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	1. Process summary



The problem identified for this report is related to 5 Gas Cleaning Cooling Water System within the Energy Department at Tata Steel Port Talbot.
The purpose of the gas cleaning cooling water system is to supply cooled water to clean and cool the gas given off from Number 5 Blast Furnace. As part of the combustion process within the Blast Furnace when producing iron, a flammable gas is given off. That gas is captured and distributed to the gas plant where it is cleaned and cooled by the gas cleaning water. That gas is then stored in a gas holder and distributed around site and used as a fuel within the high pressure boilers. The high pressure boilers will then burn the gas, heating demineralised water to superheated steam which will then be used to power steam driven turbines.
The cooling water system is a closed cooling water system which will follow a continuous cycle. It is worth noting that the system ownership crosses two departments, the Energy department which provides the service and the Blast Furnace which is the consumer of the service.
The cooling water cycle starts at the Hot Sump. From there, the water is pumped by one of two low lift pumps to the sprays at the top of the cooling tower. The water will then cascade down inside the tower and cooled by the cooling tower fans situated at the top of the tower. The cooled water will then collect within three cold sumps. The water will be drawn from the cold sumps through a 2” coarse mesh strainer which is only designed to prevent large items from entering a long suction main to the high lift pumps situated in the pumphouse. One of the high lift pumps will pump the water to the gas plant where the water flow is regulated via a control valve. Once the water has cleaned and cooled the gas within the gas plant, the water will overflow to a dorco pond. The dorco pond will remove any undissolved solids such as coal and sinter dust from the water. The water will then finally return to the hot sump for the process to start again. 
[bookmark: _GoBack]Below is a photo of 5 Gas Cleaning Cooling Water Tower (personal photo).
[image: ]
From the Hot sump to the high lift pumps is the Energy department’s ownership. After the high lift pumps to the dorco pond is the Blast Furnace departments ownership.
Below is a computer illustrated drawing of the cooling water system from the Tata Steel Document Library (lotus notes).
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	2. Problem Identification



The problem which has been identified for this report is a low suction pressure from the cooling water tower cold sumps to the high lift pumps in the pumphouse. If the suction pressure is too low outside of specification, this can result in cavitation. “Cavitation occurs when the liquid in a pump turns to a vapor at low pressure. It occurs because there is not enough pressure at the suction end of the pump “ (xylem applied water systems 2015) .
Low suction can result in low delivery pressure, low delivery water flow and the auto stand by high lift pump being will be unable to prime full of water. 
Cavitation can cause the pump impellor to damage resulting in the pump having to be overhauled at a cost to the business. “Low pressure in the impeller ‘eye’ causing vapour bubbles which implode as the bubbles move to higher areas of pressure within the impeller. These hammer like blows can cause damage as they hit the impeller repeatedly” (vistech industrial services 2019).
The auto stand by pump will cut in at a set pressure. If that pressure is met then due to a drop in delivery pressure from the running pump, the auto stand by pump will start. If it starts with inadequate prime, the pump will cavitate and deplete the suction pressure further causing reduced or even loss of cooling water flow to the gas plant. Likewise, if the duty pump was to fail and the auto pump was to cut in with inadequate prime, that too would cause the pump to cavitate and result in reduced or loss of cooling water flow the gas plant. 
Loss of cooling water flow will result in the gas temperatures exceeding their safe limit and the gas not being cleaned so actions would be taken to emergency shut down the Blast furnace causing a safety incident and a loss in production. 
If the Blast Furnace has to be shut down, loss in production across site can exceed £1,000,000 a day.
Below is a photo of a damaged pump impellor due to cavitation. “A relatively new impeller that has suffered from cavitation typically looks like it has been in use for many years; the impeller material may be eroded and it can be damaged beyond repair” (xylem 2015).
[image: ]
 Photo sourced from (Britannica, 2018). 
	3. Data Collection



The energy shift check report (tata steel, 2020) below is a data gathering tool. Every shift, the plant operators fill out the shift check report with the current readings of various critical assets. The data is used a demonstrable evidence that the plant is being monitored sufficiently. It also provides the operator with an indication of the reading being within specification or not. Once the reading is input, it will highlight green if within specification or red if it is outside of specification. 
5 gas cleaning cooling water system is incorporated within the database. Below you can see the readings that have been input by the operators as part of the shift plant check routine for the high lift pumps and gas cleaning common. The gas cleaning common list the flow and suction pressure. 
[image: ][image: ]Cooling water flow
Suction pressure

A notification was raised by a plant operator on the SAP notification database highlighting that the auto cut in pump cavitated during an auto start test. The test is carried out once a month as part of the operators duties.
[image: ]




Data gathered from the energy shift check report has been transferred into the table below. There is over two months’ worth of data showing the high lift pump suction main pressure, high lift pump delivery flow and high lift pump delivery pressure on a certain day. The suction alarm has also been added to aid the understanding of the suction pressure deterioration when analysing the graph.
	Date
	Delivery Flow
	Suction Pressure
	Suction Alarm
	Delivery Pressure

	29/06/2020
	730
	-0.069
	-0.115
	7.6

	30/06/2020
	730
	-0.07
	-0.115
	7.7

	01/07/2020
	730
	-0.074
	-0.115
	7.6

	02/07/2020
	730
	-0.072
	-0.115
	7.7

	03/07/2020
	730
	-0.07
	-0.115
	7.6

	04/07/2020
	730
	-0.072
	-0.115
	7.7

	05/07/2020
	730
	-0.069
	-0.115
	7.6

	06/07/2020
	730
	-0.074
	-0.115
	7.6

	07/07/2020
	730
	-0.071
	-0.115
	7.6

	08/07/2020
	730
	-0.076
	-0.115
	7.6

	09/07/2020
	730
	-0.079
	-0.115
	7.5

	10/07/2020
	795
	-0.109
	-0.115
	7

	11/07/2020
	800
	-0.113
	-0.115
	7

	12/07/2020
	809
	-0.105
	-0.115
	7

	13/07/2020
	785
	-0.099
	-0.115
	7

	14/07/2020
	783
	-0.012
	-0.115
	7

	15/07/2020
	0
	0
	-0.115
	0

	16/07/2020
	0
	0
	-0.115
	0

	17/07/2020
	600
	-0.085
	-0.115
	7.6

	18/07/2020
	600
	-0.1
	-0.115
	7.6

	19/07/2020
	600
	-0.096
	-0.115
	7.5

	20/07/2020
	600
	-0.099
	-0.115
	7.6

	21/07/2020
	600
	-0.089
	-0.115
	7.7

	22/07/2020
	745
	-0.097
	-0.115
	7.5

	23/07/2020
	751
	-0.086
	-0.115
	7.9

	24/07/2020
	765
	-0.094
	-0.115
	7.6

	25/07/2020
	750
	-0.095
	-0.115
	7.6

	26/07/2020
	750
	-0.099
	-0.115
	7.6

	27/07/2020
	775
	-0.116
	-0.115
	7.2

	28/07/2020
	779
	-0.137
	-0.115
	7

	29/07/2020
	824
	-0.14
	-0.115
	7

	30/07/2020
	810
	-0.151
	-0.115
	7.1

	31/07/2020
	787
	-0.141
	-0.115
	7

	01/08/2020
	787
	-0.139
	-0.115
	7

	02/08/2020
	800
	-0.14
	-0.115
	7.1

	03/08/2020
	791
	-0.146
	-0.115
	7.1

	04/08/2020
	805
	-0.146
	-0.115
	7.1

	05/08/2020
	802
	-0.131
	-0.115
	7.1

	06/08/2020
	799
	-0.153
	-0.115
	7

	07/08/2020
	799
	-0.149
	-0.115
	7.1

	08/08/2020
	799
	-0.146
	-0.115
	7.1

	09/08/2020
	799
	-0.145
	-0.115
	7

	10/08/2020
	798
	-0.146
	-0.115
	7.1

	11/08/2020
	799
	-0.159
	-0.115
	7

	12/08/2020
	797
	-0.153
	-0.115
	7

	13/08/2020
	799
	-0.161
	-0.115
	7

	14/08/2020
	798
	-0.162
	-0.115
	7.1

	15/08/2020
	794
	-0.169
	-0.115
	7

	16/08/2020
	813
	-0.157
	-0.115
	7

	17/08/2020
	812
	-0.161
	-0.115
	7

	18/08/2020
	788
	-0.157
	-0.115
	7.1

	19/08/2020
	797
	-0.165
	-0.115
	7

	20/08/2020
	811
	-0.161
	-0.115
	7

	21/08/2020
	815
	-0.166
	-0.115
	7

	22/08/2020
	806
	-0.164
	-0.115
	7



Below are the control standards for the cooling water system. The information is from the Tata steel lotus notes database. The standards are the agreed limits between the Blast Furnace department and the Energy department. 

	5 Gas Cleaning control standards

	
Flow control standard

	High    850m3/h   
                                   
	Normal 800m3/h
	Low 750m3/h

	Pressure control standard 

	High 8 bar g

	Normal 7.4 bar g
	Low 6.8 bar g

	Temperature control standard

	Normal <35°C

	High 38°C

	Suspended solids from Dorr

	Normal 30

	Alarm 50







	4. DATA ANALYSIS 



Three graphs have been plotted from the energy shift check report data displaying the suction pressure, the cooling water delivery flow and the delivery water pressure.
Graph 1 displays the suction pressure over approximately two months. The blue line is the actual suction pressure value and the orange line is the low alarm limit. It can be clearly seen that the suction pressure gradually lowers to the alarm limit and into alarm. On the 15/07/20 till the 17/07/20, the high lift pump was switched off and the gas plant isolated due to maintenance work being carried out to 5 Blast Furnace and the Furnace being off line for 2 days. When the high lift pump was stopped, the suction pressure read 0m3/h due as no water being drawn through the suction main. 

[image: ]
Graph 1

Graph 2 displays the gas cleaning cooling water flow over the same date. It can be seen from the graphs that there is a correlation between the suction pressure and the cooling water flow. When the high lift pump was switched off due to Blast Furnace maintenance on the 15/07/20, the flow reading went to zero just like the suction pressure went to 0m3/h. 
[bookmark: _Hlk62125808]It is worth noting that the more cooling flow demand required from the gas plant, the lower the suction pressure will drop. This can be seen on the 09/07/20 when the cooling water flow was increased from 730m3/h to 795m3/h, the suction pressure lowered from -0.079 bar to -0.109 bar. 
Although there is a correlation between the delivery water flow and the suction pressure, the flow does not appear to be the cause for the slow decline in the suction pressure. If the flow was the cause, you would expect to see a slow increase in flow as the suction decreases. 
There was possibly a fault with the flow transmitter on the 17/07/20 to 21/07/20. The flow was reading 600m3/h which is below specification. When it increased to 745m3/h, there was no correlation between the flow and the suction pressure or with the flow and the delivery pressure reading in graph 3 as seen with other flow adjustments.
[image: ]
Graph 2
Graph 3 below is the delivery water pressure from the high lift pump to the Gas Plant. A correlation can be seen with the flow graph and the pressure graph. When the flow was increased 09/07/20 from 730m3/h to 795m3/h, a pressure drop of 0.5 bar can be seen as the demand increased. The pressure graph takes a similar pattern to the flow graph and remains within specification. The more flow demand, the lower the pressure drops. The delivery pressure read 0m3/h when the Blast Furnace shutdown, the same that was seen in graph 1 and 2.
[image: ]
Graph 3
	5. Root Cause Analysis



As a result of the low suction pressure the known symptom is the auto stand by pump not able to be primed fully causing cavitation on start up as detailed in the notification raised by the operator.
Possible causes for low suction pressure are:
· Cooling tower water level in the cold sumps being too low causing low pressure on the high lift pump resulting in a low suction pressure. Raising the level of the water can higher the suction pressure and eliminate cavitation “If the water level is too low, the pumps suck in air” (facilitiesnet, 2013).
· The cooling water flow demand from the high lift pumps to the gas plant being too high. “ The head is too low (indicating that the flow is too high) “ (pumps and systems 2020).
· Isolation valves not being fully open restricting flow to the high lift pumps. 
· Blockages in the suction main due to dirt, slurry and debris being returned from the dorco pond to the hot sump. “Anything that impedes the water’s flow into the line will cause a reduction in the flow rate. Debris blockage is a common problem” (pumpbiz 2020)
· Cooling water tower sumps being contaminated with dirt, slurry and debris. 
The first three points are able to be carried out with the cooling water system live and do not affect production.
Following the data analysis and the slow drop off in the suction pressure over a two month period, the first two points don’t appear to be the root cause. Although there is no data displayed for the tower water level, there are level alarms within the control room and no notifications have been raised informing of any fault. That being said, it is still worth checking the level is 100% full as this will aid in maintaining the suction pressure until the root cause can be found.
The flow is within specification put can be lowered from 800m3/h to 750m3/h which is the low limit referring to the control standards.. This will assist in a slight improvement in the suction pressure based on the correlation seen in the graphs until the root cause can be found.
As there are suspended solids in the water, it is possible that the transmitter impulse lines are partially blocked giving an incorrect reading for the flow. The flow could be reading lower than the actual value resulting in the flow being above specification causing the suction to be lower. The pressure readings are within specification which suggests the flow reading is accurate as there is a correlation between the delivery water flow and pressure. If the flow was actually above specification, a below specification delivery water pressure would be expected based on the correlation in the graphs. 
It is possible that an isolation valve has slowly closed in overtime restricting flow but checking valve positions are part of the routine plant checks for the operators and no notifications have been raised alerting any problem.
Coal dust and sinter dust is common in the water. This could build up within the tower sumps and suction main resulting in restrictions in flow. 







The photos below taken (Tata steel, 2018) from a previous clean show build-up of slurry which has occurred in the suction main in the past against how it looks when clean.
[image: ][image: ]
Before clean						After clean
[bookmark: _Hlk62131765]
Fishbone Diagram.
Below is a fishbone diagram highlighting all possible causes to aid in finding the root cause of the fault. There are many different factors which can lead to a low suction pressure. 
Some of the information is linked. The level in the tower not being 100% could be a cause for low suction but regular maintenance on the automatic make up water valves might not be carried out regularly resulting in a low tower level.. The sumps being dirty and contaminated with slurry and debris is a cause for low suction but the slurry is most likely down to the furnace combustion not being to standard and the dorco pond not working properly resulting in undissolved solids returning to the tower sumps.

[image: ]



Flow chart 
Below is a Flow chart which informs the user of what actions and in what order to take them to rectify the low suction problem. The first three actions can be carried out with no affect to production and can be carried out with the process live. The tower and suction main clean is the last action to be carried out in the flow chart. It involves the Blast Furnace being off and the tower sumps being drained and cleaned, all at a cost to the business.

[image: ]








	6. Action Plan



Below is an action plan highlighting the actions, date required, owner of the action.
	[bookmark: _Hlk61961726]STEP
	ACTION
	DUE
 DATE
	OWNER
	Completed

	1
	Confirm that the tower level is 100% full at all times. Auto make up valves to be tested to ensure they maintain the level effectively. Utilise manual make up valves if required.

	25/01/21
	Team leader
	

	2
	Check all the isolation valves on the cooling water tower cold sump outlets are in the fully open position and not causing any restrictions. This is a two man job to prevent human error. Pull the valves firmly into the open position.

	25/01/21
	Team leader
	

	3
	Check all high lift pump isolation valves are in the fully open position and not causing any restrictions. This is a two man job to prevent human error. Pull the valves firmly into the open position.

	25/01/21
	Team leader
	

	4
	Check the cooling water flow is within specification. Compare the flow rate against the control standards for the cooling water system. If the flow is above specification, contact the Blast Furnace department to lower the flow. The Minimum flow rate is 750m3/h.

	23/08/20
	Team leader
	

	5
	Check the flow reading is accurate. Calibrate the transmitter and clean the impulse lines to transmitter. This must be done with the control valve in manual so the valve position does not deviate whilst the reading is being calibrated.

	24/01/21
	PC & A
	

	6
	If the above steps have not cured the fault, plan to clean the cooling tower sumps and suction main to the high lift pumps.
This must be done inline with 5 Blast furnace stop. The stop is for 48 hours from 04.00 on 09/02/21 till 04.00 on 12/02/21
As soon as the Blast Furnace shuts down and releases the cooling water pumps,
Shutdown 5 GC High Lift Pumps No2 No3 and No4. Electrical permit to be issued on the motors drives for the pumps.
Shut, lock off and permit the common delivery valve to 5 Gas plant.
Stop cooling tower fan 1, 2 and 3. Issue electrical permits for all 3 fan motor drives.
Stop low lift pumps No1 and No2. Electrical permit on the motor drives.
Close, lock off and permit the tower make up water valves.

Mobile pumps to be installed on each sump to pump down once all isolations are in place.

Remove hatches on the suction main to allowing for cleaning.

Once empty, inspect cooling water tower sumps and clean as required. Inspect the suction main and clean as required. Specialised and licenced waste removal contractors to clean main and sumps.

Take photos of sumps and suction main as evidence of the restrictions.

Scaffolding required for access to tower sumps and suction main.

Additional permits required – confined space permit for tower sumps.

	09/02/21
	Outage team
	

	7
	Plan a meeting with the Blast furnace department to discuss the fall out of coal and sinter dust being returned to the cooling water tower.

The dorco pond might not be operating correctly and the Blast Furnace combustion might be outside of specification causing unburnt raw materials to carry over into the gas cleaning water.

	26/02/21
	Operations management
	

	8
	Implement a new annual gas cleaning system inspection and clean. This must be carried out inline with 5  Blast furnace maintenance stops.

	26/02/21
	Planning team
	








	7. Risk Management Considerations



Below is a risk assessment template used within Tata. I have input information relating to the actions in the action plan as well as the possible faults that could occur from the low suction pressure.
	Step 1 
	Step 2 
	Step 3 
	Step 4 

	What are the potential hazards created by the fault/change and how could they happen?

	What effect could this fault have on people’s safety, environment or process/asset? 

	What control measures are already in place?

	What further control measures are required (Task List)?



	Impellor damage to the pump caused by cavitation.

	Impellor damage could lead to pump failure and possible Blast furnace shutdown 

	Auto stand by pump available to run. Hand stand by pump available to run.
	Ensure flow rate is at the minimum required to aid higher suction. 
Review safe working procedure for blast furnace shutdown.
Check maintenance schedules are in place and fit for purpose.


	Reduced or loss delivery water flow to the gas plant caused by cavitation.

	Increase in gas temperature in the blast furnace resulting in possible gas release to atmosphere and blast furnace shutdown.

	Visual and audible alarms in place for the operators to react. Control standards in place.
P.P.E supplied to personnel.


	Review of safe working procedure for blast furnace shutdown.

	Reduced or loss delivery water pressure to the gas plant caused by cavitation.

	Increase in gas temperature in the blast furnace resulting in possible gas release to atmosphere and blast furnace shutdown.

	Visual and audible alarms in place for the operators to react.
P.P.E supplied to personnel.

	Review of safe working procedure for blast furnace shutdown.

Decide on delivery water pressure when to take the auto stand by pump out of auto to prevent two pumps running simultaneously.


	Auto stand by pump unable to prime caused by the low suction.

	Can result in impellor damage to two high lift pumps. Blast furnace would be shutdown until both pumps are repaired – long lead time.
Loss or reduction in flow and pressure also possible.

	Plant check sheets highlighting to check pump prime.
P.P.E supplied to personnel.

	Decide on delivery water pressure when to take the auto stand by pump out of auto to prevent two pumps running simultaneously. 

	Rousing of isolation valves in the wrong direction

	Possible rousing of valves in the wrong direction- closed. could cause reduction in flow and delivery water pressure. Blast Furnace shutdown.
 
	Operator training covers valve rousing.
P.P.E supplied to personnel.

	Refresher training for operators. 2 man operation to prevent human error. Marking on hand wheel open and close direction.


	Reduction or increase in delivery water flow and pressure outside of specification when calibrating flow transmitter.

	Increase in gas temperature in the blast furnace resulting in possible gas release to atmosphere and blast furnace shutdown.
Pump cavitation could occur.

	Safe working procedure in place to highlight the need to select the flow control valve to manual so the valve stays in a fix position.
P.P.E supplied to personnel.

	Review of safe working procedure.
Refresher training for personnel.

	Isolations carried out incorrectly for tower clean to commence

	Could lead to damage to plant assets and personnel. Work unable to commence on time resulting in delays.
 
	Safe working procedure in place for tower and high lift pumps shutdown and isolations. 
Personnel training to carry out the task.
P.P.E supplied to personnel.


	List of permitry required.
Review of safe working procedure.
Refresher training for personnel.

	Tower sumps and suction main contamination.

	Removal of slurry and debris required. If excessive could lead to delays in de isolation.
	Registered hazardous waste contractors authorised by Tata.
P.P.E supplied to personnel.

	Restrict access to area while clean is in progress. Timekeeper in place to monitor and oversee job.
Scaffolding required for access to sumps.
















	8. Summary



The report has highlighted that there are numerous factors that can cause low suction pressure on 5 gas cleaning cooling water pump. Understanding the process of the system helps enable the problem solver to identify potential factors which could contribute to low suction resulting in cavitation.
Analysing accurate data can show correlations in different variables. Although there was a correlation with the flow and suction reading when the flow was adjusted, in this instance the flow was no the cause for the low suction pressure over time.
The flow chart in the report allows the user to follow the most efficient course of action in finding the root cause of the low suction pressure. Carrying out actions which do not effect production are the first options to take. This can then be transferred into the action plan which gives a more detailed account of the actions.
Risk management is an important process in highlighting the potential hazards that can occur and the mitigations required to safe guard personnel and plant assets from harm.
After the implementation of the actions such as the tower and suction main clean, regular maintenance plans need to be put in place to prevent reoccurrence of the problem. A discussion is required between the two departments to understand why slurry is occurring in the sumps and suction main.
The cooling water supply is critical in the safe operation of 5 Blast Furnace. It is paramount that the high lift pumps are running correctly and within specification. Without carrying out the steps in this report, the suction could have depleted lower resulting in pump damage and loss in production.


















	9. References



· Xylem applied water systems, 2015, Pump cavitation and how to avoid it. 
www.xylem.com. 2015

· Vistech industrial services, 2019, cooling water design – best practice.
www.vistechcoolimg.co.uk/vistech-industrial-services/cooling-system-pump-best-practice. 16/10/2019

· Facilities net, 2013, water levels important issue in cooling towers, 
https://www.facilitiesnet.com/hvac/article/Water-Levels-Important-Issue-in-Operation-of-Cooling-Towers, 23/06/2013

· Britannica, 2018, https://www.britannica.com/science/cavitation, 2018

· Pumps & system / Eugene Vogel 2020, solutions to common centrifugal pump problems,
https://www.pumpsandsystems.com/solutions-common-centrifugal-pump-problems,
29/08/2013

· Pumpbiz 2020, pump trouble shooting water pump problems: low suction or flow rate,
https://pumpbiz.com/blog/pump-troubleshooting-water-pump-problems-low-suction-flow-rate, 2020.

· Tata Steel, 5 Gas cleaning schematic, lotus notes

· Tata steel 2020, energy shift check report, 2020

· Tata steel 2020, SAP notification database.

· Tata steel 2018, tower clean photos.
image2.png




image3.png




image4.png
2020

3

leaning Pumps

No5 GC Pump No.

Rota

Status

Motor Current

Discharge Pressure - bar

No.2 GC Pump - No.1 Bearing Temp (Inboard) - a5

No.2 GC Pump - No.2 Bearing Temp (Outboard) -°

Visual Check O Pump Condition

Rota

Status

Motor Current

Discharge Pressure - bar

No.3 GC Pump - No.1 Bearing Temp (Inboard) -

No.3 GC Pump - No.2 Bearing Temp (Outboard) -°

Visual Check O Pump Condition




image5.png
Status

Motor Current

Discharge Pressure - bar

No.4 GC Pump - No.1 Bearing Temp (Inboard) -

No.4 GC Pump - No.2 Bearing Temp (Outboard) -°

Visual Check O Pump Condition

Rota B 4

7

SBF GC HL Pumps - Common Discharge Temp -©

SBF GO Clean Water Flow (m3/m)

5BF GC Pumps Suction Pressure - bar




image6.png
© Maptenance notficaton  Edt Goto Extgs  Engronment  System
o l«d eee e VN8 e
A RO & Snve IBSTH

Nottiaton [isszoszr o]
Nottc. States [0SO,

o — )

Referenc aject ]
Poctonoc, 356232734205 | ) GAS QARG HH T PP 4 (BECT)
Eavoment

Aserty

 Responsbites ]
| vhmergoup[625) /(3001 poweReLT

MonwWodGr (1117 ] /[3655] POWER PLANT SHET TEAN PRODUCTION
e 11 S—

Reponedty  sorssse | Notdate 21062020 [o6r9510)





image7.png
suction

5 GC Suction Pressure

S P
’L,\\’\/
Q'

NP

S O O
RN
GO
70\ \6\\ \6\\
AN

-0.04

Q N Q N
&S S S
AV AV Al AV A
NP RN IR
< Q' < N N N

N S . N I R S S S S
N N L L N I R
«\”6\\1«\”«\1”&&&&6&&&&@”6&

)
'i”\Q AN '&9 %\\Q 0’”\0 e“‘\Q 0“’\0 e‘b\Q w°\® o w“\o »*’\Q #"\0 E

-0.06
-0.08

-0.1

-0.12

-0.14

-0.16

-0.18

-0.2

date

e SUCHION s suction alarm




image8.png
5 Gas Cleaning Cooling Water Flow

900

800

020z/80/2T
0202/80/0C
0202/80/8T
0202/80/9T
0202/30/%T
0202/80/2T
0202/80/0T
0202/80/80
0202/80/90
0202/80/%0
0202/80/20
0202/20/T€
020z/20/6T
0202/20/LT
020z/20/5T
020z/L0/€T
0202/20/TC
020z/20/6T
0202/20/LT
0202/£0/ST
0202/L0/€T
0202/20/TT
0202/£0/60
0202/£0/20
0202/£0/50
0202/£0/€0
0202/£0/10
0202/90/6C

date




image9.png
5 Gas Cleaning Delivery Water Pressure

8
NV\__\ ~
7
6
5
w0
84
@
5
g3
IS
2
1
0
18/06/2020 28/06/2020 08/07/2020 18/07/2020 28/07/2020 07/08/2020 17/08/2020 27/08
1

date

2020





image10.png




image11.png




image12.png
Operators

Transmitters
Tower
level not people not
o Flow not trained to
within spec standard
Valves not
open fully readings not Manning
accurate levels
sumps dirty |———— Suction low
alarm
Furnace
suction main dirty mechanical combustion not to
competency standard
valves not regular Dorco pond
openfully maintenance not not working ———
carried out properly

Suction main Maintenance

Blast Furnace




image13.png
ANALYSE
DATA

oLt

FILLTOWER STOKE VALVES ADIUST FLOW
v v
le v v ves
v
END

CALIBRATE
TRANSMITTERS

WERE
READINGS
CORRECT?

CLEANTOWER &

'SUCTION MAIN




image1.png




