h. The pressure rating will be 42kpa. 

The maximum airflow in pipes shall be as follows:

Main header: 12m/s
Downer pipes: 12m/s
Diffuser laterals: 12m/s 


Air piping shall be galvanized steel and stainless steel for dropper legs. Under water the Diffuser lateral system can be  PVC Class 9 or higher. The existing diffusers shall be installed as a grid and shall be anchored with stainless anchors on concrete blocks heavy and strong enough to prevent any movement caused by the aeration system.

The blowers are equipped with variable speed drives controlled by dissolved oxygen (DO) probes located in the reactor. A minimum air flow of 45% must be sustained to cool the blower and to sustain enough mixing energy to keep the solids in suspension. One blower will be provided for each train. Since these blowers come with programmed management systems, a decision was made to only supply one spare blower that can be used as back-up for any of the two trains. This blower unit is however pre-assembled and commissioned 100%, so that in case of a major blower failure, the broken unit can be replaced within a few hours. 

Condition of existing unaerated and aerated tank liners

The liners in all of these tanks seem to be made from Neoprene material. This has all been oxidised by the sun due to wrong material selection. The liners in all the tanks need to be replaced with LDPE liners. 

This procedure is very important and it shall be done once all major equipment are installed on concrete blocks, The supplier of the liner shall coordinate with the contractor on the detail of sealing all interfaces between concrete blocks, pipe connections and other equipment.

After installation the integrity of the liner shall be tested with a 3 day water holding test. The supply of water is excluded from this contract and will be assisted by the client. This water cannot be raw sewage It must be river water or treated sewage water and be safe for the operators. 

Two unaerated and two aerated tanks will be completed under this project.

3.6 [bookmark: _Toc434296800]Final Clarifiers

A single clarifier has been provided under the previous contract for each of the new treatment lanes. These are high rate inclined plate clarifiers. Theoretically, they will be able to handle the split flow to each of the trains as the depth of the plates are 2m and if the solids particles settle very well. 

The existing Lamella Plate clarifiers can however be used as is, according the supplier. The existing clarifiers shall be used.
 
Each clarifier has internal dimensions of 10mx3.3m. resulting in Area of 33m3. According to the suppliers, the clarifiers are designed to each ONLY handling a flow of 3300 m3/day. Meaning that each clarifier operates at a nett overflow rate of 4.2m/h. Even for plate clarifiers this seems high – especially on activated sludge secondary settling. 

It is the designers opinion that provision must at least be made to dose polymer/flocculant aid/metal coagulant into the feed line to improve settling, in case the clarifier performance is less than adequate. A second advantage of adding this facility will be that ferric or alum can be dosed to obtain improved phosphate removal. The following equipment must be added at each clarifier, or constructed as a one central dosing facility.

Bulk tank 10kl (or 2x 5kl tanks)
2x Dosing pumps per train (duty/standby)
Dosing piping
Electrical and control to control dosing rate based on flow
Concrete slab with roof  
Provision for Train 3 dosing systems


Incomplete piping at Clarifiers

Both the inlet, outlet and de-sludge piping at the clarifiers are suitable for the flows. The piping at the clarifiers is however incomplete. The following is required:

1x inlet HDPE manifold inc connections to aerated reactor
1x outlet manifolds incl connections
1x sludge outlet manifold inc connections

3.7 Return Activated Sludge (RAS) system

There is no such system on site nor does it seem to be provided to storage. There are only half-constructed sumps next to each clarifier.

It is suggested that the following to be installed at each clarifier in order to be able to return the settled sludge to the reactor inlets:

The sludge outlet manifolds underneath the clarifier cones shall be fitted with new actuated valves operating on a timer and sludge sump level control. The valves will open on a timed sequence so that a pre-calculated amount of sludge is wasted. The sludge flows into the sump situated at each clarifier. 

In case a of power failure, the following will happen: The plant control system is equipped with both a UPS and secondary power from the inlet works Genset. When power is lost, the actuated valves will all close immediately. Even though the compressors have stopped, there will be enough air in the 2x 270litre receivers to allow closing of the actuators. 

A manual valve is also installed in the lines to the RAS sumps so that even when the above systems fail, that the operator can close the valve by hand preventing spillage of sludge 

From these RAS sumps, the sludge must then be pumped back to the reactor inlets. Each of these sumps need a minimum pump retention time of approximately 5 minutes and thus they have to be increased in size by lifting them by approximately 500mm to have enough retention time inside. Two new submersible sludge pumps (duty and standby) need to be installed in each sump, with a duty of 140m3/h per pump. These pumps will operate continuously. Level and flow protection shall be incorporated. 

The RAS will be pumped back a via 200 NB pipe to the individual connection points at the unaerated reactors.  These pipe lines have not been supplied or installed. They must be supplied and connected. 

For each of the two RAS pump installations to be installed under this project, a 200NB Epoxy coated steel manifold with all RSV valves and ball-type non-return valves are required, together with a duty and standby pump. 

3.7 Sludge Waste (WAS) system

The Sludge waste system is required in order to operate the plant at the stated sludge age. This requires that sludge must be wasted from the system on regular basis.

Currently, there is no equipment or facility to control or quantify waste of sludge. It is thus impossible to operate the plant reliably if this waste sludge cannot be quantified.

The basic concept that will be employed is as follows:
Waste Sludge will flow to the existing concrete pond, where it will be continuously aerated with a new surfacer aerator. From this tank sludge will be drawn by self priming pumps and pumped to the dewatering plant. The permeate will be pumped back to the works inlet. 

There are two options to waste sludge: 

a) The first is to waste from the clarifier underflow. 
The advantage of this is that the sludge concentration is already at 1-2% and thus slightly thickened. The disadvantage is that it is difficult to control the sludge age precisely, which will again influence the effluent quality. 

b) The second option is waste directly from the reactor
The advantage is that the sludge age can be controlled accurately. Disadvantage is that the solids concentration is only 0.3-0.4 % (3500 – 4000 mg/l) and thus pre-thickening is required at the sludge dewatering facility. 

For each train (3.3MLD) the sludge volumes are as follows:

Wasting from reactor at 4000 mg/l MLSS:  140-180 kl/d. For two trains, it will be 280 – 350 kl/d. 
Wasting from Clarifier at 10 000 to 15 000 mg/l MLSS (1-1.5%): 55 to 80 m3/d. For two trains it will be 110 to 160 m3/d. 

Wasting from Clarifiers:

It is therefore recommend the waste be done from the clarifiers. The reason is that the dewatering system can only handle sludge > 4000 mg/l. If we waste from the reactor at < 4000mg/l and with further reduction in the aerated sludge pond, the sludge will be too diluted for good performance in the dewatering stage. When MLSS is wasted from the reactor with all three trains running, the total flow will be approx. 330 – 480m3/d. This is not practical considering the current facilities. 

An additional valve shall be installed on the clarifier underflow manifold. This valve shall be an air actuated knife gate valve operating on a timer with manual override. When the valve opens, a certain amount of sludge is wasted. When sludge is wasted from a secondary clarifier underflow, it is difficult to control the sludge age as the MLSS concentration in the reactor is not always the same. If the sludge age is not kept constant, it will be found that the process effectiveness deteriorates. 

It is recommended to solve this problem by installing MLSS concentration meters in the aerated basins. Such a system shall control the MLSS at a chosen value: If the MLSS increases above 4000mg/l, the system will increase the sludge waste frequency and if it decreases below 3900mg/l, it will decrease the sludge waste frequency. It can also be operated manually. 

It shall be possible to waste sludge manually by manual opening and closing of the valves without the control via the MLSS concentration meters. 

High quality TSS meters will be used with automatic acoustic cleaning. However, inspection and cleaning is still required every 6 months. 

The advantage of an automated system is that the process is always self-adjusting which always result in optimal process performance. 

Air compressors for WAS Valves:

Two Reciprocating, 7.5 kw 380V compressors packages shall be installed in either the current UV room or in the sludge dewatering building, duty / standby. From there air will be brought to each of the clarifiers with an underground 32mm Class 16 HDPE pipe. The I/P convertor blocks will be installed at the bottom of each clarifier and will be used to open and close the 5 clarifier waste valves, plus the WAS line actuated valve that wastes excess sludge to the existing pond at the bottom of the old works. 

Handling of WAS:

It is recommended that the existing pond at the old works be cleaned and converted into a sludge holding tank. The reasons for this is improved sludge balancing and storage for the mechanical dewatering system. The pond size is 10mx20m x 2m, i.e. approx. 400m3. More detail can be found later in this report. 

New WAS lines (200mm HDPE) shall be installed from each of the clarifiers running underground and entering the existing pond over the concrete wall, where it shall be anchored down by brackets. Sludge waste there will thus be visible thus assisting the operator.

3.8 [bookmark: _Toc434296801]Sludge Handling and Disposal
3.8.1 [bookmark: _Toc432532744][bookmark: _Toc434296802][bookmark: _Toc432532745]Sludge Production

The estimated biological sludge production at the works when operating at an ADWF design capacity of 10 Mℓ/day is summarised in the table below.

[bookmark: _Toc432539886][bookmark: _Toc434296956]Table 4: Sludge Production

	 Description
	Value

	Biological Sludge dry basis (kgTSS/day)
	1 800 (Range 1600-2000)

	WAS Flow estimated from clarifier underflow at 1.0% (m3/day)
	180 (Range 160-220)

	Volume of sludge cake produced per day assuming 15% solids content (m3 cake per day)
	12 (Range 8-16)



For two trains, these above will be 67%.

Sludge wastage will take place directly from the clarifier manifold as described earlier. In order to maintain certain sludge age, the mass of sludge to be wasted on a daily basis is equal to the total sludge mass contained in the biological reactor divided by the selected sludge age. 

The sludge in the return sludge from the clarifier is approximately twice that in the reactor when the inflow to the clarifier equals the return sludge pumping rate. In the case of the Burgersfort works, the sludge concentration in the return sludge line from the clarifier will be approximately 8 000 - 10 000 mg/ℓ under these conditions. It should be noted that the sludge concentration in the return sludge pipeline, will however vary with changes to the inflow.

For this reason the automated MLSS control as offered above is highly recommended.

    
3.8.2 [bookmark: _Toc434296803]Sludge Dewatering

Belt presses are already provided to reduce the volume of sludge to be disposed of off-site.  A polymer dosing system for each of the two trains will be provided to dose up to a maximum of 4.5 kg polymer per ton of dry solids. The expected dewatered sludge cake is expected to be 15-18% dry solids mass resulting a sludge volume of 9 m3/day that requires disposal (For 10 MLD – it will be 67% of this volume for 6.5MLD).

The Waste sludge from the clarifiers will be disposed into the existing pond (measuring approx. 10mx20mx2m deep). This pond shall be equipped with a floating aerator to further digest the sludge and to create a balance facility for the dewatering system. Two self-priming pumps will pump the mixed sludge from this dam into the sludge dewatering system. The self-priming pump will operate on system demand and low level protection shall be provided. 

A complete new control MCC for the Dewatering facility has to be provided. 

The aim of the Burgersfort Sludge Dewatering section is to mechanically dewater the Waste Activated Sludge (WAS) to the Belt Press (BP) to an acceptable solids concentration. Waste Activated Sludge (WAS) from the Biological Nutrient Removal (BNR) reactor is fed to each respective BP for dewatering. The BPs are operated 8-12 hours per day. 

The incoming sludge to each BP is dosed with a polyelectrolyte to coagulate and flocculate the sludge in order to improve the efficiency of the dewatering process. The BPs squeeze the sludge between two porous belts and the liquid removed from the sludge is expressed as a filtrate liquor leaving a solid cake. During the dewatering process wash water is sprayed onto the belts to clean them, and a filtrate liquor, which will be high in ammonia and phosphate, is generated.

The sludge dewatering system consists of the following major components:
1. Sludge Feed
1. Compressed Air Feed
1. Belt Press Wash Water
1. Sludge Conveyance
1. Polymer Make-Up Water
1. Polymer System
1. Belt Press
1. Leachate Pump Station
PROCESS DESCRIPTION:

Three Teknofanghi Belt Presses are installed in the dewatering building downstream of the filter band screens and sludge sump. Each is a complete unit with its own control panel for the operation of its individual components and will be operated at 20-25 [m3/h] under normal operating conditions.

The Belt Press machine consists of two stages of mechanical dewatering, i.e. a pre-thickener with filter drums and the belt press for final dewatering. Both stages are combined in a single compact machine. The sludge is transported from the filter drums by an Archimedes screw to ensure a high degree of pre-thickening. The sludge is then discharged directly onto the endless belt of the Belt Press via a chute. Each drum is equipped with a washing manifold with easy-to-exchange nozzles. The pre-thickener is completely enclosed to avoid overspray leaving the machine. The belt press itself has a seamless endless belt (no clipper seams) with long durability.

The first area of further dewatering of the belt press is the spreading area with wedges and sludge breakers to allow sludge to spread evenly over the width of the belt while allowing further water removal by gravity. The sludge finally passes through a high-pressure zone between the endless belt and a second belt fixed to a perforated drum with a 600mm diameter. 

The long pressing time allows for maximum removal of free water. After leaving this zone the sludge enters the discharge area where it is removed by two doctor blades and 
is discharged onto a horizontal belt conveyor. 

The dirty endless belt passes a washing manifold with easy-to-exchange nozzles. The washing manifold is covered by a hood to prevent overspray. The perforated drum also has a washing manifold which only operates every several pre-set hours. The belt tension is created by a tensioning roller activated pneumatically and can be set to manually adjust based on pneumatic pressure. 

The belt pressure itself is driven by a single adjustable gear motor to vary the speed. A correction roller ensures proper alignment of the endless belt together with a belt tracking device. The correction is operated pneumatically. In case the endless belt should run off track, the tracking system will register a malfunction and stop the machine.

The washing booster pump for the washing manifolds is installed on the machine. It continuously provides washing water to the washing manifolds and has a solenoid valve installed on the pump suction which is wired into the control panel. The washing pump may never run dry. A pressure gauge indicates the pressure of the washing water. The Belt Press has an integrated collection tank for all the filtrate and washing water and this water is collected in a common drain pipeline for all five machines for discharge to the leachate sump.

The control panel forms an entity with the machine. It contains all the controls to ensure that the complete machine functions properly. It includes all the thermal relays for the power sections operating all the gear motors of the pre-thickener and belt press as well as the washing pump. The control panel indicates different types of alarm situations which can easily be understood with a synoptic chart on the panel door without using any language.

For each Belt Press, the incoming sludge is dosed with a polyelectrolyte to coagulate and flocculate it to improve the efficiency of the dewatering process. The polyelectrolyte is made up of an emulsion polymer diluted with potable water and prepared to the required concentration depending on the sludge feed characteristics. This dilution and preparation is done in five separate poly make-up tanks. Each poly make-up tank serves one Belt Press. 

Each tank has an emulsion pump installed on it that extracts the emulsion polymer from the flow bin containers and injects it into a static mixer where it is diluted with the polymer make-up water to make up the required concentration, this needs to be potable water. Each poly make-up tank has its own mixer installed on it to improve the mixing of the water-poly solution. 

The diluted polyelectrolyte is dosed into the sludge just before it reaches the Belt Presses by means of two positive displacement polyelectrolyte pumps (duty/standby) per Belt Press and a motor-driven inline mixer on the sludge feed to each BP. The polyelectrolyte pumps are controlled by Variable Speed Drives (VSD) to allow for fine-tuning of the dosing. Apart from the mixers, static mixers (not motor-driven) are also provided to allow different types of polyelectrolyte. 


Each Belt Press is also supplied with effluent water for belt washing and compressed air for continuous belt adjustment/alignment during operation. The Belt Press squeezes the sludge between two porous belts and the liquid is filtered leaving a solid cake. The filtrate liquor generated is high in ammonia and phosphate. This liquor along with the water used to wash the belts is combined into a common drainage pipeline which allows it to gravitate to the leachate sump.


The dewatered cake is deposited from the Belt Press onto a horizontal belt conveyor which in turn deposits the cake onto an inclined screw conveyor. From the inclined conveyor, the cake is deposited into the skip bins provided and when these are full they are transported to, and their contents spread out on, the sludge drying beds. The contents will be conveyed into a sludge trailer or similar, which will collect the sludge and scatter it over the sludge drying area. 

The dewatering system needs a high level service and completion of some connections and piping. None of the control systems or MCC’s are in working order and need to be replaced. There is also no cabling installed. 

[bookmark: _Toc434296804]Sludge Disposal

The sludge cakes will be collected at the dewatering building: 

It is recommended that sludge handling on site be done with Skips:

2 skips be supplied specifically for sludge handling. These are priced in the BoQ.
 
In total there would thus be 5 new skips required: 2 for the inlet works, two for the sludge handling and one spare skip. One dedicated skip trailer with hydraulic loading is required for duty and one for standby when one is being serviced. Please note that we only supply 2x during this project. 

Existing Sludge beds and sludge cake handling. 

Once the sludge is analysed, it will be possible to classify it and then determine its suitability to dispose it either on landfills or use it for land applications. For the purpose of this report, we did not go further into this as it does not form part of the scope of this project. Additional information is available from DWA in terms of disposal of sludge guidelines for RSA. 

All sites where sludge is mechanically dried, have under roof storage area for temporary storage of the sludge. 

The current drying beds will not be used anymore with the new sludge system and it will be too expensive in any case to refurbish them Therefore this area is available to converted to temporary sludge storage. 

The area required for temporary dumping and handling of sludge is approx. 200-250m2. 

The sludge beds currently consist of 8 beds of 12m x 5m each. If a temporary storage facility will be built, then the area of the first 3 beds will be big enough. The remaining beds can be refurbished if the client wants to keep it for emergency, but our opinion is that there is more than enough redundancy at the mechanical sludge dewatering facility. The main issue is however that this site with all its mechanical equipment need to be properly maintained and a service contract with a specialist is highly recommended. 

To refurbish the drying beds will also be expensive: We discovered that all the sand has to be replaced plus all the sand bricks on top of the sand, plus all of the underdrains (which are blocked and broken). Basically rebuilding them in totality. There are 8 beds of 12m x 5m. Estimated cost for this: R 260 000 per bed. 

The temporary sludge storage area must typically be a covered slab with vehicle access for dumping, loading and storage. The minimum roof height must be selected to allow high vehicle access. 

The material of construction can be GRP or Steel, but this is a highly corrosive environment and due care must be taken in specifying materials and coatings.

For the purpose of this project, no work is being done and the current drying bed swill be used as is. 

Sludge Beneficiation: If the client intends to use the sludge for composing, it is important to note that the addition of metals salts during the process may affect beneficiation. It is recommended that once the plant operates stable, that the sludge be analysed in terms of the DWA guidelines to determine if it can be re-used. 


3.9 Wash water Supply system

Another essential component of the dewatering system is the wash water supply system. The Belt Presses will not be able to operate without belt washing water being available. As washing water is crucial for the Belt Press operation the quality and quantity of the water must be ensured at all times of operation. Each Belt Press requires approximately 8 [m3/h] washing water supplied at an inlet pressure of at least 2 [bar]. Washing water for both the sludge dewatering and the inlet works shall be obtained from a new final water sump that will be constructed between the existing UV building (that will now house the Drum Filters) and the final outfall sewer man-hole sump. There will be a dedicated booster pump system with duty and standby pumps, installed for this. 

This system shall be supplied as completely new, as there is nothing like this on site. 



3.10 Clarifier water overflow

There is no onwards connecting piping from the clarifier overflows on site. 

Three new pipe lines need to be installed that transfer clarified water from each of the clarifiers to the proposed new chlorine contact tank.  

Each pipe line shall be adequately sized to cater for flows of 140 m3/h (average) with 10% safety, thus 155 m3/h. The contractor shall check the hydraulics, but on 100m of 250NB pipeline the headloss at this flow is < 0,5m and te flow velocity is 0.9m/s. The pipeline shall be HDPE or steel (epoxy coated).

The chlorinated water will gravitate from the CCT to the Drum filter building (the old UV building) in a 450NB pipe. 

3.11 Disinfection
It has been recommended  and accepted by the client UV technology on this specific site should not be implemented and that the client should rather go for a conventional chlorine system,  for the following reasons: 

1. The clarifier is a high rate imported clarifier, the technology which is not generally applied in South Africa, due to excessive growth on the media and the need for continuous cleaning. The unit performance is designed for a TSS out of 30 mg/l to reach the required general standard Effluent specifications. No UV system can be effective if the TSS is anything above 20 mg/l (actually < 10).
2. Critical design parameters for UV design is missing at this stage, for example  the measured and tested UVT of the effluent. This can only be obtained after commissioning and then it is too late. The UVT can have a factor of effect up to 6 times on the flow to be treated by the reactor. The design was based on an assumption of 40% UVT, this should be the worst case and our largest UV reactor was selected.
3. Also not clear is the raw bacterial count heading to the UV, this was assumed to be 1 000 000 MPN/100ml, with the effluent requiring a minimum of 3 log reduction down to 1000 MPN/100ml. 
4. Also not clarified is the exact required standards of the final effluent. Some of the information received was that the client requires a zero number in the effluent as seen in the table below. This is impossible with UV, as UV works in Log reductions of bacterial counts and will never reach “true zero” – below 2.2 MPN/100ml is considered to be “negligent” and as close to zero as possible with UV, but only required in special cases with extremely high UV doses.
5. UV does not leave a residual disinfectant in the water, so re-growth of bacteria is very possible in the long outlet pipe to the river.
6. The Water User License is approved for General Standard, not special standard. 

It is therefore the opinion of the designer that a chlorine back-up system is in any case critical and if this must be done, then it may be difficult to motivate the big cost and uncertainty for a UV system. 

UV is nice technology BUT it ONLY works properly if TSS is constantly controlled < 10 mg/l. Which is not possible for the clarifiers on this works, unless a metal coagulant and polymer is dosed to reduce the suspended solids in the effluent. 

Based on these reasons, we are of the opinion that the disadvantages of the technical operation puts the client too much at risk, especially since the cost of duty and standby UV system will be in the region of R 9million. 

We therefore recommend a conventional gas chlorination disinfection system that we know will work and that is much cheaper.

The following is required:
· Construction of a new chlorine Contact Chamber for 10 MLD, next to the existing pond (that will become the new sludge holding tank). The retention time of the chamber shall be sized for minimum 20 minutes retention time at peak flow and up to 33 minutes at current peak flow of 6.6MLD. The outlet weir shall be equipped with a residual chlorine meter with recording capability that will be used to control the residual chlorine levels exactly. The probe has to be replaced once per year. 
· Upgrading of the existing chlorination system to cater for the old and new plant: This can be done with 70kg installation without the need for new building. The combined chlorine consumption of the old and new works will be 33 kg per day (for 11MLD at 3 mg/l dosing rate). The proposal is to have a 5 + 5 70kg cylinder system: This will give 350 kg on duty and 350kg on standby. The hourly use for 10-12MLD will be 1.2-1.5 kg/h (thus roughly 25-30kg/day). Thus 10x 70 kg cylinders will have to be exchanged every 20 days. This can be expanded at minimal cost, but for the purpose of the tender we have priced such as system, which is quite practical and cost effective. 
· Booster water supply from the new wash water pump sump. 
· Electrical and Control system: We recommend that the chlorine dosing be automated to work on flow. This will optimise the usage of chlorine in terms of cost.  The dosing rate can be set as such that the free chlorine concentration at the end of the chlorine contact chamber is zero or close to zero.  
· Safety equipment as per SANS
· Automatic chlorine dosing control.

Final Water Outlet pipe

The outlet box of the CCT will be connected to the inlet of the Drum filter room with a new 450mm Steel pipe line. 

3.12 New self-cleaning Drum filters

As mentioned earlier in the report, additional drum filters will be supplied to add additional safeguard against high solids content in the final effluent. These drum filters will be installed in the old UV Room. 

The UV Room will be refurbished completely incl construction of new access doors and closing  / breaking out of new pipe positions, etc.

The CCT tank effluent will gravitate into the drum fiters. After the drum filters, the filtered water will flow to a newly constructed filtered water sump that has two functions:

7. To have a tank where site booster water pumps can be installed. Three sets of booster pumps will be installed here:
8. To have a structure where the final effluent going to the river can be sampled and measured. 

The Drum filters are further described below: 
Microfiltration is the process of physically removing suspended solids from water, usually through a membrane. Microfiltration systems of activated sludge is crucial part of a bioreactor process used in municipal wastewater treatment. 
It can be defined as the separation of particles of one size from particles of another size in the range of approximately 0.01 µm through 20 µm.
Microfiltration membranes can be divided into two broad groups based on their pore structure. There are membranes with capillary-type pores, hereafter called screen membranes, and membranes with tortuous depth membranes. 
Membrane materials available:
1. Polypropelene (PP)
1. Polyethylene (PE)
1. Polycarbonate (PC) 
1. Ceramic (CC) 
Microfiltration is a pressure driven process. This is effective for removal of suspended solids. This is effective for removal of suspended solids. Two modes of filtration process.
1. Dead end filtration– feed is forced normal to the membrane 
1. Cross flow filtration– feed is forced tangential to the membrane

Short description of the Drum Filter
A Drum Filter consists of a large rotating drum covered by a cloth placed horizontally half submerged in a trough holding the filtration slurry. Drum is mechanical, self-cleaning filters. Water with solids flows through the filter due to gravity, without any additional pressure. The solids are caught on the inside of the screen and clean water is used to backwash rinse the system, taking the solids to the sludge trough.
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Figure 1: Examples of drum filter units

OPERATING PRINCIPLES

The filter is designed to operate as an independent and continuous cleaning process. 

The water to be cleaned enters the inlet box at one end of the filter and passes into the open end of the corrugated drum. Easily changeable filter segments mounted on the drum can be fitted with filter cloths in a range of mesh sizes down to 10 micron, depending on the application. Inside the slowly rotating drum the suspended solids build up a mat on the filter cloth, further improving the filtration efficiency of the medium.

On reaching the top of the drum the deposits are released into the internal recovery chute. This is followed by self-cleaning showers to clean the cloths prior to the next filtering cycle. 
[image: ]
Figure 2: General Principle of operation

Water enters the unit from the top. Once the layer of solids is established, filtered water carried out through and overflowing across the weir on the other side of the drum. The retained solids get dumped from the inside of the drum into a centrally-mounted chute.

On the next cycle, the filter cloth is continuously cleaned with the water sprayed from the fixed nozzles, located outside of the drum. The water used for spraying is the clarified water from the filter itself.

The filtering process does not require a high pressure, as the only pressure applied is the head between the inside and outside levels of the drum. As there is no vacuum to assist filtration, particles of suspended solid are captured inside of the mesh, and so are easy cleaned by spraying nozzles. Similarly, as no roller or scraper is used, solids being removed by wash water only. This significantly increases the working life of the filter cloth. 

In order for the filter to be able to handle both variations in flow and suspended solids, the filters are very often supplied with automatic speed control. This adjusts the drum speed to coincide with the level in the filter vat, which may change if either the flow or solids alter, affecting the hydraulic throughput of the unit-i.e. if the level in the vat increases, then the speed of the drum will increase correspondingly, or vice-versa. 

DESIGN PARAMETERS

Burgersfort WWTW microfiltration will be based on dead end filtration process with usage of polyester cloth material for membranes. 

Membranes will be located inside of the enclosed drum filter. Overall design process is described in paragraph above. 

It is proposed to implement the microfiltration as the final stage of the treatment. Chlorination should precede the microfiltration. 

	Item
	Specification
	Description

	1
	Drum diameter (m) – D
	1,8

	2
	Drum length (m)
	3

	3
	Unit Length (m) – L
	4

	4
	Unit width (m) – B
	2,3

	5
	Drum material
	SS 304

	6
	Frame material
	SS 304

	7
	Submerged
	70 - 80%

	8
	Filter capacity
	85 l/s

	9
	Mesh size
	25 - 30 micron

	10
	Fabric material
	Polyester

	11
	Filter area
	17

	12
	Number of nozzles
	20

	13
	Nozzle flow
	6 l/min

	14
	Drive motor
	0.75 kW

	15
	Wash water
	2 l/s @ 8 -18 Bar
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Figure 3: Dimensional view of the unit 

The unit will be installed in the building, originally dedicated for UV disinfection (located after sludge holding dams). Please refer to Figure 2 above. Approximate size of the building is 12x4.5m. 

Unit will be supplied with Local Control Panel. 
Purified water will be used as a water for washing of the membrane cloth. 
Captured solids will be dumped into the sludge holding dam.

The Drum filter GA for the site is contained in the Dropbox for this project. 

Drum Filter outlet and Final water tank

The outlet of the drum filter system will flow into a surge break tank. This tank will be used to provide clean water for the site process water requirements, as follows:

There will be 3 site water pressure systems installed here (each with duty/standby)
System 1: 55m3/h at 3 Bar to supply the Dewatering wash water and inlet works
System 2: 5 m3/h at 3 Bar: To supply the chlorine system
System 3: 20m3/h at 4 Bar to supply the Drum filter wash water


Inside this tank which measures 2mx2mx2.5m deep, a rectangular stainless steel weir will be constructed to measure and record the final outgoing water. 

A new connection pipe will be installed between the final water tank and the final water man-hole on site. 

The existing outfall sewer consists of a single 400 mm diameter pipe from the fence to the river. The existing pipe has a headloss of 150mm over 50m at the design capacity of 10 MLD (420m3/h). 

It is important to note here that this 400NB pipe is not big enough to handle the peak flows of the future, although it will be OK for now. 

4. Refurbishment of UV building
The constructed UV building will now be used to house the drum filters as explained above. We did not allow for refurbishment but we did allow for lighting and cleaning of the floor. 

5. Reaching Special Standards on this works

This section of the report addressed in detail the ability of this works to reach special standards. 
Early in 2021, the Water User License was approved for General Standards. The plant design is thus based on General standards. 

In terms of reaching Special Standards, the following must be noted: 

The principles of reaching special standards on any activated sludge plant is the following:
a) Nitrate: There must be enough easily biodegradable COD as both phosphate and nitrate removal depends on this. Normal domestic sewage does not have enough easily biodegradable content. Therefore, even under the best conditions, there is not enough easily biodegradable COD in the raw sewage to allow nitrate removal up to the 1.5 mg/l level. If this pant is well operated by an expert operator, nitrate levels below 10 mg/l can be expected.  
b) Ammonia: The process will be able to reach < 1 ppm ammonia, with the new aeration system design and sustaining the correct sludge age. 
c) COD: In any activated sludge plant the COD removal efficiency is 92-96%. The remaining COD will therefore be about 5-8% of the incoming COD. The reason for this is that there is inert (recalcitrant, non-biodegradable) organic material in the sewage that cannot be removed with the biological plant, as well as non-biodegradable by-products from the bacteria themselves. Thus, with the raw sewage composition that the plant design is based upon, the special COD of value of 30 mg/l might be reached most of the time, but not all the time. Any remaining suspended solids in the effluent will also contribute to the COD: every 1 mg.l TSS in the clarifier overflow will contribute 1.4 mgl COD. So at 10 mg/l TSS in the clarifier (Which is already to special standard), it already gives 14 mg/l COD.
d) TSS: Most secondary clarifiers in SA give TSS in effluent of 20-30 mg/l. To get to less than 10mg/l will require addition of a flocculant for enhanced settling and tertiary filtration.
e) Ortho-phosphate: This is the PO4 form of phosphate and it is the form in which micro-organisms can utilise phosphate. The level for special standards is < 1. The plant is designed to reach special standards on phosphate and as long as the ratio of biodegradable COD : PO4 is adequate, it can be expected to reach < 1 ppm. The problem however is that the operator has no control over the COD:P ratio of the incoming COD and if additional provision is not made to cater for non-perfect conditions, the plant will not be able to reach special standards. 



What must be done to reach special standards:

1. The addition of an iron coagulant/polymer before  the final clarifiers will result in the following:
· TSS < 15 mg/l and thus just outside special standards
· Phosphates also reaching special standards.
In this phase of the project a dosing system will be installed to assist the clarifier performance should it be required. The dosing system will operate automatically based on the incoming flow rate to obtain some form of feed forward control and not to overdose in cases of low flow.  Setting up of the system will be required as this is a relatively rough way of doing dosing control, but in lighjt of the current budget there is no alternative. 
2. Addition of filtration to remove suspended solids to < 5 mg/l. Considering that the COD of 1 mg/l TSS = 1.4 mg/l COD, the filters will assist a lot in obtaining a high quality effluent. This will also be catch-net for the suspect clarifiers. The type of filters proposed is Drum filters. This is cost-effective and will do the job.
3. The two remaining constituents will be COD and nitrate. Lets first look at nitrate: To reduce nitrate to < 2 mg/l, an additional external, easily biodegradable carbon source has to be added to the anoxic reactor. Although a few sources of COD can be considered, Methanol is the most stable to use. Methanol has a low COD:N requirement of 4.5, low solids yield and a high COD value of 1,185,000 mg/l. 
This results in a dosing requirement for denitrification of 3 mg methanol per mg nitrate nitrogen denitrified or 4.1 litres of methanol per kg of nitrate nitrogen denitrified.
If the biological process can reduce nitrate to 10mg/l, then approximately 90 kg Nitrate must additional be removed per day to get to 1 mg/l Nitrate. Thus, the daily requirement for Methanol dosage is 90 x 4.1 = 396l litres. At a cost of methanol of roughly R 15/liter, the daily dosing cost will be in the region of R 5 550.00. A dosing system to handle methanol (i.e. 2x 10kl tanks with safety, dosing systems, piping and building will be approximately R 950 000.00 (excl VAT) and this has been included: There will be one dosing system feeding to both trains. 
NOTE: The methanol dosing system will be omitted at this stage and the saving on this item will be re-applied to other items that are required as per this Design Report, but omitted in the BoQ. It is recommended that specific BoQ line items be changed as the project progress, with variations to be approved as per the GCC and normal procurement practice. At this stage it is foreseen than savings on some of the BoQ items can be used to fund the variations that will be required. 

Implementation recommendation:

1. Apply for relaxation on the special standards from DWA for the following parameters:
TSS: To < 15 mg/l 
COD: < 60 mg/l
Nitrate: < 10 mg/l
2. Install the dosing systems now already for ferric and polymer at the clarifiers as recommend in the report elsewhere. This is already included in this project. The methanol dosing system is already excluded. 
3. Make sure the feed the plant is constant in order not to create hydraulic upsets, i.e. balancing as discussed earlier. Will be difficult and not included in this current scope.
4. Installation of a methanol dosing facility – will be removed from this current scope. 
5. Installation of Drum filters after each clarifier


6. Refurbishment of the old works:

We recommend, in the future, that the old reactor be converted to a balancing facility for peak flows. However, for the immediate future, the old works will have to operate wit the w new modules of the new works so that the max capacity of the plant is 6.4 MLD plus 1.5 = 7.9MLD.  

It is therefore important that once the new works become operational, the old works are refurbished. 

 For completeness of this report, we have specified below what the minimum work scope is for refurbishment of the old works now:


7.1 Reactor 

As a minimum, the following is required:

· Repair inlet flow meter and clean around inlet works
· Emptying of the reactor and removing accumulated grit
· Removal of aerator and mixer shafts and turbines, re-blasting and painting as they are rusted.
· Cleaning and painting of the gearboxes and motors
· Servicing the motors and gearboxes with new seals, lubricant and grease
· A contingency allowance should be included here as it is impossible to determine additional damage. 

7.2 Clarifier:
Empty Clarifier and clean out
New clarifier scraper system
New clarifier end carriage, drive and wheels


7.3 Refurbishment of pumps and valves

· Service RAS and WAS Pumps, replace one WAS pump
· Cleaning and painting of RAS pumps
· New oil for pumps
· Refurbish air release valves
· Replace valves
· Replace fan belts
· Paint hand railing

7.4 Old plant sludge system Refurbishment 

The sludge from the old plant must be diverted to be handled in the new mechanical de-sludge system.

The existing sludge thickener must be brought back into commissioning in order to thicken the old plant sludge. The new belt press cannot handle too much liquid and therefore this requirement. 
The work required is as follows:

· The existing sludge thicker must be cleaned out
· New Sludge pumps and pump sump incl electrical to pump sludge to the new sludge pond
· New Supernantant pumps and sump incl Electrical to pump supernatant back to old plant reactor inlet

8 Electrical Works

Incoming electrical work:

MV/LV:

The 1000kVA transformer has been procured. The quality of the unit is unacceptably poor. This transformer will have to be repaired and tested before using it. 

The bidder will get a suitable contractor to do the HT connection from Eskom line to the Transformer. 

All LV lines and connections from the transformer will be done by the bidder. 




Electrical Lay-out

Below is a basic description of the electrical lay-out. Full electrical dwgs are contained in the bid. 

The miniature Substation will be installed near the existing container office. From the kiosk each individual MCC will be supplied with three breakers:
· MCC1
· Control system and building power
· MCC2 to MCC-5
· Feed to the old works

Both the feed to the old works and the new works will be equipped with Power Factor Correction

Next to it the 100KVA backup genset will be installed

The MCC’s are as follows: 
MCC1: Inlet works 
MCC2: Train 1. Feed to Blower 1 PLC. Feed to Dosing DB. Feed to MCC3.
MCC3: Train 2. Feed to Blower 2 PLC. Feed to RAS pumps. Feed to MCC4. Feed to MCC 5.
MCC4: Chlorine Building MCC. Feed to MCC5
MCC5: Dewatering building. Feed to Drum Filter Building and drum filters

Each MCC will be installed on a plinth with a Roof structure. The MCC’s are all designed for outside installation. 

7 [bookmark: _Toc434296805]Training, operation and WORKS CLASSIFICATION & STAFFING

After the upgrade of the works it is expected that the treatment works will be classified as a Class C works under the a notice published in Government Gazette in February 2006, Notice number 28557 No R 181.

The works will require four Class III operators with one on duty per shift. A on call Class V supervisor will be required with back up from maintenance personnel. 




Training of Operators and process optimisation

The bidder shall include proper training, supervision and technical support as specified. 

Glossary

COD: Chemical Oxygen Demand, expressed in mg/l. This indicated the total organic content of a volume of water.
Ortho-P” Ortho-phosphate: The amount of phosphate that is available for the organisms in the water to use as nutrient (i.e. bio-available phosphates)
TKN: The total nitrogen plus free ammonia
Total Phosphate (P): The total amount of phosphate present: This consist of bio-availabe phosphate plus other phosphate which may be bound or not.
TSS: Total suspended solids expressed as mg/l.
ADWF: Average dry weather flow: This is the average flow through the works that is used for process design
PWWF: Peak wet weather flow: This is used to ensure the piping and hydraulic structure are adequate to handle peak flows
MLSS: Mixed liquor suspended solids. Concentration of sludge (bacteria) in the process. 
MLD: mega-litre per day. 1 MLD = 1000kl/day
Sludge age: The time that the sludge is in the process. We need 16-18 days typically in South Africa to ensure proper nitrification. Can be calculated by dividing the reactor volume by the waste rate of sludge
Anaerobic reactor: The portion of the tank where there is no oxygen present. In this tank some bacteria are conditioned to absorb phosphate when the water and sludhe enters the aerated tank.
Anoxic reactor: The portion of the tank where no free oxygen is available for the bacteria, only oxygen bound in nitrate (NO3). Once this oxygen is used by the bacteria, the nitrogen escapes into the air. This is carefully controlled with internal recycles.
Aerobic reactor. The portion of the tank where free oxygen is available through aeration.
S-Reycle: The settled sludge from the secondary clarifiers: These are returned to the reactors to sustain a certain concentration of MLSS in the plant.
RAS: Return activated sludge: The settled sludge from the secondary clarifier is known as return activated sludge. 
A-Recycle: Internal recycle between from the end of the aerated zone to the beginning of the anoxic zone, to return nitrate to the anoxic zone where bacteria liberate the oxygen and allow Nitrogen gas to escape. 
WAS: Waste activated sludge: A certain amount of sludge has to be wasted per day to obtain the required sludge age used for the design.
AOR: Actual Oxygen requirement on the specific site for the process. This is the amount of oxygen that any system must be able to provide on site. Aeration system designers have to calculate their aeration requirements from this, taking in account the MLSS, HASL, and equipment efficiencies to get to the correct number for blower size. 
HASL: Height above sea level (Elevation of the site)
SOR: Standard Oxygen Requirement. This is a conversion used to standardize all aeration equipment. This value is considerably higher than the AOR (This is the value that equipment able to satisfy the AOR, have to supply under standard conditions at20 deg C in clean water)
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