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[bookmark: _Toc337114025]Introduction

The function of the Slurry Plant is to receive, mix and dispose of both Pulverised Fly Ash (PFA) and Bottom Boiler Ash (BBA) to a remote ash dam.
The PFA is conveyed pneumatically from the six (6) generating units to bulk storage silos at the Slurry Plant. Airslides then convey the PFA to the PFA mixers where it is slurried.  The BBA is slurry pumped from the generating units to Hydrobins where the water is decanted.  Conveyors are utilised to transfer the BBA from the Hydrobins to mixers, which also introduces the BBA to the slurry pumps’ suctions.
The ash slurry is then pumped to the ash dam with three (3) pump trains, each consisting of five (5) pumps in series (Running with only 4).  The Slurry plant is controlled remotely from the Slurry plant control room.  The operator controls the plant through multiple Siemens S5 PLCs.  The figure below shows the functional layout of the Slurry Plant:


[bookmark: _Toc327422006][bookmark: _Toc330749720][bookmark: _Toc337114078]Figure 1: Slurry Plant layout of Hydrobins, Bulk Silos, Mixers and Pump Trains
[bookmark: _Toc327421961][bookmark: _Toc330749729][bookmark: _Toc337114026]Slurry Pumping System
The slurry pumping system consists of three pump trains.  Each pump train is connected to a mixer and is used to convey the Slurry from the plant to the ash dam.  Every Slurry pump is sealed by a mechanical seal and uses its own dedicated seal water system for water supply to the seal. (Gland sealing & packing)
The seal water system uses water at a higher pressure than the slurry pump to prevent Slurry spillage at the shaft.  The water is also used to cool the seal.  Raw water is used by the seal water system. 
[bookmark: _Toc327421962][bookmark: _Toc330749730][bookmark: _Toc337114027]Supporting Clauses
[bookmark: _Toc327421963][bookmark: _Toc330749731][bookmark: _Toc337114028]Scope
This document defines the Operating and Control Philosophy for the Slurry plant.  
[bookmark: _Toc228877398][bookmark: _Toc228877440][bookmark: _Ref228785086][bookmark: _Toc327421964][bookmark: _Toc330749732][bookmark: _Toc337114029]Purpose
This document describes in detail the philosophy to control the slurry pumping system as well as associated system requirements for successful operation.
[bookmark: _Ref228599044][bookmark: _Ref228599049][bookmark: _Toc327421965][bookmark: _Toc330749733][bookmark: _Toc337114030]Applicability
This document shall apply to Engineering, Maintenance and Operating Department at Matla Power Station
[bookmark: _Toc327421966][bookmark: _Toc330749734][bookmark: _Toc337114031]Plant Battery Limits
a) Slurry Pumping System 
The slurry pumping system consists of three pump trains and associated equipment.  Each train starts after the related mixer discharge valve (00ETK51AA501, 00ETK52AA501, 00ETK53AA501).  Each train consists of five slurry pumps. The final stage slurry pump discharges to the Ash Dam.  The Ash Dam has 18 discharge points.  Each discharge point is isolated by a manual valve 
Each of the fifteen (15) slurry pumps’ mechanical seals is supplied with seal water by its own seal water supply system.  The seal water system consists of one pump that takes suction from a storage tank.  The seal water pump supply clean water to a mechanical seal and has a return to the storage tank. Thus the limit of this system is from the inlet isolating valve to the mechanical seal including the return line. (Gland Sealing water coming from Raw water tank)
[bookmark: _Toc327421967][bookmark: _Toc330749735][bookmark: _Toc337114032]Normative/Informative References
Parties using this document shall apply the most recent edition of the documents listed in the following paragraphs.
[bookmark: _Toc327421968][bookmark: _Toc330749736][bookmark: _Toc337114033]Normative
ISO 9001 Quality Management Systems.
Insert normative document references here.
[bookmark: _Toc327421969][bookmark: _Toc330749737][bookmark: _Toc337114034]Informative
1. Mechanical design review report.
1. C&I design review report
[bookmark: _Toc327421970][bookmark: _Toc330749738][bookmark: _Toc337114035]Definitions
[bookmark: _Toc327421971][bookmark: _Toc330749739][bookmark: _Toc337114036]Classification
Public domain: published in any public forum without constraints (either enforced by law, or discretionary).
Controlled disclosure: controlled disclosure to external parties (either enforced by law, or discretionary).
Confidential: the classification given to information that may be used by malicious/opposing/hostile elements to harm the objectives and functions of Eskom Holdings Limited.
Secret: the classification given to information that may be used by malicious/opposing/hostile elements to disrupt the objectives and functions of Eskom Holdings Limited.
Top Secret: the classification given to information that may be used by malicious/opposing/hostile elements to neutralize the objectives and functions of Eskom Holdings Limited.
[bookmark: _Toc327421972][bookmark: _Toc330749740][bookmark: _Toc337114037]General
Slurry: insoluble particles suspended in fluid.  In this case the fluid would be water while the particles are ash.
Pump train: Two or more pumps in series.

[bookmark: _Toc327421973][bookmark: _Toc330749741][bookmark: _Toc337114038]Abbreviations
	Abbreviation
	Description

	PFA
	Pulverised Fly Ash

	AWR
	Ash Water Return

	SWR
	Sluice Water Return

	HMI
	Human Machine Interface

	CW
	Cooling Water

	PO
	Plant Operator

	[bookmark: _Toc327421974]AHP
	Ash Handling Plant

	Ash
	Waste product arising from the burning of coal

	BBA
	Boiler Bottom Ash

	Rpm
	Revolutions per minute

	VSD
	Variable Speed Drive


[bookmark: _Toc330749742][bookmark: _Toc337114039]Roles and Responsibilities
The following roles and responsibilities and relevant to this document:
· Maintenance of document	 - Matla Auxiliary Engineering and C&I Engineering
· Review of document 		- Matla 	Auxiliary /system Engineering
· Enforce document 		- Matla Auxiliary Engineering
· Execute document 		- Ops through ERI
[bookmark: _Toc327421975][bookmark: _Toc330749743][bookmark: _Toc337114040]Process for monitoring
This philosophy is to be reviewed on a biannual basis.  The system engineer is accountable. C&I, Electrical, Mechanical engineering and Operating are to be involved.
[bookmark: _Toc337114041]Related/Supporting Documents
The following P&IDs are applicable to this document:
[bookmark: _Toc327422008][bookmark: _Toc330749706][bookmark: _Toc337114086]Table 1: Applicable Slurry Plant System P&IDs
	No
	Drawing no
	Description
	Revision

	1
	0.47/41120
	New Ash Handling Plant Basic Flow of AWR and Slurry Pipelines
	1

	2
	0.47/52549
	Ash Handling Plant (Under PFA Silo1)
	0

	3
	0.47/52550
	Ash Handling Plant (Under PFA Silo2)
	0

	4
	0.47/52551
	Ash Handling Plant (Under PFA Silo3)
	0

	5
	0.47/52552
	Ash Handling Plant (Air Slide 1)
	0

	6
	0.47/5255
	Ash Handling Plant (Air Slide 2)
	0

	7
	0.47/5255
	Ash Handling Plant (Air Slide 3)
	0

	8
	0.47/5257
	Ash Handling Plant (Hydrobins)
	0

	9
	0.47/5258
	Ash Handling Plant (BBA Conveyors)
	0

	10
	0.47/5259
	Ash Handling Plant BBA Box (Mixers)
	1

	11
	0.47/52560
	Ash Handling Plant BBA Box (AWR and AWRSE Tanks)
	0

	12
	0.47/52562
	Slurry Pumping System (Red Lined)
	1


[bookmark: _Toc327421977][bookmark: _Toc330749745][bookmark: _Toc337114042]Modes of operation
The following modes of operation are available for the Slurry Pumping System:
Automatic
Local maintenance
The normal operation of the slurry pumps will be in automatic mode, controlled from the Slurry Plant Control Room.
[bookmark: _Toc327421978][bookmark: _Toc330749746][bookmark: _Toc337114043]Plant DESCRIPTION
The Slurry Plant is divided into the following sub-systems:
a) Slurry Pumping System
b) Hydrobins (including BBA Conveyors)
c) PFA Bulk Storage Silos (including airslides)
d) Mixers
e) AWR return
f) SWR Return
g) Settling Tanks
h) ASH Dams

PFA can be fed from any of the three (3) PFA Silos into any of the three (3) mixers.  A system of three (3) air slides is used.  An impact weigher between each primary and secondary airslide is used to detect the amount of PFA being supplied to a mixer.  The flow of PFA is controlled by nine (9) flow control valves.  Each airslide has three (3) discharge valves which are used to guide the PFA into the selected Mixer. (Diverters are OC)
[image: ]
[bookmark: _Toc330749721][bookmark: _Toc337114079]Figure 2: PFA conveying from Silo to Mixer
*NB- Scrubber (OC), Impact Weigher (OC), Diverter (OC)

Any one of the pump trains may be fed with BBA from one of the four (4) Hydrobins.  Each Hydrobin has a dedicated 20-Series conveyor. The 20-Series conveyors dump the BBA from the Hydrobins onto the one of two (2) 30-Series conveyors. Each 20-Series conveyor has a moving head and can move into one of three (3) positions: 
· R – Retracted
· 1 – Dump onto conveyor 31
· 2 – Dump onto conveyor 32
Any 20 Series conveyor can dump on one of the 30 Series conveyor, only one 20 Series conveyor on a 30 series conveyor.
Conveyor 31 is reversible and can dump BBA on a stockpile (during emergencies) or onto Conveyor 41.  Conveyor 41 has a moving head and can be positioned to dump into any one of the three (3) mixers’ BBA Boxes.
Conveyor 32 is reversible and can dump BBA on a stockpile (emergencies).  Conveyor 32 also has a moving head and can be positioned to dump into any one of the three (3) mixers’ BBA Boxes.
A belt weigher on each 30-Series conveyor is used to detect the amount of BBA being supplied to a mixer. The speed of each 20-Series conveyor is variable and is used to control the amount of BBA being supplied to a mixer.
[bookmark: _Toc330749722][bookmark: _Toc337114080]Figure 3: BBA Conveyor Configuration
Conveyor 21
Conveyor 23
Conveyor 31
Conveyor 41
Conveyor 22
Conveyor 24
Conveyor 32
R
R
1
2
R – Retracted
1 – Offload on Conveyor 31
2 – Offload on Conveyor 31

Mixer 3
Mixer 2
Mixer 1
Emergency
Stockpile



The three (3) mixers use agitators to slurry the PFA as it flows out to the pumping system.  BBA is added in the BBA box and automatically mixed with the passing slurry.  The PFA and water flow into a mixer are controlled by a PLC (EYD 01) using feedback loops.  Belt weighers, impact weighers and mixer level transmitters respectively are used to control flow into the mixer. (At the moment the Belt weighers and impact weighers doesn’t exist). Each mixer has a scrubber fan that uses water from the scrubber pumps to suppress any PFA dust in the mixer.
[image: ]
[bookmark: _Toc330749723][bookmark: _Toc337114081]Figure 4: Mixer Configuration
[bookmark: _Toc327421979][bookmark: _Toc330749747][bookmark: _Toc337114044]Slurry Pumping System
The slurry pumping system is used to transport the PFA and BBA to the Ash Dam.  The ash is slurried in the mixers before it is pumped to the Ash Dam.  The slurry plant can pump the following combinations of water and ash:
a) PFA and BBA slurry (Mixture)
b) PFA slurry
c) Water only (normally for flushing of the overland disposal pipelines)
d) BBA slurry (only in emergencies)
Slurry containing only BBA can be pumped to the ash dam.  This is only done in emergencies as BBA is very course and corrosive.
The slurry pumping system is fed from the mixers.  The slurry pumping system consists of three individual slurry pump trains.  Each slurry pump train consists of slurry pumps and associated seal water systems.  The slurry pumping system discharges ash slurry via three (3) overland slurry disposal pipelines to seventeen (17) discharge points on the remote Ash Dam. Any of the slurry pump trains can discharge to any of the discharge points, due to an inter-connection arrangement (Distribution point) situated near the Ash Dam. (Discharge points vary between 17 and 19).
[image: ]
[bookmark: _Toc330749724][bookmark: _Toc337114082]Figure 5: Ash dam Layout
[bookmark: _Toc327421980][bookmark: _Toc330749748][bookmark: _Toc337114045]Slurry Pumps
There are three slurry pump trains each dedicated to its own mixer. The slurry pumping system contains of five slurry pumps.  The first stage pump is a fluid drive.  A slurry pump train consists of the following:
a) First stage slurry pump (variable speed) – Fluid Drive
b) Second stage slurry pump (fixed speed)
c) Third stage slurry pump (fixed speed)
d) Fourth stage slurry pump (fixed speed)
e) Fifth stage slurry pump (fixed speed)
f) Pressure Transmitter
g) Flow Meter
h) Density Transmitter
i) Pressure Gauge- (OC)
[image: ]
[bookmark: _Toc330749725][bookmark: _Toc337114083]Figure 6: Slurry Train Process Diagram
Depending on operating conditions, one of the fixed speed pumps will not be started. The first/ second/third/fourth and fifth stage slurry pumps will be alternated by the control system depending on the number of hours in service. When a high flow of 530m3/h is reached one of the fixed speed pumps will be stopped. When a low flow of 460m3/h is reached one of the fixed speed pumps will be started.  The flow transmitters are used for control.  The pressure and density transmitters are used for protection.  Fluid drive with a pneumatic actuator is used for control.
[bookmark: _Toc327421981][bookmark: _Toc330749749][bookmark: _Toc337114046]Sealing Water Pumps
Each of the fifteen (15) slurry pumps has its own dedicated seal water system.  The seal water system supplies seal water to the glands installed on each slurry pump.  Each seal water system consists of the following:
a) Seal water Pump
b) Pressure Transmitter (The pressure transmitter will be used as a protection)
c) Flow Meter (The flow will just give indication)
[bookmark: _Toc327421982][bookmark: _Toc330749750][bookmark: _Toc337114047]Start - Up Sequence
The following sequence for the start-up of a Slurry Pump Train must be followed.
[bookmark: _Toc330749751][bookmark: _Toc337114048]PFA and BBA Slurry
a) Plant operator to make mixer and train standby as per procedure.
b) Confirm the discharge point on the Ash Dam to be used with the Ash Dam operating personnel.
c) Confirm Silo, AWR/AWRSE tank and Hydrobin levels. Select the following:
i. Mixer (by selecting a mixer the relevant train is selected)
ii. PFA Silo
iii. Airslide
iv. Hydrobin
v. AWR or AWRSE tank
d) Initiate automatic start process
i. The chosen mixer agitator (KKS) is started.
ii. The mixer scrubber pump (KKS) is started.
iii. The first, seal water pumps are started.
iv. The AWR/AWRSE tank outlet is opened and a delay of 45 seconds (after open limit is reached) allows the priming of the mixer and line to the first stage slurry pump.
v. After the first, seal water system pressure and flow are verified to be more than 3 bar the first stage slurry pump is started.  The speed of the slurry pump is increased via the fluid drive pneumatic actuator (from zero – completely decoupled – this facilitates charging of the pipeline) until a flow of 500 m3/h is reached.  When the minimum required flow set point has not been reached when the pump reaches its maximum of 800 rpm another slurry pump is required.  
vi. After verifying seal water system pressure to be more than 6 bar the second stage slurry pump is started
vii. After verifying seal water system pressure to be more than 10 bar the third stage slurry pump is started
viii. After verifying seal water system pressure to be more than15 bar the fourth stage slurry pump is started
ix. After verifying seal water system pressure to be more than 20 bar the fifth stage slurry pump is started
x. When all five pumps are running while a flow of 500m3/h is reached and the first phase pump speed is less than 640rpm speed fixed speed pump with the most amount of running hours is automatically stopped.
e) Initiate the preparation of the PFA supply by accepting the “Prepare PFA Feed” prompt.
i. The mixer inlet valve (KKS) is opened.
ii. The secondary airslide fan (KKS) is started.
iii. The Primary airslide fan (KKS) is started.
iv. The Dust Collecting fan (KKS) is started.
f) Initiate the transfer of the PFA to the mixer by accepting the “Feed PFA” prompt.
i. Silo Outlet Valve (KKS) is opened.
ii. Open PFA Flow Control Valve (KKS).
iii. Control flow of PFA to the mixer at a rate of 220 t/h through the impact weigher.
g) After the PFA flow has reached the mixer confirm a slurry density of 1150 kg/m3 
h) Accept BBA release
i. The selected 30 series conveyor is started and run for one minute.
ii. The 20 series conveyor of the selected Hydrobin is started.
i) Call plant operator to open Hydrobin slidegate (KKS).
j) The 20 series conveyor’s speed is automatically controlled in order to feed at the rate of 110 t/h into the BBA box

[bookmark: _Toc330749752][bookmark: _Toc337114049]PFA Slurry
a) Plant operator to make mixer and train standby as per procedure.
b) Confirm the discharge point on the Ash Dam to be used with the Ash Dam operating personnel.
c) Confirm Silo, AWR/AWRSE tank and Hydrobin levels. Select the following:
i. Mixer (by selecting a mixer the relevant train is selected)
ii. PFA Silo
iii. Airslide
iv. Hydrobin
v. AWR or AWRSE tank
d) Confirm that the Mixer outlet valve (00ETK51/52/53AA501) is open.
e) Initiate automatic start process
i. The chosen mixer agitator (KKS) is started.
ii. The mixer scrubber pump (KKS) is started. (OC)
iii. The first, second and third stage seal water pumps are started.
iv. The AWR/AWRSE tank outlet is opened and a delay of 45 seconds allows the priming of the mixer and line to the first stage slurry pump.
v. After the first, seal water system pressure is verified to be more than 3 bar the first stage slurry pump is started.  The speed of the slurry pump is increased via the fluid drive coupling (from zero – completely decoupled – this facilitates charging of the pipeline) until a flow of 500m3/h is reached.  When the minimum required flow set point has not been reached when the pump reaches its maximum of 800 rpm another slurry pump is required.  
vi. After verifying that the second stage seal water system has reached a pressure of more than 6 bar the second slurry pump is started.  
vii. After verifying that the third stage seal water system has reached a pressure of more than 10 bar the     third slurry pump is started.  
viii. After verifying that the fourth stage seal water system has reached a pressure of more than 15 bar the fourth slurry pump is started.  

ix. After verifying that the fifth stage seal water system has reached a pressure of more than 20 bar the fifth slurry pump is started.
x. When all five pumps are running while a flow of more than flow 500m3/h is reached and the first phase pump speed is less than 640rpm fixed speed pump with the most amount of running hours is automatically stopped.
f) Initiate the preparation of the PFA supply by accepting the “Prepare PFA Feed” prompt.
v. The mixer inlet valve (KKS) is opened.
vi. The secondary airslide fan (KKS) is started.
vii. The Primary airslide fan (KKS) is started.
viii. The Dust Collecting fan (KKS) is started.
g) Initiate the transfer of the PFA to the mixer by accepting the “Feed PFA” prompt.
iv. Silo Outlet Valve (KKS) is opened.
v. Open PFA Flow Control Valve (KKS)  
vi. Control flow of PFA to the mixer at a rate of 220t/h through the impact weigher.
h) After the PFA flow has reached the mixer confirm a slurry density of 1150 kg/m3 
[bookmark: _Toc330749753][bookmark: _Toc337114050]Flushing
a) Plant operator to make mixer and train standby as per procedure.
b) Confirm the discharge point on the Ash Dam to be used with the Ash Dam operating personnel.
c) Confirm AWR/AWRSE tank levels. Select the following:
i. Mixer (by selecting a mixer the relevant train is selected)
ii. AWR or AWRSE tank (AWR= Wall Building, AWRSE= Mixture)
d) Confirm that the Mixer outlet valve (00ETK51/52/53AA501) is open.
e) Initiate automatic start process
i. The chosen mixer agitator (KKS) is started.
ii. The mixer scrubber pump (KKS) is started.
iii. The first, second and third stage seal water pumps are started.
iv. The AWR/AWRSE tank outlet is opened and a delay of 45 seconds (after open limit is reached) allows the priming of the mixer and line to the first stage slurry pump.
v. After the first stage seal water system pressure is verified to be more than 3 bar the first stage slurry pump is started.  The speed of the slurry pump is increased via the fluid drive coupling (from zero – completely decoupled – this facilitates charging of the pipeline) until a flow of 500m3/h is reached.  When the minimum required flow set point has not been reached when the pump reaches its maximum of 800 rpm another slurry pump is required.  
vi. 	After verifying that the second stage seal water system has reached a pressure of more than 6 bar the second stage slurry pump is started.  
vii.   After verifying that the third stage seal water system has reached a pressure of more than 10 bar the third stage slurry pump is started.  

viii.  After verifying that the fourth stage seal water system has reached a pressure of more than 15 bar the fourth stage slurry pump is started.  
ix. After verifying that the fifth stage seal water system has reached a pressure of more than 20 bar the fifth stage slurry pump is started.  
x. When all five pumps are running while a flow of more than 500m3/h is reached and the first phase pump speed is less than 640rpm fixed speed pump with the most amount of running hours is automatically stopped.
[bookmark: _Toc330749754][bookmark: _Toc337114051]BBA Slurry (only in emergencies)
a) [bookmark: _Toc327421983]Plant operator to make mixer and train standby as per procedure.
b) Confirm the discharge point on the Ash Dam to be used with the Ash Dam operating personnel.
c) Confirm AWR/AWRSE tank and Hydrobin levels. Select the following:
i. Mixer (by selecting a mixer the relevant train is selected)
ii. Hydrobin
iii. AWR or AWRSE tank
d) Confirm that the Mixer outlet valve (00ETK51/52/53AA501) is open.
e) Initiate automatic start process
i. The chosen mixer agitator (KKS) is started.
ii. The mixer scrubber pump (KKS) is started. (OC)
iii. The first, seal water pumps are started.
iv. The AWR/AWRSE tank outlet is opened and a delay of 45 seconds (after open limit is reached) allows the priming of the mixer and line to the first stage slurry pump.
v. After the first stage seal water system pressure is verified to be more than 3 bar the first stage slurry pump is started.  The speed of the slurry pump is increased via the Fluid drive coupling (from zero – completely decoupled – this facilitates charging of the pipeline) until a flow of 500m3/h is reached.  When the minimum required flow set point has not been reached when the pump reaches its maximum of 800 rpm another slurry pump is required.  
vi. After verifying the second stage seal water system has reached a pressure of more than 6 bar the second stage slurry pump is started.  
vii. After verifying the third stage seal water system has reached a pressure of more than 10 bar the third stage slurry pump is started.  
viii. After verifying the fourth stage seal water system has reached a pressure of more than 15 bar the fourth stage slurry pump is started.  
ix. After verifying the fifth stage seal water system has reached a pressure of more than 20 bar the fifth stage slurry pump is started.  
x. When all five pumps are running while a flow of more than 500m3/h is reached and the first phase pump speed is less than 640rpm fixed speed pump with the most amount of running hours is automatically stopped.
f) Accept BBA release
i. The selected 30 series conveyor is started and run for one minute.
ii. The 20 series conveyor of the selected Hydrobin is started.
g) Call plant operator to open Hydrobin slidegate (KKS).
h) The 20 series conveyor’s speed is automatically controlled in order to feed 110t/h into the BBA box
[bookmark: _Toc330749755][bookmark: _Toc337114052]Shut – Down Sequence
The following sequence for the shut-down of a Slurry Pump Train must be followed.
[bookmark: _Toc330749756][bookmark: _Toc337114053]PFA and BBA Slurry
a) When the selected Hydrobin is empty call the PO to close the Gate valve (KKS).
b) Start the BBA stop sequence.
c) The selected 20 series conveyor is stopped.
d) The After 30 seconds the selected 30 series conveyor is stopped.
e) At this stage if the PFA cycle is not complete.
i. If there is another Hydrobin ready select another Hydrobin and follow the start sequence.
f) When the PFA cycle is complete start the PFA stop sequence.
i. The Silo Outlet Valve (KKS) is closed.
ii. The Primary airslide fan (KKS) is stopped.
iii. The secondary airslide fan (KKS) is stopped.
iv. The mixer inlet valve (KKS) is closed.
v. Dust collecting fan is stopped
g) Start the flushing sequence.
h) Flushing duration is automatically selected by the control system after flushing is complete a “Flushing Complete” prompt will appear on the screen. Flushing duration to be set at 1h30min for all discharge points and a flushing stop command should be built in in case of emergencies.
i) By acknowledging the “Flushing Complete” prompt the slurry train shutdown sequence is initiated.
i. The mixer agitator (KKS) is stopped.
ii. The AWR tank outlet valve (KKS) is closed.
iii. The last stage slurry pump (KKS) is stopped.
iv. The fourth stage slurry pump (KKS) is stopped.
v. The third stage slurry pump (KKS) is stopped.

vi.  The second stage slurry pump (KKS) is stopped.
vii. The first stage slurry pump (KKS) speed is gradually reduced to zero and then stopped.
viii. The seal water pump stopped
ix. The mixer scrubber pump (KKS) is stopped
[bookmark: _Toc330749757][bookmark: _Toc337114054]PFA Slurry
a) Start the PFA stop sequence.
i. The Silo Outlet Valve (KKS) is closed.
ii. The Primary airslide fan (KKS) is stopped.
iii. The secondary airslide fan (KKS) is stopped.
iv. After a delay of 60 seconds the Dust Collecting fan (KKS) is stopped.
v. The mixer inlet valve (KKS) is closed.
b) Start the flushing sequence.
c) Flushing duration is automatically selected by the control system after flushing is complete a “Flushing Complete” prompt will appear on the screen. Flushing duration to be set at 1h30min for all discharge points and a flushing stop command should be built in in case of emergencies.
d) By acknowledging the “Flushing Complete” prompt the slurry train shutdown sequence is initiated.
i. The mixer agitator (KKS) is stopped.
ii. The AWR tank outlet valve (KKS) is closed.
iii. The last stage slurry pump (KKS) is stopped.
iv. The fourth stage slurry pump (KKS) is stopped.
v. The third stage slurry pump (KKS) is stopped.
vi. The second stage slurry pump (KKS) is stopped.
vii. The first stage slurry pump (KKS) speed is gradually reduced to zero and then stopped.
viii. Seal water pump stopped
ix. The mixer scrubber pump (KKS) is stopped

[bookmark: _Toc330749758][bookmark: _Toc337114055]Flushing
a) Start the flushing sequence.
b) Flushing duration is automatically selected by the control system after flushing is complete a “Flushing Complete” prompt will appear on the screen. Flushing duration to be set at 1h30min for all discharge points and a flushing stop command should be built in in case of emergencies.
c) By acknowledging the “Flushing Complete” prompt the slurry train shutdown sequence is initiated.
i. The mixer agitator (KKS) is stopped.
ii. The AWR tank outlet valve (KKS) is closed.
iii. The last stage slurry pump (KKS) is stopped.
iv. The fourth stage slurry pump (KKS) is stopped.
v. The third stage slurry pump (KKS) is stopped.
vi. The second stage slurry pump (KKS) is stopped.
vii. The first stage slurry pump (KKS) speed is gradually reduced to zero and then stopped.
viii.  Seal water pump (KKS) is stopped.
ix. The mixer scrubber pump (KKS) is stopped
[bookmark: _Toc330749759][bookmark: _Toc337114056]BBA Slurry (only in emergencies)
a) When the selected Hydrobin is empty call the PO to close the Hydrobin slidegate (KKS).
b) Start the BBA stop sequence
c) The selected 20 series conveyor is stopped.
d) After 60 seconds the selected 30 series conveyor is stopped
e) If there is another Hydrobin ready select the Hydrobin and follow the start sequence.
d) If there is no other Hydrobin to be emptied through the pumping system, start the flushing sequence.
e) Flushing duration is automatically selected by the control system after flushing is complete a “Flushing Complete” prompt will appear on the screen. Flushing duration to be set at 1h30min for all discharge points and a flushing stop command should be built in in case of emergencies.
f) By acknowledging the “Flushing Complete” prompt the slurry train shutdown sequence is initiated.
i. The mixer agitator (KKS) is stopped.
ii. The AWR tank outlet valve (KKS) is closed.
iii. The last stage slurry pump (KKS) is stopped.
iv. The fourth stage slurry pump (KKS) is stopped.
v. The third stage slurry pump (KKS) is stopped.
vi. The second stage slurry pump (KKS) is stopped.
vii. The first stage slurry pump (KKS) is stopped.
viii. The first stage slurry pump (KKS) speed is gradually reduced to zero and then stopped.
ix. Seal water pump (KKS) is stopped.
x. The mixer scrubber pump (KKS) is stopped
[bookmark: _Toc327421984][bookmark: _Toc330749760][bookmark: _Toc337114057]Protection and Alarms
[bookmark: _Toc330749761][bookmark: _Toc337114058]Slurry Pump Train
Each slurry pump train makes use of the following measurements:
a) Mixer Level
b) Slurry train outlet Pressure 
c) Slurry train outlet Flow
d) A slurry density meter (mounted on the slurry line will be used to control the ash feeds if the density limit of 1500 kg/m3) is exceeded.
[bookmark: _Toc327422009][bookmark: _Toc330749707][bookmark: _Toc337114087]Table 2: Slurry Pump Interlocks
	Description
	Instrument
	Start
	Stop

	Release to start first stage slurry pump
	N/A
	1st, 2nd and 3rd stage Seal Water Pump Running
	N/A

	00ETK61AP001
	
	all stages KKS NEEDED
	

	00ETK62AP001
	
	all stages KKS NEEDED
	

	00ETK63AP001
	
	all stages KKS NEEDED
	

	Release to start first stage slurry pump
	1st, 2nd and 3rd stage Seal Water Pressure
	Pressure ≥ 3 bar
	N/A

	00ETK61AP001
	all stages KKS NEEDED
	
	

	00ETK62AP001
	all stages KKS NEEDED
	
	

	00ETK63AP001
	all stages KKS NEEDED
	
	

	Release to start first stage slurry pump
	Mixer Level level transmitter
	Mixer Level ≥ 50%
	N/A

	00ETK61AP001
	00ETK51CL001
	
	

	00ETK62AP001
	00ETK52CL001
	
	

	00ETK63AP001
	00ETK53CL001
	
	

	Release to start first stage slurry pump
	Control air pressure
	Air Pressure = 0bar
	N/A

	00ETK61AP001
	KKS NEEDED
	
	

	00ETK62AP001
	KKS NEEDED
	
	

	00ETK63AP001
	KKS NEEDED
	
	

	Release to start first stage slurry pump
	AWR or AWRSE level transmitter (selected)
	AWR/AWRSE Level ≥ 2m
	N/A

	00ETK61AP001
	00ETK51CL001
	
	

	00ETK62AP001
	00ETK52CL001
	
	

	00ETK63AP001
	00ETK53CL001
	
	

	Release to start first stage slurry pump
	Limit switch
	AWR or AWRSE outlet valve open
	N/A

	00ETK61AP001
	
	all KKS NEEDED
	

	00ETK62AP001
	
	all KKS NEEDED
	

	00ETK63AP001
	
	all KKS NEEDED
	

	Release to start Second Stage slurry pump
	N/A
	1st stage slurry pump running
	N/A

	00ETK61AP002
	
	00ETK61AP001
	

	00ETK62AP002
	
	00ETK62AP001
	

	00ETK63AP002
	
	00ETK63AP001
	

	Release to start Second Stage slurry pump
	N/A
	1st, 2nd and 3rd stage Seal Water Pump Running
	N/A

	00ETK61AP002
	
	all stages KKS NEEDED
	

	00ETK62AP002
	
	all stages KKS NEEDED
	

	00ETK63AP002
	
	all stages KKS NEEDED
	

	Release to start Second Stage slurry pump
	1st, 2nd and 3rd stage Seal Water Pressure
	Pressure ≥ 6 bar
	N/A

	00ETK61AP002
	2nd and 3rd KKS NEEDED
	
	

	00ETK62AP002
	2nd and 3rd KKS NEEDED
	
	

	00ETK63AP002
	2nd and 3rd KKS NEEDED
	
	

	Release to Stop Second Stage slurry pump
	N/A
	N/A
	1st stage slurry pump stopped

	00ETK61AP002
	
	
	00ETK61AP001

	00ETK62AP002
	
	
	00ETK62AP001

	00ETK63AP002
	
	
	00ETK63AP001

	Release to start third Stage slurry pump
	N/A
	1st stage slurry pump running
	N/A

	00ETK61AP002
	
	00ETK61AP001
	

	00ETK62AP002
	
	00ETK62AP001
	

	00ETK63AP002
	
	00ETK63AP001
	

	Release to start third Stage slurry pump
	N/A
	1st, 2nd and 3rd stage Seal Water Pump Running
	N/A

	00ETK61AP002
	
	all stages KKS NEEDED
	

	00ETK62AP002
	
	all stages KKS NEEDED
	

	00ETK63AP002
	
	all stages KKS NEEDED
	

	Release to start third Stage slurry pump
	1st, 2nd and 3rd stage Seal Water Pressure
	Pressure ≥ 10 bar
	N/A

	00ETK61AP002
	2nd and 3rd KKS NEEDED
	
	

	00ETK62AP002
	2nd and 3rd KKS NEEDED
	
	

	00ETK63AP002
	2nd and 3rd KKS NEEDED
	
	

	Release to Stop third Stage slurry pump
	N/A
	N/A
	1st stage slurry pump stopped

	00ETK61AP002
	
	
	00ETK61AP001

	00ETK62AP002
	
	
	00ETK62AP001

	00ETK63AP002
	
	
	00ETK63AP001

	Release to start fourth Stage slurry pump
	N/A
	1st stage slurry pump running
	N/A

	00ETK61AP002
	
	00ETK61AP001
	

	00ETK62AP002
	
	00ETK62AP001
	

	00ETK63AP002
	
	00ETK63AP001
	

	Release to start fourth Stage slurry pump
	N/A
	1st, 2nd and 3rd stage Seal Water Pump Running
	N/A

	00ETK61AP002
	
	all stages KKS NEEDED
	

	00ETK62AP002
	
	all stages KKS NEEDED
	

	00ETK63AP002
	
	all stages KKS NEEDED
	

	Release to start fourth Stage slurry pump
	1st, 2nd and 3rd stage Seal Water Pressure
	Pressure ≥ 15 bar
	N/A

	00ETK61AP002
	2nd and 3rd KKS NEEDED
	
	

	00ETK62AP002
	2nd and 3rd KKS NEEDED
	
	

	00ETK63AP002
	2nd and 3rd KKS NEEDED
	
	

	Release to Stop fourth Stage slurry pump
	N/A
	N/A
	1st stage slurry pump stopped

	00ETK61AP002
	
	
	00ETK61AP001

	00ETK62AP002
	
	
	00ETK62AP001

	00ETK63AP002
	
	
	00ETK63AP001

	Release to start fifth Stage slurry pump
	N/A
	1st stage slurry pump running
	N/A

	00ETK61AP002
	
	00ETK61AP001
	

	00ETK62AP002
	
	00ETK62AP001
	

	00ETK63AP002
	
	00ETK63AP001
	

	Release to start fifth Stage slurry pump
	N/A
	1st, 2nd and 3rd stage Seal Water Pump Running
	N/A

	00ETK61AP002
	
	all stages KKS NEEDED
	

	00ETK62AP002
	
	all stages KKS NEEDED
	

	00ETK63AP002
	
	all stages KKS NEEDED
	

	Release to start fifth Stage slurry pump
	1st, 2nd and 3rd stage Seal Water Pressure
	Pressure ≥ 20 bar
	N/A

	00ETK61AP002
	2nd and 3rd KKS NEEDED
	
	

	00ETK62AP002
	2nd and 3rd KKS NEEDED
	
	

	00ETK63AP002
	2nd and 3rd KKS NEEDED
	
	

	Release to Stop fifth Stage slurry pump
	N/A
	N/A
	1st stage slurry pump stopped

	00ETK61AP002
	
	
	00ETK61AP001

	00ETK62AP002
	
	
	00ETK62AP001

	00ETK63AP002
	
	
	00ETK63AP001



[bookmark: _Toc327422010][bookmark: _Toc330749708][bookmark: _Toc337114088]Table 3: Slurry Pump Alarms and Protections
	Description
	Instrument
	Alarm Parameter / Protection Action

	
	
	Lo Lo
	Lo
	Hi
	Hi Hi

	Slurry pump train
	Outlet Density transmitter
	N/A
	N/A
	1400kg/m3 (stop BBA and PFA)
	
1500 kg/m3
Close Mixer Inlet 
Stop BBA Conveyors

	
	00GAC51CD001
	
	
	
	

	
	00GAC52CD001
	
	
	
	

	
	00GAC53CD001
	
	
	
	

	Slurry pump train
	Outlet Pressure transmitter
	Lo Lo
Close Mixer Inlet 
Stop BBA Conveyors
	Lo
	Hi
	25 bar 
Trip slurry pumps
Close Mixer Inlet 
Stop BBA Conveyors

	
	00GAC51CP001
	
	
	
	

	
	00GAC52CP001
	
	
	
	

	
	00GAC53CP001
	
	
	
	

	Slurry pump train
	Outlet Flow transmitter
	Lo Lo
Close Mixer Inlet 
Stop BBA Conveyors
	460m3/h
Start next pump
	580m3/h
Trip a pump
	Hi Hi

	
	00GAC51CF001
	
	
	
	

	
	00GAC52CF001
	
	
	
	

	
	00GAC53CF001
	
	
	
	

	First phase slurry pump
	Control Air pressure transmitter
	
	
	
	0 bar 
Stop BBA

	
	KKS NEEDED
	
	
	
	

	
	KKS NEEDED
	
	
	
	

	
	KKS NEEDED
	
	
	
	

	First phase slurry pump
	Fluid drive oil Thermocouple
KKS NEEDED
KKS NEEDED
KKS NEEDED
	
	
	
	 55̊C
Trip first stage pump and close BBA



[bookmark: _Toc330749762][bookmark: _Toc337114059]Seal Water System
 Seal water pump system makes use of the following measurements:
a) Pressure transmitter

[bookmark: _Toc327422012][bookmark: _Toc330749710][bookmark: _Toc337114090]Table 4: Seal Water Pump Alarms and Protections
	Description
	Instrument
	Alarm Parameter / Protection Action

	
	
	Lo Lo
	Lo
	Hi
	Hi Hi

	 seal water system
	Pressure transmitter
	
	
	
	

	
	KKS NEEDED
	
	
	
	

	
	KKS NEEDED
	
	
	
	

	
	KKS NEEDED
	
	
	
	

	seal water system
	Pressure transmitter
	
	
	
	

	
	KKS NEEDED
	
	
	
	

	
	KKS NEEDED
	
	
	
	

	
	KKS NEEDED
	
	
	
	

	Seal water system
	Pressure transmitter
KKS NEEDED
KKS NEEDED
KKS NEEDED
	
	
	
	

	Seal water system
	Pressure transmitter
KKS NEEDED
KKS NEEDED
KKS NEEDED
	
	
	
	



[bookmark: _Toc330749763][bookmark: _Toc337114060]Mixer System
Each Mixer makes use of the following measurements
a) Each slurry pump train makes use of the following measurements:
[bookmark: _Toc330749711][bookmark: _Toc337114091]Table 5: Mixer Interlocks
	Description
	Instrument
	Start
	Stop

	Train 1 (KKS NEEDED)
	Level Transmitter 
	>50 % start 
	<49%

	Train 2 (KKS NEEDED)
	Level Transmitter 
	>50 % start 
	<49%

	Train 3 (KKS NEEDED)
	Level Transmitter 
	>50 % start 
	<49%



[bookmark: _Toc330749712][bookmark: _Toc337114092]Table 6: Mixer Alarms and Protections
	Description
	Instrument
	Alarm Parameter / Protection Action

	
	
	Lo Lo
	Lo
	Hi
	Hi Hi

	Mixer Level
	Mixer Level level transmitter
	
	49%
Trip slurry pumps
Close Mixer Inlet 
Stop BBA Conveyors
	95%
Close Mixer Inlet 
Stop BBA Conveyors
	Hi Hi

	
	00ETK51CL001
	
	
	
	

	
	00ETK52CL001
	
	
	
	

	
	00ETK53CL001
	
	
	
	


[bookmark: _Toc327421985][bookmark: _Toc330749764][bookmark: _Toc337114061]Slurry Pumping System Abnormal Operating Conditions
Should abnormal operating conditions arise during the operation of a slurry pump train; the system will react in the necessary way to prevent any settling of ash or ash spillages as far as possible.

[bookmark: _Toc330749765][bookmark: _Toc337114062]Slurry pump
a) Trip of first stage slurry pump.  When a trip of the first stage slurry pump occurs the following sequence is followed by the control system:
i. Silo discharge valve close.
ii. Relevant conveyor belts stop (the running conveyor belt to the specific train)
iii. Mixer AWRSE supply valve close.
iv. Mixer SWR supply valve open.
v. Leave running pumps for flushing of line.
When a trip of the first stage slurry pump occurs the following sequence is followed by the operator:
i. Instruct the PO to close the open Hydrobin slide gate.
ii. Investigate the cause of the trip and restart the train if possible.
iii. If a restart of the train is not possible instruct the Ash Dam plant operator to configure an AWR booster pump (KKS) to discharge into the AWR stand-by line.
iv. When the AWR Booster pump discharge valves have been configured start the AWR Booster pump.
b) Tripping of either fifth/fourth/third/second stage slurry pump with only one fixed speed pump in service.
i. The other fixed speed pump will automatically be started in an attempt to recover.
c) Tripping of first/second/third/fourth and fifth stage slurry pump with both fixed speed pumps in service.  When a trip of the second/third stage slurry pumps occurs the following sequence is followed by the control system:
v. Mixer PFA inlet valve is closed.
i. Silo discharge valve close.
ii. Relevant conveyor belts stop.
iii. Mixer AWRSE supply valve close.
iv. Mixer SWR supply valve open.
v. Leave running pumps for flushing of line.
When a trip of the first stage slurry pump occurs the following sequence is followed by the operator:
i. Instruct the PO to close the open Hydrobin slide gate. 
ii. Investigate the cause of the trip and restart the train if possible.
iii. If a restart of the train is not possible instruct the Ash Dam plant operator to configure an AWR booster pump (KKS) to discharge into the AWR stand-by line.
iv. When the AWR Booster pump discharge valves have been configured start the AWR Booster pump.
v. Stop seal water pumps.
[bookmark: _Toc330749766][bookmark: _Toc337114063]Seal water pump
a) When a trip of any seal water pump occurs the following sequence is followed by the control system:
i. Mixer PFA inlet valve is closed.
ii. Stop the relevant conveyor belt
iii. Allow flushing mode
When a trip of the first stage slurry pump occurs the following sequence is followed by the operator:
iv. Instruct the PO to close the open Hydrobin slide gate.
v. Investigate the cause of the trip and restart the train if possible.
vi. If a restart of the train is not possible instruct the Ash Dam plant operator to configure an AWR booster pump (KKS) to discharge into the AWR stand-by line.
vii. When the AWR Booster pump discharge valves have been configured start the AWR Booster pump.
[bookmark: _Toc337114064]Discharge to Ash dam
a) If a blockage occurs on the line to the Ash dam and the Slurry pump discharge pressure is above 20bar the following unblock procedure is followed.

i. Mixer PFA inlet valve is closed.
ii. Silo discharge valve close.
iii. Relevant conveyor belts stop.
iv. Mixer AWRSE supply valve close.
v. Mixer SWR supply valve open.
vi. First stage slurry pump speed increased to 1400rpm in order to unblock the line.
vii. A minimum 30 min is allowed by the operator to unblock the line.

[bookmark: _Toc327421986][bookmark: _Toc330749767][bookmark: _Toc337114065]Flushing of the sluiceways and ash sumps
Flushing of all slurry lines to the Ash Dam is critical to prevent blockages. Automatic flushing must always be for a period of 1h30min for all discharge points
[bookmark: _Toc327421987][bookmark: _Toc330749768][bookmark: _Toc337114066]Control Functions from the Central Control Room Panel
a) Ability to start and stop of all drives using the automatic and remote-manual modes.
b) Ability to select sequence operation of the ash disposal system.
c) Ability to open and close all electrically operated valves.
[bookmark: _Toc327421988][bookmark: _Toc330749769][bookmark: _Toc337114067]Display Philosophy
[bookmark: _Toc330749770][bookmark: _Toc337114068]Central Control Room
The display information from the central control room HMI includes the following:
a) All drive status.
b) All transmitters measured values.
c) Position indication of all control valves.
d) Open/Close indication for all Binary valves
e) Remaining flushing time
[bookmark: _Toc330749771][bookmark: _Toc337114069]Local Control Station
The display information locally on the plant includes the following: 
a) All individual drive status.
b) All individual measurements.
c) All individual positions of the valves.
[bookmark: _Toc327421989][bookmark: _Toc330749772][bookmark: _Toc337114070]Equipment Specifications and Operational Parameters
[bookmark: _Toc330749773][bookmark: _Toc337114071]Slurry Pump Train
[bookmark: _Toc330749714][bookmark: _Toc337114094]Table 7: Stage 1 slurry pump specifications
	No
	Detail
	Specification

	1
	Pump make and model
	Warman 8/6 AHP 

	2
	Impeller diameter
	712 mm WRT High Efficiency

	3
	Min. Passage size
	76 mm

	4
	Pump speed
	800 rpm

	5
	Pump centre line
	1 626.06 m.a.m.s.l.

	6
	Motor make and model
	WEG HGF 315F

	7
	Motor power rating
	160 KW

	8
	Electrical supply
	3.3 kV, 3-phase. 50 Hz

	9
	Speed
	1 481 rpm

	10
	VSD Make
	Pneumatic actuator

	11
	Apllication type
	Pumps

	12
	VSD  Motor speed
	1 500 rpm

	13
	VSD Motor power rating
	311 kW

	14
	Motor pulley outer diameter, 10 groove
	435 mm

	15
	Pump pulley outer diameter, 10 groove
	810 mm

	16
	V-belts x 10
	HPC Super T-link belts



[bookmark: _Toc330749715][bookmark: _Toc337114095]Table 9: Stage 2 slurry pump specifications
	No
	Detail
	Specification

	1
	Pump make and model
	 Warman 8/6  AHP

	2
	Impeller diameter
	686 mm

	3
	Min. Passage size
	76 mm

	4
	Pump speed
	800 rpm

	5
	Pump centre line
	1 626.06 m.a.m.s.l.

	6
	Motor make and model
	WEG HGF 315F

	7
	Motor power rating
	160 KW

	8
	Electrical supply
	3.3 kV, 3-phase, 50 Hz

	9
	Speed
	1 481 rpm

	10
	Motor pulley outer diameter, 10 groove
	435 mm

	11
	Pump pulley outer diameter, 10 groove
	810 mm

	12
	V-belts x 10
	HPC Super T-link belts



[bookmark: _Toc330749716][bookmark: _Toc337114096]Table 9: Stage 3 slurry pump specifications
	No
	Detail
	Specification

	1
	Pump make and model
	Warman 8/6 AHP

	2
	Impeller diameter
	686 mm

	3
	Min. Passage size
	76 mm

	4
	Pump speed
	800 rpm

	5
	Pump centre line
	1 626.06 m.a.m.s.l.

	6
	Motor make and model
	WEG HGF 315F

	7
	Motor power rating
	160 kW

	8
	Electrical supply
	3.3 kV, 3-phase, 50 Hz

	9
	Speed
	1 481 rpm

	10
	Motor pulley outer diameter, 10 groove
	435 mm

	11
	Pump pulley outer diameter, 10 groove
	810 mm

	12
	V-belts x 10
	HPC Super T-link belts




[bookmark: _Toc330749774][bookmark: _Toc337114072]Seal Water System- It’s a 5 stage multistage Curro pump (50/65LTF)
[bookmark: _Toc327422001][bookmark: _Toc330749776][bookmark: _Toc337114074]Revisions
	Date
	Rev.
	Compiler
	Remarks

	July 2012
	1.0
	C.F. Barnard.
	A complete and relevant philosophy is required for the pumping system. 

	August 2018
	2.0
	K Skosana
	The slurry pump system philosophy is revised to suit the current status of the plant.






.
[bookmark: _Toc327422004][bookmark: _Toc330749779][bookmark: _Toc337114077]: Slurry Pump Train Process Flow Diagram
[bookmark: _Toc228877429][bookmark: _Toc228877471]


[bookmark: _Toc330749727][bookmark: _Toc337114085]Figure 7: Slurry pump train layout
*NB- 5 x Pumps in series, with only one seal water pump.
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SLURRY PUMP SYSTEM AND MIXERS

INTRODUCTION

The slurry pump system can transport fly ash mixed with water (slurry) (“dust”) or slurries containing both fly ash and water, bottom ash (“mixture”). Under emergency conditions BBA can be slurried and conveyed to the emergency BBA dumping point without PFA. There are three pumping systems each dedicated to its own mixer. Each slurry pump system may only be fed by the mixer connected to it. An arrangement of cross-over spool pieces (distribution point) allows feeding from any mixer/pump set into any slurry pipeline. (North, South or Emergency Line) 
*NB- A selection to ash exists behind the mixer to swap trains. A to train C the pipelines spool pieces was manufactured, not sure where they are this allow to pump slurry on another train if the line is not available from that specific train.

A local PLC controls each slurry pump set consisting of two fixed speed pumps and one variable speed pump, which is the first stage pump.  Depending on operating conditions, one or more of the fixed speed pumps will not be stared, but will be rotated (with the motor) by the slurry flow (550 m3/h setpoint). High (580 m3/h) and low (500 m3/h) set points and flow measurement in the relevant slurry pipeline will control the number of pumps operated and the speed of the variable speed pump.

A slurry density meter mounted on the slurry line will be used to temporarily stop the ash feeds if the density limit (1500 kg/h) is exceeded.

By using a system of air slides (3 off), discharge valves (9 off) and flow control valves (9 off) any three mixers can simultaneously be fed fly ash from any silo (3 off).  Similarly any one of the mixers may be fed with bottom ash from one of the Hydrobins belt feeder conveyors (4 off) via the moving head conveyors (2 off) at a time.

Also in an emergency situation, either (or both) moving head conveyors may be reversed to dump BBA on the BBA stockpile or BBA may be dumped directly from a Hydrobin not feeding to a moving head conveyor onto the ground.  If storage capacity for sludge and effluent becomes a problem a slurry pump set may be started to pump only “liquid” to the ash dam.

The bottom ash, fly ash and “liquid” flow into a mixer are controlled by a local PLC (EYD 01) using feedback loops a belt weigher (OC), flow meters and a level detector respectively.  To avoid large changes in the set point to the slurry pump either ash flow is “starved”, then the liquid flow rate into that mixer will indirectly be increased to maintain the same volumetric flow rate.

Control of the slurry pump, set supplied by the mixer.

This document is written for a typical mixer system.  However there are three parallel mixers which must simultaneously be able to operate independently of one another.


1.2 START-UP PROCEDURE (AUTOMOTIVE MODE)

a). Whenever power is supplied to the PLC the following instruments are checked as described on non-operating systems/components and an appropriate alarm is posted if the signal is not “healthy”.
i. PFA silo selected does not have a low level.
ii. PFA silo pilot signals are healthy (i.e. between 4 and 20mA).
iii. Selected airslide PFA impact flow meter output is healthy.
iv. Selected Blower filter vacuum switch does not give a blocked filter condition (no contact).
v. Selected blower inlet vacuum switch does not give a high vacuum signal.
vi. Selected belt feeder which is not running and does not have a ripped/misaligned belt signal or the blocked chute signal from the detector located in its discharge chute.
vii. Selected moving head conveyor which does not have a motor running signal from its speed switch nor a ripped/misalignment belt signal or block chute signal from the detector located on the BBA chute
viii. All selected conveyors rope safety switches have contact across them.
ix. Selected moving head conveyors belt weigher output is healthy.
x. Selected mixer continuous level devices output is healthy and is not above the high - high value
xi. Each gland seal water pressure switch supplied by a gland seal water pump which does not have a motor running does not give a high pressure signal
xii. Slurry density meter output is healthy.  If the output is above the value for clean water (1000kg/h) alarm to warn the operator of possible solids in a non-operational pipeline.
xiii. Slurry pressure transmitter output is healthy and that the live zero is within reasonable limits. (0 – 150 Kpa)
xiv. Each slurry flow meter output is healthy and that the live zero is within reasonable limits. (< 200kpa)
xv. That the AWRSE and SWR head tank continuous level devices outputs are healthy and are above the low low ( AWRSE > 15%, SWR > 60%) values else an appropriate alarm is given
xvi. That the local PLC healthy signals is intact, else an alarm is posted.  The individual “loop healthy” signals from the local PLC are d-energised unless given an enable signal for that loop i.e. they also serve as feedback that the local PLC has received the main PLC’s enable signal.
b). The PLC checks that the following valves are closed when not in use and alarms if a closed signal is not received.
i. PFA Silo Discharge.
ii. PFA Flow Control in safe position (<5%) and that the position transducer is healthy.
iii. Mixer PFA Inlet.
iv. Hydrobin Discharge gate
v. AWR Supply to Mixer.
vi. AWRSE Supply to Mixer
c). The PLC indicates the positions of each of the above valves and the air slide diverter (OC) valves on Citect.
d). If a signal to start a system is received, the PLC executes the next step onwards for that system only while simultaneously returning to step a) above to check the non-operative system instruments/components as described.
e). The operator is prompted to enter whether dust or mixture ash is to be slurried or liquid is to be pumped, or if BBA only is to be slurried (under an emergency condition) or if only PFA is to be pumped.  Alternatively if BBA is to be dumped onto the BBA stockpile or directly onto the ground below a Hydrobin.
f). Ash is to be slurried or liquid is to be pumped, the operator is prompted to:
i. Select a mixer/slurry pump set.
ii. It is recommended that at this at this stage the PLC should graphically indicate to the operator the equipment that was last used to supply PFA and/or BBA to the selected mixer. The operator should then have the option to skip the equipment selections in steps f) iii). to g) below.
iii. Select an ash dam branch outlet and to include whether the day wall or night paddock pipe is to be used.  The day wall is only allowed as a selection if dust slurry was specified.
iv. Indicate normal operations or bypass the PFA mixture chamber provided no ash is to be slurried.
v. If the PFA chamber is to be used then specify whether raw water or AWR is to be used for scrubbers (common supply for all mixers) and give a confirmation input that the manual valves are in the correct position when the scrubber water supply option is changed from that last used. (OC)
g). If PFA is to be used in the slurry, the operator is prompted to :
i. Select a PFA Silo to supply PFA.
ii. Select an air slide transport system.
iii. Select a primary air slide fan and give a confirmation input that the manual cross over valves are in the correct position when the fan selection is changed from that last used.
iv. Select a secondary air slide fan and give a confirmation input that the manual cross over valves are in the correct position when the fan selection is changed from that last changed from that last used.
v. Select the normal or standby aeration blower and give a confirmation input that the manual cross over valves are in the correct position when the blower selection is changed from that last used.
vi. Allow or disallow effluent to be taken to the ash dam by this mixer 	unless the day wall has been selected in which case effluent is automatically not allowed.
vii. The PLC assumes that components are usually operated in automatic mode. If the operator wishes to put the PFA flow control valve into manual mode or override the impact weigher output (not installed), this may be done by using a menu at this stage.
Note:  This selection may only be performed when no systems are being controlled by the local PLC.
h). Provided a night paddock pipe branch has been selected and if BBA is to be slurried or dumped onto the stockpile the operator is prompted to: 
i. Select a moving head conveyor unless one is already in use in which case the second conveyor is automatically selected.
ii. The PLC assumes that components are usually operated in automatic mode.  If the operator wishes to put a belt feeder into manual mode or override the belt weigher output, this may be done by using a menu at this stage.
iii. If a day wall pipe branch has been selected, the PLC automatically selects PFA only for pumping.
i). If BBA is to be slurried or dumped, the operator is prompted to select a Hydrobin with discharge ready status.
j). The PLC awaits a start/restart signal in the case of an unsuccessful start or other problem with start-up.
k). The PLC then checks that the following (as applicable) are not already in use on another defined system:
i. The selected mixer/slurry plant set.
ii. The selected PFA silo outlet/air slide transport system.
iii. The selected primary and secondary air slide fans.
iv. The selected, then check that the standby aeration blower is not already in use to aerate a silo other than the one selected (for mixture or dust slurry).
v. The moving head conveyor selected.
vi. The selected Hydrobin (for mixture or BBA only slurry or for dumping BBA.)
vii. The selected ash dam north or south ring feed or emergency BBA dumping point.
If any of the above is in use on another operating system, a prompt is given, the start-up is aborted, and the controller returns to the relevant step above and prompts the operator to select an alternate component.
l). The PLC checks the following and takes the action indicated if the statement is true.
i. In the case of mixture or dust slurry, if the selected PFA silo has a low level, the PLC prompts accordingly and waits for an alternate silo selection or a signal to stop or to drain the low level silo.
ii. If the selected Hydrobin is not in the queue for discharging, alarms and aborts the start-up, returns to step e. above and awaits a new Hydrobin selection or stop signal in which case the start-up is aborted and the PLC returns to step e. above.
iii. If BBA only is to be slurried and the emergency BBA dumping point has not been selected, alarms aborts start-up returns to e.
iv. If liquid is to be pumped and the PFA chamber is not to be bypassed or ash is to be slurried and the selected mixer’s continuous level device is not healthy, alarms aborts the start-up and returns to step e. above and awaits a new mixer selection.
v. If ash is to be slurried or liquid is to be pumped and the selected slurry pump set has a faulty gland seal pressure switch (per step a.xi above), the PLC aborts the start-up and returns to step e. above for a new mixer selection.
vi. If ash is to be slurried or liquid is to be pumped and the slurry density meter or flow meter signal is unhealthy, the PLC aborts the start-up and returns to step e. above for a new mixer selection.
vii. If PFA is to be slurried and the selected PFA impact flow (OC) meter’s signal is not healthy, the PFA flow control valve is not in manual mode and the flow meter is not overridden in manual mode, then the operator is prompted to do this or to select an alternate airslide system and fans.If the flow meter is to be overridden or if the PFA flow control valve is in manual mode and the PFA flow control valve position transducer is not healthy then the PLC aborts the start-up and returns to step e. above.
viii. If PFA is to be slurried and the selected aeration blower vacuum switch indicates a high vacuum then the PLC aborts the start-up, alarms and prompts the operator to select the standby blower if it is not in use on an alternate silo.  The PLC returns to step e. above.
ix. If BBA is to be slurried or dumped on the BBA stockpile and the selected belt feeder has a ripped/misalignment belt signal or if the belt feeder’s discharge chute has a blocked signal or if the selected moving head conveyor has a faulty speed switch or ripped/misalignment belt signal or for the case of feeding to a mixer  if the chute into the selected  mixer BBA chamber has a blocked signal, the PLC alarms, aborts the start-up and returns to step e. above and prompts the operator to select an alternate Hydrobin or moving head conveyor as applicable.
x. If BBA is to be slurried or dumped on the stockpile and the selected belt feeder or moving head  conveyor’s   safety  switches  do  not  have  contact  across  them,  the  operator is prompted  to rectify the situation and the PLC waits until  this has been  performed before proceeding.  Alternately a stop signal for the system concerned will cause the PLC to abort the start-up and return to step j. above.
xi. If BBA is to be slurried and the selected moving head conveyors belt weigher’s output is not healthy, this device is not overridden in manual mode and the selected Hydrobins belt feeder is not on manual mode then the operator is prompted to do this or select the other moving head conveyor if it is not in use. The PLC executes or returns to step e. as appropriate.
xii. If the PFA is to be slurried and the mixer to which it is to be sent is already being fed with PFA, the PLC prompts the operator to this effect, aborts the start-up and returns to step f. above for an alternate slurry and/or mixer selection.  Alternatively a stop signal will cause the PLC to abort the start-up and return to step j. above.  This is also executed if a signal to start a PFA stream is receiving during operations.
xiii. Similarly to the preceding procedure for PFA, if BBA is to be slurried and the selected mixer is already being fed with BBA the PLC returns to step j. above or aborts the start a BBA stream is received during normal operation.
xiv. If the “healthy” signal from the selected local PLC is not intact, the main PLC aborts the start-up and returns to an xvi  for selection of standby Local PLC and a signal to restart.  If a healthy signal is intact it is subsequently continuously monitored.
m). The PLC checks that the following are not in test mode or isolated at the switchgear:
i For dust or mixture slurry on the selected PFA silo:
· The silo filter fan.
· The aeration blower or standby if selected.
· The blower inlet shaker filter.
ii. For dust or mixture slurry on the selected PFA silo outlet/air slide transport system
· The selected primary air slide fan
· The selected secondary air slide fan
· The air slide dust collector fan
iii. For mixture or BBA only slurry or for BBA to the stockpile on the selected Hydrobin:
· The vibrators
· The belt feeder (drive, shuttle).
iv. For mixture or BBA slurry the selected moving head conveyor mixer side drive and shuttle motors.
v. For BBA to the stockpile the selected moving head conveyor stockpile side drive.
vi. On the selected mixer/hydraulic conveying pump set:
· The mixer paddle motor.  (If PFA is to be slurried).
· The scrubber fan.  (If PFA is to be slurried). (OC)
· The scrubber pump.  (If PFA is to be slurried). (OC)
· The AWR and AWRSE supply valves to the mixer 
· The AWR make up valve to the AWRSE tank
· The slurry pump seal water pump set. (Only 1 per train)
If any of the above are in the test mode, or if the selected Hydrobin is locked out the PLC indicates accordingly, prompts “unsuccessful start” and returns to step j.
n). While executing the start-up the PLC “continuously and “simultaneously” monitors the controlled and emergency stop inputs.  If such a signal is received, it immediately aborts the start-up. In addition the local emergency stops located at the head and tail end of each moving head and belt feeder and at each mixer agitator are monitored, if activated the PLC immediately stops the drive for which the emergency stop was pressed irrespective of which mode the system/drive is in.  All interlocked equipment will simultaneously stop.
o). The following steps represent the start-up sequence i.e. the PLC must complete a step before executing the next step, etc.  As soon as a motor has been started or a component enabled, it is controlled according to their criteria and interlocks. The procedure for starting a motor is as follows:
If appropriate, (i.e. belt conveyors, agitators), a pre start alarm is given.  After the pre start alarm, the PLC output to run the relevant motor is energised.  A timer (8 sec) is set and the PLC waits for a motor “running” signal.  If this signal is received before the timer elapses, the graphics are updated to show the motor as running and the signal is subsequently continuously monitored while the PLC continues with the start-up.  If the signal is not given, the output to run the relevant motor is de-energised, the start-up is aborted, the graphics are updated and the PLC returns to step j. where it awaits a signal from the operator to attempt the start again or to execute a controlled stop.
Note:  The above procedure (referred to as a “time-outs … signal”) is performed for every motor start, valve open/close instruction, etc. and is NOT repeated in this description. All motors successfully started before a signal failure occurred are left running (subject to interlock for normal operation) until a stop signal is received. If a signal to start is again received, the PLC would continue with the step where the signal failure occurred. Similar to motors, all valves which have been successfully opened or closed and all components which have been enabled would remain so until a stop signal was received.
p). If a high instrument air pressure signal is not received a low air pressure alarm is given, and ash feed (PFA, mixture or BBA) is stopped and slurry pump set starts flushing and stops after flushing timer (40 min) has elapsed.
q). The 8 silo aeration valves are continuously cycled to aerate the silo on an octagonal basis.
r). There are two Shaker filters for four aeration blowers. The shaker filter motor will only start if the two aeration blowers for that filter are both stopped. The PLC output to run the filter motor will be on for (60 sec) then removed.
s). If the selected silo aeration blower or standby blower if applicable, inlet vacuum switch does not indicate a high vacuum, then the blower is started and timeous running signal is awaited. The vacuum switch and blower running signal are monitored respectively.
t). Depending on the air slides to be used, the reverse pulse controller and fan on the dust collector on the air slides are energised.
u). The silo is now ready to deliver fly ash, the relevant air slide fans are not started and the silo discharge valve, mixer inlet and PFA flow control valves remain shut until the mixer requires fly ash, step am. Below. The time taken to complete the start-up should allow sufficient time to aerate the silo; however an aeration timer is started which must elapse before step av. below can be executed.
v). Before allowing liquid to flow into the mixer/slurry line, the operator is prompted and should give a confirmation input that one discharge valve only is open at the ash dam at the selected discharge point.  If a negative response is received, the PLC aborts the start-up, goes to step j. and awaits a signal to start again or stop the system in a controlled manner.
w). If the PFA chamber is to be used and after a pre start alarm, the mixer paddle motor is started and the running signal is continuously monitored. If the running signal is removed within 5 seconds of start-up, the PLC output to run the motor is de-energised, the start-up procedure is halted and the operator is prompted to check for and clear PFA from the mixer. The PLC waits for a start signal to continue the start-up or for a stop signal. If the mixer paddle motor is removed after 5 sec from starting and a starting” signal is intact from the local PLC, the output  to  run  the paddle  motor  is  de-energised and  the operator is informed  of the situation, the PLC monitors for a start signal before attempting to start the mixer paddle motor again.
x). If the mixer PFA chamber is to be bypassed, the operator is prompted to go and manually change/check the bypass valves. The PLC waits for a confirmation signal before skipping to step aa. below.  If the PFA chamber is not to be bypassed, the local PLC is given an AWRSE enable signal for the AWRSE flow   control valve.  The main PLC waits for an      “AWRSE healthy” signal for that control loop from the selected Local PLC which is then monitored per 1.3 step h.
y). The mixer scrubber water supply valve (OC) is opened, the fan is started and the running signal is treated as for the paddle motor running signal after (8 sec) after start-up. If raw water is to supply the scrubbers, the PLC checks if the scrubber pump is operating. If not the PLC opens the scrubber pump suction valve and starts this pump and waits until the pump is running before continuing. The running signal is then continuously monitored per 1.3 step n.  (If AWR is to supply the scrubbers then this will be delivered to the units at the correct pressure when the manual valves are opened).
z). The PLC prompts the operator if he wishes to continue with the start-up and awaits an input after which the slurry seal water pumps are started and a timeous signal is received across the high pressure switch and flow switch on the seal line to each hydraulic conveying pump. These signals are subsequently continuously monitored which also describes the “seal water o.k.” signal to the local PLC.  If any of the above high pressure and flow signals are not received timeously, the system alarms, stops the slurry pump.
aa). If  the AWRSE  tank level is  below the high level (12 m), the PLC opens  the  relevant AWR supply valve to the mixer by energising the output to the reversible motor contactors until a timeous  signal is  received from the open position switch  whereon the graphics are updated and the output to  run the motor is  de-energised. If the open signal is not received in good time, the system alarms, closes the valve by energising the output to reverse the motor until a timeous signal (150 sec) is received from the closed position switch, updates the graphics, aborts the start-up 	and returns to step 1.2.h.  If the AWRSE tank level rises above the high level at any time during priming or operation the AWRSE supply valve is substituted for the AWR supply valve to the mixer.
ab). The PLC starts a pump priming timer (30 sec). While the pump priming timer is running “priming” is given to the operator. The purpose of this function is to allow water to pass through the mixer to the slurry pumps.
ac). The PLC uses the pumping distance, slurry type, etc. to determine:
i. Upper and lower pressure and time limits for starting/priming the slurry pipe.
ii. Pressure limits for normal operation with the slurry selected.
iii. A density limit for the slurry selected.
Note:  The PLC select them from a table stored in memory.  (To be determined during commissioning). The table may be altered as the ash dam rises.
ad). When the pump priming timer has elapsed, i.e. water has flowed through the mixer and has “filled” the pumps and pipe up to the vertical leg, a slurry pump set start signal is given to the local PLC to start the slurry pumps. Timeous “starting” and “slurry pump set healthy” signals together with a signal to start the first stage variable speed pump are awaited from the local PLC.  If these signals are not received in good time, the start is removed from the local PLC, the graphics are updated and the controller returns to step 1.2.j. 
ae). After receiving “starting” and “slurry pump set healthy” signals from the local PLC, the main PLC relays these to the operator for information only. When a signal to start the variable speed pump has been received from local PLC, the following step is executed.
af). The PLC then  energies the output to run the  relevant variable  speed slurry pump  and waits for a motor running  signal from the slurry pump’s contactors.  When this signal has been received a “pump running” signal is given to the local PLC. If the signal from the local PLC to run the relevant slurry pump is  removed before a “pump running” signal could be given to the local PLC then  the output to run that pump is de-energised, the graphics are updated and the system returns to step 1.2.j.
ag). While a “starting” signal is intact from the local PLC, the main PLC monitors for signals to start/run the two fixed speed pumps and executes these signals per the step above. If the upper time limit for priming the pipe is exceeded and the local PLC has not given a ready signal to the main PLC yet, then the main PLC must prompt the operator to open the air purge valve on the slurry line to purge a possible airlock. If ever the “starting” signal is removed by the local PLC and it not replaced by the system “ready” signal, the PLC removes the slurry pump set start signal, aborts the start-up and returns to step 1.2.j. Pumps started by the local PLC remain operating. The “pump running” signals (or lack thereof) are also relayed back to the local PLC on a continuous basis. If ever the slurry pump set healthy signal from the local PLC is removed, the main PLC executes a controlled stop.
ah). The slurry density meter, pressure transducer and slurry flow meter outputs are continuously monitored, if the pressure transducer output goes above the upper limit and flowmeter output falls below the lower limit then a blocked pipe alarm is energised, the slurry pump set enters flushing status and after the timer has timed out a control stop is given, the start signal is removed from the local PLC and the main PLC returns to step1.2.j.  If the pressure falls below the low limit, a burst pipe alarm is energised. The upper slurry line priming time limit set in ab. above is checked, if the local PLC has not re-placed the “starting” signal with by a “ready” signal before this time elapses, the operator is prompted to investigate/observe the chart record of the flowmeter output and to stop the system or wait for stable flow.

ai). The main PLC waits until the “starting” signal from the local PLC is replaced with a “ready” signal  and  if  the time  elapsed   for priming   the slurry line   falls within   the  time limits  determined   in step ab. above, proceeds, else  alarms  and  waits for  the  lower   slurry line priming  time to  elapse before  proceeding.   If PFA is to be slurried the PLC waits for both mixer paddle motor and scrubber motor “running” signals before proceeding.  The slurry pump set healthy signal is then continuously monitored per 1.3 step ba.ii.
aj). The PLC now determines if it must convert the liquid flow to the  mixer from  AWR to AWRSE  flow according to the following rules:
i. If no other mixer is operating on AWRSE flow then the flow must be changed over to the AWRSE tank.
ii. If another mixer is operating on AWRSE flow and:
a. Effluent may be taken to the ash dam by that mixer.
or
b. Effluent may not be taken to the ash dam by this mixer, then do not change over to the AWRSE tank, continue to supply this mixer with AWR flow.
iii. If effluent may be taken to the ash dam by any other operating mixer(s) then the flow must be changed over to the AWRSE tank.
iv. This system must not be in an abnormal condition (see 1.3 step aj. vii.) unless the AWRSE tank continuous level device’s output is at or above the high value (12m).
ak). If  the  liquid flow to  the mixer  does not have to be  changed  to  AWRSE flow, the PLC continues monitor the level in the ash water return sludge and effluent (AWRSE) surge tank is checked, if it is below the intermediate level (< 6m), the ash water return (AWR)  make  up valve to the  AWRSE tank is opened  until an intermediate  level is achieved, whereupon the valve is closed. The valve is subsequently operated per Section 1.3 step al.
al). While continuing with the next step, the “liquid” flow to the mixer is now converted from AWR to AWRSE flow from the AWRSE tank as follows:
i. The AWRSE supply valve to the mixer is opened by energising the output to the reversible motor contactors until an “open” signal is received, whereon the graphics are updated and the motor output is de-energised.  If the open signal is not received in good time (30 sec), the system alarms, places the valve into a fault condition closes the valve by energising the separate output to reverse the motor until a timeous closed signal (30 sec) is received, updates the graphics (alarms) and continues with the next step.
ii. After receiving an open signal from the AWRSE supply valve to the mixer, the AWR supply valve to the mixer is closed.  A timer is set (60 sec) during which the PLC monitors the mixer level device output.  If a low, low level (40%) occurs for a set time (60 sec) then the PLC re-opens the AWR supply valve to the mixer and leaves the AWRSE supply valve to the mixer open, alarms, updates graphics to prompt the operator to investigate the problem. The slurry pump set continues to operate on AWR supply.

Note: After receiving a start signal this step would again be reached and the PLC would attempt to close the AWR supply valve again until successful.
iii. If the AWR valve is successfully closed for an adequate time, i.e. adequate flow from the AWRSE tank to the mixer seen as no low, low mixer level, then the system continues with the AWRSE tank supplying the mixer.  The AWR supply valve to the mixer remains closed till flushing at shut down unless a low, low level occurs in the mixer for s set time.
am). In the case of mixture or dust slurry, the relevant mixer PFA inlet valve is now opened by energising the relevant solenoid valve output (Continue1). (Unless otherwise stated, all solenoid valves are spring return and must be kept energised for the valves to remain open). The PLC continues after receiving a timeous “open” signal, else an alarm is posted, the solenoid valve output is de-energised, and the start-up is aborted and will be able to open again when close limit is received. After receiving an open signal and if applicable the prompt (graphics) indicating PFA “trapped” between the mixer inlet valve and diverter chute is removed.
an). If applicable, the relevant air slide diverter valve is repositioned by energising the correct solenoid valve and a timeous (30 sec) correct position signal is awaited. If this is not received, the solenoid valve output is de-energised, an alarm is posted and the PLC returns to step am. The non-selected air slide’s diverter valves are checked to ensure that they bypass the mixer (if applicable).
ao). The PLC checks that the other two PFA inlet valves to the mixer are closed, if not an alarm is given and the program returns to step 1.2.j.
ap). The PLC checks that the other diverter valve(s) on the selected airslide is (are) positioned to bypass previous mixers, if not an alarm is given and the program returns to step 1.2.j.
aq). The selected secondary air slide fan is started and the motor running signal monitored per 1.3 step aa.
ar). There is now a time delay (10 sec) to allow any PFA which has accumulated in the secondary transport air slide to aerate and clear. The prompt (graphics) indicating PFA “trapped” up to the primary air slide is removed if applicable.
as). The primary air slide fan is started and the motor running signal is monitored per 1.3 step aa.
at). There is again a time delay to allow accumulated PFA to clear and any “trapped” PFA prompt up to the feed air slide is removed.
au). The valve to aerate the selected PFA flow control valve and feed air slide is opened by energising the solenoid valve output and after a time delay (10 sec) any “trapped” PFA indication up to the PFA flow control valve is removed.
av). If the aeration timer set in step au. above has elapsed and unless the impact flow meter or PFA flow control valve are overridden in manual mode, a PFA enable signal for the relevant PFA flow control valve using the selected impact weigher is given to the local PLC. This is a digital signal for either PFA only or mixture slurry. The PFA flow rate set points are stored in the memories of both the local and main PLC’s. The main PLC must now monitor the relevant “PFA healthy” signal from the local PLC per 1.3 step ba.iii together with inputs to open or close the relevant PFA flow control valve are in manual mode, they are controlled as described in section 1.7 di and ei. Respectively. Any prompt indicating “trapped” PFA up to the silo discharge valve (silo) is now removed.
aw). The operator is prompted (Continue 2) as to whether he wishes to commence feeding PFA and the PLC  awaits a confirmation input after which the PFA silo discharge valve is opened by energising the relevant solenoid valve output and a timeous open (20 sec) position signal is awaited. If this is not received, the solenoid output is de-energised, the enable signal for PFA flow control valve to the local PLC is removed, the system alarms and returns to step 1.2.j.
ax). The PLC checks the relevant PFA silo discharge isolation valve (manual) if an open signal is not received the PLC alarms and continues.
ay). After opening the silo discharge valves, PFA flow at a controlled rate from the silo into the mixer. Unless in manual mode the local PLC uses feedback from the PFA impact  flow meter to adjust the position of the PFA flow control valve via the main PLC. See section 1.3. step j.
az). The relevant (i.e. reversible belt) solenoid valve for the belt washing system is energised. When discharging a Hydrobin, the relevant drip tray solenoid valve is energised for 5 minute periods directly after start-up, at four hour time intervals and directly after the belt is stopped, trips, etc. If the AWRSE/effluent surge tanks agitation pump is not operating, the operator is prompted to start this pump while the PLC continues.
ba). The belt washing water supply pressure switch is continuously monitored  per 1.3.step n. (OC)
bb). If the system is to slurry bottom ash or to discharge onto the stockpile and unless an alternate Hydrobin was selected at start-up the queue for discharging Hydrobins is consulted and the Hydrobin at the front of the queue is selected. The subroutine to discharge a Hydrobin 1.4 is executed for the relevant Hydrobin.
bc). The controller continues with the next step when the Hydrobin is discharging satisfactorily. If the subroutine is aborted the PLC returns to 1.2.k for selection of an alternative Hydrobin.
bd). The system is now controlled and operated according to the procedure for normal operation (1.3).

1.3 NORMAL OPERATION (AUTOMATIC MODE)

a). If a controlled or emergency stop signal is received, the PLC immediately executes section 1.5 or 1.6 respectively for all operating systems and components.  If the selected local PLC “healthy” signal is removed, a controlled stop is executed.  (Section 1.5).  The local emergency stop at the head and tail ends of the moving head conveyors and belt feeders and at each mixer agitator are monitored, if activated the PLC immediately stops the relevant drive irrespective of which mode system/component is in.  All interlocked equipment will stop simultaneously.

b). The slurry pump gland seal water pump motors running and pressure and flow switches (OC) for each operating slurry pump are monitored continuously.  If there is contact across all 3 flow and pressure switches and the slurry pump gland seal water pumps motor running signal is intact then the local PLC is given a “seal water o.k.” signal, else this signal is removed and a controlled stop (Section 1.5) is executed.
If the slurry seal water pump trips or is stopped by the PLC then the relevant slurry pump is stopped and a controlled stop is executed (Section 1.5, 1.6).
c). The PLC monitors for signals to start/run/stop slurry pumps from the local PLC and executes these instructions as well as relaying motor running signals back to the local PLC.  The graphics/prompts to the operator are also updated to show pumps as running, stopped or tripped etc.
d). The slurry density meter is continuously monitored, if the signal is unhealthy or if the upper limit is exceeded for a set of time (60 sec), the enable signals to the local PLC for PFA and BBA flow to that mixer/slurry pump set only are removed, an alarm is energised and the system continues.  When the density meter output has reduced to a reset value for a certain time (60 sec), the PFA and BBA enable signals to the local PLC are restored.  If the system operates with the slurry density meter output below the low limit for an extended time the PLC alarms and continues.
e). The slurry pressure transducer and slurry flow meter outputs are continuously monitored.  If the pressure transducer output is unhealthy the PLC alarms and executes a controlled stop for that system (Section 1.5)  If the pressure transmitter output falls above the upper limit and the slurry flowmeter output falls below the low limit for a set time then a “blocked pipe” alarm is given.  Similarly if the pressure transducer output falls below the low limit for a set time a “burst pipe” alarm is given.  In both cases operator input is waited (i.e. a stop signal or start signal to resume ash feed).  The PLC only resumes ash feed after the pressure transmitter output has been below the upper limit for a set time (15 sec).  Someone should be sent to investigate the situation/check the pipeline.  In both cases the PFA and BBA enable signals to the local PLC for flow to the mixer/slurry pump set are removed.  If the system operates with a burst or blocked alarm energised for an extended time and there has been no operator input, a prompt to remind the operator of the situation is given.  If the slurry flowmeter outputs falls to zero during a blocked pipe condition, the relevant slurry pump set is immediately stopped, the run/start signal to the local PLC is removed and the rest of that system is given a controlled stop. 
f). If the slurry flow meter signal becomes faulty then a controlled stop (Section 1.5) 
g). If the slurry flowmeter output falls to zero for a set time and one or more pumps are operating, the PLC assumes that the pumps are being starved and executes an emergency stop for the system.  If the pumps were starved due to a problem in the PFA chamber of the mixer, the operator must re-start the system and bypass the mixer PFA chamber per section 1.2 x

h). If the mixer PFA chamber is not being bypassed and the mixer level device output is below the low, low (40%) value for a set time then an alarm is given.  If the mixer is operating on AWRSE flow then the AWR supply valve to the mixer is opened.  The low, low level alarm is de-energised when the mixer level returns above the low low level. The AWR valve is closed (on a mixer operating on AWRSE flow) when the mixer level device’s output rises above the low value.  If the mixer level device output exceeds the high, high value (90%) the AWR or AWRSE supply valve to the mixer is closed and an alarm is given.  The valves are reopened when the level output falls below the high (80%) value.
i). If the mixer level device’s signal becomes faulty then the local PLC PFA and BBA enable signals for flow to that mixer are immediately removed and a controlled stop is executed for the remainder of the system. The operator is prompted to dispatch someone to observe the mixer BBA chamber level and open or close the manual isolation valve between the AWRSE flow control valve and the mixer chambers to prevent mixer overflow/pump starvation during the shutdown.
j). If the PFA flow control valve is being operated in automatic mode (by the local PLC), the main PLC checks for signals from the local PLC to increment or decrement the position of the relevant flow control valve and relays these signals to the reversible motor relays.  The main PLC simultaneously checks the PFA flow control valve position transducer and updates the graphics to show the valve position.  If this device fails an alarm is posted and the PLC continues.
If the PFA impact flowmeter is overridden in manual mode or if the PFA flow control valve is in manual mode and the valve position transducer fails then the valve position is not altered, the PFA (and BBA if applicable) system is given a controlled stop, else the main PLC control is as per section 1.7 steps d.i and e.i respectively.
k). If the BBA belt feeder is being operated in automatic mode (by the local PLC), the main PLC checks for a motor running signal and simultaneously checks the belt feeder speed transducer and updates the graphics to show the belt speed, motor running or tripped, etc.  If a belt feeder motor trips in automatic mode, the main PLC removes the BBA enable signal to the local PLC and reacts as per step az. Below
If the BBA belt weigher (OC) is overridden in manual mode or if the BBA belt feeder is in manual mode, then the main PLC control reacts is as per section 1.7 steps d.ii and e.ii respectively.
l). In addition the following signals (amongst others) are displayed graphically for operator information.
i. Gland seal water pressure low. (OC)
ii. Mixer continuous level device output.
iii. Fluid coupling temperature high. (The temp needs to be on HMI)
iv. Slurry flowmeter output.
v. Local PLC’s healthy and control “loop healthy” signals.
vi. Conveying system “starting” and “ready” signals.
vii. PFA impact flowmeter output.(OC)
viii. Position feedback from the PFA flow control valve.
ix. BBA belt weigher outputs. (OC)
x. Speed feedback from the BBA belt feeder. (OC)
xi. Slurry density meter.
xii. Slurry pressure transducer.
xiii. PFA silo levels
xiv. AWRSE tank continuous level device output.
xv. Effluent surge tank continuous level device output.
xvi. PFA silo low level signal.
xvii. Blower filter vacuum high.
xviii. Blower inlet vacuum high.
xix. Belt feeder belt ripped/misaligned.
xx. Belt feeder position.
xxi. Belt feeder chute blocked.
xxii. Belt feeder locating pin down. (OC)
xxiii. Moving head conveyor speed low.
xxiv. Moving head conveyor belt ripped/misaligned.
xxv. Moving head conveyor position.
xxvi. Mixer BBA inlet chute blocked.
xxvii. Belt feeder or moving head conveyor rope safety switch activated.
xxviii. BBA stockpile level high.
xxix. Belt washing water pressure low. (OC)
xxx. All valve positions.
xxxi. Motors running stopped, tripped or in test or maintenance mode.
xxxii. Hydrobin level high or high, high.
xxxiii. Surge tank turbidity. (OC)
xxxiv. Surge tank levels.
xxxv. AWR and wall flushing seal water chemical dosing flow low. (OC)
xxxvi. AWR and wall flushing seal water chemical tanks low level. (OC)
xxxvii. For detecting blocked pipes and performance in relation to the normal duty point, the operating and normal running current will be displayed graphically for the following pumps:
xxxviii. Settling tank sludge pumps – 4 off
xxxix. Effluent pumps – 2 off
xl. Wash down sump pumps – 2 off 
xli. Agitation pump – 1 off
xlii. Floor wash down pump – 1 off
xliii.  For detecting incorrectly positioned crossover, valves and fan performance in relation to the normal duty point, the operating and normal running current will be displayed graphically for the following fans:
xliv. Primary air slide fans – 3 off
xlv. Secondary air slide – 3 off
xlvi. For detecting jamming or restriction of the mixer paddle and performance in relation to the          normal duty point, the operating and normal running current will be displayed graphically for each mixer agitator.
xlvii. Wash down sump levels
m). Belt washing
n). If the scrubber is being supplied with raw water and the scrubber pump motor running signal is removed then the scrubber pump suction valve must be closed until the pump is re-stared. If the scrubber is being supplied with raw water and the scrubber pump motor running signal is removed or if the mixer scrubber fan motor running signal is removed (for AWR or raw water supplying the scrubber), an alarm is given, the BBA enable signal to the local PLC is removed, the silo discharge valve is closed.  After a time to clear the air slides of PFA enable signal to the local PLC is removed. The main PLC will then close the selected silo discharge valve per 1.3 step j. above.  The system waits for a start before re-starting the motor and ash feeds again. If the mixer paddle motor running signals is removed an alarm is given, the PFA and BBA enable signals to the local PLC are removed and the mixer PFA inlet valve and silo discharge valve are closed per 1.3 step j.above.  If the mixer is operating on AWRSE supply, it is swapped to operate on AWR supply and step 1.3.aj. To put another operating mixer onto AWRSE supply is executed.  A start signal is required before the paddle motor and ash feed are started again.  If the mixer is operating with BBA only, the BBA feed is not stopped, but the flow is covered from the AWRSE tank to AWR if applicable. (OC)
o). The position switch for the relevant position of the moving head conveyor is continuously monitored, if the signal is removed, the PLC alarms, closes the Hydrobin discharge gate per section 1.4 step f iii, removes the BBA enable signal to the local PLC, stops the  moving head conveyor and continues.
p). For both the case of slurring BBA or dumping on the stockpile, the moving head conveyor motor running signal, speed switch belt rip/misalignment detector, rope safety switches and mixer inlet blocked chute detector are continuously monitored.  If either signal is removed, the  PLC alarms accordingly, the moving  head conveyor motor is stopped, the BBA enable signal to the local PLC is removed, the  discharging Hydrobins belt feeder is  stopped and it’s discharge gate  is closed and  checked  per  section 1.4 step f.iii.  If a timeous closed signal is not received, the system alarms. The queue for discharging Hydrobins remains unchanged. The operator is prompted to have the moving head conveyor checked or to select the other conveyor.  The system returns to step 1.2.j. and awaits a start signal before re-starting the selected moving head conveyor.

q). If a Hydrobin completes its discharge cycle and there are further Hydrobins to be discharged, the queue for discharging Hydrobins is consulted and the front Hydrobin is selected. The operator is asked if they wish to discharge that Hydrobin or to select an alternative. If there are no further Hydrobins in the queue for  discharging or if the operator does not wish to discharge any further Hydrobins, step s. is executed else the system is redefined to replace the previous Hydrobin with the one selected and the next step is executed. If the system runs for an extended period without any operator input a reminder prompt/alarm is given, this prompt is repeated at regular intervals.
r). While the changeover from one Hydrobin to another is in progress and if applicable (i.e. if   mixture slurry is selected and effluent is allowed) the fly ash silo discharge valve will remain open and effluent pumping will continue. The AWRSE flow control valve will indirectly be opened to maintain the volumetric flow rate during the changeover. During   changeover of PFA silos or when it is required that the PFA feed be stopped or if PFA flow  is starved the BBA feed must automatically be stopped by removing the BBA enable from the local PLC.
s). When no further Hydrobins are to be discharged, the fly ash silo discharge valve and flow control valve continue operating.  The AWRSE flow control valve is indirectly opened to maintain the volumetric flow to the hydraulic conveying system and the operator is prompted for an instruction to either execute a controlled stop or to “re-start” the mixer slurrying fly ash only. Reminders are given regular intervals if there is no operator input.
t). The “system ready” signal from the local PLC is relayed to the operator, if removed it is replaced with a “transport system fault” signal, and if applicable, the Hydrobin discharge gate is closed per section 1.4 step f.iii., the moving head conveyor is stopped, the PFA silo discharge valve and mixer inlet valve are closed (and checked) and the PFA and BBA enable signals to the local PLC are removed. A start signal with the “system ready” signal intact is required to resume ash feed per section 1.2.
u). If a low level signal is received from a fly ash silo feeding a mixer which is slurring fly ash the system alarms and the operator is prompted for a controlled stop signal or for an instruction to change over to a different silo or to drain the present silo.
i. If the present silo is to be drained, the system continues as usual but ignores the low level signal in the silo.
ii. If the system is to be stopped, Section 1.5 is executed for the system
iii. If a different silo is selected the “new: PFA silo and airslide system is started per section 1.2am .ie the PFA silo aeration system is started but all valves remain closed and the airslide fans are not started. When the “new” PFA silo aeration timer (3 min 20 sec) has elapsed, the BBA enable signal is removed from the local PLC if applicable and the operating airslide transport system and silo are given a controlled stop (1.5.c and d). When the PFA enable signal for the operating airslide system is removed from the local PLC (step 1.5.c.iii) the main PLC resumes the start-up for the new” PFA silo and airslide system commencing from step 1.2.av. When the newly selected silo has been started successfully, the BBA feed can be restarted (if required) and the PLC continues as for normal operation.
iv. If an operator input has not been received within a set time after the low level occurs then the PLC gives a reminder prompt which is repeated at regular intervals.
v). The open signal from the selected mixer PFA inlet valve is monitored, if it is removed but a closed signal for that valve is not received, the system alarms and continues. If the open signal is removed and a closed signal is received, the PFA silo discharge valve is closed and the PFA enable signal is removed from the local PLC. The operator is prompted that the airslide system upstream has PFA trapped in it and to check the mixer PFA inlet valve. A start signal is required before the PFA feed is resumed.
w). The closed signals from the non-selected mixer PFA inlet valves on the mixer and on the selected airslide are monitored. If removed, the PLC alarms and closes the silo discharge valve, remove the PFA enable signal from the local PLC and returns to 1.2.j.
x). Unless the end mixer is used the position signals from the selected airslide diverter valve are checked, if a correct position signal i.e. a signal to divert into this mixer is not intact or incorrect signal is received for the diverter (OC) valve the system alarms and continues. If the correct position signal is replaced by an incorrect position signal, the PFA silo discharge valve is closed and the PFA enable signal is removed from the local PLC. The operator is prompted that the airslide system downstream and upstream of the diverter valve has PFA strapped in it and to check the diverter (OC) valve. A start signal is required to resume PFA feed.
y). If applicable (i.e. if this is not the end mixer) the position signals from the other non-selected airslide diverter valves to the mixer are checked. If the diverters are not in position to bypass this mixer, the PLC alarms and continues.
z). The position signal(s) for the other diverter valve(s) on the selected airslide are checked. If incorrect the relevant silo discharge valve is closed and the PFA enable signal is removed from the local PLC. The operator is prompted to check the diverter valve and a start signal is required to resume PFA feed.
aa). The selected airslide dust collector, primary and secondary airslide fans motor running signals are continuously monitored. If removed, the relevant aeration blower stopped, silo discharge valve is closed (and checked) and the PFA enable signal is removed from the local PLC. The operator is prompted that the motor has tripped and a start signal is required to restart the motor and resume ash feed. If the fan is inoperable the operator may either use the crossover valves and start another fan, or give the airslide system controlled stop (Section 1.5.c) and restart with another airslide system. If an airslide fan tripped operator is prompted that the airslide and those upstream of it have PFA trapped in them and that they should be cleared.
ab). If the aeration blower motor running signal is removed, an alarm is given the PFA and BBA enable signals are removed from the local PLC and the system continues. A start signal is required to restart the relevant motor and ash feed.
ac). The automatic and manual silo discharge valve’s open position signals are checked, if not intact, an alarm is given and the system continues. If an open signal is replaced with a closed signal then the main PLC removes the PFA enable signal from the local PLC. A start signal is required to resume ash feed.
ad). The 8 silo aeration valves are continuously cycled as follows:
i. The “first” valve is opened (energised)
ii. A cycle timer is set for 15 seconds.
iii. The “next” valve is not adjacent to the “first” valve i.e. the silo is not aerated on a circular basis. The order for aerating valves ( using KKS code) is as follows:
O OETP3*
AA201 – AA211 – AA203 – AA209 – AA202 – AA210 – AA208 – AA204 – repeats.
* = 3, 4 or 5 for silo 1, 2, 3 respectively.
iv. The preceding valve closed and the cycle timer is reset.
v. Steps iii to iv are repeated consecutively until aeration system is required to stop.
ae). If the PFA silo filter running signal is removed, an alarm is give, the relevant aeration blower is stopped and a start signal is required to re-start the blower.
af). If contact is broken across the common blower vacuum switch, a “blocked shaker filter” alarm is given and the system continues. If contact is broken across the individual blower inlet vacuum interlock switch, (set at a higher vacuum and hardwired to the contactors), the aeration blower is immediately stopped. The system gives and appropriate alarm and otherwise reacts as for the blower tripping (step ab. Above)
ag). If the high instrument air pressure signal is removed, all operating systems are given a controlled stop.
ah). If the stockpile is in use, the high level probe below the stockpile discharge end of the moving head conveyors is continuously monitored. If a high level is detected, the Hydrobin discharge gate is closed (and checked) per section 1.4 step g iii. and after a time delay the BBA enable signal to the local PLC is removed. A start signal with no high level signal is required to re-start BBA feed to the stockpile. Only a star signal is required to feed BBA to the mixer.
ai). If the open signal is removed from either the AWR or AWRSE supply valve to the mixer, the system alarms and continues.
aj). The controller now determines if the AWR and AWRSE supply valve to the mixer on this system must be swapped according to the following rules:
i. If this mixer is the only operating mixer and it is being supplied from the AWRSE tank then no change is required.
ii. If the mixer is allowed to take effluent to the ash dam and it is the only mixer being supplied from the AWRSE tank then no change is required.
iii. If another operating mixer is allowed to take effluent to the ash dam and it is being supplied from the AWRSE tank and this mixer is being supplied from the AWR tank, then no change is required.
iv. If no operating mixers are allowed to take effluent to the ash dam and this is the only mixer being supplied from the AWRSE tank then no change is required.
v. If no operating mixers are allowed to take effluent to the ash dam and another mixer is being supplied from the AWRSE tank and this mixer is being supplied from the AWR tank then no change is required.
vi. For the purpose of this step an operating mixer is defined as a system which has passed step 1.2.y. of start-up.
· Is not undergoing a controlled stop
· Is not undergoing an emergency stop
vii. Unless the AWRSE tank has a level at or above the high value (12 m), before allowing any mixer to go onto AWRSE flow the system must not be in an abnormal or fault state viz. none of the following conditions:
· “low slurry flow”
· burst or blocked pipe alarm
· high slurry density
· any slurry pump tripped
· any slurry pump gland seal water pressure low
· slurry pump gland seal water pumps tripped
· mixer paddle motor tripped
· low or high mixer level
· high PFA flow
· high BBA flow
However if any of the above conditions except a mixer paddle motor trip occurs on the mixer already operating on supply from the AWRSE tank, that mixer is NOT put onto AWR supply.
ak). If the supply to the mixer does not have to be swapped from the AWR tank to the AWRSE tank (or vice versa) this step is skipped else the following are executed:
i. If either the AWRSE or AWR supply valves to the mixer are in a fault condition, the PLC alarms and skips this step.
ii. The AWRSE (AWR) motorised supply valve to the mixer is opened and a timeous open signal is received.
iii. After receiving an open signal per ii. above, the AWR motorised supply valve to the mixer is closed and a timeous closed signal is received.
iv. If a low, low value (40%) of output is received from the mixer level device the AWR supply valve to the mixer is re-opened and the system continues.
v. If a timeous open or closed signal is not received in step ii or iii respectively, that valve is put into fault condition, the valves are restored to their previous position and the operator is informed of the situation.
al). The AWR make up valve to the AWRSE tank is opened (and the open position switch checked) when the AWRSE tank has a low level (<=4m). This valve is closed when an intermediate level (<=6m) had been achieved. If a timeous open or closed signal is not received, the system alarms and continues. The operator should dispatch someone to check/fix the valve.
am). A mixer operating with AWR supply valve open and AWRSE flow is opened (and checked) when the AWRSE tank has a low, low level (15%) the AWRSE valve is closed (and checked). A low AWRSE tank level alarm is given from when the low, low level occurs until the low level is again reached. If a timeous open or closed signal is not received, the system alarms and continues.
an). The main PLC monitors the variable speed pumps fluid coupling oil temperature switch, if contact is broken, the output to run the variable speed pump is de-energised, the pump running signal is removed from the local PLC and the main PLC initiates a controlled stop relevant mixer/slurry system..
ao). If the output from the AWRSE tank continuous level device:
i. exceeds the high value (>=12m) then the PLC alarms if no mixers are operating on supply from the AWRSE tank, swaps any available mixer which is being primed or operating on AWR to AWRSE supply until the level drops to the reset value (<=7m). If no mixers are available, then operator is prompted to start a mixer/slurry pump set and supply pumps continue to operate.
ii. Exceeds the high, high value (>=14m) then the PLC give an “overflow” alarm. The overflow alarm is cancelled when the output falls below the high value (>=12m). If the high, high level in the AWRSE tank persists, the operator is given repetitive reminder alarms.
iii. Falls outside the normal operating range (i.e. failure) then the PLC alarms.
ap). If the output from the PFA Silo level becomes unhealthy (i.e. outside 4-20mA), the PLC alarms accordingly and continues.
aq). The PLC checks for operator inputs to change the following on line and performs the steps indicated if such an input is received. In each case the PLC performs all checks and gets all possible operator inputs before commencing with the change.
i. Change the slurry composition.
The PLC checks if this is allowable for the selected ash dam pipe branch. If not the instruction is ignored else, if the PFA and/or BBA flow is started, the relevant steps of the start-up procedure including setting of pressure limits etc. are executed. The rest of the system continues to operate as for normal operation while these changes are being made. If PFA and/or BBA flow to be stopped, then the relevant steps of the controlled stop procedure are executed while the rest of the system continues to operate as normal operation.
ii. Change the ash dam pipe outlet.
The PLC checks if the new pipe branch is allowable for the slurry composition and/or effluent. If not the instruction is ignored, else the PFA and BBA feeds are given controlled stops, the slurry flow is converted to AWR from AWRSE if applicable and flushing timer (based on the existing pumping distance) is set. When the flushing timer elapses, the operator is prompted to advise the ash dam operator to change the valves. The ash dam operator should then go to the outlet being used and observe that the line has completed flushing (clear water) or wait until clear water arrives. When the pipe has been flushed, the ash dam operator must first open the new outlet, close the old outlet and contact the main plant operator to confirm the changeover is complete. The PLC waits for confirmation signal that the valves have been changed before executing the relevant steps of the start-up procedure for PFA and/or BBA feed applicable and modifying pressure limits etc. After the PFA and/or BBA feed have been started the plant operates as per normal operation. Note: The PLC must be able to accept a slurry composition change and all changes below during this procedure.
iii. Allow/disallow effluent to be taken to the ash dam by an operating mixer.
If a mixer which was not allowed to take effluent to the ash dam is allowed, the PLC checks if effluent is allowed for the selected pipe branch. If not the instruction is ignored, else the PLC determines if the mixer must be swapped to AWRSE flow per 1.2 step al. above.	If a mixer was allowed to take effluent to the ash dam and this is disallowed, and the mixer was being supplied from the AWRSE tank and there is no other operating mixer which may take effluent to the ash dam, the mixer continues to operate on AWRSE flow. If another operating mixer may take effluent to the ash dam and it was on AWR flow while this mixer was on AWRSE flow then the supplies would be swapped per 1.2 step al. above. If this mixer was not operating on AWRSE flow then disallowing it to pump effluent would have no effect.
iv. Change to different PFA silo.
This would be treated as for a low level occurring in the presently selected silo. The procedure for changing silos is described under step 1.3 step u.iii above.
v. Change to different airslide system (same silo)
This is as for changing silos, but without the procedure for starting a silo (1.3 step u.iii above)
vi. Change a primary airslide fan.
The BBA enable signal to the local PLC is removed, after a time delay the PFA silo discharge valve is closed, after a time delay to clear the airslides, the PFA enable signal to the local PLC is removed, the primary fan stopped and 1.2 step g.iii. is executed (i.e. operator is prompted to select an airslide fan) . After a pulse start to confirm that the valves have been changed (1.2 step g iii.) the start-up procedure is executed for the airslide system and BBA feed.
vii. Change a secondary airslide fan.
This is as for changing a primary airslide fan but step 1.2.g.iv. is executed to prompt for a new secondary airslide fan. Also the secondary as opposed to the primary airslide is stopped.
viii. Change to the Normal/standby blower.
This is as for changing a primary airslide fan but step 1.2.g.v is executed to select a new aeration blower. Also the presently selected blower is stopped in place of the primary airslide fan.
ix. Change to the other moving head conveyor.
Only the BBA feed on the relevant system is given controlled stop. (Section 1.5 a. and b.). The start-up procedure is then executed with the new moving head conveyor selection made in 1.2 step h.i.
x. Change to another Hydrobin.
Only the Hydrobin and its belt feeder are given a controlled stop (section 1.5.a). The start-up procedure is then executed with the new Hydrobin selection made in 1.2 step h.i.
Note: The operator must be able to select a new component/slurry etc. after a component has tripped. The PLC must prompt the operator to select an alternate item or reset the trip expediently.
ar). The PLC checks for operator instructions to put items into maintenance mode. Note: Items must not be operating before the PLC allows them to be out into maintenance mode. (see section 1.8)
as). The PLC checks for operator instructions to put items etc. into manual mode and execute the relevant steps of section 1.7 if such an instruction is received.
at). The PLC checks for operator instructions to accept components instruments etc. back from fault conditions, etc.
au). The main PLC monitors the slurry flow meter and takes the actions indicated below for various levels of output:
i. If output falls below the low, low value of the output then the main PLC gives a low slurry flow alarm and removes the PFA and/or BBA enable signals for (or in manual mode closes/stops) the flow control valve/belt feeder supplying mixer and slurry pump set. The slurry flow meter output must rise above the low value before the low flow alarm is de-energised and the PFA/BBA enable signals are restored or the flow control valve/belt feeder is opened/started if in manual mode.
ii. If a slurry flow meter fault occurs then the main PLC immediately alarms, removes the PFA/BBA enable signals for (or in manual mode closes/stops) the flow control valve/belt feeder supplying that slurry pump set gives the slurry pump set a controlled stop per section 1.5 steps e.i to e.xi.
av). The main PLC monitors the mixer continuous level device and takes the action indicated below for various level outputs:
i. If output falls below the low, low/above the high, high value of output then the main PLC gives a low/high level alarm and removes the PFA and/or BBA enable signals for (or in manual mode closes/stops) the flow control valve/belt feeder supplying that mixer. The mixer level device output must rise above the low value/fall below the high value before the low/high level alarm is de-energised and the PFA/BBA enable signals are restored or the flow control valve/belt feeder is opened/started if in manual mode.
ii. If a mixer level device fault occurs then the main PLC immediately alarms, removes the PFA/BBA enable signals for (or in manual mode closes/stops) the flow control valve/belt feeder supplying that mixer gives the slurry pump set a controlled stop per section 1.5 step e.i to e.xi.
aw). The main PLC monitors the PFA flow meter and takes the actions indicated below for various level outputs:
i. If output falls below the low, low value of output then the main PLC gives a low PFA flow alarm and removes the BBA enable signal for (or in manual mode stops) the belt feeder supplying the same mixer. The PFA flow meter output must rise above the low value before the low flow alarm is de-energised and the BBA enable signal is restored or the belt feeder is started if in manual mode.
ii. If output falls above the high, high value of output then the main PLC gives a high PFA flow alarm and removes the PFA and/or BBA enable signals for (or in manual mode closes/stops) the flow control valve/belt feeder supplying the same mixer/slurry set. The PFA flow meter output must fall below the high value before the high PFA flow alarm is de-energised and the PFA/BBA enable signals are restored or the flow control valve/belt feeder is opened/started if in manual mode.
iii. If the PFA flow meter is not overridden in manual mode and it fails then the main PLC moves the PFA flow control valve to the safe set point (<5%) (section 1.7. step d.i) and puts it into manual mode (section 1.7 step e.i) for the duration of a controlled stop for the BBA and PFA feed streams (section 1.5 step a,b and c) and prompts the operator to select an alternate PFA feed stream to continue or to give the PFA silo and the mixer/slurry pump set controlled stops. (section 1.5 step d and e. respectively)
ax). The main PLC monitors the BBA belt output and takes the actions indicated below for various level output:
i. If output falls below the low, low value of output, a low BBA flow alarm is energised until the output exceeds the low value whereon the alarm is de-energised.
ii. If output falls above the high, high value of output then the main PLC gives a high BBA flow alarm and removes the BBA enable signal for (or in manual mode stops) the belt feeder supplying that moving head conveyor. The BBA belt output must fall below the high value before the BBA flow alarm is de-energised and the BBA enable signal is restored or the belt feeder is started if in manual mode.
iii. If the BBA belt is not overridden in manual mode and it fails then the main PLC replaces the automatic mode BBA enable signal to the local PLC with the enable signal for overriding the belt weigher (section 1.7 step d. ii.) and places the belt feeder into manual mode (section 1.7 step e.ii.) for the duration of a controlled stop for the BBA feed stream (section 1.5 step a and b). The operator is prompted to select an alternate BBA feed stream to continue or to give the mixer/slurry pump set controlled stop. (Section 1.5 step e.). The PLC prompts the operator to either select the other moving head conveyor (if not already in use) or to give the remainder of the system a controlled stop.
ay). The relevant mixer PFA inlet valve and silo discharge valve are close whenever the main PLC removes the PFA enable signal to the local PLC in automatic mode (the local PLC closes the PFA flow control valve as soon as this enable signal is removed) or whenever the main PLC closes the PFA flow control valve in manual mode (except during controlled stop). The mixer inlet valve is first re-opened and after a time delay the PFA enable signal to the local PLC is restored, after a time delay the PFA silo discharge valve is re-opened. Another section of this description would delignate when the valves should be re-opened and the PFA enable signal restored e.g. in step d. above a high slurry density would stop PFA feed and when the slurry density had fallen to below the reset value for a set time, the above procedure to resume PFA feed would be executed.
az). The relevant moving head conveyor is stopped and the relevant Hydrobin discharge gate closed per section 1.4 step f.iii. Whenever the main PLC removes the BBA enable signal to the local PLC. The local PLC then immediately relays a zero setpoint to the relevant belt feeder. When BBA feed is to be resumed, after a prestart alarm, the moving head conveyor is first re-started after a time delay the BBA enable signal to the local PLC is restored. After a further time delay, the Hydrobin discharge gate is opened per section 1.4 step c. vii. Similarly to the case of the PFA feed above, another section of this description would dictate when the BBA feed should be resumed.
ba). The main PLC monitors the following “loop healthy” signal from the local PLC and takes the action described if a signal is removed.
i. AWRSE flow Healthy.
If removed, the main PLC alarms and executes a controlled stop for the relevant system. The operators are prompted that the AWRSE flow is uncontrolled and that they must use the manual valve in the AWRSE supply line to reduce mixer overflow until the system has shut down.
ii. Slurry Pump set Healthy.
If removed, the PLC alarms and executes a controlled stop for the relevant system.
Note: This is different to the “ready: signal being removed which is for immediate, temporary stops of the BBA/PFA feed e.g. variable speed pump tripped, slurry flow low, etc.
iii. PFA Flow Healthy.
If removed, the PLC alarms, and if in automatic mode, uses the position indicator to reposition the PFA flow valve to the “safe setpoint” for the slurry type and first executes a controlled stop for the BBA feed to the mixer and then stops the PFA feed in a controlled manner. The mixer continues to operate with “liquid” only and the operator is given prompts at time intervals to stop the mixer/slurry pumps or restart using a different PFA feed stream. Because the main PLC does manual mode control of PFA feed, a PFA enable signal is not given to the local PLC in this case and the PFA healthy signal will not be intact with the impact flow meter of PFA valve manual mode.
iv. BBA Flow Healthy
If  removed, the PLC alarms replaces the automatic mode signal to the local PLC with the manual mode signal for the relevant slurry type for the duration of a controlled shutdown of the BBA feed. This is to allow BBA to be cleared from the belt feeder. When the BBA feed has been stopped, the mixer continues to operate with PFA or “liquid” only and the operator is prompted to stop the mixer/slurry pumps or start BBA feed using the other moving head conveyor if it is available. If the belt weigher is overridden in manual mode, or the belt feeder is being controlled in manual mode then the PLC alarms and continues if the BBA healthy signal is not intact.
bb). Control is resumed with step a. of this section.

1.4 SUBROUTINE TO DISCHARGE A HYDROBIN (AUTOMATIC MODE)

When a hydrobin has been selected from the queue for discharging it is discharged as outlined below.
a). The PLC checks that the limit switch located at the chute onto the moving head conveyor nearest the belt feeder indicates that the position is unoccupied and that the “other” belt feeder is retracted i.e. that the “other” belt feeder which shares the common set of rails is not at that position and is retracted, if not, the system alarms and aborts the subroutine. If the belt feeder is to move to the second moving head conveyor, the PLC checks that the position is unoccupied and that the other belt feeder is retracted, if not, the subroutine is aborted. It is necessary to ensure that the other belt feeder is retracted in case it is left “between” positions when power fails or in maintenance mode etc. If the subroutine is aborted because the other belt feeder is not retracted then the operator must be prompted to investigate the situation and retract the other belt feeder in maintenance mode if required.
b). If the way is clear a pre-start alarm is given for a specified time. The belt feeder rope safety switches are continuously monitored and if activated the shuttle and belt drive motors are immediately stopped and the hydrobin discharge gate is closed as per step f.iii. below.
c). The PLC begins to discharge the hydrobin as follows:
i. The operator is prompted as to whether they wish to commence feeding BBA and the PLC awaits confirmation input.
ii. After a pre-start alarm the output to enable the relevant belt feeder’s variable speed drive is energised and a timeous “run” confirmation signal is received. This “run” signal is then continuously monitored and if replaced by a “tripped” signal, the BBA enable signal to the local PLC is removed, the belt feeder variable speed drive is disabled and the subroutine is temporarily aborted per step f. below. A start signal is required to re-execute this subroutine.
iii. Whenever the belt feeder is enabled, the PLC continuously monitors the belt ripped/misalignment detector and blocked discharge chute detector. If contact is broken across any of these devices, the hydrobin discharge gate is closed per step f.iii below, the BBA enable signal to the local PLC is removed, the belt feeder variable speed drive is disabled, the relevant alarm is posted and the subroutine is aborted. The PLC returns to the main program. A start signal is required to attempt to discharge the hydrobin again.
iv. The belt feeder’s belt washing solenoid valve is opened whenever a BBA enable signal is given to the local PLC and closed after a time delay whenever the BBA enable is removed. 
v. Section 1.3 step p. interlocks the belt feeder with the downstream moving head conveyor.
vi. When all of the above interlocks and signals are healthy a prompt to manually open the discharge gate is given to the operator and the local manual switch to open the gate is enabled. At this stage the operator should go the discharge gate and verify that there is no flow from the pipe connected from the lower decant collector into the discharge gate drain, i.e. verify that the hydrobin is completely decanted. The operator should then use the local manual switch to inch open the gate while observing the initial discharge of ash.
vii. The PLC now monitors the hydrobin discharge gate local control station push buttons and if the open push buttons is pressed opens the hydrobin discharge gate as follows. If a gate closed signal is intact or seal tube valve is energised when the open push button is activated then the PLC first de-energises the seal tube valve and waits a set time to allow the seal tube to deflate. When the seal tube is deflated the output to open the hydrobin gate is energised.
viii. If the close pushbutton is pressed then step f.iii below is executed. The PLC waits for the slidegate close limit and then energises the seal tube valve and continuously monitors the seal tube pressure switch.
ix. While the gate is busy opening/closing the relevant local indicator flashed, when the gate is fully opened/closed the local indicator remains energized as long as the position signal is received.
x. When the closed signal is removed from the gate a BBA enable signal is given to the local PLC and a timer is started. Any prompt to indicate BBA left on the belt feeder is removed. If the BBA belt feeder is to operate in automatic mode then this signal is for either mixture or BBA only slurry (combined with the selected moving head conveyor) or alternatively for dumping BBA onto the stockpile. If the BBA belt feeder is in manual mode or the belt weigher is overridden in manual mode then the main PLC gives an enable signal to the local PLC as described in section 1.7 steps d.i. and e.ii. When mixture is being slurried the BBA enable signal is removed from the local PLC whenever the PFA signal for the same mixer is removed. If a closed signal is again received from the gate, before an open signal, the timer is cancelled and the BBA enable signal is removed from the local PLC. The main PLC then awaits the removal of the closed signal again or an alternate instruction (e.g. controlled stop).
xi. When the discharge gate has been opened so that the open position proximity switch is activated a “discharging” lamp is energised, this serves as a signal to the main program that the Hydrobin is discharging. When the gate is fully opened and the discharge appears stable, the operator may leave the area.
xii. If an open signal is not intact when the timer set in x. elapses, the operator is warned that the Hydrobin is discharging but the gate is not fully open. This warning is repeated at fixed time intervals.
xiii. The local switch to close the gate remains enabled at all times. The local switch to open the gate remains enabled until step g. below.
d. Depending on whether the belt and belt feeder are in automatic or manual mode, the following action is taken.
Automatic Mode.
i. When a Hydrobin discharge gate open signal is received a transport timer (5 min) equal to the transport time from the discharge gate to the belt is started. After this transport time has elapsed the PLC monitors for a low BBA flow output from the belt weigher upon which the Hydrobin vibrators are energised for 10 seconds. The transport timer is reset. The PLC again checks for low BBA flow after the timer has elapsed and again energises the Hydrobin vibrators for 10 seconds when this occurs. This process is repeated whenever a low BBA flow signal is received and subject to e. below.
ii. Belt or belt feeder in manual mode or stockpiling. When a Hydrobin discharge gate open signal is received a discharge timer is started. After the timer has elapsed step f. is executed.
e. When a low BBA flow signal has continually registered for 5 minutes in automatic mode or after the discharge time in the case of manual mode or stockpiling, the PLC prompt the operator in the control room to go and check that the Hydrobin is empty, flashes the local discharged indicator at the top of the Hydrobin and waits for a true or false operator input from this control station. The local vibrator switches located at the discharge gate and on top of the Hydrobin are enabled while the PLC is waiting for the operator input. If BBA is held up in the bin, the operator may use the local pushbuttons to energise the vibrators through the PLC (which energises the vibrators and local running indication until the local pushbutton is released) and observe the effects the PLC waits for a manual true signal of completion from the top of the Hydrobins before continually energising the local discharged indication until the bin is selected for filling again and proceeding. The prompt is repeated at regular time intervals until an operator input is received. After a true signal has been received the local pushbuttons to open the Hydrobin discharge gate and energise the vibrators on that Hydrobin are ignored until the Hydrobin is discharged again. If the operator enters a false signal (the bin is not empty)and the belt weigher has continually registered a low output, the Hydrobin is put into a “discharge fault” condition and the operator is prompted to check the vibrators the local flashing discharged indication is de-energised. The PLC waits for a stop signal to terminate the discharge cycle or for a start signal to continue attempting to discharge the Hydrobin.
f). After an operator initiated controlled or emergency stop signal has been received or after the discharge cycle has been completed or terminated (incomplete) by a belt feeder motor trip or per step c ii. above, the “PLC performs the following functions:
i. The discharging” lamp is de-energised.
ii. The local manual switches to open the Hydrobin discharge gate and energise the vibrators are disabled.
iii. The discharge gate is closed as follows. The PLC de-energises the output to close the gate until a timeous closed signal (5 min) is received. A set time after receiving this closed signal the seal tube valve is energised and the seal tube inflates. If a closed signal is not timeously received, the Hydrobin is put into a “fill fault” condition until such a signal is received.
g). If the Hydrobin’s discharge cycle was successfully completed and if the Hydrobin is not in a “fill fault” condition it is put at the rear of the queue for filling Hydrobins and removed from the queue for discharging. All other Hydrobins in the queue for discharging are moved up one position.
h). After a discharge gate closed signal is received or after a Hydrobin has been put into a “fill fault” condition there is a time delay to clear the belt feeder and moving head conveyor and then the BBA enable signal is removed from the local PLC.
i). After a time delay the belt feeders belt washing solenoid valve is de-energised. The belt feeder is stopped. The belt feeder is retracted back towards the Hydrobin i.e. it is moved out of the way until the retracted position switch indicates that the position is occupied unless it is to move to the “other” moving head conveyor per step 1.3 step aq.ix. if an ultimate position switch is activated, the PLC alarms. After a retracted or ultimate position signal has been received the PLC de-energised the outputs to position the conveyor.
j). Before returning to the main program the Hydrobin level devices are checked, if a high or high, high level signal is still received the bin is put into a “level fault” condition and can subsequently only be used on a timer basis for filling in an emergency. See section 2.4 m
k). The PLC returns to the main program.

1.5 CONTROLLED STOPS

The PLC executes this section, or parts of this section, after a controlled stop signal has been received from an operator or any other system interlock, e.g. go into maintenance mode, no more ash, variable speed pump tripped, etc.
For ease of reference and clarity, sub-sections dealing only with areas of the plant indicated by sub-headings are used. Sub-sections may be executed simultaneously. Whenever a sub-system requires that another be previously stopped, this is indicted in that sub-section. Each sub-section deals with the cases of:-
· A controlled stop for that sub-system only.
· Controlled stops for the complete system
· Controlled stops before putting a sub-system into maintenance mode.
a). Controlled stop of a Hydrobin which is Discharging
If the BBA enable signal to the local PLC is not intact or the belt feeder and/or moving head conveyors are/is not running when this procedure is initiated (operator or interlock/other), the operator is prompted that BBA may be on the relevant device(s). This prompt (or graphic communication) remains intact unit the device is started. (Section 1.2)
i. Whether the controlled stop was process initiated or an operator initiated signal, the subroutine to discharge the Hydrobin would immediately close the discharge gate per section 1.4 step f. iii, after a time delay (5 min) remove the BBA enable signal to the local PLC, (or stop the belt feeder in manual mode) If the agitator in the mixer being supplied was to be put into maintenance mode, stops b, c and then d. would be executed.
ii. If the mixer was to continue operating of PFA or liquid, the PLC would return to the main program and modify the density and pressure limits change the PFA enable signal to dust slurry, etc. at this stage. For a complete system stop, step b. below is executed.
b). Controlled stop of the BBA belt conveyor system or standby
i. Step a. above must be completed before step ii. can be executed, i.e. there must be no Hydrobins discharging.
ii. Approximately 2 minutes after the belt feeder has been stopped per a(i). Above, the moving head conveyor belt is stopped and the drip tray is flushed for 5 minutes.
iii. The relevant moving head conveyor belt washing solenoid valve is de-energised.
iv. The controller now prompts the operator that he may put the above system into maintenance mode, returns to the main program or continues with a controlled stop for the system (step e.) as applicable.
c). Controlled stop of a fly ash airslide system
Unless slurry is being pumped to the emergency BBA dumping point and the mixer is to continue with BBA only, stops a. and b. above must be completed before this step may be executed. (This step may be duplicated when more than one system is operating).
If the mixer PFA inlet valve open or the airslide position signals are not healthy or the secondary or primary airslide fan or the aeration blower is not running or the PFA enable signal to the local PLC is not intact or the PFA flow control valve is in the closed position when this procedure commences, the operator is prompted that PFA, is trapped in the components upstream of where the fault occurred. This prompt remains intact until the stream(s) is/are restarted per Section 1.2.
i. This section is executed whenever an operator initiated controlled stop is received for either a silo/PFA feed system or the complete system. This section may also be executed automatically e.g. a slurry pump gland seal water pumps failure would shut the PFA flow down in this manner.
ii. The silo discharge valve is closed by the PLC and checked. If a timeous closed signal is not received, the system alarms and continues. The operator is prompted to close the manual silo discharge valve.
iii. When the relevant flowmeter has registered zero output for 2 minutes and either the auto or manual silo discharge valve is closed, the main PLC removes the PFA enable signal to the local PLC or the flow control valve closes if it is in manual mode or if the local PLC PFA healthy signal is not intact. At this stage the density and pressure limits etc. would be reset as per section 1.2 step ac. and the BBA enable signal would be changed to BBA only if BBA was to still be slurried and the system was pumping to the emergency BBA dumping point.
iv. The valve to aerate the PFA flow control valve and feed airslide is de-energised.
v. The primary airslide fan is stopped.
vi. The PLC prompts the operator to go and manually empty the ash off the dust collector gravity flap valve and awaits an input to confirm that this has been done.
vii. After a time delay and operator input confirmation in step v. the secondary airslide fan is stopped.
viii. The relevant airslide diverter valve to the mixer is left in its present position.
ix. The airslide dust collector fan is stopped.
x. The airslide dust collector reverse pulse controller is de-energised.
xi. The PLC prompts the operator to empty the ash off the mixer inlet gravity flap valve and awaits an operator input to confirm this before proceeding.
xii. After an operator input in xi. above, the relevant mixer PFA inlet valve is closed and checked. If a timeous closed signal is not received, the system alarms and continues.
xiii. The PLC returns to the main program or executes step d. for a complete system stop.
d). Controlled stop of a Fly as silo
This step may be duplicated (for a complete system stop) when more than one silo is operating.
i. Step c.ii. above must be completed for all open silo discharge valves on this silo before continuing with step ii. below. This is to prevent possible build up above the PFA flow control valve and airslide.
ii. The silo aeration blower (or standby) is stopped.
iii. The system stops cycling the 8 silo aeration valves per Section 1.3 step ad. The valves are all closed.
iv. If others are not conveying into the silo, the silo filter may be de-energised.
v. The PLC returns to the main program or continues with e. below as applicable.
e). Controlled stop of a mixer/slurry pump system
If the mixer paddles motor running signal is not intact or the slurry flow meter output registers low flow or the slurry pump set is in a “blocked pipe” condition when this procedure commence, then the operator is prompted that slurry/solids may be left in the relevant devices. This prompt remains intact until the devices have been restarted per Section 1.2.
(This step may be duplicated for a complete system stop when more than one mixer is operating. The controller first stops mixers operating on AWR and the mixer operating on AWRSE is stopped last).
i. Steps a. b. and c. must all be completed before this sub section is executed unless BBA and PFA feed were given emergency stops due to e.g. mixer level device, slurry flow meter failure, etc.
ii. This step is skipped and step v. is executed if this mixer is operating on AWR supply. If another operating mixer may take effluent to the ash dam or if this mixer may not take effluent to the ash dam and there is another mixer operating then the mixer’s liquid supplies are swapped per 1.3 step ak. if this mixer is supplied with AWR and the other operating mixer is supplied from the AWRSE tank. After successful swapping the controller continues with step v. If the controlled stop was for this mixer/slurry pump set only then the PLC skips to step iv below, else if the controlled stop is for the complete plant and if this mixer is the only operating mixer which may take effluent to the ash dam or if this is the only operating mixer. See 1.3 step al. vi and vii for the definition of an operating mixer and conditions under which a mixer may not be swapped to operate with AWRSE supply.
iii. The AWR supply valve to the AWRSE tank is closed until a low, low level occurs in the AWRSE tank.
iv. The AWR supply valve to the mixer is then opened and the open position switch is checked. When the above valve has opened the AWRSE supply valve to the mixer is closed (and checked) and the procedure continues with the next step using the AWR supply valve in place of the AWRSE supply valve.
v. The mixer/pump set continues to operate with AWR only and no BBA or PFA feed but otherwise as for normal operation. This is to flush out the system for a time to be set on commissioning. (This time is dependent on conveying distance or a conservative time, which may be increased as the ash wall gets further away could be utilised). If the stop signal was received during priming at start-up the operator is asked if he wished to flush the line or not. (Timer = 0).
vi. After flushing the system per iv. above, if the controlled stop was for the mixer only, control returns to the main program. For a slurry pump set or complete system stop or to put the mixer/slurry pump system into maintenance mode, the next step is executed.
vii. The mixer paddle motor is stopped.
viii. The AWR supply valve to the mixer is closed and checked.
ix. After a time delay to drain the pipe, the AWRSE flow enable signal to the local PLC is removed.
x. The PLC removes the start/run signal for the slurry pump set from the local PLC. Provided the local PLC “healthy” signal is intact, it then stops each pump in a controlled manner.
If the local PLC “healthy’ signal is not intact, the PLC de-energises the outputs to the fixed speed pumps contactors starting with the last pump and working back towards the mixer with a time delay between stopping each fixed speed pump. After all fixed speed pumps have been stopped, the flowmeter output is monitored, as soon as the output falls below the low, low value, the variable speed pump is stopped.
 xi. 	After the variable speed first stage pump has been stopped, the slurry seal water pumps are stopped. If no other mixers are operating and if applicable the scrubber pump is stopped. The relevant mixer scrubber fan is stopped.

1.6 EMERGENCY STOP

If a system emergency stop is given via the keyboard then all operating systems are stopped per 1.5 but with no time or delays, operator’s inputs, conditions that previous steps be completed. The dewatering system is simultaneously stopped per Part 2 while the auxiliaries are all stopped per Part 3. It is recommended that separate “fast stops” be provided for:
i Each mixer/slurry pump set.
ii The PFA feed system to each mixer.
iii The BBA feed system to each mixer.
Thus, for example, if an emergency stop is initiated for the PFA feed into an operating mixer, section 1.5 c would immediately be executed for only the airslide system feeding that mixer with no time or other delays.
Separate local emergency stops are provided for the following drives:
i Each feeder belt.
ii Each moving head conveyor.
iii Each mixer agitator
After an emergency stop, the operator is prompted that PFA, BBA and/or slurry may be left in components that were operating.



1.7 MANUAL MODE

The main purpose of manual mode is to allow the operator to override certain interlocks on line and to have a larger range of options available to the operator.
Whenever an item is in manual mode and/or an interlock is overridden, the graphics to the operator are modified to indicate accordingly.
Before an item can be put back into automatic mode from manual mode, it must first be stopped.
a). Start-up
In manual mode the operator has to give group start signals to start the sub-systems or perform the functions listed below. The interlocks and starting sequence are as for auto mode Sections1.2, 1.3 and 1.4.
i Open AWR/AWRSE valves to mixer.
ii Mixer paddle motor and scrubber.
iii Slurry pump set, including gland seal water pumps and control of AWRSE tank level control.
iv Swop/supply a mixer with AWR or AWRSE flow.
v Seal water pumping control. 
vi PFA silo aeration system and filters.
vii Airslide transport system from a PFA silo to an operating mixer (fans, dust collector, etc.)
viii Feed and control to the flow rate of PFA to an operating mixer.
ix Moving head conveyor (to mixer or stockpile)
x Discharge a hydrobin. (Feed and control BBA)

b). Overriding of Interlocks
The operator may override the following interlocks if required to keep the system operating after a component failure. In each case it is assumed that a person with a radio is dispatched to the area to observe the system and communicate with the operator. The PLC should log when an interlock is overridden.
i PFA silo low level switch – this may also be overridden in auto mode if the operator needs to drain a silo or is short of PFA.

c). Overriding of non-critical interlocks.
In manual mode the operator may at any time perform the following – the interlocks for operating/stopping the equipment remain as for automatic mode.
i Start a silo aeration system (i.e. blower and cycle valves) provided the silo filter is operating
ii Open the AWR make up valve to the AWRSE tank – provided the tanks level device output is below the intermediate value.
d). Safe Set-points for Flow Control Devices
i. PFA Flow Control valves
If the flow meter is overridden in manual mode (see ii above) and the PFA flow control valve is not in manual mode, then the main PLC energises the output to run the valves motor in the direction to open the valve and uses the position transducer to ensure that the valve moves to and does not exceed a safe set-point (40%) A PFA enable signal is not given to the local PLC under this condition and the main PLC must close the PFA flow control valve instead of removing the PFA enable signal to the local PLC. The graphics for the valve’s position and motor running remain as for normal operation. If mixture slurry is selected, the BBA feed rate set point must be reduced to a corresponding safe value. If the PFA flow control valve position transducer fails while the impact flow meter is overridden in manual mode then the PLC leaves the valve in its “last” position for the duration of a controlled shutdown of the PFA (and BBA if applicable) feed stream.
ii. BBA Belt Feeder
If a belt weigher is overridden in manual mode then the main PLC gives the local PLC a BBA enable signal for manual mode for either mixture or BBA slurry for that belt feeder, feeding onto the moving head conveyor on which the belt weigher is overridden. The belt feeder does not have to be put into manual mode for dumping on the stockpile. The safety circuits are all monitored in the same manner as for automatic mode.

e). Operator Fine Control of Analog Devices

i. PFA Flow Control Valve
If this device is put into manual mode then the main PLC must monitor the operator inputs to “inch” the valve open or closed and react accordingly but use the valve’s position transducer to ensure that a safe, maximum valve position (40%) is not exceeded and allowable open position is reached and then ignore requests to open the valve any more. Similarly on receiving a signal to close the valve, energise the output to close the valve as long as the “close push button” for that valve is pressed or until the valve is closed. As in case of the PFA impact flow meter being overridden the BBA feed rate set point must be reduced to a corresponding safe value. Subject to 1.2 step l.vii, if the PFA flow control valve position transducer fails while the valve is in manual mode then the action is the same as described in d.i. above.

ii. BBA Belt Feeder
If a belt feeder is put into manual mode then similarly to the case of the PFA Flow Control Valve, the PLC monitors the “push button” inputs from the operator to “inch” the belt speed up or down. The PLC then checks if the belt feeder speed is below the safe maximum for the slurry type and if so relays signals to increment the belt feeder set-point to the local PLC. Similarly if the belt speed is not zero, signals to decrement the belt feeder set-point are relayed to the local PLC. If the belt feeder is not in manual mode then the manual increment/decrement push buttons are ignored and must not be relayed to the local PLC.
iii. AWRSE Flow Control Valve
This may not be manually controlled.
iv. Variable Speed Slurry Pump
This may not be manually controlled.
f). Operator Intervention in Long Interval Timers
The operator should be able to do this from automatic mode without the tedious functions of putting sub-systems into (and out of) manual mode.
The following long interval timers may be terminated by the operator:
i Slurry line starting.
ii Slurry line flushing with AWR at shutdown.

1.8 MAINTENANCE MODE

When a component is in maintenance mode, the PLC updates the graphics and communications with the operator appropriately and monitors the local push buttons for start or stop signals and operates the component with no sequence or process interlocks but with the safety interlocks indicated below. The following may be put into maintenance mode with the PLC action indicated.
a) Hydrobin Belt Feeder or Moving Head Conveyor Drive Motor.
i. If a local start signal is received for operating a moving head conveyor in either the mixer or stockpile direction and the output to run the shuttle motor is not energised then a pre-start alarm is given for the required time after which the output to the relevant drive motor is energised. If a local start signal is received for the belt feeder, then a pre-start alarm is given after which the PLC output to close the belt feeders contactors is energised and a BBA enable signal for manual mode BBA only is given to the local PLC.
ii. In case of a moving head conveyor, the PLC monitors for timeous motor running and speed signals. If received they are subsequently continuously monitored and the local motor running indicator is energised as long as the motor running signal is intact.
In case of a belt feeder, the PLC monitors for timeous motor running and BBA healthy signals. If received they are subsequently continuously monitored and the local motor running indicator is energised as long as the motor running signal is intact.
iii. If a timeous motor running signal or speed switch signal (30 sec) or BBA healthy signal is not received or such a signal being monitored per ii. above is removed, the output to run the motor is de-energised, an appropriate alarm is posted and the PLC returns to step i. above. If the motor trips then the local tripped indicator is energised.
iv. If a ripped/misaligned belt signal is received for any belt conveyor being operated in maintenance mode, the PLC output to run that belt conveyor’s motor is de-energised, an appropriate alarm is given and the PLC returns to step i. above.
If a moving head conveyor is being operated in the direction to feed a mixer or if a belt feeder being operated in maintenance mode and a blocked chute signal is received for that belt then the PLC output to run the relevant motor is de-energised, an appropriate alarm is given and the PLC returns to step i. above.
v. If a stop signal is received or either the head or tail emergency stop is activated, the output to run the relevant motor is de-energised, the BBA enable signal is removed and the PLC returns to step i. above.    
vi. The rope safety switches are monitored, if one is pulled, all operating belt conveyors are immediately stopped.
b). Mixer Paddle (Agitator)
These are operated as for a moving head conveyor per step a.i. to a.iii. and a.v. above but without the speed switches.
c). Belt Feeder Shuttle Motor (Maintenance selected on the local control station)
i. If the forward or reverse push button is pushed then the PLC output to run the motor in the relevant direction is energised after a pre-start alarm.
ii. The PLC monitors for a timeous motor running signal and if received subsequently continuously monitors the signal and energises the local running indication while this signal is intact. If the shuttle motor trips then the local tripped indication is energised.
iii. If the push button is released (i.e. no separate stop) or a motor running signal is not received or a rope safety switch is activated or the fully forward or retracted switch gives an occupied signal , or the conveyor has reached the forward position for dumping BBA onto the ground, the output to run the motor is de- energised and the PLC returns to step i. above.
d). Belt Feeder Shuttle Motor (Semi automatic selected on the local control station)
i. If one of the “position” push buttons is pushed, and that position is not already occupied and none of the positions between the belt feeders present position and the selected position are occupied, then the PLC gives a pre-start alarm and the output to move the belt feeder in the correct direction is energised until an “occupied” signal is received for that position. While the belt feeder is moving to that position the local indication for that position flashes and is continuously energised while the belt feeder is at that position.
ii. Per c.ii. above
iii. Per c.iii. above but with a separate stop signal.
iv. If ever the belt feeder(s) is (are) at rest between stations i.e. no occupied signal(s) is (are) intact and a position push button is pushed, then the belt feeder(s) is (are) first retracted until an “occupied” signal(s) is (are) received before the PLC advances the selected device.
v. If either the head or tail (OC) end emergency stop is activated, the PLC immediately stops the shuttle motor.
e). Moving Head Conveyor Shuttle Motor. (Maintenance selected on the local Control Station)
These are operated per step c.i. to c.iii. above but with the first/end mixer position switches for reversing/advancing respectively and the requirement that the drive and shuttle motors cannot operate simultaneously.
f). Moving Head Conveyor Shuttle Motor. (Semi-automatic selected on the local Control Station)
Operation is per steps d.i. to d.v. above but with the first/end mixer position switches for reversing/advancing respectively and the requirement that the drive and shuttle motors may not operate simultaneously.
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BOTTOM ASH DEWATERING SYSTEM


2.1 INTRODUCTION

The following is a synopsis of the main steps in the operation of the bottom ash dewatering system.  

Water and ash are delivered from a maximum of 3 boilers at a time.  The slurry is discharged into the Hydrobin launder distributor which can be rotated to deliver into any selected launder, each of which are connected to a Hydrobin. Water and ash are delivered into the selected Hydrobin until the filling cycle is completed by hi level signal. After de-ashing has stopped and flushing is complete and unless in manual mode, the Hydrobin Launder Distributor immediately rotates to the next Hydrobin while the full bin remains idle to allow the finer ash to settle.  

A maximum of two Hydrobins may simultaneously be decanted, firstly by means of the floating decanter to remove water above the settled ash and subsequently using the stationary decanting elements and collecting rings. Dewatered bottom ash is stored in the Hydrobins until the operator manually presses the hydrobin gate "open" buttons discharging the product via a belt feeder and moving head conveyor to the mixers or stockpile. Discharging of Hydrobins is therefore included in the description of operation and control of the mixers.
(Part 1).

Filling continues after the Hydrobin is full of waste: - and excess water overflows under gravity from the serrated weir in the Hydrobin to the settling tanks and then into the surge tank. Clarified water from the surge tank is used for flushing, de-ashing at the boilers and in the mixers/slurry pump system. If required, make up water can automatically be introduced to the surge tank from the ash water return storage tank or manually introduced from the raw water supply.

The underflow from the settling tanks is pumped to the ash water return sludge-effluent (AWRSE) tank for disposal via the mixers.

Sequencing of Hydrobins for filling, decanting and discharging is achieved by utilising queues for each of the above functions. A Hydrobin is removed from a queue and placed at the back of the queue for the subsequent function once the preceding function has been successfully completed.


2.2 START-UP PROCEDURE (AUTOMATIC MODE)

a. Whenever power is supplied to the PLC the following instruments are checked as described on non-operating systems/components and an appropriate alarm is posted if the signal is not "healthy". Note: The settling tank sludge pumps are an auxiliary function and are covered in Pan 3.

i. The AWR surge tank does not have a low, low or high, high level signal.

ii. The AWR surge tank level probe signals are consistent i.e. all probes (Level Transmitter) below  the highest probe indicating level also show levels and that all probes above the lowest probe indicating no level a do not show levels. 

iii. The Hydrobin launder distributor position switches show only two -adjacent
Switches (either side of a launder) activated i.e. no less and no more than two switches activated and no switches which are not adjacent activated.

iv. Each Hydrobin does not have a high or high, high level signal.  

v. Each settling tank agitation pressure switch does not indicate a low pressure unless the primary AWR pump (and standby) are not operating in which case it must not indicate a high pressure.

vi. That no AWR pumps are tripped.

vii. That the wall flushing pump seal water pressure signals indicate low pressures unless a seal water pump running signal is intact in which case there must be a high pressure signal.

viii. That all AWR and wall flushing seal water chemical dosing switches give low flow signals unless the corresponding pump is operating in which case a high flow signal must be intact.

ix. That the AWR and wall flushing chemical dosing tanks do not have low levels.

b. The PLC checks that the following valves are closed when not in use and alarms if a closed signal is not intact.  

i. Each Hydrobin discharge gate.

ii. Each Hydrobin's upper decant valve.

iii. All lower decant valves on each Hydrobin.

iv. Each cross over valve on the AWR standby pump.

v. Both settling tanks wall flushing valve. 

vi. AWR surge tank make up valve.

c. The PLC updates the YOU graphics to show valve positions, which motors are running, tripped, on test mode, etc. and tank levels, etc. The Hydrobin launder selector switch is checked if it is in the isolate position then the PLC executes section 2.9 step c.i. and ii. The PLC checks for operator instructions to swap the supply to the wall flushing seal water pumps from raw water to AWR and vice versa. A confirmatory operator input that the manual crossover valves are in the correct position is awaited whenever the supply is swapped. 

d. If a signal to start filling a Hydrobin is received, the next step is executed, if a signal to start decanting a Hydrabin is received the PLC skips to step i. below while the PLC simultaneously returns to step a. above to check the non-operating systems/instruments/components as described.

e. The PLC then checks the following and takes the action indicated if the statement is true.

i. If there are no Hydrobins in the queue for filling i.e. no Hydrobins available to be filled, aborts the start-up, alarms and returns to step a. above.

ii. If both settling tank sludge pressure switches indicate low pressures, the PLC alarms, aborts the start-up and returns to step a. above.

f. The PLC then checks if the Hydrobin launder distributor is in maintenance mode, is so alarms, aborts the start-up and goes to step a. above.

g. The operator is then prompted to determine if they wish to fill the Hydrobin at the front of the queue for filling (established before the system was stopped, power failed, etc.) or to specify an alternate Hydrobin in the queue for filling. It should be noted that Hydrobins which are locked out for maintenance are not in the queue for filling.

h. If the operator specified an alternate bin for filling, the PLC checks if this Hydrobin IS in the queue for filling and is not locked out for maintenance. If so the system continues, else the above, step is repeated. If there are no Hydrobins in the queue for filling, the PLC alarms, aborts the start-up and returns to step a. above.

Hydrobins will, subject to availability, possible fault conditions, etc. be placed in separate queues for filling, decanting and discharging. The order of these queues may be changed by using an access code or the operator may select any Hydrobin from a queue when prompted in a manner similar to the step above.

The standby Hydrobin will be used continuously rather than be left standing idle. This has the advantage of increasing dewatered ash storage capacity and also of preventing ash solidification in the standby Hydrobin components.

i. The PLC checks that the following are not in test mode:

i. The Hydrobin launder distributor.

ii. The settling tank wall flushing and seal water pumps or standbys if selected.

iii. The AWR pumps.

iv. The AWR and wall flushing seal water chemical dosing pumps

If the Hydrobin launder distributor or more than two AWR pumps are in test mode or both settling tank sludge high pressure signals are not intact, the operator is given a corresponding prompt, the start-up is aborted and the system returns to step 22.a and awaits a manual signal to attempt to start the system again. If the selected settling tank flushing or seal water pump is in test mode or if any of the chemical dosing pumps is in test mode, the PLC alerts the operator to the, condition and continues.

j. While executing the start-up the controlled and emergency stop inputs are continuously monitored. If such a signal is received, Section 2.6 or 2.7 respectively is immediately executed. The local emergency stop at the Hydrobin launder distributor is monitored, if activated the PLC immediately stops the motor irrespective of which mode it is in. 

k. A pre-start alarm is given before the PLC proceeds. 

I. If the service air pressure switch indicates a low air pressure signal, the system alarms and continues while continuing to monitor for a high air pressure signal. Once a high air pressure signal has been received it is subsequently continuously monitored per 2.3 step f. 

m. If a Hydrobin is to be filled per the above then the subroutine to fill a Hydrobin is executed for that Hydrobin. (See section 2.4). If the Hydrobin is returned from the subroutine in a "fill fault" condition, then filling is aborted until the controller is running under normal operation (2.3).

n. If no signal to decant a Hydrobin was received or if a high air pressure signal is not intact or there are no Hydrobins in the queue for decanting, control is resumed with step r, else the operator is prompted if the Hydrobin at the front of the queue is to be decanted or for an alternate Hydrobin to be decanted or if no Hydrobins are to be decanted.

o. If the operator specified an alternate Hydrobin for decanting, the PLC checks if this Hydrobin is in the queue for decanting. If so the system continues, else the: above step is re-executed. If the operator instructs the system not to decant Hydrobins, then control skips to step r.

p. If there is more than one Hydrobin in the queue for decanting then the above two steps are repeated for the second Hydrobin in the queue for decanting to obtain a second Hydrobin for decanting.

q. If Hydrobins are to be decanted per the above two steps then the subroutine to decant a Hydrobin is executed for both of the Hydrobins ~see section 2.5). If a Hydrobin is returned from the subroutine in a ‘'decant fault" condition, then decanting of that Hydrobin is aborted until the controller is running under normal operation (2.3).

r. The ash water return pumps and AWR chemical dosing pumps are enabled so as to run according to the criteria given in 2.3 step a. 

s. The system is now controlled and operated according to the procedure for Normal Operation Automatic Mode) Section 2.3.




2.3 NORMAL OPERATION (AUTOMATIC MODE)

a. The five level probes (Level transmitter) in the surge tank are monitored and the ash water return (AWR) pumps and surge tank make up valve are operated as follows:

i. Water raised above the low, low level probe (Level Transmitter).
De-energise the low level alarm.

ll. Water rises above the intermediate level probe.
Start the primary AWR pump if it is not already operating. If the water make valve is open then execute the subroutine to close this valve on a timer basis, step xi. below.

Ill. Water rises above the high level probe.
Start the second AWR pump if it is not already operating. If the water make up valve is open then execute step xi. below.

iv. Water rises above the high, high level probe.
Start the third AWR pump ifit is not already operating. If the water make up valve is open then execute step xi. below.

v. Water rises above high, high level probe.
Alarm and stop decanting the lowest priority Hydrobin i.e. the "second" Hydrobin which is presently being decanted by closing and checking all the decant valves. Close the water make up valve if it is still open and start an overflow timer. If the level is above the high, high probe when the overflow timer elapses, stop decanting all Hydrobins and energise an overflow alarm. Any Hydrobin being filled continues to be filled, however the local indications at the de-ashing stations are swapped to prohibit de-ashing and the pump start buttons are disabled. The de-ashing pump operators should now stop de-ashing and flush the pipelines. A timer is started. If the timer elapses and de-ashing pump running signals are still intact and the AWR surge tank level is still above the high level probe then the local indicators to prohibit de-ashing begin to flash. The timer is reset. If the timer elapses and the AWR surge tank level is still high any operating de-ashing pumps are crash stopped. De-ashing is allowed again in step vii. The PLC does not have control of individual deashing pumps. i.e. it cannot crash stop a single pump.

vn. Water falls below the high high level probe.
De-energise the high level alalTIl. Start decanting all Hydrobins stopped per step v. above and pennit de-ashing, enable de-ashing pump contactors and start buttons. If the water make-up valve is open then execute step xi. below. While the level is falling, all running pumps will continue to run until the level falls below the low low level.

viii. Water falls below the high level probe.
If the water make up valve is open then execute step xi. below. While the level is falling, all running pumps will continue to run untill the level falls below the low low level.

ix. Water falls below the intermediate level probe.
If the water make up valve is closed then execute step xii. below to open it. While the level is falling, all running pumps will continue to run until the level falls below the low, low level.

x. Water falls below low level.
The make-up valve will be conditionally open (according to step xii below), provided that two ash pumps are not running simultaneously. While the level is falling, all running pumps will continue to run until the level falls below the low, low level.

Water falls below low level. 
Alarm and stop the primary AWR pump and the settling tank wall flushing pump if it is operating. Stop all running other running pumps, and close the makeup valve.

xi. Subrouting to close the water make up valve on a time basis.
Set or reset the "make up valve" timer if it is still running. If the water level is still above the level probe specified in the relevant step (ii,ii, or iv.) above when this timer elapses then close the water make up valve. Return to the main program.

xii. Subrouting to open the water make up valve on a time basis.
Set or reset the "make up valve" timer if it is still running. If the water level is still below the level probe specified in step vii, viii, ix, or x above when this timer elapses then open the water make up valve. Return to the main program. 

xiii. The running signals are continuously monitored for all AWR pumps that should be operating. If ever a running signal is removed (i.e. pump trips) the de-energise the output to run the pump, alarm, open and check the standby pump discharge valve and start the standby pump. If more than one pump trips or the standby pump fails to start (pump 4 will act as a second standby pump for pump 3) then stop decanting the lowest priority (second) Hydrobin if applicable. If all of the pumps trips close the AWR surge tank make up valve if it is open and stop decanting all Hydrobins. When the surge tank level reaches the high, high level Hydrobins will stop filling. (See v. above)

xiv. If more than one AWR pump trips, (simultaneously or at a random time interval), then preference is given to use the standby AWR pump to back up the primary AWR pump i.e. if the standby AWR pump is being used in place of the second AWR pump and the primary AWR pump trips, then open (and check) the standby pump discharged valve to the primary AWR pump line and after it has been successfully opened then close the standby pump discharge valve to the second AWR line. If the standby AWR pump is used in place of the third AWR pump and the primary AWR pump trips, then open and check pump 4 discharge valve to this primary AWR line. Pump 4 will start to act as a standby pump for pump 3 (second standby). Leave the PLC output to run the primary AWR pump energised and it the motor running signal is restored, the swap the standby pump discharge valve to how they were before the primary AWR pump tripped.
xv. For each AWR pump that is operating the corresponding AWR chemical dosing pump (or selected alternative) is operated in tandem as follows: 

The manual AWR chemical dosing pump suction and discharge valves are intended for maintenance and should be left open unless the pump is faulty. The PLC opens (energises) the relevant AWR chemical dosing pump suction solenoid valve. The AWR chemical dosing pump is started and the PLC checks for a timeouts motor running signal. A timeouts high chemical flow signal from the relevant AWR chemical dosing flow switch is awaited. If either the motor running signal is removed or the high chemical flow signal is removed for a set time, the PLC alarms appropriately and de-energises the outputs for the AWR chemical dosing pump suction solenoid valve and to run the AWR chemical dosing pump. The operator must then flag the relevant AWR chemical dosing pump as faulty, manually re-position the changeover valves and instruct the PLC which alternative AWR chemical dosing pump is to replace the tripped/faulty pump. The PLC then substitutes the designated AWR chemical dosing pump, restarts and operates it as described above. It should be noted that the chemical flow switches are to be installed downstream of the crossover valves and are not swapped in the event of a cross over. If no other AWR chemical dosing pump is available, the PLC alarms and prompts the operator to this effect and continues. If the PLC stops an AWR pump (per step a. above) or if an AWR pump trips then the suction valve on the corresponding AWR chemical dosing pump is closed and that pump is stopped. The AWR and wall flushing seal water chemical tank, low level switch is continuously monitored, and if a low level signal is received the PLC prompts the operator to refill the tank and continues.

xvi. Whenever the water make up valve is opened or closed, check for a timeouts signal and subsequently continuously monitor the signal. If a timeouts signal is not received or a signal is removed then alarm accordingly and continue. 

xvii. Continuously monitor the open/closed signals from three standby pump discharge valves. If a closed signal is removed or an open signal is removed but no closed signal replaces the removed open signal, alarm and continue. If an open signal is replaced by a closed signal, alarm, stop the pump and "close" the motorised valve. This is treated as a pump trip, step xiii. above. 

xviii. The five level probes in the surge tank are continuously checked to ensure that signals are consistent i.e. that all probes below the highest probe indicating a level also show levels and that all probes above the lowest probe indicating no level do not have level signals. If an anomaly is detected an alarm is given for the suspect prove and the system continues. The status of the level signals from each probe is also continually relayed to the operator. 

ixx. If more than one ash pump is running at the Units and the water level in the surge tank drops below low level then if the make-up valve is open execute step xi below. 
It should be noted that under normal conditions, AWR is returned to the AWR tank. Should this however not be possible, AWR can be delivered to the lines leading to the old ash darn. The procedure for this is as follows:

· stop de-ashing any boiler and stop decanting any Hydrobins.
· wait for all of the AWR pumps to stop (i.e. the level in the surge tank is now low, low).
· manually change the valving at the end of the AWR pump lines.

After this has been done, the system operation can be resumed as normal Automatic Operation.

b. The PLC checks both the settling tank's agitation pressure switches, if a low pressure signal is received and the primary AWR pump (or standby) is operating an alarm is posted and the PLC continues. If the primary and standby AWR pumps are not operational, and a high pressure signal is received the PLC alarms and continues.

c. The walls of the settling tanks are flushed as follows:

i. If the first settling tank is not locked out for maintenance and a timer is not running for flushing the walls of the settling tanks and the tank’s sludge pump is operating then open the flushing valve to the first setting tank provided the relevant valve, flushing and seal water pumps or standbys if selected are not in test mode.

ii. If a wall flushing valve open signal is not received timeously, alarm, close that wall flushing valve and check the closed signal and re-execute step i. for the other setting tank’s wall flushing valve. After receiving an open signal from the above valve, open the wall flushing seal water pump suction valve, start the wall flushing seal water pump or standby, if selected and check for timeouts motor running and seal water pressure signals. If these signals are not received  timeously then de-energise the output to run the wall flushing seal water pump, close the wall flushing seal water pump suction valve, alarm and warn the operator to flush the walls. The operator should then select the standby pump from a menu and attempt to flush the walls again. 

iii. After successfully starting the seal water pump (or standby) starts the corresponding flushing pump. 

iv. If the wall flushing seal water pump is being supplied with raw water then the wall flushing chemical dosing system is not started and this step is skipped. For the case of using AWR for gland sealing energise the output to open the wall flushing seal water chemical dosing pump suction valve and start the wall flushing seal water chemical dosing pump. Wait for timeouts pump, running and chemical flow signals and if not received, alarm, stop the wall flushing seal water, chemical dosing pump, close the wall flushing chemical dosing pump suction valve and continue.

v. Wait 10 minutes. i.e. flush the walls of this tank for this time.

vi. If the other settling tank's walls have not been flushed and it is not locked out and that tank's sludge pump is operating, then open the wall flushing valve to the second settling tank if the relevant valve, flushing and seal water pumps or standbys are not in test mode and check for an open signal. If this signal is not received timeously then immediately execute step ix.

vii. Close and check the valve to the first settling tank if applicable.

viii. Wait 10 minutes.	

ix. Stop the wall flushing seal water chemical dosing pump and close its suction valve, stop the wall flushing seal water and wall flushing pumps and close the wall flushing seal water pump suction valve.

x. Close the valve to the second settling tank and check for a timeouts closed signal. If the valve to the first settling tank is still open then close it and check for a timeouts closed signal.

xi. Set one hour timer from flushing the settling tank walls.

xii. If timeouts valve closed signals are not received on either wall flushing valve or are subsequently removed then alarm accordingly.  Cancel the alarm if a closed signal is later received. 

xiii. If timeouts valve closed signals are not received on either wall flushing valve or are subsequently removed then alarms accordingly. Cancel the alarm if a closed signal is later received. If the settling tank's sludge pump or the primary AWR pump (and standby are stopped during this procedure, close the wall flushing valves, stop the wall flushing seal water chemical dosing pump and close its suction valve, stop the seal water and flushing seal water pump suction valve and do not restart the one hour timer i.e. as soon as the sludge and primary (or standby) AWR pump running signals are received, the walls will be flushed.

xiv. If a settling tank is out of service for maintenance AWR the operator to flush that tanks walls.

xv. If the wall flushing seal water or wall flushing pump trips or the seal water pressure signal is removed during this procedure, alarm, de-energise the outputs to run the wall flushing and wall flushing seal water pumps, close the wall flushing seal water pump suction and wall flushing valves. An automatic start signal is given to the standby pump to re-attempt this function.

xvi. If the wall flushing seal water chemical dosing pump trips or the chemical flow signal is removed for a set time during this procedure then close the wall
Hushing seal water chemical dosing pump suction valve and stop the corresponding pump. Alarm and continue.

xvii. Continuously monitor the AWR wall flushing seal water chemical dosing tank level switch, if a low level occurs then prompt the operator to replenish the tank and continue.


d. Hydrobins are sequenced for filling as follows:

i. On each iteration through the software, the controller checks if a Hydrobin is filling. If so steps 2.4.h to m. in the subroutine to fill a Hydrobin are executed else step ii. below is executed. 

ii. The next Hydrobin is selected from the front of the "queue for filling" and the operator is asked if they wish to fill that Hydrobin or select another. If this is the only Hydrobin in the queue for filling, the operator is prompted to slurry BBA or dump from another Hydrobin to ensure back up. 

iii. If the operator selects an alternate Hydrobin the PLC checks that it is in the queue for filling, if so the next step is executed, else the above step is repeated. 

iv. Provided that at least one settling tank sludge high pressure signal is intact, the subroutine to fill a Hydrobin (2.4) is executed for the selected  hydrobin else the PLC alarms and waits for a settling tank sludge high pressure signal before filling the Hydrobin. If a high sludge pressure or stop signal is not received the operator is given reminder prompts at regular intervals.

v. If a Hydrobin is returned from the subroutine in a "fill fault" condition the controller executes ii. above. The Hydrobin will be removed from the queue for filling in the subroutine if a fault condition arises. In the unlikely event of the queue for filling being exhausted an alarm is posted and step e. is executed.

vi. If any Hydrobin is locked out for maintenance it is removed from queues for all functions. 

e. Hydrobins are sequenced for decanting on each iteration as follows:

i. If two Hydrobins are both being decanted or a settling tank high sludge pressure signal is not intact or the surge tank level is above the high level probe or there are no Hydrobins in the queue for decanting which are not already being decanted steps ii. to iv. are skipped and step v. is executed.

ii. The first Hydrobin in the queue for decanting which is not presently being decanted is selected and the operator is asked if they wish to decant this Hydrobin, select another or decant no more Hydrobins. If no more Hydrobins are to be decanted, step v. is executed.

iii. If the operator selects an alternative Hydrobin the PLC checks that it is in the queue for decanting and is not presently being decanted, if the Hydrobin is available for decanting the next step is executed, else the previous step is repeated. 

iv. The subroutine for decanting a Hydrobin (2.5) is executed for the Hydrobin selected above. 

v. If a Hydrobin is not returned from the decanting subroutine in a "decant fault" condition then the next step is executed, else the PLC returns to ii. above the Hydrobin will be removed from the decanting queue by the decanting subroutine (Section 2.5) if a fault condition arises. 

vi. Steps ii. to v. above are executed for a second Hydrobin in the decanting queue if applicable. 

vii. When one/two Hydrobins in the queue for decanting are successfully being decanted or the queue has been exhausted, the next step is executed. 

f. The service air pressure switch is continuously monitored. If the high pressure signal is removed, the system alarms immediately closes and checks all decant valves which are open and continue. When the air pressure is restored, the system resumes decanting the same Hydrobins again. 

g. The controlled and emergency stop inputs are continuously monitored, if such a signal is received, Section 2.6 or 2.7 respectively is immediately executed. The local emergency stop at the Hydrobin launder distributor is monitored, if activated then the motor is immediately stopped irrespective of which mode the system/device is in.

h. The PLC monitors for instructions to stop/attempt to restart components, to put components into manual mode, accept components back from fault conditions, override allowable interlocks, etc. 

i. The graphics and communications with the operator are updated. 

j. Control is resumed, with step a. of this Section.


2.4 SUBROUTINE TO FILL A HYDROBIN (REMOTE MODE)

When anyone of the Hydrobins has been selected for filling it is checked, prepared and filled as outlined below. Except for the physical location, the procedure is identical for each Hydrobin. It is strongly recommended that the operator visits the top of the Hydrobin during filling to observe and visually check that the system is operating satisfactorily and safely. 

Steps a. to g. are executed when a Hydrobin is to be prepared for filling. Steps h. to m. are executed while the Hydrobin is filling and steps. n. to q. deal with ending the Hydrobins filling cycle.

a. The closed position switches on the floating decanter valve, stationary decanter valves and discharge gate are checked to ensure that these devices are closed. The high and high, high level devices are check to ensure that a signal is not intact.

b. If any of the signals in a. above are false the relevant alarm is energised, the Hydrobin is put into a “fill fault” condition and the controller skips to step q. else the signals are continuously monitored per steps h. and i. below.


The direction in which to rotate the Hydrobin launder distributor is determined as follows: 

0. If a correct Hydrobin & no other signal occupied go to next step.

i. If there is a Hydrobin locked out for maintenance then the operator is prompted to use the isolate option on the local I control station to manually position the Hydrobin launder distributor. The PLC skips to step d. viii below and waits until this has been performed. 


ii. If the Hydrobin to be filled is adjacent to the present position then move in the direction of the "new" Hydrobin. 

iii. If there is a route to the new position in which all the Hydrobins to be passed are in the queue for filling then move in the direction corresponding to that route. 

iv. Give preference to a route with Hydrobins being decanted rather than Hydrobins being discharged. 

v. Long term operation may prove that it is more desirable to position the Hydrobin launder distributor locally. This cannot be determined at this stage. 


d. The Hydrobin launder distributor position proximity Switches are located at each of the launders. The PLC checks for a signal from the launder to be supplied when positioning the distributor under normal circumstances. The procedure to manually position the launder distributor in the event of a drive or position switch failure is covered in vii. below.

When the local selector switch is on remote, the launder is positioned as per steps i. to vi. below: It should be noted that the reliability and safety of remotely positioning the launder distributor can only be evaluated during operation. If unsatisfactory, the launder distributor may have. to be positioned using the local control station.

i. The PLC determines the target Hydrobin and hence the position proximity switch to be occupied.

ii. After a prestart alarm, the Hydrobin launder distributor is rotated in the direction determined in c. above until the target position switch gives an occupied signal. If an occupied signal is not received within the time for one revolution then step vi. is executed. 

iii. After receiving the timeouts occupied signal above, the PLC checks that there are no occupied signals from the other three switches which should be unoccupied if the launder is in the correct position. 

iv. If all of the above signals are correct then the output to rotate the Hydrobin launder distributor is immediately de-energised. 

v. The Hydrobin launder distributor position signal is then continuously monitored per step k. below. 

vi. If the Hydrobin launder distributor turns for sufficient time to complete a full revolution, and the target position switch is not activated or if any of the unoccupied switches simultaneously give an occupied signal then a Hydrobin launder distributor position fault alarm is given and step q. of this subroutine is executed. The operator is prompted to go to the local control station and to use the isolate option to position the distributor. 

vii. If the local control station selector switch is in the isolate position then the PLC waits for an operator keyboard input (from the control room) that the distributor is correctly positioned before continuing. The operator may move the selector switch out of the isolate position (to apply the brake) as soon as the positioning has been completed. i.e. the isolate input will be lost and the PLC will have set a flag to the effect that the device was manually positioned for step k. below. 

In the case where the motor/gearbox/brake is removed for maintenance, the distributor can be manually positioned and located position by…….
Note the mechanical design of this unit is not finalised yet, however it does not affect the PLC software and this section will be updated in the next revision. 

e. After successful execution of the above, the Hydrobin is ready for filling and a "filling” lamp which serves as the filling signal to the main program is .energised. The local discharged indication (Set in Part 1.) is de-energised. 

f. A filling timer is started. 

g. The local indications at the de-ashing stations are swapped to permit de-ashing, the de-ashing pump contactors and start buttons are enabled. It is envisaged that a substantial amount of water will precede the ash and build up a buffer to protect the bin. However the operators may have to allow water flow for 10 minutes before sending ash. This time will have to be determined during operation.

h. The closed signals from the floating decanter and stationary decanter valves are checked. If any signal is removed, the system alarms and continues. The operator should dispatch someone to check the situation and may decide to stop filling in a controlled manner or to continue filling. 

i. The closed signal from the Hydrobin discharge gate is checked, if removed the Hydrobin is put into a "fill fault" condition, the "filling" lamp is de-energised, and step q. of this subroutine is executed. The manual discharge gate flushing valve should remain open at all times. 

j. The settling tank agitation pressure switches are checked; if a high pressure signal is not intact then the PLC alarms and continues.

If the settling tank sludge high pressure signals are not intact then timer is started. The operator is warned at regular intervals that filling will cease in 6 minutes unless a sludge pump is started.  After the timer has elapsed, step n. is executed. 

k. If the Hydrobin launder distributor was not manually positioned using the isolate option then the position signal is monitored. If removed, the PLC alarms, the relevant Hydrobin is put into a "fill fault" condition, the "filling" lamp is de-energised and step q. of this subroutine is executed. 

I. This step deleted.

m. The filling Hydrobin's level devices are continuously checked. If a high level signal is received n. is executed. While executing step n, if a high high level signal (ultimate limit) is received, step q. is executed. If a high level signal is not received from the Hydrobin level device but the filling timer has elapsed, the operator is prompted if they wish to extend the filling time or end the filling cycle in a controlled manner. If the filling time is to be extended, the filling timer is restarted (up to a maximum of 2 hours) and the operator is prompted to have an observer at the top of the Hydrobin. The PLC returns to step h. of this subroutine. If the filling cycle is to be ended, step n. is executed.

n. If the filling cycle is to be ended in a controlled manner then the local indications at the de-ashing stations are swapped to prohibit starting/operating of de-ashing pumps and the pump start buttons are disabled. The de-ashing pump operators should now stop de-ashing and flush the pipelines. A timer is started. If the timer elapses and a de-ashing pump running signal(s) is (are) still received then the local indications to prohibit de-ashing pumps from being started begin to flash. (The de-ashing pump operators are again warned to stop de-ashing). A timer is again set. If this ultimate timer elapses and 55 a de-ashing pump running signal(s) is (are) still received, then the PLC alarms and step q. of this subroutine is executed. 

o. When a filling cycle is terminated by either level time or a "fill fault" condition and all of the de-ashing pumps contactors are open, the Hydrobin is removed from the queue for filling and the other Hydrobins are moved forward one position. The Hydrobin is then placed at the rear of the queue for decanting and the "filling" lamp is de-energised. The operator is prompted to flush the launders at the top of the Hydrobin. 

p. If a "fill fault" condition or ultimate high level did not occur then the controller returns to the main program VIZ. 2.3 or the start-up section 2.2. 

q. This step is only for emergencies when a controlled stop ultimate timer has elapsed, an ultimate high level signal has occurred or the Hydrobin launder position signal was removed. 

i. The local indicators preventing de-ashing flash/continue flashing.

ii. The contactors and start buttons for the de-ashing pumps are disabled, i.e. crash stop pumps. The operator is warned that solids are trapped in the de-ashing pipelines.

iii. The controller returns per step o. above.

The operator should use the launder nozzles on top of the Hydrobins to flush the launder to the Hydrobin after the de-ashing pumps have been crash stopped. The system prompts the operator to do this. 

r. In the case of an emergency de-ashing pump trip the following steps should be taken to restart the ash pumps. (Steps ii. to v. are manually performed and have no requirements from the PLC). 

i. Rotate the launder to a Hydrobin in the queue for filling, unless an emergency stop was executed or the Hydrobin launder distributor position signal was removed in which case the distributor can be positioned to fill the same Hydrobin. Enable the de-ashing pump contactors and start buttons. 

ii. Start water supply to the de-ashing pump(s).

iii. Start the de-ashing pump(s).

iv. Check for clear water flow at the Hydrobin.

v. If there is no flow at the Hydrobin, then stop the water and pump(s) and physically unblock the pipe i.e. dismantle the pipe and clear possible blockage.


2.5 SUBROUTINE TO DECANT A HYDROBIN (REMOTE MODE)

When a Hydrobin has reached the first or second position in the decanting queue and is selected for decanting, the steps described below are executed.

a. A timer is set for the settling time (1/2 hour) and a "decanting" lamp which serves as the decanting signal for the main program is energised. Steps b. to g. below are not executed while this timer is running. Step i. is executed during this time period. 

b. After the settling time has elapsed, the pneumatically operated floating decanter drain valve is opened and the relevant position switch is timeoutsly checked to ensure that the valve has opened correctly. If not, the system alarms and continues with step c. The operator is prompted to check if the valve or position indication has failed. If the operator does not override the upper decanting time (i.e. indication fault only) the PLC completes upper decanting. Water now flows from above the settled ash, under gravity, to the settling and surge tank. If the valve will not open, the operator-may override the upper decanting time delay and proceeds with d. below. The lower decanting timer will automatically be increased in this case.

c. There is now an upper decanting time delay during which steps d. to g. below are not executed. If, on inspection, the operator notices that the top decanting is completed before this time has elapsed, he may manually instruct the system to proceed with step d. During the upper decanting time period, step j. is executed for the stationary decant valves while step I. is executed for the floating decanter drain valve.

d. The pneumatically operated stationary decanter valves are opened; water is filtered by the coarse ash at the surface of the decanter screens and flows under gravity through the collector rings and drain pipes into the settling tanks. A lower decanting timer is set.) Step i. is executed for all decant valves during this time period.

e. When the “lower” decanting timer has elapsed the PLC flashes the decanted indicator at the local control station on top of that Hydrobin and prompts the operator to visit the top of the Hydrobin to visually check inside that the BBA appears to be completely dewatered and also check the pipe at the lower decant valve for flow. The PLC waits for a manual "true" signal from top of the Hydrobin before proceeding. After receiving this "true" signal the decanted indication at the local control station is continually energised until the Hydrobin begins to discharge. If a false signal is received, the PLC prompts the operator to check the decanting valves and pipes for blockages/malfunction, resets the lower decanting timer for 2 hours, de-energises the local decanted indication and step d. is re-executed. This and other visits during decanting are recommended to ensure that the Hydrobin discharge gate is not opened with a high water level due to a possible fault in the decanting system.

f. After receiving the above manual signal the Hydrobin is then placed at the rear of the queue for discharging and the "decanting" lamp is de-energised. The operator is given a signal indicating that the Hydrobin may be discharged. 

g. The Hydrobin is removed from the queue for decanting and the other Hydrobins in this queue are moved up one position. 

h. The subroutine returns to the main program.

i. All relevant valve's open signals are continuously monitored. If any signal is removed, the PLC posts a corresponding alarm and continues with the relevant step of this subroutine.  

j. The Hydrobin discharge gate closed signal is continuously monitored. If removed, the PLC posts a corresponding alarm and continues with the relevant step of this subroutine. 


2.6 CONTROLLED STOPS

This section is executed after a controlled stop signal has been received from an operator or any other system interlocks e.g. an operator instruction to go into maintenance mode. 

For ease of reference and clarity sub-sections dealing with areas of the plant, as indicated by sub-headings, are used. Some of these sub-sections may be executed simultaneously. Where it is a condition that another sub-system must first have stopped before another can be stopped this is indicated in the relevant sub-section. Control of all items in the system continues as for normal operation until that component is stopped. 

a. Controlled Stop of a Hydrobin which is filling 

i. The local indicators at the de-ashing stations are swapped to prohibit starting of further de-ashing pumps and the pump start buttons are disabled.

ii. The system waits until all the pump contactors are open.

iii. The "filling" lamp is de-energised. 

iv. The operator is prompted that the Hydrobin launder distributor may now be placed into maintenance mode. If a complete system stop was required step c. below would be executed else the controller returns if only this Hydrobin was to be stopped.

v. Any actions relating to this Hydrobin are preceded by a warning to the operator that the bin contains an ash/water load.

b. Controlled Stop of a Hvdrobin which is Decanting

i. The PLC immediately closes and checks all decant valves and de-energises the "decanting" lamp. The decanting queue would not be adjusted.

ii. The operator is prompted with a warning that the decanting cycle is incomplete.

iii. If the controlled stop was only for the Hydrobin referred to above the controller would return to the main program at this stage. For a complete system stop, step c. below is executed. 

c. Controlled Stop of the AWR Pump Set

i. Steps a. and b. above and d. below must be completed before this step is executed.

ii. The AWR tank to surge tank make up valve is closed and a closed signal is received. The AWR pumps then continue to operate per 2.3.a steps 1. to xvi. excluding the timer/make up valve control.

iii. When a low, low level signal has been received per ii. above and the surge tank level has not reached the low level probe within a set time (to be set on commissioning) i.e. the surge tank is not still filling, the pumps are disabled.

iv. When each AWRpump is stopped, the corresponding AWR chemical dosing pump's (or selected alternative) suction valve is closed and that pump is stopped. 

d. Controlled Stop of the Settling Tank Wall Wash Down System

i. For a controlled stop of this system only i.e. not complete system, step iv. is executed.

ii. Steps a. and b. above must be completed before step iii. Below can be executed.

iii. The 4 hour timer for flushing the settling tank walls is stopped and the walls are cleaned as in normal operation (2.3 steps c.i, to c.viii. and x. to xiii.). This procedure includes stopping the pumps and closing the valves. If no AWR pumps were operating the system would wait for one to start before executing this step.

iv. This step is for a controlled stop of the wall flushing system only. If operating, the pumps are stopped, the chemical dosing pump suction valve is closed and the valves to the settling tanks are closed. After receiving closed signals from both valves control returns as appropriate. 


2.7 EMERGENCY STOPS

This is as per section 2.6 but with no time or other delays, conditions that previous steps be completed, etc. All "enable" signals to other parts of the Power Station (by others) are removed. The mixers/slurry pump systems are stopped per Part 1, while the auxilliaries are simultaneously stopped per part 3.

It should be noted that the operator must follow the steps outlined in Section 2.4 step r. to re-start the de-ashing pumps after an emergency stop. 


2.8. MANUAL MODE

The notes at the start of Part 1, Section 1.7 are also applicable here.

a. Start-up. 
The operator has to give group start signals to start the sub-systems or perform the functions listed below. The starting sequence and interlocks (unless overridden) are as for automatic mode. Sections 2.2, 2.3, 2.4 and 2.5.

i. Rotate Hydrobin launder distributor.

ii. Fill Hydrobin one at a time.

III. Decant  Hydrobins simultaneously 

iv. Ash water return pumps.

v. Settling tank wall flushing. (OC)
b. Overriding of interlocks.

The operator may override the following interlocks if required to keep the system operating after a component failure. In each case it is assumed that a person in contact with the operator will be at the respective place to observe the system. The PLC logs when an interlock is overridden.

i. AWRSE tank continuous level device, if the settling tank sludge) pump lines are arranged to deliver into the Hydrobin launder distributor. In this case, the settling tank sludge pumps are operated in tandem with the enable signals to the de-ashing pump start buttons and the requirement that a high sludge pressure signal be intact before filling a Hydrobin is altered so that this signal is required within a certain time of commencing filling.

ii. Surge tank level transmitter.
In the event of a failure of a level probe in the surge tank, the operator instructs the PLC how many AWR pumps to start. These pumps are then started and run until the operator instructs one or more pumps to stop. In addition the PLC monitors for signals from the operator to make up valve to the surge tank open or closed. The PLC prompts that a person in contact with the operator must be dispatched to the surge tank to observe the tank level and instruct the operator to "inch" open/closed the AWR make up valve to the tank and to stop/start AWR pumps. If a low, low level occurs, all operating AWR pumps are stopped. This probe cannot be overridden and must be healthy. 

c. Overriding of Non-critical Interlocks.

In manual mode the operator may at any time perform the following:

i. Stop a Hydrobin filling or decanting - this can also be done in automatic mode.

ii. Open the AWR make up valve to the surge tank provided the tank does not have a high level. (OC)

iii. Inhibit the settling tank wall flushing pump from operating or start wall flushing at any time provided that the' sludge pump on the designated settling tank and the primary AWR pump are operating.

d. Operator Fine Control of Analog Devices.

i. AWR make up valve to surge tank. (OC)
See b.iii. above.

e. Operator Intervention in Long Interval Timers.

It is felt that the operator should be able to do this in automatic mode without the tedious procedures of putting sub-systems into (and subsequently out of) manual mode. 

The following long interval timers may be terminated by the operator:

i. Hydrobin settling time

ii. Hydrobin top decant time

iii. Hydrobin bottom decant time

iv. Hydrobin filling time

v. Settling tank wall flushing 4 hour timer between flushing operations. (OC)


2.9 MAINTENANCE MODE

The note at the start of Part 1, Section 1.8 is also applicable here. The following may be put into maintenance mode with the PLC action indicated.

a. Hydrobin Launder Distributor. (Maintenance Selected on the Local Control Station)

i. If a local forward or reverse pushbutton is pressed and no de-ashing pumps are operating then tee output to run the motor clockwise or anti-clock wise respectively is energised.

ii. The PLC monitors for a timeouts motor running signal which is subsequently continuously monitored. The local control station motor running signal is indication while this signal is intact. 

iii. If a timeouts motor running signal is not received at start-up or is subsequently removed, the output to rotate the Hydrobin launder distributor is de-energised, an alarm is given and the PLC returns to i. above. If the motor trips then the local control station motor tripped indication is energised till reset. 

iv. If the forward or reverse pushbutton is released, the output to run the motor is de-energised and the PLC returns to step i. above.

b. Hydrobin Launder Distributor. (Semi-Automatic Selected on the Local Control Station).

i. If one of the "position" push buttons is pushed and provided that no de-ashing pumps are operating and the launder is not already in that position then the launder is positioned by the PLC in exactly the same method used for automatic mode. (Refer to Section 2.4 step d.). While moving to the selected Hydrobin the local indication for that position flashes while the distributor is at a position the local indication is energised.

ii. The PLC monitors for a timeouts motor running signal which is subsequently continuously monitored. While this signal is intact the local motor running signal is energised. *NB-  (Its fixed, no motor but with limit switches.) 

iii. If a timeouts motor running signal is not received at start-up or is subsequently removed, the output to rotate the Hydrobin launder distributor is de-energised, an alarm is given and the PLC returns to i. above. If the motor trips then the local motor tripped indication is energised until reset. 

iv. If the local emergency stop is activated then the output to rotate the launder is de-energised (irrespective of which mode the system/component is in) and the PLC returns to step i. above. 

c. Hydrobin Launder Distributor. (Isolate Selected on the Local Station).

i. The PLC energises the brake and local isolate indication. 

ii. The VDU graphics are updated to show the device as being isolated. (By software vs locked out). 

iii. The system continues as for automatic mode. (Refer to section 2.4 step d.vii. for positioning of the Hydrobin launder distributor in this mode.)


END OF PART 2.
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3. AUXILLIARIES

3.1 INTRODUCTION

This section deals with the following auxiliary control. 

Air Dryer and Pressure Switch. 
AWRSE/Effluent Surge Tank Agitation (OC) and Seal Water Pumps. 
Washdown and Seal Water Pumps. 
Washdown Sump and Pumps. 
Settling Tank Sludge Pumps. 
Agitation Seal water Chemical Dosing Pump (OC).  

Each of the above functions has to be operated independently of one another and the main systems described in Parts 1 and 2 whenever power is supplied to the PLC. 

Each auxilliary function is described under a separate heading. 

For an operator initiated emergency stop for the complete system, all items described in this section are stopped immediately but normal prompts warning the operator that certain components should operate continuously or have sludge/solids left in them are still given.  

3.2 AIR DRYERS AND PRESSURE SWITCH

a. The PLC checks if the Service Air Pressure Switch indicates a low pressure, if so alarms and continues. (Note: Parts 1 and 2 take the corrective action). 

b. Checks if the dryers are in Test Mode and if a motor running signal is intact Updates the graphics accordingly. 

c. If a start signal for a dryer has been received, goes to step d. else alarms and prompts the operator that the dryer selected to cool the system should run continuously and goes to step a. above. 

d. While simultaneously executing step a. above, energises the output to run the relevant dryer motor and waits for a timeous motor running signal. If this is received, updates the graphics and proceeds to step e. else de-energises the output to run the motor, prompts the .operator that the start was unsuccessful and goes to step a. During a dryer changeover, both dryers can operate, one
drying air and one pre-cooling. 

e. If the selected dryer motor running signal is removed (tripped) or a signal is received to stop the dryer, then de-energises the output to run the dryer and continues.

f. Updates the graphics to show the dryer as Operating, tripped or stopped 

g. If the dryer motor is running goes to step d. above else returns to step a.

3.3 AWRSE/EFFLUENT SURGE TANK AGITATION AND SEAL WATER PUMPS

a. The PLC checks if the agitation or seal water pump is in Test Mode and if a motor running signal is intact. Update the graphics accordingly. If a high seal water pressure signal is received and a seal water pump running signal is not intact then the PLC alarms and continues. 

b. The PLC checks for operator inputs to swap the supply to the seal water pump from raw water to AWR or vice versa and awaits a confirmatory operator input that the manual valves are in the, correct position before allowing the agitation seal water pump to start when the supply is swapped. 

c. If a start signal has been given for the agitation (OC) pump and the pressure switch is healthy per a. above, goes to the next step alarm. else alarms and prompts the operator that the pump should operate continuously and returns to a. above. 

d. Opens the agitation (OC) system seal water pump suction valve, energises the PLC output to run the seal water pump motor and waits for timeous motor running and high pressure signals. If these are received, updates the graphics and proceeds to the next step, else gives an appropriate alarm/unsuccessful start prompt, de-energises the PLC output to run the seal water pump, closes the agitation (OC) seal water pump suction valve and returns to step a.

e. Energises the PLC output to run the agitation (OC) pump motor and waits for a timeous motor running signal If this is received, updates the graphics and proceeds to the next step, else gives – A unsuccessful start prompt, de-energises the PLC outputs to run the agitation and agitation seal water pumps, closes the agitation seal water pump suction valve and returns to step a.

f. If either the seal water or agitation (OC) pump motor running or the high seal (OC) water pressure signal is removed or a signal to Stop the pump is received, de-energises the outputs to run the agitation and agitation seal water pump motors and closes the agitation seal (OC) (+ water pump suction valve. Promts the operator that the washdown pump can be started as a standby (OC) for the agitation pump (OC) and that the manual crossover valve (OC) must be opened if this is done.

g. Updates the graphics to show the pumps as operating, tripped or stopped, the agitation seal water pump suction valve as energised (open) or not and the seal water pressure as high or low (OC). 

h. If either pump motor is running, goes back to step f. above, else returns to step a (OC).

i. The agitation washdown chemical dosing pump is operated according to section 3.7. 

3.4 WASHDOWN AND SEAL WATER PUMPS

a. The PLC checks if the washdown or seal water pump is in Test Mode and if a motor running signal is intact. If a high seal water pressure signal (OC) is received and a seal water pump running signal is not intact then the PLC alarms and continues. 

b. The PLC checks for operator inputs to swap the supply to the seal water pump from raw water to AWR or vice versa and awaits a confirmatory operator input that the manual valves are in the correct position before allowing the washdown seal water pump to start when the (Supply is swapped.) 

c. If a start signal has been given for the washdown pump and the pressure switch (OC) is healthy per a. above, goes to the next step, else alarms and returns to a. above. 

d. Opens the washdown seal water pump suction valve energises the PLC output to run the washdown seal water pump and waits for timeouts motor running and high pressure signals. If these are received, updates the graphics and proceeds to the next step, else gives an appropriate alarm/unsuccessful start prompt, de-energises the PLC output to run the washdown seal water pump, closes the washdown seal water pump suction valve and returns to step a. 

e. Energises the PLC output to run the washdown pump motor and waits for a timeouts motor running signal. If this is received, updates the graphics and proceeds to the next step, else gives a unsuccessful start prompt, de-energises the PLC outputs to run the washdown and washdown seal water pumps, closes the washdown seal water pump suction valve and returns to step a.

f. If either the washdown or seal water pump motor running or the high seal water pressure (OC) signal is removed or a signal to stop the washdown pump is received, de-energises the outputs to run the washdown and seal water pumps, closes the washdown seal water pump suction valve and continues.

g. Updates the graphics to show the pumps as operating, tripped or stopped, the washdown seal water pump .suction valve as energised (open) or not and the seal water pressure as high or low. 

h. If either pump motor is running, goes back to step f. above, else returns to step a.

i. The agitation/washdown chemical dosing pump is operated according to section 3.7.


3.5 WASHDOWN SUMP AND PUMPS

a. If the sump has a high level and the output from the AWRSE tank continuous level device is below the high value then a timer is started and the operator is prompted to open the manual valve to agitate the sump bottom. 

b. When the timer set in a. above elapses, the PLC output to run the selected sump pump (or standby) is energised and the PLC waits for a timeous running signal. If this is received, the PLC proceeds to step d. else gives an unsuccessful start prompt and attempts to start the standby pump in the same manner. The PLC de-energises the output to run the unsuccessfully started pump. If both pumps trip, the PLC alarms and return to step a. 

c. If the pump motor running signal is removed, or a signal to stop the pump is received or the sump level reaches the low level, de-energises the PLC output to run the pump motor and continues. 

d. Updates the graphics to show both the pumps as tripped, running, stopped or in Test Mode and to show the sump level as low or high or to give a high, high level (overflow) alarm and to prompt the operator to take immediate action. (Start a mixer on AWRSE and drain sump and/or initiate shutdown of the feed into the sump which is causing the overflow). 

e. When the sump reaches the low level, prompts the operator to close the manual valve to agitate the sump and after a set time gives a reminder prompt to the operator. 

f. Monitors for an operator instruction to put a pump(s) into manual mode and start the pump before a high level occurs in the sump. This procedure is as for a high level occurring. When a low level occurs again, the pump(s) is/Care) automatically taken out of manual mode again. 

g. If ever the PLC receives a high (or high, high) level signal without a low (or high) signal being intact i.e. illogical signals, a level fault alarm is given and the pump(s) is/Care) stopped. 

3.6 SETTLING TANK SLUDGE PUMPS
 
a. The PLC checks if a high pressure signal is received from the pressure switch. on a sludge when the pump is not operating, if so alarms and continues. 

b. The PLC checks if the pump suction valves on all non-operative pumps are closed, if not alarms and continues. 

c. If a start signal has been given for the pump and the pressure switch is healthy per step a. above then the PLC goes to the next step, else alarms and prompts the operator that one pump per  settling tank should operate  continuously and goes to step h. below. 
d. If both of the pumps tripped or if sludge is trapped in the line, e.g. after a power failure, the operator is prompted to first flush the line using AWR before starting the pump. A confirmation signal is required to proceed. The PLC then energises the PLC output to run the pump motor and waits for a timeous motor running signal. If this is received, updates the graphics and continues with the next step, else gives an unsuccessful start prompt, de-energises the PLC output to run the pump and returns to step a. above. 

e. Opens the relevant motorised pump suction valve and checks for a timeous open signal. If this is received, executes the next step, else alarms and goes to step g. below. 

f. If a timeous high pressure signal is not received, alarm continues with the next step. 

g. If the pump suction valve open signal is not intact or there is no high pressure signal or if the pump motor running signal is removed, the PLC closes (and checks) the pump suction valve, if a closed signal is not received timeously an alarm is given. A set time after the pump suction valve starts to close the PLC output to run the sludge pump is de-energised.

If a pump is stopped per the above and a closed signal from its suction valve is intact, then the PLC automatically starts the other pump if available per c. above. If both pumps have stopped and the other pump is not available, the PLC alarms and returns to step a. above.

h. The PLC updates the graphics to show pumps as running, tripped, stopped, in maintenance mode, etc. and also to show the pressure as low or satisfactory and the pump suction valve as open or closed, alarm conditions, sludge trapped in the pipeline, etc. 

i. If a signal to stop a sludge pump is received, the operator is prompted to connect a flushing hose to the pump suction to clear the line of sludge. The PLC waits for a confirmation signal and a set time later, stops the pump following the procedure in step g. above.

 j. If the pump motor is running, the PLC goes back to step g., else goes to step a. 

3.7 AGITATION WASHDOWN CHEMICAL DOSING PUMP

a. The PLC checks if the chemical dosing pump is in Test Mode and if a motor running signal is intact. If a flow signal is received and a pump running signal is not intact then the PLC alarms and continues.

b. If the agitation seal water or washdown seal water pump is to be supplied with AWR and the flow switch is healthy per a. above then the PLC continues with the next step, else returns to step a. If the agitation and washdown seal water pumps are to be supplied with raw water then the chemical dosing pump is operated.

c. If the agitation or washdown pump has been started then the PLC energises the output to open the chemical dosing pump suction valve. 

d. The PLC energises the output to run the chemical dosing pump motor and waits for timeous motor running and flow signals. If these are received, updates the graphics and proceeds to the next step, else gives an appropriate alarm/unsuccessful start promt, stops the chemical dosing pump, closes the pump suction valve, prompts the operator that chemical dosing should run for seal water being supplied with AWR "a~a returns to step a. A start signal is required before the PLC will attempt to start chemical dosing again.  

e. If either the chemical dosing pump motor running or the flow signal
is removed or a signal to stop the chemical dosing pump is received, stops the pump, closes the pump suction valve, alarms, prompts the operator that chemical dosing should be performed when AWR is being used for seal water and continues. A start signal is required to resume chemical dosing again.

f. If both the agitation seal water and washdown seal water pump motor running signals are removed or a signal to stop both pumps is received, de-energises the outputs to run the chemical dosing pump motor and open the pump suction valve and continues. When either seal water pump is re-started the chemical dosing system is automatically re-started.

g. Updates the graphics to show the pumps as operating, tripped or stopped and the flow as satisfactory or low. 

h. If the chemical dosing system is operating, goes back to step e. above, else returns to step a. 

END OF PART 3.
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